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(A, 7E 5 CDM HIIBOL R, VBN SO R IS 3 2% o0 X 4 2 85 B 4 A
p(r) oc 1=y~ 1, EVBEEAATER DAL O, KRBT “Jem-” . i pr
W CERODERER” WS, $500240 CDM ¥R HN T k& M0 5744, 1 92bx
MR ERERRMBEDSEES ", BB IE XA R R,
NEEE YA A ] AT A e — AN R T ORI E AR L, AR SO e 1 % i 2 T4
TRI O . XA AR T U R RN R R, B, EWsEN, A
L YR (warm dark matter, WDM) K8 A& 1A 5 9 5 1T LU 800 At v 3k o i J0
AR, X AR R TT AL S E T2 2 b b H A ) B, L AR, XK
TAF 2S5 ACDM Kifl, H T2 AR R BRI INE, 50 T-0F 50 5790 5 P o g 5
B3 RE 43 A DL I B AR X IR RS AE T ACDM B, R ASCIHE
.

T T Hb A 28 AT FE S B RO 9 5 R KR BE G R T RIS AL ) A B i, AR
2 ACDM 5, MR AR BN R, BUNR BB R 45 A R b, X ik,
LRMEVAL IS A, T TS B oA R i it TR

AR KR B ST B B B, R R AT 3 (X B 3 73446, 20 tH42 80
EARZE 90 FAR, THEEHUEUE BT A T R R AR O R CDM. R Fo 7EIXREIRET B,
NGRS, ARG IO R KIS . XA RIS A B 1 RS (B RAE BB msseEsy
Ain] DU — A& ) NFW (Navarro-Frenk-White) RIHA™, & R, NFW
BRI T 28, AR R NBE RFE RBHEA. fEEENL,
NEW 50 F 3 F o P A AL 25 4475 75 BIAR I 1 A .

RS AT DL g i (R S5 M, (S, NFW BB bRk A, X5 H
I 2 XL 45 SR AR S (OB 2 PO A A P B . 5T ACDM 527 2 I — AN 3 3 492 52 11
PN, BRLE R SR TR CDM KT N BRI E TR . Sehr b, AR
i — AR, I R B TR SRR TR AN, ARG B I Y ROk T —
R, IR R A R . SRR R AR E TR AR YIBgE . 2
4 LA R R EOR 2 g sy AT TR BT, Sl A AR 1 5] B v
SR B AEBR RIS, XS BRI, P SR B R R e, R 4
JREZ G, AESSTYE, ETRRIER, TRLE TRERNME. K5, B8R
(4E%) {93 F G o] R, 452 RIER L IRLE 247, JF S B0 B 1 A
RS, MR, BEIERINE RAUE R BT 5 A B A FJE CDM 3 5600,

Xu 2 N HRB), 7E Nlustris BT, A& KE TG (o 7E 0 XIR) ook idg g 5
FHTF AR O RS RREENER, HEEERT e AR RS0 TTH. &
X B 5 e (R0 SR A A A AN AR R T T S, — 7T, R R RI ) ) 2 E T DL 5
S S oL R T S (I R 4 R B B b ) AR, IE AN Beckmann 4%
NEHRE], X T 10°Me < M, < 101 M, i) HORIZON 2 &, AGN B 5 b i) 5 1
PR B TXANGE S 2 SR AT [ % 2 LD BT 5 M. 53— T, 2R
SO R AR, T H AT I EK (singular isothermal sphere, SIS) AR KA, HY
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T PR 20 A A o R 1 5 22 o PR PR A SR L, TR A 2R el 1) E 0 A R 12
58 51 7738 B A LI B AR SRR Ao

f£ ACDM FH MRS, A2 HE ALl 5 N R 2% 1 S 7 W) B R ) 8 W] DUAR S S R
B At 2 I B, (A2, F AT B 00 B o A AN RE LB U 55 5| J1E B S5 R T
BRI AR, ORI e S E B R EE R S AR RERTESKE R, )
FREAM, Pk, R FE I BUE AT 2 1 45 R AT R 2+ b EZ K, XAEBT
RN B BT B RN

