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The anisotropic distribution of
satellite galaxies
~Theory and Observation™

e Reference

Simulation
s Zentner et al. 2005 (N-body + semi-analytic)
*» Libeskind et al. 2005 (N-body + semi-analytic)

Observation
s Agustsson & Brainerd 2010 (SDSS DR7)
*** Nierenberg et al. 2011 (HST GOODS field)
s Kroupa 2005 (Milky Way)
+* |bata et al. 2013 (Andromeda)
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Missing satellites problem
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» PANndAS (M31) Ibata et al. 2013

» SDSS(0.01<z<0.15) Agustsson & Brainerd 2010
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Kroupa et al. 2005
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1. Null hypothesis
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2. Disk distribution of MW satellites
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3. The Likelihood
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3. The Likelihood
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4. Concluding remarks
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Libeskind et al. 2005
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1. Simulation & galaxy formation model

SRR YA XDHE—H/\O—6 DTN EEEIT

(M

particle

=2.64x10°h"Msun, R, =110~170h*kpc, L, ,=35.325h"*Mpc)

=77} (Cole+ 2000 & Benson+ 2002)

(i)

(ii)
(iii)
(iv)
(v)
(vi)

(vii)

shock heating & virialization of gas within gravitational potential well.
radiative cooling of gas onto a galactic disk

the formation of stars from the cooled gas

photoionization on the thermal and cooling of the intergalactic medium
reheating and expulsion of cooled gas through feedback processes

the evolution of stellar populations

the effects of dust absorption and radiation

(viii) the chemical evolution of the stars and gas

(ix)
(x)

galaxy merger
the evolution of the size of the disk and bulge



2. Results (€T MD1)
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2. Results (%0)2)

c/a vs b/a plane
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2. Results (T M 2)
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2. Results (T M 3)

diskf&1& Ehost halo®D major axis& D EE &k
S(FEAE D/ \A—Tmajor axislZia > TsatellitesH
LTS,

MWDIFZEZHEDTEL...

Galactic disklddiskiE & & IFIFEBE A MHDIET THS,




Interpretation
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4. Conclusion
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lbata et al. 2013
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Results
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Agustsson & Brainerd 2010
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SDSS DR7&EMillennium Run Simulation(MRS)Z ALY T, isolated host galaxy
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(i)red, massive, and low-SSFR%Ehost galaxy@satellites/dhost galaxy@major axis|Zin>
TH %9 %, —7F Thlue, less-massive, and high-SSFR7%Ehost galaxyD 15 & [disotropic
2739 %,
(ii) red, massive, and low-SSFR%isatellites/dhost galaxy@major axis|Zin > TH M9 5,
— 75 Tbhlue, less-massive, and high-SSFR%isatellitesDH & [Lisotropicl 229 %,
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Sample selection

Criteria

To host: rp<700kpc THED ERA] D 2. .55 B 5L Y, | dv]|<1000km/s
To satellites: hostd& 6. 2545 KLY, rp<500kpc. |dv|<500km/s

-satellitesMtotal luminosityh¥hostD Z &Y /LY
1 DMDhostH =Y DsatellitesD EIIIEE T

— 75 . MRSZ FHL Y Tmock SDSS survey

dataZfEY . ENZE LEEDEMHT

sampling9 %,

Z7=. bulge-to-disk ratioh Shost
galaxyhiellipticalh¥non-elliptical (disk)

MM 1T5,
Galaxy Sample SDSS MRS
Hosts Satellites Hosts Satellites

Primary sample (all galaxies) 4487 7399 70882 140712
Galaxies with known Mjjar 4412 7296 70882 140712
Galaxies with known SSFR 2421 4004 47157 79812
Red galaxies 2926 2334 37022 86178
Blue galaxies 1561 5065 33860 54534
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Results(1)
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mean satellite location angle, <¢> [degrees]
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Results(3)
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Discussion

7. host galaxy/satelliteh¥red, massive, low-SSFRTZ& . anisotropicl 2% B D H ?
MXIZIEFICENTENST=D T o  ADEZ,

f=5\A . satellitehlaccrete L TLABFEAMN—F LTS ?
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Summary

. host galaxyhired, massive, low-SSFRT=& . satellite distribution(&
more anisotropically (along major axis of host galaxy)

. satellite galaxyhired, massive, low-SSFRT= & . satellite distribution
[£more anisotropically (along major axis of host galaxy)

. red host galaxyMsatellites(Xrpl Z{&KFELZELVAY. blue host galaxy
Msatellites|Erp DB T<O>HKELL S, B UVER A [Faccretel
TLAERAIMZ L, SMAFE EisotropicE fax L TLVA,

. blue satellites|£ Z{&xiT[ZaccreteLTETEY . ¥ [Zred satellites
[FE [ZaccreteLTLYS, £ T, red satellites® 5 fildmore
anisotropiclZ7%: %,

. (SDSSDFERZTHITT BHIZIZL. hosthlelliptical H¥non-elliptical
(thin disk) DD R 73 T2 LIELELMTFZELY, )



