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The Role of Secular Features

Collaborators

o zCOSMOS team, specifically:

e Micol Bolzonella, G. Zamorani, E. Zucca,
L. Pozzetti, Sandro Bardelli, C. Maier,
C. Knobel, S. Lilly, L. Tasca, et al.

e COSMOS team:

e Kartik Sheth, Ewan Cameron, M. Carollo
e For SDSS

e Bob Abraham, Sidney van den Bergh

e Sara Ellison, Dave Patton, Luc Simard
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The Role of Secular Features

Bars build bulges and drive galaxy
evolution at z<l|

3kBackground
3kBars are important!
>kInternal/External Merger/Secular processes
3k Observable signatures

Sk Results from low redshift

kResults from high redshift

skConclusions
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The Hubble Tuning SBa B ’
Fork with example ~
galaxy images




The Role of Secular Features

Dark Energy /j\ ‘~ E\ Dark Matter
72% 24%
Y
e D

Normal Matter
4%

Supermassive
Black Holes
0.01%

3%

in Di ' in Ellipti Stars in
Stars in Discs Stars in Bulges Stars in Ellipticals :
60% J { 27% J { 10% J Blue Spheroids J
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- The Role of Secular Features

Cosmological or

Hierarchical scenario
Two modes to assemble |
Spheroids form through

and redistribute mass major spiral mergers

=»according to epochs and
enV| ron ment TEEEEETTT gstems

later merging

Secular evolution \ e/

spheroidals )

Internal slow evolution

(Gas accretion can then reform disks

spheroidal
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The Role of Secular Features

Cosmological vs. Secular Evolution

Triggers of Radial Gas Inflows.
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The Role of Secular Features

Cosmological vs. Secular Evolution

Triggers of Radial Gas Inflows.
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The Role of Secular Features

Cosmological vs. Secular Evolution

® Mergers

® Close pair
Interactions

Triggers of Radial Gas Inflows.
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The Role of Secular Features

Cosmological vs. Secular Evolution

® Mergers

® Close pair
Interactions

® Ram-pressure
stripping™

Triggers of Radial Gas Inflows.
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The Role of Secular Features

Cosmological vs. Secular Evolution

Mergers

Close pair
Interactions

Ram-pressure
stripping™

Satellite quenching

Triggers of Radial Gas Inflows.
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The Role of Secular Features

Cosmological vs. Secular Evolution

Mergers ® Barred Galaxies

Close pair
Interactions

Ram-pressure
stripping™

Satellite quenching

Triggers of Radial Gas Inflows.
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The Role of Secular Features

Cosmological vs. Secular Evolution

Mergers ® Barred Galaxies

Close pair ® Opval distortions
interactions (lenses, rings)

Ram-pressure
stripping™

Satellite quenching

Triggers of Radial Gas Inflows.
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The Role of Secular Features

Cosmological vs. Secular Evolution

Mergers ® Barred Galaxies

Close pair ® Opval distortions
interactions (lenses, rings)

Ram-pressure ® Spiral arms/non-
stripping™ axisymmetric dist.

Satellite quenching

Triggers of Radial Gas Inflows.
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The Role of Secular Features

Cosmological vs. Secular Evolution

Mergers Barred Galaxies

Close pair Oval distortions
interactions (lenses, rings)

Ram-pressure Spiral arms/non-
stripping™ axisymmetric dist.

Satellite quenching Gas Infall

Triggers of Radial Gas Inflows.
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Secular Structures
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Secular Structures

J140631.96-015807.88

z=0.035 Type=S0

-
J103151.69+075810.38

Type=Sa

-

1025733.63-074531.78

J102911.51+390653.56

z=0.024 Type=Sb

J134709.24+033837.89'
-

7=0.023 Type=Sa

J140824.85-003520.89

z=0.052 Type=Sb




2 main mechanisms for gas inflow to build bulge.

Galaxy-galaxy mergers
(e.g. the mice)

\

Galaxy bars
(e.g. NGC 1300)




The Role of Secular Features

Theory vs. Observations for pairs

Sept |5th, 201 | Preethi Nair Bologna Seminar



The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.
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The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.

