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Outlook

2 |ntroduction

©

2 Messengers for indirect DM searches

- Gamma rays
- Antimatter

2 Multiwavelength/-messenger approach
¢ How far can we get!

©

Direct vs. indirect searches

©

Summary
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@ Existence by now (almost)
mey  impossible to challenge!

72%
Qcpm = 0.233 £0.013
electrically neutral
non-baryonic
, cold - dissipationless and negligible free-
TODAY )
streaming effects
; - collisionless
Neutrinos Dar
10 % Matter
63%
Photons
15%
Atoms
12%
13.7 BILLION YEARS AGO
(Universe 380,000 years old)
credit WMAP
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rk matter

¢ Existence by now (almost)

Atoms

5 Dark
e oy impossible to challenge!
l[\)naartlier - Qcpym = 0.233 £+ 0.013
23% - electrically neutral
- non-baryonic
- cold - dissipationless and negligible free-
b streaming effects
‘ ) - collisionless
Neutrinos ark
10 % Matter
63% .
WIMPS are particularly
Photons .
15% good candidates:
: 7 well-motivated from particle physics
toms

[SUSY, EDs, little Higgs, ...]
i 7 thermal production “automatically”

credit: WMAP leads to the right relic abundance

12%

13.7 BILLION YEARS AGO
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Freeze-out # decoupling !

¢ WIMP interactions with
heat bath of SM particles:

X SM X X
X}( ‘ }(

(annihilation) (scattering)

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 5



Freeze-out # decoupling !

¢ WIMP interactions with
heat bath of SM particles:

X SM X X
X}( ‘ }(

(annihilation) (scattering)

W

Toq ~ My /25

chemical decoupling

v
{2y
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Freeze-out # decoupling !

¢ WIMP interactions with
heat bath of SM particles:

ol
X(annihilation)SM
7

Toq ~ 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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Strategies for DM searches
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Strategies for DM searches
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= all complementary!
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Indirect DM searches

@
\ B o

7
/ sja .

DM has to be (quasi-) against decay...
... but can usually pair- into SM particles
Try to spot those in cosmic rays of various kinds

(L (Y

©

©

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

S when propagating through halo

g about hecessary

Q directly to the clear spatial signatures

to look for

({0
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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

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

Ao,

i, dl(y)p*(r)

(E% A¢) :

(00)ann 1 AN / o)
A

8rm2 = dEy,  Jay A% o
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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

dq)v ann de 2
(B, A
iE, (P AY) = Z IiE. /M de(y)p*(r)

l.o.s

partlcle physics

(0V) ann - total annihilation cross section

my, ‘WIMP mass (50GeV <m, < 5TeV)

By  :branching ratio into channel f
i .

1 : number of photons per ann.
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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

dq)v ann de 2
—(E,, A
- ) =[S0 > 51 o ae [ e

l.o.s

partlcle physics

(0V) ann - total annihilation cross section

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

Wy, g

g

v

high accuracy
spectral information
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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

c
r(a+1)?

PNEFW —

_2((r\*_
PEinastol”) = ps € i) 1
(a~0.17)

~~> rather stable result

Torsten Bringmann, University of Hamburg

Fits to rotation curves!
C

r+a)(a®+1?)

PBurkert — (

c
a? + r?)

~~ conflicting observational claims
(NB: observation of stars)

Piso —
(
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Halo profiles

ACDM N-body simulations Fits to rotation curves?
C C
PNEW = a+ )2 Phukert = (r a) (@ + 12)
_2((rY*_1 C
pEinasto(T) — pPs€ [(a) ] Piso = (a2 + r2)

(a = 0.17)
~~ conflicting observational claims
(NB: observation of stars)

~~> rather stable result

2 Situation a bit unclear; effect of ?

(But could also lead to a of the profile!) = |see talks by
C. Frenk &

@ Difference in annihilation flux several orders [|A Zentner

of magnitude for the galactic center
@ Situation much better for e.g. dwarf galaxies
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Y
Fig.: Bergstrom, NJP '09
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Substructure

