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F Grand Unified Theories Composition of Universe EW preCISIOn measurement
LEP '

—LEP1, SLD, vN Da1a /
- LEP2, pp Data

74% Dark Energy

Coupling Constants 1/a(u,
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CMSSMOM /N5 A—R4E1E,

(CMS SM:Constrained minimal supersymmetric standard model)

(Battaglia, 09)

10

Point my  tan g Ap  sign mu
10 —100
10 0
40 0
0

LSP annihilation channel

LGC1: bulk region
LGC2: xx — WW

due to bino-Higgsino mixing
LGC3: bino-stau coannihilation
LGC4: Higgs pole
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WIMPHEZ: (B2 RL)

LHCEEER : [5F - [5F #2825k
2010 LY RIEHIIZ7TeVCARA—|,
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WIMPHEZ= (1B 4 RL)

@ LHCEER: [5F-[5F1E22 =k

@ EFENFRELTOVENAARREIET,
(V17 BIRIZEREIRISHHBAELY)

rb'ff/jo,\
I

BT, FREF.&BF.HF. .
(FRHERICH D)




WIMPHEZ: (BB 4 Rk

@ LHCZEER: [+ - [5F1E3eEE:

@ EFEMRELTUDVENAAURERT
(V12T BISIEREERISHDB7ELY)

Channel Signhature
0 lepton + jets + E;™s* >2-4 jets, large E;™ss, m 4")
1 lepton + jets + E;s e/u, 23 jets, large E;™°, m 4 m;

2 leptons (SS/OS) + E;™ss 2 e/u, large E;™s

23 leptons + E;™== >2 jets, E{™ss, m

0 lepton + b-jets + EMiss(™)  1-2 b-jets, m 4

vV L ETmiss 2 v, ETmiss

Main backgrounds
W/Z+jets, top, QCD
Top, W/Z+jets, QCD

SS: Fakes, diboson, top
OS: top, Z+jets

Z+jets, top
Top, W/Z+jets, QCD

QCD, top, Wy+jets

+ more targeted analyses for SUSY scenarios with featured not covered by above inclusive

1

searches. See exhaustive list on slide 21




WIMPHEZ= (1B 4 RL)

@ Jets+missing Et 1 N LER

=TT

1
4_
J

e Data2011 As=7 TeV)
—— SM Total

-1
_[L at~1.04fo° 00D multiet

W+jel
Four Jet Channel =2 Jg:

311 and single top
SM + SU(660,240,0,10)

ATLAS Preliminary

>
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WIMPHEZ= (1B 4 RL)

@ Jets+missing Et 1 N LER
mg = Mg &L1T=

MSUGRA/CMSSM A,=0, tanp=10, p>0
MSUGRA/CMSSM: tanf = 10, Ao= 0, u>0 & % E % 0) -I: BE [j:
0 lepton 2011 combined 9 8 OGev(gs%c L)

ATLAS Prellmlnary
" =1.04fb" \s=7 TeV CL. observed 95% C.L. limit
[ LEP2 % 4 -=== CL, median expected limit
[ 1 Do0gq 1an|3 3,u<0,2.1 fo’ exp. limit 68%, 99% CL

w Reference point

— o
eorelically exclu —— 2010 data PCL 95% C.L. limit IS Py 2
R =f=L. ZDHIE
[FARE 258 K TF

1500 2500 3000 3500
1/m, [GeV]
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@ LHCTIE 785N TElY, LCHILE,

LHC+ILC-1000
LHC+ILC~1000

LHC+ILC-500

LHC+ILC-500

LHC+ILC~1000
LHC+ILC~1000

LHC+ILC~500

(Baltz e al, 06)




WIMPHEZ: (E#EIXR)

STLY5,

@ WIMPIEZF R DEYZERU[E
5 HIBEGeVMH L #Tev<s 0N

R P iE 2003 A(FEE D 0.1%)

15 H5 A— R LI 4 T8 (0.3GeV/cc)

[FEAEFTRZTYIRITTL,

& KDY WEHERTRFZESDOMY, [FLANT
[RFREDDT DGR, . EREREET D, V1V TE

BRERTREEDDLI MG T FILERT,
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WIMPIEZ: (B 1R 3R )

@ ZoKeVD R BkIRFRZE b A5,

Rate [kg™'s™'keV™']

Target Atom
(mass Ma)

Tmax = 2 MAC2p2

~— Recoil Energy [keV]




WIMPHE = (1B

¢ H7EtHE N GEE,

lonization

Semi-conductors:
TEXONO
TPC: DRI

LXe+GXe; Lar + ‘ Ge, Si: EDELWEISS,
GAr: ; ‘ CDMS

Xenon, ZEPLIN Il f e i

WArP, ArD

Nal, Csl, CaF, , LX COUPP,

DAMA, NAIAD, PICASSO
ZEPLIN I, ANAIS,
KIMS, DEAP/CLEAN

CaWoO, CRESST

® HATIEXMASSZEER
M iFERAE




Current and Future direct WIMP Search experiments
35 programs (not complete list : sorry for those projects | have missed)

