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rk matter

¢ Existence by now (almost)

Atoms

5 Dark
ot Eergy impossible to challenge!
l[\)n:nrtlier - Qcpyv = 0.233 £ 0.013
23% - electrically neutral
- non-baryonic
- cold - dissipationless and negligible
TODAY .
free-streaming effects
- collisionless
Neutrinos Dark
10 % Matter
63%
WIMPS are particularly
Photons i
15% good candidates:
7 well-motivated from particle physics
e [SUSY, EDs, little Higgs, ...]
s v/ thermal production “automatically”
credit: WMAP leads to the right relic abundance
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(ov): xx — SM SM (thermal average)
<>

il

~ “ 20" when annihilation

rate falls behind expansion rate
(— a°n,, ~ const.)

for weak-scale
interactions!

~ 0(0.1)

3-107%"cm?/s
(o)
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Freeze-out # decoupling !

&)

2 WIMP interactions with

heat bath of SM particles:

ol
X(annihilation)SM
7

Tyoq ~ My /25

chemical decoupling

v
{2y

ol
SM SM
(scattering)

v

Tia ~ M, /(10%..10°)

kinetic decoupling

<
Mcut
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? T. Bringmann, 2009
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TB, NJP 09

typical” Myt ~ 107° My, but highly model-dependent
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Strategies for DM searches

at colliders

this talk:

e —

directly irectly

——

= all complementary!
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Indirect DM searches
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DM has to be (quasi-) against decay...

... but can usually pair- into SM particles
Try to spot those in cosmic rays of various kinds

1 1)

©

©

The . i) absolute rates
~~ regions of high DM density

ii) discrimination against other sources
~~ low background; clear signatures
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Indirect DM searches

\ — o

Gamma rays:

¢ Rather

Q when propagating through halo

g about hecessary

Q directly to the clear spatial signatures
Q to look for
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Indirect DM searches

\ g

Gamma rays:

¢ Rather

Q when propagating through halo

g about hecessary

Q directly to the clear spatial signatures
Q

Clear spectral signatures to look for <= maybe mostimportant!
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Gamma-ray flux

The expected gamma-ray flux [GeV-'cm2s-'sr'] from a
source with DM density p is given by

7

particle physics

(0V) ann - total annihilation cross section

My ‘WIMP mass (50 GeV < m, < 5TeV)
Bf , bl’anching ratio into channel f :angular res. of detector
N,{ : number of photons per ann. : distance to source

high accuracy large uncertainty in

spectral information
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Halo profiles

ACDM N-body simulations Fits to rotation curves!?
a C > C
PNEW = (@ +1)2 PBurkert = (r ¥ a) (a2 + 12)
C
_2(z\*_1 _
,OEinasto(T) — 108 e (e [( a,) ] IOlSO (CLZ + 7«2)

(a = 0.17)

R T er <table result ~~ conflicting observational claims

2 Situation a bit unclear; effect of ?
(But could also lead to a of the profile!)

Q@ Difference in annihilation flux several orders
of magnitude for the galactic center

@ Situation much better for e.g. dwarf galaxies

UH

"\ Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 9




Substructure

¢ N-body simulations: The DM halo contains not only a
smooth component, but a lot of !

¢ Indirect detection
effectively involves an
averaging:

(1+BF){px)’

Dspp oc (py)

e* 0] Y
Fig.: Bergstrom, NJP 09

Q “Boost factor”

~ each decade in Msubhalo contributes about the same
e.g. Diemand, Kuhlen & Madau,Ap] '07

—> important to include realistic value for M, !
- depends on uncertain form of microhalo profile (Cy ...) and dN/dM
(large extrapolations necessary!)
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various (gauge
boson and quark)
final states

0.05 0.1 0.2

r = E/m,

Bertone et al., astro-ph/06 12387
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002 005 01 02
z=FE/m,
=

mpa = 800 GeV
(energy resolution as indicated)

Bergstrom, TB, Eriksson
& Gustafsson, JCAP 05
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DM annihilation spectra

¢ Secondary photons from fragmentation —

- mainly from 0 — vy

10 \
- result in a rather , . \

model-independent spectrum

AN, /da

¢ Line signals from xx — 77,74, vH

Bergstrom, Ullio & Buckley,Ap] "98 -
- necessarily loop suppressed: O(Oz2)

