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: Indirect Searches: y-rays

Observed = Particle Properties x
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: Indirect Searches: y-rays
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: Indirect Searches: y-rays
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: Indirect Searches: y-rays

Observed = Particle Properties x Astrophysics Properties
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Fermi-LAT y-ray sky
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Fermi-LAT y-ray sky
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Dark Matter Distribution

Search Strategies for WIMPs
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o Current Axion-like Particle Limits
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MeV Dark Matter: Axion-like Particles

e Axions produced in supernovae

— core collapse supernova (SN1987A)
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Axions in Pulsars

“s ermi
o S Tucons
Source Name|RA (°) [Dec.(°)|£ (°) |b(°) |d (kpc) |Age (Myr)|Bgut (G)
J0108-1431 |17.035 |-14.351|140.93|-76.82(0.24070 527|166 2.52x 10
J0953+0755 |148.289(7.927 228.91(43.7 [0.2627 5002 [17.5 2.44x10M
J0630-2834 |97.706 |-28.579|236.95|-16.76(0.3327 0052 [2.77 3.01x1012
J1136+1551 |174.014|15.851 |241.90{69.20 |0.360700195.04 2.13x10'2
Away from ;
[ o E"—/
galactic plane > 105
Close ; 10 Predicted Spectral Energy
é’ = Distribution for gamma
Measured £ 107 rays from axion decays for
. = [ Jo108-1431
B-Field SR:
1077

B. Bereniji, et al., Phys. Rev. D 93, 045019 (2016) arXiv:1602.00091
R. Caputo, UCSC
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i Pulsar Target: J0108-1431

*“'-‘?Ml‘:
el
Our Pulsar
Known Source(s) ' -
\ +
S
- .
S -10.0f +
%) V)
p 000 3
©
g ¥ 1-0.02 &
g 2000 + ~0.06
+
| - —-0.08
+
1 ~0.10

30.0 20.0 10.0
Evy: 60-200 MeV R.A. Degrees (J2000)

R. Caputo, UCSC 22



Our Pulsar

Known Sw r -

Bl NS (this work)
B SN 1987A
104 F Bl cxions

107

E’Y: 6( 107

10° = - - .
10 10°* 10! 1 10 10° 10°

m, (eV)

R. Capute, ¢ woc

-
* 10.00 S
o
{-0.02 @
~0.04 <
+ 7T ~0.06
- ~0.08
+
b L —-0.10
.

0.0
egrees (J2000)

No excess upper limit on QCD
axion mass: 7.9x10-2 eV

10.0
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Future...

Cvn 118 ® Com
Cvnl O Boo I Leo 11@®

Boo III ®Boo II Leo V
@Leo1v gSes 1l -
P |

cherenkov telescope array

¥ W High Altitude Water Cherenkov

ol oo — Gamma-Ray Observatory

57
[}
e
o
b
)

; ;’ Funded for

DARK ENERGY prototype

SURVEY

33% of
Fermi Sources
are unassociated
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o The Future...

G ammar yy

/ Space Telescope

Cvn 1§ ® Com
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cherenkov telescope array
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;- Sy ° Astrophysics of Dark
=555 Matter (Special Dark)
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prototype
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33% of
Fermi Sources
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G Hnma-ray

/ Space Telescope

The Future...

Cvn 1§ ® Com

CVnl O Bool Leo I1®
Boo III ®Boo II Leo V
@Leo1v gSes 1l -
’ P |
. ~.>>\\‘ . - -

cherenkov telescope array

¥ e High Altitude Water Cherenkov

Lt Gamma-Ray Observatory

o’ff"’
;
o
o

; ' Astrophysics of Dark
=SS Matter (Special Dark)
Not to mention...

¥ ComPair
i5¢ Funded for ~ [SERNSE
pr ototype kinematics of‘d

DARK ENERGY
SURVEY

33% of .
F iS DESI: i
ermi Sources . _ more dwlit
are unassociated w5
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* Fermi-LAT is an excellent probe of particle Dark Matter

— Indirect detection is the only detection technique that searches for
DM in astrophysical targets

— The LAT provides the strongest constraints on thermal relic WIMPs

— The LAT has a suite of DM targets: Galactic Center, Galaxy Clusters,
dwarf galaxies, the sun, etc...

