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High-Energy Gamma-ray Astronomy

e Point and extended sources: SNR, AGN, Pulsar, etc.

e Diffuse gamma-ray:

Decays of neutral pions produced by the collision of
cosmic-rays with interstellar gas and dust
— concentrated in the galactic plane

Electromagnetic cascade resulting from the

Interactions of extremely high-energy cosmic-rays

with the 2.7K CMB radiation or topological defects

In early Universe

— uniformly distributed over cosmological
distances
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e Lines show the y-ray flux corresponding to IceCube’s best fit
assuming pp-interactions and an cutoff at 6 PeV

e KASCADE upper limit (ICRC 2003) is the best around 1 PeV!

— What can be expected with full statistics of KASCADE
and with Grande data in the higher energy range?



KASCADE-Grande

(KArlsruhe Shower Core and Array DEtector + Grande)

e Energy range 10PeV - 1 EeV

e Total effective area: 0.5 km?
e Large array of 37 stations

e Each station has a plastic
scintillation detector of 10 m?
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Data Selection

KASCADE:
-  Full data set from 1996.10.25 to 2013.01.15

- Fiducial area = 26,002 m?
- Zenith angle < 20°
- Successful reconstruction & precisely measured muon

— Measuring time: 5142.4 days
— Total ca. 1.3x108 events

KASCADE-Grande:
- Full statistics from 2003.12.20 to 2012.11.05

- Fiducial area = 152,214 m?
- Zenith angle < 40°
- Applied all quality cuts

— Measuring time: 1865.6 days
— Total ca. 1.7x107 events



Trigger & reconstruction efficiency
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e Full efficiency reached at the electron number (N,) of 104,
which is corresponding to the energy of 100 TeV
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e Cutl: Nu=0,Ig(Ne)<5.15and Ig(Nu) <1.4 xIg(Ne) —5.21, Ig(Ne) > 5.15
Cut2: Age<1.0

e The analysis is performed by selecting showers with low muon contents
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Upper Limit Estimation

Based on the Helene method (1983)

Assuming that all events passing the two y-ray selections
are gamma rays

The 90% upper limit to the number of y-rays with respect to
cosmic-ray events is calculated by:

Iy _ Nyso/ey . Nyoo  Nyso
IcrR  Ncr/&cr Ncrey Naugy

where &, = &ig8rec (1 — fen),  fen IS the muon chance coincident rate

To convert it to fixed primary energy:

Icr Nauéy \ Ey




Fraction of y-rays relative to cosmic-rays
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Trigger & reconstruction efficiency - KG
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e Zenith angle < 40°
e Full efficiency at the number of charged particle (N,,) of 106 (= 10 PeV) 11
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e Cut: Nu=0, Ig(Nch) < 6.2 and Ig(Np) < 1.64x Ig(Nch) — 6.95, Ig(Nch) > 6.2

e Limited y-ray simulation at the moment
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Comparison with previous results

([ ] CASA-MIA (Chantell et al. 1997)

v EAS-TOP (Aglietta et al. 1996)

(] MSU (Fomin et al. 2013)
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Pierre Auger 2013
5 - |ceCube excess model (Ahlers&Murase 2013)
—rem e = IceCube excess model, 8.5kpc (Ahlers&Murase 2013)
- — . |ceCube excess model, 20kpc (Ahlers&Murase 2013)
» = |ceCube excess model, 30kpc (Ahlers&Murase 2013)
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Summary

e Using full data sets taken by KASCADE and KASCADE-Grande,
the 90% c.l. upper limits to diffuse y-rays for the energy range of
200TeV — 300PeV are determined by selecting showers with low
muon contents

e Obtained the best upper limit

Y «22x1075 and -X < 2.6 x 105 for 1.5 and 3.6 PeV

Icr Icr

— Set some constrains on the distance of sources
for the IceCube excess

e In the higher energy range, we derived the upper limit with
KASCADE-Grande data. The preliminary results will be improved
by new muon reconstruction and more y-ray simulation
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