Galaxy Zoo: The Fundamentally Different
Co-Evolution of SMBHs
and Their Early- and Late-type Host Galaxies
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“Co-Evolution”
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Color-Mass Diagram
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— SMBH: L[OIll], Mg, L[OI]/Mj,,.

— Host:

u-r color, M., o., AGN fraction.

Late-/Early-type CODELVNR A TET-.

SDSSIFTKAREA 2L, HIRIZKAREESFEA L.

— Manual inspection(Color, Concentration).

— Visual inspection(Galaxy Zoo project).



~Number Fraction, Time Fraction™
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Galaxy Selection

e Catalog:
— SDSS DR7, 73 Je 24 T “GALAXY”.
* Selection criteria:
— 0.02<2<0.05(->1.2-1.9 kpc in 3”)
— r<17 AB mag,
— M, petro < -19.5 AB mag,
* 47675 galaxies.
— 16246 Late-type, 22483 Indeterminate, 8928 Early-type.
— Late/Early[Zld, TEREREDS0%BLL LD —HFEK.



Observational quantities

Ox, Mgy
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Late-type AGN host

S587724234256351256 SBT724240159244373 SB772464B8186118245 SB7724650872373387 S3B7725491062767863 587725552812032218

SB77T25576426487945 587725577499181249 SB7725816942624964 5B7725981766058135 58772601399790B069 587726015079776316

White bar -> 5kpc.



Indeterminate AGN host
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Early-type AGN host
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Color-Mass Distribution 1
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Color-Mass Distribution 2
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Color-Mass Distribution 2
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Color-Mass Distribution 2
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Color-Mass Distribution 2
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L[OI1ll], Mgy, distribution
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Summary of Figs.

* Late-type:
— High-M. Green Valley ~ Red Sequencel
— High-M. Green Valley Tduty cycleh' 5
— L[Ol] 2K, high Eddington ratio T dut
e Early-type:
— Low-M. Green ValleylZZ L\,

2%\,
LY.
y cycleHMELY.

— Low-M. Green Valley Tduty cycleMF L.

— L[OlI] A, high Eddington ratio CTMdut
¢ Mg, L[OIlI], L[ONI]/M,,,

— HAEVE(L, Late-/Early-type&HIZFFE]
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Co-evolution in Early-type

* Blue-to-Red transition:
— SFALEL (@BC) -> AGNEEI(@GV) -> ZLVI=E D #A(@RS)
— AGNIRETIZ &S T, SFAYLEEHS7=?(AGN feedback)
— SFMIEFEST-E&IZ, AGNAIEY 9 ?(AGN fueling/trigger)
— SF-> AGNIZ[Z, At~100-500 MyrdDS 45 h 8% 5.

T Ealyyma bacds T

Low-M. GVD EFIZ,

BCERSHILNBEIRDF.




Co-evolution in Early-type

Blue-to-Red transition in low-M.. early-type galaxy
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One explanation of M. difference.
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Co-evolution(?) in Late-type

X Late + Late major merger:
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Co-evolution(?) in Late-type

X Late + Early minor merger:
Late = 101° M, Early = 10 M

<- green color|Z7%EYZ, bulge M E#EL TLED.
Late = 101 M, Early = 1019 M,

<-ELHH-STLES. ngh M*, blue Iate typelj: J‘fdtt,\

T Latd-type calamec;____ ,\iﬂ\ Ne

- Green color e
- Disk dominated % /J

- Host mass M.~10 M

High-M. GV T 1<, BCASLVALY, ]

Massive diskiA & Tgreen color.
-> Early-type D ET JLIZFH].




Co-evolution(?) in Late-type
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Classification result

Table 1
Galaxy Morphology Statistics from Galaxy Zoo
Galaxy Morpholgy Class Number Percentage
Late type 16246 34.1
[ndeterminate type 22483 47.2
Early type 8928 8.7
All 47675 100




AGN properties

Table 2
Typical [O 1] 25007 luminosities, Eddington Ratios, and Black Hole

Host Galaxy Number Percentage of Mean Median
Morphology Host Galaxies log L[O ] log L[O 1]
(ergs™!) (ergs 1)
Late types 402 42.68% 40.40 40.39
Indeterminate types 431 45.75% 40.40 40.39
Early types 109 11.57% 40.27 40.30
All 042 100% 40.38 40.38

Masses of AGNs by Host Galaxy Morphology

Mean Median Mean Median
log L[O m/o? log L[Om/c* log Mgy log Mpy
(0.295 0.306 6.52 6.63
0.456 0.442 6.52 6.63
0.326 0.397 6.36 6.45
0.372 0.370 6.43 6.53




~Eddington Ratio™
- BE[FEEXEddingtonfRFR[FEETE|-1-&

— SMBHO BDOXFEZELE=-“H"EEREEER.

— L[ONI]ecL, ,ocdM/dt, Mg, ocdM, /dt&Y, L[OIII]/M,,, T .

1. KEMN, AL—E3/hDESTET.
— LM (-> Eddington ratioAVEL VIR EE)

— ZDRF, BEEF

] 8% (X ST A B IZ(RIAF/ADAF).

2. FhH, hL—%3%/hTERT.
E & !? (-> Eddington ratiohF ZF Z D IKEE)

3.

— ;ODH# pE & o

12 [ K <FtH(Standard accretion disk).

INBEDAD, AL—%3#/hTERTY.
— L"), (-> Eddington ratiohY1LL k)
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