D. Rupke
Gas flows in Starburst Mergers

Starbursts in merging galaxies are bookended by gas flows. They are preceded by
strong radial inflows that fuel the star formation, and followed by outflows of
enriched and entrained gas that act as regulatory feedback. Using both
observations and simulations, I will present new results on (1) how we constrain
gas inflows by tracking metals in starburst mergers and (2) how we are finally
revealing the complex structures of the ubiquitous gas outflows in merging
galaxies.
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Historical Aside ...

5719 _ Faible ; trés-petite ; rondo; forte condensation centrale.

3939 25 W2 15, 16 et 17 ont & peu prés le méme aspect que 14; 15 est un peu plus faible
4004 3o 4o et plus petita; 16 E&L un pen 1'.-l_u.n brillante et moins petite; 17 est
4319 ‘32 218 notablement plus faible et plus petite. '

2850 51 16 Exeessivement excessivement faible et petite; ronde; ligire condensation

‘Ligr udy

1370 I 48

37 44 Les guatre ndbulenses 19, 20, 21 of 22 sont exeessivement excessivement

122 40 3oy fuiblos ; excessivement petites; trés-difficilement observables. La plus |

2427 19 52'4 belle est 1g; puls viennent 20, 21, 22. ﬂupu_:mdunt 22, quoigque la plus
potite des guates, est plus brilleute,

2402 41 352

L T W X5 XCOAATY CTNG T CCERaTVOTHENE THIDI0; ERCERRIVOIMONE DULith ; TONOe ; 00 peu
eondensation centrals enveloppe quelques trés-potites dtoiles,

56 g 24 561 Exeegaivemeant excess, faible; trés-petite ; ronde ; légére condenantion contrale,

4436 54 50 386  Excessivement excess, faible; trbs-petite; irrégulidrement sreondie; eon-
densation eentrale mal définie; plusieurs trée-petits points brillanta,

2347 88 =24 123  Excessivement excessivement faible, 4 peine observable; ronde D=1%5;
i pondensation contrale 4 peine sensible,

RIS JU FIRGIN EN

3263 - 56 47 62  Excessivemeont excess, fuible, & peine observable ; iredgulibrement arrondie
D=45"; condensation 4 peine sensible; quelques points br. soupoonnés,

186y 6h 10 44'% Hxcessivement excessivement faible; modérément dtendue ; irrdgulibrement
arrondie ; enveloppe plusieurs tréa-patites étailea,

30°76 65 36 49 Excossivement excossivement faible et petite ; irrégulifrement arrondie ; une
peu de condensation centrale ; ﬂnwﬁr}rpa_lh:n tréa-petite *, '

5511 6z 24 195  Excessivement faible et petite; ronde; condeneation centrale,

Le No. 12 est peut-Btre idontigue avee 440 Lasssll,
14, 15, 16, 17 sont voisines de 474 et 475 Lassell, mais distinctes de eelles-ci.
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Gas Flows in Major Mergers
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Gas Flows in Major Mergers
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Inflow: Clues from the Mass-
Metallicity Relation

Major mergers fall
below the M-Z relation
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Model: Metal Dilution

Isolated Galaxy

Kewley+06



Model: Metal Dilution

Isolated Galaxy Interaction-Induced
Inflow
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Simulations of Metal Dilution

* Reproduce
magnitude of
observed dilution of

nuclear Z (Rupke+10a,
Montuori+10)

Montuori+10



Simulations of Metal Dilution

* Reproduce
magnitude of
observed dilution of
nuclear Z (Rupke+10a,
Montuori+10)

* Predict shape of

radial gradients in Z
(Rupke+10a)
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Test: Gradients in Interacting
Galaxies

Sample
* 16 gals / 9 systems

 Mass ratios > 1/3

o Sep. ~ 10— 30 kpc
e 300+ HII regions
Control

Spitzer/Hubble View of NGC 2207 & IC 2163 Spitzer Space Telescope * IRAC
NASA, ESA / JPL-Caltech / STScl / D. ElImegreen [Vassar) ssc2006-11b

e 12 late spirals

Kewley+10 (ApJL, submitted)
Rupke+10b (ApdJ, submitted)




Data Analysis
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Stellar continuum fits with Gonzalez-Delgado+05 models

