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Indirect Detection

Indirect detection is a promising avenue for dark matter discovery
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Fermi LAT

Today, the Fermi LAT is one of the best probes of high-energy
gamma rays from dark matter annihilation

Launched June 11, 2008

Sensitive to energies from
20 MeV to > 300 GeV

Scans over the whole sky every
three hours
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GeV Photon Excess

Total Flux Residual Model (x3)
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Template Analysis

For a given pixel, find the photon contribution of each component in
each energy bin

B Component 1

B Component 2

M Component 3

Photon Energy

Use spatial information of the different source components to
determine whether they contribute in a given pixel

Likelihood maximization determines overall normalization of each
component in the region of interest, for a given energy bin




The Signal

Approximately spherically symmetric, centered on Sgr A’
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Flux fall off radially as ~ r(2:2-2.6)

Extends up to 10° off the plane
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Diffuse Background

High-energy y-rays produced from cosmic rays propagating in the Galaxy

Depends on location of cosmic-ray sources and on the gas distribution

Modeling of diffuse emission in the Inner Galaxy is uncertain;
local measurements do not set very tight constraints in that region
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Evidence for excess emission appears to be robust even under
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Diffuse Background

uncertainties in diffuse emission models
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New Injection Sources

Example 1

New population of cosmic-ray
protons injected at the GC

Correlated with gas distribution
-- spatial morphology?

Carlson and Profumo [1405.7685]

Example 2

Inverse Compton emission off
high-energy electrons injected
with 105233 ergs of energy
about 10° years ago

Petrovic, Serpico, Zaharijas [1405.7928]
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Dwart Galaxies

Six years of data from Fermi LAT used to search for gamma-ray emission
from 15 dwarf spheroidal satellite galaxies

Constraints fall below the thermal relic cross section for dark matter masses
less than ~100 GeV (bb annihilation channel)
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New Dwarf Candidates

Evidence for 8 new dwarf candidates from Dark Energy Survey

These stellar overdensities range in heliocentric distance from 30-300 kpc

....................

..............

® Known satellite galaxies sy
® DES candidates

Bechtol et al. [1503.02584]; Koposov et al. [1503.02079].




Energy Flux (MeV cm—2s71)
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Excess 1in Reticulum?

Analysis of Pass 8 data from Fermi Collaboration yields
no significant excess
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Best-Fit Dark Matter

The intensity profile for dark matter annihilation is given by

annihilation cross section dark matter density
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Best-Fit Point Sources

Normalized number density of point-source population is

n(r) o r0

Observed density profile is proportional to line-of-sight integral

/ de n r(0,)] o 1=

To explain the excess, we take

0~ 2.5




Best-Fit Point Sources

Point-source emission is specified by the luminosity function
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Analysis depends on shape of luminosity function near Lmax cutoff
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Source number counts

Best-Fit Point Sources
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Dark Matter
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number of pixels

Photon Counts
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The Flux PDF

Intensity distribution of source determines photon counts per pixel

collection of Npix pixels

T Nk is number of pixels with k photons

"k _ fux PDF

Pr =

pix

Generating function analytically determines flux PDF

Generating Function Flux PDF
- 1 d¥P(t)
Pt)=> prt* ——
kz:() PE= 1 atk Lo
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Uniform Diffuse Emission

Example: photons from diffuse emission that is uniform in the ROI

Poisson distribution gives probability
of finding k photons in a given pixel

k
p "
—x

:He

X = mean # of photons/pixel

Pk

Generating function reproduces Poisson distribution
Generating Function Flux PDF

1 d*P(t) zh

P(t) = exp [z (t — 1)] Pe= 1 dtk im0 " H
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Dark Matter-Only

DM annihilation results in spatially varying,
non-uniform diffuse emission

Flux PDF is more complicated than simple Poissonian

curves
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Best-fit DM parameters
NFW profile with y=1.26




Point Source-Only

Flux PDF for point source emission is also not Poissonian

px should be larger at both small and large k, relative to DM case
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Best-fit point-source parameters




Point-Spread Function (PSF)

A finite PSF redistributes flux from a point source over multiple pixels

point source

PSF

Assuming a Gaussian PSF with 0=0.18",
most pixels contain less than 60% of the flux from the point source




number of pixels

Point Sources w/PSF

point sources only (w/o PSF)
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Diffuse Background

Diffuse background model contains a Galactic component

Generated using default parameters in GALPROP

diffuse onl




Diffuse Background

Challenging to distinguish the DM and point source scenarios by eye
once diffuse background is included

Requires a careful statistical analysis

diffuse + dark matter diffuse + point sources diffuse + point sources (w/o PSF)
25




Total Flux PDF

Inner Galaxy contains contributions from Galactic diffuse emission,
and (potentially) dark matter or point sources

Total generating function is the product of the generating functions for
each of these sources

Generating Function Flux PDF

~ 1dP(t)
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P(t) = GpMm (t) X GBkgd (t) Dk

t = auxiliary variable




Total Flux PDF

main differences still at low/high photon counts
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The Likelihood Function

Model 1 Model 2
VS.

Dark Matter + Diffuse Point Source + Diffuse

Bayesian evidence for a given model is given by prior-weighted
average of the likelihood

Likelihood b BN )
— Pk pix| " k (0) Npix

dlg, M) = p P
Bayesian p(d] ) kl;[O n! c
Evidence

P4
pldlM) = [ a8 pldlp, Myp(O]M)
M

Prior




Model Comparison

Model 1

Dark Matter + Diffuse

NFW, v =1.26
m, = 35 GeV, bb

1 free parameter: normalization

VS.

Model 2

Point Source + Diffuse
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1 free parameter: A

4 free parameters: A, Sp, n1, N2




Bayes Factor
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Conclusions

GeV Excess at the Galactic Center is a potentially interesting
dark matter signal, but other explanations must be explored

The use of photon count statistics provides a concrete way
to determine whether the photon distribution is non-Poissonian

The photon count procedure may be used to
distinguish between dark matter and point-source models




