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Super-Kamiokande
Run 1003 Sub 1 Ev 1656
96-04-01:03:01:07  0001 4a5f c6c6

Inner: 7119 hits, 62259 pE

Outer: 112 hits, 155 pE (in-time)

Trigger ID: 0x03

D wall: 1690.0 cm

Upward-Going Muon Mode
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Super-Kamiokande
Run 1769 Sub 5 Ev 34078
96-06-03:21:53:10  0023 fc1f 07fe

Inner: 0 hits, 0 pE

Outer: 0 hits, 0 pE (in-time)

Trigger ID: 0x0b

D wall: 1690.0 cm

Upward-Going Muon Mode
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Eye Scan

UpstopsUpthrumus

Final  Umred Output

Precision Fitter

UMRED UMLIVE

Intermediate 
stage reduction

 Stop/Thru Separation

~ 3 evts/day

~ 1.4 evts/day

~ 0.4 evt/day

 evts/day
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~ 1500 evts/day
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6
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Zenith vs Azimuth for thrugoing muons (641.4 days)
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Zenith vs Azimuth for stopping muons (641.4 days)
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Azimuth distribution of all thrugoing muons
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Azimuth distribution of all stopping muons
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Near-Horizon Distribution of Upward stopping Muons
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Near-Horizon Distribution of Observed Thru-going Muons
  18.92    /    15

P1   14.74   1.517

P2   2.323  0.3442

P3   78.46   5.099

cosΘ

N
um

be
r 

of
 E

ve
nt

s Region (1) Φ < 60, Φ > 240

Region (2) 60 < Φ < 240

10
-1

1

10

10 2

10 3

10 4

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08

�P35]9B@L=& ( E0/ � 6V&H(.L �G$'8.L=3 =C89*b;j(.-`6'3014;=L=35d@B@;?3089*h8.I';?$@L=B']98.35*']pMYB'89*'1�IQ89L � U � D :���� � � � � : U � U �
35*^;?$@&Y;?$'30*RL=82Wj�^(.*'6^;=$'35Wj�\L=82Wj��L4&A]93089*w(+I ;?&CL�(XWABf;h89*w&CF9&C*b;?1�_k$'35Wj$w&C*'&C;=Lh;=$'&Y;?8.JR89L
&��f30;k;?$@&<de8.;4;?89MgE�#%$'&h-530*'& L4&AJ'L4&A1=&C*b;?1�(cde&A14;i��2'; � B'1=30*'] *�,`* ( E � � ;?8�;?$'301%6'351i;?L435d'B@;=3589* E
�	��� �� ����� �  � � ��� � � �

#�8�WH(+-5WAB@-~(+;=&m;?$@&c89d'1=&CL4F.&A6 #,B �R8+IoB@J`_)(.L46�MYB@89*'1r_o&c*'&A&C6v;=8lWH(.-0WAB'-5(+;?&<;?$'&�(+L=&H(XJe&AL �
JK&C*'6'35WCB'-~(+L:;=8m;=$'&p6@35L=&CWC;=3589*[8.It30*'WA306'&A*@WA&kIQ89L�(.-5-';=L?(.Wj�`1o_k3 ;?$�;?L=(.Wj�9�G-5&C*'].;=$u35*@1=356@& X B'JK&CL 6�<(+MN3089�O(.*'6'&Rn	��]9L=&A(+;?&CL�;=$,(.* /M (O;\6@3 K&AL=&C*b; =C&A*'3 ;?$�(.*']9-0&A1AE #%$'&v6'&C;?(.35-01l8.I�;=$'&
WH(.-0WAB'-5(+;?3089* (.L4&l89B@;?-035*'&C6�35* �k&CI E�� D �.U _ ( / � E�#%$'&�&�K&AWC;=30F.&\(+L=&H(^IQ89LY(.*B'Jb_|(.L46aM�B'89*
_k30;?$�J,(O;?$f��-5&A*@].;?$ ;)/	��351%1=$@8 _k*\35*�P30]'E ( E � E
�	��� ��
 
 �  � �  � ��� ��� ��� � � � �

(}& &C14;=35MN(+;?&C6u;?$'&r6'&C;=&AWC;=3589*u&/.[WA30&A*'Ws/XB'1435*']Y;=$'& ( U ��/9&A(.L%(+;=MN8.1=J'$'&CL=30Wr*'&CB@;?L435*'80�g89*b;?&
L|(.L=-08 � _k$'35Wj$�351h6'&A14WAL435de&A6}30* X &AWC;AE ( E ( � E 6V8 _ IQ89Lh&H(.Wj$ �\89*b;?& L|(.L=-08g&sF9&C*`;�_)&[�`*'8x_
;?$'&r;=L=B@;=$uF+(.L=35(.d'-0&A1�1=B'Wj$g(.1�;?$'&r;=L=B'&rMYB'89*X6@35L=&CWC;=3589*@_b;=L=B'& M�B'89*X-0&A*'].;=$@_`;?L=B@& *'&ABf;?L=30*'8
35*b;?&CL?(.Ws;?358.*ZJe8930*`;&_o&s;?W+E�#�8�&C14;?30Mu(O;?&X;?$@&\6'&s;?&CWC;?3089*Z&/.[WA30&A*'Ws/ � IQ89L�B'Jb_)(.L=6f� ;?$'L4B']98930*']



/ �

cos Θ

N
um

be
r 

of
 U

pw
ar

d 
T

hr
ug

oi
ng

 M
uo

ns  Background Subtracted

0

50

100

150

200

250

300

350

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0
cos Θ

N
um

be
r 

of
 U

pw
ar

d 
S

to
pp

in
g 

M
uo

ns

 Background Subtracted

0

20

40

60

80

100

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

�P35]9B@L=& ( E � ��� &A*@30;?$h(+*']9-5&"6@3514;=L=30d'B@;?3089* 8.I@(.-0-9B'Jb_|(+L=6h;?$'L4B']98930*']kMYB'89*'1 � -5&sI ; � (.*'6hB'Jb_)(.L=6
14;?8.J'J'35*@]\MYB@89*'1 � L435]9$b; � (OI ;?&ALhd,(+Wj�2].L=89B'*@6}1=B@d@;?L=(.WC;=3589*RIQL=8.M WA8914MN30WcL?(H/wMYB'8.*'1AE[#%$'&
&AL=L489Lk35*l;?$@&<-5(.14;|d'35*�35*@WA-5B@6'&A1k14/21i;?&AMN(+;=35Wh&AL4L=89L|IQL489M�d,(+Wj�2].L=89B'*@6�1=B@d@;?L=(.WC;=3589*tE

(.*'6R14;=89J'J'30*']XMYB@89*'1&_ � _o&c6'30F2356@&A6�;=$'&�;?8+;j(.-�*`B'MYde&AL�8.I:L4&AWA8.*'14;=L=B'Ws;?&A6wB'Jb_)(.L=6wMYB@89*'1
d`/l;=$'&h*`B'MYde&ALk8.I!�\89*b;?&6L|(.L4-58�&CF.&A*b;?1V_k$'35Wj$g1?(+;=351iI /u;?$@&hIQ8.-5-58x_k30*']YWA8.*'6'30;=3589*@1 �

� #�L4B@;?$g6'30L=&AWs;?3089*�8.IPM�B'89*�351%B'Jb_)(.L=6 E

� �\B'89*�;?L4B@;?$gJ,(+;=$f�G-0&A*']+;?$�351%]9L4&H(+;=&AL|;=$,(.*./cMgE

� #�L4B@;?$g*'&CB@;?L435*'8�35*b;=&AL?(+WC;?3089*�JK8.35*b;k351%30*X;?$'&'� � 8.LVL48fWj�qE
� #�L4B@;?$gWA-5(.1=14382,WA(+;?3089*l8.I�;?$'&hMYB@89*\301|;?$'L4B']98930*'] �+1i;?89J@J'35*']@E

#%$'&w6'&C;=&AWC;=3589* & .NWC35&C*'WC/ (+1l(�IQB'*'WC;=3589*�8+ImL4&AWC89*'14;=L=B'Ws;?&C6�WA8.1=35*@&^8.I'=A&A*@30;?$ (+*']9-5&\IQ89L
B'Jb_|(.L46};?$@L=B']98.35*']\(.*'6v14;=89J'J'30*']\M�B'89*'1<351h1=$@8 _k*}35* �P35] ( E D U E �q8.L<1489M[&[8+I|;?$'&[d'30*'1
;?$'&�&/.[WC35&A*@WC/Z351c]9L4&H(+;=&ALY;=$,(.*�D\de&AWA(.B'1=&�;?$@&AL=&g(.L4&�1=89M[&l&CF.&A*b;?1[_k$'35Wj$a6'89* * ;[1?(+;=3514I /
;?$'&c(+dK8xF9&mWA89*@6'30;=3589*'1-_Kd@B@;r_k$'30Wj$RWAL4&A&AJR30*\;=$'&�L4&AWA8.*'14;=L=B'Ws;?&A6w1=(.MNJ@-5&.Ek#%$'&mIQL?(.Ws;?358.*�8.I
&CF9&C*b;?1�_k$'35Wj$w(+L=&Y*'8+; 7i;=L=B'& 9uB'Jb_|(.L46wMYB'89*'1rd'B@;r_k$@35Wj$w(.J'Je&H(+L 35*�;=$'&YL4&AWA8.*'14;=L=B'Ws;?&A6
�\89*b;?&FL|(.L=-08c1?(.M[J'-0&�351 � � 4 7 IQ89L|;=$'L=B@]98935*@]cMYB'89*'1V(.*@6 > � � 7 IQ89L%14;=89J'J'30*']�MYB'89*'1CE
#%$'&�;=8.;j(.- B'Jb_|(.L46\;=$'L=B'].8935*']�(+*'6\1i;?89J@J'35*']�MYB@89*&#,B �g351%14$'8x_k*�30* ��35]'E ( E0D.D