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

¢ Indirect detection
effectively involves
some averaging:

Psm o (py) = (1 + BF){py)’

et P 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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z=FE/m,

Bertone et al., astro-ph/06 12387

0.5 1
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mpa = 800 GeV
(energy resolution as indicated)

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

¢ Secondary photons from fragmentation —

100

A 5 10 )
- mainly from 7° — . \
- result in a rather , s \

model-independent spectrum

Bertone et al., astro-ph/0612387

2 Line signals from xx — vv,v4,vH

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

—2 571 TeV

h !
o\

! 1%\

TN

[107®% m

= signature
¢ Internal bremsstrahlung (IB) & Gusafison,CAP 05
- whenever charged final states are present: (')(Oz)
- sighature (details model-dependent!)
e usually at h|gh energies Birkedal, Matchey, Perelstein & Spray, hep-ph/0507 194

TB, Bergstrom & Edsjo, JHEP ’08
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( bulk reg

focus point region (m, = 1926 GeV)

ton (m, = 141 GeV)

Lr Total BM4 | L Total r ]
— — — - Secondary gammas — — — - Secondary gammas
------ Internal Bremsstrahlung ------ Internal Bremsstrahlung
8 0.1 1 g
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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
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1o¥ Total BM3 1 ' - o
t
-———- S:ct?ndary gammas r Total K’ N
------ Internal Bremsstrahlung — — — - Secondary gammas
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s 3
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NH 0.01 - ~ '\,\’\ d o’z
RN 0.01 ]
0.001 b g ~~__ |
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enchmarks taken from TB, Edsjo & Bergstrom, JHEP '08 and Battaglia et al., EPJC ’03)
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TB, PoS 08
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Bergstrom et al.,’06
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|IB: total flux enhancement

¢ |B contributions important at

~~ this is where Air

Cherenkov Telescopes are
|
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Benchmark I'
Benchmark J'
Benchmark K'
Benchmark Fx
Benchmark Jx
Crab (arb.norm.)

®T x107[em® s GeV']

@)
|

1000
E[GeV]

$ AE/E = 10%

Benchmark I
Benchmark J'
Benchmark K'
Benchmark Fx*
Benchmark J*
Crab (arb.norm.)

rn'/ésa,jCAP '09
et al., PRD ’10

" x10% [cm® s™' GeV™']
o o
S S

o
&
o

1000
E[GeV]

TB, Doro & Fornasa, JCAP ’09
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Benchmark I'
Benchmark J'
Benchmark K'
Benchmark Fx
Benchmark Jx
Crab (arb.norm.)

E[GeV]

Y AE/E =10%

Benchmark I
Benchmark J'
Benchmark K'
Benchmark F
Benchmark J* =sme=. -
Crab (arb.norm.) =——

% nasa,]CAP 09
etal.,PRD’I0

" x10% [cm® s™' GeV™']
o o
S S

o
- o
o

E[GeV]
TB, Doro & Fornasa, JCAP ’09
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Kuhlen & Madau, Ap) ‘07

b /1
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d, Kuhlen & Madau, Ap) "07

b /1

Galactic center

< brightest DM source in sky
¢ large background contributions
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an;:I, Kuhlen & Madau,Ap] '07

b |

formation

Galactic center

< brightest DM source in sky
< large background contributions
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e

L

and, Kuhlen & Madau, ApJ ’07

b |

formation

g
1alaXIES

e v minated, M/L~1000
e

/@‘ fluxes soon in reach!

