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I was walking along a path with two friends

the sun was setting

I felt a breath of melanholy

Suddenly the sky turned blood-red

I stopped and lent against the railing, deathly tired

looking out aross the aming louds that hung

like blood and sword over the deep blue fjord and town

My friends walked on

I stood there trembling with anxiety

and felt a great, in�nite sream pass through nature.

E. M. - 1893





Prefae 1

Prefae

T

he intensity and the spetral shape of the X{ray bakground

(XRB) are well mathed by the summed emission from ative

galati nulei (AGNs) with a broad range of luminosities and

absorbing olumn densities (Setti & Woltjer 1989; Madau, Ghisellini &

Fabian 1994; Comastri et al. 1995). As a onsequene, about 80 % of the

aretion power in the Universe is obsured (Fabian et al. 1998; Fabian

& Iwasawa 1999; Hasinger et al. 2000). However, the reent optial

identi�ation breakthrough of Chandra soures have demonstrated that

part of the newly disovered XRB soures may be quite di�erent from

established lasses of AGNs. These soures may be the unobserved phase

assoiated with the major growth of massive blak holes, whereas lassial

quasars and Seyfert galaxies represent a later, transient phase of aretion

into the blak hole with lower eÆieny (Fabian 1999). These AGNs

are expeted to be strongly obsured, the possible high-z ounterparts

of nearby ultra-luminous infrared galaxies (ULIRGs), most of whih are

Compton-thik (i.e. haraterized by olumn densities higher than 10

24

m

�2

). Whatever is the nature of these soures, they would hardly populate

the optial and the soft X{ray surveys, whih are strongly biased against

highly absorbed objets, thus implying that a sizeable fration of the

areting power in the Universe has been lost so far. An example is given

by NGC 6240, whih is optially lassi�ed as a starburst galaxy, whereas

the emission is learly AGN-powered in the X{rays (Vignati et al. 1999).

Therefore, hard X{ray surveys represent the most eÆient way to �nd

a onsiderable number of hard, presumably absorbed soures, to estimate

their ontribution to the hard XRB and, �nally, to trae the aretion

history of the Universe (i.e. the history of the light ultimately produed by

gravity).

TheHigh Energy LLarge Area Survey (HELLAS), arried out with

BeppoSAX in the 5{10 keV energy range (the hardest band aessible with

imaging instruments), has been designed to study the nature of the hard
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X{ray soure population. The sample onsists of 147 soures deteted

down to a ux limit of about 5 � 10

�14

erg m

�2

s

�1

, where � 20{30 %

of the XRB is resolved.

In order to investigate the nature and the physis of the hard X{ray

soure populations, a multi-wavelength approah has been adopted in the

ourse of the survey.

This hard X{ray survey an be onsidered fully omplementary to the

present penil-beam surveys arried out with Chandra, sine a di�erent

portion of the redshift-luminosity plane is sampled, over a larger area of

sky. At the bright X{ray uxes reahed by BeppoSAX it is possible to get

useful information about the X{ray spetra of the hard X{ray seleted

soures (suh as the X{ray ontinuum slope, the presene of soft X{

ray omponents and emission-line features), to obtain high-quality optial

spetrosopy and, given the large area of sky surveyed, to �nd a sizeable

sample of \rare" objets, suh as Type 2 quasars (with narrow optial

lines) and red quasars. The physis of the soures an be investigated by

omparing their properties at di�erent wavelengths.

The PhD thesis is strutured as follows: after a brief review of

the results obtained by past X{ray surveys, with partiular emphasis on

those arried out in hard energy ranges, the BeppoSAX MECS properties

(e�etive area, vignetting, point spread funtion) will be disussed in

hapter 1, while hapter 2 introdues to the survey (soure detetion,

sky overage, soure onfusion and possible biases, position auray

and the 5{10 keV LogN-LogS). Chapter 3 desribes the hard X{ray

properties of the HELLAS soures through the hardness ratio tehnique

based on BeppoSAX ounts, while the soft X{ray properties are extensively

disussed in hapter 4, along with a omparison with a soft X{ray seleted

sample extrated from the Lokman Hole. Chapter 5 deals with the

spetral analysis of ASCA data arried out on a subsample of relatively

bright HELLAS soures. The X{ray properties of some still unidenti�ed,

but intriguing soures will be presented as well. Chapter 6 is based on

the optial and near-infrared properties of the HELLAS soures, and on

a detailed study of their host galaxies through a multiolor approah.

An exhaustive disussion of the spetrosopi properties of the HELLAS

soures is not presented in this thesis, but in a forthoming paper by

La Frana and ollaborators (in preparation). The same applies to the

radio data, whose preliminary results are shown in hapter 7 (but a more

exhaustive disussion will be presented by Ciliegi et al., in preparation).
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In the onluding hapter the broad-band properties of the hard X{ray

seleted soures from BeppoSAX and ASCA will be summarized, and a

brief omparison with the more reent Chandra and XMM-Newton results

will be presented as well.
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Introdution

S

ine the disovery of osmi X{ray Bakground (hereafter XRB)

in early sixties (Giaoni et al. 1962), a great deal of e�ort has

been made to understand its origin (for a review, see Fabian &

Barons 1992; Comastri 2000). Although the XRB emission extends

over a wide energy range in more than 5 deades from X{rays to {

rays, the majority of its energy density is emitted in the hard X{rays,

peaking at about 20{30 keV.

The XRB harateristis are very di�erent below and above 2 keV.

Indeed, in the soft X{rays strong anisotropy has been observed (Tanaka

& Bleeker 1977). Most of the XRB in the 0.1{0.5 keV band is of galati

origin and probably due to a loal bubble with a temperature of about

10

6

K. In the 0.5{0.9 passband (M band) a large fration of the XRB is

due to thermal emission from hot (T � 2.2 � 10

6

K) gas in our Galaxy

(Hasinger 1992; Wang & MCray 1993). On the other hand, above 2

keV the XRB is highly uniform exept for an exess omponent along

the Galati plane (Koyama 1989). The uniform omponent has an

extra-galati origin and will be extensively disussed in this thesis.

Although the spetrum of the XRB from a few keV to tens of keV

resembles that of a hot plasma emitting at about 40 keV (Marshall et

al. 1980; Rothshild et al. 1983), this hypothesis has been disarded

sine the hot gas should give rise to evident high-frequeny distortions

in the osmi mirowave bakground (CMB) through inverse-Compton

sattering, whih have not been observed by COBE (Mather et al.

1990, 1994), the ontribution of hot (T

�

> 10

8

K) gas to the XRB

being less than 0.01 % (Wright et al. 1994). As a onsequene, the

only viable alternative is that the XRB is due to the superposition of

disrete soures.

While ROSAT resolved about 70{80 % of the XRB in the 0.5{2

keV energy range into individual disrete soures (Hasinger et al. 1993;
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Hasinger et al. 1998; Shmidt et al. 1998), most of whih being broad-

line Ative Galati Nulei (hereafter AGNs) at < z >�1.5 (Shanks

et al. 1991; Boyle et al. 1994; MHardy et al. 1998; Lehmann et

al. 2000), in the hard band, where the bulk of the energy density

resides, the nature of the soures of the XRB remains less obvious.

The most serious problem with the disrete-soure origin for the XRB

is the so-alled \spetral paradox", i.e. a disrepany between the

XRB spetrum (� ' 1.4{1.5, Gendreau et al. 1995; Chen, Fabian &

Gendreau 1997; Vehi et al. 1999) and that of the bright AGNs (� '

1.7{1.9, Turner & Pounds 1989; Nandra & Pounds 1994; Nandra et al.

1997) in the hard X{ray domain. This �nding has been theoretially

solved by assuming that the XRB is due to to a mixture of absorbed and

unabsorbed objets (Setti & Woltjer 1989). Following this indiation,

the ontribution of di�erent lasses of soures to the hard XRB has been

evaluated through population-synthesis models (e.g. Madau, Ghisellini

& Fabian 1994; Comastri et al. 1995). In the last few years, both

ASCA and BeppoSAX surveys (Ueda et al. 1999a; Della Cea et al.

1999; Fiore et al. 1999, 2000a, 2001) have revealed that obsured AGNs

are indeed the main ontributors to the hard XRB, whose at slope is

asribed to the superposition of X{ray obsured soures over a large

redshift range.

Reent Chandra observations have on�rmed that AGNs do

signi�antly ontribute to the XRB (Mushotzky et al. 2000; Giaoni

et al. 2001; Fiore et al. 2000b; Brandt et al. 2000a; Barger et

al. 2001), but at very low X{ray uxes both a signi�ant number

of apparently normal galaxies and objets with a very faint (or absent)

optial ounterpart do emerge.

X{ray surveys

The \anient view" from non-imaging hard X{ray detetors

Before the advent of ASCA and BeppoSAX, hard X{ray surveys were

performed with non-imaging detetors and thus reahing only relatively

bright uxes (� 10

�11

erg m

�2

s

�1

).

Using the HEAO-1 A2 data, Piinotti et al. (1982) found 85 X{

ray objets with limiting sensitivity of about 3 � 10

�11

erg m

�2

s

�1

in 8.2 sr of sky. The optial identi�ation breakdown is as follows: 32
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lusters of galaxies, 30 Seyfert galaxies, 1 radio-loud quasar (3C 273), 4

BL La objets and 1 starburst galaxy (M 82). Subsequently, the Ginga

slow san data in a limited area of the North elipti pole region (the

Ginga unbiased survey) allowed to arry out a survey overing 383 deg

2

at a limiting 2{10 keV ux of 8 � 10

�12

erg m

�2

s

�1

(Kondo 1990).

The extrapolation to brighter uxes did math well the soure density

obtained by HEAO-1 (Piinotti et al. 1982) assuming an Eulidean

LogN-LogS.

Surveys performed with non-imaging instruments are usually

limited by soure onfusion: even though the deteted photon ount

exeeds that of the loal bakground, it is hard to determine whether

the observed ount ome from a single soure or more. In these ases,

a utuation analysis is arried out. It onsists to onstrain the LogN-

LogS by analyzing the utuation of the faint soure number in the

detetor �eld-of-view. This an be applied also for soures fainter

than the detetion limit, beause the bakground level of the detetor

utuates aording to the utuation of the soure number. Through

the utuation analysis of HEAO-1 A2 (Shafer 1983) and Ginga data

(Hayashida 1990; Buther et al. 1997), about 30 % of the 2{10 keV

XRB ould be explained. Moreover, by evaluating the X{ray spetral

slope of the utuation omponent, a value � ' 1.8 (2{10 keV) was

obtained (Hayashida, Inoue & Kii 1992), whih is onsiderably steeper

than the orresponding value of the XRB spetrum in the same energy

range, thus on�rming the \spetral paradox".

Soft X{ray imaging instruments

The Einstein observatory was the �rst experiment arrying out a

grazing inidene X{ray telesope in orbit, thus making viable the

observation of the soft X{ray sky (below 3 keV) with good spatial

resolution. The Einstein Deep Sensitivity Survey (DS), at a limiting

X{ray ux of 2.6 � 10

�14

erg m

�2

s

�1

(� 0.3{3.5 keV energy range)

allowed Giaoni and ollaborators (1979) to resolve 26�11 % of the

XRB. The Einstein deep survey data have been omplemented at

brighter uxes (5 � 10

�14

erg m

�2

s

�1

) by the Medium Sensitivity

Survey (MSS, Gioia et al. 1984), and its follow-up ampaign (EMSS,

Gioia et al. 1990; Stoke et al. 1991; Maaaro et al. 1991), �nding

that AGNs ontribution to the XRB is dominant (about 40 % at 2 keV)

with respet to the other extra-galati objets (lusters and normal
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galaxies).

The higher performane apabilities of the ROSAT satellite (better

angular resolution and a larger olleting area than Einstein) allowed a

deeper investigation of the soft XRB. The ROSAT Deep Survey (RDS)

in the Lokman Hole (Hasinger et al. 1998), at a limiting 0.5{2 keV ux

of about 10

�15

erg m

�2

s

�1

, was able to resolve about 70{80 % of the

0.5{2 keV XRB into disrete soures (Shmidt et al. 1998; Lehmann et

al. 2000). 40 out of the 50 spetrosopially identi�ed soures (above

an X{ray ux of 5.5 � 10

�15

erg m

�2

s

�1

) are AGNs (most of whih

with broad optial lines). Interesting enough, there is evidene of a

attening of the average slope of the onstituents of the soft XRB as

the ux dereases (Hasinger et al. 1993; Vikhlinin et al. 1995; Almaini

et al. 1996).

The \modern" perspetive with hard X{ray

imaging detetors

The ASCA ontribution to the knowledge of the XRB

The imaging apabilities of the ASCA satellite made possible to observe

faint soures with a ux limit of a few 10

�14

erg m

�2

s

�1

in the 2{10

keV energy band, and therefore to resolve a larger fration (� 20{30 %)

of the hard XRB. Several surveys have been arried out with ASCA.

The Large Sky Survey (LSS), onsisting of 76 pointing observations

overing about 7 deg

2

of sky near the north Galati pole (Ueda et al.

1998; Ueda et al. 1999a), down to a ux limit of about 10

�13

erg m

�2

s

�1

(2{10 keV) and resolving � 23�3 % of the XRB. 33 X{ray soures

have been identi�ed: most are AGNs (25 broad-line and 5 narrow-

line), while among the remaining objets 2 lusters and 1 star are

found. The average photon index of the hard X{ray soures deteted

by the LSS is � = 1.49�0:10, onsistent with that of the XRB in this

energy range and suggesting that the ontribution of soures with hard

X{ray spetra beomes signi�ant at ux of the order of 10

�13

erg

m

�2

s

�1

(Ueda et al. 1999a). This result is fully on�rmed by the

ASCA Medium-Sensitivity Survey (AMSS, or GIS projet, Takahashi

et al. 1998; Ueda et al. 1999b): from the serendipitous �elds overing

106 deg

2

, 714 soures have been deteted, 323 of whih in the 2{10

keV band, down to an X{ray ux of 7 � 10

�14

erg m

�2

s

�1

. A similar
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survey has been arried out on 87ASCAGIS2 images by Della Cea and

ollaborators (1999), down to a 2{10 keV ux of the order of 10

�13

erg

m

�2

s

�1

, and on�rming the hardening of the X{ray spetra towards

fainter X{ray uxes (<�> = 1.36�0:14 for the \faint" sample, i.e.

F

2�10 keV

�

< 4 � 10

�13

erg m

�2

s

�1

, whereas <�> = 1.87�0:08 for the

\bright" sample). A di�erent approah has been followed by Ogasaka

et al. (1998), who used deep (from a hundred to several hundreds of

ks) ASCA observations (the SA 57 �eld, the Lokman Hole, the Lynx

�eld), reahing a ux limit of 4 � 10

�14

erg m

�2

s

�1

. The soure

ounts are onsistent with the Eulidean extrapolation of the shallower

ASCA surveys.

The ASCA surveys have revealed a population of hard (very hard

in some ases, Akiyama et al. 1998; Sakano et al. 1998; Akiyama et al.

2000; Della Cea et al. 2000a) soures whih strongly ontribute to the

hard XRB. The average spetral index of these soures is signi�antly

harder and loser to the one of the XRB than that obtained by previous

X{ray measurements with no-imaging instruments and at brighter ux

limits.

The BeppoSAX view of the hard X{ray bakground

The spetral hardening towards faint X{ray uxes has been found also

by the BeppoSAX 2{10 keV survey arried out on high-Galati latitude

MECS �elds (Giommi, Perri & Fiore 2000). The hardening has been

preferentially asribed to an inreasing perentage of absorbed soures

at faint uxes than to a gradual attening of the spetral slope. At the

ux limit of the survey (� 5 � 10

�14

erg m

�2

s

�1

) about 25 % of the

XRB is resolved into disrete soures. The omplementary utuation

analysis (Perri & Giommi 2000) has allowed to derive a LogN-LogS still

lose to the Eulidean one and well mathing that obtained reently

by Chandra (Mushotzky et al. 2000). At the ux limit reahed by the

utuation analysis (� 1.5 � 10

�14

erg m

�2

s

�1

) about 40{50 % of the

XRB is resolved, depending on its normalization (Vehi et al. 1999).

The hard 5{10 keV energy range has been explored by the

HELLAS, performed on the same BeppoSAX �elds. This PhD thesis

deals with this hard X{ray seleted survey, therefore it will be

extensively desribed in the following hapters, and the results will

be ompared to the AGNs synthesis model for the XRB (e.g. Comastri

et al. 1995).
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A new era in hard X{ray surveys: Chandra and XMM-Newton

results

Reently, the Chandra X{ray observatory (Weisskopf, O'Dell & Van

Speybroek 1996) has resolved the bulk of the 2{7 keV hard X{ray

bakground into point soures (Mushotzky et al. 2000; Brandt et al.

2000a; Giaoni et al. 2001). The prinipal aim of hard X{ray surveys

is to test the AGNs synthesis models for the XRB and to understand the

physis and the evolution of the XRB onstituents. Mushotzky et al.

(2000) surveyed the SSA 13 �eld (with an exposure of� 100 ks), �nding

22 soures in the 2{10 keV band down to a ux limit of 3.2 � 10

�15

erg m

�2

s

�1

. Roughly a third of the soures were broad-line (Type 1)

AGNs, another third were identi�ed with apparently normal galaxies

(see also Fiore et al. 2000b) and the �nal third had an extremely faint

or no optial ounterpart (i.e. I >> 23 mag.). These objets have been

deteted in the near-infrared band (Crawford et al. 2001), showing the

presene of featureless spetra and suggesting the possible existene

of heavily obsured AGNs, whose olors are onsistent with reddened

elliptial galaxies at redshifts of the order of 1{2.

The presene of apparently normal galaxies among the Chandra

soures has been on�rmed by the 130 ks observation of the Chandra

Deep Field South (Giaoni et al. 2001), with a 2{10 keV ux limit of

2 � 10

�15

erg m

�2

s

�1

.

Chandra soures follow the trend already suggested by ASCA,

i.e. the inreasing hardness towards faint uxes (<�> = 1.70�0:06

for the \bright" subsample, while <�> = 1.35�0:10 for the \faint"

one). However, only a small fration (about 9 %) of the soures are

deteted in the hard band and not in the soft band. This is due to

the ombined e�et of Chandra e�etive area, peaking in the soft X{

rays, and possibly to the presene, even in highly obsured AGNs,

of soft X{ray emission, likely produed by partial overing of the

nulear emission, sattered omponents, or irum-nulear starbursts

assoiated with AGNs. Similar results have been obtained by both

ASCA (Della Cea et al. 1999), BeppoSAX surveys (Giommi et al.

2000; see also hapter 4), and reently by XMM-Newton observation of

the Lokman Hole (Hasinger et al. 2001).

Chandra results have demonstrated that the newly disovered XRB

soures are both AGNs, as expeted, and apparently normal galaxies.

Fabian (1999) has argued that these soures represent the hitherto
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unobserved phase assoiated with the major growth of massive blak

hole, whereas quasars and Seyfert galaxies represent a later, transient

phase (at z < 2.5) during whih the blak hole aquires little additional

mass areting at about 10 % of the Eddington limit (Wilman, Fabian

& Nulsen 2000). In this model, the X{ray absorption an be explained

by the presene of old, dusty louds surrounding the newly forming

galati bulges around massive blak holes.

Preliminary XMM-Newton (Jansen et al. 2001) results obtained

with a 100 ks observation of the Lokman Hole (Hasinger et al. 2001),

reahing a ux limit of 1.4 � 10

�15

erg m

�2

s

�1

and disovering 112

soures in the 2{10 keV energy range (with o�-axis angles less than

10 armin), suggest that a signi�ant fration (about 40 %) of the

soures are haraterized by hard, probably intrinsially absorbed X{

ray spetra, and their hardness is also evident in the soft X{rays.
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BeppoSAX payload:

the MECS instrument

1.1 Introdution

T

he X{ray astronomy Satellite SAX is a joint projet of the

Italian Spae Ageny (ASI) and the Netherlands Ageny for

Aerospae Programs (NIVR). After launh (on April 30 1996)

it was renamed BeppoSAX in honor of Giuseppe (Beppo) Ohialini.

The payload is haraterized by a very wide spetral overage, spanning

from 0.1 keV up to 300 keV (Boella et al. 1997a), and omprises

four Narrow Field Instruments (NFI, the Low Energy Conentrator

Spetrometer LECS, the Medium Energy Conentrator Spetrometer

MECS, the High Pressure Gas Sintillation Proportional Counter

HPGSPC, and the Phoswih Detetion System PDS), all pointing

towards the same diretion, and two Wide Field Cameras (WFC),

pointing to diametrially opposite diretions perpendiular to the NFI

ommon axis.

1.2 The satellite and the sienti� instruments

The on�guration of the sienti� payload and the energy bands

overed by the di�erent instruments are showed in Fig. 1.1 and

Fig. 1.2, respetively. The broad band apability (whih represents

the fundamental ahievement of BeppoSAX) is provided by a set of

instruments o-aligned with the Z axis of the satellite, the Narrow

Field Instruments:
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Figure 1.1: BeppoSAX sienti� payload aomodation.

� MECS: Medium Energy Conentrator Spetrometers: a medium

energy (1.3{10 keV) set of three idential grazing inidene telesopes

with a double one geometry (Citterio et al. 1986; Conti et al.

1994), with position sensitive proportional ounters in their foal

planes (Boella et al. 1997b). The main harateristis of the MECS

instruments will be widely disussed in the following setions, sine the

HELLAS has been performed through these detetors.

� LECS: Low Energy Conentrator Spetrometers: a low energy

(0.1{10 keV) instrument, idential to the three MECS units, but

haraterized by a thin window position sensitive proportional ounter

in its foal plane (Parmar et al. 1997).

� HPGSPC: a ollimated High Pressure Gas Sintillation

Proportional Counter, overing the 4{120 keV energy range (Manzo

et al. 1997).

� PDS: a ollimated Phoswih Detetor System, with a spetral

overage ranging from 15 to 300 keV (Frontera et al. 19997, and

referenes therein).

Perpendiular to the axis of the NFI and pointed in perpendiular

diretions there are two oded mask proportional ounters (Wide Field
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Cameras, WFC, Jager et al. 1997), whih over the 2{30 keV energy

range and provide a large �eld of view (20

Æ

� 20

Æ

FWHM eah).

Moreover, the four lateral ative shields of the PDS instrument are

used as monitor of the Gamma{ray bursts (GRB) in the range 60{600

keV.

Figure 1.2: Nominal energy overage of the BeppoSAX instruments.

1.3 The MECS detetors

1.3.1 The mirror unit

The MECS onsists of three units, eah omposed of a grazing

inidene Mirror Unit (MU), and of a position sensitive gas sintillation

proportional ounter loated at the foal plane. Eah MU is omposed

of 30 nested oaxial and onfoal mirrors having a double one

geometry (one paraboloid and one hyperboloid surfaes) resembling the

Wolter I on�guration (Citterio et al. 1986), with diameters ranging

from 68 to 162 mm, a total length of 300 mm, thikness from 0.2 to

0.4 mm and foal length of 1850 mm. The MU design was optimized

in suh a way to have the best response urve at about 6 keV.
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1.3.2 The detetor unit

The foal plane detetors are proportional ounters �lled with Xenon

and working in the range 1.3{10 keV with an energy resolution of about

8% at 5.9 keV and a position resolution of about 1 armin on-axis at

the same energy. The gas ell is a ylindrial erami body losed,

at the top, by a 50 �m thik entrane Beryllium window and, at the

bottom, by an UV exit window, as shown in Fig. 1.3.

Figure 1.3: Shemati view of the MECS instrument: the gas ell and the

position sensitive gas sintillation proportional ounter.

The entrane window is externally supported by a Beryllium

strongbak struture 0.55 mm thik, omposed of a ring (10 mm inner

diameter, 1 mm width) onneted to the borders of the window by

four ribs, as shown in Fig. 1.4. The strongbak partly prevents the soft

X{ray photons from being deteting, thus partially hiding the X{ray

soures at low energies.

An X{ray photon, absorbed in the gas ell, reates a loud of
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Figure 1.4: Geometry of the strongbak, whih delimits the sensitive part

at the enter of the �eld of view.

eletrons. A uniform eletrial �eld aross the drift ell moves the

loud to the sintillation region (haraterized by a higher eletrial

�eld), where UV photons are produed through the interation of

the aelerated photons with the Xenon ions. The amplitude of the

UV signal, whih is deteted by a photo-multiplier (with a quantum

eÆieny of the order of 20%), is proportional to the energy of the

primary X{ray photon. Spurious events may be rejeted by applying

a seletion on the duration of the signal (the so-alled burst length).

Two

55

Fe ollimated alibration soures (nulear line at 5.95 keV)

are loated near the edge of the Beryllium window, in diametrially

opposed positions. These soures are used to monitor the detetor

gain, but are exluded from the aumulation proess by rejeting two

nearby regions of 3 mm radius. Moreover, a passive ion shield is plaed

in front of the detetor.
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1.4 MECS performanes

1.4.1 The gain

The gain has a very weak dependene on the variations of temperature

(1

Æ

C auses a di�erene of 1.5% in the gain). A dependene of the

gain on the position is also present in all the three units. A photon

falling at the edge of the detetor will be revealed in a di�erent PHA

hannel than a photon falling lose to the enter. This e�et an be

orreted by deriving a gain map for eah data aquisition. The gain

normalized to the detetor enter is a very weak funtion of the energy

and is pratially una�eted by time variations of the absolute gain.

1.4.2 Channel-to-energy onversion

The main feature in the hannel-to-energy onversion (i.e. in the

detetor gain) is the disontinuity at 4.78 keV orresponding to the

Xenon L-edge. This is aused by a derease in the photon-eletron

onversion eÆieny of the gas at the Xe L-edge (Dos Santos, Conde

& Bento 1993). This e�et has been found also in previous X{ray

satellites, suh as EXOSAT (White 1985), Tenma and Spaelab gas

sintillation proportional ounters.

1.4.3 Energy resolution

The theoretial limit for the energy resolution of a gas sintillation

proportional ounter is

� E

E

= 235 �

q

F=N

where F is the Fano fator (� 0.2 for Xenon) and N the number of

primary eletrons produed by the inident X{ray photon. Given the

mean energy required for an eletron-ion prodution in the Xenon gas

(about 22 eV), the theoretial limit of the energy resolution is� 6.5% at

6 keV (Ramsey, Austin & Deher 1994). The nominal energy resolution

of the MECS is about 8% and reveals no dependene on the position

in the entral region of the detetor gas ell.
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1.4.4 Point spread funtion

The Point Spread Funtion (PSF) of the MECS is the onvolution

of the MU PSF and the detetor PSF. The preision ahieved in the

X{ray event loalization in the detetor is essentially determined by

the number of eletrons whih are liberated by the interation of the

photon with the Xe gas. Therefore the detetor PSF is expeted to

be a Gaussian G(r) with � / E

�1=2

, whereas the PSF of the mirror is

well desribed by a generalized Lorentzian L(r). The �nal PSF (the

one whih will be taken into aount in the following soure detetion

proedure) omes from the onvolution of the two.

The probability that a photon of energy E oming from an on-axis

soure is revealed at a distane within r and r+dr is given by:

2 � r PSF

MECS

(E,r) dr

By imposing that the integral of the PSF over the entire plane be equal

to unity, i.e.

2 �

R

1

0

PSF(r) r dr = 1

the number of the independent parameters of the Gaussian and

Lorentzian funtions is redued to 4, whose dependene on energy an

be reprodued through simple algebrai funtions.

1.4.5 E�etive area

The total MECS e�etive area, A

e

(E,�), omes from the MU e�etive

area (A

MU

), redued by the plasma protetion grid (T

f1

), the

plasma/UV �lters (T

f2

), the Be window (T

w

), and the detetor

eÆieny (P

a

). A further redution an derive from the burst length

threshold (BLs). The �nal expression is therefore the following:

A

e

(E,�) = A

MU;1

(E,�) � T

f1

� T

f2

(E) � T

w

(E) � P

a

(E) � BLs(E).

Figure 1.5 and 1.6 show the e�etive area of the three MECS units

and the global e�etive area as funtion of energy for di�erent o�-axis

angles, respetively.
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Figure 1.5: The individual e�etive areas of the three MECS units as

funtion of energy.

The previous equation an be written in a di�erent way:

A(E,�) = A(E,0) � V(E,�)

where A(E,0) is the on-axis e�etive area and V(E,�) is the vignetting

funtion, whih represents the redution of the o�-axis olleting area

due to the shadowing of the inner shells by the outer ones. The

vignetting is a steep funtion of the energy (Fig. 1.7), beause the inner

mirrors are those reeting the highest energy photons. Therefore,

the redution in olleting area is higher at higher energies. The

vignetting funtion has been alibrated using on-ground and in-ight

data (Cusumano & Mineo 1998). The empirial law for the MECS

vignetting funtion is

V(E,�) =

1

a+V

1

(E)��

V

2

(E)

where V

1

(E) and V

2

(E) are energy-dependent oeÆients.
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Figure 1.6: The MECS e�etive area as funtion of energy for di�erent

o�-axis angles.

1.5 Instrumental bakground

In this setion, there will be a brief desription onerning

the instrumental bakground, whose knowledge is of fundamental

importane in the soure detetion proess.

Environmental harged partiles, interating with the gas in the

detetor ell, lose their energy produing eletron louds, whose

dimension is generally bigger than the one generated by the X{ray

photons of the same energy, due to the longer path the partiles

over before being stopped. A useful way to disriminate genuine

photons from harged indued partiles is the Burst Length, whih

is proportional to the loud dimension.
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Figure 1.7: The MECS vignetting orretion as a funtion of o�-axis angle

for the three MECS units, and for three energies (1.5, 3.2 and 8.1 keV).

The instrumental bakground is onstituted by a number of

di�erent omponents (Chiappetti et al. 1998):

(a) the noise of the photo-multiplier, whih is di�erent in eah MECS

unit, but is present only for hannels below 25;

(b) a ontinuum appearing as a plateau at energies below 4 keV, and

another at a higher level at energies greater than 4.5 keV;

() an instrumental feature appearing as a line-like between 4 and 4.5

keV;

(d) a line feature peaked around the alibration soure (

55

Fe) energy

(5.9 keV), spatially modulated and broader than the energy resolution;

(e) some weak line features below 4 keV, maybe due to the Sun albedo

or to the atmospheri uoresene (the Ar line).

A tentative modeling of the instrumental omponents of the

bakground has been developed by Chiappetti et al. (1998). However,

all the above desribed features have been taken into aount in the

soure detetion, by seleting that set of satellite parameters apable

of minimizing their e�et on the X{ray data.
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The HELLAS:

soure detetion and tehnial

related issues.

The 5{10 keV LogN{LogS

2.1 Introdution: sienti� purposes

T

he study of hard X{ray soures should allow to provide

reliable onstraints on both the uni�ed shemes and the AGNs

synthesis models for the XRB. Aording to these models,

a large fration of the 2{100 keV XRB energy density is due to the

integrated ontributions of AGNs haraterized by a broad distribution

of luminosities and olumn densities (Setti & Woltjer 1989; Matt &

Fabian 1994; Comastri et al. 1995 [C95℄; Madau, Ghisellini & Fabian

1995; Wilman & Fabian 1999). The population of obsured objets

strongly emerges in the hard X{ray regime, sine the soft X{rays are

highly suppressed by photoeletri absorption.

In this regard, hard X{ray observations are extremely eÆient in

traing the emission due to aretion proesses, like the ones working

in ative galati nulei. Moreover, the hard X{ray seletion is less

a�eted by strong biases than other wavelengths. As a matter of fat,

soft X{ray seletion is strongly biased towards unabsorbed (or mildly

obsured) objets (a olumn density of the order of 10

22

m

�2

redues

the nulear emission below 2 keV by a fator of 100, while it has a

negligible e�et at energies higher than 4|5 keV). Optial and UV

seletion is biased against objets with even modest extintion or an

intrinsially \red" spetrum (see e.g. Vignali et al. 2000a; Maiolino
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et al. 2000). Therefore, in order to study the spae density and

evolutionary properties of the soures responsible for the HXRB, the

HELLAS (High Energy LLarge Area Survey) survey was arried out

in the 5{10 keV band, taking full advantage of the large �eld of view

and relatively high sensitivity and spatial resolution of the BeppoSAX

MECS (Boella et al. 1997a,b). Moreover, this band is losest to the

maximum of the XRB energy density reahable with existing X{ray

imaging instruments. Even though Chandra and XMM-Newton go

muh deeper than BeppoSAX at low energies, in the 5{10 keV band

the MECS olleting area is omparable to that of Chandra ACIS.

Furthermore, the MECS �eld of view (about 25 armin radius) is about

a fator 7 larger than that of Chandra ACIS-I (one hip) and about a

fator 3 larger than that of the XMM-Newton EPIC PN. The large

�eld of view of BeppoSAX MECS allows to over a portion of sky

onsiderably larger that the one whih will be surveyed by Chandra

and XMM-Newton in the next few years, at the expense of a lower

sensitivity. The prinipal sienti� goal of the HELLAS is therefore the

study of the nature of the hard X{ray soures populations along with

their evolutionary and spetral properties at relatively bright uxes

but over a large area of the sky. Chandra and XMM-Newton follow-

up observations of these soures should be able to provide a detailed

analysis of the soure physis (through the X{ray spetral properties,

suh as the spetral slope, the absorbing olumn density and the iron

K� emission line parameters), thus fully unveiling the nature of the

soures responsible for a fration of the XRB. It will be also possible, for

the �rst time, a statistial approah to the study of the distribution and

evolution of the obsuring gas in a hard X{ray seleted sample. In this

regard, BeppoSAX HELLAS an be onsidered fully omplementary to

the deeper, penil-beam Chandra and XMM-Newton surveys.

2.2 The HELLAS

The HELLAS has been performed in the 4.5{10 keV energy range for

several reasons:

� this is the band losest to the maximum of the XRB energy density

(at 5{10 keV it is about 3 times higher than at 1 keV) whih was

reahable with imaging X{ray satellites.
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Off-axis angle Power radius

< 7

0

1.

0

2

7

0

< R

o�

< 18.

0

8 1.

0

65

18.

0

8 < R

o�

< 24.

