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Dark Matter & Gamma rays

y-ray details of particle physics
/ covered in Lars
Bergstrom’s talk
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Observing gamma-rays in space: Fermi

> pair-conversion telescope launched
in June 2008

> energy range 20 MeV to >300 GeV
> effective area: ~0.7 m?

> mostly in survey mode: observes each
point in the sky every three hours

> public data after 24 hours
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http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm

measure the Cherenkov light emitted by
the shower particles

energy range: 30 GeV to 100 TeV
effective area: 10° m?

mostly in pointed observations
angular resolution 0.08 deg @ 500 GeV
energy resolution 15-20% @ 500 GeV
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measure the Cherenkov light emitted by
the shower particles

energy range: 30 GeV to 100 TeV

effective area: 10° m?

mostly in pointed observations

angular resolution 0.08 deg @ 500 GeV

energy resolution 15-20% @ 500 GeV
 ongavast

new generatlon of
particle arrays




The Cherenkov Telescope Array (CTA)

' Array of >50 telescopes . e R g o
(3 telescope types) R - vt g, AT

| 20 GeV to >300 TeV energy range
factor 10 |mprovement In sensitivity

significantly improved angular and
energy resolution

- two observatories: North and South

Lo
Prototypes: now; first science 2017, completion 2020
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Differential Flux sensitivity
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Regions of enhanced dark matter density

Dwarf spheroid galaxig
Galaxy clusters
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Dark matter profiles

Gomez-Vargas et al (2013)

Gomez-Vargas et al (2013)

-
10: o NW N
10 ":\s\ ._; N'F\%s‘o — v ’/‘—
04l ‘\\\ "= Burkert 7 i )
T 103 N e F T
e 10°r o 107F I T
(3) 7] R T - T eaesssasamsasansses
> 0 T A
S 1ot 0000000 TSI g 107k 4 — NFW
QU o~ .
100 B . ﬁ 1021 ' Einasto
10! dark matter density I~ J-factor o
102 . : . 102 : . .
0.001 0.01 0.1 1 10 0 5 10 15 20
r [kpc] ¥ [deg]
- —
dE — 47 9m?2 dE gfr X d(2 P ’f‘(l, 0 )dl(ra 0 )
AN Y/ los |
— — N S — - -
’Particle Physics’ " y(E)

Gernot Maier
Dark matter searches with gamma rays | ECRS 2014




Challenges: astrophysical background

Fermi LAT 3-years sky
map > 10 GeV
(Ackermann et al (2013

large number of astrophysical gamma-ray emitters often in

spatial coincidence with largest dark matter concentrations
typical broad spectra and weak fluxes from DM annihilation/decay:
very similar to astrophysical sources
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Photon spectra from dark-matter annihilation
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Photon spectra from dark-matter annihilation

I Bringmann & Weniger (2012)
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note: line features may also arise due to unshocked

e*e” winds created by pulsars
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y-ray lines: annihilation limits from 100 MeV to >10 TeV
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The inner Galaxy (>100 GeV)
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The inner Galaxy (>100 GeV)

Gomez-Vargas et al (2013) Gomez-Vargas et al (2013)

F F "
E - Prompt ¥ E - Prompt 1
- =—Prompt + ICS % _2al =—=Prompt + ICS S
1072k 10"
— 1072k — 1072}
77 z W g
o C NFW n :
U Sy 1 & WME»- NEW .-
E - . ifl - — - . O - —
= [ _l,n,l:’g' ’,// — i Einast()’ e
/g\ T S /g\ 10'252--——“--—'/
vV 10_26; Burkert / e 10_26; Burkert
E o"’“ E -
B -~ ._,”" B — ”/’
10°27f =" 1072 pommm=="
: NEW, : NFW,
10_28 a a : s B 324838 a : a2 8 222l a 10-28 1 1 TR R | 1 TR WA | 1
5 10 20 50 100 200 500 10002000 5 10 20 50 100 200 500 10002000

mpwm [GeV] mpwm [GeV]

results from conservative approach (no background model)

Gernot Maier 1 4
Dark matter searches with gamma rays | ECRS 2014



The inner Galaxy (>100 GeV): a signal?

Dark matter searches with gamma rays | ECRS 2014

significant excess in the inner o
region after subtracting the
astrophysical background
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but: non-standard event selection & background
modeling, unknown MSP population?



The inner Galaxy at >100 GeV: measurements from ground

most sensitive search for ground based instrument suffer from
high DM masses irreducible background from charged
cosmic rays:
Dominant emission from careful definition of background regions
astrophysical sources required
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The inner Galaxy at >100 GeV: measurements from ground

Silverwood et al 2014
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Uncertainties of dark matter profiles

Silverwood et al 2014
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Spheroidal Dwarf Galaxies

> nearby & DM dominated (mass/light ~ 10—100)

> low astrophysical background expected (lack of

recent star formation and gas)

> stellar kinematics allow to measure to predict the
amplitudes of dark-matter signals within a factor of

few (ultra-faint dSph) and 20% (classical dSph)
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Spheroidal Dwarf Galaxies, stacking and Seqgue |
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Isotropic gamma-ray background
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Conclusions & Outlook

enormous progress with current experiments (Fermi, HESS,
MAGIC, VERITAS: start to probe the interesting parameter space

complementarity with direct searches and collider experiments

CTA will reach the thermal relic cross section for WIMP masses

>100 GeV

-
S —
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y-ray line searches: decay
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Angular resolution
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Regions of enhanced dark matter density

Fermi LAT 3-years
sky map > 10 GeV

Dwarf i P ) dark

spheroid ___—
galaxies - - . ,‘
e L | " Galactic Centre

; oo -(largest J(e))

.satellites Galaxy
o [VES (=165

isotropic flux and anisotropies

dPy 1 < Gannt > x—~ dNJ 7
dE, 47 2m% vp r dE, F

- J

'Particle Physics’ JAstrophyaica” '

Gernot Maier
Dark matter searches with gamma rays | ECRS 2014




Challenges: background of charged cosmic rays

For ground-based instruments
and observations towards the Galactic Centre halo
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y-ray line searches: selection of region of interest

optimal region of interested
depend on:

= decay (~DM density) or annihilation
(~DM density?) ?

= is search limited by statistical (S/VB)
or systematical uncertainty S/B)?

= consider astrophysical background
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