Galactic center

< brightest DM source in sky
< large background contributions
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/I

- Diemand, Kuhlen & Madau, Ap] 07

formation

=

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

. DM clumps
Galactic center ¢ easy discrimination

< brightest DM source in sky (once found)
< large background contributions ¢ bright enough?
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Diemand, Kuhlen & Madau, ApJ '07

formation

4
Z

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

Extragalactic background
~ DM contribution from all z DM C|UmS

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

< large background contributions ¢ bright enough?
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P Diemand, Kuhlen & Madau, ApJ 07

L

formation

inati/ely
ti-wavelerfisl

-

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

Extragalactic background
- DM contribution from all z M@

- background difficult to model Galactic center /4 =crimination
¢ brightest DM source in sky (once found)
< large background contributions ¢ bright enough?
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http://www-glast.slac.stanford.edu/software/IS/glast_lat_performance.htm
http://www-glast.slac.stanford.edu/software/IS/glast_lat_performance.htm

)

25

integral flux (photons cm

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

4 large + 85

«oo extragal
- = 10x extragal
—— 100x extragal

Integral flux

10 events

= - . 0.1

threshold energy (MeV)

r ~ (from the LAT webpage) Energy [ TeV ]

y Bernlohr et al.,’07

orsten Bringmann, University of Hamburg 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
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Indirect DM searches

\ /; ¢

7
/ sj P

©

GCRs are confined by galactic magnetic fields

©

After propagation, is left

Also the tends to get
Equal amounts of matter and antimatter
—> focus on antimatter (low backgrounds!)

©

©

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 19



Propagation

©

about Galactic magnetic field distribution

¢ Random distribution of field inhomogeneities
~~ propagation well described by diffusion equation
0 0 0

o
= (D — Ugc o K — {source
5 V ( V — v )w + I Y o ap”gb q
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Propagation

©

about Galactic magnetic field distribution

¢ Random distribution of field inhomogeneities
~~ propagation well described by diffusion equation

. 9 o 0

T D — e _ e — ({source
atV(VU)erapwp wq

/

often set to 0
(stationary contf.)
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Propagation

©

about Galactic magnetic field distribution

¢ Random distribution of field inhomogeneities
~~ propagation well described by diffusion equation

Oy 0 0 0
A, ; D E——c A - _K_ — {source
gy (,V ve)¥ + 5 bt — 5o Kot =g

/

often set to 0
(stationary contf.)

Diffusion coefficient,
usually D < 3(E/q)°

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 20



Propagation

©

about Galactic magnetic field distribution

¢ Random distribution of field inhomogeneities
~~ propagation well described by diffusion equation
oy 0 0

0
- (DV — c S— — — i ——il— source
/

often set to 0
(stationary contf.)

Diffusion coefficient,

usually D < 3(E/q)°
convection

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 20



Propagation

©

about Galactic magnetic field distribution

¢ Random distribution of field inhomogeneities
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oy 0 0

0
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/
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(stationary contf.)
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Propagation

©

about Galactic magnetic field distribution

¢ Random distribution of field inhomogeneities
~~ propagation well described by diffusion equation

0P 0 a
e DV — v )y + — B K —
at ( C)w ap w a w QSOUI‘CG
often set to 0
(stationary contf.)
Diffusion coefficient, |
usually D < 3(E/q)° diffusive |
e Ction reacceleration
K x v2p*/D
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Propagation

©

about Galactic magnetic field distribution

¢ Random distribution of field inhomogeneities
~~ propagation well described by diffusion equation

ol s, 5,
E n (Dv - Uc)w _I_ ap w - _Ka ”Qb — ({source
often set to 0
(stationary contf.)
Sources
Diffusion coefficient, | (primary &
usually D < 3(E/q)° diffusive | secondary)
e tion reacceleration
K x v2p*/D

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 20
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Analytical vs. numerical

How to solve the diffusion equation?

¢ Numerically o oy
& Ly
< 3D possible ’I
& any magnetic field model G

i . A Strong, Moskalenko, ...
& realistic gas distribution, full energy losses 5

computations time-consuming
“black box”

DRAGON

Evoli, Gaggero, Grasso & Maccione

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 21



Analytical vs. numerical

How to solve the diffusion equation?