® depends on pair separation?
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The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.

® depends on pair separation?

® depends on mass ratio? (Cox et al. 2008, Elison et al. 2008)
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The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.

® depends on pair separation?

® depends on mass ratio? (Cox et al. 2008, Elison et al. 2008)

® 30% - 200%
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Star formation rates in ~2000 SDSS galaxy pairs

Normalized SFR

40
Separation (h,, ' kpc)

Normalized SFR

40
Separation (h,, . kpc)

Normalized SFR

Separation (h.e ™" kpe)

Enhancement depends on mass ratio: Ellison et al. (2008)




The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.

® depends on pair separation?

® depends on mass ratio? (Cox et al. 2008, Elison et al. 2008)

® 30% - 200%
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The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.

® depends on pair separation?
® depends on mass ratio? (Cox et al. 2008, Elison et al. 2008)
e 30% - 200%

® |Level of SFR enhancement is the same out to z ~1I.
(Jogee et al. 2009, Robaina et al 2009)
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The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.

® depends on pair separation?

® depends on mass ratio? (Cox et al. 2008, Elison et al. 2008)
e 30% - 200%

® |Level of SFR enhancement is the same out to z ~1I.
(Jogee et al. 2009, Robaina et al 2009)

® Shallower meta”|C|t)’ gradients. (Rupke et al. 2010, Kewley et al.
2010)
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12+l0g(O/H) - KDO2

- M91

12+l0g(OH)

M101

Kewley et al. 2010




The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.

® depends on pair separation?

® depends on mass ratio? (Cox et al. 2008, Elison et al. 2008)
e 30% - 200%

® |Level of SFR enhancement is the same out to z ~1I.
(Jogee et al. 2009, Robaina et al 2009)

® Shallower meta”|C|t)’ gradients. (Rupke et al. 2010, Kewley et al.
2010)
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The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.

® depends on pair separation?

® depends on mass ratio? (Cox et al. 2008, Elison et al. 2008)

® 30% - 200%

® |Level of SFR enhancement is the same out to z ~1I.
(Jogee et al. 2009, Robaina et al 2009)

® Shallower meta”|C|t)’ gradients. (Rupke et al. 2010, Kewley et al.
2010)

® Central metallicities are lower in close pair
galaxies - (0.05 dex to 0.1 dex decrement).
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log (O/H) + 12

Metallicities in galaxy pairs

...................

Luminosity-metallicity Mass-metallicity relation
relation is lower by 0.1 is lower by 0.03 dex in
dex in pairs relative to pairs relative to the

the control. control.

About half of the offset in the LZR is due to changes in luminosity
(due to triggered star formation). Ellison et al. 2008



The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.

® depends on pair separation?

® depends on mass ratio? (Cox et al. 2008, Elison et al. 2008)

® 30% - 200%

® |Level of SFR enhancement is the same out to z ~1I.
(Jogee et al. 2009, Robaina et al 2009)

® Shallower meta”|C|t)’ gradients. (Rupke et al. 2010, Kewley et al.
2010)

® Central metallicities are lower in close pair
galaxies - (0.05 dex to 0.1 dex decrement).
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The Role of Secular Features

Theory vs. Observations for pairs

® Close pair interactions should show enhanced star
formation rates.

® depends on pair separation?

® depends on mass ratio? (Cox et al. 2008, Elison et al. 2008)
e 30% - 200%

® |Level of SFR enhancement is the same out to z ~1I.
(Jogee et al. 2009, Robaina et al 2009)

Shallower meta”|C|t)’ gradients. (Rupke et al. 2010, Kewley et al.
2010)

Central metallicities are lower in close pair
galaxies - (0.05 dex to 0.1 dex decrement).

AGN triggers? Bar triggers?
Sept 15th, 201 | Preethi Nair Bologna Seminar




1.5

e D

Montuori et al
(2010)

Metal-poor gas flows to galaxy centre and triggers star formation.
Star formation is preceded by dilution of metallicity in galaxy centre before
eventual enrichment.




