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■ Gamma hadron discrimination 

Trigger and reconstruction efficiency as a function of the number of electrons 

for air showers induced by primary photons, protons and iron  nuclei.
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A sensitive search for the isotropic diffuse γ-rays at ultra-high energies is reported, using data  measured by the KASCADE air shower array. An isotropic flux of radiation is not 

detected, but an 90% C.L. upper limit to the flux of ultra-high energy γ-gays in the primary cosmic-ray flux is determined, at energies from ∼2*1014 eV to ∼ 2*1016 eV. The fraction 

of  γ-rays in 1.5*1015 and 3.7*1015 eV is presently the best  , setting strong constraints on the distance of sources for an IceCube neutrino excess model.

Diffuse  γ-rays are the sum of contributions from several 

components.

 The cascading products by the collision of cosmic rays with 

interstellar gas and dust in the disk of the Galaxy. 

the predicted integral intensity is concentrated in the galactic 

plane. 

 The  electromagnetic cascades induced by the interaction of 

ultra high energy cosmic rays (UHECRs) with the cosmic 

microwave background radiation and the unresolved point 

sources in extra galactic astronomical objects.  

Results in a uniform isotropic flux of secondary photons 

Topic of this work!
Layout of  the  KASCADE experiment

The KASCADE experiment (8.4oE, 49.1oN, 110m a.s.l.) was successfully 

operated  from 1996. to 2012.

200*200 m2 scintillator array with 252 scintillation detector stations

Good determination of  shower sizes.

Excellent time resolution and angular resolution better than 0.55o for 

log10Ne>4.

The  data set taken by KASCADE was checked by a comprehensive moon 

shadow analysis

All the 16 clusters must be working

 Core position of showers inside a circular area of 91 m

Zenith angle smaller than 20o for better gamma/hadron seperation. 

After the selection, in total,  1.0*108 events are recorded between 1996 Oct. 

and 2010 May,  for an effective time of 4223.6 days.

The detector array reaches full 

efficiency on the detection of 

showers for electron numbers 

log10Ne > 4 for air showers induced 

by γ-rays, protons

and iron primary particles

 approximately corresponds to a 

primary energy of 2.5*1014 eV

for γ-rays and 3.3*1014 eV for CRs.

Distribution of the measured number of muons log10Nμ,tr  and number of electrons 

log10Ne , superimposed with simulated γ-ray showers.

Following cuts  were  applied to select  the 

muon-poor  showers  (γ-rays):

 log10Nμ,tr < 2 ,  log10Ne < 5.15

 log10Nμ,tr < 1:4∗log10Ne− 5:21  log10Ne > 5.15

indicated by the green line

■ Analysis and results
There is no possible excess of events seen in the data consistent with a 

gamma-ray signal.

Hence, we assume that all events below the selection line are primary γ-

rays and set upper limits on the gamma-ray fraction of the cosmic rays.

This is a very conservative way in which the expected background is not 

subtracted from the event number below the cut line.

N90, the 90% C.L. upper limit on the number of detected events is estimated using standard  statistical methods.

the efficiency for γ-ray detection is evaluated by  simulations.

The upper limit on the fraction of the  γ-ray integral flux relative to the cosmic ray integral flux, Iγ /ICR , is given 

by 

ECR is the mean cosmic ray energy, Eγ is the mean gamma-ray energy, and β is the integral

cosmic-ray spectral index (β =2.7, E γ < 4×1015eV; β = 3.0, Eγ > 4×1015eV).

Results of the search for diffuse ultra-high energy γ-rays at different 

threshold values of log10Ne.

The median cosmic-ray energy, ECR , and the median γ-ray energy, Eγ , are 

given in the fifth and sixth  columns, respectively, in units of TeV. 

Iγ is the 90% C.L. upper limit on the integral γ-ray flux,in units of photons 

cm−2s-1sr−1.

Measurements of the fraction of γ-rays relative to cosmic rays at ultra-

high energies. 

The upper limit of the fraction of γ-rays at 1.5*1015 eV is 1.7*10−5, 

while 1.1*10−5 at 3.7*1015 eV. These are the lowest upper limits in the 

world up to now.

Comparison of integral flux of γ-rays with previous results and with 

theoretical curves by an IceCube neutrino excess model.

The flux limits on the  γ-ray flux  of this work at 1.5*1015 eV and 

3.7*1015 eV is lower than the theoretical prediction of the IceCube 

excess model coming from 20kpc. 

This result set some strong constrains on the distance of sources for 

the IceCube neutrino excess model.
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