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A merger tree, Lacey & Cole 1993
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Mergers...why should we care?

¢ Hierarchical assembly = Backbone of LCDM

¢ Post-mortem growth of quiescent galaxies
¢ Puff up sizes (~half, Belli+15)
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Mergers...why should we care?

é Hierarchical assembly = Backbone of LCDM

Number density of compacl galaxies
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¢ Post-mortem growth of quiescent galaxies
¢ Puff up sizes (~half, Belli+15)

¢ Destroy compact ones
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Mergers...why should we care?

é Hierarchical assembly = Backbone of LCDM

¢ Post-mortem growth of quiescent galaxies
¢ Puff up sizes (~half, Belli+15) ;
¢ Destroy compact ones

(o) 2=0.06
0.25<2<0.50

10
1.5<2<2.0
2.0<2z<2.5
2.5<z<3.0

¢ Mass growth at outskirts
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Mergers...why should we care?

¢ Hierarchical assembly = Backbone of LCDM

¢ Post-mortem growth of quiescent galaxies
Puff up sizes (~half, Belli+15)
Destroy compact ones
Mass growth at outskirts
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Consistent merger rates at z<1.5

¢ Consistent major merger rate
between observations & —
theoretical predictions up to z=1.5 >
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Discrepant merger fractions at z~2
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Galaxy merger rate — this work

¢ Mergers of massive galaxies of

(2]

[ "_(P) Primary: z,=1.73+0.13
(S) Secondary: z,=1.57+0.20

M > 1010.8M ;:; [ Interlo?er: 2,=0.761+0.06
* . @ . rl‘m 4l o w;i.‘
¢ Projected separations 10-30 kpc/h S 1o, | L
¢ Matching photo-z’s L. .,‘.. '
e ;f $ e,
ok=* ! o8 &

|z1-z2|/(z1+1) < 0.2 (0.1) at z>1 (z<1)

¢ Stellar mass or H-band flux ratio between Newman+12 Wavelangth ]
1 — 4 (major) or 4 — 10 (minor)

é Merger rate (# mergers / galaxy / unit time)

= Merger fraction / timescale (Lotz + 2010)

Allison Man [ESO]



Galaxy merger rate — this work

¢ Mergers of massive galaxies of
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Major merger fraction — results
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Stellar mass ratio vs Flux ratio

z=2.3
Flux ratio = 3.6 (major)

1 ] =)- ?
¢ What are the major flux ratio mergers at z=2-2.5" Stellar mass ratio = 8.3 (minon)

~ 19% major stellar mass ratio

~ 19% minor stellar mass ratio

~ 61% very minor (< 1:10) stellar mass ratio

¢ Observed H-band corresponds to bluer rest-frame
wavelength at higher z

More sensitive to SF (hence gas mass) than stellar mass

HST/WFC3 H,, 127x12”
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Galaxy merger rates —

observed vs predicted

@ UltraVista/MassRatio % 3DHST+CANDELS/MassRatio
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If merging timescale shorter at higher-z, may find better match (Synder + in prep.)
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Gas fraction f,,. (M, z)

gas

Gas fraction:
* Increases with redshift
 Decreases with stellar mass
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Gas fraction f_,. (M., z)

gas

Gas fraction:
* Increases with redshift
* Decreases w1th stellar mass
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Gas fraction f_,. (M., z)

gas

Gas fraction:
* Increases with redshift
 Decreases with stellar mass
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The missing gas-rich mergers at

If only stellar mass ratio is considered, we miss out on the gas-
rich mergers at z>2 that have the right baryon mass ratio

Stewart+09
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Mergers... how should we care?

¢ How often do massive galaxies merge?

¢ Is merging responsible for the evolution of any galaxy
properties?
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Stellar mass accretion rate

—e— Major+Minor |
-® Major
- @ Minor

¢ A massive galaxy doubles its
stellar mass from z~3 to 0.3 by
accreting stars via major &
minor mergers
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S1ze evolution of

quiescent galaxies

: . . Merger-driven size evolution models
& Average.s1zes of quiescent galaxies based on Naabt 00: Hilnt 13
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The missing gas-rich mergers at

If only stellar mass ratio is considered, we miss out on the gas-rich
mergers at z>2 that have the right baryon mass ratio

Stewart+09

Gas-rich mergers can:
A Merger contribution to cosmic SF budget

‘b.M.ergc;r contribution to size evolution of quiescent galaxies
(dissipation = more compact merger remnant)
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AILMA can find

the missing mergers
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Dragonfly Galaxy: z~2 merger of
massive galaxy (Emonts+15)

- CO (6-5) kinematics inconsistent

with a single rotating structure
- Tidal debris on larger scale
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Conclusions

¢ Discrepant merger fraction at z~2 across NIR observations:
due to merger definition

¢ Stellar mass ratio can find gas-poor mergers, but missing some
gas-rich mergers at z>2

¢ Observed H-band flux ratio can find some gas-rich mergers at
z>2, but problematic tracer for mass

¢ Need molecular gas mass measurement for a complete
understanding of merger role in galaxy evolution

¢ Size growth

¢ Stellar mass growth
¢ Fueling SF & AGN
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