National Aeronautics and Space Administration

& '
g 3
|- 5

e £

'}ir e

=k @
I 1
ol

Dark Matter with
the Fermi-LAT

R. Caputo
NASA/GSFC
On behalf of the Fermi-LAT Collaboration

Gravity Information and Fundamental Symmetries
MPQ), Garching
5 November 2019

9dodss[af, a0edg A;J—ELUHIED 5 [m l a



Now what?

J onstraints from
CMB, primordial
nucleosynthesis

constraints from
CMB, N-body
simulations

R. Caputo, NASA/GSFC | Fermi DM@MPQ
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1. Does the candidate satisfy the previous requirements?
2. How do we look for the candidate?
3. How do we discover the candidate?

R. Caputo, NASA/GSFC | Fermi DM@MPQ 3



What do we know?

DARK MATTER CANDIDATES:
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MAYBE THOSE ORBIT LINES IN SPACE
DIAGRAMS ARE REAL AND VERY HEAVY

1. Does the candidate satisfy the previous requirements?

2. How do we look for the candidate?
3. How do we discover the candidate?

R. Caputo, NASA/GSFC | Fermi DM@MPQ
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Detecting Particle Dark
Matter
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Spectral lines vs  broad spectrum ;Gamma-rays
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Searching for Dark Matter:
Y-rays

Observed = Particle Properties x Astrophysics Properties
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The Fermi-LAT
Modular design (4 modules),
3 subsystems

Anti-Coincidence Detector

Scintillating tiles
s Charged particle separation

Tracker ,
Silicon detectors ; PR } '
Convert y to e*/- O SRRy
Reconstruct y direction > T Calor.' myetgr
| 2y == Csl scintillating crystal logs

Measure energy of y and e*/-
Image and separate EM/had. showers

Sky Survey
2.5 sr FOV (~20% of the sky!)
Full Sky ~3 hours

Trigger =
rate: ~10 kHz 1. _ : .
read out: 400 Hz y-ray data made public within 24 hours

R. Caputo, NASA/GSFC | Fermi DM@MPQ



Extragalactic Sources

TL' : . Sl;n/Solar Flares +

| Active Galactic Nuclei

: Terrestrial Gamma-ray Flashes
: +‘Sg‘arburst Galaxies... , .

. -i-Supefnova; Remha’nis : e - o
+Pulsar Wind Nebulae e Pulsars i
+Globular Clusters '

% ->5000 sources

>1 GeV, 10 year map

Galactic Sources | Exotic and Transient Astrophysics
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Model of Dark Matter
Distribution

Search Strategies

- Galactic Center

L. Pieri et al., PRD83:023518,2011
R. Caputo, NASA/GSFC | Fermi DM@MPQ




Active Galactic
Nucleus

Population of
\, Pparticle accelerators

accretion onto supermassive black hole

pulsars, supernova remnants, ...

Interstellar Medium

Dark matter

cosmic rays interacting with gas and photons

particle annihilation/decay into gamma rays

R. Caputo, NASA/GSFC | Fermi DM@MPQ 10



Population of v/
particle accelerators

pulsars, supernova remnants, ...

Interstellar Medium v/

Dark matter ?77??

cosmic rays interacting with gas and photons

particle annihilation/decay into gamma rays

R. Caputo, NASA/GSFC | Fermi DM@MPQ 10
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GC excess, all cases

T

1078 & 4 Sample

— Ajello et al (2016) (fit intensity) ¢ ¢ Gordon & Macias (2013)
Ajello et al (2016) (fit index) © ¢ Calore et al (2015)
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Ackermann et al., ApJ 2017
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Y rays @ Galactic Center

Consistent with Thermal Current radio campaigns to
Relic cross sections A identify pulsars
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Velocity dependent cross sections
Mass splitting gives '
“box” spectrum

10° E —— Total reconstructed spectrum
—— Reconstructed box signal
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Y rays @ Galactic Center
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Fixed m, = 20 GeV, 110 GeV, ( = 0.44

my, = 20 GeV
------ my = 110 GeV

=== Adiabatic spike

Ye

Johnson et al., PRD 2019
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y-ray emission in the

Andromeda Galaxy

Anolther Mdkj Wav-is,ke. exce.ss??

g Galactrc dlsk not
detected

Emission comes prlmarrly
from inner ~5 kpc

Not correlated wrth
mterstellar gas and -+ -
star formatlon reglons

 Credit: NASA/GSFC
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Old stellar populations: Low-mass
X-ray binaries and MSPs... found in

the inner regions of M31
(reminiscent of the GCE)

Consistent with DM from GCE?

e — e
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Milky Way: 2x1022 GeV2/cm>
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— M31 Gordon and Macias 2014
— M33 Dylan et al. 2014

---- Albert et al. 2017 Calore et al. 2014

—-— Thermal relic (ov) Abazajian et al. 2014
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Could unidentified

10° 10! 102
DEurth (kpC )

R. Caputo, NASA/GSFC | Fermi DM@MPQ

gamma-ray
sources be
evidence of dark

matter
annihilation in
sub-halos?