[107® m~?s

- signature
Q Internal bremsstrahlung (IB)
- whenever charged final states are present: (')(Oz)
- sighature (details model-dependent!)
Q generically at h|gh E’y Birkedal, Matchey, Perelstein & Spray, hep-ph/0507194

TB, Bergstrom & Edsjo, JHEP ’08
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Internal bremsstrahlung

(X f X P X £

Il -

|
P

(=
k#—hl

Final state radiation

¢ usually dominant for m, > my ¢ dominant in -
i) f bosonic and t-channel
¢ mainly collinear photons mass degenerate with m
~~ model-independent spectrum SeiEtom, 1B, Erilsson

& Gustafsson, PRL’'05

Birkedal, Matchey, Perelstein ”) symmetr)' restored for

& Spray, hep-ph/0507194
important for high rates into 3-body state  Bergstrom, PLB '89

leptons, e.g. Kaluza-Klein or spectrum
“leptophilic” DM

©

©

¢ important e.g.in mSUGRA
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( bulk reg

focus point region (m, = 1926 GeV)

ton (m, = 141 GeV)

Lr Total BM4 | L Total v ]
— — — - Secondary gammas — — — - Secondary gammas
------ Internal Bremsstrahlung ------ Internal Bremsstrahlung
8 0.1 1 g8
§ 3 0.1 E
& &
% 0.01 . %
Q! 3]
= 8 0.01 1
0.001 E |
O B S R S S S SRR T R B P |
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
x = Ey/my x = Ey/my
coannthilation region (m, = 233 GeV) funnel region (m, = 565 GeV)
1o¥ Total BM3 1 ' - o
t
-———- S:c(?ndary gammas r Total K’ N
------ Internal Bremsstrahlung — — — - Secondary gammas
1 T R Internal Bremsstrahlung
3 3
~ = E
3 0.1 . > 0l
z IS 1
= p =
NH 0.01 - ~ '\,\’\ d o’z
RN 0.01 ]
0.001 b g ~~__ |
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
z = Ey/my z = Ey/my

enchmarks taken from TB, Edsjo & Bergstrom, JHEP '08 and Battaglia et al., EPJC ’03)
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Diemand, Kuhlen & Madau, Ap| 07

formation

)

21
Ntaminatiely
 multi-wavelenfa it

>
>

e
v
s

Dwarf Galaxies
- - DM dominated, M/L~1000
-~ fluxes soon in reach!

Extragalactic background
- DM contribution from all z M@

- background difficult to model Galactic center ¢ easy discrimination
< brightest DM source in sky (once found)

< large background contributions ¢ bright enough?

UH
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)

integral flux (photons em™ s

10° 104
threshold energy (MeV)

- (from the LAT webpage)
al

orsten Bringmann, University of Hamburg

Integral flux

9—tel. at 2000 m ==
41—tel. system ===

4 large + 85

10 events

0.1

Energy [ TeV ]

Bernlohr et al.,’07
Indirect Dark Matter Searches -



http://www-glast.slac.stanford.edu/software/IS/glast_lat_performance.htm
http://www-glast.slac.stanford.edu/software/IS/glast_lat_performance.htm
http://www-glast.slac.stanford.edu/software/IS/glast_lat_performance.htm
http://www-glast.slac.stanford.edu/software/IS/glast_lat_performance.htm

.

palaxies:

. Upper limits, Joint Likelihood of 10 dSphs
1o ‘ ‘ —— Willman |
-- 3.107% == ptp Channel | {0 0% ... \‘~~‘ VERITAS
— b Channel ... Wt W~ Channel —_— R N T L
o™ e Ursa Minor
— Thr annel 0 A4 ¥ E ____. Bootes |
(2]
A ARPCN : il
- o”t Fermi (2 yr)
-'g ,""‘ /,, 5 =
g - e dard
& ’¢ ““““““ )
5 I thermal
% 107 /‘f.:--'- """""" value
; -
102

o WIMP massTéeV] o 1o MX (GeV) 1o
- Ackermann et al, | 108.3546 Acciari et al, 1006.5955

¢ So far no (unambiguous) DM signals seen
¢ Limits will improve with increased exposure

e
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=>Indirect searches start to be very competitive!

