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Abstract

Since the discovery of cosmic rays in 1920s, the study for the cosmic rays has been much
advanced and the energy spectrum up to 1020 eV were also measured. However the origin
of the cosmic rays is still mystery. To figure out the puzzle, it is very important to identify
the location of the acceleration. However, because the cosmic rays are charged particles,
the trajectories are easily bent by the magnetic fields in our galaxy and then it is very
difficult to identify the location with the direct observation of cosmic rays. In the location
of the acceleration, high energy gamma rays should be also generated and they can travel
straight. So, the observation of the gamma rays is much useful for the study of the origin of
the cosmic rays. At present, four high energy gamma-ray observatories with high sensitivity
are built in the world. They are Imaging Atmospheric Cherenkov Telescope(IACT) and can
observe the gamma ray up to the energy of about 1013 eV. However, for higher energy region,
there are not telescopes with high angular resolution. In the energy spectrum of the cosmic
rays, the bend called knee is observed around 1015eV. It can be explained by the theory
for the acceleration limit of cosmic rays or also by the effects that high energy cosmic rays
cannot be confined by the magnetic fields in our galaxy. However,it is not concluded which
theory is right. If the former theory would be right, the indication of the acceleration
limitation will be observed in the energy spectrum for gamma rays from the sources outside
our Galaxy. So the observation for gamma rays around the knee is very important to study
the origin of the cosmic rays. From the above reasons, I carried out the basic design of
a IACTs sensitive in the energies more than 50TeV, using computer simulation package
called CORSIKA. The most serious problem for high energy gamma-ray observation is that
the flux is very low and then the wide effective area is required. Moreover, it is also very
difficult to reduce the background due to protons. To figure our the problem, it is much
useful to arrange several IACTs and to carry out stereo observation. Varying the telescope
parameters such as the space between telescopes, the size of the mirrors, and the opening
angle, the performance were investigated in detail. I obtained the following results through
the computer simulation.

1 For the spacing of 300 m, the effective event becomes 1.5 times higher than for that
of 100.Because effectivearea spread by expanding the space of the telescope.

2 The performance does not much depend on the pixel size of the camera nor the radius
of the mirror. Because the angle resolution is good originally, its improvement is the limit.

3 The performance depends on the viewing angle of the telescope. For the viewing angle
of 6 deg. the performance becomes 2.2 times higher than for that of 3 deg. Because the
event which occurred far could be caught and effectivearea spread.
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��Cç3�/ÿ�����^�E � �3�å � ü DYýFç,Ï�_�`�a:ç��:Ï�b�c4Î0W�X1Y3[�\3]wÚ :�^ _ 
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1.2 ���������	��
�����������
1.2.1 �������0�� 1 �&2"!$#:æ �&%('*)�î,+&-�.0/"1,23%('4)65.L æ�M 5 # ë87C� ÷��:9 ^<;0=Cî?>�% õ
� / ( D 1.3)

üYý@5?A #�æ �@B?C(D�îFï�ð"/ 5/çE2 # ê?F�î*T;5,.8/fühýG5(\<HnîJI<K�T(LM1
� + ü.0�� 1 �&2"! 5 #�æ �E� 1@�32�! î$N<OE.P/RQ�[�S6-<TCçEU"/�1WV?A?7 γ

þ ,
X
þ �ò 5GQ�[�S6-<TCç d U"/füWI&K�T&L85W-&T�7?X �&� �&2 Bethe

1
Heitler

7�� ÷*�ZY<[ S�gZ\��S B � ��� /�ü #:æ 1 L æ&M 1W56]?^05�$<_,îW` �?a6b3� 5@c3d 137(h̄/mc)(1/Z1/3)
23e_Cî�L æ 5Gc<dM1 L 2 v = hν/Ee

1�B �W1J2 O�P�f g<h (σ)
�

σ(Ee, v)dv = 4
Z2e2

h̄c
(

e2

mec2
)2

dv

v
[{1 + (1 − v)2 −

2

3
(1 − v)} ln (

184

Z−
1

3

) +
1

9
(1 − v)] (1.1)

Ee :
 (L #*æji8æ 5Z� 1@�32�!

v :
T&L B � /k`ml6nfþ85:� 1@��28! Er

1
Ee

56o
(Er/Ee)

Z : p '85�L æ<q(r
me :

 (L #�æ i8æ 5@'<s
h̄ :
; � l �Rt�C î 2π

çZu ÷	(:d 5
c : ) C<D

�<v õ'� / [3]
ü

f@g&h � Z2
7Zo:w L 2 me

2
7 O o:w L	��� /fü #�æ 5:� 1@�32�! � 1/e

7?S�/J]:^hî
X0 =

h̄c

4Z2e2

A

N
(
mec

2

e2
)2

1

ln(184Z−1/3)
≈

AB

Z2N
(1.2)

A :
%('�î,x � .P/*L æ 5@'(s C

B : t�C
N :

L æ 5 C&y D
1 t?z .�/8üE� 1@�32"! N<O��

N

A

∫

∞

0

σ(E, ν)hνdν ≈
Ee

X0

(1.3)

1|{<}Cç�(/fü A + ` � )65 #*æ 2 i@#�æ 5@I<K�T<L"7��6/k`4l6n�þ�T&L(~6�

qb(Er) =
4.3 × 10−25nIe

Eγ
(cm−3s−1MeV −1) (1.4)

Eγ :
T<L B � /k`4l6nfþ85Z� 1G�,2"!
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n :
T<L(s ò @5�L æNM 5 C<y D

Ie(> Eγ) : #�æ 2 i@#�æ 5Z� 1@�32�!����6� < � 5 h � Q
1 ô ð8/fü
ýG5�� ô±õ 2GI<K�T(L"5 ��� � < � 5��	����
�K æ 5����01,V� Q î"16/E1 � + ýE1 � ��8/Fü ö0( I?K�T?L*ç � L&.P/R`mlGn8þ3��
 #�æ 5Z� 1W�N2�! î����P/�ý31��?ç)$S � ��2��� V��WT<D�5:� 1 ��28! 5 `*l6n/þhî�T3L,ç�</�üPX ö#/ 2:`*l6n/þhî"ÿ��E.0/:ý�1,7�� ÷

� 23D?5�
 #*æ 7��E.0/����î��&v,çC 2��?5 � + S6B<C 407������Yî"ï4ð ( 5 ô î � /:ý1��Cç�(/E1���� õ � /fü

Figure 1.3:
I<K�T<L
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1.2.2 ���������	��
���� LP��� / #�� 7��"þ , 2k`ml@n8þ1����� B�� õ � / \<H�� : l*; <Rl�����1 � + ü���7.0� 1@�32�! 5 #�� � )�� 7��� L&�Z#�� ��� 1@��28! �"!���2<`4l6nfþ#�=T<L3.0/*\3H#�"�
: l�; <kl����M1 � + ü D 56� + 7?2 )�� � #�� 5 9 ^(;8=67�� LP� θ

5%$?D ô±õ  (L LF( 1.8/8ü�ýG5(A?5 )�� 56� 1G�&2"! � hν
1 .8/E1J2 #�� 5%& ôÊõ K�(()�� 5:� 1G�32�! hν*

�

hν∗ = γhν(1 − β cos θ) (1.5)

E : #�� 5('"X?� 1@�32�!
β c :

C<D
γ :
p ! ]Zl*)�+ �

1RS�/fü
)�� 56� 1G�N2E! ��U3� �*, B �.- γhν << mc2 /10�2 7ZX �&� �<2C< ��3 l�����1 S / 2��� )�� 5:� 1@�,2"! � hν ′

1RS�/fü4����$��
φ
1 L 2����&55&"7763. 1,2���� )�� 5:� 1�32"! hν ′

�
hν ′ = γhν ′(1 + cosφ) ≈ γ2hν (1.6)1kS�/fü� <L )�� �*8 (E/mc2)2 9 R�: 0 � � 1@��28! 5 )�� 1JS#; � ��� B � /7< 10GeV5 #�� ��S�= ) � C 100MeV
/�$<5

γ
þ87*>�?�.0/7<A@65�� + 7

X
þ82

γ
þ���T3LE.0/65

B 27C�D(E + 7�B �F� � : lP; <$lF���6��0"� 1 ��28! `*lZn7GP5&5@QN["S�T&L�H&x 1kS�;
�3� /%< [3]

Figure 1.4:
� : l�;=<Jl����
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1.2.3 � ����� �����&���� 0 )�� #���� +&-�.m/"1�p ! ]Zl�)
	�7��?/kB&C&D��� : 2 # � F ��������� /7<��3K&./ #�� 2 iW#���� ��E��� ���E! (511keV )
����� �"!$S#�<K&��� �$�E! �F'EX*1%!G7?2�@G5

� L��'&3l�(')�*+)(l � LM1���,82'-�.�/WS�0 � (1* � � �"� .�/ ( 2 1.5)
<43�5 � L �6� /��� �$��!%7

ĖSync =
4

3
σT cγ2β2UB (1.7)

σT (= 6.65 × 10−25cm2) :
* ��3ZlF���P5 f@g&h

γ(= 1/sqrt1 − β2) :
) !�8 l�)�+ �

β = v/c
UB(= H2/8π) :

� 0 5Z��� ���"!,y D
1 SP/(<�
 #�� 56��� ���E! 71���:/ � 29&&l�(')�*+):l � L�71��;�: �;���<� / # � F5Z��� ���"! 100KeV

��� B U"/5<�=?>1=Z2#@ 5 # � F ��@ ��� �9�"! 5 #�� 1 ��A<l?BC*l������4D @,.*1$2 @ ��� ���"! 5G`4l6n5G#�4E�FE.0/5< @ 51�HG S � L#� Syncrotron Self
Compton a b&� 1JI�G < [6]

Figure 1.5:
&El�(
);*K)?l � L

1.2.4 π
0 L�M$NPO$QSR

C�D%GHT�U�V�W B9X�Y C�D%G�Z#[]\�^1_a`�b B�X�Y�cJd [�e�f - HI / c Tag�[9h9i ��j�k�lY \
π
c _4[ � F�V �6� Y <�@aTmG+n π0

V�W 7#o�p��
q�r9s�tvuwl�x?s#y�z =a: 2 { T?|"}~a��� ���?l Ya� ( � )

p + p → p + p + π0 (1.8)

π0 → +γ + γ (1.9)�%���
π+

\
π−
� �;�?���a� }H\�� ��� *��?� s'y�z�l Y#� ���Js �P�?���a� }9�+��[\K� ��� *��?� s%y�z$l Ya� E�F�= � ��[ 7 &�}�(
)S*J)�} ��� h9i ��� !KDP� l ��\ s hYa�#�H� s�7 i�T����HT'�$�#� � � �J�m� � Z#[�� π0

c _4[ �4� Y > �'�#� l Y#� ���J� �

11



���a� � � E =
√

p2c2 + m2
pc

4
�J�P� � Za[������"= � Z#[ s#j�k = ����� �'��� Ya� �#T	�T ��
��� T
���a� � � W 7

W =
√

(E + mpc2)2 − p2c2 =
√

2mpc2(E + mpc2) ≈
√

2mpc2E (1.10)\ h Y?� �aT
W
������T
Z?[�\ ��� ��T

π0
T�����b�� s�� =%I�\���� l Y \ �����J� }T?F�V$���a� � � T��� E0 7 �

E0 = mpc
2 + 2mπc2 +

m2
πc2

2mp
(1.11)

\ h Y?� � � ��� � Z?[HT4��!������ � � E −mpc
2
�

2mπc2 (=280MeV)
���K� �;!�"

��# �$�J� }���F�V ��� � π0
c _?[�T y�z > � |;} ~a� � ���S� � Y�� �aT�\'! ��
��� �T�|;} ~#� T'���#� � � � k0

\ l Y \ ��%�&� �9T�|;} ~a� ���#� � � K 7 �

K = γk0(1 + cos θ) (1.12)

γ = (1 − β2)−2 :
) � 8 }�'�(�[


��� T'����� � �*) � @ I1\'! s
7 � ��!������ � � �9Z�[�\ ����� } s�+�,�-���s W. �6� Y T#� � K0 7 �/) s�0�1�l Y ��\ s h Ya��2 s � �"�43 θ
T�5 - �76 Y \ 1− cos θ 7

1
\Kh Y T%� � |"} ~a� T
���a� � � 7 � Z�[�T
���a� � � s�0�1�l Y \�I � Y#� [6]

Figure 1.6: π0
c _?[�T y�z
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1.2.5 �������
� ��� �
	�� h�i�T��� � ����� l Y \'���a� 7�� ����[ 7 ��� � s�� � :
��! l Y���� �DS� Y#� �#T�	���� � ���#� � :9I � #�� ����[ s� �! ����>�> � � �"��# � ���9l Y#� �T �"� � �%$ ��� \�I�G ( 2 1.7)

� �%$ ��� � �;����� Y |;} ~a� T
���a� � � 7

E(eV ) =
hc

4πρ
γ3 ≈

3 × 105

ρ
γ3 (1.13)

γ :
� � s�&�'�( I%:$I Y ��[�Ta|;} ~*)*+ (, �

ρ :
�%$�-�.

s h Y%�0/ � c?d [�^ s�1 I
: ��� Y \ � -�. 7�24365 10km(= 106cm)
� X�Y%� � �

� � ( 	 T87 � T��%$�-�. 7 � 2�3%5 107cm
\ l Y�� � ��� �89 T8: � ��[�T'���#� � � 7

1014eV
�
�S\<;�� l Y?� ( =�r �
[ 7 1014eV

�
� � � 76>�?�s@ A! �1! Y �0B )
�?T ��� s �C$ ����s�3 � :�i�T#����T
�$�#� � � T )ED *�}4� �S�$� � Y > �6FG =a: ' Y#� ��[�T����b�� 7 0.5 × 106eV

� X�Y �AB��
1013eV

T���[�T�|;} ~�)�+ (�, � 7 � 2 × 107
\+h Ya�= � � � : � � 1.13

> � � 2.4 × 1010eV
���HTa|;} ~a� �E�8$ ��� ��� YIH*J%d � X�Ya� �

�97 � 10GeV
�9�6K�� T� �� X$Y T#� � �@$ ���9s�3 � : TeV LAM T ����7 D;� � h�I1\ �� �6� Ya� �#��� � � sa@ I'�$�#� � � T?��[ sN3 � : ���P�<� � \#=a:����#T 3 G6h @ I|"} ~a� 7 � � s�3 � :'��[�O�F�V"=#:H= � G � [5][7]

Figure 1.7:
�%$ ���

13



1.3 �����������
� � � � s � |�} ~���� E
F l Y q
	 /?h��
 ���"� � |"} ~����
� \�=?: ���
���� T �
�� 7��
� ^������ � ��� � ^��Hh$i �
�
��
 T �
� �"!�#�! ��� g$h9i?�
$ 1&% �('*) Ya�

1.3.1 +�,�-/.
� ��� � \0! ��� �2143�T H�5�6 � � ��# �

X
�1��7�8 l Y ��� � X:9 � �
� ^�; 7
< s � �� cKd [�^�� � ��� � T4= � � X�Y \ ��� �?> '@) Ya��� �*!�A 1000

� + i
T4��# � ��� ���B@CED > '*) Y#� � ��� � !0��C %���F Y�G O@H�IKJML4N ~�O"�4� n � �
P]\KQSR�P���T> '*) Y �AB�U@V Iah � �M1a� %�& D > Y ��� � XHY#�@W
X I�h � ��� � � XHY � %$s � �� � !
1054 Y T �
� ^�; 7 T < s �ED > � 0.033 Z U
V � �\[�] �_^ �a` '@) Y?� � > ! � %

s � ��� � � 0.033 Z U
V � � Q�R ` '@) Y �AB \ ��� �b> ' 2 9 � 5 T%-�."! 2�385 10km\Kh ��'*) Ya�

Figure 1.8: %$s ^��1T c � s X�Y � ��� �

ced�f�g�h&i@j�kml
n
o�WHT���# � �"� � ! � c�d [�^�T@QSR9�*pa�mq � sN3 ��'&^ � �*p#�rq � �Ss*'r) Y T� � QSR@t�!
u � ��� � \ )wv � QSR9�@p#�"q �

E
! �

E =
1

2
IΩ2 (1.14)

I :
cJd [�^�Tex d�J $

Ω : 3! �
\+h Ya� QKR9�@pa�*q � T4y@z*! � 	�_"I_{�|$h�T%� �

dE

dt
= IΩΩ̇ (1.15)QKR ! � rΩ

! �m}
1.9
T@QKR�P %P� T�~
� r

��nE� u h Y � ! u h Y#� �#T ! ��� 6 !� s���l Y ~
� r
�4� ��' ` � v \ � c � P9� XHY�c4d [�^ \4�"� 3�! �$��Q Y ��\<�$���
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h u h Ya� �aT�	�T����HT�~
� RL

!
RL =

c

Ω
(1.16)

\ h 9 � ��T�	�T
RL

T�� � 6��	� \ ) v � %�s ^���T RL

! 2�3@5 108cm + ia� � cKd[�^�T8-�.HT 2 365 100 
 � X�Ya� �aT 6���� T �� T
�*p#�*q � ! c4d [�^ s�� � ��'r)Y `�\ ��� Y T%� � �#T 6���� 3 9  s��
>:F�` � �*pa�rq � !*Q4R��"p%�rq � Tey@z�� s
� ` ) \����
�M� Ya� [5]

Ω
B

α
Light

Cylinder 

polar cap 
beam 

outer gap
beam

Ω . B = 0 

Figure 1.9:
� ��� � T�� � }

1.3.2 ���������b���� 2�3%5�� Z�T � 
"!$# T�%�^�! � ^'&�(�|�&�)+*-,".
��n �?h&; 7"��/ � ` � ^ � o� / �10+g32 �14-5 s�3 �('%� �?> ��
+6 f ( 7 ��8�9 3 9	: 
 ) 6-;'< �>='?A@'B s ^ ��l0 � � > � ���+C ; 7EDS) v � D �Js �GF ��� ��H &EI 
$!$# �"J � ����� ! ��KAL-M C �N L O3PAQ � �SR$T s R 0 DJ��� � > '@) 0 ��@�UC ; 7 s43 ��' �&U�V s3W+X+Y � � |M1+Z 3 ��' �E�+0 C � # & �"�;� �@�UC �@�
(Super Nova Remnant:SNR)

DS) v � ���+C ���2! � H"5�6 � �"#@� � X
� |�} ~%� R"T �^ �M` ' 2 9 � = ?�� &  �! � &[)+\��3]+^ D ` ' V+_ D > 'r) 0�`$a1bUZ�c )edgf % & ��-C �
� %ih 1012eV j�k & �-l$m p[n*q"oAp�qGr[s+t-u F D > '*) 0[`v-w C &[x-yr!{z�&$|>,�.�&U}S~Go�NSZ[� %�> '") 0+� D t `'h?> '") 0�` [8]

•
}U~Go�N

1 � 8�����o�1E� %�h c�)+� & 90 Y ! 10000km/s j+k Z{���/D >��{�+�U�t�c��[��Z{x$�3a 0�`
•
}U~Go�N

2
z'&

22000 Y"� c ^ F D >���� F t@n+�'& C B pM1$�A� h>� 0��'c+������ p�� � x$�Ga�0�`{�-�' �¡+¢ d m�£ nU¤So � ����� � p�� D x"�Ga 0p'�{b�¥�\Ua 0�G¦ cA§-¨1s�©�R m+£ n+¤SoAª�« ��¬�[®�¯ b � R+¢-`{°"Z�±-²1t3±'³ ´�xS�Ga µ�¶1Z·¹¸ m+£ n+¤SoAt1v3w1º+�1»1¼+½$¶ m+£ nS¤So3¶$¾Ab3��¿�À[Á+Â��	Ã f�Ä ¸ÆÅ3À Ç	¡ ¿¡Sc�x"�[� k t1È d À µ�`�x"�[� kS�-É Ä�Ê 200km/s ¬ b��Ët�µ[`
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•
}1~[o��

3 ��� xS��� k t��-�$Å���t�µS´>c �3��� ¶�	�
[¶���"¶�xS���-��´ º�� ���¶��1¶�� k$� c 5 × 106K
Å ¬ b���t�µ�`�� �S� p'� ����� ©[Å����� �¡$c$À É��� Äd §-¨'��!Aa Ä ¸ÆÅ1À'µ�¶{bSc m�£ nU¤So-�>§-¨�¶�"+b$#$¿   &%�'{c ��( Å[v3w1º��»'¶�� k t)�[t+*-, ¦ µ[`��[¶S}+~3o�� �-É Ä�Ê 750000 .)/10 % d `

•
}A~ o2�

4 3 	+¶1}�~Ëo2��b � x��>� k-� º$� ��� ¶54�6{� k ´ /7�8  �¢ É Ä>Ê 10km/s¬ b��[t�µ[` Ê ¶�	�v1w-º+�1» ��9 *�¶�º:�;:��´5<5="t f�> À d À?*A@ � ¡+¢ d `v3w-º-�3» � c Ê ¶����-�1t�B ��C�D Å Ä Ç>¡�E�F�� �$¡ ¿ � t"c C�D �Æ��µË§�¨1s"¶�Gk ¶��IH"¶�"'Å Ä *gc�J�KIL (shell type)
c'¾&M��ON�PSµ{¢QN[¶

(plerion R )
c Ê ¶�S'¶�T�UÀ�"�L�¶ � À 0 Å�c���Vi���S¡ É * c{¼�½�¶ 85 %

�
shell type

tXW ¦ ¡U¢"µ[` ¬�� c�§�¨��� �&Y ¶-��ZX[ � n"c�\�]$¶^-s"¶_�`"Å Ä µ>��VSbSc I R a `:b$´ II R (
_

)
Å�cI' h ��µ�`� h Å I RS� Ia R aed�� �:b$´ Ib R a � � �Qb[Å[��V��Æ��c Ib R ¶�v3w1º��3» ��f E1gS¶�h G¢�º�i"Å Ä Ç�¡�j�k�� � ����� ¶"¾1� f i+t1±�³�¶{b$c�T�UUÀ�"�L$Å1À µ	t�c Ia R"��l�m©�n�oSÀU¶{bSc

shell R Å3Àp*rqUa+¢1`vGw3º1�G»"¶Ap q�r�s3§�¨S¶��1��s�t �$¬� c�u�P�À�v3t3��� �S¡U¢Sµ�`Aº)� ��� ¶w k cx�y ¶�G'��c f E > h ¶�z���À 0 c Ê �I{���¶�v3w1º��1»�Å � ¢S �¡�|~}À ¯�� t)�"µ �1¦ cÊ �${��'Å��$À�Ç ����� ��� �3� ¡$¢�µ�`i��¶ Ä ¸ À ��� t 0 ¶ Ä ¸ Å�c+�-��s�t$Å������� �G� ¡U¢"µ > �'¬�-� Ç-¿�*	 �À+¢{t'c���	�¶ C�D Å Ä µ���PAt�� _ �Ë�"¡U¢'µ�` [5]

Figure 1.10:
v-w-º f E�¶����

Figure 1.11:
v�w�ºU��»

N63A(
��r����Uq�º

�
)[9]

1.3.3 ���$���:�
1960 .�� Å�����¶�����¶$¾[Å ��� ¾2M���t����1¼+½ Ä *-����¢1Å �   > N���t+*Ë�Au�!��¿ÀU¢ /10  ¢����'Å�¡�¾- �¡QP$µ£¢¤^'¢3¡$¢�µIN[¶�t�E�F��Ë� ��¥ ��¶ Ä ¸ À�¦�E$À����'¶¾�M�§ �5¦�¨�����§i´>¢i¸ ¥ ¦�¨����SÅ ��� ¾�M��"¶-��ZX[ �-©"¶ ��� Å Ä ÇË¡ � ¢ª¢¬« > Å��V����$¡S¢$µ ¥� À�®�VE´� [¡ ���I¯:°�±$²�³£´ ��� a I R)� II R b � [&µ ³¶)³��1·£¸�³¹ ³&º �"µ ¥�» �?¼�½  ´[ �¡ X ¾ > ¼À¿ X ¾ ���I� �� Å�µ £ ©U¤ ³�Á §X!1 [¡U¢'µ ¥¦�¨�����§�¶�µ £ ©$¤ ³�Â ½ � ¾2M"Å��$µ · �QÃ�[&Ä ³ ©'Å�Å�Æ� �Ç�È � ¶�É[§$Ê�µ ®$Ë µ£ ©U¤ ³ Å Ä µ1N�¶�´Ì � ¼Æ��µ ¥�¬ Ç ��· �QÃ�[&Ä ³ ©�¶�Í�Î"Å�"�Ï�� ��µ � Å�ÆXÐ2Ñ >¼Ò½�Ó1ÔÕÃ ´ ¶A§X! º  5k  k C�D � ��µ ºQ��ÖQ× ÓIÔØÃ ´ ¶"�Ï"¶�Ù&Ú�Û��IÜ�½�� ¬ * Ä ¢Ý > Ç�¡S¢{ÀU¢ ¥
ÞXß�à ¾�Á §�!Ê'µ2¦�¨���� Á�·á¸�³ ¹ ³ ´�¢e¸ ¥�·£¸�³ ¹ ³ ¶�â�ãE´� �¡�½
• ä }�¶�å ¾ �Qæ ´�¾2M�§ > ¼�§X!�Ê µ�Ó)ÔÀÃ ´ ¶���æ º:ç1è �$�"µ ¥
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Figure 1.12:
¦�¨�����¶������

Figure 1.13:
¦�¨����

NGC253[11]

���"µ ¥:» ¶ Ä ¸ À ·£¸�³ ¹ ³ ¶e¸�� ��Y	� ¶�µ £ ©S¤ ³ ��Z�[ ´ © ºQ� TeV
����Å�
� �¡¢$µ�I½����	�����$�"µ ¥á» �ª¼A¶ TeV ·£¸�³ ¹ ³ ½�¼$¡ �	� �	��� º z ≈ 0.1 � �-¶ l�m©�Í�Î$Å��"µ ¥ ���"Å��"µ TeV ·£¸�³ ¹ ³ ½ ��� µ £ ©S¤ ³ ¶ ÞXß�à ¾�Á !Ê�N[¶�½��3¢�´¢�¸ ·£¸�³ ¹ ³ ¶��:æ-Å�����¡ � ÞXß�à ¾�Y	��º j� IÊ�µ"´3¿[Å�����!�"�;��1Å�#QÇ �Ë�"¡¢$µ � " ¾�$&% §+¨�¶ Y�� ´('�)� [¡�B �Q�+* B � ¶�,&-�Ï Á�.£»  �/����Ë�"¡   ¬ ¸ ��0N(��c�Ç�¡ �21�3 Å�F��+Åp¢�¢gÀ�Ç�¡U¢"µ ¥ [5] [6]

1.3.4 465�7�8:9<;>=@?Þ£ß�à ¾�AX³ � ´ ´5½ � )�E�©GÅ .á» * �CB�¦ ¡&D�zI��¶I�-Å3�FE ¶ Þ£ß�à ¾�º Å *HGJI �h� ?¢ØG�� ºFK ¨IÊ�µMLONI�)� µ ¥ Þáß�à ¾�A�³�P?´ ¶�µ £ ©"¤ ³ G&�Q½ �"É Ä[Ê 10−8 Q
10−2erg/sec/cm2

Å Ý H  [¡$¢G¡ � 9
Á ��R�º Þ�ß�à ¾ ���'Å Ý H  �¡$¢"µ ¥£»TS ½ � �$�©��½1�"µ º$� 4�6�©�À X ¾	U ½"Å�,�V�W����JX-¶�G��1���$µ ¥ ÞXß�à ¾�A�³&PO´ ¶�Y�%Qz��½ �[Z N�\ ´	Å��SÀ?* � 0.1 ]F� �1¶$N�¶)N� S k � 1000 ]F��R Y�%�Ê�µ�N�¶)N�"µ ¥ �á}¶ ÞXß�à ¾ ¶_^F :z��-¶ Ý H�N Z NJ\�´�Å���Àp* � T�USÀ�t&`'¶ Ý H"Å-À µ{¶	a º)� Y�%)z�1¶�DJX)N�¶ /10�� µ�b�©Fc ³�P Z�[ ´ © º ¿�X��:æ Á Ã$« ¥

1991 . 4 d Å �Fe Ù>fÒÚ1Å Ä ÇMW�g:� R2h ¼ S ÇOi ß_j ´ ß5Þ�ß�à ¾�C�D�k º ¶�l�!Mm�I�Sµ
BATSE(Burst And Transient Source Experiment

b�Å Ä Ç�W � Þ�ß�à ¾�AQ³�P~´�Á l!�V � Ê ¶ U J R ¶�nJo Á � Ý ÀCp&�1��q	r1Ê µ »OsÀº ��¿�Ç ¥ (
�

1.14) BATSE
Å Ä ÇTW �¿ ÞXß�à ¾�A�³	PO´ º	t�u Êwv »�sÀº	x�y:z{S Ç ¥}| Ç ��~[S�º)��U&���O�O� ß�� Ü � ÝF�V�W�XOv »�s(� ¼ � Þ�ß�à ¾&A�³	PO´�s X���L�N�½ ä��_� ������"I� .£»�� W�X+v »�s�Á �� V_W�X�Ç ¥ V � V2� BATSE ���&0�� ¼Ò½���� �J� � � V�W »����	��� µFb�©Fc ³�Á -����V�W�XOv �QÁ[���C��� Ê »�s ½C� �_���:� Ç&� [5]

1.4 ���¡ ¡¢¤£¦¥
Þ�ß�à ¾J��§	¨�� ½C© ���Cª�«�º+¬ v º � ���®°¯O± v s³²�´Fk	µ�¶ ��· �O� � R_¸ ��¹_º§	¨�» v ª�«<s �	¼>½ � lw�m ¶&¾�¿�ÀwÁ_Â oFÃ�Ä � · s(Å�ÆFÇ�È Ã�É+Ê ��Á&Ë º:Ì �CÍ vª	«�ÎJ¬ v���Ï 1.4 ���®|M�F�CÐ	Ñ�Á � » �
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Figure 1.14: BASTE ��� v��������	��
��� ��� �
� 
� ½ ¸�§�¨ ¼>½ §�¨���������w� ª	« ¹_º §�¨ Ë º §�¨ � � ·������������! �"#�$�%�& 


< ' 10GeV > ' 100GeV(�) *
S/N + ��,.-/.0	1 *32�4 �	�657 ) 8 ,.- 9�: �<;	=?> �* ����� @.0	1

Table 1.1:
½ ¸�A ¼>½ �	B�±DC ������� §�¨

1.4.1 E<FDG�HJI<K�L	M�N
CGRO O3P
CGRO(Compton Gamma-Ray Observatory) ARQ6S�TVUXW�Y	¸39�:[Z (NASA) Î 1991 \ 4] ��^�_ ½�`OÉ[������� §�¨�a�µ �O� 2001 \ 6

] | �F��b.c�ÃCÉ&� CGRO a	µ���Q
BATSE,OSSE,COMPTEL,EGRET �ed�f�� �w��g Î	hi:zkj Ä Bml � ÐO� EGRET

