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(1 /F5B~C�)p�
 o� 210008)
(2 /F5B~G&6~ �� 100049)!� a??,?��41�.[17On�℄^YtLfl9qH��E1�t7OLf��X GEMS (Galaxy Evolution from Morphology and SEDs) Dot HST/ACS

(Hubble Space Telescope/Advanced Camera for Surveys) .",u$U CDFS (Chan-

dra Deep Field South) o� Spitzer � GALEX (Galaxy Evolution Explorer) w�5�S*�rq7f�I'U[1+Q?WV1 0.2 ≤ z ≤ 1.0 ^Y��t�N 456 1�41�tz!Q&�Kh stacking {P?QUQ&1�Bxt^x~0B
�<}�41�t[17O`��H�A��41�.t[17O`�z (< 3 M⊙ · yr−1), ℄^Y~���z��^Y z = 1 ℄�t[17O:�t+Q)q 15%. 1J"
`8�f+Q�41�t7m1J7Oqw4�� (z > 2).dp[ �����g�r� cD, ���j��Y�����m"�byf� P157; 	�S�}� A

1 �� ��Xv3-�30� (pM℄0�) T|30� (pMA0�) sZ0*P�H&�6e�Z06NI<v
Gj�!8�87s [1]. s|30��(��30�sZ0*PqIepj�<i*P 3 × 1010M⊙, H&{℄�Z0!8(w�-��AA>>sH&
– A�t+s!8QU=W (red sequence). �30�D�Xv3Z0*Ph�s6S9���G��6NTKeD�M0�6NTKey�
Gt%s=	���X�30�sA���T� Lick "R� α yY$�v=Rs!��G0l��30�s6o0I6Np z = 2 �	 (=��� [2]). ���*P�es0�6N9����6N9.�Æ�0��Æ=Kem? [3]. �-℄Xv3s>>F%��
� z > 2 [ ke*P�30�6N [4]; �Rh�T*Ph�\v3Ke��� [5−6]; � 0 < z < 1 �� (v3t[sU�), *Ph���� 1 � [7]; *P(p 1011M⊙ s�30�sKe(e*P0�5�8 [8]. �30�� 0 < z < 1 s*Ph�Kesv3}/Z06N_h�Kes:��\?|30�0$Z06Nm��<Z<*N�30�sJS [9−10]; �30�6 (�0��83W6N [11], T6\qJ|�s℄0��+3W��J [12−13]; e*P0��s

2010-05-17 Kqz/
∗ F�E�5Bs�"n (10773030 V 10833006) �:
† fwang@pmo.ac.cn



106 p � B � 52 ,63W�e0�sM06e6Nk?-�9se! [14], kXb7H\�F�30�s�J [15]. \U�i��30�sT� (qI\�A�$?P�) _
��8Ke
 z = 2 se*P�30�s}/T�&k�Xv3*P�s0�T�s 1/5∼1/3 Nn [16−18]. >>�)0le*P�30�sKe Ijp�ws�JJS [19−20]. Bournaud v [21] "Ve*P�30�6\ j�ks_3W6N
�_3W6q�0�sT�Ke�=	Pg [22−23]. U+F%6P��M NTGasm3?�F>>C:�iOVkasHI [24−28]. ��30�6NTKesy�t%0x�30�*P�JI<�Rh��T��Z06N_�6eKev��ip!�hkip5�>>TGa�isvN?7�y*��-�`>>+>��30�sZ06Nm���x\℄X*e=���fsZ06N�=s83Wp_3WvC
s9��6\�h%7sv39���*P7ss�30�Kes6S
Gt)k72Ss>>�)��y��Z06Nm�k,s�Aw>A>>0l��Xv3-�k 30% s�30�-h>pt[(p 1 Gyr s��Z06Nm� [29−31]; � 0.5 < z < 0.7 ℄X��s�30�-Th>p��Z06Nm���6qs_3WC
k= [32]. ����Awh>pst
0Ist[�R^t\+�� ��6Ns0I�j^;|sZ06N_lk�e7��9�\U�i�Z06Np�lTKÆ�-�qIMKÆ&Ae!E2�jKÆ�%.9�s}℄wA�DMKÆ�)sZ06N_s�F��WAwT℄w>>6\(�=�{;|0�sZ06N_��k��30�-sZ06Nm���qI�y��AwT℄wA�_7��<g stacking zO�6\h>p(℄wt%h>v�5%s/P [33]. �fJg Extended Chandra Deep Field South (E-CDFS) 3GCn[ks
HST/ACS -!+t#� GALEX Aw� Spitzer/MIPS (Multiband Imaging Photometer

