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direct detection

thermal freeze-out (early Univ.)
indirect detection (now)

DM Sh

| Dark Matter search

DM SM
< ——
production at colliders
Experiments DM Hints
Coillders LHC, LEP, Tevatron, ... None
Direct detection XENONI0O, COMS, LUX ... DAMA, CoGeNT, CRESST at low DM
mass region.
Cosmic rays I.  PAMELA, Fermi-LAT, AMSO2... I. _High energy positron excess
. Positrons 2. PAMELA.. 2. None
2. antiprotons 3. IceCube.. 3. PeV neutrinos
3. neutrinos
Gamma rays Fermi-LAT, ... FERMI bubbles, Fermi Gamma ray
line at 130 GeV...
Radio WMAP, Planck WMAP (Planck) haze




Outline

1. MSSM neutralino dark matter
2. SUSY Dark Matter search at the LHC
3. Impact of the XENONI100 (2012) result

4. Neutralino indirect detection

5. Summary
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Supersymmetry
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Supersymmetry

Standard particles SUSY particles

No DM candidate !

' Quarks ’ Leptons . Force particles

r Par‘tlcles ‘

st “neutralino” x: lightest mass state of neutral gauginos and higgsinos
\ stable WIMP: excellent DM candidate

L - Supersyn'lmetnc

Particles



Some popular supersymmetric models:
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' MinJimaI and Next Minimal Supersymmetric Standard Model

Higgs sector

SN
N\,
~,
< 1000k ") 2 2l MSSM
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Mass [GeV

G. L. Kane. C. F. Kolda. L. Roszkowski and J.
D. Wells, Phys. Rev. D 49 (1994) 6173

500

physical fileds(CP-even)
p : P T pseudoscalar (CP-odd)
8 10 12 14 16 18 charge scalar
Log,,(Q/1 GeV)

Models Input parameters Boundary conditions

CMSSM m_0, m_{1/2}, tanb, A_0, GUT (Q/GeV ~2 X 10*16)
sgn(mu)

CMSSM CMSSM+(m_Hu,m_Hd) GUT (Q/GeV ~2 X 10*16)

+non-universal Higgs mass

MSSM all trilinear couplings, masses, and | SUSY (Q~stop mass )
Higgs parameters

CNMSSM CMSSM+ Singlet higgs mass GUT (Q/GeV ~2 X 10*6)

NMSSM all trilinear couplings, masses, and | SUSY (Q~stop mass )
Higgs parameters




Choice of parameters (p9MSSM)

All ranges in TeV

Parameter

gluino mass
wino mass
bino mass
stop trilinear coupl.
T trilinear coupl.

— Bino DM candidate

(Fit relic density and ID)

sbottom trilinear coupl. Ap=-05
pseudoscalar mass 0.2<my <4
|4 parameter 00l < u<4
3rd gen. soft squark mass 0.3 <mg, <4
3rd gen. soft slepton mass 0.1 <mj; <2
1st/2nd gen. soft slepton mass | m L1, = M1 +50GeV
1st/2nd gen. soft squark mass mg, , = 2.5
ratio of Higgs doublet VEVs 3 <tanfB < 62
Nuisance parameter Central value, error
Bottom mass mp(my)MS (GeV) (4.18, 0.03)
Top mass at pole M; (GeV) (173.5, 1.0)




Choice of parameters (p9MSSM)

All ranges in TeV

Parameter

gluino mass
wino mass
bino mass
stop trilinear coupl.
T trilinear coupl.

— Bino DM candidate
(Fit relic density and ID)

sbottom trilinear coupl. Ap=-05
pseudoscalar mass 0.2<my <4 .
@ parameter 0.01 < pu<4 Spoog;ught
3rd gen. soft squark mass 03 <mg, <4 (Fit9-
3rd gen. soft slepton mass 0.1 <mj; <2
1st/2nd gen. soft slepton mass | m; = M; +50GeV 7
1st/2nd gen. soft squark mass mg, , = 2.5 N
ratio of Higgs doublet VEVs 3 <tanfB < 62
Nuisance parameter Central value, error Ist 2nd gen squarks heavy
315 (LHC disfavored)
Bottom mass mp(mp)™* (GeV) (4.18, 0.03)
Top mass at pole M; (GeV) (173.5, 1.0)