0

5 2.

0

2

Table 2.1: BeppoSAX MECS PSF for di�erent o�-axis angles.

Figure 2.1: Enirled energy funtion for BeppoSAX MECS and ASCA GIS

instruments.

� The BeppoSAX MECS (Boella et al. 1997b) point spread funtion

(PSF, see hapter 1 and Table 2.1) greatly improves with energy: in the

hard 4.5{10 keV energy range it is a fator� 2 sharper than in the softer

1.5{4.5 band, thus providing a 95 % error radius of about 1 armin

(see Rii, Fiore & Giommi 1998; Fiore et al. 2000a). This results in a
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faster optial identi�ation of the soures with respet to ASCA surveys

(Della Cea et al. 1999; Akiyama et al. 2000). For omparison, Fig. 2.1

shows the PSF of ASCA gas sintillation spetrometers (GIS) and that

of BeppoSAX MECS in the full band overed by the two satellites: it

appears evident that MECS performanes are higher than those of GIS

on board ASCA.

Figure 2.2: E�etive areas of BeppoSAX MECS and LECS instruments

vs. SIS and GIS detetors on board ASCA. The lower panel displays the

di�erene in the e�etive area whih beomes evident at energies higher than

7 keV.

� MECS provides a good sensitivity up to 10 keV (about 100 m

�2

and

50 m

�2

at 7 and 10 keV, respetively), larger than ASCA GIS (see

Fig. 2.2).

� As previously desribed, BeppoSAX MECS �eld of view (about 0.7
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square degrees/pointing) allows a good overage of the X{ray sky.

� The on-axis MECS bakground (internal, see hapter 1, plus 70%

osmi XRB) is � 4.3 � 10

�3

ounts s

�1

armin

�2

(3 MECS units) in

the 4.5{10 keV band, whereas it is 3.0 � 10

�3

ounts s

�1

armin

�2

in

the softer 1.3{4.5 keV energy range. As a onsequene, using only the

higher energy band redues the total bakground by about 40 %, thus

the probability of deteting faint, probably highly-obsured or hard

X{ray soures is enhaned.

About 85 square degrees of sky have been surveyed in the 4.5{10 keV

energy range using 142 independent BeppoSAX MECS high Galati

latitude (jbj > 20

Æ

) �elds. Fields have been seleted among publi

data (as Marh 1999) and among the data belonging to the group I

ollaborate with. When multiple observations of the same �eld were

available, they have been merged in order to inrease the sensitivity.

Fields entered on bright extended soures and bright Galati soures

have been disarded, as well as those �elds lose to the Magellani

Clouds and M 33.

The distribution of the exposure times is showed in Fig. 2.3. Most

of the �elds have exposures between 30 and 100 ks, and twenty �elds

have an exposure longer than 80 ks.

2.2.1 Soure detetion

A robust detetion algorithm (desribed below) has been used in

MECS1 + MECS2 + MECS3 o-added images (or MECS1 + MECS2

images after the loss of MECS1 on May 7th 1997). The detetion

was run in the images aumulated between hannels 97 and 213,

i.e. in the 4.5{10 keV band. The hoie of inluding the Xenon

L edges in the detetion range is due to the absene of linearity in

the hannel-energy relationship aross the edge. The analysis was

performed on leaned and linearized event MECS event �les available in

the BeppoSAX Siene Data Center (SDC) on-line arhive, by applying

standard sreening riteria (Fiore, Guainazzi & Grandi 1999), due to

the low and stable MECS bakground.

The detetion algorithm is a variation of the DETECT routine

inluded in the XIMAGE software pakage (Giommi et al. 1991). The

detetion method is as follows:
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Figure 2.3: The distribution of the net exposure times in the 142 HELLAS

�elds.

the X{ray image is �rst onvolved with a wavelet funtion, in order to

smooth the image and inrease the ontrast.

Then a standard slide-ell detetion method is run on the smoothed

image, to loate the ount exesses above the loal bakground.

In order to interatively hek and verify the results obtained in the

detetion proedure, the algorithm has been run several times with

di�erent hoies of both the slide-ell size (ranging from 48 to 120

arse) and the width of the wavelet funtion (24-120 arse), with the

aim of (a) taking into aount the variation of the MECS PSF with

the o�-axis angle, (b) avoiding soure onfusion (when possible) and

() deteting eÆiently extended soures (suh as lusters and some
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Seyfert galaxies).

The detetion proedure was performed independently by F. Fiore

and myself, by varying the above disussed parameters and by heking

step by step the results. In partiular, extreme attention was paid to

the soures deteted near the so-alled MECS \alibration soures"

(desribed in hapter 1). Their e�et is suh to enhane the 5.5{

6.5 keV bakground in the nearby regions. For these soures the

detetion algorithm was run also by exluding the hannel interval

125{135. Nevertheless, the number of soures deteted near the

alibration soures regions, even after the exlusion of these hannels,

was undoubtedly too high to belong to a random distribution aross the

MECS �eld of view. Therefore a more sophistiated hek was applied

to the data, in order to orret the ount rates obtained for some of the

dubious soures. It onsists in alulating the ratio between the 4.5{10

keV and the 5.8{6.3 keV (i.e. hannels 125{135) ount rates for some of

the soures in the MECS �eld of view, from the enter (target) to those

in the outer detetor. A onservative threshold of 2 was then applied

to this ratio in order to exlude presumably spurious soures, while the

remaining dubious soures have been orreted by re-normalizing their

4.5{10 keV ount rates to the average 4.5{10 keV/5.8{6.3 keV ratio of

the soures analyzed in the same �eld of view. The distribution of the

HELLAS soures in the MECS foal plane is showed in Fig. 2.4. There

appears no evident onentration of soures in the outer regions of the

detetor.

The �nal net ounts have been estimated by the original un-

smoothed image, in order to preserve Poissonian statistis. The

bakground is evaluated using ten soure-free boxes nearby the soure

region and is resaled to the soure position to take into aount for

any spatial variation of the MECS bakground (as desribed in the

guide, available at http://www.sd.asi.it.software/ookbook, and in

Chiappetti et al. 1998). The size of the box used for ux estimates

is suh maximize the signal-to-noise ratio given the loal bakground,

the soure intensity and the loal PSF.

At the end of the detetion proedure, a total of 175 soures

(exluded the targets of the observations) have been deteted in the

4.5{10 keV energy range, with the faintest soure having a ux of 3.6

� 10

�14

erg m

�2

s

�1

. The probability that they are not a poissonian

utuation of the bakground has been assumed to be higher than 99.94
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Figure 2.4: The distribution of the HELLAS soures in detetor oordinates.

%, orresponding to a signal-to-noise ratio greater than � 3 (the exat

value depending highly on the bakground level).

2.2.2 Count rate to ux onversion

Soure ount rates were aumulated in four bands:

T: TOTAL = 1.3{10 keV

L: LOW BAND = 1.3{2.5 keV

M: MEDIUM BAND = 2.5{4.5 keV

H: HARD BAND = 4.5{10 keV
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The H band is the band overed by the HELLAS (i.e. that of the

soure detetion). Counts in the L and M bands have been alulated

around the entroid of the detetion in the H band.

The ount rates were orreted for the energy-dependent vignetting

(see hapter 1), whih was alibrated in orbit using several observation

of the Crab nebula at di�erent o�-axis angles (Conti et al. 1997;

Cusumano & Mineo 1998). The ounts were also orreted for

the position-dependene of the PSF, whih was alibrated using an

analytial approximation alibrated on ground and veri�ed in orbit

through pointed observations of Galati ompat soures and AGNs

(Conti et al. 1997). All the orretions were made easier by the axis-

symmetry of the PSF even at large o�-axis angles.

For the faint soures (i.e. the soures having a signal-to-noise

ratio < 4) all the orretions were applied at 6.4 keV, lose to the

mean energy for a power law spetrum with a slope � = 1.6. On the

ontrary, for the brighter soures the orretions were applied after

onvolving the energy- and position-dependent vignetting and PSF

with the histogram of eah soure ounts in the L, M and H bands

(de�ned above).

The ount rates were onverted into uxes using a �xed onversion

fator, i.e. 7.8 � 10

�11

erg m

�2

s

�1

(5{10 keV) per one \3 MECS

ount" (4.5{10 keV). This fator is appropriate for a power law

spetrum with a spetral slope � = 1.6. However, the onversion fator

seems to hange very little under di�erent assumptions of the X{ray

slope spetral index. In fat, it is 8.1 � 10

�11

erg m

�2

s

�1

and 7.6 �

10

�11

erg m

�2

s

�1

for � = 1.4 and � = 1.8, respetively. By assuming

a power law spetrum with � = 1.8 (representative of the spetrum

of the AGNs in the hard energy range, see Nandra et al. 1997) with

N

H

= 1, 10, 100 � 10

22

m

�2

, the onversion fator beomes 7.6, 8.1

and 11.3 � 10

�11

erg m

�2

s

�1

, respetively. In other words, the 5{10

keV uxes are a�eted by X{ray absorption for olumn densities of

the order (or greater) of 10

23

m

�2

. For soures deteted under the

550 �m Beryllium strongbak (as desribed in hapter 1) a onversion

fator of 9.9 � 10

�11

erg m

�2

s

�1

was applied to the ounts, in order

to aount for the redued detetor sensitivity beneath the window

support struture.
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2.2.3 Sky overage

In order to derive the sky overage, the ount rates as a funtion of

the o�-axis angle have been omputed (see Fig. 2.5). Solid points

Figure 2.5: MECS ount rate as a funtion of the o�-axis angle. Solid

points are from observations performed with 3 MECS units, while open

irles indiate the ones performed with only 2 units. The solid (dashed)

model line shows the minimum ount rate detetable at the given threshold

of 99.40 % for an exposure time of 100 ks in 2 (3) MECS units.

indiate the observations performed with the 3 MECS units, while the

others (open irles) are related to 2 MECS units observations. The

two model line (solid and dashed) represent the minimum detetable

ount rate ahievable for an exposure time of 100 ks in 2 and 3 MECS

units, respetively, at the given threshold applied to the whole survey

(99.94 %). These model lines have been obtained using the latest

in-ight alibrations of the telesope vignetting, of the bakground
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(and its dependene on the position in the detetor) and that of

the Beryllium strongbak. Their normalization are the results of

extensive simulations, whih have been performed for the whole survey

assuming the ASCA 2{10 keV LogN-LogS (from Cagnoni, Della Cea

& Maaaro 1998), a distribution of spetral shapes and the position

of the HELLAS soures in the detetor plane.

Then the sky overage of the simulated survey has been omputed

by inverting the model urves and was adjusted until the input LogN-

LogS was fully reprodued from the simulations. The adopted value for

Figure 2.6: The HELLAS sky overage for three di�erent assumptions of

the soure spetral slope: � = 1.6 (solid line), � = 1.2 (lower dashed line)

and � = 2.0 (upper dashed line).

the on-axis ux limit is 3 � 10

�14

q

(100=T (ks)) erg m

�2

s

�1

(3 MECS

units). At o�-axis angles of 6 and 15 armin the ux limit beomes of

the order of 5 � 10

�14

q

(100=T (ks)) and 1.5 � 10

�13

q

(100=T (ks))
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erg m

�2

s

�1

, respetively. This is aused by the vignetting: at large

o�-axis angles, only the bright soures an be deteted, due to the

rapidly dereasing e�etive area.

Fig. 2.6 shows the sky overage, omputed under di�erent

assumptions for the soure spetral slopes: � = 1.6 (solid line), � =

1.2 (lower dashed line) and � = 2.0 (upper dashed line). Regions of 4,

6 and 8 armin around bright targets have been exluded from the sky

overage omputation, as well as the soures deteted in these regions.

This radius has been alulated by imposing that the target ount rate

per square armin at a given o�-axis angle was less than half of the

loal MECS bakground. In the same time, also those soures with a

ount rates smaller than that derived from the model urves in Fig. 2.5

(and normalized to the observation exposure time) have been exluded

from the sample.

Figure 2.7: The ux distribution of the HELLAS soures in the 5{10 keV

band.
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The �nal number of hard X{ray deteted soures is 147. Their ux

distribution is showed in Fig. 2.7.

2.3 Parameters unertainties

2.3.1 Flux and sky overage unertainties

The MECS ux was alibrated using several observations of the Crab

nebula performed during the various years of BeppoSAX life. Assuming

a power-law model to �t the Crab X{ray spetrum, the slope results

to be � = 2.088�0:002 and the 2{10 keV ux 2.008�0:006 � 10

�8

erg m

�2

s

�1

, with little di�erenes between the repeated observations

(Sao 1999). As a onsequene, sine the MECS ux alibration

appears stable in time, the main unertainties on both the ux and the

sky overage derive from the unknown spetrum of the soures near

the detetion limit. This unertainty has been evaluated by assuming

di�erent spetral slopes in omputing the sky overage, as desribed in

the previous setion (see also Fig. 2.6).

2.3.2 Soure onfusion

Soure onfusion is known to a�et the data haraterized by limited

spatial resolution, whih is the ase of BeppoSAX MECS. In order to

quantify the e�et of soure onfusion on the following results, mainly

on the LogN-LogS, the number of soures whih are expeted at the

5{10 keV ux of 2.5{5{10 � 10

�14

erg m

�2

s

�1

on the basis of the

2{10 keV ASCA LogN-LogS (Cagnoni et al. 1998; Ueda et al. 1998),

onverted to the HELLAS band, has been omputed. 60, 20 and 7

soures per square degree, respetively, are expeted. The probability

of �nding two soures with omparable uxes equal to the above values

within a box whose dimension is twie the typial slide-ell (i.e. 2{4

armin, depending on the soure ux: faint soures an be deteted

only in the inner region of the detetor, due to the vignetting, thus

requiring a small ell to be deteted) is 0.4, 0.05 and 0.1 % at these

uxes, respetively. The fration of onfused soures near the detetion

limit and in orrespondene of the maximum of the ux distribution

(most of the HELLAS soures have 5{10 keV uxes of the order of 2{4

� 10

�13

erg m

�2

s

�1

, see Fig. 2.7) is estimated to be about 7{8 %.
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An alternative hek to estimate the fration of onfused soures

with respet to the total has been performed by diretly look at the

spatial extension of the soures. Even though the MECS PSF is not

the most suitable for this kind of analysis, about 20 soures for whih

there exists an indiation of extension have been found, overing the full

range of 5{10 keV uxes. Among them, 6 lusters have been found, and

some more objets an be extended too (e.g. nearby Seyfert galaxies,

small groups of galaxies).

2.3.3 Spurious soures

Even though the soure identi�ation proess will be disussed in

hapter 6, it is useful to estimate the number or spurious soures

starting from the soure detetion algorithm itself. Given a detetion

probability threshold P, the number of spurious soures is (1�P) � the

number of independent (not overlapping) ells in the sky overed near

a given ux limit. In the HELLAS the sensitivity is strongly dependent

on the o�-axis angle, as learly evident in Fig. 2.5. In other word, a

bright soure an be near the ux limit for a typial exposure time at

the edge of the detetor, whereas the same soure will be easily deteted

in the inner regions (or, better, on-axis). In this regard, the area of

the extration ell is a funtion of the o�-axis angle, sine also the PSF

degradation with o�-axis must be taken into aount. In the inner part

of the MECS (i.e. for typial o�-axis angles lower than 8 armin) the

area of the ell is about 0.004{0.005 square degrees, whereas at larger

(> 16 armin) o�-axis angles the extration region is about 0.007{0.012

deg

2

. At F

X

= 5{7 � 10

�14

erg m

�2

s

�1

the sky overage is about 1{3

deg

2

and the typial extration ell size is 0.004{0.005 deg

2

. Therefore

the number of spurious soures deteted at the ux limit is about 0.15

and 0.45, respetively. At brighter uxes, i.e. F

X

= 5 � 10

�13

{ 10

�12

erg m

�2

s

�1

, the sky overage is about 65 and 84 squared degrees,

respetively. Given the typial extration ells at these uxes, 0.007

(0.012) deg

2

, the number of spurious soures is of the order of 5.7 (3.3)

and 7.3 (4.3), respetively. Sine the ux distribution of the HELLAS

soures peaks at about 2{3 � 10

�13

erg m

�2

s

�1

, a reliable estimation

of the number of spurious soures is about 7{8 %, whih has been

on�rmed by simulations.
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2.4 Position auray: auses and orretions

Several are the auses of the unertainties in the loation of an X{

ray soure by BeppoSAX MECS, the main being (A) the width of the

MECS PSF, (B) the statistial unertainty onerning the entroid

of the photons distribution (espeially in the low-statistis regime) and

(C) the systemati errors in telesope pointing position reonstrution.

A The width of the MECS PSF

In the 4.5{10 keV band about half of the ounts from an X{ray soure

is olleted within a radius of 1.0{1.2 armin. For bright soures the

unertainty on the soure entroid due to the PSF is about 13 arse (1

�), whih has been derived by multiple observations of the Galati X{

ray soure LMC X-3 performed during the Siene Veri�ation Phase

(SVP).

B The statistial unertainty on the entroid

The seond unertainty is due to the problems in the determination of

the entroid of a photons distribution when their number is relatively

low. The minimum number of ounts in an HELLAS soure is about 30,

against about 100 bakground ounts. In these unfavorable situations

(i.e. bakground-dominated soures) the statistial unertainty on the

soure entroid is about 30{40 arse.

C Systemati errors in telesope pointing position reonstrution

These unertainties represent the most relevant soure of errors in the

position loalization of an X{ray soure in BeppoSAX MECS. The

magnitude of the implied errors an hange from �eld to �eld.

The main soures of systemati errors are:

(1) the unavailability of the \z" star-traker (the one whih is o-

aligned with the X{ray telesopes) for the whole observation. It

happened in about 10 % of the observations. In these unluky ases,

the �nal error on the pointing position reonstrution an be as high

as 2 armin;
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(2) the unavailability of the \z" star-traker for a part of eah orbit.

This auses \jumps" in the attitude reonstrution when the ontrol is

moved from one star-traker to another. These \jumps"are aused by

a non perfet alibration of the misalignment between the three star-

trakers. In summer 1997 a 20 arse error in the on-board alibration

of this misalignment was disovered, and then orreted in the on-board

software in May 1999;

(3) unertainties in the alignment of the X{ray telesopes with the

satellite axis (and, as a onsequene, with the star-trakers);

(4) sine from August 1997 BeppoSAX is operating with only 1

gyrosope, for part of eah orbit the satellite is ontrolled by one star-

traker and one gyro. All those on�gurations involving the \y" and

the \-x" star-trakers plus the gyro produe a pointing auray worst

than the on�guration whih inludes simultaneously the `y" and the

\-x" star-trakers in the ontrol loop. The best on�guration being

that in whih the \z" star-traker is in the ontrol loop.

Just to understand the above disussed fonts of unertainties in

the position reonstrution, in Fig. 2.8 the deviations in right asension

(RA) and delination (DEC) between the BeppoSAX MECS positions

and the optial (or radio) ones for a sample of about one hundred AGNs

(targets or objets serendipitously found in some of the HELLAS �elds)

are plotted.

It is evident that the median deviation in DEC is zero. On the

ontrary, MECS RA are systematially smaller than RA found in

atalogs by about 15 arse. The �gure learly shows that the typial

error on the position is between 1 and 1.5 armin, when the \z" star-

traker is not in the ontrol loop. Di�erent errors are implied when the

o�-axis angle is higher. In fat, the radii enompassing 67 % and 90

% of the 79 soures observed with the \z" star-traker and at o�-axis

angles < 3 armin are 43 and 56 arse, respetively.

This is the result of the relatively good PSF in the inner part

of the MECS. When onsidering o�-axis angles spanning from 7 to

23 armin, the above values beome 63 and 85 arse, respetively,
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Figure 2.8: The deviations in RA and DEC between MECS positions

and atalog positions for a sample of about one hundred AGNs (targets

or soures serendipitously found in the HELLAS). The symbols indiate

di�erent onditions under whih the observations were performed.

Filled symbols: soures observed without the \z" star-traker in the ontrol

loop.

Open symbols: objets observed using (almost for a part of the observation)

the \z" star-traker.

Cirles: soures deteted at o�-axis angles < 3 armin.

Squares: soures deteted at o�-axis angles 7 < R < 15.

Triangles: soures deteted at o�-axis angles > 15 armin.

The three irles have radii of 1, 1.5 and 2 armin, respetively.

due to the MECS PSF degradation and to the presene of soures

partially overed by the strongbak supporting the MECS Beryllium

window. Sine at least half of the deteted deviations in RA is ought

to systemati errors in the position reonstrution, the sky position of
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Figure 2.9: The HELLAS 5{10 keV LogN{LogS. The error bars inlude both

1 � statistial interval and systemati unertainties.

serendipitous soures in �elds with a relatively bright target has been

improved by applying a simple boresight orretion. This onsists in

searhing for identi�ed soures (other than the HELLAS soures) in the

MECS �eld of view (inluding the target, if bright enough) and then

omputing the best orretion in right asension and delination in

order to well reprodue the sky positions of the identi�ed objets. This

orretion annot be applied to the errors related to the \roll" angle,

beause of the misalignment between the three star-trakers (disussed

above). Anyway, this kind of errors is generally rather small.

2.5 The integral LogN{LogS

Fig. 2.9 presents the integral 5{10 keV LogN{LogS for the entire

HELLAS sample assuming a power law with � = 1.6. The displayed

errors inlude both statistial errors (at 1 � on�dene) and systemati

unertainties, mainly due to the lak of knowledge of the real spetrum

of the faint soures (for whih a photon index in the range 1.2{2.0

has been assumed). The best-�t power-law index at uxes below 4 �
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10

�13

erg m

�2

s

�1

is q = �1.56�0:14 (0.34), The normalization of the

best-�t power law is 2.75 � 10

�20

deg

�2

. Above � 4 � 10

�13

erg m

�2

s

�1

the LogN{LogS urve signi�antly steepens, but this is probably a

seletion e�et. In fat, the probability of �nding a bright soure near

a relatively bright target is low, therefore the number of bright soures

in a serendipitous survey like HELLAS is underestimated.

Several are the biases whih may a�et the shape of the LogN{

LogS. The most important are:

(a) The Eddington Bias

Soures haraterized by uxes just below the ux limit an enter the

survey owing to positive error utuations. This results in a steepening

of the derived LogN{LogS.

This bias has probably a negligible e�et on the present survey. Indeed

the HELLAS, as being the result of a ombination of observations with

quite varied sensitivity (beause of the di�erent exposure times of the

pointings and the large derease of the sensitivity with the o�-axis

angle), should be poorly altered by this bias. Moreover, the ux limit

hanges from observation to observation, and in eah �eld from on-axis

positions to o�-axis positions. Being this the ase, the Eddington bias

(Eddington 1940) should modify little the shape of the integral LogN{

LogS, but its normalization ould be enhaned arti�ially (Marshall

1985). In order to hek and eventually quantify the inuene of

this bias on the �nal LogN{LogS, extensive simulations have been

used to ompute the sky overage and to build the LogN{LogS. In

these simulations, the ux limits (whih are exposure- and o�-axis{

dependent) have been hosen in suh a way to reprodue the input

LogN{LogS. Simulations represent a good approah also in order to

take are for the other biases whih ould a�et the present survey.

(b) \Under-threshold" Bias

Two soures having about half of the ux limit an be deteted in the

same resolution element as a single brighter soure. This produes a

steepening of the LogN{LogS.
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() Soure Confusion

Two soures above the ux limit appear onfused due to the MECS

PSF. This bias produes a attening of the LogN{LogS.

The points (b) and () have been widely disussed in the soure

onfusion setion. Their e�et on the LogN{LogS shape and

normalization should be very low.

2.6 The XRB model

Reently, the AGNs synthesis models for the XRB have been subjeted

to a renewed attention (Gilli, Risaliti & Salvati 1999; Wilman & Fabian

1999; Pompilio, La Frana & Matt 2000; Gilli, Salvati & Hasinger

2001) due to the inreasing amount of observational data onerning

both the XRB spetral intensity and the soure ounts in several

energy ranges obtained by ROSAT , ASCA and BeppoSAX surveys

(Lehmann et al. 2000; Akiyama et al. 2000; Fiore et al. 2000a).

Further hints to a detailed modeling of the XRB have followed the �rst

Chandra deep surveys (Mushotzky et al. 2000; Giaoni et al. 2001)

and subsequent optial follow-up identi�ations. Even though a large

fration of the XRB spetral intensity and the soure ounts are fairly

well reprodued by AGNs synthesis models (see Comastri 2000 for a

review on the di�erent approahes to this problem), a oherent self{

onsistent desription of the XRB onstituents has yet to be reahed as

most of its ingredients have to be extrapolated well beyond the present

limits. Therefore, muh stronger onstraints are expeted from the

ongoing and future Chandra and XMM{Newton surveys.

The impliations deriving from the 5{10 keV HELLAS LogN-LogS

to the XRB modeling will be briey desribed in the following. A full

desription an be found in Comastri et al. (2001).

For the present purposes, the C95 model is adopted, with a

few variations and improvements. The spetrum of heavily absorbed

AGNs (Compton-thik, i.e. N

H

> 10

24

m

�2

) is now omputed taking

into aount Compton sattering e�ets by means of a Montearlo

ode (Matt, Pompilio & La Frana 1999). The luminosity evolution,

parameterized with the power-law model L(z) = L(z = 0)� (1 + z)

2:6

,

stops at z

ut

= 1.8, then remaining onstant up to z

max

=3. The hoie
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of these parameters is onsistent with the more reent estimates of the

high-redshift AGNs evolution and also �nds observational support from

the �rst Chandra measurements.

The input AGNs spetra, inluding the division in the N

H

lasses

entered at LogN

H

= 21.5, 22.5, 23.5, 24.5 m

�2

, are as desribed in

C95, while the absorption distribution of obsured AGNs in the fourN

H

lasses normalized to the spae density of unobsured AGNs turns out

to be 0.35, 1.5, 2.3, 2.0, whih are slightly di�erent from those reported

previously by C95, due to the hange of some input parameters and

to the intensity of the ASCA 1{8 keV XRB spetrum, whih is to be

�tted by the model. The hoie of the ASCA XRB spetrum is due to

the large (about 30{40 %) disrepany between BeppoSAX (Vehi et

al. 1999) and HEAO{A2 (Marshall et al. 1980) XRB normalization,

the former being higher, whereas ASCA normalization settles in the

middle.

Figure 2.10: The model absorption distribution (solid line) ompared with

the observed N

H

distribution for a sample of nearby Seyfert 2 galaxies

(Risaliti et al. 1999). The two histograms are renormalized to the same

ratio between obsured and unobsured objets.

The best-�t absorption distribution (Fig. 2.10) is in agreement
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with that obtained by Risaliti, Maiolino & Salvati (1999) for the loal

Universe, the peak in both being in the LogN

H

= 23{24 m

�2

bin, with

about 70{80 % of the objets lying in the LogN

H

> 23 m

�2

region. As

a onsequene, the large fration of heavily obsured objets needed

to �t the XRB spetral intensity is onsistent with the absorption

distribution of Seyfert 2 galaxies in the loal Universe.

Compton-thik soures with olumn densities in exess to 10

25

m

�2

are not inluded in the present model, as their ontribution to

the XRB is never energetially dominant (see e.g. Gilli et al. 1999),

even though they ould onstitute a sizeable fration of the obsured

AGNs population.

2.7 The HELLAS LogN-LogS ompared with

model preditions

Fig. 2.11 shows the HELLAS 5{10 keV integral LogN-LogS previously

desribed, with the 5{10 keV ounts predited by the present XRB

model. The solid thik line inludes the ontributions from both AGNs

and lusters of galaxies. The expeted number ounts relation for

lusters has been omputed assuming an average temperature kT =

6 keV and the loal luminosity funtion of Piinotti et al. (1982),

with no evolution. However, as learly visible in Fig. 2.11, lusters

do provide a minor ontribution to the 5{10 keV uxes sampled by

BeppoSAX .

The predited hard X{ray ounts are also onsistent with the

reent XMM{Newton observations in the Lokman hole, whih reah

5{10 keV uxes about an order of magnitude fainter (Hasinger et al.

2001).

The expetations of the same model are also ompared with a

ompilation of number ounts in the 2{10 keV band (Fig. 2.12) from

BeppoSAX (Giommi et al. 2000), ASCA (Ueda et al. 1999a; Della

Cea et al. 1999) and Chandra (Mushotzky et al. 2000; Giaoni

et al. 2001) surveys. A good agreement between model preditions

and observations is obtained with the BeppoSAX and ASCA 2{10 keV

number ounts, and with the Mushotzky et al. (2000) Chandra ounts,

while the measurements of Giaoni et al. (2001) are slightly over-

predited.

The key parameter of all the XRB models is the spae density of
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Figure 2.11: The HELLAS 5{10 keV integral LogN-LogS. Thik line = total

(AGNs+lusters) 5{10 keV ounts predited by the present XRB synthesis

model; dotted line = AGNs only; dashed line = lusters only.

obsured AGNs and their absorption distribution. The obsured-to-

unobsured ratio is usually �xed to the value measured for samples of

nearby (often optially{seleted) Type 1 and 2 Seyfert galaxies. In the

present model, this ratio is obtained by the XRB �tting proedure (see

Fig. 2.10), therefore it depends upon the hoie of the olumn density

adopted to divide absorbed from unabsorbed objets. The obsured-

to-unobsured ratio is about 4.3 if suh a value is set to 10

22

m

�2

and

about 2.4 for N

H

= 3 � 10

22

m

�2

. It is important to note that suh a

ratio (referred to the entire AGNs population responsible for the XRB

intensity, fully reovered only when the whole XRB is resolved into

single soures) is independent from optial lassi�ation, and therefore

the relative fration of X{ray obsured AGNs in a ux-limited survey

ould be di�erent from the fration of optially narrow-line Type 2

objets. The relation between the fration of objets having a given

olumn density atually inluded in a survey and the ux limit of the

survey oupled with its energy range is shown in Fig. 2.13, where this

fration is plotted against 5{10 keV, 2{10 keV and 0.5{2 keV uxes.
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Figure 2.12: A ompilation of the 2{10 keV logN-logS from di�erent surveys.

Blue dots = BeppoSAX (Giommi et al. 2000); magenta squares = ASCA

(Ueda et al. 1999a); yan squares = ASCA (Della Cea et al. 1999); red error

bars = Chandra (Giaoni et al. 2001); blak star = HEAO1 (Piinotti et

al. 1982); blak thik bow tie = the 1� region delimited by the analysis of

BeppoSAX utuations (Perri & Giommi 2000); blak dot bow tie = the 1�

region delimited by the analysis of ASCA SIS utuations (Gendreau et al.

1998); red dot bow tie = Chandra logN-logS using eq. 2 of Mushotzky et al.

(2000). Thik line = total (AGNs + lusters) 2{10 keV ounts predited by

the XRB synthesis model; dotted line = AGNs only; dashed line = lusters

only.

It appears evident that hard X{rays (e.g. 5{10 keV) are well suited

to better probe the real fration of obsured objets (e.g. at 5{10 keV

uxes of the order of 10

�13

erg m

�2

s

�1

, the fration of objets in the

LogN

H

= 23{24 m

�2

bin is of the order of 25 %, beoming less that

15 % and negligible in the 2{10 and 0.5{2 keV bands, respetively).

This is in agreement with XRB baseline model, where absorbed AGNs

beome progressively more important towards faint uxes and hard

energy ranges.
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Figure 2.13: The relative fration of unobsured (solid line) and obsured

soures (22 < Log N

H

< 23: dotted line; 23 < Log N

H

< 24: dashed line;

Log N

H

> 24: dot-dashed line) as a funtion of the 0.5{2 keV, 2{10 keV and

5{10 keV ux.
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BeppoSAX spetral analysis

3.1 Introdution

T

he large majority of the HELLAS soures do not allow to

perform a standard X{ray spetral analysis, due to the low

number of photons olleted by MECS oupled to vignetting

and PSF e�ets. Therefore all the spetral parameters (ontinuum

slope, absorbing olumn densities, urvature in the spetra) are derived

from the hardness ratio analysis, whih an be onsidered the analog

in the X{ray band of the optial olors. Even though the optial

lassi�ation of the identi�ed HELLAS soures will be disussed in

hapter 6, it is interesting to introdue at this point the optial ID in

order to ompare the X{ray properties derived from the hardness ratio

analysis with the optial ones.

A more omprehensive piture of broad-band, X{ray modeling of

the HELLAS soures will be presented in hapter 8, after the analysis

of the soft X{ray ounterparts with ROSAT (hapter 4), along with a

omparison with the results obtained from the ASCA Large Sky Survey

(LSS, Akiyama et al. 2000).

3.2 X{ray spetral analysis

The full BeppoSAXMECS energy range (1.3{10 keV) has been divided

into three bands: the low L = 1.3{2.5 keV, the medium M = 2.5{4.5

keV and the hard H = 4.5{10 keV band (the one in whih the survey

has been arried out).

For eah soure the softness ratio SR = (S�H)/(S+H) (where S

= L+M) and the hardness ratios HR1 = (M�L)/(M+L) and HR2 =

(H�M)/(H+M) have been omputed. Sine MECS1 is haraterized
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by a lower sensitivity than MECS2 and MECS3 at E < 4 keV due

to a thiker Kampton �lter, the ount ratios of soures observed with

the three units have been orreted for this e�et, even though the

orretion is generally very small and within the statistial errors.

The list of the 147 HELLAS soures, along with their X{

ray positions, o�-axis angles, uxes and softness/hardness ratios, is

reported in Table 3.1.

All those soures (19 out of 147) who lie lose or under

the Beryllium strongbak supporting the MECS window have been

exluded from the softness ratio analysis, beause their olors may be

systematially harder. This is due to the fat that the support struture

has the e�et of absorbing the photons at low energies.

In Fig. 3.1 the softness ratio SR is plotted as a funtion of the

BeppoSAX 5{10 keV ux. It is interesting to note that many HELLAS

soures are haraterized by hard X{ray spetra, whih may indiate

very at slopes or, more likely, the presene of strong absorption.

Among the hardest soures (the ones in the lower region of the �gure)

there are objets lassi�ed as Type 1s, as well as Type 2s, but the

majority is still unlassi�ed.