¢ Numerically e
©& L Ly
& 3D possible ey
& any magnetic field model ap BEEREE

Strong, Moskalenko, ...

DRAGON

Evoli, Gaggero, Grasso & Maccione

& realistic gas distribution, full energy losses

computations time-consuming
“black box”

- (Semi')anal)’tical |)’ €.8. Donato, Maurin, Salati, Taillet, ...
& Physical insight from analytic solutions

k
@ fast computations allow to sample I?L A?l %F ? ? ?
full parameter space $ 33 &U 3 3

only 2D possible |
simplified gas distribution, energy losses =~ R = 20kpc

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 21



& Salati,Ap) 'Ol
I species:

T. Bringmann & P. Salati (2006
T T T T T T
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o, Taillet & Salati,Ap) Ol
other species:

i

excellent agreement
with new data:

BESSpolar 2004
Abe et al.,, PRL '08

PAMELA 2008
Adpriani et al., PRL’10

=> very nice test for

underlying diffusion model!
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Antiprotons

¢ Rather straightforward
to handle:

- no significant astrophysical sources

- for E; 2 10 GeV completely diffusion
dominated

©

in P flux from
DM annihilation much larger
than for secondaries!

Torsten Bringmann, University of Hamburg

Indirect Dark Matter Searches - 23



T. Bringmann & P. Salati (2008)
=

107 F——

T T T T T T T
BESS 95+97 BESS 98 AMS 98 CAPRICE 98 3

t

107° E

10

1076 &

[m2 st sr~t GeV-!]

1077

TOA
4 »

1078 |

100 |

LSP candidate 1.0 TeV
Diffusion model MED

Solar Minimum with ¢, =

10-1t Y A UTY B A R UTN R WAt V1 EERRTI ViR

b
0.1 1 10 100 1000 10%
TIA [GeV]

P

TB & Salati, PRD '09

UH
Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 23



T. Bringmann & P. Salati (2008)

BESS 95+97 BESS 98 AMS 98 CAPRICE 98

[m2 st sr~t GeV-!]

TOA
4 »

LSP candidate 1.0 TeV
Diffusion model MED

10 100
TIA [GeV]
P

T. Bringmann & P. Salati (2008)

BESS 95+97 BESS 98 AMS 98 CAPRICE 98

[m2 st sr~t GeV-!]

TOA
4 »

LSP candidate 1.0 TeV
NFW DM halo profile

Solar Minimum with ¢, = 50

10 100
TIA [GeV]
P

TB & Salati, PRD ’09

Indirect Dark Matter Searches - 23

Torsten Bringmann, University of Hamburg



T. Bringmann & P. Salati (2008)
T T T T T T 17T

B}IE:SSIQEI)+I9'7i o | IPAIMEILAI OI'7I i AMS 08 |
102 | BESS 98 ]
C AMS 98 ]
L CAPRICE 98
: 1.0 TeV WIMP
=
O
? 10!
A i
E b / _
_ S/econdary P ------ 7
S 100 primary p (LSP) ———- \ =1
B / total p (LSP) ———— | '
/ total p (LKP) ————- \
/ \
/  NFW DM halo profile \
/Solar Minimum with ¢ = 500 MV \ -
./..I 1 Lol 1 1 ....\.I §
10 100 1000

TIOA [GeV]
TB & Salati, PRD ’09

UH N
'.1 Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 24

it



[m=2 s=! sr! GeVZ]

TOA
P

3
P

T

T. Bringmann & P. Salati (2008)
T T T T T T 17T

10!

100 |

10-! F
L

BESS 95+97
BESS 98
AMS 98
CAPRICE 98

e

L | T T T LI L B T
PAMELA 07 AMS 08

1.0 TeV WIMP

/ _
S/econdary P
privhary p (LSP) — — —- \ s

/ total B (LSP)

/ total p (LKP) ————- \

/ \
/  NFW DM halo profile \
/Solar Minimum with ¢, = 500 MV

| 1 Lol 1 .....\I

10 100 1000
TIOA [GeV]

TB & Salati, PRD ’09

UH
Torsten Bringmann, University of Hamburg

didates...