Choice of parameters (p9MSSM)

All ranges in TeV M3, M3, mg,, my_, Ag, Az, ma, p, tan
Parameter Range 1.8 x 106 points
gluino mass 0.7< M3 <8 Cc;llected
wino mass 0.01 <M; <4 subject to constraints
bino mass M; = 0.5M>
stop trilinear coupl. —T<A: <7
T trilinear coupl. —T< A <7
sbottom trilinear coupl. Ap=-0.5
pseudoscalar mass 0.2<my <4 \
|4 parameter 00l < pu<4
3rd gen. soft squark mass 03 <mg, <4 \
3rd gen. soft slepton mass 0.1<m; <2 ta116 3
1st/2nd gen. soft slepton mass mg, , = M + 50 GeV ap . it - I
1st/2nd gen. soft squark mass my, , = 2.5 BRE —HH ) X mfk
ratio of Higgs doublet VEVs 3 < tz;.nB <62 = ]
Nuisance parameter Central value, error
Bottom mass mp(ms)M° (GeV) (4.18, 0.03)
Top mass at pole M; (GeV) (173.5, 1.0)




Constraints in Likelihood

Measurement Mean or Range | Error: (Exp., Th.) Distribution
CMS ar 11.7/tb , /s =8TeV See text See text Poisson
my by CMS 125.8 GeV 0.6 GeV,3GeV Gaussian
Q. h? 0.1199 0.0027, 10% Gaussian
BR (B — Xsv)x10* 3.43 0.22, 0.21 Gaussian
BR (B, — Tv)x10* 1.66 0.33, 0.38 Gaussian
AMp, 17.719ps™! 0.043ps™", 2.400ps~' | CGaussian
sin? B4 0.23146 0.00012, 0.00015 Gaussian
Mw 80.399 GeV 0.023GeV, 0.015GeV | Gaussian
BR (Bs — ptu™) x 107 3.2 +1.5 — 1.2, 10% Gaussian
mp(mp)M° 4.18 GeV 0.03GeV, 0 Gaussian
M, 173.5 GeV 1.0GeV, 0 Gaussian
§(g—2); "7 x10% 28.7 8.0, 1.0 Gaussian
XENONT100 (2012) See text See text Poisson
CMS 3l + EF** 9.2/fb, /s = 8TeV | See text See text Poisson
my > 46GeV,
PLUS LEP CONSTRAINTS: ™ 7 107
m, > 94GeV if My — My > 3GeV and tan 3 < 40,
NEW!!! XENON1OO (2012) mj > 94GeV if my —m,y > 10GeV and tan 8 < 40,
included. m; > 81.9GeV if mz —m, > 15GeV,
my, > 89 GeV if My, — My > 8GeV,
my, > 95.7GeV if my —m, > 10GeV.



Constraints in Likelihood

Measurement Mean or Range | Error: (Exp., Th.) Distribution
CMS ar 11.7/fb , /s =8TeV See text See text Poisson
my by CMS 125.8 GeV 0.6 GeV,3GeV Gaussian
Q. h? 0.1199 0.0027, 10% Gaussian
BR (B — Xsv)x10* 3.43 0.22, 0.21 Gaussian
BR (B, — 1v)x10* 1.66 0.33, 0.38 Gaussian
AMp, 17.719ps™! 0.043ps™", 2.400ps~' | CGaussian
sin? B4 0.23146 0.00012, 0.00015 Gaussian
Mw 80.399 GeV 0.023GeV, 0.015GeV | Gaussian
BR (Bs — ptu™) x 107 3.2 +1.5 — 1.2, 10% Gaussian
mp(my) M 4.18 GeV 0.03GeV, 0 Gaussian
M, 173.5 GeV 1.0GeV, 0 Gaussian
PLUS LEP CONSTRAINTS: ™ 7 [

107 GeV,

94 GeV if My — My > 3GeV and tanf < 40,
94 GeV if mj —m, > 10GeV and tan 3 < 40,
81.9GeV if mz —m, > 15GeV,

89 GeV if my, — My > 8GeV,

95.7 GeV if m;, — my > 10GeV.
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Likelihood types
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Poisson Likelihood distribution will be shown later...



