
���������
	�� 
 ��������� �������

������� ��!#"%$�& ')(+*%$�,-��& '.*/�0�1�-�2!#&3�546$��7�389(:!#�<;0')�3=>����')�3*

?A@CBD@FEHG>?IEC?KJHJL?
MON�PLNIQFRTSVU�WYX�Z []\�^�ZLP>Z`_aZcbdUeW�fLghZji�k.ld_aZjmnU6oYUVpqUr[sZck�g�t�U�WLQFRTSVU�WYMamnU�uwv�\

xzynS5U�Zju|{~}Ag�Zjgs^Tv�U�\�X6U�m�m�U��zlrR�S5U���\|Zjg��dgs\|Zjm

� ?F�0��?F@FE��CB
�:U�laZ`_���ya���hU�gs^Tl�UVQFk._�krUTl�bd�3Magh_am�Zjm���m�k.WY}Auju�U)�hU��dU�^�W�M.gs^�ZcU�\

xzynS5U�Zju|{FlrUn���~S:laZc\jk�lagsk�mn\|Zjg

�~�#� @F?A�������FJL?
X:kn[�UTlam�S5k�ghmHRD�F����ve_dZcb._:U�g�^6}�_am�l�Rd[���ve_dZcb._dW�fYg�Zjiek�ld_aZjm�v RO�FX6k.u ��Z`WLX6k.u ��Z`WLMag�^�ZcU

x~ynSVUTZju�{|SC[hR�R�gsUTS0�~S6laZc\jk.lag�k.mn\|Zjg

�q�h� ��? � ?F@F #? �A¡
X:kn[�UTlam�S5k�ghmzRO�F����ve_aZcb._dW�M�\�M)\D¢L\Y£AR�S5�rUTveWLMag�^�ZcU�\

xzynS5U�Zju|{���SVU��zZjZjmn��\jU�b�\|Zjg

¤¦¥¦§�¨e©Oª¬«�¨�­r«#­r«�®H©a§�¯�¨e¥D°�±�²�³e¥D´�«�°�±�³e©a§�²O­d³%¯e°�©�µ)±�¶e¥:­3§�¥D³e§�± «�± µ.¥¦­d³e¶%°�©a·e´�§�«�¯�°�©a·T¥:©d¸~¹�ºs»¼µ)±�©a½w­r«�±�©a³
¾ ¹�ºs»q¿�À�Á�¤¦¥C¯�¥D°c¸|©a°�®Â°�¥O­d½�±�§c«�±�²~¥nµ.¥D³.«�Ãj°�­r«�¥F²O­d½�²D´e½w­r«�±�©a³�§H­d³e¶6§c«�´�¶�Ä6«�¨e¥Hµa­d°�±w­r«�±�©a³e§>©d¸]«�¨�¥F°�­r«�±�©#©d¸]«�©d«�­d½
®�´e©a³6«�©6­d³.«�±�®�´e©a³5§�´�°�µ)± µa­d½q°�­r«�¥D§~ª�± «�¨3ÅsÆdÇÈ­d³�¶0Å ¾ ÅÊÉ7·�­d§�¥D½�±�³e¥A½�¥D³eËd«�¨
Ì]ÇÈÉ7³e¥D´�«�°�±�³e©¦¥D³e¥D°�ËdÄeÀ�±�³
­6¶�¥D«�¥D²n«�©a°#²O­d¯�­d·e½�¥�©d¸�±�¶e¥D³�«�± ¸ÍÄ�±�³eË:«�¨e¥¦®z´�©a³0²�¨e­d°�Ëa¥aÁÊ¤¦¥¦¶�¥O®H©a³�§�«�°�­r«�¥�«�¨�­r«�®H¥�­d§�´e°�¥D®H¥D³.«�§C©d¸>«�¨e¥D§�¥
°�­r«�±�©a§�ª�¨e¥D³�²D©a´e¯�½�¥O¶Cª�± «�¨C«�¨e¥K§�±�Ëa³e± Îe²�­d³.«�Å3­d³e¶AÇÏ°�­d³�Ëa¥Lª�¨e±�²�¨F²�¨�­d°�­d²n«�¥D°�±�ÐD¥D§�«�¨e¥�­r«�®H©a§�¯e¨e¥D°�±�²L³e¥D´�«�°�±�³e©
§�¯�¥D²n«�°�´e®1¯e°�©Oµ�±�¶e¥D§�­�®H¥n«�¨e©�¶A©d¸�·T©d«�¨�¶e¥n«�¥D²n«�±�³eË~«�¨�¥K¯e°�¥D§�¥D³e²D¥K©d¸�§�´e²�¨Aµ)±�©a½w­r«�±�©a³e§�­d³e¶�¯e´)«�«�±�³eË~·T©a´e³e¶�§Y©a³
«�¨e¥D®1ª�¨e±�²�¨A²D©a®H¯�­d°�¥Lµ.¥D°cÄF¸|­Oµ.©a´�°�­d·e½ ÄCª�± «�¨F«�¨�©a§�¥�¯T©a§�§�±�·�½�¥L¸|°�©a®2­>¸|´�«�´e°�¥�³e¥D´�«�°�±�³e©~¸|­d²n«�©a°cÄ�Á

