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2 �\N
EDi5�_&8����3V$Æ5y�-�2d6+ [12,16] ÆÆ�D.�D\5e?n
10∼20 H�_&8�Æn 1∼2 H+~d1[�OKÆ� 0.4 H+~V1[�OK�

COSMOS(Cosmological Evolution Survey) 1 �Rb�OKZLÆ_>v$���_&8��$!�u�
�D.� 10HÆD℄�_&8"Nu�e 0.8
′′

∼ 1.5
′′[4] �/Fu.CD���(�Æm&Æ�J�CD (Sloan Digital Sky Survey, SDSS) 2 �AH� CFHTLS CD (Canada-

France-Hawaii Telescope Legacy Survey) Æ2PY(��� H�J��~L [1,2,17] ÆJ5�uG5J+�
'G+~Æu2�Y�+~;b1[�$:�ÆV�.+~VeOK�����uG5��"Æu,b_>CD5B���OK��dZ59>3�/�mL��FPÆ;>OF>3y;�g�7i`�K (HST) _>ZL�js�i CD (m JDWM/SNAP) +���M$�J�OKÆ~�d:t��Z_� [11] �
2.1 �
��z ACS �Æ!uJ+l+~Q��Rb�OK��>3�nFPÆSnd:!+~2SKe#b�'�Æ;x59s+~5'd'v2>~\|v+~[��v2>~���& �e�\ �ÆnX�FP5.-:M�
&ÆOK ACS CD�� (Sloan Lens ACS Survey 3, SLACS) [8,17]�
SLACS 2PY�� 28 HROKx=�Æ~�d:t� 100 H (SLACS CD5����_&8�J+d' http://www.nasa.gov/vision/universe/starsgalaxies/hubble-20051117.html) ��+!�vTS+~Q��OK��KeOH~L�'��z
ls_GV_�jN��1Æ
SLACS FP�Rb�OK=�s�vT (zmax(lens) < 0.5, zmax(source) < 0.8) ��.�_&8� (Rarc < 3

′′

) �m:+OKvTr��� 0.5 Æ��vTr�� 1 ZvÆ+	J+��uu��>&	�FPMe�n�
2.2 CFHTLS-SL2S �Æ�5u − *b − �aS`�K (Canada-France-Hawaii Telescope, CFHT) 
ks�aS07gEu�O� 3.6 m _>`�K�Æ 5 >� {Æj��`�K0>3��5u − *b
− �aS`�KCD (Canada-France-Hawaii Telescope Legacy Survey, CFHTLS) 4 ZL� Xe� 450 d Æ$qu,b (Wide) �Xu,b (Very Wide) m�� (Deep)3 HAJb>25�CD�2 (CFHTLS u,bCD (W1∼W4) m��CD (D1∼D4) ÆDi5�5CXod'
http://terapix.iap.fr/cplt/oldSite/Descart/cfhtlscshearprogtarget.html)�

CFHTLS 5�H�2 —— Rb�OKCD (Strong Lensing Legacy Survey, SL2S) �>M25
B�Di5�Rb�OK��Æ;|`:T?OO<Pu�Rb�OKJ+Æo&Æ�"J+5=e�pAJb>25�OK>3FP�!sO"Znp�FP25�P�x=�Æ�+}Yg�`�K�J3|)V>OF�/�ZL��� 1 http://cosmos.astro.caletech.edu/

2 http://www.sdss.org/

3 http://www.slacs.org/

4 http://www. cfht. hawaii. edu./Science/CFHLS/



� 222 �������E�p�?�?��������� 27 \�
CFHTLS 	j���

 MegaPrime Æ
n�ZsCD5	j�Pu�Do��
Æ�SdZ<B 1 D.��D\Æ�{s 5 H�
�u��4Zn 5 H=�Æ[�2�lÆCD,biB� 170 D.�Æ~�dÆ�D.�{ZL� 3.8 × 106 H+~�J 5 H=��k�j�℄
v