Impact of the relic density

s 95% conf dence region
] - Sllmvpes L No g-2, No Xenon  30% of all points

®  gaugino, g, >0.9

® mixed, 0.1 <g; <0.9
higgsino, g, <0.1

o Gaugino-like LSP:  m,, = My

- Higgsino-like LSP: m, =

o \ Large higgsino-like

region at m, ~ 1 TeV
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All samples with Ax? < 5.99

High probability region
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CUSY Dark Matter search
ar the LUC



Dark Matter production at the LHC

= /A

= L N
— o O

Dark Matter studies at the LHC are highly model-
dependent: one can identify DM candidate.
This will need a confirmation from DM DD and ID search.



The negative result illustrates
the risks of Big Science, and its
often sparse pickings.

By MALCOLM W. BROWNE

Three hundred and fifteen physicists worked on the
experimer.t. ‘

Their apparatus included the Tevatron, the world’s
most powerful particle accelerator, as wcll as a $65
million detector weighing as much as a warship, an-
advanced new computing system and a host of other
innovative gadgets.

But %WW&QM
brawn assem at the Fermilab a r labor
ry, the ants have fa t

isagreeable reminder that as science gets harder, even
Herculean efforts do not guarantee success.

i mcc lnsscasin af mnatrsmals

That was reported 10
years ago about
Tevatron. ..

What has been
changed since then?
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LHC results out v th Increasing energy,
results put supersymmetry theory ‘on . .
the spot" luminosity and number

| By Pallab Ghosh Of PhYSlCiST failed to
l s Minpmiduisen PN find SUSY have
increased by factor of

10...

Results from the Large Hadron Collider
(LHC) have all but killed the simplest version
of an enticing theory of sub-atomic physics.

Researchers failed to find evidence of so-called
"supersymmetric" particles, which many
physicists had hoped would plug holes in the
current theory.

Theorists working in the field have told BBC
News that they may have to come up with a
completely new idea.

Supersymmetry predicts the existence of mysterious
super particles.

Data were presented at the Lepton Photon science meeting in Mumbai. Related Stories

HEerculean €lIUrs uv UL Bual aliltt JuvLwoo.

i cn Vnscansam ol mntssmals



Let's look at the
situation in the MSSM.



oy Siméon Denis Poisson
\

LHC Ilkellhood TR
Poisson likelihood ~CMS boxes for Observed and BG yields ~— “ 1 '\ = "" “ :

p(o/s:b)
Table 1: CMS preliminary 2012, Ly, = 11.7 b1, /s = 8TeV. Comparison of the observed
yields in the different Hy bins when requiring 2 < nje < 3 and n™™ = 0 for the signal region
and data control samples with the SM expectations and combined statistical and systematic
uncertainties given by the simultaneous fit.

( - b’)2 “HrBin (GeV) 275325  325-375 375475 475-575 575675 675775 775875 87520
’ - +100 60 +34 +14 +11 +34 +23 +17
L(s) = [ p(dfs;d')exp | — 55— | db’ Rl ol Ll A Nl Sl
26 b SM ptjets 9696742 500478 4es5TE 180678  7es  d07ilE 14t 1957R
Data p+jets 9698 5039 4653 1808 w9 294 150 193
l SMupticts 133473 70773 Ss¢473)  208T]] 11675, 46273) 2473 28673
Data ppticts 1336 708 623 5 120 a4 21 26
S Slyijets - - 263778 B18H 261708 85173 3137 2547
imulate “signal” Duayses - - @ = w5 @
SUSY Event generation Detector simulation _ _
Spectrum  Decay BR's X-sec storage Object reconstruction  Kinematical cuts
(model) Hadronization Cards, b-tagging
SoftSUSY  SUSYHIT PYTHIA PGS4 Follow CMS

In our scan:

Inclusive prod. for squarks + gluinos aT , \/g =8 TeV, 11.7/fb

EW producti
production 3l + EX's /s =8 TeV,9.2/fb



chargino-neutralino pair
production (EW production)

31 + EXiss /s =8 TeV,9.2/fb
(SMS: mj = 0.5m,0 + 0.5m, x)

BayesFITS (2013)

ﬁx < 2.30 (allowed)
2 30<§x <5.99 (68.3% CL excl.)
599<8x <11.8(95.0% CL excl.)

