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The compelling evidence for Dark Matter

Begemann (1991)
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The Dark Matter theory jungle

violating

Some Dark Matter Candidate Particles
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51 orders of magnitude
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Appeal of the WIMP paradigm

"Weakly interacting massive particle” (WIMP) miracle:

Steigman+ 2012
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Indirect searches for WIMP Dark Matter
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Appeal of indirect dark matter searches

N 15\6\!
‘o(eo\(\ \ Indirect searches
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Direct
detection
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Produce DM particles in the lab:
Collider searches

Indirect WIMP searches:

> Probing the same mass budgets which provide DM gravitational evidence

~ Probing the same interaction (annihilation) explaining DM thermal relic abundance
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Where to search? Different Dark matter targets
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CTA-Japan workshop, Feb. 22, 2022 Moritz Hutten | 7



SO far nO deteCtion after 20+ yea rS (M. Doro, M. Sanchez-Conde, MH, 2111.01198)

Dark Matter searches with Imaging Air Cherenkov Telescopes:
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Why the Galactic Centre?

dN T 1 <0v> d N];)/eyrénteract i . 5 .‘ . G
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Zhao core (McMillan, 2017) ‘ —= Segue 1 dSph (Geringer-S.+ '15)
*  Burkert core C .ot UMa 2 dSph (Geringer-5.4+ '15)
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> Flux expected orders of magnitude larger than from dSph galaxies

» Even comparably promising in most pessimistic case
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Galactic Centre Challenges I: the DM uncertainty

Figure by A. Genina (Kashiwa DM 2021)

Gas driven away as cools & Force returns to
Dark matter from centre ' i original

strength...

1. Possible flattening of the inner

DM protile due to supernova | | |
feedbaCk | \\ ... but is weaker at large

Dense, star- . — S distances, so the particle
(e.g., Pontzen & Governato, 2012) forming gas cam:ogtbe lr:iu“el;" tback
o its old orbit.

Process can repeat. Analytic arguments and simulations
show effect accumulates with each episode.

« Jas kinamatics

locco+ (201 5) = 3tar kinematica

» NASESS

2. Little data constraints on the

innermost DM profi
(e.g., Benito et al. 2019, 2020)
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Galactic Centre Challenges ll: the backgrounds

MAGIC, 2006.00623
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Galactic Centre Challenges lll: low elevation in the North

58° - 70° distance from zenith: large zenith angle observation (LZA)

Increased y-ray detection area:
St B or e T Iiad3 larger statistics at TeV energies
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Less threshold constraints: Search for DM line emission

e Sharp peak at DM mass
o vy — 7y channel loop-suppressed by a* (Some TeV DM models

expected with Sommerteld enhanced ov)

L. Bergstrom

 Line-like features also by three-body annihilations (virtual internal bremsstrahlung)

Ongoing project: T. Inada (ICRR), D.
Kerszberg (IFAE), MH for MAGIC, ICRC 2021

T. Bringmann et al. JCAP07(2012)
Preliminary

—
<
r>
|

.

-

a
-
-
=

-

.

a

-

a

8

.

o

s

-

o

-

a

]
-
o

'

.

4
%
L) -,
K4
*
-
LS
a
"4
2

ceonl orr e el

95% <o va>Ut [em/s)

—
9
s

k.
o
-
IIIII| I T IIIIII| 1

10 *°

b
<
n

p—
v
S~

&
Q
PU—
E
~N
=
o
=
o
]
w
8
—_
Q
=
- 2
E
g |
=
—
=
o

FIoss, ) 1

—
o
E

i pure WIMP 3plet
1
DM mass [TeV]

10—28

H.E.S.S. collaboration JCAP11(2018)

CTA-Japan workshop, Feb. 22, 2022 Moritz Hitten | 15



LST performance (low zenith)
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4 | STs: Difterential sensitivity factor 2 to 3 better than MAGIC/VERITAS/H.E.S.S.

+ lowered energy threshold
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« Galactic Center survey Key S
Science project with CTA: B e

Optical Bulge
Scale Height

525h + 300h in 1st decade Formi Bubbles

Central Survey
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« Detailed sensitivity study
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Galactic Centre DM searches with CTA South
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DM detection potential with 4-LST array (300h)

3x better integral sensitivity and high-zd threshold = low-zd threshold ot current IACTs
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DM detection potential with LST-1 + MAGIC
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DM detection potential LST1+MAGIC array (300h)

Assume 50% better sensitivity at high-zd threshold of current IACTs
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Outlook: Other searches and candidates
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What to reach with dSph galaxies or clusters

CTA Key Science Projects: 300h allocated tfor best dSph target at that time

300h allocated tor Perseus galaxy cluster

Use dSph observations to confirm DM origin
of a signal detected at Galactic Center:

Year 1 2 3 4 5 6 7 8
Galactichalo 175h 175h 175h
Best dSph 100h 100h 100 h
in case of detection at GC. large ov
Best dSph 150h 150h 150h 150h 150h 150h
Galactic halo 100h 100h 100h 100h 100h 100h
in case of detection at GC, small o
Galactic halo 100h 100h 100h 100h 100h 100h
in case of no detection at GC
Best Target 100h 100h 100h 100h 100h 100h

CTA observation strategy (1709.07997)

— Sculptor
—— Draco CTA dSphs

—— Coma Berenices 500 h, bb

—— Segue 1 Statistical errors only

Retined analyses ongoing

0.05 0.1 0.2 1 2 345 10 20 30
DM mass (TeV)
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Astrophysical signatures from Axion-like particles (ALPs)

Conversion/oscillation in the
oresence of magnetic fields

0905.3270
1805.04388

m=2.83 neV

—  §12=8.00

source 1010 1011
Energy, eV

[ttt 27778

<
GeV neV

ALPs: a dark matter candidate (preskill et al., 1983; Abbott and Sikivie, 1983; Arias etal., 2012, 1201.5902): &,
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ALP searches towards NGC 1275 (Perseus) with CTA

Assume 300h observations with CTA North, among them 10h in flaring state

CTA, 2010.01349

Sensitivity driven by flaring state

CAST

SNI19B7A
y-ray burst ' ALPS 11

50 GeV threshold thanks to LSTs v
N(,C 1275
Pony NGC 1275 Flare E Fermi LAT

NGC 1275
Tobs = 10 hours

Fo—
-
I
-

Fit w/ ALPs,
m, = 30.0neV,

2, =0.4x10"" GeV~!

- Fit w/o ALPs
CTA simulation

3
HAYSTAC

WD cooling hint

Haloscopes

E?dNI/dE [TeVcem™2s71]

Residual =

&~ oom

I
= O

102 107" 107 10 107* 1077 10 1075 107
Energy [TeV] e (€V)
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Conclusions
Rich prospects for Dark matter searches with CTA and CTA-LST

Galactic Centre: 300h+ large-zenith angle observations with 4 LSTs
from the North could probe the canonic thermal relic cross section for
DM masses around a few TeV.

Galactic Centre: Combined observations of LST-1 and MAGIC with
300h+ halt as sensitive, but close to canonic cross section for

vy = WTW™ annihilations and DM masses around a few TeV.
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CTA sensitivity to Line DM signal from Galactic Centre

CTA unbinned - Einasto
CTA unbinned - Isothermal
CTA - Einasto

CTA - Isothermal
Fermi-LAT

H.E.S.S.

130 GeV feature
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Retined analysis ongoing (separate publication)
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