The Role of Secular Features

Theory vs. Observations for bars
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The Role of Secular Features

Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.
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The Role of Secular Features

Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.

® depends on length of bars?
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The Role of Secular Features

Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.

® depends on length of bars?

® Hubble type
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The Role of Secular Features

Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.

® depends on length of bars?

® Hubble type
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The Role of Secular Features

Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.

® depends on length of bars?

® Hubble type

® Metallicity gradients of barred galaxies predicted
to be shallower than normal star forming galaxies.
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log(O/H)

10

l
®
5§ % ‘
e e e S WS WS WD WD WS-
-

20 0 10

R [kpc] R [kpe]

us (solid cirles) and stellar (open circles) radial abun-

an gaseous (solid i
1s after Gyr. The solid line indicat 4] mtal gr ient. The

\ id lin tes the imtial gradient
o indicated. (a) Model A_ . (b) Model B,.. (¢c) Model A

® Barred galaxies show a
shallower gradient than
un-barred galaxies.

® Central metallicities
peak in star-forming
barred galaxies.

Freidli et al. 1994




Luminosity weighted
Mass weighted

Large variety of metallicity gradients but very mild in the disk region
Patricia Sanchez-Blazquez 201 |




The Role of Secular Features

Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.

® depends on length of bars?

® Hubble type

® Metallicity gradients of barred galaxies predicted
to be shallower than normal star forming galaxies.
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The Role of Secular Features

.
. 3

Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.

® depends on length of bars?

® Hubble type

® Metallicity gradients of barred galaxies predicted
to be shallower than normal star forming galaxies.

® Central abundances results are inconsistent, with
barred galaxies either being more metal rich or

metal poor compared to un-barred galaxies. (Henry &
Worthey 1999, Considere et al. 2000)
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The Role of Secular Features

Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.

® depends on length of bars?

® Hubble type

® Metallicity gradients of barred galaxies predicted
to be shallower than normal star forming galaxies.

® Central abundances results are inconsistent, with
barred galaxies either being more metal rich or
metal poor compared to un-barred galaxies. (Henry &
Worthey 1999, Considere et al. 2000)

® AGN triggers?

Sept 15th, 201 | Preethi Nair Bologna Seminar



The Role of Secular Features

Why are bars important?
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The Role of Secular Features

Why are bars important?

® Up to 70% of disk galaxies in the local Universe
are barred, with 30% being strongly barred.
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The Role of Secular Features

Why are bars important?

® Up to 70% of disk galaxies in the local Universe
are barred, with 30% being strongly barred.

® Barred galaxies are “normal”
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The Role of Secular Features

Why are bars important?

® Up to 70% of disk galaxies in the local Universe
are barred, with 30% being strongly barred.

® Barred galaxies are “normal”

® How do bars form? Why don’t all disk galaxies
have bars?
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The Role of Secular Features

Why are bars important?

® Up to 70% of disk galaxies in the local Universe
are barred, with 30% being strongly barred.

® Barred galaxies are “normal”

® How do bars form? Why don’t all disk galaxies
have bars?

® \What is the role of dark matter?
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The Role of Secular Features

Why are bars important?

Up to 70% of disk galaxies in the local Universe
are barred, with 30% being strongly barred.

® Barred galaxies are “normal”

How do bars form? Why don’t all disk galaxies
have bars?

What is the role of dark matter?

Evolution of Bar fractions with redshift.
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The Role of Secular Features

The role of secular structures

1. Redistribute angular momentum between baryonic and dark matter
components

2. Gas inflows

3. Build bulges - (pseudo-bulges)
4. Trigger AGN (7?)

5. Metallicity gradients

- Triggered in unstable disks

- fractions (7?)

- contribution to sfrd (7)

- timescales (?)

- destruction mechanisms? (?)
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The Role of Secular Features

? Sloan Digital Sky Survey

® Visual catalog of Nair &
Abraham 2010.

Fraction

® 002<z<0.l

e S/N>5 in [Oll], H_beta,
[Oll], H_alpha, [NII]

® AGN are excluded.

