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Overview

Using the angular information in the diffuse gamma-ray
background to identify dark matter and other source classes

in addition to the energy spectrum and average intensity, the diffuse
background contains angular information

if the diffuse emission originates from an unresolved source population,
rather than from a truly |sotrop|c smooth source dlstrlbutlon the diffuse
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The Fermi Gamma-ray Space Telescope

20 MeV to > 300 GeV

angular resolution ~ 0.1 deg
above 10 GeV

FOV ~ 24 sr

uniform sky exposure of ~
30 mins every 3 hrs




What is making the large-scale isotropic diffuse emission!?
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E2 dN/dE [MeV cm2s-1sr1]

—®—— EGRET - Sreekumar et al. 1998
—>—— EGRET - Strong et al. 2004

Credit: NASA/DOFE/International LAT Team Fermi LAT
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+ many astrophysical sources are guaranteed to
contribute to the diffuse emission, e.g.:

+ blazars

Star-Forming
Galaxies

+ star-forming galaxies
+ millisecond pulsars

+ unknown/unconfirmed source classes could
also contribute:

w

+ dark matter
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Structure Formation

St
GRBs — 1|
+ relatively featureless total intensity spectrum
= lack of spectral handles to ID individual 10 100 1000 10*
components E (MeV)

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010 Dermer 2007



Characterizing the anisotropy




Characterizing the anisotropy
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.
the angular power spectrum of fluctuations characterizes fluctuations in units of mean

intensity (dimensionless) and is independent of the intensity normalization

SI(p) = (¢)< I_> ) =) 5I() = aomYem(v) W Cp=(|agm|*)
£,m

enables comparison of angular distribution of two components which may have different intensities

+

+ angular power spectrum normalization for a single source class is the same in all energy bins (if

source distribution is independent of energy)

DOES NOT indicate the relative contribution of a component to the anisotropy of the total
emission (the contributions of components ARE NOT linearly additive)
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Angular power spectra of unresolved gamma-ray populations
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Blazars
(Ando, Komatsu, Narumoto & Totani 2007)

fluctuation angular power
spectra

predictions for C'p at | = 100
for a single source class (LARGE

UNCERTAINTIES):

+ blazars:~ le-4

I(+1)C, 1 21

+ starforming galaxies: ~ le-7

+ dark matter:~ le-4 to ~ 0.1

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu
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Starforming galaxies
(Ando & Pavlidou 2009)
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Galactic diffuse, EG, point sources, DM; arbitrary norm.
(Cuoco, Sellerholm, Conrad, & Hannestad 2010)
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Galactic subhalos (JSG 2008)

Identification of Dark Matter, Montpellier, July 30,2010
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Analysis Approach
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GOAL: measure the angular power spectrum of the large-scale isotropic diffuse emission

+ select regions of the sky which are relatively “clean”

+ mask sources in the | |-month catalog within a 2 deg angular radius
+ mask regions of the sky heavily contaminated by Galactic diffuse emission by excluding
|b| < 30 deg
+ calculate angular power spectrum of the data in several energy bins
+ using several energy bins increases sensitivity to source populations which contribute
significantly to the anisotropy in a limited energy range
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~energy-dependence may aid in interpretation of measurement in terms of a detection
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GOAL: measure the angular power spectrum of the large-scale isotropic diffuse emission
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+ mask sources in the | |-month catalog within a 2 deg angular radius

+ mask regions of the sky heavily contaminated by Galactic diffuse emission by excluding
|b| < 30 deg
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significantly to the anisotropy in a limited energy range

+




Data selections and processing

~ 22 months of data
diffuse class events

energy range: | GeV - 50 GeV, divided into 5 energy bins for angular power
spectrum analysis

data and simulations processed using the Fermi Science Tools with P6_V3 IRFs
to handle instrument response and exposure calculation

binned into order 9 HEALPix maps, corresponding to pixels of ~ 0.] deg/side




Diffuse gamma-ray intensity

| -2 GeV

Masked-sky map

Sloinap used in this analysis

DATA (P6_V3 diffuse), 1.0-2.0 GeV DATA (P6_V3 diffuse), 1.0-2.0 GeV

PRELIMINARY e PRELIMINARY

-4.4 Log (Intensity [cm-2 s-1 sr-1]) | -4.4 Log (Intensity [cm-2 s-1 sr-1])

