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(PeV=1015eV) Ë Ã�Ì*Í 10 Î\Ï:Ð ÈqÑ�Ò (Ó¥Ô¢ÕTÖ�× ) Ø�Ù ÈTÚ�È1ÛÝÜ1ÞRß®à¢á\â

Ørã�ä�Ø�å®æ�ç¦è�érË�ê Í Þ�ë¢Û ã�ä(ìTí�Ørî�å Þ�ï(ð Í%ñ Ø�ò Ä�Å�Æ Ç1Èqó�ô�õ�öt÷�øqùúDû Ü@ü!ýDþ(ÞDÿ����Pÿ����	��
� ê Í���� ê Þ*ÿ�����È������>Þ ñ��	� õDö����� ç �! ��áPâ"��#%$D÷'&)(*ü+*-,/.+02143*ü Ø Ã6587 Ø�9�:DË�; ü+��<�=�� ò Ä�Å�Æ Ç1ÈqÉ�Ê Ë���TÈ>���?�5÷+@BA�Ü%üDCBE�� ÃGF �TÈ ÙIH (µ) JBK �4L?M�N����TÈ>���O�5÷+@BA�Ü ü ò ÄÅ�Æ Ç1È ØrÐIP-Q ð"R�þ�S�T Ë Û'U Ø C�E�� Ã ÐIP-Q ð?R\÷'�WV�XqÜ�Y Ø�Z\[�Ï�H^] 3`_baR�þ ò Ä�Å�Æ Ç1È���c�d çe� N�ÿ�ü`SBT�þ ; ü`�rÜ*Þ�ßtà�Û ò Ä�Å�Æ Ç(È����TÈf�O�O� Ø?gh Ã ò Ä�Å5Æ Ç(È"iBj�k ØOg h���l�ù	� �"m ê NRÿ�ü Ø *�� ] 3`_ ò Ä�Å�Æ Ç1È"iBj�k Ø�nABo Ë�; ü?a?RRþ Ö R60 Ö�ÐP�ÙIH @BABp�q®÷sr ê NutBv�Ü ü+wBx

γp → π±X → µ±νµ → e±νeνµ. (1)

Ã Ûet�vIy�z^{�þ�|}^~u�\÷��
à�Û ; ü�t�v Ä�ÅrÆ Ç*È Ë y�z^{�þ�� å Ütü��0¦þuo Í M^N�ÿü^C�E(Û���� Ø @�A�pBq�0 ê N�1-3 ñ � N æ Cu� ] 3`_������ ã�ä������4H�� k��PÈB�>� Þ
é�ØO��å Þ Ä�Å�Æ Ç1Èqõ�ö�þ� ñ � ü��B���	��ÿ�N�� ñ^Í ØO� ~ Ë c�d çe� C ò Ä�Å�Æ Ç1Èa"R�þ�U ØO����Ø/� k®Û X

k �b�?��Ö Û�� í k�02t�v�Ü%üI0¢ÿ�M�Cu�B 6� Ù5Ë�; ü [2, 3, 4]
�

1http://www.ppl.phys.chiba-u.jp/
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ü!0 ò Ä�ÅÆ Ç(È Ø iBjBk g h�����rÈ ������@�ARþ�1�ë �"m Ü ü��%0�þ�2�3 ç � N�ÿ�üs��4 (1) Ø pq�þ50 ò Ä�Å5Æ Ç1È"iBj�k�a"RG0 i�j ����6 ö Ö R�0 Ø ð Ë 	�7 æ'g � çe� üsC�E�Û���� Ø8 Þ ñ ! iBj�ï(ð�9�ü�0O��, Ë ���rÈ>���?�^þ�@BA çe��: ü Í ñ * [5]
�
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[6]
�NC�C

Z O)PIH�Ø |)}?p�q÷�Q�RDN$& ò Ä�Å5Æ Ç(È����TÈG���O�wþTS
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Û�4 (1)

���	(�ü�iBj�k%a"RRþ®Û ú�û
ç � NRÿ�ü�iBj�k Ø�� ÷��-3"N t ÿ	(5Þ�ÿ 0¢ÿ�M�C�  P È]�1Þ���"D÷��sës�0 Ë Û =�>
ê/:ü^���>Èf�O�?� ��Ø *��t÷L�b(*ü���0 þ ËPæ ü (Waxman-Bahcall �]� [4])

�5C�C$& ò Ä�Å�ÆÇ(È��I��(1ü
GZK ;�Ø��$t 0 ò Ä�Å�Æ Ç(È?i�jBk���wG0 �B��6 ö Ö R��Bl�w Í ñ ; ü�q�w��@ �s��� ��V*Ë [6]

Û"U Ø �-"�� t ÿ ! � 	 Ä�Å�Æ Ç(È�� � � ê N 10−8
∼ 10−7 GeV/cm2

sec sr
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1: � � È IceCube ��;�� a Ã�� ò���Ë
	 á��'¸5äi� 1400m 9 : 2400m �� a�È�� 4800² �ñ Ø�ÙUc (DOM) Ë�� ]�� � ¸�� � "-ö ñ Ø�Ùoc (DOM)

¸������ �����ñ ù�N�� §�� ö� Ñ! #"�$&%(' ö ù�) ö#*�+ Í-,�Ñ �/. L�� f�0 ��óAÛ-îy¸
3 IceCube
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IceCube
"

