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Dark Matter EVIDENCE

In 1933, the astronomer Zwicky realized that the mass of the luminous matter
in the Coma cluster was much smaller than its total mass implied by the
motion of cluster member galaxies.

Since then, even more evidence:

Rotation curves of galaxies Gravitational lensing

observed } Y
P S o b A

- ~-4"’f’

expected
from
= luminous disk

R (kpc)

M33 rotation curve

Dark Matter 26.89%

Q bm~ 26.8%

Qm=~ 4.9%
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http://es.wikipedia.org/wiki/Archivo:WMAP.jpg

Dark Matter FZG”Y exist ? astro:ph/0608407

color image from the Magellan images
of the merging cluster IE0657—558
R

Chandra image of the cluster

R . . ::':.- S .' LR
Due to the collision of two clusters, the dissipationless stellar component and
the fluid-likeX-ray emitting plasma are spatially segregated
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SCIENTIFIC
NAMES 7

SURE. SCIENTISTS COME
UP WITH GREAT, WILD

THEQRIES, BUT
THEN THEY GIVE
< | THEM DULL,

UNIMAGINATIVE

FOR EXAMPLE, SCIENTISTS |I LIKE TO | INSTEAD OF
THINK SPACE IS FULL OF SAY "QUARK 7 | MAKING AN \DIOT
M{STERIOUS, INVISIBLE MASS, |QUARK QUARK |OF YOURSELF, WHY
SO WHAT DO THEY CALL IT? DONT You GO

“DARK MATTER"/ WRH! FIND ME SOME
I TELL YOU, THERES A SCUENTISTS?
FORTUNE TO BRE MADE
HERE /
\

oy

¢ 1963 Wanerson Datributed by Unwersal Press Synacate

Y
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What is dark matter made of ?

Macroscopic

Primordial
black holes

MaCHOs

Standard-
model
neutrinos

Sterile
neutrinos

Neutrinos

Super-
symmetry

Extra
dimensions

Dark matter Weak scale

Simplified Eﬁf?;fj"’e
models theory

Other

e particles

WIMPZzilla

Self-

Superfluid interacting
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Dark Sector Candidates, Anomalies, and Search Techniques
Dark Sector Candidates, Anomalies, and Search Techniques
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Small-Scale Structure
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Small Experiments: Coherent Field Searches, Direct Detection, Nuclear and Atomic Physics, Accelerators Microlensing
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New Ideas in Dark Matter 2017 : Community Report arXiv:1707.04591
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Some particle dark matter candidates
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Dark Matter Candidates
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Dark Matter Candidates
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THIS 1S WHERE YOU
LOST YOUR WALLET?

NO, T LOST IT IN THE PARK.
BUT THIS IS WHERE THE LIGHT IS.

)
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WIMPs

By far the most studied class of dark matter candidates.

The WIMP paradigm is based on a simple yet powerful idea:

dn,

_ 2 eq\2
) a i 3Hn, = —(ov) [n\ — (n$?) }
\..'5\/ Weak-scale cross sections can
P '\ reproduce observed relic density

Qn2 ~ 3% 10 27cm3s™ !
<ov >

‘WIMP miracle’: new physics at ~| TeV solves at same time
fundamental problems of particle physics (hierarchy problem) AND DM



Termal relics
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Annihilation channels

Gamma-rays
v/

)
70

X W/z/q

WIMP Dark vy
Matter Particles -
+ '\-’H'\v'e
Ecy~100GeV n N
X W*/Z/g e* X Y
\;]'[j' . Neutrinos WIMP Dark /
,,__';‘_‘ Matter Particles
o\, Ecp~100GeV ~

