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DARK MATTER DISTRIBUTION

& The dark matter annihilation (or decay) signal strongly depends on the dark matter
distribution.

& Cuspier profiles and clumpiness of the dark matter halo can provide large boost factors

NFW profile
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HiIGH ENERGY GAMMA-RAY

EXPERIMENTS
ON THE GROUND IN SPACE

Fermi LAT
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GROUND VS SPACE
BASED EXPERIMENTS

Lower energy thresholds accessible in space, and up to ~100 TeV energies with experiments
on the ground. Overlap in the ~100 GeV region

Larger field of view, great duty cycle, and all sky coverage in space

Fermi LAT FoV ACT FoV

Single photon angular resolution: ~1° at | GeV (Fermi
LAT), ~0.1° at 100 GeV (ACTs, Fermi LAT), ~0.05° at |
TeV (ACTs)

Energy resolution: ~ 8% at 10 GeV (Fermi LAT), ~15% at
| TeV (ACTs)

Large collecting area on the ground (high sensitivity)
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THE FERMI SKY

Fermi LAT data _ 2 years,E > | GeV




UNDERSTANDING THE
GAMMA-RAY SKY
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GALACTIC DIFFUSE EMISSION

@ The diffuse gamma-ray emission from the Milky Way is produced by cosmic rays interacting with the
interstellar gas and radiation field and carries important information on the acceleration, distribution,
and propagation of cosmic rays.

sources galactic diffuse isotropic

X-ray, gamma-ray
cncry Y7 ¢ 9




ALL SKY MODELING

& Cosmic ray origin, propagation, and properties of the interstellar medium can be constrained by
comparing the data to predictions.

& Generate models (in agreement with CR data) varying CR source distribution, CR halo size, gas
distribution (GALPROP  http://galprop.stanford.edu) and compare with Fermi LAT data (21
months, 200 MeV to 100 GeV)

On a large scale the agreement between data and prediction is Fermi LAT Collaboration, to appear in Ap]J

overall good, however some extended excesses stand out. e —
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EXTENDED LOBE-LIKE FEATURES
IN THE FERMI SKY

“Gamma-ray Bubbles”
Su, Slatyer, and Finkbeiner (2010)

& Gamma-ray bubbles (Su et al 2010):

very extended (~ 50° from plane)
hard spectrum (~E2, [-100 GeV)
sharp edges
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possible counterparts in other wavelengths § ‘\v ,x,, Lr "%‘

.

(ROSAT,WMAP, and Planck) & ) 3

@ Outflow from the center of the Milky Way: jets R
from the supermassive black hole? starburst?

Fermi LAT data, E>10 GeV

Fermi haze,2 < E <50 GeV
Dobler, Cholis, & Weiner (2011)




GALACTIC CENTER REGION

© Steep DM profiles predicted by CDM = Large DM annihilation/decay signal from GC!

® Good understanding of the conventional astrophysical background is crucial to extract
a potential DM signal from this complex region of the sky:

» source confusion: many energetic sources near to or in the line of sight of the GC

» diffuse emission modeling: large uncertainties due to the overlap of structures
along the line of sight, difficult to model
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FERMI’S VIEW OF THE INNER
GALAXY (15°X15° REGION)

Fermi LAT preliminary results with 32 months of data, E>1 GeV (P7CLEAN_Vé6, FRONT):
.

Galactic latitude (deg)

’ § 3 1 ]
6 K 2 0 A58 356 354
Galactic longitude (deg)

L 1
4 27 i6 15 4 63 72 81



FERMI’S VIEW OF THE INNER
GALAXY (15°X15° REGION)

Fermi LAT preliminary results with 32 months of data, E>1 GeV (P7CLEAN_Vé6, FRONT):
.

Galactic latitude (deg)

6 K 2 0 A58 356 354
Galactic longitude (deg)

I8

) Galactic diffuse emission model: all sky GALPROP model tuned to the inner galaxy
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Fermi LAT preliminary results with 32 months of data, E>1 GeV (P7CLEAN_Vé6, FRONT):
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) Galactic diffuse emission model: all sky GALPROP model tuned to the inner galaxy

= Bright excesses after subtracting diffuse emission model are consistent with known sources.



FERMI’S VIEW OF THE INNER
GALAXY (15°X15° REGION)

Fermi LAT preliminary results with 32 months of data, E>1 GeV (P7CLEAN_Vé6, FRONT):
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FERMI’S VIEW OF THE INNER
GALAXY (15°X15° REGION)

Fermi LAT preliminary results with 32 months of data, E>1 GeV (P7CLEAN_Vé6, FRONT):
DATA DATA-MODEL (diffuset+sources)
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= Diffuse emission and point sources account for most of the emission observed in the region.



H.E.S.S., MAGIC, VERITAS:
GALACTIC CENTER SOURCE

© Consistent spectrum observed by HESS (>100 hrs), MAGIC and VERITAS (~ 25 hrs,
large zenith angle observations)

© GC source spectrum consistent with astrophysical particle accelerators
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H.E.S.S., MAGIC, VERITAS:
GALACTIC CENTER SOURCE
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GALACTIC CENTER SOURCE:
GEV/TEV

© GeV/TeV spectrum compatible with gamma-ray production from protons accelerated
in Sgr A* and diffusing in the interstellar medium

© No time variability
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DIFFUSE TEV EMISSION

@ Single source of cosmic rays does not seem to explain the observed diffuse emission
in the galactic ridge observed by HESS

0.2-10 TeV emission if Sgr A* is sole

source of CR
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H.E.S.S.: GALACTIC HALO

GC is complicated by astrophysics, look away from it!

Signal region: relatively close to GC but “free” from
astrophysical background
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Select a region where the contribution from DM is
smaller for background subtraction (background
region)

Small dependence on DM profile

Abramowski et. al. Phys.Rev.Lett. 106 (arXiv:1103.3266)
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CONCLUSIONS

Preliminary results from Fermi LAT show that most of the emission from a |5°x15°
region around the direction of the Galactic center can be modeled in terms of
diffuse emission and sources. Papers are forthcoming and will include dark matter
results

Interesting constraints on the nature of dark matter have been determined by HESS
with very high energy gamma rays

Our knowledge of the conventional astrophysical background is uncertain. This is
currently a big limitation for the search of dark matter in the Galactic center with
gamma rays, which otherwise has huge potential for discovery or for setting
constraints.

In addition, better understanding of the dark matter density distribution in the
Galactic center is essential in interpreting observations.
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Thank you!



