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HESGCE AT REA B B 13% g7 BY .

FERZEIE T, B RIEEARRIER TR, (HPE 2 A3 8 R R 2432
2002 4 Wu A RO s 2 R NGC 4565 /E T A mEG, SirsRR, ZERN
JEEARE A 11.03 kpe , WEAREA 8.05 kpe , MHMAIARKEH kr = 1.37 . 2004 4%, Pohlen
SN 23 b0 B R TS B TR R 1.8 . TR R B, R DR K
WA 3%~10% , T JE A5 AT 28 Yy SE AR ] S A Y0 B AR Y, ] R4 90 B i B iy i<
BHEE/N.

PEERMARK I kr < 1.0, 471999 4 Abe A 7 3P Sc/Sd B #& 1C 5249 1E T HF
7%, 8% kr = 0.6, HIT, Yoachim il Dalcanton 2% @1t XF 34 A~ ] J5 Hat e 280000 1] 554K 2
RIATHER, BREEMK SEERKZE kg =0.6~1.6, FHEN 125, HF kzp <1.0H
BRME 41, RREEARRDEN 12% .. A, B THEEMEREIFRERE R R
KR, TEWKW kr WRX/NGERFEBERZRAKRALT (LHE 2) .

SFrTT T T T T T T T T T T T T T T T T3]

1:||||I||||I||||I||||:

0 50 100 150 200
Ve/km-s!

H2 ERELESEETKZE ke SRRAFRGXR P
U R U B R R

A=A R LA A R EE S SRR ¢, ERESCY c=a/b, HH
a f1 0 A EER EARMEEE, LA b, BRI EEE, WM ELERNEE
FHARZES, NTEHF A& RAARE R A, B c = he/h. P, BHHAIR/N B
T RSN RTRE: o [EBX, WYERINERR. Burstain FH TAEGE R LR
4:1~5:1 B SRR — BB R, KRR TR RIE Y 3:1~4:1 , TR LA
Ry ot 8:1 P985 | LR B AR, BB RE LEEESZ. 50
M, TRRERSEEE, BNWHLESBRTRKDIR (WA 3) .

X TR R YL, MR Robin 55N B 1 Ng S5 A PO g2k R, RS Ar i 5 E A



2 BEZE: MANER IR 107

2.8~4.5 kpe , NIERARILFTREAE 3:1~7:1 JEE ;s L EAPS BRI R EE M LA R
3il~dil, TAERLA S BB 6.0 29, GEFINERWBEREARZ,

FEIGHNE, B THOMEREE, AREBNCR SN RERE (AR
WSRO,  Yoachim 1 Dalcanton 29 Xt AE T 8 IRARM B B, Hrh A dE A2
JGHI R RERZA.

_||||||||||||||||||||||||_ _||||||||||||||||||||||||_
8- i N 8- N
: 0oL % 1 i
of f [ o] o .
- ) _ » .
o L ? 4 i -
< r Tﬁ 1 L 4 I ]
< 4 3 e {4 4} i
- 1: i B ¢ %gﬁ‘% " T jl .
2 1 u : 2 1 §+g Tg’ u :
{FEEE 1 L
B MW old thick

0 _I PN T I N T T T A O A A |- 0 _I PN T I N T T T A O A A |-

0 50 100 150 200 250 0 50 100 150 200 250

Ve/km-s! Ve/km-s!
(@) (b)

3 ERMAEILSERFREMIER P
(a) W, (b) i, ZXOBMERFA U BERANER, BEANEIRIE; BrYoysT R

3 ot VR AR

BT EMSESL, SERBX EMERE — BEML, EEEHGA. Tk, SEEM
12 By 2 A5 TH b 3R B N TR] A W AR AE

Wi & M3 25 A HIEHE (Hubble Space Telescope, HST) FI T B RAYMMBF5E, BRA =M
SIHERIERE, MW DIE—SOrE R R (R BT %R 403 KA BB E A,
HPFETRTS AT ERIRRE, WFERMEEES.  Seth FAM Mould P79 g3 TAEH
B, FEHTHIERSR (2 ~ 4h. o) BIHY, WEEFELVERER M EMAE L, REEMEFEH
AERYHEE, FRIEEZARN 5~13 Ga . SHEME, EEME6GDRFLI, FHik Mould B
TEf A TAE B AR 2 LR