& >11.8(99.7% CL excl.)
CMS 95% CL limit =——

-

-

it
- EW production * ! f;i! i%i ’!
iR

r | B

100 200 300 400 500
m. = (GeV)




July 47 2012 The Status of the Higgs Search J. Incandela for the CMS COLLABORATION
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The |mpac t of 125 GeV Higgs mass

gf the excess: mass

— Combined |
—— H > yy (untagged)fi
—— H— yy (VBF tag)
— H->ZZ

CMS Preliminary
F Yys=7TeV,L=5.11b"
F {s=8TeV,L=531bt"

- N W pM OO N 0 ©
T T T T T T T TR T T

N
n

124 126 128
Mass (GeV)

o
=
|

To reduce model dependence,
allow for free cross sections

in three channels

and fit for the common mass:

04th July 2012, CMS and
ATLAS

m, = 125.3 * 0.6 GeV

Signal strength (w)
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..... -2In x(u,mH) =6.0
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The impact of 125 GeV Higgs mass

CMS
Z‘ Characterization of the excess; mass

Pl BN o BEN o I ol oF o) | Al o | 1/~ \ W e

o 2013 NOBEL PRIZE IN PHYSICS S
Bl Francois Englert Wi Gkl
Peter W. Higgs

1 Siviv
b 7 fo!

3 b

4" 2012 The Statt

F. Englertand P. nggs
Photo: Wikimedia Commons

2013 Nobel Prize in Physics s

The Nobel Prize in Physics 2013 was awarded jointly to Frangois Englert and Peter W. Higgs "for the +2012)
theoretical discovery of a mechanism that contributes to our understanding of the origin of mass of

subatomic particles, and which recently was confirmed through the discovery of the predicted fundamental

particle, by the ATLAS and CMS experiments at CERN's Large Hadron Collider” N

II]|IIII|I[I1|IIII|IIII[II
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CMS COLLABORATIO
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Higgs Search

of the

" 2012 The Status

The impact of 125 GeV Higgs mass

2013 NOBEL PRIZE IN PHYSICS

Characterization of the excess: mass
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J 8
Time to celebrate? s | 16
Hold on a moment, is Higgs Standard Model like? ) i
'for the +2012) 1 4
\ass of ]
ecently was confirmed through the discovery of the predicted fundamental 4 o
xperiments at CERN's Large Hadron Collider” .
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The impact of 126 GeV Higgs mass

input parameters

4000 m
JX—{ - :1{ — M cot )’
3200
$2400 .» Misy  XZ X7
g Amj o In .bgb\ + Ugt (1 — 1‘)”5 )
= my HMsusy “MHsusy
1600|
No_difficulty to fit bigge mass af
800 \il
b GeN"

116 120 7 124 128 132 |

m;, (GeV) M_SUSY Scale




The impact of 126 GeV Higgs mass

Gamma-gamma rate

y BR(h — %)
BR(hgm — ¥7Y)

olpp—h) _
O'(pp —r hSM)

2

Y€ prod

o(pp =Y — hsm)

o(Y = h)

0'(pp - hSM)

all samp
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2.0
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WIMP-nucleon cross section [cr?]

WIMP-Nucleon Cross Section [cm?]
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WIMP-nucleon cross section [cr?]

WIMP-Nucleon Cross Section [cm?]

107% = 1073 :
to-ofy | "We find that the LUX data are in
1 strong disagreement with low-mass
0~ . . .
= WIMP signal interpretations of the
T NN results from several recent direct
T detection experiments"
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Detect Dark Matter elastic scattering

Undetermined direct
detection parameters:

Local dark matter density
Dark matter velocity distribution
Dark matter mass

WIMPs and Neutrons : o _Form Eactor
\;ﬁéﬁ:; mﬁ - effective couplings of DM to protons

and neutrons.

V

Large theoretical
uncertainties from lattice
physics

If Photons and Electrons
scatter from the
Atomic Electrons

Astrophysical uncertainties ~2 (1111.0292, 1012.3458)
Form Factor uncertainties ~1.2 (hep-ph/0608035v2)




XENON2100 likelihood
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Experimental part:

0=2,b=1,0b=0.2 — Simulate signal with mictOMEGAs

Kingman Cheung, Yue-Lin Sming Tsai,
Po-Yan Tseng, Tzu-Chiang Yuan, A. Zee
(b — b)2 Published in JCAP 1210 (2012) 042

exp [— W] db’ | e-Print: arXiv:1207.4930

% e=(s+¥) (5 4+ ')°
o!