0.2

Fraction

® 311 barred galaxies and
806 unbarred galaxies.

0.1

Ellison et al. 2011
Sept |5th, 201 |
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The Role of Secular Features

® Global colors shows a
mass dependent offset
where barred galaxies are
redder than normal
galaxies.
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Fiber colors are also
redder in barred galaxies.
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Quantify SFR and metallicity enhancements by looking for
offsets from the mass-SFR and mass-metallicity relations

of control galaxies.

Lara-Lopez et al. (2010)
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The Role of Secular Features

® Figure shows offsets from
the SFR-mass relation for
non-barred galaxies .

total A SFR

Radial gas flows triggered
by bars do not affect the
total star formation rates.

They do cause an
enhancement in fiber
star-formation rates.

fibre A SFR

Ellison et al. 2011

Total stellar mass (log M)
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The Role of Secular Features

Properties of Barred Galaxies

- Metallicities

- — - .
Figere 1 : SD5S 2 5m telescope
recht Formiind Visual Modka Serviceos

Metallicity vs. total stellar mass Metallicity vs. fiber stellar mass

0.06 dex enhancement

| 2 2 M ™ | 2 N 2 M . A A A A 1 A A A A 1 A A A |

‘ 10 10.5 ‘ . 10 10.5 11

Total stellar mass (log M) Total stellar mass (log M)

- Barred galaxies more metal-rich at all masses.

- Bars sufficiently long lived to show enrichment, even after SF.
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The Role of Secular Features

Properties of Barred Galaxies

- Metallicities aperture effects
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The Role of Secular Features

Properties of Barred Galaxies

- Bimodality in bar fractions

C<0.29
.. 0.29<(C<0.38
C>0.38

Nair & Abraham 2010
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J084518.39+412836.31

-

LogM=1041

J120127.92-004306.18 J003758.35+143250.16
L

Type=Sab  LogM=10.41 B8 Type=S0Oa Type=Sa LogM=1043

J092809.10+081412.49 111384998%665616.90 J165643.82+622822.67

Type=Sa LogM=11.11

Type:. LogM=11.02 B Type=Sab = LogM=11.06

J100249.14+120938.95

’

Type=Sdm * LogM=9.222

J110904.54+044633.43
. -
.

, LogM=9.473

J075906.82+252033.38

Type=Scd Type=Sbec  LogM=9.498

J110238.88+511031.77 J104121.14+061644.30

*

LogM=9.728

J093352.12+465149.22

Type=Scd  LogM=9.707 gl Type=Scd Type=Sbc  LogM=9.794

J213704.36-003459.73

Type:SB

Type=Sbc

LogM=10.66

LogM=9.853

- Barred galaxies at masses
>107M0 tend to have longer
stronger bars in bulge
dominated systems

- Barred galaxies below
10M 0 tend to have shorter,
weaker, exponential bars

- Simulations indicate that
radial inflows depends on
the length and strength of
the bars.




The Role of Secular Features

Properties of Barred Galaxies

- Bar Lengths

rha - - — —— .
Figere 1 : SOSS 25m telescope
mage credt Fermied Visual Medka Serviceos
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Barazza et al. 2008
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The Role of Secular Features

Properties of Barred Galaxies

- Bar Lengths

E — - .
Figere 1 : SD5S 2 5m telescope

kmage credit Fermisd Visual Medka Sorvices

Bar length/fibre size

10
Bar length (kpc)

15

5

Bar length (kpc)
10
Bar length/2 x half light radius

£ [ PO, RO PO O, __ SEFooogop | ] A PR |

9.5 10 10.5 . . 10.5
Total stellar mass (log M) Total stellar mass (log M)
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The Role of Secular Features

Properties of Barred Galaxies

5, - .,. - SFR vs. Bar Lengths

fibre A SFR

0.5 1
Bar length/2 x half light radius

fibre A SFR

Bar length (kpc)
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The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates
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The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates
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The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates

e
—
7]
<
L
-
o)
c

10

Total stellar mass (log M)

Ellison et al. 2011
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The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates

e
Fx
7]
<
L
-
o)
C

10

Total stellar mass (log M)

Ellison et al. 2011
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The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates

e
Fx
7]
<
L
-
o)
C

10

Total stellar mass (log M)

Ellison et al. 2011
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The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates

10ASFRb
10ASFR,

Ratio of enhanced star formation
coming from bars and pairs.