����g� Q�n 300
Ê � ��������o.p Î�q�Í:zrj É&��s.�w�!g Q Ï 1.4.1 �>� � ���w� Ä�t C � [12]

�w�Rg�u #3$�%�& 
�v	w x.y È�z
BATSE 30keV { 2MeV NaI | ������
�}�
 8 ~ � o��.�e}
OSSE 50keV { 10MeV NaI(Tl)-CaI(Na) | ������
�}�
 4 ~ � =���������� % ��¨��

COMPTEL 0.8MeV { 30MeV Nal | ������
�}�
���p | ������
�}�
 � o����
EGRET 20MeV { 30GeV

���e
��R�V�.����
 � o����

Table 1.2: CGRO ��h	i<��j Ä�t C �w�?g
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Figure 1.15: CGRO a	µ Figure 1.16: GLAST a	µ
���������
	������� O3P�	� %�� �����[�	o�� a&µ ( � GLAST) Q � SeTDU�W �������.=�} U�S ��� � ���&��������
� �2����=! ��"XW$#�Î$%'&O»eC!#'(*)�+�,�q.-�/!0 ����� A Ã�Ä ,�q �kj � 2008 \1" ] �
^�_ ½�`32 j É��R/	0�4 ¾&¿	À (LAT)( 5 1.17) A GLAST

�V
�� � �	�e}�

(GBM)( 5 1.18)� 2 f�� ����g ÁRhi Ã�Ä3t C �3�	� %�� o�� a�µ �6
!6 Q �.��7?
�� � � =��98': §	¨ y';

A Ã�Ä�� 95 <�Ë � n 4
� Ë " � 8�: §�¨O���C� Ä�=>2 j É � o � ��������= T 
 0 ? ������ � o&¼ 5�@OÁ�A�, ÃCÉ ( 5 1.19)

� ^ ½�`�BDC���E�FHG�I _ ½�` Ç$J�Î'K ��L i<�Xj É�����[� ¾	¿	À
M�N'O Ì*P�Q 5�Î'R�S	AUT$V�� j Ä�t C�WYX É�Z*[$\ Q ��� M X
�	o�� a&µ ? »]_^ @�A`M*)�+ba$c Êed�f j C�g6A.A PYhMÄ�t C�W [13]

Figure 1.17: Gamma-Ray Burst Monitor Figure 1.18: Large Area Telescope

Figure 1.19: fermi
o'� a&µ 8$: a$c G�i C �����[� � o&¼ 5
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���Rg #�$�%�& 
�v	w x.y Èz
LAT 30MeV { 300GeV |�U �.��� � U���- Z�� | 
 � � o	���
GBM 8keV { 1MeV 150kev { 30MeV NaI

Z
BGO | ������
�}�
 �V
	� � �.�e}

Table 1.3:
�3� % � ��������o$� a	µ G h�i<�Xj Ä�t C ���!g
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1.4.2 ��������M�N
�	��
�	��� ���D	��D������
������� Î	� · A(Å�Æ�Ç�È Ã�Ä q	� ����C ������.���? Ába�c�»�C.g�A�� Z Ë º®Ì�G������� Á�a�cF»eC Ê M�����C�W��� P MQ�|"!�# 
 M / Î l�Á = T 
 0�<A 2�$HZ 9�: �<;	=> Á&%�'�»DC�(*)�+"����C�W	�YX�, G Q Z 5 1.20,1.21 M i.-�P� �/	0*1*2�3 Á&4�5 É WVT768 � A 8 À+Á�� f � É79�: À	, 2 �<; Ä3t C*W ( 5 1.20

Z
1.21 Q CANGAROO- III ¾&¿	À ) => Z&?	@	s&¼ � * #.$[%6& 
 M ������� Á�a$c Ã�Ä�t CbW Ï 1.4.2 Q b	cBA M�B Ê`P�V�3������ ¾	¿�À��C��C�W

D % 
 - a$c ¼ ¾�¿�À
CANGAROO - III E 
	� � 6<UkS 10m × 4

H.E.S.S F �&G S 12m × 4
MAGIC WHF UkS�I.J 17m × 2

VERITAS S�TeUkW 10m × 7

Table 1.4: = >.b�cKA M ���������	� ¾	¿�À

Figure 1.20: CANGAROO-III ¾	¿�À WVT76 Figure 1.21: CANGAROO-III ¾�¿�À 9	: À

Figure 1.22:
?�@ M ���������	� ¾�¿�À
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� � ���D	��D�������
��+�M��
	>Á ( È Ã�Ä Z
�*/
��0 Î�
� ��� " Á�����»eC6A�; G q*�O»�C �������.�.�? Á
a$c�»eC�W�5 1.23 M Milagro

���!g Q Z S�TeUkWVA.T���| �!G�i Ce)�+��
��� Z T��.| �*A��8 - #
� 6�����M�| # 6 $ D 6�� G Â � Ã�Ä �VC!W *�4 4100 !�M *�*�4 G Â"� Ã	É 900# M HAWC(High Altitude Water Cherenkov) � Z 100GeV { 100TeV M �����[� Á%$ 2 $ C
g6A³Î'&D5�A P�h�Ä�t C*W�5 1.24 Q ���!g M = T 
 0�� Z�( � 5 !*)�+'M!- 6 ��� � �%, M}.����G� "/"0"1"2�3 Á�Â"� Ã2Ä�t C!W Milagro Q�»*� G.Z 100TeV M � �����o�p �.�eC
MGROJ1908 +06 M�a$c G�y'-wÃ�Ä�t C*W [14]

Figure 1.23: Milagro + ���!g

Figure 1.24: Miragro M.� �����������R���!g M = T 
 0
�0/2143 
�� �	�D	��D�������
A #'M � � � �*576"8 M.9;:'< *;= ( > �!�V
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4 ��(65Q 1◦
B���� 4 A ���.���	������	� G + E B�
 ^ P��� Z 3 { 100TeV M����������

M��������	�	� C ��!�" � Z 24 #
Rba�c'&%$'& PYh B �)( W+*-, P/.	0 &�A.B
• 1�2�3	4",65`M�7 TeV �����8�%98: �
• Knee ;�<=9/>DR	?-@��%9/������%�	A�BDCFEG�-9`a$c
• H+I8J;�K&ML�N�?F@��+O i/( P H+I�9�Q-R�98S;�+9*a�c

T + � � (�U [1] [15]

Figure 1.25: V�W �%E +: ��X

Figure 1.26: V�WZY%E[O/\G�+]M^ F�_`=a�b+c � de H-f
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Chapter 2

� � � � �

�D��������de�� (
	����� OF,����������MO�������� ( � � 100GeV �� "! ( ��� T$# �
�8���+� 9����/���  �&%�')O)(&*�+�, ��- T �U�. 9/��0&��:�1 X 9�2/3/4&5 ��6 ] �)78&9 3�: `�; T"< O=� (�>8_ 9�d	e�?  &5
! (A@ & �BDC/��U�."@ ?A��2�3/4�5%9�EGF T
:�1 X �IH > O�\ fAC ��E ` V�J"K��/L/MIN=�-&�5
! (I	�� �%& (�U�O&P�Q V=J�K/�/L�MSRT&U O�VXWIY�ZX[�� (�U

2.1 \^]`_badcfe
# ������+� 9 >$g	?F@8� � E `�h O�(�*�� ( &S�AE `Dh 9�i�j&k T"< &ml&n&o�p CSq g&r
jD�Ss . � (�U=@ 9 q g�r/j6,/t��/�)E ` &ml/nAo�p CSu gX��vIg &mg�� O)w�!&Y �yx U=@
9X�X�[O&�$E ` & 9�l�n�o�p�O=�$WIY$z&s C �{r�j|�8�"} a)b+c �-& � � U
(�*�� ( >�g ?=@�� � �������%9�~&����E `=h 9�i$j&k T�< O��&�A� ( &I�)��j/�$s . ��G@�C YA� e+ & e− � ?�F (�U

γ −→ e+ + e− (2.1)

]5�O&��s . ] ^��{�/jX�+I��/j � ���&�$��*)O=��WIY q g/�D�)�����Is . � (�U

e+ −→ e+ + γ (2.2)

e− −→ e− + γ (2.3)

@ 9��/�=�I���=1	A��A�X��&S��� U�@ 9��/�=�S�����"� @ &�?"�"�"} a�b+c � � ?=F (8U@ 9)�����������"���A��?"���&j-9��� )¡"¢��  <)£X<)£�¤ � WIY"��F 81MeV � ¤�¥ ( &
�&s . �X� ,�L���¦ EI�
§�¨ ��©�ª O T �«� a�b+c ��9)z&¬ � t (�U�®�¯±° O  � .�²�³´�µ ¶·>�_

10 ¸ 30km
´/µ=¹)º 5 "» tD��� >�_ 10km

´�µ ?�s . ] ^ ( r&j-987 �¼ �=C
�I½"!A� . 9�¾&¿�À C Y�� x U
> 	 �{(&*/r�j � i/j&k%9{~&�+O  ��k-1�A/����� � �G@ ��� π+, π−, π0 � ?�F (�U ]�5

O π+ & π−


µ+ & µ− O�Á�Â C � π0


2 Ã%9��D�)��Ä+O)Á/Â�� (8U�@ 9{�D�)�)Ä ��Å r�j
& T WIY�]�5 O��/ÆF1�A��A�X�)� ��@ �

π0 −→ γ + γ (2.4)

π+ −→ µ+ + νµ (2.5)
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π− −→ µ− + ν̄µ (2.6)

Figure 2.1: ��} a�b+c � 9������

z$s C �������
	X� �� '�H > O��/¬��� � �/�� {¡�¢�� ��� ��~/�+O �� ¤�� �X�[O)Á
Â��� @���� �� U

µ+ −→ e+ + νe + ν̄µ (2.7)

µ− −→ e− + ν̄e + νµ (2.8)

k����$�&��������W
Y�z$s C � � � ��� � ���&�����$�&��� ?�z�s C � q g&r$j � 	 ���	 � �"! ��# � -�$ �&%(' ^��=��WIYA�&������Ä ��) � ��} a�b+c �  ¦(*,+
� �-) � ��}a�b+c �X�X� �/.��"0 ��1 ��%Gt��&��i/jAk � q g&r&j 324� £X< �&576 	��{?�������'�^8 ^�9&:�;�?�z$sA� 
% @ � �/<�� pi−
�

pi+
 ' ^ 8 ^ µ− � µ+ �
o4
% CSº�C � µ−

�
µ+ ��j � 200 =/��, �
> #��
Æ�?A��0&�&��@XJ�K)��L$M
N��&1 C � x ��%�' � ��0&� �)�����

Ä �&) � 6BA �7+ �"C�»
D-E � a�b+c � � z&s C Y"��^GF�� Å r�j � �A �¡�¢"�  �G���)Ä�
3 =/�/,�� $ "% [5]

2.2 H IKJMLONQPSR
T ��r&j �-U&V ; n

� E ` ��(&*"�� � F��A��r/j ��W , v � E `Dh ��#&W , (c/n) �X� �
EGF���~&����X3Y/N|t�� �Z&[ Ä��S�&*"��\% @^] ��@�J"K��/L/MI��* � �
_-% @ �"`-a T ��r&jcbedA? &$�x � T �Ar/j ����
�&~ � o�p����X�«��f-gih ] �)E ` � � `&j g/j��
*��
k �m�/0-��l @ \% T �Ar/j � � W���mGn��G'�WIY"�po > �pq �-f-g � �±@ ���G' � f
g �3r �ps4 � F"��� 2.3

�
θ
	 � �$�A �¡�¢"� � �&�-t ��C Y{��*uh ] \% θ



cos θ =
1

nβ
β =

v

c
(2.9)
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Figure 2.2: �"} a�b)c � � z/¬ � ��j ¶ a �
��K�� a�� � ¹ ��� ����� � � ¦(*�+
�

�^$ 
% n
 t������ x
	�� �� � ��t�� 300nm ?  �� `�� ?�� 1.00029 ?��G"%SE `h � 2�� N W ?��7 T �&r/j �� k 	�� �A�/� C Y-lD��' θ = 1.3◦

� 	 � ��@�J"K���L/MIN
�I�G1�� �% C�º�C ������� �a�b+c � h � �/j ������ �G*&�I§�¨ h ] Y �&- ��� � � �
�G"%! �" 0m ? ��#�$ �& {¡�¢"�  21MeV ��� ���
	X�S?  4.4GeV � 5�6 	X�S? 5.8GeV��$ �%&@�J"K���L/MIN  z�s # , � # x $  2 < E ` � U&V ; � 6 h x $ ��/0���*&%&,�6 h x $  � ��z�s C Y º�' H > �p�A¬����t�? � N)(�*±��+�,"�� � � # , 7km

º-'
20km ?$z�s C �p@=J�K��/L�MIN �a)b+c �/. º�' 110m ¸ 140m �/,DtS?3��04<&�% @ �21
�$?=F�43���5��\@=J�K$�&L&M63
��5 � ��� %2�7���)r/j ��8:9 ��(�* C ��~�� � H > ? �
@�J"K��/L/MIN2;/,=��<��
��K���< � �p�=�X�>=�0/Y@?A��% [5]

Figure 2.3: @=J�K��/L�MIN � .��"0 Figure 2.4: f&g � ��j
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Figure 2.5: 1TeV �D�)�)Ä � N&j&f�� Figure 2.6: 1TeV �D�)�)Ä � N&;/,

Figure 2.7: 3TeV �{j�Ä � N/j&f�� Figure 2.8: 3TeV �{j�Ä � N2;/,
�=�)�{Ä � ~/���  <����S� . º ' ���	� (core distance) � 150m

´$µ ��
 $ ������{N
# � 04<�Y���\% @^] ���/� C Y"���{j�Ä=�S(/* C �{~A���  ���D�)��Ä��	���AY .(��0 �
� x ��@=J�K��/L�MIN�z�¬ � ��j��S��� C Y���\%
2.3 ����e�� L����
H > ? � �D�)�)Ä��! ������~A���&9 	D° �#"�$A�(&%('�Ä��)jA: ' ��)�� i&j�k ��*,+ �
5�-�.��A� �/$ "% */+ � 5�-�.����	0 621 �3�4D°"$ �D����Ä�5�6 � h ] p�#7 5 ¡!8�� /9�: � ���&Y � 1000:1 	���;"� � ��;�?���$=< �%�' ��>@? H > ?$�D�)��ÄBAC�� �<  >�?
��D�E�F ° � *,+ � 5=-�.�����A�� + +HG $�I\] F $�'�$ �&%KJ ��>@?3�L�M � GN=O�PRQ3�4G° �@S�� ' ] N��� � � Whipple 5�¡X�{¦ �UT�V G > O 6XWZY	[X\ 5 M�]X^ �%@_�`�a
@cb!d \�e@f�g�h!i � i�j fXDk�l�O�m&5 WU\ +on7h ] >Up o�q i ]�](r N-lRstO(J � i ] O
@ubXd \�e�f2v ACw�x(G@O!y�z�q��#{�|�h ] NX}c~ v��!��� =��BAZ��� > o�� '�� ~	� W -�U� v <�~Z����� 2.14 ��J� i D�O ^ ~ 	���c�Z�K������N r> v A�� W -	���!��	z �� v<�~ >�? Ou� W -@� ] ��� WUY�[ ���2O��ubXd \�e�f2v��u� �� B¡ �@¢!£ ] ��x(G > � �!¤�(~�	¥ \�¦�§ �  ��2N	¨!©�ª¬« >@�®�¯=°�± Y ] D�O ���³²2´U��� �µ!¶�·�¸=¹=D	¥ \#¦§ �Xº�»���� ��¼�½ <u~��¾�� >@? O#��b�d \�e�f�vK¿ ¥ \�¦§ �Xº2»�����K� 3◦ À £ �ZÁ
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� �U����� ~Z�����@O
	�� �X¿� G���� � ��b�d \�e@f2v�� O�� 100m À £ ��� � s O g�h�i����� � 10m À £ ]X^ ~�����O������	� j �	��b�d \�e�f�v�� I ����� �!� W� �� � � «~��J��UE�F ¿"!!¤ �2NXO�¥ \�¦�§ �  ��2N	¨�#=~Z�Bb=d \�e�fCv �c� WUY�[$��% l � e!\&('*) � � ~��#�XO ´Z� �  �~ ¯�°=± Y ��+-, � O�	.� �X¿/� G0� ²21 s O�3�4 � ��576 ) \98³²:$;GUN!O"<>=@? \�� 3�4 �BADC ~�J ² � � ~Z�2��E�F�·X�HG�}�<>=I? \ ]�^ ~ ´Z� ] ª9J ¿ O�F· �@��� � 2000 KL� �X¿ ^ ~Z��G0� � �&N�O�JU�� �¡ ��M }�N �!� �®�¯!°=± Y �� ^ ~2+
, � O0O�������P�Q$R � µ=¶�· A�SUT�VL� }!�u¾��$����O!�Bb=d \�e�f2vK¿ PBQWR �BX-Y A� ~� [20]

