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1 � (S) \p γ LxRW'(|$
�
$ eV n" (J!��B) .PaDNd'�_${_
 eV n" (ÆOq�MB9+) <UnNBL!N_${_
 keV n" (X Jv) .PanNlL!N_${_
MeVn" (γ Jv) .PanN�d'�_${_
 GeV �D (Zn γ Jv) .Pa#*.Nd'�_${_�IsZn γ Jv�PUe#*.Nz�YV{_eUzm
Æ�VY&uf9v�-*_${_�!���-*_$�,|B�}��Zn γ JvPU%&=5℄�n7/��N�z�YVPU� π0 `N�/�!Ne&qKJT�I�s��1<J�!N�`*,�^$KJ�}*Æ�COSt [1] 
�s*SYL�`H�
1.1 π0 x.�af9v�Ne`*�N�B���z�YVPU π0 `N
 π0 `N���/L3a γ qN

*nL π0 `N*4�:��π0 `N*4L 135 MeV 
�a7\ MeV n4�qN�d3�NF�5[af9v�PVBn�
Znf9v�d�NFdÆZnqN�8℄nS!m (Zn+ γ Jvn� �l�af9vn� �) 
Is ���N{_PU� γ Jv�� �oÆ	�2008-04-21 � #sÆ	�2008-08-26tz!��xCR,� $bLA�e (10575111, 10773011) �.x� v℄qa&)x�/P1,a&.Æ3�`0t�A�)LA�e
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G�Pa7\ MeV n (mπ0/2) �: 1 nn�L φ(E) ∝ E−2.7 �f9v*N��>`* (EOL�) }DPU� γ Jvn��ZRÆ��m��
�/n�� �℄k ([as:,>�^D7n4�>
Æ��
n�G�=$
|w GeV n) �
γ JvQ� CGRO �~�!HÆ EGRET � 30 MeV∼10 GeV n4+g�&->[
7r7L�43� γ Jv�r [2] 
7�H4
S< γ Jv&q7J [3] �
,S<&q7J�1:��r (*6C	St [4]) �n� E2dN/dE &� GeV Sl*rjG℄k
5^��
γ Jv�PU%&PTL�N�z�YV{_�

; 1 π
0 aO�0�t��2=K�_%LK;0|`QV� γ Kwo��/�z�YV{_=:a �&�n��J,IN�7J�[a�z�YV5P�z
 π0 `N�PUR��℄�4� π± `NPU
 π± `N�/Z µ±, µ± g5�/Z e± �,INR��/PU�N�{_,PU�,IN�!H.a γ Jv��N�r%&�{#}℄25DF�

1.2 h. – q.�|�i��f9v,Zn!Ne&qqN�7Us��1<J (Inverse Compton scattering)
Zn!NRn4p�&qqN
PUQZn� γJv�.aVBD=�z.H!Nk φ(E) ∝ E−α e
*KJqNT (*6 CMB) z�YV
<JqNn�D=R2+LVBD=�6y!Nn4z.Y� (E ≪ Ec = m2
e
/4ε
.a CMBqN ε ≃ 10−3eV, Ec ≃ 50TeV)
<J\Y[ Thomson\Yj
<J γ Jvn� �wL −(α + 1)/2 �.an4BUZ�!N (E ≫ Ec) 
P[

Klein-Nishima \Y$� Thomson <J\Y
<J γ Jvn�58�3
wL −(α + 1) [5] �6: 1 �h
f9v!Nn�$Y E−2.7 
�<J γ Jv�n� �wL −1.85 ��n47\ TeV n[ Thomson �G{(
 Klein-Nishima �G
n�/8�[af9,rT7�\n<�
T�N{_R5℄��℄!N�rT,PU�5?KJ�z.HVB!Nk φ(E) ∝ E−α �5?KJ�8LVB
� �L −(α+1)/2 [5] 

KJÆ�vJ!9+:�*P
T X Jv9+
��rT,Q#Æ�
8 γ 9+�39+�nH.aZR1a-*�KJ%&}℄25�DF�*6.aMf�I�| (pulsar wind nebula, PWN)