Nierenberg et al. 2011
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GOODS field |23 50.1<z<0.8Mearly-type galaxylZ{IhES 5
satellitesD ZEfE D &A1=,
TOHER

(i)Early-type galaxyldhostdk Y 5.5mag(Am=5.5)7=THEL satellitesZ 1. 7@ F D,
INE. MWDENE—EL TS,

(ii)satellites® F ¥ A 7Eradial distributionlXisothermal B1Z7E > TLVS(y,=-1.0),

(iii)satellite distributionl&highly anisotropicT. host galaxy® major axis[Z;82>T
(D<44°) 3L TS



Host galaxy sample & subtraction

Sampling - —
0.1<z<0.8Mearly-type galaxyZselect : . .. 5 ' _ Q’ -
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satelliteZH> 1) 2% (Am=5.5DS/Nix K), - 7 e ey
) ; P 4o B
_ £ | 2?0 | "
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Tmaskingd 4(HA ), = : , .
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— Results

- L a
Z
A, | -
- Table 3
Posterior Medians/Confidence Intervals with Fixed Parameters
o Fixed Parameter Am ¥ Ns A 5. 0( Ny /arcmin?) o
‘ (68% Confidence Level)
¢=0 5.5 -1.0*%3 17440 >0.73 1234 0.286*%
2 6=0yp=-1 60 ... 2+ >0.83 1243 0.285* 4%
;; . 6=0,p=-1 55 1.8°%7 >0.72 1242 0.288* %%
- ¢=0p=-1 50 e 0.4°%% >0.73 1242 0.281*0.0%
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(i) Early-type galaxyl&host& Y 5.5mag(Am=5.5)1=THEL \satellitesZF 1.7/
F2. k. MWOEhE—BL TS,

(i) satellitesD F ¥ B7%Eradial distributionldisothermal 274> TLVS
(vp,=-1.0)o

(iii) satellite distribution(dhighly anisotropicT. host galaxy® major axis|Zia>
T(D<44°) 7L TS



Minor merger rate between 0.1<z< 0.8

*Minor merger ratelEhost halo&subhalo®virial massIZIKTFET S
(Fakhouri+ 2010)

- 5 [B]MDhost galaxy sampleD £2E =& M* ~ 10195Msun
ZHlEM,,, ~ 1022Msunl 2%} i (Behroozi+ 2010)

-— 7. satellitesEE = (X2 DM/LHEM* ~ (0.6-2)108Msun
CHIEM, .~ (2-8)108MsunlZXtits (Behroozi+ 2010)

* Fakhouri+2010M merger rateD T E X ZTHL VS L. . .

60% M host galaxyH30.1<z<0.8 M [HEZ0.4-0.5[B] D mergerZ
RERLTLVA &I o=,

5(Z Y. minor mergerldearly-type galaxyDE L ICEELEE|ZH-TLY
LHNDMELNELY, 6,




ToFEED

v ISR (MW, M31) TIX. disklZXtL Tminor axis A [ [Zpreferential’E D x93,
v & ER:A(0.01<2<0.8) Tl&. early-type galaxyd® major axis 7 [l ZpreferentialZz &9 5%,
v’ SimulationTl&. host dark halo@major axis A M. satellitel& 99 5,
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2. Disk distribution of MW satellites

satellite D eD l b R Name R A A/R.ut Dy A,
number [kpc] [kpc] [deg] [deg] [kpc] [kpe] | [kpc] [kpc] [kpc]
1(1) 24 2 56 -141 16 Sgr - - - - -
2(2) 508 22 2805 -329 50 LMC - - - - -
3(-) 59.7 22 3028 -443 57 SMC - - - - -
4(-) 66 3 1050 +44.8 68 UMi 68 2.5 004 06 23
53) 79 4 2875 -832 79 Sculptor 79 | 11.8 | 0.15 3.0 27
6(4) 82 6 86.4 +347 82 Draco 82 | 110 | 0.13 32 28
7(5) 86 4 2435 +423 89 Sextans 89 13.5 | 0.15 1.2 30
8(6) 101 5 2601 -222 103 Carina 103 | 142 | 0.14 1.4 34
9(7) 138 8 2371 -657 140 Fornax 140 | 239 | 0.17 2.0 47
108) 205 12 2202 +67.2 208 Leoll 208 | 232 | 0.11 1.9 69
119) 250 30 2260 +49.1 254 Leol 254 | 264 | 0.10 1.9 85
12(10) 445 30 2722 -689 445 Phoenix 445 | 32.0 | 0.07 2.1 148
13(11) 490 40 253 -184 483 NGC6822 483 | 864 | 0.18 35 161
14(12) 690 100 1969 +524 695 Leo A 695 | 100 | 0.14 35 232
15(13) 880 40 3229 -474 875 Tucana 875 | 123 | 0.14 3.5 292
16(14) 955 50 948 -435 956 Pegasus 956 \_159 J 0.17 3.3 319

fittingL7=plane® &3 A R D XL
isotropicl ZFAE S fosatellitesE FALV=IHEE DXL




