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BEXTFRIE: IEHE1?

« IRNDARETTIEAHA.
* Naive guess: Planck suppressed operators.

o [FFIXGUTHI K THARIET 5.

A}ng QRAOL
M4
Tp ~ —% Pl ~ 10** year?
m

proton current limit 10** y

Mp; =2 x 10*® GeV
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B EXTFRIE: IEHE27

« IWNDRKITIIEAER.

* Naive guess: Planck suppressed operators.

« —a—p/IE Majorana or psudo-Dirac. M%DZ(LH)2

2

MaJorana Z ﬁ -~ 0(10 ) eV?
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B EXFME: IFHE37

« IRNDARETTIEAHA.
* Naive guess: Planck suppressed operators.

« BERYEIRITLE?

~ 1 month?
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Strong CP problem
GG

CP violation parameter A% 10° &4/ XLy

Peccei-Quinn (PQ) mechanism: Axion solves everything

Requirement: JEE ICEE 2 72 Global Symmetry (PQXTFRtE)

5
PQ breaking terms )\¢— C> )\ < 10—50
Mp; ~
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WIMP Dark Matter

Weakly Interacting Massive Particle

DM
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DM abundance
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WIMP Dark Matter
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WIMP Miracle

#0957 = (thermal relic density) DT L=,

—1
2 (ov)
h =0 (1026 cm3/8>

10729 em? /s ~ 1077 GeV ™2 ~
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mpy = O(1) TeV g2esedEsng
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WIMPD#: H

CTA (Cherenkov Telescope Array)
XHIE (FEAR CMB. BBNAE L L 2 EER )

>
DM SM
BXEL
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LHC, ILC
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DM
SM

SM

(Virtual) DM®DZHR
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BALEIEDOEATWIMP

* Bino

* WIino

« Higgsino

« KK photon

e T-odd Photon

e Technibaryon

« Minimal 5plet fermion
« Minimal singlet scalar

* Minimal 7plet scalar

° ... 23



Minimal WIMP Model

WIMP: Weakly Interacting Massive Particle
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Minimal WIMP Model

WIMP: Weakly Interacting Massive Particle

SMT— BB ERE

EWIMP: ElectoWeakly Interacting Massive Particle

Minimal Dark Matter (MDM)
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 Collider, direct detection, indirect detectionENHEEE
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Gauge Interacting DM

DM'’s nature depends on SU(2)xU(1) charge

SU(2)
wino 5plet
112 C hlggsmo C C
C C C
C C C C
C C C C
C C C C C
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Gauge Interacting DM

DM'’s nature depends on SU(2)xU(1) charge

blow-up
SU(2)
_>
wino 5plet
1IZ C hlggsmo C C

C C C C

C C C C

C C C C C

Disfavored via precision measurement and direct detection
Nagata & SS 1411.0752 30



Wino Property

* Majorana fermion
* Hypercharge Y=0
* SU(2). triplet o

e Mass < 3 TeV

[Hisano, Matsumoto, Nagai, Saito & Senami, 06]
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Why Wino.

Randall & Sundrum '98
Giudice, Luty, Murayama & Rattazzi '98

SUSY modeliC A>TW3
« R-parityl& I F )71 DE L FR4E
« anomaly mediation modelD BARF S

« SUSY models consistent with flavor/CP, Higgs mass and GUT.

Most minimal dark matter.

« BE/IFHfree parameter.
Direct/indirect DMIZE DN IEEICERD.

« 10FEREETERBEENN/NN—TEBIET
Rich signature at LHC.
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Higgsino Dark Matter

Higgsino Is

* (pseudo)Dirac fermion

* Hypercharge |Y|=1/2

ﬁj O
* SU(2)doublet (ﬁ()), (ﬁd )

u

,
¢ m =
+ <1TeV S)hzg().l( i )
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5plet DM

* Majorana fermion
* Hypercharge Y=0

*  SU(2) 5plet 40

* <10 TeV?
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5plet Nature?

Cirelli, Fornengo & Strumia 06

o WIMERUICIHFICEEICARD
s BWEFHROBMNMNTTERIETHDICIEIIDIS
o WHMEDDRWDTEIRREOHFEMRAFE > TLWSHEEEIHS

« IWEDIEICTH WD FFEEMRHL EEE

e IEZRTOITFHILEEAWV
o 7272L.10 TeVORIFA{EBDIEIMNRY LA E W
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Minimal Dark Matterd®#& H
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Cross Section @ LHC

cross section [fb]
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p, e DM
>< DM is invisible
p, € DM
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ollider Signals of DM

p, e DM
>< DM is invisible
p, € DM

DM®charged partnerz &5
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LHC D4R
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ATLAS Preliminary _

{s=13TeV, 36.1 o™
e Observed 85% CL limit (=1 O isary }
....... Expected 95% CL limit (+10__)
- ATLAS (8 TeV, 20.3 fb”', EW prod.)
areras Theory (Phys. Lett. B721 252 (20130
ALEPH (Phys. Lett. B533 223 (2002))
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(In)direct MDM detection



Indirect Detection
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Direct Detection

perCOMS Soudan Low Threshold
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Hisano, Ishiwata, Nagata & Take
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Direct Detection
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Discussion

* Direct / Indirect #E&EIFXIEFE TR
 CTAVDarwinZERIFF8E DMDMAEH/N—TZ %D,

o« FHIBDARINIPEEBREDORIGL—IDSDMDEBEEVYEFE
DIEHREBDEHEHES

e 7272 L. astophysicalZ2 A E M IEFE ITHRL
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« FHBDEBEETIV. NI ITSVRRE
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o HERUAY(C(Taxion DMERE I o7=mixed DM >+ 1) #
* Direct/Indirect®@reachldm 7l TH¥5
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Outlook

* 1 TeV Higgsino, 3 TeV wino, 10 TeV 5pletZIRIXDLHC TIRZ D3 B
Ly
s FILWERRIERETATATHRE

* Direct/Indirect DIREFER I FRDINELSRETEICIER ICER
* High energy upgrate of LHC for Higgsino, Wino
* O(100) TeV Collider for 5plet
* Astrophysical N EM % ZET DD FEEFRRE
* DM D&V EDIEFRETHIRE DR
c R E BEMEORFEVCHERICHORYDANEENFE
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