Searches for Dark Matter with the MAGIC and CTA gamma-
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The compelling evidence for Dark Matter

Begemann (1991)
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The Dark Matter theory jungle

Some Dark Matter Candidate Particles

Extra Dimensions

Force Carrie

Light _
\—\ Theories of
Sterile Neutrinos .‘ Da r-k M atter
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. . Axion-like Particles : :
Tim Tait E. Park, DMSAG Report on the Direct Detection ... (2007)

51 orders of magnitude

Little Higgs
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Appeal of the WIMP paradigm

"Weakly interacting massive particle” (WIMP) miracle:

Steigman+ 2012
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Non-relativistic GeV to TeV particle with weak-scale cross section

gives relic abundance matching observed cosmic DM density
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How many relic interactions do we expect?

Relic annihilation @ Earth (in a detector):
2

dI' P _ 4, y Dirac DM
—_=_* Jovy cwithi &= %7&){ Iréc
dV - ém; 2, ¥ =y Majorana DM
1 interaction 1 GeV
< fOr:  p3= \
km3 1000 years AT e
Relic annihilation in space:
i e TS o :
= X dE X p2 dldQ
dAdr 4z 5m2 dE e
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How many relic interactions do we expect?

Relic annihilation @ Earth (in a detector):

> A
dI' P _ 4, Dirac DM
—_=_* Jovy cwithi &= 4 #)f Iréc
dV - ém; 2, ¥ =y Majorana DM
1 interaction 1 GeV
< fOr:  p3= \
km3 1000 years AT e
Relic annihilation in space:
Ao 1 (o) [ANPS TR ;
h, X dE X p2 dldQ
dAdz 41 5m)? dE o1 it

 Detectable fluxes!
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Appeal of indirect dark matter searches

BRI F L e s Gg\a\l‘e‘\ -
; N - \ Indlrect searches i b
- i e (\0(30 '
T : X, O
Y . oo W*,Z,7,8,H,q* I*
S : e\l
“\\N)\k Nuclear and \ /
electron
recoils:
Direct
detection
% W_,Z, }/9 gaHa q_a l_
_

Produce DM particles in the lab:
Collider searches

Indirect WIMP sear‘ches: |

> Probmg the same mass budgets Wh|c:h prowde DI\/I gra\/itationa\ evidence

» Probing the same mteractlon (anmhllatlon) explammg DNI\/I thermal relic abundance
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Indirect detection ingredients: Spectra

1. Secondary spectra (“particle physics term”) a0, Dincernan
AN : TN e Qua . Low-energy photons Positgns
e e; én erac B~
s, B A J & dE X J J p2 dldQ »
dAdt g 5m2 dE Rl S ) e
= / gamma rays Electrons
\ @ Neutr:ms

Leptons

? Antiprotons

DM particles ’ W o

s WVV\/\/\/Wrotons

Decay process mm——

Role of thumb:

TeV DM particles: most energy
deposited in GeV-TeV final state
particles:

High energy astronomy
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Indirect detection ingredients: Dark Matter densities

2. J-tactor ("astrophysical term”)

ANy s L (ovyn s [0 e
dAdr 4z 5m2 dE il

Annihilation boost: Increased signal, but also increased uncertainty:

dSph annihilation profile w/ Einasto profile

il | il |||llm|, Wit
il J'n'ﬂ'.."i‘?“i.!ilii'll.!!.l'.:a':.||:aw|"|"|

clumpy code, 1 806.08639
10-1074107310-210~" 10° 10" 10% 10° . ST T :

/T b [deg]
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Where to search? Dark matter structures at all scales

T G.a'laxyclust-e'ré

. Satellite galaxies & .

5 . . - - 5
“ ‘ 1
E e

log (y-ray intensity fromm DM annihilation), MH et al., 1806.08639
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Imaging Air Cherenkov Telescopes (IACTs): MAGIC

System of two Major Atmospheric Gamma-ray

peian Imaging Cherenkov telescopes
2200m a.s.l.