é- j\v’,“e % Y

+a few p/p, d/d

Analysis Anti-matter Analysis
Chain Chain
?? ?? ? 29 29 2
Dark Matter New Particle Final State Cosmic Ray Detector Dark Matter New Particle Cosmic Ray Detector
Density e.g. N-bedy  Theory e.g. Hadronization Propogation Simulation Density e.g. N-body Theory e.qg. Propogation Simulation
Simulation SUSY, Extra-dim e.g. PYTHIA and Galatic i.e. GEANT4 Simulation SUSY, Extra-dim and Galatic i.e. GEANT4
Simulation Interaction 12008 Interaction 1 5008
i.e. GALPROP 8765A1 i.e. GALPROP 76542
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Signal rate from WIMP annihilation

gamma-ray flux from

WIMP annihilation
H(E, AD) 1)dld )
I 0.8 d!?

gover'ned by

particle physics governed by
(supersymmetric J((P): halo distribution
parameters .. etc )

)
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Differential yield

for b bar

v yield per annihilation * (50 GeV / Mchi)’
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Which channel to choose?
Example: The dominant annihilation modes in the pMSSM scan

Proportion of models with dominant annihilation mode

XD
I A
o 01 \ i
3 E
o - \
E [
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©
& — W
= 1072 4
- - bb ]
I _—
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— TT
10-3 i A A A A i A A A A i A A A A
0 1000 2000 3000 4000
L Roszkowski et al., JHEP, 1408 (2014) 067 M, (Gev)

[arXiv:1405.4289]
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Dark Matter Search: Targets and Strategies

i Galactic Center i
=dtellites SR T Milky Way Halo
t £ t 2 .
SINILRE BT Haos 9 ] 2 |s.|cs ut sotree Large statistics, but diffuse
source id, but low statistics confusion/diffuse background

background

Spectral Lines .
Little or no astrophysical uncertainties, good
source id, but low sensitivity because of
expected small branching ratio Galaxy Clusters
_— Dark Matter simulation:
Low background, but low statistics Pieri+(2009) arXiv:0908.0195

Isotropic” contributions

Large statistics, but astrophysics,
galactic diffuse background

)
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Dark Matter Search: Targets and Strategies
(Another way to see it)

signal
strength

A

» cumulative extragalactic signal
R}

dwarf satellites

o
spectral line
wl Simnl-aunu': ST.O-N 63-0‘; i i '\0;- - 2-10 1 GV
i praleo=0.96, \.7,, =22.1/2

L3

clusters of galaxies

robustness
>
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ERMI

Large Area Telescope




11 June 2008
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Happy 17t Birthday Fermi |

11 June 2008 8

|
' .
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The sky 1n gamma-rays

e . , |
0 0.0099 0.03 0.07 0.15 0.31 0.62 1.2 2.5 5 10

)
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0 No association Possible association with SNR or PWN x AGN
* Pulsar A Globular cluster * Starburst Galaxy ® PWN
= Binary + Galaxy o SNR # Nova
* Star-forming region B Unclassified source

&FN Aldo Morselli  INFN Roma Tor Vergata Multimessenger searches for Dark Matter Advances in Modeling High-Energy Astrophysical Sources — Sexten 2July 2025 26



The sky in gamma-rays 4% source catalog

Description Identified Associated

Designator Number Designator Number

Pulsar, identified by pulsations PSR 229
Pulsar, no pulsations seen in LAT yet S s psr 10
Pulsar wind nebula PWN 12 pwn 6
Supernova remnant SNR 24 snr 16
Supernova remnant / Pulsar wind nebula SPP 0 Spp 90
Globular cluster GLC 0 glc 30
Star-forming region SFR 3 sfr 0
High-mass binary HMB 5 hmb 3
Low-mass binary LMB 1 Imb 1
Binary BIN 1 bin 0
Nova NOV 1 nov 0
BL Lac type of blazar BLL 22 bll 1094
FSRQ type of blazar FSRQ 42 fsrq 644
Radio galaxy RDG 6 rdg 36
Non-blazar active galaxy AGN 1 agn 17
Steep spectrum radio quasar SSRQ 0 ssrq 2
Compact Steep Spectrum radio source CSS 0 css 5
Blazar candidate of uncertain type BCU 3 bcu 1327
Narrow line Seyfert 1 NLSY1 4 nlsyl 5
(2 Seyfert galaxy SEY 0 sey 1
Starburst galaxy SBG 0 sbg 7
Normal galaxy (or part) GAL 2 gal 2
Unknown UNK 0 unk 92
o No assoc Total ' e 356 3388 \GN
+ Pulsar Unassociated e e e 1323 'WN