...but are quite efficient

in settings !

- light SUSY DM
Bottino et al.,, PRD ’98+05

< non-standard DM profile

proposed by deBoer
Bergstrom et al., JCAP ’06

< DM explanations for the

PAMELA e" /e~ excess
Donato et al., PRL '09

¢ “Evidence’” for DM seen in

Fermi data towards the GC
g TB,0911.1124

Indirect Dark Matter Searches - 24
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SUSY DM and PAMELA

¢ Neutralino annihilation
helicity suppressed:

(o) x —=

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 26



SUSY DM and PAMELA

2 Neutralino annihilation

-helieity suppressed:

Oéem
(ov) oc%
=

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 26



Bergstrém, Bringmann & Edsjo (2008)

+8+ PAMELA

H-  HEAT

background
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E.+ [GeV]

Bergstrom, TB & Edsjo, PRD ’08

Indirect Dark Matter Searches - 26




Bergstrém, Bringmann & Edsjo (2008)

+8+ PAMELA

H-  HEAT

BM5’ (m,=132 GeV)

BM3 (my=233 GeV)

background

10 20 50 100 200
E.+ [GeV]

Bergstrom, TB & Edsjo, PRD ’08
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Other DM explanations

¢ By now, a large number of further DM-related attempts
to explain the PAMELA data has appeared on the market

¢ Subsequent data seem to the
¢ Model-independent analysis: %o [ RS
- strong constraints on hadronic 2000/
modes from P data 1900k

- xx —ete oruu favoured

- large boost factors generic - (9(103)

Er

500

200+

oola v v v v

Mot [TeV]
Bergstrom, Edsjo & Zaharijas, PRL 09
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¢ By now, a large number of further DM-related attempts
to explain the PAMELA data has appeared on the market

¢ Subsequent data seem to the
¢ Model-independent analysis:
- strong constraints on hadronic 2000}
modes from P data ool

- xx — ete orutu favoured

- large boost factors generic - (9(103)

Er

500

200+

= highly non-conventional DM /. .. .. .. . ... .

models needed! Mons [TeV]
Bergstrom, Edsjo & Zaharijas, PRL 09
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Other DM explanations

¢ By now, a large number of further DM-related attempts
to explain the PAMELA data has appeared on the market

¢ Subsequent data seem to the
¢ Model-independent analysis: %o [ RS
- strong constraints on hadronic 2000/
modes from P data ool

- xx — ete orutu favoured

- large boost factors generic - (9(103)

Er

500

200+

= highly non-conventional DM ..l/ ... .. .. . .

models needed! Mons [TeV]
Bergstrom, Edsjo & Zaharijas, PRL 09

@ Besides: DM by far not the only explanation...

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 27



Astrophysical sources

¢ Propagation uncertainties not the main problem:

. secondaries ~ 2-4 Delahaye et al., A&A '09
~ primaries ~ 5 Delahaye et al, PRD '08

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 28
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- i.e. much better than for primary antiprotons:
for e*, energy loss is dominant => must be (~ kpc)
- very difficult to explain PAMELA data without
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Astrophysical sources

¢ Propagation uncertainties not the main problem:

J secondaries ~ 2-4 Delahaye et al., A&A 09
~ primaries ~ 5 Delahaye et al, PRD 08
- i.e. much better than for primary antiprotons:
for e*, energy loss is dominant => must be (~ kpc)
- very difficult to explain PAMELA data without

¢ but: many good astrophysical candidates for primary

sources in the cosmic neighbourhood!