€v/p

e
Fx
7]
<
L
-
o)
C

10

Total stellar mass (log M)

Ellison et al. 2011
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The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates

Ratio of enhanced star formation
coming from bars and pairs.

e
Fx
7]
<
L
-
o)
C

10

Total stellar mass (log M)

Ellison et al. 2011
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The Role of Secular Features

Properties of Barred Galaxies
- Star Formation Rates
fb fb . OASFR,,

€p X
= fp fp . 10ASFR,

Ratio of enhanced star formation
coming from bars and pairs.

€v/p

f»  Ratio of bar and pair fraction in
f»  galaxy population.

e
Fx
7]
<
L
-
o)
C

Total stellar mass (log M)

Ellison et al. 2011
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The Role of Secular Features

Properties of Barred Galaxies
- Star Formation Rates
fb fb . OASFR,,

fp fp* e 10ASFR,

Ratio of enhanced star formation
coming from bars and pairs.

Ratio of bar and pair fraction in
galaxy population.

e
Fx
7]
<
L
-
o)
C

Total stellar mass (log M)

Ellison et al. 2011
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The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates

10ASFRb
10ASFR,

Ratio of enhanced star formation
coming from bars and pairs.

Ratio of bar and pair fraction in
galaxy population.

e
Fx
7]
<

L

-
o)
C

Ratio of bar and pair fraction in
star-forming sample.

10

Total stellar mass (log M)

Ellison et al. 2011
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The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates

10ASFRb
10ASFR,

Ratio of enhanced star formation
coming from bars and pairs.

Ratio of bar and pair fraction in
galaxy population.

e
Fx
7]
<

L

-
o)
C

Ratio of bar and pair fraction in
star-forming sample.

10

Total stellar mass (log M)

Ellison et al. 2011
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The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates
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10
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Ellison et al. 2011

Sept |5th, 201 |

Preethi Nair

10ASFRb
10ASFR,

Ratio of enhanced star formation
coming from bars and pairs.

Ratio of bar and pair fraction in
galaxy population.

Ratio of bar and pair fraction in
star-forming sample.

Ratio of SFR enhancements bar
and pair star-forming sample (this
ratio ~1).

Bologna Seminar



The Role of Secular Features

Properties of Barred Galaxies

- Star Formation Rates

10ASFRb
10ASFR,

Ratio of enhanced star formation
coming from bars and pairs.

Ratio of bar and pair fraction in
galaxy population.

e
—
7]
<
L
-
o)
c

Ratio of bar and pair fraction in
star-forming sample.

10 TS Ratio of SFR enhancements bar
Total stellar mass (log M) -] 4 [0 pair Star-forming Sample (thIS

Ellison et al. 2011 ratio ~1).

€v/p
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The Role of Secular Features

10ASFR¢,
10ASFR,

Ratio of enhanced star formation
coming from bars and pairs.

Ratio of bar and pair fraction in
galaxy population.

e
Fx
7]
<
L
.
o)
c

Ratio of bar and pair fraction in
star-forming sample.

10 TS Ratio of SFR enhancements bar
Total stellar mass (log M) -] 4 [0 pair Star-forming Sample (thIS

Ellison et al. 2011 ratio ~1).

€p/p >3, l.e. at least 3 times more central star
formation comes from bars than pairs.
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The Role of Secular Features

Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.

® depends on length of bars? aguerri 1999)

® Hubble type (Aguerri 1999 , Elmegreen et al.)

® Metallicity gradients of barred galaxies predicted
to be shallower than normal star forming galaxies.
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The Role of Secular Features

“ .
v

Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.

