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At PeV energy, almost all hadronic air showers, but
only a few photon-incuded air showers contain 
high-energy muons detectable in the deep array.

Take-Home Message

The IceCube Observatory can be used to search for PeV photons 
by using its deep array as veto for air showers detected by IceTop. 

Gamma-Hadron Seperation has been improved twofold [1,2]:
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�'�L�U�H�F�W�L�R�Q���D�Q�G���H�Q�H�U�J�\ of air showers measured by IceCube are reconstructed 
through the arrival times and signal sizes recorded in individual IceTop tanks.

The standard reconstruction method requires at least five pairs of tanks and 
has been adapted to work with only three pairs of tanks, which increases the 
reconstruction efficiency at lower energies.

Fig.: Efficiencies of IceTop (with the 2021 snow level) for proton and 
gamma-ray CORSIKA simulations for the standard and new methods.

Fig.: Angular resolution determined 
as 68% percentile of the difference 
between the true and reconstruced 
direction of simulated air showers.

Fig.: The signal strength S125 at 
125 m axis distance provides a 
linear energy estimator for simu-
lated proton and photon showers. 

Fig.: Passing fractions of 
gamma-ray simulations 
and air showers measu-
red with IceCube.

As measured air-showers 
are dominated by hadro-
nic cosmic rays, the ratio 
of the passing fractions is 
a measure for gamma-
hadron separation.

Gamma-Hadron Separation with IceTop

Photon induced showers have a more 
compact lateral distribution at the sur-
face than hadronic showers. This is 
exploited by a new Charge-Distance 
(CD) quantity used for additional gam-
ma-hadron separation with IceTop:

with qi the signal strength in the ith 
IceTop tank and di its distance from 
the shower core on ground.

An energy-dependent separation cut 
rejects two thirds of hadronic cosmic 
rays while keeping 85% of photons.

The IceCube Neutrino Observatory at the South 
Pole is comprised of a km³ optical array deep in the 
ice underneath a km² surface array called IceTop, 
which consists of 81 pairs of ice-Cherenkov tanks.
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Fig.: Charge-Distance (CD) distribution for 
air showers measured with IceTop and si-
mulated with different primary particles.

Figs.: Sketches of air showers measured in coincidence by IceCube‘s surface array 
IceTop and its deep in-ice array [3], which is used to veto hadronic cosmic rays.

�'�L�V�F�R�Y�H�U�\���3�R�W�H�Q�W�L�D�O���I�R�U���3�H�9���3�K�R�W�R�Q���6�R�X�U�F�H�V
If sources of similar flux around 1 PeV as detected by LHAASO [4] would be in 
IceCube‘s field-of-view (FOV), we expect several photon events per year.

Fig.: Number of photon events per year in a circle with a radius of one angular re-
solution around an assumed Mock Source at 85° elevation (�G = -85°); expected si-
gnificance with one year of data with the improved gamma-hadron separation.
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 with IceCube in reach, if such sources excist in the sky above IceCube.
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 will further enhance the discovery potential.
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