SDSS �_~L�.-'R 1 �LW�)-;�2dÆ SL2S �~H25
(� 1 000 $H�_&8�� 100 $Hl+~dQ��ROK��Z� 50 $Hl+~VQ��ROK���

S 1 CFHT � MegaCam �`Mw SDSS � ugriz �`�M 5 I>��l�k�^Æf\_f MegaCam � u o g ?�/ SDSS ��f?�yw (dI� http://www.cfht.hawaii.edu/Science/CFHLS/)�2Pe,Æ SL2SYZL� 100$HZn$:��Rb�OK��ÆJ5u$�e5�2�OKÆ�W�1Y>3�
 3 ��R 2 
J
 2 ��1��W�nXJ�5CR�ovT5CRdZ^eÆJ+�vT5C�{lÆdt� z ≈ 1 �R5dZ^��H8)ÆJ5OHÆ z ≈ 0.3 Æ
Q�Rb�OK��Pd:�OKvT)��OHÆ z ≈ 0.6 Æ�d:
lsL���ÆNd:
ls CFHTLS u,bCD5J+�vT8)Æ ≥ 0.6 h�R 2 �Ke�|�OK5'�"NmOK+~ i′ =��+��*sX~Æ�%+ CFHTLS ;�n!1H2�\|nR	�CXÆ&
!"HJ�i -)D�.f�ÆJ+�A^`Æz
YFdZLW|�OK5'�[w (�o"Z
|"N�Æ6!OKB�2�) Æ�4�u/5eZ� 3 u�
(1) >MlS+~1[��_&8�x=�Æ'R 3 5�P�O3���"N < 3′′ ÆVeOKB�
2� < 1012M⊙ �+~ÆJ2�O[5�:Hv2.~-uÆv�v2�{�lsJ�_&8�"N-�ÆVaA5'�OKBÆ_m2k�uOK.-p8�
(2) P���OuOKÆJY|�5'�[w > 7′′ ÆJOKB
2�us 1014M⊙ �+~VÆJ2�O[Z�v2e>�Æ 170 D.�� CFHTLS ZLD\5Æ�uOKe?n 15∼20H�R 3 5�
 1 3Ke� 4 H|"N > 7′′ �Y|�&:TQ��8Y|�u2�+~VV
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S 2 SL2S �3Æ 2 ��2��X�P#K�6D
(a) ~#O7E(0T� (b) QMOawU7E(0T� (c) ~#Ox7(-� i′ -
�Y��T7���8�2oL-�q��8�R
�uW�L-� (d) L-4�7E� (e) L-,� t�7E�T7� 9*j#f-�eb� (dI�
http://www-sl2s.iap.fr/)

S 3 SL2S �36���S
�PLK,w5g-�XQM�75g-�eQM��5g�a(:� (dI� http://www-sl2s.iap.fr/)
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(3) >M
5�2�OKÆZL��|"N,be 3′′ ∼ 7′′ Æ�
 CFHTLS-SL2S 5Pu�O8J+ ('R 2 �$O�) �JOKB
2�e 1012 ∼ 1014M⊙ �+~d�lsuG5+~hÆ+~d5Æ&+~drS[�Mu�+~VÆ_m�"+~dQ��Rb�OK��
FP�v2m:Hv2��X~�P�x=��R 3 5�
 2 3Ke�O"5�2�x=��ls�u+~dxjt���>`�Æ_m!4��-.;p.+~VMe=
�M��/�5u8MM$�WH:��ÆmOKm��_GvT�F52�R��Eb�OK;p��8MR��
Æ SL2S �D℄OKvTÆ z = 0.5 SpÆXe� SLACS �bk�Rb�OKx=�yÆSM!�"OK>3>OF�5ym;pFP�J5�O"b>25Æ�8MZL��F52�� HST R�� 2007 > 1 
YF
�
 1 BR 5 H

HST-ACS 5 R�Æ;
��dF�;p2d�z
lsg�`�K~L552�PF�	jP$�|) ACS {
_W�H
Æ.<�j7=�_m2P#Æ>3�
 2 B�W� HST ZLCl WFC ^[Æ_&
��R�52��!-�ÆV-nOH=��
HST �R�52�FÆz�S.-�Æ& CFHT �R�52��Æ�Sa3VuÆ;Zn 5H=� ('R 4)�_mÆ5y;p�"Rb�OK���ÆIV8M+��8R�2pÆIe HST R�s2k|�!e�Æ&l CFHT R�sA ;b�H!4�g�Æ;ULL_vT�g� HST �R�[Æe���MEb�FP2dÆd:�8M8A Keck � VLT �`�K
�_GvT�J4=��R��M$�W�

S 4 SL2S �36����`'9�K,wg CFHT �w�UT���g�f� HST-ACS G73�z<℄OT��-d�}uw&T�7�0n	 pT�qRn� SL2SJ021737-051329 � SL2SJ085446-012136 o SL2SJ021411-040502 (dI� http://www-sl2s.iap.fr/)�� 5 http://www-sl2s.iap.fr/
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3 HR
ELW SLACS CD5;L���"lY�+~0Q��b�OK���FPÆYF
��4��O"2Sv�62 [3,8,17] �
3.1 %~�eg`�"l+~0Q��$:�~L�vxa�F4.-� (u�e�,(Æ� 10 kpc Sp��) Æ&vm�.-�+~VQ��$:�~L�vxa��Mu�$�Treu�i [17]! SLACS CD5 15 H�.+~Q��OK��|jF52� HST-ACS R�>3�OKmt+��>5yÆ;+�"+~5'�t++��s� (σ) vjOK�mZ-.;pKe�+��s� (σSIE) V.-Æ(� 〈fSIE〉 ≡ 〈σ/σSIE〉 = 1.01± 0.02 Æ_m�e�2�
ÆÆ�_&8"N Re 9Æ SLACS OK3V;p�mZ5CÆ;VÆ�_&8"NZ9
(_v2>~� Gavazzi �i [5] r>OF|j SLACS CD5� 22 H+~Q��OK��Æ>3�Rb�OKmpb�OKKp5yÆo&+FP�2�5C"Nr�� 1∼100(n "N�,b�3�!�"OKIj"[5;p (�j de Vaucouleurs -.;pt+[5Æj NFW -.;p�v2[5) ���2p�2d
Æ!s+��s� σv ≈ 250 km· s−1 �+~1[�OK��ÆÆ 0.5Reff ≤ R ≤ 100Reff �,b9ÆL2��5Ce ρ ∝ r−2±0.13 Æ3V/A�mZ-. ('R 5) �

S 5 SLACS #\6Q�<q�3�%"�6D [5]TT�$℄7R�=r�4�&#�7E�.Qo.����7:8�u-o�x4�q�8�N4�	q��m�8�
1σ �B
��	qT�$℄7R�=rrh#�7E�J_��℄^KTT�N4�7E0C
n[/0	)N8�)ax4?�o�x4?��f���0Co!#Oj	
3.2 [�%!fl�%g`j��v2v(_v2 (�t+) �5CX~N
x5�v2�X(sA�D^:Hv2-�L2��s�OG5Æz
ls:Hv2Æi 5Cv.�v2M�5Æ_mÆ�� kpc �a�vZn.X:M�Vj�x5:Hv2�vx62�4�v�v2���VjÆ!si�x5+~1[�!Iy<>-.�
0Adz��oZL�,�s^ÆL�t+�NBm�v2��!5CÆ+nAsx54��vx
1Æ;!AJ�-.Ke���!I�

Koopmans �i [8] ! 49 H SLACS �.+~OKB�(_G52�5CmL2�5C
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(�|e�mZ-.) >3�.-Æ$q5Ck0, θ mY� e = b/a �.$Æ�e:HmL2�5C�k0,P9 〈∆θ〉 = 0◦ ± 3◦ ÆJY��.) 〈qSIE/q∗〉 = 0.99 Æ_m��A=k0,�{O/Æ&VÆY�vN&_O/�
4 �J�i�Zv!�_&8��=�5ÆVeOK�Y�+~�
S+~�md�"Y�+~hs+~V5Æ4��O"62+�(�1��
4.1 [�%d\}LW�)-;�2d [10] Æ!saA+~V5'�+~Æt+ÆL2�50��.:.-u��
ls{+~aA+~V5'�ÆlsY}��VjÆ�v2�*o+~5%wesÆJ2d
+~�v2��'N;A.d'G5�'Nu$z�Ie+~ − +~b�OKÆdZFP�8���%w���D^+~a��2�bL�_
℄�3V�Æz
Æ:$+~V�b�OKFP5�nbT�$W6+ÆÆ-F�v2!��H5Æ+~��v2�[�*1 � [6,9,13∼15] �Æ+~V5'h�+~"2�"Ne 40 kpc SpÆ&J�_��S+~"2�"NMus 200 kpc �_mÆ+~V5Q��_&8��Y�+~{��v22�vt+2�d:e�J���
4.2 Y�
�pw�d"
Æ+~V�H5Æyk$Æ��_&8�H� (Ze�_&8�1$) +����x��-(� [7] ÆÆaA+~V�,b9Æ�_&8�1$e 3γcluster + κcluster Æ�{�
κcluster m γcluster 596
+~VQ���Um$T�md�|+~V�2�5Ce�mZ-.ÆaA+~V
7℄
Æ� |γcluster| = κcluster �Æ�_&8�1$+��� 2∼3(ÆNS
%Æv�n+~Vg��Xo�.ÆÆ+~V�S5e��_&8��A�+�� 2∼3 (�
4.3 Y�
�pun�'d^oPyÆ{�_&8�aA+~V�Æ���+~V2��g��̀ ��8g��F�A).*
++~VÆ�_&8�h���2�^VOHt�u2�D$ [19] Æ_m-�u��_&8�h��U�z
��vls+~V2�o9�[Zn!&�e^Æ_m�!�_&8��u�m1D�(�g��.-Eb�U*e?
J�`�+~V2�K�_&8�xs��U κcluster m$T γcluster �Æ�8Xo�Æ�_&8�+$x+~V2�5C�)zÆ_mdZjsVe;L+~V2�5C�NZ�Tu�i [18] |j+~V Abell 1689 �S(��qH�_&8�VeNZÆ;L�+~V2�5CÆ�"�_&8�0Æk0�%��FP2d>OFh���H+~V5rÆ�HVkÆ;W�skeJ�v25CÆ[5'u�
300 kpc h�%�us�mZ-.�%��
5 4�{�v2�rÆ#Æ*	s	$�ZLmx�0$�Æz
!�v2Æy<5�5CXoÆ
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Gravitational Rings and Their Cluster Environment

TU Hong1, ZHU Jiong-ming1, SHU Cheng-gang1,2

(1. Mathematics and Science College, Shanghai Normal University, Shanghai 200234, China; 2. Shanghai Astro-

nomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: Gravitational lensing, light from the background sources bended by foreground

massive objects predicted by the General Relativity, has been adopted as an efficient tool to

study the mass distribution in the universe. “Rings” in the present paper are the results of

galaxy-galaxy strong lensing, which have been found widely in individual surveys.
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It can be estimated theoretically that there should be about 10 gravitational rings observed

per square degree in the current surveys. While isolated “rings” appearing in the field are rel-

atively easy to study, they can be considered to constrain the slope of the density profiles of

clusters if they appear in the cluster environment since the conditions of “rings” formation are

sensitive to the external shear and convergence produced by nearby mass condensations.

In the present paper, the current observational projects and the relative studies on “rings”

are briefly introduced for both SLACS (Sloan Lens ACS) survey and SL2S (Strong lensing legacy

surveay) in CFHTLS (Canada-France-Hawaii Telescope Legacy Survey). The current conclusions

from SLACS are as follows. (i) The slope of density profiles of the massive elliptical galaxies

produced “rings” seems to be in consistence with the isothermal profile (with ρ ∝ r−2±0.13); (ii)

The distributions of both position angles and ellipticities of baryonic matter trace their host dark

matter halo well (with position angle difference between light and total mass 〈∆θ〉 = 0◦ ± 3◦

degrees and ellipiticity ratio 〈qSIE/q∗〉 = 0.99).

The studies of “rings” occur in cluster environment are also summarized including simulations

and the applications of “rings” to constrain the slope of mass profile of a clusters, and the

conclusions are positive. Comparing to the “rings” in field, the “rings” in cluster environments

show some special features. (i) As galaxies are crossing the higher density region of the cluster, the

DM halo component is tidally stripped. (ii) The ring cross-section is considerably increased near

critical lines. (iii) The geometry of the “rings” in cluster is different from that of the “rings” in

field. Since the SL2S is providing a large sub-sample of gravitational rings around massive distant

elliptical galaxies in the outskirts of galaxy clusters. The systematic study of gravitational rings

around cluster members can provide new tests on the ΛCDM cosmology at galaxy scales.

Key words: Gravitational lensing; Galaxies; Clusters; Gravitational ring; Dark Matter