UH e
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Constraints from the diffuse
o woon | T 3 gamma-ray background depend
o - - Tk
o : - strongly on subhalo model
- Abdo et al, 1001.453
[Fermi-LAT collaboration]
10"
107 ] ) o e 4y W MSII-Res BulSub
W[lll(\)fl P Mass [GeV] 10 10-22 Conservative limits — MSII-Sub1 == MSII-Sub2 Stringent limits
10—23
Almost as -
mw 10~ ST — e SR
° ° . £ == St e o, S e
constraining: 5
26 g e ST e
(NB much better WTE o - - B 18 ’
discovery POtential!) 10—27 L D & 0D GAeIRAREIRIe] ] - 95‘\)/0 \— S ;infifiilJI
102 103 102 103
Ackermann et al, 1001.453 | WIMP mass [GeV] WIMP mass [GeV]
Tl [Fermi-LAT collaboration]
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UCMHs

¢  ltra ompact ini alos are DM halos that form

shortly after matter-radiation equality ... s coud ap 09

- isolated collapse
- formation by radial infall (Bertschinger, ApJS 95)

—9/4

= 0 X7

¢ Excellent targets for indirect detection

W|th Scott & Sivertsson, PRL *09
Lacki & Beacom,Ap] ’10

¢ Required density contrast Ap
at horizon entry: ; p

- PBH: 6 = 0.3
- typical observed value: § ~ 107° at ‘large’ scales

~107° @ z> Ze

UH
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Allowed regions 4
\\\ — Ultracompact minihalos (gamma rays, Fermi-LAT) ia/
TT—- —10-
s“‘~§_§_ = = Ultracompact minihalos (reionisation, WMAP5 7,) §
—_— —6
\ — = Primordial black holes 10
—_— .
— CMB, Lyman-«, LSS and other cosmological probes — 10
p— 10—8
-+ ¢+ + &+ &+ &+ &+ &+ & & & & & § [ | | ] —i0°°
1077107713070 1 10 402 40 100 40" 108 40T 100 A0 10" 10" 107 10" 10" 10" 10" 10" 10*® 10
k (Mpc™1)

TB, Scott & Akrami, PRD ’[2

s
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Upper limits on DM annihilation cross section into vy (center region)

® Our analysis
[|= = Fermi LAT 1-year
10726 M EGRET GC
3 i,
S = 107
- 107
a0 e T
m,, [GeV]
t al, 1001.4836 Vertongen & Weniger, JCAP 201 |
obing too much of WIMP parameter space

ral expectation (00)yy ~ g (0V)therm = 10 em?s ™" )

@ NB: I'y data, simple choice of target region...

2 No significant changes after 24 months of data...
Ackermann et al, 1205.2739
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(ov) [cm?® s71]

10-27

10°%8

Kaluza-Klein DM

Neutralino DM

E T T T T T e e B
E IACT? | Einasto | TACT?2, Einasto
L - HEH”/ A
E > N ,“—/_/_/—7/ . e R - Ll 3
g ) - CTK D = : : o _ - - ?
E i . j . i N DMA ------------ \ \,// —;
L e ]
; —— IACT1 ;
[~ ~ Einasto — — IACT?2 ° — ® - BM4 |
F - - - Ein+AC (0.2°x0.2°) ¥ ..... IACTS —@— BMS3 1
L L L ol L L —_— o | L L ——
10° 10° 10° 10*
[GeV] m, [GeV] m, [GeV]

Torsten Bringmann, University of Hamburg

Kaluza-Klein DM (step) Neutralino DM (IB bump)
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r.PRD'10

Qe X XX—YY Kaluza-Klein DM Neutralino DM

_29 -22

10— — ! ——r 3 10

F TACT?2 Einasto IACT?2, Einasto ;

102 L = 1102
| T Ll
T E - — "‘//—’//{ Lt e . E
m;’ 107 .- CTA S— —_— et 107
5 - B .~ - - = = —
—@126 - - DMA -26
/§<10£ T E T s < \,// }10’
oo | N 2 4107

] — IACT1 E
ws L7 Einasto — — TACT?2 ® — B - BM4 [
F - - - Ein4+AC (0.2°x0.2°) ¥ ..... IACTS —@— BMS3

i e i e i ] R ......_10-29
10° 10° 10° 10*
m, [GeV] m, [GeV] m, [GeV]
- Line signals Kaluza-Klein DM (step) Neutralino DM (IB bump)

Natural cross sections well within reach for AC Ts!
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GC and

<(w>xx—>3"f7 fem? 57

a=1.0

a=1.1

halo region

UH
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2 [imits on ("¢~ (v) much stronger than for Fermi dwarfs!
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Even more constraints...?

