Space Telescope

Fermi Searches for Dark Matter

Richard E. Hughes
The Ohio State University
Representing the Fermi LAT Collaboration
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Gamma-ray
Space Telescope

Launch of GLAST (soon to be Fermi) 3

Richard

Launch

» Day
p June 11th, 2008
p» Launch vehicle
p Delta 2020H-10
p» Launch site

» Kennedy Space
Center

» Shape
p 565 km, circular

p» Inclination
p 25.6°

» Lifetime
» 5 years (min)

E. Hughes May 11, 2009;: FNAL Seminar
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/ Gamma-ray
Space Telescope

Fermi Collaboration y

[

vyvyyvyy

vy

California State University at Sonoma
University of California at Santa Cruz
Goddard Space Flight Center

Naval Research Laboratory

Ohio State University

Stanford University (SLAC and
HEPL /Physics)

University of Washington
Woashington University, St. Louis

=
>

=

Kalmar University

Royal Institute of
Technology

Stockholm University

>

IN2P3
» CEA/Saclay

Pl: Peter Michelson (Stanford & SLAC)

» 390 Members (including 96 Affiliated
Scientists, plus 68 Postdocs, and 105
Graduate Students)

» Cooperation between NASA and DOE, with

key international contributions from France,
Italy, Japan and Sweden

» Managed at Stanford Linear Accelerator
Center (SLAC)

» Hiroshima University

» ISAS/JAXA, RIKEN
» Tokyo Tech.

ICREA
Inst de Ciencies de |'Espi

INFN |

v

Richard E. Hughes
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' Gammara
Space Telescope

The Observatory: LAT + GBM

Ll

Large Area Telescope (LAT)

» Pair conversion telescope.

» Energy range: 20 MeV-300 GeV.

Gamma-ray Burst Monitor (GBM)

p 12 Nal and 2 BGO detectors.
» Energy range: 8 keV-40 MeV.

Richard E. Hughes

May 11, 2009;
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Lo Fermi Large Area Telescope .

Space Telescope

18m .l - Anti-Coincidence Detector
- / >4% R.L.
e e | >89 scintillating tiles
: »efficiency (>0.9997) for MIPs

. -‘-----.-q
-

Tracking detector

»16 tungsten foils
(12x3%R.L.,4x18%R.L.)

»>18 pairs of silicon strip arrays

: »> 884736 strips (228 micron pitch)
1.0m
Calorimeter
o > 8.5 radiation lengths
Silicon Area [m] cMe . . .
ol s »>8 layers cesium iodide logs
SLAST WATLAS >1536 logs total (1200kg)
10 NOMAD U g\ 1]S.€) E
/MA.[.EOI;,}..‘.W;
il LEP Lv"\!..CDF |
T eee BaBar
One of the biggest W] LPS
Silicon Tracking 0.1 o Baela
systems ever
constructed. 001 b b e e
1985 1990 1995 2000 2005 20°
Year
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4 Gamma-ray
Space Telescope

On orbit rates in nominal configuration ;

~1.5 hours

A

4,000 (oM g o,
3,800+ N
3,600+ .
3,400 T “
2 _)00—'— s

3,2 -\.
3,000+
2,800+
2,600+

Rate (H2)

Rate of events before any filter (LAT)

Trigger

2500 Hz ~

2,400
2,200
2,000
1,800
1,600

K
i W,

1,
#
600 "“

5501 #

Rate of events passing the filters.

Sent to ground

500 Hz o

500

Rate (H2)

4501

400

3501

T T
3:50 4:00
ne

lﬂﬂ.thm 1|.2|—|l”z n

] 1 1l 1l
T T T T
4:10 4:20 4:30 4:40

“source” y selection |

Rate (H2)

lh L M

|

t t
3:50 4:00

I I I I
T T T T
4:10 4:20 4:30 4:40

t
5:00

4+ Overall trigger rate: ~few KHz

v" Substantial variations due to
orbital effects

4 Downlink rate: ~400—500 Hz
v ~90% from GAMMA filter
v’ ~20—30 Hz from DGN filter
v' ~5 Hz from HIP filter

4+ Rate of photons after the
standard background rejection cuts
for source study: ~1 Hz
v Most of the downlinked events
are in fact background, final 100:1
rejection is done in ground
processing.

