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Bars, bars, bars

* Bars are everywhere!

e A galaxy disk will naturally form a bar in a couple of Gyrs unless it
is dynamically hot or is dominated by dark matter.

-2 Bars are very important cosmological signposts for inferring disk
assembly

- gauge disk “maturity” o NGC1300, APOD




L.ocal Bars

e What we know about bars in the local universe:
— 2/3 of all local spirals have a bar

— The bar fraction stays pretty constant across wavelengths from
optical to near-IR (e.g., Menéndez-Delmestre+07)

 Why is this interesting?...
— Bars are dominated by old stellar pop

— Worry that we may lose track of them due to band-
shifting! (e.g., Sheth+03)

- S0, band-shifting from near-IR to optical does not hamper
(significantly) the ability to recognize bars, which becomes
important in high-z studies




Bar studies at high-redshaft

Bar fraction declines at high redshift
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Band-shifting matters! We lose bars in the UV
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Bar Morphology

Several studies have looked at the distribution in bar properties
IocaIIy (e.g., Erwin+05+13, Menéndez-Delmestre+07, Laurikainen+07, Gadotti+08, Hoyle+11)

Although some studies on bar properties have ventured to higher
redshifts (Barazza et al. 2009), band-shifting effects have not been explored.

— Bar length:

e the galactic radius out to which the bar potential may
dominate gas and stellar motions

— Bar strength:

* measure of the non-axisymmetric influence of the bar’s
gravity on the otherwise axisymmetric gravitational potential
of the galactic disk

* Many ways of quantifiying this = we pick the simplest one
that can be easily implemented at high-z

QUESTION: evolution of bar properties with redshift?



Bar Morphology

need a local reference to extend studies to high redshift

* Need to know how the bar properties change with waveband!

We look at bar properties as a function of waveband in a sample of
16 local barred spirals with deep multi-band imaging from UV — opt —
IR, based on GALEX, SINGS and S*G imaging.

KMD+14




Measuring bar properties — our approach
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Bars pI‘Op@I‘ti@SZ from optical through IR

NGC3049

30 lllO 5IO 6IO 7I0 8I0
SMA (arcsec)
 Based on SINGs ancillary B, R and

S*G 3.6um IRAC/Spitzer images

0 10 20




Bars properties: from UV through IR

NGC3049

40 60I 80I
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e Including GALEX NUV [2267 A] and FUV [1516 A]
— To address high-z studies based on optical

Imaging (for instance, I-band studies beyond z~0.8)




15t result: NGc4798" || INGC3627" N NGC3ssi |

we lose bars in the UV

rest

We lose half of all bars in the
NUV/FUV bands

No surprise, but worth
emphasizing:

e Studies of bars at high
redshift — beware!
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ond regult: bars look thinner in bluer bands
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ond regult: bars look thinner in bluer bands
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ond regult: bars look thinner in bluer bands

* Bvs 3.6um * g, ishigherin the optical

e Ruvs. 3.6um

. Bus.R s bands, compared to the mid-IR
* This result extends to the UV
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<NUV->B>: 0.07 (up to 0.15)




ond regult: bars look thinner in bluer bands

e Buvs. 3.6um
e Ruvs. 3.6um

€max 1S Nigher in the optical
bands, compared to the mid-IR

This result extends to the UV

Driven by bulge sizes:

* Bulge looks bigger in redder
bands = smaller in the blue

- Limits the size of the bar
semi-minor axis

/1 BEpandshiing ~15-20% thinner
<B—>3.6um>: 0.07 (up to 0.14)
<NUV->B>: 0.07 (up to 0.15) "

In good agreement with
BUDDA results (Gadotti+08)

The bluer the restframe band, the thinner the bar!




3™ result: bars look longer in bluer bands
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3™ result: bars look longer in bluer bands

* SMA wheree=¢__ islargerin
the optical bands, compared
to the mid-IR

e Also extends to the UV

Star-forming knots at the end
of bars become more
5] prominent and drive

g j A maximum ellipticity further

l 18 o ° 485 | out.

The bluer the restframe band, the longer the bar!




3™ result: bars look longer in bluer bands
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Take away points...

 As we extend bar studies out to high redshifts, our single-band
studies are inevitably subject to band-shifting effects... these cannot
be ignored! Why?

— We lose bars in the UV =2 need to stick to the red side of the
Balmer break in order to reliably detect bars

— Bars change in shape as we go bluer; even in the restframe opt:
* Bars get thinner, due to apparent bulge size
* Bars look longer, as star-forming knots become prominent

— How significant is this? Comparable to reported differences w.r.t.
environment, AGN content, Hubble type

— These band-shifting effects may affect the “ease” to detect bars

e Refraining from going bluer than B-band may be good enough to
study bar fraction out to z~0.8... but not bar properties!

— Need to correct for band-shifting effects even in the optical!




S4G: The Spitzer Survey of Stellar

Structure 1n Galaxies
http://s4g.caltech.edu

S4G in a nutshell

e 3.6, 4.5um imaging with the Infrared Array Camera (IRAC) on

Spitzer of all (>2000) nearby spiral, elliptical, and dwarf galaxies:

Vrad < 3000 km/s (d < 40 Mpc)
mg < 15.5,

Das > 1.0/

Ib| > 30°

* Create the ultimate survey of the distribution of stellar
structures, their masses and properties in the nearby Universe
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ond regult: bars look thinner in bluer bands
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Bar studies at high-redshaft

* Bar fraction declines at high redshift, but almost
exclusively in the lower mass (10 < log M (M .) < 11), BEESEIEEGKY

. z=0.37--0.60
later-type, and bluer galaxies. 220.60——0.84
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Bar studies at

high-redshift
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L.ocal Bars

What we know about bars in the local universe:

— A bar can induce large-scale streaming gas motions that can
dramatically change the host galaxy.

* Wash out metallicity gradient across galaxy  (Martin & Roy 2004; but
i Sanchez-Blazquez+11)
* Increase central gas concentration
— Trigger bursts of star formation
- Feed SMBH?
— Locally, 2/3 of all disk galaxies have a bar.

— The bar fraction stays pretty constant across wavelengths from
optical to near-IR (e.g., Menéndez-Delmestre+07)

- S0, band-shifting from near-IR to optical does not hamper

(significantly) the ability to recognize bars, which becomes
important in high-z studies

- Band shifting is ONLY an issue when going to shortwards of
Balmer break (e.g., Sheth+03)