— More work to be done understanding the Galactic Center and other
potential DM dominated targets

e Complementary searches between Direct Detection and Collider are
necessary to understand the nature of a potential discovery

* Not finding dark matter in the obvious places
— Explore dark matter beyond the standard WIMP paradigm

R. Caputo, UCSC 24
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Thank you!

R. Caputo, UCSC 25



Fermi Gamma-Ray Space Telescope

R. Caputo, UCSC
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R. Caputo, UCSC

Large Area Telescope
20% sky at once
full sky 3 hours
20 MeV -1TeV

26
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Large Area Telescope

20% sky at once
full sky 3 hours
20 MeV -1TeV

Gamma-ray Burst Monitor

full sky continuous
8 keV - 40 MeV

R. Caputo, UCSC 26
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/ Space Telescope

Galactic Center

Challenges of observing the Galactic Center

R. Caputo, UCSC 27



C>ermi Galactic Center

/ Space Telescope

Challenges of observing the Galactic Center

R. Caputo, UCSC )
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Galactic Center

Challenges of observing the Galactic Center

Radio (0.4 GHz)
Atomic Hydrogen
Radio (2.7 GHz)
Molecular Hydrogen
Infrared

Mid Infrared

Near Infrared
Optical

X-Ray

Gamma Ray

R. Caputo, UCSC 27



é What’s Going On in the Galactic Center?

o
Essermil

Gozlxrna~r.ay
/ Space Telescope

2009
Excess in gamma-ray flux from GC

R. Caputo, UCSC 28



/~

@ ss ermi

G ammarray
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What’s Going On in the Galactic Center?

Not exhaustive:
2009 L. Goodenough, D. Hooper, arXiv:0910.2998

Excess in gamma-ray flux from GC D. Hooper, L. Goodenough, PLB, arXiv:1010.2752
D. Hooper, T. Linden, PRD, arXiv:1110.0006
K. Abazajian, M. Kaplinghat, PRD, arXiv:1207.6047

2009 — now D. Hooper, T. Slatyer, PDU, arXiv:1302.6589
. . C. Gordon, O. Macias, PRD, arXiv:1306.5725
Many Papers conflrmlng the excess W. Huang, A. Urbano, W. Xue, arXiv:1307.6862

Speculation as to its origin K. Abazajian, N. Canac, S.Horiuchi, M. Kaplinghat,
arXiv:1402.4090
T. Daylan, et al., PDU 12 1 (2016), arXiv: 1402.6703

Dark Matter

R. Caputo, UCSC 28



. What’s Going On in the Galactic Center?

ESsSserml
G.!'T‘.HI.! .'.l‘)'
/‘ S;).!:(‘Tolz-scopr.-
Not exhaustive:
2009

L. Goodenough, D. Hooper, arXiv:0910.2998
Excess in gamma—ray flux from GC D. Hooper, L. Goodenough, PLB, arXiv:1010.2752
D. Hooper, T. Linden, PRD, arXiv:1110.0006

K. Abazajian, M. Kaplinghat, PRD, arXiv:1207.6047

2009 — now D. Hooper, T. Slatyer, PDU, arXiv:1302.6589
. . C. Gordon, O. Macias, PRD, arXiv:1306.5725
Many papers conflrmlng the excess W. Huang, A. Urbano, W. Xue, arXiv:1307.6862

Speculation as to its origin K. Abazajian, N. Canac, S.Horiuchi, M. Kaplinghat,
arXiv:1402.4090
T. Daylan, et al., PDU 12 1 (2016), arXiv: 1402.6703

- * *
Unresolved populations Dark Matter

**Massive star formation (OB type stars)
Unresolved point sources
Pulsars...

R. Caputo, UCSC 28



Axions and Axion-like Particles (ALPs)

* A solution to a different problem
— Quantum chromodynamics (QCD)
— Axions: 10 to 103 eV
— Couple to photons in an external magnetic field
— strong field = more coupling

Y Strong magnetic fields

: : : . in galaxy clusters...
e Axion-Like Particles (ALPs) <— this one & y

— not restricted to those masses... but still light

M. Ajello et. al, Phys. Rev. Lett. 116, 161101 (2016) arXiv:1603.06978v1

R. Caputo, UCSC 29



