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Searches for Dark Matter
Annihilation in Dwarf
Spheroidal Galaxies with the
Fermi-LAT

Alex Drlica-Wagner
on behalf of the
Fermi-LAT Collaboration
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Results presented here are from
Ph.D. dissertation (ref. [1])

Fermi-LAT Collaboration

publication is forthcoming
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Indirect Detection SLAE i

NPT Particle Detection
Dark Matter Distribution Particle Propagation
Dark Matter Annihilation M

Neutral Particles
(v, v)

Charged Particles
(e%, p*, etc.)
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Indirect Detection - @ |
KIPAC
Gamma-Ray Flux 7 Gamma-rays
(signal in data) /; =
dd 1 (04,nv dN/ (" a)
GE 00— g Dy pogE
%2 Neutrinos
\ Ve
X w\ L
e*] N
+afew p/f) d/d
/ dQ,/ pQ(T(l,¢/))dl(T, ¢,) Anti-matter
AQ(p,0) los
‘_. Dark Matter |

Distribution

(line-of-sight integral)
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The Milky Way is
surrounded by small
satellite galaxies

Luminosities range
from 107 Lo to 103 Lo

Most dark matter
dominated objects
known




Dark Matter Content

/ 2 / 2 (r(l, &) di(r, &)
AQ(p,0) los

Dark matter content determined from
stellar velocity dispersion

— Classical dwarfs: spectra for several

thousand stars

— Ultra-faint dwarfs: spectra for fewer

than 100 stars

Fit stellar velocity distribution of each
dwarf (assuming an NFW profile)

Calculate the J-factor by integrating
out to a radius of 0.5 deg (ref. [3])

— Encloses the half-light radii of the

dwarfs

— Minimizes uncertainty in the J-factor

— Large enough to be insensitive to the
inner profile behavior (core vs. cusp)

Include the J-factor uncertainty in the

gamma-ray analysis

oy (km/s)

Walker et al. 2007 (ref. [2])
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(from ref. [1])
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LAT Count Maps 8
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Differential Sensitivity SLAT
4 Draco
[ Add —— Observe mi :
_ ---- Median Expected |-
dFE (E’ ¢’ 6)) 68% Containment ||

Constraints from the
data on the flux in
each energy bin

Energy Flux (MeV cm™2s71)

95% Containment |

Range expected from

statistical fluctuations _l_ffJ
(1000 simulations) | |

(from ref. [1])
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Particle Spectrum SLAC @Nm
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Indirect Detection ot am

Gamma-Ray Flux Particle Physics

(signal in data) (particles per annihilation)

Dark Matter
Distribution

(line-of-sight integral)
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Joint Likelihood Analysis SLAS o
KIpC

« Assume same dark matter particle in all dwarf
spheroidal galaxies
d® AN

« Use all dwarf galaxies with well-determined T=(B,0,0) = 417T 2’;‘;:'2"”) ——B;
J-factors in non-overlapping regions (N=15) A DM
 Perform a combined likelihood analysis: X

— Predicted flux for each dwarf will depend on

individual dark matter content (J-factor) [/ dQ’/ p2(r(l, ¢"))dl(r, qb’)j
AQ(4,6)

— Include statistical uncertainties from stellar los
kinematic data.

— Fit backgrounds independently
e Joint likelihood function:

L(D \%» {px}) = | [Lk*" (Dk | P, PK)
k
Shared by all dwarfs % ! o— (10810 (Jk)—logy(Jk))* /207,
(dark matter particle 111(10) J\2moy

parameters)

Fit for each dwarf

(background sources)

Uncertainty in J-factor
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Combined Limits at 95%CL SLAC oy

4 years of LAT data = Obsorved Limit |
10722 =~ Median Expected
40 68% Containment
Iw 10_23 ] 95% Containment
15 dwarf galaxies R
T 1070
gl
Expected sensitivity i
calculated from 2000 sets 0-22|
of 15 realistic simulations | 7 ..}
Rt
. = —25:
6 prototypical dark matter | £
ng = - —26
annihilation channels 107
10—22
Dark matter particle T gl
masses ranging from R
2 GeV to 10 TeV (when = o |
. . > i
kinematically allowed) R e
10~ -

