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The Fermi Gamma-ray Space Telescope

4

energy range: |00 MeV to a few
hundred GeV

effective area ~ 10* cm? (size-
limited detector!)

angular resolution ~ 0.] deg
above 10 GeV

FOV ~ 24 sr

primarily observes in sky-




The dark matter distribution
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Where to look for indirect signals?

4 ¢

Gamma-rays from dark matter annihilation

+ Galactic Center
+ Milky Way halo

+ dwarf galaxies and
known satellites

+ Milky Way subhalos

+ point sources

+ diffuse emission
from unresolved
subhalos

+ extragalactic dark
matter structures

Pieri et al. 2009

J. Siegal-Gaskins Discussion, GGI, June 4,2010



Search strategies

. .
Where! How!?
GC look hard
halo large scale angular dependence
dwarfs, Galaxy clusters look hard

non-variable point sources
with identical spectra

NS AR AR s Ry

subhalos (point sources)

Mass



The Galactic Center

+ claim that Fermi

data in the GC mpy=R8 GeV, XX-bb, y=1.1
— —26 3

region is consistent ov=9x10""" cm®/s

with a 28 GeV

WIMP annihilation

to b quarks
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Goodenough & Hooper 2009
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Multiwavelength dark matter photon spectra

+ secondary photon
emission associated
with charged
particle final states:

+ inverse Compton

scattering of
starlight, CMB

+ synchrotron due
to propagation in
magnetic fields

J. Siegal-Gaskins
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DM spectrum from the Galactic Center
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Constraints from Fermi observations of dwarf spheroidals

PA ¢
MSSM — UMa ll --== Draco
WMAP compatible Coma Berenices ---- Sextans
+ I . below WMAP
annihilation to b . —um -+ Fornax
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profile
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+ red points
represent models
which generate the
correct relic dark
matter density
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Abdo et al (Fermi LAT Collaboration) 2010
J. Siegal-Gaskins Discussion, GGI, June 4,2010



Constraints from Fermi observations of galaxy clusters

¢

4
annihilation to b quarks annihilation to muons

Muon-Antimuon final state

Ruled out by Fermi-LAT
Gamma-Ray Limit
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Abdo et al (Fermi LAT Collaboration) 2010

+ constraints shown for various substructure models

+ for muon channel, IC is included --> strong
constraint on annihilation to muon pairs

J. Siegal-Gaskins Discussion, GGI, June 4,2010



Constraints from Fermi diffuse data

4 ¢

total measured signal in different sky regions constrains prompt and IC gamma-rays from
annihilation in the smooth Milky Way halo and extragalactic structures (no Galactic subhalos)
+ largre regions

of Parameters DM DM - bb, NFW profile DM DM - WW, NFW profile DM DM - tt, NFW profile
space preferred
for
explanations of
the Fermi/

oy
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Cirelli, Panci, & Serpico 2009
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An extragalactic DM signal in the Fermi large-scale isotropic diffuse

4 ¢

mpm =400 GeV
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Abdo et al. 2010
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Constraints from the Fermi large-scale isotropic diffuse

4 ¢

MSII-Res BulSub
Conservative limits =  MSII-Sub1 == MSII-Sub2 Stringent limits

annihilation to b quarks

+ large-scale isotropic diffuse
spectrum measurement

constrains gamma-rays from

2 o o bblike > 80% 3 S8 8 o bblike > 80% annihilation in extragalactic
1o o bb>80% j 28 o bh>80% j

. dark matter
107
WIMP mass [GeV] WIMP mass [GeV]

+ no ICS included

Figure 5: Cross section (ov) limits on dark matter annihilation into bb final states. The

blue regions mark the (90, 95, 99.999)% exclusion regions in the MSII-Subl A?(z) DM + depends on EBL model
structure scenario (and for the other structure scenarios only 95% upper limit lines). The
absorption model in Gilmore et al. [68] is used, and the relative effect if instead using the
Stecker et al. [69] model is illustrated by the upper branching of the dash-dotted line in *+  strong dependence on

the MSII-Res case. Our conservative limits are shown on the left and the stringent limits structural properties of DM
on the right panel. The grey regions show a portions of the MSSM7 parameter space

where the annihilation branching ratio into final states of bb (or bb like states) is > 80%.

See main text for more details.