=" Binary NoTE—The designation ‘spp’ indicates potential association with SNR or PWN. lova
* S f Designations shown in capital letters are firm identifications; lower case letters indicate
tar-1or i ciations.
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The GeV excess 7 xr region centered on the Galactic Center
11 months of data, E >400 MeV, front-converting events
analyzed with binned likelihood analysis )

» The systematic uncertainty of the effective area (blue area) of the LAT 1s ~10%
at 100 MeV, decreasing to 5% at 560 MeV and increasing to 20% at 10 GeV
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&) V.Vitale, A.Morselli, Fermi Coll. 2009 arXiv:0912.3828 Fermi Symposium eConf Proceedings C091122
e
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The GeV €XCEeSS (PassS analy51s)

— Ajello et al (201 6) (flt mtensnty) ® o Gordon & Macnas (201 3)
—— Ajello et al (2016) (fit index) ¢ ¢ Calore et al (2015)
107 %F & & Sample E

)

GeV
cm?s

1077 F

£

101 109 10t 102 10°
E (GeV)

following uncertainties have relatively small effect on the excess spectrum

- Variation of GALPROP models - Distribution of gas along the line of sight

* Most significant sources of uncertainty are:

- Fermi bubbles morphology at low latitude - Sources of CR electrons near the GC

Fermi-LAT Collaboration Apj 840:43 2017 May 1 arXiv:1704.03910

)
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The GeV excess

10— 25
10 T T} [ bb
GC excess spectrum with i
R 60 GDE mode } stat. and corr. syst. errors | T
| ' @ Hooper & Slatyer 2013
HE ® Huang+ 2013 9
'L‘r 107°F i S . ® Daylan+ 2014 > A
DR ety L S 5 o O Abazaijan+ 2014 'FO /.
0 -~ "‘L - ‘I.-I:\ - ' o B Gordon+ 2014 :.\ "~ /
s A l — > _ R
z | R D
v | Ny L O /
R E ".‘ ' C N 7
(] ! M
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_se non €' vero €' ben trovato (_if it's not true it's well thought out )
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The GeV excess : Other explanations exist

* past activity of the Galactic center
(e.g. Petrovic et al., arXiv:1405.7928, Carlson & Profumo arXiv:1405.7685)

- Series of Leptonic Cosmic-Ray Outbursts
Cholis et al. arXiv:1506.05119

- Stellar population of the X-bulge and the nuclear bulge
Macias et al. arXiv:1611.06644

* Population of pulsars in the Galactic bulge

e.g., Yuan and Zhang arXiv:1404.2318v1, Lee et al. arXiv:1506.05124, Bartels et.al.
1506.05104
M.Ajello et al. [Fermi-LAT Coll.] Phys. Rev. D 95, 082007 (2017) [arXiv:1704.07195]

- Robustness of the Galactic Center Excess

leading explanations being annihilating dark matter or an unresolved population of
millisecond pulsars  Zhong & Cholis arXiv:2401.02481

How to discriminate between different hypothesis ?
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How to discriminate between different hypothesis ?

eROSITA
Modeling of the Fermi bubbles
Look for correlated features near the Galactic center

HESS, MAGIC, CTA

Fermi bubbles near the GC are much brighter
Possible to see with Cherenkov telescopes?