Richard E. Hughes
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“erm Performance Plots :

/ SpaceTelescope RG
1GeV 1GeV
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Detector performance \

CAL

1]

a

-y
o
-

IRt 2281

Entries / 0.0025 bins

T

10°

L lll'll

3.2 34

3.6

J -

y W W -
38

3

log10[crystal energy (MeV)]

Y

llIlIl

Hit Efficienc

0.995

0.99

0.985

l**llll]llll

—

— —

e

——

* Flight data
* Ground data

After 8 months of operations, out of
~900,000 silicon strips in the TKR

only 316 were flagged as noisy
(there were 203 prior to launch).

Requirement

0.98

l A

2 4 6

Ll

1101

12

14

Tower

16

Entries / 0.01 MIP

CAL

530
>0
= | Spread from crystal to crystal is <
;525: 1%
= [ o
o +2%
£ 520 fsicccncsccsncasscssccsncasnssnssnscasssssasessssssssssussssssnsssnssssssnay
o
= |
[ -
8.515:_
510 T - . ., —
] L T T T T
&)

“*Carbon peaks are stable within 1%

e S ————
o -2%
495 —
4w G | 1 I 1 1 | l L1 I |
230 240 250 260 270 280 290
Day of year 2008
ACD

10° W

10? ) Veto tums-on at -
2 about 0.45 MIP

101?rw

A L l A L1 l A A L l 1 L L l L1 L l L L L l A Ll l A

0 0.2 0.4 0.6 08 1 1.2 1.4
Signal Slize (MIP)
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Geminga

Northern Galactic Southern Galactic
Hernisphere Hernisphere

06—AUG—2008

« 87 day animation, starting August 4

- pixel size 0.5deg in center

. |b|>1.0

- scale is sq root, square root, from 0 to 1.2E-3 cts/s/sq.deg

Richard E. Hughes May 11, 2009;: FNAL Seminar



whcrmi View of Earth Albedo :

g Sp:m‘- Toic-smpv <
-

- Counts maps in instrument coordinates theta*cos(phi),theta*sin(phi); phi = 0 deg is to
the right, the cross is the center of the FOV, and the white circle has a radius of 66
deg.

- The rocking angle at the middle of the time interval is indicated in the upper left and in
the upper right the starting time of the interval relative to MET 244396000.

- Diffuse class events with energies >100 MeV are used, and the time step is 250 s.
The average frame outside the SAA has 2952 gamma rays, i.e., about 12 Hz

Richard E. Hughes May 11, 2009;: FNAL Seminar
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<> ermi Seeing the Sun and Moon in Gamma Rays A

Sun

Data from: 2008-08-02 - 2009-01-2009

e E>100MeV

* O< ZENITH_ANGLE < 105 deg

e Diffuse class selected.

* 0.25 deg/bin, gaussion smoothed
Moon

|

Richard E. Hughes
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aoor Fermi Science ;

y Spaco Toloscopo

Cosmic ray

Unidentified .
acceleration

sources

Pulsars

relliminar

8 e s ) =

'Gamma Ray Bursts

Richard E. Hughes May 11, 2009;: FNAL Seminar




e Fermi Science .

Cosmic ray

Unidentified .
acceleration

sources

Pulsars

relliminar

8 e s ) =

'Gamma Ray Bursts
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How j-rays are produced
from dark matter

X

WIMP dark matter
particles
E.n~100GeV

X

Analysis Chain
?7? ?7?

Dark matter New particle  Fjnal state
density theory hadronization
e.g. N-body e.g. SUSY, e.g. PYTHIA
simulation extra-dim simulation

+ a few p/p, d/d
anti-matte

?