AR 2 TG AR Z RS NFW B8 17 &, DLAEBUE R R SN
HP W) BOR AR RIZA T JE BB 7 %8 5 3 BRSS9 5| 738 B AU I an 4T R 1) 22 2R ) A
AT (COM+HE ). 5 4 AT R4S, JFA ACDM 5= ZA 15 7 BL A BB A0t ]
HE % [ fPRe 151 i e Ao 51 B B AT 3 18

2 HFhZ A E AL

2.1 BYERZRINIM

TGS HI /) 21 em 2RISR 7R, 72 HEds 2 RSN P 58 2 & rp O i B A
izgl), HEEEHL Ve(r) = Vo, XH r ZRYRBERTORERE (BE7), Vo 2% X
R A NI RO A5 2R DA O AE — S5 i ibs /2 A% 1) A1 BBl vl 368 3o W e 2 i BOVE N 81 ) 420 Jt
WD, EATNEREBE R TR LLZNS, Bt M(r) = Moo BIfEZ @ ORISR, B R
EREAREEAE - 80, WRONE R Moo A AMRIEATIEEE, WS

V2(r) = GM(r) _ GM, , (1)

r T

Hr, G251 H, M(r) ¥4 r DA E. B, @RE R TEY R R
(T B, DUSFRZ NE-TYIRR), e B R A1 B 742 5 10 (05 5 B 436 2 Ve oc r=1/2,
R TR B B A A r (I3 ORI I8 /e R SR UL e I 5 3 55 70 0 L T L - AN B A2 /N T AR
1, B2 A FAR ) T LA 2 1) 05 A8 SR AE B R ] WX IR ], A AR e B R RE
JeR BAE EFM SN K, TERE R REAEE AT S8 & IERA Y, Tl b 20l v I 4 R A7 7
[R] b 114 e Rt A I ST B A o B A A AR R

(5] Tl 55 o~ A AR A 1 ot 28 B AR O B R 28 a0 (o) mTRAE H, N T — AN H
VIR EFWERXSFRG 71 RS, BAE Vo(r) REE, W r LA E M(r) 2200 2
M(r) = 4x [ p(r')yr2dr’ ocro AR, FERGRMSNE, B r — oo BF, WA p(r) oc r =2 (HEFR
ESEEBR), WA EPFR A s R MREEH OB FIEHMA p(r) oc =2, NEXF
()73 FE A3 A BB PR A SIS 524

Moore ™ A& Flores # Primack ™~ 1 5644 & AR 10 HI [ # 2001 545 CDM %%
BRI B P A AT LU, B AR R RECH IS Y5 32, DRk ad i O X 65 A2 2 ]
FMEP A XU H, ER RBHO X, R B B R R AR Rk
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G, X MGG RE B BAE O XA A, BIE RO AAER SR EN %7 W,
HARERE, XY D140 CDM SUERIE 0 “Je i BB AR T . Moore
BT Bt AT e 1, W R, R AR B A BB RN DA R ) S RN
SEVR 72 1KLL RGN AN 2 LLSZ e ALl &5 S

MATX R TR 52 (low surface brightness, LSB) 2 &1 HI 2T WM G &R I, E47]
A HBE R EST ™, AT R YR A AR RE AR, XX e LSB J R AT
MW, S5 REFRARZEP ORISR MRz, 520U RHME NFW B,

WA NGEEE, BE R LSB & R 1) HI LW+ o] §e/E 7 — L iRk R ILI R R
WL, HBNSECE RS, B, 5T de Blok 2 N HI ZW0I, T4 R R
fil, AL (beam smearing process) 43 FRARMLINFI I (5B ISEEAALL), 75—Lk
Wi IE 0L T e 2R RENE E i B R th 4 (R T2 /U3 BEAr A ) B g8 Bt B 2k (M
R T A AZAE L)

