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1. Fermi Galactic Center Excess

Dark Matter Annihilation and Indirect Detection

Indirect Dark Matter Searches

H.E.S.S.

MAGIC
1 Fermi LAT
EGRET

/ ’ Integral
*’ WMAP
Planck
B-field i
e anen

PAMELA
Searching WIMPs AMS-02

= ,,Weakly Interacting Fermi LAT
Massive Particles” ATIC

= Compatible with observed
relic density due to self-
annihilation in early
Universe

= Still annihilate today

* contribute to cosmic rays

From Weniger's talk

From Christoph Weniger’s talk



1. Fermi Galactic Center Excess

Fermi-LAT and Dark Matter Indirect Detection

QdJune 11, 2008: From Fermi Collaboration’s Talk

- Fermi Gamma-ray Space Telescope w
on a Delta II rocket shuttle towards .

550 km to orbit Earth every 95 min

U Bigger and better successor to the EGRET
(Energetic Gamma Ray Exp. Telescope)
Operational from 1991-2000

U Fermi includes two scientific instruments:
—Large Area Telescope (LAT)
— Gamma-ray Burst Monitor (GBM)

U Fermi is mainly a gamma-ray telescope,
but is a good electron and positron detector too.



1. Fermi Galactic Center Excess

Sjaatiaf Residuals with New Cut
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After the cut on CTBCORE:
- An apparent north/south asymmetry previously noted in the extended
(inner Galaxy) excess is removed. The new preferred slopeis y=1.26 in the
inner Galaxy analysis, y=1.1-1.2 in the Galactic Center.
- The spectra measured in different regions are more consistent, especially
at low energies.
- The low-energy spectrum becomes harder. Daylan et al. (1402.6703)



1. Fermi Galactic Center Excess

Gamma Rays from Dark Matter Annihilation
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1. Fermi Galactic Center Excess

Dark Matter and Thermal Production

Thermal production of WIMPs From Alejandro Ibarra’s talk
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1. Fermi Galactic Center Excess

ZH Ry — A} — bbk % GCE,
NMSSM i B A = AN4 4E:
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1. Fermi Galactic Center Excess
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o £Fmy ~35GeV, #Hmyu, > 85GeV (L A&Off-ShelliZX) , GCE
£ K Kya 5, PILHCF #Non-Standard Higgs A % By — ptp~F /.

o #ma, < 85GeVH2m, /ma ikl 1, LEPitALete — hoyh,
#—F &Ry, pAREAK, XFHIMRMBEGCE.

o 4iEl: A TMBGCE, 2m,/mp, ~ 1.

o HIE2: B TFo2m Femy M9 X F O AR B, fRAERR#HL:

(oV)pplvso = 2.0 x 107%cm?s™ !, (ov)o > 3.0 x 107 cm?s™ 1.
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2. NMSSMAE A i A~: NMSSM &4 4 &

o NMSSM: MSSM#EAI g 2 F e 259y A, BH AL A LR LK,
AR W = Wyssm + )\E,Jf:/l',/:/ég + %330
HHBT: Voge = Vssm + M2 Hy|? + 2| H,[? + m2|S[?
+(MreHIHLS + 5A.S% + h.c.)o
Wivssn: MSSMégAB 4, A2 R 60, 4 oM S 2A4K9,
Vissm: MSSM $ sk, HIH,S: —& & 5% S Higgs % 8940 A o
o BHBHENANFFE: p=Xs).
@ 3 CP-even Higgs, 2 CP-odd Higgs, 5 neutralinos.
Higgs #=54p R 4w E % 8, A A AR =125GeV Higgs £ T ;
¥ F AN EMN EEE ST LEMSSMA &K RE .

o BNk — OMMRT, ¥A5483%5 L4635 0040 LA FiE45;
o Rp A E €, NMSSMeg*E £ 5 5EMSSMay kL 548 R .
PAHNPEER KB, AEAERF &7 £ K6 £ 7.
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2. NMSSMAE A i A~: NMSSM &4 4 &

& X Hsy = sin SH, + e cos BH};, Hyew = cos SH, — esin SH},

Gt H+
Hsy = v 4 GomtiG ] Hyvew = | duewtiPu | Hs—s-i-\f((ps_“p)

V2 V2
A(P1 =Py, Py = P) A K %, CP odd Higgs#y /i & 4E % 7
2 _ 2 2
M2y, = Ma= on 25 (Ax + Kvs) Ai =371 ViiP
M?,, = M3= E[A(L)+6An]v2sin25—3nvA
-2 P4 u/sin 2 s
1 My
M312 = M/%P = *)\VMAW - 3)\/{/V5V

Vj: PiECP-oddi & At (M AT) ATHLZ,
HVE >3, A,-W\:—ﬁm%/vl, & E T £9300GeV:
(1)% LHCF #&Higgs#: RIR41;  (2)%BWEMRA], wB — X%,
FVE <L, AREESAHE, TAREE, 2T = Ay, Bs — plp FRdl,



