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Introduction

galaxy merger - “burst” of star formation
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Introduction

gas concentration by tidal field
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Introduction

effect of AGN feedback on star formation
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Introduction

star formation of merging galaxies
- mass ratios, structures, etc.
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Introduction

Merger-driven SF
- Cox et al. 2008
(large parameter space but no AGN FB)

AGN Effect on SF

- Di Matteo et al. 2005, Newton & Kay 2013
(1:1 mass ratios)

- Hayward et al. 2014
(small parameter space covered)

=> investigate SF of merging galaxies with AGN using
idealized simulations covering large parameter
space



Introduction

Merger-driven SF
- Cox et al. 2008
(large parameter space but no AGN FB)

AGN Effect on SF

- Di Matteo et al. 2005, Newton & Kay 2013
(1:1 mass ratios)

- Hayward et al. 2014
(small parameter space covered)

=> investigate SF of merging galaxies with AGN using
idealized simulations covering large parameter
space

=> mass ratios & B/T



Simulation

boxlen - 300 kpc
- minimum level - 7

- maximum level - 13 (36.6 pc) VSPH ~

(11 => 13 when t=0.3 Gyr) Chilingarian+ 2010 - 200 pc

Cox+ 2008 - 50 pc

_ Hayward+ 2014 - 120/240 pc (MW)
refinement Newton & Kay 2013 - 50 pc

- gas mass > 5x10%4 Msun Hwang & Park 2015 - 40/70 pc
- dx > Ljeans/4 (Truelove et al. 1997)

AMR(RAMSES)
Renaud+ 2013 - 0.05 pc
_ Gabor & Bournaud 2013 - 6 pc
- DM halo(NFW), bulge(Hernquist) Q;abo” 2016 - 7.6 pc /

stellar disk(exp+sech z)
gas disk(exp+exp), BH




Simulation

Star Formation
- efficiency 2%
-nu=0.1 Hcm3=>10 H cm> (t=0.3 Gyr)

Kinetic Supernovae Feedback
- Dubois & Teyssier 2008
- Nsn=0.1, Nw=1.0, fox=0.5 and rpubbie=75 pcC

: A G2 M?
AGN (after t=0.3 Gyr) Mpy = a BHP
i ; (2 + u?2)3/2
Teyssier et al. 2011 s
Dubois et al. 2012 , 47TGMBHmp
Gabor & Bournaud 2013 Mpggq =

- ] €E-0TC
- Bondi-Hoyle accretion

- quasar mode AE,..=¢c.c.M,..c2dt



SFR (MSUH }{r_.')

Isolated Galaxies
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Isolated Galaxies
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Isolated Galaxies
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Isolated Galaxies
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Isolated Galaxies
SF density threshold
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Merging Galaxies
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Merging Galaxies
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Mergmg Galaxies

merger—drlven SF

| burst efficiency “e” ’
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Mergmg Galaxies
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Merging Galaxies
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Merging Galaxies

burst efficiency

1:1 1:3 1:6 1:10
w/o AGN 0.487 0.282 0.172 0.129
w AGN 0.233 0.135 0.059 0.0451
reduced 52% 52% 66% 65%

More merger-driven SF is reduced in minor mergers.




Minor Mergers & Morphology
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Minor Mergers & Morphology

B/T=0.4 B/T=0.2 B/T=0.0
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Minor Mergers & Morphology

burst efficiency

B/T=0.4 B/T=0.2 B/T=0.0

w/o AGN 0.147 0.173 0.243

w AGN 0.0469 0.071 0.107

overall SF & bulge fraction - same
instantaneous value - less prominent w AGN



Minor Mergers & Morphology

morphology - B/T, gas fraction, MgH

Sa Sb Sc
Mstellar 2.00x10"°M,,,
B/T 0.4 0.2 0.1
fq 0.1 0.2 0.25
MgH 8.00x10°M.., 4.00x10°Mg,,, 2.00x10°M,,n




Minor Mergers & Morphology

elliptical orbit
(eccentricity=0.97)
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Minor Mergers & Morphology

parabolic orbit
(eccentricity=1.00)
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Minor Mergers & Morphology

hyperbolic orbit
(eccentricity=1.03)
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Discussion

- With merger simulations with AGN, observational results
(i.e. Kaviraj 2014) are not reproduced well.

- AGN prescription needs further revisions.
- different results with different AGN model
(Newton & Kay 2013)

- Usually, AGN has been dealt with in cosmological
context.
(Sijacki+ 2007, Booth & Schaye 2009, Teyssier+ 2011
Dubois+ 2012)

- Some studied feedback from BH in smaller scales.
(Park & Ricotti+ 2016)
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Discussion

Park & Ricotti 2012 Dubois+ 2012

t = 3,57E+03 yrs
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- resolution
(Renaud+ 2013
0.05pc)

- reproducible
observables

this work
(Hopefully) Park, Smith & Yi



Summary

- We studied merger-driven SF with AGN FB.

- With current AGN FB prescription, merger-driven SF is
effectively suppressed in both major and minor mergers.

- Relations between merger-driven SF and various
parameters are investigated and some differences
(such as SF and bulge fraction) have been found.

- Numerical artifacts affects the study of merger-driven SF.
- Merger simulations with AGN FB do not reproduce

observational results well, so further investigations about
AGN FB are needed.
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SFR (Mg yr ')

SFR (Mg yr™ )
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- Artificial diffusion makes it difficult to study the relation
between SF and inclination.
- larger burst efficiency in retrograde merger
(Cox et al. 2008 - larger burst efficiency in prograde)



Merger-driven SF & Orbits

1:6 1:10
e e
ell 0.0711 ell 0.0525
para | 0.0407 para 0.027
hyp | 0.0638 hyp 0.062

- No significant relations between orbits and SF have been
found.



Minor Mergers & Morphology
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Minor Mergers & Morphology
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SF & Merging Time Scale

- When consider merger-driven SF
- Cox et al. 2008 : SF during whole simulation time
- this work : SF between FP and 2 x SP
O ~ FP : numerical diffusion, low resolution
2 x SP = FC + 1Gyr (Lotz et al. 2008)



1:1 w/o AGN

1:3 w/o AGN

1:6 w/o AGN

1:10 w/o AGN

merging time
scale

period
considered

~ 2.44 Gyr (x2)

SF
enhancement

burst
efficiency

~ 2.37 Gyr (+1)
~ 2.48 Gyr (x2)

~ 2.42 Gyr (+1)
~ 2.86 Gyr (x2)

~ 2.76 Gyr (+1)
~ 2.92 Gyr (x2)

~ 2.86 Gyr (+1)
~ 3.52 Gyr (x2)
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e=0.0141

~ 3.67 Gyr (+1)
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e=0.0847
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~ 4.27 Gyr (x2)
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1:6 elliptic

1:6 parabolic

1:6 hyperbolic

1:10 elliptic

1:10 parabolic

1:10
hyperbolic
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scale
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~ 3.27 Gyr (+1)
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1:6 180’

~ 4.07 Gyr (+1)




Inclined Galaxies & Resolution
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Inclined Galaxies & Resolution
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Moving Galaxies & Background
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Moving Galaxies & Background

SFR (Mey yr™')
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Bournaud et al. 2010 & Teyssier et al. 2010
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