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X-ray emission Magnetosphere

‘Neuiron Siur'




Ossarmfwio

Ashouomii\o di
Thin Kk s

@ Geometrically thin
@ Optically thick
@ Quiet
S

Approximated as:
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@ High variability on all ime scales @ Complex and hard spectrum
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RXTE/ASM light curves
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@ X-ray binaries & Black holes?
@ Black holes & Mass

,-...\\ "
@ Accretion - @ Dynamical

@ Jet ejection & Others??

@ GR / Spin —
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Take a transient system
Wait for quiescence
Measure optical spectrum
Obtain mass function N
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@ Take a transient system
Wait for quiescence

%
@ Measure optical spectrum
&> Obtain mass function -
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@ g and i needed

@ Mass ratio:

1 estimate from spectral type

1 emission lines from accretion disk

1
1

—

1 photometric data
@ Inclination:
1 external info (jet inclination?)

|
1 photometric data

"

We need photometric data (in quiescence!)
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Optical light curves
Ellipsoidal variations
Complications
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/ Ultra-soft X-ray spectrum
/7 Hard spectral tail \

'/ Strong aperiodic noise

/" Inner radius of accretion disk
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© Accretion rate as main parameter
. )
“Many systems are observed as transients
* Quiescence: low accretion rate (Lx = 1054 erg/s)

* Qutburst: large uccrmte (Lx =10 erg/s)
* |mportant fo study accretion rate range
v

.

Black Hole
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H /N a2
5 S Ww
NS: AqIXl BH: GS 2023+338

Rutledge et al. (2002)

0.1

0.01

1073

-8-4-20 2 10°*

channel energy (keV)

S“Canonical” NS spectrum | '
SBB/NS Atm., kT=0.1-0.3 keV “Power low, phofon index 12
plus A

SPower law, photon index 1-2 “Optically thin plasma, kT=2-3 keV
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& Clear segregation in Ly
SLarger min-max L swing in
. BHthan NS

—

Similar binaries: similar swing in mass inflow rate expected

Different mass-to-radiation conversion efficiency?
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mass-to-radiation
conversion efficiency
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Log Mass inflow rate {(Eddington units)

For low rates, increasing fraction of energy stored in the accretion flow

€ G .

“In BH: energy “lost” in the horizon

€ o

“In NS: energy is release at the surface
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Jet-dominated aidvective flrt

Kording et al. (2006)

Accretion rate from radio

Lrad 2 M14

Independent of X rays

o 0o Neutron Stars

4 44 Hard state BH
mmm GRS 1915 Plateau
» » » BH normalisation points

-2.0 -1.5 -1.0
Log Mpag | Mgy
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% Known since Uhuru
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 Hard State: hard (Comptonization?) component,
very soft (if any) disc

 Soft State: S&S disk + \x
weak steep power law

GRO J0422+32 | \
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Cutoff vs. no cutoff
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Same component? 0.0001

0.001 0.010 0.100 1.000
Energy (MeV)
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Hard State: very strong (30-50%) noise, low-frequency QPOs
ofi State: weak power law

30 30

Disc should not be noisy

Same component?

requency (Hz)
Belloni et al. (1999)
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® Hard State: radio emission, compact jets
> Soft State: radio quiet - no jet?

10-8 10-s
T |

4+ V404 Cyg (3.5 kpe) - o - Radio/mm IR/optical X-ray  Gamma-ray A

| @ GX 338-4 (4 kpc)

B!

— o 1E 1740.7-2042 {8.5 kpc)

001 r

0.0001

1e-06 _ Soft State)

radzo J '
le-08 bt

"','I"{')',tim' B 07 S I R - le+08 le+l10 le+l2 le+l4d le+l6 le+l8 le+20 le+22

Scaled X—ray flux densily {Crab; 2—-11 ke V) Fl‘equency (HZ)

—
(]
TTTT

Sclaed radic flux density (mly)

=
TTT

Gallo et al. (2003)
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® Hard State: correlations
 Soft State: radio quiet

hard intermediate

3' state

soft intermediate
& soft states

H—band flux density (mdy)
10

71" 10710 107° 1078
Total 3—100 keV flux (erg s~ em™2)

F10 AN

Homan et al. (20095) Corbel et al. (2003) Fender et al. (1999)
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S Hard State: mildly relativistic

upper limits -
lower limits (BH) A
lower limits (NS) VAN

Lorentz factor

0.1 L

X-ray luminosity (Eddington units)

Gallo et al. (2003) Fender, Belloni & Gallo (2004)
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IR-0kst. [ Les i

® ° -
“ (orrelations, correlations...