Abdo et al. 2010

J. Siegal-Gaskins Discussion, GGI, June 4,2010 12



Constraints from the Fermi large-scale isotropic diffuse

4 ¢

MSII-Res BulSub
Conservative limits =  MSII-Sub1 == MSII-Sub2 Stringent limits

annihilation to muon pairs

+ large-scale isotropic diffuse
spectrum measurement
constrains gamma-rays from
annihilation in extragalactic
dark matter

WIMP mass [GeV] WIMP mass [GeV] + includes ICS

Figure 6: Cross section (ov) limits on dark matter annihilation into g p~ final states. [N depends on EBL model
The green regions mark the (90, 95, 99.999)% exclusion regions in the MSII-Sub1l A?(2)
DM structure scenario (and for the other structure scenarios only 95% upper limit lines).
The layout of the figure is otherwise the same as in figure 5. Note that the Stecker et
al. [69] absorption model affects the lower DM mass limits since they are set by the high
energy FSR part of the DM spectrum. The two gray contours show the best fit regions for
a WIMP explanation to the local electron and positron spectra measured by Fermi-LAT
and PAMELA.

+  strong dependence on
structural properties of DM

Abdo et al. 2010

J. Siegal-Gaskins Discussion, GGI, June 4,2010 13



Constraints from the Fermi large-scale isotropic diffuse

¢
Abazajian, Agrawal, Chacko, & Kilic 2010

-~ HESS GR

Thermal Dark Matter Thermal Dark Matter Thermal Dark Matter

Xx > e'e XX > MM -
XX > 1T

large-scale isotropic diffuse spectrum
measurement constrains gamma-rays from
annihilation in the smooth Milky VWay halo
and extragalactic dark matter (no Galactic
subhalos)

HESS GR

Thermal Dark Matter

Xx - bb

J. Siegal-Gaskins Discussion, GGlI, June 4,2010




Fermi sensitivity to anisotropies from DM

I(1+1)C, /2m
S

Cuoco et al. 2010

J. Siegal-Gaskins

Point Sources
Gal. Diffuse
DM

EGB

Exposure

Discussion, GGI, June 4,2010

expected anisotropies in
the large-scale diffuse
from DM and

astrophysical components



Fermi sensitivity to anisotropies from DM
4 ¢

extragalactic DM Galactic DM

x? contours bb channel x*> contours bb channel

+ sensitivity to
measure excess
power from DM
over the anisotropy
expected without
DM with 5 years of
observation

<ow> (em™3s7h)

m, (GeV)

2 +__— 2 4+ -
X° contours 77 channel X~ contours T7°7~ channel
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Cuoco et al. 2010

J. Siegal-Gaskins Discussion, GGI, June 4,2010



Fermi sensitivity to DM-induced modulations in the
anisotropy energy spectrum

+ combining anisotropy and

energy information allows 1 year
for the detection of - - = 5years
multiple contributors to — b

the diffuse emission -

without requiring a priori
knowledge of anisotropy
or spectral properties of
any component

+ annihilation in Galactic
DM substructure
produces a detectable
feature in the anisotropy
energy spectrum for a
substantial region of Hensley, JSG, & Pavlidou (2009)
parameter space

dark matter models above the
curves are detectable by this test!

J. Siegal-Gaskins Discussion, GGI, June 4,2010 17



Hints of a dark matter signal in the e* spectrum?

¢ *
+ rise in local positron fraction above ~10 PAM ELA POSitron fraCtion

GeV disagrees with conventional model
for cosmic rays

—ref. 1

® PAMELA

*  Aesop (ref. 13)
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Hints of a dark matter signal in the e* spectrum?
¢
+ rise in local positron fraction above ~10 ATIC electron + POSitron

GeV disagrees with conventional model
for cosmic rays

+ unexpected bump in total electron +
positron spectrum measured by ATIC
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Chang et al. 2008
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Hints of a dark matter signal in the e* spectrum?

4 ¢

+ rise in local positron fraction above ~10 Fermi e|eCtr'0n + POSitron

GeV disagrees with conventional model
for cosmic rays

¥¢ HEAT (2001) v HESS (2009)
+ unexpected bump in total electron + A e o gy @ FERW (2009)
. TIC-1,2 (2008
positron spectrum measured by ATIC S Fra-aLrs. (2008

¥ HESS (2008) 1 % %

1?, :: o) 4 e A

+ less prominent bump seen in Fermi i, B

cosmic ray electron/positron spectrum

—

~
|L
(2]
T
(%]
o~
I
£
>
[
O
~
—~
LuJ
~
=
Lo
Lud

Grasso et al. 2009

J. Siegal-Gaskins Discussion, GGI, June 4,2010 18



Hints of a dark matter signal in the e* spectrum?

4 ¢

+ rise in local positron fraction above ~10
GeV disagrees with conventional model
for cosmic rays

+ unexpected bump in total electron +
positron spectrum measured by ATIC

+ less prominent bump seen in Fermi
cosmic ray electron/positron spectrum

The Case for a 700+ GeV WIMP: Cosmic Ray Spectra from

+ sparked interest in DM explanations
(e.g.,Arkani-Hamed et al. 2009; Lattanzi ATIC and PAMELA

& Silk 2009; Cirelli et al. 2009; Cholis et 1 ) ) 1 1
al. 2008, Grasso et al. 2009’) I[lias Cholis,” Gregory Dobler,” Douglas P. Finkbeiner,” Lisa Goodenough," and Neal Weiner

+ leptophilic models

+ large annihilation cross-sections
(e.g., via Sommerfeld)

J. Siegal-Gaskins Discussion, GGI, June 4,2010




Hints of a dark matter signal in the e* spectrum?