® depends on length of bars? aguerri 1999)
® Hubble type (Aguerri 1999 , Elmegreen et al.)

® Metallicity gradients of barred galaxies predicted
to be shallower than normal star forming galaxies.

® Central abundances results are inconsistent, with
barred galaxies either being more metal rich or

metal poor compared to un-barred galaxies. (Henry &
Worthey 1999, Considere et al. 2000)
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The Role of Secular Features
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Theory vs. Observations for bars

® Strong bars should show enhanced star formation
rates/color differences.

® depends on length of bars? aguerri 1999)

® Hubble type (Aguerri 1999 , Elmegreen et al.)

® Metallicity gradients of barred galaxies predicted
to be shallower than normal star forming galaxies.

® Central abundances results are inconsistent, with
barred galaxies either being more metal rich or
metal poor compared to un-barred galaxies. (Henry &
Worthey 1999, Considere et al. 2000)

® AGN triggers?

Sept 15th, 201 | Preethi Nair Bologna Seminar



The Role of Secular Features

® Fiber metallicities of barred galaxies are uniformly
higher by 0.06 dex.

Conclusions from SDSS

® Fiber star-formation rates of barred galaxies are
higher by 60%.

® Barred galaxies are redder at Log M > 10

® No correlation between bar length and star
formation enhancement.

® Bars account for 3.5 times more triggered central
star formation.
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The Role of Secular Features
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Combes & Elmegreen 1993
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The Role of Secular Features

0.3 30

Weak bars

Llllllllllllll

Il"YTYY

Combes & Elmegreen 1993
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The Role of Secular Features

0.3 30

Weak bars

Llllllllllllll

Il"YTYY

Strong bars

Combes & Elmegreen 1993
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Quantity

STB vs. AGN

Z <0.45 045 <z2<0.9 09<z<14

Ha, [NII], [SI]  [ONI],[ON],HPB [O11],[Nelll], HS
[Olll], HB

SFR

Reddening

Ho HpP [Oll]
Ho/HB

Gas-phase
Metallicity

Stellar mass

N2=[NIl]/Ha R

photometric SED +(D4000 +Hd, )(0.3<z<1.3)

Stellar mass, age
metallicity & SFH

stellar cont. + abs. lines + photometry




The Role of Secular Features

AGN d‘iagn,ostic.s
- MEx diagram
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The Role of Secular Features

AGN d‘iagn,ostic's
- MEx diagram
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The Role of Secular Features

AGN diag_n,ostic.s
- MEx diagram

._.
in

(=

(=

in
(=
in

Log [OIII)/Hy
Log [OII)/Hy

[
&
A

I
(=)

|
o
i

=18 =10 =03 0D 0%
Log [NII}/H,

._.
in

(=
(=

S
in

Log [OIII)/Hp
(=
S
Log [OII)/Hy
o

|
4
in
|
o
i

Sample size increases
from ~1300 to 6200

|
(=
|

(=

£
e

|
e
)

|
ot
i

10 -05 00 05 10
Log [OI1]/H

Bologna Seminar

Sept |5th, 201 | Preethi Nair



The Role of Secular Features

m Properties: of high-z Barred Galaxies | =
=

® Fach barred galaxies is matched in mass and redshift to a
control sample, where the control galaxies have no
secular signatures (bars/rings/lenses).
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The Role of Secular Features

m Properties of high-z. Barred Galaxies i
- Color Evolution

1.0 .
COSMOS

N — 142 ® Barred galaxies are bluer
e = than control galaxies at

’ all masses and at high and
mid-z.

® The strength of the color
offset decreases with
redshift => barred

galaxies are being
quenched.

COSMOS

® Barred galaxies have to
undergo 0.1 mag in color
evolution since z~0.85

— Npign: = 628, 1429
- Niow: = 696, 1447

9
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The Role of Secular Features

4 .Pr_op'erties- of high-z_ Barred Galaxie§

- Star Formation Rates

All No MEx AGN

. | o Barred galaxies have a
]L higher (mass dependent)
T star formation rate than
| control galaxies at all

— N normal highz = 1259

s o 2 o Y - N | masses and at high and

- N ormattowz = 1669 - Nobariow, = 096 . . .
= N, = 797 | intermediate-z. (if AGN
are ignored)

Using MEx AGN, at
T | U e | intermediate redshifts,
| | barred galaxies are
quenched.