for Spitzer) ℄wv�4�>>R)�>V�30�P%��W stacking zO;|AwT℄wA��>��30�� 0.2 ≤ z ≤ 1.0 sZ06N_�
2 �vh�R
2.1 �t%F%6P=g`GALEX[34] �MUSYC[35] (Multiwavelength Survey by Yale-Chile)�
IRAC[36] (Infrared Array Camera) T MIPS[37] rpsR)��+R)'*T>>=3�4J 0.15 ∼ 70 µm s���+l�0 1."G{k` E-CDFS -sA�CnrpsA�℄X��fÆ=gA�℄X�"GdkÆ=g` COMBO-17 rps>A℄X (δz/(1 + z) ∼ 0.02[41]). 0�Z0*P;|?D
Borch v [7]2006 ts6P�` GEMS CnrpsL6~}# F606W T F850LP N#'*T 800 arcmin2 n��!+_dpT 0.07

′′

. � F850LP t#+g$
 GALFIT rpT
Sérsic "R n[42].
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T 1 `U_�u
Table 1 The multi-band data

Band λc(µm) ∆λ(µm) Tele./Instru. Exp.(s) Flimit(µJy) Comments

FUV 0.1515 0.0256 GALEX 44668 0.363 Morrissey et al.[38]

NUV 0.2267 0.0730 GALEX 44668 0.363 Morrissey et al.[38]

U 0.365 0.036 CTIO 42600 0.145 MUSYC[35]

B 0.458 0.097 CTIO 13200 0.132 MUSYC[35]

V 0.538 0.089 CTIO 10440 0.145 MUSYC[35]

R 0.648 0.16 CTIO 11700 0.174 MUSYC[35]

I 0.857 0.147 CTIO 6000 0.479 MUSYC[35]

J 1.26 0.2 CTIO/ISPI 4788 2.09 MUSYC[39]

K 2.22 0.51 CTIO/ISPI 3600 3.98 MUSYC[39]

ch1 3.6 0.75 IRAC 11000 0.758 SIMPLE survey[40]

ch2 4.5 1.01 IRAC 11000 0.832 SIMPLE survey[40]

ch3 5.8 1.42 IRAC 11000 5.753 SIMPLE survey[40]

ch4 8.0 2.93 IRAC 11000 3.630 SIMPLE survey[40]

24 23.8 5.3 MIPS 1378 83 MIPS GTO

70 71.4 19 MIPS 600 15000 MIPS GTO;�1/ Flimit � 5 ��
W� (5σ)

2.2 �Q�30�
DR��6os�U�Q℄&�`\�fL�4)!$ U-V H&T6e>
�fs�30�P%�!$ U T V 4�>A?D COMBO-17 Cn�G [41]. �f<g Borch v [7]2006 ts�! red sequence T blue cloud s.=� red sequence 
H