Target & technology Status &

mass comments
Xenon
ZEPLIN-III Boulby Xe: 8kg two phase SI: 1043 Stop in 5- 2011
XENON100 LNGS Xe: 48kg two phase SI: 7x10%°
XENON1T LNGS Xe: 1t two phase SI: 1047
XMASS Kamioka Xe: 100kg single phase SI: 10 commissioning
XMASS-1.5  Kamioka Xe: 1ton single phase SI: 10746
XMASS-II Kamioka Xe: 10ton single phase SI: 1047
PANDA-X Jing Ping Xe: 25kg two phase SI: 104
LUX SUSEL Xe: 100kg two phase Sl: <1045 Surface lab
LZS SUSEL/ Xe: 1ton two phase SI: 1047

SNO
Ar
WARP LNGS Ar:140kg two phase SI: 5x10%° commissioning
DarkSide50 LNGS DAr: 50kg two phase Sl: 104 prototype
ArDM Canfranc Ar: 850kg two phase Prototype
DEEP3600  SNOLAB Ar: 1ton Single phase SI: 104
MiniCLEAN  SNOLAB Ar: 150kg Single phase SI: 1044
DARWIN Europe Ar or Xe: tons two phase Sl: <1047
MAX DUSEL Ar and Xe SI:<107 R&D
11/07/26 Y. Suzuki@EPS-HEP2010 in Grenoble

18407 /26 world?

kg

10 kg

.6kg

26 kg

Okg
1.4kg

50kg

 1ton

CS2:4kg,24m?

technology

char+phonon

char+phonon
charge

charge

BC
BC
BC

Scintillation
Scintillation
Scintillation
Sintill+phonon
Scintill+phonon
Scintillation

many

TPC
PMT+TPC
microTPC

microTPC

Tragking uki@EPS-HEP2010 in Grenoble

Year to start

2011
2015
2011

On going
Install 2012
2011

On going
On going

On going

2015

2011 1m?

29




WIMP: %8 3118 B 1E B

L = Z fst XXNN + fsp x0axNooN
N=p,n

@ WIMP x [dMajorana fermionCTHAH_EZFRTE

@ Sl(spin-independent)fE B {EAICKLSRIELDZERMILIRF

2 (A) DIFEICLEH, REFRFZZHEIETREN LA
Do

- fiABHES)

2 2
g — O'SIA2 MTTLN Mmp y A4
p \ M"‘?TLN M—I_mp

JeE—L 2k

® SD(spin-depndent)fH B {ERIFAE > D413 L TRRE
b,

23




WIMPIE = %2(SI)

£
Q
[
c
R/
per}
Q
Q
wn
wn
1]
o
—
(& ]

Edelweiss Il (2011)
CRESST Il (2007)
ZEPLIN 1Nl

XENON10

CDMS (Combined)
XENON100 (40kg * 11.2d)
XENON100 (48kg * 100d)

XENON100 100d

Yeuy
v
DALY PYOpip—

XENON100 goal

Ve drame,.

XENON1T
| 1

ssmstEanEs

O A e

SIHHBE{ERAZRTE,

10°

Mass [GeV/c?]

XENON100EERIZKYBEIED LEZ104cm?2 & H]>1=,
24




CMSSM

LSPIF=a—k31)—/

Roszkowski, Ruiz & Trotta (2007)

CMSSM, u<0

EDELWEISS-I
CDMS-II

XENON-10

SItEE{EAZIRTE.

Roszkowski, Ruiz & Trotta (2007)

CMSSM, >0

EDELWEISS-I

CDMS-II

XENON-10

Relative probability density

0.2

0.8

(pb=103%cm?)




200 S FHE]

XENON future

s XENON-100 to run until end 2010
e goal 2x10%b
e Improve puri

XENON-1t (2014, Gran Sa

LSM)

¢ Goal: 3x10!! pb

« Lower radioactivity PMT (QUPIDg
and cryostat, better purification

From ICEHP10 (Talk by Gascon)

jcation

CDMS future

400 -,

Improving Background Rejection o -

ke
w
g
8

* Interdigitated ZIP (iZIP) design meets needs for E 20
SuperCDMS SNOLAB and GEODM g IZ: P82 photon
= Many other Xenon/Argon = : = LA 5w