9 10
LogM

-
)
-
)

Q
N~
.O
~

delta SFR

o
(\o)
delta SFR

o
o

)
)
@)
=)
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The Role of Secular Features

| .Pr.op'ertiesof high-z_ Barréd Galaxies

- Color/Environment

Sparse: N<2 Rich: N>2

cosmos ' COSMOS

—N normal highz = 994 _ —N normal highz = 373
— Nvarnigh, = 457 - — Novarpigh, = 157
—--N normal lowz = 871 l I - N normal lowz — 537
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The Role of Secular Features

* Properties. of high-z Barred Galaxies | i
- Central concentration

" COSMOS

® Barred galaxies are
— N normathighz = 1380 .' less concentrated
— Nbarnign, = 612 3 than the control

~ N nomallowz = 1234 | sample at high
redshifts.

0.5

0.4}

In the intermediate
mass regime, barred
galaxies are nearly
the same
concentrations as
the control at high
masses. Bulges are
being built?

Concentration
-
I

-
\®

- -
o —_ ' '
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The Role of Secular Features

Metallicity Calibrators

Tremonti 2004 - Theoretical estimator  [OlIl],HB,[Olll],Ha,[NII],[SII]

. Zaritsky 1994 - Theoretical estimator Rz
. Kobulnicky & Kewley 2004 - Theoretical Rzs, [Oll]/O[ll]
. Kewley & Dopita 2002 - Theoretical [NH]/[OIN], Rzs, [OIH]/O[l]

1.
—'Toaq 2
3
4
5. McGaugh 1991 - Theoretical Rz, [ONIJ/O[I]
6
4
8
9.
1

— KK04 (3)

o|... KDO02 (4)
- . M91 (5)

. Demicolo et al. 2002 - Combined [NII]/Ha,
. Pettini & Pagel 2004 -Empirical [NII]/Ha, [Ol]/HB
. Pettini & Pagel 2004 - Empirical [NIl]/Ha
Pilyugin 2001 - Empirical Rzs, [OI]/O[11]
0. Pilyugin et al. 2005 - Direct [Olll]ases, [Olll]ags9,5007

log (O/H)+12
o
(o)

o
(=)
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The Role of Secular Features

.Pr_op'ertiesof high-z_ Barred Galaxies

- Metallicities

COSMOS | | ' COSMOS

—N normal highz —N normal highz
—N bar hij —N i

highz bar highz
---N normal lowz ---N normal lowz
- N bar lowz - N bar lowz

Sept |5th, 201 |
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The Role of Secular Features

4 .Pr_op'ertiesof high-z_ Barred Galaxies

0.1 <z<045 0.45<z<0.85

_ All Barred _ All Barred
C<0.27 | r C<0.27
~-0.27<C<0.35 | | __0.27<C<0.35

- Concentration dependence at low masses is similar at all redshift bins.
- Concentration dependence at high masses is not the same as at z~0
- There appears to be an evolution in the low mass bar fraction with redshift.

Sept 15th, 201 | Preethi Nair Bologna Seminar



¥ . - p AL . . ) "\g PP
" "% - ; . " . . L. - X - o ™ 2 ) - s LR
- oy, e g ~ . : . 4 . e ™ o3 a1 . ’ . S 3 ... % . '

" » 3 . B - .
.. % s . .‘ . . L '_'- o . o '_. -' . ‘ . .. o ' L. o- '_J- . - ._ o B . e Ve g ’ ! = = : ..\ ] ]
po . . S s =" & J . . AL/ st 0 M - . - ot Ne N - . [ .
. . ‘ b ‘ )’ @ \.. . )
...'.a .