/ (

cosΘ

E
ffe

ct
iv

e 
A

re
a 

(m
2 )

600

800

1000

1200

1400

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

�P35]9B@L=& ( E � � *� &CWC;?3 F9&m(.L=&A([30* X B'JK&CL 6��h(.M[358.�+(+*'6'&rIQ89LV(�MYB'89*l_k$'30Wj$\;=L?(HF9&C-51p(+;k-5&A(.14;+/
MN&s;?&AL41k35*l;?$'&hn	� (.1V(YIQB'*'WC;=3589*�8.I =A&C*'30;=$�(+*']9-5&+E
�	��� ��� � � �  � � �  � � � ��� � � �

#%$'&p1i/214;?&CMu(O;?35Wk&CL=L=8.L=1"_k$'35Wj$u( K&AWC;�B'Jb_)(.L=6[;?$'L4B']98930*']<(.*'6[14;=89J'J'30*']hMYB'89* #,B �[MN(.35*@-0/
WH(.*gdK&h6'3 F2356'&C6g30*b;?8cIQ89-5-08x_k35*']YWA(+;?&C]989L435&A1 �

��� , �A%�*=,/. %�� :;:=> :
#%$'&Y-030F9&s;?30MN&<WH(.-0WAB'-5(+;?3089*g351r&��fJ'-~(.30*'&A6�35* X &CWC;AE � E5/fEr#%$@&cWA89*'6@30;?3089*�B@*'6'&ALp_k$'35Wj$
;?$'&X;=35M[&s��35*b;?&CL4F+(.-:dK&s;G_)&C&A*;G_)8w&sF9&A*b;=1[301YWA8.*'1=306'&AL4&A66'&H(+6 89Lc(.-030F9&N351Y14$'8x_k*35*
�P35]@E � E?>@E�#�8�WA(.-5WCB'-~(+;=&o;=$'&%-53 F9&C;=35M[&o1i/214;?&CMu(O;?35W)&AL=L489L&_9_o&|;?$@&A*�14_)(.Jc;?$'&%6@&/2,*'3 ;?3089*
8.Io6'&H(.6�(.*'6�(.-030F9&m;?35M[&s��35*b;?&CL4F+(.-�IQL=89M �P35]'E � E?>g(+*'6wL=&AWA(.-5WCB'-~(O;?&Y;?$@&[-030F.&C;?30MN&+E�nG*
8.;?$@&ALr_o89L=6@1�30I�(X6'&A(.6R&CF.&A*b;<351rIQ89-0-58x_o&A6^db/R(+*w(.-53 F9&�&sF9&C*`;&_>;?$'301p;?30MN& �G30*`;=&ALiF.(+-�301
WA89B@*`;=&A6�;=8 _)(.L46'1Y6'&A(.6f��;=35M[&u(+*'6�F235WC&s� F9&AL41?(@E�#%$'&u;?8+;j(.-:-53 F9&s;?35M[&�89d@;?(.35*'&C6�_k3 ;?$
;?$'301"MN&s;?$'826[351%D > 4 >@E � 6'(x/21CE"#%$'&p-030F.&C;?30MN&)14/214;=&AMN(+;?30WV&CL=L489L"351�;=$'&A*[;?$'&k6'3  &CL=&A*@WA&
dK&s;G_)&C&A*�;=$'&A14&m&C14;=35MN(+;?&C1k(.*'6g351%& ,`B,(+-t;?8�D � � 4 7XE



/ 4
Upthrumu Efficiency

 cosΘ

 E
ffi

ci
en

cy

0.9

0.95

1

1.05

1.1

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

Upstopmu Efficiency

 cosΘ

 E
ffi

ci
en

cy

0.9

0.95

1

1.05

1.1

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

�P35]9B@L=& ( E D U � *-.[WC35&A*@WC/�IQ89L"L=&CWA89*@14;?L4B'WC;=35*']mB'Jb_|(+L=6f� ;?$'L4Bu]98930*'] � -0&CI ;:J,(.*@&A- � (.*@6NB'Jb_)(.L=6
14;?8.J'J'35*@][M�B'89*'1 � L435]9$b;kJ,(+*'&A- � (.1V(cIQB@*'WC;=3589*�8.I�L=&CWA89*'1i;?L4B'WC;=&A6^WC891=30*'&�8.I+=C&A*'3 ;?$g(.*'].-5&.E

� D :='������ � % @��)* �5'M@ # ��� % � *=, �A%�� :=%(' � :=:;> :
(}&m&A1i;?35MN(+;=&A6�;=$'&�J,(O;?$f��-5&A*@].;?$\L=&A1489-5Bf;?358.*\db/\WA89M[J,(.L435*']�;?$'&$2';=;=&A6^;=L?(.Wj�9�G-0&A*']+;?$
F21p;?$@& �\89*b;=& L|(.L=-08[;=L=B@;=$^J,(+;=$f�G-0&A*']+;?$tE%#%$'301p301p14$'8x_k*R35* �P35]'E ( E0D � E%#%$'&m;=L?(.Wj�9�
-5&C*'].;?$[L=&C1=89-0B@;?3089*�IQ89L";?$'L4B']98930*']mM�B'89*'1�351 (54 WAM (.*'6[IQ89L:14;=89J'J'30*']mM�B'89*u301�(.dK8.B@;> U WAMgE ( $'&C*g;=$'& ;?L=(.Wj�9�G-5&C*'].;=$�;=$'L=&C1=$'8.-56lIQ89L|Wj$,(+*']9&A6gdb/ � (54 WAM IQ8.L|;?$'L4B']98930*']
(.*'6 � > U WAM IQ89L<14;?8.J'J'35*@]�MYB'8.*'1&_�;?$'& #,B ��8.I%B'Jb_)(.L=6�;?$'L4B']98930*']^(.*@6}14;=89J'J'30*']
MYB'89*@1)Wj$,(.*@]9&A6ldb/ �<U � � 7 (.*@6 � 4 �0/ 7yL4&A1=Je&AWs;?3 F9&A- /9E:#%$'&pB'*'WA&CL4;?(.35*b;G/NdK&CWH(.B'14& 8.I
&�K&AWs;?30F.& (.L4&H(<351�(.de89B@; U E � 7�_k$'35Wj$NWA89M[&A1:IQL=8.My;?$'&V]9&A8.MN&s;?L=30WkB'*'WA&CL4;?(.35*b;G/[8.I ;=$'&
6'&C;=&AWs;?89LCE

� � * > ��� ,/@ �	�MD �&: � � >�,?@ � . , �
� ,/# % @�*=,�� � '�*-,?>A@9p1435*'][;?$'&;�\89*b;?& L|(.L=-08N_o&'2,*'6\;?$,(+;V;?$@&�WA8.*`;?(.M[35*,(+;=3589*lIQL489M�B'Jb_|(+L=6R14;=89J'J'30*']
MYB'89*@1�35*R;?$'&Y;=$'L=B@]98935*@]lMYB'89*w1?(+MNJ'-0&c351�(+dK89Bf; U E0D 7>_t_k$@&AL=&A(.1h;?$'&cWC89*b;j(.M[35*,( �
;?3089* IQL=89M B'Jb_)(.L=6Z;?$'L4B']98930*']vMYB'89*'1�30*Z;=$'&\B@J`_)(.L46�14;=89J'J'30*']vMYB'89*Z1?(.M[J'-0&g301
(.de89B@; � E��/ 7XEP#%$@&r(.M[89B'*b;"8+I WC89*b;j(.M[35*,(O;?358.*�IQL=89M�&A-0&AWC;=L=89*[1=$@8 _o&AL41o301"&A1i;?35MN(+;=&A6



/ >

cos Θ

F
lu

x 
( 

10
-1

3  c
m

-2
 s

-1
 s

r-1
)

0

0.5

1

1.5

2

2.5

3

3.5

4

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0
cos Θ

F
lu

x 
( 

10
-1

3  c
m

-2
 s

-1
 s

r-1
)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

�P35]9B@L=& ( E D9D���#%$'&p89d'14&AL4F.&A6 #,B �u8+I>B'Jb_|(+L=6u;=$'L=B'].8935*']<MYB'8.*'1 � -5&CI ;�J,(+*'&A- � (.*@6u14;=89J'J'30*']
MYB'89*'1 � L=35].$`;kJ'(.*'&A- � E

� :=:=> : � > �&: � % D�� : ��� >A,/@ ��� � >A@�� ��*->�� � ,?@�� � � >A@��
�>30F.&C;?30MN& D � � 4 7 D � � 4 7*�K&AWs;?30F.& � L=&A( U � � 7 U � � 7
/cM�WCB@; U � � 7 4 �0/ 7

�g351i��356'&C*b;?382'WH(+;=3589* U �0D 7 � � �/ 7
#�8+;j(.- *"L=L489L � D �?> 4 7 � >�� 4 7

#P(.d@-5& ( E0D � X B'M[Mu(.Li/�8.I,8.d'1=&CL4F9&C6Y14/21i;?&AMN(+;=35W�&AL=L489L=17IQ89L�B'Jb_|(+L=6�;=$'L=B'].8935*']V(.*@6�14;=89J'J'30*']
MYB'89*'1CE

;?8cde& � U � D�7 (+*'6 � U � 4 7 30*u;?$@&�B'Jb_|(.L46g;=$'L=B@]98935*@]c(.*'6l1i;?89J'J@35*']cMYB@89*X1?(+MNJ'-0&
L=&C1=Je&AWC;=30F.&A-0/�_e(.*'6�$'&A*@WA&<WH(.*gdK&h*'&C]9-5&CWC;=&A6tE