Z

e,

[bored]

<
=
-
o
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[[— 1 _
[y = §><C7ﬁx — §mx><cx

~MSSM:

a.r n%fLafR

2 : couplings
teraction term ..

solid: full 3-body
dotted: 2-body + FSR

10" 10°
z=E/m, (dashed: photons from bbg )
'\ Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 26




Target selection

¢ Galactic center by far brightest source of DM
annihilation radiation

2 Need strategy for large astrophysical backgrounds:

- early focus on innermost region (but now: strong HESS source)
- define optimal (S/N) cone around GC ~~ 0 ~ 0.1° — 5°
- ~same, but for annulus (excluding the GC)

- exclude galactic plane

Q idea: data-driven approach
. - _ TB, Huang, Ibarra, Vog|
- estimate background distribution from observed & Weniger, 1203.1312
LAT low-energy photons 1GeV < E., < 40 GeV
- Define grid with 1° x 1° e

—

- Optimize total S/N pixel by pixel: ET — \/ E. <40 GeV
/ ZzET 7

UH
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>

Optimal target regions

TB, Huang, Ibarra,Vogl & Weniger, 1203.1312

b [deg]

—60—-40-20 0 20 40 60

¢ [deg]
20
10
o) —1.4
£ o Px XT
—10 ‘adiabatic
contraction’
—-20 1
. 0.0
—30-20-10 0 10 20 30 -20 =10 O 10 20
¢ [deg] ¢ [deg]
Color scale: signal to background
.1 Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 28




Energy spectrum in target region

d Nsignal

dF

LAT energy resolution LAT exposure (sketch)

Fig.: C.Weniger
here: 43 months & &
21 Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 29




Likelihood analysis

¢ ‘binned’ likelihood

- NB: bin size < energy resolution ~~ analysis!
_— Ci o i
=11 P(cilu) Pleili) = 45
i
observed expected

¢ Significance follows from value of test statistic:

|
L 1 — best fit with S — ()
nu

TS = —2In

EDM — best fit with S Z 0

—> significance (without trial correction): ~\/ TS 5

(95% Limits derived by profile likelihood method: increase S until A(—21n L) = 2.71,
while refitting/ ‘profiling over’ the other parameters)
n

"1 Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 30




—
—

m
n

TS value

10

e

Statistical significance for VIB-like contribution, y=1.1

=
< lues:

8
my, :/149 +4 77 GeV
(V) yy—fry = (0.7 1.4 00 x 1072 em®s ™!

E? Flux [GeV cm™'s lsr 1]

10°
m, [GeV]

Spectral fit

v

102
FE [GeV]

Torsten Bringmann, University of Hamburg

¢ Signal significance:

< 4.30 (without LEE)
¢ 3.10 (taking into account LEE)

¢ NB:also very well fit
by !ine with
m, ~ 130 GeV, (ov) ~ 10" *"cm?s™!

Indirect Dark Matter Searches - 31



rom bootstrap
analysis of galactic
anticenter
hemisphere

Empirical distribution of maximal TS values
| | | |

—— t trials over a x/ distribution

<

solve

t=12.7+£0.5
k=1.35+0.03

, , , P(xy <TS)' = P(xi <o)

0 5 10 15 20 25
Maximal TS value

Weniger, 1204.2797

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 32



Upper limits on xxy — 4 @~ v

candidate .
5

our VIB limits

therm. prod. relic density

strongly depends
on mass splitting

a factor of > 20 too large for thermal production

< co-annihilation would further reduce expected signal
. larger rates possible for destructive interference w/ s-channel diagrams,

non-thermal production, boost-factor due to clumps...
'\ Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 33




Systematics?

¢ Signal appears independently in all parts of the
templates for the optimal target region(s)...

©

but completely when shifted by ~10°
the

¢ bootstrap analysis of TS distribution in galactic
anticenter region ~~ X > distribution as expected

¢ , ON average, with time

but the analysis relies of course on the public
Fermi tools...

=> need independent confirmation by collaboration!

UH
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- ~
ne analysis

¢ “A tentative gamma-ray
line from DM @ Fermi
LAT”

- same data: 43 months Fermi LAT

- very nice and extended
description of (~same) method

- extended discussion

b [deg|

E? ® [GeVem ?s sr?

