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I — Basics of Dark Matter Searches
in Gamma-rays

WIMPs
Spectra
Targets



WIMP Dark Matter properties

Qv = 0.233 +0.0013 (nacomy 4

C» Beyond standard model physics needed! **

Weakly
Interacting
Massive
Particle

Lepto-philic
dark matter

Dark
Matter

TODAY

'wo ‘popular’ DM scenarios that give gamma-ray signals:

" DM particles with EW properties. Typical
mass ~ 100 GeV and required DM relic
density thermally produced with x-section:

(0V)thermal ~ 3 X 10_26cm3/s

: High annihilation/decay rates into leptons to
fit the PAMELA/FERMI electron and positron
observations: mass ~ 1 TeV, and an

annihilation rate <0v> N 10_230m3/s

J




A WIMP signal in gamma rays
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Advantages of gamma-ray: Simple propagation,

signatures in energy spectra & spatial distribution




Energy Spectra

Secondary photons

Secondary photons (tree level)

‘E2 x Flux’
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Particle physics

Internal Bremsstrahlung
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DM distribution

Galactic Center
Satellites Milky Way Halo

DM targets

All-sky map of gamma rays from
DM annihilation arXiv:0908.0195
(based on Via Lactea Il
simulation)
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II - Gamma-rays from the ground



Air Cherenkov Telescopes (ACT)

dWide mirror telescopes with atmosphere as calorimeter
Shower topology to separates EM from hadronic signals.

- ~ 104 m? effective area
-~ (0.1° angular resolution
-~ 100 GeV Energy threshold

dLimited field of view (few degrees), so

duty cycle challenges
- DM compete with astrophysical targets

- Typical time for DM targets ~30 hrs

Elevation (km)




ACT - Pointing to Dwarf Galaxies

d No detection set upper limits on DM annihilation x-sections

— Stellar kinematics to determine DM mass/profile
- <ov> less than ~[103-104]x <OV>hermal
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Observations of the Galactic Centre Region

JdGalactic center analyses:

— ACT flux measurements

require definition of Source

and Bkg. regions:

— Sobs. o Bobs

— HESS constraints:
NO(]-O) X <OV >thermal

Insensitive to cored DM
density profiles

Significant improvement

could come from CTA
(x10 sensitivity, energy
range ~0.01-100 TeV [1008.3703])
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III - Gamma-rays from space



A Fermi - Large Area Telescope

JdKey features in DM searches

- &
- ~0.8 m? peak effective area La\)ﬂcge
. e )
- Energy range and resolution g™y, Y Tracker

e~20 MeV - >300 GeV
with 7% <0g<15%

- <0.2° angular resolution at
energies >10 GeV

e From point sources to

full-sky diffuse emission ACD S IR

- Full-sky coverage s

e All targets at same time

—all sky in 2 orbits (3 hrs)

—No competition in observing time

e 3 years in space, 5 years
minimum lifetime, 10 planned.

Grid

Calorimeter



Fermi all-sky
2-years,
energies > 1 GeV

V-ray sky




V-ray sky

Galactic Center

Satellites Milkky Way

Fermi all-sky
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energies > 1 GeV
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V-ray sky

Galactic Center

Satellites Milky Way Halo
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Extra-galactic

Galaxy Clusters



- Point Sources

Dwarfs
Clusters
Unidentified sources



Dwarf Galaxies

dLargest known DM clumps in our halo
— No astrophysical emission expected in y-ray
- 1styr Fermi: <ov> < ~10X<0V>ermal @ 100 GeV (Draco, Ursa Minor...)

Upper limits, Combined Likelihood limits of 10 dSphs

e-21 107 . . . _ _
— Thermal WIMP cross-section == u7u~ Channel Pre“ml_nary' A combined I_Ike“hOOd
_t| =t Channel — w-w chamel|| a@nalysis of 10 dSph galaxies;
7 [[—_7 7 Channel | 4 including DM density uncertainties
§ ouf PRELMINARY (i.e. J-factor). [M.L. Garde, FS 2011]
S
| Non detection = Strong
: Robust
o Upper limits
S 10%}
; .
i regime for:
‘161 1(1)2 103 1, 4+, -
5GeV WIMP mass [GeV] 1000GeV bb and Wi channels

for WIMP < 30 GeV



Galaxy clusters

J A place to search for ~TeV mass Lepto-philic DM models
— Clusters constitute the largest DM halos