In operation for 18 years (12 years in stereo

MAGIC-2
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Picture: L. Heckmann




. " </\ very-high energy (VHE, >GeV) y-ray
Imaging Air Cherenkov TeIescopes;(IAé'lgs): MAG!

La Palma

(Spain)
2200m as.l.

e

v <

Picture: L. Heckmann



Imaging Air Cherenkov Telescopesf(l,vﬁe‘r 5[

h energy (VHE, >GeV) y-ray
): MAG

/
e Mirror diameter: 17 m

= Camera field of view: 3.5°

La Palma

(Spain)

* Energy range: 50 GeV - 50 TeV (Low zenith ~20°
* Energy resolution: 15% — 25%

* Angular resolution: 0.05° — 0.10°

Picture: L. Heckmann
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So far: No detection after 20+ years
M. Doro, M. Sanchez-Conde, MH (2111.01198): all DM searches with IACTS:

 MAGIC alone: almost 1000h
e dSph: > 1500 h

Target

Year

Time [h]

IACT

Limit

Ref.

Target

Year

Time [h]

IACT

Limit

Ref.

MW Centre

MW Inner Halo

MW Outer Halo

Draco

Ursa Minor

Sagittarius

Canis Major

Willman 1

Sculptor

Carina

The Milky Way central region & halo
Ann.
Ann.
Ann.
Ann.
Ann.
Decay

2004
2004 — 2008
2010
2004 — 2014
2014 — 2020
2018

(48.7)
(112)
9.1
254
546
10

H.E.S.S.
H.E.S.S.

H.E.S.S.7T
MAGIC

Dwarf Satellite Galaxies

2003
2007
2007
2007 — 2013

2007 — 2018
2018
2003
2007
2007 — 2013

2007 — 2018
2006
2006 — 2012
2006 — 2012
2006

2007 — 2008

2008
2008

2008 — 2009
2008 — 2009
2008 — 2009
2008 — 2010

7.4
7.8
(18.4)
(49.8)

114
52.6
7.9
(18.9)
(60.4)

161
(11.0)
90
(85.5)
9.6
13.7
(13.6)

Whipple
MAGIC!
VERITAS

MAGIC
Whipple
VERITAS

H.E.S.S.

H.E.S.S.
VERITAS

MAGIC?
H.E.S.S.

H.E.S.S.

Ann.
Ann.
Ann.
Ann.

Ann.
Ann.
Ann.
Ann.
Ann.
Ann.

Ann.
Ann.
Ann.
Ann.
Ann.
Ann.
Ann.

Aharonian et al. (2006)
Abramowski et al. (2011)
Abramowski et al. (2015)
Abdallah et al. (2016)
Montanari et al. (2021)
Ninci et al. (2019)

Wood et al. (2008)
Albert et al. (2008b)
Acciari et al. (2010)
Archambault et  al
(2017)

Kelley-Hoskins (2018)
Maggio et al. (2021)
Wood et al. (2008)
Acciari et al. (2010)
Archambault et  al
(2017)

Kelley-Hoskins (2018)
Aharonian et al. (2008)
Abramowski et al. (2014)
Abdalla et al. (2018a)
Aharonian et al. (2009a)
Acciari et al. (2010)
Archambault et  al
(2017)

Aliu et al. (2009)
Abramowski et al. (2011)
Abdalla et al. (2018a)
Abramowski et al. (2014)
Abramowski et al. (2011)
Abramowski et al. (2014)
Abdalla et al. (2018a)

Table 8.1 — Continued on next page

Segue 1

Bootes 1

Coma Berenices

Fornax

Ursa Major 11

Triangulum IT*

Segue 11
Canes Ven [
Canes Ven I1
Hercules
Sextans
Draco 11
Leo |

Leo 11

Leo IV

Leo V
Reticulum II
Tucana 11
Tucana IIT*
Tucana IV*
Grus IT*

1FGL J2347.3+0710
1IFGL J0338.841313
2FGL J0545.64+6018
2FGL J1115.0-0701
H3FHL J0929.2-4110
3FHL J1915.2-1323
3FHL J2030.2-5037
3FHL J2104.5+2117

