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ABSTRACT The Perseus galaxy cluster was observed by the MAGIC-1 Cherenkov 
telescope for a total effective time of 24.4 hr during November and December 2008. No 
significant excess is found in the data. The flux upper limits on the cluster gamma-ray 
emission are compatible with cosmological cluster simulations for the cosmic ray (CR) 
induced emission, constraining the average cosmic ray-to-thermal pressure to <4% for 
the cluster core region (<8% for the entire cluster). Using simplified assumptions adopted 
in earlier work (a constant CR power-law spectrum and relative CR pressure) we would 
limit the relative CR pressure to be <2%. Improving the sensitivity of this single-telescope 
observation by a factor of about seven will enable us to scrutinize the hadronic model for 
the Perseus radio mini-halo.  

OBSERVATION and ANALYSIS The Major Atmospheric Gamma Imaging 
Cherenkov (MAGIC) telescopes are located on the Canary Island of La Palma. 
With a primary mirror diameter of 17 m, they are the largest existing Imaging 
Atmospheric Cherenkov Telescopes (IACT). Since the end of 2009 the telescopes 
are working together in stereoscopic mode which ensures an excellent sensitivity 
of <1% of Crab Nebula flux for energies above 250 GeV in 50 hr of observation 
[1]. Here, we present the results of the MAGIC-1, single-telescope [2], observation 
of the Perseus cluster of galaxies performed during November and December 
2008 for a total effective time of 24.4 hr [3].  
In figure 1, the distribution of the signal and the background above 250 GeV is 
shown. No significant excess is found in the data above the energy threshold of 
100 GeV. Therefore, we calculate flux upper limits for the Perseus gamma-ray 
emission. 

Figure 1: Distribution of the signal (blue crosses) and the 
background (red shaded region) above 250 GeV. No 
significant excess is found within the signal region, left of 
the black dotted line. 

Figure 2: Integral flux upper limits (upper arrows) are 
compared with simulated Perseus gamma-ray integrated 
spectra [4]. The minimum flux estimated for the hadronic 
model of the Perseus radio mini-halo (dash-dotted with 
lower arrows) is also shown.  

RESULTS In figure 2, we compare the integral flux upper limits obtained in this 
work [3] with the simulated flux of the gamma-ray emission from decaying neutral 
pions that result from hadronic CR interactions with the ambient gas in the 
Perseus cluster [4]. The upper limits are a factor of 2 larger than our conservative 
model (radiative physics without galaxies) and a factor of 1.5 larger than our most 
optimistic model (radiative physics with galaxies) predictions implying consistency 
with our cosmological cluster simulations (see also figure 3). In figure 2, the 
minimum gamma-ray flux estimated for the hadronic model of the Perseus radio 
mini-halo is also shown. Improving the sensitivity of this observation by a factor of 
about seven will enable us to probe the hadronic model. Note that a non-detection 
at this level would imply CR fluxes that are too small to explain the observed radio 
synchrotron emission [5]. Comparing the flux upper limits with our cluster 
simulations, we can constrain the average cosmic ray-to-thermal pressure to <4% 
for the cluster core region and to <8% for the entire cluster. 

Figure 3: Simulated gamma-ray emission at energies above 100 
GeV for a Perseus-like cluster. We show the sum of pion-decay 
induced gamma-rays (which dominates the central and the total flux) 
and the inverse Compton emission of CR electrons accelerated at 
formation shocks and by hadronic CR interactions. 
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CONCLUSIONS and FUTURE PROSPECTS The MAGIC-1 single-telescope 
observations of Perseus cluster are compatible with our cosmological cluster simulations 
and constrain the average cosmic ray-to-thermal pressure of the cluster. 
Since the end of 2009 the MAGIC telecopes are working in stereo mode. Stereoscopic 
observations of the Perseus cluster are ongoing since October 2009. This campaign 
already led to the detection of IC310 [6] as well as of NGC1275 (ATel #2916) and will 
soon permit to probe our conservative CR model.  


