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&) Detecting Particle Dark
Matter

X SM i i
N/ Indirect Detection

v/ Ngu M sm

time \ /
X / \X SM X
Direct Detection N/

Collider Sm \X

R. Caputo, UMD/NASA/GSFC | WIN2017



R. Caputo, UMD/NASA/GSFC | WIN2017
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P | — cont NFW( =1, 3)

Gustafsson et al.
PRL 99.041301
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ermi Gamma-Ray Space
Telhecope

June 11, 20(

|- TN, . ,4‘!‘_" S A
Large Area Telescope
20% sky at once

full sky 3 hours
20 MeV- >300 GeV

Gamma-ray Burst Monitor

full unocculted sky continuous
R. Caputo, UMD/NASA/GSFC | WIN2017 8 keV - 40 MeV 5



ermi Gamma-Ray Space
Telescope

Anti-Coincidence Detector
', —= T charged particle separation

Tracker s —
charged particles
cause conversion y-=e*e-

direction

Trigger
read out: ~2 kHz
down-link: ~400 Hz

R. Caputo, UMD/NASA/GSFC | WIN2017 6

Calorimeter
Energy measurement




Extragalactic Sources _ i Local Sources

Solar Flares +

 Active Galactic Nuclei - Terrestrial Gamma-ray Flashes
+ Globular Clusters : ;

-+ Starburst Galaxies...-

. +Supernova Remnants

~ +Pulsar thd Nebulae + ... Pulsars

>3000 sources

>1 GeV, 8 year map

Galactic Sources Exotic and Transient Astrophysics

R. Caputo, UMD/NASA/GSFC | WIN2017




Active Galactic
Nucleus

Population of

accretion onto supermassive black hole § particle accelerators

pulsars, supernova remnants, ...

Interstellar Medium

Dark matter
cosmic rays interacting with gas and photons™

particle annihilation/decay into gamma-rays

R. Caputo, UMD/NASA/GSFC | WIN2017 8



Population of v/
particle accelerators

pulsars, supernova remnants, ...

Interstellar Medium v/

Dark matter ?27?77?
cosmic rays interacting with gas and photons™

particle annihilation/decay into gamma-rays

R. Caputo, UMD/NASA/GSFC | WIN2017 8



L. Pieri et al., Phys.Rev.D83:023518,2011
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Galactic Center

L. Pieri et al., Phys.Rev.D83:023518,2011
R. Caputo, UMD/NASA/GSFC | WIN2017




What’s Going On in the
Galactic Center?

2009
Excess in gamma-ray flux from GC
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What’s Going On in the
Galactic Center?

Not exhaustive:
L. Goodenough, D. Hooper, arXiv:0910.2998
V.Vitale and A.Morsell, 2009 Fermi Symposium, arXiv:

2009

Excess in gamma-ray flux from GC 0912.3828
D. Hooper, L. Goodenough, PLB, arXiv:1010.2752

D. Hooper, T. Linden, PRD, arXiv:1110.0006

2009 — now K. Abazajian, M. Kaplinghat, PRD, arXiv:1207.6047
. . D. Hooper, T. Slatyer, PDU, arXiv:1302.6589
Many papers conflrmlng the e€xcess C. Gordon, O. Macias, PRD, arXiv:1306.5725
Specu]ation as to its origin W. Huang, A. Urbano, W. Xue, arXiv:1307.6862
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, UMD/NASA/GSFC | WIN2017 10



Fermi bubbles (past active central regions, accretion, intense
star formation)

R. Caputo, UMD/NASA/GSFC | Fermilab Astro Seminar 11



GC excess aII cases
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Py-rays @ Galactic Center
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—— 6 year dSph 95% UL
| —— gNFW GC 95% UL
- —— NFW GC 95% UL Current campaigns to identify

pulsars
in the Galactic Cente
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Thermal Relic Cross Section
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Daylan+ (2014)
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20° — 200

10° | 100 469 unique sources
| (290 both IEM models) =

select pulsar candidates
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Recover >90% 3FGL sources
(green)
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Cataloged PSRs to create selection criteria

Fermi-LAT Third Source
Catalog: 3FGL

Spectral curvature is a
powerful tool to distinguish
pulsars/blazars

zar AGN
%

SNR/PWN
3%

T'Stary =2 - (log LpLg — log Lpy)

curv

TSPLE blazers ~153 sources
TSPLE PSR ~172/169 sources

R. Caputo, UMD/NASA/GSFC | WIN2017 14



Fermi-LAT Third Source
Catalog: 3FGL

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

7% blazar contamination

x  Young PSR zar AGN
C T S S— oot e %

SNR/PWN
3%

3.5 4.0 4.5 50
logw(Ecu: [‘WGV])

R. Caputo, UMD/NASA/GSFC | WIN2017 14



Fermi-LAT Third Source
Catalog: 3FGL

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

LRk Tﬁ,f Rat Pulsar-like sources:
o O AL 116/151 ar AGN
L1 with the Off./Alt. IEM
L R/PWN
9 3.0 3.5 4.0

I;ng(Ecu: [‘WGV])