P(s + blo) = /
0




Large theoretical error from lattice
calculations

BayesFITS (2013)

10-7: ------------- | |

4 il mixed, m, =210.6 (GeV)
[| = higgsino, m, =1360.4 (GeV)

" === gaugino, m, =70.3 (GeV)

Stahov, et al. (2012) Hite, et al. (2005)

et
-
v
L.
-
L

10-11_ -
micrOMEGAs3 DarkSUSY  micrOMEGAs
10-12..|..>‘..L|..l.|...|..

30 45 60 75 90

Y v (MeV)

My, + My

2
My, + My

(N|au + dd — 23s|N),

(N|au + dd|N) .

|

From quark level to parton level

Varying sigma-term between two scenarios (30 MeV and 80 MeV),
spin-independent cross-section can vary by ~one order of magnitude .



The effect of theoretical error

Our likelihood:

_ (Z;rN — YaN )2
20,23W

L[mx, U;s;I(Eﬂ'N)] = III:l'a.X P[Esmo(mx’ UEI(Z;N)) + blo] - exp
TN

21rN=43:‘:12 MeV EWN=66:|:6MGV

10° T T 10°%¢ - T
90% CL
107 : exclusion —2¢¢
:/ [

10°* 3 10°®
2 10° 5 10°
= =
%50“ ﬁ;ow
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“F pOMSSM, >0 -

= 8 (X100 48,3 =461 |3
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57 (X100+4X, ) <461 |1

PR .]:l02
m, (GeV)

10°

and 4 4 aaas

1012
: pPOMSSM, i =0 — 3
3 8 (X100+E,,)>4.61 »
| E,n~66+6 MeV © E (X100 45, ) <161
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Impact of the XENON100

Impact of the XENON100 and

future sensitivities at LUX and XENONI1T

m, (GeV)

S—— S — - .
5x? (basic + X100+ £,y) >5.99 -
gaugino, g, >0.9 i
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10%F 3
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Y, O
o a 50 ""
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£10F E
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F Y, 66 +6 MeV

-13

ax? (basic + X100+, ) >5.99 |
= gaugino, g, >0.9
® mixed, 0.1 <g; <0.9
higgsino, g, <0.1

(g

10



Results

Mass spectrum and BF points

8000 — : T : :
Al i
7000 i
*  Best-fit i
6000 3
[
5000} i
.
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2000 :
10000 4 & - *
(I I J
oL ' ' ' ; i
- mo :E > >w<1 _":‘ ™ l:tw T 5\1 .:Fl 3 :[;:a S S SR S
Particle

200 GeV <mx< B00 GeV

Constraints

Measurement Mean or Range | Error: (Exp., Th.) Distribution
CMS ar 11.7/fb , /s =8TeV See text See text Poisson
mp by CMS 125.8 GeV 0.6 GeV,3GeV Gaussian
Q,h? 0.1199 0.0027, 10% Gaussian
BR (B — X.v)x10" 3.43 0.22, 0.21 Gaussian
BR (Bu — 7v)x10* 1.66 0.33, 0.38 Gaussian
AMgp, 17.719ps™" 0.043ps™", 2.400ps~" | Gaussian
sin? fog 0.23146 0.00012, 0.00015 Gaussian
Mw 80.399 GeV 0.023GeV, 0.015GeV | Gaussian
BR (B, = ptu”) x 10° 3.2 +1.5— 1.2, 10% Gaussian
my(my)MS 4.18 GeV 0.03GeV, 0 Gaussian
M, 173.5 GeV 1.0GeV, 0 Gaussian
(g —2)5 75 x10™ 28.7 8.0, 1.0 Gaussian
XENON100 (2012) See text See text Poisson
CMS 3l + EF™ 9.2/fb, /s =8TeV | See text See text Poisson
my > 46GeV,
PLUS LEP CONSTRAINTS: 7 7 07
mx‘i > 94GeV if mx‘; —my >3GeV and tan 8 < 40,
m; > 94GeV if my —my > 10GeV and tan g < 40,
mz > 81.9GeV if mz —my > 15GeV,
my > 89 GeV if my —my >8 GeV,
my, > 95.7GeV if my —my > 10GeV.