Figure 2.9:
¯=°�± Y ��ZLJ��.����[-\

¥ \�¦U§]��^ �H_ �L`ba@c#g�h�i-d �U��x ¢�£ �$e }Á � �U���H� ~��B� c � WH qc�=�WCY@[B�ce�\ &('*) � � ~��/ª!� � c k�lgf�h$i-jc�U�u� � g!h!i A ��k�lX}�~#� ] c � W qc� �9m=� �U�u���Hnpo � � ~U��#� c´Z� � � ��q �$r �  #~ ¯�°!± Y��-c ¥ \�¦U§ ��st lBN � �Uµ!¶��u� � PBQWR � �$� c � W� q��X� WCY�[$� 3 r a � � ��� ¿ � ² � ~�� �
2.10 ² � 2.11 � ¾2«�u�« c ¯pvHw d Y ¯yx \ �  	~ 1TeV �¥ \#¦§/² 3TeV � ´��§ �  ~#� W� q��X� WCY@[ ]X^ ~��
z «³���U` A npo ]�{$|*} l &  cWCY]~ n � ~ z ² �  ��2l c ¥ \¦§ �
� \ ) ²��7�Z§� ��� A ¸.k�~U�]�]� ���$��� � � WCY@[ &  �WUYL~ A ^�� ~�� [16]

• Width n�o#���$���u���`c� � � s ��h$�-���(�
• Length n�o#���$���u��� � � s ��h$�-�$�B�
• Distance npo#� M m ²�-� i$jc������Bb=d \�e�f2v���g�h!i � ��x } l a ~ ¢!£ ���-�]� ~ &  ����L~
• alpha npo#� M m ²�-� i$j A�� � �]�U§R² npo��9�$� � � � ¢�£
� 2.11 � � ¤ �B~ ²21 s c�´Z�$��� �  #~ =®�¯�°!± ��� P0Q$R ��� A } l!}�~��0� c��  � npo
¡ {$| � ~ ²Dc Width ² Length � �-# À £ �]o � { } � � � ~U�c¾@���0� c z � 2¢ � &  ��D�W~�� k�¡ ¿ ¥p£ ¦U§ �=�9�¤£ ) ²9¥ ~ À £$¦B§ �B¨�©B² � ~Z�cª�� ��ª �H«$¡�¬t¤�®�¯�° ? �$� A
± J0² c  �³I576 ) £#��<µ´ 'H¶  .· £.¸ A�¹$º]�  z ² �$¨�© ² �  �
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Figure 2.10: � �� �� ��� (1TeV ¥�£ ¦�§ ) Figure 2.11: � �� �� ��� (3TeV ´�� )

Figure 2.12: � ����� &  7���]~ �C�	� �
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2.4 ��� �����	�
� ¢ ��i$j A c�
 � � ������]¡ �$� �  z ² A ®0¯U° ? �$�³²�� ¡ � ( � 2.13) � � �����
� �    �]¡ �Lc �u� A����c��� � �  z ²D� P ¨7© ¡ ¥  �y��� c n�o#���$� A�� � � � ¿�� � � 3�� a � } � �0��! � ¡ } l ¿�c" « � ¨*#Hl } �B¡$#	¾ z ¡ c%
 � � ��&���W¡�$� } c � A M�'  z ² !B 	�Dl c)( 2.14 �� �¡*!�+�»��u� A�� � �  z ² � ¡,�  # z�- �¡*!/.�� � «*���W� -/021 A IP(Intercection Point) ²3� ¡4#@¥�£ ¦§ �
�*£ ) - +-, �Lc
IP ² f�h$i$j - ¢ �B� θ

-65 ® ) ¶  �7 A ²  ²
c θ2 = 0 !98 � ' A ¿ ¢ #���� c ����� -:6; ª�«.l � �< � ��!2= �� � A 1�� l9>�J  ²�c z�-�?�- �-� -021 � ¯=°�± � � ²A@�R² -/0�1 AH�.� # (2.15)
z «)!( @�
l�� � - ���2�L¡ ��B  z ² - ¡��C&D ��� ¯=°�± �

� ² ����� - ��� A�� � �  z ² �B¨�©K² C  #

Figure 2.13:
®0¯U° ? �$� - [$\ (

Figure 2.14: = �� �� - �

Figure 2.15:
¯�°�± � � - � �

��� c ¯�°=± � - �9m � ² �����6E - �0��D�� ¯�°=± � - X ¨�F £ A3G aIH�J ¿  z ² �
¡,�  # ª!�%!@�)K ° £&L�M�N - ` £ D�� 9O�PRQ � A�S � � �T ! c z�- �B� A >/U � z ² !� ��2l c �O�P2Q � - � �&V £ � ��� - +$,R! s t l 40 W/X 15 W À £ �@� �  #Bª��
! c��¤�U§ � - vHw � ?p£Y!B   ���p£ ) ¿ 2 � �=� - �����]¡ �-� �  z ² !( ��
lL��Z
=*´ ) �  z ² � ¡[�  # [20]
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IP fit

��� -  c¡ !�..�  IP ���.c f�h ² �  i�j - i���� � 3 � � +$, � � ����� - ���B��� -
C � ¢�£ � 0◦ ��� � 180◦ ! {	� a �B� c � ��V £ ��
 a C  #�¾ z ¡ c IP

- � ��V £ A ��cª�  �B��! IPFIT ²3� ¡���� � >���ª�«*�&# IPfit ²9�Wc .�� � «¤� IP
-�� ³*! c����

C IP �.¥  ²�� � } l c χ2 � �9!u #�9l ��� C IP
A�� } � � ���W¡ ¥  # χ2 � ª -  c¡ !�	� �  # [10]

χ2 =
ntele
∑

k

{
n

∑

i

(WID(i) × q(i)) +
(DISIP − 〈DIS〉)2

σDIS
2

} (2.10)

WID(i) : � ����� M m ² IP
A���� �U§ !�� �  � pixel

-
width ©�¸

q(i) : � pixel !#� ����N�·
DISip : � ����� M m DK� IP ��¡ - �B�
Distance : i-j! ² ! � �  � ����� &  7���L~ DISTANCE

- <�"�#
σDIS : DISTANCE

- h��-�$�

² �  #@¥U£ ¦#§ ���p£ ) C - ¡ c Width ��$ ª aIc Distance � i-j - <�" ! { � # AS ¢  �¡*! c IP
-�� ³ -�%�& -�1 !]� � } l c χ2 ����$ ! C   u¡*C 1 A'� } c�( } � IP² �  #(�� i�� ¢ 60◦
- ¯pvHw ° � ¯yx £*) ��~ ¡ IPfit
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Figure 2.16: IP fit <4= - θ2 ¸!¹
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Chapter 3

� � � � � �

���
	 ¡ �.c � 10TeV ����! �� }���� K ° £�L�M�2�9� - :�� !���� ��
� � C�� v�w° � � x £�� ±�� # � z ¡ c � vHw ° � � x £ - � � � C"!�#$�&%�� #
• CORSIKA ' � �)(+* �
,�- � -�. ´0/ ���21 M435� 3 �  #
• D9!76�8 - flux ��9�) P ';: �;< £�=�> -+?�@ £$30�5A�BDC6�  #
• E2FG>IHg´KJ ¶�L ·�M ¸ - flux �792) P '7: ��N2O 3 M - (+* ��,+-;P���AQB4C*�  #
• R�S�: � �&��� - �2T�U ° P�V�P�W�X"A�BYC � � �&#�Z7# - �Q,
-GP - )[P+VKPQ��\�]^  #
• �����QW ^ B : � )2P
V3D`_0X /�0 !�1
a  )[P�V��;b ° J;�Yc M :�X ?�d P ��M ¶ ���3 �Ke X���,�-GP - +QfQg�h��3.�i�j�#
• HDk�J;l L�m M+n - N2O 3 M !2�o: e X[p -7qQr6- - &Qr W�s�t
W,��j3D[�&u�voj

w � -7xQq �"X"yQzQ{ |�} � ��~��2: e������ : x[� X��Q�+��} � �&��j7�
3.1 CORSIKA ���
CORSIKA � COsmic Ray SImulations fo KAscade � [17] '5�QX5� (Q�;�
� P�E[F�>I�I�I�`'�I� R���: e B�S��2j (�* ��,+-�P�|7AQ��' ��¡�|7¢ 	 | � i�£Q¤KA4C¥# � 9 M7¦ § � O �TGU ¨7P��`c M . k0/�PI©"W�ª j��Q«¬���¢ 	 £"®
��W$¯Qj�° � X"±�«+��² N �`c M ����³C´# e � j���X���µ�¶+£�· |[° � �"��¸�� ª�j��

• 1020eV
q�r µ�W+| (
�7�
� P�|;¹Iº$|Q�
,�-�P����$TGU ¨7P`3)W$¯�j

( »Q¼�¹�º�| (����
� P�½K¾�Jo3 � |0¿�¥}�À2�2j�Á+'�Â�W$¯�j )

• »�¼I¹�º |GÃIÄ`'7: e X < M =7>+X7Å�º�X�ÆGÅIº�X N[O 3 M X+��|;ÇI«Y¬¥�K¹�ºQ� ª+j
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• § ½�/QP n | �I� R���9�� � ';: e X�� (Q�;�
� P ' � (
�;�
� P�| 2 Ã�Ä |K9�� � ���� W2¯�j
• ��	�
� |����o�����
�[j�Á+' �
W$¯�j
• ��	���|7«¬0����2�79�� � '7: � ���Y�������2j
Á+' ��W$¯�j��� � r £2°Kj������ |;~ �� X�������¡
�+p��
•
����� ¶�|� �! |�"$#&%o�&')(���|�*I³$|,+.-�£�}�-IW$¯�j

• #0/�132'G: e �QX+��,
-�P"|GAI��|;«Iº�X3"4#5%6��£�7I�2: � ��,�-GPI|�132���8_#4j7�
9 ¢�:QWQ�QX CORSIKA £[°�; e X<��=�W�| �?> ¨ M3@BA5C |�132o�,8ojQÁ
'�£+: � �BDE ��1B2 ';: e ��X
• ��=�£�7��o:�Fo'K¯�|�G > ¨ M�@BA&C | C�H
• ��=�£�7��o:�F�I�� |�G > ¨ M�@BA&C |�+�-�1B2
• ��=�£�7��o:�F�I���W+|�G > ¨ M�@�AJC |<K x g�h
• �L+£ �I� R
��:�F�I�¶4_�|+V ? T M l�1B2
W�ª�j7�

M?N�OQPJR
9 ¢�:+£�� � FGH2P"©�c M � 6.720 W+ª�j;�
S�T�U PJR
9 ¢�:+£�� � F�² N?V c M ��X

² N6V c M�W X�Y
QGSJET � (����
� P�| �I� R
��9�� �
GHEISHA � (����
� P�| �I� R
��9�� �
cherenkov G > ¨ M�@�A<C |,�oP
V�Z#�/

Table 3.1: CORSIKA |�² N?V c M
W�ª�j
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3.2 ������� �	��
�������	���	� �����������
3.2.1 �! #"%$!&('*),+.-0/21436567
y�z�{ | V TGU ¨;P+V"P�Z�R�S28oj��"W+X2pI|�°49)�"g;:�W�};< |>=*? dA@CB ZED�i>F2G��H �7��� @ £��%I*JBFGy�z
{)Z V.KAL ¨ @(MON ¯Qj�¶ �>PC8oj��Q� H �7�
� @ |>QSRUTUV)Zs�t28�j�� N2WYX[Z |%\A]��+�_^a`;b r �;c;d�£>e+� � ÁYf N ª j��hgI|�F�i Wji%k � H |
� @%Bl@ ZamYn_o7£I�Ucpd+£�I�(G��¶�¶ho7�!qpr0£ Wtsvu>wAx ?,y[R2z&|p{A|Q�p}*J � �4o7�~

3.1 £>��=.�;�UQ.RUTlVp�;� N ªYo W ¶+£l���
�p�p�284o�Q.R>T>V�|l� k flux Z��28"�

Figure 3.1: §U� ��� / = �%� @ |A� k FLUX

� I�( N ^�`jb;�+|te
� � Q*R>TlV | i%k � H |,� @,B[@ Z,8.o�F[nQ£I� W[���j�Y� �>��
( ���p� � ) Z�� � Jt� � F,G4° � �;Q.RUTlV4Z,")#A8ho�F�n�£�� ~ 3.2 |[°49 £3G > ¨[R@�A<C �;�.oj?%� M��_@ � |I�I¶�£7yQz
{��+�,�tF2G � ��� � �*gI|�Fjn W �p�p� � Z�� �8�FjnQ£�� W;� � yQzQ{4Z k%  qa¡��2�lF2G+�!r0� � �YÁ�|�I W �6o�¢ � y�z�{ |l£ ZE� �Jl� � o�|7�p¤ � |�¥K� W G > ¨[R @�A yQzQ{+�0¦¨§E©�},8*oK|�£2Âª£,«.¬�;® N ©
};¯Q�¶Q¶*o�Fjn W,N ¯pot¥;�>e�� � §E£ N �
�_°Q£U�p�%� � Z�� � 8$ÁCf�Z���±ho��%e�� � yQz{ N2W �Q�_°I£>�p�p�;²)Z �%³ o�F�n
£���y�z
{�|�(j´6Z �2³ o�ÁCf�£I�6o��%Q.R>T>V��;�o V,µY¶ @t�_@ � |t·%¸ � H �7�+� @ �Q�Y¯ � �[F,G ª_o�¹;�Yµ N�� �So (

~
3.3 gEFCºUF W

100TeV
W

50TeV
W

10TeV
W

1TeV Z�»_¼E½_¾;¶!r´»I¼ ) | N%W � H �;�
� @ |AQ*RlTlV.��¿6RM £2JAÀ ;�� �p� 8ho�ÁCf�£j8[F2G W ªYo�¹;��Á�z�{ |�(j´6Z �,³ ��Â W,ÂpÃ £ i;k � C�H��8Är¨F(o;��Fj¥YJ W V2µC¶ @�Å ¶(rÇÆ;F4F�����£�7Q�Y86o C � W V2µY¶ @�Å ½4¾I£�F � J�jÈ � �4J
µ.9ÇÉ N2W Á>É C Z �;� 84o�F�nQ£I�o°_Ê �pË�ÌCÍ Á;Î;Ï�£j84o�ÐpÑQ� ªYolÒ (
~

