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The MAGIC experiment

« Two Imaging Atmospheric Cherenkov Telescopes located in the
Observatory Roque del Muchachos at La Palma, Canary Islands
(Northern hemisphere):

- Altitude: ~ 2200 m asl
Detects gamma rays
between ~20 GeV and

~100 TeV

Field of view of ~3.5°

Angular resolution ~ 0.1°
(energy dependent) See also C. NigrO'S talk on ThurSday!
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Atmospheric showers

IATCs are designed to detect gamma rays

Gamma ray

[ | Camera image
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Indirect dark matter search with

gamma-rays

- Gamma-rays are not deflected by magnetic fields and trace back to
original source

— Critical to identify the (physical) origin of the signal and study DM spatial
distribution

 Classical targets for gamma-ray experiments include among others:
- The Galactic Center (high DM content with high uncertainties)

- Dwarf spheroidal galaxies (lower DM content with smaller uncertainties)

- Galaxy clusters

 Looking for Dark Matter particles self-annihilating (or decaying) into
Standard Model particles

- Weakly Interacting Massive Particles (WIMP) scenario
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Expected Dark Matter flux
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Expected Dark Matter flux
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Expected Dark Matter flux
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Examples of DM content profiles for the Galactic Centre
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State of the art likelihood analysis

Li({ov);v; | D;) = J. Ti | (NON.ijs NOFF.ij)j=1.... Niine )

iﬁ"‘rnin:i B | Ny oz
_ 1LI [('g“:i“”)) + bij) Mo o—(9i3 ({00))+bi;
NoON ij!

j=1

E_(T'E:bfj)

X T(Ti|Tubs,£: ar,i) X T (J|Jobs: Tlog,, 7)

« Binned (in energy) likelihood
— Poisson PDF for the ON region (where signal is expected)
— Poisson PDF for the OFF region (where background is estimated)
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State of the art likelihood analysis
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 PDF for the ON/OFF normalization factor
— taken into account as nuisance parameter in the likelihood

— allow proper treatment of instrumental systematic errors, important in the
case of Cherenkov telescopes

— no overestimation of the limits
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State of the art likelihood analysis
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« J-factor (ie Dark matter content) PDF
— taken into account as nuisance parameter in the likelihood
— no overestimation of the limits
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Observation of dSphs with MAGIC

« Combination of data from multiple dSphs observations

- maximize the sensitivity to a potential DM signal by increasing the
statistics

- 4 dSphs observed for a total of 354.3 hours

Daniel Kerszberg

Target logig J(O@max) Omax 0o.5 Teg Year
[GeVZem ™3]  [deg| [deg] [h]
Coma Berenices  19.021037 0.31  0.16%700:  49.5 2019
Draco 19.051557 1.30  0.40101% 521 2018
Ursa Major 11 19.4216-35 0.53  0.2479%% 948 20162017
Segue 1 19.36 052 0.35 0.137005 157.9 2011-2013
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Observation of dSphs with MAGIC
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« Combined limits yield an improvement by a factor up to 40-50%
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Observation of dSphs with MAGIC
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 Largest data set from Cherenkov telescopes
« Limits from various gamma-ray experiment nicely complement each other
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Combined limits from 5 experiments
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- Combined limits are up to a factor 2-3 more constraining!

Daniel Kerszberg
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The Galactic Centre as seen by MAGIC

 Optimal observation conditions (ie low zenith) is from the Southern
hemisphere

« But MAGIC is located in the Northen hemisphere, so Galactic Centre can only
be seen from a zenith of ~50 degrees

- larger effective area but higher energy threshold
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Vertical observations Large Zenith angle observations
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The Galactic Centre as seen by MAGIC

 Optimal observation conditions (ie low zenith) is from the Southern
hemisphere

« But MAGIC is located in the Northen hemisphere, so Galactic Centre can only
be seen from a zenith of ~50 degrees

- larger effective area but higher energy threshold
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The Galactic Centre as seen by MAGIC

 Optimal observation conditions (ie low zenith) is from the Southern
hemisphere

« But MAGIC is located in the Northen hemisphere, so Galactic Centre can only
be seen from a zenith of ~50 degrees

- larger effective area but higher energy threshold

3 'K m=10TeV 3
I u _ ]
D107 "W
=z =
o E A
10'25—
ook "~ l/cos(Zd)
10-4; Aeff X I/COSZQZd
= Cirelli et al. (2011)
ol ) . .
102 10*  Large Zenith angle observations

E [GeV]

Daniel Kerszberg Indirect dark matter searches with the MAGIC telescopes - 32" Rencontres de Blois - 19" October 2021



Unbinned likelihood analysis
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Search for line-like signals in the

Galactic Centre

E — E FTTTT] T T T T ITIT] T T T TTTI Ty
("JE ("JE | P I ] | | .
E T §,-. Preliminary ]
5:'\-1 0—25 I DM DM —> ’Y 'y 5‘ E *‘\.\* E
= N — .a‘ —
o £ Einasto Profile - u e e e e g ]
Y — p
e F Vol ’ ]
o~ - 2107 E - E
7} — o = T 3
& 2 @ - s~ .
10 L ,— P
- o ! v 10 il -
i gy s 3
1072 = \I \L 10 %% =
= l \I/ s Observed, This work = 3
e ——— Median B S i ]
B . . ~ ek e wimim HAWC 2019 (dSph, 1038 days)
107 gy 77 E
.10—28 - P rel I ml nary |:| 68% containment - . '._ o +,.9 A I .\~""' N MAGIC Seguet (dSph, 160 h) 3
; I:l 95% containment l;'".“.'l,': g = —mm MAGIC 2021 (Cored GC, 204h) ]
28 e I ||
- 10 = v wimmn HESS 2018 (Einasto GC, 254 h) E
2 [ Fermi-LAT pass8 (Einasto GC, 5.8y) -
107 = i | ]
=Sy ‘ | e | | L ] 0_29:_ — MAGIC 2021 (Einasto GC, 204h) i
1 10 = Lol Lol 1 L1 1 111H
Mg, [TeV] 107" 1 10 10
MoulTeV]

 Results from ~204 hours of data
* No significant excess detected
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Search for line-like signals in the

Galactic Centre
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« Limits for cuspy profile comparable to H.E.S.S. and limits for core profile
comparable to limits from dSphs

Daniel Kerszberg
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Conclusion

« Gamma-ray experiments can probe very efficiently the GeV to multi-TeV DM mass range

 Robust results can be achieved with “clean” targets such as dSphs
- large dataset of 4 dSphs and a total of ~354 hours of observations
- most stringent limits from dSphs in the TeV regime
- results nicely complements with other gamma-ray experiments

« Analyses are now both highly sophisticated and highly standardized
- allows us to perform multi-instruments and multi-targets analysis

- combined limits from Fermi-LAT, HAWC, H.E.S.S., MAGIC, and VERITAS range from 5
GeV to 100 TeV and improve individual limits up to a factor 2 to 3

* Observations of the Galactic Centre from the MAGIC site are done at large zenith angle
- larger effective area but higher energy threshold
— search of TeV DM line-like signals is boosted!
— analysis technique allow to constrain both cuspy and core profiles
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