LERMXMBIGERY, BEMNRESE—ETELEE, B Scth FAMHEARRTE, XK
HEERENRAMERN [Fe/H~ -1 . Ak, MAIFHEN 6 MUTRERWESRENEK
KL, HESH —23, —1.7, —1.3, —0.7, —0.4F 0.0 B8 | ik FRETLIHR
K, FEABRT AR ERWEESREEWRSEEZTI, EXME—BER, b PN HEAER
AFE, i EESREEEOSE AR, filan, XN TR A m 4R 2ok, K2



108 X X ¥ # B 26 &

ot B EENSRERE —0.6 A4 1333400 | (HinF ol B ARRA LR 1142

Seth % A\ 8| R &3, (KR ERPFERA#EL | ZERERERNIRE, KTHRTR
HEBEHE A, BMX R R TR EE T REETE — M EJE IR K B . A
I, ZEMNMEEARRS, NFERYTFERFEFRN AGB B, HIEEFLER, H
BIEM R EHEE EHEFR A RmE R, Wi, ERERERPEM » Fmt, MilFERELR
RAFTEW BRI E )R EBEE, Dalcanton %8 A 19 SRR LLTE ALY FT BEHL I XX — XM F5524E T
—EWERE. B—Jm, Tikhonov %5 AR HST WL ¥ERixtheiR 2 & M81 . NGC 55 il
NGC 300 fRF7REH, FTERMERELFENALE RN THEBEN SN —065., —1.25
1 —0.87, HERIMFERMERERE 15,

B3I Yoachim il Dalcanton & B 29, KR E R IERE TR H#E, EXTEEZshE
BE Ve <120 km-s7! U/ NEREEFREU, BEAERTERRT ERCENIL—¥, MENHKRE
N EE RN —E, Hiy, MERTERERENERA, HENFREHEENFER
FAIRERA Y., WmRHF 2RI ET S EREMNRIEREEN PHEASH, BLBIHE
XPARLE V. <80 km s~ B/NREER, E&SHEMEFYRTEZ WBHE/N T 1.0,

M 1] 2 2R BB S A IR DL S %, X A TE SR B R A T M A TE R B AR 4%,
M EE W BIEMLL. 2002 4E, Dalcanton Fl Burstain BY Xt 47 A a] B 8L 5010 B2 R
W6 (B — R) MIJ62: — 404 (R — K) B AHFss R, X8 E RERE T AR
MIESAETER I B B G B M 1E IR T R, B EEM A EHE W TR ER.
REFRERGOHERERENE,. 2005 4, Mould B FIf] HST ¥RIHFFET 4 L
M E & (NGC 1550 , UGC 1281, NGC 784 fil UGCA 442) 1E = 7l LIEEK V — I Hifs
AR (WA 4), XEERMEREATE 3~4 Mpe JUE N, ZREHX 4 MEREAFLE »
JrE LR B, S AV - 1)/Az=0, HHPUER UGCA442 i) A(V —1)/Az {HH
Bk, {H{H 0.11+0.10 .

2.5 T T 1T T 17 T T [ T T T T ] T T T 1]
2 i

"’:O‘F"‘_‘_ io“"* et

~ LI

| 15 B -
1 i
0.5 [ TN TN TN TN AN TN TN SN TN AN TN TN SO TN SN S B

0 500 1000 1500

B /pc
B4 EZ NGC 784 7 = Jri kgt )
Bk AV —1)/Az =0.06 £ 0.04

WRBES Rk, RICEZF IR (WAFNEL 10 ) WM R TR 2R HE T
EEMETHREBRFIEMRR, AN IMER CHETE RN E R A E LT .



2 B WINER R 109
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Burstain ¥ 7Efh g 3¢ & BUAFFE B AL 0 R TAEH, B B REFENE R BB K7 1
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ke, (HJE, XPARRBIPLEDRU, SRR R B BRI RS AR ESR. WRE
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TERE R S ERCF RIS BB RN, BEERNERERIEARK B, 2 BEHERE



2 B WINER R 111

RN FERN, J5E N EERNE T Z2H 3 2 mik B mERASE 3 f
MU, ARG AS RN BN EEFH YN AL, HEMNTUHESS5HFEHER ‘B
o SR B2,

JE £ BT R F B RRE T LK KA R LT BN AR AL — 2 I 29 3R, Bildn, X2k
HEMEEEMINT o— TR EME, WHTIMEERREAGEIIERE, R
AT WEAR L., Ak, iR 3 Pl REf B L B R —E B LW EREE TR
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FTE AL A 3 Ay 2 T A AN IR,