J. Coronado-Blazquez et al JCAP07(2019)020 18



Fermi Catalog
Sources
(3FGL, 2FHL,
3FHL)

un|Ds rejected

994 44

153

Association

917
25 | Yes
153

Latitude

478
9 | Yes
83
Variability
443
9 | Yes
68

Machine learning
281
9 | Yes
61
Multiwavelength
21
4 | Yes
24
Complex regions

Yes

Subhalo candidates
16 4 24




3.16e-10

R. Caputo, NASA/GSFC | Fermi DM@MPQ

LAT sensitivity to DM
| sub-halos for THT~

l annihilation and the

Fonlph cm 2-s5 1]

4.18e-09 3FGL, for DM Mass of

10 GeV

J. Coronado-Blazquez et al JCAP07(2019)020 20
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Black

“Wave” Dark Matter “Particle” Dark Matter : Holes
zeV aeV feV peV neV peV meV eV keV MeV GeV TeV PeV | 30Mg
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1. Does the candidate allow the present universe?
2. How do we look for the candidate?
3. How do we discover the candidate?

R. Caputo, NASA/GSFC | Fermi DM@MPQ 22



Axion-like Particles

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]
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Axion-like Particles

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]



Axion Induced Spectral
Modulations

» Central radio galaxy of Perseus
cluster
 Bright y-ray emitter
« Central B field of cluster: 25 pG
Taylor et al. 2006

-

HST image of NGC 1275 .
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R. Caputo, NASA/GSFC | Fermi DM@MPQ Ajello et al. 2016 24




Axion Induced Spectral
Modulations

» Central radio galaxy of Perseus
cluster

 Bright y-ray emitter

« Central B field of cluster: 25 pG

Taylor et al. 2006

Globular clusters

ALPS II :
_g - IAXO ;
HST image of NGC 1275 I
1077 4 } s
. TeV transparency CTA opacity 6)‘9.
T T TTTTIT T T T TTTIT T |!IIIH| T I|\||I|| T T |||| T |!IIIH| T
10710 16-9 10|-8 1077 10 107 104

R. Caputo, NASA/GSFC | Fermi DM@MPQ ma (V) Ajello et al. 2016 24



» Axions Produced in
gore-Collapse Supernovae

Produced ~10s
with neutrinos

Peak ~60 MeV

m— At=0.005s At=9.000s

— At=1.000s At=12.000s

e A1=3.000s At=15.000s ]
At=6.000s = At=18.000s

Flux « g.,*

] |
400 600
Energy (MeV)

Payez et al., 2015




A Axions Produced in
pore-Collapse Supernovae

credit: iStock s
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Produced ~10s
with neutrinos

CAST (2017) Globular clusters

Peak ~60 MeV

HAYSTACK

Flux « g.,*

Fermi LAT
10M ., SN @ GC

Haloscopes

Meyer et al., 2017



DM Catalog: uniform framework to
test individual targets

- LMC

- SMC

- M31

- M33

- dSphs
—— Combined
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ALP searches in
GRBs/AGN




Connecting the Pieces

Need a theory to connect the measurements...
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Theories of

N~ - | Dark Matter

R. Caputo, NASA/GSFC | Fermi DM@MPQ 27



Combining the Theories

Data from Fermi-LAT is
As ol miman | ey to understanding
dark matter models
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Gamma rays are
a key player

Gamma-ray w
mission e

New space-based gamma-ray

missions are Essential and Urgent
to understand anomalies in the

current data and to complement
upcoming facilities

Fermi DES/IACTSHAWC LSST  CTA MeViNiiEe

Today 2020 2023
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Gamma-ray mission concepts...

All-sky Medium Energy Gamma-ray Observatory: AMEGO, eAstrogam
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View of the

Galactic Plane

arXiv:1508.07349
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Gamma-ray mission concepts...

All-sky Medium Energy Gamma-ray Observatory: AMEGO, eAstrogam
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arXiv:1508.07349
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Complementarity in the
y-ray Sky

1078
m, = 10 GeV Relevant for extended sources
=== m, = 30 GeV o
— X and Galactic Center
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Axion/ALP Dark Matter
Sensitivities

LIMITS
CAST (2017) SENSITIVITIES

Globular clusters
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Dark Matter and
Fermi-LAT

GCE

—— 30 GeV DM-—s bb
-7

1077 ___- 47 Tuc (MSPs)

E? dN/dE (arb. units)

1077} .
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10 10°
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