— Leptons IC on CMB (+star+dust light) producing y-rays

- 'No’ diffusion on cluster scales
— DM signal enhanced due to subhalos

No clusters detected by Fermi (so far) ™ f

= Flux limits on individual clusters

Annihilation: ¥~ channel
10% in sub halos down to 107 Msun mé
(11 months data). S, 10
[Fermi:JCAP 1005:025,2010] é
@
\"
FERMI work in progress: '

Incl. 24 month data + a stacking
analysis to improve statistics

10%
Factor ~2.5 improvement

Muon-Antimuon final state

Ruled out bly Fermi-LAT
Gamma-Ray Limit
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DM lifetime [s]

Galaxy clusters - 11
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DM in Unidentified Sources

JdFew low-mass DM clumps
potentially detectable

1385 unassociated sources
tested (b>10) against:

- Non-power-law spectra
- Spatially extended

—

No DM satellites candidates
found in 1-year of data:

— 2 sources passed spatial
extension. 1 of them also
the spectral test; which
subsequently was found
coincident with a
millisecond pulsar
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- Extended regions

Caveats

Line search
Galactic Halo
Extra Galactic



All sky — Challenges in Analysis

d Residual maps from GALPROP models
show large scale structures

- Fermi lobes/bubbles,
Loop I, dark gas ...

Su, Slayter and Finkbeiner, ApJ 2010 J Galactic center, inner <15°

— Low level residual structures and
points sources are under study

- Forthcomlng paper will describe
method
and

<2/ obes . results.

also Dobler et al ...

Galactic latitude
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>@/ Spectral Line search
- ~ §

dSearch for y-ray lines in all-sky spectrum
— No astrophysical bkg.

- A uniquely DM signal. | —t—
I 1087 point sources

Typically a loop suppressed signal B subtracted in ROI
<OV> YY ~ 10'4>< <0V> thermal “

b D iminar « ¥+ | UNo line feature detected:
t [ relminary N |
&) -T'f‘ — Energies scanned
Eir 1y from 7 to 200 GeV
2 - Upper limits
v * + 20 % overall scale systematic error |

.Adz(?itignal sysliemaltic g:tstructture witrfli;)T ] <0 V> ’Y’Y < (1 0_3'0 . 1) X <O V> thermal
c _oR resolution for E < 13 GeV of s/bg ~ 1%.
g 1= * For E > 12 GeV no indication of a structure

systematic effect is seen. . .
= g | —Constrain some scenarios
= - (Higgs in Space, Gravitino decay,
“ . eothermal non thermal WIMPs ...)
- l“_wn ,’Jl(l l(lm lfjﬂ B(Im

WIMP mass (GeV) N.B. spurious effects (CTBCORE) in

2-year data, update to PRL 104, 091302, 2010 Pass6v3 @ ~7/GeV, solved with Pass 7
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Limits on the Milky Way DM halo

dExploits both spectral and spatial information Pre// .
- Data binned in both energy and angle ’”/na

— Large scale residuals favor DM components (e.g. the Fermi lobes;
although the DM model do not fit their signal+sharp edges)

— Restrict sky region 5°<|b|<15°, |I|<80° (use 2-yrs data)

QUpper limits

1) Incl. model of MW Galactic diffuse emission (purple lines);
Varying individual CR param. effect limits up to ~40%

2) Conservative: DM fluxes kept below diffuse emission (blue lines)

-
o
-
-
-
-
-
-

m [GeV] m [GeV]



E’dN/dE [MeV’ cm? s MeV]

Fraction of IGRB

Isotropic gamma-ray Background

" Ae el
A p

Full sky Galactic diffuse Point sources

Components:
1) Unresolved point sources:

Blazars, star forming and radio galaxies

. but these might not be enough
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2) Other astrophysical sources

(MeV blazarrs, ms pulsars ...)
3) DM form over-densities by gravitational
collapse: annihilation rates can be greatly
enhanced («p?). Also substructures in the

local MW DM halo could contribute.
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Isotropic gamma-ray Background

Full sky Galactic diffuse Point sources

Components:
1) Unresolved point sources:
Blazars, star forming galaxies,

[-.- MSI-Res BulSub
— MSII-Subi == MSII-Sub2 [
\.‘.é‘solo . - ‘

99999°I° g

... but these might not be enough
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Fermi: JCAP, 04, 014, 2010
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2) Other astrophysical sources

(MeV blazarrs, cluster shock, ms pulsars ...)
3) DM form over-densities by gravitational
collapse: annihilation rates can be greatly
enhanced («p?). Also substructures in the

local MW DM halo could contribute.

