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Ui (M,): B RPIPLEAERE, A2 28 8] 43 A FE 2y 1 Jo 48 7 T 43 AH I (1) K &=
KA. B G 7 B B R B R I 5 BT 50 R IR 6 R i AT L
B, B E B E A R E R pUE DL VB YRR, (2) HAIE KA (SFR): 2R PALN
[i] W/l%%%%%ﬁmﬁmﬁ’liiﬁﬁdj fﬁiﬂiﬁiﬁ HHERNEEEREGIRZ I,
LRI R R Z W BNDEHDGIEE . X T RAE ROk, HHTH) SFR AEHAK, 1M A

AR #%%UE%B%E?%E? WIDZI%E/Z% WA B R AR S E R TP L.
(3) LeIHATE R (sSFR): A &R AT EA T (SFR) FrLLE RIEE R (M), BN
sSFR = SFR/M,. %1t [ W2 — N2 28 P BEAE 45 5€ (I T PN A 4 D TEL AL R U4 T
B IR R AE A R IR TE BT 5, B, B (0 LUt R T R R W2 R R A 2 e
AT A TR

FT- SDSS (Sloan Digital Sky Survey) & K ¥4, Brinchmann %521 Bl 45 18 2
JEE Z (Star-Forming Galaxies, SFGs) [11H AL 5t A1 H A Y R AT IR SR P AH G E, 1X
FER 2 R MR N P (Main Sequence, MS). LI 57 45 - AE Peng 2518 T 4F b th
UESE. BEAT L 2 i BUR AR R TF RN S, 4 (0 R SCHIF 9838 e vEAfl ) e
PHR AR (2 < 7) [0E R S R E B T e (=170 R P Ik 6 0 S, 1E§Eﬁhi1/ﬁﬁ
LRIMATOHR 0.5 < 2 < 3 MABAFELE MS KRA- 8]. TAh, ABATT A IR AR R LT A T R
A LI KMIE K (2 < 2), AETE LR (2 > 2) &b, £ RN sSFR LR A E
AW RO TAR R L0 DX 1) N 0 A ARk, I BT 2 R I sSFR i TR 0T A R
) sSFRIS~101 S SLfiff 57 4k B 57 £ B R B AR AL 1 “downsizing” #5881 BIAH XK
JE R AR UG, AR R AR AR AL S s K, 1 HLR AR T XA AR T R e SRR
(SEESEAR 2 TNTR'ES)

THRTERUR R TP (MS, SFR oc MP) KA, X TAF RBFFTCAERAF ¥ 2 R AL
BofmXim, GEANRPFE B (= 0.5 ~ 1.0). HIXFIE, EERIEG LT LN
ffi: (1) WFSUREASE e 22 5. fltn, BAFRRIEFEA, PUE REEAEA. 2P BISI O IEFEA
8 (2) ERABME T AR, ERAOCEARAEBHI T, ARBPITE R A K
MOCLR BARMSEBE,; (3) IEHATE A R (SFGs) HIFIEAR; (4) THEE R
PE TG TTEAR 38 (5) AL AR A Il 4 R 1 22 5.

AR, FATHEET COSMOS (Cosmic Evolution Survey)/UltraVISTA (Ultra-
deep Visible and Infrared Survey Telescope for Astronomy) 379 2 3 BLll 622, DL
R R R AL, TE R BRI R TR R H s, A R R I8 A P s T 90%
R ZRAEA. AHELELT AT AR, AT UVI (U -V MV — J) X0 ERE R 3K
BlE R TR &R (SFGs) FITHHE R (Quiescent Galaxies, QGs). HILFEF, SRA 24 ym
U PRAE— PR AE R P R R FEAR T TR R R TR R, WAL
BIX N ERKEREEE, HEEERESEEFEKKR. HHh, TAIE A H
ELR Jo R X ) AR T B AR ) BT R T R BE 208 T Ak 3.l nd 455k B Sk o
AR (2 ~ 0 ~ 8) THATE B R I sSFR W EH, w702 R LEETE B HE S
AR AN L S
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2 MFNEHE AL IR