Radio observations, MeerKAT, SKA
Search for individual pulsars in the halo around the GC

Radio surveys, Planck
Look for correlated synchrotron emission near the GC

More Fermi LAT analysis

Diffuse emission modeling
Analysis of point sources near the GC

But ultimately We need a new experiment with better
angular resolution below 100 MeV

)
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Elements of a pair-conversion telescope

charged-particle Y
anticoincidence '
shield ' * photons materialize
\ : into matter-antimatter
y pairs:
pair- - ‘ - ) E, -> m.c?+mgc?
C().I]VCI'SI()H \. ,: :
Ol 3 [ et : ......................... e electron and positron
e e e ! carry information about
/\ the direction, energy and
particle- /’ ................ /"\ ..................... . polarization of the y-ray
tracking Y — SO TIERITEIEE T .
detectors / \
............. /\
A e-

calorimeter =

(Energy measurement)
2 July 2025

Advances in Modeling High-Energy Astrophysical Sources — Sexten
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Elements of a pair-conversion telescope
(more realistic scheme)

charged-particle Y,
anticoincidence '
shield '
\ ;' * photons materialize
_ ; into matter-antimatter
pair- ' . . 2 pairs:
c().nvcmnn ~8 : Ey > m,.c?+ m,c?
foils S inies s otapovet P Seanmssmesnassnneesaaas '
: " | * electron and positron
............................................. carry information about
, —_—_— —— e EIETe —— . the direction, energy and
pamg‘le- / / polarization of the y-ray
tracking -

detectors x \
J f J

calorimeter =

(energy measurement)
Advances in Modeling High-Energy Astrophysical Sources — Sexten 2July 2025 34
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Fermi Instrument Response Function

P7SOURCE_VS effective area at normal incidence (cos(8) > 0.975) P7SOURCE_V6 effective area at 10 GeV, averaged over ¢
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Containment angle (°)

-
-
P

-
-

107

Fermi Instrument Response Function
P7SOURCE_V6 PSF at normal incidence
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- The Fermi LAT 3F6L Inner Galactic Region

aaaaaaaa

August 4, 2008, to July 31, 2010 100 MeV to 300 GeV energy range

A O O

O
I

Galactic latitude (deq)

Galactic longitude (deg)

' No association = Possible association with SNR or PWN «~ AGN
“ Pulsar “ Globular cluster « Starburst Galaxy ¢ PWN

Fer'm| CO” APJS = Binary . . + Galaxy © SNR * Nova
(2015) 218 23 * Star-forming region
arXiv:1501.02003
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Galactic Center Region 0.5-2 GeV

v

500 MeV - 2000 MeV
Log scale

ASTROGAM Fermi-LAT 2u0.b
20 s
f - 100.5
15 :
: - 49.9
10
5 24.9
0 12.3
-5 5.9
10} 28
15§
: 1.2
20 15 10 5 0 355 350 345 340 20 15 10 5 0 355 350 345 340 0.4

)
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Classical Dwarf spheroidal galaxies:
promising targets for DM detection

\‘\ SN Y 17777777,




Dwarf Spheroidal Galaxies combined analysis

Upper limits, bb channel 2 years of data

1079 ¢
i 3-.103% — - Draco -_ Sextans
| — Bootes | — = Formnax —_— Ursa Major |l

1029 | - Carina — Sculptor — Ursa Minor .
[ — Coma Berenices — Segue 1 — Joint Likelihood, 10 dSphs

10'21 » =

1023

1024 }

WIMP cross-section [cm? /]

1 0—25

1025 [ .

10t | | | "' i02 | 103
WIMP mass [GeV]

robust constraints including J-factor uncertainties from the stellar data statistical analysis
NFW. For cored dark matter profile, the J-factors for most of
the dSphs would either increase or not change much
.

Fermi Lat Coll., PRL 107, 241302 (2011) [arXiv:1108.3546]
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Dwarf Spheroudal Galaxues upper- llmn“s (6 years )

10~ 22 _
C l :
| Pass 8 Combmed dSphs “‘ bb
|| — Fermi-LAT MW Halo 1‘ ]
10-23}|-- H.E.S.S. GC Halo .‘ e
: MAGIC Segue 1 \ ]
\
o || '@ Abazajian et al. 2014 (10) \
107241 Gordon & Macias 2013 (20)
= | — Daylan et al. 2014 (20)
= Calore et al. 2014 (20)
/>\ 10—25 i
Sl
10-26] e
- bb
1027 e e e .
10* 10? 10° 10