In order to investigate the presene of X{ray absorption in the

soures, a omparison between the ounts observed in the S (1.3{4.5

keV) band and those predited by extrapolating the assumed � = 1.6

hard power law to low energies has been arried out.

This method is learly useful to provide a �rst, preliminary

indiation on the presene of X{ray obsuration, sine the photoeletri

absorption would depress the low-energy portion of the spetrum (the

photoeletri ross-setion is / E

�3

). 36 out of the 128 soures have

the 1.3{4.5 keV ount rates lower than those expeted for � = 1.6 at a

on�dene level � 95 %, and 5 at a on�dene level � 99.7 %.

Is is worth noting that there is an apparent lak of faint hard

X{ray soures (Fig. 3.1). This result goes in the opposite diretion

with respet to ASCA surveys, as desribed by Ueda et al. (1999a,b)

and Ueda (2000), and by Della Cea et al. (1999; 2000b). In

partiular, Della Cea and ollaborators �nd the brightest soures being

haraterized by <�> = 1.87�0:08, the faintest by <�> = 1.36�0:14.

Keeping in mind the di�erent seletion bands (the HELLAS soures

in the hard 4.5{10 keV energy interval, the ASCA ones in the 2{10

keV band), a de�it of very hard faint soures an be due to both an
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Figure 3.1: The softness ratio (S�H)/S+H) plotted as a funtion of the

5{10 keV ux for the 128 HELLAS soures whih do not lie beneath the

strongbak support of the MECS window. The solid lines show the loi of

equal 4.5{10 keV ount rate, the straight solid lines indiate the spetral

slopes orresponding to a few values of the softness ratio.

astrophysial and a tehnial reason.

The former ould be a redshift e�et: the observed softness ratio of

soures with similar intrinsi olumn densities inreases with redshift,

as the ut-o� energy moves towards lower energies.

The latter ause being an instrumental e�et, i.e. the redued

sensitivity at high energies related to the rapid inrease of the

vignetting with the energy and the o�-axis angles, whih orresponds

to a faster derease of the sky overage for the hard soures (having

most of the photons in the hard X{rays, where the sensitivity goes

down) than for the soft ones.

The solid lines in Fig. 3.1 an allow to quantify this instrumental
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e�et. They indiate the loi haraterized by equal 4.5{10 keV ount

rates. The strong urvature of these lines towards low values of softness

ratio is a lear indiation of the strong vignetting a�eting the X{ray

data. Thus it is likely that the primary ause of the low number of

very hard and faint soures is the vignetting. The MECS sensitivity

is maximized with an unabsorbed power-law spetrum with a photon

index � 1.6{1.8.

Moreover, the bending of the same urves towards high uxes for high

SR values is due to the redued MECS sensitivity for very soft soures

due to the Beryllium window.

Reently, similar results (i.e. de�it of hard soures at faint uxes)

have been obtained by Georgantopoulos, Nandra & Ptak (2001) with

the 5{10 keV ASCA GIS survey SHEEP (Searh for the high energy

extragalati population).

More on the X{ray spetra an be inferred from the hardness ratio

analysis, whih indiates that the X{ray spetra of the majority of the

HELLAS soures are more omplex than a simple absorbed power law.

This an be evaluated by plotting BeppoSAX HR1 vs. HR2 (Fig. 3.2)

for the soures having a signal-to-noise ratio higher than 3.8 and whih

are not a�eted by the Be window support struture. Symbols are the

same of Fig. 3.1.

Most of the soures lie at the left of the dashed lines, whih indiate

power-law models with inreasing olumn densities (N

H

= 10

22

, 5 �

10

22

, 10

23

, 5 � 10

23

, 10

24

m

�2

) at redshifts z = 0 and 1.0, in an

analogous way to that desribed by Della Cea et al. (1999) for the

ASCA Hard Serendipitous Survey (HSS) soures.

Fig. 3.2 suggests that (a) substantial olumn densities

(spanning in the range Log N

H

= 22{24 m

�2

) are present and (b)

soft omponents are also ommon in the sample, resulting in a softer

HR2. A partial overing model (where part of the nulear omponent

is seen as sattered radiation, while the remaining is suppressed by

absorption) has been used to model an absorbed spetrum with a soft

omponent. This is however only a simple parameterization, sine

di�erent possibilities (like thermal emission from the host galaxy or

from starburst regions) are also viable.

The two innermost solid lines represent the expetations of suh a

model, for a sattered fration of 10 and 1 %, respetively. The evidene

that soft X{ray omponents are present in hard X{ray seleted samples
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Figure 3.2: The hardness ratio HR1 = (M�L)/(M+L) vs. HR2 =

(H�M)/(H+M) for the HELLAS soures having a signal-to-noise ratio >

3.8 and whih do not lie beneath the Beryllium strongbak. Symbols are

the same of Fig. 3.1. The rightmost solid lines represent the expetations

of a power-law model with slope � = 1.8 absorbed by a olumn density N

H

= 10

22

, 5 � 10

22

, 10

23

, 5 � 10

23

, 10

24

m

�2

at redshifts z = 0 and 1.0 (as

indiated in the lower-right label). The two innermost urves (solid lines)

represent the expetations of partial overing models with absorption as in

previous ases and two di�erent values for the sattered fration: 10 and 1

%, respetively.

(Della Cea et al. 1999; Giommi et al. 2000; Giaoni et al. 2001) is

on�rmed by the present results and will be disussed in more details

through a omparison with ROSAT �ndings in hapter 4.

The above desribed models an aount for the majority of the

soures in Fig. 3.2 (almost within the large unertainties onerning

both HR1 and HR2). It is however interesting to note the presene of a
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few isolated points in the upper left part of the diagram, haraterized

by the absene of photons in the medium (2.5{4.5 keV) band. This

ould imply a onave spetrum, where the soft X{rays are enhaned

by the likely presene of an additional soft omponent, while the hard

X{ray ontinuum is absorbed by a substantial amount of gas. The

origin of the soft X{ray omponent (sattering, thermal, irum-nulear

starburst, et.) annot be addressed without further high-resolution

imaging (as provided by Chandra and XMM-Newton).

In order to evaluate the absorbing olumn density of the HELLAS

soures from the X{ray ount ratio, the knowledge of the redshift of

the soure is required, under the assumption that the absorber is at

the same redshift of the soure (Fiore et al. 1998).

In Fig. 3.3 the softness ratio is plotted as a funtion of the

redshift for all the HELLAS soures whih do not lie beneath the

MECS window support struture. Di�erent symbols indiate di�erent

optial lassi�ation (through existing atalogs and by our follow-

up observations, see hapter 6 for a full desription of the optial

ounterparts), as in previous �gures. The dotted lines indiate the

softness ratios expeted by assuming a � = 1.8 (upper line) and � = 1.4

(lower line) power-law model, respetively, with no intrinsi absorption.

The short-dashed lines indiate the expetations of power-law ontinua

absorbed by inreasing olumn densities, ranging from 10

23

m

�2

up

to 10

24

m

�2

, in the soure rest-frame. As expeted, the softness ratio

of onstant olumn density models strongly inreases with the soure

redshift.

From Fig. 3.3 it appears evident that a large part of the identi�ed

HELLAS soures are not well parameterized by an unabsorbed power-

law model, but substantial olumn densities are required in order to

reprodue the BeppoSAX ount ratios.

Not surprisingly, most of the soures with low softness ratios (the

lower part of the diagram), i.e. haraterized by absorption in the X{

rays, have been lassi�ed as narrow-line, Type 1.8-2 objets (Fiore et

al. 1999; Fiore et al. 2000a, 2001; La Frana et al., in preparation; see

also hapter 6). Some emission-line galaxies (ELGs) are also present

among the most absorbed soures.

Remarkably, many broad-line (Type 1, both radio-quiet and radio-

loud) objets have softness ratios inonsistent with an unabsorbed

X{ray spetrum, thus requiring the presene of large amounts of
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Figure 3.3: The BeppoSAX softness ratio as a funtion of redshift for

the HELLAS soures whih do not lie beneath the Be support struture

of MECS. Di�erent symbols identify di�erent optial lassi�ations as in

previous �gure. Dotted lines show the expeted softness ratio for a power-

law model with � = 1.8 (upper line) and � = 1.4 (lower line) and Galati

absorption only. The short-dashed lines indiate the softness ratios expeted

by assuming a power-law model absorbed by N

H

spanning from 10

23

up to

10

24

m

�2

in the soure rest-frame.

absorption (N

H

� 10

23

m

�2

) at their redshift. This e�et is evident

at z > 0.3; the softness ratio is marginally anti-orrelated with z

(Spearman rank orrelation oeÆient of �0.27 for 34 degrees of

freedom, orresponding to a probability of about 89 %).

Alternatively, the antiorrelation an be evaluated through the so-

alled running mean, i.e. the softness ratio (as a funtion of redshift) is

omputed dividing the sample of HELLAS Type 1 objets in small

subsamples, eah having in ommon with the previous one all but
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one objet. The softness ratio trend with redshift appears evident

(Fig. 3.4).

Figure 3.4: The softness ratio as a funtion of the redshift for the Type 1

objets omputed through the method of the running mean.

The number of HELLAS soures having these properties is not

so large to reah a de�nitive onlusion, but there is evidene that

objets sharing the same properties are present also in the ASCA LSS

(Akiyama et al. 2000), as desribed in hapter 4.

It must be noted that this orrelation moves in the opposite

diretion than expeted, sine the ratio of the optial extintion (due

to dust) to the X{ray obsuration (due to photoeletri absorption by

gas) should sale as (1+z)

4

. Therefore, highly X{ray obsured Type 1

objets an exist only assuming di�erent dust-to-gas ratio with respet

to the Galati value or strongly di�erent dust grain properties and

sizes (see Maiolino 2000; Maiolino et al. 2001).

A more omprehensive piture will be presented in hapter 6
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(onerning the optial identi�ations). XMM-Newton and Chandra

pointed observations will easily on�rm or disregard the presene of

absorption in these high-redshift Type 1 objets.

3.3 The HELLAS average spetral properties

ompared with model preditions

In Fig. 3.5 the olumn density distribution inferred from Fig. 3.3 is

ompared with the baseline model preditions (fr. x 2.6 for the XRB

model). Given that the 5{10 keV band is not sensitive to olumn

densities below � 10

23

m

�2

, soures with lower olumn densities are

grouped in a single bin. The two BL La objets have been negleted

in the alulation as this lass of objets is not inluded in the synthesis

model. The two boxes orrespond to the observed fration (� 1 �) of

Figure 3.5: The model predited fration of relatively unobsured (N

H

<

10

23

m

�2

, solid line), highly absorbed (10

23

< N

H

< 10

24

m

�2

, dotted line)

and Compton-thik (N

H

> 10

24

m

�2

, dashed line) AGNs as a funtion of

the 5{10 keV ux. The boxes orrespond to the fration of objets in the

orresponding N

H

lasses as omputed from the softness ratio vs. redshift

diagram of Fig. 3.3.
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HELLAS soures for eah absorption lass and over the ux deade

5 � 10

�14

{ 5 � 10

�13

erg m

�2

s

�1

, orresponding to the uxes of

the large majority of the soures in Fig. 3.3. In order to take into

aount the relatively large errors in the softness ratio values, a soure

is inluded in the orresponding N

H

lass only if its softness ratio value

plus one sigma error is below the N

H

value indiated by the dashed

lines in Fig. 3.3. Aording to this presription, there is only one soure

with N

H

� 10

24

m

�2

, whih is negleted sine it does not belong to the

�nal \restrited" sample of HELLAS soures (see setion 6.8). The two

soures with the \best-�t" olumn density > 10

24

m

�2

are assumed

to be Compton-thik. It is important to note that the relatively good

agreement between model preditions and observed N

H

distribution is

obtained without onsidering the optial lassi�ation.
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Sr. ID RA DEC O�-axis F

5�10 keV

SR HR1 HR2

(J2000) (J2000) (armin) (erg m

�2

s

�1

)

6 06 23 56.6 �69 21 12.7 6.1 1.3�10

�13

�1�0:61 0 1�0:58

8 06 25 31.3 �69 19 9.3 6.4 1.4�10

�13

0.16�0:28 �0.20�0:31 0.29�0:40

10 14 48 21.8 �69 20 29.8 11.7 4.2�10

�13

0.10�0:11 0.43�0:14 0.07�0:12

20 01 40 8.9 �67 48 12.7 8.0 2.8�10

�13

�0.41�0:32 �0.18�0:54 0.71�0:41

25 18 36 11.3 �65 07 19.9 22.8 4.4�10

�13

�0.88�0:50 �1�2:5 1�0:54

26 05 50 0.2 �61 02 22.2 5.9 9.0�10

�14

�0.09�0:18 0.33�0:26 0.29�0:21

30 05 52 6.1 �60 59 47.6 11.1 1.2�10

�13

�0.73�0:51 �0.22�1:58 0.89�0:56

31 05 52 51.3 �60 57 17.7 17.1 2.1�10

�13

�0.47�0:35 �0.66�0:70 0.88�0:51

32 05 48 41.3 �60 52 18.1 19.5 2.4�10

�13

0.19�0:17 0.22�0:15 0.06�0:21

35 23 16 9.8 �59 11 24.5 6.1 1.3�10

�13

�0.19�0:25 0.51�0:39 0.32�0:27

37 23 15 36.4 �59 03 39.7 8.3 2.0�10

�13

�0.49�0:24 0.23�0:43 0.65�0:27

39 01 21 56.8 �58 44 4.6 15.6 2.6�10

�13

�0.37�0:25 0.03�0:35 0.61�0:31

45 03 15 45.0 �55 29 25.5 14.5 2.6�10

�13

0.34�0:13 0.04�0:12 �0.03�0:16

46 03 17 32.4 �55 20 11.5 21.0 4.1�10

�13

0.38�0:16 0.04�0:12 �0.08�0:21

53 04 37 14.5 �47 30 57.9 16.0 2.7�10

�13

0.21�0:21 0.03�0:19 0.12�0:27

54 04 38 47.9 �47 29 6.4 20.1 4.7�10

�13

0.03�0:18 0.22�0:19 0.22�0:22

57 05 20 48.3 �45 42 0.0 9.6 5.9�10

�13

0.23�0:16 0.04�0:17 0.09�0:20

58 06 46 42.7 �44 32 29.0 19.0 2.7�10

�13

�0.27�0:26 0.63�0:40 0.37�0:27

65 06 46 39.3 �44 15 34.8 16.6 4.3�10

�13

�0.25�0:14 0.51�0:20 0.37�0:15

66 23 19 22.1 �42 41 50.0 21.4 5.7�10

�13

�0.14�0:24 �0.07�0:27 0.48�0:32

72 03 33 9.6 �36 19 39.6 15.2 4.0�10

�13

0.41�0:14 �0.01�0:13 �0.09�0:18

73 03 36 51.3 �36 15 56.7 14.7 3.7�10

�13

0.10�0:20 0.08�0:20 0.20�0:25

75 03 34 7.4 �36 04 21.7 5.1 1.9�10

�13

0.04�0:19 0.29�0:25 0.18�0:22

84 13 36 34.3 �33 57 47.0 21.8 3.2�10

�13

0.41�0:12 0.05�0:09 �0.12�0:15

85 22 03 0.5 �32 04 17.7 16.6 2.8�10

�13

�0.77�0:53 �1�1:59 1�0:64
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5�10 keV

SR HR1 HR2

(J2000) (J2000) (armin) (erg m

�2

s

�1

)

90 01 34 28.6 �30 06 33.7 12.2 1.3�10

�13

�0.34�0:28 0.49�0:44 0.47�0:30

91 01 34 51.9 �30 01 34.0 5.4 7.1�10

�14

�0.31�0:31 0.60�0:58 0.41�0:32

92 13 48 45.4 �30 29 36.2 14.4 5.1�10

�13

0.34�0:09 �0.04�0:09 0.01�0:12

93 01 34 33.3 �29 58 38.0 6.0 8.7�10

�14

0.20�0:17 �0.20�0:18 0.25�0:24

94 13 48 24.3 �30 25 47.1 14.8 3.1�10

�13

0.11�0:14 0.18�0:16 0.15�0:17

96 01 35 30.2 �29 51 21.0 8.4 9.0�10

�14

0.18�0:22 0.41�0:23 0�0:25

97 13 50 9.4 �30 19 54.9 10.8 5.1�10

�13

�0.28�0:15 0.60�0:25 0.38�0:15

99 01 34 14.3 �29 45 41.4 14.3 1.5�10

�13

�0.14�0:34 0.62�0:46 0.24�0:36

100 13 48 20.8 �30 11 5.9 14.4 2.2�10

�13

�0.33�0:29 0.54�0:51 0.44�0:30

101 13 48 37.9 �30 09 11.1 12.3 1.6�10

�13

�0.14�0:26 0.65�0:42 0.23�0:27

103 1 00 45 49.6 �25 15 13.0 23.7 3.3�10

�13

0.10�0:21 �0.31�0:19 0.41�0:33

107 00 48 5.8 �25 04 32.3 14.9 1.5�10

�13

�0.34�0:26 1�0:44 0.34�0:27

120 00 26 36.5 �19 44 13.2 13.2 3.4�10

�13

0.09�0:12 0.55�0:15 0.04�0:12

121 00 27 43.9 �19 30 28.8 11.0 1.6�10

�13

�0.34�0:29 0.25�0:45 0.53�0:34

124 00 27 9.9 �19 26 30.6 6.2 1.8�10

�13

0.42�0:08 0.04�0:07 �0.12�0:09

131 11 07 4.9 �18 16 27.5 7.7 1.2�10

�13

�0.51�0:39 �1�0:98 1�0:59

134 21 38 8.9 �14 33 12.8 7.0 2.3�10

�13

�0.37�0:37 �1�0:78 1�0:63

136 09 46 17.9 �14 10 26.6 10.9 2.0�10

�13

�0.89�0:40 1�2:80 0.89�0:39

137 09 46 32.8 �14 06 15.4 16.4 3.2�10

�13

�1�0:50 0 1�0:50

138 09 46 5.3 �14 02 59.2 15.8 2.8�10

�13

�0.64�0:45 �0.72�1:16 0.94�0:59

147 20 42 47.6 �10 38 30.5 21.1 5.3�10

�13

0.27�0:15 0.20�0:13 �0.02�0:18

149 20 44 34.8 �10 27 33.6 15.3 2.0�10

�13

0.02�0:23 �0.24�0:25 0.44�0:34

150 13 05 32.3 �10 32 35.4 22.0 1.9�10

�12

0.33�0:07 0.16�0:07 �0.08�0:09

151 13 04 24.3 �10 23 52.6 4.4 1.3�10

�13

�0.23�0:26 �0.10�0:41 0.57�0:33

155 13 04 38.2 �10 15 46.7 5.9 1.4�10

�13

�0.14�0:21 0.53�0:32 0.27�0:22
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1

Sr. ID RA DEC O�-axis F

5�10 keV

SR HR1 HR2

(J2000) (J2000) (armin) (erg m

�2

s

�1

)

157 12 56 9.9 �05 54 29.8 7.6 9.1�10

�14

0.18�0:17 0.48�0:19 �0.03�0:19

160 13 05 36.5 �05 43 30.0 22.7 6.4�10

�13

�0.59�0:38 �0.21�0:64 0.81�0:47

161 12 55 16.6 �05 39 22.5 16.3 2.2�10

�13

�0.39�0:29 0.23�0:40 0.58�0:34

162 13 04 45.1 �05 33 36.8 7.5 1.3�10

�13

�0.67�0:59 �1�2:28 1�0:77

167 12 40 26.0 �05 13 20.0 11.7 3.1�10

�13

0.16�0:14 0.17�0:16 0.10�0:17

169 12 40 29.6 �05 07 45.9 16.9 1.9�10

�13

�0.44�0:32 �0.56�0:54 0.84�0:46

171 14 11 58.7 �03 07 1.9 20.7 3.9�10

�13

�0.73�0:47 �1�1:10 1�0:60

172 02 42 1.8 00 00 45.6 10.0 1.5�10

�13

�0.02�0:17 0.28�0:22 0.24�0:19

174 02 42 9.4 00 02 29.2 7.5 6.8�10

�14

0.22�0:18 �0.14�0:18 0.20�0:25

176 13 42 59.3 00 01 37.9 20.6 3.2�10

�13

0.15�0:23 0.12�0:21 0.14�0:29

180 13 42 47.9 00 21 9.3 16.9 2.5�10

�13

�0.58�0:39 0.16�0:73 0.73�0:45

185 05 15 13.7 01 08 6.9 7.6 1.3�10

�13

0.13�0:17 0.27�0:20 0.10�0:20

186 12 29 23.7 01 51 37.7 14.1 1.6�10

�13

0.27�0:14 0.17�0:12 �0.01�0:17

187 16 52 12.5 02 11 29.0 15.8 2.4�10

�13

�0.61�0:34 �0.21�0:71 0.82�0:41

190 16 52 38.0 02 22 17.7 4.6 6.7�10

�14

�0.04�0:22 0.11�0:29 0.32�0:26

195 03 08 19.0 03 46 27.0 18.5 5.1�10

�13

�1�0:47 0 1�0:47

200 16 50 40.1 04 37 16.7 24.5 1.2�10

�12

0.03�0:18 0.32�0:22 0.18�0:21

201 16 49 57.9 04 53 32.3 19.8 9.5�10

�13

�0.21�0:16 0�0:23 0.51�0:21

203 04 32 27.9 05 13 4.7 15.0 2.1�10

�13

�0.32�0:33 �0.06�0:49 0.61�0:42

205 23 29 2.4 08 34 38.6 20.0 2.9�10

�13

�0.02�0:24 0.17�0:23 0.28�0:29

206 23 02 30.1 08 37 6.2 17.6 2.7�10

�13

�0.86�0:51 �0.43�2:64 0.96�0:54

207 23 27 37.1 08 38 55.8 7.9 1.5�10

�13

0.09�0:13 0.49�0:17 0.06�0:14

209 23 27 28.7 08 49 29.8 7.1 5.5�10

�14

0.34�0:21 0.32�0:20 �0.14�0:24

210 23 06 59.2 08 48 39.7 4.1 1.0�10

�13

0.06�0:21 �0.08�0:27 0.32�0:27

212 23 02 36.2 08 56 42.1 10.1 3.2�10

�13

�0.50�0:24 0.83�0:60 0.53�0:24
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213 22 31 49.6 11 32 8.3 15.2 1.9�10

�13

0.02�0:19 0.01�0:19 0.31�0:25

220 05 02 15.5 12 04 7.2 20.9 7.4�10

�13

�1�0:51 0 1�0:51

226 13 55 54.1 18 13 35.2 19.8 6.1�10

�13

�0.93�0:75 �1�6:31 1�0:78

228 13 53 54.6 18 20 32.8 17.5 6.8�10

�13

0.11�0:23 0.02�0:24 0.22�0:29

229 23 31 55.6 19 38 33.9 17.0 3.7�10

�13

�0.49�0:41 0.20�0:68 0.66�0:47

230 1 15 28 47.3 19 39 9.7 5.0 1.6�10

�13

0.11�0:14 0.03�0:16 0.22�0:17

230 2 15 28 46.0 19 45 10.0 4.7 1.6�10

�13

0.43�0:09 0.16�0:09 �0.18�0:11

237 22 26 30.3 21 11 56.3 13.7 3.9�10

�13

0.16�0:24 �0.27�0:27 0.33�0:35

239 14 17 12.5 24 59 28.1 12.9 6.9�10

�14

0.30�0:14 0.05�0:12 0.01�0:18

241 14 18 31.1 25 11 6.9 8.6 6.1�10

�13

0.31�0:03 0.14�0:03 �0.04�0:04

243 08 37 37.2 25 47 48.3 12.1 2.6�10

�13

0.19�0:17 0.28�0:18 0.03�0:19

246 08 38 59.9 26 08 13.0 23.0 1.6�10

�12

0.17�0:10 0.08�0:11 0.14�0:13

249 23 55 32.7 28 35 11.2 7.7 1.7�10

�13

0.14�0:23 �0.07�0:27 0.24�0:30

250 23 55 53.3 28 36 5.4 12.0 4.2�10

�13

0.22�0:18 0.26�0:19 0.01�0:20

252 12 04 7.6 28 08 30.5 16.1 5.1�10

�13

0.39�0:23 0.02�0:20 �0.07�0:29

254 22 42 51.5 29 35 31.7 7.6 1.0�10

�13

�0.05�0:17 �0.03�0:22 0.39�0:22

256 22 41 22.1 29 42 41.2 15.6 3.0�10

�13

0.15�0:14 0.34�0:14 0.05�0:15

258 22 44 11.4 29 51 14.1 23.1 3.9�10

�13

�0.69�0:48 0.04�1:13 0.83�0:53

264 12 18 55.0 29 58 12.0 12.7 2.0�10

�13

�0.28�0:26 1�0:48 0.28�0:26

265 12 17 50.3 30 07 7.9 19.8 3.5�10

�13

0.64�0:12 �0.04�0:08 �0.37�0:17

273 10 34 43.1 39 29 17.7 8.4 1.1�10

�13

�1�0:71 0 1�0:69

278 10 34 52.0 39 40 12.4 5.3 1.4�10

�13

0.29�0:14 �0.12�0:14 0.11�0:18

279 16 54 41.1 40 02 10.3 17.6 6.3�10

�13

0.13�0:15 �0.19�0:18 0.31�0:21

282 11 18 46.2 40 27 38.8 4.8 1.4�10

�13

0.53�0:15 �0.01�0:13 �0.23�0:18

283 11 18 11.9 40 28 32.9 4.2 8.5�10

�14

0.21�0:21 0.33�0:24 �0.01�0:23
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Sr. ID RA DEC O�-axis F

5�10 keV

SR HR1 HR2

(J2000) (J2000) (armin) (erg m

�2

s

�1

)

288 12 19 21.6 47 11 6.8 9.4 1.3�10

�13

�0.45�0:29 1�0:64 0.45�0:29

290 12 19 45.7 47 20 42.4 7.5 1.2�10

�13

�0.02�0:20 0�0:24 0.35�0:26

292 12 17 45.1 47 29 54.7 16.4 3.2�10

�13

0.37�0:11 0�0:10 �0.04�0:15

295 13 38 34.1 48 21 5.0 4.3 1.2�10

�13

0.01�0:21 0.27�0:27 0.21�0:24

296 18 15 17.5 49 44 51.4 9.8 3.5�10

�13

�0.95�0:50 1�8:73 0.95�0:49

299 10 29 19.1 50 48 15.0 17.5 5.8�10

�13

�0.82�0:45 1�1:63 0.82�0:45

300 10 32 15.8 50 51 3.0 10.4 3.1�10

�13

�0.66�0:75 1�3:00 0.66�0:69

305 16 26 56.8 55 13 23.7 14.2 3.1�10

�13

�0.90�0:58 1�4:16 0.90�0:58

307 16 26 59.9 55 28 20.1 10.5 1.2�10

�12

0.04�0:09 0.18�0:12 0.22�0:10

319 10 54 19.8 57 25 8.6 13.4 2.6�10

�13

0.34�0:11 0.17�0:11 �0.09�0:13

321 10 52 45.4 57 30 42.3 4.0 8.3�10

�14

�0.06�0:19 0.03�0:26 0.37�0:24

323 10 54 21.7 57 36 24.4 16.6 2.1�10

�13

�0.68�0:29 1�0:98 0.68�0:28

324 12 54 28.0 59 21 0.6 24.3 6.4�10

�13

�0.92�0:62 �0.33�5:10 0.97�0:63

325 16 34 10.7 59 37 43.7 6.9 5.0�10

�14

0.32�0:15 0.32�0:14 �0.13�0:17

327 16 34 11.8 59 45 28.6 3.4 8.4�10

�14

�0.15�0:17 0.20�0:24 0.39�0:19

328 16 34 11.0 59 48 14.9 5.2 4.7�10

�14

0.51�0:14 0.13�0:11 �0.27�0:17

337 18 19 39.5 60 53 25.6 3.7 8.3�10

�14

0.25�0:14 0.39�0:16 �0.08�0:16

340 2 17 50 25.4 60 56 0.9 11.7 2.1�10

�13

�1�0:61 0 1�0:61

341 18 19 18.4 60 56 6.3 3.5 1.5�10

�13

0.25�0:08 0.25�0:09 �0.02�0:09

345 18 19 35.5 60 58 45.9 2.2 4.9�10

�14

0.27�0:19 0.40�0:21 �0.10�0:21

346 1 17 53 49.0 60 59 51.8 12.7 1.1�10

�13

�0.10�0:19 1�0:31 0.10�0:19

346 2 17 51 30.3 61 00 43.2 6.7 5.5�10

�14

0.33�0:14 �0.10�0:13 0.06�0:18

351 1 17 52 38.3 61 05 46.7 3.2 3.6�10

�14

0.22�0:15 0.06�0:16 0.10�0:18

353 18 03 51.8 61 10 21.2 2.9 6.0�10

�14

0.01�0:17 0.11�0:22 0.27�0:21

354 18 18 58.6 61 14 42.4 18.6 2.1�10

�13

�0.04�0:21 0.32�0:22 0.24�0:24
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5�10 keV

SR HR1 HR2

(J2000) (J2000) (armin) (erg m

�2

s
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364 14 38 30.1 64 30 25.4 11.2 2.6�10

�13

0.17�0:14 0.69�0:17 �0.08�0:14

372 11 56 39.2 65 17 57.2 5.7 7.5�10

�14

�0.07�0:26 �0.10�0:34 0.44�0:35

374 11 57 1.7 65 27 23.8 15.4 2.1�10

�13

0�0:19 0.49�0:22 0.14�0:21

375 15 19 39.9 65 35 46.0 13.9 9.4�10

�13

�0.46�0:22 0.95�0:48 0.47�0:22

375 1 17 40 10.7 67 42 50.2 17.7 3.3�10

�13

�0.50�0:42 �0.72�0:85 0.91�0:62

375 2 17 42 36.3 68 00 43.8 10.6 2.8�10

�13

�1�0:50 0 1�0:50

380 11 34 52.7 70 23 8.8 15.5 3.8�10

�13

�0.43�0:44 1�0:86 0.43�0:44

385 07 21 29.6 71 14 4.0 8.1 8.4�10

�14

0.13�0:18 0.03�0:20 0.20�0:22

387 11 01 46.4 72 26 10.8 22.3 7.3�10

�13

0.07�0:14 0.46�0:15 0.09�0:16

389 11 06 14.0 72 43 16.0 8.5 1.7�10

�13

�0.48�0:31 0.18�0:59 0.66�0:35

390 11 02 37.2 72 46 37.6 20.7 7.9�10

�13

0.05�0:09 0�0:10 0.29�0:11

392 07 41 40.3 74 14 57.2 22.6 3.2�10

�12

0.25�0:08 �0.03�0:09 0.11�0:10

393 07 41 45.2 74 26 22.9 13.1 3.7�10

�13

�0.11�0:26 0.03�0:33 0.41�0:33

394 07 43 9.1 74 29 19.3 7.2 6.0�10

�13

0.28�0:09 0.17�0:11 �0.02�0:11

400 12 22 6.8 75 26 16.7 6.5 2.5�10

�13

0.28�0:18 �0.11�0:20 0.11�0:23

405 06 55 39.6 79 10 48.4 4.7 7.5�10

�14

�0.57�0:43 1�1:32 0.57�0:42

410 21 59 52.1 88 54 53.1 17.8 6.8�10

�13

�0.72�0:37 1�0:97 0.72�0:37

413 21 22 59.2 89 01 57.5 15.3 4.8�10

�13

�1�0:59 0 1�0:59

424 03 08 8.5 89 08 40.9 4.9 6.5�10

�14

�1�0:49 0 1�0:48

426 01 53 3.9 89 12 20.2 2.4 5.4�10

�14

0.36�0:24 0.22�0:23 �0.13�0:27

431 01 18 3.9 89 20 11.5 8.3 8.7�10

�14

�0.22�0:32 0.40�0:48 0.38�0:36

432 21 42 46.7 89 35 30.3 23.5 1.0�10

�12

�0.76�0:40 0.93�1:33 0.77�0:40

Table 3.1: The list of the 147 HELLAS soures and their X{ray parameters.
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Studying the soft X{ray

properties of the HELLAS

soures with ROSAT

4.1 Introdution

T

he importane of extending the study of the HELLAS soures

down to the ROSAT band is due the the fat that the 0.5{

2 keV band is not fully ahievable by the BeppoSAX MECS

instruments (whose lower energy limit is about 1.3 keV). A broad-

band view of hard X{ray seleted soures would allow to better

understand the mehanisms haraterizing the X{ray emission, suh

as the importane of sattered nulear omponents and the presene

of non nulear starburst-related emission, thus providing new hints for

the AGN-starburst onnetion (Lawrene 1999; Veilleux 2000). The

study of the broad-band spetrum of the hard X{ray seleted soures is

partiularly important also for the AGNs synthesis models for the XRB.

Soft X{ray omponents are either exluded from the XRB synthesis

models (e.g. Comastri et al. 1995) or, if inluded, they do aount

for a small, energetially not relevant fration of the XRB (e.g. Gilli

et al. 1999). Indeed, there is inreasing evidene that the broad-band

spetral properties of the soures responsible for the hard XRB are

haraterized by more omplex spetra than is expeted from a simple

absorbed power-law model (Della Cea et al. 1999; Giommi et al.

2000), as on�rmed by the presene of multi-omponents spetra in

obsured nearby AGNs (Awaki et al. 2000). The possibility of the

existene of suh additional omponents must be taken into aount

when omparing surveys performed in di�erent energy ranges and,
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most important, at limiting uxes di�ering by one (or more) order of

magnitude. In this regard, arhival ROSAT (PSPC, HRI and RASS)

data for the full HELLAS sample have been searhed for, in order to

provide new lues on the nature of the soures responsible for the hard

XRB and to verify whether additional soft X{ray omponents may be

present (Vignali et al. 2001).

In the following setion I will summarize the imaging and spetral

performanes of ROSAT , whih are stritly related to the results

presented in the hapter. Then the soure detetion algorithm and

the reliability of the soft X{ray ounterparts will be disussed. The

�ndings will be ompared to those obtained for a soft X{ray seleted

sample extrated from the ROSAT Deep Survey in the Lokman Hole

(Hasinger et al. 1998; Shmidt et al. 1998; see also Lehmann et al.

