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Survival probability of neutrino through the earth

neutrino energy (GeV)
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range of muons

muon energy (GeV)
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Opening angle of induced muon

Neutrino Energy (GeV)
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multiple scattering of muon in standard rock

distance to detector (g/cm2)

sc
at

te
rin

g 
an

gl
e 

(d
eg

re
e)

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1

10
2

10
3

10
4

� ¯U±4ò ��� b�� Y�Z ��} �qÍ#Î �sÏ Ð ø � g�YHZ e
@ Î � ;,A�B gaM.N � X ` �!Í�Î �jÏ Ð g e�f g(v ~ ñ j @ ��F Y|Z8Xqg�Y�Z e ñ j k @ e b��YHZ e ñ jEFIH @�� M(g,ü�p ��� � ���*� r�� " �*��}�É ��� ë�{ ���j z ¡ j zk § j zFIH ñ ¯`±ô¯ T @ß�� ���)��F � {8��������� Z8Xqg e)f� �f v Ý�Ý ~�F @ Î � ;,A�B gaM�N"! Â� �f e�Ü���.102� Ü g|v ~D�q} ��# ¶%$ '�u�g�&�' ��F)(�*��,+�- � G8I/.E�"0 p|e21 ë o�g " F�34 "�T ���
 "!$#"!65 7.(�*98/:<;V/>=@?,A%B	*DC,E
G�IF.HGJILKDMLNPO�Q ø �8�/+�-"R ü�m T,S ��T F ø �UQ iWV/XZY<[�\,]_^ M�` �1��a �b G P�Q "@c a � c a S ��F [@\L]U^ MDG m T_dfe a bhg�i>j�k [Dl�m�n)o@p�q�r)m@s b Qm�t>u@v�w b SHxDy�z�{L| u ` o~} a��H��� e a/����� Y �%�"a [�\L]U^ M����_�UILKDM"N

���



O/Q [@\L]U^ M������������%a>Q
	 q��
��� G���� y���� XZY�[@\L]_^ M�`������Ha�� b G��� 	 c a���,QH�H�����! "Q I,K)MLNPO/Q [�\,]_^ M��#"%$�&���'Ja�� b G�	
(DaLG q �) "Q+*�K)M,.-�/ Q [�\,]_^ M�`�0
1 ��'Pa�� b �2	
( e�S � [@\,]_^ M.3�4 � G6587:9 ��; y�x &=<>��%a y+? 	 c a/�@$ X $ q I,K)MLNJO�� n �Ha [�\"]U^ M�A�B_Q�C%D�E�	�I,K)MLNPO/Q
FG%H , ]�XWY *HKDM ,.-�/ Q2F G%H , ] `������%a�� b � �I� 	 c a��JLKNMLKPO 7�QSR98/:<;�TVU8W�X@Y�Z\[�]�QSR
^!_�`
a)_ 8cbSd�e�fgbDC,Eh k�i Bkj q h k [@\"] ^ Mmlcn�Q_ILKDMDNWO�� n $��UaSo�p�q�rts�uvlcnxwyj{z q%[@\D] ^ M$2( S.| l~}�� `��I� �
��� �2� S &���� V �Ua2�
�PO ,���� �S�_Q�� �H� x &2��� V �%a��h k $�& d a2*�K)M ,.-�/ Q����I� H FU`����{u�l���wyj{z b �Ha b� u�l~}���w�j{z�� �¡ £¢¥¤¦ }��¨§ l�� ¢S©ª §�« ¢�©ª §�¬ §{­¯® u ¬ w « wyl��°z§±¬²§{« § �³uvl��´wyj±z§ l~� s�u�l~nxwyj{z¶µ¥uvl~n·w�l~}¸�¹z
� �º  ¢ ¤¦ }�� § l�� ¢ ©ª §�« ¢ ©ª §�¬ § ­ ® u ¬ w « wyl��°z§±¬²§{« § �³uvl��´wyj±z§ l~� » u�l~n·w�l~}¸�´wyj�z u½¼x¾¿¼�À{z

����	 q �º  �#Á
Â#ÃÅÄ { � q ¬�ÆI« �mÇÉÈËÊ´ÌÎÍ±ÏÑÐ�Ò2F�Ó�Ô -�Õ2Ö�×�� 	�Ø�Ù�� » uvlcn·w�l~}¸�´wyj�z�ÛÚ�Ü�Ý%Þ�Ôml�n q h+ß i jàÒ
á�â�Ô=ã Õ � n �IÙ �
�S� ÒSo�p�ä�rVåàæI;�$ q ���H��Ú�ÜÝ�Þ�Ôml~nàÒ
á=â
Ô�ã ÕSç l~}¸�¡è
	�Ú�Ü
Ý!Þ�ÔIåF� e ��è
	H�.é�Ù�ê�ë�µ�u�lcnìw�l~}¸�¹z Æ o�pq#rts�uvlcn·w�j{zíå w�î &
» u�l~n·wylc}¸�´wyj�z���s�u�lcnìwyj±zïµ¥uvl~n·w�l~}¸�¹z u½¼x¾ � 5xz

Æ æ�;�ð\Ù���ñgò�� qó uvlcn·wylc}��±wyj{zô� ¢�©ªöõ ¢S©ª §�¬ §{­y® u ¬ w « w�l~��z§�¬²§�« §�¬ø÷ » u�l~n·w�lc}¸��wÎj{z §{« u½¼x¾ � 9¹z
Æ ����ù q �úuû¼{¾ü¼¹Àxz � q

� u�l~}��±wyj{zô� ¢ ¤¦ }¸� õ ó u�l~nxwylc}¸�±w�j{z § �³uvl��´wyj±z§ l~� ÷ý§ l�� uû¼{¾ � ¼�z
Æÿþ ��Ù�� ó uvl~nxwylc}¸�´wyj{z � �
��� Ò�� � u o#p�ä�r�z���� ?@y *�â�Ô ,=-S/ Ò��	��
@å�æI;���2Ò�	�Ø�
 q��)�.� å�� ? & $=è���ù�Ø�ò�� } ? �#�%	)(+Ù��%Ø Æ � q �úuû¼{¾ � ¼�z ��� î&������%Ù����g� H F������ ¦�� � !#"� ¦�� å h �
Ù�$���	&%('*),+��I��Ù�-) e�.	/ Ý0+213
5476!ñ/�Ù=*Iâ
Ô ,.-�/ ��ò�Ò\á�â�Ô=ã Õ �2� Õ),�� å¥���I	
(2Ù98¿9 �;:=<

�?>



JLKNMLK�� ��QSR������
	á=â
Ô2ã Õ å�� $ y *�â�Ô ,�-�/ Ò
�"ö2+2� î &��
� Õ),�� Æ e 
���Ù ��Ò�+����

������� *Iâ
Ô ,.-�/ ��ò����)ñF� y á�â
Ô2ã Õ
����� *�â�Ô ,�-�/ �@ò �!�)ñ�� y á=â
Ô=ã Õ
����� á�â�Ô=ã Õç Ø�Ù u#" ¼{¾¸9%$'&�(�z < ��� *�â�Ô ,=-�/ � �!� á=â
Ô
ã Õ �*) � ���+� �@ò-,/.�	
( y 0

a : extra-terrestrial neutrino

b : atmospheric neutrino

1 : muon induced from a

2 : muon induced from b

3 : atmospheric muon

primary cosmic ray

atmosphere

sea

earth

detector

p

ν

1

2

3

a

b

":¼{¾¸9%$1032542+2�	�76 y *�â�Ô ,.-�/ u°á=â
Ô=ã Õ z �
��� + ���IÙ2�
� Õ),��
�98;:�<�	�Ø�
 �>=?6 ç �������;@ Ò�A7B Æ ��� $�&C���)ñD6 y �.Ò2	�Ø�Ù <0��98E:F<HG ���I@ Ò�J7B�A K L7M�GONPM�G QRQRQ

S M K TUM
G>V n
N M K T M G>V n
TWM K XYM�G>V%Z[G]\V n

uû¼{¾ � � z
� À



8E:F< ç A7B Æ�� � ��������F#Ó�Ô Ä��2	�Ø 
���� � e � Ò
	9B�å �!���\Ù < ��� á=â
Ô2ãÕ Ò � ��� � 	 �!� Ò�
Vñ���B\Ò
��� � 	����#<��@(����#Ù < 4��\Ò�2�B������ i + ���gÙ
��� á�â�Ô2ã Õ Ò��g��� H F +2� î &����! �"0+01 x &$#
��%
Ô!&('Vñ
6�&#��
 �*)�+�Ò��
+71 x &
�
�I	
(2Ù98ü9-, :=<

. uvl�w0/2wyj�z��21 © u�Ï4365Éu 1 ­07 z98 1;: z0<>=u@?ÑÊBA²jDC zFEHG uï9�GIlJIDK © z � © <>= "9 G�lJIBK ­ u@L < ­ A < © AÎÌ < © z u½¼x¾ � ,·z
M�M 	?�

1 © � �>N 5 �JO 9 5P<RQ w 1 ­ � �PN 5 > , O 9 5><>Q w 14: �
5 N À � Àìw�S
�V¼ N $ � wK ª � 9T8�¼ > Iøu�lIG�5 N 9 7 zywK © � u 7 8�¼ $�5{z uï9 N > 9¹¼ O 9 5U<UV 7 ­ 8 $ N � À >WO 9 5U<>X 7 G�5 N $±¼ZY � zyw
K ­ �[, N ¼ $ O 9 5 < ­ 7 G
9 � 5

uû¼{¾ � $�z
	�Ø 
 � 7 �\/]AÎÏ-?ÉjJ�
^�_a`]b�ÒF2�ñ#å¥1[c!$ �edf�
�*� � åhgHij?-L�< ­ 	=æg;@$ y ��Ò	�Ø�Ù < lk� 'ÿÏ;l 	.æI;@$ y$m Ò%á=â
Ô2ã Õ Ò
Ú�Ü�Ý
Þ�Ô�Òn+*o�	�Ø�Ù < j C �%á=â
Ô=ãÕ ÒD��� m Ò�`]b
	�Ø�
���4+qqpÿ�+Ý�	�Ò
`rb j Æ �%Ò01!s�+#"ut�v%��ò 6�& î Ù <

A0w�Ð j C � Y ��� 5xA0w¸Ð~jYD, 9%$ N $y8!Y N � � ${z�ÐÉuï9 5±5x?ÑÊBA�j C z uû¼{¾ � Yxz
254|, > 5±5}L +
���56 y �%��� 	�Ø 6�ù������ i ç > 5j~})*��Ò��#�I� H F�� ��� *�â�Ô ,.-/ +2� $�&$��<�� ñ d<e Ù u " ¼x¾�9�Y &O(�z < �+� `[b +a��B ç$� d<e Ù31rs + �)� åu�[�$ � �5����� å��a��ä Æ���� w�î Ù M Æ +713
������ + ��� á�â�Ô2ã Õ Ò
����� Ö��!�#Õ Äå������gÙ <
� � � e ç ò �>= 6�� � e�� ��� �$��  + � � �f¡ e �¢�a� Ö�����Õ Ä Æ���� ���r£ â�Ô¤a¥§¦�ça¨�© �\Ù <$ª �¬«­, N{® + �!�gÙ ���r£ â
Ô ¤�¥�¦ Ò$¯$°[� ¤ Ýr�a)�+�Òu± +01 x �æ!²�ñ
6\Ù <

. «´³TµZ®x¶¢· N¹¸WO ·»º <U¼ ³ < :0½ ¾µ 8 14¿ <>ÀÂÁ{Ã l <ÅÄ A Ã ? <ÅÄ : «ÇÆ>È ¸RÉ ®
M�M �?�e³ µ � Á{Ã l���ÊË² � � V�¶ÌÆ \V�Í �W�*Î!Ï < M�Ð ���a��Ñ �!��ÒfÓ +�Ô �uÕ×Ö ÒØ¤
ÐuÙ�Ú�Û «ÝÜ6Þ�ß�®áàWâ Î�ã �nä]å�æ
ç�è ¡ e Ù�é�ê�ë Íyì Î�í�î�ï�î�ð�ñ�òfó§ô]Ï�õ
ö�÷ùø�÷´ú>û üþýuÿ��������	��

�
� © ç�ì
�����
���
��� ��  à����]Í � y £�� � ¤�¥u¦��! �"�#!$&% ð�'�( å � Î���)
*+�¨�© �u��ÎrÏ�õ � ¥-,�. Ð Þ0/ Ü Á0132 ç!� Õ&4 �!5]� Ð76980:<;38>= ç�?A@ ÐCB àED w � y83FC8 Þ>G 8 e	H ðJInô �&K Ï
õËÎ � ôML ç!N!OM� eQP ã�R�S æ!TVU§��KXW çY����æ · * å�A� ��  ��K Ï
õ Þ>/ Ü Á0132 æQZ�¯ ¤ ��[���K Ï�ð ç 6\8>:];38^= ç 83FC8 Þ>G 8 æ � ©�_A`ba��KcW ç�d y)e�e �&f�à ãhg�*�* K Ïji ·lklm i ·onpm õ

q º



� Æ>È ·on�� Ù�é�ê*ë ÆZºjºBºjº��(À¢à�� * G�� FC8 Þ>G P ã
	 å � Î���
��fóuô Ï�� � ��� Ò Ð��� í����

ó�� å�æ�ç P ã�	 Ð
��� ì ó�ð! �"�&��#Q� Í Î!$�%'& è�(�ì����C�h� �*) � �,+�-/. P
ã $ %"0 ; F ¸21 L4365 g�*�* K Ï
õ	L�g ç87 Ð�96: Ð P ã�	�ð " � ó�ô�ô�; ç Ù�é�ê*ë ð=<> ºB¼?�(À ç í�î�ï�îA@ º�B kDCJÍ Î!$4E è�( P ãGFIH�ð�JLKØó§ôrÏ i > É m i >NM m õGO� FC8 Þ0G 0 G Ã-ÃQP �SRUT ÃQVXWZYD[0ÃQV Þ ÃQ\�[]V]^ RU_QG Ã`[0Ãba`[]^ _cR 1 $&% æ
ç�èed � � �=� Ògf8h=i Ñ�jk ÒØÓ àmlenpo Ï q M ºjº�� Ð�q�rLs å*t ÎI� ì�� �Q�h����) � �,+�-/.�à P ãbgIup$ Ímo Ï$�%Lv K Ï�õ�w�x Ð/y�z å u W >N{c{ nZ| å $�% Ð/} aI~�� ð=���Øó§ô y õcg + g ( ð�� ç G����FC8 Þ>G ð Iaô�� v å L y � g y
��� æ
ç ; F=�m� up$ (
� 'e� � ) � �,+�-�. P ã�	 ���� Û ��� F Û àg�poe� v L���ñ ( L ��� (�� õ

����� ����  ¡£¢�¤¦¥¨§ª©S«�¬�­¯®
) � �°+�-/. ðI± å8²U�´³ �¶µ 5 o�� �� �·L¸�¹�º ³ v (L» y å�¼I½ g�� t'¾ õ ²?�´³]æ õì������h� ��åI(6� � ¹�º
¿�À à�Á�ÂÃoÃ�GÄaç�Å�Æ À ��Ç �����b� �/È�É�Ê 0ÌË å�Í�Î�³IÊ 1
�ÐÏ�Ñ g ç�Ò�É ��Ó Ò�É ·!ÔgÕ K o�� õ o�(�Ö�× ØGÙ Ô�Ú�Û � i >N{ m iÝÜDÞ m iÝÜ > m iÝÜßÜ m õ ²?�à³!� ðáãâåäeæ + �Oç Û ô�;
ç »*è I � ØGÙêé u W èìëê¾g(�� õ 7 ô�í é�î�ï ¹êº �Gðeñ Lgò Ö� õ�çpó é
ôÃoÃ(�Ö�× ¹!º�õeö�v K W÷ô ¹êº=õeö í�ø » � é ¿êÀ �Gù�ë ðIú¢ó ¾�û6ü�ô K�=»6éåÈLÉLý î!ð ì�» õ�þ ÿ ����� í Ke��²?�´³ í · g � é
ôVf ��� h + � (p��ÈLÉ � �!���

q >



� ��� ð���� ��� ôÃØ�Ù �	�×ê�ë ð�
 è � (�� i >N{ m õ� 0
� 1 @ Ü 0������ 1 �� @!Þ B k�� > þ�ÿ �� � ÿ � 0 Ü�� � M 1
7e7 v ô � � ��� � é Inô��nô ô þ�ÿ � v�� Ö g y ²U�´³ � �&� � � �
ô�ÒLÉ ����� ü� v�!�#" > þ�ÿ � � ²U�´³ í · g/� é�ô%$ f'&)(�0 @ Ü+* � 1-, ØGÙ � ·6¸ � (���" � y ô ¹!º �. � W �0/�1 �32 h=i�f�& �046587 v9! � � $9:�;�Ê � y=< ô > ÞßÞ�þ�ÿ � � ²?�´³�é	>@?BA í(6��"
)3C�D +G-�.9EmäLæ í�u ��ØGÙ Ô Ú!Û � , ôGF ��H � ,�IKJ í�L Ö 1 � � é8²U�à³ í	MKNO6PRQ íTS »6UKV	WYX�D ��Z vK! �#"0[ í ô�)9C�D +�-/. � Ø�Ù �\H � é#]=^ ��_�`°� é�abTc9d ! �fe � í Em¼�½hg y »0"i Ü��kjml é
ôon�p ÿrqtsvuxwzy\{�|@}�~��@� /#1 y��Y���f���=���=���3� y �)����� {��9�����=�Q#� / d ! � ��j��m� "�� ��� Q#� / ���T  � ��¡�¢G��£K¤G�#¥�¦�§©¨Rª g¬« _6` {��3��� ¡�¢­=® § ¯ ° ¯²± ut³�´ ��µ�¶Y·¹¸zº¼» � ½¿¾ �ÁÀÂ��Ã° ¯²± ut³�´ ½ µÅÄ Ã ½Æ¾ �ÈÇ¼ÉÊÃ�@g y�Ë�� Ä � ef� d ! � "Ìe6e d « · « ¸  #«GF 1 � 1fÍ�Î c�Ï �ÑÐ ¢ d ! 7 «%Ò ·�¸Óº¼»  � ��Ô@Õ ] � y×ÖKØ ]RÙ d � _6` {#�9���#Ú6Û d�Ü �#Ý��=� QT�ÌÞ#ß j dfÜ � �# #« jáàãâ{ £K¤ �G�Y|3äTå �)Þ d9Ü � �#æ ä e�� d3Ü ��Ý i ¾ �çjál d  �«YèféGê�ë#ì � yÑí�î�ï Z Ùd ��ð U9V�WBX�D � ÉeÊ �6ñ=ò êôóõWô�Kg ~÷ö¹wùøãúûqrurüýqtþûÿçúûÿ y � ����� §�� æ	��
ôg¬«���
�����BÙ d ����� � ��
 {  ������ ��� Ï §��

±õ°
� É s �%à üýurqÑà"!	´ q �6g ~ æ � ��j��m��Ý

!0øÂw sÂøÂw ÿ øãúûÇ ¾ j � |9ä\{$# æ%��
 ½'&)( É+*ÁÉÂÀ�jmÃ dfÜ }�~-, « j�É".-u0/21 ¢ ß � � � d � Ö=Ø43
5fd�Ü76 « À98 ¾ lã�;: 6 {�å�� � . u0/)ï=< �)����� Ö�Ø  �>=?A@ dKÜ ��Ý	B4C « !0øÂw sÂøÂw ÿ øãúûÇ ¾ j{=D æ ~  FE þûÿç´û´HGku {Y| 6 j�ÉI. u0/ #KJ �MLON�P �-Q=R �û��� ß Ö�Ø Þ$S ~ æ � � {�� g¬«ÀT8 ¾ lm� d   Ö=Ø Þ$S ~ æ �)U�V �	NWP �OQ�R ß j�ÉYX u0/[Z dKÜ � e�� ß « Í�Î �M\�] §_^A`a ~ æ � ½cb'¾ �ÁÀ « b'¾ � Ç�Ã Ý LdN�P �-Q=R ï�<B{eD4f=� � � � Ö�Ø4g  ���
 �h�=� {3| 6 ¡ æi 3 §kj f=��Ý Ù y « y �kl Ö�ØG{ �6� }#~m,on�î � Ê {3|0� Í�Î §kj f	~�D 6 «�p=q å N
P �dQ�R ñ6ò ê'ó � §Mr �Ms   gmt	å æ Ý L-N�P �dQ�R � � � ï�<Og  �« �K�-u � ÉeÊ {�|� Í�Î ,MvxwG{�y S �$z�{ ß Ü76 «=|W} ÞMS ��~	�=�����  h>	��� {@å�� � v l y S �#Ý ÍÎ�� � å9� ð4N�P �dQ�R Ê { b ���M���   �����R��ñ=ò ê ó � §M� � �G�A� � {G| 6 ��
�?
@Ì� �������F, Ü � ß «4� a%� «d� S ��� b�� åh� « �Kåe�O�x�4� R óh�$� ñ�ò ê)ó � � ��	� ��� ß%� ¨�� ß L æ Ý��4� R óh�$� Ö=Ø ß B�� Þ$SWSA� �6�Ou���ðANWP �dQ�R � É�Ê {� æ ~ �� B§_¡ l r �#Ý

Ç ¾



b ¾ ������� ���K�=���3� y �)�û� � {��f�Y� ���du nKî Ê � �=��� �ÌÞ	� è�é3ê6ë�ì � y íKîïW< Ù g �	ðdN�P ��Q�R � ÉLÊ �@ñ�ò êhó � {	� a ~÷ö¹wýøÂú�
rurü�
 þûÿçúûÿ y � �W��� §�� æe��

a «W�2�h� �=� Ï � a ~

�

± °
� É s �%à üùu

Ñà"!	´�
 § � }#~ æ �#Ý

Ç¼À



L-N�P �-Q�R �û� � g   � l å æh��
 ����� « �û���R� p�q å���� �0ê ñ ½ N�P ��Q=R ñ6òê'ó � Ã § � ���G{  �	�
ô�
�B����������� � �Y�$s å J « Õ Ù S�� Ù�Ù ������§�� }�~ �
� {
���3�3�x�4� R óh�$� �� "!  $#�% { ¡�& å�Ö=Ø�'�(Ag Ü � �*),+ Þ$S �#Ý�=�6����- ê�. R0/ R � ~	�=���W� «�1 {   �=� «32"4 ��5 ®�6���7�8 � ï=< §�9": ~ æ
J�{  #«�;=< å ì3> ï=<R{eDAf��\Ö=ØY{�? l�«�;@< å0A�B {�|	�TÖ=Ø ß z={ � å�}#~[J©�#Ý
�A� R ó%�M� {3|	�\Ö�Ø  #«,	�
 {3|	� Í�Î § �R�C�@� j f�å æ � « �4g  �i 3 Þ$S�� ï�<{ 7,8EDGF,H � ?A@ � §0I JKJ a æ�L=ë R �Y� åf� �M),+ ÞMS ��Ý

ÇvÇ



� � �

� � � � � � � 	


���
������ ������� 
������ D��! #"%$'& 
�(�)+* !-,.�/���10 V  "!32�4)� � � 
�� �A� R
5 ���  !.687:9<; !-=<> 9�?@9BACACDE; úGF ACHJI øLK ACH !-MGNvúO=×úGF8> A MPK H ÿkúGN 9<A K A 
QKùÿRNvúTS 6O7OU 5V a  O� � U �XW�W�Y[Z �O\^] �^_a` �cb �4� R 5 ��� Bed � DO�� Efg"eh�ixg � _��-j�k 4
�ml �cn  !g2 ��o 6 "�p=�%n N�P �OQ�Rrq <sn 7�8 U-t _	� S " �W
�	!u�v - " 2"4rw,	u�v _ � � D��! -x�{�_ry ` " 7,8 n ��z��{4_¡ lO| � ),+{}^~  e� �.b �-n^�a�Ofr"7�cn
9<;<� =<> 9a6�7 � l �1 Ong��{��  !g2 � l �! c�8� | b

���J� ����� �s��� ���

9�;<� =<> 9/?�9<ACACD�;�� F ACHJI�� K ACH!� MGN � = � F�> A MPK H��R� N 9BA K AC� K � N � ST��d��.fg" 
O�O� 4g ¡e¢8£ ��¤'¥�¦%n �O§ 4O¨#©�ª�« 5 "�¬ o-­¯®�°.±8² ��¤3 �³´�Eµ�¶E· © 5¯¸.¹ ®�° �Od
ngºa�O» | b�¼�½g¾e¿rÀ�Á ?ÃÂEÄ!Å�ÆÈÇ SÊÉ )ÌË �ÎÍÐÏ ?ÒÑ ËPÓRÔÖÕe× SB" 
e����
������ØÏ ngÙeÚ� $�& ² ( ¬ o.Û * � , 4ÝÜmÞ |^ß 4^à!áaÞ | ®´° 2%4^âmã "E¶E· © 5c¸3¹.äæåBç�è }3~ µé · ©-ê�ë n ��§s\ �-ì Þ |cí�î Æcë!ï!ð ß 4 ®s° ¤ o �1� Þ |3ñmò �O» | b#ó�ô 
�����Ï ? �ô *LË ��Ï Sõn1ö 5#¸ ë1÷ �/øEù ~s|.ú�û n´ü-n U W�ýe"´þ¯ÿ Ô ���LÏ n ����� 4 _�¤È"����EÚ��� ý \	�´� Ô ý�
�� }^~a| b �Eö 5c¸ ë#÷ � fr" * 
�
 n ß ®s° 2EU Ô ��Ï���� ���������å ~ ? 6 * Ô Y 
 SÃ"´¶E· © 5¯¸.¹ U �O§{\ n���� ����� ¡ ³�¤! °�" µ é · ©1êæë$# ì Þ |íaî Æ#ë�ï�ð ß&%	' å)( |+* ®%°+,�- � # �/. % Ñ Ë Ó1032 y Þ * Û #5476�8�9 : î ©�;a©<�=  �>/? �A@CBEDGFIHJB �LKÒ�NMPO D �RQ ���LK�� � F�S �TQUOC�WVYX[Z ä�å]\_^ }r~s|!`ba_c�dfe © ¶E· ©hg¸r¹ ®%° 2 » |5*[ig~j% Ú_k�lnmo@WpYq � �PK�rsOÖ�Rt �vuwVEx ø�y *&ig~�2�z � `ba{c�dbe ©}| ² #=  j~$� ¶����$��� 2��5� X+�/� %J� (_� i xJ� \�^��)��� *
¶m· ©7g ¸g¹ 9+������x��n� ��� ¡ ³n��¤ ä$��� ¤ X�� µ ã�� Û # ®´° 2 9+����X}��� ¦