Cosmic ray Detector
propogation simulation
and galactic i.e. GEANT4
interaction

i.e. GALPROP




s, ermd Gamma-rays from Neutralino Annihilation :

Gamma-ray
¢/ Space Telescope

= 10° T TTTTT T TTTTT T T IHIH}I T TTTTIE
S A.Cesarini, F.Fucito, A Lionetto,” A. Morselli, P.Ullio, astro-ph/0305075 3
= > t-tbar
E Y E A/ . — —b-bbar:
= ZES W-w 1
= 10 tau - tau =
- =
& | 1] Gamma ray yield per
totalyields 3 fjnal state bb
> 1 =
;‘ 10 l Mwivp Total# v >100MeV | >1GeV | >10GeV
10" 10GeV |17.3 12.6 1.0 0
3 - | 100GeV | 245 22.5 12.4 1.0
10 )
| 1TeV 31.0 29.3 22.4 12.3
A o,
10 \C(.Onddl?/ ' c.omponent =
arbitrarily rescaled) =
10" .
p WIMP pair annihilation 200GeV
10 gamma spectrum mass WIMP
]0-7 | B | lllllll L1 lllllll L1 lllllll | B | lllllll NIIIIT
10 10" 1 10 10° 10°
E‘{ (GeV)
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s ermi Dark Matter in the gamma ray sky ;

amma-ray
; Spacc-ToloscopD

Milky Way Halo simulated by Taylor & Babul (2005)
All-sky map of DM gamma ray emission (Baltz 2006)

Only dm annihilation radiation shown....
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amma-ray
; Spac(-ToI(-s\'opD

Milky Way Halo simulated by Taylor & Babul (2005)
All-sky map of DM gamma ray emission (Baltz 2006)

Galactic center

Only dm annihilation radiation shown....
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amma-ray
; Spac(-ToI(-s\'opD

Milky Way Halo simulated by Taylor & Babul (2005)
All-sky map of DM gamma ray emission (Baltz 2006)

Galactic center

Milky Way halo

Only dm annihilation radiation shown....
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s ermi Dark Matter in the gamma ray sky oy

amma-ray
; Spacc-To!(-s\'opv

Milky Way Halo simulated by Taylor & Babul (2005)
All-sky map of DM gamma ray emission (Baltz 2006)

Galactic center

Milky Way satellites

Milky Way halo

Only dm annihilation radiation shown....
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mma-ray
3 Spacc-To!c-s\'opv

s, ermi Dark Matter in the gamma ray sky

Milky Way Halo simulated by Taylor & Babul (2005)
All-sky map of DM gamma ray emission (Baltz 2006)

Galactic center

Milky Way halo

Milky Way satellites

sub haloes/clumps

Only dm annihilation radiation shown....
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mma-ray
3 Spacc-To!c-s\'opv

s, ermi Dark Matter in the gamma ray sky oy

Milky Way Halo simulated by Taylor & Babul (2005)
All-sky map of DM gamma ray emission (Baltz 2006)

Galactic center

Milky Way halo

Milky Way satellites

sub haloes/clumps

Extragalactic

Only dm annihilation radiation shown....

Richard E. Hughes
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RSap— Dark Matter in the gamma ray sky

Gamma-ray
Space Telescope
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<mermi Searching for Dark Matter with Fermi

& S;).’l(‘t‘ Tl‘ﬂt‘\(t?pf‘

OHIO
SIATE

UNIVERSITY

Search Technique

Galactic
center

advantages

challenges

Satellites,
subhalos

B | Good
, & | Statistics

Source confusion/Diffuse
background

Low background,
Good source id

Low statistics

Large

BN statistics

Galactic diffuse background

Large
Statistics

Astrophysics, galactic
diffuse background

Spectral lines

No astrophysical
uncertainties, good source id

Low statistics

Statistics

Background model

Richard E. Hughes
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oo Dark Matter Line Search STAIE

i i Simulated detector RS

response to
function in energy

* Advantage: "Smoking Gun”
» Backgrounds from data
‘ Cha”engeS: Some recent e
> Small BR <10-3 models predict
_ enhancements.
» Energy Resolution.
» Initial Sensitivity Estimation