Crab �vJ!�#QZn γ Jv�39+H45^
KJL!N�r [6] �



� 1 	 m����0�R[o γ .T�Ma 49�
1.3 h. – &./+l�Zn!N�`*,p8℄�Æ�e`*nN}D7j^$KJ
8YYQ[ – Q[KJ�.aVBD=!Nk φ(E) ∝ E−α 

^$KJn�|$Nvz5�VBD=
6: 1�h��n4�a 1 MeV "i
[a!N�'nS5	$}DDS�
qN�dNF�Æ��j
^$KJ�=5it��n+ (wL MeV) �
1.4 
�m� γ � e�u,l7D� 3 /UO� γ JvPU{_B
�℄=B:�_${_)1L8ÆnnZn γJv��r
*6!N��rT,�#DKJ [7] 
5?KJ [7] 
�N – �N�z�YVPUt5!N.�KJ [8] 
.Zn*N�5?KJ [9] 
*N – 8qNz�YV [10] 
�1�_*.N�/ [11−13] "�Q℄\ [14−16] ��
2 (wS\p γ 0V��oJ

1968 u Clark �/ [17] 7rf9 γ Jv
L/R1a�7^/"�f9�7=:Cq��vf��
/R.N℄2!8{�C��q��nNf9
5��C��q�8�)L/"'h7�3s�<L����h� γ Jv}℄6nX��
(1) zYa
�!r96ÆOq�XJv� γ Jv�<UeZn��h
Q#�^.sD�Æn4�D
.a1a#*z�YV}℄25DF�
(2) zYa~!f9v.N
 γ Jvn!,��
�p8{_,<{rT�C
Æ��[��
r�
(3) zYa,IN
 γ Jve_*z�YVe�
e5C!H
�QZn γ Jv}℄eZ�n4
Re�[�<Ue#*Lt�.N – .N}D
�[1kaZnf9v��r�D��p8{_
.af9v-*_$&u}℄.
25�DF�℄�3-*�QZn9+5rj���KJ
Q#℄�-*KJL TeV =	 (*6 $�k� (AGN)1ES 1426+428 
 TeVγ q'X{ X Jvq'\'℄d [19]) 
IsQZn

γ JvRYL��-*�25�&u>Y
5℄8n!���-*l�_${_�℄0f}�QZn γ qN��k>�Ip8{_,��B&qqNTz�YVPU!N.
	$QZn γ qN�fw�v!HU'5+
fw�PRdÆ4t�Zn� γ qN�!H/Æ�j (OC	St [20] ,: 10 j�Zn γ Jvu_) 
+5=:>Y�/fw(7�nZRK:7^�k>&qKJqNT�<t [19] 
.ZR&u�k��Z�-�'h725��h�sB
��Zn4"
Xj4G`���_$r�RÆnÆ�*r
QZn γJvnHnZR!��_$�x+� AGN Mrk 501 � TeV H4y)Va!�KGK.Y��' [21] �4NN0�P [22] �
3 S\p γ Lx#J9�[a γ Jv{� |�L��:fw
Is�5�|�LBg��[� γ Jv!H
*6�!�!P�Z�� 1/�Q��DYz~!H>Æ�+5�I!H�8��CVu&7^



� 50 �������.�T���h��������� 27 ��.t`
v5:>Yu&7^.n4�Zn)7� 1) 
=:>Y8u&7^.�;℄'�?℄��IQ� CGRO fnH4
w 10 GeV n4� γ qN� 2008 u 6 z 11 3Y7J��:��I γ JvQ� Fermi l;nlR!Hn4��
w 300 GeV [18] �.a TeVγ Jv