(U − V)rest > 0.227lgM∗ − 1.16− 0.352z. 6e.=� Sérsic "R n > 2.5[43−44]. �f
P%'�p 0.2 ≤ z ≤ 1.0 3>
Z0*P M∗ > 1010.3M⊙ s0����U*P��P%Dy s (�t 1). �`��f� GEMS Cns F850LP t#+D1TP%s6e\�-?D|30�s	��t 1 DP%>
t�`t+6\�Z{1p red sequence s blue cloud s!F�`n��st6\1p 0.8 < z ≤ 1.0 9�jp0�G0v mR < 24 s>>>
*d�Y-k red sequence 0�!8pZ0*P(p 1010.3M⊙ s�x�b^���y 9�f��P%- M∗ < 1010.3M⊙ s�30���t 1 -g\�;�0��:�D red sequence s
blue cloud �℄X 0.3 � 0.5 � 0.7 T 0.9 s�!.=��fh��� Chandra 250 ks >> [45] -h>ps X .�{��t+gBP0��
HH&� Sérsic "RT*P.=kDqJD16e#wXs0�gY60��M`P%�M 456 00��g9-�0���f�30�P%s z4� (F850LP)G0v
Sp 23v�bfDg$
 SExtractor` GEMS F850LP t#+rps [46]. �U4�sv�0v� 27.27[46] (AB, 5σ, �{). �;P%
(v�0v'-S 4 00v�`\6e>PD64s�
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v 1 CDFS p�/H2x mR < 24 2�u"% U-V J( – \2,Rv	;�E red sequence u blue cloud�_Z 0.3 � 0.5 � 0.7 V 0.9 u�#/>	℄�u<�E�V��R'{":�#u\2,R/>	�1B
COMBO-17 |1/u2��CQ1B7rEo	2�Su X /��/|�Z81B Sérsic #Tgr 2.5 lErKE28g$xYu|	:.�E�gR'��u 456 2	52�
Fig. 1 The rest-frame color U-V vs. stellar mass for galaxies with apparent magnitude mR < 24 in the

CDFS. Solid lines split red sequence and blue cloud. Dashed lines show the stellar mass cut above which

our sample is complete up to z = 1. Dots represent galaxies in COMBO-17 catalogue. Crosses are X-ray

detections, which are excluded from our sample. Diamonds mark galaxies with Sérsic index n > 2.5 but

eliminated by visual check. Open circles show the final 456 early-type galaxies in our sample
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3 qeh
��fsP%0�.e;!
dk# GALEX T MIPS 24 µm j�h>p��f=g
stacking zOrpAw�℄w℄P\|[Z06N_��f�P%!N 4 0℄X��

[0.2, 0.4)� [0.4, 0.6)� [0.6, 0.8) T [0.8, 1.0]. �7ss℄X���!2=g stackingzO\rp}/℄P��fs stacking JSD�7ss℄X���!2\�h>ps{s�(�--
bfs';t#���?�P���jp\t�b�=
4Æy�`�6\>Vbfs}/℄P ( �sjQ=��� [33, 47]). �`��f
j�h>ps{s℄PTj��h>p{s℄P (?D stacking;|) ���}/rp3�4�s}/℄P��P��frp`}Awp-℄ws=4�q�!8�g?!�P%s0ILN�
3.1 i��Xz�fgAwA�T℄wA�?;| 4 0℄X��s}/Z06N_��1Z06N_|[���>T�MKÆ&Ae!T#KÆ�)sZ06Nm��GAwA�DqJu!�9A }Aw��Aw�AA4�>Arps!$=3�- 1216 ∼ 3000 Åsq�!8|[s�4)>> 24 µm A�=gT 3 i℄w SED m� [48−50] !2sW���}/rpG℄wA����30�-�tBZ0 (" AGB 0) T0~�*l9�U;!℄w%.��d)�|[Z06N_9;X�`\�fqp�U(�sVN! (tB�t
0I) sWrpstBN!�`G℄wA�-;XstBN!�O�s℄w%.��f�1tBN!+kTU0�3�30� (NGC 0584[51]) �ss℄ws 1 µm 4�℄P(�`�4)tBN!s 1 µm A�|[V�ds℄wA���f�� Bell v [52]2005 ts8?|[Z06N_��U8?�1U>*POR� Kroupa 6?rps��GWp0 2-� T 2 V�l�\~wj��Y{