R. Caputo, UMD/NASA/GSFC | WIN2017 14



Slmulate (bulge/disk) Pulsars, Blazars and DM

« Luminosity functions and representative distances
* Input best fit: Nbuige=1300, Ndisk=2800, Nbiazars=900
® De’[eC’[: Nbulge=77, Ndisk=128, Nblazars=92 138
+ Selection: Npuige=56, Ndisk=82, Nblazars=1 pulsars

Consistent with number found in data

R. Caputo, UMD/NASA/GSFC | WIN2017 Ajello et al., Submitted ApJ, arXiv: 1705.00009 15



Number of sources per bin

Simulate (bulge/disk) Pulsars, Blazars and DM

« Luminosity functions and representative distances
Input best fit: Nouige=1300, Nagisk=2800, Nbiazars=900
Detect: Nbuige=77, Naisk=128, Nblazars=92
+ Selection: Npuige=56, Ndisk=82, Nblazars=1
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Data
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S [ph em 271
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Large Magellanlc Cloud
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Counts

Galactic Latitude

Magellanic Clouds

Small Magellanlc Cloud
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Magellanic Clouds
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y-ray emission in the

Andromeda Galaxy

ounts map
3
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Ackermann et. al (2017)

55

s What did we find...
** + Emission comes

4 primarily from inner

Skpc

* Not correlated with
interstellar gas and
25 star formation
regions

15 « Galactic disk not
detected

0.5 17



y-ray emission in the
Andromeda Galaxy
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Ackermann et. al (2017)



Short-lived massive stars:
supernova remnants or normal
pulsars...correlated with star

formation but y-rays are not

Interpretation:
Unresolved Source Pop.

S e R —

Old stellar population

R. Caputo, UMD/NASA/GSFC | WIN2017

Old stellar populations: Low-

mass X-ray binaries and MSPs...

found in the inner regions of M31
(reminiscent of the GCE)

e R —

NuStar X-ray imége

https://www.jpl.nasa.gov/news/news.php?feature=4811

18



Interpretation:
Unresolved Source Pop.

Short-lived massive stars: Old stellar populations: Low-

supernova remnants or normal I mass X-ray binaries and MSPs...

q pulsars...correlated with star H found in the inner regions of M31
formation but y-rays are not (reminiscent of the GCE)

S e R — L?:-,_ R

R —

The details:
Gamma-ray signal 4-5x more
luminous than GCE
10x lower star formation rate and
5-6x more massive bulge than MW

(follow up in progress...) i
Best Astrophysical Interpretation NuStar X-ray image

https://www.jpl.nasa.gov/news/news.php?feature=4811

R. Caputo, UMD/NASA/GSFC | WIN2017
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Interpretation:

Dark Matter

e I I —

Consistent with DM from GCE?

e

J-factors:
Milky Way: 2x1022 GeV2/cm5
M31: 8x1018 GeVa/cm> (£x20%)

« Observed flux from M31
5x higher than expected value

 However, uncertainties on J-factor
of M31 and on GCE flux
(follow-up in progress...)

R. Caputo, UMD/NASA/GSFC | WIN2017
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Cvn 118 ®Com
CVnlI O _Bool Leo I1®
Boo III ®Boo II QLeo v
Seg 1
. Leo IV sLeo 1
[ ]

cherenkov telescope array

Fermi DES LSST CIA
Today 2018 2020

R. Caputo, UMD/NASA/GSFC | WIN2017 20



=

33% of
Fermi Sources
are unassociated

New MeV Missions
are Essential and Urgent

Fermi DES LSST CTA MeV Mission
Today 2018 2020

R. Caputo, UMD/NASA/GSFC | WIN2017 20



Proposed new gamma-ray missions...

All-sky Medium Energy Gamma-ray Observatory: AMEGO

enhanced ASTROGAM: eASTROGAM

Intense Star formation at

Advanced Energetic Pair Telescope: AAEPT

- iIncomplete list -
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GC necessitates
understanding of
the MeV rage

arXiv:1206.0772
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Proposed new gamma-ray missions...

All-sky Medium Energy Gamma-ray Observatory: AMEGO

enhanced ASTROGAM: eASTROGAM

Advanced Energetic Pair Telescope: AAEPT
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View of the
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ComPair arXiv:1508.07349
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Proposed new gamma-ray missions...

All-sky Medium Energy Gamma-ray Observatory: AMEGO

enhanced ASTROGAM: eASTROGAM

Advanced Energetic Pair Telescope: AAEPT

- iIncomplete list -
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CVn 118 ® Com .

Wl St ey Cta Astrophysics of
r' : gl cherenkov telescope array Dark Matter

' (Special Dark)

Not to mention...

gal. for. ~
£ » history

33% of %
Fermi Sources
are unassociated

Fermi DES LSST CTA
Today 2018 2020

\, ~,!"DESI |
more dwarfs

R. Caputo, UMD/NASA/GSFC | WIN2017 22



Summary

rl e ————————————— E— —

I With Fermi-LAT we can

search for dark matter... and
q study other star forming
galaxies with gamma-rays

- Complementary with other
wavelengths

 Test our understanding of
particle acceleration/
transport

- Complementary to studies

of the Milky Way

R. Caputo, UMD/NASA/GSFC | WIN2017 23