%k, de Blok fil McGaugh'™ 253 v 5458, RAEFTE— Lol R I doRow i FE (I mf 77 75,
(B R LU R R P05 8 (MRAFLE). 251842, de Blok 25 A" i) HI L5000 H0R )
SRS I S, T 59— 7T, van den Bosch 25 A FIF de Blok Fil McGaugh'™ 1
45, DLW DDO154 Al NGC 247 S50 2 1E4 B RAEEE R0 &2 #5132 5098,
AR SUE 515 H 45w, LSB £ RN HI B ¥ it &5 5 A % R 7 2 5 A
REFT G AR, B UIX LSS, N T = o R U R

Sefr b, RE A PER A IR B Hoe 8. AT HIT Z8AHEL, Hoo 2RI 73 HE 32 =
ToANRG, EENE, BECERE T KRR Ho GRMEIES", A1
XL 5 R A HT AR AT EE IR R, R 2 HE DL T T AR 808 R i A7 A
EIR AN LAERE LR HI 20000 B 15 3 s 2 h O a4, B, B2
AR E 4 CIS (cored isothermal sphere) ™, ]

IOCIS(T) = H(/;W ) (2)

Hr, po RHFOEE, ro REERFZAFE NFW BRI

pry=—" (3)
() (+2)
o, pg AR, ry AR, HRIE SIS A,

2
Ty

2nGr2
Hrp, o, REEREL. REEREARNZE PO, B5HF LW R5a581Re, H

FEBCH AR AT B e 20U I SCRF HAERS SR O iR . B 45 H AN RS R A R SR 1) B A
it £k

p(r) = (4)
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5 4 6 & 10 12 14
r/kpc

VE: WINEHE AR 21 cm 2}2[33]\ Longslit[;é' 31]7?[1 Densepak[:w‘]g

H1 BARZESGERNEHNEEHmE" SIS(m%k). NFW(fEZk) F1 CIS(5E%%)

2.2 HEEREH

TR BB 70 5 3 KR S MR B e I TR, 482 £#H1 LSB 2 &b
TEAE ¥ BB BE IR AN B G AR B IR 3 T2 )5,V 2 U R0 AR TF 46 1 PR i
XA, A ACDM TR 2 HESL T AR e R R B, AT 400 A0 81 2 76 T AR TE e
4l CDM KL F RGISUEA 5 N E PR, KRR ERMEE. —FH, MIER
HIE CDM KL TR BAELE, SINEAIIHRBEE B AT TR T L% 76 5 1 2 R i 1
PRI E ML, R T fRE ACDM S S BRAE T R L3 & s, 352, RATHHEINE
3| BRI fE A B M AR R K SO R, A T E T B R, ATHEAE . RE CDM
R FAEYR ST RIS RS, HRENAS SR EER, RATR
. SEBR b, FEAE G R SOOI o AT R Bl i W) 420 S5 AN T )R 90 CDML R -1 3
JIEERORE, B A ST R OR 1 1 B o N | 0 X A ST . S — 5T,
TR TR UG 5 f L B BE AT, X R TE SR P I AT B L R A

FEHUER A, A5 DT T 0T 52 of B B A A SR, AT 7L 6 B G S 24 44 P 44
(adiabatic contraction) I 2™ . (HAEXA ST LSTER RO LB, IR T 5 EE
B 2 XL 0 OF o R T PR R b A W 8 L S P AR R B AT, i3 A
SRR RAN, TN TRARERVERER, fTRES O3 HHYERE, FIIEER
F P b PR A B R AR R DLIR B 0 ) CDM. KL A SC 3 BEHE B LA S8 fr B R R
G, IXUBZE BRI T RS . BAIE T A, EATRRER RG] JiE
F R

Mashchenko 258 N ™52 Bl 2 -4 W B 7 e 70 RTBRGS R, HEE R A
WAL S PR AR SRR — BRI S ESE B, ERE R RIF S
% BP0 AT IR R AR TE, DRI B 25 T R 1A AR [ 5 1 5 5 oo B8 A 7 K /NS R
BT AR, XA R AR ZR LSB B &, AR A EE R RAUE R
X P BE SR TT DU P - R, B e I R R R . (R, T
W KRR R R TR, SRR RE RS D OB, XS5 Es
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S 25 AT (GBI 3 ),