3.4
W

3.5
W

3.6 �,gaF2º>F W>Ó ¼K£7»I¼6J�FtQ*RUTlVYÉ V,µ,¶ @AÅ ¶!r 100m,200m,300m ÉtÔÆ+£>Õ?-pJ�FEÁ�Î;ÏCÉ §4Ö ?a�YÉC� Ö @ © ) qpr0£ W gaF2º>F_ÉAÁ�ÎpÏYÉ E ¶ Í ¡ � Zj¾3�Yq¡*oQÁCf�£2°3;��$ÂJ")#��;×)Z�¾��6qØ¡.o>Ò
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Figure 3.2: Q.R>T>V_Él�.o,G > ¨[R @BA ?%� M��4@ �

Figure 3.3: Ô�ÆÄf C�� �_É��7½ MÇx ?�� ( � :p.e/m2 � :m)

Figure 3.4:
V2µC¶ @�Å ¶(r

100m
Figure 3.5:

V2µY¶ @�Å ¶(r
200m

Figure 3.6:
V2µY¶ @�Å ¶(r

300m
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3.2.2 3h567��������,'	�Y'�
���������Y$������������ �
ÁpÎ%Ï_É V*KAL"! @,BU@$#&%('*),+.- É�/*9 Í 0.1,2�354 � N76	8 � 8 o

Figure 3.7: Á;Î;Ï�9 KAL�! @,B>@ É*:�;S� Í 0.1,2�354 �
<>= � + ?*@ q F!o>É #;W$A Á�Î;ÏCÉ A PMT

+$#B É�C�r 8 É.DFE>G B É B � K R x[NHJILK ) f 8 9NM�O N P olÒ
Q>R SLT
'VU Õ"WLX6oØÁ;Î;Ï_Ét=.? Ö @YB$Y Õ>Z�X6olÒ\[\ZX4o^]`_ #>ab É*f"cpÊ N�P o>Ò

• Á;Î;Ï_É>Õ"W%§�£
• Á;Î;Ï_É>Õ"W&d>e (CORSIKA d>e"f )

• Á;Î;Ï_É�gO¸
• Á;Î;Ï_Éih>j%ÔjÆ Y [FZ
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• ���pÏ�� Í o��!q Í Ï_ÉE·%¸
• ���pÏ_É����p×
• 	 Ö�
 É Ë� ·;¸
• D����;������� ; P K Ê É Ë� ·;¸
• D����;�����YÉiE��p�p×
• Á;Î;Ï_É Ë�� ½4¾ ( �h� 
������ [FZ )

a fpÉ�� 
4Ö���� # A�� Î,Ï! "� + Õ�Z#!$ � P&% Ò� Î;ÏCÉlÕ�W('�) #+*-,!.�/ 910�2 ! � 94365 � #!78/ / c +�9�:�;<�+>= W+? K 7 @ +
/ %>A-B ! ��C�D +�E ZX %8F

Figure 3.8:
��G+H!/�= W�I W

' K *8�+G+HJ/ �+� H ��	1K 
�L+M #ON�P&Q-P47 3.9
/ / cSR 9+:�;+< ' +�TVU!W�XYPZ*

� H!/�[�\ � * D�����]���� / ; \ # R � r
+ / I�^�_ 6"`i+>a ZX %�F (

K�b ? * R
#8��G

HJ/�c�dVe ?�C # 	1K 
 /8f+�+c�dJ* r
# �+� HZ/ � HVe ?�C # D��+��]+���O� ; /8f+�+cd

)
X+gV+�* � H�h /ji>D�����]+�+� +>#O7 3.10

/ /�c +�*!N�POQ>P"+ ID
Y�kOl!%�F

Figure 3.9: �>� H�* 	OK 
 /m+noT&1�/�p-q>: Figure 3.10: � H!* D�����]���� / ID
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3.3 ��� ����� �
	�� ��
,1.�/ 9 0�2 ! � 9 3�5 � #���+1e���q K � c�� *�� @ /��+G+H"+ / %-A�B ! ��C+D Y�� Z
? ^ 8!%8FON�� � *���� 5 W^Y�� � X %"! # �8? ^ *Fa b�/ / c R Local Trigger � Global
Trigger

Y Z%$"? * Global Trigger
Y�& K X e�/Y �'� 5 W ��? ^�(%) X %8F

Local Trigger � # A��G�H G N�POQ-P & K X q�*"!�# � * Global Trigger � #+*,+�\ @/���G�H!/.-%/�Y�0 IiK
Trigger � PO%�F��/ /"c R Trigger
!1# Y�= Z\X %�� � + / I�^ *32�4�/ CD � #35 �7638�9 0�/.:�; �PO%=<1>!/�? U�nA@ 
B8 5 6 Y 	 U!W X %C� � G�#!$V� R %8F

3.3.1 Local TriggerA��G�H G & K X qD*�!�# ��? ^ *

• E X % 3 ; / PMT G7F%G +FP&%=H,a f / D\E Y�I1J ? K�K�L F

• PMT M�N � P&%=H,a f / D\E Y�I1J ? K�K�L F

Y Z1$,X %�F (
K�b ? *ON(P&Q8PZ/%OPHRQ+*���G�H!/8= Z + / I(^,S R % )TVU�W /.! #�Q�*�X�+PY D Y%ZA[ X % K W /�= Z � PZ%8FCY D Q�*�\�8.] � Q�* PMT

T ;^
0.17deg

/ K1L`_ � *�h / N 2 a 3p.e
<%>O*=b%c3]!/ /�c RRd %&8 K1e � e 4p.e

<1> � P�%�Ff K *PY D ��� 5 WY/ K L � Q�*.g 5,h ����� 5 W S Ri� * f � f I(^kj U!W X %C� � Q fP � P&%�F
2
U _ /�!1#BQ�*.l7m1W 5.n7o %p? U�n�@ 
R8 5 6 Y,Z�[ X % K W /A!1# � PO%�F,g 5.h �&/�'� 5 WqQPrRsCt�uRv �8� P�PBw!*Bx3y ? ^ D e ]Rz %8F{�8/�� � Y�|C} ? ^ * �8��~ U!W/,sCtPu v ����� o�� � X R ��� 5 W^Y�� ^ %C� �'n�o1� ^ * F%G%nP�1� /Pl�m4W 5Pnko %? U�nA@ 
B8 5 6 e.Z�[ � *�%�F

Figure 3.11: Local Trigger
!C#

3.3.2 Global Trigger��G+H MCN � &�� X qD*�!�# ��? ^
• �C� /R�'� 5 W nP�1? ^ * F1G3n 2 @P�,f � Local Trigger

!C#���&����
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��� $ �J%�F�>/.! # nDo`� *15 �`618%9�� ` n Q�* 0�2 � �"5 /���� 5 W"�1ZA[��Z%C� ��� � *�%8F��� / 0�2 � �"5 Q
	��C]+k� � *�� 9�� 5������ ��� � �Z%,� W n * 0�2 � �"5�nDo %�� 9� 5������ 5 @%Q+*Cg 5�h � n�o %-N�P o7� e � X � R %�F"N/�� W *%+\ @ � F%G%n8C�D�J% ����� !�#���k!l&% ����R � / 0�2 � �"5 �'� 5 W=�PZA[��1% � ����#!$ �oR %8F [21]

Figure 3.12: Global Trigger
!�#

3.4  "!"# $&%('&)
��G+H!/�* 0�2 ���O� � g,+.- X6P %=g 5Ph ����� 5 W,/ ? U�nA@10 8 5 6 �'� 5 W6/,2�3
� g(*54�POQ>P��7658/ Global Trigger

!�#���&��,�`�'� 5 W�����9 i b ? *�� K ��: 5 @; /
IP fit

�.} � ^=<�> :@? ��a��R�Z%8F4e ? * Global Trigger
!C#D�A&`�3�>�+G+H ��A"@

��B=CR� � K1L Q�*J7 3.13
/

θ � 90· n�D U  � R % o@� R 2 @ �E9�F � <�> :@?C��G W %�F
θ � 90· � gjG � R %.658�a���H1>RQ
I � R %8F

Figure 3.13: JR� /.K!/ R � � >
f ��* C�D�G�L3n%��� ^ Q+* CORSIKA n Q G�L /.M�N ��R�� ( O�P�Q } ? ^ � g�/ � �

0�5 @.2R3BQ C % )
/ � *�g 5.hTS �=� 5 WT/ ?�U>n�@50 8 5 6 �=� 5 Wj/�4�P&Q�PZ/�2�4�/

FLUX � g�* C�D�G�L *�]�UO*�V N � C � � /B�=� 5 W \���W�X ? *ZY�[B�(k�l&%�F�g 5.hTS�'� 5 W./q? U�nA@�0 8 5 6 ��� 5 WY/.\ M � 01U-n�A�/T]�Q14�P&Q-P 3.1
*

3.2
/��J%�F=^_�` � Q C�D�G�L � 50 G�L3n E�� �Z%�F
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diff flux = AE−2.5 [m−2 · sec−1] (3.1)

diff flux = BE−2.7 [m−2 · Sr−1 · sec−1] (3.2)

E: ��� s t.uBv��
A,B:

�\
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Chapter 4

� � � � � �

4.1 Crab ���
	�������
��� %�� ������� � ��
4.1.1 �����! #"%$'&)('*#+',.-0/21�3540(6/�798f;:=<?>A@ / R6B =R�5C?D�G+HFE0C9GIH��KJB�F >L@ / R6BNM 0 K �0O.Q.� 4.1.1 n J �-F �b!P < ��� � B g.Q h
S Q M ^ C�*�RTS � ��*VUKQ?E <)WLX)Y ? � g < 50TeV 600TeV

CTZ[ C �Bn]\L^ �9_]`Cu�/ P � FLUX
/ P <]a=b5c L Q 50

c L /�� B9d
D=e=f M 06g �0O h
D=e=f6i?j5C Llk 100 mD=e=f5C�mon

10.4 mp f5CTq)n
40 cm (127 r )p f5C?s �Lt 0.7u g.0KvIwIq)n
3.0 degree

PMT D ^6C9vLwIq)n 0.17 degree (217 pixcel)
PMT

C �Lx=yIt 0.25

Table 4.1:
D=e=f5C > ^Fz=�

/p� B?d#{ � < 3-3
E��F|C�

Local Trigger }I~ CTh7�K�F| B �l|I� < �L�IxL�I�I� � �.B
��� C9�F���T�=��� d Local Trigger })~ C 1 � / 2 � �K�`�����9CIC ���#�!� 4.1

C6� � ����;� �0B?d.� C � �!� Local Trigger }=~ C 3 ��� � 1200p.e
/�� B?d)�l� P < � C }=~ �� �K�����F�=� C]��Ql  S�¡T¢ Q�£?� u�¤ £ P � P { �¥d��N¦5§F¨ C©z��5�Iª � � � < i9«� u.¤ £ }=~�¬0 | B=� /�/N® B]d¯F° � < ��Ql  S±¡²¢ Q±£,/´³ ¤Aµ]¶ 0!·LQ!¸ ¡T¢ Q�£¹C IP-fit º C θ2

�F� � 4 ¦5»©¦� 4.2
<

4.3
C��5¼´� �.�K�0½ B9d

0.01◦ §0¾F¬ �¿Q]  S¿¡K¢ Q¿£./ÁÀ=Â0® B /´�¿Ql  S�¡²¢ Q¿£ÁC9³ ¤Aµ?¶ 00·LQ#¸ ¡K¢ Q£´�]ÃF® BÅÄ W�ÆÅÇLÈ � �L§0¾ C?É�C9«5� � B]d
�¿Q] ]Ê5C ¡²¢ Q�£ÌË 64.34 event³ ¤Aµ?¶0Í ·lQ#¸TC ¡²¢ Q�£ÌË 122.09 eventÄ)Î ÆKÇLÈ � 5.82 σ

Table 4.2:
D=e=f5C >LÏ zLÐ
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Figure 4.1:
³ ¤Aµ?¶0Í ·AQ#¸ ¡K¢ Q¿£´��� B���� ( ����� ¡K¢ Q¿£ Ë
	 ������� )

Figure 4.2:
�¿Q] ]Ê

θ2 Figure 4.3:
³ ¤Aµ?¶0Í ·lQ#¸

θ2

�L� P ³ ¤Aµ]¶#Í ·LQ!¸²�©Ã#® BKÄ#Î ÆTÇIÈ � S
C Î�5�=§#¾ C���¼Á��� � � ¼?�9C��® B9d

S =
Non

√

Noff
(4.1)

Non:
�¿Q] ]Ê5C ¡²¢ Q�£ÌË

Noff :
³ ¤Aµ9¶0Í ·AQ#¸²C ¡K¢ Q¿£ Ë

§)¾ C�� µ�� U;QKE � u g Í C�� µ ����� � < u g Í v�� < DLeIf!C.mon ¬���� ¯ � �"!#%$�& H ¬ J0® d
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4.1.2 ���������
	���������������� eIf $�� k0¬ 100m � 200m � 300m
$

3 � �o�Aª ½]� � ���! �"$#���%'&)( �Ad � e=f $��k#¬+*-,�.I� �Å�.� �K� � Ç0/�1-2�3 ��4 ( Ç�/ ¡K¢ & £ Ë53 ��4 ® . �+607 ° ¦8.]d�9 $¯ ½ � �): � k<;�� u g Í $ v��Iq=n ¬ 3◦ � 4◦ � 5◦ � 6◦
$ ! # �Lª ½]� � ���+ =">#��8%?&® .]d=9 $�@<A%$ zIÐ5�Iª ½l� �5�)B Ï $ z=Ð ; ���$ �"C#���%!& ¬ � � � ¼ d &-D ¬©§0¾$ É!�FEF® d)�l� ( �0¡Å¢ & £ �04It0��� 100m

$ ! # �9Ã)® . � &  9Ê ¡²¢ & £ $ ��4It�;G .9d
H-I�J<K

3◦

� e=f $-� k 100m 200m 300m� &  ]Ê ¡K¢ & £ Ë 64.34 78.73 96.15³ ¤Aµ?¶0Í · & ¸ ¡K¢ & £ Ë 122.09 343.95 218.27ÄFÎ ÆKÇLÈ � 5.82σ 4.24σ 6.51σ¡K¢ & £ $ ��4It 100% 122.36% 149.44%

Table 4.3:
v��=q=n

3◦ (Local Trigger 3 = 1200p.e)

H-I�J<K
4◦

� e=f $-� k 100m 200m 300m� &  ]Ê ¡K¢ & £ Ë 89.06 106.19 130.30³ ¤Aµ?¶0Í · & ¸ ¡K¢ & £ Ë 103.09 218.27 165.38ÄFÎ ÆKÇLÈ � 8.77σ 7.18σ 7.47σ¡K¢ & £ $ ��4It 100% 119.23% 146.30%

Table 4.4:
v��=q=n

4◦ (Local Trigger 3 = 1200p.e)

H-I�J<K
5◦

� e=f $-� k 100m 200m 300m� &  ]Ê ¡K¢ & £ Ë 111.31 143.41 172.99³ ¤Aµ?¶0Í · & ¸ ¡K¢ & £ Ë 104.94 384.95 275.60ÄFÎ ÆKÇLÈ � 10.87σ 7.31σ 10.42σ¡K¢ & £ $ ��4It 100% 128.88% 155.38%

Table 4.5:
v��=q=n

5◦ (Local Trigger 3 = 1400p.e)
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H-I�J<K
6◦

� e=f $-� k 100m 200m 300m� &  ]Ê ¡K¢ & £ Ë 142.41 173.80 213.87³ ¤Aµ?¶0Í · & ¸ ¡K¢ & £ Ë 104.51 373.51 132.29ÄFÎ ÆKÇLÈ � 13.93 σ 9.00 σ 12.67σ¡K¢ & £ $ ��4It 100% 122.04% 150.17 %

Table 4.6:
v��=q=n

6◦ (Local Trigger 3 = 1400p.e)

H-I�J<K����������
	�������������������������
(
H-I�J0K

3deg
��� ��!