>����#a�I!H7�n<Æ^r��QZn γ Jv�� |�,RPU!r51xJ
PUL�43�t5.N (�P!N��nqN) 
��t5.NdZRnI[�!H γ qN��Y^.Æ�BV|Y)!HÆ℄��S;.N�dgF�<T
����I^.�;
j5yg γ Jv-S��7��QZn γ Jv^.��!H8�D"=5℄�s*|�xJ (Extended Air Shower, EAS)�9!HÆ�|��F
JqGtr 2) �EAS �9!HÆ��F
JGtrb℄X'�
5�:#_'DÆ��;�
3.1 EAS *��d���Y�D|Y)!HÆ (#<�6 Tibet-ASγ 
"�&OW6 ARGO-YBJ) 
�[H4|�xJt5.N�d{<?
�t5.N�dÆ�?-nh7J.Nn4�d{5:a
EAS <5t5.N
{℄IÆ�2Qjt5.N�HY
g5Æ�?-nh.N>���"!HÆ�X��auTÆ��|
nlg�|-"#->[
℄)a7r�"ÆN�r�!7r���r�EAS �9!HÆ℄�nH℄I�W
O<3Æ�&- 24 h nH
Is.aHHq/r8}℄�|�Xm��n[as"^."nH4 EAS �HY
<nH4
7�{_
Is+Yj�"Dnh7J.N�/"�.a γ -S�nH5+
<n℄��ylf9v*�R�dÆ��q?����e�n µ !HÆ�	5!Hn^��aY(:a�℄���:�f9v.NN7� EASn� – !r��51{_
�z�YV{_,RPU|4 π± `N
 π± `N�/PU µ± �N
6y<?
ea EAS z��� µ N
.Æ-#�n:af9v�k*�yl"|4f9vk*
.a��j γ k*nBU℄��� µ N�_*z�YVY9
}℄���pon0
Is6y��n7T�O µ !HÆ

dt5.N|3)fw7
O<3"Zn µ N
+Y)a!H�+Y?_� EAS �9!HÆ℄3*� AGASA [24] 
u� KASCADE[25] 
Pu� Mi-

lagro [26] 
,3�Y Tibet-ASγ [27] �1,D�Y ARGO-YBJ [28] ��
3.2 g��~kq�'{

EAS t5~!.N�|�,p8
6y.N�'X{7��,�q�
RPU�F
JKJ [1] ��F
JKJ&��:n>����
KJq,J.N$4>�UL
cos θ = 1/nβ(n L`*�JD
 β L~!.N�') �qF7J�.a�� n ≃ 1.00029
6y β ≃ 1 
�℄ θ ≃ 1.3◦ ��F
JqN�D=5�MB�ÆO9+�KJ�� (�P�D�� 1) γ My�q5BQWCE> [23] ℄q/P�e�G{Q��7$K�^�Z*�}K6��JR�E�
T℄q γ My$K1��k`s	

2) �^;1}�RrHus4}=� EAS u6/P-9}�EP (>7M�) ��-9MM�RrrPw6=�h;yl+	}�RrHus�;}Y�o�B=� EAS 9
}a�0E3pi/P\E�37	�o\Rr� 4π -,V9M4VHus�0��RrrP�e�G�ze�Rr$K��\q�℄4V� 1017 eV BE	0�'%I� TeVγ rP�1:�kBqW	



� 1 	 m����0�R[o γ .T�Ma 51�I`l�KJn4) �+a�D
���ÆOq9+���F
Jq℄�?
5e3�KJnMBqN�[a|�.MBqN<8^
Is|�,nH�F
Jq=5/,a*9W��q�	A|�fw�<J���F
JKJ��G�9W|w 300 nm �)VGtrÆ/
7�dVq!'�o�>Æ<?n�F
JqN
Æ�Æ
7J�F
Jq�t5.ND=�h
v5<?nh7J.N�h�nh.Nn4[�F
JKJ�'j
d{�F
J��7$�Æ�)#7J.N>��:�
��GtrZ�<�5Cn)�#j EAS �7��E
��3UV3�"�e3�Gtr�91�Z��n)#j EAS�E
v5#j7J>��Z���E�℄�a"Dnh.N�ZD
&6n γ qN�f9v~!.N�"D
6���
�.a γ -S�&un�25�� γ qNN7�!r51xJ�F
JZ�:�+Y�
5�D=t� (℄q�"Aq�) 
5~!f9v.N�
EAS �F
J��℄�|�S<
7�℄�Z>�P��F
JGtrUD2D�Z (w℄ 0.1◦) 
Æ�D2:���r��I℄k��℄�aS�&q
'Z;℄'�sBZ;℄'�℄)ar�eG)#P
.a γ r�TM1�BU25��F
JGtrnY��D2 γ ef9v
Æ�g:?℄��'Z;℄'
d� ���F
JGtr�;℄'nl{
 Crab >�� 1% (*6nH 50 h, 5σ q?�) ��n�F
JGtr3UuT+Y� (7') 
<)ag�#-nH
.aN�r�/rnH<}℄Xm�sB
�F
Jq!H"n���\z�9Eg�
.|�u&7℄�fY℄I�?_�|��F
JqGtr℄�|)$� CANGAROO [29] �Pu� VERITAS [30] �PaB6xL*�� MAGIC [31] �PagT+$� H.E.S.S. [32] ��
4 S\p γ 0V�w?%�

20 j� 80 u�aQZn γ Jv��Y^.,ytZg�nH


ra�F
JGtr Whipple .a Crab �nH [33] �s�:k9�QZnr�<-7r
M	kl�℄"a
Crab � PWN PSR 1706−44 [34] � Vela X [35] ��X��<+ (Supernova remnant, SNR)

RX J1713.7−3946 [36] �M	B� AGN Mrk 421 [37] � Mrk 501 [38] �
/R�7:a&��QZn γ -S��&u|Q [39] ��L!u>D?oQ�7�f}�℄\7aQZn
γ Jv^.
 �t5.N!H�9��F
JGtr�sB�℄:�;�Q�"�Y5�^.���^.$Æ7F��_$Zy
.|�FR7ZR.QZn γ -S��1a
?$JQZn γ -S��1f9v_$&u�7��℄#3
�QZn9+?o7r7 70 3ar

,	lrw 50 a
=5L PWN � SNR � X Jv��
�℄:k9N�1�QZnr�	Br 20 3a
|3L AGN �: 2 j��
�VD��QZn γ #-: [40] �z.|�6;3*�Zn'�n�h#a℄ID=�H4
LZR1a��"��r�**'h7�℄F���h�	539+�H4
/R.a:�QZn γ Jvr�7J%&℄7:#�1a�*6.a Crab [6] � MSH 15−52 � HESS J1825−137 [41] �r��a�N�r
5 RX J1713.7−3946 [42] � IC 443 [43] ����a�N�r�.aM	k�B�r (
,3L blazar � AGN �:") 
QZn γ JvnH.
KJ%&
D�{_�1.
AGN �6:`��1a8�
725�?$YV� blazar KJ�=>`�L5? – Q��1 (synchrotron self-Compton, SSC) `�
4LZn!N�rT,PU5?KJqN
it
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X 9+7J
5��5?KJqN`g:?)Zn!N<J�ZQZn γ qN [44] �nH
� “�G” n�D=�1 X/TeV �zm�℄0��b SSC `�
+55℄8PBD
 SSCtB blazar 39+7J�K:^r [45] �sB
 blazar �QZn7J3U&*rj��q/
 PKS 2155–304Q#*rj 3∼5 min ℄4�q/ [46] 
�5^.ND�n�.*�℄Ilg�7�{
w TeV �Zn4��BL lac " blazar)(�vnHDDZ3"� X Jv� BL lac (XBL) �J!� BL lac (RBL) �� AGN 6:`�,
/Rv:3{|>>��uU�6: XBL � RBL 
1L RBL uUe�
v55rÆeD y [47] ��nn�D5^�3" blazar�O6<ffnuU�P [48] �TeV n+nH
� blazar|3L XBL("���
5?KJG�D"LZ� BL Lac) 

��q/DOJ|�|>3� IN
5^�� blazar |>>��uv>�AU��
v=:aU'��7/R. XBL � RBL |>uU�1a
yg7.a AGN 6:`��$^ [20] �

; 2 R[o γ .; [40]*S�s��3a ��^. (.Pa� 3 �`H�3"!H8�) 1
�$Æ�_$Zy�}m`H�
4.1 Milagro(Multiple Institution Los Alamos Gamma Ray Observatory)