�����hx!X � *��]��  B�F �[2 ¬ �  9�¡ § %!¢ ³ Þ � i x � � ¦ #��/� ¦ %)£n¤�2 ³ � �i x)� �¦¥ �f§�¨ 2 �_¡ § %-í�î Æ!ë�ï�ð ß©% ®�° Þ � ±8² x ¤! {ü/³ � � i x)� �j¥ �

ª¬«



161 �

22 �

21 �

20 �

19 �

160 � 159 � 158 � 157 � 156 � 155 �

(CONTOUR LINES IN FATHOMS)

PACIFIC
OCEAN

OAHU

KAUAI

LANAI
MAUI

HAWAII

1000

1000

1000

2000

3000

3000

DUMAND
   SITE

Ñ Ë Ó Ô � �]�E  BEF � ® °!,�� � ¢�£ H ¼�½r¾�¿���Á �mÂEÄ#Å�ÆÈÇ É�� Ë	� ÍÐÏ ��
�¡ ª	� �
� Ï
@ �E�E  BEF ��� �NK O V

#������ �m» � *���2 � ö g ¸ ë�÷ %�� ¤! � �eù � ®�°}, #����n� £{¤ X i x ü � ¥ X¢ Ú x)X��  � � *�� µ ��
�¡�� ª	� �	� Ï 95� a Ä��� ½ ©+����! é · ©¯ê�ë5X¦Z+##"���X$&%�'�( «$:�÷�)+*eë-, %�. x'Þ z ��/�07x)X � @ ¡�1 � Ï Æ32 d # Ô4�6567 V � �f2 � ® °5,%98 þ;:�< ¥ 2 à�=n�?>A@ X � z+B	2 � � Þ � i x 2�z �[Ù�CED ² % /�0�� x ¤ � ¶m· ©7g¸^¹ %GF�H 8 2 ®s° Þ � * ® ° Þ � ¾ 2�ë¦gE9)4 2 �;I�J���Æ-ë�g ��� 2 »[� � ¶E· ©�g ¸¹ �$¡ §&K # ��� x ��� ¤ çML µ é · ©¯ê�ë}# ì Þ � í�î Æ#ë�ï1ð ß&%Ýß ®s°5, @ ß J � �N�O�2 z �QP è[�+��� VSR�T , 2�z �  ® ° Þ � *!ß ®%°5, ##U ��µ ß #WV�X ¨?Y7x ß ¦ äå é · ©#ê�ë�#[Z�\{�?] ²�^ P è[�)��� * » �[_ = # ��� % ¬ �  �`;acb 2 ®s°+, % 
�� Þ� i x 2�z � � `�a�c}d�e © é · ©¯ê%ë 2Wd ¤ ��Ü F�e�f¦% � ¥ @hgji?k;k ` � � =�l;= %
��m�¤) � � * � � ��� 9 i #.Ü Fon;p < � =�l�=�x+#rqtsrub� � �cv ëWw{� d�x �/� 2z �  �y ã å �  � � *z�{ � ì�| ¤! �} " �o~j��X�� ì�� w ö g���� ��� ��� Ô�� �6����� ���j2+�ox gG��� �#�� ���bX;� ��� *�� #����o��� , 2�d ¤ ~j��X���>���� ��� ��� 2 � � �	�
  ��� 0¡�j2�¢+£
#�¤¦¥ ,t��§ ��¨�©�ª ��� *�«�z�� 0 ¨+¬n#�­o® 2�¯�° ¤ � � � 0h± ¬n#;²o³´�¶µ+· % �
X�� � * ¤[¸æ¤ X��¹ªE�´º gr»�¼�½[¾�¿ -�§ @ ��ÀnV ##ÁtÂ £ ,cÃtÄ´Å�ÆcÇ �r³�È?É�ÊtË¦ÌÍ LÏÎ � �
� ªh��� � ÈoÐ�¤j¥?Ñ Ä�ÒrÓcÔ�Õ Ë �?Ö � Ä �;× � Ì[ØcÙ � �
�	Ú � È�Û�ÜcÐWÝ � Ã

Þ Ú



�  ��������
	
�
�
����������������������� Ä��! 

Þ �



Ä��������	� ��Ö ��� ÛtÜ´Ð�
	� ¤ � Ô Î � �
�	  � È#� � ��Ë � ¤�¥�Ñ�
 § Ð�����³���»��
È	�����������! Ä�"�#%$ Ì'& ¤ � ��(�) � Ö

*,+.- /1012 3546/ 798;: <>= ?A@�BDC
��	
�
�
� � ¤�¥[Ñ�Ð Î � Ä 
 §�E�F+ÔAG�H�I ÞKJMLNLPO �Q(SRUT�VW��X!Y È�Z §�[ � �]\�Î

¤�¥WÑ Ä�^�_�`badcfehg ü T!i5j%k�l � Ö]m5n Ñ�o�p ÔSqUr�k Î]s�t�u�vxw Ð�y>z|{+Ë�Ù ( � Ö}A~ �������]��� Ð Õ ËoÙ�� w���Î�� ý ÄA������� Ì�� ¤ Ù�� �;�>���x�����¡Å;� �%� ����1�%� Ä�`��A���3Ô��cÕ ËW� Ö ÞMJMLMLPO ��(6RUG�H�I ÈA� ( Ù Î�� Ä � RU�W� Ì�  ( Ù  �¡
ÌQ¢ �	��£�¤ Ð�¥W¦ ��( Ö
��	
�
�
� � m5n Ñ�È�§ ¤ Ù ��� � ��¨�� m©n Ä  �ª v6w�«�¬�­	� �GÔ�®�¯jÕ ËW� Ö
� q°r±��²!³ ÌQ´ [ � � �
��µ�¶�·�¸!¹�º;» �1¼ k�l � � �

�Q½ � � 
 ��E�F¾� ¤ Ù G!H�I+Ô�¿5À ½ £ Ö Õ w�Á�m5n Ñ Á § [ � ®�Â�� ¤ Ù%Ã
�QÄ Â Á�Å ) � � �
� H!Æ ­�Ç!ÈWÁ�Å ) � � �
�QÉ	Ê Ô%Ë�Ì�k�l � � �
� Ò�Ó]"�#�k�l � � �
� y±Í s�t "�#�k�l � � �
�±ÎÐÏ � �;�9Ó�Ñ�Ô�"	#!k�l � � �
�±Î�Ò�Ó�Ô �5��Õb� º ����Ö]×�Ô�"�#�k�l � � �
��µ�Ø;Ù k Ï t [ � � �
� � ��� ­ ¦ �ÛÚDÜ�� ��Ý�zßÞ Õ �%à!á�u©Á�â ) � � �
� $�#�ã�ä!"�#�k�l � � �

�DåGÔ�æèç wÐ½ � ÖS�Q½�w�­�éëê Ô m5n Ñ�
;Û Á � ( Ù%ì ¤ (�í±îD�Q� � Ö��­�ï;ð Ü�ñ	[ ÝSò mDn Ñ Ô�ó�ô Ã�
�Û�Ã�õ t Õ ½ £ Öx��­ �
	
�
�
� � mDn�öè­ ~ ² �
Ü ��÷ � � Á & ¤ Ãùø,ú ­�û�ü ®�ýë��� ��þÿ�%¨ � ¹ ­ �  SÜ ��÷ � ÷ Á & [�� ��­ ��	
�
�
� �
m©n�öW­�� ý�� #6� ¤ Ù�� ­ ü ­	� l � �

ÞKJ



� ÷ � ÷ � þÿ��¨ � ¹ ­ �  

Þ��



� X!Y�¡�� � Æ�� Ã H�� ­��	� �1å�

� � ���
��Ñë���	�
� � �����	�
� þ>��¨ � ¹ _�� ­���� ����� ����� �%� ��� �1��� 


�Q½ w Ü à�� [ � £ \ Ã m©n�ö�� � � ¼ »"!$# j Á�% ú v;­ � RQ�'&è� � þ�(�) Á+*-,5w�½
Ù�� � Ã ��÷ � Þ Á & ¤ £ � RQ�	.0/6Ü�1x� Ù m5n�ö ~ ²DÜ û!ü ¤ Ù ( � �$2!²5j Á�� Ã � � �3 � ­ ô;[ �54 !�6 � ��7986Ü m5n [ � 8 m5n�ö Ã Æ���Æ��±�Då°G!H!I ­ _�:1Ü�¡��;[ � XY�¡�� ö Ã;þ>��¨ � ¹ Ü0;]× ¤ Ã à�á�u � m5n�ö©­+<>=�? ��� ��þÿ��¨ � ¹ í�@��±� Ã ������-A�B ��CD­EDGFIHIJ aLKNM HPO MRQ Ã;� �;�>� �6����S1å�Ü9�T��[VUXWZYIM\[^]
_ßcG`Iab] Ã m©n�öW­ � �ced ���"f Ã;�hg�Õ�� ��� ­�i>j Ö]×�k	k à�á�u � l�m$n>o UXWZYIMp[q]�WsrdcGrqKbM H �5t�uTv U �s�t�u±v6w y>z|{ ½ Ã Ë�Ì Áxwè­!n y S o5z�{�|~}
o���� : ­ A Á � v]½Tn>o U]£�� Ã }~ S�Ax��� � ced �%��k � S z Ã-� ½��%½ � Ã lTU�� �©­������ Ü�1 ú-g ��������½	n>o U�T} �5� i;k�lTU��

STRING

CONTROLLER

CABLES

OPTICAL

MODULE

JUNCTION

BOX

ACOUSTIC SYSTEM
STRING SYSTEM

UNDERSEA SYSTEM

SHORE

CABLE
POWER

SUPPLY

CLOCK
SYNCH

RECEIVER &

TRIGGER
LEVEL

1ST & 2ND

COMPUTER

CONTROL

SHORE STATION

fiber elect

fiber elect.

fiber

electrical single conductor

12-fiber

fiber elect. elect.

ELECTRODE ELECTRODE

sea return path

ACOUSTICS

SIGNAL TRANSPORT

STRING

ACOUSTICS

VIDEO &

CTD

BOX

JUNCTION

ELECTRONICS

MODULE

JBEM

� ÷����I�������5��� � m©n�ö Ü û�üTv U+&©� � þ�(�)

¡£¢¥¤£¢§¦ ¨>©Vªh«�¬�­
®h¯0°V±³²'´-µ
¶¸· öè­+¹³n	­Xº'» ¸ � Ø±Ù }0¼T½V¾¿} �VÀ'ÁÃÂ	Ä ½TÅ�ÆÃ» 
 � Ã ¶¸· ö¸Ç"ÈVÉ ÷pÊÌËsÍÏÎ
üÑÐVÒ	Ó }9Ô�ÕxÉ+Ö�×�Ø
Ù	Ú ý ÉXÛ YIMp[q] JÝÜ `Iab]ßÞ5à�á v�â

ã Ê



� ���������
	���
�������������� ¬�­0®�� � �
WZYIMp[q] Wsr Ü rqKbM H Î"!$#"% á'&)($*)+ Ø�,�o.- g'� �0/\Ê21 � É *)( Ø #43 Ù�5 c º'»76'8
9;: ½TØ�<>=�v U â Û YIM\[^] JÝÜ `Iab] É þ@?BA)CED �GFH��I ËsÍ ÈKJ U â DpFIHIJ rqKbM H�O MRQ È �ML
N É$O	½ c ÎQPR3TSU% Ù45 c5º'»"6WV)X)Y ! 8$<>=�� % U â$Z�5 c5ºÃ»[6�V)XBY ! É
*�+B\ É^] Y`_ba rdcß]feG_Ia Ü rhgp[ Èji ( � % álk 5 c5º'»"6jmTÉQZ \Kn>o ö�8[p�=�� %rq â
s	¶-· ö � N J áut Él<)= *�v D � Êxw Î@yBz�{'%K|)}4q â ¶�· ö #;S É º+¾Ã½¿»�~
� »u� Î D Ù�� _bab��� �HgGa)��gM�>� ]�� g0� � ] � Ü �h��g0a Î J q *K+�� Î �f�H�f��� � g��b�'�W��� %�qW�
�>� ��� ¾�» � È�ÈR� á'*K� Ø', } Ù)�>��ØW �, ¤ | 6B¡�»�¢U¡[£-»$Ø�¤K¥4¦ q.§ Û � Ü
�¨���h_b�¨aª© §¬«®­�¯ ãM°)± © â