. Grasso et al.,ApP '09
. PUIsarS Yuksel, Kistler & Stanev, PRL ’09
Profumo, 0812.4457
Malyshev, Cholis & Gelfand, PRD ’09

old supernova remnants pj.si PRI '09
Blasi & Serpico, PRL '09

D

2 GRB loka, 0812.485]
- Large arm/interarm difference in SN rate Shaviv, Nakir & Piran, PRL '09
effect of SNR on near dense cloud Fujita, Kohri,Yamazaki & loka, PRD '09
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Astrophysical sources

¢ Propagation uncertainties not the main problem:

J secondaries ~ 2-4 Delahaye et al., A&A 09
~ primaries ~ 5 Delahaye et al, PRD '08
- i.e. much better than for primary antiprotons:
for e*, energy loss is dominant => must be (~ kpc)
- very difficult to explain PAMELA data without

¢ but: many good astrophysical candidates for primary

sources in the cosmic neighbourhood!

. Grasso et al.,ApP ’09

- pulsars Yiksel, Kistler & Stanev, PRL "09 = |see talk by
Profumo, 0812.4457 S. Sarkar
Malyshev, Cholis & Gelfand, PRD ’09

old supernova remnants pj.si PRI '09

Blasi & Serpico, PRL '09

D

2 GRB loka, 0812.485]
- Large arm/interarm difference in SN rate Shaviv, Nakir & Piran, PRL '09
effect of SNR on near dense cloud Fujita, Kohri,Yamazaki & loka, PRD '09

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 28
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Multi-messenger approaches

¢ So far: DM solution maybe not most natural
- but at least an (exciting!) possibility...

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 29



Multi-messenger approaches

¢ So far: DM solution maybe not most natural
- but at least an (exciting!) possibility...

(©

In order to disentangle these possibilities (astro-
physical vs. DM), cleaner spectral signatures are needed

—> wait for upcoming higher statistics experiments ???

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 29



Multi-messenger approaches

¢ So far: DM solution maybe not most natural
- but at least an (exciting!) possibility...

¢ |n order to disentangle these possibilities (astro-
physical vs. DM), cleaner spectral signatures are needed

—> wait for upcoming higher statistics experiments ???

¢ More promising — and probably anyway needed - is
the different detection !

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 29
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2
some tension with

IMP explanation of PAMELA

n for Fermi:

decaying DM could be excluded!
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How far can we go!

¢ |Impressive improvements of direct detection limits in
recent years!

¢ Potential of indirect 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

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 34



How far can we go!

»

Impressive improvements of direct detection limits in
recent years!

(©

Potential of indirect 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!

=~ Let’s think BIG...!

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 34
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The ark atter rray

¢ Focus on a CTA-like design e —
with a large array of S | i ¢
Cherenkov Telescopes S
= aim at AT~ 10 x A¢T, > 10km?

¢ Best achievable energy threshold?

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 35



NH,
£ Astroparticle
ﬁ% Physics

ELSEVIER Astroparticle Physics 15 (2001) 335-356 ‘ ‘ ’ ’
www.elsevier.nl/locate/astropart

S@5 —a 5 GeV energy threshold array of imaging atmospheric
Cherenkov telescopes at 5 km altitude

Abstract F.A. Aharonian **, A.K. Konopelko ®, H.J. V6lk ?, H. Quintana °

We discuss the concept and the performance of a powerful future ground-based astronomical instrument, 5@5 —a 5
GeV energy threshold stereoscopic array of several large imaging atmospheric Cherenkov telescopes (IACTs) installed
at a very high mountain elevation of about 5 km a.s.l. — for the study of the y-ray sky at energies from approximately 5
to 100 GeV, where the capabilities of both the current space-based and ground-based y-ray projects are quite limited.

astronomy photon statistics. The existing technological achievements in the design and construction of multi(1000)-
pixel, high resolution imagers, as well as of large, 20 m diameter class multi-mirror dishes with rather modest optical
requirements, would allow the construction of such a detector in the foreseeable future, although in the longer terms
from the point of view of ongoing projects of 100 GeV threshold IACT arrays like HESS which is in the build-up phase.
~ An ideal site for such an instrument could be a high-altitude, 5 km a.s.l. or more, flat area with a linear scale of about
UH 100 m in a very arid mountain region in the Atacama desert of Northern Chile. © 2001 Elsevier Science B.V. All rights
'.\ Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 35
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ELSEVIER Astroparticle Physics 15 (2001) 335-356 _—— ‘ ‘ ’ ’
www.elsevier.nl/locate/astropart