2008 — 2009
2010 — 2011
2010 — 2013

2010 — 2013

2010 — 2018
2009

2010 — 2013
2010 — 2013
< 2018
2018

2010

2014 — 2016
2014 — 2016
< 2018

< 2018

< 2018

< 2018

< 2018

< 2018

< 2018

< 2018

< 2018

< 2018

< 2018
2017 — 2018
2017 — 2018
2017 — 2018
2017 — 2018
2018

2010
2010-2011
2013-2015
2013-2015
2018-2019
2018 — 2019
2018 — 2019
2018 — 2019

29.4
(47.8)

19
14
14
13
13

7
16
3
3
18.3
16.4
23.6
12.4
11.3

MAGICH
VERITAS

MAGIC

VERITAS
VERITAS

VERITAS
MAGIC
H.E.S.S.

MAGIC
MAGIC
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
VERITAS
HE.S.S.f
H.E.S.S.
H.E.S.S.T

Dark satellites

8.3
10.7
8.5
13.8
7.8
3.0
8.8

5.5

MAGIC
MAGIC
VERITAS
VERITAS
H.E.S.S.T
H.E.S.S.T
H.E.S.S.T

Ann.
A.+D.
Ann.

A.+D.
Ann.
Ann.

Ann.

Ann.
Ann.

Ann.
Ann.
Ann.

Ann.
Ann.

Ann.
Ann.
Ann.
Ann.
Ann.

Ann.

Aleksié¢ et al. (2011)
Aliu et al. (2012)
Archambault et  al
(2017)

Aleksié¢ et al. (2014)
Ahnen et al. (2016b)
Kelley-Hoskins (2018)
Acciari et al. (2010)
Archambault et  al
(2017)

Abramowski et al. (2014)
Abdalla et al. (2018a)
Kelley-Hoskins (2018)
Maggio et al. (2021)
Abramowski et al. (2014)
Abdalla et al. (2018a)
Ahnen et al. (2018a)
Acciari et al. (2020)
Kclloy—Hoskins (7018)

Olb

3)
18)

! )
Kelley- Hosl\ins
Kelley-Hoskins 8)
Kelley-Hoskins 8)
Kelley-Hoskins (2018)
Kelley-Hoskins 3)
Kelley-Hoskins 3)
Kelley-Hoskins )
Abdalla et al.

Abdalla et al. (20:
Abdalla et al. (:
Abdalla et al.
Abdalla et al. (:

Nieto et al. (2011a)
Nieto et al. (2011a)
Nieto (2015)

Nieto (2015)

Abdallah et al. (2021a)
Abdallah et al. (2021a)
Abdallah et al. (2021a)
Abdallah et al. (2021a)

Target

Year Time [h] TACT Limit

Ref.

Galactic Plane Survey

M15

NGC 6388

M33

M32

WLM

Abell 2029

Perseus (Abell 426)
Fornax (Abell S0373)
Coma (Abell 1656)

MW Inner Halo

Segue 1 dSph

I'ive dSph galaxies
Five dSph galaxies
WLM

All-electron

Moon shadow

Intermediate Mass Black Holes
2004 — 2007 400 H.E.S.S. Ann.
2005 — 2006 25 MAGIC*  Ann.
Globular Clusters
2002 0.2 Whipple Ann.
2006 — 2007 15.2 H.E.S.S. Ann.
2008 — 2009 27.2 H.E.S.S. Ann.
Other galaxies
2002 — 2004 7.9 Whipple Ann.
2004 6.9 Whipple Ann.
2018 18.2 H.ESS."  Ann.
Galaxy Clusters

2003 — 2004 6.1 Whipple

2004 — 2005 13.5 Whipple -
2008 24.4 MAGIC*  Ann.
2009 — 2017 202.2 MAGIC Decay
2005 14.5 H.E.S.S. Ann.
2008 18.6 VERITAS Ann.