COSMOS 18 K 1= 0 HI R AR I 2 3 T A AL B 20 8% 1) 224k, BLA 5 K RS
SR IRET K ORI R AL T 2 BB MG RGN, HOR X AT 2078 1 11 AR £ 2
deg?, F0ME A RA(2000) = 10700™28°.6, DEC(2000) = +02°12'21".0, BRI /2 AL7E R
RGBT, 1 B AT BAR A /T 50, E(B — V) ~ 0.02. B U4 2% 47 2% (8] HST
(Hubble Space Telescope). Spitzer. GALEX (Galaxy Evolution Explorer). XMM (X-
ray Multi-Mirror Mission) Al Chandra, PL &M Subaru, VLA (Very Large Array).
VLT (Very Large Telescope). CFHT (Canada France Hawaii Telescope). VISTAZEHE
B, A AU PG BN X G2 2SS B Be. A LEAC I — 2838k, 41 SDSS. 2dF
(Two-degree-Field). 6dF (Six-degree-Field). 2MASS (Two Micron All Sky Survey).
DEEP2 (Deep Extragalactic Evolutionary Probe 2) 4§, COSMOS &t T X} 3 = 4L %
b (1 < z < 3) BRI REMINEYE. £ COSMOS/UltraVISTA 3751, AT
FLAE T Muzzin 5 RORHE R R, ZE RSS2 B BMDCERE, m R T
RRRTY IS HO R, Gl OGO (R R R BN N DS LR, AR,
TR, kAR ks R P B (U -V AV =), 25 385 R Muzzin 2520 @43
B s [J— K < 0.18(u—J) —0.75, u — J < 3.0] f1 [J — K < 0.08(u — J) — 0.45,
u—J>3.0], JATMNELP LB THEE, L u Bk 7 Subaru/SuprimeCam
(Subaru Prime Focus Camera), 1l J A K J& i VISTA/VIRCAM (VISTA InfraRed
CAMera) $¢4it.

BT NIz 2R A B 204 22 0% BOW B, Muzzin 2520 ] EAZYRY (Easy and
Accurate Zphot from Yale) W6 4L# @ 3R I T A RMDGLL B AE R, R, KRB
zCOSMOSEZ (COSMOS LB KR 1 2L B Al NMBS 2% (NEWFIRM Medium-
Band Survey) HIDGLLR BT RAT S 2 R CINZLRS HOKE B2 3l O R ZL A JF
gh 4 2P BN S, KA FASTR4 (Fitting and Assessment of Synthetic Templates)
UGB AL, TR R R E A R, AR R T Calzetti%s 29 (1 2 1k
6. ChabrierS ¥144 5 5 8 3 (IMF).  H5 30 ok (0 622 8 pi =X, DA R K PH 42
BEE. 2TEREEERERIFEEE T R4 (UV) M4 (IR) A ES 7, B
SFRiot = SFRUV uncorr + SFRir. HH SFRuv uncorr = 3-234 x 10720 Loggo 27 (Loggo %
JS L3 B 2 800 A A Y6JE), SFRir = 0.98 x 10710 Lig 7, Lig /&5 R MLLAHE.
KT COSMOS/UltraVISTA Iz 4k 4b 1A 3 A7 1) PE 40 45 )& 7] 22 2% SCHR McCracken

25 128] 1 Muzzin 25120,

3 ERBREERFSRE

AT AT R IRORE A 1 58 A P T 90%, FATTFII AL T Patel 5P RilTIbert 45 50)
58 SR U ERE AR, 1g (M. /Me) = 9.5+ 0.8Inz (K 1 R ERE), IEIUR RFEA. I
B 1 PR, AR KRB RS T 23.4 mag (YR (BREAT) SE& KT 90%. BATHIHE
FNGRAB A0 < 2 < 3.5 FHER.
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K1 COSMOS/UltraVISTA ¥t R I E REBHLI 0. B PER Koy > 23.4 mag (ABRL), R
HEIET 90%. HZ Y = 9.5+ 0.81nz (Y = Ig (M. /Me)) AR B bR fE.