Abstract F.A. Aharonian **, A.K. Konopelko ®, H.J. V6lk ?, H. Quintana °

We discuss the concept and the performance of a powerful future ground-based astronomical instrument, 5@5 —a §
GeV energy threshold stereoscopic array of several large imaging atmospheric Cherenkov telescopes (IACTs) installed
at a very high mountain elevation of about 5 km a.s.l. — for the study of the y-ray sky at energies from approximately 5
to 100 GeV, where the capabilities of both the current space-based and ground-based y-ray projects are quite limited.

astronomy photon statistics. The [eXisting technological achievements in the design and construction of multi(1000)-
pixel, high resolution imagers, as well as of large, 20 m diameter class multi-mirror dishes with rather modest optical
requirements, would allow the construction of such a detector in the foreseeable future, although in the longer terms
from the point of view of ongoing projects of 100 GeV threshold IACT arrays like HESS which is in the build-up phase.

U'H, - in the Atacama desert of Northern Chile. © 2001 Elsevier Science B.V. All rights
'.1 Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 35



The ark atter rray

¢ Focus on a CTA-like design e —
with a large array of S | i ¢
Cherenkov Telescopes S
= aim at AT~ 10 x A¢T, > 10km?

¢ Best achievable energy threshold?
= aim at E™ ~10GeV  (cf. “5@5”)
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The ark atter rray

¢ Focus on a CTA-like design

= 6‘3 Y , 8 . :;"
with a large array of Ll | o
Cherenkov Telescopes S
- Q7 Q . ()' &

= aim at A°T  ~ 10 x A%, > 10km? % - 3

¢ Best achievable energy threshold?
= aim at E™ ~10GeV  (cf. “5@5”)

Q@ Dedicated for DM searches
= aim at t°>® =5000h <5y

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 35



The ark atter rray

¢ Focus on a CTA-like design

. DT T S
with a large array of e | GO
P .
Cherenkov Telescopes e e
;v O; ) ) i
o> 4

= aim at A°T  ~ 10 x A%, > 10km?

¢ Best achievable energy threshold?
= aim at E™ ~10GeV  (cf. “5@5”)

Q@ Dedicated for DM searches
= aim at t°>® =5000h <5y

=) Science fiction?
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The ark atter rray

¢ Focus on a CTA-like design

. 03 h) : = j; :“ < ?
with a large array of e | GO
o3 el A
Cherenkov Telescopes S g |
P O/ ) ) .
o> §

= aim at A°T  ~ 10 x A%, > 10km?

¢ Best achievable energy threshold?
= aim at E™ ~10GeV  (cf. “5@5”)

Q@ Dedicated for DM searches
= aim at t°>® =5000h <5y

=) Science fiction?

Maybe...
But should be investigated further!

Torsten Bringmann, University of Hamburg Indirect Dark Matter Searches - 35



Bergstrom, Bringmann & Edsjo (2010)
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(Bergstrom, TB & Edsjo, in prep.)
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Conclusions and Outlook

»

© DM really “ B

- So far, we have (probably) not seen a real signal
- but indirect detection experiments seriously start to probe the
parameter space of realistic VWIMP models

¢ Direct detection experiments, and the LHC, will also

(continue to) close in on the nature of DM
- make use of complementarity of the different approaches - syn: rgy!

©

A DM experiment like the
“Dark M A 7 could

- fully exploit the potential of indirect searches
(especially when combined with multiwavelength/-messenger techniques)
= cover a large part of the parameter space that neither direct nor
accelerator searches could hope to reach!
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