/ 105Cd e~ source

0 3 R "
0 50 100 150 200 250 300 350 400
Q on one side [keV]

w
S

programs in coming years: LUX,
DEAP-CLEAN, WARP, ArDM,
DarkSide

= Longer term: multi-ton expts

| ! ] \\ I
| 3 I Edelweiss proved low field
p: -4 b4 sk | regions not a problem

JARRRRAR AR

(DARWIN, LZ) m Larger detectors (cost, bkg): 2.5 cm thickess, tests with ¢ = 10 cm and
! 15 cm-{distocatio ee) => 5 kg units
July 28th, 2010 Direct DM Searches - ICHEP - Paris - July 2010 = Super CDMS @ Soudan : 15 kg §2010-2012) runs with 600g i-ZIP

Super CDMS @ SNOLAB : 100 kg/(2012-2017)
GeoDM @ DUSEL: 5 T (2017-..,

July 28th% Direct DM Searches - ICHEP - Paris - July 2010



WIMP 1%? £32(SD)

005<Q.lh’<020

Wikstrom & Eds;o 2009

CDMS (2008) T <4 5x10’ years
%%%p(p 2%8) X ‘t > 4.5x10° years

Super-K 2001 (bb) _ SI*E _-ELVE%%
|esuBe55 2087 hw ]

) ] ﬂi I:'-E o
lceCube-80+DeepCore 1825d sens. (hard) . '

(Wikstrom and Edsjo)




WIMPHEZ: ([E#E1R 3R )

F 5 ik HISWIMPXTHiBR D IR B #25 o
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WIMPHE R (AL FF H R )

@ Pamela. FermilSXk 5[5 EF. &FF H f#["conventional
diffusion model MHND9 NI ER 1A A D,

AMS (2002)

N ATIC-1,2 (2008) « Tang et al (1984)
PPB-BETS (2008) Kobayashi (1999)
HESS (2008) HEAT (2001)

® FERMI (2009) BETS (2001)

—ref. 1
PAMELA
Aesop (ref. 13)
HEAT00
AMS
CAPRICE94 o
HEAT94+95 = = = = Conventional diffusive model
TS93
MASS89
Muller & Tang 198756 ks aal A A PR |
e —————————— IIIIIIlI 1 lIIIIIII 10 100

102

o
©
+ x
o 3
3 -
RS o
< o
g‘ =
e 2
< 2
k<] =
3 3
g w
c
o
=
[72]
(o]
o

Particle energy (GeV)




WIMPHE R (AL FF H R )

@ Pamela® & [5FDANT LT L IZ[Econventional diffusion
model DT EICEEANTE R 1B Z 70N,

107

-

=)

1))

0
~N
5102
9
g13
&

AMS (M. Aguilar et 3l)

antiprot.

BESS-polar0d (K. Abe et al)
BESS15933 (Y. Aszoka et 3l)
BESS2000 (Y. Aszoka et 3l)
CAPRICE1538 (M. Boaio et al)
CAPRICE1534(M. Boaio et al)

PAMELA

10 102
kinetic energy [GeV]
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MEE [0 (B, 7) DR AEER

(B,7) = K(E)V [+ (B.7) + e lb(E) ot (B, P)] + Q(E.7)

ETES. b(F) IxR)LF—igktt. Q(F,7)RIE

ARy —>




S

@ [5EF O (T )L F—18KIECMB. starlight&
DFEL TRED)

K(E
P \/ ~ 2 x (E/100GeV) 2" (kpc)

@ Pamela” /~N')—ZiRBH9 AICIIARFZZRDEEIZZD
BENFETSIVENDHS,

e /\]LH—
- BHEFZE

- lERME




WIMPHZ R[5 E

c
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©
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O
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O
o

PAMELA ++ & -
HEAT2000 ]
HEAT94-95 |——{

100 1000
E [GeV]
(ov) =5 x 10" **cm?/s™' M = 650GeV (ete™)
(ov) = 15 x 107**cm® /s3 M = 900GeV (utp™)

(JH et al)




=]
5
€@ B/C. Be®®/BeLb7sm&E DTy IS/INTA—3HE IR, (Donato et
al)

§  Ko(kpc?/Myr) L (kpe) Ve(km/s)
0.46 0.0765
0.70 0.0112

0.85 0.0016

(Doneto et al)

® WIMPER & [&FimE(ELI
FE{KTF. MinZx &5 LT, il
RIFIEF 1255755, BARDER
[F5ZDERDIDDIGEIZHHES

[ M =100GeV




J—AKHEF

AN+ )
dFE F

AN S8R IH DT

& RXFHIT—RERE
o clumpy ZZWIMPD 7 %
® RPFamiIT —AREF
s FRIRE R E AR
o X JH IR T 48 D 1R AR 7E (WIMP D HL & 755 v ~ 1073 )

Sommerfeld*ﬂ%”ﬁ (JH, Nojiri Matsumoto)
Breit-Wigner resonance*gﬂ‘% (Ibe, Murayama, Yanagida)
35




WIMPHER (73 X #E)