� 1=B@MNMN(.L4/X8.I�;?$@&�6'89M[35*'(.*b;p1i/214;?&CMu(O;?35W<&AL4L=89L41pIQ89L%;=$'L=B'].8935*']N(.*'6�14;?8.J'J'35*@]uMYB'8.*'1p301
1=$'8x_k*�30*�#P(.d@-5& ( E D9E
�	��� � � � �  ������� � � � � � �	� � ��


nG*^D >�/ � E >�6,(H/21);?$@&V;=8.;j(.-,8.d'1=&CL4F9&C6 #,B �N8.I>B@J`_)(.L46u;?$'L4B']98930*']m(.*'6u1i;?89J@J'35*']<MYB'8.*'1&_f(.*'6
;?$'&C35L%L?(O;?358cWA(.*gdK&�_kL=3 ;=;=&A*g(.1 �



/ /

Path Length Resolution for upthrumus
Entries

Mean

RMS

OVFLW

          19724

  41.94

  55.36

  109.0

|Reconstructed - Truth length| (cm)

 N
o 

of
 e

ve
nt

s

0

1000

2000

3000

0 50 100 150 200 250 300 350 400 450 500

Path Length Resolution for upstopmus
Entries

Mean

RMS

OVFLW

           7066

  58.73

  67.71

  113.0

|Reconstructed - Truth length| (cm)

 N
o 

of
 e

ve
nt

s

0

200

400

600

0 50 100 150 200 250 300 350 400 450 500

�P35]9B@L=& ( E D � � ��(+;?$f��-5&C*'].;?$aL=&C1=89-0B@;?3089*ZIQ8.L[B@J`_)(.L46 ;?$'L4B']98930*']�M�B'89*'1 � -0&CI ;NJ,(.*'&C- � (.*'6
14;?8.J'J'35*@]mMYB@89*'1 � L435]9$b;:J,(.*@&A- � EP#%$'&V1=$'(.6'&A6NL=&C]93589*�WC89*b;j(.30*'1 > $7 8.IK;=$'&%;?8.;?(.-q(.L4&H(h(.*'6
351%& ,`B,(+-7;=8 (54 WAM�IQ89L|;=$'L=B@]98935*@][M�B'89*'1k(.*@6<> U WCM�IQ89L%14;=89J'J'30*']�MYB'89*@1AE
��������� ��D �5/fD � U � U (q� ��
	� 
 � � � U � U�� � � � ��
 � ��
 D U 1 �

 � � � 1 � � 1 � �� 1 � �
� ��� � � � U � ��� � U � UE� � ��
	� 
 � � � U � U � � � � �
 � �
 D U 1 �

 � � � 1 � � 1 � �� 1 � �
����������� ��� � � � � �0D � U � U 4@� ��
	� 
 � � � U � U (q� � � ��
 � ��
 D U 1 �

 � � � 1 � � 1 � � � 1 � �
���������
� ������� � U � �@�  � U � U D (q� ��
	� 
 � � ��U � U D  � � � ��
 � �
�	��� � � ! � �  �N� � � ��� �	� � � � � � � �!� � � � � � � � � �N��" �!�

� 1N_o&�WA(.* 14&A&\IQL489M �P30]'E ( E ( (.*'6 ( E 4 _);?$@&\6'3014;=L=35d@B@;?3089*a30*Z;=$'&\;=$'35Wj�L4&A]93089*a301 #,(+;
(.*'6w;?$'&C1=&uJ@L=&A6@89MN30*,(.*b;?- /�WC89M[&�IQL489M *'&CB@;?L435*'8.1AE ��*@&[WA(.*v&A14;=35MN(+;?&c;=$'& #,B �v8.I�;?$'&C1=&
*'&AB@;=L=30*'8+�G30*'6'B'WC&A6RMYB@89*'1�(.*@6^;?$'& =C&A*'3 ;?$w(.*@]9-5&m6'351i;?L=30d'B@;=3589*\8.I:B'Jb_|(+L=6wMYB'89*@1 WH(.*Rde&
&��2;?L=(.JK8.-~(+;=&A6u;=8�(.dK8xF.&r;?$'&r$'89L=38=A89* E �p8x_o&CF9&CLkdK&CWH(.B'14&�30;)351)$'(.L=6X;=8Y&A1i;?35MN(+;=&p;?$@& d,(.Wj�9�
]9L=89B@*'6aIQL489M WA8.1=M[35WlL?(H/MYB@89*'1[35* ;?$'301�L=&A].3589*@_�_)&gWA8.*'1=306'&AL4&A6 (w*,(.L4L=8x_o&AL ��L4&A]93089*
;?$,(.*l_k$,(O;|_|(+1VB@1=&A6�30* X &AWs;HE ( E � E D9E"#�8c6'8Y;?$'301)_o&<14WH(.-0&A6X;=$'&�*`B'MYde&AL%8.I�MYB'8.*'1%35*u;=$'&
L=&A].3589*&> U : � : � D U�� db/u;=$'&r&  &CWC;=30F9&h(+L=&H(<_k$'35Wj$l301)6'&CWAL=&A(.1=&C6lIQL=89M ;?$'(+;%35* �P35]@E ( E � E D
d`/�(.de89B@;c(gI (.WC;=89L�8.I � E0/fE\#%$'&lL=&C1=B'- ;?30*'] #,B ��8.Ik*@&AB@;=L=35*@8^35*'6@B'WA&C6�;?$'L4B']98930*']�MYB@89*'1



/ 

(.dK8xF.&<;=$'&h$'89L=38=A89*�301%&A14;=35MN(+;?&C6l;?8 � ( � U � D � U / � ��
	� 
 � � U � U / �
 D U 1 �
 � � � 1 ��� 1 � �� 1 � � 35*

;?$'& U : � ��� � � � : U � U  =A&A*@30;?$N(.*'].-5&%d'30*tEP#%$'& #,B �[8+I *'&CB@;?L435*'8<35*@6'B'WA&C6N1i;?89J@J'35*']hMYB@89*'1
(.dK8xF.&<;=$'&h$'89L=38=A89*�301%&A14;=35MN(+;?&C6l;?8 � U � � � U � ( / � ��
	� 
 � � U � U / �
 D U 1 �

 � � � 1 ��� 1 � �� 1 � � 35*
;?$'& U : ����� � � � : U � D'=C&A*'3 ;?$\(.*']9-0&�d'35* Eo#%$'&$=A&C*'30;=$�(+*']9-5&�6@3514;=L=30d'B@;?3089*�8.IP(.-5-t*@&AB@;=L=35*@8+�
35*'6'B@WA&A6R;=$'L=B'].8935*']X(.*'6w14;=89J'J'30*']XMYB'8.*'1 � 30*'WA-0B'6'35*@]N;?$@&A1=&�&sF9&A*b;=1m(+dK8xF9&Y;=$'&c$'89L43 =C89* �
351c1=$@8 _k*a35* �P30]'E ( E0D � E �p8x_)&sF9&CLN6'B@&�;=8R;?$'&�-~(+L=]9&X&CL=L489Lcd,(.L41N(+*'6�(+6'6'30;=3589*'(.-oB@*'WA&CLi�
;j(.30*`;G/RIQL489M WA8.1=M[35W�L?(H/wd,(.Wj�`]9L489B'*'6}35*�;=$'351hL4&A]93089*@_7;?$'&[*'&ABf;?L=30*'8+��35*'6'B@WA&A6 #,B �}(.de8xF9&
;?$'&h$'89L43 =C89*�351%*'8.;VB'14&A6�IQ89Lk(.*b/�J'$b/21=30WA1V89Lk(.14;=L=89*@89M�/l(+*,(.-0/214351%35*l;=$'351|;=$'&A14351AE

 Thrugoing Muons

cos Θ

F
lu

x 
( 

10
-1

3  c
m

-2
 s

-1
 s

r-1
)

0

1

2

3

4

5

-1 -0.8 -0.6 -0.4 -0.2 0

 Stopping Muons

cos Θ

F
lu

x 
( 

10
-1

3  c
m

-2
 s

-1
 s

r-1
)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-1 -0.8 -0.6 -0.4 -0.2 0

�P35]9B@L=& ( E0D � � �P-5B �N8.I�(.-0-K*@&AB@;=L=35*@8+�G30*'6'B'WC&A6X;?$@L=B']98.35*']YM�B'89*'1 � -5&sI ;|J,(.*@&A- � (.*'6l14;=89J'J'30*']
MYB'89*'1 � L=35].$`;kJ'(.*'&A- � 35* X B'Je&AL�6��h(.M[3589�O(.*'6@&.E
� � � � �\�  #5 �! #& ��4�� )/�(& � 79���! � );":�87 , ' $ 4R�8) � '879�

#%$'&�89d'1=&CL4F.&A6 B'Jb_)(.L=6Z]98930*']RMYB'8.*'1�WA89M[&XIQL=89M�(+;?M[8914J'$'&AL435WX*@&AB@;=L=35*@891AE #%$'&g(+;=MN8O�
1=J'$'&CL=30Wr*'&CB@;?L435*'891o(.L4&pJ'L48f6@B'WA&C6uIQL=89M J'3589*N(.*'6N�O(.89*u6@&AWH(H/�_k$'30Wj$X35*�;?B'L4*X(.L4&V;=$'&r14J,(.- �
-~(+;=3589*<J'L=826'B'Ws;?1�8.I,WA8.1=M[35W�L?(H/<35*b;?&CL?(.Ws;?358.*'1�_k3 ;?$�;=$'&|(O;?M[891=J'$@&AL=&+EP#%$'&o&A*'&CL=]./m1=Je&AWs;?L4B'M
8.I%WA8.1=M[35W�L?(H/21�301m]93 F9&C*}db/ �������� � �
	 ���

� E�#%$'&u*'&CB@;?L435*'8.1<;=$'&A*};=L?(HF9&C-�;=$'L=8.B']9$�;=$'&



� �
&H(.Li;?$�(.*'6uB'*'6'&CL=]98�(�Wj$'(.L=]9&C6�WAB'L4L=&A*b;%30*b;?&AL=(.WC;=3589*N_k30;?$N;?$'& L48fWj�[de&A-58x_�;=$'& 6'&s;?&AWs;?89Lo;?8
J'L=826'B'WC&N(lMYB@89* � � z�� ���z�� ���a� �	� 	 � � � ���� � _>_k$'&CL=&�
y351 ;=$'&c*`B'WA-0&AB'1�_k30;=$R_k$'35Wj$
;?$'&%*'&CB@;?L435*'8r35*b;?&CL?(.Ws;?1&_� 351�;=$'&|L4&A1=B@-0;?30*'] $,(+6'L=89* E�#%$'&|&��@Je&AWs;?&C6 #,B �c8.IqB'Jb_)(.L=6�MYB@89*'1
WH(.*Yde&)WA(.-5WCB'-~(O;?&A6m&A3 ;?$'&CLP(.*'(.-0/`;?30WH(.-0-0/r89L�;=$'L=8.B']9$��\8.*`;=&��|(.L4-58p1=35M�B'-~(+;=3589* E>#%$'&)B'Jb_)(.L=6
]98935*@]cMYB'89*"#,B ��WA(.*gdK&�_kL=3 ;=;=&A*g(.1 � D �9U	� �

� ���
��� �����

� � ��� � ��� � � ��� �
� � � � � ��� � ��� � � � �=��

��� ��� �
��� � �)( E ( �

_k$'&AL4& � � ��� � � ��� � 351 ;=$'&NJ@L=89d,(+d'35-030;G/g;?$,(+;<(�*'&CB@;?L435*'8 ��� MN(.�+&A1m(�M�B'89*w_k30;?$v&A*@&AL=]+/
]9L=&A(+;?&CLk;=$,(.* � ���Y(.*'6g351%].30F9&C*\db/ �

� �
��� ��� �� � � �� � �"!

� � � � � �$# � ��� �)( E 4 �
#%$2B@1c]930F.&A*};=$'&X(+;=MN8.1=J'$'&CL=30WN*'&CB@;?L435*'8 #,B �v_"*'&ABf;?L=30*'8�WCL=89141i��1=&AWs;?3089*(.*'6�M�B'89*}L=(.*']9&)_
89*'& WA(.*X35*b;=&A]9L=(+;?&V;?$'&r(.dK8xF.&rIQB'*'Ws;?358.*N;?8�WH(.-0WAB'-5(+;?&k;?$'&rB'Jb_|(.L46lMYB'89*0#,B �u(.*,(.- /`;?35WA(.-5- /9E%p8x_)&sF9&CLrM[8914;VL=&C1=B'- ;?1k35*l;=$'351k6'301=1=&CL4;?(+;?3089*g(.L=&�d,(+1=&A6\B'Je89*�(��\89*b;=&&�|(+L=-58�1435MYB'-5(+;?3089*tE
#%$'&'�\8.*`;=&'�|(.L4-58v$,(.1[dK&C&A*a]9&A*'&CL?(+;=&A6�_k3 ;?$;?$'&(
pB,(+*'WA&g*'&ABf;?L=30*'8}].&A*'&CL?(+;=3589*ZJ,(.Wj�9�
(.]9& � ( ��� E�)}& 2,L414;m6'&A14WAL=30dK&C1�1489MN&�*"$b/21=35WC1�30*'J'B@;�(.1=Je&AWs;?1h_k$'35Wj$}(.L=&[*'&C&A6'&C6}IQ89LhdK8+;?$
(.*,(.- /2;=35W #'B �gWH(.-0WAB'-5(+;?3089*X89L|;=8�6'8+�g89*b;?&,�|(.L=-08�WH(.-0WAB'-5(+;?3089*tE
�	� �	�� �  � �.-0/21 ��354 � ! � �  354 � � � � ��

#%$'&l(+;=MN8914J'$'&CL=35W[*'&CB@;?L435*'8<#'B ��$'(.1�de&A&C* WH(.-0WAB'-5(+;?&C6�db/�1=&CF.&AL=(.-|]9L489B'J'1�� 4 U	� _ � 4 D � _ � 46 � E
� &C;j(+35-51N8.I<(+;=MN8914J'$'&CL=35W�*'&AB@;=L=30*'8 #,B � WH(.-0WAB'-5(+;?3089*'1N(.*'6 B'*'WC&AL4;?(.35*b;=35&A1u$,(HF9&wdK&C&A* L=& �
Ff30&C_o&A6X30* �k&CI E � 4 � � E�#%$'&7�\89*b;?&7�|(.L=-08mWC8f6'&VB'14&A1o;=$'&V*'&AB@;=L=30*'8'#,B �@&C1)WA(.-5WCB'-~(+;=&A6[db/[;=$'&8|(.L4;=89-t]9L489B'J � 4 D � _k$'30Wj$�$,(HF9&<J'L=8xF2356'&C6&#,B �l;?(.d'-5&C1%B'J@;=8\D U.U #�& @YE,#%$'&hWA8.MNJ,(+L=351489*l8.I
(+;?M[891=J@$'&AL435Wmz��N(.1VWH(.-0WAB'-5(+;?&C6\db/g6'3  &CL=&A*b;p]9L=8.B'J'1V351V1=$'8x_k*^30* �P30]'E ( E D ( Eo#%$'&�L4&A-~(O;?30F.&



 U

35M[JK89Li;j(.*@WA&�8.IPJ'3589*@1p(+*'6\�O(.8.*'1V_k$@35Wj$�].30F9&hL4351=&�;=8u(+;=MN8.1=J'$'&CL=30W<*@&AB@;=L=35*@891k351k1=$'8x_k*\35*
�P35]'E ( E D 4 � ( � E:#%$'&hL?(+;=358c8.I�$'89L43 =C89*b;j(.- ;=8[F.&ALi;?35WA(.- #,B �g351%1=$@8 _k*\35*�P30]'E ( E D >� ( � E

m
−2

se
c−1

sr
−1

(
)

G
eV

E
ν

x
2

µν
φ(

)

E    (GeV)ν

(a) νµ

Bartol old
Bartol new
Battistoni et al.
Honda et al. (’95)
Honda et al. (2001)

10
 1

10
 2

10
 −1

10
0

10
 1

10
 2

νµ

m
−2

se
c−1

sr
−1

(
)

G
eV

E
ν

x
2

µν
φ(

)
E    (GeV)ν

(b)

Bartol old
Bartol new
Battistoni et al.
Honda et al. (’95)
Honda et al. (2001)

10
 1

10
 2

10
 −1

10
0

10
 1

10
 2

νe

m
−2

se
c−1

sr
−1

(
)

G
eV

E
ν

x
2

µν
φ(

)

E    (GeV)ν

(c)

Bartol old
Bartol new
Battistoni et al.
Honda et al. (’95)
Honda et al. (2001)

10
 −1

10
0

10
 1

10
 2

10
0

10
 1

10
 2

νe

m
−2

se
c−1

sr
−1

(
)

G
eV

E
ν

x
2

µν
φ(

)

E    (GeV)ν

(d)

Bartol old
Bartol new
Battistoni et al.
Honda et al. (’95)
Honda et al. (2001)

10
 −1

10
0

10
 1

10
 2

10
0

10
 1

10
 2

�P35]9B@L=& ( E D ( � �)89M[J,(.L4351=8.*c8.IK(.*']9-0&s� (HF.&AL?(+]9&A6[(+;=MN8914J'$'&CL=35W �G*'&CB@;?L435*'8�#,B �[(+;-�<(+MN3089�O(rdb/
6'3 K&AL4&A*b;V]9L=89B@J'1AE �P30]9B'L=&r89d@;j(+35*'&C6�IQL489M �k&CI E � 4 � � E

�	� �	��
 ! � �  354 � � � ! � � � � ��� � 3 �.-$- � - � �  4 ���
#%$'&)*'&CB@;?L435*'8VWj$,(.L4]9&A62�GWAB@L=L=&C*b;�WAL4891=1 �G14&AWC;=3589*�3517]930F.&A*md`/h14B'M 8.I'WC89*b;?L435d'B@;=3589*hIQL=8.M 6'&A&CJf�
35*'&C-~(.1i;?35W[1=WA(+;=;=&AL435*']	_ ,2B'(.1=3 �G&A-5(.14;=35W�1=WA(+;=;=&AL435*']R(+*'6 1=30*']9-5& �GJ'3089*wJ'L=826'B'Ws;?3089*tE�#%$@&X6'&A&CJf�
35*'&C-~(.1i;?35W�WAL=8.1=1i��1=&CWC;?3089*�6'&AJe&A*'6@1\89*�;=$'&RMN826'&C-�(.6'89Jf;?&A6 IQ89Lu;=$'& *P(.Li;?89* 6'3014;=L=35d@B@;?3089*
IQB'*'WC;=3589* � _k$'30Wj$�301pd,(+1=35WA(.-5- /u;=$'&<_)(HF9&�IQB@*'WC;=3589*\8.I+,`B,(.L4�`1r35*@1=356@&<;=$'&m*`B'WC-5&CB'1 � EVnG*g;?$'301
;?$'&C1=351%_o&m14$,(.-0-tB'1=&h;?$@&�� � @p� � ( * � � � 4�( � E
�	� �	��� � � �!��� 3 ��/��	�
�  4 �!�
�\B'89*�J'L=89J'(.]b(+;=3589*w35*w;?$@&[L48fWj�R301h1=35M�B'-~(+;=&A6wB'1435*']\(\-035d'L=(.L4/\8.I|L489B@;=35*'&C1mJ'L48xFf306'&A6�db/
�730J,(.L43"(.*'6 X ;j(.*@&CF � 4 4 � Eu#%$'&[M[&H(.*wMYB'8.*�&C*'&AL4]./w-589141h35*vL=82Wj�^6'B'&�;?8g3589*@3 =H(O;?358.*R(.*'6
L?(.6'35(+;?3 F9&wJ'L48fWC&A1=14&A1^301�1=$'8x_k* 30* �P30]'E ( E D � E #%$'&}MYB@89*�L=(.*']9&w35*TL=82Wj��351�1=$@8 _k*�35*