2. NMSSMAE A i A~: NMSSM &4 4 &

YA(S1 = dnew, S2 = dsm, S3 = ¢s) A F %, CP-even Higgshy i & 4[5 7T

My = MA+(mZ 22 2)sln 28,
1
M? —(—= M + 2KVs)Av cos 23
- V. v

13 u/sm 28 Vs ’
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Ma Ko
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M = )\2V2( /5|:2B) + KVeA, + 4(rve)? — EAnv2 sin 243.
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2. NMSSMAE A i A~: NMSSM &4 4 &

KMa B M2, > M3, > M32,, (M2, — M3) > M2,
ﬂftﬂd‘, 51 = ¢newy\(52 = ¢5M7 S3 = (255) ﬁ—\‘%‘l%%‘%#$°

o m2 cos? 28 + A2v2sin® 23 D\uv [1 — (Magin2iy  x gip 2ﬁ]
20y [1— (Magn20)2 — x5 sin 2] M3, — A2
CP-even Higgs3( 4 LA = ANH4F 4k
o SM-like Higgs/fi & % 44 B K -F 49 5158 T dk, A2v2sin? 28 ;
o EMZ > ML, —FALEAMRAMSIEZHSM-lke Higgs i &,
H B SM-like Higgstt & T hy;
o EMZ < M0, —F X 5K 6RA MY EIKSM-like Higgs i &,
H B SM-like Higgstt & T hy ;
o HEM3H ~ A%, £EHH EMTARE, T — hyFeBs — ptu~ R4,
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Neutralino /i & 48 (VA B, WO, HO, HY, S A & %):
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o MyFau R Bt 4L 3 & Chargino i &, #41 K T100GeV .
# XAWino 3 Higgsino A £ &9 Chargino/Neutralino 1~ 7 & fk 4% ;

o FMWMA KL —KF My ~2M;, My BN LT Ab& )y, ¥ABinok £
#9Neutralino ] VAL & 42 ;

° &K K A, ¥ASinglino# £#9Neutralino™ LALE 4 ;

o AALMARBEA P, & TRz Neutralino R B RIELE, WA
KRG F . B AR R I 23 R 4 T AR SR A TR H
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o MBI AT L EARERE A Higgsks T ;

c A T TUAAES YN £, TTUALE 4,

o BF4 M BP T KABino A £, 7T KAHiggsino A £ ;

e M TTURAALENA, BREHRTABLR i
BARER, Ak B4 X% K G 5%
EMSSMY, ZREHRREHTZRGERLELR!]
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2. NMSSMAEA &5 4~ AFNMSSM &) 13 15 % 5%

2. BRCERHRT
o Bl&mg,,, Ao =2TeV, M, = Mz =2 TeV,
o MR G ARE T ASAI:
o ALK IEE LT :

l<tanf <40, 0<)A<0.7, 0< k| <0.7,
0 < |Ax] <2TeV, 0< Ay <5 TeV, |A] <5 TeV,
0 <|Myi| <0.6 TeV, 0.1 TeV < 1 < 0.6 TeV

3. AMCMCHHF B0 5 3 E Mk —F ik, HIHLEMERIRE,
o BRBLRA TS, EHSUSYRHE 558 P SHillh B AL 20,
o HERBRBH A LRATR, &LSUSYHITRREBIT A

4, A ELGERELE—FFL,
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% Bt T IR A
o LEPSEI& R4
> %55%%‘5@?}}%/91']%, '}(Up/, sin2 02;,—, Mw, Rb.
555 R E95% CLARY &,
» AR T AR E TR,
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» B— Xoy, B —B° %4, D°— D° B4, K — KY RAVUAB™ — 1u,;
» 95% CL EFR: B, — putu™, B— Xsp™p™;
Higgs4% 32 [ 41 :
> AEAWNBEN,
> EAREAEA Higgs M2 £123CGeV < my, < 128GeV, #ils R #Higgs4a 4%
» LEP. Tevatron and LHC F-3k3F £ 47 /£ £ & Higgs(#] F HiggsBounds);
N EE Y Al S R
> W R AR B 5 R R BPWMAP+Planck;
» LUX%R 32
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2. NMSSM#AER & A #F 2 Rk 94 Az &

1. M FHE—ASHE, B A EATE, HWRAFermidi B Li,
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3. NMSSM# & 3 GCE# itk

hi4E #125GeV Higgs ho¥E #7125GeV Higgs
Siglino-DM | Scenario I-S/Capable | Scenario 1I-S/Most Favored
Bino-DM | Scenario 11-B/Unable Scenario 1I-B/Capable

o Scenario II-Sft RIFHMBGCE. RE: ya,, T ALK X!

2 m?
yAlXX'yAle X

(4-!772 m,24 )2 + mA1 ri1 .