Fig.1 The distribution of stellar masses (M, ) vs. redshifts (z) for the galaxies in the
COSMOS/UltraVISTA field. The black dots represent galaxies with Ko > 23.4 mag (AB), which means
the completeness is below 90%. The dashed line (Y =9.540.8Inz, Y = lg (M, /Mg)) corresponds to the

mass limited criterion.

N TG SFGs TR TB I L BELLRR AL G R, FRATT /G BN B AR 1 AR 2 ik
ITHRBOY . X IRATRI Muzzin S BUZE H F7ER AR 2 b S A 4

U-V>13, V-J<15, [0<z<4], (1)
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FIH UVI R 528751k, B R R 2 B 2 R (SFGs) Al R (QGs).
K2 Bon TERATE REEAL UVI R E LR aAm. K2 RO RN, BATK 2
REEART W 7 N X, BRI R K/ A 0.5, 1] 2 (1) 28 48 S 2R 0 I (1) A2 L
JE, A REANDBIX RN E REBEH, BL SFGs F1 QGs T 11 b5 # 2 28 s 4
ZE L Gl AT AT AR, R ) R R E AL R BRI, AN 40 X
N QGs FT i i EL @ st s, )T M, > 101 My SR, M 208 X 1) M /N 31 K5 e,
QGs FIT 5 1 EL A1 43 5% B H2: 80%, 78%, T0%, 48%, 23%, 16%, 11%. Xt I AE UL 4R
FH (0 < 2 < 0.5) 1, LR EE R EEREAKTHAER (L80%), M HADE
0<z<15JEHN, QGs #&LFEFHAL (7T 70%). MHELEIINK, QGs Py 1L
RN X SR B 2L RE A B AR TR AR U, T HLAEE T B L L e 7
SARILEATER, MR R R E L L SFGs.



1 4] 73 B LA COSMOSH A2 A M A TE BRI AL 5T 11

T1.0<z<15
N, = 23235

25F0<z<05
N, = 20930

T05<z<1.0
N, = 36960

redshift QGs SFGs
] 0<=z<05  24% 76%
05<z<1.0 24% 76%
1.0<z<1.5 27% 73%
1.5<2z<2.0 25% 75%
] 20<z<25 19% 81%
25<z<3.0 17% 83%
13.0<z<35 9% 91%

00 05 10 15 20 00 05 1.0 15 20 00 05 10 15 20
(V-Dis (V- (V-Des

E 2 REREUVIXOE W3 (0 < 2 < 3.5, T MBXIW). GAMCBXENERNEH, L& QGs Hl SFGs it
I LE B bR R A . BRI SR 2K ) Muzzin S5 P SRELG B .

Fig.2 The distribution of galaxies in the (U-V)iest vs. (V-J)rest diagram (0 < z < 3.5, with seven
redshift bins). The number of galaxies, and the fractions of QGs and SFGs in each redshift bin are

respectively shown in this figure. The solid lines correspond to the color criteria from Muzzin et al.3,

4 ER(IL)EEFRERSEEREXR

h T WA TR LR e A 1AL B R R () AR e S A R G R, 1R
FI &2 AR R R 208 DX TR R 23 7 %, S FEAS 2 1 7 AN 2L IX D). ] 3 KL 4 43 ) o
THREAH R R MR S HAR R, IR RR Z R, K B 5%
] /& Spitzer MIPS (Multiband Imaging Photometer for Spitzer) 24 pum £ =T 20 1
SFGs, AN [FIZLA X [a] 9 805 1 ek il st gebnn e I b s AL 1 5 dE— P e T
AR R F N A R T SFR R sSFR BELLR B HA. 1E WS H L, QGs A
Mgt Won &l 3. & 4 FIE 5 v, HIX BLIRATIFAXS QGs 1) SFR Al sSFR AH G
FOAT R, BATITF TR % & SFGs. SILFAE, K 3 fE 4 451 7ok H Elbaz P,
Daddi Z54F Rodighiero ZMHF57 45 . & 3(a) o Fedl 15 A2 i S 2 B R
MR T Elbaz ZPRHE, X & AT SFGs EZ i fE 2 ~ 0 &b, TifEE 3(b)
h, Elbaz SEChRHE R FRATEIA 45 5, R B ARA TS 1R 0C R 2 5L T a8 A
0.8 <z < 1.2 VuBWIEEREEE R, K 3(d) HF3-ATTHEE FE 5 1H 2 B R A
KL T Daddi Z4F1 Rodighiero ZEMbR#E. 1X 32 B K A AN 7 HIFE W: (1) ARAT141
G SFGs LLB A AE 1.5 < 2 < 2.5 Ul N; (2) MlATKH SFRig = 1.72 x 1071%Lg
A E R RLAMOE R B, MAERATAEA S, SFRig = 0.98 x 107 Ly, 1Ml H.
SFRUV uncorr MITHEABMTZFIFHIESE Lisoo (R RHH IEHEBE 1500 A ).
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%

