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What Do We Know about
Dark Matter?

osmic Microwave Background Large Scale Structure

(e

Dark Energy

Lensing/The
| Bullet Cluster

/

. Planck Collaboration, 2013; SubbaRao et al. (2008); J. Primack et al.,201 I;
R. Caputo, NASA/GSFC | AMEGO Splinter AAS 2020 NASA, APOD, 2006 August 24, J.A. Tyson et al., Astrophys..498:L107,1998 s




7 1750 Lightcurve from Fermi/GBM (50 — 300 keV)
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Gravitons and photons travel
in space-time in the same way
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Test of Weak Equivalence

principle

LEELL AL OSSN ON SN S
B GM/c?

Boran et al., PRD 97, 041501 (2018),

*SN1987a found the same
thing for neutrinos and
photons



Dark Matter Candidates

Weakly Interacting Massive
Particles (WIMPs)

Lower bounds:
~10 GeV if mediated by Weak force
(Lee-Weinberg bound)
~few MeV limited # neutrinos - thermal
relic (Ho & Scherrer)

Upper bounds:
~120 TeV (Unitarity bound)

Weakly Interacting Sub-eV

Particles (WISPs)

Axion-like particles (WISPs) - any U(1) symmetry
breaking
Bounds: 103 neV to 10-3 eV (Axions: 10-> to 10-3 eV)
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What do you get from MeV
WIMP annihilation?

My = 60 MeV
XX = e'e”
(ov) = 10728 ecm3s!
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How do you observe WISPs
in the MeV regime!

 Central radio galaxy of Perseus
cluster

* Bright y-ray emitter

« Central B field of cluster: 25 pG

Taylor et al. 2006

Globular clusters

ALPSII

IAXO

HST image of NGC 1275
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Observational Requirements

Weakly Interacting Massive Particles (WIMPs)
® Wide Field-of-View and Exposure time similar to LAT
e High angular resolution (<3°) at | GeV at Galactic Center

Axion-like and Weakly Interacting Sub-eV Particles (WISPs)
® Energy resolution of <5% from [-100 MeV
® Wide Field-of-View for transient searches

R. Caputo, NASA/GSFC | AMEGO Splinter AAS 2020



GO Performance
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WIMP Annihilation Sensitivity
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,. Axions Produced in
pore-Collapse Supernovae

B

credit: iIStoCK St

*
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Produced ~10s |
with neutrinos

CAST (2017) Globular clusters

HAYSTACK

AMEGO
10Me SN@10kpc

Haloscopes

Phyyer axtall, 20015



But wait, there’s more...
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Excess
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Excess ¥ ce et al. 2016]

Population of point sources: o ¥

Millisecond pulsars Bartels eval 2016 /o :

. - |80 9 e 0.',‘.,"_
- 5 4 : :
. ® R Ocoot R s LA
- .
rv : . SRR S 50 8 Sa 0 !
3 . . <= O " Srh i .
.E‘ : - ) : . . S o rdeds 3. * 2S
: . Qe ' a2 X b P
\ ~, ® 4 - .‘
- : AL it B . 2.
- . AR > 0L ! 3 ~ »
m L\ JIOrS 4 N S LN D ‘v b
) R U .
"‘q F’.. S SR '-"“"‘..1’0 |
¥ N e -’ o
[ ' BN . 0 A ¢
. L = - _.L, .‘. ‘A.
/ .
. -

: [Fermi—LAT. Collaboration 2017]

R. Caputo, NASA/GSFC | AMEGO Splinter AAS 2020 13




Complementarity in the

Y-ray Sky

Relevant for extended
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sources and Galactic Center
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Complementarity:
Direct Detection
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Complementarity:
Fixed-Target

Scenario A E! < Ep
a) Missing Mass/Momentum Experiments (Kinetic Mixing, m.¢= 3m,)
e [~ XX 107° )
P T | A | e | e | B it DarkLight
T 7 b *""" - r— 14— — — —
Ei=Ep !'—- ! Invisible
Tagger
Target/ECAL/HCAL
T T Rttt
Scenario B
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e [~ XX
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ECAL/HCAL

|zaguirre et al. 2015
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The Future is "the MY
band...
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Well motivated discovery space in direct, collider
and indirect dark matter searches for broad range
of different dark matter candidates
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Backups
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Dark Matter Annihilation

How low (in mass) can you go!

XX — 77: Accessible at all energies

Y — v Accessible if /COM interaction > m?
vy — 7070 Accessible if v/COM interaction > 2mmq®

XX — Ul: Accessible if +/COM interaction > my

YX — ¢¢ and ¢ — eTe: Additional mediators,
cascade annihilation

R. Caputo, NASA/GSFC | AMEGO Splinter AAS 2020 Inspired by Boddy & Kumar 2015 20



AXxions and
Axion-like Particles

OC
vy

Convert in Galactic magnetic
field (Primakoff effect)
Or decay

[Peccei & Quinn 77;Wilczek 78;Weinberg 78;

Preskill et al. 83; Abbott & Sikivie 83;Witten 84;
e.g.Arvanitaki et al. 09; Cicoli et al. 12;Arias et al. 2012;
Raffelt & Stodolsky 1988]



Dark Matter Annihilation
Limits from CMB
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Light Dark Matter 102
Annihilation more
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Axion/ALP Dark Matter
Sensitivities

LIMITS

CAST (2017) SENSITIVITIES
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Indirect Searches: y-rays

Observed = Particle Properties x Astrophysics Properties
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Anti-Coincidence Detector

plastic scintillator
CZT Calorimeter

DSSD Tracker
Module

Module

Csl Calorimeter

> / Module

MMS/Thermal
Blanket

ACD

Side CZT
Calorimeter

_Segment of DSSD tracker

Sister Instrument:
e-ASTROGAM

~

TRLIRAY

N > fﬂ*’”’"{ =
Tracker and Calorimeter \%‘
Towers Calorimeter:
4 layers/tower
Spacecraft 16 total
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Dark Matter Annihilation
Sensitivity
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