2000 for the latest optial identi�ations).

4.2 The ROSAT satellite: a brief introdution

The ROSAT X{ray telesope (Tr�umper 1982) onsists of two position-

sensitive proportional ounter (PSPC), one high-resolution image

(HRI) and one wide-�eld amera (WFC). Most of the ROSAT arhival

observations whih will be used in the following have been performed

with the PSPC (Pfe�ermann et al. 1987) in the foal plane. The PSPC

provides a bandpass in the range 0.1{2.4 keV over an about 2

Æ

diameter

�eld of view, with a moderate (about 45 % FWHM � 0.93 keV) spetral

resolution, but fairly good spatial resolution (about 15{20 arse on-

axis). Due to unertainties in the detetor response matrix at energies

above 2 keV, only results obtained in the 0.1{2 keV will be presented.

Most of the observations have been obtained in the \wobble" mode: the

detetor is moved from the pointing diretion with a period of about

400 s and an amplitude of about 3 armin. In suh a way the e�et

of shadowing of the X{ray soures by the detetor window strutures,

suh as struts and wire mesh, is minimized.

The HRI instrument is less sensitive than PSPC and has no spetral

resolution, but is haraterized by a muh better spatial resolution

(about 5 arse on-axis).
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4.3 The ross orrelation

The BeppoSAX atalog was ross-orrelated with the arhival ROSAT

data (PSPC, HRI and RASS). 108 out of the 147 soures are in

ROSAT �elds; for only 1 soure RASS data have been used, due to

the lak of pointed ROSAT observations. 4 soures lying beneath the

PSPC detetor window support struture will not be onsidered in the

following disussions, therefore the useful number of HELLAS soures

in ROSAT �elds is 104. In those ases where multiple observations

of the same HELLAS soure are present, the one with the longest

exposure time and/or the lowest o�-axis angle was hosen, and the

results heked by analyzing at least another image of the same �eld.

4.4 ROSAT �elds

4.4.1 ROSAT soure detetion

The ROSAT data have been analyzed with the MIDAS/EXSAS

pakage (Zimmermann et al. 1998). The ROSAT standard analysis

(SASS, Voges 1992) performs several orretions to the individual

PSPC and HRI photons, inluding detetor linearization, optial

distortions, boresight and attitude orretions. The soures have

been deteted by running the loal detetion algorithm LDETECT,

the biubi spline �t to the bakground map and the map detetion

algorithm MDETECT. The detetion threshold of these algorithms

was set at a likelihood of L=�ln(P

e

)=10, orresponding to a

probability of 4.5�10

�5

that the observed number of photons in the

soure ell is produed by a pure bakground utuation (about 4 �

detetion, Cruddae, Hasinger & Shmitt 1988). The measured ounts

were then orreted for PSPC vignetting (partiularly important for

o�-axis soures) and PSPC dead time, and the soure parameters

were determined by the maximum likelihood method (MAXLIK).

The soures whih partially fell under the PSPC window support

struture and whih were missed by the detetion routine have also been

analyzed, and the vignetting-orreted ount rates have been obtained

in the di�erent energy bands. Even though the above desribed

routines have been extensively applied in the past, the reliability of

all the detetions have been heked by running the slide-ell detetion

algorithm in XIMAGE (Giommi et al. 1991) in a similar way to that
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desribed in Fiore et al. (2000a) for all the soures of the present

sample, obtaining similar results within the errors. Most of the soures

are also present in the WGA atalog (a point soure atalog generated

from all ROSAT PSPC pointed observations, see White, Giommi &

Angelini 1994). The agreement between the present results and those

from the WGA makes us further on�dent about the �ndings whih

will be desribed in the following setions.

Images were onstruted in 4 energy bands: PI hannels 11{41

(orresponding to 0.1{0.4 keV, band (a)), 52{201 (0.5{2 keV, (b)), 52{

90 (0.5{0.9 keV, ()) and 91-201 (0.9{2 keV, (d)), whih orrespond to

S, H, H1 and H2 in Hasinger et al. (1998). The hardness ratios have

been de�ned as follows: HR1=(b�a)/(b+a) and HR2=(d�)/(d+).

The soft X{ray uxes have been omputed in the full 0.5{2 keV

energy range diretly from the best-�t spetrum (when the statistis

was high enough to allow a spetral modeling of the ROSAT ounts)

or by onverting the ount rates into uxes under the assumption of a

power-law slope with photon index 2.3 (the mean of the distribution of

the present sample and within the width of the distribution of soft X{

ray spetral slopes, e.g. Walter & Fink 1993), and Galati absorption

only.

In the following I will fous on the hardness ratio analysis, whih

is the most suitable way to obtain spetral information in the regimes

of low-ounting statistis.

4.4.2 ROSAT data analysis

Eah ROSAT �eld has been analyzed searhing for the soft X{ray

ounterpart of the BeppoSAX HELLAS soures, assuming a ross-

orrelation radius of 100 arse. Five ROSAT soures have been found

at larger radii (see Fig. 4.1): four have been spetrosopially identi�ed

and the soft X{ray position oinide with the optial one within � 35

arse. This evidene, oupled with the errors whih an be assoiated

to BeppoSAX MECS pointing position reonstrution (mainly due to

the unavailability of one star-traker for a part of the observation,

fr. setion 2.4 for a desription of the problems related to BeppoSAX

position reonstrution), make us on�dent that these assoiations are

real. The �fth soure belong to a high-Galati �eld where BeppoSAX

position reontrution was not possible due to the absene of either a

bright known soure or the target in the same �eld of view.
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Figure 4.1: Distribution of the distanes between BeppoSAX and ROSAT

soure positions.

For the majority of �elds only one ROSAT soure is present in

eah BeppoSAX error box. For the three ases in whih more than one

ROSAT soure is present, the one losest to the enter of BeppoSAX

error box has been hosen. For these soures the soft X{ray emission

is also assoiated to radio emission.

Given the large range of both ROSAT exposure times and o�-

axis angles distributions, the sensitivity limit is di�erent from �eld to

�eld. As a onsequene, the number of spurious ROSAT { BeppoSAX

assoiations has been derived by omputing for eah soure the number

of objets expeted at its ux aording to the 0.5{2 keV integral

soure ounts (Hasinger et al. 1998) and adopting a searhing radius

of 100 arse. The �nal number of spurious assoiations is therefore

the summed ontribution of the hane oinidenes expeted for eah

�eld. With this approah, 2 assoiations by hane are expeted.
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68 out of the 104 HELLAS soures have a ROSAT soft X{ray

ounterpart, while 36 soures went undeteted. The 5{10 keV ux

distribution for the soures deteted by ROSAT is not signi�antly

di�erent from that of the entire HELLAS sample (20 % on�dene

level aording to the Kolmogorov-Smirnov test), see Fig. 4.2 for the

omparison).

Figure 4.2: Flux distribution of the HELLAS soures with a soft X{ray

ounterpart with respet to the whole sample.

4.4.3 HELLAS soures deteted by ROSAT

Among the 68 soures deteted by ROSAT 51 have been identi�ed with

extra-galati objets (see Table 4.1 for a omprehensive view on their

soft X{ray properties), i.e. 35 Type 1 objets (inluding 5 radio-loud

AGNs and 1 red quasar), 4 Type 1.8{2, 2 emission-line galaxies, 2 BL

La objets, 1 radio-galaxy and 6 lusters. Moreover, one soure is
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Figure 4.3: Distribution of the distanes between ROSAT and optial

positions for the HELLAS soures.

assoiated with a bright K star.

All the radio-loud AGNs and the lusters, and about one third

of the Type 1 objets have been identi�ed through existing atalogs,

while the remaining have been spetrosopially identi�ed by our group

(see La Frana et al. 2001). In several ases the ROSAT {BeppoSAX

assoiation has been used in the spetrosopi identi�ation proess.

For what onerns the ROSAT-optial assoiation, the X{ray

soure has been onsidered physially assoiated with the optially

identi�ed objet if the distane between the X{ray and the optial

position is below 40 arse (whih should take into aount the

dependene of the PSPC point-spread funtion with the o�-axis angle

and the possible error in aspet reonstrution). The ROSAT soures

of the present sample have typial distanes (see Fig. 4.3) of about 10{

20 arse from the optial position (whih is onsistent with the values
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Figure 4.4: Distribution of the o�-axis angles for the HELLAS soures

deteted by ROSAT with respet to the total.

found by Voges et al. 1999 for point-like soures). Only for three

soures the optial and the ROSAT positions seem to be di�erent: in

one ase the most likely explanation is that the X{ray emission omes

from a group of galaxies (the likely ounterpart of the HELLAS soure)

and not from a single objet (whih is on�rmed by the presene of

some optial emission-line objets in the BeppoSAX error box). In the

other ases, the X{ray soures are learly extended and identi�ed as a

Type 1.9 AGNs and a luster.

4.4.4 HELLAS soures undeteted by ROSAT

The o�-axis angles (Fig. 4.4) and the exposure times (Fig. 4.5)

distributions of the 68 deteted soures are not statistially di�erent

from those of the 36 undeteted soures (within the intrinsi width

of the distribution, on�dene level of 13 and 49 %, respetively {

aording to the Kolmogorov-Smirnov test { that the two subsamples

are drawn from the same parent population).

Indeed, the average o�-axis angle for the deteted (undeteted)

subsample is 13.5 armin (16.4), with a dispersion of 8 (9.2) armin.

The same applies to the exposure times, that for the ROSAT-deteted

soures being 12.8 ks (against 12.6 ks for the undeteted ones).
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Figure 4.5: Distribution of the exposure times for the HELLAS soures

deteted by ROSAT with respet to the total.

X{ray absorption is likely to play a major role in \hiding" a

fration of objets, thus making them extremely faint or even absent in

the soft X{rays. This is on�rmed by omputing the average BeppoSAX

softness ratio (SR=(S�H)/(S+H), where S=1.3{4.5 keV and H=4.5{

10 keV band) for the subsamples whih are deteted and undeteted by

ROSAT, the former having SR = 0.037 (dispersion=0.363), the latter

SR = �0.314 (dispersion = 0.424), this value orresponding to N

H

> 10

23

m

�2

at any redshift. This is a further lear indiation that

absorption plays a major role in the soft X{ray detetion/undetetion

of the HELLAS soures.

Among the 12 soures whih are spetrosopially identi�ed

without being deteted by ROSAT , there are 2 high-z Type 1 objets

(z = 0.953 and z = 2.386), 3 emission-line galaxies, 1 red quasar and 6

Type 1.8-2. These objets, on the basis of the X{ray analysis performed

with BeppoSAX , are likely to be a�eted by absorption, their mean

softness ratio being <SR> ' �0.228 (N

H

> 10

23

m

�2

at z > 0.015).
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Figure 4.6: BeppoSAX 5{10 keV ux against ROSAT 0.5{2 keV ux. The

upper limits for the spetrosopially identi�ed soures appear thiker in

the plot. The dashed lines indiate the expetations for �=2.3, 1.6 and

Galati absorption, and �=1.8 plus N

H

=10

22

m

�2

, from top to bottom.

Errors are plotted separately (for three ux intervals). The errors assoiated

to BeppoSAX and ROSAT uxes are plotted separately (for three ux

intervals).

4.5 ROSAT results

4.5.1 Absorption

The BeppoSAX 5{10 keV and ROSAT 0.5{2 keV uxes are reported in

Fig. 4.6. The dashed lines indiate the uxes expeted for a spetral

slope of �=2.3 and �=1.6 (with the average Galati absorption of the

present distribution: � 3�10

20

m

�2

), and �=1.8 plus N

H

=10

22

m

�2

,

from top to bottom. It appears lear that for a signi�ant fration
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of the objets intrinsi absorption and/or atter spetral slopes are

required in order to reprodue the observed ux ratio. It must be kept

in mind that the values derived from Fig. 4.6 are only indiative and

may be onsidered as lower limits on the presene of X{ray absorption,

sine any additional omponent in the ROSAT energy range would

inrease the soft X{ray ux, and that soure variability between the

observations with the two satellites may a�et the results. However,

sine the amplitude of nulear variability sales as (about) the inverse

of the luminosity (Nandra et al. 1997), for the majority of the objets

of the present subsample (with an average 0.5{2 keV luminosity of �

10

44

erg s

�1

) variability is unlikely to signi�antly a�et the present

results.

In order to provide a further evidene of the presene of strong

absorption in the HELLAS soures, the upper limits for the soures

whih went undeteted in the ROSAT band are also plotted in Fig. 4.6.

The thiker upper limits are relative to the 12 spetrosopially

identi�ed soures (fr. x 4.4.4). It an be seen that the upper limits are

extremely onentrated in the region haraterized by high absorbing

olumn densities: this is a further indiation of the role of absorption

in hiding the HELLAS soures, despite of their optial lassi�ation.

Similar results an be obtained by plotting the 5{10 keV to 0.5{2

keV ux ratios as a funtion of redshift (Fig. 4.7) for Type 1 and Type 2

soures. In order to provide an estimate of the absorption at the soure

redshift, three urves orresponding to LogN

H

= 22, 22.5 and 23 m

�2

are also plotted. The underlying assumed spetrum is a power law with

� = 1.8. It is evident that about half of the soures require absorption

in exess to 10

22

m

�2

and, among them, many are assoiated to broad-

line objets (Seyfert galaxies and quasars). Vieversa, 3 out of 4 Type 2

AGNs are onsistent with N

H

< 10

22

m

�2

. We also note a trend of

inreasing hardness with redshift, whih is more pronouned for Type 1

objets.

A similar trend an be found by adding ASCA Large Sky

Survey (Akiyama et al. 2000) broad-line objets (open symbols in

Fig. 4.8) to the HELLAS ones. The inreasing hardness with redshift,

parameterized by the relation F

hard

/F

soft

/ z

0:7

, is partiular evident

at z > 0.3 and ould be asribed to a attening of the primary X{ray

spetral slope at moderate/high redshift, as tentatively suggested by

Vignali et al. (1999) for a small sample of high-z radio-quiet quasars.
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Figure 4.7: BeppoSAX 5{10 keV to ROSAT 0.5{2 keV ux ratios as a

funtion of redshift. Only the HELLAS soures lassi�ed as Type 1 (radio-

quiet), Type 2 and the red quasar are plotted (symbols are as in the previous

�gure), along with three urves representing di�erent olumn densities (N

H

= 10

22

, 3�10

22

and 10

23

m

�2

, assuming a power-law spetrum with � =

1.8).

Even though the large majority of Type 1 objets of Fig. 4.8 an

be parameterized by a variety of spetral slopes ranging from � =

1.0 to � = 2.0 (the short-long dashed lines), the ux ratios of some

soures are not well reprodued, learly suggesting that absorption is

a better explanation, in line with BeppoSAX softness ratio preditions.

A ombination of both these e�et, absorption and attening with

redshift, is also plausible.

The presene of absorbed Type 1 an be suggested by Fig. 4.6,

where for a large fration of BeppoSAX soures optially identi�ed

as broad-line objets the hard and soft X{ray uxes suggest spetral
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Figure 4.8: 5{10 keV to 0.5{2 keV ux ratios for the HELLAS (as in the

previous �gure, big open symbols) and the ASCA LSS broad-line objets

(small rossed symbols). The long dashed line shows the best-�t F

hard

/F

soft

{ redshift orrelation for Type 1 objets of both the samples, while the

short-long dashed lines indiate the ux ratios expeted for a �=1.0 and 2.0

power-law and Galati absorption.

slopes muh harder than � = 1.6. This �nding ould indiate that

the X{ray obsuration is unorrelated with the optial reddening, thus

pointing towards a more omplex piture of the Ative Galati Nulei

properties (Comastri et al. 2000; Vignali, Comastri & Fiore 2000b).

4.5.2 Soft X{ray omponents

The broad-band X{ray spetrum has been investigated by seleting

a subsample of 12 HELLAS soures spetrosopially identi�ed as

broad-line (radio-quiet) objets, whose softness ratio (as a funtion
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of redshift) indiates the presene of substantial intrinsi absorption

(N

H

> 5 � 10

22

m

�2

at the soure rest frame). For these soures

the 0.5{2 keV ux whih is expeted by extrapolating the BeppoSAX

ux in the ROSAT band (under the assumption of a � = 1.8 power-

law ontinuum absorbed by the N

H

obtained by the softness ratio

analysis with BeppoSAX ) has been alulated. These values have

been subsequently ompared to the observed 0.5{2 keV uxes obtained

diretly from the present analysis.

Among the 12 Type 1 objets, 5 soures have ROSAT uxes whih

agree with the predited ones within 10 %, while for 6 of the remaining

objets, in order to reprodue the observed ROSAT ux, an additional

omponent is strongly required, with a moderate/high fration (from

25 to 65 %) of the nulear (5{10 keV) radiation being reproessed in soft

X{ray radiation and re-emitted. The remaining soure is haraterized

by a soft X{ray ux higher than the 5{10 keV ux, learly pointing

towards a prominent soft exess in this objet.

Similar values (from 5 to 35 %) have been obtained for the 2 Type 2

objets whih appear absorbed in BeppoSAX and whih are deteted

by ROSAT .

The true nature of the soft omponent is far from being lear:

it ould be due to nulear photons spilling from a partial overing

sreen, or reeted by a warm/hot medium or, alternatively, it ould

be thermal emission from starburst regions and winds. At the present

it is diÆult to shed light on the nature of this omponent on the basis

of these X{ray data only, unless Chandra or XMM-Newton follow-up

observations will be performed.

4.6 Comparison with the ROSAT Deep Survey

sample

In order to further investigate the soft X{ray properties and the nature

of the HELLAS hard X{ray seleted soures, the present sample has

been ompared to that of similar size extrated from the ROSAT Deep

Survey in the Lokman Hole (hereafter RDS, Hasinger et al. 1998;

Shmidt et al. 1998; Lehmann et al. 2000) whih is soft X{ray-seleted

and fully identi�ed at a limiting X{ray ux of 5.5 � 10

�15

erg m

�2

s

�1

(0.5{2 keV).

Figure 4.9 shows the redshift distribution of the HELLAS
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subsample deteted by ROSAT with that of the RDS sample, the latter

peaking at higher z, whereas Fig. 4.10 and Fig. 4.11 show the loation

of the soures in the 0.5{2 keV { redshift plane.

Figure 4.9: Redshift distribution of the HELLAS and the RDS soures.

The X{ray properties of the two samples have been then ompared

by means of hardness ratios HR1 and HR2 (fr. Set. 4.4.1).

Figure 4.12 and Fig. 4.13 show the plot of the hardness ratios HR1

vs. HR2 for the HELLAS and the RDS soures, respetively.

It appears lear that most of the HELLAS soures populate the

hardest region (HR1 > 0, HR2 > 0) of the diagram. A omparison of

this diagram with the results from the Lokman Hole soures indiates

that the X{ray olors are generally harder for the HELLAS soures.

A two-dimensional Kolmogorov-Smirnov test performed on the

hardness ratios of the two samples statistially on�rms the previous

�nding by providing a probability of 3 � 10

�6

that the RDS and the

HELLAS soures belong to the same parent population.

It must be noted, however, that HR1 is very sensitive even to

relatively small values of the Galati absorption (Fig. 4.14). While

the Lokman Hole soures are absorbed only by a Galati olumn



80 Chapter 4

Figure 4.10: 0.5{2 keV Luminosity vs. Redshift for the HELLAS soures.

density of the order of 5.7 � 10

19

m

�2

, the HELLAS sample spans a

wide range of Galati N

H

, from 5.7 � 10

19

m

�2

(two soures deteted

in the Lokman Hole) to 1.1 � 10

21

m

�2

(only one soure having this

N

H

), with an average olumn density of 2.6 � 10

20

m

�2

(see Fig. 4.15

for the distribution of the soures as a funtion of the Galati N

H

).

This means that a simple omparison of HR1 hardness ratios for the two

samples, as showed in Fig. 4.16, should take into aount the e�et due

to the di�erent N

H

distribution, the net e�et being a shift of the HR1

distribution up to 0.5{0.6 (Fig. 4.14). Therefore, sine a meaningful

omparison between HR1 for the two samples is not possible, a more

reliable result an be obtained by omparing HR2, whih is muh less

sensible to the Galati absorption. Indeed, given the HELLAS N

H

distribution, the e�et of absorption is only marginal and ould give

rise to an inrease in HR2 of only 0.05{0.1 (Fig. 4.17), a value whih

is within the statistial errors. The result is that the HR2 distribution

of the HELLAS sample is intrinsially di�erent from that obtained for

the Lokman Hole soures (Fig. 4.18), as on�rmed by the Kolmogorov-

Smirnov test (probability of 10

�6

that the two samples derive from the
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Figure 4.11: 0.5{2 keV Luminosity vs. Redshift for the RDS soures. Open

irles: Type 1 objets (lasses \a, b, " in Lehmann et al. 2000); �lled

irles: Type 1.8{2 objets (lass \d"); rosses: groups & galaxies (lass

\e").

same parent population). The di�erenes observed in the olor-olor

diagram between the two samples are also evident in the olor-redshift

distribution. In partiular, the HR2 of the HELLAS soures (Fig. 4.19)

populates, on average, a harder region of the diagram than the RDS

soures (Fig. 4.20). This result on�rms again we are sampling the

hard (absorbed) tail of the distribution of the soures responsible for

the XRB.

It is interesting to note that the hardest HELLAS soures show

a large variety of optial identi�ations, inluding both Type 1 AGNs

and Type 2s. This result is orroborated by plotting the BeppoSAX

softness ratio vs. ROSAT HR2 (Fig. 4.21), where the hardest soures

populate the lower right region.

This variety may be found, even though based on a smaller number

of objets, in the Lokman Hole sample, where in the hardest part

of the olor-olor diagram (Fig. 4.13) there are two Type 2 objets,
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Figure 4.12: ROSAT HR1 vs. HR2 for the HELLAS soures.

two R�K > 5{6 soures (andidate EROs, Extremely Red Galaxies;

see Lehmann et al. 2000 for a detailed disussion) and two Type 1

objets, whose redshifts (1.561 and 2.832) and hard X{ray olors seem

to on�rm BeppoSAX �ndings about X{ray absorbed Type 1s. All

the previous results indiate that hard X{ray seletion provides a

signi�ant fration of absorbed objets, haraterized by varied optial

properties and lassi�ations (broad-line AGNs, narrow-line AGNs,

emission-line galaxies). X{ray absorbed objets are however present

also in soft X{ray seleted samples, even though at a lower level. Most

interesting, a large fration of hard X{ray-seleted objets is present in

ROSAT : the obsured onstituents of the XRB progressively show up

going to fainter uxes and harder energy ranges.
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Figure 4.13: ROSAT HR1 vs. HR2 for the Lokman Hole soures. Symbols

are as in Fig. 4.11.

4.7 Disussion and onlusions

The reent hard X{ray surveys performed by ASCA, BeppoSAX

and Chandra have revealed that the population responsible for the

hard X{ray bakground has quite varied multi-wavelength properties.

Aording to AGNs synthesis models (i.e. Comastri et al. 1995), these

soures must be haraterized by a spetral energy density spanning a

wide range of luminosities and absorption olumn densities, in order to

reprodue both the XRB spetrum and the soure ounts in di�erent

energy ranges. In partiular, the energetially dominant ontribution

omes from soures around the knee of the X{ray luminosity funtion

(L

X

� a few 10

44

erg s

�1

at z = 1) and with absorbing olumn densities

of the order of 10

23

m

�2

(Comastri 2000). These objets, the so-alled

\QSO 2", i.e. quasars with optial narrow-emission lines, have been
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Figure 4.14: ROSAT HR1 as a funtion of Galati olumn density.

Figure 4.15: Distribution of the soures (deteted: red; full ROSAT sample:

yellow) as a funtion of Galati absorption.
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Figure 4.16: ROSAT HR1 distribution for the HELLAS and the RDS

soures.

Figure 4.17: ROSAT HR2 as a funtion of Galati olumn density.
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Figure 4.18: ROSAT HR2 distribution for the HELLAS and the RDS

soures.

extensively searhed, but, at present, only a handful of andidates

have been found (Ohta et al. 1996; Akiyama et al. 2000; Della

Cea et al. 2000a). Results from reent hard X{ray surveys and the

ones presented in this hapter indiate that X{ray absorption is not

orrelated with the optial reddening, hene the lassial statement of

unobsured Type 1 { obsured Type 2 objets is far from being always

valid. Indeed, Type 1 AGNs haraterized by hard X{ray olors, likely

to be absorbed by olumn density of the order of 5 � 10

22

m

�2

or

greater, have been found by both BeppoSAX and ASCA surveys (and

through pointed observations, see Brandt, Laor & Wills 2000b), and

their role in ontributing to the XRB may be exatly the same of the

postulated Type 2 QSOs.

Analogously, the fat that the optial appearane of X{ray

obsured soures is far di�erent from what expeted (i.e. narrow line

AGNs) has been reently on�rmed by the disovery by Fiore et al.

(2000b) of a galaxy whih is inative in the optial but extremely

emitting in the X{rays.

The emerging piture is that the zoo of the hard X{ray-seleted

soures is haraterized by more omplex properties than previously
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Figure 4.19: HR2 vs. redshift for the HELLAS soures.

thought (Comastri et al. 2000; Vignali et al. 2000b).

Another interesting result omes from the relatively high number

of HELLAS hard X{ray seleted soures revealed by ROSAT . This

is due to a ombination of e�ets, the most important being the high

sensitivity of ROSAT also at faint ux levels and the presene of soft

X{ray emission also in strongly obsured AGNs. The most important

impliation is that the same highly absorbed soures responsible for a

sizeable fration of the hard XRB emit in the soft X{rays (Giommi et

al. 2000; Giaoni et al. 2001), where they on�rm their hardness.

In some ases it was found that this emission is enhaned, with

respet to the extrapolation at low energies of the absorbed higher

energy omponent, by Compton down-sattering or through a thermal

omponent. For a subsample of HELLAS soures it has been possible to

provide an estimate of the relative fration of this sattered omponent

with respet to the nulear ux, spanning from a few to 65 per ent.
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Figure 4.20: HR2 vs. redshift for the Lokman Hole objets.

Although this omponent is not energetially dominant (indeed it is

not present in the XRB synthesis model by Comastri et al. 1995),

it ould be important when omparing surveys performed in di�erent

energy ranges and, most important, at limiting uxes di�ering by one

(or more) order of magnitude. This has interesting onsequenes also

in the omputation of the X{ray luminosity funtion for the soures

responsible for the XRB, sine the ontribution from this additional

omponent is taken into aount as it was of nulear origin, not due

either to reproessing of the primary radiation or to thermal emission.

Remarkably, the ROSAT analysis indiates that a signi�ant

number of HELLAS soures are haraterized by hard X{ray olors

also in soft X{rays. The broad-band analysis of the soures whih are

not deteted by ROSAT (upper limits in Fig. 4.6) suggests that truly

hard soures (where the soft X{ray emission is extremely faint or totally

absent) do exist. There are evidenes that suh soures have also been
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Figure 4.21: HR2 vs. BeppoSAX Softness Ratio for the HELLAS soures.

deteted by XMM-Newton in the Lokman Hole (Hasinger et al. 2001).

The omparison of the olor-olor properties of the present sample

with those of the ROSAT Deep Survey (Hasinger et al. 1998) in

the Lokman Hole on�rms that we are sampling the hard tail of

the distribution of the soures responsible for the XRB, where the

hardness of the spetrum may be asribed to a at ontinuum or, more

onviningly, to large amounts of X{ray absorption, or to a ombination

of both the fators. Even though the HELLAS soures are harder

in soft X{rays than the RDS objets, it is straightforward to note

a ontinuity of properties between the two samples, with a optially

varied population of hard soures in both.
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Soure ID RA DEC Class. Count Rate F

0:5�2 keV

HR1 HR2 ROR # O�-axis Exposure N

H

gal

(J2000) (J2000) (�10

�2

/s) (�10

�13

gs) (armin) (ks)

20 01 40 14.7 �67 48 55.2 ? 0.20�0:04 0.22 0.159�0:200 �0.252�0:194 300043p 6.2 14.8

45 03 15 47.5 �55 29 5.2 1 1.24�0:06 1.6 �0.170�0:031 0.158�0:046 701036p 15.6 45.8 2.88

46 03 17 32.7 �55 20 24.9 1 1.22�0:06 1.2 0.720�0:026 0.367�0:038 701036p 20.7 45.8 2.88

53 04 37 11.9 �47 31 43.2 1 2.36�0:24 3.4 �0.513�0:032 0.216�0:074 701184p 19.7 6.1 1.74

54 04 38 46.2 �47 27 56.9 RLQ 1.09�0:17 0.88 �0.390�0:063 0.373�0:113 701184p 22.2 6.1 1.78

57 05 20 49.0 �45 41 31.2 5.24�0:37 6.0 0.018�0:051 0.119�0:070 700057p 12.6 4.4 4.09

65 06 46 38.0 �44 15 34.8 1 4.92�0:32 5.9 0.654�0:050 0.008�0:066 300226p 15.9 5.5 6.19

66 23 19 31.2 �42 42 11.1 1.8 2.16�0:22 3.0 0.164�0:053 0.107�0:069 700333p 22.8 7.2 1.96

72 03 33 12.4 �36 19 46.7 Bl La 6.07�0:30 7.6 �0.083�0:034 0.066�0:049 700921p-1 12.3 7.7 1.47

73 03 36 55.9 �36 15 55.9 RLQ 2.71�0:30 1.7 0.021�0:091 0.110�0:114 700921p-1 41.0 7.7 1.40

75 03 34 6.9 �36 03 55.3 1 0.19�0:05 0.20 0.874�0:112 �0.211�0:281 700921p-1 7.7 7.7 1.37

84 13 36 39.2 �33 57 52.4 RadGal 4.84�0:17 7.0 0.845�0:024 0.045�0:035 600268p-1 0 18.4 4.10

85 22 02 59.9 �32 04 37.4 1 0.20�0:05 0.18 0.439�0:157 0.371�0:186 800419p-1 13.3 13.5 1.62

92 13 48 45.1 �30 29 40.3 1 5.57�0:10 6.6 0.246�0:039 0.088�0:050 700907p 13.3 8.2 4.39

103 1 00 45 44.4 �25 15 29.9 1.9 1.10�0:13 2.6 �0.369�0:038 0.198�0:071 600087p-0 25.3 11.6 1.42

107 00 48 8.4 �25 04 56.0 0.32�0:06 0.38 0.583�0:079 0.280�0:106 600087p-0 14.5 11.6 1.52

124 00 27 9.5 �19 26 16.0 1 6.18�1:72 3.1 �0.320�0:250 �0.120�0:450 yy 0.3 1.85

137 09 46 37.4 �14 07 46.0 1 0.44�0:06 0.44 0.369�0:126 �0.082�0:136 701458p 17.8 18.6 4.10

147 20 42 52.9 �10 38 33.0 1 3.69�0:41 3.7 0.385�0:068 0.431�0:081 701362p 20.7 3.3 4.10

149 20 44 34.7 �10 27 54.4 1 0.44�0:13 0.54 0.394�0:160 �0.182�0:210 701362p 16.5 3.3 4.20

150 13 05 32.9 �10 33 15.9 RLQ 19.8�0:08 23.0 0.220�0:031 0.122�0:040 701195p 0 3.2 3.33

151 13 04 33.0 �10 24 37.6 1 0.61�0:17 0.62 0.152�0:172 0.158�0:227 701195p 19.6 3.2 3.35

157 12 56 12.8 �05 56 28.2 1 0.94�0:15 1.1 0.279�0:144 0.132�0:157 700305p-0 9.1 4.9 2.25

167 12 40 27.3 �05 13 57.5 1 1.41�0:36 1.3 0.440�0:180 �0.111�0:234 701012p 13.8 1.3 2.28

172 02 42 1.2 00 00 26.6 1 0.64�0:12 0.88 0.133�0:143 0.261�0:172 150021p-2 9.9 5.5 3.45
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Soure ID RA DEC Class. Count Rate F

0:5�2 keV

HR1 HR2 ROR # O�-axis Exposure N

H

gal

(J2000) (J2000) (�10

�2

/s) (�10

�13

gs) (armin) (ks)

174 02 42 11.0 00 02 2.2 0.37�0:09 0.26 0.760�0:130 0.273�0:205 150021p-2 7.9 5.5 3.46

176 13 42 56.5 00 00 57.0 0.95�0:07 1.2 0.074�0:041 0.135�0:056 701000p-1 17.3 27.8 1.91

185 05 15 15.7 01 09 19.5 1.24�0:20 1.3 0.951�0:048 0.415�0:142 300352p 7.7 3.1 10.9

190 16 52 38.4 02 22 3.9 1 0.44�0:13 0.34 0.765�0:156 0.385�0:256 701035p-1 5.7 3.2 5.75

201 16 49 59.2 04 53 37.6 Cl. 0.75�0:13 0.69 0.765�0:070 0.385�0:105 701611p 18.2 8.1 6.35

209 23 27 29.2 08 49 28.0 1 0.52�0:13 0.41 0.579�0:166 �0.313�0:217 600234p 7.7 3.9 5.21

212 23 02 33.0 08 57 1.2 ELG 0.23�0:04 0.18 0.649�0:097 0.817�0:081 700423p 11.3 18.6 4.91

229 23 31 54.7 19 38 29.0 1 0.64�0:14 1.5 y y 201697h 15.6 6.3 4.29

230 1 15 28 48.1 19 38 52.7 1 0.94�0:36 0.60 0.453�0:261 0.262�0:333 180175p 5.8 0.8 4.60

230 2 15 28 45.1 19 44 34.0 3.69�0:72 4.3 0.935�0:063 0.505�0:158 180175p 6.6 0.8 4.62

237 22 26 31.6 21 11 33.3 1 2.95�0:23 3.3 0.429�0:062 0.033�0:077 700856p 14.0 6.4 4.44

239 14 17 16.9 24 59 17.3 1 0.49�0:08 0.95 0.002�0:123 0.107�0:157 700536p 13.3 10.9 1.70

241 14 18 30.4 25 10 52.3 Cl. 3.51�0:19 6.3 0.438�0:046 0.337�0:052 600200p 7.3 6.6 1.70

