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Gamma-ray flux from WIMP annihilations
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Particle Physics :

Astrophysics : Dark matter halo

: ggrﬁihsiﬁgtlr%?%s — model required for the profile

= Differential photon yield
= DM particle mass _
DM halo profile

p,=0-3 GeVcem™

typically a

continuum with

1ean exponential

¢ cut-off at the DM

Also: *eparticle mass

0 Gamma lines but BR ~10-3

O Internal bremmstrahlung:
GeV to TeV gamma for E, > 0.6mp,,
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Dark matter « hot spots »
Searches performed on amplification sites

Wide-Field Radio Image of the
Galactic Center

wome ‘ Galactic Centre Galaxy satellites of the Milky Way
“ ‘ae O Proximity (~8kpc) 0 Many of them within the 100 kpe T8 GC
. "1 «~ 0 Possibly high DM QO High M/L

o concentration : Q Low astrophysical
: } DM profile : core? cusp? background
e, T O High astrophysical
g The case for

background
Intermediate Mass

Tornado (SNR?)

“Substructures in the Galactic halo E:ai:'Hr?le- | §a|&|1_|><_y s'U.SterT
Q Lower signal 'gh signa 'gh signal
Q Cleaner signal d Clean signal Q High astrophysical
. Q Unproven existence background signal

e DT ,
iy > _"* ’ . i
2% OV

- 80'kpe.

Emmanuel Moulin PLANCK 2010 4



The TeV signal from the Galactic Center

emission
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x Flux (TeV.cmi’s™)
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Power law with
exponential cut-off

I'=2.10 £ 0.04
E., = 14.7 + 3.40 TeV

10

Energy (TeV)

Bulk of VHE emission from Sgr A East excluded
SMBH and PWN are good candidates

Most probably, if DM signal exists is overcome by

standard astrophysical emitters
A DM contribution is not excluded: estimated to

be < 10%

Interpretation of DM signal embedded
In astrophysical emission is hard
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Satellite galaxies of the Milky Way

d HESS:
- 2006 Sagqittarius: 11 h
) Astropart. Phys., 29, 55 (2008)

pPMSSM + Cusped NFW profile
PMSSM + Cored NFW profile
- pPMSSM predictions
. pMSSM predictions + WMAP

- 2008/2009 Sculptor, Carina
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d MAGIC: J VERITAS:
- 2008 Draco: 8 h - Draco: 20h

Apd.679, 428 (2008)| [ Ursa Minor: 20 h
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- 2009 Willman 1: 15 h

Only very high flux enhancement can be excluded

No dark matter signal so far, nor hints
only upper limits
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HESS constraints on DM annihilations
from Sagittarius

« Distance from Sun : 24 kpc R

. Mass ~3x108 M BUT the DM halo modelling is hard
. . sun due to tidal disruption

« Tidally disrupted Core/Cusp profile?

Exclusion on the velocity-weighted annihilation cross-section :

—

(=]
N
=)

95% C.L. limits « pMSSM models obtained with
DarkSUSY4.1
=> |large scan of the parameter space
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IL hermally-produced DM

pMSSM + Cusped NFW profile

|“' + Core rofile . .
| ot oo Strong contraints with the core model:
PSSM predictions + WHMAZ - neutralinos: <ov> ~ 2 x 10-25 cm3s-!
1 For LKP : <ov>~4 x 1026 cm3s-1

Astropart. Phys., 29, 55 (2008) Moy (TeV)
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Sculptor/Carina dwarf galaxies (1)

« Distance from Sun : 79 kpc « Distance from Sun : 101 kpc
« Mass ~1x10° M, « Mass ~2x108 M,
* No significant disruption « Some disruption
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U Various DM halo profiles = helps to estimate the astrophysical uncertainties
U Astrophysical factor enhancement from substructures:
=> negligible for pointlike searches towards the galaxy center (a few percent)
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Sculptor/Carina dwarf galaxies (2)

« Particle physics enhancement: Sommerfeld effect

=>» particularly effective in the low-velocity regime

* Internal bremsstrahlung:

=» may enhance the gamma-ray flux in some specific
region of the MSSM parameter space

— secondary

total

102 EANnihilation spectrum
for winos

NFW profie

NFW profie with Sommertold effect

NFW profie with 1B

NFW profie with Sommerteld effect and 12
Theoretical Wino

Thermaly produced WIMP

-4
1079 "0.1 0.2 03 04 05 0.6 0.7 0.8 09 1
Xx=E/m

O In stau coannihilation region
of MSUGRA:
considerable contribution for
wino annihilation from
the IB (Bringmann et al., 2008)

Q Significant effect on the limit
In the low mass regime
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Dark matter in Galactic globular clusters?
The example of M15

* No clear observational evidence of a
significant amount of DM

« Mass profile well described by a
pure baryonic component

* However, in the cosmological formation
paradigm, globular clusters may have
been formed in a DM halo

... NFW+AC model

Final DM halo
hipple, ApdJ, 678, 594 (2008)

A Optimistic DM halo profile o=k M15 /

L Exclusion on <ov> (95% C.L.): o (NFW+AC)
~107% cm’s™ 10
107
10
Not possible to exclude any 102

-30 .-
MSSM models 10 10°

10°
Whipple, Apd, 678, 594 (2008) M, [GeV]
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HESS constraints on M15

B HESS, AC NFW
Whipple, AC NFW
102’ = —— HESS, initial NFW
HESS, final

-28
10°.0570.1 0.2 1

2 34

Whipple limit with AC halo

H.E.S.S. limit using Whipple DM
halo modelling

v Very dense stellar environment

v Hypothetical DM halo affected by
scattering off of stars

=>» DM in the core likely to have
been wiped out

4 Interaction between stars and DM cannot be neglected
U Dark matter halo modelling is hard
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HESS constraints on NGC 6388

O Initial DM profile : NFW

— DMiinitial 4 Adiabatic contraction of DM by
[ e s baryons infall
baryonsfinal U Adiabatic black hole growth may have

— = DM final

steepened the DM profile
U Scattering off of stars on DM
=» DM in the core likely to have been wiped out

— Initial NFW profile

Constraints using a realistic DM e e Finalprofi
ermally-produce
halo profile of ~10-23 cm3s-1

-26
10°.05 01 0.2
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The DM halo of a Milky Way-like Galaxy:
=» Concentration of dark matter. ‘s
in massive halo objects : clumps

80 kpc A .
k i " Via Lactea 2 .

¢ SubstruCtﬁres in Galactic haloes_
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HESS flux sensitivity map
to Dark Matter annihilations
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HESS Phys. Rev. D78, 072008 (2008)

« H.E.S.S. flux sensitivity map in a large field of view: [-30,60] x[-3,3] deg.?
= at the level of 10-2 cm2s




The case for DM mini-spikes
around Intermediate Mass Black Holes

~100 IMBHs de ~10° M, in the Galactic halo (Koushiappas, 2004)
Accumulation of DM around these objetcs (Bertone, 2005)

L »
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°

Gamma-ray luminosity from IMBH :

H.E.S.S. sensitivity can put strong constraints on
particle physics models in this scenario

Aharonian et al., PRD78:072008,2008
102

H.E.S.S. 90% C.L.
5v=3x10" cm’s" » pMSSM

e O Strong contraints B K PMSSH + WNAP

T on the annihilation '
cross section inMSSM

O Contraints on

the entire gamma-ray

INEEII T
T=AAL} I3h ire.

nomlnal : ?
sensitivity | production scenario

10l 10 10" 101 101 1010 109 10°®
®,(E >100 GeV) [cm™s™] around IMBHs
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