Loov-mass BHA B in the hard state

L = =1 XTET1118+430 OPT
T - |1 XTET1113+480 NIR

! GE 1354-64 OPT

Gallo et al. (2003) Russell et al. (2006)



Other States
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Je

(1991)

—~
m
s
)
0
s
0
g
d
>
-
=

“ Very-High State
“ |ntermediate State
% Steep-Powerlaw State

GX339-4

Very High State (TypeA)
{1988, Sept.6(12-37keV))

_¢_%¢'(, Very High State(Type C+D)

{1988?.5 (1.2-37keV))

F1_+H+E%+#+***"*'—»‘_

Frequency (Hz)
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l Lype A

Fregquency (Hz)

Casella et al. (2004)
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0 1000 2000 3000 4000 EO00 G000 FOOQ EQO0 9000
Time (s)

Casella et al. (2004) Nespoli et al. (2003)




pﬂl{f?ﬁ gections

& Related to state transitions
S What happens in between those states?
& Black-hole transients are the key

GX 339—4

Gallo et al. (2004)
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@ Superluminal jets
- Lo it1 tome

@ Xray jefs

O 27-111-15%4

9 June 2000
BE-IV-1954
as-I1%-1354
11 Sept. 2000
16-14¥-1554
18,8688 Al

11 March 2002
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A farster jet
S A different spectrum

Lorentz factor
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"1® 32 SoUOlf-ISTTTHW

upper limits -+
lower limits (BH) A
lower limits (NS) VAN

(9002)

0.1 1

X-ray luminosity (Eddington units)



State transctions

4 Intermediate states & jet ejections

u
0594226
550-564 ---@ -

TTTT] T T T T

hard intermediate
state '

©

)
Sy
e
E
S~
>
o=
1]
C
8]
©
pad
3
[
e
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soft intermediate |
& soft states

_ X

i 19 i g2

1

2-80 keV luminosity / Eddington

Total 3—100 keV flux (erg s~ cm™?)

— Soft Hard—

Homan et al- (2005) 0.001 ! 1 I
0 0.2 0.4 0.6 0.8

Fender, Belloni & Gallo (2004) X-ray colour
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State transctions -

S 6X 3394 as template NS
ol GX 3394

(2005)

"
Tools:

Belloni et al.

Power spectra

100 150 Z0
Time (MJD-52359)

,‘ Phenomenology common to
Hardness many systems
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Hard state: noise, high-E
cutoff, radio emission,
compact jet

a
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5=

0.1-64 Hz rms

PCUZ Count Rate

]
| 10
- Frequency (Hz)
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Hard intermediate state:

less noise, PO, high-E

cutoff?, radio emission,
compact jet

i
=
54

0.1-64 Hz rms

0.01 =
E 4 T 4ty
F Sk "-"+’+‘-*+’.*** "*'*'F.,W

‘*‘ -
“‘S»\_;;

PCUEZ Count Rate

Hardness
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Soft intermediate state:
drop in noise, QPO!, high-
E cutoff?, no radio
emission, jet ejection

i
=
54

0.1-64 Hz rms

PCUEZ Count Rate

Hardness




Soft state: little noise, weak
QPO, no high-E cutoff, no
radio emission

PCUEZ Count Rate
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Soft Intermediate
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adapted from
Belloni (2005)

Hard Intermediate

WEAK MOISE STROMG BAND-LIMITED MOISE
TYPE AB QAFO TYFE C QFO
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Hardness
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* Transitions are fast

S Timing is the fracer

S Jet is the output

S High-energy changes \
S Not Mdot driven '

30

PCU2 count rate

PCUZ ctsfs

GX 3394 (2004) '
0.1

Hardness

Belloni et al. (2006)

36
L
£
T
L
=
i':E

ISGR clsis

Time (MJD-53000)
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Cts/s/keV

L
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o
N

Squared rms * Frequency

Interval B

Cts/s/keV

o
S}
%

Belloni et al.