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010 9



Diffuse gamma-ray intensity

2-5GeV

Masked-sky map

Sloinap used in this analysis

DATA (P6_V3 diffuse), 2.0-5.0 GeV DATA (P6_V3 diffuse), 20-50 GeV

PRELIMINARY ‘ : PRELIMINARY

-4.5 Log (Intensity [cm-2 s-1 sr-1]) | -4.5 Log (Intensity [cm-2 s-1 sr-1])

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010



Diffuse gamma-ray intensity

5-10GeV

Masked-sky map

Sloinap used in this analysis

DATA (P6_V3 diffuse), 5.0-10.4 GeV DATA (P6_V3 diffuse), 5.0-10.4 GeV

PRELIMINARY _ PRELIMINARY

-4.7 Log (Intensity [cm-2 s-1 sr-1]) -7 -4.7 Log (Intensity [cm-2 s-1 sr-1])

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010



Diffuse gamma-ray intensity

10 - 20 GeV

Masked-sky map

Sloinap used in this analysis

DATA (P6_V3 diffuse), 10.4-19.9 GeV DATA (P6_V3 diffuse), 10.4-19.9 GeV

PRELIMINARY PRELIMINARY

-4.8 Log (Intensity [cm-2 s-1 sr-1]) -7 -4.8 Log (Intensity [cm-2 s-1 sr-1])

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010



Diffuse gamma-ray intensity

20 - 50 GeV

Masked-sky map

Sloinap used in this analysis

DATA (P6_V3 diffuse), 199-500 GeV DATA (P6_V3 diffuse), 199-500 GeV

PRELIMINARY PRELIMINARY

-4.8 Log (Intensity [cm-2 s-1 sr-1]) -7 -4.8 Log (Intensity [cm-2 s-1 sr-1])

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010



Simulations

a model of the all-sky emission is simulated with
gtobssim (Fermi Science Tools) and its angular power spectrum
is calculated to compare with the data

+ GAL: Galactic diffuse model (gll_iem_vO02.fit)

+ CAT: | I-month source catalog

ISO isotropic background = Ferml-m_easured Iarge-




Angular power spectrum calculation

angular power spectra are calculated using the HEALPix
package (Gorski et al. 2005)

approximate correction for the power suppression from
masking is applied, valid at multipoles greater than ~ 100

correction is applied for power suppression due to beam and
pixel window functions

error bars on pomts |nd|cate I-S|gma statlstlcal uncertalnty in




Measurement uncertainties
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| -sigma statistical uncertainty on the measurement

sample variance

2

2,8
(2€—|—1)A£fsky (WgCg ‘|‘CN)

2 47Tfsky
N’Y

Wy pix e b/ Cn = (1)

noise power spectrum
(Poisson noise from finite event
statistics, independent of £)