@D

0

0.2

0.4

0.6

0.8

1

100 101 102 103 104

F
ra

ct
io

n

Eν (GeV)

µ+ + µ− and νµ + νµ flux from pions and kaons

π     µ

K     µ

π     ν

K     ν

�P35]9B@L=& ( E D 4 � �,L=(.WC;=3589*R8.I|z��lIQL489M�J@3589*'1h(+*'6��O(.8.*'1<(.1h(XIQB'*'WC;=3589*w8.Io*'&CB@;?L435*'8g&A*'&CL=]./.E
X 89-5306R-530*'&cL=&CJ'L=&C1=&A*b;=1'#,B ��(O;�F9&ALi;?30WH(.-:(.*@6�6,(+1=$'&C6}-530*'&YL4&AJ'L4&A1=&C*b;?1�#,B �v(+;'> U�� E �P30]9B'L4&
89d@;j(+35*'&C6�IQL489M �k&CI E � ( � E
�P35]'E ( E0D fE�%p8x_)&sF9&CL ;?$'&CL=&Y(+L=& #,B'WC;=B,(+;=3589*'1p35*\L?(.6'35(+;?3 F9&h&A*@&AL=]+/\-0891=14&A1V_k$'35Wj$^6@89MN30*,(+;=&
(+;r$@35]9$'&CLp&C*'&AL4]935&C1AE �)89L4L=&A14JK8.*'6'35*@]9-0/l;=$'&�L=(.*']9&<6'351i;?L435d'B@;=3589*lIQ89Lp(N].30F9&C*^MYB'8.*�&A*@&AL=]+/
dK&CWA89M[&A1<_k356'&CL�(.1h;?$@&u&A*@&AL=]+/�30*'WAL4&H(.14&A1CEg#%$@&uWA8.MNJe891=3 ;?3089*w8.I%L=82Wj�R351m(.141=B'M[&A6};=8\de&
� 14;?(.*'6,(.L46\L48fWj����IQ8.L|_k$'35Wj$�� � 6 � > 4 
 ��� �[_�� � D9D<(.*@6 � � 6 6 � D 6 ��� E
���
	 � ���������������������87�

�\89*b;?&+�|(.L=-08\MYB@89*}&sF9&A*b;=1�(.L=&[]9&A*@&AL?(O;?&A6�_k30;?$}(.J'J'L489J'L43~(+;=&[&C*'&AL4]./�(.*'6 =A&A*@30;?$}(.*']9-0&
IQL=89M ;?$'&v(+;=MN8914J'$'&CL=35WR*@&AB@;=L=35*@8Z&C*'&AL4]./�14JK&CWC;?L4B'MgE #%$'&�&  &CWC;=30F9&RF.89-5B'M[&^IQ89Ll&sF9&A*b;
]9&A*'&CL?(+;=3589*Z351c].30F9&C*�db/���� �
� � � � � � � � � �"!$# � � � � � � � �%�&�
� � � � � � �'!(# � _k$'&AL4& � � 351Y;=$'&
35*'3 ;?3~(+-�M�B'89* &A*@&AL=]+/$_ �%� �
� � � � � � �'!(# � 301�;?$@&X&�K&AWs;?30F.&�MYB'89*�L=(.*']9&)_�(.*'6 � � � � � 351�;=$'&
J'L=8 �4&CWC;=&A6a(.L=&A(^8.Ik;?$'&l6'&s;?&CWC;?8.Lc35*};=$'&l6'35L4&AWs;?358.*�8.I � �bE�#%$'&C*89*'-0/v;?$@891=&l&sF9&A*b;=1u(.L4&
(.WAWC&AJ@;=&A6�IQ89L%_k$'30Wj$���� �
� � � � � � � � � �'!(# � �)� � ��� � 
 �+*<_'_k$'&AL4& �,*w351V([L=(.*'6'8.M�*`B'MYde&AL



 6

0

1

2

3

4

5

100 101 102 103

R
at

io

Eν (GeV)

νe

νµ

�P35]9B@L=& ( E0D > � �V(+;=358}8+Ih$'89L=38=A89*b;?(.- � U : � ����� ��� : U � � � 4 � ;?8�F9&ALi;?30WH(.- #,B � � U �?> � 4 :
� ��� ����� : D � 8.I�(+;?M[8914J'$'&AL435WY*@&AB@;=L=35*@891�(.1�(uIQB@*'WC;=3589*R8.I:&C*'&AL4]./9E �P30]9B'L=&m89d@;?(.35*'&C6^IQL=89M
�V&sI E � ( � E
dK&s;G_)&C&A* U (.*@6 D.Ey#�889df;j(.30* ;?$'&w35*@30;?35(.-kMYB'89* &C*'&AL4]./ ;?$@&RWAB'MYB@-~(+;=30F9&RJ@L=89d,(+d'35-030;G/
6'351i;?L=30d'B@;=3589*�(.1V(YIQB'*'Ws;?3089*�8.IP&  &CWC;=30F9&<6'&CJ@;?$ � � � �
� � 351%6@&/2,*'&C6^(.1 �

� � � � � �
���� � � ��� � �����	� � � � � � �'!(#

� ��� ��%� �
� � � � � � �"!$# � �
�)( E?> �

_k$'&AL4&��%�&�
�m351|;=$'&h&�K&AWs;?30F.&mL=(.*']9& IQ8.Lk([MYB@89*�8.I�(c]93 F9&C*\&C*'&AL4]./g(.*'6�351k]93 F9&C*gdb/ �

�%� �
� � � �� � �����	� � � � � � �'!(#
� �
� �� �

�)( E � �
� �����	� � � � � � �'!(#

� ��� � 301N;=$'&RMYB'89*�1=B'LiFf3 F+(.-rJ'L489d,(.d@35-53 ;G/ _k$'35Wj$ 301u6'& 2,*'&A6�35* �V&sI E � 4 4 � E��*@WA& � � � � � 351h(.141=35].*'&A6v(XL?(+*'6'89M F.(+-5B'&Yde&C;G_o&A&C* U (.*'6D$_ 89*'&c89d@;?(.35*@1 ;?$'&YF+(.-0B'&Y8.I;?$'&XM�B'89*�&  &CWC;?3 F9&XL=(.*']9&+E � *'WC&u;?$'&NMYB'89*@1Y(.L4&u]9&C*'&AL=(+;?&C6(+;�;=$'&X6'&s;?&AWs;?89Lm;?$'&s/�(.L4&
J,(.1=14&A6g;?$'L489B']9$�;?$'& � * � 
p#Td,(.14&A6g6'&C;=&AWC;=89LV1=35M�B'-~(+;=3589* E



 �

 Muon energy (GeV)

 <
 d

E
/d

X
 (

M
eV

 c
m

2  g
-1

  > Ionization Loss
Radiative Loss

Total Loss

1

10

10 2

1 10 10
2

10
3

10
4

10
5

�P35]9B@L=& ( E D � ��� ���� ��� IQ89L"M�B'89*�35*cL48fWj� � D 6 ��� 35*'WC-5B'6@35*'] WC89*b;?L435d'B@;=3589*@1�IQL=89M�3589*'38=H(+;=3589*�(.*'6L?(.6'35(+;?3 F9&�J'L48fWC&A141=&A1CE

����� � � �� � � � �:� � � �	� �R� �
nG* (.-0-%( ( U ��/9&A(.L�& ,`B'3 F.(+-5&A*b;[8.I (+;?M[891=J@$'&AL435W�*'&ABf;?L=30*'8v1?(.M[J'-5&l_)(.1[]9&A*'&CL?(+;=&A6 � -5-|;=$'&
]9&A*'&CL?(+;=&A6w&CF.&A*b;?1�_o&AL4&�;=$,(.*RJ,(+1=1=&C6R;?$'L489B']9$^;=$'&Y1?(+MN&YL4&A6'B@WC;?3089*@_tL4&AWC89*'14;=L=B'Ws;?3089*w(.*'6
14;?8.J
�O;?$@L=BZWA-~(+1=1=3 2,WH(O;?358.*ZJ@L=82WA&A6@B'L=&\(.1�6'&A14WAL435de&A6Z35* ;?$'&gJ'L4&CF23589B@1[Wj$'(.J@;?&CLAE %p8x_o&CF9&CL&_
B'*'-530�.&<;?$'&mB'Jb_|(.L46R]98930*']NM�B'89*�6'(+;j(�;?$'301r1?(+MNJ'-0&<_)(.1p*'8.; &��fJK&CL4;4��1=WA(.*'*'&C6tE #%$'&m1=B'Mc�
Mu(.Li/^8.I)*`B'MYde&ALh8.Io&CF9&C*b;?1�301�1=$'8x_k*�35*w#P(+d'-5& ( E 6 EcnG*�(.-5-P_o&[89d@;j(+35*'&C6ZD � � > U B'Jb_)(.L=6
;?$'L4B']98930*']c(.*'6 � D 6 D B'Jb_)(.L=6�1i;?89J'J@35*']YM�B'89*'1|30*u;?$@351|1=(.MNJ@-5&.E-� I�(.-0-,;?$'&�L4&AWA8.*'14;=L=B'Ws;?&A6
B'Jb_|(.L46l;?$'L4B']98930*']�MYB@89*'1&_KD9E 6 7y8.I>;?$'&CM L4&A14B'-0;oIQL=89M *'&CB@;?L435*'8m35*b;?&CL?(.Ws;?358.*'1)30*u;?$'& � �YE
�q8.L�B'Jb_|(+L=6�14;=89J'J'30*']�MYB'89*@1&_`(.de89B@; ( E A7 L=&C1=B'- ;�IQL=89M *'&CB@;?L435*'8�30*`;=&AL=(.WC;=3589*'1P35*�;=$'& � �YE
#%$'& #,B ��8.I7;=$'351 ( U ��/.&H(.L%1=(.MNJ@-5&�(.-089*']�_k3 ;?$�(cWA8.MNJ,(+L=351489*X_k30;=$�(.*,(.- /`;?35W #,B ��301|1=$@8 _k*
35* ��35]'E ( E D � Ek#%$'&m&A*'&CL=]./\1=Je&AWs;?L4B'M�8+I�;?$'&mJ,(.L4&A*b; *'&CB@;?L435*'8.1r8.I�;=$'&�B@J`_)(.L46^;?$'L4B']98930*']
(.*'6�1i;?89J'J@35*']\MYB'89*'1<351<1=$@8 _k* 30*���35]'E ( E 6 U E � 1m_o&uWH(+*�1=&C&N;?$@&uM[&H(.*�&A*'&CL=]./v8.I|;=$'&
J,(.L=&C*b;r*'&CB@;?L435*'8.1V8+I�B'Jb_)(.L=6g;?$'L4B']98930*']�MYB'89*'1V351 � D U9U�
 � � (+*'6gIQ8.LV1i;?89J@J'35*']�MYB@89*'1