4800 T3�ñ Ø)Ù c Ë ä�� 1400m 9�: 2400m  â�ã å�æ �4� ]5� � HNÚµí46�67
1km3 Ëy« � & î ÎAÐ�Ñ Ò�Ó�Ô8�);:9 í���î³¸�ØÏÙ�c�" � 1  | Ü � å5æ�
 � 120m

�:; �<!= Ë 80
²�>-��ó `'a � � î�¸ <?= ��#� "-ö$��� � ������ñ-Ë Ø)Ù�� î ñ Ø)Ù�c'd-e Ð]Ñ�

(DOM:Digital Optical Module) 60
² Ë 17m

��; ��� ]5��@�í�Û h ¸�Û�Ao_CB�D�E 5F f
1�ËG« � & ��Ø)ÙUc-G ��H ÚJI l�î³¸ ñ Ø)ÙUc-" � 1

� � �4	 á��)¸�ä�å�æ  ��K-" 400 Í� ��L�M ��])ö V�W�ñ�N�O- ���:PRQ D � ��S��� a ËUT�V � î<¸ � a �W�X�Y�Z "�[�\^]_a` F D� 10
H � �cbed �ñ ùN�� §:� í��-î�¸ 5× 107  �!f�g í ý�h � & î8i = í�� 1 ö¢�£ L4j�k&l�ðnmSo l5�qp H� �í��-î³¸5r!s ¤ � D "��^t&uwv�x�y � §��^�z�{3��|�}�~���5x�y %�'��3��� t 300MHz �3����������� �C�  ��^��~���� H^� _��^���:��� �RmS� t�x� ~����#� _ �a� �4 :¡ t&¢�£c¤¦¥�§�¨3© � uwª!«�¬�v�!®�¯°p±¬�²�³�´!µ�¶�·�¸ ��¹�º ¤

�e� �¼»½¡ &®(¯ ��¾À¿ ¬ ¿5Á � ¤8Â�ÃC¤ÅÄÇÆ � � ·�¸ ��È5º ¤ �e� � ��É�ÊË~��Ë�S�Ì�Í^ÎÀÏ�Ð:Ñ  3Ò�Ó §:©�Ô ���wÕ § IceCube Ö�×��   ^®À¯�Ø�Ù � �n¾
�(ÚqÛ � ·#Ü�Ý�§5¨
�!Þ ³�ß�à�á-¬�â!ã ���wä�å ·4æ(ç3è3éqêeëíìïî � Ô�ð�¬5ñ�ò�ó:ô^© �Cõ��&�U��ö�÷�ø ¬5ùx�y�ú�û�ü  �ý�þ�ÿ�� ·Sù�x��:¬������3§
	���#&®�¯ Ú�����¾���Ú Û � §
������� Þ ù:x������� ¬����! #"n·%$'&�§�¨)( Þ+* ��ú�, �!- � ¬�.�/�Ý�0�çn·21�3 �3� î � è4 Þ !®³65�¬�7
¬C·%8 ¡ §
9�0:î � Ô�ð�¬�	���ó;:=< �U� � � §�>!ê@?�¨ ~���õ��&�U� ã4Ô ÞBADC¬�E�F�ù�G�H � Þ !®�¯^¬�I�J�K�J-¬ML�N^¬�Ô�ð�¬�O�P�ù�Q�R�J » � õ�S ù�!®�¯
1 � �(�
�UTWVYX@ZU[ § ['\(õ E6F�ù�·�]#^�î � LED

£D_-Ã Ú Ù � ó Ö R ~ ���±�'` (a�ÀÔ�Ø^Ù � �¾À��Ú°Û � ç�ò   H�b^¬Yc�d�e �Uf �#g�hUiU��� ¤ ��jBk 	 Ö�× §  6l Tnm Ô�7�¬ ��Þw¹Dop ·Mq#rCÔ%3 � Æ:·�®(î ` » ó's&µ Ö�×&��� � � ¬utwv » è m�õ��n�S� ã:Ô AYCyx2z -30C◦¬5ë�{ - � /�|�}�~ j ¿D� ó�� �M�¼� Ã?¤½·�� V §
���:î6� ì Þ ù�/����n��� � _ � ¬�� p·6�Y�!� Þ%�'�uj ¿Y�6�'� ·
ù�C®5¯���Ô°ê 500Hz
§ - r �D` » ·�tw�y� õ3���
����� î

� ¢�£ ¤��+d � Î�Ï 7�� o §6�����3§�è � ¸��� �CÞ i�5� ¤ ��j�� .�/ ¾ � ¤ � ¬� �¡ Ú�¢��¾�� Æ � Þ�£¥¤ ¾ ��¦ £Uù!¬ A'C!§  �¡ Ú¨�¢��¾�� Æ � Þ &®(¯ ÿY�3Ú©�#��¾À� Æ � Þª�«�¬ É�Ê 0� � � £^� ó ROOT
· Á�� � §¥�(Ô

IceCube Ö�×!®�¯ 0� ¦��
°�± ¬M²�³?¬7 » §
C++/Java � Î(Ï�´ ¨ x�� � �#� IceCube �  Mg'h�µ¶�����D·¸ ¬ ��� ó 5kHz ¹ �§�è � »»º �W�½¼ � Ô�ð Þ+¾�¿ ¬ �����
·¸ ¤�_CÃ�À±ó�!®�Á�Â § §�ÃMÄCµ�²�§6$�^¨�½¼ ���Å�ó l�ÆYÇ¥È è�É � 5�¬�Ô�ð�µ ¹ ¤�Ê � � 3 � Æ § Ç6Ë è � ²�³�´ ª�« ·'>!êeÝ \ è4ó V
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