112 X X ¥ # B 26 &

S 3Rk

Reid I N. MNRAS, 1982, 201: 51

]
[2]  Reid N, Gilmore G. MNRAS, 1982, 201: 73
3] Gilmore G, Reid N.MNRAS, 1983, 202: 1025
[4]  Fuhrmann K. A&A, 1998, 338:161
[5] Prochaska J X, Nanumov S O, Carney B W el at. AJ, 2000, 120: 2513
[6] Mashonkina L, Gehren T. A&A, 2001, 376: 232
7] Feltzing S, Bensby T, Lundstron I. A&A, 2003, 397: L1
8] Bensby T, Feltzing S, Lundstron I. A&A, 2003, 410: 527
9] Burstein D. ApJ, 1979, 234: 829

[10] Tsikoudi V. AplJ, 1979, 234: 842

[11] Buser R, Rong J, Karaali S. A&A, 1999, 348: 98

[12] Norris J E. ApSS, 1999, 265: 213

[13] Chiba M, Beers T C. AJ, 2000, 119: 2843

[14] Mishenina T V, Soubiran C, Kovtyukh V V et al. A&A, 2004, 418: 551

[15] Brewer M, Carney B W. Publ. Astron. Soc. Australia, 2004, 21: 110

[16] Soubiran C, Bienaymé O, Siebert A. ATA, 2003, 398: 141

[17] Parker J E; Humphreys R M, Beers T C. AJ, 2004, 127: 1576

[18] Freeman K C, Bland-Howthorn J. ARA&A, 2002, 40: 487

[19] Dalcanton J J, Seth A C, Yoachim P. Island universes, Astrophysics and Space Science Proceedings. US:
Springer, 2007: 29

[20] Dalcanton J J, Yoachim P. AJ, 2006, 131: 226

[21] de Grijs R, van der Kruit P C. A&AS, 1996, 117: 19

[22] de Grijs R, Peletier R F. A&A, 1997, 320: L21

[23] Pohlen M, Balcells M, Liitticke R et al. A&A, 2004, 422: 465

[24] Shaw M A, Gilmore G. MNRAS, 1989, 237: 903

[25] Morrison H L, Miller E D, Harding P et al. AJ, 1997, 113: 2061

[26] Wu H, Burstein D, Deng Z G et al. AJ, 2002, 123: 1364

[27] Abe F, Bond I A, Carter B S et al. AJ, 1999, 118: 261

[28] Neeser M J, Sackett P D, De Marchi G et al. A&A, 2002, 383: 472

[29] Yoachim P, Dalcanton J. AJ, 2006, 131: 226

[30] Tikhonov N A. ARep, 2006, 50: 517

[31] Dalcanton J J, Bernstein R A. AJ, 2002, 124: 1328

[32] Yoachim P, Dalcanton J. ApJ, 2005, 624: 701

[33] Robin A C, Haywood M, Crze M et al. A&A, 1996, 305: 125

[34] Morrison H L, Boroson T A, Harding P. AJ, 1994, 108: 1191

[35] Robin A C, Haywood M, Crézé M et al. A&A, 1996, 305: 125

[36] Ng Y K, Bertelli G, Chiosi C et al. A&A, 1997, 324: 65

[37] Seth A C, Dalcanton J, de Jong R S. AJ, 2005, 129: 1331

[38] Seth A C, Dalcanton J, de Jong R S. AJ, 2005, 130: 1574

[39] Mould J. AJ, 2005, 129: 698

[40] TIbukiyama A, Arimoto N. A&A, 2002, 394: 9271

[41] Gilmore G, Wyse R F G. ARA&A, 1989, 27: 555

[42] Burkert A ,Truran J W, Hensler G. ApJ, 1992, 391: 651

[43] Tikhonov N A, Galazutdinova O A, Drozdovsky I O. A&A, 2005, 431: 127

[44] Karachentsev I D, Karachentsev V E, Kudrya Y N et al. Astron. Nachr. 1993, 314: 97



2 BEZE: MANER IR 113

[45] Binney J, Tremaine S. Galactic Dynamics. Princeton: Princeton University Press, 1987: 13
[46] Kregel M, van der Kruit P C, de Grijs R. MNRAS, 2002, 334: 646