 (

 Muon energy (GeV)

M
uo

n 
R

an
ge

 (
g/

cm
2 )

10 3

10 4

10 5

10 6

1 10 10
2

10
3

10
4

10
5

�P30]9B'L4& ( E0D  �.�\B'89*gL?(+*']9&h35* � 1i;j(.*@6,(.L=6gL=82Wj� �u(+1p(YIQB'*@WC;?3089*�8.I�&A*'&CL=]./ � D 6 ��� E
����� �������	��
 ���� � � � ���
	 � � � 
�� � ������ � ��� �
 � � � ����
���� � �

�V(x_ *�F9&A*b;=1 D 6   U 6 
%� � 
%� �*"L=&s� �V&C6'B'Ws;?358.* �� ( D 6 � � �  U.U9U �
� 
%� �*�8.14;4� �V&C6'B'Ws;?358.* (�6 (54 U D � 4 U9U9U.U � � � �  U9U.U �
� 
%� �*�8.14;4� �V&C6'B'Ws;?358.* 4 � � D � 4 U9U9U9U 
%� �*�891i;4� �k&AWC89*'1i;?L=B@WC;?3089* D � � > U D � 4 U9U9U.U � � � �  U9U.U �
� #%$'L=B'M�B'1*�891i;4� �k&AWC89*'1i;?L=B@WC;?3089* � D 6 D D � 4 U9U9U.U � � � �  U9U.U �
� X ;?89J'M�B'1
#P(.d@-5& ( E 6 ��
pB'M�dK&CL�8+I']9&C*'&AL=(+;?&C6 �\89*b;=& �|(.L4-58k&CF.&A*b;?1�35*<( ( U ��/2L>&/,2B@30F+(.-5&C*b;P(O;?M[891=J'$@&AL=30W
*'&AB@;=L=30*'8�1?(.M[J'-5&+E

351 ��D U 
 � �NE�#%$'&NM�B'89*v&A*'&CL=]./w14JK&CWC;?L4B'M 351�14$'8x_k*�35*��P30]'E ( E 6 D.E[#%$@&NM[&H(.*w30*'30;=3~(.-
MYB'89*g&A*'&CL=]./�8+IP;?$@&h;=$'&h;?$'L4B']98930*'][(.*'6g14;?8.J'J'35*@][M�B'89*g1?(.M[J'-5&�301 6 U ��&/@�(.*@6 ( �h& @
L=&A14JK&CWC;=30F9&C-0/.E

�	��� �� � � � ��3  � 4 �! 4	� - 4 � � 
 / � �  � �	� � ��

#%$'&|MN(.35*mB'*'WA&CL4;?(.35*b;G/m35*m;=$'&%(.d@1=89-0B@;?& #,B ��WA89M[&A1�IQL=89M B'*'WC&ALi;j(.30*`;G/m35*<;?$'&)J'L=30Mu(.Li/�WA8.1i�
MN30WVL=(H/ #'B �KE"#%$'& B'*'WC&ALi;j(.30*`;G/[30*N;?$@&pJ'L435MN(.L4/�#,B �u351�&A14;=35MN(+;?&C6[;=8�de& � 6 U 7 � 4 D � E"#%$'&



 4
Upward Thrugoing Muons

Bartol-96 analytic

40 yr Monte-Carlo

cos Θ

F
lu

x 
( 

10
-1

3  c
m

-2
 s

-1
 s

r-1
)

0

0.5

1

1.5

2

2.5

3

3.5

4

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

Upward Stopmus

Bartol-96 analytic

40 yr Monte-Carlo

cos Θ

F
lu

x 
( 

10
-1

3  c
m

-2
 s

-1
 s

r-1
)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0

�P35]9B@L=& ( E0D � � �)89MNJ'(.L=301=89*\8.I�(.d'1489-5B@;=&mB@J`_)(.L46vM�B'89*<#,B �R(.1pWH(.-0WAB'-5(+;?3089*�_k30;?$ ( U /9&A(.L�\89*b;?&&�|(.L=-08Y_k30;=$\(+*,(.-0/`;=35W WA(.-5WCB'-~(+;=3589*NIQ89L|;?$'L4B']98930*']�MYB'89* � -5&CI ;|J,(.*'&C- � (.*'6g14;=89J'J'30*']
MYB'89*'1 � L=35].$`;kJ'(.*'&A- � E

14/214;=&AMN(+;?30W<B@*'WA&CL4;j(+35*b;G/�dK&CWH(.B@1=&<8.I�M[8f6@&A- ��6'&AJe&A*@6'&A*'WC&h351%&A1i;?30Mu(+;=&A6�db/�WA89M[J,(.L435*']Y;=$'&
6'3 K&AL4&A*'WC&rde&C;G_o&A&A*X;=$'& %p89*'6'(�(.*'6 8|(.Li;?89- #,B �u30*N&A(.Wj$Xd'30*tEP#%$@351�351�1=$'8x_k*X30* �k&CI E � ( � � E
#%$'351�B@*'WA&CL4;j(+35*b;G/�IQL489M MN826'&A- �G6'&CJK&C*'6'&C*'WA&|8+IK*@&AB@;=L=35*@8 #,B ��351"(+dK89Bf; � D U 7XEP#%$'&%B@*'WA&CLi�
;j(.30*`;G/<30*<;=$'&)L=(+;?308p8.IqB@J`_)(.L46�;?$'L4B']98930*']p;=8r1i;?89J'J@35*']pMYB'89*$#,B ��WA89M[&A17IQL=89M B'*@WA&ALi;j(.30*b;G/
35*};=$'&uJ'L435MN(.L4/wWC891=M[35WNL?(H/�1=Je&AWC;=L?(.-o35*'6@&��v_k$'35Wj$ 301�&C14;?30Mu(O;?&A6�;?8^de& � 4 7 � 4 > � E^#�8
&A14;=35MN(+;?&�$'8x_�;=$'351�B'*'WC&ALi;j(.30*`;G/_o89B'-06 ( K&AWs;N;=$'&�L=(+;?308v8+I�B'Jb_|(+L=6 1i;?89J'J@35*']w;?8v;?$'L4Bf�
]98935*@]gM�B'89* #'B �v_�_o&[_o&A30]9$b;?&A6�;?$'&[*`B'MYde&AL<8.I|B'Jb_)(.L=6}&CF9&C*b;?1Y30*v&A(.Wj$�&C*'&AL4]./vd'35*vdb/
� � � 4 U 
 � � � � � � ��� � 35*'1i;?&A(.6X8.I:D � (.*'6XL4&AWC89B'*b;?&C6�;=$'&r;=8.;j(.-q*`B'MYde&AL)8.I7&CF.&A*b;?1CE.) $'&C*X;?$'301
351%6'89*@&h;=$'&hL?(+;=358cWj$,(+*']9&A1k;?8 � D9D9E?>A7 (+*'6X�jD U E � 7XE
����� � � � ��� ��� � �  � � � � � � � �� � �\� ��� � ��� � �	���

n�;o$'(.1:dK&C&A*u14$'8x_k*N;=$,(+;";?$@&V14$,(.Je&p8+IK;=$'&k89d'1=&CL4F.&A6 =C&A*'3 ;?$[(.*']9-0&%6'351i;?L435d'B@;=3589*c8+I B'Jb_)(.L=6
;?$'L4B']98930*']h(.*'6c1i;?89J'J@35*']hMYB'8.*'1&_`(.*@6Y;?$'&%L=(+;?308 8.IKB'Jb_|(.L46N1i;?89J@J'35*'] ;=8 ;?$'L4B']98930*'] MYB@89*'1



 >

Eυ (GeV)

dΦ
/d

lo
gE

υ(
 1

0-1
3  c

m
-2

 s
-1

 s
r-1

)