100% "$# 	 )

`
`

`
`

`
`

`
`

`
`

`
`

`
`

v��=q=n � e)f $�� k
100m 200m 300m

3deg 100 % 100% 100%
4deg 140.61 % 134.88 % 135.52 %
5deg 173.0 % 182.15% 179.92 %
6deg 221.34% 220.61% 222.43 %

Table 4.7:
v��=q=n $ ��� ��� . � &  ©Ê ¡²¢ & £ $�%�& t

Figure 4.4:
u g Í v�� � Ä)Î ÆKÇLÈ � ( ��� � ÇLÈ � 	 �
� u g Í v�� )

� e=f $�'�( ¬ 100m ) 300m {!;5� *�,�.I� �;��� �¹� ��� 9 150%
@+* � &  9Ê $ Ç</

¡Å¢ & £ ¬Å�04 ¯ � .=� � 3 ;.9�Ld ( A ( �-9K¦#§ % �)i c �9³ ¤]µT¶0Í · & ¸ 3 �04 ( �Ä=Î Æ�,.- � $�/�% � 0 | ° ¦ � A � �Id 9 $21�3 � ( � �-� � e=f ¬ ( ®L® � �Å��� �Å� �4 Ð $�5�/FA ° $ ³ ¤Aµ?¶#Í · & ¸ ¡T¢ & £ 3 � 7 �)� |)� � ³ ¤Aµ?¶0Í · & ¸ Ç�/ ¡²¢ &£ 3 � 7 � $ ;)� �)½ A �!607 ° ¦8.]du g Í v�� ¬+*-,#� ! # �Lª ½©� 6 .L� 4.4
A ° �87 A . �5¼´� � u g Í $ v��Iq)n ¬+*

,�. � 9²¦ � �l� �.�K� �)Ä)Î Æ9,�- � � /
% ( �F½ .]d'� $ &�D�A�:%$ ��¼ � 1;3 3�607° ¦8.9d 4 ª=� � v�� ¬$*5, .)� �K��� �²� e=< ; >�? ( � @ v�� 5�/FA °BA ½I� C
D ( �< . E#¡²¢ & £ ¬9F ¼ � � 3 ;��. ��¼´� � .©� | � � &  ]Ê $ Ç�/ ¡²¢ & £ �]� 7 .©� |
; G .�G ( � ) 9K¦ �2H�IA� ��J | ° ¦ .�� $ �0����� ( �0½ � | � ³ ¤Aµ?¶#Í · & ¸ $ Ç0/¡K¢ & £ ��9K¦ @K* ��4 ( �F½ � 6�7 ° ¦ .�G
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Figure 4.5:
����� ��� � Ä)Î ÆÅÇLÈ � ( ��� � ÇLÈ � 	 �
� ����� ��� )

4.1.3 CAMERA pixcel �5� �u��?Í $ v��Iq)n ¬ 3◦
�
	?Ð ( �C:��=�IxI�)�=� $ v��=q=n ¬ 0.06◦ � 0.085◦ � 0.17◦

� ���¯ � ���$ "F#���%!&0( �
G�9 $0@ A $ zLÐ5��� ( � �-�5B Ï zIÐ �2HT« ; G .�G � µ � �¬T�
 ® � �²�.� �K� � u��9Í 1 ; $�� 3����l� � � � �=Ð�� � 3 � �+607 ° ¦8.�G &-D ¬§F¾ $ É5� ( |L® G
PMT

v��
(pixcel

Ë
) 0.06◦ (1801

Ï
) 0.085◦ (919

Ï
) 0.17◦ (212

Ï
)� &  ]Ê ¡K¢ & £ Ë 53.36 53.31 64.34³ ¤Aµ?¶0Í · & ¸ ¡K¢ & £ Ë 75.35 87.66 122.09Ä)Î ÆKÇLÈ � 6.15σ 5.69σ 5.82σ

Table 4.8: PMT
v��Iq)n

0.06◦ 0.085◦ 0.17◦ (Local Trigger 3 = 1200p.e)

Figure 4.6: pixcel size
� ÄFÎ ÆÅÇIÈ � ( ��� � ÇLÈ � 	 �
� pixcel size)

u��TÍ v�� ¬ � 7��0� u��?Í � µ ��� ¬Å�� ( ���I� ����� $
/.% ¬����=� 3 ����� $ ��' 5"F# ��% & ;=� ���©��� �L� � ��� $"! ½$#&% 5�/�$ #�' $ ! # �Aª ½©� ���? 5"$#�� %&<( �L� | A �lÄ=Î Æ�,.- � $�/�% � 0 | ° ¦ � A � ��G #&% 5�/ §�( $ #�' � � ½ ( � ���*�$ �I� Ç0/�)�3 G . A �=º �)� .+*�, 3 G .�G
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4.1.4 TELESCOPE RADIUS �5� ������ $���� ¬)� 10.4m � 16.0m � 20.0m
$ ! # �Lª ½©� � ���+ �"F#��8%'&0( �.G ¯)° � :

! # �lª ½]� � � ��� $���� � 100m � 200m � 300m
$ ! # ¬ ���? ="$#���% &<( � G � ���$���� ¬��� <�® .)� �K��� �²� �	�	
 ® . ��� 3 ��4 ® .l���5��¡ �+#����Í��$#�� $ �� 3 /.% ( � �=Ð�� � 3 ! < � . �+607 ° ¦ .�G��]��������� ��� # $ ¡T¢ & £�� ��
�;¿

. �6¼�� � .]���5����� ��� #��! ¬L¾),�. �#"lÇ�/ ; G . 3 � Ï�$#% ; " ����� �&� # $')(�&+* "�,.- * (0/�( � ¼21 �����	� ��� #�3�" - �0 54�# �'¸ ¬l¾F, / � È76�"�8 ½ G�9$0@ A $!: Ð�� � (0/ " B Ï : Ð �2H?« ; G .�G
; K

10.4m

����� $-���
100m 200m 300m< &!= Ê '>(�&�* Ë
64.34 78.73 96.15³?- µ?¶0Í · & ¸ '>(�&�* Ë
122.09 343.95 218.27ÄFÎ ÆKÇLÈ	@ 5.82σ 4.42 σ 6.51 σ'>(�&�* $5A 4#B 100% 122.36% 149.44%

Table 4.9: 10.4m (Local Trigger 3 = 1200p.e)

; K
16.0m

����� $-���
100m 200m 300m< &!= Ê '�(�&�* Ë
65.41 83.61 101.17³C- µ9¶0Í · & ¸ '�(�&�* Ë
132.29 220.92 189.40ÄFÎ ÆÅÇIÈ	@ 5.69σ 5.63σ 7.39 σ'>(�&�* $0A 4#B 100% 127.82% 154.67%

Table 4.10:
���

16.0 (Local Trigger 3 = 2100p.e)

; K
20.0m

����� $-���
100m 200m 300m< &!= Ê '>(�&�* Ë
60.81 84.61 108.58³?- µ?¶0Í · & ¸ '>(�&�* Ë
156.10 262.37 167.56ÄFÎ ÆKÇLÈ	@ 4.86σ 5.44σ 8.39σ'>(�&�* $5A 4#B 100% 139.14% 178.56%

Table 4.11:
���

20.0m (Local Trigger 3 = 3000p.e)

� ��� $��D� ¬!*�,�. � 9>E � ���>8GF / � ³H- µT¶FÍ · & ¸�� ��� � A 7 /�( � ½ &#IA 4 ( 1 '>(�&+* $ ��J#KMLON -!P5Q Í�R &�S ��������,�- *UT .�V �O��8.F /�( � F�1 G#9$ 1 �-��W&��� ��� # � (0X F�1 ! # �	" � �2� � �7Y .)Z0ÎM[ ,+-	@ $K/�% "!\ (�] V �3
7 A F�1 G
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Figure 4.7:
����� $���� � Z)ÎM[���� @ ( ��� ����� @ 	 �
� ��� )
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Chapter 5

� �

Ï���� ; " � ���+ =">#�� %?& �7Y�F / Ë 10TeV � %�$ < &!= Ê&���#@ L
	 F01 � ������" &���� ����� $ B��+[ 8 : Î ��� ]#/�� F�1 GM9 $�&�D ��� ] / � � ��.
•
���
� $5�&� L 100m ) 300m �$;=������� � .�V ���+Y�F /.3�� "������ �+Y .�� / "! 1-2 L+*-,�.	V � L"��� 1 GG9 $�&�D < & = Ê $ � / '�(�&�* " � 150%

@K*�/.%
( 1F3 �	9)E � ���)8 ] � N - P5Q Í�R)&�S � ��# � A 7�1#1 �-��Z=ÎG[ 8�,.-�@ $�/% " 0��"$�E 8 A F�1 G

•
����� $ , �TÍ
% � L?*�,�.#V �O�7Y�F / 4'&�4'& $� (! � /01-2 L!*�,�.	V � L����1 G&9 $ &�D % ��) � L 3◦ ) 6◦ �!;�� ���*� � .#V � ;=��N -�P0Q Í�R<&&S�'>(�&�*$5A 4ML,+ 7�8 3 $ <�&!= Ê ')(�&�* L 220%

@+*>A �-� � .	V �)�/.�0 ( ��1�2M[ �< &!=/3�'>(�&�* $ ,#@ L /�% � � .�V � 3 ;-4 1 G
•
, �65 ��P���� L A  T V �)�MY�F / � @ K � � L /�% � � .	V � L���� 1F3 � "GF 47 � ( 1$)�� $
/.% " 0��*$�E 8 A F51 G&��� " #&% 5�/$A $ $ # ' �7Y . ���? ="F#��% & L,8 F>1�1 �0� � @ K �
�F3:9�;&� ! < ��V E�� % $�/�% " � � 8 ] �=<�7 E�.�G

•
� ��� $+��� L>�"4 < T .	V �)�MY�F / �	
 T .?>��GL A  T V � L���� 1F3 � H I� N - P5Q 5�R)&�S � ��� � A 4 (�/ ( � ] � @ �A@ * ,G- * ( 8�B E�C 8 $ 8 ] G�9$ 1 ���"��� $"D [ $ YFE�� W���� ��� # � (5X F51 ��� LG8 E ! # ��" � / �O" ] 78 ] G

� %�$ V � A $'�!W��	� ��� # $ < &�=H3 �H�#@ L,	 F51 ����� L
I : T . ��" � , �65% � L+*-,�.	V � 3�9J;�� � / ; G .�V � 3+7 A F�1 G ( A ( �:K�L 8 :�M LGN�O T . 1 ��	" � ���
� $5� � L 300m � % *5, 1 ! # $ N -�P�Q 5&R0&.S $ � / '5(�&�* $ ��� ���] / �PERQ (
� .+*�, 3 G .�G � 1 � ����� $!:�S &
T L A  ( 1 ! # � � *�$HU @�) � $/.% 3 � ��. $CA L6V�W�.+* , 3 G�G .�G
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� T G��#J I�� A $���� ��� � ��V ���! �" � $	%�# ��$ �OE 1
%!&(' $	%�)�* L �,+ /&]1�- ] 1 V/. � ��0 �!� ] 1/1 � T G
� 1 ���32 ) L,4�5 / �!0/6
7!8 ��8GF51�93:3; � 2=<=>�?A@�B � 2 �
C Y 7 ��� ] 1�1

� T�D
CANGAROO

QFE=GAH���I�J����LK ��� ] 1�1 � T�D�M �ON�P B � 2(<FQ�R�S�T � 2(<FUV�W�X � @ <!Y[ZO\ � @��#" R G^] 5 '�� 2 ) < ���^_�`�a 0(6
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Appendix A

� � � � � � � �

z ]OG��	��
=]OG�Fw Hillas � Whipple � E�G�H `���� v���� � ¼(v <[z ]FG�� �������`�� K���� � ¼ ³ ��� ` � �es�D! �"$# '���� s&%�' w�(*)�+ 4-, '/. ³ D i 021 + PMT
+43

]�
A�/'5+	6�7 ±
(xi, yi . 1 s . � ( 8$9 w } ) < i 0:1 + PMT

µ�; º s�<*= ±
si .§� ³ .,<

〈x〉 =

∑

i sixi
∑

i si
, 〈y〉 =

∑

i siyi
∑

i si
(A.1)

〈xy〉 =

∑

i sixiyi
∑

i si
, 〈x2y〉 =

∑

i six
2
i yi

∑

i si
, 〈xy2〉 =

∑

i sixiy
2
i

∑

i si
(A.2)

〈x2〉 =

∑

i six
2
i

∑

i si
, 〈y2〉 =

∑

i siy
2
i

∑

i si
, 〈x3〉 =

∑

i six
3
i

∑

i si
, 〈y3〉 =

∑

i siy
3
i

∑

i si
(A.3)

´ + �>� ` <�? ¼5@
¼�+ X�A�B µ*C�D '�� ³ D (〈x〉, 〈y〉)
w z ]FG$��+&E�C�647!'5. ³ D ´¼ � + B ± �/��v ? ¼F@�¼�+HG4I ±KJ�L[³ D

σx2 = 〈x2〉 − 〈x〉2, σxy = 〈xy〉 − 〈x〉〈y〉, σy2 = 〈y2〉 − 〈y〉2 (A.4)

σx3 = 〈x3〉 − 3〈x2〉〈x〉 + 2〈x〉3 σy3 = 〈y3〉 − 3〈y2〉〈y〉 + 2〈y〉3 (A.5)

σx2y = 〈x2y〉 − 2〈xy〉〈x〉 − 〈x2〉〈y〉 + 2〈x〉2〈y〉

σxy2 = 〈xy2〉 − 2〈xy〉〈y〉 − 〈x〉〈y2〉 + 2〈x〉〈y〉2 (A.6)

? 1�v ´ ¼ ± �/��v

d = σy2 − σx2 , z =
√

d2 + 4σ2
xy (A.7)

± %4' � ³ .A< WIDTH . LENGTH
w

WIDTH =

√

σx2 + σy2 − z

2
(A.8)

LENGTH =

√

σx2 + σy2 + z

2
(A.9)

+ ��� `�MFN ³ D
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f s DISTANCE
w

(xs, ys)
` . ³�� G {�t�� +���� ±�� � +�' < DISTANCE �
	�� E

~D = (Dx, Dy)
w

~D = (xs − 〈x〉, ys − 〈y〉) (A.10)

'5. ³ tu�A<

DISTANCE =
√

(xs − 〈x〉)2 + (ys − 〈y〉)2 (A.11)

. � ³ D������ 1 s�� +��������4+ 8�9���	�� E ~u = (ux, uy)
w�()�+ ��� `	M>N ³ D

~u =





√

z − d

2z
, sign(σxy)

√

z + d

2z



 (A.12)

� s µ � v
ALPHA

w�()�+ ��� ` JFL � ¼ ³ D

ALPHA = cos−1

(

uxDx + uyDy

DISTANCE

)

(A.13)

f s < ASYMMETRY
w

ASY MMETRY = sign( ~A · ~D)
|σA|

LENGTH
(A.14)

=
~A · ~D

DISTANCE · LENGTH · cos(ALPHA)
(A.15)

� %4' � ¼ ³ D ´�´��

~A = (xa, ya) = −σA~u (A.16)

σA = (σ3
xcos3φ + 3σx2ycos

2φsinφ + 3σxy2cosφsin2φ + σy3sin3φ)
1

3 (A.17)