243 08 37 37.3 25 47 50.8 1 4.24�0:27 5.1 0.908�0:023 0.271�0:055 600200p 10.9 6.6 3.64

246 08 38 58.3 26 08 18.6 ELG 3.33�0:28 4.5 0.937�0:024 0.781�0:043 600200p 24.6 6.6 3.61

250 23 55 54.0 28 35 53.6 RLQ 1.86�0:11 2.2 0.617�0:049 0.244�0:057 200002p 11.5 18.0 4.98

252 12 04 3.8 28 07 8.7 Cl. 5.51�0:17 7.9 0.467�0:027 0.287�0:030 700232p 15.8 26.0 1.68

254 22 42 47.2 29 34 18.5 0.41�0:11 0.42 �0.160�0:173 �0.396�0:238 701597p 9.7 4.3 6.35

256 22 41 23.5 29 42 45.0 6.23�0:42 7.3 0.642�0:051 0.297�0:064 701597p 16.3 4.3 6.45

264 12 18 54.8 29 59 44.1 1.9 0.16�0:03 0.23 �0.158�0:156 0.363�0:220 700221p 15.8 21.6 1.70

265 12 17 52.3 30 07 4.3 Bl La 13.9�0:26 16.0 �0.375�0:010 �0.023�0:019 700221p 0 21.6 1.69

278 10 34 57.0 39 39 43.1 0.52�0:16 0.27 �0.149�0:224 �0.338�0:309 700551p 3.4 4.6 0.95

279 16 54 42.0 40 01 18.6 2.00�0:22 0.98 0.443�0:072 0.282�0:091 700130p 18.3 7.6 1.81

282 11 18 47.7 40 26 46.9 1 0.56�0:10 0.84 �0.105�0:131 0.107�0:170 700801p 3.3 6.5 1.92

283 11 18 14.0 40 28 34.3 1 red 0.61�0:10 0.72 0.158�0:143 �0.065�0:164 700801p 4.3 6.5 1.91
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288 12 19 23.2 47 09 42.6 1.29�0:07 1.5 0.801�0:052 0.228�0:057 600546p 9.9 25.7 1.15

290 12 19 52.1 47 21 0.0 1 0.34�0:04 0.72 �0.142�0:082 0.177�0:113 600546p 9.5 25.7 1.16

292 12 17 43.3 47 29 15.8 2.99�0:12 4.0 0.524�0:040 0.173�0:037 600546p 16.5 25.7 1.21

296 18 15 13.5 49 44 15.0 0.10�0:03 0.09 0.825�0:118 0.081�0:218 300067p-1 11.6 18.0 4.34

300 10 32 15.6 50 51 12.0 1 0.22�0:05 0.14 0.353�0:126 0.551�0:136 701544p 9.2 10.8 1.18

307 16 26 59.7 55 28 16.2 Cl. 6.49�0:57 3.9 0.476�0:076 0.330�0:081 701372p 9.6 2.3 1.85

319 10 54 20.2 57 25 43.1 1.8 1.17�0:05 1.4 0.849�0:018 0.398�0:033 900029p-2 18.6 65.6 0.57

321 10 32 38.3 57 31 3.4 0.17�0:02 0.54 0.659�0:110 0.116�0:147 900029p-2 9.9 65.6 0.56

364 14 38 22.0 64 31 17.9 0.21�0:06 0.26 0.516�0:172 0.409�0:212 200069p 14.5 7.4 1.68

375 2 17 43 0.0 68 00 46.3 2.75�0:33 1.1 0.432�0:074 0.229�0:099 999995p 41.5 6.4 4.38

385 07 21 36.9 71 13 25.5 1 0.60�0:06 0.69 0.267�0:079 0.169�0:093 700210p 7.1 20.7 3.84

387 11 01 48.8 72 25 44.1 RLQ 2.74�0:19 3.4 0.628�0:035 0.392�0:046 700872p 24.3 13.1 3.16

389 11 06 16.6 72 44 10.5 1 0.65�0:08 0.73 0.038�0:092 �0.012�0:116 700872p 10.3 13.1 3.17

390 11 02 37.2 72 46 38.1 1 15.5�0:04 19.0 0.346�0:020 0.179�0:025 700872p 22.4 13.1 3.36

392 07 41 44.6 74 14 41.6 Cl. 17.0�0:05 27.0 0.669�0:019 0.241�0:016 800230p 0 8.8 3.49

393 07 42 2.4 74 26 21.9 1.55�0:14 1.8 0.373�0:076 0.172�0:092 800230p 11.4 8.8 3.52

394 07 43 12.0 74 29 34.0 1 9.53�0:36 11.0 0.235�0:029 0.056�0:037 800230p 15.6 8.8 3.53

400 12 22 6.9 75 26 17.4 Cl. 1.01�0:12 1.1 0.671�0:101 0.404�0:116 700434p-1 7.8 7.4 2.97

Table 4.1: The HELLAS soures deteted by ROSAT. y HRI data; yy RASS

(ROSAT All Sky Survey); Galati N

H

from Dikey & Lokman (1990) in units of

10

20

m

�2

; Class: 1: broad-line AGN; 1 red: broad-line QSO with a red ontinuum;

1.8-2: narrow-line AGN; ELG: emission-line galaxy; BL La: BL La objet; RLQ:

radio-loud QSO; RadGal: radio-galaxy; Cl.: luster; ?: star.
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Hard X{ray properties

of the HELLAS soures in

arhival ASCA �elds

5.1 Introdution

I

n this hapter the X{ray properties of the HELLAS soures

whih have been found in arhival ASCA GIS (Gas Sintillation

Spetrometers) images will be disussed. Surveys with the ASCA

satellite have been extensively arried out in the last few years (Ogasaka

et al. 1998; Della Cea et al. 1999; Ueda et al. 1999a,b), so the aim of

the present work is to obtain a better knowledge of the physis of the

fration of HELLAS soures for whih the ounting statistis is high

enough to allow a spetral modeling over the ASCA energy range (�

0.7{10 keV). In this regard, no hardness ratio analysis similar to that

arried out with BeppoSAX data will be performed. The main reason of

this approah being the intrinsially di�erent properties haraterizing

ASCA GIS and BeppoSAX MECS (PSF, vignetting, sensitivity), in

partiular the e�etive area whih is di�erent between the two detetors

at high energies (that of MECS being far larger than the GIS one).

Pratially, the low GIS e�etive area at E > 7 keV (see Fig. 2.2)

prevents from obtaining a hard X{ray survey like that performed by

MECS.

Therefore, I will briey disuss the properties of the HELLAS

soures in ASCA �elds and then I will fous on those soures

haraterized by relatively good statistis to ensure a spetral analysis

over the 0.7{10 keV band of the GIS instrument. Among the soures

deteted by ASCA with high signi�ane (thus allowing a spetral
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analysis, 17 soures) there are Type 1s (both radio-loud and radio-

quiet) and Type 2s objets, 1 luster of galaxies and, most interesting,

some soures still unidenti�ed whih seem to be haraterized by

omplex X{ray spetra.

In Setion 5.5 the X{ray properties of two objets (one red quasar

and one Seyfert 1.9 galaxy) whih have been deeply investigated

through a multi-wavelength approah and, in partiular, with pointed

follow-up ASCA observations, will be extensively disussed.

5.2 The HELLAS soures in arhival ASCA data

In order to further investigate the X{ray properties of the HELLAS

soures, the ounterparts in arhival ASCA data have been searhed

for. Among the 147 soures of the BeppoSAX atalog, only 68 are

present in ASCA �elds. A searh radius of about 2 armin has been

assumed in the ross-orrelation proedure to take into aount the

relative unertainties in the position in both BeppoSAX MECS and

ASCAGIS. The detetions have been arried in several bands, in primis

in the HELLAS band (4.5{10 keV) and then in the 0.7{7 keV energy

interval (to enhane both the probability of deteting the soures and to

minimize the ontribution of the bakground). The detetion threshold

is about 3 � for all the ASCA �elds.

50 HELLAS soures have been deteted by ASCA , 36 of whih

spetrosopially identi�ed. There are 18 Type 1 objets (Seyfert

1 galaxies and quasars), all deteted by ASCA, 7 Type 1.8-2 (4

detetions), 5 emission-line galaxies (ELGs, inluding both LINERs

and starburst galaxies); among these, only 3 were deteted by ASCA), 6

RL-AGNs (6 detetions), 3 lusters of galaxies (3 detetions) and 1 star

(whih was not deteted). It is important to note that in the already

identi�ed subsample, the soures whih preferably went undeteted are

among the ELGs and the Type 1.8-2. Some heks were also performed

in order to understand why some soures have not been deteted by

ASCA, even setting the detetion threshold at a low level. The possible

auses may be: (a) large o�-axis angle in ASCA observations; (b)

relatively low exposure time, and () the extreme hardness of the

soures (as derived from BeppoSAX softness ratio analysis).

In Fig. 5.1 the distribution of the o�-axis angles of the HELLAS

soures in the ASCA observations are shown. It is evident that the
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distribution of the deteted soures vs. the undeteted is similar, the

mean o�-axis angle being 11.8 armin for the former lass and 13.1

armin for the latter. These values are onsistent within the dispersions

of the two distributions (about 6.5 armin).

Analogously, the exposure time distribution of the deteted vs.

undeteted soures is similar enough, the former peaking at 45.3 ks,

the latter at 38.5 ks. The relative histogram distribution is shown in

Fig. 5.2.

Figure 5.1: Distribution of the o�-axis angles of the HELLAS soures

deteted by ASCA with respet to the total in ASCA �eld of view (f.o.v.).

Note that the o�-axis angles are alulated assuming the enter of the GIS

as its aim point (the di�erene being generally within a few armin).

Finally, the hek was performed on the BeppoSAX softness ratio

distribution (Fig. 5.3), on�rming the seletion bias already seen in

ROSAT. A simple average indiates that the soures deteted by ASCA

are generally soft (mean softness ratio SR ' �0.04), whereas those
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Figure 5.2: Distribution of the exposure times of the HELLAS soures

deteted by ASCA with respet to the total.

undeteted are haraterized by SR ' �0.36. Low (negative) values of

softness ratio may be due to at hard X{ray slopes or/and absorption

(in this ase greater than 10

23

m

�2

at any redshift). Moreover, it must

be stressed that the shape of the e�etive area of GIS on board ASCA

are not well suitable to detet suh hard (absorbed) objets.

5.3 ASCA data redution

The ASCA (Tanaka, Inoue & Holt 1994) foal plane instruments

onsist of two solid-state imaging spetrometers (SIS, Gendreau 1995)

and two gas sintillation imaging spetrometers (GIS, Makishima et

al. 1996), whih provide a good spetral resolution (nominal FWHM

� 2 % and � 8 % at 5.9 keV, respetively, when the satellite was
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Figure 5.3: Distribution of the softness ratio (SR) of the HELLAS soures

deteted by ASCA with respet to the total.

launhed), broad band (� 0.5{10 keV) apabilities and a large (about

20 armin radius) �eld-of-view. All but three of the results onerning

the HELLAS soures observed by ASCA have been obtained with the

GIS instruments, due to the small �eld-of-view of the SIS instruments

(11 armin for eah square hip). For three HELLAS soure GIS+SIS

data are available, sine these were the targets of the ASCA pointings.

The two ASCA follow-up observations will be disussed apart (x 5.5).

The observations whih have been used in the spetral analysis of the

HELLAS soures were generally performed in FAINT mode and then

orreted for dark frame error and eho unertainties (Otani & Dotani

1994). The data were sreened with the version 2.0 of the XSELECT

pakage, in order to inlude only data olleted when: the spaeraft

was outside the South Atlanti Anomaly; the radiation belt monitor

was less than 100 ounts s

�1

; the magneti ut-o� rigidity was greater
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than 6 GeV 

�1

for SIS and 4 GeV 

�1

for GIS; the elevation angle

above the Earth limb greater than 5

Æ

and the angle above the Sun-

illuminated Earth limb greater than 15

Æ

. For the GIS data, the reently

available method of rejeting \hard partile ares" using the so-alled

HO2 ount rate was employed, as well as the standard \rise-time"

riteria. \Hot" and ikering pixels were removed from the SIS using

the standard algorithm. SIS grades 0, 2, 3 and 4 were onsidered in

the data redution. The soure ounts were extrated from regions

of sizes di�erent from observation to observation, to maximize the

signal-to-noise ratio. In order to �nd the best-extration radius, eah

ASCA image has been smoothed (following the proedure desribed

in setion 2.2.1). In suh a way, the radius maximizing the soure

ounts has been derived quite easily, generally spanning in the range

3{6 armin for the GIS and being � 3.5 armin for the SIS. Bakground

spetra were extrated from soure-free regions of the same �eld-of-view

for GIS and from the same CCD hip for SIS. For the SIS datasets,

appropriate detetor redistribution matries were generated using the

ftool sisrmg (v1.1). For the GIS data, the 1995 response matries

gis2v4 0.rmf and gis3v4 0.rmf were used, while anillary response �les

were reated with the ftool asaarf (v3.0). Spetral analysis has been

arried out with version 11.0 of the XSPEC program (Arnaud 1996).

5.4 Spetral analysis and results

For a subsample of HELLAS soures it has been possible to perform a

spetral analysis due to their relatively high ASCA 2{10 keV uxes (>

3 � 10

�13

erg m

�2

s

�1

). Given the small number of soures expeted

in this bright ux range (about 1/deg

2

) and the assumed radius for the

BeppoSAX -ASCA ross-orrelation, it is plausible to assume that all

these soures are really the ounterparts of the HELLAS soures. In

the following spetral analysis, the objets will be divided aording to

their optial and radio lassi�ation even though the optial and radio

properties of the HELLAS soures will be onsidered in hapters 6 and

7, respetively.

For the large majority of the HELLAS soures, whose X-ray

spetral analysis will be desribed in the following, the statistis is

learly dominated by the soure photons. However, sine at energies

above 6{7 keV bakground subtration may play a ruial role, in order
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to minimize this e�et, more than one bakground spetrum has been

heked before performing subtration.

The �rst step of the spetral analysis has been arried out by

�tting the GIS2 and the GIS3 (the two gas sintillation proportional

ounters) separately. When the soure statistis was the same in the

two detetors and the spetral analysis provided similar results (within

the errors), the �nal �tting proedure was arried out by applying the

ADDASCASPEC ftool proedure. This routine onsists in summing

the data of the two instruments bin per bin, after applying di�erent

weights in order to take into aount any di�erene in the exposure

times (whih may exist, owing to the sreening proedure desribed

above). In the same way, also the bakground spetra and the anillary

response �les (ARF) are ombined, while the �nal redistribution matrix

�les (RMF) is either that of GIS2 or GIS3, sine for two detetors there

exists no di�erene in the hannel-to-energy onversion. In some ases

major problems with the GIS3 detetor prevented from a jointed �t.

GIS spetra were binned with more than 20 ounts per bin in

order to apply �

2

statistis. In the ases of relatively poor statistis,

the number of binned ounts was set to 15.

Throughout the hapter, errors are given at 90% on�dene level

for one interesting parameter (��

2

= 2.71, Avni 1976). Cosmi

abundanes have been derived by Anders and Grevesse (1989), ross

setions from Baluinska-Churh & MCammon (1992) and Galati

olumn density by Dikey and Lokman (1990). H

0

= 50 km s

�1

Mp

�1

and q

0

= 0.0 are assumed throughout.

In Table 5.1 there is a summary of the main X{ray properties

(best-�t spetral slope, absorption, ux and luminosity) of the

HELLAS/ASCA sample.

5.4.1 The radio-loud objets

HELLAS #72: BL La, z=0.308

The ASCA spetrum of this soure (Fig. 5.4) is haraterized by a steep

ontinuum (� = 1.93

+0:14

�0:10

), typial of this lass of objets (Wolter et al.

1998), with no evidene of exess absorption above the Galati value

(N

H

= 1.47 � 10

20

m

�2

). The �t at E > 5 keV seems to improve
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L
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F
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(10
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/s) (ks) (armin) (keV) (10

21

m

�2

) (10

�13

gs) (10

44

gs) (10

�13

gs)

RL-AGNs

H 72 0.308 2.66�0:08 36.6 9.2 1.93

+0:14

�0:10

< 1.39 115/102 13.0 7.1 6.4

H 73 1.537 0.98�0:09 37.7 8.1 1.46

+0:56

�0:42

< 83.6 29.6/34 9.6 190 5.2

H 387 1.46 0.85�0:02 185.5 22.2 1.60

+0:14

�0:09

< 10.8 165/190 18.0 340 9.4

H 84

y

0.013 3.76�0:15 40.2 0 1.74

+0:26

�0:29

/0.62�0:06 3.87

+1:00

�1:13

253/226 12.0 8.1�10

�3

5.4

Cluster

H 392

y

0.216 9.97�0:22 15.7 0 : : :/5.18

+0:62

�0:64

< 1.03 209/225 42.0 11 16.0

Type 1s

H 167 0.300 1.35�0:06 33.5 8.1 1.88

+0:37

�0:26

< 6.18 71.4/63 7.7 3.8 3.5

H 176 0.804 0.45�0:05 87.9 17.6 2.18

+1:29

�0:69

< 40.3 36.5/55 3.8 20.0 1.6

H 390 0.089 1.29�0:02 185.5 24.7 2.14

+0:14

�0:10

< 1.19 211/225 19.0 0.71 7.7

H 394 0.312 1.70�0:09 15.7 15.4 2.22

+0:26

�0:23

< 1.98 29.9/28 11.0 6.4 4.2

H 228

y

0.217 0.74�0:04 62.8 0 1.28

+0:23

�0:28

6.14

+2:10

�4:56

168/157 6.2 1.3 3.5

Type 1.8{2

H 264 0.176 0.69�0:05 36.0 11.1 1.10

+0:51

�0:32

< 13.5 29.7/38 7.4 1.0 4.6

H 319 0.205 0.72�0:04 59.0 6.9 1.54

+0:39

�0:32

< 6.62 93.5/81 10.0 2.0 5.3

H 375 0.044 1.20�0:06 50.8 0 1.18

+0:48

�0:69

153

+44

�61

145/116 25.0 0.38 20.0

Unid.

H 254 0.78�0:05 50.9 1.0 1.3 un.

yy

531 un. 18.3/19 5.2 2.9

H 256 1.25�0:04 50.9 21.8 2.31

+0:25

�0:15

< 2.06 69.4/71 10.0 3.8

H 296 0.74�0:06 38.4 7.3 0.23

+0:27

�0:28

yy

< 5.48 69.1/73 9.5 7.4

H 393 0.75�0:07 15.7 13.8 1.63

+0:78

�0:48

< 7.27 28.7/25 5.8 3.2

Table 5.1: ASCA spetral results obtained for the highest signal-to-noise ratio HELLAS soures.

a

The ount rates (with relative 90 % statistial errors) are given for the summed GIS2+GIS3 observation, when available.

b

The spetral slope in the table is that of the hard (primary) power-law omponent.



When the soure redshift is known, the olumn density is given at the soure rest frame.

y

Both SIS and GIS data. The ount rate is referred to GIS data.

yy

See text for a more omprehensive desription of the adopted model.
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Figure 5.4: Power-law �t to the ASCA GIS2+GIS3 data of the HELLAS

soure #72 (BL La, z=0.308) and relative data/model ratio. The data

points have 3 � signi�ane.

when the X{ray ontinuum is �tted with a double power-law model

(with the higher energy power law steeper than the low-energy one),

but the improvement is not statistially relevant. The 2{10 keV ux is

1.3 � 10

�12

erg m

�2

s

�1

, the orresponding (unabsorbed) luminosity

7.1 � 10

44

erg s

�1

. Not surprisingly, the 5{10 keV ux is a fator 1.6

higher than that derived by BeppoSAX, a likely explanation being the

variability haraterizing BL La objets also in the X{rays.

HELLAS #73: RLQ, z=1.537

HELLAS #387: RLQ, z=1.46

Due to the very low statistis of HELLAS #73 in the GIS3 instrument,

only GIS2 data have been used in the spetral analysis. The ASCA

spetra of HELLAS #73 and HELLAS #387 are both �tted by a at

ontinuum (� ' 1.5{1.6) up to 15 keV (see Fig. 5.5 and 5.6). The

atness of the slope may be asribed to the beamed synhrotron self-

Compton omponent related to the radio soure (jet) (see Cappi et al.

1997 for a omprehensive overview on radio-loud quasars). Indeed, it
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Figure 5.5: Power-law �t to the ASCA GIS2 data of the HELLAS soure

#73 (RLQ, z=1.537) and relative data/model ratio. The data points have

2 � signi�ane.

Figure 5.6: Power-law �t to the ASCA GIS2+GIS3 data of the HELLAS

soure #387 (RLQ, z=1.46) and relative data/model ratio. The data points

have 4 � signi�ane.
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is well known that radio-loud quasars (RLQs) have atter slopes in

the X{rays with respet to radio-quiet ones (RQQs, e.g. Vignali et al.

1999). Absorption at the soure redshift annot be exluded by the

present spetral analysis, but it seems not required by the data.

The ASCA 2{10 keV ux (luminosity) of HELLAS #73 is 9.6 �

10

�13

erg m

�2

s

�1

(1.9 � 10

46

erg s

�1

), about half of whih oming

from the 5{10 keV emission (observer frame), while that of HELLAS

#387 (1.8 � 10

�12

erg m

�2

s

�1

, orresponding to a luminosity of 3.4

� 10

46

erg s

�1

) makes this objets one of the brightest among the

HELLAS objets.

HELLAS #84: Radio-galaxy, z=0.013

HELLAS #84, i.e. the \weak-line" radio-galaxy (WLRG) IC 4296, has

been observed by ASCA with a pointed observation. This means that

for this objet data from both the GIS and the SIS instruments are

available. Therefore the data have been ombined (after heking the

onsisteny of their individual spetral results), allowing the relative

normalizations free to vary in order to aount for eventual residual

disrepanies in the absolute ux alibration. WLRGs, i.e. with

galaxies weak or absent optial lines, are known X{ray emitters, even if

at a lower level (about 2 orders of magnitude) with respet to the broad-

line (BLRGs) and narrow-line radio galaxies (NLRGs). In fat, IC 4296

2{10 keV X{ray ux (luminosity) is � 1.2 � 10

�12

erg m

�2

s

�1

(8.1 �

10

41

erg s

�1

). As extensively disussed by Sambruna and ollaborators

(1999), the WLRGs seem to share ommon properties, the most

interesting ones being the presene of a soft thermal omponent with kT

' 1 keV and a hard at X{ray spetral slope (� ' 1.3{1.7). IC 4296

belongs to this lass: the soft X{ray emission is well modeled by a

Raymond-Smith (Raymond & Smith 1977) or a MEKAL thermal

plasma model (Mewe, Gronenshild & van den Oord 1985) with a

temperature of 0.62�0:06 keV and a power law with � = 1.74

+0:26

�0:29

,

whih do agree with the values found by Sambruna et al. (1999).

There is also evidene of exess absorption above the Galati value

(N

H

= 3.87

+1:00

�1:13

� 10

21

m

�2

), but absorption by the torus may easily

aount for suh a value (Urry & Padovani 1995). The soft X{ray

emission on�rms the previous results from ROSAT and Einstein that
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radio galaxies are embedded in a hot, di�use medium (Fabbiano 1989;

Worrall et al. 1994; Trussoni et al. 1997; Crawford et al. 1999, ), as well

as more reent results obtained by BeppoSAX (Padovani et al. 1999).

Even though ASCA is not the most suitable instrument to study the

morphology of the thermal omponent with good angular resolution,

its sensitivity at low energies, where this omponent normally peaks, is

high enough to allow a good determination of its spetral parameters.

The hard X{ray power law, � ' 1.7, an be either due to the presene

Figure 5.7: Power law + thermal �t to the ASCA SIS+GIS data of the

HELLAS soure #84 (the radio-galaxy IC 4296, z=0.013) and relative

data/model ratio. The data points have 3 � signi�ane.

of a very weak AGN in the ore of the radio-galaxy (it has been

suggested that the majority of the WLRGs may represent the radio-

loud analogs of LINERs), or to the ontribution of the radio jet

(even though a large part of its emission is probably beamed away

from the line of sight, as IC 4296 is a lobe-dominated radio-galaxy),

or to an ADAF (\Advetion-Dominated" Aretion Flow, Ihimaru

1977; Rees et al. 1982; Narayan & Yi 1994; Narayan, Mahadevan &

Quataert 1998) regime. In this ase, the Coulomb ollisions between

ions and eletrons are ineÆient ooling mehanism, and the plasma

settles into a two-temperatures phase, the ions being muh hotter (then

energetially dominant) than the eletrons (T

ions

� 10

11

K, T

e

� 10

9
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K). The ions take most of the potential energy and advet it into the

blak hole (haraterized by a very low aretion rate with respet

to the Eddington one). On the ontrary, the older eletrons radiate

a small portion of the full energy via synhrotron, inverse Compton

and bremsstrahlung emission in the radio, optial and hard X{rays,

respetively. In the ADAF regime, the X{ray spetrum is a sensitive

funtion of the aretion rate (see Narayan et al. 1998 for a reent

review).

There is no evidene of a Fe K� emission line in the X{ray

spetrum of IC 4296, thus on�rming the results obtained for similar

objets by Sambruna et al. (1999) and suggesting that the ADAF

hypothesis might be tenable. ASCA SIS+GIS spetrum of IC 4296 is

shown in Fig. 5.7.

5.4.2 The lusters

HELLAS #392: Cluster, z=0.216

HELLAS #392 (MS 0735+74) was identi�ed as a andidate \ooling

ow" by Donahue and ollaborators (1992) beause its entral galaxy

has extended H� emission and low-ionization emission lines. These

nebulae typially extend about 10{100 kp from the entral brightest

galaxy in the luster and are found to be assoiated exlusively with

luster ooling ows (Baum 1992; Hekman et al. 1989); moreover,

they are quite luminous, and their emission in the H� line only is up

to 10

42

erg s

�1

(7.3 � 10

40

erg s

�1

for MS 0735+74, Donahue & Stoke

1995). The radio emission from the luster is learly dominated by the

presene of the strong radio-galaxy 4C 74.13, whih is haraterized by

an amorphous morphology and a steep spetrum, similarly to most of

the entral radio soures assoiated with ooling ow (Ball, Burns &

Loken 1993). The larger sale X{ray emission and the radio emission

are nearly o-spatial and appear oriented in similar diretions.

Sine a detailed, radial-dependent study of this luster is beyond

the sope of the present disussion, I will briey summarize the main

results obtained by simply �tting the whole 0.7{10 keV ASCA SIS+GIS

spetrum. A Raymond-Smith (or, alternatively, a MEKAL model)

provides a good parameterization of the soure spetrum, where the

temperature (kT ' 5.2 keV) and metalliity (Z ' 0.34 Z

�

) are
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Figure 5.8: Thermal �t to the ASCA SIS+GIS data of the HELLAS soure

#392 (luster, z=0.216) and relative data/model ratio. The data points

have 4 � signi�ane.

onsistent with the values found by Irwin & Bregman (2000) for a

sample of lusters observed by BeppoSAX. The 2{10 keV ux is 4.2

� 10

�12

erg m

�2

s

�1

, orresponding to an X{ray luminosity of 1.1 �

10

45

erg s

�1

. The ASCA spetrum is shown in Fig. 5.8.

5.4.3 The radio-quiet objets

HELLAS #167: Type 1, z=0.300

HELLAS #176: Type 1, z=0.804

HELLAS #390: Type 1, z=0.089

HELLAS #394: Type 1, z=0.312

The X{ray spetrum of the HELLAS soure #167 is well parameterized

(Fig. 5.9) by a single power law whose spetral slope, � ' 1.9, is

typial of Seyfert 1 galaxies and radio-quiet quasars (Nandra & Pounds

1994; Gondek et al. 1996; Nandra et al. 1997; George et al. 2000;

see also Piro et al. 2000 for a review on reent results obtained by

BeppoSAX). The same applies to HELLAS #176 (� ' 2.1, but with
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Figure 5.9: Power-law �t to the ASCA GIS2+GIS3 data of the HELLAS

soure #167 (Type 1 at z=0.300) and relative data/model ratio. The data

points have 3 � signi�ane.

Figure 5.10: Power-law �t to the ASCA GIS2 data of the HELLAS soure

#176 (Type 1 at z=0.804) and relative data/model ratio. The data points

have 2 � signi�ane.
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larger unertainties due to the relatively poor statistis in the GIS, see

Fig. 5.10), to HELLAS #390 (� ' 2.1, Fig. 5.11) and to HELLAS

#394 (� ' 2.2, Fig. 5.12).

Figure 5.11: Power-law �t to the ASCA GIS2+GIS3 data of the HELLAS

soure #390 (Type 1 at z=0.089) and relative data/model ratio. The data

points have 3 � signi�ane.

Any more omplex model seems not to be required by the present

ASCA data for all these soures but HELLAS #394, where an

additional, likely thermal soft X{ray omponent seems to be present in

GIS2 data, with a temperature of about 1 keV, probably related to the

emission from the galaxy hosting the ative nuleus. No evidene of this

omponent is present in GIS3 data, but its lower statistis (about half

of GIS2) an aount for this disrepany between the two detetors.

A bump at about 6.4 keV (observer frame) is visible in HELLAS

#167 X{ray residuals, but the relatively low statistis prevents from a

deep investigation on the line properties, if any.

Soft X{ray absorption, whih is suggested by BeppoSAX softness

ratio analysis of HELLAS #176, annot be on�rmed or ruled out by

the present data, due to the low-ounting statistis.

HELLAS #264: Type 1.9, z=0.176
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Figure 5.12: Power-law �t to the ASCA GIS2+GIS3 data of the HELLAS

soure #394 (Type 1 at z=0.312) and relative data/model ratio. The data

points have 3 � signi�ane.

The ASCA spetrum of the Seyfert 1.9 galaxy HELLAS #264

(Fig. 5.13) is well desribed by a at power-law ontinuum (� ' 1.1)

plus several narrow emission line.

Even though the low statistis haraterizing this spetrum (and

the poor energy resolution of the GIS instruments) prevents from a

detailed desription of the various omponents, it is possible to reveal:

(a) an iron K� emission line whose signi�ane is at about 68 % level

(as derived from the on�dene ontours). Its rest frame energy is

ompatible with a neutral or moderately warm origin (E ' 6.4�0:3

keV, EW ' 650 eV). Due to the ASCA limited energy bandpass, it is

diÆult to reveal any reetion omponent assoiated to this line;

(b) an emission line (68 % signi�ane) at E ' 2.3�0:15 keV (rest

frame), probably a S{Si line (or blend of lines), and an emission line

(90 % signi�ane) at E ' 5.0�0:2 keV, possibly assoiated to Ca

emission.

It must be noted that none of the present emission lines is highly

signi�ant. Undoubtedly, the main property of HELLAS #264 X{ray



110 Chapter 5

Figure 5.13: ASCAGIS2+GIS3 data of the HELLAS soure #264 (Type 1.9,

z=0.176) �tted with a simple power-law model. There is evidene of

some unresolved features, possibly asribed to blended emission-lines (lower

panel). The data points have 3 � signi�ane.

spetrum is given by the extremely at power-law index, whih may be

partly asribed to the presene of a strong absorption at the soure's

redshift. From the present data, however, it is possible to derive only

an upper limit to the olumn density, of the order of 10

22

m

�2

, whereas

BeppoSAX softness ratio analysis suggests a very a strong absorption,

of the order of 5 � 10

23

m

�2

. If the X{ray slope were similar to that

of the Seyfert 1 galaxies (i.e. � ' 1.9), then the derived olumn density

is N

H

= 1.76

+0:54

�0:60

� 10

22

m

�2

.

HELLAS #319: Type 1.8, z=0.205

The X{ray spetrum (Fig. 5.14) of the Seyfert 1.8 galaxy

HELLAS #319 is well �tted with a simple power-law omponent,

showing a rather at spetral slope (� ' 1.5�0:3), whih is in

agreement with BeppoSAX �ndings.

Some residuals at low energies (E < 2 keV) seem to indiate the

presene of an additional spetral omponent, but the relatively poor
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Figure 5.14: Power-law �t to the ASCA GIS2+GIS3 spetrum of the

HELLAS soure #319 (Type 1.8, z=0.205) and relative data/model ratio.

The data points have 3 � signi�ane.

statistis makes further investigations quite diÆult.
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HELLAS #254: unidenti�ed

Among the HELLAS soures observed by ASCA, also still unidenti�ed

objets are present. As a onsequene, the study of the X{ray

properties of this lass of objets ould provide useful information about

the nature of these soures and also on their redshift.

In this regard, HELLAS #254 (Fig. 5.15) is a quite interesting

objet: even though the o�-axis angle of the soure is high, the statistis

relatively low (in fat, only GIS2 data are useful) and its viinity to

the bright Narrow-Line Seyfert 1 (NLS1) Ark 564 obliges to extrat

the soure ounts from a very small region, some remarkable features

appear to be present in the X{ray spetrum:

(a) a steep (� ' 2.7) ontinuum �ts well the E < 5 keV data, the only

exeption being some ounts exess at about 3 keV, possibly due to a

blend of soft X{ray lines (S, Si);

(b) an absorbed (N

H

' 5.3 � 10

23

m

�2

), hard X{ray omponent

parameterized by a power law with � ' 1.3. Both the X{ray spetral

slope and the olumn density are largely unonstrained, owing to the

limited energy bandpass provided by ASCA; if the hard X{ray slope

is �xed to � = 1.9, the derived upper limit on the absorption is N

H

=

1.65 � 10

24

m

�2

() an emission line feature at E ' 4.8�0:2 keV (90 % signi�ane).

In this were a a neutral K� line, then the soure's redshift would be �

0.3{0.4. The equivalent width (EW) is about 4.7 keV.