2 bottom line;

- 4.60(3.30) effect
o my = 129.8 £24717. GeV

G (00) rx—syy = (1.27£0.321053) x 10727 cm® 571 |

-80 -60 -40 -20 O 20 40 60 80

Weniger, 1204.2797

ke Regl |

1 vitiii::;:;ziixltxxllIIIIIFE ¥,
oy e L XX E XY L)

__________ e il

- - IIIIiIIIEI

f}{iiiﬁfﬁiﬁ%ﬁg% 5 R ‘;
Lk
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TS value

Signal significance (SOURCE)

Energy windows used in the spectral analysis

Line energy: E. [GeV]

orste

n Bringmann, University of Hamburg

= DO [N~}
[ (e} at

TS value
s

<UU>XX—>W [cm® s

Signal significance (ULTRACLEAN)

25 T — ™) I
-i ......
B E . it -+ - Reg4 |
--10 B | P Yy - Res5
120 130 140 ,‘ - heg
N 7 hThhe -

Annihilation cross-sections (ULTRACLEAN)

10**  — Cored Isothermal - -+ Contr. «=1.15 -
— - NFW —— Contr. a=1.3

10% Einasto I =
E )

10_26 ;_ i T 3

107 | tor %i—.:’ e Tes |- g ]
o Nies ST = :

10_28 3 | . ! | .+ E
NN B

102 1 1 1 1 L 1

Regl Reg2 Reg3 Reg4 Regbh prev. UL
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‘f“‘“ AR NS ;ﬁ,s 0% TGS AVLALY Y S OV WS Profumo & Linden, 1204.6047

1()79 T T T T T T T T T T T T T T T T LN S m m w0 (0 -
C Reg 3, SOURCE events I Reg 4, SOURCE events ]
L B o
i . o

|

dd/dE [cm‘zs‘I sr'Ge

—— v’s from Fermi bubbles
—— ¥’s from outside the bubbles

Spurious line

Spectral Energy Distribution
GeV'

— — Power Law, ;(Zd»“[:l,éét B — — Power Law, de M:] 58

1 . 2 | : 2
Einasto Energy 10 ] — PLaLine.y’, 120 F1— PLatLine,y’, =104
| | — BrokenP.LL., deo (=126 T |— BrokenP.L.y , =110
I I 111 I I I I I N -

T T T T T 1 1 1 T T T
100 100
Energy [GeV] Energy [GeV]

¢ Broken power-law also possible but

- what is the ‘likely astrophysical’ explanation ??

‘our’ BG spectral index of about -2.6 is

Contr. - il expected from CR—ISM ...

- the corresponds neither to fit nor to data
(NB: Bubble contribution @ 100 GeV << BG!)

@)

wwow 00 owowow => Shape similarity probably
Torsten Bringmann, University of Hamburg jUSt a— COinCidence!lndirect Dark Matter Searches - 37



‘confirmation

Tempel, Hektor & Raidal, 1205.1045

¢ Slightly different statistical

technique
8 kernel smoothing instead of sliding
Lo : energy window

[ 130 GeV peak signifcance: 4.50 0l wide kernel for background estimate:
- Central region (=-1.0, b=-0.7): r=3deg i it g i .
e highly consistent with -2.6 power law

small adaptive kernel size to look for

E[GeV]
spectral features: line-like feature
found at 130GeV!

w

N

—_

@ high significance of signal

'
—_

'
N

o
130 GeV relative signal intensity [o]

@ |dentify signal regions

b

'
w

¢ several
o w10 o o s m ¢ no correlation with Fermi bubbles!

UH I [deg]
Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 38
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L

ook-elsewhere effect Q)

100-120GeV |

' T Cehtral reg 'm=e

Reg 2

140-160GeV |

30.000

120 140 160 180
E, GeV
(b)
Cehtral reg "mmm
Reg 1 ===
Reg 2
Reg 3 mmmm

-0.37 0.057 0.49

30 30
' ' ' T Céhtral reg e T T
Reg 1 ===
25 - 25
20 - 20 -
w 15N - w 15N
© \ © \
\ - \
Z 40 SN — Z 10 AN
~ ~
\\ \\
5 R~ - 5 vy
of P 0
5 1 1 1 1 1 1 5 1 1
60 80 100 120 140 160 180 200 60 80 100
E, GeV
(a)
30 30
Celntral reg ‘===
Reg 3 :*:
25 |- - 25 |
20 [ - 20
w 151 - o 15
© \ °
\
Z 10 PN 4 % 10
N
\\
5 S~ - 5
o} T Ot Saies 0
5 1 1 1 1 1 1 5 1 1
60 80 100 120 140 160 180 200 60 80 100
E, GeV
©

—> Need to

UH
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1 1 1 1
120 140 160 180

E, GeV
(d)

quantify LEE for
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Future confirmation?

