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THE OBSERVATORY

& Observe the gamma-ray sky in the 20 MeV to >300 GeV (LAT) energy range
with unprecedented sensitivity

o' Two instruments:

Large Area Telescope (LAT):
20 MeV - 300 GeV

GLAST Burst Meonitor (GBM):
B keV - 40 MeV




THE LAUNCH

Fermi was launched by NASA on June | |, 2008
from Cape Canaveral

@

Launch vehicle: Delta Il heavy launch vehicle |

Orbit: 565 lem, 25.6% inclination, circular orbit

The LAT observes the entire sky every ~3 hrs (2 orbits)

ee @@

Deslgn life: 5 years (min)




16 towers-TKR+CAL+DAQ
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Data
Acquisition
System

1.8mx 1.8m x 1.0m
3 metric tons

Tracker

Grid

Calorimeter

A Look at the LAT

*Anticoincidence
detector (ACD) for
charged particle
rejection

*Tracker reconstructs
the direction of an
Incoming photon

«Calorimeter for
energy reconstruction
and shower imaging
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12 months

Prominent Features
sGalactic Plane: intx of cosmic rays with the Interstellar Medium
sExtragalactic diffuse: Isotropic component
*Point sources: ~1500 Sources. Generally, neutron stars along the plane, active
galactic nuclei at high latitudes



Indirect Detection
SEARCH STRATEGIES

Galactic center:
Good statistics but source
confusion/diffuse background Milky Way halo:

Satellites:

Low background and good o
source id, but low statistics Large statistics but
diffuse background

All-sky map of gamma rays
from DM annihilation

arXiv:0908.0195 (based on
Via Lactea ll simulation)

And electrons!

Amnisotropies
Spectral lines: Extra-galactic:
No astrophysical / Large statistics,
uncertainties, good Galaxy clusters: but astrophysics,
source id, but low Low background galactic diffuse
statistics but low statistics background

Pre-launch sensitivities published in Baltz et al_, 2008, JCAP 0807:013 [astro-ph/0806.2911]



‘& Photons from WIMP Annihilation
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Gamma-rays ideal cuz they point back to source


DARK MATTER DISTRIBUTION

& The dark matter annihilation (or decay) signal strongly depends on the dark
matter distribution.
& Cuspier profiles and clumpiness of the dark matler halo can provide large boost

factors
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FERMI GALACTIC CENTER SOURCE

o Source location consistent with HESS source and

Sgr A*. Sgr A East not excluded, but not favored. Very crowded region of the sky!!
» No significant variability. 11 month flux significantly i g
lower than EGRET analysis, harder spectrum Wide-Field Radio Image of the
Galactic Center
» Matching HESS Spectrum (single source hypothesis)

requires either a high-energy break or a cutoff

3EG J1T46-2851

o
o
.r';-i'!

OFGL 1746.0-2900 =

i 41 mitis
T =
v — %

2

4 Sgr A*



SEARCH FOR DM SUBHALOS

Via Lactea Il (Diemand et al. 2008)




SEARCH FOR DM SUBHALOS

= DM substructures: very low background targets for DM searches

& Never before observed DM substructures (DM satellites):
» Would significantly shine only in radiation produced by DM annihilation /decay.

» Some of these satellites could be within a few kpc from the Sun (N-body
simulations). Their extension could be resolved by the LAT

» All sky search for promising candidates with the LAT

@ Optically observed dwart spheroidal galaxies (dSph): largest clumps predicted by N-
body simulation. 25 have been discovered so far, many more are predicted.

» Most are expected to be free from other astrophysical gamma ray sources and

have low content in dust/gas, very few stars (Segue 1 might have 65 stars
associated with it, Geha&Simon 2009 )

» Given the distance and the LAT PSE, they are expected to appear as point sources

p Select most promising candidates for observations



SEARCH FOR DM IN DSPH

kpe from the Sun, more than 30° from the galactic plane

Select most promising dSph based on proximity, stellar kinematic data: less that

o 14 d5ph have been selected for this analysis. More promusing targets could be
discovered by current and upcoming experiments (SD55, DES, PanSTARRES, ...)
@ Very large M/ ratio: 10 to ~> 100U (M/L ~ 10 tor Milky Way galaxy) N
Distance: ~30 to 160 kpc
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SEARCH FOR DM IN DSPH

= No detection by Fermi with 11 months of data. 95% flux upper limits are

placed for several possible annihilation final states.
@ Flux upper limits are combined with the DM density inferred by the stellar data®

for a subset of 8 dSph (based on quality of stellar data) to extract constraints on

<ov> vs WIMP mass for specific DM models
v Exclusion regions already cutting into interesting parameter space for

some WIMP models
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WIMP Lines, the DM “smoking gun”

For annihilation into ggphoton energy is

E,=m
For annihilation into gY
m’
E,=m,-
4m,

Decaying WIMPs also produce lines
Loop-suppression

Branching fractions, B ,are typically in the range [10,10]
depending on theory

Limits on <sv>,, can constrain dark matter models

For line searches optimal energy resolution and accurate
energy calibration are essential

14


OK


Log

[E2 @, (em™*s'GeV)]

Theories with Enhanced Lines
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Line Analysis