[47] van der Kruit P C, Searle L. A&A, 1981, 95: 105

[48] Fall S M, Efstathiou G. MNRAS, 1980, 193: 189

[49] Matteucci F, Francois P. MNRAS, 1989, 239: 885

[50] Chiappini C, Matteucci F, Gratton R. ApJ, 1997, 477: 765

[61] Velazquez H, White S D M. MNRAS, 1999, 304: 254

[52] Chen B, Stoughton C, Smith J et al. ApJ, 2001, 553: 184

[53] Eggen O J, Lynden-Bell D, Sandage A R. ApJ, 1962, 136: 748

[54] Kroupa P. MNRAS, 2002, 330: 707

[55] Fuhrmann K. Astron. Nachr. 2004, 325: 3

[56] Martin N F, Ibata R A, Bellazzini M et al. MNRAS, 2004, 348: 12

[57] Navarro J F, Helmi A, Freeman K C. AplJ, 2004, 601: L43

[58] Gilmore G, Wyse R F G, Norris J E. ApJ, 2002, 574: L39

[59] Bland-Hawthorm J, Freeman K C. Publ. Astron. Soc. Australia, 2004, 21: 110
[60] Reid N. AJ, 1998, 115: 204

[61] Hammer F, Puech M, Chemin L et al. ApJ, 2007, 662: 322

[62] Drozdovsky I, Aparicio A, Gallart C et al. RevMexAA, 2007, 29: 157

Thick disks in External Galaxies

ZHAO Jun-liang

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: Since thick disks in SO galaxies were originally detected in 1979, thick-disk compo-
nents have been discovered in many disk galaxies, and there are more and more observational
evidences that the thick disk in an external galaxy should be a component of the galaxy which
is structurally, chemically and kinematically distinct from the thin disk of the galaxy. Generally
speaking, for a galaxy the thick disk has its scale height significantly larger than the thin disk.
Thick-disk stars are more metal-poor and older than stars in the thin disk and have both a slower
rotation around the galaxy center and a larger velocity dispersion. It can be concluded from
all these observational facts that thick disks are a kind of relic, which can be used to trace the
formation and evolutional history of external galaxies.

Edge-on disk galaxies have been extensively used by different authors to measure structural
parameters and other observational properties of thin and thick disks. It is found from some
recent studies that thick-disk scale heights are generally 2—6 times larger than thin-disk scale
heights and the thick-disk scale lengths are slightly larger, which agree with what observed in the
Milky Way Galaxy. The axial ratios of thick disks are normally in a range of 3:1-4:1, and those

of thin disks can be over 8:1 in some galaxies.
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The ages of stars in thick disk are estimated to be 5—13 Ga, and their colors are significantly
redder than thin-disk stars. Thick-disk stars are metal-poor with median metallicity of [Fe/H]~—1
in some low mass galaxies and show no evidence for the strong vertical matallicity gradients. It
has been found that the contribution of the thick disk to the total luminosity shows an obvious
trend with mass. For high-mass galaxies (V. > 120 km - s~1), thick disks can contribute 10% of
the total luminosity of the galaxy and for lower mass systems this value can be up to 40%. The
analysis of vertical color gradients for some galaxies suggests that the color of thick disks are fairly
uniform. The stellar mass of low mass galaxies are dominated by thick disk stars, its fraction
being up to 50% of the total stellar mass in some cases. Unfortunately, stellar populations above
the galaxies’ midplanes have been studied in fewer than 10 galaxies to date.

The number of kinematic studies of thick disks in external galaxies is even more sparse than
the stellar population studies. It is revealed from the two edge-on galaxies studied recently that
one shows the thick disk rotates at 30%—40% of the rotation speed of the thin disk and the other
shows clear evidence of counter-rotation.

From the systematic differences between the properties in structure, chemical abundance and
kinematics of thick and thin disks, they are likely to have distinct formation scenarios. It has
been extensively recognized that the majority of thin-disk stars formed gradually from a rotating
disk of high angular momentum gas. However, the formation of the thick disk is still poorly
understood and is more complex. According to the properties of thick disks, their stars could
form in one of the following ways: (1)they were kinematically heated from an earlier thinner
disk, which means that disks form largely through smooth gas accretion, and the thick-disk stars
in a galaxy form initially in a thin disk; (2) they were formed from gas with large scale height,
which suggests that disks form primarily through smooth monolithic collapse and thick-disk stars
precipitate out of the collapsing gas cloud, or the thick disk forms from a disk of gas that has been
energetically heated, so that they form in the thick disk itself; (3) they were directly deposited
at large scale heights during the accretion of smaller satellite galaxies, which means that these
stars can form entirely from merging subunits outside the present-host galaxy. It is not very easy
to distinguish among the above formation scenarios of thick disks for individual galaxies, and
probably thick disks of different galaxies have different formation processes, or even more than
one mechanism can play their own roles in formation processes of the thick disk around a disk
galaxy. While the broad outlines of thick disk formation are in place, there are many details to

be worked out.
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