DM Mass (GeV /c?)
M.Acker'mcmn et al., [Fermi Coll.] PRL 115, 231301 (2015) [arXiv:1503.02641]
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Dwarf Spheroudal Galaxues upper- llmn“s (6 years )

10~ 22 _
| — Pass 8 Combmed dSphs
|| — Fermi-LAT MW Halo
10~ ¢ MAGIC Segue 1
| F@1 Abazajian et al. 2014 (1o)
o || — Daylan et al. 2014 (20)
w 107241 Calore et al. 2014 (20)
o [
=
=
107 ;
S .
10-26 | T G teigman o al. 5012)
- &£
/’O,
! T
10! 107 10° 10%

DM Mass (GeV /c?)

M.Ackermann et al., [Fermi Coll.] PRL 115, 231301 (2015) [arXiv:1503.02641]
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Galactic center CTAQO Sensitivity

signal: Kinasto,

signal: Einasto, bb W+W~ w/o EW corr.

Thermal (ov) (DarkSUSY)

ermal (ov) (DarkSUSY)"

CTA GC projection

CTA GC projection,

HESS GC I ] HESS GC I
Fermi dSphs (6 years) + MAGIC Segue 1 Tsignal: Einasto Fermi dSphs (6 years) + MAGIC Segue 1
10_27 |Sigm]4: E.inﬂ‘St.DI @-u i IP:gﬁmi dSPhS.(I? yelalrsl)‘ I+ LSSIT, Prc?je?cFiQPI 10_27 W+W—. W/G. Elw corr. . Felrrni‘ d!SIpbsl (.1.8 Iyears) + LSSIT, Pr?jgctliqq
10! 107 10° 10* 10° 102 10° 10* 10°
m, [GeV] m, [GeV]
 Einasto profile 520 h
a
I 22 2/ 05
Ppom = PsCXP | = | -1],J~7.1x10GeV~/cm
§

* Main source of background : sources, Fermi Bubble, interstellar y, residual CR

The CTA Consortium JCAP01(2021) 057 January 27, 2021 [arXiv:2007.16129]
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Measuring DM densities in
dSph halos

Optimal dSphs selected according to:
1. Distance(d<100pc)
2. Culmination zenith angle (ZAmin < 30° )

Targets with no/poor brightness and/ or
kinematic data excluded from the MCMC
Jeans analysis.

Surviving sample:

— 5 Northern dSphs (1 classical + 5 ultra-
faint)

— 3 Southern dSphs (1 classical + 2 ultra-
faint)