(o) pplv—o ¢

Scenario I-S#=11-B 7 & 4% 2] 4~ 5 & k& B # GCE.
Scenario II-BR B GCE! RE: BA A FH 512,
SR EHH L ma, ~2m,, ERE ZTuning.

MM S FE0E: plf .

10 < tan 8 <28, 170GeV < p < 340GeV,
30 GeV < m, <42 GeV, mp+ > 500 GeV.
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4, LHCX GCEM# ik

e #|IMadGraph/MadEvent/Pythia, =4 48%F%],
o #|FCheckMATE, ¥ Z ATLAS-CONF-2013-035 8-TeV LHC#:

Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc SRZd
msros[GeV] <60 60-81 <8l U > 101 | 81101 | 81-101 | 81-101 | 81-101
ET™[GeV] >50 >75 >75 75-120 | 75-120 | >120 | >165

m7]GeV] . B >110 <110 | >110 | >110 | >110
pI¥[GeV] >10 >10 >30 >10 >10 >10 >10

SR veto SRnoZc SRnoZc - - - - -

o WA M ATiE) E|14-TeV LHC,
Expected cross section (fb)
SRnoZa | SRnoZb | SRnoZc | SRZa | SRZb | SRZc | SRZd

Z®) z() 1.32 0.20 0.03 090 | 0.12 | 0.04 | 0.01
ZOWH | 433 1.96 023 | 2228 | 2.06 | 058 | 0.24

tt 4.97 1.31 0.28 0.90 0.11 0.06 0.00
Total 10.62 3.47 0.54 24.08 | 2.29 0.68 0.25
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4, LHCX GCEf#£ty 4

*  All samples
e 5cdiscovered at 14TeV 3000fb™
m 5 discovered at 14TeV 1000fb™ *

N
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ZA My — Af — bbk fE#HGCE,
NMSSM & B A = A4 4E:

1. ¥FEZMAREREE, AARZHLZ: ma, ~2m,.
YR G R, MSSMR A4 GCE,
2 . ¥ —idAE\y — A — bbIk Bl B A GCEAIE 40 R 5% G % K.
fif 3 Pk
A B xx — Z* — anything k%6 F % F 4 R 692 X,
M (o], o A7 (ov)o 8 KTk
3. BEEMTET, Zxx#BET KD, v MAH B KHiggsino& %«
XA DL % T AZELHC LA AR !
(355 £536 FlarXiv:1409.1573, 1409.7864— £ ).
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Exploring the Higgs Sector of a Natural SUSY
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A-SUSY: 45ty A AR AR R

o MSSMR£:45 A R bt Higgs E R4 %!
» A T#ME125GeV Higgsk T, &KSm;/m} e 2 1o T AK!
> RAELHCF KStopL R, RELHBHREZRZ LG MBATE0L1%EK,
o \-SUSY: m&HtaREAR
> A W= WMSSM"‘/\E,'J":ILI:I{;.%-F'“.
Higgs R 2 A AMBEZH: m] .. = m,':”ffeyz + A%v2sin? 2.
> W I54RE M Stop R E MY R BB KB Fg2 /N EIK!
o \-SUSY T fit & I th 9 B4 b 7t
» Higgs AMBARAKTE#E.
MSSM+ B i R M e B Ak T, AB/EREARK;
A-SUSY: Vi, oc A2, 3T AR Ko
> htt MEERATUARIKENK, E2XTHETUAHNh — hho
Yite o< cot B, Y5, X tan B, Ya,mm o< Ao
» A=F A A M KEZECP-even Higgst T h T A% £200GeV,
FREMHERE, MSSMY hi@ F € T300GeV: A, MBRHLER,
> pp— hh T AR B4E KL FH!
(1) StopE B #F; (2) h&#4EF: (3) kHiggsaH/mA 5.
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A-SUSY:Higgs A A8 &-fb & K 18 B4R 5
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o R E: RiHR ARMAHIggsHIEMRH, 12352 L rmkdl;
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o Lk HA A RMAHiggsHIEL K, R LHLLIRF,
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A-SUSY:h, 69 1 it
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A-SUSY:pp — hh* £ id 42

o LHC L Higgs *f * 4 it 42 f A 2 A R X M Higgs k. F 49 A 484,
o ¥E@MH1: WidStopH AHKE .

0o, A2 A?

M ~ a2Y?(cysin 20tm—§ + o mé

).
t1 t

FA/my BRE, TREIFAERBERE-NEL,
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A-SUSY:pp — hh* &£ T 42

a(gg - h,~hh)/o (gg -hh)

o HFHMH2: AiTh kT,
o(gg — hh)(pb) =~ (12.5~ 14.5) x (cot — tan ﬂA%(Tb)/A%(Tt)y
x Br(hy — hh),
Ftan B~ 18, TRJFABRBLERZAILER,
o #EHMF3: Bit KHiggsABE 3.
o(gg — h* — hh)(pb) ~ (Cppn/SM — 2.5)?/1.5% x 0.019.
3 F K Cpp, TREOGEBRBERE—FLE,
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