XENON100
EW production
CMS ar 11.7/fb
Aay,

By — pp

Contribution

’.....-..--.--..-..-...-.-...-.-...--

All
Total

B Applied
B Not appliad

0 1 2

x°
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Neutvaling indirect dcfc

IceCube Lab

50 meters —

1,450 meters ——

2,450 meters

IceCube Array
86 strings, 60 sensors each
5,160 optical sensors

/

1| DeepCore

6 strings optimized
for low energies

Eiffel Tower

2,820 meters

324 meters




Detect Dark Matter annihilation

% / Gamma-rays

Undetermined indirection detection iputs:-

f o . BWW background
Za :
%, W/Z/q .\ o m mass
°
WIMP Dark Vi
Matter Particles ey
Ecu~100GeV 1 L K
X W*'J"Zﬁ"(_] et X i
j - =
\ﬂi v Neutrinos WIMP Dark /
Sl Matter Particles
n \Qﬁ’a Ecm~100GeV g
o ] % ¥
+ afew p/p, d/d
Analysis Anti-matter Analysis
Chain Chain
?? ?? 2 ?? ?? ?
> P > b p B ' g g P
Dark Matter Mew Particle Final State Cosmic Ray Detecior Dark Matter Mew Particle Cosmic Ray Deatector
Density e.g. N-body  Theory e.g. Hadronization Propogaticn Simulation Density e.g. N-body Theory &.g. Propogation Simulaticn
Simulation SUSY, Extra-dim 0. PYTHIA and Galatic e GEANT4 Simulaticn SUSY, Extra-dim and Galatic e, GEAMT4
Simulation Interaction Interaction
i.e. GALPROP areant L.e. GALPROP s

E. A. Baltz et. al.,

JCAP 0807 (2008) 013, [arXiv:0806.2911]



Fermi DM gamma ray search

Source

Advantage

Disadvantage

Galactic Center

Strong DM signal,
good statistics

High astrophysics
background,
unclear source

Milky Way Halo Large statistics High astrophysics
background
dSphs Low astrophysics background | Low statistics

Gamma-ray line

No similar astrophysical signal

Low statistics

Extragalactic gamma-ray
background

Large statistics

Huge astrophysical
uncertainties

Galaxy Clusters

Low astrophysics background

Low statistics and
astrophysical uncertainties




neutralino DM gamma ray search

Fermi dSphs data can provide sensitive bound for

CMSSM.

See: Roszkowski,

Sessolo, Tsai (1202.1503)

Source

Advantage

Disadvantage

Galactic Center

Strorig DM signal,
good statistics

High astrophysics
background,
unclear source

Milky Way Halo Large statistics High astrophysics
background
dSphs Low astrophysics background | Low statistics

Gamma-ray line

No similar astrophysical signal

Low statistics

Extragalactic gamma-ray
background

Large statistics

Huge astrophysical
uncertainties

Galaxy Clusters

7 wsem .

Low astrophysi ckaround | Low statistics and
astrophysical uncertainti
ro-flux-has-O(1~2Hower-thanFermi-data-

NMSSM: one can have larger fluxes.

See: Guillaume Chalons (1204.4591) and
Das, Ellwanger, Mitropoulos (1206.2639)

2

L



WIMP cross section [cm? /s]
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DM gamma rays from dSphs

Upper limits, Joint Likelihood of 10 dSphs

- 3.10°%
- bh Channel
== "7 Channel

php

Wt w

Channel
Channel

Fermi-LAT group (1108.3546)

10°

WIMP mass [GeV]

10°

(1,(:[, ; iU I 2 al
E itk 28 m? dE dadrihy)

l.os.

TABLE I. Position, distance, and J factor (underfassumption
of a Navarro-Frenk-White profile) of each dSph. [The 4th col-
umn shows the mode of the posterior distributign of log,, .J,
and the 5th column indicates its 68% C.L. error] See the text
for further details. The I factors correspond to fhe pair anni-
hilation flux coming from a cone of solid angle 49 = 2.4.107*
sr. The final column indicates the reference for[the kinematic
dataset used.