Thrugoing
Stopping

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1 10 10
2

10
3

10
4

10
5

�P35]9B@L=& ( E 6 U � *"*'&CL=]./Z14JK&CWC;?L4B'M 8.I�J,(+L=&A*b;u*'&AB@;=L=30*'891[Mu(.�`30*']wB'Jb_|(.L46 ;?$'L4B']98930*']v(.*'6
14;?8.J'J'35*@][M�B'89*'1V(.1kM[&H(.14B'L=&C6g_k3 ;?$l;?$'& ( U ��/9&A(.L �\89*b;?&,�|(.L4-58'E
351V35*'WC89*'1=3014;=&A*b;r_k3 ;?$�;=$'&�&��@Je&AWs;?&C6�(O;?M[891=J'$@&AL=30Wm*@&AB@;=L=35*@80#,B �\89df;j(.30*'&A6^B@1=35*@]X(.*,(+-0/`;?30W
WH(.-0WAB'-5(+;?3089* � 4 � _ 4  � EP#%$'&kdK&C14;�2';";?8�;=$'&%89d'14&AL4F.&A6N6'351i;?L=30d'B@;=3589*Y301"89d@;?(.35*'&C6[(+I ;?&CL"(.6'6'30*']
WA89*b;?L435d'Bf;?358.*'1�IQL=89M	z�� � z��[8914WA35-0-~(+;=3589*@1AE %V&AL=&�_o&N14$,(.-5-:(+6'6'L=&C1=1h;?$'&[1?(+MN& ,`B'&A1i;?3089*'1
B'1=30*']c;?$'&&�\89*b;?&,�|(.L4-58'E
�	������ � 1 3 � ��� 4 ��� � � ���7-
#�8[6'8c;?$'301V(.*,(.- /f14351)_k3 ;?$�;?$'L4B']98930*']cMYB'8.*'1%_)&h6'& 2,*'&A6�(�� �V]930F.&A*�db/ �
���
	 ��� � � �

�������������������! �#"%$�&('*),+-$�&.'0/213$54-62798 � '0:�;=<>+?+ �@����A(B���C ��$D79EGF � /28�HJILK � +M $DN �OGP5Q�P + � 'R$5N �OSTOGP + �
UV 'XW )NZY\[ � 'XW 1N@]�[ �$_^a` bc+

_k$@&AL=& � �Td�-e  ! 301�;?$@&X89d'14&AL4F.&A6 #,B �}35*�d@35*gf�_ � �Tdchji�-e  ! �Jk f * � 6@l ��mon � � 351<;?$'&u891=WC35-5-5(+;?&C6�\89*b;?&&�|(.L=-08 #,B ��30*gd@35*Rfo(+1p(YIQB'*@WC;?3089*g8.IPM[3 �f30*']cJ,(.L=(.MN&s;?&CL=1 k f&* � 6@l (.*'6 m*n � _ ! !���_p	�
351r;=$'&Y14;?(+;?3014;=35WH(+-�&CL=L=8.L 35*�;=$'&Y89d@1=&ALiF9&C6 #,B �`_7(+*'6 ! !��q ��� 351V;?$'&cd@35*f��d`/b��d'35*^B@*'WA89L4L=&C-~(+;=&A6



 �

Eµ (GeV)

dΦ
/d

lo
gE

µ(
 1

0-1
3  c

m
-2

 s
-1

 s
r-1

)

Thrugoing
Stopping

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

10
-1

1 10 10
2

10
3

10
4

10
5

�P35]9B@L=& ( E 6 D�� *"*'&AL4]./�1=Je&AWs;?L4B'My8.IKB'Jb_|(+L=6f� ;?$'L4B']98930*']<(.*'6�14;=89J'J'30*']�MYB'89*@1o(+1"MN&A(.1=B'L4&A6
_k30;?$l;=$'& ( U ��/.&H(.L �\8.*`;=&,�|(.L=-08'E
14/214;=&AMN(+;?30W|&AL4L=89L�_k$'35Wj$cWC89MN&C1PIQL=8.M M[826'&A-26'&AJe&A*@6'&A*'WC&V(.*'6c$,(.1PdK&C&A*c&A1i;?30Mu(+;=&A6Y30* � ( � � _!�� � U

�
6 6�( 301 ;?$'&[&AL4L=89Lh30*w;=$'&N(.d'1=8.-5B@;=&[*@89L=MN(.-538=H(+;=3589*`_t(.*'6 !

�
� U
�
U�� 35*R;=$'&NB@*'WA&CLi�

;j(.30*`;G/w30*v;=$'&[�+(+89*�;=8\J'3089*vL?(+;=358l_k$'35Wj$�(  &CWC;=1<;=$'&N$@89L=38=A89*b;j(+-:;=8gF.&ALi;?35WA(.-:L?(+;=358'EN#%$'&
6'&A*'8.MN30*,(+;?8.LP35* *-,`*tE ( E  30*'6'35WA(+;?&C1�;=$'&%14;?(+;?3014;?30WH(.-f(.*'6�1i/f1i;?&CMu(+;=35W|&CL=L489L�35*Y;=$'&%89d'14&ALiF9&A6
6,(+;j(<(.*'6��\8.*`;=&7�|(+L=-58@EP#%$'&VdK&C14;�2';:F+(.-5B@&%8.I.� ��35* *-,`*tE ( E h35*c;=$'&kJ'$b/f1435WA(.-,L=&C]93589* � IQ89L
_k$'35Wj$ k f&* � 6@l�� � D � 82WAWCB'L=1�(+; � � � >

�
( � WA89L4L=&C1=Je89*'6'30*']r;?8 p6tE 8@E{Iq_k$'&C* k f * � 6@l � D

�
U9U _

m*n � � U � U9U�� 6 � &/@ � _�� �	� U � U 66 (+*'6 � � U � U >@E�#%$'&�de&A1i;�2';%30*u;?$'&rB'*'J'$b/21=30WH(.-tL4&A]93089*
8fWCWAB'L41�(+;o� � � >

�
(54 _P_k$@&A* k f&* � 6Zl ��D

�
U 4�(

�3m*n � � U � U.U�� 6 � &/@ � _
� ��� U � U 6 6 (.*'6
� ��� U

�
U D9E �q8.Lm*`B'-0-�8.1=WA30-5-5(+;?3089*wWH(.14&�_ � � � 6 �

�
DNIQ89LND U 6'8+IO_P_k$'&A*� ��� U

�
D ��� (.*'6

� � U
�
U >@E')}&X;=$'&A*89d@;?(.35*@&A6 (.-0-58x_o&A6 L=&C]9358.*'1Y35* � mon � � k f&* � 6@l � J'(.L?(.M[&C;=&ALY14J,(.WC&�(+;> A7b_ �.U 7 (+*'6 � � 7 � �"E7#%$'&A14&N_o&AL=&[89d@;?(.35*@&A6vd`/ 2'*'6'35*@]\-08fWCB'1h8.I|Je8935*b;=1 IQ89L�_k$'35Wj$

m � � � 6 E 6 #_ ( E?> U >#_e(.*@6 � E 6 D 6 L=&A14JK&CWC;=30F9&C-0/�_K_k$'&CL=& m � � � � � �X� ��'!(# Ek#%$'&�(.-5-08x_)&C6�L=& �
]93589*@1VIQ89LV*'&CB@;?L435*'8N891=WC35-5-5(+;?3089*lJ,(.L=(.M[&C;?&CL=1VB'1=30*']uB@J`_)(.L46^;?$'L4B']98930*']NM�B'89*'1r(.-589*@][_k3 ;?$



 

;?$'& =A&C*'30;=$�(+*']9-5&�6@3514;=L=30d'B@;?3089*l(+;%;=$'&hdK&C14; 2';k351%14$'8x_k*�30* ��35]'E ( E 6 6 E

cos Θ

F
lu

x 
( 

10
-1

3  c
m

-2
 s

-1
 s

r-1
)

Observed Flux

Null Oscillation ( α=-0.193, ε=0.06 )

∆m2 = 0.0033 sin2 2Θ =1.00
(α=-0.022, ε=0.002)
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Observed Flux

Null Oscillation ( α=-0.511, ε=0.018 )

∆m2 = 0.00385 sin2 2Θ =1.00
(α=-0.063, ε=0.009)
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Null Oscillation ( β = -0.373)
∆m2 = 0.00253 sin2 2Θ = 0.992

( β = -0.089 )
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Upward thru muons  in galactic coordinates
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Angle between precision fit and truth fit
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Point-Spread Function for showering upthrumus
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Upward showering muons in galactic coordinates
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Super-Kamiokande
Run 2101 Sub 3 Ev 15239
96-07-05:01:46:37  0013 dee4 0606

Inner: 10877 hits, 191405 pE

Outer: 249 hits, 863 pE (in-time)

Trigger ID: 0x0b

D wall: 1690.0 cm

Upward-Going Muon Mode

 

 

Charge(pe)
    >26.7
23.3-26.7
20.2-23.3
17.3-20.2
14.7-17.3
12.2-14.7
10.0-12.2
 8.0-10.0
 6.2- 8.0
 4.7- 6.2
 3.3- 4.7
 2.2- 3.3
 1.3- 2.2
 0.7- 1.3
 0.2- 0.7
    < 0.2

0 500 1000 1500 2000
0

400

800

1200

1600

2000

0 500 1000 1500 2000
0

400

800

1200

1600

2000

Times (ns)

