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Production/Detection
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Indirect Searches

Observed =
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Indirect Searches

Observed = Particle Properties x
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Indirect Searches
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Indirect Searches
Observed = Particle Properties x Astrophysics Properties
E w.;\ — NFW
r — 13 N\ Einasto = 0.17
10° . T - U || Isothermal
g | e SN e
0 ! ﬁ ! >‘°f \ \\\\
S \~¥~/\ 1 W T
"y 10 b s
i TN | [ SS:
10’[ ‘ ! ] ‘r:
x=Exjm T o e PR P
| 1 (o,v) - N
® (L, yY) = —N (£) x J(¥)
47 2= 4
X
detected
cross section particles
mass

R. Caputo , UCSC | Mitchell Workshop 2015 L. Bergstrom et al., Astropart.Phys.9:137-162,1998 6




Indirect Searches

Observed = Particle Properties x Astrophysics Properties
E o k. —— NFW
[ ) ] ; ! \'\\_\ ‘ Einasto = 0,17
1 Gustafsson etal. | I \\\\ I basityssens
5 I PRL99.041301 H | N e
= %I =" \\
~ F"‘T—\%\J } I Ui TR
W 107 5. i S
! th 1 % g
o | | | o
x=Ex/my T T e P
| 1 (o0,V) . . ,
® (F, ) = 47/2 — N (F) x J(¥)
n< 4
X J-Factor: ~ [ p?
detected \ lid ’f A
cross section particles (so : al.1g Y
line of sight)
mass

R. Caputo , UCSC | Mitchell Workshop 2015 L. Bergstrom et al., Astropart.Phys.9:137-162,1998 6




Indirect Searches

Observed = Particle Properties x Astrophysics Properties
E o —— NFW
[ ) Y ] ; ! \'\\_ Einasto . =0,17
| Gustafsson et al. | \\\ | = taothermal |
- [ PRL99.041301 - \ TN |
= o7 W ="F \
2 b/ e .. You are here
10 f - 1 - 'o: boete . I - I {
g b S F
107} 1 1 ‘r:
i e * distance "/ tpo
| 1 (o0,V) . . ,
¢ (F, ) = 47;2 — N (F) x J(¥)
n< 4
X J-Factor: ~ [ p?
detected \ lid ’f A
Cross section particles (so ' al.1g y
line of sight)
mass

R. Caputo , UCSC | Mitchell Workshop 2015 L. Bergstrom et al., Astropart.Phys.9:137-162,1998 6




Indirect Searches
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Indirect Searches
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Model
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Indirect Searches
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Indirect Searches: e*/e-
spectrum
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Indirect Searches: e*/e-
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%9 Indirect Searches: neutral
particles
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Fermi y-ray
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Neutrino Observatories

lceCube Neutrino
Observatory

100 GeV -1EeV

Antares
Neutrino Observatory

100 GeV - PeVs
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Fermi-LAT y-ray sky
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>1 GeV, 6 year map
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Fermi-LAT y-ray sky

Galactic Plane
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Dark Matter Distribution

Search Strategies Simulated

L. Pieri et al., Phys.Rev.D83:023518,2011
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Dark Matter Distribution
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Search Strategies
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R. Caputo , UCSC | Mitchell Workshop 2015 16




B

“d

)(\\. ‘//Y
v’ N\,

b deg)

e Lower branching fraction
* 10710

Counts

,;,ﬂy-ray Lines: 130 GeV Feature

Regd (SOURCE). E.

129.8 GeV

I

~ Signal counts: 57.0 (4.63¢)

22

p-value=0.46, \:‘i =22.1

1

80.5 - 210.1 GeV

3.6 Years of Data |

E [GeV]

80 60 40 -20 O ] 20 40 60 80 T {
€ [deg ;f 10 I i { I I 1
e Cannot couple directly g t II ) 1¥I} I?il b I
* loops required S 1 1
100 130 200

C. Weniger, Public Fermi-LAT data,
JCAP 1208 (2012) 007

R. Caputo , UCSC | Mitchell Workshop 2015




Y\

A

X\ /Y
e

Counts

b deg)

-80 60 40 -20 O 20 40 60 80
¢ [degl

Model

e Cannot couple directly
e [oops required

e Lower branching fraction
® 10710

Counts -

R. Caputo , UCSC | Mitchell Workshop 2015

Regd (SOURCE). E.

,,»'y-ray Lines: 130 GeV Feature

129.8 GeV

I

1

E [GeV]

C. Weniger, Public Fermi-LAT data,

~ Signal counts: 57.0 (4.630) 80.5 - 210.1 GeV
p-value=0.46, 7 =22.1/22
i 3.6 Years of Data
SR R S O JPRPe I
r lllKJ ].l'y(l 200

JCAP 1208 (2012) 007




¥ v

,,dy-ray Lines: 130 GeV Feature

~4

— 140F
% 120
O :
L?i 100 Modify Observing Strategy 2x exposure to GC |
g 80 5.8 Years of Data '
*g 60 (6.8 “effective” Years of Data)
o 40

______ i
c — T |
o

©
g 2
©
3 0
o -2
m ....... ) U S S S —— ) — " " Lt td—— L " " " 1 - PN L
40 60 80 100 12 140 160 180 200 220
Energy (GeV)

Fermi-LAT Collaboration

Fermi Symposium 2014, Submitted
R. Caputo , UCSC | Mitchell Workshop 2015 PRD 18




'\jf'

Residual( o)

140
120
100

5.8 Years of Data

E, = 133.0 GeV
[y = 2.47
N, = 7.27 evts (0.72 o)

-J--ll-llll]-ll--

Preliminary

Jlll-l--l--

vvvvv

.................

vvvvvvvv

..................