- |b|>100 0 0

= DM Den High but reduced Proposed by —u.‘; T(I.Z 0.0 4 n.'_" ‘u:; —u.% A—H.'_’ 0.0 A» u.-_'. 'u:;
Sfoehr’ et al r = (Emcas = Etrwue )/ Etrue t = (Emeas = Etrue )/ Feruc

E-10°

2- 107

Events/Bun

L |

background
> Scan through energy range l
> Fit Background to exponential 7H+
> Signal Fit Double Gaussian ‘:{ }I‘l

1]

I
Example MC Sim.

i ,

LA ]’*-*.L. :'

H[ t Ui ! *
i

TR

b

rsa«7 l’l“ (,1 l.
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o ermd Search for Lines .

Space Telescope

| Three Month Photon Counts [20,300]GeV

20

I|III|II||II| lll°|lll III|III|III|I

Il 1 1 1 l |
-150

1 1 Il 1 1 1 Il Il 1 1 1 1 l
-100 -50 0 50 100

1 1501 1
L (deg)

« August 8t 2008 + 90 days: Used to prepare for “Blind” 1 year analysis
+ All-sky survey mode
 Removed Galactic Plane |B|<10
« Energy : [20,300] GeV
« Diffuse Class Cuts
« PSF at 20 GeVis ~0.1° 19
— Removed point sources using the Three Month Source Catalogue : 0.2° cut radius

Richard E. Hughes May 11, 2009;: FNAL Seminar




N — Preliminary Three Month Dataset .

mma-ray
4 Spaco Tolf-scopo

Instrument resolution ~10% at 100 GeV
- Used bins of size AE/E = 20% [85,148]GeV, 405 Events |
« Background fitting

g” Ell/l,, '

— Unbinned Maximum Likelihood Fit to sb 3 b /~4,?y
region - B
— Side bands of size AE/E=20% E -

— B(E) = e°E, background pdf + \

— Normalized to sideband counts, N,

« Signal + background fitting 20 : B +
— Fix background counts, N,, and B(E). | '
— S(E) = signal pdf, fixed at the center of

bin o ENERGY(GeV)
— PDF =N,B(E) + N.S(E)
— L_aninned ML Fit to sb+center region to Example Fits and NLL

find N, for [85,148]GeV
— Signal constrained to be nonnegative 95% CLUL Fitting

* For the one year analysis other statistical
methods are being explored

S

Richard E. Hughes May 11, 2009;: FNAL Seminar
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——  Preliminary Three Month 95%CLUL to Lines =&

(All Sky minus |B|<10)

Preliminary Three Month 95% CLUL for Flux from Lines

~ 7S
' | '?62/44/
il T e EE

—
—

]

-

.9 | 1 [ 1 I | | 1 1 | | I | 1 I 1 l | | | 1 l I l | 1 | 1 l 1 | | 1 | ] l | l | l l 1 [ | I
10 20 40 60 80 100 120 140 160 180 200 220
ENERGY (GeV)

4riM * D
(ov) =— WM ™
[idl [dQp’(1,b,0)

ROI
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J S Galactic Halo Analysis :

- Advantage:

* Use the large statistics of the full sky.

» Challenge:

* Critically Dependent on Diffuse Background

* Measure the sensitivity
to observing a signal.
* ROl = R>10° or |b|>10°
* NFW Profile.

* Diffuse Background:
+ GALPROP (Conv., Opt.)

* Simultaneous Fit to both
spatial and energy
d I St rl b U tl O n S sG) Credit: NASA/DOE/Fermi LAT Collaboration

NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky
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wlocrmt Energy Spectrum including DM :

Space Telescope

One Year MC, All-sky, using LAT Science Tools

10'0 .