Di Cintio 25 \7E 2014 4 (WiFR DC14 K%L Fi FH BT 0 585 45 W SR AR 5 1 24 A
B, JF R T AR RS R R L (M., Mia,) K E 7520, A 2] — MK
FREEFREMOBES A AR ZARRFR (a, 8, y) BURHER A 508 75 51 1.
DC14 KT ()35 FE 4345 A

_ Ps
= oy (B—]a (5)
() [+ ()]
Hr, pg AR, ro RWEEAR, o, B, v 219:

oa=294 — lg[(10X+2.33)—1.08 4 (10X+2.33>2.29]
B =4.23+1.34X +0.26X2 , (6)
v = —0.06 + lg[(10X+2.56)—0468 + (10X+2.56)]

Hrr, X =1g(M,. /M), BRGEHEE —4.1 < X < —1.3. fEfFRRE-ZAE E, DC14 B
R prsuist,  BIRE 2O A TR T I 2 . fE/ iR, B RN LSB B RA
WG BRI, — S E I R S I A O AR, AT I PO R 0 AR AR
Ho Katz BN FSHRER D EHEAT UG RN, DC14 B H NEW B0 e 5 5 47 Ha i)
A HFE RN, HT DC14 BALE N T Mya, < 102 Mg, WMRZEHETHHE R &S
FIREZE, AL B RRENE . 7E (a, 8,7) YU T, + ZARLIZE (inner slope), [
JEAMREE (outer slope), T « A2 PE R (transition slope).

2015 4F, Schaller 25 N (4% Jy Schaller15 %) 7E EAGLE (evolution and assembly
of galaxies and their environment) Fi®JEAl F 52 H — M UEBA TR, HUE 22 (1) i 550
HEIN 102 Moy < Myao < 104 Mgy, BNEEG T ERMERBL 2 My, > 1012Mg B, BEp
O X E RV T BT X E P AR AR S R 2 R 4, SOl O X P 5 ) B
JERE . SYIBT (BRI WS T, RoRON:

p(?“) o 6(: + 5i
Per B T 1 T 2 r r 2
(£)(1+2) () [H () ]
Hrp, 0 Ao RAIAREE L, ro Moy RISEEFAR, por Rl A3 # . Schallerl5
BRI L AL RO AL RS MR B AT NFW BRI, ARSI O AL (r = 2.27 kpe),

RIFN —2, IXJE SIS BURMRE™, IERAEE oL 5, 1675 Schallerls BT AT
L NFW KR 8758 2 HO 351 706 RO

: (7)

3 KA MG FEG I PR

e 2 |RTR, R A REK B 28 CDM BB U5 1 5 B e i 2 000 22 Ta] )
J&. £ ACDM F 8 2AHEZE T, AATIE I AE BUE AU 51N B 7 B R R 8 X A 7
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i B i BRI 3 ok B R R M BT ERUIMY LSB £ & (EE — R/ T 1012Mp),
BRI, G SRAXAS A 2 o 2 (P R D0 A B, 0 o T PR 2 5 P At R PR T X B R R AR
M, VF 2 BUERA s g 2 2% e o A A& TP S i 5l TR R 45, H 203
KGR R R AR R 1K B R R AR REE Ak G| JE s 2Rk, I,
o TR 5 S 0 A W Z [ ) 43 52 5 5 | i B W AR B R 51 D0 B e B T SO IR ) 5
IR, HESHWIN S B th 2 MBS RO TE oS, 105 e i T AR,