Line searches

2004 — 2008 (112) H.E.S.S. Ann.
H.E.S.S.f Ann.
H.E.S.S. Ann.
MAGIC Ann.
MAGIC A.+D.
H.E.S.S. Ann.
VERITAS Ann.

2014 15.2
2004 — 2014 (254)
2013 — 2019 204
2010 — 2013 (157.9)
2006 — 2012 (137.1)
2007 — 2013 (229.8)
2018 (18.2) H.ESS.  Anmn.
Charged particles

2004 — 2007 239 H.E.S.S.

VERITAS
MAGIC
MAGIC
VERITAS

2009 — 2012 296
2009 — 2010 14
2010 — 2011 20
2014 1.2

Aharonian et al. (2008a)
Doro et al. (2007)

Wood et al. (2008)
Abramowski et al. (2011)
Abramowski et al. (2011)

Wood et al. (2008)
Wood et al. (2008)
Abdallah et al. (2021b)

Perkins et al. (2006)
Perkins et al. (2006)
Aleksié¢ et al. (2010)
Acciari et al. (2018)
Abramowski et al. (2012)
Arlen et al. (2012)

Abramowski et al.
(2013c)

Abdalla et al. (2016)
Abdalla et al. (2018b)
Inada et al. (2021)
Aleksi¢ et al. (2014)
Abdalla et al. (2018a)
Archambault et  al
(2017)

Abdallah et al. (2021b)

Aharonian et al. (2008b,
2009b)

Archer et al. (2018)
Borla Tridon et al. (2011)
Colin et al. (2011)

Bird et al. (2016)

Table 8.1 — Continued on next page
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no astrophysical background: clean targets lower fluxes than from GC region

Systematic J-factor uncertainties in ultrafaint

Relatively robust J-factor constraints . .
4 dSphG (stellar interlopers + bias

Picture credit;: ESO/DSS2
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dSph Galaxies: Limits by MAGIC

Pointed observations: Choose the best target(s)

M. Vazquez-Acosta

o
S
RN
o))

. Charbonnler et al. (201 1)
Ackermann et al (2013) E
: S Gennger Sameth et al (201 5)
.1 © = This work
“% —68% Cls:

bbb

J Annihilation: Geringer-Sameth et al (2015)
— Coma

— Draco

— Segue |

— Ursa Major |l

— Ursa Minor

[GeV%cm?)
=

J
o
©
- -
N w

Log,  (J(0t,, = 0.5 )/M2 kpc®)

—
—

oc =05° _
:. C[asszcal

EJ-facf:tor :
: : . Ult‘;qfam_t

J Annihilation:Sanchez-Conde et al (2011)
Perseus

A S S S A 20 A S S
86 138 250 101 205 132 160 66 79
LeoS5 Leod4d Segl Cvn1 LeoT Sext For Leol Car Leo2 Her Cvn2 Bool Scl UMal Seg2 UMi  Dra Wil Coma UMa2
Bonnivard et al., 1504.02048

Due to J-factor uncertainties, diversity targets to increase chance of discovery
+ obtain more robust limits
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dSph Galaxies: Combined limits by MAGIC
Combined analysis of more than 350h of MAGIC dSph observations

o log[GeV2em->

_ (= Trill ) \ . ‘ i3
2t il e Berenices )
(» Seguel ) »

UMa I ) tisu, , i
@ | B ~ G Dprco) Target Obs. time Mzl

Segue 1 158h 19.36+0.35

Ursa Major |l 95h 19.42+0.42

Draco 52h 19.05+0.21

Coma 50h 19.02+0.41
Berenices

Total observation time: 354h

Tri |l 62h 19.35+0.37

Separately: Acciari et. al., 2020.100529
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https://arxiv.org/abs/2111.15009
https://arxiv.org/abs/2111.15009

dSph Galaxies: Combined limits by MAGIC

No signal neither in Segue 1, UMa ll, Draco, Coma, Tri I, nor atter combination:

—
|
N
-—h

~
(32)
S
S,
-
-
210228
@)
\
R
To}
(o))

102
10724

95% <o v>Ut [cm®/s]

Combined limit MAGIC - 354h dSphs combined (this work)
H, median Ursa Major Il

|:| H, 68% containment Draco

|: H, 95% containment = === Coma Berenices

VERITAS - 216h dSphs combined
w— s Fermi-LAT - 6y dSphs combined

H.E.S.S. - 80h dSphs combined

----- * Thermal relic cross section =--+ HAWC - 1038d dSphs combined

10* 10°
2111.15009Mom [GeV]

Accepted for publication in PDU two weeks ago and now on arXiv:

D
https://arxiv.org/ans/2111.15009 .
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dSph Galaxies: Combined limits by MAGIC + others

Add data from 4 more telescopes and 16 additional targets

2108.13646

Source name Experiments Distance log,,J
(kpc) logo (GeVZem™3sr)

Bootes I Fermi-LAT, HAWC, VERITAS 66 18.24+0:40

Canes Venatici I Fermi-LAT 218 17.44+)3

Canes Venatici II Fermi-LAT, HAWC 160 17.6540-%3

Carina Fermi-LAT, H.E.S.S. 105 17.92*0-17

Coma Berenices ~ Fermi-LAT, HAWC, H.E.S.S., MAGIC 44 19.02+)

Draco Fermi-LAT, HAWC, MAGIC, VERITAS 76 19.05%03

Fornax Fermi-LAT, HE.S.S. 17.843; 06

Hercules Fermi-LAT, HAWC 16.86*0-7%

Leol Fermi-LAT, HAWC 17.84+0:20

Leo II Fermi-LAT, HAWC 17.97*) 7%

Leo IV Fermi-LAT, HAWC 16.32+1.06

Leo T Fermi-LAT 17.11+0:44

Leo V Fermi-LAT 16,3709 e more than 500h of IACT data on 9 dSphs

Sculptor Fermi-LAT, H.E.S.S. 86 18.57+)-01

Segue I Fermi-LAT, HAWC, MAGIC, VERITAS 23 19.36%0-32

035 e 10 years Fermi-LAT integrated time on 20

: 1.06
Segue II Fermi-LAT 35 16.217 ;g

Sextans Fermi-LAT, HAWC 86 17.92’:8:33 d S p h S

Ursa Major I Fermi-LAT, HAWC 97 17.87’:832

Ursa Major 11 Fermi-LAT, HAWC, MAGIC 32 19.42+0-42

Ursa Minor Fermi-LAT, VERITAS 18.95383Elg ® 1038 days Of HAWC exXposure on 12 dSphS

- s 7048
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dSph Galaxies: Combined limits by MAGIC + others

Add data from 4 more telescopes and 16 additional targets

2108.13646

e more than 500h of IACT data on 9 dSphs

e 10 years Fermi-LAT integrated time on 20
dSphs

e 1038 days of HAWC exposure on 12 dSphs
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 MAGIC searches at the Galactic center

. Galactic Center rises only 32°
-/ above horizon for MAGIC

-

By far strongest signal for all Limits: Uncertainty on cusp/
DM models core

Large solid angle with high Astrophysical y-ray

iIntensity backgrounds

Cosmic-ray background for BEEEEEEEREEEEE L @ ~
Earth-bound instruments Rl et L S .

of
: - o -;-
- .
- - . -
. ~~. - . - - . . ‘ ’
- — : s - - . . . gl : “ A\l -
*""‘-J' Tl b s e VN BA . . : ] . 1
. ] — ) o »isull® &~ : -
P N ~ A 'L g i >
J .“’."..—‘ - e -’( o . - e—_— . .,'_ i
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Picture credit: D. Lopez



