Uncertainties beyond 10-100TeV
of
Gamma ray & CR phenomena :

QG effects
on the detection method etc. |

by T. Kifune
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The usual / conventional method of
detecting gamma rays can not be

applied to gamma rays
beyond 10 -100 Tev .



Some comments ..........
* Relative Delay time =-5.5 =10.9 1.3 [sec TeV]

HESS Beijing 2011, Bolmont et al.
PKS 2155-304, z=0.116, d=1.4X10°[ly] =4.2 X 10¢[light sec]
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e Systematic errors

emission time within (31) second
Emission size within D P-Lcm



Some comments ..........
* Relative Delay time =-5.5 =10.9 *10.3 [sec TeV]

HESS Beijing 2011, Bolmont et al.

OPERA  o0Oscillation Project with Emulsion-tRacking Apparatus, CERN CNGS1

d=73X10D'cm=2.4 X123 sec 1
Delay time = 60.7 6.9 7.4 [nsec]
(v—<)c= (24 £0.28 =£0.30) X0
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emission time within (31) second
Emission size within 0DP-1cm



FTHOERYMOKRZS-BE=-FE

S RESL
ox L Quantum gravity ?

30 ¢ RRZE p, =3H,%/(8nG)
= 2X10%[kg/m3] .
$R5T
aeBE o
AR hiEFE
0 3 > SYN M2 232
e A M IV IR E
paticles TS R =GM/c2

GUT
Super Symmetry m

75v971k—)L

HEM™M

B

viEER
t h/MC

FRELERE Olanck mass

A

-30

L\

y 47
-20 -10 0 10 20 30

1012 1020 1028 Mc2 LO E EV]

-30



Effect on propagation speed :

@ systematic error ??
@ higher gamma ray energy

Effects on astrophysical reactions :
ves /no type tESt/ObSE rvation

Quantum Gravity effect on
VHE gamma ray astrophysics

1.Propagation
2.Emission
3.Detection
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Y+E (EBL) 2 e'+e Absorption

Pair creation

kO_E 9p++p.
K,+&€ = E,+E

€0 for the process to proceed

Momentum / enerqy conservation

Effect of Energy / momentum
of EBL photon

?? term of ﬁ I(Z/IVIpIanck



v + € (EBL) = e*+e (absorption)

€0 forthe process to proceed

Energy : K,+e=E; +E,
momentum : k,—£=p, +p,

Relativistic approximation 1 QG modification

ko - € =K,(1+§K/M)0-> - €
p, = E; (1-m_2/E,% +§E,/M)®>
p, =E, (1-m_%/E,* +E,/M)®>

Threshold energy, phase volume,
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characteristic /critical
energies
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Inverse Compton
Y . e+€(EBL) 2 e+y
scattering

momentum : Bo s =|_o>+T(>
Energy : E;+e=E+K
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IC/synchrotron radiation e +¢ (EBL) - e+ V
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Effects on interaction/process

* Prohibition of reaction (El\/l)l/z
* Suppression
(M)

* Asymmetric energy partition

for final particles
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Extensive Air Showers




v +v, (EBL) = e*+e

momentum =p;+pP,

momentum : k =p,+p, +Aq
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Figure 7. Comparison of a pure electromagnetic shower (from a 300 GeV y ray) and a hadronic shower (initiated by a |1 TeV proton). The
plot shows the projection of secondary particle trajectories onto an (x, z) plane (courtesy of Stefan Funk).
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Figure 4. The longitudinal development of an extensive air shower
as given by approximation B for several different primary gamma
ray energies. The x-axis is the atmosphernic depth expressed as the
number of radiation lengths. The y-axis gives the number of
electromagnetic particles in the air shower. Sea level is —28
radiation lengths of atmosphere, 26000 m above sea level 1s ~—20)
radiation lengths, 4300 m above sea level is ~—16.5 radiation lengths
and 52} m above sea level 1s ~—14.7 radiation lengths.
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Figure 7. Comparison of a pure electromagnetic shower (from a 300 GeV y» ray) and a hadronic shower (initiated by a 1 TeV proton). The
plot shows the projection of secondary particle trajectories onto an (x, z) plane (courtesy of Stefan Funk).




Gamma-ray initiated Extensive Air Shower ?

@® Slow development of EAS
Penetrating deeper to the bottom
of atmosphere

@ High altitudes €---> sealevel ?

At least, it is necessary
to compare the results at different altitudes

@ Proton-like shower.......
muon content ?
width, concentration .......



Results 1983 cygnus X=3
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summary

Extragalactic gammaray of 10%¢-10% eV
We badly need

clear evidence for quantum gravity effect

gamma rays from nearby galaxies €-> CR physics
Suppression of IC, synchrotron radiation
for E, >1013-10 eV

> SSC model lepton/hadron model.. ..
Detection method ?
Are we driving a right vehicle
along the paved road / right road ?
toward the destination we are heading for ?

Many other effects ...........
Prospect for gamma ray astronomy/CR physics
will be dramatically changed