[NFN Aldo Morselli  INFN Roma Tor Vergata

C

Name Abbr. Type R.A. dec. Distance  ZAcyim  ZAcum  Month  Ref.
(hhmmss) (dd mmss) (kpc) N (deg) S (deg)
CTAO-N candidate dSphs
Bodotes I Bodl uft 140006.0 +14 3000 65+3 14.3 39.1 Apr 1,2
Bodtes 11 BodIl uft 135800.0 +125100 39+2 15.9 37.5 Apr 1,3
Bodtes IIT BodIll  uft 135712.0 +264800 46 + 2 2.0 51.4 Apr 1,3
Coma Berenices CBe uft 12 26 59.0 +23 54 15 42 +2 49 48.5 Mar 1,4
Draco 1 Dral cls 1720124  +5754 55 T5+4 29.2 82.5 Jun 1,5
Draco II Drall uft 1552476  +64 3355 20+3 35.8 89.2 May 6
Laevens 3 Lae3 uft 2106543  +14 58 48 67+3 13.8 39.6 Aug 7
Segue 1 Segl uft 100704.0 +1604 55 23+2 12.7 40.7 Feb 1,8
Segue 2 Seg2 uft 021916.0 +201031 36+2 8.6 44.8 Oct 1,9
Triangulum II Trill uft 0213174 +361042 30£2 74 60.8 Oct 10
Ursa Major II UMall  uft 0851300 +630748 35+2 344 87.8 Feb 1,11
Ursa Minor UMi cls 1509085 +671321 68 +2 38.5 — May 1,12
Willman 1 Will uft 104921.0 +510300 38+7 223 75.7 Mar 1,8
CTAO-S candidate dSphs
Carina II Carll uft 07 36 26.3 —-58 00 00 361 86.7 33.3 Jan 13
Carina IIT Carlll  uft 073831.2 -575400 28 +2 86.7 333 Jan 13
Cetus II Cetll uft 0117 52.8 -172512 30+3 46.2 72 Oct 14
Eridanus III Erilll uft 022245.5 -52 1648 95 + 27 81.0 277 Oct 15
Grus IT Grull uft 2204 04.8 —-46 26 24 53+5 75.2 21.8 Aug 14
Horologium I Horl uft 02 5528.9 —-54 06 36 87 + 13 82.9 29.5 Oct 15
Horologium IT Horll uft 0316264  -5003 00 78 £ 8 71.5 26.7 Nov 16
Hydrus I Hyil uft 02 29 33.7 -79 18 36 28+ 1 — 53.3 Oct 17
Indus I Indl uft 2108 48.1 -5109 36 69 + 16 79.9 26.5 Aug 15
Phoenix II Phell uft 23139 57.6 —54 24 36 95+ 18 83.2 29.8 Sep 15
Pictor 1T Picll uft 06 44 43.1 —59 54 00 45+ 5 88.3 35.8 Jan 18
Reticulum II Retll uft 03 35 40.9 -54 03 00 32+2 82.8 29.4 Nov 15
Reticulum IIT RetIII uft 03 4526.3 —-60 27 00 92 +13 89.2 35.8 Nov 19
Sagittarius I Sgrl cls 18 55 19.5 -303243 31+1 59.3 5.9 Jul 1,20
Sagittarius IT Sgrll uft 19 52 40.5 -2204 05 67+5 50.8 2.6 Jul 7
Sculptor Scl cls 0100094 -334233 84 +2 62.5 9.1 Oct 1,21
Sextans Sex cls 101303.0 -013653 84+3 30.4 23.0 Feb 1,22
Tucana II Tucll uft 2252 16.7 —58 33 36 58+6 87.3 339 Sep 15
Tucana III Tuclll  uft 2356 35.9 -5936 00 25+2 88.4 350 Sep 14
Tucana IV TuclV  uft 0002 55.3 —60 51 00 48 + 4 89.6 36.2 Sep 14
Tucana V TucV uft 2337239 -63 16 12 55+9 — 383 Sep 23
Virgo I Virl uft 12 00 09.1 —00 40 52 87+ 11 40.0 24.2 Mar 24
Advances in Modeling High-Energy Astrophysical Sources — Sexten 2 July 2025 47
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Dark matter density of the selected dSphs
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2D distributions of the astrophysical factors of the selected dSphs obtained with CLUMPY
for an Einasto profile. The CTAO PSF (white circle) 1s indicated in the first panel

CTAO Consortium paper in prep. by the dSph task force
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Dwarf Spheroidal Galaxies: Selection of optimal candidates for CTAO

The optimal targets (red stars) are ® MW+LG dSphs
highlighted with symbols of increasing . de <100 kpc
size, proportional to the value of their Good spectro-photometric data
dark matter content *  Optimal targets
MNRAS 000, 1-34 (2025) Preprint 26 May 2025 Compiled using MNRAS IATEX style file v3.2

@ Prospects for dark matter observations in dwarf spheroidal galaxies with
1" the Cherenkov Telescope Array Observatory

CTAO Consortium paper in prep. by the dSph task force M. Doro, A. Morselli, G. Rodriguez-Fernandez, F. G. Saturni
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Dwarf Spheroidal Galaxies:
CTAO Sensitivity compared with other targets and experiments

CTAO performance for bb annihilating DM CTAO performance for T* 1~ annihilating DM

