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Gamma-ray indirect DM searches
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* Characteristic spectral features: Bringmann & Wemiger 2012)
+ Separation from background AE/E=0.15 .
10; .':. :
+ Measure basic physical properties: : AE/E=002 ]
mass, cross-section / lifetime _ ~"
: o 1L i
* Gamma rays or neutrinos do not S | ]
suffer from propagation effects: Z qq.ZZ . WW
s ] J
+ Can determine DM abundance and 0'1§ i
distribution in the Universe
* Gamma rays easier to detect 001
compared to neutrinos - | | | !
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+ Different sensitive to different _
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channels
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Gamma-ray fluxe

dN/dE for bb, m = 500 GeV

W

* Expected differential gamma-ray :
flux: - g |
""" Fo-!
42\ L {o0) J(A9) AN ST
dE dm  2méE dE s

*x The astrophysical or J-factor NI P ;|c2>5§|%}IE[G;v)

depends on the DM distribution:

Geringer-Sameth et al ApJ801(2015)74

Fit to stellar surface density and s
velocity dispersion profiles
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Targets for gamma-ray DM searches

A

Higher flux

Galactic Centre

Galactic
Center Halo

Galaxy clusters

Robust
predictions

>

<

Large
uncertainties

* Relevant parameters:

+ DM quantity, concentration
and distance ! Lower flux

Dwarf galaxies

+ Uncertainties
+ Astrophysical background
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Sensitivity to gamma-ray DM searches
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* Gamma-ray continuum spectra peak at energies ~m,/30-m,/3

* Form,~[10 GeV, 100 TeV], the most relevant instruments are:

+ Fermi-LAT
+ Cherenkov telescopes: MAGIC, VERITAS, HESS, CTA (future)
+ Water Cherenkov detectors: HAWC, LAAHSO, SWGO (future)
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Fermi Large Area Telescope

*x Space-borne telescope:
+ QOperating since August 2008

+ Anti-coincidence shield + tracker +
calorimeter

* Almost background free — ,5 el i
*x Energy range 100 MeV - 300 GeV E, 3
*x Energy resolution: 10-15%

* Angular resolution:
~1°(0.1°) @ 1 (100) GeV

* Field of view: 2.4 sr (1/5 of sky)

* Full sky survey every 2 orbits
(~3 hours)

*x ~100% duty cycle
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* Gamma-ray flux drops exponentially with
energy
— for E>100 GeV large collection areas needed
— Cherenkov telescopes (MAGIC, VERITAS,
HESS since 2000°s + CTA in the [near] future)

* Intense CR background
— Imaging technique

*x Energy range ~100 GeV - ~100 TeV
*x Energy resolution 10-15%

* Angular resolution ~0.1° at 1 TeV
* Field of view 3-5°

* Duty cycle: ~10%

* Pointed observations, systematic scans of
limited regions

*x Several telescopes for better performance
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* Altitude: 4100m (Sierra Negra, Mexico)
* Since: 2013 (partial) / 2015 (full detector)

* 300 water Cherenkov detectors
covering 22000 m2

*x Highest energy range: 300 GeV - 100 TeV

* Wide field of view:

+ 15% sky field of view

+ 2/3 or sky scanned every day

* Duty cycle: ~100% P %{;’Q
* Angular resolution: = N
1° @ 1TeV P i

0.2° @ >30 TeV

|/
V

* Relatively poor CR/gamma-ray separation,
much better by LHAASO thanks to muon
detectors
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BIEBS = [

o \ Likelihood analysis

Total likelihood:

Ndsph

L(x;v|D) =

Likelihood per target:

N meas

L’Y("J}P’rDv) —

Likeliho

per observations:
NE/ N H/

k(@] [ D) HHP(SU af; ) + bij(u) [Nij) - L (p| Dy,
=1 j=1

* Different instruments basically differ in the relevant nuisance parameters g and their pdf
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Galactic Center
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*x Highest J-factor from Earth S —
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* Observed by HESS for 10 years
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Drawbacks of GC analysis

* Sensitive to the choice of DM R P
density profile SR 45 e — coreanew
* For very deep observations, both ;‘E”s? oo
statistical and systematic S
uncertainties on background e
estimation become important (more T
complex analysis needed) .
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Sliding window
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* Contain substructure
— boost to DM annihilation signal (by factors
10-100)
— big uncertainties due to extrapolation
from simulations

* DM decay signal intensity depends only on
total mass (huge) and therefore can set
strong and robust limits from galaxy clusters

* Extended sources for IACTs
— more difficult analysis

* Results from Perseus cluster:
+ Very deep MAGIC observations (200 h),

+ Gamma-ray source (NGC1275) coinciding with
center of DM halo

+ Signal “contamination” of background

+ DM lifetime > 1025 (1026) s for 1 (10) TeV
WIMPS

Galaxy clusters

NGC1265

*
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Dwarf spheroidal galaxies
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Comparison with neutrinos
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* Comparison between results sometimes difficult due

to different assumptions/conventions used during
analysis & 4 Combined analysis!

* Sensitivity improves when considering all observations |
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* Joint-likelihood depending on one free
parameter (proportional to gamma-ray
intensity), one term per target:

i‘JObs,iaO'Z')

E(O"U V‘D Z,/,L@|D@)j(<]

* Can include target-W|se uncertainties on
J-factor

! X 6_(10g10(J)_10g10(J0bs))2/20'2
1n<10)<]obs 2o

j(J ’ Job570) —

*x For each target, one term per instrument
having observed it:

1nstrument

Li((ov); Ji, mi | Di) = H Lij({ov); Ji, pij | Dij)

* Combined anaIyS|s can be done by just
sharing likelihood vales vs free parameter
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Combined analysis: Glory Duck project

* Combine results from all dSphs observed by dSph Instrument[s]
Fermi, HESS, MAGIC, VERITAS and/or HAWC Bootes | VERITAS, HAWC, Fermi,
in their lifetime Canes Venatici | HAWC, Fermi

Canes Venatici ll HAWC, Fermi

Carina HESS, Fermi
+ Same DM density profiles BN =L G MAGIC, HESS, HAWC, Fermi
Draco MAGIC, VERITAS, HAWC,
Fornax HESS, Fermi

Hercules HAWC, Fermi

Leol HAWC, Fermi
Leo ll HAWC, Fermi
Leo IV HAWC, Fermi
Leo T Fermi
Leo V Fermi

Sculptor HESS, Fermi

Segue 1 MAGIC, VERITAS, HAWC,

Segue 2 Fermi

* All datasets analyzed using common approach:

+ Same gamma-ray spectra from the same channels

+ Common treatment of common experimental
uncertainties
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* Two sites, telescopes of three
different sizes

* Alpha configuration:
+ North (La Palma): 4LST + 9 MST
+ South (Paranal): 14 MST + 37 SST

*x Sensitive to the thermal relic
density for WIMP masses above
~200GeV
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