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MAGIC telescopes

● Two Imaging Atmospheric Cherenkov Telescopes (IACT) with 17 meter 
diameter dishes;

● Located on the Canary Island of La Palma (2200 m a.s.l.);
● Energy range between 70 GeV and 30 TeV during standard operation.
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Dark Matter observations with MAGIC

● Dwarf satellite galaxies

● Galaxy clusters

● Galactic Center
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Galactic Halo observations with MAGIC

5

MAGIC FoV

credit to Alice Donini



Galactic Halo observation with MAGIC

Galactic Halo signal region is larger than the MAGIC FoV 
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● ON - OFF observations;
● Masking the galactic plane (|b|>10°);
● DM only anisotropic component;
● Zenith < 35°.

Zenith < 35°

Signal = NON - NOFF = NDM

Masking |b| > 10



DM search in the GH - Decay

RoI for this work

For θ>10° the expected flux for DM decay process is comparable with GC observations8

J-factor ∝ DM content in the FoV considered 

Decay

Annihilation



DM search in the GH: how to select the FoVs 

Task: minimize the systematic uncertainty in the OFF/ON relative acceptance.

● Observations performed during the same night;
● Following the same (Zd,Az) trajectory;
● Excellent weather condition;
● No stars (M < 6), no VHE known source.
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DM search in the GH: how to select the FoVs 
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DM search in the GH: how to select the FoVs 
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20 hours collected in 2018 (10 nights);
10 hours (5 nights) for systematic uncertainties evaluation  
(lower J-factor);
10 hours (5 nights) for the study of DM lifetime (higher J-factor).



R distributes with a variance         

 

Systematic uncertainty evaluation: 5 nights
● Best Cuts: {E > 60 GeV, θ < 1.2°, hadronness < 0.3}
● The hadronness is the output of a test statistic for particle classification 

computed by a random forest
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Systematic uncertainty evaluation 

σtot = √∑(Ri- <R>)2/(N-1) = (6.66±0.75)%
σstat = (4.62±0.09)%

13σsyst = (4.8±1.0)%



Systematic uncertainty: energy dependence

No energy dependence! 
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DM lifetime limits: 10 hours with the largest ΔJ 

We perform an analysis based on the likelihood ratio test .

σκ,i = √(σκ,stat
2 + (κσsyst)

2)
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Poissonian  L  for the ON Poissonian  L  for the OFF



DM lifetime limits: 10 hours with the largest ΔJ
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Conclusion

● We present a new method for searching for DM decay signal in the GH with 
Cherenkov telescopes: 

○ Comparing ON and OFF FoVs from different sky regions selected by minimizing the systematic 
uncertainties in the OFF/ON acceptance and maximizing the expected DM intensity signal

● We estimated the OFF/ON systematic uncertainty in the acceptance ratio. The 
value results to be 4.8% and with no energy dependence.

● We computed the 95% CL for DM lifetime, resulting in constraints > 1026s for 
mDM=100 TeV. This is one of the most constraining limits using only 10 hours of 
data.

● The method can be extended to the archival data that respect the constraints 
presented here, thus increasing significantly the observation time available for 
the DM lifetime study.
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Sensitivity vs Systematics
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Energy-D
ependence

NO Energy-Dependence

Credit to: J. Rico

With respect to the case of σsyst=0, for no energy dependence, expect a worsening 
in the sensitivity by a factor 1.8 for mDM< 1 TeV and 1.2 for mDM up  to 10 TeV
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Available ON OFF position
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