R O I I Triple ian Fits for GR-v17r7

— |b|>10 and |l[<10 GC region
Data selection cuts
— Removal of point sources
— Extradiffuse Class cuts
— Use 1 of 3 available energy reconstruction methods

Characterize the detector energy response to lines S(E)
Likelihood functiomfor signal and bkg
L=Q f>8(E)+ (1~ f)xB(E)
i=0
S(E) = signal pdf, B(E) = background pdf = powerlaw, f = signal fraction

In the case of no detection, constraints from signal fraction confidence
intervals
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Flux and <sv>__ UL, Decayt LL

E. ORLCLUL (v [vZ (10727 em¥s™1) Toey [12 (107 8)

(GGelV) (10=% em—2=—1) NEW Finasto [sothermal NEW Finasto [sotharmal
30 3.5 0.3 [2.5] 0.2 [1.9] 0.5 [4.5] 17.6 [4.2] 175 [4.2] 17.5 [4.2]
40 4.5 0.7 [4.2] 0.5 [3.0] 1.2 [T .2] 10.1 [2.9] 10.3 [2.9] 10.0 [2.9]
50 2.1 0.6 [2.7] 0.1 [1.4] 1.0 [1.6] 15.5 [5.0] 15.7 [5.1] 15.1 [5.0]
G0 i1 1.1 [4.2] 0.8 [3.0] 1.8 [7.9] 0.8 3.5 10.0 [3.5] 9.7 [3.5]
i 132 0.6 [2.0] 0414 L0 [34] 216 [R2] 219 [R3F] 215 [R.1]
=0 0.9 0.5 [1.7] 0.4 1.9 0.9 [2.9] 26.0 [10.4 26.4 [10.5] 25.8 [10.3]
a0 2 6 2.0 |0 1.5 [47] 3.5 (103 7.7 [32 T&[3.9] 7.6 [3.1]
100 1.4 1.4 |3.8] 1028 2.4 |6.6] 12,6 |5.4] 128 |54 12.5 |5.3]
110 0.9 1.0 [2.7] 0.7 [1.9] 1.7 [4.6] 18.9 [8.2] 19.2 [8.0] 18.8 [3.2]
120 N 1.6 [4.0] 11 [29] 2.7 [6.9] 13.3 [5.9] 13.5 [6.0] 13.2 [5.9]
130 1.8 3.0 [7.3] 2.1 [5.9] 5.1 [12.6] 7.5 (3.4 7.5 [3.5] 7.6 [3.4]
140 19 A5 [5.4] 2.5 [6.0] 6.0 [14.3] 0[R2 7134 7.0 [3.9]
150 1.6 3.5 [£.2] 2.5 [5.9] 6.0 [14.1] 7.5 [3.5 7.6 [3.5] 7.4 [3.4]
160 1.1 2.7 6.3 2.0 [4.9] 4.7 [10.9] 10.2 [4.8] 10.4 [4.8] 10.1 [4.7]
170 0.6 1.7 [1.0] 1.3 [24] 3.0 [5.5] 17.0 [8.0] 17.2 [8.1] 16.9 [7.9]
180 0.9 2.7 [6.1] 1.9 [4.4] 4.6 [10.4] 11.6 [5.5] 11.5 [5.6] 11.6 [5.4]
190 ng 32 [71] 23 [5.1] 5.5 [12.2] 104 [4.9] 105 [5.0] 10.3 [4.9]
200 0.9 3.3 |7.3] 24152 5.7 |12.5] 106 [5.1] 108 |5.1] 10.5 |5.0]

TABLE I: Flux and annihilaticn cross-scction upper limits: v-ray energics measurcd and corresponding 958% 2.1, upper limits
(CLUL) on Auxes, for |b] = 1D” plus a 207 x 20" square eround the Galactic center. For each energy and flux limit, (ov)~-
and [ov)., 7z upper limits z2re given for three (Galactic dark matter cistributions (sze text). The systematic error in the absolute
energy of the LAT discussed in the text propagates to a —20%% + 10% systematic error on {(ov).. . Also, Decay lifesime lower
limits: For each anargy, 7. and vz lower limits are given for three Galactic dark matter discributions. The systemaric arror
in the absolutc energy of the LAT discussed m the text propagates to a | 10% 5% systematic crror on Ta-.
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Constraints on Models from Line Analysis

e Cross-sections are on the order of 102’cm3s! and are of interest in

constraining models with large annihilation cross-sections, disfavors
the “Wino LSP”.

« For decaying WIMPs lifetime limits may constrain some gravitino w/
t<10%%s. Disfavours the previously shown gravitino model(102°s)
Expected lifetimes: 1023-103%"s for m,,~100GeV.

 Has been used to constrains models where Higgs is produced in

WIMP annihilation
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CONCLUSIONS/OUTLOOK

No discovery....
... however promising constraints on the nature of DM have been placed

In addition to increased statistics, better understanding of the astrophysical and
instrumental background will improve our ability to reliably extract a potential
signal of new physics or set stronger constraints

Further improvements are anticipated for analysis that benefits from multi-
wavelength observations (for example galactic center, dwart spheroidal galaxies
and DM satellites)