SREER R TFHPRIMANR, 25T T 400 A4~ KT EMREE R 2
ARG IE B I B R A AR, R B A — MO SIS BEARIHIA. B RPIMENE G AR
= R A 2B EEF IR, X2 EIMMEA IR, R E— KA NFW BRI,
7 SIS BERUAI NFW B, 25 B o A #f2 BON AR BRI B, X TR 5] 1B ik
Ui, B WMANTT, AR TR EE YT AT HEBR R DL ST S5 MR 2 5. BAR R ST
S AR ORI — 4, WURIRATAE & & MGt A R 5| @& SIS, e B T
NLMEE A AT LB TR IS R A TR UABN 2, MBI RER K I, ST s/E
RIFEGR R RZMNE RU] (AN 2) B, AR AT Re I 25851 JE s F 4. 5| S A FR
LRI R 2 R AR 4 B4 A, B ETR T AG IR A"

dD¥ (2)

p- /O ZST /O T A(M, 2)o (M, 2)B(M, 2)dM | (8)

e, DP(z) RMFH BTN 2 B ANEGEE, n(M,z) B HREE
JFEANT M ORM +dM 210 R, o(M,z) RBEEIT, B(M,z) BB
T (magnification bias). 7EZAEFHESHIIBENT, o M B KM diBE ARG 5105 B 4y
i p Wi WG BENL, WER % E p IR v A LSS R i i
RIS IR (22) TS5 s (R * 2 )™, (ER SEATE S
BAHEG, HTTRAT LA Z20E. BIZERS 0 O X8 p(r) oc r=, FAEBRE] J1iBEL I MESR I Li A0
Ostriker ™ AR Oguri 28 N Frik: ~ #k, FEME| JnESIMZsA; My =0 (F
o), AR E B IR R, JFHRITSED, XSehr bR S8R s E
(ORI MR 5 E i I (G RA A AP S R B R R, 76 A S 34
MBI, 4558 — AN ERAFRSE BT p(r), AT LU (8) 580 R 1B B %, D
B, DG R FR B BT p(r) RAHEIBBNER I 5B B RE A HEAT HLB, T B
7 280 Ko 5 55 4 A 1E B 5 RO X AR 22 D

BHLAE 2005 4E, Chen'™ KL, —ANFERREENS AR T 554 100 L OIS S5 25 P A AR B TR ) 5
wE 5| J1E B IO AR . XA RRE SRS AT IR ER (non-singular truncated isothermal
sphere, NTIS) fIHAN A i BUABHSE], TR T — /MRS, AR
B A B I (top-hat) BUPE SN2 P4 RIAL JIAL 5 TG . T RS T 5 R R FR. %
I P RTZIE Y, T LR LA M B A% R, NTIS B — MBI, &k
2 55 oL A7 E B0 B I 5 B SR T B B R T, NTIS B 5 B E R 5
X GHERE RPI ISR, Kbt B IFEE R MG LSB B R i 4 PR [ 5 ih 2
ORI BE AR I AN 0 355 P T K B R R AR R T, 4t T e 2 9 5 0
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PRSP sk BEE—ANE A MGt i sk G| 1 iE SR ACKR B 9T KR I H CLASS/JVAS
(Cosmic Lens All Sky Survey/Jodrell Bank-VLA Astrometric Survey) ff—AF#EA&S ™,
‘B 8958 MEA M, Hfy 13 M R gl JpiE S T 2R WX 13 DEREIER R
GUHR B A KT A0 MAECH N, U EBINZS H5r B KT A0 15 1B B R A
BERN P = N/8958. WK B fizn, (£ NTIS HEAIIERE F, FIH N (8) HA K F IS T
Prris(A0)(5228) 5 JVAS/CLASS IMIMAE P (AQ) (RS LR) HEAT LB v 5, fEFTA 5
F1 LA Paris(A0) < Pops(A0), Fb NGRS J1E B M B T DA 4518, NTIS FAAE
HRIFEMEERAERD. £E DB F, Frif “SIS+NFW” R (fH2R), & K6
B AW 2= SIS AR, M2 KRB NFW BRI HER, XFEE RS S8 7T
W) “ARTERIAL”, BRI CLASS/JVAS FIMIMER G318 NFW B8 (B4k) B, FNiE
BUAR KB RAE RAEH NFW BARR, ATE S|, NTIS HBALEA 7 &M E#EE NEW
HEAR,

T T T T T T T
CLASS/JVAS
0% N\ | SIS+NFW -
F . — — .NFW 3
NTIS
10¢ .
A 3 \ ]
107 T 3
10*6 L | | |
0 2 4 6 8 10

A6/ (")

VE: HI NTIS BB HIE (5:4). CLASS/JVAS M (H5:4). SISURZR)+NFW (R R H) MibH
WA (M%) D% NFW BB FIE ().