pixel window function beam window function
of the map of the experiment

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010



Data and Model Comparison

fluctuation angular power spectra

| -2 GeV

DATA X 0° DATA X
MODEL X MODEL X

PRELIMINARY . >I< %

PRELIMINARY 1.0-2.0 GeV

150 200 250 100 150 200 250
Multipole / Multipole /

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010



Data and Model Comparison

fluctuation angular power spectra

2-5GeV

DATA X DATA X
MODEL X MODEL X

PRELIMINARY

PRELIMINARY

150 100 150 200 250
Multipole / Multipole /

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010



Data and Model Comparison

fluctuation angular power spectra

5-10GeV

DATA X DATA X
MODEL X MODEL X

PRELIMINARY

5.0-104 GeV 5.0-104 GeV

100 150 200 250 100 150 200 250
Multipole / Multipole /

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010



Data and Model Comparison

fluctuation angular power spectra

10 - 20 GeV

PRELIMINARY

20 - 50 GeV

10.4-199 GeV

100 150 200 250
Multipole [

PRELIMINARY 19.9-50.0 GeV

100 150 200 250
Multipole /

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010 20



Data

intensity angular power spectra

| - 2 GeV

2 -5 GeV

PRELIMINARY 1.0-2.0 GeV

100 150 200 250
Multipole [

PRELIMINARY 2.0-5.0 GeV

100 150 200 250
Multipole /

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010 21



Data

intensity angular power spectra

5-10GeV

10 - 20 GeV
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Multipole /

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010 22



Data

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu

intensity angular power spectra

20 - 50 GeV

RELIMINARY 19.9-50.0 GeV

100 150 200 250
Multipole [

Identification of Dark Matter, Montpellier, July 30,2010
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Comparison with (rough) predictions

fluctuation angular power spectra

| -2 GeV

fluctuation angular power
spectra

predictions for Cy at | = 100
for a single source class (LARGE
UNCERTAINTIES):

+ blazars:~ le-4
+ starforming galaxies: ~ le-7
+  dark matter: ~ le-4 to ~ 0.1 . PRELIMINARY 1.0-2.0 GeV

100 150 200 250
Multipole [

measured fluctuation (' of ~ le-5 at multipoles above ~ 100 at low
energies falls generally in the range predicted for some astrophysical
source classes and some dark matter scenarios for emission from a single
source class

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010 24
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Summary

+

at multipoles greater than ~ 100

+

angular power above the photon noise level is measured in the data at
energies from | to 5 GeV; excess power is found at lower significance
up to energies of 10 GeV

no significant angular power is seen in the model

the excess power in the data at these multipoles suggests a
contribution from a point source population not present in the model
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Summary

+ at multipoles greater than ~ 100

+ angular power above the photon noise level is measured in the data at
energies from | to 5 GeV; excess power is found at lower significance
up to energies of 10 GeV

no significant angular power is seen in the model

the excess power in the data at these multipoles suggests a
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Latitude Mask Comparison for Data

fluctuation angular power spectra

| -2 GeV

Ibl > 40 deg 1S Ibl > 40 deg X
Ibl > 30 deg ' Ibl > 30 deg X
Ibl > 20 deg . Ibl > 20 deg X

X
X

PRELIMINARY 1.0-2.0 GeV

100 150 200 250 100 150
Multipole / Multipole /

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010
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Latitude Mask Comparison for Data

fluctuation angular power spectra

2-5GeV

Ibl > 40 deg
Ibl > 30 deg
Ibl > 20 deg

AN 0. N Ak £ >«

PRELIMINARY 2.0-5.0 GeV

100 150 200 100 150
Multipole / Multipole /

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010

Ibl > 40 deg X
Ibl > 30 deg X
Ibl > 20 deg X

200 250
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Latitude Mask Comparison for Data

fluctuation angular power spectra

5-10GeV

Ibl > 40 deg X
Ibl > 30 deg X
Ibl > 20 deg X

PRELIMINARY

150 200 250
Multipole [

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu Identification of Dark Matter, Montpellier, July 30,2010

150
Multipole /

Ibl > 40 deg X
Ibl > 30 deg X
Ibl > 20 deg X

5.0-104 GeV

200 250
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Latitude Mask Comparison for Data

fluctuation angular power spectra

10 - 20 GeV

PRELIMINARY

100 150
Multipole [

J. Siegal-Gaskins, for the Fermi LAT Collaboration & E. Komatsu

Ibl > 40 deg X

Ibl > 20 deg X

20 - 50 GeV

Ibl > 40 deg X

10.4-199 GeV

200 250 Ibl > 20 deg X

PRELIMINARY 19.9-50.0 GeV

100 150 200 250
Multipole /

Identification of Dark Matter, Montpellier, July 30,2010 29