10* 102 10° 10* 10? 10°
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Expected vs. Observed Limits SLAG @gmw

E — Observed Limit (from ref. [1])

1 0_22 :_ — = Median Expected
E |0 68% Containment
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b} 10_23§' 3
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-, 10 F E
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> 107
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Combined Limits at 95%CL e

e @KH%C
Same observed limits N ——
F| — Observed Limi
10_22 -- M]Zdian (];jpec‘:ed (from ref' [1])
- [ 68% Containment
Expected sensitivity 107 o 95% Containment
calculated from the data 5 10|
/;g\ 10—25 |
300 sets of 15 107
random sky
locations 1022
Tm 10—23;
High-Galactic- U
latitude (|b|>20) T 0%
e 10—26 5
>1° from LAT 200
catalog sources _ 107
Tm 10—23;
: ERIEL:
Reduces discrepancy =
. = —25
between observations e
and expectations 1072

10* 102 10° 10! 102 10°
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Statistical and Systematic Effects

Distribution of TS values in the data
does not follow asymptotic theorems

Local significance:
— Simulations: p-value = 1.6x10- (~2.90)

Global significance:
— Simulations: p-value = 2.4x10-? (~2.00)

_ Data: p-value = 8.3x102 (~1.40) ;|

Confounding features of the data:

N
2
— Unresolved background sources BT

— Instrumental features
— Imperfect modeling of the diffuse

background 1073}

Additional systematic uncertainties:
— Instrument response (< 15%)
— Diffuse backgrounds (< 10%)
— Dark matter profile (<20%)

Alex Drlica-Wagner | DPF2013
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Cvn 11§ ®-Com
 The number of known dSphs has P Wi SR e

doubled due to SDSS. e e
— SDSS only covers ~25% of the sky | :
— SDSS has a magnitude limit of ~22

 New wide-field surveys plan to greatly
expand our coverage:

— Pan-STARRS:
~75% of the sky from the north

— Southern Sky Survey:
~75% of the sky from the south

— DES:
~5000 deg? in the south (deeper) iy BRI RS RS Caonte L

~50% of the sky (much deeper)
« Simulations predict hundreds of Milky .----.
Way satellite galaxies (ref. [4])
N el T P RE N SR s
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Finding More Dwarf Galaxies o1 Ag @%mc

Conservatively assume that upcoming -y o .
surveys find 20 more dwarf galaxies. Only valid if systematics
can be controlled

Assume that the characteristics of these

new galaxies are similar to those 1078 e .
recently discovered by SDSS. [|mm 65% Containment (from ref. [1])
— High Galactic Latitude j-21 [
— Comparable J-factors and uncertainties :
;'; 10725 F
Combine additional dwarfs with I S
continued LAT operations. T 1070k
— 10 years of LAT data taking - _
— Current instrument performance 10727
10 Year Observation ]
- 35 Dwarf Galazies bb 1
Expect sensitivity to the thermal relic 1075 9 ) e e 0
cross section for dark matter particles Mass (GeV)
with masses ~350 GeV
Doesn’t include
Additional improvements to the LAT improvements to the

instrument...

LAT instrument
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Pass8: Improved LAT Performance < iz &
KIAC
 Improvements to the LAT instrument
performance: 3
— N AL L L L L I L L] B L L 7
— 7)) B : \ | -
Increased energy range L . Prehmmary | | | ]
— Increased effective area < 25 S ERRCCREESELEEE R S N —
— Improved angular resolution % - K Ji“ 25 T3
— Better background rejection 49;5,'- 2:_ """""" T / o _"" '""4"{}';:""'\._;
— New event classes £ £ R e
F 5 ’," & -e-P8SOURCE prototype n
N » /! o -m- P7SOURCE V6 i
 Impacts for dark matter: = O S R -
— Energy Range <==> explore new - ,‘I§'2-3 ' : : E
high-mass parameter space 0.5 -_"",'.7,—";. """""""" (fromref[5]) "
— Effective Area <==> increased flux f_:urlu N R -
sensitivity 0 102 10° 10t 10° |
— Angular Resolution <==> greater Energy [MeV.

sources 5 Decades in Energy (3 TeV)

— New Event Classes <==> check

systematic effects in event selection o1
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