RAIFISEEANF] R Y,
A A
JLIRIE B
AURTREL DA EEDEN,
ARG LITHED B 5
FRANT +Z L Esmoking-gun (E,

XX — YY/vZ
=1=LIL—27 70X THdI-6. BrEiE(X/DI0,
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FERMIE 2

SEARCH STRATEGIES

Satellites:

Low background and good
source id, but low statistics

All-sky map of gamma rays
from DM annihilation
arXiv:0908.0195 (based on
Via Lactea |l simulation)

Spectral lines:

No astrophysical
uncertainties, good
source id, but low
statistics

Galactic center:
Good statistics but source
confusion/diffuse background Milky Way halo:

Large statistics but
diffuse background

And electrons!
Anisotropies

Extra-galactic:

Large statistics,
Galaxy clusters: but astrophysics,
Low background galactic diffuse
but low statistics background

Pre-launch sensitivities published in Baltz et al., 2008, JCAP 0807:013 [astro-ph/0806.2911]

Slide from S.Murgia (Fermi symposium)




FERMI Dwarf 3£

mSUGRA

WHAP compati _ R/ ERAIDDM
' = (FE A D ol
I3

below WMAP

(Abdo et al,1001.4531)




FERMI #8H> V 53 BEsR

BRI {5 B T |

~103° cm3/sec,

Wino-like®dD =21 —F

Z1)—/[& 5107
cm3/seclZEZEL . FfE
[T TLV5,

—— <gv> 7y Einasto
<gv>yZ NFW
— <ov> yZ Isotherma

— <av> yZ Einasto

LLJ] lllll l ll illlll.ll
20 40 60 80 100 120 140 160 180 200 220
Line Energy (GeV)
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T T IIIIIII
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---NFW

--=-- Isothermal

v ol

10

<ov>[em’s!]

107
1 0-27
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107

IIIImTl Illllml IIIImT] IIIIIﬂTI TT1Im)
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//
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mmmmm Einasto (this work)
mmm NFW (this work)
—— = SgrDwarf

~—— ~ Willman 1
— = Ursa Minor
~—— — Draco

107

(Abramowski et al, 1103.3266)



WIMP#£ %= (CMB)

HDEN LAY LIFEOWIMPD 3 H EBFE =Ly
S+ &, CMB [CE2E€% 52 5,

Excluded by CMB
(WMAP + QuaD + ACBAR + CBI)

log,gl<ov>/cm>s™]

XX — ete™

0O 05 1 15 2 25 3 35 4

logyolm/GeV]

(Kawasaki, Nakayama and Sekiguchi)




Summary

G.Bertone,
Arxiv.1011.3532

® TNETNDERIC. GERFEDL DD, EHEENBLE,







DM local density DR E

€ Catena and Ullio (09): 7/8/\T5A—% DKM JIIERAID
fEETFEEL. T1UhZ1TD,

Eda pbb(0)7 Rd7 RO) Mvira Cvir ﬁ
DME = 73 i [EN-bodies inspired D&%

JE = exp [—i@aE — 1)] JNFW = o

ag r(l 4 )2
)

GeV/cm® (Einasto) GeV/cm® (NFW)




DM =R E 75 i DR TE

Aquarium project (High-Res. N-bodies simulation)

1 1 1 ] O s 1 1 1 ]
150 300 450 600 -450 -225 O 225 450
v, [kms™]

/
of ok | r 300 450

1 1 1 o L L . 1
-450 225 0 225 450 -450 -225 O 225 450 Vv [km s7]
v, [km 7] v, [km s

lllllllllllllllllllllllll

(Vogelsberger et al, 08)

Velocity distribution in 2kpc boxsat Ro.




DM RE S DiRE

Aquarium project (High-Res. N-bodies simulation)

Gaussian&*“/E:Lb—&a%td)}iﬂﬂﬁl*)lxjﬁ—d)tt




NIz, HUEK ERILN N5 DD
i) 4

@ Nb5. Bk LSS/ SN T=WIMPD X HiR M b{AH=1—

R/

@ N[5, #EKAIL DOWIMPD 2175 FEE(N) EXTH IR SE R E(T L)

N =C — AN? (B1EERER. STEEHERERR)
T4y =1/2AN? = (C/2) tanh?®(vV/C A ¢)
— (C/2) (VCAt>1)
NG X FEIRRE ., BRI (S FEEIRREICE ALY,

& KNEDIZEECIESDIEE{ER. HhEkIXSIHEE{ERICLSHER

AL 1R SARE
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7% : higgsino-like
%%k : mixed
B :bino

107 107 10° 10

Spin-independent neutralino-proton cross section (pb)

Muon flux from the Earth (km™ yr'l)

o]
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[
[—]

(S}

(]

T Illllﬂl

-6
10

Spin-independent neutralino-proton cross section (pb)

(Bergstrom, 2000)