The X{ray spetrum so far desribed an be tentatively explained

by assuming that the soure is a Seyfert 2 (or intermediate) galaxy

whose E < 5 keV spetrum is due to a sattered omponent (or to the

thermal ontribution by the host galaxy: in this ase, the feature at

about 3 keV ould be more easily explained), where the sattering

medium is related to the N

H

' 5 � 10

23

m

�2

absorber. On the

ontrary, the hard X{ray emission is due to the nulear omponent

whih esapes only at higher energies. Its atness, if on�rmed, ould

be asribed to reetion, as well as the presene of the emission line
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Figure 5.15: ASCA GIS2 spetrum of the HELLAS soure #254 �tted with

a single power-law model, in order to enhane the presene of additional

features (lower panel). The data points have 3 � signi�ane.

at about 4.8 keV in the observer frame. In the same way, the EW of

this line results to be extremely high beause it is measured against a

suppressed (absorbed) ontinuum. This tentative fully-omprehensive

piture makes this soure a good andidate to be a border-line objet

between \lassial" Seyfert 2 galaxies and \Compton-thik" Seyfert 2,

i.e. objets haraterized by N

H

> 1.5 � 10

24

m

�2

(Risaliti et al.

1999; see also Matt et al. 2000 for a reent review on BeppoSAX

results). What makes these results partiularly noteworthy is the fat

that the Type 2 lassi�ation of this galaxy and its redshift may result

diretly from the X{ray data. This kind of approah has been already

suessfully applied to X{ray data by Della Cea et al. (2000a).

HELLAS #256: unidenti�ed

HELLAS #393: unidenti�ed

The 0.9{6 keV X{ray spetrum of the HELLAS soure #256 is best

parameterized by a steep power-law ontinuum (� ' 2.3�0:2), with



114 Chapter 5

no evident feature or additional omponent. The ASCA GIS2+GIS3

spetrum is shown in Fig. 5.16.

Figure 5.16: Single power-law �t to the ASCA GIS2+GIS3 spetrum of the

HELLAS soure #256 and relative data/model ratio. The data points have

3 � signi�ane.

On the ontrary, a atter spetrum is required by the HELLAS

soure #393, whih an be an be modeled either by a at power-law

ontinuum (� ' 1.6, with large unertainties) or by a thermal model

(kT ' 4 keV). The latter model provides a better desription of the

X{ray spetrum of the soure, but requires abundanes largely higher

than the Solar ones. The best-�t spetrum is shown in Fig. 5.17.

HELLAS #296: unidenti�ed

The ASCA spetrum of HELLAS #296, even though poorly de�ned

due to the small photon ounts aumulated by the GIS instruments,

seems to show a more omplex spetrum than a simple power law.

At �rst, the X{ray spetrum was �tted with an absorbed power law:

this model gives an aeptable �

2

, but the slope is very at (� '

0.2�0:3) and some residuals are apparent. In partiular, an additional

low-energy omponent (whih is hardly onstrained by the �t) and a
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Figure 5.17: Thermal �t to the ASCA GIS2+GIS3 spetrum of the HELLAS

soure #393 and relative data/model ratio. The data points have 2 �

signi�ane.

narrow line (only 68 % signi�ane) at E = 6.16

+0:34

�0:22

keV seem to be

present (Fig. 5.18).

The line an be due to iron emission: if neutral, the soure's

redshift should be of the order of 0.08. The equivalent width of this

line is � 480�340 eV. Due to the limited energy bandwidth provided

by ASCA and to the low quality of the present data, it is not possible

to verify the existene of any reetion omponent.

Moreover, it is worth noting that HELLAS #296 is one of the

hardest soures in the HELLAS sample. The present ASCA data

on�rms this �nding: the 2{10 keV ux of the soure is 9.5 � 10

�13

erg m

�2

s

�1

, the large part of it oming from the 5{10 keV band

(ux of 7.4 � 10

�13

erg m

�2

s

�1

). Having this in mind, it is possible

to suggest that the ASCA spetrum of HELLAS #296 is only the

sattered/reeted part of the nulear ontinuum, likely peaking at

higher energies, thus unreahable by the present data.
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Figure 5.18: ASCA GIS spetrum of the HELLAS soure #296 �tted with

a simple power-law model. The residuals are plotted in the lower panel.
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5.5 Follow-up observations

SAXJ 1519.5+6535 and SAXJ 1353.9+1820 belong to a small

subsample of HELLAS soures for whih a multi-wavelength follow-up

program has been started, in order to investigate both their emission

and absorption properties (Vignali et al. 2000a,b). In partiular, in

this setion I will fous on their hard X{ray properties as disovered by

pointed, follow-up ASCA observations. Their multi-wavelength study

will be disussed in hapter 6.

HELLAS #375: Type 1.9, z=0.044

The ASCA X{ray emission of the Seyfert 1.9 SAXJ 1519.5+6535

(CGCG 319-007, z = 0.044) is well �tted by a at (� = 1.18

+0:48

�0:69

)

and highly absorbed power law (N

H

= 1.53

+0:44

�0:61

� 10

23

m

�2

). The

GIS spetrum of the soure is shown in Fig 5.19. If �=1.9 is assumed,

Figure 5.19: SAXJ 1519.5+6535 (HELLAS #375) best-�t spetrum with

residuals. The �{N

H

on�dene ontours are showed in the insert.

N

H

is � 2 � 10

23

m

�2

. A neutral iron K� emission line seems to be

present (EW ' 190 eV), even if not statistially relevant (68 %). The
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2{10 keV ux (luminosity) is 2.5 � 10

�12

erg m

�2

s

�1

(3.8 � 10

43

erg

s

�1

).

Interesting enough, the ASCA intensity levels indiate that

part of the hard X{ray emission is given by the ompanion galaxy

MCG+11�19�005 (RA: 15h19m21.7s, DEC: +65d34m40s, z=0.0444),

whih is loated south-west with respet to HELLAS #375. The X{ray

intensity levels overlaid on the POSS image are shown in Fig. 5.20. It is

also possible that some (minor) part of the hard X{ray emission is due

to warm intra-galaxy medium around the two soures. Chandra and/or

XMM-Newton observations are required to assess or disard this issue.

Figure 5.20: ASCA hard X{ray intensity levels regarding SAXJ 1519.5+6535

overlaid on the POSS image. A tail towards the ompanion galaxy

MCG +11�19�005 is also apparent. The shift between the X{ray soures

and the optial ounterparts is due to ASCA pointing position unertainties.
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HELLAS #228: Red QSO, z=0.217

SAXJ 1353.9+1820 was observed with the ASCA satellite in January

1999 for about 60 ks. The sreening riteria desribed in detail at

the beginning of the present hapter (fr. x 5.3) were applied. Both

SIS and GIS spetra were grouped with almost 20 photons for eah

spetral bin in order to apply �

2

statistis. Calibration unertainties

in the soft X{ray band have been avoided by seleting only data at

energies higher than 0.9 keV. No disrepanies have been found between

SIS and GIS spetral analysis, therefore all the data have been �tted

together allowing the relative normalizations to be free of varying in

order to take into aount for residual alibration unertainties between

SIS and GIS. The unertainties introdued by bakground subtration

have been arefully heked using both loal and blank{sky bakground

spetra and also varying their normalizations by � 10 per ent. The

lak of signi�ant variations for the soure ount rate and spetral

shape makes us on�dent on the robustness of the results that will be

presented in the following.

Model � N

H

CvrFrat �

2

/dof

(10

21

m

�2

) (%)

(a) 1.28

+0:23

�0:28

6.14

+2:10

�4:56

. . . 168/157

(b) 1.9 (frozen) 15.4

+3:70

�3:20

. . . 181/158

() 1.28

+0:43

�0:30

8.55

+24:0

�6:89

81

+19

�44

168/156

(d) 1.9 (frozen) 28.7

+17:2

�5:90

80

+11

�8

171/157

Table 5.2: ASCA SIS+GIS spetral �ts to SAXJ 1353.9+1820 in the 0.9{10

keV energy range (observer frame).

A simple power-law model plus Galati absorption (N

H

' 2.05 �

10

20

m

�2

, Dikey & Lokman 1990) leaves some residuals in the �t (�

2

= 174/158) and gives a very at slope (� < 0.9). Therefore an extra

old absorber at the redshift of the soure (model (a) in Table 5.2) has

been added to the previous model, signi�antly improving the �t: the

ontinuum X{ray spetral slope is now � = 1.28

+0:23

�0:28

, attenuated by a

olumn density N

H

= 6.14

+2:10

�4:56

� 10

21

m

�2

. The best-�tting spetrum

and the on�dene ontours for the absorbed power-law model are
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presented in Fig. 5.21 and Fig. 5.22, respetively. The unabsorbed 2{

Figure 5.21: ASCA SIS+GIS spetrum of SAXJ 1353.9+1820 and relative

data/model ratio for the absorbed power-law model (model (a) in Table 5.2).

Figure 5.22: ASCA on�dene ontours in the � { N

H

int

spae parameters

for the soure SAXJ 1353.9+1820.
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10 keV ux and luminosity are � 6.2 � 10

�13

erg m

�2

s

�1

and � 1.3 �

10

44

erg s

�1

. The ASCA 5{10 keV ux is about 40 per ent lower than

in BeppoSAX. X{ray variability and/or ross{alibration unertainties

ould provide a likely explanation.

SAXJ 1353.9+1820 does not show any partiular feature or any

other indiation of reproessed radiation. Neither the iron K� emission

line (the 90 per ent upper limit on the equivalent width being 330 eV)

nor the reetion omponent (whih is basially unonstrained by the

present data) do improve the �t. The N

H

value (whih has been �xed

at the quasar redshift but whih ould lie along the line of sight to

the quasar) is in agreement with the value found by the softness ratio

analysis performed with BeppoSAX data.

The best-�tting slope is extremely hard and signi�antly atter

than the average slope of Seyfert Galaxies and quasars with similar

luminosities and redshifts (Nandra & Pounds 1994; Reeves et al. 1997;

George et al. 2000; Reeves & Lawson 2000). Indeed, assuming a

`anonial' � = 1.9 value, it is not possible to obtain a good �t as

relatively large residuals remain present at high energies (model (b)).

The underlying ontinuum spetrum ould be either intrinsially at or

attened by a omplex (multiolumn and/or leaky) absorber (Hayashi

et al. 1996; Vignali et al. 1998; Malaguti et al. 1999; Turner et al.

2000).

In order to hek this hypothesis, a partial overing model (models

() and (d) in Table 5.2) was �tted to the data. Aording to this model,

part (1 � CvrFrat in Table 5.2) of the diret omponent esapes as

sattered radiation without being absorbed. While the best-�tting

model still requires a at slope, a steeper ontinuum partially absorbed

by a olumn density of � 3 � 10

22

m

�2

does provide a good �t to the

observed spetrum.

SAXJ 1353.9+1820 was also serendipitously observed for about 120 ks

at large o�-axis angle during the ASCA observation of the spetrosopi

binary HD 121370. Even though the quality of the data is worse than

the one onerning the pointed observation, it is possible to on�rm

a very at X{ray ontinuum (Fig. 5.23), � = 1.16

+0:36

�0:23

, attenuated by

a olumn density whose upper limit is N

H

= 3.9 � 10

21

m

�2

at z =

0.217. There is no ux variability between the two ASCA observations.
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Figure 5.23: ASCA GIS spetrum of SAXJ 1353.9+1820, serendipitously

observed in the �eld of view of the spetrosopi binary HD 121370.

5.6 Conlusions

The analysis of the ASCA �elds presented in this hapter provides

additional spetral information and niely omplements the broad-band

overage obtained with ROSAT and BeppoSAX, as the GIS e�etive

area peaks between PSPC and MECS e�etive areas.

ASCA was able to detet all the HELLAS Seyfert 1 galaxies whih

fell in its �eld of view. The broad-line, blue-ontinuum Type 1 objets

show a \lassial" X{ray spetrum (Nandra & Pounds 1994; Nandra

et al. 1997), with � ' 1.9{2.2, and no evidene for X{ray absorption.

Among these soures, H #176 and H #390 seem to be absorbed through

BeppoSAX softness ratio analysis (N

H

' 5 � 10

22

m

�2

). Comparing

results obtained with di�erent instruments is not obvious. In this

regard, the di�erent X{ray absorption value found between BeppoSAX

and ASCA results may be due to the higher e�etive area of the

MECS instruments with respet to the GIS. As a onsequene, the

softness ratio in BeppoSAX tends to be lower, sine a large number

of hard X{ray photons is olleted. Moreover, the two soures have

been observed at large o�-axis angles in ASCA: the vignetting is high

enough to prevent from a detailed modeling of the hard tail of the X{
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ray spetrum. Even though the errors assoiated to BeppoSAX softness

ratios are generally large (therefore the di�erene between absorption

of a few � 10

22

m

�2

and no absorption at all may be small), it is

however interesting to note that for the red quasar H #228 the ASCA

pointed-observation results (at spetrum with moderate absorption,

see x 5.5) do agree with BeppoSAX �ndings. The same applies to the

Type 1.9 objet H #375 (the other follow-up observation, see below).

Radio-loud AGNs show the typial spetra of their lass: a

steep power-law ontinuum for the BL La objet and at slopes

for the RLQs, with no evidene of absorption. The radio galaxy is

haraterized by a more omplex spetrum, with a prominent soft X{

ray omponent (possibly due to thermal plasma) and a � ' 1.7 power

law, with moderate absorption at the soure redshift (N

H

' 4 � 10

21

m

�2

).

A thermal model with sub-solar abundanes is a good

representation of the X{ray spetrum of the luster H #392.

The Type 1.8-2 soures (4 detetions, two soures undeteted) are

desribed by at X{ray spetra, absorption being the most plausible

ause of this behavior. Only for H #375 (x 5.5) it has been possible

to assoiate the atness of the X{ray spetrum with the presene of

strong X{ray absorption. This is not surprising, sine for this soure a

moderately long follow-up observation with ASCA was arried out.

Among the four still unidenti�ed objets, omplex X{ray spetra

seem to be present in two objets. The present low-ounting statistis

prevents from a detailed modeling of the spetrum. However, it is

interesting to note that at X{ray spetra seem to provide the best-

�t for these two soures, whih an be onsidered good andidates to

belong to the lass of Compton-thik Seyfert 2 galaxies.

Within the unertainties in the modeling of the X{ray spetra of

the HELLAS soures with the GIS instruments, some issues appear

evident: the presene of absorption for the objets for whih ASCA

follow-up observations have been arried out, and the atness of the X{

ray spetra for the Type 1.8-2 objets observed by ASCA . Absorption

is thought to play the major role in the X{ray atness. Similar

evidenes have been found in a ouple of still unidenti�ed HELLAS

soures.

The omparison of BeppoSAX softness ratios with those obtained

by ASCA (in the same energy ranges) learly stress the hard X{ray
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apabilities of MECS detetors to detet hard X{ray photons. Indeed,

ASCA softness ratios are about 50{60 % higher (for the bright sample

desribed above) than BeppoSAX , but, interestingly, the HELLAS

hard soures are among the hardest also inASCA (see Fig. 5.24, keeping

in mind the di�erene, whih an be onsidered as a shift in the sale).

Figure 5.24: BeppoSAX vs. ASCA softness ratio for the \bright" HELLAS

sample. Symbols are as in previous �gures.
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Optial and near-infrared

properties of the

HELLAS soures

6.1 Introdution

T

he nature of the HELLAS soures responsible for about

20{30 % of the hard X{ray bakground (XRB) has been

investigated through a multi-wavelength approah. In

partiular, along with the spetrosopi identi�ation follow-up

observations, photometri studies in the optial and in the near-infrared

bands have been arried out in order to provide further information on

their olors and morphologies, when possible. The optial properties

have then been ompared to those emerging from the hard X{rays and

desribed in hapter 3.

This approah should also help in evaluating the quite varied

properties of the zoo of the hard X{ray seleted soures, and in

investigating their nature, with important onsequenes for the AGNs

synthesis models for the XRB.

In the last part of the present hapter some works in progress on

the \restrited" HELLAS sample will be presented. From the original

sample a restrited portion of sky has been exluded (5

h

< � < 6.5

h

and

16.9

h

< � < 20

h

plus �90

Æ

< Æ < �59

Æ

and +80

Æ

< Æ < +90

Æ

), thus

reduing the number of HELLAS soures to 115, the only exluded

identi�ed objet being the star. Moreover, a R magnitude limit has

been applied (di�erent from one lass of objets to another, to take

into aount the di�erent surfae density of the soures), in order to
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redue the number of possible spurious identi�ations. In this ase

only 7 optially identi�ed extra-galati HELLAS soures are \lost" (2

Type 1, 3 Type 2 and 2 emission-line galaxies, ELGs).

In the following I will present the optial and near-infrared results

obtained with the full HELLAS sample. When drawing the onlusions

and determining the number of Type 2/Type 1 objets, only the

\restrited" HELLAS sample (i.e. that obtained by applying a limiting

R-magnitude) will be used.

At the end of the hapter a brief review on the reent sub-

millimeter results on hard X{ray seleted soures will be presented,

in order to quantify the ontribution of these soures to the sub-mm

bakground.

6.2 Spetrosopi runs

The spetrosopi follow-up observations have been arried out using

the RC spetrograph (RCSP) at the Kitt Peak 4-m telesope (on

Marh 1998, eight soures), the FAST Spetrograph at the Whipple

60-inh telesope (1998, one soure), the Hawaii 88-inh telesope

(1998, two soures), and EFOSC2 at the ESO 3.6-m (all the remaining

identi�ations, dating from 1998 to July 2000). Long-slit spetra

and multi-objet spetrosopy have been performed with a resolution

between 7 and 26

�

A, in the wavelength range spanning from 3450 to

8500

�

A (RCSP) and from � 3800{8000

�

A for the other instruments.

The data have been redued using standard MIDAS tasks (Banse et al.

1983). The raw data were sky-subtrated and orreted for pixel-to-

pixel variations by dividing them with a suitably normalized at-�eld

spetrum. Wavelength alibrations were arried out by omparison

with exposures of He-Ar and Ne lamps, while ux alibrations by

observations of spetrophotometri standard stars (Oke 1990).

6.2.1 Spetrosopi identi�ations and results

At present, 71 out of the 147 HELLAS soures have been

spetrosopially identi�ed, 45 through follow-up observations and 26

from existing atalogs. Table 6.1 lists the optial ounterparts of the

HELLAS soures, with their position, o�set with respet to BeppoSAX

entroid error box, their 5{10 keV ux, B and R magnitude (from
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Soure ID RA DEC �

X�Ott

F

5�10 keV

R B Spe. ID z Notes

(J2000) (J2000) (arse) (erg m

�2

s

�1

) (USNO) (USNO)

120 00 26 36.1 �19 44 16 6.2 3.4�10

�13

17.3 19.2 AGN 2 0.238

124 00 27 09.8 �19 26 12.6 17.7 1.8�10

�13

17.3 18.0 AGN 1 0.227

103 1 00 45 46.3 �25 15 50 87.4 3.3�10

�13

17.5 19.7 AGN 1.9 0.111 Gr. ?

39 01 21 56.9 �58 44 41 36.4 2.6�10

�13

16.8 18.5 AGN 1.9 0.118

93 01 34 33.8 �29 58 15 23.9 8.7�10

�14

19.0 19.0 AGN 1 2.217

)91 01 34 45.4 �30 00 49.4 95.5 7.1�10

�14

18.1 19.4 ELG 0.217

96 01 35 32.7 �29 52 02 52.5 9.0�10

�14

18.2 18.3 AGN 1 1.344

)20 01 40 14.7 �67 48 54 54.0 2.8�10

�13

12.4 12.9 star

75 03 34 07.5 �36 04 03 19.4 1.9�10

�13

. . . . . . . . . . . . . . . . AGN 1 0.904

53 04 37 11.8 �47 31 47.2 57.1 2.7�10

�13

16.4 16.1 AGN 1 0.142

54 04 38 47.0 �47 28 0.3 66.7 4.7�10

�13

19.7 20.5 AGN 1 1.453 APM mag.

65 06 46 37.6 �44 15 34.9 18.4 4.3�10

�13

18.0 17.7 AGN 1 0.153

243 08 37 37.1 25 47 49.7 2.0 2.6�10

�13

16.1 18.0 AGN 1 0.077

246 08 38 59.2 26 08 12.4 29.6 1.6�10

�12

12.4 15.8 ELG 0.048

137 09 46 37.5 �14 07 47.4 113.8 3.2�10

�13

19.5 20.3 AGN 1 0.290

300 10 32 16.1 50 51 21 77.2 3.1�10

�13

15.8 16.9 AGN 1 0.174

283 11 18 13.8 40 28 38 23.6 8.5�10

�14

18.3 20.7 RED AGN 1 0.387

282 11 18 48.7 40 26 48 58.4 1.4�10

�13

18.6 18.6 AGN 1 1.129

264 12 18 52.5 29 59 01 70.3 2.0�10

�13

18.7 20.7 AGN 1.9 0.176

)186 12 29 21.7 01 49 44.0 118 1.6�10

�13

19.3 20.1 AGN 2 0.077

167 12 40 27.8 �05 14 02 92.0 3.1�10

�13

18.8 20.9 AGN 1 0.300

169 12 40 36.4 �05 07 52 106.5 1.9�10

�13

11.0 11.3 ELG 0.008 NED
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�2
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�1

) (USNO) (USNO)

151 13 04 32.5 �10 24 36.7 127.5 1.3�10

�13

18.8 18.8 AGN 1 1.052

155 13 04 35.5 �10 15 48.6 39.9 1.4�10

�13

19.0 20.5 AGN 1 2.386

100 13 48 19.5 �30 11 55 51.9 2.2�10

�13

16.7 18.2 ELG 0.128

92 13 48 44.7 �30 29 44.4 12.2 5.1�10

�13

17.0 17.5 AGN 1 0.330

97 13 50 15.4 �30 20 9.9 52.5 5.1�10

�13

14.9 18.8 AGN 2 0.074

228 13 53 54.4 18 20 16 17.0 6.8�10

�13

17.0 19.7 RED AGN 1 0.217

)171 14 11 59 �03 06 27.0 33.2 3.9�10

�13

19.5 21.7 AGN 2 0.144 APM mag. ; Gr. ?

375 15 19 33.7 65 35 58 41.1 9.4�10

�13

10.1 11.5 AGN 1.9 0.044

230 1 15 28 47.7 19 38 53 17.6 1.6�10

�13

20.3 20.6 AGN 1 0.657 mag. from G98

327 16 34 18.5 59 45 43 53.4 8.4�10

�14

17.8 18.3 AGN 1.8 0.341

200 16 50 42.7 04 36 18 70.4 1.2�10

�12

11.2 13.9 AGN 1.9 0.031

)190 16 52 37.5 02 22 6.0 13.9 6.7�10

�14

. . . . . . . . . . . . . . . . AGN 1 0.395

147 20 42 53.0 �10 38 26 79.9 5.3�10

�13

17.8 18.8 AGN 1 0.363 APM mag.

149 20 44 34.8 �10 28 08 34.4 2.0�10

�13

. . . . . . . . . . . . . . . . AGN 1 2.755

134 21 38 15.2 �14 33 54 100.5 2.3�10

�13

17.0 19.8 ELG 0.151

)85 22 03 00.7 �32 04 46.0 28.4 2.8�10

�13

. . . . . . . . . . . . . . . . AGN 1 1.723

237 22 26 31.7 21 11 35 27.1 3.9�10

�13

17.2 17.7 AGN 1 0.260

212a 23 02 29.0 08 57 47 125.1 3.2�10

�13

18.3 20.3 ELG 0.135 APM mag. ; Gr. ?

212b 23 02 32.0 08 55 30 95.3 3.2�10

�13

16.9 17.3 ELG 0.132 Gr. ?

)35 23 16 8.8 �59 11 23.0 8.7 1.3�10

�13

19.4 21.3 ELG 0.391 APM mag.

66 23 19 32.0 �42 42 27 156.9 5.7�10

�13

17.1 17.2 AGN 1.8 0.101 Gr. ?

209 23 27 28.7 08 49 26 4.1 5.5�10

�14

18.7 20.6 AGN 1 0.154

205 23 29 05.8 08 34 15.2 83.6 2.9�10

�13

. . . . . . . . . . . . . . . . AGN 1 0.953

229 23 31 54.3 19 38 34.6 18.5 3.7�10

�13

19.1 20.2 AGN 1 0.475
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X�Ott
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5�10 keV

R B Spe. ID z Notes

(J2000) (J2000) (arse) (erg m

�2

s

�1

) (USNO) (USNO)

172 02 42 00.7 00 00 21 28 1.5�10

�13

18.4 18.6 AGN 1 1.112

45 03 15 47.5 �55 29 03 31.1 2.7�10

�13

19.7 22.1 AGN 1 0.464 SC mag.

46 03 17 32.7 �55 20 25 13.7 4.1�10

�13

17.5 18.0 AGN 1 0.406

72 03 33 12.9 �36 19 47 41.1 4.0�10

�13

18.5 20.4 BL La 0.308

73 03 36 54.0 �36 16 07 34.4 3.7�10

�13

18.9 19.6 RLQSO 1.537

385 07 21 36.0 71 13 22 86.2 8.4�10

�14

17.7 18.8 AGN 1 0.232

392 07 41 50.0 74 14 48 41.2 3.1�10

�12

Cluster 0.216

394 07 43 12.6 74 29 36 22.1 6.0�10

�13

16.2 17.0 AGN 1 0.312

319 10 54 21.2 57 25 45 37.9 2.6�10

�13

18.4 21.0 AGN 1.8 0.205

387 11 01 48.8 72 25 37 35.5 7.3�10

�13

17.1 17.3 RLQSO 1.460

390 11 02 36.9 72 46 38 1 7.9�10

�13

15.2 16.7 AGN 1 0.089

389 11 06 16.1 72 44 13 82.2 1.7�10

�13

18.6 19.2 AGN 1 0.68

252 12 04 04.0 28 07 24 77.9 5.1�10

�13

Cluster 0.167

265 12 17 52.1 30 07 01 24.4 3.5�10

�13

14.4 14.9 BL La 0.237

290 12 19 52.3 47 20 57 68.1 1.2�10

�13

18.8 19.6 AGN 1 0.654

400 12 22 07.0 75 26 17 0.8 2.5�10

�13

Cluster 0.240

157 12 56 12.8 �05 56 29.3 126.6 9.1�10

�14

19.6 20.3 AGN 1 0.420

150 13 05 33.0 �10 33 19 44.8 1.9�10

�12

14.9 15.0 RLQSO 0.278

84 13 36 39.0 �33 57 57 66.7 3.2�10

�13

10.5 11.1 RadioGal. 0.013

176 13 42 56.5 00 00 57 58.6 3.2�10

�13

19.3 19.6 AGN 1 0.804 APM mag.

239 14 17 18.8 24 59 30 82.3 6.9�10

�14

19.8 20.2 AGN 1 1.057

241 14 18 31.2 25 10 50 16.9 6.1�10

�13

Cluster 0.240

307 16 26 59.0 55 27 24 59.3 1.2�10

�12

Cluster 0.130

201 16 50 00.0 04 54 00 41.9 9.5�10

�13

Cluster 0.154

37 23 15 46.8 �59 03 14 86 2.0�10

�13

10.1 11.3 ELG 0.044 Int. gal.

250 23 55 54.3 28 35 58 14 4.2�10

�13

18.1 18.1 RLQSO 0.731

Table 6.1: Optially identi�ed HELLAS soures. The last part of this table onerns the

lassi�ations by atalogs. Gr. ? indiates the possibility for the HELLAS soure of being a

member of a group. APM mag. or SuperCOSMOS (SC) mag. are used when USNO mag.

are not available. G98: magnitudes from Gorosabel et al. (1998). Z92: magnitudes from

Zitelli et al. (1992). The soures indiated by ) do not belong to the Final (\restrited")

sample (with a limiting R magnitude and a restrition in RA and DEC).
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Optial ID Total Final

a

New ID From at.

Total Final

a

Type 1 AGNs 33 31 22 20 11

Red QSOs 2 2 2 2 0

Type 1.8-2 AGNs 12 10 11 9 1

Em.line gal. (ELGs) 8 6 7 5 1

Radio-loud QSOs (RLQSOs) 6 6 2 2 4

BL Las 2 2 0 0 2

Radio Gal. 1 1 0 0 1

Clusters 6 6 0 0 6

Stars 1 0 1 0 0

71 64 45 38 26

Table 6.2: Summary of spetrosopi identi�ations.

a

Soures with R magnitude greater than the hosen magnitude limit

(di�erent from one lass to another) or lost after the seletion of sky

regions (the star).

USNO atalog, Monet et al. 1997, Monet 1998, and from APM in few

ases, Maddox et al. 1990a,b, only one ase with the SuperCOSMOS,

Knox et al. 1998), spetrosopi lassi�ation and redshift, while a

summary is shown in Table 6.2.

Given the unertainties in BeppoSAX positions along with the

MECS PSF width (as desribed in hapters 1 and 2), error boxes of

the order of 1.5 armin of radius have been hosen in searhing for

the andidate optial ounterparts of the HELLAS soures during the

spetrosopi follow-up observations and by atalogs.

Histogram in Fig. 6.1 shows the distribution of the o�set between

the enter of BeppoSAX error box and the position of the optial

ounterpart. The average distane, after the boresight orretion of

the BeppoSAX positions, is 51.1 arse.

It appears evident that in some ases the X{ray position is far

from being onsistent with the optial one (with o�sets as large as �

160 arse), the prinipal ause of this behavior being a non perfet

position reonstrution due to some problems with the star-trakers

(fr. x 2.4) or the o�-axis angle of the soures in the MECS detetors

whih, ombined with the faintness of most soures, ould lead to this

error position. The e�ets of the o�-axis angle and that of the 5{10
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Figure 6.1: The o�set distribution between the X{ray and the optial

positions for all the identi�ed HELLAS soures.

keV ux have been heked for all the identi�ed soures. The result is

that an important ontribution to the relative di�erene between hard

X{ray and optial positions is due to the soures at o�-axis angles 10

0

< R < 15

0

(probably due to the presene of the Be strongbak) and at

R > 20

0

(o�set BeppoSAX { optial of about 1 armin), as well as by

soures with uxes below � 4� 10

�13

erg m

�2

s

�1

. Their individual

e�et is shown in Fig. 6.2 and 6.3, respetively.

It must be noted, however, that optial misidenti�ations an still

be present, and will be disussed in the last part of this hapter.

In a limited number of ases (eight) the optial ounterpart is not

present in the error boxes (even if assumed larger than 90 arse) down

to R=20.5{21: these represent the so alled \blank-�elds".

The HELLAS identi�ed subsample an be onsidered a good

representation of the full sample in terms of hard (5{10 keV) X{ray
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Figure 6.2: The o�set distribution between the X{ray and the optial

positions as a funtion of the o�-axis angles in BeppoSAX . Symbols are

as in previous �gures, while the irled ? indiates the unique HELLAS

objet identi�ed as star.

ux, as shown in Fig. 6.4. The redshift distribution of the HELLAS

soures (Fig. 6.5) indiates that most of the identi�ed soures are at

redshift greater than 0.2 and, among them, the most numerous are

broad-line objets (radio-loud and radio-quiet). The �nding of many

moderate/high-redshift broad-line objets is a onsequene of their high

nulear luminosity, as shown in Fig. 6.6, where the 5{10 keV luminosity

is plotted as a funtion of redshift.
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Figure 6.3: The o�set distribution between the X{ray and the optial

positions as a funtion of the 5{10 keV ux.

6.3 Photometri runs

Photometri follow-up observations of the HELLAS �elds have been

performed from 1998 to 2000, in order to get reliable information

about optial and near-infrared olors, and to make possible a detailed

study of a subsample of objets haraterized by interesting and rather

extreme hard X{ray properties.

Optial photometri observations have been performed at the 1.5-

m telesope of S. Pedro Martir (Mexio, on Otober 1998) and at the

3.5-m National Telesope Galileo (TNG) in the Canary Islands (June

1999 and 2000).

Aross the end of 1998 and June 2000 near-infrared (NIR)

observations have been arried out with the infrared amera ARNICA

at the TNG. Only one objet has been observed in the near-infrared



134 Chapter 6

Figure 6.4: The 5{10 keV ux distribution of the HELLAS identi�ed soures

with respet to the full sample. The identi�ed subsample well reprodues

the ux distribution of the full sample.

with the NIRC (Matthews & Soifer 1994) at Kek I.

The result of this broad-band approah is suh to make possible

a modeling of the ontinuum emission for a subsample of HELLAS

soures from the near-infrared up to the UV band and, by omparison

with galaxy templates, to determine the relative importane of the

host galaxy with respet to the AGN. This aspet will be extensively

disussed in the following.

6.3.1 Optial and Near-Infrared data redution

Most of the results presented in this setion have been obtained

through the Optial Imager Galileo (OIG) and the Aretri Near-

Infrared Camera (ARNICA) at the Italian National Telesope Galileo
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Figure 6.5: The redshift distribution of the HELLAS soures optially

identi�ed either through existing atalogs of by follow-up observations.

(TNG) at La Palma in the last two years.

Optial broad-band imaging was arried out in the Johnson{Kron{

Cousins{Gunn U, B, V, R and I �lters. For the 1999 observations

(whose results will be the prinipal subjet of this setion) the seeing

ranges from 0.9 arse (FWHM) in the reddest band to 1.3 arse

in the ultraviolet, with a steady inrease through the optial bands

giving evidene that the blurring is mainly due to atmospheri auses.

The observations performed in June 2000 have been arried out at a

seeing typially varying from 1.2 up to 2 arse (FWHM). The frames

relative to the 1998 observing run have been observed at airmass �

1.5, the more reent ones at airmass � 1.8. The data redution and

analysis has been performed in a standard way using IRAF routines.

Bias exposures taken at the beginning and at the end of the night

were staked, heked for onsisteny with the oversan region of the
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Figure 6.6: The 5{10 keV luminosity of the HELLAS soures as a funtion

of their redshift. The symbols are as in previous hapters. Among the X{ray

brightest objets the major role is played by Type 1 objets and radio-loud

AGNs (BL Las and radio-loud quasars).

sienti� images and subtrated out. The bias{subtrated frames were

then at{�elded using sky ats. The osmi rays of the CCD region

around the target have been interatively identi�ed and removed by

�tting of the neighboring pixels (through the COSMICRAYS routine)

or, alternatively, by using the XZAP task implemented in the IRAF

ontext.

The photometry has been performed using apphot, the Aperture

Photometry Pakage available in IRAF.