MAGIC searches at the Galactic center

MAGIC, 2006.00623

E2dN/dE, eV/(cm? * sec)

L9
O
=
L —
3
(g0}
-
L
b
O
L
m-
O

Sgr A%, Ahnen et al. (2017)
Sgr A*
= G0.9
Arc
Galactic diffuse

0°00’ 359730’ 359°00°
Galactic Longitude

MAGIC, 2006.00623 Energy, eV

Galactic center active region with diverse known y-ray emitters

ICRR Seminar, Dec. 8, 2021 Moritz Hutten | 23



MAGIC searches at the Galactic center

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

Sketch: T. Inada

Zenith Cherenkov ,
e Increased y-ray detection area:
larger statistics at TeV energies
i ['~1[/cosO
a ® Aggr & 1/c05%6,4 Increased energy threshold
Vertical observations Large Zenith angle observations

LZA observations of the GC suitable for TeV DM line searches
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Search for DM line emission
Ongoing project: T. Inada (ICRR), D. Kerszberg (IFAE), MH

» Sharp peak at DM mass

L. Bergstrom

o yy — vy channel loop-suppressed by a? (Some TeV DM models
expected with Sommerteld enhanced ov)

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

—

dN/dE [GeV]
=

774 ~

b
Ce,;
]el}e]\\

annihilation cross section (ov) [cm?’/s]

pure WIMP 3plet

~

DM mass [TeV]

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

TeVPA 2021, Chengdu T. Inada, D. Kerszberg, M. Hitten et al. for MAGIC | 25



GC line search: Results

DMDM - v vy
Einasto Profile

)
<W)\

&
O,
= 25
A0

>

O

Vv
P
w0
»

1

|
no
(2}

=
Preliminary

» Upper limits, This work

Median

- 68% containment
|:| 95% containment

* No significant line-like excess found
» Set upper limits at 95% C.L. on 15 masses between 912 GeV - 43 TeV
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GC line search: Results

Limits obtained for Einasto (cuspy) and GC profile with ~500pc core (McMillan, 2017)
e For GC DM cusp: Competitive to most stringent limits to yy —» yyat E > 10 TeV

* For GC DM core: Limit competitive to dSph results

10°

Preliminary

CILTEIL Y HAWC 2019 (dSph, 1038 days)
MAGIC Seguet (dSph, 160 h)

mm mmm - MAGIC 2021 (Cored GC, 204h)

Cuspy Einasto
= Zhao core (McMillan, 2017)

mimiE HESS 2018 (Einasto GC, 254 h)

= = Fermi-LAT pass8 (Einasto GC, 5.8y)

s MAGIC 2021 (Einasto GC, 204h)

ICRR Seminar, Dec. 8, 2021
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Dark Matter decay searches in Galaxy clusters

Most massive DM targets Dim because far away

Robust mass estimation

(but less certain density boost) Astrophysical backgrounds

M. Vazquez-Acosta

o
&

J Annihilation: Geringer-Sameth et al (2015)
— Coma

— Draco

— Segue |

J Decay: Geringer-Sameth et al (2015)
— Coma

— Draco

— Segue |
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J Annihilation:Sanchez-Conde et al (2011) 4 J Decay: Sanchez-Conde et al (2011)
Perseus Perseus

ICRR Seminar, Dec. 8, 2021 Moritz Hutten | 28



MAGIC Dark Matter decay search in the Perseus cluster

NGC1265
Continuum spectrum Line search

o
2

£ N WO0.40+157 (A) B
- 2N ox o ®wozsnos(p) Perseus (202h) - MAGIC . perseus (202h) - MAGIC
» | Segue | (158h) - MAGIC