0 ngh redshlft barred galax1es show a strcng global

enhancem-ent in star~format|on rates cempated to 2

° unbarred gaIaX|es i Loy R
0 The enhancement is mass and redshlft dependent
S .' such that |t is hlgher at IaI;ger masses and at hlgher

» . . v!
. . ] '] - . L4 . e @

. . o0 P - % . 2 ’ ‘ .
) Q.. A . ¢ .t 3 ‘e .. ey ! .'? o .. Xyt '. iy e y . . .
x 'Y, . X N . . - . S re & .
. - p

‘e Barred gaIaXIes are bluer at hlgh redshlfts at aII

. v '_ . 3 .. -,
. '., 5

D 0 Group enV‘ironments can quench barred gaIaX|es
v y ,"-'v‘._ 'k‘ ..."‘ .". N oy ,.0~. _... . - ' | . ' .. .. -. | ... -. '.-. ".. .- ; A. . s s ML

‘ .

° .
'
. ’ . . . . ] ) 3 RCERE BN
L N L4 . - L) o .. . - s ? ' I
. ay’ y . . L r P - 4 . ~ e " < v ‘ o . . - ' . . -®
. L 8 - - § "% ' 2 . ' . 5 -~ o ety A ’ L .




Impllcatlcns

WAL R R VR~ '
. 'Y ¢ ! L T
E Fer WG Ny s ', : - ' '. g S e ant o B ' - ; N ALY
e . , . . e \ o { . X = ; - . ’ : . » .
. N ‘ . e I ° - "V o Q" s 0° f . ol . ,. . ’ “w=-, ] Ll .‘ . . . - » b -

- { . R v < . . .._ ‘.‘. . ) Vi ¢ 3

. . - .

E.:.'E'j f. ,;}..,'0 The mteractloh fraction"m,creases from 6% 1ocally to
15%, byz o LD L SR e

‘?-- 0

el i ] Whjle bar fractlons for hlgh mass galaX|es (LogM> [0)
'decreases W|th redsh|ft bar fractlorrs are stlll ~20%

.-c"

| 0 Bar fractlons are stiII hlgh for Iow mass (Log M < IO)
gaIaX|es SR et e e A N b -

s '.;.’_ . vy . . oy - 0.5 .' ....:‘-,: ' ,.. PRI . :, ¥ 3 -.'.- e ;. ' .. ‘ | 3
AT 0 Barred gaIaX|es account for a Iarger fractlon of the SRR
e R A star formatlon rate enhancem-ent at- high redshlfts |

i o Bar.s are |ust ene o‘f the aX| symmetrlc dlstortlons e .
';3‘.. | whlch can cause gas |nflow gttt e SN T SIS T

5 ‘
. .

v . : - . cph o @ ° r ”
- ) . . . ] 4 . e @
. < - - 1% 9.8 .
g . d . - . R a% [ 4 . X . - e 'Y S e ’ . . > A




V\. ."
- .
-
- -
- v g '
'

{L"{f‘ A_ 3 What is the dlstrlbutlon ofthe enhanced star— |
s oformatlom wlthm dISk gaIaX|es7 AR SO 1

. . v ) -'.‘ A.' . N -8 ™
. . . e R b =« | vé
» = .

e v @ cerf'trally concentrated or throughout the cllsk?

‘ i I et . o . .
gL 9 What are the roles o”fAGN and envrronment |n e et
. quenchmg.star formatlon7 R L O - 5

. "
.; ..

0 Or |s |t some other bar destruotlon mechanlsm

. . . - . 'S . o
T by - .-.‘. .- -, - . . L , . » . " - 3 - .t < ~ iy -
- o ¥ 4 -» TR . . 2. . o« e A > s & v . vel® - . . Y
&t J . . . - . . - . . .. L . < . LA e . )
. ' ~ - . ‘e T eligan, . ¢ ’ . . *., .. . . W .
. . . - ’e" ’ . . - . . e . . , . -
- ‘. . . L . = 2 . . . A - . . . o N ’ r - : .
- - . U . t 5 *3 0 . . - e, . . . . ad . o g J - '. o A
. . ) . - .- .. . : .