Fig.3 The relation between stellar mass and SFR in different redshift bins for SFGs. The cyan lines and
the equations (Y = 1gSFR, X =1g (M. /Mgy)) in each panel show the linear fitting results for galaxies
(SFGs: 24 pm detected at the > 20 level, QGs: 24 pm detected at the < 20 level). Only the SFGs that
have a detection > 20 at 24 um are shown (black dots). The results from the literatures (Elbaz et al.l®),
Daddi et al.[¥l, and Rodighiero et al‘m) are also plotted in this figure.
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Fig.4 The relation between stellar mass and sSFR in different redshift bins for SFGs. The cyan lines and
the equations (Y = 1gsSFR, X = 1g(M./Mgy)) in each panel show the linear fitting results for galaxies.
Only the SFGs that have a detection > 20 at 24 pm are shown (black dots). The results from the

literatures are also plotted in this figure.
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Fig.5 The comparison of SFR (sSFR) vs. M, in different redshift bins for galaxies

B3, B4 FIE 5 AT LRSS Han N 45t (1) THE B SO &R T A T R
K, HE R B R SR A R AT DCEAE 7T NI MW ARTELE (0 < 2 < 3.5). (2) 1
FH IR0 RS X 1] R ABUE S 5 6 ) 46, AH R4 T i 2 SO0k, R T R BRI
H TS SFR M sSFR. (3) 1HA B A R M F 7P R /A HMBRRLE (8~ 0.5 ~ 0.7),
T ELGS T — [ AR A TR M SR, S R ITE A B % SFR 23 A 208 38 K 1
K. HUBMN 2~ 08K 2 ~ 3.5 K, XE) SFR &HIKZ100 £, XK HTE S LB b fE
AU R R INGERR, SR . (4) XTI e R R AR, AR
1 LG TE R T 1 B A 20 R 38 K8 K, AR T s i A R, T A RIS K21
SR R A S WEAIE L. (5) SRR I E R Y U R AL, KR SFGs A1RIK
(1) sSSFR, 1% & W B AT T D S e o S 177 L LR R, 1% 0555 “downsizing™ A58 7l 5 — 3.