Segue | (48h) - VERITAS Fermi-LAT 2015

Fermi-LAT 2012

95% 1Lt [s]
%

IC310

2

W0.40+238 (A)
WO0.26+288 (B)

e Optimal ON-region to set DM
decay limits — yet only ~8% of
the total J-factor

10°

o J-factor largest uncertainty -
MAGIC, 1806.11063

proportional to cluster mass
UneneEiingy WIMP lifetime > 1026 s in wide mass range
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‘he Cherenkov Telescope St -
- 2. -Next generation Earth-bound y-
: -l 0 2. raytelescope: Two arrays of =
| w- e —iae- (Cherenkov telescopes in Chile/
e v ] , - S 23 S e M e g S R s : : i ‘ FE : . ~ e 3 S .
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~ 15 medium-sized telescopes as % e B L S A Ao d 4 a \ma ot 2 QR g
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: . engineers sl | i
g =0 T o About 200 institutes :
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| " 25 medium-sized telescopes § ‘ g3 3 ‘ ~~ \ ~
4 * j5 9 3 1 | ;
= 70 small-sized telescopes =& =~ © Countrles |
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The Large-Sized Téle‘scope(s)\:*;CTAi-LST &
. Covers the Iower energy range of CTA (> 20 GeV)
. On La Palma Flrst LST(”LST 1”)‘under
commlssromng since 201 8 -

o LST 2 4 are under Way

Big contribution SEIED=n anid ICRR

Y Last Thursday: Awarded the European Technology
B Award in the category “Technological Milestone”

LST

Medium-sized
tels -,

" Small-sized tels
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CTA: Sensitivity
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Differential flux sensitivity
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v-ray energy range: 20 GeV — 300 TeV
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CTA: Angular and energy resolutions

d5, v0.1)

—— CTAO Northern Array
CTAO Southern Array

— CTAO Southern Array

(prod5, v0.1)
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/cta-performance
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https://'www.cta-observatory.org/scienc
https://'www.cta-observatory.org/science

0
107" 1 10 1072 107" 1 10 10°

Gamma-ray Energy E (TeV) Reconstructed Gamma-ray Energy ER (TeV)

Energy resolution below 10% Angular resolution: 0.03° - 0.10°
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CTA: Field of view

Observation of
Southern dSph
PKS2005-489 .. ' 45 atmi :
SN ™ i candidates from
Bechtol+ (2015) with
PKS439 1.5° wobbles

-30°  —=60°  =90°
[

Field of view diameter: ~ 7°:

Large enough for large-sky surveys

ICRR Seminar, Dec. 8, 2021 Moritz Hutten | 34



CTA: Sensitivity to DM signal from Galactic Center

Optical Bulge
Scale Height
Fermi Bubbles
Central Survey

« Galactic Center survey: Key | Ftended Survey
Science project with CTA:

525h + 300h in 1st decade

a:
o
=3
R
=
o)
—
3
.5
0
L.
©
o

« Prime Dark Matter target with
CTA

CTA, 1709.07997
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CTA: Sensitivity to DM signal from Galactic Center
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CTA: Sensitivity to DM signal from Galactic Center

CIA, 2007.16129

projected mean upper limit — bl
statistical reach — W'W~ w/o EW corr.
_+.__
/

e ('TA GC projection, this work
HESS GC

Fermi dSphs (6 vears) + MAGIC Segue 1 B m—me signal: Einasto
background: CR + IEM (Gamma)

10_27 signal: Einasto, bb Fermi dSphs (18 years) + LSST. projection
10! 10°
m, |GeV]

Uncertainties on limits: Background modelling

Galactic center observations with CTA can probe the
thermal relic cross section of 500 GeV - 10 TeV WIMPs
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CTA: Sensitivity to DM signal from Galactic Center

109

10

102 Einasto
Burkert

CIA, 2007.16129

r. = 0kpe, GC survey
______ r. = 1 kpe, GC survey

pe, GC survev+
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e (C'TA GC projection, this work
HESS GC
) Fermi dSphs (6 vears) + MAGIC Segue 1 ' signal: W+W~- w/o EW corr.
signal: Einasto, bb Fermi dSphs (18 years) + LSST. projection background: CR + IEM (Gamma)

1 03 -
my [GeV] m, |GeV]

Uncertainties on limits: DM profile

Galactic center observations with CTA can probe the
thermal relic cross section of 500 GeV - 10 TeV WIMPs
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CTA: Sensitivity to Line DM signal from Galactic Center

CTA unbinned - Einasto
CTA unbinned - Isothermal
CTA - Einasto

CTA - Isothermal
Fermi-LAT

H.E.S.S.