Squared rms * Frequency

Energy (keV)

Frequency (Hz)

/0 keV cutoff disappears
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jet line

Fender, Belloni & Gallo (2004)



30 Je e

Je

Disc fully visible
Hard state
Sometimes inefficient?

LS == HS?

normalized counts/sec/ke

10

Miller

et al.

(2006)
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Continuous evolution
of power? S

Je

Je

Internal shocks ol

FGIO3

case (a); Gamma outer shell 2 ki
: . 1 0,000 |
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" P | i " sl
LIEN i1

Eddington

le-(15 & T S— T
le-05 0.0001 L0
X-ray luminosity

Fender, Belloni & Gallo (2004)
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& < Different ringing QPO
S Noise drops

HARDNESS | “ High-frequency QPO

< Not on reverse frans.?
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Je

> Timing properties are continuous from hard to soft
Shurp transitions only involve the SIMS region
® Energy spectra?

Je

Je

INTEGRATED RMS

HARDNESS
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(Tle won-SINAS repions

10

QPO frequency (Hz)

0.1 1 10

Noise frequency (Hz)
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(Tle won- SIS repions

10

1

1077 107% 107% 107* 1073 0.01 0.1

0.1 1
Frequency (Hz)

QPO frequency (Hz)

—
[
=
o
o
>
<
O
o
—

1 10
Noise frequency (Hz)

1 10
Frequency (Hz)



OSsermtwio
Ashoumm’co di

(Tl won-SINLS 7% ¥

10

1

0.1

Continous properties
XR “ Not only frequencies
MR Overall noise level

What connection?
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(Tl non-SIVLS repins
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M Overall noise level
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Count rate
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Global correlations
Similar behavior?
Different time scales
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B

RS 1916+1058

Merloni, Heinz & Di Matteo (2003)



Global correlations
Similar behavior?
Different time scales

30 3¢ e

log Lp+Lpy, lerg s |

I

| ra

T 13)

soft state
soft IMS

0.4
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dio quiet quasars

0.6

Lpp/(Lp+Lpyp)

Koerding,

Jester & Fender (2006)
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Global correlations
Similar behavior?
Different time scales
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Belloni, Fender & Celotti (2006)
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@ X-ray binaries
@ Black holes
@ Accretion

@ Jet ejection
@ GR / Spin

SN

Je 30

Je

> Emission lines
Tlmlng
9 Spectra
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photon




Je

> Thermal component (disk)
> Hard component (corona, jet)
* Reflection component (disk) |

Je

Je

Fluorescent
emission lines

® Jron K,

counts per unit energy (arb.)

~ incident
N \?ower—lmr

Energy (keV)




Jron emidsion éw

Relativistic distortions
Doppler effect Newtonian
Relativistic aberration
Light bending J ooy Transvere Dogper i
. Redshift w

30 (30

Je

Beaming

(Je

General relativity Gravitational redshift

Line profile

L7 "....I.I.. ——
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Broad line: continuum o T By
Warm absorbers "
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KTW

igh-frequency features
eed physical model
nly guesses

® Highest

frequency

® -
® Keplerian?

GRS 1915+105

Frequency (Hz)

SN IR T TR U TN NS N B

e




Ze Je (Je

Maximum QPO Frequency (Hz)
(7%}

KTW

ngh frequency features
> Need physical model
Only guesses

— GRO J1655-40

—&— XTEJ1550-564

XTE J1859+226
L

GRS 1915+105]

¢
GRS 1915+105

10 15
BH Dynamical Mass (solar masses)

10 100
Frequency (Hz)
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> Low-frequency features
" RPM model
Roughly consistent

@ (o

Je

For NS binaries
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Works for WD too
This is a problem
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