Ñ '�Ò�Ó�Ô�Õ]ÖL×YØ�Ó)ÙcÕsÒ

J~Ú�ÛÝÜ � J9Þ�ß�à�áTârÞ|á�ßhã.Û äTåCæ
çháTß
è�çhé�ê�Û�ë`ìíè�Ú�Û)äTî
â�Þ|Û)ïCÞ|ïAá5ã.ä�ß�ïOÛ�æ�çhÛ�ßhã�Û#äTåKðhá�ï�Þ`ã#ñ�ârÞ�ßhã�Þ�ñhë�Û�ïCïOç�ãdÚ
á�ïzò]ä�â�Û)ß�èróCÞ|ß
à�á�â�Þ`áTßhã�Û�ô�è�Ú�Û�ï�ñ�Þ�ß�î�ïOèráTè�Þ`ïDèrÞ|ã)ï�èrÚ�Û.î
ä�ârÛ�éÝô:á�ßhìõèrÚ�Û2ë�ä�ã�á�ë6á�ßhìöÚhÛ�âré6Þ�è�Þ`áTßIßhá�èrç�â�Û
äTå�è�ÚhÛÏò�á�÷�âdáTß�÷�Þ|á�ß7ø � J�Û�ïDèdï3ä�å¦Ü � J<Þ�ß�à�áTârÞÍî
áTßhã�Û5è�Ú�çhï:á�ïrïOçhé6Û5÷�â�Û�á�è¦Þ|éVñ�ä�âOèdáTßhã�Û5ð�Û�ã�á�çhïOÛ
áTß�ùÈà�Þ|ä�ë`á�èrÞ�ä�ßÂä�å0Ü � J�ú�ä�ç�ë|ìõï�Þ|÷�ßhá�ë�ârá�ì�Þ`ã�áTë
ß�Û�úIñ�Ú�ù�ï�Þ`ã�ï � BnßÏñ�áTâ�è�Þ`ã.ç�ë`áTâ�ô]��â�Û)Û�ß�ð�Û)â�÷Ýû:Úhá�ï
ïOÚhä�úHßüè�Ú�á�èýÜ � Jþà�Þ�ä�ë|áTè�Þ|ä�ßÈßhÛ)ã.Û�ï�ïrïráTârÞ�ë|ù¼Þ�é6î
ñ�ë|Þ�Û�ï~à
Þ|ä�ë`á�èrÞ�ä�ß0ä�å�ò�ä�ârÛ�ß
è�ó�Þ|ß
à�á�â�Þ`áTßhã�Û �

� ß�Û6äTå>èrÚ�ÛVÛ.ÿ�ã.Þ�è�Þ|ß�÷ÝârÛ)ï�ç�ëÍèdïAè�äÝÛ�éVÛ�âr÷�Û6Þ|ß
ñháTâ�è�Þ`ã.ë|ÛKñ�Ú�ù�ïOÞ`ã�ï�ì�ç�ârÞ�ß�÷Cè�Ú�Û�ñ�á�ïOè�ì�Û)ã)á�ì�Û�Þ`ïqèrÚhá�è
è�Ú�Û%ßhÛ�ç�èrâ�Þ|ß�äÊïOÛ�ãaèrä�â5Þ`ïVè�Ú�Û%éVä
ïDè5ë|Þ���Û�ë|ù ñ�ë`á�ã.Û
å ä�âKèrÚ�ÛFì�Û�è�Û�ãaè�Þ|ä�ßVä�å�ñhÚ
ù�ï�Þ|ã)ïKðsÛ�ù�ä�ßhì:è�Ú�Û � ��� �
J~Ú�Û�ârä�ë|ÛKäTå�ß�Û)ç�è�ârÞ�ßhä�ï]á�ïqñ�ârä�ðsÛ)ï]ä�å�Ü � JÏÞ�ß�à�áTârÞÍî
áTßhã�Û�ú~á�ïKì�Þ|ïrã.çhïrï�Û)ì�Þ|ß5áF÷�Û�ß�Û)ârá�ë
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ñsÛFÞ`ïzá-h�2 ��J¼Bnâ�ä�ß
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ñ�ârä�ð�ë|Û�é Þ`ï¼ârÛ)ï�ä�ë|à�Û)ì ð
ù ��� 6 � 8 ä�ïrã.Þ|ë�ë`á�î
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è�Þ|ä�ß�èrÚ�â�Û�ïOÚhä�ë`ìAä�åpGz��Û1� �'� ä�â]ß�Û�ç�è�ârÞ�ß�äHÛ)ß�Û�âr÷�Þ|Û)ï
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ç�é5á�ïráTß ��á�â"! _a�h�.S6Zjm�mnkd^VmnR�# Õ�Ô�$cÖü�]Ø�Ù&%�Ò�Ó)Ù&'LØ R�g)(Hb�mnR��dk.l¦�+*eW-,/.�.10 �



���������
	�� 
 ��������� �������

2 3 4

1

2

3

4 δb = 0
δb = 1 X 10

-21

2 3 4

1

2

3

4δb = 0
δb = 7 X 10

-22

2 3 4

Log10(L [km])

1

2

3

N
( 

ν µ→
 ν

µ )
/N

(
ν µ→

ν
µ )

δb = 0
δb = 3 X 10

-22

2 3 4
1

2

3
δb = 0
δb = 1 X 10

-22

��±�Ëa´e°�¥��aÁ]»]¨e¥/°�­r«�±�©Ê©d¸¦«�©d«�­d½�®z´e©a³ «�© ­d³.«�± Ãj®�´e©a³
¥nµ.¥D³�«�§~¯e½�©d«c«�¥O¶ ­dË.­d±�³e§c«HÅ������
	 ¾ Å�À�¸�©a°>¶e± ��¥O°�¥D³�«�µa­d½�´e¥D§
©d¸
��� ¾ ±�³��L¥D¿KÀnÁ.»]¨e¥�©a§�²D±�½�½w­r«�±�©a³H¯�­d°�­d®H¥n«�¥D°�§h´e§�¥D¶H±�³H­d½�½
«�¨e¥q¯e½�©d«�§h­d°�¥���������������� ��!#"L¥n¿��]­d³e¶z§�±�³ � �%$ � " �&�aÁ

1 2 3

2

3

δb = 0
δb = 1 X 10

-21

1 2 3

2

3

δb = 0
δb = 1 X 10

-22

1 2 3

Log10(L/E [km/GeV])

2

3

N
( 

ν µ→
 ν

µ )
/N

(
ν µ→

ν
µ )

δb = 0
δb = 3 X 10

-23

1 2 3

2

3

δb = 0
δb = 1 X 10

-23

��±�Ëa´e°�¥&��Á]»]¨e¥/°�­r«�±�©Ê©d¸¦«�©d«�­d½�®z´e©a³ «�© ­d³.«�± Ãj®�´e©a³
¥nµ.¥D³�«�§>¯e½�©d«�«�¥D¶V­dË.­d±�³e§c«>Å'��� �
	 ¾ ÅsÆdÇ�ÀY¸�©a°K¶e± ��¥D°�¥D³.«Kµa­d½ Ã
´e¥D§�©d¸(��� ¾ ±�³)�L¥n¿KÀnÁ
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ïOñ�ÚhÛ�ârÞ|ã�Û)à�Û�ß
èdï]úHÞ|ë�ë
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ârá�éVÛ.è�Û)ârï � � ÛÊß�ä�è�Ûýè�Ú�á�è�Þ|ß¬èrÚ�ÛÊà�Þ|ã�Þ�ßhÞÍèDùüä�å
è�Ú�Û:ì�Þ�ñ�è�Ú�Û6áTß
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