Name 1 b d Iogw(:ii o ref.

deg.  deg. kpc log[GeViem™]

Bootes 1 358.08  69.62 60 17.7 0.34  [15]
Carina 260,11 —-22.22 101  18.0 0.13  [16]
Coma Berenices 241.9  83.6 44  19.0 0.37  [17]
Draco 86.37  34.72 80 18.8 0.13  [16]
Fornax 2371 —65.7 138 17.7 0.23  [16]
Sculptor 287.15 —83.16 &80 18.4 0.13  [16]
Segue 1 22048 5042 23 19.6 0.53 [18]
Sextans 243.4 42.2 86 17.8 0.23 [16]
Ursa Major IT 15246 3744 32 19.6 0.40  [17)
Ursa Minor 10495 4480 66 18.5 0.18  [16]

Fermi -LAT put the upper limit on WIMP annihilation cross section.



DM gamma rays from dSphs

BayesFITS (2013)

104 E L— | A - - —
By =20 | Parameter | gaugino mixed higgsino
10<Bp <20 tan 3 7.94 52.63 4.76
| Be<10 M (GeV) 148.56 457.82 3810.98
1025 ; M (GeV) 1847.60 2785.12 2281.29
: 1 (GeV) 620.05 275.72 1345.21
my (GeV) 1454.49 3648.84 2716.89
A; (GeV) 2086.52 3607.58 5277.32
028 A; (GeV) —2786.17 5256.12 —4519.05
'w mg, (GeV) 3335.38 2330.03 3577.35
iz mj, (GeV) 144.74 1613.40 1500.82
= my (GeV) 70.29 210.61 1360.36
810’ o0 (cm®s 1) | 1.33 x 10-2° | 2.64 x 10~ | 3.75 x 10~
Br 4.49 6.11 3.14
28 G
POMSSM, =0
, : Fermi LAT data taken from 4 August 2008 to 2
By A3 £12 M?V August 2012 with the pass 7 photon selection,
10 21901 — 1(')2 1(‘)3 and energy from 200 MeV to 500 GeV.
m, (GeV)

Fermi-dSphs data is more sensitive to low neutralino mass region.




Uncertainties of DM annihilation to
gamma rays

100 " i L
Pythia 8 — Tl i
Herwig ——— Pythia8 ——
10° Pythia 6.4 p---ee-mi g Herwig
Harwig ++ b ===l 10§ ]
10*F
x x10°F .
O 10 e
P =
o oo 10° f 1
- stk :
< 10 ’_.. '_x
= = 4
10k = '?? | 107§ "
S
102k - Ti . 10° "
x ...
10 2 n 2 2 n o 2 . o 10 o " x . "
12-16 1e-14 1e-12 12-10 18-08 18-06 0.0001 0.01 1 0 02 0.4 06 08 1
X:E/MDM XZE/MDM

Figure 2. (Left-panel) WTW ~ annihilation channel with Mpy = 1 TeV in logarithmic scale. As in
Fig. 1, the simulations are consistent down to a value of x, that is 10~° in the case of Mpy = 1 TeV (a
factor ten lower in x with respect to the case with Mpn = 100 GeV). Similar behaviors of the lower energy
cuts-off are also observed, with a general shift of = cut-off value of order 10™2. (Right-panel) WTW ~
annihilation channel with Mpy = 1 TeV in linear scale. All the simulations except for HERWIG++ exhibit
the same behavior as in Fig. 1, but within z ~ 0.3 and > ~ 0.7 and a maximum discrepancy at = =~ 0.5.
The shift with respect to Fig. 1 can be simply explained by the increment of the WIMP mass.

Can be more than one order of magnitude Taken from
1305.2124



DM gamma rays from GC

BayesFITS (2013)

0.25

( t
- N
un (=

(data-background)/data
,C’ ()
=

0.05

e Fermi-LAT, (|I| <807, |b| Q'l’ )
-=- m, =703 (GeV), By, =449, gaugino
- m, =210.6 (GeV), By =6.11, mixed
1360.35 (GeV), B =3.14, higgsino