130 GeV feature
29

0.05 0.1 0.2 1 2 3456 10 20 30
m (TeV)

10

CTA, 1709.07997

Retined analysis ongoing (separate publication)
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CTA: What to reach with dSph Galaxies

CTA Key Science Project: 300h reserved for best dSph target at that time

CTA, 1709.07997

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 100h
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 ov
Galactic halo 100h 100h 100h 100h 100h 100h
—— Sculptor in case of no detection at GC
— Draco CTA dSphs Best Target 100h 100h 100h 100h 100h 100h

—— Coma Berenices 500 h, bb CTA observation strategy (1709.07997)

—— Segue 1 Statistical errors only

0.05 0.1 0.2 1 2 345 10 20 30
DM mass (TeV)

Retined analysis ongoing

ICRR Seminar, Dec. 8, 2021 Moritz Hutten | 39



SSZ olo

Galaxy cluster prospects W|th CTA
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DSS2 color

Galaxy cluster prospects with CTA
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Analysis + publication ongoing
(R. Adam, G. Brunetti, H. Goksu, S. Hernandez Cadena,
MH, J. Pérez-Romero, M. A. Sanchez-Conde for CTA)
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MAGIC, E > 250 GeV -
1602.03099

erseus galaxy cluster
DM halo model with
substructure 2

luster substructure

inferred from lensing
1702.04348 @

o



CTA searches for Dark Galactic Subhalos

No astrophysical background by definition Unknown position

Possibly brighter J-factors than satellites Only theoretical eyldence for_exllstence
Large modelling uncertainties

——-= Fermi-LAT

Dedicated surveys Pointings in 10 years 3
+90° u CTA (Hutten+16)

log1o(Time[h])

Chance detection sensitivity for CTA:
azquez et al., 2101.10003

Coronado-B

'tll

Z ™

42



Summary: current constraints

Galaxy clusters: Fornax, H.E.S.S. 2012 (14.5h)
dSphs: 4 dSphs combined, MAGIC 2021 (354h)
dSphs: MAGIC Segue | + Fermi-LAT (2016)

Galactic Centre: H.E.S.S. 2016 (254h)
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https://arxiv.org/pdf/2106.08025
https://arxiv.org/pdf/2106.08025
https://arxiv.org/pdf/2106.08025
https://arxiv.org/pdf/2106.08025
https://arxiv.org/pdf/2106.08025
https://arxiv.org/pdf/2106.08025
https://arxiv.org/pdf/2106.08025
https://arxiv.org/pdf/2106.08025
https://arxiv.org/pdf/2106.08025

Summary: Outlook

HAWC 2018, 15 combined dwarfs (507h)

MAGIC Segue | + Fermi-LAT combined (2016)
H.E.S.S. 2016, GC (Einasto, 254h)

LHAASO 19 combined dSphs expected 2019 (one year)
CTA Dark satellites expected 2021 (10 years)

CTA Segue | expected 2017 (500h)

CTA GC expected 2021 (Einasto, 525h)
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Conclusions

e Indirect DM detection crucial to directly connect astrophysical and particle DM

e No DM detection so far with MAGIC, but competitive legacy limits

e Juststarting to probe thermal relic cross sections for TeV DM with CTA

e Exotic effects may increase detection chance (resonances, enhanced lines)

e No need for WIMP miracle: DM could have been produced differently. Gamma-ray

observations can also probe other DM candidates (next time)
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