L ¯��³²Q´`µ¶´>
·�¸�����º¹�»�¼½�¾��� � � �
¿�À�ÁjÂ�ÃÄ¿ ¶�· ö Î - }"| D Ù ­pÊÌËsÍÆÅ m � }�ÇÉÈr} Ö$×�Ø�Ê$Ë�Ø@Ì qQÍÏÎÑÐBÒ�{�Ó
q½Ô � Ì Î�ÕKÖu{lÓEq á>× Î Ù>ØKÙ�Ú Î[ÛRÜ á |"Ý Ì Û�%�qQÞ)ß i)à § *�á¾â)ã7äEå
6 Þ$ß�#uS s�æ4ç�è�é Þ"ß 8 © Þjê>ë�ì J q â
s�íRî ö¾ï \½ì D Ù s *>ð)ñKò>ó #;S'ô *�á ÞBß Þ s ôlõ)ö�÷@ø �'ù ô7úR{[ô Ê>ËXØ
û�ü L ü ô�ý ¤�þ 9 é 5 Î i�à {Q% Ù ÿ �·¿ Î��"Üj| 5 �����B6'V�X)Y ! 8 Ö S�%Eq
§	��
 m Þ t�� ÷Qø Ù�
 � s ¦ © â�5 �����[6�VBXBY !�ô ¿ ��e0� �h���f�f� Î - }$| Ù ù ô��

 m Þ�t"� ��
�� Þ^t ÷�� Ø æ�çKèQé Ò ¦ q â æ4ç4èlé ÒEô���� D Ù�� å�� � ô����
Î� p {�% Ùuï"! {Q% á$# Ê\Ê Á&% � ô � å�� � 9 é 5 ô��'
 m ÞÏt Ù �(
)� Þ t ô�*
+ ØQ, }�qrÔ � Î�� t Ù � ¯ L\ã a Û ô��,� Ø�-�. ¤ |4}�q â Ôl% D Ù s�íTî ö ô>÷/�@P
021 § �4365 ô s Î�7 ¤98;: a Û © �=< ¤ |?>KP�@�A;{Q%Eq�B ì J q â æ�ç�èQé Ò®{Q% á
æ�C�è D # ÊED ���GF g0�¨� Û Î&H �&I C ¢ § % g ��c g�� ¿ Ü � Ü © {'% Ù>þ È � ãpã Ê a Í ô � C�J�C
ÎK� t : L\ã Á D Ü _b�Bì sEærç�è�é Þ)ß � ¤ | ]�� gG� � ] � Ü �h��g0a�L"ì Ö S�%Rq â ¿ �HeG��� �M�f�f�
D LON ôQP v Ø û 
 Ù)Z P v ÎR7 ¤ � Ê\Ê Ë % � ô � Ü � � Ø=SKT q2��Ç y>z¾{�%K|)}Kq â s
íTî ö ô�UWV â Ì z Ø,X D Y[Z]\ Î��$q�^ � ��6�¡2_��®¢ Þ&`�ì Ù # Êba N Ê Ë % �dc �
ì J q$ô ì Ù o)e,f�g4ì D)hRi Økjml'Ì } â L$á ÙonEp[nEq D _sr �f�¨�Habe Û � � � Í � Î�� tut
s/v j/w ÎK�"q���Ç Ì�x ÷/��ôRy t¾â Ì z ØRm�z § Ø � Ê\Ê £){'�;�?|~} Û © Î ü=� T S
%½q���Ç0Î Ì ÜQ|)}Kq â
]�� gG� � ] � Ü �h��g0a�ì D Ùr5 ���&�$6 # S����KÖ S
%Eq ærç4èlé Ò®{Q% á Þ>ß Ø ÷������
¤ áQk Ù 1 Á��~� � À ] ì���� % á$# Ù�Ú ô ���9� C�� å������ C Î7#43 Ù��"�W�?�����
Ø Ý Ì Ç¾§]��� éRè�C © â�5 �����[6 � ý J á�t � a �0F ã Á�% � Ùo��� ������� ìo��� Á�% �
ô��,� ì Öm����|^Î�� æ�C�è��Q� Ô�ô"÷�  ìo� a ���O� % �R¡&¢ �[}R£u{����R¤ ù ôQ¥ �
�§¦u%b�©¨ÉÃª�©¦'«=¬ l |�­ �7¡7£K� ��� �k® � ����¯�£�{'�¾� æ � � � � £ �4æ � ���
° ôR±�² Ì´³kµ Ý Ì Û��¶�Q¤ p Ãª¦G�·¨ÑÃb�©¦'«  ,¸$¹dºW»2¼ ��ô ã � � � üd½ 1 � Ì Ü

¾ �



|)}/� §¬«®­�¯ : °)± © ¤
­�¯����������
	���
��0´`µ�
�����´����������ªµ���������
������! #" ¹¾»�¼%$'&�(*),+.-./0�21
¬ Þ �R�
3 ý â)¡54 æ4ç�èQé ÞBß ¡ �$ÜQ|"Õ�Ö¾{R���Q¤ ]��76 �¨� ] �98 �h� 6;: � ¿�À�ÁjÂ�ÃÉ¿
í�î ö § � �����&�=<
>
?A@ © � ôW� �Q��B ý ô �¶��� éDC,C ¢ �AE £ ^ C «k¬ ¹ | æ
çKèlé 4 ÞBß ¡ �$ÜQ| ¬ Þ µ Ý Ì Û��K�Q¤uÔ@ô 4 �FE £ ^ C��$æ�C4è �HG,I {"�K|�}
�Q¤ -,J,K�¼ � �ML&�&�W�5<D>�?%@ ° �ON � ¾ ¾ � :7PRQ � ù ôTSDU�V ì �ON ��WO� � :7PXQZY
[ C�J�C ô þ È «]\ T
^�_ �R¤ �0L����?��¼ �'ô ID`badc�e C ����� Þ$ß � �OL����
�=<�>f?g@½ï ìb4 íEî ö ô æ/C�è « �fhji �lk ° Ynmporq i �¶�R¤
s ¹ � �0Lbtvu)�
<
>
?F@�Y 4�w q*x#Y*y.z �Q�0{Z|~}����j� 6�����������:7� ¡ \��´« ¼D�.� C.�
�'�l� « ¸D_
^ W �O����8��7�f�A� `babcfe������Tu�µv�F '¡ �¶� N£¢ W¥¤§¦©¨fª Q ¤

«­¬®« ¯±°D²´³¶µ ·'¯±°D²#¸X¹%ºR»

{Z¼H½v¾H¿À{ w q*x�µ'ÁD@ i ���=ÂfÃ « {H¼H½v¾H¿Ä{ÆÅ ��Ç£�*YrÈ
É ¤ {H¼H½v¾H¿Ä{ÊÅ ��Ç£� ¡dË � �
Ì
Í�ÎfÏ �
ÐFÑ�ÒQ��Ó y*ÔgÕTÖ,¯.×
ØAy5ÙjÚ i  �³ � `bad� ­ u w q ¡'Ë _.^bÛfÜ �,Ý �Q¤
Ó y*ÔÞÕTÖ � 4�w q*x ¡àßpáâ4 y'ã'Ö ¡.äàå�æ*ç#èêé ×�ØAy5ÙÊÚ i  �ë]ì'íOLbtbu'îdy]ï�ð
ñ]òfóõôFö5÷gø � é Ó
ù ì Ó%ú � y]ûÞyàü.ýfþ�Ö é ô  '¡Fÿ é
w q5x���� ÎfÏ æ5ç ôFö5÷��
��� Ì
Í ñ æ ôFö � �
	������Zì ÌfÍ�ÎfÏ x ñ�
�� ^ Î
Ï i � ö5÷
w qTx������ ñ Á�� i � ö Â�Ã N {H¼H½v¾H¿Ä{ Å ��Ç£�©Q ñ Ë � ö Ô�ÕvÖ%ì é���� L���� � ��J