Table 2 The average star formation rates for different redshifts

z lg (LUV/L⊙) lg
(

Ltotal
IR /L⊙

)

lg
(

Lold
IR /L⊙

)

lg
(

Lyoung
IR /L⊙

)

SFR(M⊙ · yr−1)

0.2∼0.4 9.08 9.82 9.02 9.75 0.8 ± 0.3

0.4∼0.6 9.06 10.11 8.95 10.08 1.4 ± 0.5

0.6∼0.8 9.24 10.14 9.06 10.10 1.6 ± 0.4

0.8∼1.0 9.40 10.37 9.12 10.35 2.7 ± 1.0�0 2 -� Ltotal
IR 0�G℄wA�� Lold

IR 0�tBN!�ds℄w%.� Lyoung
IR =

Ltotal
IR − Lold

IR . 6\1V�tB0I9�s℄wA�`�(L�( (<
∼10%), �7��9�Z06N_s;[e!�(�

3.2 �#a
Jg0IWNrps0Im3��fsWT`Awp�℄w>>sq�!8?h_�30�s0I%*�dO�N$�s Maraston 0Im3 [53] #g?P�m3���f



110 p � B � 52 ,<g Kroupa U>*POR [54].Y��)[���30��-℄X[6N�`\�30�-d)kU0tB0IN!�\U�i�4)��sU+F%���30�-
�s-PZ06N [30] \xU+�30�DqJ83W6Ns�b^��((Lst
0IN!Td)
�p�30�-�j^��f�1�30�s0IDjtBTt
0ILNs��-tB0I�6S;!�jp>�sq�!8DU�*P��s�30�s}/�G��f�U:�1�tBN!sZ06NI<
6\g"RU�OR6?jQ�9.� τ . �pt
0I�>
�j0ITZ06N_Z�s0I!2OsW�Z0m5p(M�lTKÆs�x-�t
Z0lMpKÆ&Ae!�qJ�1#�Jst
Z0%.
�℄w4�#KÆ2,%.V?��f|[rp&A`sq���|[-�t
0I�dsKÆ%.DqJ`G℄wA�-;XtBN!�ds℄wA�rps��f4)>> 24 µm A�=gT 3i℄w SEDm� [48−50] !2sW���}/rpG℄wA���t 2 -g�
�0�� 3 iM�sWs}/G℄wq�!8�tBN!s℄wq�!8=g Dale v [49] sm���1b+kTU0�3�30� (NGC

0584[51])�ss 160 µms 1 µm4�℄P(�̀ �4)tBN!s 1 µmA�|[V?��f<g Charlot v [55] s&A���y τλ ∝ λ−0.7.�fgM(�R�sW��sW-���7s℄X��stB0IDsU0IN!��U0I#�KeW_I 7s℄X���t
N!st[�(LT&AP�Dj=R�e0℄X��sq�!8PM�sW�Mi�G��pt 2 -�sWrpsMi�G-tBN!s6N℄X zf = 7.0; tBN!"RU�9. τ �
0.25 Gyr. t
N!�Z06N_Z�s0I
�℄X�� [0.2, 0.4) � [0.4, 0.6) � [0.6,