2 SBEAKAT A0 B3I NBEEEEOBENE

162 R IRATY S8, mEE LS BRI, 1H R R AR 8 1 B L e A
1™ (f81%% Mashchenko #H). XM —HIEMR, EMEME RIS, FERTOH
KA SRAFAE, B 2T BB AN [R] 52 & () I 2 O # A A A PR OK /N B A%, B4 /) ol 1 s 1) 9 22
AMLSB B &, VLK KB EMEE RZMAEZRHB, Mashchenko 1R {1145 1% 5 5 % FE /3 A 5
T PR R M S5 R S AF IR, MARIE A SCIM AL, B IR TR B 5] J1IE B
MK Chen Al McGaugh'™ i CIS RS Hik M5 2 2 58 R I S BB A6, 4
5 Mashchenko %5 A\ %5 H BB B L5 AR SN T 132058 5] B BMER, A1 20A
T8 CIS BRI R 48 re SRERTE M Z M5 R, X 0] L BCHT I B % b 28 00 0
P M, BRAE . = 2.25(M /102 M) 3 kpe. B CIS 75 T Fr 325 5 4 120 128 11
F CLASS/JVAS WIS MER. sibr b, BB TLLE L, TERTA 2 &M L ars s &%
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294 ARG Bk, WSS ESE I MEE, Mashchenko 55 A 45 H A R 8L A AT 52 1E
Eiiip NI ] R R Ei

lg P

_10_

CLASS/JVAS

-12+ - — — NFW

A6/(")

: f CIS HAITNE SN S (S54k) t CLASS/JVAS IIWIME (FSeLk) /N 4 AL, i SIS AL S
MFFEHRE, NFW BB (FBZ) WAT W& (6.

E3 SEAAT A0 MSINBEESEmEE"

15 Mashchenko BZAILL, H 022 5950 (B) 4 H K DC14 IR FUTE /N5 B3 (045 52 R A
LSB E&AH, UWEFBET 102Me B, EFYHEESIERRE S LR HERT, Bk
oL NEW BR[04 . XAV b 1 4 dh 2 (0 AR PR e 0 E R4 25 k5| 008 B
WWE? 1T DO14 BRI L& 0 2R N T 1012M ) ISUE RO R 3 20, AT
MR G| ) BB R R, Wang 25 N H T B R A E B R AR R
DC14 T AN B K5 B 52 7 4 T2 1 AR B G5 W B i b g s A B 0, L i
HUAT 20T 90 B ) K S —— 1012 M), ELARVEE RS = A 3R 5| 7355 4 22 11 R
Bl (—BEEESR Mo > 101°M ). Wang 25 N KB, 5 () DC14 B FTTRIN K385 1135
SRR TR T CLASS/JVAS (AL (16 2 ~ 3 AR, W@ iR, X%EW, DC14
HT R BB R 5] 035 B A

(B, HRHE DC14 BT, I 52 eb 0o 1 R W 5 0 2 PO I T S 05 2, EL R A BT UAR,
XA EF] My, ~ 1022 Mgy FHERTA, X EREFOH p(r) oc r~t, BIE NFW A
REEAE Y Myao > 102Me) B (AR TR ERRE RAVERFIES), v <1, WES
Frw. Bk, fEE @, DC14 BRI s B IRE S KTt CIS #5228 (B Mashchenko 45




24 Ek, BRKH: RRSIJIEEHAEES YRS 131
- * = —— JVAS/CLASS
10 33 \_ —  SIS+NFW 3.5F .
f v — . — I8
[ N S
1074 [ BRI DC14 ]
f 1 |——— DC14(B=y=2)+NFW 3+ Yo

A

10777
1078, N

j N
10 N

\.

s \.

