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m 1933, Zwicky found a large mass-to-light ratio
~400 from velocity dispersion in the Coma
cluster. The first indication of dark matter.

m 1936, Smith found unexpected high mass in
the Virgo cluster.

m 1939, Babcock found that the outer region of
Andromeda galaxy rotates with a high speed.

m 1959, Kahn and Woltjer inferred from the Fritz Zwicky
relative motion between M31 and our Galaxy L
that the Local Group is much heavier than
expected.

m 1970, Rubin and Ford measured the rotation
curve in M31 with unprecedented precision
and at large distance (24kpc), clearly showed
the existence of DM or deviation of Newton’s
law of gravitation. Vera Rubin
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DM candidates from particle physics

™

I Roskowski (2004)

.l Baerand Tata (2007) ﬁ
m WIMP 273 I:]:]:: :‘fbﬁ :
LSP: neutrilinos, sneutrinos, o g
.-, . . " F — =
gravitinos, axinos =l . 5|
Lkp: B = 8|
. . C]E 1w yim %
Little Higgs models: A, 0t | “les o]
wr i e
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u 5HEW”\/”:) ﬁﬂ_j:lg “i-u ! axion 4 axino
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AXions m'; [fuzzy CDM lgravitino
. . Tl P i
SuperWIMP, Wimpzilla, Q- o} ] "
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mass (GeV)
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Nature 458, 607 (2009)
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Phys.Rev.Lett.102:181101,2009
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CMDS-II : Minimum cross section: 7.7*10"44
TS T - ( 3.8*10"-44 when combined with

- + *® Pass Timing Cut
F

previous analyzed exposure ) @

: ; 70GeV
K 10" o
=¥ I Ellis 2005 LEEST ]
[ 1 Roszkowski 2007 (95%) |-
U % ZEPLIN III 2008 i
2 i + EDELWEISS 2009
3 = = = XENONI10 2007
'E " == CDMS Soudan 2008
£ = _ s CDMS 2009 Ge
! E'\a 10-42__ I"_ """" E)Ic)::ji;d Sensit(i‘:il:;
40 60 BT - ) B 10 15 7 _ ‘ q X
Recoil Energy (keV) Normalized Timing Parameter o H _l-
g
Occur during a time of nearly ideal detector 3
performance. Separated in time by several i
. . -43
months and occur on detectors in different § 10 -
towers (T1Z25,T3Z4) , .
Occur on inner detectors where we have a - T B "
stronger handle of our background estimate '
: : 107" S S -
Recoil energy:12.3keV(T125),15.5keV(T3Z4) 10" 10? 10°
. . 2
Confidence level ~77%, favor light DM WIMP mass [GeV/c]

<100GeV arXiv:0912.3592; Sciencexpress
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arXiv:1002.4703

*Germanium based 440g p-type
point contact (PPC) detector
*Low threshold energy 0.4 KeV
*Favor DM mass 7-11 GeV

With confidence level ~90%

Incompatible with zero.

*Fit detalls:

Y2 /dof = 20.4/20 (without DM)
x2/dof =20.1/18
(my = 9GeV, 0 = 6.7 x 107" cm?)
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*Pulsar, SNR,---

*CR Interactions

R PR AR ?

Hu,Yuan,Zhang,Wang, Fan,Bi,0901.1520
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Luo, Wang,Wu,Zhu, 0911.3235

Guo,Wu, Zhou, in preparation

*Galactic diff. gamma-ray
*Subhalo structure
*CMB
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J.L.Feng, et.al, arXiv:0911.0422
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Minimal models for DM (C, P XI#¥EEH Baks) Silveira, Zee, 1985
McDondald, 1994,

2 .
: Burgess, Pospelov & Veldhuis, 2001

L=Lgn — Mop2 _Appt _AD2HTH Hr9 peiov o
. 2 4 Barger,Langacker, KcCaskey, 2007

Shafi, Okada, 2009

\

e.g.

é )

SM He,Li, Tsai, 2007,2009
v SM @ [ Scalar DM J Stability set by hand
r 2 Zo type: D — —D
2HDM
Left-right models with scalar DM (C, P X%k B & BEH)

e.g.

[ LRM ] @ [Scalar DIVI] Stability protected by CP

Guo, Wang, Wu, YFZ, Zhuang,PRD79,055015(2009);
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Wang,Guo,Wu,Zhou,Zhuang,PRD79,055015
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[ dominant part: C- and P-even }

Before symmetry breakin%

|
[ V=V + Vl.%zl[ tiny part: C-odd 1

1 .. ,
-V = Eﬁﬁ(sw*) — 155" — 4%(S+S* )> + V2fios(S + 5*)SS*
1 * . 1" *\2 * l” *\ 4
+o 5k 30 (S + 8%)% 4+ Ag(55*)? TAes(S+87)2885% — = Ao (S +57)
1 - 1~
i o (S + S*) + N.gSST — =\ (S + S%)?| 0, .
£ |- 7o (57 + RisSS — {Rua(5+ 5]
Guo, Wu, YFZ, arXiv:1001.0307
O, = TI‘(A},AL + QEAR), After symm:trébreal;king
T T Require that S D obtain no VEV
Oy = Ti(6'9),05 = Tr(¢'6 + 4 0) ATE e =
; fe |~ S D is still stable due to the gauge
O, = Tr(x'x),0s =Tr(x"x +xX"X) -

singlet nature
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Main annihilation channels
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m Generic soft C-breaking term Guo, Wu, YFZ, arXiv:1001.0307
V1 = (S = 8*) D GO; +G(S + S)% + (r(S — §7)?
=1
O1 = Tr(ATAL+ALAR), 02 = Tr(67¢),05 = Tr(¢' ¢ + ¢ 0)
Oy = Te(x'x),05 =Tr(x'v +xx) .
Py WP T4 ( Triplet) 262
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