0.8) T [0.8, 1.0], t
N!t[!2� 1.99 Gyr � 0.07 Gyr � 2.50 Gyr T 1.58 Gyr, `�(L!2� 0.6% � 0.1% � 1.8% T 1.9%, &A Av !2� 0.87 � 1.10 � 1.08 T 1.07,t
0I�dsZ06N_!2� 0.4 M⊙ · yr−1 � 1.4 M⊙ · yr−1 � 0.9 M⊙ · yr−1 T
1.6 M⊙ · yr−1. sWrpsZ06N_�-(�� Bell v [52]2005ts8?|[sZ06N_Sy��Db� Bell vs8?DqJU0t[� 100 Myr �Z�Z06N_s0IsAwA�.s��t[Bp 100 Myr Z0sAwAdk#�>�p��NZ06N_;[{-�
4 q|�f�W?D GALEX �MUSYC � IRAC T MIPS s>AT?D COMBO-17s℄XF% 0.2 ≤ z ≤ 1.0 ℄X���30�sZ06Nm�T0I�4)H&� Sérsic "RTZ0*P>
TU0y �30�P%��f�P%!� 4 0℄X�� ([0.2, 0.4) �
[0.4, 0.6)� [0.6, 0.8)T [0.8, 1.0]),=gT stackingzOrpAwT℄wA���`qJAw (�Fd#�nsZ06N) T℄w (�F#�nsZ06N) A�|[Z06N_�
4 0℄X�� ([0.2, 0.4) � [0.4, 0.6) � [0.6, 0.8) T [0.8, 1.0]) s}/Z06N_!2�
(0.8±0.3) M⊙ ·yr−1 �(1.4±0.5) M⊙ ·yr−1 �(1.6±0.4) M⊙ ·yr−1 T (2.7±1.0) M⊙ ·yr−1.
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v 2 2Kr�#9#Æ�I	hm�F�u�E��!	b<�1BuCP#	�;�1B'C
uuÆP#��<��'CauuÆP#	�d�EL�&/�j(b;�E\2uL�&/�V
Fig. 2 The decomposition of average SEDs. Dots with error bars are the observed luminosities of

early-type galaxies within 0.2 ≤ z ≤ 1.0. Thick dashed lines indicate the old component. Thin solid lines

and thin dashed lines represent the young component without extinction and after extinction, respectively.

Dot-dashed lines show the dust emission. Grey thick solid lines are the combined spectra



112 p � B � 52 ,��Wq�!80I!�3VsZ06N_!2� 0.4 M⊙ · yr−1 � 1.4 M⊙ · yr−1 �
0.9 M⊙ · yr−1 T 1.6 M⊙ · yr−1. `��-(	�Sy��Ebp	�|[8?s�.-dk3^t[ep 100 Myr Z0sAwA�qJ℄wTAwA�|[sZ06N_`℄X z = 1.0\?5�}��"G�Z06N_�9�u!��3^pU;!6NsZ0*Pol\Z0Ke�^7��f;|s℄X 1.0 \?Z06Nm�9�sZ0*P(p
M∗ > 1010.3M⊙ �30�Z0*Ps 15%. `\�?DpD2sZ06N}7H\zy�30�s*P�J�e*P(�0�s83W [11] ��30�s9�7�8� Kavirajv [56]2008 t_rpDXs�G���af=gs�Awh>pst
0Ist[�R^t\+�� ��6Ns0I�j^;|sZ06N_lkU�7��9��fs>P3^TKÆ&Ase!��G564�3^p`℄X 1 p 0, [p℄&=W0�-sZ0*P'-��T 1 � [7], d)DseDmZ06Nm�=O%s
GJS ("+3Wv)���30�s�J�qJ0IWN!���f� �30�-s6l0I6Np-℄X��`#�Ke� W x � Æ
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ABSTRACT How the star formation activity in early-type galaxies (ETGs) evolves over

cosmic time provides observational constraints on the picture of the formation and evolu-

tion of ETGs. Using HST/ACS (Hubble Space Telescope/Advanced Camera for Surveys)

imaging data from the GEMS (Galaxy Evolution from Morphology and SEDs) survey and

multi-band data in the CDFS (Chandra Deep Field South), a complete sample of 456 ETGs

within 0.2 ≤ z ≤ 1 is selected based on morphology, color and stellar mass. With stacking

technique, the UV and IR average luminosities are derived from GALEX (Galaxy Evolution

Explorer) and Spitzer observations and the average star formation rates are estimated. Our

results show that the star formation intensities of ETGs are low (SFR < 3 M⊙ · yr−1) and

decline with decreasing redshift. The total stellar mass contributed by star formation since

z = 1 is less than 15%. Stellar population modeling confirms that the bulk of stars in ETGs

were formed at early time (z > 2).

Key words galaxies: elliptical and lenticular, cD, galaxies: star formation, galaxies:

evolution