Most of the NIR images were obtained with the ARNICA amera

(Lisi et al. 1996), only one objet has been observed with the NIRC at

Kek I. The objets were observed at K-short (� 2.16 �m ) and at J (�

1.25 �m ), with a seeing ranging between 0.4 and 1 arse for 1998{1999
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observations, and between 0.9 and 1.8 for June 2000 observations.

The observations were performed by mosaiing the �eld every

minute, and by applying o�sets of about 10{20 arse around the

soure, in order to sample the bakground and to minimize the e�ets

of artifats in the array. The data redution pipeline was similar to

that desribed in Hunt et al. (1994). Eah image was divided by a

di�erential at-�eld made out of sky twilight images. Then images

of eah mosai were aligned by means of �eld stars and o-added

with a average sigma lipping rejetion to exlude both hot and dead

temporary pixels, not aounted for by the bad pixel mask.

The photometri results from TNG observations are presented in

Table 6.3, while those performed at the 1.5-m telesope at S. Pedro

Martir (Mexio) are listed in Table 6.4, along with the magnitudes in

the R �lter obtained at the 3.6-m telesope at La Silla through the

aquisition images taken before spetrosopy.

6.4 Probing the nature of the Optial+NIR

ontinuum in a subsample of HELLAS soures

In order to shed light on the nature of the optial and NIR ontinuum

of the HELLAS soures, a subsample of 15 objets was studied in detail

through the 1998{1999 follow-up observations desribed above. It must

be noted that this subsample was not seleted with a spei� riterion,

but it was drawn from the early HELLAS identi�ations known and

aessible at the time of those observations. This subsample inludes

six \lassial" broad-line objets with a blue ontinuum (objets 149, 167,

176, 230 1, 239 and 282), �ve Type 1.8-2 AGNs (objets 103 1, 200, 264,

327 and 375), two \red" broad-line quasars (228 and 283), haraterized

by a red underlying ontinuum, one of whih has been investigated in

great detail in the hard X{rays (hapter 5) and will be treated apart in

the following, and two objets lassi�ed as emission line galaxies (ELGs,

objets 134 and 169). This \random" seletion samples well both the

lasses of AGNs (Type 1, intermediate AGNs, emission-line galaxies)

and the redshift range of the HELLAS sample. Thus, even if it is not

statistially solid beause of the small size, it still ontains information

on the general properties of the HELLAS soures. About half of this

subsample of 15 objets have already been extensively analyzed and the

results are presented in Maiolino et al. (2000). I disuss the preliminary
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Soure ID Optial Photometry Near-Infrared Photometry

U B V R i

a

J K

S

b

103 1 16.38�0:05 15.27�0:07

283 19.54�0:08 20.19�0:06 19.62�0:05 18.71�0:04 17.88�0:04 16.48�0:05 14.97�0:07

282 18.30�0:07 19.24�0:05 18.93�0:04 18.54�0:04 18.39�0:04 17.98�0:10 16.69�0:15

264 21.08�0:15 20.69�0:05 19.26�0:04 18.58�0:03 17.75�0:04 16.51�0:05 15.14�0:07

167 20.53�0:05 19.70�0:05 18.77�0:04 17.88�0:05 16.65�0:07 15.02�0:07

169



17.01�0:07 16.75�0:05 16.00�0:04 15.15�0:03 14.47�0:04 11.56�0:05 10.43�0:02

176 18.54�0:07 19.21�0:05 18.99�0:04 18.72�0:04 18.35�0:04 17.82�0:09 17.46�0:17

228 19.98�0:07 19.55�0:03 18.15�0:03 17.32�0:02 16.62�0:04 15.26�0:05 13.90�0:07

239 19.08�0:07 19.97�0:05 19.76�0:04 19.31�0:04 18.73�0:04 18.55�0:11 17.88�0:23

375 16.27�0:04 15.98�0:01 15.00�0:01 14.39�0:01 13.70�0:01

375

d

17.50�0:04 17.24�0:01 16.19�0:01 15.56�0:01 14.84�0:01 11.38�0:07

230 1 15.94�0:07

327 20.31�0:01 20.03�0:02 19.52�0:02 19.27�0:04 18.89�0:16 17.26�0:28

200 16.70�0:07 16.38�0:05 15.33�0:04 14.64�0:03 13.98�0:04 12.90�0:06 11.55�0:02

149 17.56�0:07 18.04�0:05 18.01�0:04 17.76�0:03 16.74�0:04 16.25�0:05 14.91�0:05

134 21.06�0:08 19.49�0:05 18.13�0:04 17.23�0:03 16.44�0:04 15.59�0:03 14.59�0:03

Table 6.3: Optial and NIR magnitudes obtained through follow-up observations (TNG).

a

Gunn-i �lter.

b

K-short band (2.16 �m ).



Inner 4.6 arse.

d

Inner 2.5 arse.
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Soure ID Tel. Optial Photometry

B R I

a

120 E 18.1�0:10

93 E 18.0�0:10

91 E 20.1�0:10

96 E 19.1�0:10

172 M 19.49�0:15 18.58�0:07 18.53�0:11

75 E 20.1�0:10

53 E 17.3�0:10

54 E 20.5�0:10

65 E 16.6�0:10

243 E 16.9�0:10

246 E 15.3�0:10

137 E 19.6�0:10

151 E 18.8�0:10

155 E 20.1�0:10

92 E 17.1�0:10

97 E 16.5�0:10

171 E 20.5�0:10

190 E 20.7�0:10

147 E 17.9�0:10

134 M 19.50�0:04 17.31�0:04 16.45�0:04

85 E 21.7�0:10

237 M 18.42�0:04 17.59�0:05 16.98�0:06

212a M 19.82�0:05 18.62�0:04 17.90�0:05

212b M 19.84�0:05 17.84�0:03 16.93�0:03

35 E 19.6�0:10

205 E 20.3�0:10

229 E 18.8�0:10

Table 6.4: Optial magnitudes obtained at the 1.5-m Mexian telesope at

S. Pedro Martir (M) and with EFOSC2 aquisition images at ESO 3.6-m

(E).

a

Cousins-I �lter.
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results obtained by enlarging the old subsample with \new" objets

observed at TNG in 2000.

It must be noted that for two objets of Table 6.3 (the HELLAS

soure 230 1 and 103 1) the optial magnitudes are available only from

atalogs (see Table 6.1), therefore some unertainties on the derived

olors may be possible.

The most remarkable result is that all the intermediate-Type 2

AGNs and the red QSOs show extended emission indiative of a

signi�ant NIR ontribution from the host galaxy. Moreover, one

emission-line galaxy (out of two) and two blue-ontinuum quasars

also show extended emission, both in the optial and in the NIR.

Furthermore, the B�K

s

olors are not lustered around the value of

Unresolved QSOs
Extended QSOs
Extended Red QSOs
Extended Type 1.9-2 AGNs
Extended ELGs   
Point-like ELGs 

Figure 6.7: B�R plotted against B�K

S

for a subsample of 15 HELLAS

soures (blue-ontinuum QSOs, red-ontinuum QSOs, Type 1.8-2 AGNs and

emission-line galaxies). The �lled symbols indiate the point-like objets,

the open ones the extended soures.
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� 2, whih an be onsidered typial of olor{seleted QSOs at high

redshift, but extend to very red values up to B�K � 5 (Fig. 6.7), in

analogy with the radio seleted AGNs (Webster et al. 1995; Franis,

Whiting & Webster 2000). Therefore, it seems plausible that our \red"

AGNs are the radio-quiet ounterparts of red AGNs found in the radio

surveys.

The olor-olor diagram in Fig. 6.7 show that the objets

haraterized by extended emission populate the upper region of the

B�R vs. B�K

S

diagram, the unique exeption being the Sey 1.8 galaxy

HELLAS 327, whih is in the region populated by blue-ontinuum

(point-like) quasars. It is possible that the ontribution from the host

galaxy is moderate.

In the upper right part of the olor-olor diagram there are

Type 1.8-2 objets, one extended Type 1 and also two emission-line

galaxies, both haraterized by red olors in the optial and in the NIR

(B�K

S

� 4{6).

The average B�K

S

is 5.1 and 2.9 for the extended and the point-

like objets, respetively. Also the B�R olor shows a similar behavior,

with the extended objets having an average B�R� 1.6, the unresolved

ones 0.88. A possible soure of unertainty is given by the optial

photometry for two objets (whih is derived by atalogs) and by the

fat that for some soures the optial and NIR data belong to di�erent

periods, so variability may play a role.

Four blue AGNs (out of six) are unresolved: this is a onsequene

of the dominane of the AGN omponent and, possibly, of their higher

redshift. Indeed, the two blue QSOs showing extended emission are

those at lower redshift.

In order to hek and quantify the ontribution from the host

galaxies, a QSO template spetrum (derived from a ombination of

the average spetra given in Elvis et al. 1994a and Franis et al.

1991) and galaxy templates from Bruzual & Charlot (1993), with solar

abundanes and a Salpeter IMF, were assumed in order to reprodue

the observed olor-olor diagram.

The free parameters of the model are the reddening of the QSO, the

age of the stellar population and the relative ontribution of these two

omponents. The observed optial to NIR photometri data and optial

spetra of eah objet have been ompared with those expeted from

(reddened) QSOs and from evolved stellar populations. An example
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of this method for a spei� objet will be presented in the following

subsetion.

The ombination of the (reddened) AGN spetral template and

that related to the host galaxy omponent should give an aeptable �t

of the observed photometri points. The maximum tolerane between

the model and the observed optial spetrum is 30 %, to aount for

all the unertainties introdued by the non-parallati angle of the slit.

In the same way, an attempt to �t the equivalent width (EW) of the

observed broad hydrogen lines was performed (within a fator of two,

given the EW spread in the optial samples of QSOs).

It must be noted that a QSO template annot explain all our data,

irrespetive of the assumed amount of reddening. Instead, the reddest

objets have olors similar to those expeted from an evolved stellar

population.

Fig. 6.8 shows examples of the spetral �ts, orresponding to

three representative lasses of AGNs: one blue ontinuum quasar, one

AGN 1.9 and one quasar with a red ontinuum.

The thin solid line in the upper panels is the best-�t QSO + galaxy

model, the two thik lines indiate the shape (and spread) of the line-

free ontinuum observed in the optial spetra, while points with error-

bars are the photometri uxes normalized to R band. It appears

evident that the red, spatially resolved soures are haraterized by

the 4000

�

A break, with a disernible progression from the \transition"

soures to the very red ones. The B�R olors and the preferred age

for the model population inrease in the same way (from � 1 to � 2.8,

and from 10

9

to 10

10

years, respetively). The frational ontribution

of the reddened AGN (to the rest frame V-band) dereases from 100

% in the bluest objets to a few perent in the red ones. Although a

small ontribution from a reddened AGN is required even in the reddest

objets, this annot dominate their red olors, as shown in the lower

panel of Fig. 6.8, where it is evident that a (reddened) QSO template

annot aount for both the ontinuum shape and the photometri

points (whih are poorly �tted).

Remarkably, the best-model �tting to the photometry and spetral

shape perfetly agrees with the imaging results, in the sense that the

ontribution of the host galaxy is generally dominant in those soures

whih appear extended.

Finally, it is interesting to note that the best-�tting stellar
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Figure 6.8: Comparison between photometri measurements (blak dots

with error-bars) and observed optial spetral shapes (thik lines) with

the best-�t models for three representative objets (one blue quasar, one

AGN 1.9 and one red quasar, respetively). Models in the upper panels

(thin solid lines) inlude both the ontribution from a reddened QSO and

from an evolved stellar population (whih appears to be dominant in the

Type 1.9 AGN{t�10

9

yrs and in the red QSO{t�10

10

yrs). The dotted

lines in the lower panels represent the best-�t using only a quasar template

with the appropriate reddening.

populations are generally old/evolved. However, one should bear in

mind that in ertain ases di�erent models suh as a reddened 10

9

year-old population or a reddened ontinuous burst provide also an

aeptable �t to the data, indiating some degree of degeneray.

Red, absorbed AGNs are about 25{30 % of the identi�ed soures

in the HELLAS sample. This fration inreases to about 38 % if one

assumes that the optial ounterparts in the \blank �elds" are strongly

absorbed AGNs. It is possible that the fration of obsured AGNs is

higher at fainter X-ray uxes, where the remaining 70{80 % of the hard

X-ray bakground is produed (Gilli et al. 1999).

The present results suggest that a large fration of the hard

XRB ontributors have optial/near-IR ounterparts whih appear as
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\normal" galaxies (possibly with narrow AGN{like emission lines). A

population of red AGNs similar to that analyzed in this setion but at z

> 1 would probably remain undeteted at R=20{21: these ould be the

ounterparts of the HELLAS soures for whih no optial identi�ation

was found.

6.5 SAXJ 1353.9+1820 (HELLAS 228): a red

quasar

Figure 6.9: The optial spetrum of the red quasar SAXJ 1353.9+1820.

The optial spetrum (Fig. 6.9) of the z = 0.217 red quasar

SAXJ 1353.9+1820 (Vignali et al. 2000a) is dominated by starlight, as

the presene of H and K plus Mg I absorption lines learly indiates.

The H� equivalent width (about 90

�

A), the absene of the H� and the

BeppoSAX softness ratio (SR ' 0.11) are suggestive of reddening of the

nulear radiation (see also hapter 5 for the ASCA observations). The

BeppoSAX hard X{ray luminosity, L

5�10 keV

� 1.4 � 10

44

erg s

�1

, the
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presene of a broad Balmer line and the optial spetrum properties

allow to lassify this objet as a fairly low-luminosity, red quasar.

This lass of objets, originally disovered in radio{seleted samples

(Smith & Spinrad 1980), is haraterized by red optial olors (B �K

up to 8, Webster et al. 1995; Franis et al. 2000). From ROSAT PSPC

observations and optial spetrosopy Kim & Elvis (1999) pointed out

that a signi�ant fration (from a few perent up to 20 per ent) of soft

X{ray seleted radio{quiet quasars belong to this lass. The origin of

the observed `redness' may be asribed to dust absorption, to intrinsi

red olors (� 70 per ent of the red soures of the Parkes sample has

� 30 per ent of ontribution to B�K by their host galaxies, Masi,

Webster & Franis 1998) or to an exess of light in K band rather

than a dust-indued de�it in B (Benn et al. 1998). Whatever is the

origin of the red olors, it is likely that a large fration of quasars ould

have been missed by the usual seletion tehniques in the optial band

(Webster et al. 1995). If this is the ase, red quasars ould onstitute

a sizeable fration of the absorbed AGNs population needed to explain

the hard X{ray bakground spetrum (i.e. Comastri et al. 1995).

Hard X{ray observations provide the most eÆient way to selet these

objets; indeed two andidates have been found in the ourse of the

optial identi�ation program (Fiore et al. 1999).

6.5.1 Optial and NIR photometry

SAXJ 1353.9+1820 has been observed at the 3.5-m National Telesope

Galileo with the OIG and ARNICA instruments (Table 6.3). The

objet is learly extended (� 8 arse, orresponding to a projeted

distane of about 15 h

�1

50

kp at the redshift of the soure).

The surfae brightness (SB) pro�les in the U, B, V, R and I �lters

have been estimated omputing a urve of growth for eah passband

with inreasing irular apertures (Fig. 6.10). An e�etive radius of

� 1.5 arse was independently derived from all but one �ts (for the

I{band the pro�le is slightly more onentrated). The dashed line in

Fig. 6.10 represents the r

1=4

law, whih �ts very well the observed

pro�les outside of the seeing-dominated region down to the faintest ux

levels. The SB pro�les are typial for elliptial galaxies suggesting that

at optial wavelengths there is no evidene of an unresolved nuleus in

SAXJ 1353.9+1820.
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Figure 6.10: The optial surfae brightness pro�les of SAXJ 1353.9+1820

�tted with a de Vauouleurs r

1=4

law (dashed line). Di�erent symbols are

referred to di�erent �lters. The vertial dotted line represents the adopted

aperture radius.

6.5.2 X{ray absorption

The ASCA observation on�rms the presene of a bright and

moderately absorbed (N

H

� 6 � 10

21

m

�2

) nuleus with a at hard X{

ray spetrum, in agreement with the BeppoSAX softness ratio analysis.

Assuming for the underlying ontinuum slope the average value of

quasars in the same energy range (i.e. �=1.8{1.9), the absorption

olumn density ould be as high as N

H

� 3 � 10

22

m

�2

if some 20

per ent of the nulear radiation is not absorbed. Even if the X{ray

data alone does not allow to distinguish between the two possibilities,

SAXJ 1353.9+1820 harbors a mildly obsured, luminous (L

2�10keV

'

1.3 � 10

44

erg s

�1

) ative nuleus.
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Not surprisingly high energy observations of quasars haraterized

by similar dust reddened optial ontinua do reveal the presene of

absorption by old (IRAS 23060+0505, Brandt et al. 1997a) and/or

warm (IRAS 13349+2438, Brandt et al. 1997b) gas.

6.5.3 The nature of SAXJ 1353.9+1820

The surfae brightness pro�les are onsistent with those of an elliptial

galaxy, and the optial olors (U�B = 0.43, B�V = 1.40, V�R = 0.83

and R�I = 0.70) agree with the properties of a early-type galaxy at

z = 0.2 (Fukugita, Shimasaku & Ihikawa 1995). The optial olors

provides a �rst, lear indiation of the presene of a strong ontribution

from the host galaxy.

A more omprehensive piture of the optial{NIR properties of

SAXJ 1353.9+1820 an be obtained by �tting the photometri points

(fr. x 6.4) with a two-omponents model onsisting of an old

stellar population template (10

10

yr, Bruzual & Charlot 1993) and a

moderately absorbed (A

V

' 2 mag, orresponding to N

H

' 4 � 10

21

m

�2

for Galati dust{to{gas ratio, i.e. Bohlin, Savage & Drake 1978)

quasar spetrum template (Elvis et al. 1994a; Franis et al. 1991), in

a similar way to that desribed in setion 6.4.

As shown in Fig. 6.11, the ombination of these two spetra

provides a good desription of the observed data (possibly with the

exeption of the J photometry, whih deviates by 1.4 sigma). The

quality of the �t is aeptable (�

2

r

= 1.3 when both the unertainties

in the photometri data and in the template spetra are taken into

aount) indiating that most of the optial and near{IR ux is

dominated by starlight.

The importane of the host galaxy an be alternatively evaluated

also by loating SAXJ 1353.9+1820 in the olor-olor diagram obtained

for the extended objets in the Marano Field (Zamorani et al. 1999)

in the same range of B magnitude (Fig. 6.12). It an be learly seen

that the red quasar optial properties, although not extreme, are suh

to populate neither the region of high-z red quasars nor that of low-z

UV-seleted QSOs.

The present results add further evidene on the hypothesis

of substantial gas and dust absorption as an explanation of the

observed properties of this red quasar. Even more interesting is

that the ative nuleus peers only at X{ray energies and possibly at



148 Chapter 6

Figure 6.11: SAXJ 1353.9+1820 photometri (optial + NIR) points �tted

with a syntheti model of an evolved early-type galaxy (dashed line) plus

the ontribution of a moderately absorbed quasar (dotted line). The sum is

given by the solid line.

wavelengths longward of 2 �m (Fig. 6.11), while at optial wavelengths

SAXJ 1353.9+1820 looks like a normal evolved elliptial galaxy.

If this behavior applies also to other objets it may well be that

a signi�ant fration of obsured AGNs resides in otherwise normal

passive galaxies. These nulei would have been ompletely missed

in optial quasar surveys beause of their extended morphology and

galaxy-like olors. If the olumn density is of the order of 10

22

m

�2

or higher, their fration ould be underestimated also in soft X{ray

surveys. If this is the ase, the fration of red objets among radio-

quiet quasars (� 3{20 per ent, Kim & Elvis 1999) should be onsidered

as a lower limit. This may have strong impliations for the XRB

synthesis models, whih in their simplest version (i.e. Madau et al.
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Figure 6.12: The B�V vs. U�B and V�R vs. B�V diagram for all the

extended objets whih populate the Marano �eld in the B magnitude range

19{22. It is interesting to note that the \normal" seletion riteria adopting

to selet high-z red quasars and low-z UV-seleted QSOs would fail with

SAXJ 1353.9+1820.

1994; Comastri et al. 1995) predit a large number of high-luminosity

absorbed quasars (alled type 2 QSOs). Despite intensive optial

searhes, these objets appears to be elusive indiating a muh lower

spae density than that of lower luminosity Seyfert 2 galaxies (Halpern,

Eraleous & Forster 1998) and alling for a substantial revision of AGNs

synthesis models for the XRB (Gilli et al. 1999).

An alternative possibility (see Comastri 2000) is that X{ray

obsured AGNs show a large variety of optial properties inluding

those of SAXJ 1353.9+1820. It is worth noting that olumn densities

as high as 10

23:5

m

�2

have been deteted in Broad Absorption Line

QSOs (Gallagher et al. 1999), in some UV bright soft X{ray weak QSOs

(Brandt et al. 2000b), in bright PG quasars (Gallagher et al. 2001),

and in a few HELLAS soures optially identi�ed with broad line blue

quasars (hapter 3). It is thus possible that the soures responsible

for a large fration of the XRB energy density are haraterized by

a large spread in their optial to X{ray properties. The �

ox

spetral
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index, de�ned as the slope joining the 2500

�

A and the 2 keV ux

densities, is usually employed to measure the optial to X{ray ratio.

Not surprisingly, absorbed objets are haraterized by values of �

ox

(>

1.8) muh steeper than the average value of bright unabsorbed quasars

and Seyfert galaxies, �

ox

' 1.5 (Laor et al. 1997; Yuan et al. 1998),

while the faint nulear UV ux density and the relatively bright 2 keV

ux of SAXJ 1353.9+1820 orrespond to �

ox

' 1, whih is quite at

but not unusual for red quasars (Kim & Elvis 1999).

As far as the X{ray spetral properties and the bolometri

luminosity of ' 10

45

erg s

�1

(estimated using the average SED of Elvis

et al. 1994a with the measured �

ox

) are onerned, SAXJ 1353+1820

an be lassi�ed as a high{luminosity absorbed AGN.

6.6 Optial properties of the HELLAS sample

Comparison with hard X{ray properties

Figure 6.13 shows the B�R distribution for the HELLAS Type 1,

Type 1.8-2, red quasars and emission-line galaxies identi�ed either

by our follow-up observations or by existing atalogs (see Table 6.2

for a summary). The optial magnitudes are taken mainly from the

USNO 1.0 (2.0) atalog (Monet et al. 1997; Monet 1998), as in

Table 6.1, and partly from our photometri follow-up observations.

It is evident that Type 1 AGNs (with a blue optial ontinuum)

populate a di�erent region with respet to Type 1.8-2 AGNs (i.e.

narrow-line). This is on�rmed by omputing the average <B�R> =

0.81 (with a dispersion � = 0.65) for the former lass and <B�R>

= 1.81 (� = 0.97) for the latter. Also the two red quasars and

most of the ELGs are among the reddest soures. This on�rms the

results previously presented about the optial + NIR observations of a

subsample of objets. It must be kept in mind that even though some

unertainties in the optial R and B magnitudes derived from atalogs

may exist, Type 2 objets are generally redder than Type 1 but appear

also more dispersed, as evident from the low B�R tail populated by

narrow-line objets as well as broad-line soures.

Similar evidenes an be drawn from the BeppoSAX softness ratio

analysis (hapter 3). Indeed, the average softness ratio is <SR> =

0.055 (� = 0.344) and <SR> = �0.132 (� = 0.314) for Type 1

and Type 2, respetively. One again, the large unertainties on the
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Figure 6.13: The B�R distribution of the HELLAS soures whih have been

spetrosopially identi�ed as Type 1 AGNs, Type 1.8-2 AGNs, red quasars

and emission-line galaxies. Magnitudes are drawn from atalogs (see text)

and from follow-up photometri observations.

softness ratio deserves further investigations, possibly with instruments

haraterized by higher sensitivity than BeppoSAX (e.g. Chandra and

XMM-Newton). X{ray spetra even harder (atter or more absorbed

ontinuum) are required by the objets lassi�ed as emission-line

galaxies (ELGs), with <SR> = �0.307 (� = 0.216). Anyway, there is

a lear trend for the hardest soures to be haraterized by red optial
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olors on average. Note that broad-line AGNs (exept for a few objets)

are generally well separated from the narrow-line in the softness ratio

vs. B�R diagram plotted in Fig. 6.14, although the satter in both the

lasses is large. For omparison, also the other identi�ed extra-galati

soures (exluding the lusters) are plotted in the same �gure.

Figure 6.14: The BeppoSAX softness ratio vs. the optial B�R olor.

Fig. 6.15 shows the X{ray-to-optial ratio as a funtion of the

5{10 keV ux for the HELLAS identi�ed soures. The dashed lines

identify the regions of onstant apparent R magnitude. For omparison,

di�erent lasses of loal luminous AGNs are also indiated in the �gure.

The X{ray-to-optial ratio of the HELLAS soures is similar to that of

the X{ray brightest objets in the loal Universe.
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Figure 6.15: The X{ray-to-optial ratio vs. the 5{10 keV ux for the

HELLAS identi�ed soures. The loi of equal R magnitudes are plotted,

along with the regions populated by the prinipal lasses of nearby AGNs

(Seyfert 1 galaxies, Compton-thin Seyfert 2s, Compton-thik soures, PG

QSOs, and BL La objets). Some intermediate objets (NGC 4151, Mrk 3)

are also plotted for omparison.

6.7 The role of small galaxy groups

An interesting result of the BeppoSAX follow-up identi�ation program

is that at least six of the HELLAS soures lie in small groups and/or in

interating ouples. Most interesting, all of these have been identi�ed

as narrow-line objets, in partiular four as Type 1.8-2 objets (the

HELLAS soures 66, 103 1, 171 and 375, the last one being detailly

analyzed in the X{rays in hapter 5), while the remaining two as

ELGs (212 and 37, the latter being assoiated with interating galaxies,

Bergvall & Johansson 1985). Also the HELLAS soure 230 2 seems to
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belong to a small group of galaxies, but its optial identi�ation is still

not lear.

This is not surprising: aording to Fisher et al. (1998), the

optial ounterparts of a large fration of ROSAT soures (seleted on

the basis of a hard spetrum possibly due to soft X{ray absorption)

are oinident with interating galaxies or reside in small groups, some

of the ompanions galaxies themselves showing indiation of ativity,

possibly enhaned star formation by merging or tidal interations

(Hasinger et al. 1997). However, the exess of ompanion galaxies

assoiated to Seyfert 2s is still a matter of debate. A plausible

explanation (Dultzin-Hayan et al. 1999; Corbin 2000), whih would

provide a hallenge to the uni�ation shemes, requires that Seyfert 2

galaxies are as Seyfert 1s obsured beause of interations: strong

interation with a ompanion of omparable size enhanes overall star

formation and drives moleular gas towards the enter of the galaxy,

whih may in turn obsure the ative nuleus' broad-line regions. An

observational hek is given by the �nding of a larger number of irum-

nulear star-forming regions around Seyfert 2 galaxies than Seyfert

1s, both in the optial (Gonzalez-Delgado & Perez 1993) and in the

infrared (Maiolino & Rieke 1995; Maiolino et al. 1997). The triggering

hypothesis has also been suggested to explain the di�erent behavior

of radio-loud quasars with respet to radio-quiet ones, the former

populating, on average, riher environments than the latter (Yee &

Green 1987; Lehnert et al. 1999).

6.8 The \restrited" HELLAS sample: hoosing a

magnitude limit

Sine the spetrosopi follow-up observations did not over uniformly

the �{Æ plane (but was partiularly onentrated towards southern

objets, see Table 6.1), a seletion has been applied to the MECS �elds,

by hoosing only those at �60

Æ

< Æ < +79

Æ

and exluding the regions

having 5

h

< � < 6.5

h

and 16.9

h

< � < 20

h

. By applying this seletion,

the number of remaining MECS �elds is 110 (out of 142) and the sky

overage is about 55 and 0.5 square degrees at a 5{10 keV ux of the

order of 5 � 10

�13

and 3.6 � 10

�14

erg m

�2

s

�1

, respetively. The

number of identi�ed soures is preserved (with the star being the only

exeption), sine the exluded �elds are basially the ones at high/low
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delination with very poor information in general. The number of

HELLAS soures in the redued sample is 115.

In order to keep the number of spurious identi�ations in the

redued sample as low as 3{4 (La Frana et al. 2001), a limiting

magnitude was hosen for eah lass of objets, suh to limit the optial

identi�ation proess only to objets with a surfae density < 40 deg

2

:

R = 20.5 for broad-line AGNs (Type 1-1.5), R = 19.0 for narrow-line AGNs

(Type 1.8-2), and R = 17.5 for emission-line galaxies (ELGs, i.e. LINERs

and starbursts).

The surfae density of quasars at R = 20.5 is 30{40 deg

�2

(Zitelli et

al. 1992) and given the assumed BeppoSAX error box (about 90 arse

radius) and the number of observed �elds (with an optial Type 1 AGN

ounterpart), the expeted number of hane oinidenes is 1.3{1.7.

The surfae density of galaxies at R � 19 is about 500 deg

�2

(Lilly et

al. 1995). Tresse and ollaborators (1996) found that about 8{17 % of

the galaxies at z < 0.3 in the Canada-Frane Redshift Survey (CFRS)

host Seyfert 1.8{2 or LINER nulei. Similar results (� 13 % at z < 0.5)

have been obtained by Hammer et al. (1997). Therefore the expeted

hane oinidenes of narrow-emission line objets (AGNs + LINERs)

is about 1.2{2.5.

Aording to the applied magnitude limits, 6 out of the 70 soures

spetrosopially identi�ed as extra-galati objets (Table 6.1) are

\lost": they are 2 Type 1, 2 Type 1.8-2 and 2 ELGs, whih are indiated

by a ) in Table 6.1.

Fig. 6.16 shows the ux distribution for the HELLAS identi�ed

soures (red dashed region) in the \�nal" atalog (blue solid line)

with respet to the original sample (yellow dashed region). The �nal

identi�ed subsample has the same distribution of the �nal HELLAS

sample at the 37 % on�dene level aording to the Kolmogorov-

Smirnov test.

The results presented in this hapter remain substantially

unhanged when onsidering the \restrited" HELLAS sample, whih

has been used to evaluate the Type 1-to-Type 2 ratio, in order to be

sure that spurious soures play a marginal role in this ontext.

It is interesting to note (Table 6.2) that all but one of the narrow-

line AGNs do not belong to any existing atalog, as well as the majority

of ELGs. This an be explained by the fat that no large atalogs

of suh objets do exist at the present time. As a onsequene,
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Figure 6.16: The ux distribution of the subsample of 115 soures (blue

ontinuous line) with respet to the original HELLAS sample (yellow dashed

region), and that of the 63 spetrosopially identi�ed soures (red dashed

region).

a bias is introdued in the observed frations of the populations of

the identi�ed soures against Type 2 AGNs and narrow-emission line

galaxies. Given the similar ux distributions of the subsample of 26

soures identi�ed through ross-orrelations with atalogs, that of the

38 soures identi�ed by follow-up observations and the \�nal" HELLAS

sample of 115 soures (aording to the Kolmogorov-Smirnov test), it

is possible to orret the bias in a simply way, by taking into aount

the di�erent frations for eah lass of objets identi�ed by atalog or

by spetrosopi follow-up programs.

The relative fration of Type 1 objets (inluding both the radio-

quiet and the radio-loud) is 62 %, while Type 1.8-2's is 19.0 %. If

the ELGs are also taken into aount, the �nal fration of narrow-line
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objets is 30.0 %. The Type 2-to-Type 1 ratio, � 0.48, is higher than

in previous soft (0.24, Lehmann et al. 2000) and medium-hard X{ray

seleted surveys (0.20, Akiyama et al. 2000), and beomes higher (�

0.63) if all the \blank �elds" host a Type 2 objet. Then it is possible to

argue that hard X{ray surveys like the HELLAS are the most suitable

way to pik up a large fration of obsured objets.

It is interesting to note that this is only an estimate on the real

ratio of Type 1 and Type 2 objets. In fat, the present sample is

biased against high-z Type 2 AGNs (the highest redshift being 0.341),

whih are indeed fainter than the assumed spetrosopi limit of R =

19 for narrow-line AGNs (Seyfert 1.8-2), and R = 17.5 for emission-

line galaxies. A �rst preliminary estimate an be drawn by taking

into aount only the AGNs at redshifts < 0.2; in this ase, the

Type 2(+ELGs)-to-Type 1 ratio is about 3�1:5, whih is onsistent to

the uni�ed models for AGNs (Comastri et al. 1995). A more aurate

analysis via model preditions from the evolution of Type 1 and Type 2

AGNs is underway (La Frana et al., in preparation).

6.9 The ontribution of the HELLAS soures to

the sub-mm bakground

Obsured AGNs are thought to ontribute a large fration of the hard

X{ray bakground (see the introdution), and have also been proposed

as the power-house of a fration of SCUBA (i.e. sub-millimeter)

soures, whih make most of the 850 �m bakground. From the strong

similarity existing between the broad-band bakground spetrum and

that of obsured AGNs (Vignati et al. 1999) it is possible to argue

that absorbed AGNs do signi�antly ontribute to the IR bakground

by reproessing of primary radiation into longer wavelengths, from the

far infrared to the sub-mm regions. Even though the exat shape of

the infrared{sub-mm spetrum of suh soures is rather unertain in

most ases, the integrated luminosity an be estimated by the X{

ray one. The result is that the absorbed AGNs ould aount for a

substantial fration of the sub-mm radiation, ranging from 20 up to 50

% (Almaini, Lawrene & Boyle 1999) if the reproessing material were

suÆiently old. Therefore AGNs ould be the link between the two

spetral windows. However, the nature of the energy powering strong

IR and sub-mm galaxies is still matter of debate, espeially after ISO
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results (Genzel et al. 1998; Lutz et al. 1998), whih suggest that star-

formation provides most of the energy output at these wavelengths. On

the other hand, some high-z SCUBA soures appear to host an ative

nuleus (Ivison et al. 2000).