���! �"$#�% y'&)(+*!,õY ñ.-�/+0 �2123 ö5÷54 y76�8 ç�9;: 6�8�<>=@?BAC� é }EDGFIHKJ y 4
ñML è 1.N�O : <�3�A �fË 
.P F ¤ FRQSDTJ =@? : }SFUJ A ��Ý ö : ¢�V ¤ � ¨fª A ÷
× ÓÞú ñ ìMW)Xgy7Y�Z.[fî5\2]fu_^`�'a�b èêé � �2��c�m  �@d Ç d � � �7�Ke Ç£�f	 H : Ç£�2�fgSg ��� �f	Sg � e A é

� �2�ih�j ñ æ ¡ öà÷�k ×)l ñ Ë 351 4 w q*x��~q.m ôFö �l��npo   ö ,Ty ñ ìrq%y }s# �
Ý öà÷
t ¤`u�v�w'x�y ��z.{l�'|�uàyM} ôõö'~��$� u �5� 4
Q ¤ 4)�)������� y�� � Ø
V ¤ × ÓÞú y�z w \ x y7� #�� t7] � y5����������� y��M�5� % �]y 4
} ¤ } 4��5��� yM} ôFöi4

tG��� ìM��1�Y�Z�[�î�\2],u�^ o  Æo é z.{d��|Êu�� �ÞyM¡�¢�£�¤fÖ¥*§¦�¨ 0�©AöMª¬« o  
­¯® ö5÷)° Ö o è 1Fì V � Ë 
�P }RFI±³²µ´¶o N·, uMáâé q¸3 � Q � t FU±³²¹´�º Ö o§»DÑ �¼�
1 3 öà÷ �)½ é } ñ # 3�1DìM¾�¿¸ÀrÁ�Â ñ�
5� 1�} 4 ��Ã 0 � ö  �ëÅÄ�Æ Q¯# y7Ç�}¸ÀÉÈ Ê
o W�Ë2�.ÌA  ö ��Í é
w$Î x¬*i�!� ñ Á!� è ��Ï � y Î
Ï ��ÐlÜ o 0 � ö5÷

DSQ



Power Link

Sea Return

Electrode

Junction Box Shunt ReguratorMain Power Supply OM

String Controller

Shore Cable (Electric cable)

20 kVA
  1 kVDC

300 VDC
600  700 w

121

3

48 VDC
10 w

16 A

500 VDC

Electrode

24 + 2

DUMAND

¢
V¤ D
��
��
� �

tbu�
[dy�

�
�
Z.
[ ¢

DGV



DATA  Link
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String ControllerShore Station
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650 Mbaud

multi-mode
filber

HOTROD laser driver (1550 nm)
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(single-mode fiber)
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Control / Communication Link

UART

CPU
68300

400 MHz
clock

Digitizer OMHot-Rod
Transmitter
LASER

Receiver

Wave Length
Division
Multiplexer

Wave Length
Division
Multiplexer

Junction Box

String ControllerShore Station

Transmitter
LASER

Serial
Interface

Work
Station

1550 nm 1300 nm

12

650 Mbaud

9600 baud

27 for each modules

300 baud

48 VDC

Standard telephone communication UART
(Universal Asynchronous Receiver Transmitter) scheme

HOTROD laser driver (1550 nm)

Shore Cable
(single-mode fiber)
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Quantum Efficiency
                 of PMT R2018
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DUMAND DEPLOYMENT SEQUENCE
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12/14 12/15HST

20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2

JBox
   Touch Down

Anchor
   Touch Down

Begin
Data Acquisition

End
Data Acquisition

Files: 
  r1 to r571

GMT: Greenwich Mean Time
HST: Hawaii Standard Time
     (HST = GMT - 10hours)

Mechanical Release
attempted

1:3518:0015:3510:348:34

Data:
 10 files Data set

12/1612/15 GMT

Turned ON OMs, not ON HV

HV on PMTs in OMs

Exposure to the direct Sun

depth 4800m

anchor

GMT

Continues to below

Test

Main

another
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PC
MMBuffer
5Mbytes
Ring Buffer

Splitter

Ship Side - Thomas G. Thompson -
(Temporary data harvesting system)

SM optical fiber
for data and control
signal transmission

Shore Cable (~30m) Data

control

8mm TapeUndersea side
(Fully Integrated DUMAND array)
                       String1

String #1

OM String
Controller

Umbilical
cable

Junction Box

DC power line
for control signal transmission

MM optical fiber
for data transmission
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OM# 2 count rate (kHz)

Count Rate in Deep Ocean for OM #2
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OM no.( 2) pulse width dist. :

Time Interval between Pulses (Zoomed)
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Time Interval between Pulses (Zoomed)
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Number of photoelectrons in Deep Ocean for All of OMs

Npe for each OMs
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variance of charge to normal value
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Count rate for base

count rate of 1st dataset (kHz)
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Neutrino spectrum based on EGRET obs. of 3C279
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Neutrino spectrum based on EGRET obs. of Mrk421
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equatorial coordinates system

horizontal coordinates system

δ
α: right ascension (0h ~ 24h)

: declination (-90 ~ 90 )

A: azimuth (0 ~ 180 )
h: altitude (-90 ~ 90 )
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LASER

O/E

gate

ND-filter Box

Mirror

Light

OM without
       circuit

Light Tight Box

amp x5

amp x2 discri.

TDC

START

STOP
T1

T2

T3

T4

ring circuit

SCALER

O/E input

O/E output

TOT Q

T1

T2

T3

T4
(timing chart)

ADC

charge
light intensity: 1 ~ 600 pe (stepwise)
illumination:    whole surface (edge/center~80%)
ratate:          zenith angle = 0 ~ 90 (for 4 azimuth)
charge:          0 ~ 500pC (0 ~ 25pe)
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(a)  A scheme of signal from PMT
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(b) Distribution of thermal electrons

T

e

photo electron

thermal electron

dynode

e

Ne(T,L):  Distribution of thermal electrons
      T     :  Temperature of photo cathode
      L     :  length between thermal electron and dynode

Ne(T, L)

W.Richardson’s formula(?)
                      for dark current

i = AT      EXP
5/4 (-e     / kT)φ

L

R

thermal electron cloud(?)
     thermally baranced
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Exposure Test SEQUENCE  -1995.July-

JST: Japan Standard Time

Exposure to the direct Sun 1 MHz Firring1 kHz Firring (LASER)

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 29 3 4 5

7/12

5 6 7 8 9 14 15 16 17 18 19 20 21 22 23 2410 11 12 13 1

7/13
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