Multi-component emission-line fits with MPFIT (Markwardt)



Abundance Maps

* Oxygen
abundances from
[INH]/[OM] (kewtey &
Dopita 2002)

* Control sample
reprocessed using
same abundance
diagnostic




Radial Abundance Gradients
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Isolated vs. Interacting Gradients

Control
Interacting gradients 6. D Interacting
lower by factor of >2 on
average
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Simulated vs. Observed
Gradients

Outstanding agreement! Simulations

7] Interacting

Implication:

e Gradients not sensitive to
ongoing SF (distributed
and/or shock-induced SF?
Barnes 02)

AL /
KRR R R AR R K]
0267650707
o2 RRRRRLHALS
0000707002676 % %% %% %%
P IIIRRRRLHHLS
ﬁ%@%ﬁ””%@?ﬁﬁgﬁﬁ
PLERIRLALS o

0207078
2020 000000.0,0‘ KK
PRRSEKKRKS S
»,0,0,0,0,0000000’:,"’ &

n
QL
>
Y
O
o
G
O
-
2
-
@)
O
[
L

' 0929205020
* Ongoing SF consumes small ,‘,‘,,‘,‘,‘,‘,‘:‘»,x,:,o,:,:,:.:.:,:,::’ %9593
0 ' 003020200000 % St tetatetetetetel
Yo of gas prior to second B0y e %4242 %%
-
pericenter . 0 SFee 09905098

—0.6 —-0.4 —-0.2
Gradient (dex/optical radius)




Comparison to L-Z relation

e Near-IR L-Z relation
(Salzer+05)

* Nuclear Z (control)
>

Nuclear Z (interacting)

at a given M




Gradients vs. L-Z offset

Simulations predict:
(Rupke+10)

« Gradient changes
first

* Nuclear Z changes
more slowly
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Gradients vs. L-Z offset

Simulations predict:
(Rupke+10)

* Gradient changes
first

k scale length)

* Nuclear Z changes
more slowly
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Gradients vs. L-Z offset

Simulations predict:
(Rupke+10)

* Gradient changes
first

-

* Nuclear Z changes
more slowly
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Simulated vs. Observed
Gradients

Data matches shape
of simulated profiles
near first turnaround
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Radius / Optical Radius
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Outflow Frequency and
Morphology

e Winds are found In
all starburst
merge

e Differences in

detection rate with
SFR related to
morphology

Rupke+05b (also Martin 05) log( SFR /' M, yr~' )



Starburst vs. AGN Winds

¢ Seyfert 1s

» Large scale winds . Seyfert 2s
have similar properties ® Starburst ULIRGs & LIRGs
|n SB and AGN 'r“ 1 £ Starburst Dwarfs
(U)LIRGs ‘

» Seyfert 1s have high
velocity winds,
probably at small
scales

Rupke+05c, Krug+10 (also Martin+05)



Starburst vs. AGN Winds

» Large scale winds
have similar properties

in SB and AGN N
(U )LI RGS Dominated by nuclear spe::rum

o - Neutral/molecular disk

» Seyfert 1s have high
velocity winds,
probably at small
scales S——

* Exception: Mrk 231 i
(see also Fischer talk!) Y

Dominated by nuclear spectrum
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3D Observations of ULIRG Winds

Goals

* Understand change in structure with SFR

» Search for differences btwn. SB and AGN winds
Methods

* Deep obs. of ULIRGs with known winds

* Neutral gas absorption + ionized gas emission



3D Observations of ULIRG Winds




3D Observations of ULIRG Winds

6130 6140 &150 &160

Wavelength (Angstrom)




Neutral Wind (C2) (C1)

lonized Wind otating Mqlecular Disk
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—500km s —400km /= —300km s



The Multiphase Wind

Unresolved (U)LIRG Nuclei

Resolved ULIRG Nucleus
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Shih & Rupke 2010

Veilleux+95



Blowing Out the Dust Screen? SF
Feedback

q/1 flux ratio

HST 435W-814W
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New Constraints on Inflows and Outflows in
Major Mergers

 Inflows
» Flatten gradients

» Gradients flatten quickly, Z offset
comes later

Outflows
* Change with SFR
« AGN contribution?

 Blow out dust screen? SF
feedback?
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