5 ERIEEEARRENL

N T WEFRBATIFEA LB U R I L B T R B A B (M G R, BT R
(RIE L T M I3 i 6 AN XA, @il 6 s, 76 7 AN A, FAT 150 T E 5T AN
R TE AR R P LR B R sSFR. VLI 45 AR A i £E & 6, o T A
el U BRI, BATEE T (47) RERHET sSFR G- T3 7 DL AL IX )1
KN (0.5). G35k, ok BAS [ SCER AR AR R R IIEIT AT Rl IR, IX A R
(RTE 2 R AT AE 9.5 < 1g (M. /M) < 11.0.
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FFERRK ). 2R (“47) XVIE sSFR 1o B MRS, ok A SCHk IS S m 26 % B . 3T Daddi %4
Gonzalez %17 Reddy 21| DL EFEMMEIL S (z > 2), BAG AN BAEINZ: sSFR o« (1 4 2)%24%017 (1
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Fig.6 The mean sSFR as a function of redshift for SFGs. The stars with different colors represent
different M. bins for SFGs from the COSMOS/UltraVISTA field. The error bar (“+”) is based on the lo
confidence interval of sSFR. The data points from the literatures are also plotted in this figure. The
dashed line (sSFR (1 4 2)°94%F0-17) corresponds to the best fit of our measured sSFR, Daddi et al.l]
Gonzdlez et al.'”l and Reddy et al.l'*] as a function of redshift at z > 2.
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ISR W B IR IR TR RAEA. JET UV XU 5 0305 L R 0 2 e 2 T i
ALZ (SFGs) T EA R (QGs). W T ARABNXIHHNARMEEERE, HAE
BRI E TR OCR. Fioh, TATH M T AN A E R 5T X ) A 1R T O &R (1 L E
BRI BELLRE Sy, It 255k H SUIRTP A RIZLEAL (2 = 0 ~ 8) THE TR A
A sSFR W E G, WF0 T 2 R E R TE SR 5 a8 2 RS0 R, BATM T2
WFEE T

(1) B &R T RIS, AFEOB XN QGs BT oy (1 L stk &, %1
M, > 10" Mg K, fEABFH T (0 < 2 < 0.5) ABLL A i it R LT A 7 5 2
2 (Z180%), M HAELAH# 0 < 2 < 1.5 BN, QGs #Bh FFHAL (> 70%).

(2) SFGs ¥ SFR. sSFR 5 M, [WAHHELE 7 AN IX M W HAALE (0 < 2 < 3.5).
X T — [ e TR R M, R, B RN ARTE R SFR A B KiK. 4
M 2~ 048 H 2 ~ 3.5 I, XFTMIK SFR 448 KZ1100 7%, 1X 8 WILE = 4088 db 1 2 E
DS b 1 T S EQNIEER =Y A0

(3) T — [l i) B R IEE R M, Kk, SFGs ¥ sSFRBEAG LR35 KoK, AH
T SRR R, AR E R R WK 2 1Sl B /ARG E A TE .

(4) AHECER TG 0T & 1A A2 AR R U, KT & IR R T R R IR sSFR, IX R B
AT PR AL T REE BTy FLZR P B I AR, 3K Y “downsizing” FEAL TS — 2

(5) TAMTKIAHXS T 2 < 2 1) SFGs Kit, HEL# (2 < 2z < 8) AR sSFR fifi
BB EAA TS, BIHEE LR RN sSFR 7E 2 ~ 2 HHE KA B FH WAk, fEa
2 <z < 8, i 454k B SCIR 2o i E B, BTG B — AN m AR il 2k
SSFR o (1 + 2)0:94£017,
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Asstract Utilizing the multi-band photometry catalog of the COSMOS (Cosmic
Evolution Survey)/UltraVISTA (Ultra-deep Visible and Infrared Survey Telescope for
Astronomy) field, we have constructed a mass-limited sample of galaxies at redshift
z ~ 0 — 3.5. Based on the rest-frame UVJ (U=-V vs. V—1J) color criteria, we classify
the sample of galaxies into the star-forming galaxies (SFGs) and the quiescent galaxies
(QGs) in different redshift bins. In the redshift range 0 < z < 1.5, the fraction of
QGs with M, > 10" M is more than 70%. We find the star formation rate (SFR)
and the stellar mass of SFGs show main sequence (MS) relations in all redshift bins.
Moreover, the SFR and specific SFR (sSFR) of SFGs increase with redshift at all masses,
indicating that the SFGs were much more active on average in the high-redshift universe.
Meanwhile, the sSFR of massive SFGs is lower at redshift z ~ 0 — 3.5, implying that
the star formation contributes more to the mass growth of low-mass SFGs than to
high-mass SFGs. By combining with data from literatures, we find that the evolution
of the sSFR with redshift at redshift 2 ~ 2 — 8 follows sSFR oc (1 + z)0-94+0-17,

Key words galaxies: star formation, galaxies: fundamental parameters, galaxies:
evolution, methods: data analysis