10*105, \.\
—115 ‘\.\
1070 P 4
AG/(")

VE: MR YR R AT S A R R IR BRI 1Y
FARN 2 = 1.27.

E 4 HBEAAT A0 WSIBEREEMEE

& 5

0.5

?011

1613 1614 1015

Z\/Ihalo/ MGJ

T

DC14 EEIh S o, 5,1 BESEE M.
O A

) BRI, /T B NFW BESH REE, ST T

5, 1T Schallerls #7138 FH Vi Bl B 42
Wi T EAMERR, P Wang 55 A" tH
PEMRYE R (@) 1% 17 Schallerls A 35 i fr) 5
51 BB MR, I HE DC14 #AL, SIS+NFW
B DA Je de 4 fe K 1k 51 73 B KR T H
SQLS (Sloan Digital Sky Survey Quasar Lens
Search)™ WL i T %+ E, A AT M 50 836 A4
a8 0.6 < 2z < 2.2 FIREMARTFIEH 26 />R
SINEBRRGAEREAR, AT, 4R
Kl B frs.

ME B 7T LLEH, HRHE Schallerl5 457 F
(58 5] 1iE SR i iz i T AT A B, e
Z L SQLS 25 H IR ZE BTG 4 B A bR 1
MRS FHOXAERMIRA S, {E Schallerls
R AR ST 0 (r = 2.27 kpe) Ab, HE
AR -2, RIGEELERIRIFE N -3
b A AR, ANBRE| 3% S R T DLAS

& 6

QLS
Froee — — SIS+NFW

[~ N, — - — Schallerl5

107}

10
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Studying the Inner Density Profiles of DM Halos

Using Strong Gravitational Lensing

WANG Lin'?, CHEN Da-ming!?

(1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China; 2. School
of Astronomy and Space Science, University of Chinese Academy of Sciences, Betjing 100049, China)

Abstract: The most recent high resolution observations of the rotation curves for cold dark
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matter (CDM) dominated dwarf galaxies and low surface brightness (LSB) galaxies imply
that these galactic CDM halos have a density profile with a flat central core, whereas pure
CDM cosmological N-body structure formation simulations predict a divergent (cuspy) density
profile at the center. This is known as cusp-core problem. Gravitational lensing provides
another independent powerful tool to detect CDM, although it can not distinguish whether
the lensing mass is baryonic or dark matter, but rather simply depends on the total mass.
For a certain given mass of a lensing galaxy or galaxy cluster, strong lensing efficiency is very
sensitive to the slope <y of the central total mass density profile (p x r~7). For example,
a cored density profile for a reasonable value of the core radius r. (usually determined by
rotation curves, within which v ~ 0) would lead to an extremely low lensing rate compared
with lensing observations, whereas a singular isothermal sphere (SIS, v = 2, for elliptical
galaxies) matches observations well. In ACDM cosmology, a main type of solutions to the
cusp-core problem is including baryons as astrophysical processes originally in collision-less
CDM N-body simulations. The baryons have two opposite effects on the central mass density
of CDM halos. While stellar feedback and dynamical friction can induce expansion of the
CDM halos and produce a core, the adiabatic contractions can steepen central density to the
singular isothermal sphere (SIS) type (which is cuspy). Consequently, simulations have always
been designed to tackle a certain specific problem (usually determined by observations). For
example, disk galaxies and giant ellipticals are often simulated independently, usually among
very different communities. Unfortunately, on one hand, a cored density profile would lead
to an extremely low lensing rate compared with observations. On the other hand, when
SIS profile matches the observations of strong lensing by giant elliptical galaxies, it fails
in fitting the inner parts of rotation curves which indicate a central core. In this paper,
we review several simulations, for which, the density profiles are in good agreement with
observations of rotation curves, but all fail in predicting the available strong gravitational
lensing observational samples. We conclude that, it is difficult for current simulations to
reconcile the DM distributions derived from the observations of rotation curves and that from

strong lensing.

Key words: galaxy; rotation curves; simulation; density profile; strong lensing
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