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Introductio

e Standard ACDM hierarchical model
e Small clumps merge to form large structures
e Mergers are important in the study of galaxy evolution
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The BH/galaxy “evolutionary sequence”

(¢) Interaction/*Merger" (d) Coalescence/(U)LIRG (¢) "Blowout" (f) Quasar me rg ers
e Evoluti f | N SF/obscured accretion
volutionary sequence or a galaxy | | l

o Effects of mergers B, hhmothm  FosSime .Smatie | “clean” accretion (QSO)
> Increased SFR , - A |
o> Increased AGN activity g . | transition (grelen valley) objec
o Later quenching ’ - i : ‘,: . : T passive red galaxy
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* |s this observationally true? e ] —
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j"s':;;::":::l‘-:gb::g‘.\?:x‘x:13.‘:‘2’;?“1" HOpklnS+06,08; Di Matteo +05, N ,,‘"‘m e :,’rf:*‘;:'“ Secu'ar (“Smooth”) accretion

RS Menci+08, Hickox+09,Page+12, Lamastra+13%™" " 7 e — :
see also Sanders+88 pioneering work (6.g., Elbaz+11, Rodighiero+11, Rovilos+12)

' > ﬁ-b ‘ -b* > ‘ Strong winds (=feedback) expected

in the “blowout” phase
gas-ich SMG/ULIRG obscured unobscured early-type

galaxy(s) quasar quasar galaxy Hickox+09

Credit:Hopkins+ 2008
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Overview

AIM: To test whether AGN activity and star formation increase with dec
the pairs.

Specific objectives

e Select galaxy pairs at various distance and velocity separations

e Define interacting (merging) and non-interacting pairs

e Measure AGN activity through X-ray and radio luminosities, and W1
e Measure SFR through NUV-r colors

e Check if AGN activity and SFR increase as pair separation reduces
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LALA AlluUv oAallliple

1,526,187 galaxies 684,186 galaxies

e unWISE data (in W1 at 3.4 pm)

e 1.5 million galaxies

e 684,186 galaxies at z < 0.2 using NED-LVS and SDSS
e Bias on faint sources

e Additional survey used:

O eROSITA (X—ray data) ——— galzI:f;l:iaegsnitude distribution in W1 (3.4 um)
@) NVSS (radio data) [ 684,186 galaxies

o SDSS (Optical)
o Galex, PanSTARRS, SkyMapper
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e 2 volume-limited boxes (3 mag)
e Pair separation
o rp: 0-20, 20-50, 50-100, 100-250, 250-500, 500-
1000 kpc
o dv: 0-500, and 500-1000 km/s
e Closest pairs definition:
o rp <20 kpc & dv <500 km/s (Depropris+, 2007)
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Visual classification

e Merger classes:
o strongly interacting (top row)
o weakly interacting (middle row)
o not interacting (bottom row)
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INGCoU Lo

e Star formation rate: |
o NUV-r color < 5.4 (e.g., Salim, 2015) . AV S S00kmis

» SFR decreases with decreasing distance and velocity . == Stariormation tesno

separation

* No significant effect of pair separation on SFR
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INCOULLIDeee

B AV < 500 km/s
B 500 < AV < 1000 km/s
= == AGN Threshold

e Soft band (0.2-2.3 kev) X-ray AGN luminosity (Lx):
o Lx>10*erg/s (e.g., Liu et al.,2022)
e No significant increase in luminosity as pair separation

decrease
e AGN fraction increases as magnitude (mass) increases
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B AV < 500 km/s
B 500 < AV < 1000 km/s
= == AGN Threshold

EaN

e Hard band (2-5 kev) X-ray AGN luminosity (Lx):
o Lx>10*erg/s (e.g., Liu et al.,2022)
e No significant increase in luminosity as pair separation
decrease
e AGN fraction increases as magnitude (mass) increases

log(Lx erg/s)
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B AV < 500 km/s
B 500 < AV < 1000 km/s
= == AGN Threshold

w
N

e Radio luminosity at 1.4 GHz (Lradio):
o Lradio >10* erg/s/Hz (e.g., Best et al., 2005)
e No significant increase in luminosity as pair separation
decrease
e AGN fraction increases as magnitude and redshift

increase
e Similar results obtained with infrared classification

log(L1.4GHz)
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HII - Starforming (dv=0-500) Composite (dv=0-500) O Seyferts (dv=0-500) LINERs (dv=0-500)
® HIl - Starforming (dv=500-1000) ® Composite (dv=500-1000) ® Seyferts (dv=500-1000) LINERs (dv=500-1000)

~Box1l:z2<0.03&-21<M<-24
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e Optical classification

 BPT diagram

e Classes
o Star forming = e |
o Composite Box 2: 2 < 0.10 & -24 < M < -27
o Seyfert Il "
o LINERS
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* No significant increase in star formation * No significant increase in AGN fraction in interacting
in interacting pairs pairs
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e 1: Strongly interacting . z
o 2: Weakly interacting Merger Class Merger Class
e 3: Not interacting
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* Noincrease in star-forming and AGN fraction in close pairs
e Consistent with observational results

Bolometric luminosity for simulated Box 4: -21 < M < -24, z=0.03

Simulated Box 4: -21 < M < -24, z=0.03

—— Smoothed SFR
Bin Means
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Simulated Box 7: -24 < M < -27, z=0.1

—— Smoothed SFR
Bin Means
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The BH/galaxy “evolutionary sequence”

(c) Interaction/"Merger” (d) Coalescence/(U)LIRG (e) “Blowout™ (f) Quasar m e rg e rS

o o . : N N m - SF/obscul d accretion
e Galaxy close pair interactions at low redshift do not: ..

io Q$0

o Increase star formation S Rawas | T ~wmese | “clean” agffetion (QSO)

- . | transition (grelen valley) objec

o Trigger AGN activity
* Fraction of AGN increase with increase in stellar mass

passive red galaxy

(a) Isolated Disk

Time (Relotive 40 Merger) (Gyr) == | Importance of merger-driven vs.

H°pk'”s*°6 08; Di Matieo +05; secular (“smooth”) accretion

n et e Menci+08, Hickox+09,Page+12, Lamastra+13’.‘.’”’“”“" - E .
see also Sanders+88 pioneering work (e.g., Elbaz+11, Rodighiero+11, Rovilos+12)

MO P @ [0 i recina opeces

A A — in the “blowout” phase
) opbscure unopscure eany-type
Sglsor)'(%) SMG/ULIRG quasar quasar galaxy Hickox+09

Credit:Hopkins+ 2008
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