— GALPROP "Conveﬁtional"
-- GALPROP "Optimized"

m
i
Z
(f: Gamma Ray Energy Distribution
g 0.18 :_ — Conv. Diffuse
| E ---- Opt. Diffuse
< 0.16 — 50 GeV
vt -
'E 0.14— — 150 GeV
: 0.12 :_ — 250 Gev
o n
. ; 01—
0 0.08 —
N -
10" S  0.06F
— GALPROP "Conventional" E :
-- GALPROP "Optimized" —- 0.04—
. . DM Halo (o] = :
— DM Halo + GALPROP "Conventional" =z .02 : L
= o Py I
1 5 6
LoglO(Energy (Me)))

E~2 dN/dE

100 GeV WIMP
bb, (ov) = 3 x 107 2%cm3s~1

107 : :
10° 10 10°
Energy [MeV]
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<»ami Expected Sensitivity for Galactic Halo Analysis (&

Gamma-ray
¢/ Space Telescope

RS

10%

10’27 oy |

|

| lllllll

|

50 I1001||l150I
Mass (GeV/c?)

200

250

* Annihilation cross section required for a 5-sigma signal after one

year of exposure.

* Only statistical fluctuations taken into account - background

assumed known.

 LAT is now in a position to begin to measure this background

Richard E. Hughes
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) EGRET GeV Excess %ylL0

Gamma-ray
¢/ Space Telescope RC
* EGRET observations S Ly R
showed excess emission > i '
1 GeV when compared with j< -

conventional model

consistent with local /]
cosmic-ray nuclei and - r_;‘ |
electron spectra e el

_ guldef D 44_60014D

» LTI WA W
L .m.:n |l||||||“f L ”I":g“ I“:il-fry “.Jlf L

* Potential ’explanations

*Variations in cosmic-ray
spectra over Galaxy

*xUnresolved sources
(pulsars, SNRs, ...)

*Dark matter
% s|nstrumental

Strong, Moskalenko &
Reimer ApJ 613, 962
(2004)
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T 5 .
piig LAT Measurements vs Assumed Model .
* Model is assumed (based on pre- PRELIMINARY
Fermi data) O ©0° <1< 360°, 10° < Ibl < 20°
v m%decay =

v Bremsstrahlung
v inverse Compton
e Source and isotropic (including

)

-1.

ST

-1

residual background) component e
come from fitting the data with S
model fixed =
 Results: spectral shape is =)
consistent with data but overall 2’:;

emission lower for whole energy
range

LAT

Isotropic
Sources
7 -decay

IC
Bremsstrahlung
2 Total L]

10° 10*
E‘( (MeV)

Richard E. Hughes
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mma-ray
4 Spaco To!c-scopv

EGRET vs. LAT mid-latitude region

e Data from mid-August to end of
December for 10°<|b|<20°

e EGRET data retrieved from GSSC
(counts, exposure), processed,
spectrum extracted for same region

e LAT spectrum is significantly softer
than EGRET — we do not confirm the

EGRET GeV excess

* The model uncertainties in the galactic
diffuse emission can not be neglected
with respect to the expected signal

from dark matter.

E~2 dN/dE

— GALPROP "Conventional"

-- GALPROP "Optimized"

. . DM Halo

— DM Halo + GALPROP "Conventional"

1072

2 -1 -1
S ST )

)

E,{" J“/ (E“{) (MeV cm

0° <7<360°, 10° <Ibl <20° |
- . - X X
o
®
X
o
@
X EGRET
® AT
(o]
PRELIMINARY
102 10° 10
E,/ (MeV)
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Gamma-ray
Space Telescope

Dark Matter Searches With Electrons

electron+positron flux

positron fraction

AMS-01 (2002 m ATIC (2008) I
+ A BETS (2001) 7 HESS (2008) -
P 34) a
’_IF\ oboyoxn (199 . T % :_--"-.__ !
5 | i 09 ;T{ \
n gibagiarl LTl 1t " b
Y - e W 1 0.10 - i 1
E YIRS B A 8 XS ﬂ S N ;
> o ~ bt T o T ‘ ’ 3
1 } S ~—— "l \
\(ﬂ?: 0 : "'/J_ . > . — % - \.: 1
— L 'n . A ~‘ ’m
t‘..l/ } » ¥ CAT -—
= L 4
s | ".’
.'f" I
'l
B 1 0.01 ... P I e
106 10' 101 103 10° 10‘ 102 ‘03
E (GeV) £ (GeV)