©

“lentative evidence’ based on ~50 photons

—>need a more data to confirm

©

... but maybe much faster if Fermi collaboration
publishes PASS8 event selection before!

©

final word possibly by GAMMA-400

Galper et al., 1201.2490
- launch around 2018

- greatly improved angular and energy resolution
(at the expense of sensitivity)
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. signal significance ! _ _ 01“;‘(’)‘(’)0 —
% nergy range, d-10.1-
Bergstrom, 1205.4882 oy 200
. Angular 0.1 ~0.01 0.1
—> may also provide further resolution, deg
] : (E,> 100 GeV)
information about the spectrum! Energy | 10 [ool | 15
resolution, %
(E,> 100 GeV)
i'ii' Torsten Bringmann, University of Hamburg

Indirect Dark Matter Searches - 40



Strategies for DM searches

at colliders
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LHC implications

¢ LHC limits on sparticles and possible Higgs around
126 GeV indicate heavy colored new states

¢ Low-energy observables, in particular , indicate
necessity of light new states coupling to

=> constrained SUSY scenarios already in quite some

tension with data!
: Bechtle et al., 1204.4199
—— 2D 95% CL LEO —— 2D 95% CL LEO
i:/SUSY —— 1D 68% CL LEO ! :/SUSY —— 1D 68% CL LEO
SPRING 2012 2D 95% CL LHC SPRING 2012 2D 95% CL LHC
r e . 000 mmee 1D 68% CL LHC = 1D 68% CL LHC
k,.' % LEO LEO B
_ 1000 [~ Y% LHC + LHC B
E = 40?
o =
=
50071 emmmnne .
----- ? 20—
ob——+ v 1 1 1 x ‘ Ok L
0 1000 2000 3000 4000 5000 10000

M, (GeV)

UH
Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 42



\ < pAMANa

“‘ CoGeNT DAMA/I

\ CDMS

. EDELWEISS

WIMP-Nucleon Cross Section [cm?]

XENON100 (2011) Buchmueller et al.

910 20 30 40 50 100
WIMP Mass [GeV/c?]

300 400 1000

lower limit

N\~ toosr!?

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 43




L5
SUSY Higgsbounds:

g = 7.28e-10 pb

Y LHC, Higgsbounds Best Fit
Y LHC, m =126GeV Best Fit

g (Pb)

aaad
.............
o as

XENON100
H XENON100 goal
A XENONIT

2D 95% CL LHC, Higgsbounds
1D 68% CL LHC, Higgsbounds
SPRING 20]2 m.=2706Gev 2D 95% CL LHC, mho=1 26GeV

x.

........ 1D 68% CL LHC, m, =1 26GeV

2 3
107 m, (Gev) 10

2D 95% CL LHC, XENON100
1D 68% CL LHC, XENON100

U
E XENON100:

ermi Dwarfs limits just start

gy e 2D 95% CL LHC, XENON1T 5
SPRI::_;%z:Iz Z::?_"’zz:fz;ms -------- ieswcL v, xenont O touch this area from above
Bionf => complementarity

A° = f

5ol of direct and

:_ *LHC,XENON1OOBestFit lnd’rect SearCheSo’
10%2 3% LHC, XENONAT Best Fit
w0 10 10(;‘;) BT T

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches



IDMS - How far can we go!

¢ Potential of searches not yet fully capitalized:

- small eff. areas (Fermi)
- relatively short observation times (HESS, VERITAS, MAGIC,...)

¢ CTA will have a greatly improved performance, but has

many interesting (astrophysical) targets to observe
~~> access to observation time will continue to be an issue

¢ What could dark matter indirect
detection achieve!
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Conclusions and Outlook

¢ |Indirect detection experiments seriously start to probe
the parameter space of realistic WIMP models

¢ A dark matter experiment (like DMA)

- could fully exploit the potential of indirect searches
(especially when combined with multiwavelength/-messenger techniques)
- would be truly complementary to direct and accelerator searches!

¢ Distinct in gamma rays
- help to identify a DM annihilation signal
- could reveal a lot about the nature of the DM particles

> (rather than exclusion) !

@ Have we already seen a signal?
- based on O(50) photons ~~ need more data...!
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