140 160 180 200 220
Energy (GeV)

R. Caputo , UCSC | Mitchell Workshop 2015

Fermi-LAT Collaboration
Fermi Symposium 2014, Submitted

PRD

18




') —
- . ‘/f
" .‘/
\,
Al W3

~4

—‘fde'l‘ay Lines: 130 GeV Feature N

GeV

Events /(5

N

Residual( o)

140
120

E, = 133.0 GeV
[y = 2.47
N, = 7.27 evts (0.72 o)

5.8 Years of Data

Preliminary

AAAAAAAAA

vvvvvvvv

...................................

Energy (GeV)

R. Caputo , UCSC | Mitchell Workshop 2015

Fermi-LAT Collaboration
Fermi Symposium 2014, Submitted
PRD

18




E, = 133.0 GeV
5.8 Years of Data

AAAAAAAAA

[y = 2.47
N, = 7.27 evts (0.72 o)

-J--ll-llll]-ll--

Preliminary

Jlll-l--l--

D 120
0]
o 100
L 80
» 60}
& 40
9 -
N 20
== oF

Residual( o)
o
|

e
——
g
——
——
——
e
B S
[ ]
——

......................

vvvvvvvv

140 160 180 200 220
Energy (GeV)

Continuum Spectrum...

R. Caputo , UCSC | Mitchell Workshop 2015

Fermi-LAT Collaboration
Fermi Symposium 2014, Submitted

.............




y-ray Continuum in the
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y-ray Continuum in the

Galactic Center
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y-ray Continuum in the
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Y-rays and neutrinos

-rays >100 GeV
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The GC with neut

ss IC22 Halo ws IC79 Halo

ss IC4AD0GC s—a IC79 GC LE sensitivity
e-e IC79 GC HE sensitivity
se Fermi Dwarf galaxy

AR 1

— Ei : . ‘ lc'eC”t;b'e Prel'iml'na ;
cee NFW(hswed) NFW profile =

— - SgDwnt xXx=ptp”
- Willmas 1 20t :

eCube Collaboration
40 string,

H .1210.3557 - M Ak ....1.62 A Ad ....1.63
s m, [GeV]

"innerpreted for DM [Meade et al (2010))




Fermi-LAT
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Search Strategies
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Isotropic Background
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Dark Matter Distribution
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What is a Dwart
Spheroidal Galaxy?

The Milky Way has
many companion
galaxies!

Little gas/dust/
star formation

old: >13b years
Low Luminosity

Found around
Milky Way
and Andromeda

Sculptor

2
9 Fornax

L
100,000 light years

Bullock, Geha, Powell

R. Caputo , UCSC | Mitchell Workshop 2015

25 known dSphs

9 classical dSphs
(pre-SDSS)
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Dwarf Spheroidal Satelllte
Galaxies &
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Galaxies

* DM co

* dwa
* J-Fac
* encloses half-light radii

 insensitive to inner profile
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\ Dwarf Spheroidal Satellite
Galaxies: Segue 1
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No detection by Fermi-LAT,
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Phys. Rev. D 85, 062001 (2012)
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Dwarf Spheroidal Satellite
Galaxies: Segue 1

Segue 1:
Closest dwarf
No detection by Fermi-LAT,
MAGIC, VERITAS
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== J-year Pass 7 Limit
; == G-year Pass 8 Limit
| == Median Expected
[| 00 68% Containment
95% Containment

Thermal Relic Cross Section
(Steigman et al. 2012) 7
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Pass 8 Combined dSphs
Fermi-LAT MW Halo
H.E.S.S. GC Halo

MAGIC Segue 1

Abazajian et al. 2014 (10)
Gordon & Macias 2013 (20)
Daylan et al. 2014 (20)
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Dark Matter Distribution

Search Strategies Simulated

L. Pieri et al., Phys.Rev.D83:023518,2011
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Search Strategies Simulated

Galaxy Clusters
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F. Isotropic y-ray Background

Extragalactic y-ray Background =
Isotropic Diffuse y-ray Background + resolved sources

+Blazars
+ Gamma Ray Bursts (GRBs)
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+ Star Forming Galaxies
+ Galaxy Clusters (ul)
+ Cascades (ul) + ...
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Extragalactic y-ray Background =
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Two Models: Two Scendarios:
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Indirect Dark Matter

Just beginning to probe the
most theoretically motivated
regions of dark matter
parameter space

MR. Caputo , UCSC | Mitchell Workshop 2015
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