10722 ] 10-22 4

10-23 4 10-23 4

10-24 E 10-24 .
T 7
wv w
T T
£ 10—25 E IS 10_25 E
v} ] o] 1
= =
2 i:)
10726 4 10726 3
10-27 4~ * ==-= LAT 2023 dSph comb. 14y —— CTA subhaloes [10y] 10-274 =" LAT 2023 dSph comb. 14 y —-— CTA subhaloes [10y]
] « = ATLAS/CMS 2015 == CTA 2023 Perseus [300h] i+« ATLAS/CMS 2015 = CTA 2023 Perseus [300h]
------ Coupp 2015 = CTAO Dral+UMi 600h (this work) ] +=== Coupp 2015 = CTAO CBe+Will 600h (this work)
CTA LMC (340h Core/Cusp) = = CTAO UMa3/U1 300h (this work) 1 CTA LMC (340h Core/Cusp) = = CTAO UMa3/U1 300h (this work)
CTA 2021 GC (500h Core/Cusp) ——— Steigman 2012 CTA 2021 GC (500h Core/Cusp) ——— Steigman 2012
10-28 T T T 10-28 T T T
102 101 10° 10? 102 102 10! 10° 10! 10?
DM mass [TeV] DM mass [TeV]

CTAO Consortium paper in prep. by the dSph task force M. Doro, A. Morselli, G. Rodriguez-Fernandez, F. G. Saturni
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CTAO Search for Dark Matter beyond WIMP

Axion Like Particle (ALP) search prospects
Simulated spectra of the radio galaxy NGC 1275

T TTT

'
Y +B->a+B-> Y .. i - NGC 1275 Quiescent
‘T'E 10-12 3 Tobs =300 hours =
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— — my;=30.0neV,
108k 20y =0.4x10"" GeV~! -
P~ sin? (gayBl) % F — =~ Fit wlo ALPs =
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. ]
E. ~25 GeV ER bt fath 4 ]
=) S — | & = e, (R
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o[ N @nl (i) (87) “ L T | ]
IneV e 10-11GeV-1 —= T0-1 TG

T T T TTTT

DT ] i S NGC 1275 Flare |
the observation is simulated without an ALP effect P dese=1llhours
and is modeled both without ALPs and with a fixed S -0 I -
set of magnetic-field realization and ALP § S smirian ;
parameters that are excluded at 95 % confidence % 10713 e e
level by the flaring state simulation g 4f % 0L . & -

§ Qe Wt i b N - - - —
: e/ ~RRRETTY. |l 35 NN
The CTA Consortium, JCAP 02 (2021) 048, 2021 [arXiv:2010.01349] 107! 10°

Energy [TeV]
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CTAO Search for Dark Matter beyond WIMP

Axion Like Particle search prospects
10—10

e Observation of a CAST

flaring state of the radio SN1987A ' i
galaxy NGC 1275 ARy ’ Gin by al
inside the Perseus 10-11 NGC1275 /

ALPS II

Fermi LAT
cluster NGC 1275

>
>
o

. ,
» Observations of

several AGN can
be combined to

further improve
the CTA | Fermi LAT Galactic Sly/|

sensitivity. 10-13 A $

3

10—12

-1
8ay (GeV™Y)
ADMX
HAYSTAC

WD cooling hint

Haloscopes

T TTTT

10712 107 1071 10 107 1077 10 105 107
my (eV)

The CTA Consortium, JCAP 02 (2021) 048, 2021 [arXiv:2010.01349]
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LHAASO




Combined one-year LHAASO sensitivities
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& Dong-Ze He et al., Phys. Rev. D 100, 083003 (2019)
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SWGO sensitivities
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SWGO White paper arXiv:1902.08429
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Fermi LAT Combined 19 dSph (6 yr)
IceCube (2018)
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The Low Energy Frontier
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Energy
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THEY ALL ASK “WHAT IS DARK MATTER?”
AND “WHERE 1S DARK MATTER?” BUT

« D)
 NOBODY ASKS “HOW 1S DARK MATTER? y
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NYASION
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BRING IN RADIO SIGNALS FROM N
THE STARS, THEY DIDN'T REALIZE FEE@ (B2
IT WOULD ALSO BRING &S MERE-- 5@ 2

TO TAKE OVER THEIR WORLD /

&

but hopefully this will not happen
even with the new telescopes..
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