» Spectral features in the (e + e~ ) spectrum

» possible excess around 600 GeV reported by ATIC and
PPB-BETS

» spectral cutoff measured by H.E.S.S. around 1 TeV
» Pamela reports an excess in the positron fraction
= > 30 papers mentioned these results the past few months

= Nearby sources expected ? astrophysical or exotic origin 7

Richard E. Hughes May 11, 2009;
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“oermi Electrons and Hadrons With Fermi :

- Spacc- To!f-scopv

Electron candidate Hadron candidate

p few ACD tile hits in conjunction with the track » large energy deposit per ACD tile

» clean main track with extra-clusters very close to p small number of extra clusters around main track,
the track - note backsplash from the calorimeter large number of clusters away from the track

» well defined symmetric shower in the calorimeter, » large and asymmetric shower profile in the
not fully contained calorimeter

» All events with on-board energy greater than 20 GeV are sent
to ground for offline analysis
» The LAT cannot distinguish between electrons and positrons

= hereafter, electrons will mean electrons+positrons

Richard E. Hughes May 11, 2009;: FNAL Seminar
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“eemt Fermi Electron Efficiency and Rejection \

Space Telescope

CRE geometry factor Hadron rejection power

S T T L B a
*+*-r*m+~¢-++ § —_— %&b +cal E
Qt e ——— quality + cal + tkr
= + -, 10°F | —— qualify + cal + tkr + acd ~o— 3
B - -, ] § —o—— qualify + cal + tkr + acd + CT N o ]
E L g 8 10° “WW+ e o A
‘2 L T @ ARl -'-d'._-':h'_'"* d B e
= —— - e s T
G} - T 10
0- A A 2 PR S R | X X P S T 1 1 | P | i
10° 1 10° 1
Energy (Mevff Energy (ﬁew
» 2.8 m? peak geometry factor P rejection power with respect to what triggers
» 2 m? at 300 GeV p pre-filter : all three sub-systems (ACD, TKR and
» almost 1 m? at 1 TeV CAL) contribute
e S e e e e > 2 classn‘lcatlc?n trees combined, based on TKR
experiments and CAL variables
« — boost of the rejection power at high energy

= Find the best trade-off between electron selection efficiency,
hadron rejection power and reasonable systematic uncertainties
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Space Telescope

Fermi Residual Backgrounds

Residual hadronic contamination
8 03— r e
8 |
g | .
g | .
8 o2t ]
§ ' +++“"ﬂ""'*'++ '
g 0.1+ +++ -
& T H

il
o - —
Energy (MeVf

Gamma contamination

Expected ~-ray contamination

i

B S

10"5'

Energy (Me\}y‘

» Hadronic contamination rises from few percent to >~ 20% over
the whole energy range

» estimated from a large Monte-Carlo simulation, using standard
cosmic ray models from 10 MeV to 10 TeV
» subtracted from the candidate electrons

» ~-ray contamination is less than 2% in the highest energy bin
» conservative estimation extrapolating EGRET total ~-ray flux

measurement

— not subtracted from the candidate electrons

Richard E. Hughes
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/ Gammaray
Space Telescope

Fermi Energy Resolution for Electrons 3

Full width AE/E

0.6

] '
[ === AT 95%

| w— | AT 68%

| --o-- Beam Test MC 68% (6(F)
. —a— Beam Test Data 68% (60P)
| --m-- Beam Test MC 68% ((P)

|+ Beam Test Data 68% (O°)

;

'-

LAT 95% ,¢° |
L d

.