¢

¢

rise in local positron fraction above ~10
GeV disagrees with conventional model
for cosmic rays

unexpected bump in total electron +
positron spectrum measured by ATIC

less prominent bump seen in Fermi
cosmic ray electron/positron spectrum

sparked interest in DM explanations
(e.g.,Arkani-Hamed et al. 2009; Lattanzi
& Silk 2009; Cirelli et al. 2009; Cholis et
al. 2008; Grasso et al. 2009;...)

+ leptophilic models

+ large annihilation cross-sections
(e.g., via Sommerfeld)

astrophysical explanations: pulsars (e.g.,
Yuksel, Kistler, & Stanev 2009; Hooper,
Blasi, & Serpico 2009; Profumo 2008;
Grasso et al. 2009;...), SNR (e.g., Blasi &
Serpico 2009), etc.

J. Siegal-Gaskins

Fermi/PAMELA fits

Lepto-philic Models
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Constraints on a smooth halo explanation

4 ¢

GC radio, GC & GR gamma-ray

DM DM - e*e”, NFW profile DM DM - u*u~, NFW profile DM DM - 7777, NFW profile
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DM mass in GeV DM mass in GeV DM mass in GeV

Bertone, Cirelli, Strumia, Taoso 2009
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Constraints on a smooth halo explanation

¢

ICS in the inner Galaxy

DM DM - ee, NFW profile DM DM - uu, NFW profile DM DM - 77, NFW profile

EGRET 5x30 > EGRET 5x30
EGRET 10x60 f EGRET 10x60 EGRET 10x60
EGRET 10-20 EGRET 10-20 EGRET 10-20
FERMI 10-20 0> FERMI 10-20 S FERMI 10-20

10° 10° 10°
Mpy [GeV] Mpy [GeV] Mpy [GeV]

Cirelli & Panci 2009
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High-latitude gamma-rays from MW subhalos
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Gamma-rays from annihilation in MWV substructure only,
assuming substructure accounts for local cosmic ray fluxes
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Kistler & JSG 2009
Discussion, GGI, June 4,2010



Other constraints

¢

¢
+ extragalactic gamma-
Jeltema 2009, Belikov
& H Ooper 2009) Moore Profile - Bullock et al
Burkert Profile - Bullock et al
Moore Profile - ENS
Burkert Profile - ENS
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Profumo & Jeltema 2009
Discussion, GGI, June 4,2010 21
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Other constraints

¢ ¢

+ extragalactic gamma-
rays (e.g., Profumo &
Jeltema 2009, Belikov

& Hooper 2009) Ruled out by WMAP5

+ CMB (e.g., Slatyer et
al. 2009, Galli et al.
2009)

1 XDM p” 2500 GeV, BF = 2300

2 u'i" 1500 GeV, BF = 1100

3 XDM p” 2500 GeV, BF = 1000

4 XDM e'e” 1000 GeV, BF = 300

5 XDM 4:4:1 1000 GeV, BF = 420
Planck 6 e'e” 700 GeV, BF = 220

forecast 7 w1500 GeV, BF = 560
CVL 8 XDM 1:1:2 1500 GeV, BF = 400

9 XDM p'i" 400 GeV, BF = 110
10 u'i” 250 GeV, BF = 81

11 W'W™ 200 GeV, BF = 66

12 XDM e'e” 150 GeV, BF = 16
13 e'e” 100 GeV, BF = 10

~
1
(2]
"
(8]
R
Py
>
[«]
~~
L T

100 1000
DM Mass [GeV]

Slatyer et al. 2009
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Maximizing the potential of Fermi data

+ new approaches / analysis techniques!?

+ multi-wavelength, multi-messenger
approaches to indirect detection!?

st how to robustly detect DM in the

Jx ’.> {i.—
S AR 4 5

e’ 5 L v o _ o5 & e ) .
AN T s P v O Bl L Pr PSS ¥ J‘_: Pl B E P )
_4 4 ~\; £ % ’ ik TN, 2 i SRR ARt o
£ ‘* ‘-;" -ﬁ.‘f"é--‘ — ‘__ ¥ _r/'ﬁ } :.V.J‘ Ly _( ey :_. LS _‘ I ,:.9» _".. - oo | -_,,_. Ay ~:.u "ﬁ_,‘m q.~ AP ) Vihh ad SR e San PPN Sk RIS el NS R e ey