Potentially strong DM signals, but not robust
enough predictions to set the strongest limits.



Anisotropies in the ‘isotropic’? p"@/imina
Fy

DATA (P6_V3

dSearch for anisotropies in the
diffuse y-ray emission via the
Angular Power Spectrum

1) = Y ten¥en®) | Co = (aem )

— Potential to reveal un-modeled
source classes, including DM

ELIMINARY

3.1073 B S LA, B A o o o - "
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— Angular power Cp/ <I>? ~ 10 sr : % DATA: SHUFF EXP O
- 2:10°F _—
z é X
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Anisotropies in the ‘isotropic’? p"e/imina
Fy

DATA (P6_V3 diffuse), 1.0-2.0 GeV

dSearch for anisotropies in the T
diffuse y-ray emission via the : <4
Angular Power Spectrum

1) = Y ten¥en®) | Co = (aem )

— Potential to reveal un-modeled 1O e e 10 s ety e )
source classes, including DM

CP / <][>2 [fluctuation APS]

] 2.0_10-5. : ' ————
(JResults (155<1<504): | DATA
— Angular power Cp/ <I>2 ~ 10 sr R DATA:CLEANED O ]
— Consistent with no E-dependence _ :
« Consistent w. single population g 10:107F ’[‘ é $ ]
G 50°107°F [{] -
oF
. PRELIMINARY
—5.0:107°[ . R
1 10

Energy (Gev)



Anisotropies in the ‘isotropic’? p"e/imina
Fy

dSearch for anisotropies in the
diffuse y-ray emission via the

Angular Power Spectrum
Cy =

I(y) = Z aemYem (V)

(laem|®)

— Potential to reveal un-modeled

source classes, including DM

(JResults (155<I<504):

— Angular power Cp/ <I>? ~ 10 sr
— Consistent with no E-dependence
« Consistent w. single population
— Intensity spectra: power law E-24

* Unresolved blazars?
Spectra match resolved blazars

107®
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Anisotropies in the ‘isotropic’? p"e/imina
Fy

DATA (P6_V3 diffuse), 1.0-2.0 GeV

dSearch for anisotropies in the =T
diffuse y-ray emission via the o G0 N
Angular Power Spectrum

1) = Y ten¥en®) | Co = (aem )

— Potential to reveal un-modeled
source classes, including DM

JResults (155<I<504): 10716 — —
2 5 — DATA X
— Angular power Cp/ <I>4 ~ 10 sr > X SATACLEANED o
— Consistent with no E-dependence “% U -
. . . ) X
 Consistent w. single population 7
— Intensity spectra: power law E24 o 107 . :
* Unresolved blazars? 5
Spectra match resolved blazars g 1071 -
d DM: Cp/<I>? ~104-0.1 @ 1=100; c\)“ PRELIMINARY s
107 . A

If single source class. -
work in progress .... Energy Gevi

[E—



Summary - DM searches in Y-ray




@s,ami Summary — DM searches in y-ray

d A wealth of new data
— Point sources cleanest DM targets

e Fermi limits on dwarfs rule-out benchmark WIMPs
with thermal x-section and mass below ~10 GeV

— All sky (line, EGB, anisotropies) accessible to Fermi
e No signs of DM — constrain some scenarios
- Extended regions (MW DM halo, inner Galaxy)
e Potentially promising but hard
e Diffuse and point source emission modeling uncertainties
— MilkyWay halo and galaxy cluster analysis
e Disfavor lepto-philic DM models from CRE ‘excesses’
d Hints from Direct, Accelerator and/or CR searches

— Reduces DM models phase spaces for y-ray cross checks
- Fermi and IACT complementary in energy range