— T

[ Einasto
" py =0.4 Gevfcm

3

t

POMSSM, u >O} {

|

| Parameter | gaugino | mixed | higesino
tan /3 7.94 52.63 4.76
My (GeV) 148.56 457.82 3810.98
Mjy (GeV) 1847.66 2785.12 2281.29
1 (GeV) 620.95 275.72 1345.21
ma (GeV) 1454.49 364884 2716.80
A; (GeV) 2086.52 3607.58 5277.32
A (GeV) —2786.17 5256.12 —4519.05
me, (GeV) 3335.38 2330.03 3577.35
my. (GeV) 144.74 1613.40 1500.82
my (GeV) 70.29 210.61 1360.36
ov (em?s™1) | 1.33 x 10725 | 2.64 x 10720 | 3.75 x 102
Br 4.49 6.11 3.14

000 P | PR
10° 10* 10°
E. (GeV)

1. Dark matter pi“0-decay
2. Inverse Compton
3. bremsstrahlung

SOSY can be also testable in
Fermi-GC search.



Positron fraction

Positron signatures of neutralino DM

1L
10 P e, ‘\/

2L
10 - *  AMS-02
[| === gaugino, m =70.3 (GeV)
k| == mixed, m, =210.6 {GeV)
[| = higgsino, m, =1360.35 {(GeV)
3
10 F

BayesFITS (2013)

iigﬂ A

POMSSM, 1 >0
Einasto

po =0.4 GeV cm™ 7

. _
<~ Dark matter halo~

SUSY does not reproduce AMS-
02 e+ fluxes (pulsars).



Impact of DM indirect detection

Fermi-LAT, AMS02, IceCube
(see arXiv:1306.1567)

4 BayesFITS (2013)
10% € —— vy ———————rry
10°F
102 -_ Reach of IceCubes6 (5 years)

10'F
10°F
107k
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' POMSSM, u
107k, —20° :

L FEn 3 12 I

10 ¢ E
M Sx* (basic + X100 +E | =5.99 1
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10 ® mixed, 0 JJ';.,, 200 -- = :
+ higgsino, 9, <01 - | |
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. ]
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BayesFITS (2013)

) Exclusion by IceCube-86 (5-year)
10" B ® gaugino, g, >0.9

L ®  mixed, 0.1<g; <0.9

higgsino, g, <0.1

10°
m, (GeV)



Model

Galileo

eModels from symmetry

® Christensen, Salmon, Setzer, Stefanus

m
4]
<
=
X
=3
D
7))

-

Validation How about the experimental constraints?

-

MadGraph

(micromegas) Slide taken from MadGraph School 2013 Taipeli,
Neil Christensen



LikeDM code

in Collaboration with Q. Yuan and X. Huang

== DM indirect detection and direct detection

Galileo
eModels from symmetry
® Christensen, Salmon, Setzer, Stefanus

LikeDM — including theoretical uncertainties

— ___ particle model-independent likelihood

. We can more confidently and efficiently check
every dark matter model.

. Can be extend to cosmology constraints.

. Similar to "DMFIT" but starting from data level

(Tesla E. Jeltema, Stefano Profumo)



Fitting DM gamma rays

by using FermiTools

ok o=

Halo models

DM model information

Astrophysics sources .
. FermiTools
Source locations

Background

=N

Likelihoods

Too much CPU time consuming to do particle model fitting



Fitting DM gamma rays
by using LikeDM

Halo models

HDWN =

Background

Astrophysics sources
Source locations

S

" this work -
Fermi-LAT (4yr) ———
Fermi-LAT (2yr) - - - -

L T

Likelih

Much fasj;

10°

Likelihood Map

E24[cm® s 'GeV ]
5 5 5 5 5 5

Energy-Residual

FermiTools

likelihood map

j;<

Y-L Sming Tsai, Qiang Yuan, Xiaoyuan Huang

Published in JCAP 1303 (2013) 018
e-Print: arXiv:1212.3990

O

to do particle model fitting

DM particle model information




Summary
1. & @\obal Chatistical Mnalsis of the MSSM with 4

2.

3.

o o

minimum set of A parameters

Better numerical simulation of LUC, XENONioo, and

Fermi gamma-ray lkelinoods.

Theoretical ervor strongl limits power of
XENONIoo on MSSM - (Not 0 for XENONIT)
With all the constraints, especial 9-2 and LAC,
the limt 200 Gev < mk < oo GeV.
Interesting prospects for indicect detection

. Our methd is Completely general | can be applied b

ofher models (SUSY or )

?

/«
.
,/ ) i

l__
-

)

P .



Thank you very much
for your attention.



BayesFITS (2013)
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