� . , < φ
w ��	�� E ~u

+
x
� `! � ³�" } � . ³ D ¶�· ` < CONCENTRATION

w¶ ~ a �F� m$# + PMT %�& ± S1 < S2

� � s � �

CONCENTRATION =
S1 + S2
∑

i si
(A.18)

� %4' � ¼ ³ D

51



Appendix B

θ
2 � � � �

~ ����� 	H� 
	� ��
 +���� µ������ +������ �4+ 3◦
(���+�� � tu� 
 ����� `��>� v^�s � � ³ D ? + � ��+ IP

± H�� � � � ³ �� B.1
+ �>� ` � ³ D

Figure B.1: camera
� � + �!� 	�� 
�� �"


? + � �	+ θ2
G�#�w  

B.2
+ ��� ` � ³ D

θ2
G	#�+

θ2
w

θ2 = θ2
x + θ2

y (B.1)

� %4' � ¼�v�� ³ D ´ + θ2
w�$&%�' √

θ2
x + θ2

y

+ � +O��( ±
π
�*) �Fs ~ + `+ � �-, #

f�, $ θ2
G�#�w
��(F+/. } G�# `-021 � s G�# �43 � ´ � ` � ³ , ? + s L  B.1

+ �F� ` $
�-5 ����(�. } � G	# � v/� ³&6 + θ2

G�#�w � % +	G	# � � ³ ,
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Figure B.2:
� � 		� 
�� �"
 + THETA SQUARE
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Appendix C

CORSIKA
� � � � �

� y��	��
����������� � �
CORSIKA

+������ ���58 ���� �� ±	! � L[³ ,!��"  ! �L�#
ver6.720

±  �$ � ��% " , $ 32bit & LINUX '�(	) +���� ±�* % ��% � ³

C.1 CORSIKA +-,/.
CORSIKA

#10�2���3�4 ��¼ � ¼ ³ µ $�5�6 � ¼87 IP 9 
 ��: � � � � N ¼�; � �=<�� � 

� ³!´ � # � �O�/��, ? ´�� $ !?>�@�A � ¼B7 C�D	C ± �ED � � N ¼	;(� � �/��,�F�G�H�I¯3°EJ 4 . ³ (/)4+LKNM 4�) ,PO % � ¼87 IP 9 
 �: #=Q�4�@�A �% . ³ + � $ �8R 4 � �´ � µ � � ³ ,

• olympus

• kseyfertS 7 4 5�6 ±T�³14�# (F)+�U�V8WP�YX �1Z 9�
 �1: 4 �5� � 7�� C4D�C +�[ : �]\ ±² � % 5�6 ��%_^ W � ,
• tanguy.pierog@ik.fzk.de

• dieter.heck@ik.fzk.de` "�X �aZ ±F² � 7b�c 4E#1dfe�g�4�@�A�h�i +�j % µlk ³ , C�D�C3µ �=D �Bm 7nW�$()�+�o�¼ � � �E<�� � 
?p ³ ,�q � 4�r ��st� µ ��u p ³ + # )� + #�v 7�w/G � . ³ ,

$ ftp ftp-ik.fzk.de

~~~~~~~~~~~~~~~~~~

Trying 141.52.67.78

Connected to ftp-ik.fzk.de.

220 ftp-ik FTP server (Version [number & date]) ready.

Name (ftp-ik.fzk.de:username): anonymous [or ftp]

~~~~~~~~~
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331 Guest login ok, send your complete e-mail address as password.

Password: your_mail_address <
q � +�� G>+nX �aZ 9�
 ��:�� ��u

~~~~~~~~~~~~~~~~~

230- Welcome to ftp-ik.fzk.de, the

230- ****** I N F O and S O F T Server ******

230- Forschungszentrum Karlsruhe, Institut fuer Kernphysik

230- KASCADE Collaboration Karlsruhe

230-

230- current directory: / local time: [date & time]

230- You are user number # out of a possible total of 10 in our domain class

230- All transfers to and from ftp-ik.fzk.de are logged. If you don’t like this

230- then disconnect now!

230-

230 Guest login ok, access restrictions apply.

Remote system type is UNIX.

Using binary mode to transfer files.

ftp > cd /pub/corsika/v670

~~~~~~~~~~~~~~~~~~~~

250 CWD command successful.

ftp > mget *

~~~~~~

mget corsika-6735.tar.gz? y

~

.

.

.

ftp > quit

~~~~~

221-You have transferred # bytes in # files.
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221-Total traffic for this session was # bytes in # transfers.

221-Thank you for using the FTP service on ftp-ik.

221 Goodbye.

C.2 ����� �����
CORSIKA

 
	
(corsika-6720.tar.gz)

� � ��<�� � 
 � m 7 W���< : � ��Z � 7 v��� � 	
�
� 4���� U � ��<�� � 
 � 7������ Z ����� � $
$ tar zxvf corsika-6720.tar.gz

� ����� ��% $
��� � Z �"!$# p&% , !$# p&% � corsika-6720
� v � '� � 	 �(�*) �Bm $? + g�4 . % corsika-install

� v � ��+ Z � q-, p�% � ��< : � �aZ )�. ! % ,��E< : � �?Zp�% � 4 $ 10/ 4�1�2 % v k # �5+�3(� �54 < �"687�9 � 4 ` % + � .BW]� 2�L doc :�� 	 ��� ��+�;(< � 9 Z � =&>?6�@ pA% 3
� �:4 < �CB L % " k ,*(5)*+���< : � �Z �ED�	# ()�+?3-� �:4 < ��6
F � v&% ,
• QGSJET 01C ( G �
H Z$It�0J�K?L 
 ��<"M-N�O
P�Q  Z )

• GHEISHA 2002d ( R �
H Z$I��CJ�K?L 
 ��<�M(N
O
P�Q  Z )

• Cherenkov version for rectangular detector grid ( S�T K�U5VXW 4ZY�[ % U\V� 7�] +�� <(^-��_�`-a �
V u
)

• apply atm. absorption, mirror reflectivity & quantum eff ()

b$c�dfe"g�hfiCj

$ ./corsika-install

Compile CORSIKA in lib/Linux/ and copy executable in run/

checking whether to enable maintainer-specific portions of Makefiles... no

checking build system type... i686-pc-linux

checking host system type... i686-pc-linux

checking for a BSD-compatible install... /usr/bin/install -c

checking whether build environment is sane... yes

checking for gawk... gawk

checking whether make sets $(MAKE)... yes

checking for pgf77... no

checking for g77... g77

Following environment variables will be used ...

LIBS = -L/home/otake/corsika/inst_test/corsika-6720/lib/Linux/lib
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LDFLAGS =

CC =

CFLAGS = -g

CXX =

CXXFLAGS = -g

CPP =

CPPFLAGS =

F77 = g77

FFLAGS = -fbounds-check -g

Fortran optimization : -O0

checking for cc... cc

checking for C compiler default output... a.out

checking whether the C compiler works... yes

checking whether we are cross compiling... no

checking for suffix of executables...

checking for suffix of object files... o

checking whether we are using the GNU C compiler... yes

checking whether cc accepts -g... yes

checking for cc option to accept ANSI C... none needed

checking for style of include used by make... GNU

checking dependency style of cc... gcc3

checking for g++... g++

checking whether we are using the GNU C++ compiler... yes

checking whether g++ accepts -g... yes

checking dependency style of g++... gcc3

checking for ld used by GCC... /usr/bin/ld

checking if the linker (/usr/bin/ld) is GNU ld... yes

checking for /usr/bin/ld option to reload object files... -r

checking for BSD-compatible nm... /usr/bin/nm -B

checking for a sed that does not truncate output... /bin/sed

checking whether ln -s works... yes

checking how to recognise dependent libraries... pass_all

checking command to parse /usr/bin/nm -B output... ok

checking how to run the C preprocessor... cc -E

checking for egrep... grep -E

checking for ANSI C header files... yes

checking for sys/types.h... yes

checking for sys/stat.h... yes

checking for stdlib.h... yes

checking for string.h... yes

checking for memory.h... yes

checking for strings.h... yes

checking for inttypes.h... yes

checking for stdint.h... yes

checking for unistd.h... yes

checking dlfcn.h usability... yes

checking dlfcn.h presence... yes

checking for dlfcn.h... yes
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checking for ranlib... ranlib

checking for strip... strip

checking for objdir... .libs

checking for cc option to produce PIC... -fPIC

checking if cc PIC flag -fPIC works... yes

checking if cc static flag -static works... yes

checking if cc supports -c -o file.o... yes

checking if cc supports -c -o file.lo... yes

checking if cc supports -fno-rtti -fno-exceptions... yes

checking whether the linker (/usr/bin/ld) supports shared libraries... yes

checking how to hardcode library paths into programs... immediate

checking whether stripping libraries is possible... yes

checking dynamic linker characteristics... GNU/Linux ld.so

checking if libtool supports shared libraries... yes

checking whether to build shared libraries... yes

checking whether to build static libraries... yes

checking whether -lc should be explicitly linked in... no

creating libtool

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Welcome to the CORSIKA extraction macro

=========================================================================

create an executable of a specific CORSIKA version

Please read the documentation for a detailed description

of the options and how to use it.

Note : press Enter (blank line) to select an option followed by "(default)"

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

checking for include/config.h... no

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Which high energy hadronic interaction model do you want to use ?

1 - DPMJET 2.55

2 - NEXUS 3

3 - QGSJET 01C (default)

4 - QGSJET II

5 - SIBYLL 2.1

6 - VENUS 4.12

7 - EPOS
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r - restart make

x - exit make

(only one choice possible)

3

select QGSJET QGSJETOLD

It will use program qgsjet01c.f (with enlarged commons) for linking

checking for /home/otake/corsika/inst_test/corsika-6720/src/qgsjet01c.f... yes

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

presently selected options are

UNIX BYTERECL QGSJET QGSJETOLD

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Which low energy hadronic interaction model do you want to use ?

1 - FLUKA 2005/2006

2 - GHEISHA 2002d (default)

3 - UrQMD 1.3cr

r - restart make

x - exit make

(only one choice possible)

2

select GHEISHA

It will use program gheisha_2002d.f (double precision) for linking

checking for /home/otake/corsika/inst_test/corsika-6720/src/gheisha_2002d.f... y es

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

presently selected options are

UNIX BYTERECL QGSJET QGSJETOLD GHEISHA

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

which routine for date and time ?

1 - new date_and_time routine (default)

2 - old date routine

3 - timerc routine

4 - date and time for IBM risc

5 - old date routine for pgf77 or HP-UX

r - restart make

x - exit make
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(only one choice possible)

1

select new date_and_time routine

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

presently selected options are

UNIX BYTERECL QGSJET QGSJETOLD GHEISHA

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

which detector geometry do you have ?

1 - horizontal flat detector array (default)

2 - non-flat (volume) detector geometry

3 - vertical string detector geometry

r - restart make

x - exit make

(only one choice possible)

1

select flat detector (default)

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

presently selected options are

UNIX BYTERECL QGSJET QGSJETOLD GHEISHA

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Which program version do you like ?

0 - standard version (flat detector) : reset options

1 - Cherenkov version for rectangular detector grid

2 - Cherenkov version for telescope system (using bernlohr C-routines)

3 - apply atm. absorption, mirror reflectivity & quantum eff.

4 - external atmosphere functions (table interpolation)

(using bernlohr C-routines)

5 - THINning version

6 - NEUTRINO version

7 - shower PLOT version (PLOTSH) (only for single events)

72 - shower PLOT version 2 (PLOTSH2) (only for single events)

8 - interaction test version (only for 1st interaction)

9 - SLANT depth instead of vertical depth for longi-distribution

a - CURVED atmosphere version
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b - UPWARD particles version

c - view-cone version

d - ANAlysis HISTos & THIN (instead of particle file)

e - Auger-info file instead of dbase file

f - Auger-histo file & THIN

g - Auger Cherenkov longitudinal distribution

h - PRESHOWER version for EeV gammas

i - STACEE experiment output Cherenkov photons

(includes: CERENKOV CEFFIC THIN)

j - COMPACT particle output file

k - annitest cross-section version (obsolete)

l - LPM-effect without thinning

m - STACK INput of secondaries, no primary particle

n - primary neutrino version with HERWIG

p - ROOT particle OUTput file

o - FINISH SELECTION (default)

r - restart make

t - test version

x - exit make

(combinations of options are possible)

1

select CERENKOV

not compatible with: INTTEST ANAHIST AUGERHIST AUGCERLONG

not compatible with: COMPACT VOLUMECORR

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

presently selected options are

UNIX BYTERECL QGSJET QGSJETOLD GHEISHA CERENKOV

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Which program version do you like ?

0 - standard version (flat detector) : reset options

1 - Cherenkov version for rectangular detector grid

2 - Cherenkov version for telescope system (using bernlohr C-routines)

3 - apply atm. absorption, mirror reflectivity & quantum eff.

4 - external atmosphere functions (table interpolation)

(using bernlohr C-routines)

5 - THINning version

6 - NEUTRINO version

7 - shower PLOT version (PLOTSH) (only for single events)

72 - shower PLOT version 2 (PLOTSH2) (only for single events)

61



8 - interaction test version (only for 1st interaction)

9 - SLANT depth instead of vertical depth for longi-distribution

a - CURVED atmosphere version

b - UPWARD particles version

c - view-cone version

d - ANAlysis HISTos & THIN (instead of particle file)

e - Auger-info file instead of dbase file

f - Auger-histo file & THIN

g - Auger Cherenkov longitudinal distribution

h - PRESHOWER version for EeV gammas

i - STACEE experiment output Cherenkov photons

(includes: CERENKOV CEFFIC THIN)

j - COMPACT particle output file

k - annitest cross-section version (obsolete)

l - LPM-effect without thinning

m - STACK INput of secondaries, no primary particle

n - primary neutrino version with HERWIG

p - ROOT particle OUTput file

o - FINISH SELECTION (default)

r - restart make

t - test version

x - exit make

(combinations of options are possible)

3

select atmos. absorption, mirror reflectivity & quantum eff.

not compatible with: INTTEST CURVED AUGCERLONG

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

presently selected options are

UNIX BYTERECL QGSJET QGSJETOLD GHEISHA CERENKOV CEFFIC

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Which program version do you like ?

0 - standard version (flat detector) : reset options

1 - Cherenkov version for rectangular detector grid

2 - Cherenkov version for telescope system (using bernlohr C-routines)

3 - apply atm. absorption, mirror reflectivity & quantum eff.