In order to takle this issue, four HELLAS soures plus several

more hard X{ray soures have been observed in the sub-mm (Severgnini

et al. 2000). None has a ounterpart at 850 �m , exept for a Chandra

soure whih is likely to be assoiated with a highly obsured Type 2

objet at high redshift.

In partiular, the 2{10 keV soures with uxes greater than 10

�15

erg m

�2

s

�1

(whih make about 75 % of the hard X{ray bakground,

Mushotzky et al. 2000) ontribute for less than 7 % to the sub-mm

bakground. Moreover, the F

850�m

/F

5 keV

ratio derived from the sub-

mm soures without a hard X{ray ounterpart do suggest that either

strong starburst ativity or a Compton-thik AGN (with an absorbing

olumn density exeeding 10

25

m

�2

) an be responsible of the sub-mm

emission.

The latter hypothesis has been developed extensively through a

di�erent approah by Brusa, Comastri & Vignali (in preparation), with

similar results.
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Radio observations of

the HELLAS soures

7.1 Introdution

T

he multi-wavelength analysis of the HELLAS soures has been

ompleted by radio follow-up observations whih, ombined

with ross-orrelations with NVSS and FIRST arhival data,

has allowed a further investigation on the emitting properties of the

hard X{ray seleted HELLAS sample.

7.2 Radio follow-up observations and data

redution

20 HELLAS soures with delination lower than �40

Æ

have been

observed with the Australia Telesope Compat Array (ATCA) in June

1999 with the 6.0A on�guration at 6 m (bandwidth of 128 MHz).

Eah soure was observed for about 25 minutes, reahing a 5 � ux

limit of about 0.5 mJy.

The soures with delination higher than �40

Æ

have been observed

at the VLA with the C on�guration (April 2000), at 4.86 GHz

(bandwidth of 50 MHz). In this on�guration, the synthesized beam

size (full width at half power, FWHP) is about 4 arse, whih should

allow to pinpoint optial identi�ations to a few arse, exept for

asymmetri multiomponent soures. The FWHP of the primary beam

is about 9 armin, whih should allow to study the radio ounterparts

of the HELLAS soures (if any) and their environment, whih is

needed to ompute the �eld soure density and to estimate a reliable
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number of spurious oinidenes. The �nal 5 � ux limit is about 0.4

mJy, onsiderably deeper than the NVSS and FIRST surveys. The

frequeny of 4.85 GHz and the ux limit an be onsidered a good

ompromise between a deep survey and the neessity of avoiding strong

ontamination of spurious soures within the X{ray error box. Indeed,

at 0.4 mJy the surfae density of the 6 m radio soures population

is � 70/deg

2

, while at 0.1 mJy level it beomes about 365/deg

2

, thus

drastially inreasing the number of hane assoiations. At 20 m the

situation is muh more ritial, sine at 0.1 mJy the surfae density

inreases to 1000 soures/deg

2

.

7.2.1 Data redution

ATCA data were alibrated against PKS 1934�638 (having a ux

density of 6.26 Jy at 6 m) and analyzed through the MIRIAD

software pakage, while for VLA data the NRAO AIPS redution

pakage was used and 3C 286 was hosen as primary ux density

alibrator (assuming a ux of 7.41 Jy at 4.85 GHz). The task UVFLAG

was used to \ag" (delete) the orrupted data (e:g: bad integration,

non operating antennas, high amplitudes due to interferenes), while

the tasks VLACALIB and GETJY were used to alibrate the data and

to determine the soure ux densities. Finally eah observation was

leaned using the task IMAGR.

The rms noise of eah pointing was estimated using the amplitude

distribution of the pixel values in the leaned map before orreting for

primary-beam attenuation. The rms of the noise distribution alone is

assumed to be nearly equal to the rms of that distribution obtainable

by reeting the negative ux portion of the observed amplitude

distribution. A good agreement is obtained between the observed and

the theoretial rms noise levels. Some �elds show a slightly higher than

average rms value, this being aused by the presene of nearby strong

radio objets. No evident strutures or irregularities were found in the

rms maps.

7.2.2 Regions for the soure extration

The radio soures have been searhed in a square entral region of 8

� 8 armin. In eah region the rms used for soure extration is the

highest rms in the region. In this way we are on�dent that all the
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soures extrated are above the �xed threshold in the region. Within

eah region, the radio soures up to a peak ux density � 5 times the

rms value of the region have been seleted and for eah soure the ux,

the position and the size are estimated using a least square Gaussian

�t (Condon 1997).

For what onerns multiple soures, the ones separated by less

than two times the value of the synthesized beam size and with a

ux ratio lower than 2 have been onsidered as a unique soure. This

riterion has been adopted sine the omponent ux density ratio of

physially doubles is usually small (

<

�

2), while the projetion pairs an

have arbitrarily large ux density ratio (Condon, Condon and Hazard,

1982).

7.3 Cross-orrelation with NVSS and FIRST

In order to extend the knowledge of the radio properties of the HELLAS

soures at 20 m, the sample has been ross-orrelated with the NVSS

and the FIRST on-line atalogs with a searhing radius of 90 arse.

The NRAO/VLA Sky Survey (NVSS), arried out with the

National Radio Astronomy Observatory's Very Large Array at 20 m

(1.4 GHz), overs the sky north of �40

Æ

with a resolution of 45 arse

(Condon et al. 1998). The atalog ontains soures with a peak

brightness in exess of 2.5 mJy/beam (5 �), and provides further

information on the deteted radio soures suh as sizes and linear

polarization (whih have not been onsidered in the following analysis).

The Faint Images of the Radio Sky at Twenty-m (FIRST: Beker,

White & Helfand 1995) is a projet designed to produe the equivalent

in the radio band of the Palomar Observatory Sky Survey. The nominal

frequeny of this survey is 1.4 GHz (like the NVSS), with the limiting

ux being onsiderably lower (1 mJy at 5 � on�dene) than NVSS, as

well as with a better spatial resolution (about 5 arse).

7.4 The HELLAS soures at radio wavelengths

As said above, all the HELLAS �elds have been overed by radio follow-

up observations, exept for 4 �elds (for whih only NVSS data are

available). The BeppoSAX error box has been assumed to be of about

90 arse, in order to be absolutely onservative in the ross-orrelation
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proess, even though it must be noted that on average BeppoSAX

positions of the HELLAS soures are better de�ned than 90 arse

(fr., for omparison, hapter 6). For the low number of high-Galati

latitude �elds with neither the target nor a known soure in the same

�eld-of-view the error box has been assumed to be of 2 armin (sine

no orretion to the astrometry was possible).

Figure 7.1: Distribution of the distanes between radio and X{ray

(BeppoSAX ) position. The spetrosopially identi�ed soures are marked

di�erently.

Given these assumptions, 63 X{ray/radio oinidenes have been

found. The radio positions for 10 soures are quite di�erent from the

optial ones (assumed to be the real position of the X{ray soures).

Some of these soures have a soft X{ray ounterpart in ROSAT, whose

oordinates are onsistent with the optial position. Thus we are

on�dent that these 10 soures are really spurious assoiations, the

�nal number of radio/X{ray assoiations being therefore 53/147 � 36
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% of the HELLAS sample. In Fig. 7.1 the distribution of the distanes

between X{ray and radio position is showed. In partiular, the radio

soure having larger distane than 2 armin from the X{ray entroid

is assoiated with a a radio-galaxy in a luster.

Considering the frequeny and the ux limit of the present survey

(6 m and 0.4 mJy, respetively), the expeted number of spurious

soures using an error box of 90 arse is � 20, onsidering a surfae

density of N(S) = 0.42 � (S/30)

�1:18

, where N(S) is the number of

objets per armin

2

and S the ux in �Jy (Fomalont et al. 1991).

In 7 �elds more than one radio soure is present in the X{ray

error box: in these situations, the radio soure nearest to the X{ray

position and/or present both at 6 m and at 20 m (in order to be more

on�dent on the detetion of the soure) has been hosen.

5 soures have only a 20 m ux measurement, 22 soures only at

6 m, while for the remaining 26 objets a lear detetion (above 5 �)

is present at both the wavelengths. In these ases, assuming no soure

variability in the time elapsing between 20 and 6 m observations, it

has been possible to ompute a radio spetral slope, whih is reported

in Table 7.1 along with soure positions, ux densities and the radio-

to-optial and optial-to-X spetral indies (desribed below). The

average radio slope is � = 0.8 (where the ux density S

�

/ �

��

).

Interestingly enough, the likely radio ounterparts of HELLAS 321

and 323 (Lokman Hole) and HELLAS 353 onsist of 5 omponents.

In partiular, the radio soure in HELLAS 321 error box (Fig. 7.2) is

an absorption-line galaxy at z = 0.469 (RDS 116 A, see Lehmann et

al. 2000), but in the neighboring region there are also a Type 2 objet

at a (photometri) redshift of 1.94 (Pozzetti, private ommuniation)

and another emission line galaxy (Lehmann et al. 2000), whih an be

assoiated to the BeppoSAX soure.

The 6 m uxes (in mJy, see Table 7.1) are plotted in Fig. 7.3 as a

funtion of the 5{10 keV BeppoSAX uxes. Among the radio brightest

soures we have the 2 BL La objets (HELLAS 72 and 265), the

radio-loud AGNs previously known by atalog and two Type 1 objets

disovered in the ourse of the survey (HELLAS 54 and 205). The 4

luster (out of 6 whih are present in the HELLAS survey) have their

radio emission assoiated with a radio galaxy (HELLAS 307, 392 and

400) or a small group of galaxies (HELLAS 241).

The radio-loudness of the two Type 1 objets HELLAS 54 and 205
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Soure ID RA DEC F

20 m

F

6 m

�

R

�

radio�X

�

radio�ott

�

RO

�

OX

(J2000) (J2000) (mJy) (mJy) (arse) (arse)

6 06 23 50.91 �69 20 8.1 0.59�0:10 71.5 0.8 0.15 1.62

10 14 48 25.59 �69 19 52.2 0.95�0:10 42.8 2.8 0.15 1.51

26 05 50 6.61 �61 01 23.3 0.97�0:10 76.9 2.5 �0.05 2.18

37 23 15 46.73 �59 03 15.8 15.4�0:10 83.4 2.9 �0.18 2.80

54 04 38 47.01 �47 28 0.9 132.3�1:0 66.1 0.6 0.76 1.06

57 05 20 44.78 �45 41 27.3 4.9�0:10 49.6 5.3 0.53 0.94

72 03 33 12.54 �36 19 47.5 14.7�1:0 not obs. 36.6 4.6 0.36 1.39

73 03 36 54.01 �36 16 5.1 501.3�15 not obs. 34.0 1.9 0.67 1.34

84 13 36 39.00 �33 57 57.4 239.1�0:8 60.0 6.7 0.06 2.66

90 01 34 25.61 �30 05 50.9 4.6�0:5 0.41�0:05 2.03 57.8 > 0.45 < 1.34

97 13 50 15.40 �30 20 9.6 0.69�0:11 79.3 1.3 0.04 1.66

100 13 48 19.51 �30 11 54.0 11.5�1:0 4.68�0:13 0.75 50.9 1.0 0.21 1.77

136 09 46 21.89 �14 10 45.0 0.37�0:05 62.7 12.7 0.09 1.60

149 20 44 34.95 �10 28 9.1 9.0�0:5 4.30�0:17 0.61 35.6 2.5 0.28 1.62

150 13 05 33.00 �10 33 19.1 711.7�21:4 1150�1:0 �0.4 44.9 0.1 0.52 1.68

160 13 05 36.10 �05 42 0.3 6.8�0:5 2.10�0:11 0.98 89.9 > 0.39 < 1.08

162 13 04 44.20 �05 33 40.2 0.58�0:05 13.5 > 0.28 < 1.36

169 12 40 36.89 �05 07 52.8 40.3�2:3 109.2 3.6 0.19 2.03

174 02 42 14.53 00 02 51.9 1.65�0:20 80.2 1.5 0.25 1.70

180 13 42 46.03 00 20 28.3 97.6�3:5 29.5�0:5 0.99 49.7 > 0.60 < 1.24

185 05 15 11.83 01 08 21.0 0.48�0:05 31.4 > 0.27 < 1.36
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Soure ID RA DEC F

20 m

F

6 m

�

R

�

radio�X

�

radio�ott

�

RO

�

OX

(J2000) (J2000) (mJy) (mJy) (arse) (arse)

200 16 50 42.77 04 36 18.4 1.63�0:10 70.7 1.1 �0.03 1.81

205 23 29 5.79 08 34 16.4 173.4�5:2 197.8�0:4 �0.11 55.0 1.3 0.78 1.17

228 13 53 54.43 18 20 16.6 0.43�0:05 16.4 0.7 0.06 1.49

230 2 15 28 44.59 19 44 34.9 1.26�0:16 1.16�0:05 0.07 40.4 1.0 0.41 1.17

241 14 18 32.38 25 12 1.0 38.9�1:6 12.8�0:21 0.92 56.8 4.0 0.39

243 08 37 37.03 25 47 50.5 1.18�0:20 1.07�0:15 0.08 3.2 1.2 0.10 1.71

246 08 38 59.27 26 08 13.1 7.4�0:5 1.89�0:15 1.13 8.5 0.8 0.03 1.65

250 23 55 53.90 28 35 54.0 697.2�24:6 286.7�0:5 0.74 13.9 5.6 0.64 1.45

256 22 41 27.56 39 43 33.9 0.84�0:11 88.9 > 0.31 < 1.21

265 12 17 52.08 30 07 0.3 572.7�21:4 384.8�3:1 0.33 24.3 0.8 0.39 2.04

278 10 34 56.41 39 39 40.8 1.6�0:2 60.4 0.8 0.03 1.87

279 16 54 43.03 40 02 46.2 81.5�3:0 36.3�0:35 0.67 42.2 2.4 0.23 1.89

288 12 19 21.27 47 12 13.4 9.1�0:2 66.7 > 0.43 < 1.35

290 12 19 52.40 47 20 58.7 3.4�0:6 1.21�0:05 0.86 70.1 2.3 0.26 1.55

292 12 17 51.07 47 30 13.6 0.41�0:07 63.9 5.7 0.21 1.29

307 12 26 46.75 55 29 7.0 8.3�0:6 2.34�0:12 1.05 122.5 0.7 0.06

319 10 54 21.14 57 25 44.6 1.4�0:2 0.50�0:05 0.86 37.7 0.5 0.15 1.48

321 10 52 37.39 57 31 4.1 65.9�2:4 16.09�0:15 1.17 69.0 0.1 0.61 1.32

323 10 54 26.24 57 36 48.2 192.9�6:8 37.30�0:15 1.36 44.1 1.5 0.44 1.65

328 16 34 12.53 59 49 13.7 0.87�0:15 60.0 1.3 0.14 1.88

340 2 17 50 38.81 60 56 42.5 4.7�0:5 2.11�0:11 0.67 108.9 > 0.39 < 1.27
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F
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�
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�
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RO
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(J2000) (J2000) (mJy) (mJy) (arse) (arse)

346 1 17 53 47.71 60 58 58.8 0.47�0:10 53.9 > 0.27 < 1.38

353 18 03 47.38 61 09 22.2 133.2�5:0 39.0�0:5 1.02 67.2 > 0.62 < 1.48

354 18 18 51.06 61 14 18.4 2.54�0:06 59.9 > 0.40 < 1.27

364 14 38 26.71 64 28 59.8 0.65�0:05 88.5 0.2 0.08 1.68

375 15 19 33.69 65 35 0.8 1.08�0:20 42.1 2.8 0.01 1.70

375 1 17 40 22.32 67 41 38.1 4.2�0:5 5.57�0:06 �0.23 99.3 > 0.47 < 1.19

375 2 17 42 50.51 67 59 33.5 7.4�0:5 2.71�0:09 0.84 110.5 > 0.41 < 1.22

387 11 01 48.92 72 25 38.0 1245.6�37:4 864.1�1:3 0.30 34.8 1.4 0.66 1.51

392 07 41 44.70 74 14 39.8 22.7�1:6 1.50�0:15 2.26 25.2 2.0 0.06

400 12 22 6.50 75 26 14.9 1.60�0:05 2.15 0.1 0.14

413 21 21 36.16 89 02 16.4 61.0�1:9 19.5�0:17 0.96 29.5

Table 7.1: Properties of the radio ounterparts of the HELLAS soures. The spetrosopially identi�ed objets

in the table are in boldfae. For the remaining unidenti�ed soures, the R magnitude (from USNO atalog) of the

nearest optial objet (if any) has been assumed in the omputation of the indies.

For the luster, the �

OX

has not been omputed sine the X{ray emission is likely to have also a di�use thermal

omponent.
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Figure 7.2: The radio ontours for the HELLAS soure 321 obtained at the

VLA (6 m).

is on�rmed by omputing and plotting (Fig. 7.4) the broad-band two

frequenies spetral indies de�ned as:

�

RO

= Log (F

5 GHz

/F

2200

�

A

)/5.38

�

OX

= Log (F

2200

�

A

/F

2 keV

)/2.605
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Figure 7.3: Radio uxes (at 6 m) against 5{10 keV ux. Symbols are as in

previous hapters. Crosses indiate the unidenti�ed HELLAS soures.

The radio ux at 6 m is obtained by the present observations or by

extrapolating the 20 m ux density with a power-law slope with � =

0.8 (the average of the distribution). The optial 2200

�

A ux is derived

by the R magnitude (when possible, obtained by photometri follow-up

observations, otherwise from the USNO atalog, see hapter 6) with

an optial slope of � = 0.5. For the unidenti�ed HELLAS soures,

the optial objet nearest to the radio position has been hosen in

omputing the indies (14 ases). The upper limits in the �

RO

{ �

OX

plane are alulated assuming R = 20, i.e. the optial magnitude limit

of the plates (13 soures). The 2 keV monohromati ux is derived

from the measured BeppoSAX 5{10 keV ux and assuming an X{ray

slope � = 0.6 (� = � � 1).

Two Type 1 objets (HELLAS 149 and 290) are in the intermediate

region between radio-quiet and radio-loud objets, whih is indiated
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QUASAR
(AGN RL)

BL LAC

QSO and Sy
(AGN RQ)

NORMAL
GALAXIES

Figure 7.4: �

RO

vs. �

OX

index for the majority of the HELLAS soures

whose radio properties are listed in Table 7.1. The short-dashed lines

indiate the areas typially oupied by di�erent lasses of extra-galati

objets. This diagram an be used as a preliminary lassi�er for X{ray

soures prior to optial spetrosopy. The horizontal long-dashed line

is an indiative dividing line between the radio-quiet and the radio-loud

population (Giommi et al. 1999).

in Fig. 7.4 by the long-dashed horizontal line (�

RO

' 0.25, Giommi,

Menna & Padovani 1999). The short-dashed lines show the typial

areas oupied by di�erent lasses of extra-galati objets and an be

used as a preliminary lassi�er for X{ray soures. It is interesting to

note the position of the bright, optially dull radio-galaxy IC 4296,

whih lies in the extreme �

OX

region. Most of the unidenti�ed objets

are loated in the radio-loud region, in partiular that populated by

the radio-loud quasars (see Fig. 7.2).
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Survey F

X

limit F

1 keV

F

R

limit F

R

/F

1 keV

% Radio/X Referenes

(erg/m

2

s) (�Jy) (mJy) (� 10

3

) assoiations

Marano + 20 m ATCA 4�10

�15

0.00110 0.20 181 (4/50) � 8 % Zamorani et al. (1999)

LOCKMAN + 6 m VLA 1�10

�15

0.00030 0.05 167 (9/75) � 12 % Ciliegi et al. (2000)

CRSS + 20 m VLA 2�10

�14

0.00596 0.70 117 (7/80) � 9 % Ciliegi et al. (1995)

LOCKMAN + 20 m VLA 5�10

�15

0.00149 0.12 81 (16/135) � 12 % de Ruiter et al. (1997)

EMSS + 6 m VLA 8�10

�14

0.01340 0.80 60 (167/625) � 27 % Stoke et al. (1991)

LSS ASCA + FIRST 1�10

�13

0.02200 1.00 45 (12/34) � 35 % Akiyama et al. (2000)

HELLAS + 6 m + 20 m 5�10

�14

0.02450 0.50 20 (53/147) � 36 % Ciliegi et al. (in prep.)

Table 7.2: Summary of the results onerning radio/X{ray assoiations from

previous X{ray surveys and the present one.

7.5 Comparison with other X{ray samples

Previous radio follow-up of X{ray seleted samples have shown di�erent

perentages of radio/X{ray assoiations. Using 20 m observations of

ROSAT X{ray seleted samples, Ciliegi et al. (1995), de Ruiter et al.

(1997) and Zamorani et al. (1999) found only � 10 % of radio/X{ray

oinidenes, while Stoke et al. (1991) found a signi�antly higher

fration (about 27 %) for the X{ray soures in the Extended Medium

Sensitivity Survey (EMSS). The value obtained for the HELLAS

soures, about 36 % (i.e. 53/147), is omparable to that obtained

by Akiyama et al. (2000) in the ourse of the ASCA Large Sky Survey

(� 35 %), whih is medium-hard X{ray seleted. The perentage of

radio/X assoiations is a funtion of the ux limits ratio: the lower

this ratio is (i.e. deeper radio data in omparison to the X{ray ux

limit) the higher is the fration of X{ray objets with a likely radio

ounterpart. It seems also plausible to suggest a dependene on the X{

ray energy band: the hardest the band is, the highest the probability

of an assoiation to a radio soure is, i.e. at hard X{ray energies it is

likely to pik up a higher fration of AGNs. It must be kept in mind,

however, that the high perentage is to be intended as an upper limit,

due to the number of possible spurious oinidenes (as desribed in

the previous setion).

In Table 7.2 some X{ray surveys with radio follow-up observations

are shown, along with the radio-to-X{ray limit ratio. The ratio of �

20 � 10

3

is about an order of magnitude larger that the typial radio-

to-X{ray ratio of the radio-quiet AGNs (Elvis et al. 1994), but within

the satter of the radio-quiet population. Thus, when the radio-to-

X{ray ux limits ratio beomes lower than 20 � 10

3

it is possible to
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start seeing also some radio-quiet AGNs in addition to the radio-loud

population, as shown in Fig. 7.4.

Most important, the HELLAS sample is the �rst (very) hard X{ray

seleted sample so far to be ompletely observed at radio wavelengths.

In fat, previous studies about the X{ray/radio oinidene were based

almost exlusively on samples of soft X{ray seleted objets (e.g. Boyle

et al. 1993; Hamilton & Helfand 1993), the sole exeption being the

ASCA LSS (Akiyama et al. 2000).

If the nature of hard X{ray seleted soures is really di�erent

(Type 2 quasars, red AGNs, et.) from that of soft X{ray seleted

AGNs, radio observation may help in understanding the true nature of

these objets. Further radio investigation, possibly in polarization, are

required to assess the nature of X{ray obsured objets and the fration

of sattered emission, whih has been tentatively suggested (hapter 4)

to explain the soft X{ray properties of the HELLAS soures.
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Conlusions

T

he HELLAS soures provide the �rst hard X{ray seleted sample

obtained with an imaging instrument in the 5{10 keV energy

range, as previous ASCA surveys were arried out primarily in

the softer 0.7{7 and 2{10 keV bands (Ueda et al. 1999a,b; Della Cea

et al. 1999). At the ux limit of about 5 � 10

�14

erg m

�2

s

�1

, the

integrated ux of the HELLAS soures aount for about 30 % of the

XRB. The sky overage sampled by BeppoSAX is high enough to allow

to �nd sizeable samples of rare objets (red quasars, X{ray ative but

optially dull galaxies, narrow-line quasars), whose optial ounterparts

an be spetrosopially identi�ed in order to investigate their broad-band

properties and to reliably test AGNs synthesis models.

A signi�ant fration of AGNs are though to be obsured and esaped

from traditional seletion riteria. Suh population of obsured objets

will appear signi�antly either in the hard X{rays (whih are able to pass

through obsuring) or in the radio band. Sine radio-seleted AGNs are

dominated by radio-loud ative nulei, whih are only about one-tenth of

the radio-quiet population (Osterbrok 1991), hard X{ray seletion is the

best way to pik up AGNs without bias against absorbed AGNs, and to

unveil the \aretion history" of the Universe. Indeed, the BeppoSAX

hardness ratio analysis do reveal the presene of X{ray absorption in a

sizeable number of objets, despite of their optial lassi�ation.

The most important results disussed in this thesis are summarized in the

following.

The HELLAS 5{10 keV integral LogN-LogS slope, q =�1.56�0:14 (where

N(>S) / S

�q

), is onsistent with being Eulidean. The extrapolation of

the HELLAS ounts towards fainter 5{10 keV uxes agrees with the reent

XMM-Newton results in the Lokman Hole (Hasinger et al. 2001). A good

math is also obtained with ASCA (Ueda et al. 1999a; Della Cea et al.
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1999) and reent Chandra (Mushotzky et al. 2000) soure ounts in the

2{10 keV energy range assuming a � = 1.6 spetral slope. This means

that over three deades in X{ray uxes the LogN-LogS is onsistent with

an Eulidean slope.

Another striking result, stritly related to the hoie of the detetion

band, is the �nding of a high number of hard X{ray soures. Both the

softness ratio diagram (hapter 3) and the omparison of soft to hard X{

ray uxes (hapter 4) learly indiate that a sizeable number of BeppoSAX

soures require a at slope and/or absorption olumn densities in exess to

the Galati one, often larger than 10

22

{10

23

m

�2

. This allows to test in

a quantitative way the AGNs synthesis models for the XRB, whih indeed

require a mixing of absorbed and unabsorbed objets to reprodue both

the shape of the XRB and the soure ounts (e.g. Comastri et al. 1995).

Interesting enough, a fration of soures whih in the hard X{rays

suggest the presene of substantial X{ray absorption (despite of their

optial identi�ation), are haraterized by hard olors also in soft X{rays.

This means that even with lower eÆieny it is possible to pik up absorbed

objets also in the soft X{rays. Evidenes of absorbed objets have also

been drawn, even though in a lower number of ases, from the ROSAT

Deep Survey in the Lokman Hole (Hasinger et al. 1998; Lehmann et

al. 2000), where some \extreme" soures in the hardness ratios diagram

appear as the \tip of the ieberg" of that hard X{ray population whih is

better sampled by BeppoSAX .

Both BeppoSAX and ROSAT analysis of the HELLAS soures reveal

that the average spetral properties are not well aounted for by a

simple absorbed power-law model. More omplex spetra are required

in a high number of ases, and this is partiularly true for very absorbed

objets. Reproessing by means of sattering radiation and/or starburst

omponents are required, in most ases involving about 10{50 % of the

primary radiation. Similar evidenes have been obtained also from ASCA

(Della Cea et al. 1999) and Chandra (Giaoni et al. 2001) surveys.

The presene of a soft omponent not diretly related to the nulear

emission might easily lead to a wrong estimate of the intrinsi soft X{ray

luminosity, espeially for heavily absorbed soures. Aording to the XRB

synthesis models, absorbed AGNs beome progressively more important

towards faint uxes and thus spurious evolutionary terms an be introdued

in the luminosity funtion derived from soft X{ray seleted samples. An

estimate of the importane of this bias is not straightforward and also
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strongly model-dependent (see Miyaji, Hasinger & Shmidt 2000 for a

detailed disussion). The nature of this additional omponent will be

probed by Chandra and XMM-Newton observations.

The Type 1/Type 2(+ELGs) ratio (alulated on the \restrited"

HELLAS sample, i.e. applying a magnitude limit to eah lass of objets)

is about 0.48, higher than in previous soft (0.24, Lehmann et al. 2000)

and medium-hard X{ray seleted surveys (0.20, Akiyama et al. 2000), and

beomes higher if all the \blank �elds" host a Type 2 objet.

The optial follow-up spetrosopy identi�ation program has revealed

that while at redshift lower than 0.3{0.4 the HELLAS soures are

assoiated to absorbed Type 2 AGNs and narrow-line emission line galaxies,

along with unabsorbed Type 1 AGNs (Seyfert galaxies and quasars), at

higher redshifts the presene of X{ray absorption in a sizeable fration of

Type 1 AGNs represents a new, intriguing issue to be demanded to further

Chandra and XMM-Newton observations, and learly indiates that AGNs

properties annot be exhaustively interpreted without a multi-wavelength

approah, whih an be the only plausible way to explain the deoupling

between their optial and X{ray properties. In fat, sine the dust is

responsible for optial attenuation, while gas for soft X{ray absorption, the

presene of broad-line objets with large amount of absorption in the X{rays

suggests dust-to-gas ratio far lower than the Galati one or the existene

of dust grains with di�erent properties than previously known or thought

(Maiolino et al. 2001). An alternative but viable explanation for this

behavior onsists in assuming the presene of a \warm absorber", a plasma

photo-ionized by the AGN radiation, whih has been extensively observed

and studied in nearby Seyfert galaxies (Reynolds 1997). The typial

ionization state of these warm absorbers in Seyfert galaxies is suh that

oxygen is highly ionized. Sine transitions in the optial band disappear

when plasma is highly ionized, the optial absorption would not take plae.

However, it must be assumed that the radiation �eld of this kind of objets

is high enough that dust sublimates at high rates and its ontribution

to optial extintion is very low. Optial spetropolarimetry observations

should allow to probe the presene and quantify the importane of dust

sattering in these soures.

Strong X{ray absorption (N

H

> 10

23

m

�2

) in high-redshift broad-

line AGNs has also been reported in 4 objets deteted in the ourse of

the ASCA Large Sky Survey (Akiyama et al. 2000), and reent results

from Chandra observations seem to on�rm this result at muh lower X{
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ray uxes (Fiore et al. 2000b; Gilli, private ommuniation). The present

results involve both the not dominant population of radio-loud objets,

whih past and reent observations revealed to be absorbed in the X{

rays in a large number of ases (Elvis et al. 1994b; Cappi et al. 1997;

Fiore et al. 1998; Yuan et al. 2000), and the population of radio-quiet

quasars. It must be also noted that the broad-absorption line quasars

spetral properties suggest the presene of large amount of absorption in

the X{rays (Gallagher et al. 1999; Brandt et al. 2000b).

Aording to AGNs synthesis models (i.e. Comastri et al. 1995),

the soures responsible for the XRB must be haraterized by a spetral

energy density spanning a wide range of luminosities and absorption olumn

densities, in order to reprodue both the XRB spetrum and the soure

ounts in di�erent energy ranges. In partiular, the energetially dominant

ontribution omes from soures around the knee of the X{ray luminosity

funtion (L

X

� a few 10

44

erg s

�1

at z=1) and with absorbing olumn

densities of the order of 10

23

m

�2

(Comastri 2000). These objets, the

so-alled \QSO 2", i.e. quasars with optial narrow-emission lines, have

been extensively searhed, but, at present, only a handful of andidates

have been found, the most interesting of whih being the z = 0.9 quasar

AX J08494+4454, laking both optial (Ohta et al. 1996) and near-

infrared broad lines (Nakanishi et al. 2000). The results obtained by

HELLAS suggest that if the the lassial statement of obsured Type 2

� narrow optial lines is removed, the moderate/high-redshift absorbed

Type 1 objets ould have the same role of the so far elusive lass of

Type 2 AGNs in ontributing to the XRB.

Remarkable results have also been obtained by the photometri follow-

up observations of a subsample of HELLAS soures. Interesting enough,

the optial and the near-infrared properties of a fration of intermediate

(1.8{1.9) and Type 2 objets (Maiolino et al. 2000), as well as red quasars

(Vignali et al. 2000a), are dominated by the stellar omponent of the

galaxies hosting the (obsured) X{ray ative nuleus. This result has

straightforward onsequenes, sine it implies that a fration of soures

responsible for the hard XRB may be hosted by normal, passively-evolving

galaxies and ould have been missed by previous optial surveys based on

olor-seletion riteria.

Finally, HELLAS represents a omplementary probe of the hard X{

ray Universe with respet to the more reent, penil-beam Chandra and

XMM-Newton surveys. Indeed, even though these surveys provide a fator
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50 inrease in sensitivity in the 2{10 keV energy range (reahing a ux

limit F

2�10 keV

� 3 � 10

�15

erg m

�2

s

�1

, where 70{90 % of the hard

XRB is resolved into disrete soures), they are e�etively limited by the

small portion of sky surveyed: 0.1{0.2 deg

2

for Chandra (Mushotzky et al.

2000; Giaoni et al. 2001) and 0.2 deg

2

for XMM-Newton (Hasinger et

al. 2001).

The hard X{ray sky view drawn from BeppoSAX , i.e. the extremely

varied properties of the soures ontributing to the hard XRB, is being

on�rmed and extended to lower uxes by Chandra and XMM-Newton

�ndings, suggesting that AGNs synthesis models might be tenable if the

zoo of hard X{ray soures is populated also by absorbed broad-line AGNs

and by obsured objets hosted by passively evolving galaxies and without

any evidene of ativity in the optial band.
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SCENE It's a fine sunny day in the forest, and a rabbit

is sitting outside his burrow, tippy-tapping on his

typewriter.

Along omes a fox, out for a walk

FOX ``What are you working on ?''

RABBIT ``My thesis''

FOX ``Hmm... What's it about ?''

RABBIT ``Oh, I'm writing about how rabbits eat foxes''

(inredulous pause)

FOX ``That's ridiulous ! Any fool knows that rabbits

don't eat foxes''

RABBIT ``Sure they do, and I an prove it. Come with

me''

They both disappear into the rabbit's burrow.

After a few minutes, the rabbit returns, alone,

to his typewriter and resumes typing.

Soon, a wolf omes along

and stops to wath the hardworking rabbit.

WOLF ``What's that you're writing ? ``

RABBIT ``I'm doing a thesis on how rabbits eat wolves''

(loud guffaws)

WOLF ``You don't expet to get suh rubbish published,
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do you ?''

RABBIT ``No problem. Do you want to see why ?''

The rabbit and the wolf go into the burrow,

and again the rabbit returns by himself, after a few minutes,

and goes bak by typing.

SCENE Inside the rabbit's burrow. In one orner, there

is a pile of fox bones. In another orner, a pile of wolf

bones. On the other side of the room a huge lion is

belhing and piking his teeth.

The End

MORAL It doesn't matter what you hoose for a thesis

subjet.

It doesn't matter what you use for data.

What does matter is who you have for a thesis advisor.
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