Milagro PaPu�bd^5� Jemez A
~� 2630 m [26] � Milagro )Vt5.N�	,PU��F
Jq<?
{�.Nk*
2+~a EAS �9!HÆ�Milagro [℄�Y)|w 5000 �>T�,	�1BJ<=� 175 a	|kZ
S�!HY)|w 40 000�>T�
!Hn4v|w 250GeV �
w 50TeV 
;℄'|wL 0.5 ' Crab >� (1 a,

5σ) �e
��Y�9:3
Milagro }℄|uT
&-nH�X�
.a#� QZn γ #-�℄Xm� Milagro �#-#-$Æ7�325�Zy���Zy ��n)H4?�r6 Crab �n� [49] �#-#-�7r 3 a TeV r
�℄ 3 aq?�E�a 5 '4G�O���r [50] �7rMz-4Z>�S< TeVγ JvXj [51] � γ Jv! (γ-ray burst, GRB) �
TeV 7J>�Du [52] ��

Milagro �Y5^. HAWC (High Altitude Water Cherenkov)��t�, [53] 
R℄Æn



� 1 	 m����0�R[o γ .T�Ma 53��Zu1�pQO� HAWC ;℄'R+ Milagro 'Z 15 'W_
ne�F�JGtrz+r
5
`}℄ EAS �9!HÆ�X�
I5
QO�ZyR({<d�
4.2 H.E.S.S.(High Energy Stereoscopic System)

H.E.S.S. nZn,*k6��

�+5℄8n.��)_$�B Victor Hess ��w
�n�� 1912 u7r7f9v� H.E.S.S. PaB6gT+$
[u
:u
Ou
9��uB1�Q�� H.E.S.S. n:U�F
JGtr�9

:��9[ 4 �GtrUZ
y9L-WL 120 m ��>� (:an4wL TeV � γ qNPU� EAS �F
JF�t��Y|UL 250 m) �O�Gtr!HY)|w 108 m2 � H.E.S.S. ;℄'|w 0.01 ' Crab >�
(50 h, 5σ) 
!Hn4=Jvw 100 GeV 
7\ TeV � H.E.S.S. :��9a 2002 uo-QZ77}�
 5 du�2�}�$Æ7BUFR�_$Zy� H.E.S.S. 7r7:|~ TeV r
(|w 40 a) 

,w��rN℄
d9+.P*� ��Zy �� H.E.S.S. yt.�X��<+ RX J1713.7−3946g�7 TeV Z�
5^X��<+L,9)^Æ�YLZnf9vD�r

D�n0Æ�{
w 100 TeV Q#eZ
5� γ Jvn� �wL −2.2 
�
Fermi ,9D�%&l�z:$ [57] �7r7�QI"�* (X Jv��)LS 5039 �QZn γJv7J
5^I"�*8Æ�YLZnf9vD�r [55] �nH
M	B $�k�� TeV

γ Jv
5�Æ
℄H�k>�I. TeV γ Jv�fw<6s�/Rl~�f3%2 [56] ��
|Aq�k M87 � TeV *℄4q/
5^f9vÆ��-�℄Id'D)D�
 TeVn4 [54] �7r�Q|<�>Westerlund 2 �QZnKJ
Zhj:"��f9vD�r——1ka�>l|*4� [58] ���r�7r
�1n��nmH4.a1aQZn γ Jv7J%&�1f9v��r�D�℄J25�DF�salu�QZn γ -S��$Æ�|4�9���g�
n:�|�QZn γ JvGtr�9 CTA(Cherenkov Telescope Array) 8?o�t�Q� [59] �"a H.E.S.S.
CTABV|��F
J!H8��;��i#� bQ:a��
i� ��=5$0aM	kr
&6nM>��nH�#� ���v:!�	B-*� CTA�O;;℄'R+r℄�V��|��F
JGtr'Z 5∼10 '
5�n+OWe�
v 10 GeV 
|a 100 TeV �Æ�l�
CTA �QZ}�R.|�?$QZn γ -S��f9v_$��7�
℄�a^�:�f9v_$�#*Y(
Q#a!�Xj4G`���_$�
5 [wS\p γ 0V�(wj	ZRuB�f9v^.&u
fa 20j� 50u�
�|iJ!AQ��|snH� [60] �|if9vnH���H.N�w 10 GeV n"�z�YV&u,$Æ7���Zy��n
[a�� “S_” �*b
�1j_DD�Æt`�7�
dÆZR�|i�f3:a�t`^.D&u�n4.N_$��1-*_$�<XHdO8�FZn4 (I58,+n|t`)>Y7�nQ+�~:�Zn4f9v�� |�,z�YVPU EAS 
I5�5V�9!HÆ!H|�xJt5.N�����m�1���~�Z'.a&u EAS RBU℄V��:%��BR	N�#7dDQ+"�1�p