4 - external atmosphere functions (table interpolation)

(using bernlohr C-routines)

5 - THINning version

6 - NEUTRINO version
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7 - shower PLOT version (PLOTSH) (only for single events)

72 - shower PLOT version 2 (PLOTSH2) (only for single events)

8 - interaction test version (only for 1st interaction)

9 - SLANT depth instead of vertical depth for longi-distribution

a - CURVED atmosphere version

b - UPWARD particles version

c - view-cone version

d - ANAlysis HISTos & THIN (instead of particle file)

e - Auger-info file instead of dbase file

f - Auger-histo file & THIN

g - Auger Cherenkov longitudinal distribution

h - PRESHOWER version for EeV gammas

i - STACEE experiment output Cherenkov photons

(includes: CERENKOV CEFFIC THIN)

j - COMPACT particle output file

k - annitest cross-section version (obsolete)

l - LPM-effect without thinning

m - STACK INput of secondaries, no primary particle

n - primary neutrino version with HERWIG

p - ROOT particle OUTput file

o - FINISH SELECTION (default)

r - restart make

t - test version

x - exit make

(combinations of options are possible)

o

selection finished

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cherenkov light vertical (longitudinal) distribution option:

1 - photons counted only in the step where emitted (default)

2 - photons counted in every step down to the observation

level (compatible with old versions but inefficient)

3 - no Cherenkov light distribution at all

r - restart make

x - exit make

(only one choice possible)

1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cherenkov light emission angle wavelength dependence

1 - emission angle is wavelength independent (default)

2 - emission angle depending on wavelength
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r - restart make

x - exit make

(only one choice possible)

1

========================================================================

finally selected options are

UNIX BYTERECL QGSJET QGSJETOLD GHEISHA CERENKOV CEFFIC

========================================================================

Make corsika6720 executable file ?

yes - make source and compile (default)

no - do not compile now but make source to compile later ...

r - restart make

x - exit make

y

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

checking for cpp... cpp -traditional-cpp

checking for /etc/issue... yes

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

=========================================================================

Do you want to save the "src/corsika6720_QGSJET_gheisha_compilefile.f" ?

y - yes, save it for special uses

n - no, I don’t need it (default)

y

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

configure: creating ./config.status

config.status: creating Makefile

config.status: creating bernlohr/Makefile

config.status: creating coast/Makefile

config.status: creating coast/CorsikaIntern/Makefile

config.status: creating coast/CorsikaFileIO/Makefile

config.status: creating coast/CorsikaROOT/Makefile
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config.status: creating coast/CorsikaToROOT/Makefile

config.status: creating coast/rootout/Makefile

config.status: creating dpmjet/Makefile

config.status: creating epos/Makefile

config.status: creating herwig/Makefile

config.status: creating nexus/Makefile

config.status: creating urqmd/Makefile

config.status: creating src/Makefile

config.status: creating run/Makefile

config.status: creating doc/Makefile

config.status: creating lib/Makefile

config.status: creating include/config.h

config.status: executing depfiles commands

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

corsika6720_QGSJET_gheisha_compilefile.f saved in src/

run "make install" in lib/Linux/

Making install in src

make[1]: Entering directory ‘/home/otake/corsika/inst_test/corsika-6720/lib/Linu x/src’

cpp -traditional-cpp -DHAVE_CONFIG_H -I. -I../../../src -I../include ../../. ./src/corsika.F > compilefile.f

g77 -O0 -fbounds-check -g -c -o corsika-compilefile.o ‘test -f ’compilefile. f’ || echo ’../../../src/’‘compilefile.f

if cc -DHAVE_CONFIG_H -I. -I../../../src -I../include -g -MT trapfpe.o -MD -MP -MF ".deps/trapfpe.Tpo" \

-c -o trapfpe.o ‘test -f ’../../../src/trapfpe.c’ || echo ’../../../src/’‘../. ./../src/trapfpe.c; \

then mv ".deps/trapfpe.Tpo" ".deps/trapfpe.Po"; \

else rm -f ".deps/trapfpe.Tpo"; exit 1; \

fi

g77 -O0 -fbounds-check -g -c -o corsika-qgsjet01c.o ‘test -f ’qgsjet01c.f’ | | echo ’../../../src/’‘qgsjet01c.f

g77 -O0 -fbounds-check -g -c -o corsika-gheisha_2002d.o ‘test -f ’gheisha_20 02d.f’ || echo ’../../../src/’‘gheisha_2002d.f

/bin/sh ../libtool --mode=link g77 -fbounds-check -g -o corsika corsika-com pilefile.o corsika-qgsjet01c.o corsika-gheisha_2002d.o trapfpe.o -L/home/otak e/corsika/inst_test/corsika-6720/lib/Linux/lib -L/home/otake/corsika/inst_test/ corsika-6720/lib/Linux/lib

mkdir .libs

g77 -fbounds-check -g -o corsika corsika-compilefile.o corsika-qgsjet01c.o corsi ka-gheisha_2002d.o trapfpe.o -L/home/otake/corsika/inst_test/corsika-6720/lib/L inux/lib

g77 -fbounds-check -g -c -o corsikaread.o ‘test -f ’../../../src/corsikaread.f ’ || echo ’../../../src/’‘../../../src/corsikaread.f

/bin/sh ../libtool --mode=link g77 -fbounds-check -g -o corsikaread corsika read.o -L/home/otake/corsika/inst_test/corsika-6720/lib/Linux/lib

g77 -fbounds-check -g -o corsikaread corsikaread.o -L/home/otake/corsika/inst_t est/corsika-6720/lib/Linux/lib

g77 -fbounds-check -g -c -o corsikaread_thin.o ‘test -f ’../../../src/corsikar ead_thin.f’ || echo ’../../../src/’‘../../../src/corsikaread_thin.f

/bin/sh ../libtool --mode=link g77 -fbounds-check -g -o corsikaread_thin co rsikaread_thin.o -L/home/otake/corsika/inst_test/corsika-6720/lib/Linux/lib

g77 -fbounds-check -g -o corsikaread_thin corsikaread_thin.o -L/home/otake/cors ika/inst_test/corsika-6720/lib/Linux/lib

make[2]: Entering directory ‘/home/otake/corsika/inst_test/corsika-6720/lib/Linu x/src’

/bin/sh ../../../config/mkinstalldirs /home/otake/corsika/inst_test/corsika-6720 /run

/bin/sh ../libtool --mode=install /usr/bin/install -c corsika /home/otake/cors ika/inst_test/corsika-6720/run/corsika

/usr/bin/install -c corsika /home/otake/corsika/inst_test/corsika-6720/run/corsi ka

/bin/sh ../libtool --mode=install /usr/bin/install -c corsikaread /home/otake/ corsika/inst_test/corsika-6720/run/corsikaread

/usr/bin/install -c corsikaread /home/otake/corsika/inst_test/corsika-6720/run/c orsikaread

/bin/sh ../libtool --mode=install /usr/bin/install -c corsikaread_thin /home/o take/corsika/inst_test/corsika-6720/run/corsikaread_thin

/usr/bin/install -c corsikaread_thin /home/otake/corsika/inst_test/corsika-6720/ run/corsikaread_thin
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make[2]: ‘install-data-am’
4���� % ,���� m	�t#�
�P!�� F ,

make[2]: Leaving directory ‘/home/otake/corsika/inst_test/corsika-6720/lib/Linux /src’

make[1]: Leaving directory ‘/home/otake/corsika/inst_test/corsika-6720/lib/Linux /src’

Making install in .

make[1]: Entering directory ‘/home/otake/corsika/inst_test/corsika-6720/lib/Linu x’

make[2]: Entering directory ‘/home/otake/corsika/inst_test/corsika-6720/lib/Linu x’

make install-exec-hook

make[3]: Entering directory ‘/home/otake/corsika/inst_test/corsika-6720/lib/Linu x’

--> "corsika6720Linux_QGSJET_gheisha" successfully installed in :

/home/otake/corsika/inst_test/corsika-6720/run/

--> You can run CORSIKA in /home/otake/corsika/inst_test/corsika-6720/run/ using for instance :

./corsika6720Linux_QGSJET_gheisha < all-inputs > output.txt

make[3]: Leaving directory ‘/home/otake/corsika/inst_test/corsika-6720/lib/Linux ’

make[2]: ‘install-data-am’
4���� % ,���� m	�t#�
�P!�� F ,

make[2]: Leaving directory ‘/home/otake/corsika/inst_test/corsika-6720/lib/Linux ’

make[1]: Leaving directory ‘/home/otake/corsika/inst_test/corsika-6720/lib/Linux ’

C.3 �����������
�E< :��]�?Z ) h�i�� 78W�� run '� �! "� ��# 4 q�,������ Z ) O W%$ %'& q-,A����� Z \# 6
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RUNNR 1
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NSHOW 1

SEED 1 0 0

SEED 2 0 0

SEED 3 0 0

PRMPAR 1

ERANGE 1000.0 1000.0

ESLOPE 0

THETAP 0.0 0.0

PHIP 0.0 0.0

ATMOD 1
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MAGNET 20.40 43.23

LONGI F 20.0 F F

MAXPRT 1

DIRECT ./

PAROUT T T

CERARY 1 1 500.0 500.0 100000.0 100000.0

DATBAS T

CWAVLG 300.0 450.0

CERFIL T
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K�G�@ Q�M f ��P
P � \ $Q* & -j �SR M 
 G�@ Q�M f � . / � *(T ��UWV�X 
 � � K 
(��T($YIZK�h�[(\ K �3�Q] 5 � � /N 305 
2
�* &)] �SI T�^'_ 4�^ f K 55 _�5.` � ! *AT � & -�j � G�@ Q8M f K ] ��$�`QaT � ^�_ 4)^ f K
112 _�5�` : E l * h $D\ $�* &

MAGNET
H�b l�c $ \ $ *WdA
 � � / 
 � * &

;#< K(ef� T ��g�h 0i1 K�j $ 
 � 2 YYk K(ef� T�;Q<
0Q1 K dA
 K�j $ l k\[ \ $�* &�l'm T µT

LONGI0�?�� 5 K�n 021 K CAo�l , � *�piq'r f � V8s $ ��* & (-K'< 
@T V>s $ � \ $)k($ &
MAXPRT
t T lLB r = V � -b
 V>s � *bh � � / &
DIRECT
p�q�r f K8V8s�u�K Mwv ,  ��x � � / 
 � * & (-K'< 
�T�y(z+p�q�r fY{ +| 
} lQ~ s$ $ * &
PAROUTP�Q `(aQ� p�q�r f � ~ s � *bh � / 
 � * & � / � * { DAT000*

{
DAT000*.tab

{ $ �
p�q�r f�N ~ s $ $ * &
CERARY.i� � *�� ~f� � � { G �#$�� � / 
 � * & 1

�
2 Ywk � e	� T � X 0Q1 � Y 0Q1�l�� � *��

~�� � � ( ��� � k ( l � X×Y � � � ~�� � .�� � *AT { l kQ* ) & 3
�

4 YJk � ef� T�� ~���
X
�

Y 0Q1 � 6�� 
���* & ( � < 
�T - K��1h .Q� � \ $k($ � 
 �A���J$ $ * & 5
�

6 Y
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k � e	� T � � ~�� - K � X
�

Y 0i1 � G �)$ (cm)

��* & ( � < 
#T�� km ��0 � � ~f�� .�� � \ $ * & -�j � CORSIKA


#T�=A? P�Q T���� ����' l(1 h
	 \ =�?2� \ I * &���, V��Ap���� 0�� V � � / � \ $�k($ { P�� 
 � k($ &
DATBAS03214 ,�5 0�� V � z�	�j �	�Q] 5 � N * h $ j M 5 � 5 = 5A� p�q�r f � ~ s 
 � * &
CWAVLG

C���� * ���D, V��(p�� �����#� �	� 
 � * & ( � < 
�T MYv p � 5 f � ! l k�	 \ $Q* &
100nm ≤ CWAV LG ≥ 900nm

4Q5 
 � � / 
 � * &����@, V �Ap��!� 0"� V � � / � \ $k$ { P�� 
 � k$ &
CERFIL

���D, V��ApAp�q�r f � ~ s � *:h � � / � * &�
��, V���p���� 0�� V � � / � \ $�k ${ P�� 
 � k$ &
CERSIZ
T � ! T � �
��, V��Ap 7 V � � G ��$'� � / � \ $Q* & G -:h�k Z3� { � \ T D ��# B�$% l�& '�( �Q�*) T � h � � / 
 � *�+�, $���- � , $ $ #�.�/ k 0J214 ,�5 0�� V l k3*N021�3!4 B 0 p�q�r f�5 " { ��6 7 ��$ N!8�9;: ��*�+
CERQEF;)<
� ef� T 0 � < Q =�>�? � " Q @ A � �8� � *:h �CB�D � \ $�*�+ 2 YJk T G�@ l�E *GFH � ��� � *8h �IB!D � \ $Q*�+KJ YYk T�L l �NM ? @�A �IB�D � \ $Q*�+

OBSLEV
� ~	� ��O � � *QP B �IB�D : � *�+ (g/cm2)

C.4 RTSVUXWZY
[�\�]_^N`2[ � V N!a�b * { $ IZK�h � piq'r f(N;: � � N 	 \ $Q* N�0 �
� ^ V���p M `c �*d!e : $�*�p�q'r f T

CER000*
{ $gf p�q'r f�: ��*N+iT � p�q'r f T�h#r�i x ` p�q

r f k � :;0 <�j ! *AT { T : � k$ +k�T :;0 run
MJv ^�l
m xIn l ��* corsikaread{ $of�p'p m �>P 	 \

CER000*
�8M ` c �

txt q!r�l � \ 0 ~ s � *�+ corsikaread
�8P fj�s l T CER000*

p�q�r fut ��v � �S� : w $�jQr�VN��x m piq'r f�N�8�9: �Q*�+�r�V�gx m p�q�r f � t y �
input-read

{ � * {I0�z;{ � E f l y�z � - �!| $ }�~�� l t�� ~s �
read-log

{G� f�p�q�r f lQ~ s ����$2* )
k O 0

corsikaread � FORTRAN
w h - � O� 0

corsika − 6720/src/
n l p ` � N ��* � :;0 P $�� I���� � * { | $!+

$ ./corsikaread < input-read > read-log
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input-read �����
/home/otake/corsika/inst_test/corsika-6720/run/CER000001 #

R��i���
	�� � b
� w I�T {
corsikaread

� yAz N a�b * {
fort.8

{ $�f
txt
p q�r�� N�: � � N *�+iT � p q�r�� ���

� ����� � y�� N KQ-�	I��$�*�+��
� ����� � z { ��� � : �i*�+��! i� 0 corsikaread � 0" �$# � r�%'& m M ` c `�(*)�+�, 	Q� U�- K � p�q'r�� �/.$0 ( - { s � ~ s ���Q�(-�f +r�%�& m21 { �8M ` c `�(43$5 �6��$47�8 � � p `!9 pQq'r4� ( w;:=<�> * 8 9iN ��*�+
• 1 word :

�
?
(p.e)

• 2 word : @$A�B � : � X
�!�

(cm)

• 3 word : @$A�B � : � Y
�!�

(cm)

• 4 word : X C(0Q1 � 0Q1EDGF
• 5 word : Y C�H'I � H'IEDGF
• 6 word : J
K � & '�( � ���$LNM � c r \ &/O (nsec)

• 7 word :
# � �6��P�P (cm)

Q8� ~*R .60 (*)�+�, 	G�TS$U�V�W�p�X m �/Y[Z : �6� V'W�\ � { V�W�+6]G^�_ : � 0�`a$b :6c � �6�Ed$e�L�f [�\�]^N` c `g(
olympus

f

/artemis/otake/CORSIKA_ANA_SRC/iact_sim.c

�Gh!i �gjlk + Q f��nmoOGp6q � d�e�Lrf v prs ` c ( O�D ��� 0 corsikaread
L;MTt Ru - W

txt
XGvowx� (�)�+gy _  WGz 0 d$e�L�f

ID
0

PMT
f

ID
0 �
? 0 J�K � &�'!( � ��
L;M�f c w \ &oO ( t R VrW�+ O�D :�: W4{}| � z { f � � : ��W�+'�! i� 0 CORSIKA`
~�:T�
� � -�� f����G�o��t*� ( j i ��7
8nf*� ` c (�)n+/yr� Q z (�� Dl� � i W�+

•
O'h V'Wxd$e�L�f��*�

• CORSIKA �$��� : fEd$e!L�f O'h V'W (x,y,z) �$� }
cm �

•
d
e!L�fNL!� ~ fE�
�

(cm)

•
d
e!L�f���L�fE���

(cm)

• �
�
�!� (cm)

•
L�f M
� A

• � sEpTf��!�
�
� (degree)

• � <$� =!>!? - ` f��!�
�
� (degree)

• � <$� =!>!? f�?$� @�A
•
d
e!L�f��$  H'I fo¡�w6p `E¢ (α, β, γ)
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