-
-
-
-

0.41 e i

JPtaat Beam Test 68% ()

— i I LAT 68% -

o_l 1 I 1 | Iv-‘:._l | L1 I IBeamlTQStI68o{6 (Isol))l 1 I-

10 10° 10°
Energy (GeV)

» Validated with the Calibration Unit beam test up to 282 GeV

» excellent agreement over the whole phase space
» reasonable to trust the Monte-Carlo up to 1 TeV

= The energy dispersion is adequate to measure the CRE
spectrum up to at least 1 TeV
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» A tracker and a calorimeter variable at an intermediate stage
of the analysis

» good overall agreement between data and simulations

» Monte-Carlo validation started from beam test data

» analysis variables carefully check over the energy range with
flight data

= Residual discrepancies studied and included in the systematic
uncertainties
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Measured spectrum well described by power-law

within current values of systematic errors
E >(3.045:I:().()08)

GeV 'm s tert
1 GeV

Jo+ = (175.40 %+ 6.09) (

with «2 per degree of freedom of 9.7 / 23
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Space Telescope

[ T
O AMS (2002)

[ m ATE oon « T w ol (1280 ; Energy G2F Resic.lual. Counts

[ 3 vess cance) e AT (3007) ] (GeV) (m*“sr) contamination
—.; r 1T 291-346 2.04 0.18 7207
~.g PIIY . 346-415 1.88 0.18 4843
£ gty A 415-503 1.73 0.19 3036
S ' ' { 503-615 1.54 0.20 1839
~ 100 - 615-772 1.26 0.21 1039
= 772-1000 0.88 0.21 544
[}

.
- = - . diffusive model based on prep-Fermi data | ‘

S | | more than 400 electrons in the last
1 100 1000 energy bin 772 GeV - 1TeV

E (GeV)

» High statistics : ~4.5 millions of events in 6 months
» errors dominated by systematic uncertainties

» Not compatible with the the pre-Fermi data diffusive model
(E—3-3 whereas we measured E—39)

» No evidence of a prominent spectral feature

» ATIC excess: 70 electrons between 300 and 800 GeV
— we would have seen an excess of 7000 electrons
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» Fermi has begun a number of searches for dark matter
using photons, with some preliminary results already

 Expect numerous results by the end of the summer!

» Measurements of the galactic diffuse at mid latitudes
already tell us something regarding earlier dark matter
interpretations from previous experiments

» Fermi LAT also has excellent electron identification
capabilites

J The Fermi CRE measurement shows an excess relative to pre-
Fermi conventional models and shows an excess of electrons at
high energy (although no prominent spectral feature)

> Stay tuned for new results in the near future
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Fermi LAT Sensitivity to DM Satellites .,
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“m, ga!tz et al, JCAP 07 (2008) 013 |
6 8 10 12 14
No. of sigma

Simulation of Milky Way dark matter satellites with truncated NFW profile from
Taylor & Babul, 2004, 2005

Background estimate using Galprop diffuse and isotropic power law
extragalactic diffuse (Sreekumar et al.)

Senerilc WIMP model: WIMP mass 100GeV, cross-section 2.3e-26 cm”3/s, bb-
ar only

— This model can give the required relic density
Compare the signal, background flux inside the tidal radius
No. of sigma = signal / sqrt (bkgd + signal)
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- The model is a broken power law with index -3.1 below 1 TeV and -4.5 above 1
TeV, upon which a much harder spectral feature (index -1.5) with a sharp break at
620 GeV has been superimposed

» The gray line is the model, which is then smeared with an energy resolution of
12% and 25% (1 gaussian sigma), resulting in the red and blue lines respectively.

- The red line (12% DeltaE/E) is conservatively appropriate for the LAT (as
predicted by full simulation).
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Space Telescope

1. Uncertainty in our knowledge of the geometry factor

» data/Monte Carlo agreement extensively studied for each
single variable involved in the selection (bin by bin)

» all the residual discrepancies mapped and propagated to the
actual spectrum.

» ranging from a few % to ~ 20% depending on energy

2. Normalization of the primary proton spectrum

» the uncertainty on the proton cosmic ray model ranges from
few % to ~ 20% around 1 TeV

» affecting the electron spectrum through the subtraction of the
residual hadron contamination

3. LAT absolute calibration of the energy scale

» unlike the other terms does not introduce energy-dependent
modifications of the spectrum

» from beam test data, calibration and flight data, the
systematic uncertainty on the absolute energy is (+5%, -10%)
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Evaluating the systematics

If the data/MC agreement was perfect, the
actual spectrum would not depend on the
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