 4300 m �~�Z'�|w 10 × 70 km2 ���F��p�a “j"”(w 1 PeV) f9v_$�&u [61] � 20j� 80u�dD1�pf9vnH#��fgQ�pn 1990 ufQ�,3�Y� Tibet-ASγ (Tibet Air Shower and γ-ray
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observatory)B�*�9���a 2000u�fQ�,D�Y ARGO-YBJ (Astroparticle physics

Research with Ground based Observatory at Yangbajing) ^.��\f℄��$XmdÆ1�p�v:Q�yZLj_DV��ZAnH�
8dÆ Tibet-ASγ � ARGO-YBJ �ds{j/�mB [61] �l7f9v_$�
 γ -S��&u8ZL1�p#��=5��d4�nYD6`H Tibet-ASγ � ARGO-YBJ ^.
G2aS�
� γ -S�&u,�Zy"��q�
5.1 Tibet-ASγ

1990u Tibet-ASγ �977QO
:��9 (ASγ-I) [ 45 aB�*!HÆkZ
I~ 15

m 
yZ�>�
℄�OWY)|w 7600 m2 � 1994 u!HÆt`�|#n�� 4 '
OWY)��
w 36900 m2 
QZ ASγ-II [62] �+5[a!HÆt`��
#<B3`dÆ!H[n�Z (w 10 TeV) 
ASγ-II 2+Nn^r. γ Jvr�nH� 1996u��9,�$ 5200

m2 �=Jg�!HÆDU
RI~[s�� 15 m ��L 7.5 m 
℄��'Z7B3D
R[nS�#w 3 TeV 
��y^r7. γ r Crab �nH [63] 
�1. $�k� Mrk 501�Z� γ "7�nH [64] ���℄y-|B�
7 ASγ � γ -S�&u,�n0�1�0
7�yd7 ASγ �9�g:?�|� 2002 uQZ7}�#� ASγ-III �9R ASγ-II ZU�9�e#&�9=J
 � 789 aB�*!HÆ
!HY) 36900 m2 
.a γ Jv!H[n|wL 3TeV � Tibet-ASγ ^.X#fY\^du
�j"f9vn��ZDH4 [65] 
f9v��2LS�z6LSnH [66,67] 
�1f9v�|d'b�H� [68] �f9v_$<iYj7Ix�it��J6;�{�)!
8�QZn γ -S�>YXj:�+Y<d�fY� Tibet-ASγ �X{ 5 '4G�Oq?�	�nH
7?�� 4 a TeV r (Crab [63], Mrk

501 [64] �Mrk 421 [69] �MGRO J2019+37 [70]) 
5�DpH4j Milagro r MGRO J2019+37�n� [70] 
�.aZR1aTr�7J%&�1"Æf9v*ND�r'h725�h���
:~q?�E�a 5'4G�O���r�.M�Y�S< γ Jv7JO#Du [71] ��
Tibet-ASγ ^.:aY|�Y(�a<n℄��"D*N� γ qNk*
�|�*N*�u&7 γ Jv!H�;℄' (w 1Crab)
I5<)a����� γ -S��&u�Tibet-ASγ�YU��g�^.Y5��B�*�9n>Q�w 8000 m2 ��n	�!H µ N
Va"D*N�qN
��'Z;℄' [72] �
!Hn$L
pV 2.5 m �=Lfwt5.N,�!N�qN
�)V µ N�	,PU��F
Jq�!H�l��|a7\ TeV �;℄'R{
w 0.1Crab W_
Rnj_D�Tn4+V;℄�!HÆ�

5.2 ARGO-YBJ,D�Y ARGO-YBJ ^.Q 2000 u�g�fQO�e ASγ <5
T^.BV&OW� g RPC (Resistive Plate Chamber) !HÆ
Rp6�$3nH7�
&w/
nl℄��S�[n� 2006 u 6 z
[ 5600 m2 � ARGO , “� ” �1 1000 m2 �BJ!HÆUZ�:��9QZ�l� ARGO ;℄'nl{
w 0.3Crab >�
[nwL 300 GeV 
Rnl℄���� γ -S��&u�5�
 ARGO ��uT�1&-��nHRBUp�a|Y)
γ Jv#-nH
.��r�1.a℄/r&6n!7�r (*6 γ Jv!) �nH�sB
.a�_* [73−75] �4NN0�P��_$�!�8℄:#��q� ARGO �h?�nH℄y?o�
 Crab � Mrk 421 3a γ Jvr�d���g�z6LS�&u�K.�7^!HÆ��n�Æ���
X#}��� ARGOR℄iGZR~�maQZn γ -S���1a�+" Y�X��dD|�f9vWj�2�^.s�Y�IÆ
bP�[�.�[��
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Introduction to the very High Energy γ-ray Astronomy

YUAN Qiang1,2, CHEN Tian-lu1,3

(1.The Key Laboratory of Cosmic Rays, Ministry of Education, Lhasa 850000, Tibet, China; 2.Institute of High

Energy Physics, Chinese Academy of Sciences, Beijing 100049, China; 3.Physics Department of Science School,

Tibet University, Lhasa 850000, China)

Abstract: A brief review about the basic ideas and current status, especially the recent high-

lights, of the very high energy (VHE, ≥ TeV) γ-ray astronomy is given here. It is known that

the emission mechanisms of VHE γ-rays in astronomical environment are generally of two types:

hadronic induced and leptonic induced. In the former case γ-rays are generated through the decay

of π0 mesons generated by collisions of cosmic ray (CR) nuclei and ambient medium. While in

the latter one γ-rays are usually produced due to Inverse Compton scatterings of CR electrons off

background photons and the bremsstrahlung radiation when electrons propagate in the medium.

Therefore VHE γ-rays are directly connected with the origin and interaction of high energy CRs,
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and are thought to be an important tool to unveil the fundamental questions of CR physics and

astrophysics. Since the flux of γ-rays drops rapidly with the increase of energy, the detection of

VHE γ-rays is out of the reach of satellites and needs to be performed using the ground-based

large area detectors. VHE γ-ray photons will induce electromagnetic cascades (namely, extensive

air shower, EAS) when propagating in the atmosphere. The cascade secondaries are recorded and

used to derive the information of the incident γ-rays. Usually there are two detection techniques.

One is to directly detect the EAS secondary particles using detector arrays, and the other is to

record the Cherenkov light generated by cascade secondaries when going through the air using

telescopes. There are more than ten VHE γ-ray observatories are in operation at present in the

world. Based on these experiments, especially the Cherenkov telescope arrays, great progress

has been achieved in recent years. A new sky, the VHE γ-ray sky, is opened for us to explore

the universe. After the first discovery of VHE γ-rays from Crab nebula by Cherenkov telescope

Whipple about 20 years ago, there are more than 70 VHE sources are observed with VHE γ-ray

emission. Among these sources ∼ 30 are identified to be Galactic sources including supernova

remnants (SNR), pulsar wind nebulae (PWN), X-ray binaries and so on. There are also some

sources are possibly connected with the molecular clouds and open clusters. About 20 sources are

extragalactic ones, which are mostly blazar-like active galactic nuclei (AGN). The detection of

these VHE γ-ray sources plays a very important role in searching for the origin and understanding

the acceleration of CRs. There are another ∼ 20 sources are unidentified ones (“dark” sources),

which attract great attention of people due to the mysterious natures. These “dark” sources

are possibly connected with new physics. Finally the situation of VHE γ-ray study in China is

introduced. The two CR observatories in China, Tibet-ASγ and ARGO-YBJ, are also dedicated

to make contribution to the VHE γ-rays field. The pervious achievements. current status and

future prospects of Tiber-ASγ and ARGO-YBJ are peresented.
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