	 - T L��$� E E�� � � �Q1 � I[ H�-9G O 8j& \ /0R & I L O F & �$H
G$� / F ���$- I�T+6 L /#I E



� ��� � � ��� �

� ��� �	��
 ������

,K��� O � & G��%Y !</0R � L O ����� � & 6 - / � & I H�� �'& O ���$- 6 � I[ �/#O ��� &  ��H R � /#6 � O ��- 8 ! ��� �  $/�� L 8;\
� $ $ ! E �  M / 8;8 ��M  �3H ! � � � L O F & ��H  ���$L 6 L /#I G & I H � � E L O F & ��H G  4/#O"O - I�T 6 L /#I G=H�L��$- I�T
 ��-;G O ����- / H F -  �  4/0 &08�8 - 1 �  - 6 � /0R !�� � $UH &2\ G E ,K��� P � I -  � & I�T 8 ��H�-;G  �$- P L  - /#I /0R L O F & �$H
 ����L T#/ - I�T & I HWG  4/0O�O - I"T 6 L /#I G)-9G�M /#I G�-9G  � I[ F -  � ����� ��� / G�M�- 8;8j&  - /#I G E � 1 & �$-;�  \ /0R
& G  � /#O � \ G$-;M &08 G�� & ��M�����GZ� & 1 � &08 G / P �3� I H /#I � F -  �  ���:L O F & �$H T#/ - I�T<6 L /0I G G$L�M�� & G
G$� & �$M����3G RS/ � � ��� * & I�I -;��- 89&  - /#I G)- I  ���+M�� I[ ��� /]R � & �  � � � L I & I H � &08j& M  -;M � � I[ �3� �
H�- 
 L�G$� � L & R � /06  ��� T &089& M  -9M O 8j& I � � & G F � 898 & G R � /#6  � & I G�-9� IJ G / L"�$M��3G)G$L"M�� & G � �� G
& I H � �  G E � / G$- T#I &08 G F ������G$��� I E � / F � 1 ���  �����$�3G$L 8  G R � /#6 � ��� * G$� & �$M��"��G � & 1 �
� I &0P"8 ��H L�G  $/W/ P  & - I G  �$- I�T � IJ 8 - 6 -  G /0I & I�I -9��- 8j&  - /#I � &  � & G F � 8987& G � ��� * � 8j& G  -;M
G$M &  $ �3�$- I�T M�� / G$G YVG���M  - /#I G E � L�� 8 - 6 -  G /#I � ��� *!Y I L"M 8 � /#I G$M &08j& �!M / L O 8 - I�T G O & �  - &]898;\ �$L 8 �
/ L  G /#6 � /0R  ��� � ��� � &]898 / F ��H �$� T - /0I & I H  ��� 8 - 6 -  G /#I � ��� *!Y O � /0 4/#I G O - I M / L O 8 - I�T
& �$� 6+/ �$��G�� I G�-  - 1 �  � & I & I \ H�-9����M  H"�  �3M  - /#I �'& O ���$- 6 � I[ E

� 8 G / F �(� & 1 � P �3� I &0P"8 �  4/ -;G / 89&  � & G & 6+O 8 � /0R L O F & �$H 6 L /0I G F �"-9M�� 8 / G$�3G=� I ��� T \
 ��� / L T � � & H"- &  - 1 � O � / M��3G$G$�3G E ,K��-9GhG & 6ZO 8 �'-9G  ��� ��- T �"��G  hI ��L  �$- I"/ � I ��� T \ H &  & G$�  - I
� L O ����� � & 6 - / � & I H�� F -  � 6 � & I'I ��L  �$- I�/ � I ��� T \ /0R � ! ,�� � E �  G$L�M��+��- T �(� I �3� T -;��G  ���
I ��L  �$- I�/ / G�M�- 898j&  - /0I O � / P�&]P - 8 -  \ -;G I � T 8 - T - P�8 � & I HW��� I M��  ��� P � I -  � & I�T 8 �hH�-;G  �$- P L  - /#I! � !



! � �
/0R  ��-9G�H &  & G$�  G$� / L 8 H P ��M /0I G$-;G  � I[ F -  � I L 898 / G�M�- 8;8j&  - /#I & I H  ��-;G7-;G / P G���� 1 ��H E 	 - I &08;8;\
& I:/ G$M3- 8989&  - /#I & I &08 \ G�-9G`-;G`H /#I � P[\ M /#6 P - I - I�T &08;8  �"�  ��������M &  � T0/ �$-;��G /0R L O F & �$H T#/ - I�T
6 L /#I G E ,K�"�NM /#6 P - I ��H � L & /]R &08;8  �"�  ���$�3�NM &  � T#/ ��-9��G /0R L O F & �$H 6 L /#I G�-;GiM /#I G�-9G  � I[ 
F -  � / G$M�- 8989&  - /#I G E � 898  ��� & G  � /#O � \ G$-;M &08 G$� & �$M����3G F �3�$�K�$� O � &  �3H F -  �  ��-;G!G & 6ZO 8 � � G$- I M��
 ��� &  46+/ G O ������-9M I �3L  ��- I�/ P�& M � T � / L I H(-;G �$��H"L�M��3H &   ���3G$� ��- T �U� I ��� T -9��G E � / G�- T#I &  L�����G
/0R & G  � /#O � \ G$-;M &08 G / L��$M3��G F �3�$�UG$��� I - I  ��-;GiH &  & G��  E

� L����$� IJ 8;\ � L O ��� Y��=Y � � -;G /#O ��� &  - I�T G�- I M3� � & I L & � \ � $ $ � F -  �g�$��H"L�M��3HZ- I�I ���!H��  ��M  $/ �
* � ,KG E �  -9G+M /0IJ - I L�- I�T  $/ ����M / �$H L O F & �$H T#/ - I"T 6 L /#I H &  & E � 898 G$� & �$M����3G - I  ��-;G
 ���3G$-9G F - 898)P � M /#I[ - I L���H F -  � � L O �3� Y��=Y � � H &  & G$�  E�� I"RS/ �  L I &  � 8;\ P ��M & L�G$� F � & ���
P�& M � T � / L I H 8 - 6 -  ��H �  ��� 8 - 6 -  G /0I � ��� *QG & I H /0 �"��� O / - I[ G / L��$M3��G+M & I /#I 8 \ T � / F
& G  ��� G � L & �$� � / /0 :/0RU ��� � & O / G�L��$� E � R F � & ��� 8 L�M �[\ F � M / L 8 H H��  ��M  & I ��L  �$- I�/
G$- T0I &08 G R � /#6  � & I G�-9� I[ G / L"�$M��3G G�L�M�� & G T & 6+6 & � & \ P L��$G  G E � / F � 1 �3�  �"�
����G$L 8  G /0R
R L  L���� T � I ��� &  - /#I /0R L I H"��� F &  ��� � L I H��3�$-9M3�:H��  ��M  $/ �$G F -  �  ����-;� 8j& � T �+� 
 ��M  - 1 � & �$� & G
& �$� & I[ -;M�- O &  �3H F -  �:� IJ �JL�G$- & G 6 E



� � � � � � �� �

� � � ���� � 	 ���� ��
 
 ��� � 		�� � �

� ��� ��� ���� � � � �

� �������	���"���(-;G  ����� �$G"!#� !$!$%&��L�G$%3H'- I !$' %(�$%�H"L�M)!$- /#I M*' +0- I E ,,' % 6 +0- INT#/ + 8 /0R !-'"-9G.� !$!$%&�!-;G
! / M 8 +0G$G�- R \ !-' %/! /#O / 8 /#T \ /0R !-'0% 6 L /#I % 1 % I ! L�G$- I�T�/#I 8 \ !-'0%21�L3!-%&� Y � %4!-%�M4! / �Q- I"RS/ � 6 +5!$- /#I
� 1 � � + I H O +0G$G6!$' %7% 1 % I !8! / !-' % I %'&9!:� !$!$%&� E ,,' %'M*'�+;� T %'M�L0!:+0G F % 898 +0G<!$' %(G$% 8 %3M)!4- /#I
/0R H0%�M=+ \ % 8 %�M4!-� /#I M&+ I H�-;H�+5!$%�G,!*+ � %�G O 8 +]M&%�- I !$'�-9G/� !"!-%)� E

� �����>�	�?�"���:- I -@!4-A+ 898;\ �"%CB"%3M)!4GD+ I \ % 1 % I ! F '�-9M*'E'�+0G,!$' % O %3H %�GF!*+ 8 � + T /#I / �/!$' %h- I�I %)�
H %)!$%�M)! / � / �G!$' %1)L0!$%&� � %)!$%�M)! / � /;H E � �������	���"���I!-' % I M*' %�M � GKJ R !$' % O �$%)L9JNM#L�G G$+=LO%�H
%)LO% I !,'�+0G P %)% I + I L O F +;�$H�GF!-M O�O J I�TQP L M I J I MO�$H0%&�R!-MgG$+=LO%)H %3M=+ \ %&SN%�M)!$�$M I M=+ I H J9H�+T!-%�G E
� �������	���"���U!-'0% I O �$M M&%)%�H�G,!-M M)SA+0G�G$J R \ !-'0%8!$M O MOSVM T \ M R !$' % P L M I %4LO% I ! E �W'0% I + P L M I
O +0G$G"%�GK!$' �$M#L T 'X!-'0%YM#L0!$%&� Y H %)!$%�M4!-MO�U+5SVS2Z �\[ GUSVM M=+5!$%�H M)SVM#G"%\!$M]%=+0M*'^M5!-' %)�K'�+=LO%+ O Y
O �$M &3J P +5!-%)S \ !$' %iG-+ P %2!$J P J I�T + I H M*'�+;� T %<J I"R MO� P +5!$JVM I E � G$J I�T !$' J9G O ' \ G$J;M�G P M;!-J@L5+5!-JNM I?_
� �������	���"��� M=+;SNS9G8+�M&S;L�G"!$%&�$J I�T +;S T M;�$JN!$' P `9` �=�0a�
��������0b 
dc>c �fe �$J@!$!$%&gih>j �lk �8+;g %4j9m � J �
e ' JVn*'on&MOm g�!$pqp"m n*'rn&SNm p"!$%&�"pqM;s<Z �\[ �tpuJVgo1 � e '0JVn*'o+;�$%vn&SNMOp$%)SNjwp"x�+;n)%&y _ '0JN!q+;�$M;m g y
+;x x �"M &3J P +5!$%&S@jz!-'0%qp$+ P %l!$J P %;k [ ' %uJNg JN!$JA+;Sd{Om %)p$p$%)p|sfMO�:!-'0%uZ �\[ p|+;�$MOm0g y e '0JVn*'�!$' %
n&SVm0p"!-%)�KJVp}n*' MOp"%&gWJVp}y %)n&JVy0%&y^JVgoMO�$y0%&�uM5s:y %&n)�$%&+;p$JNg {~Z �\[ n*'�+;�${;% _ J�kt%;k � � a�
�������0b�
! � �



! � �
SVM9M � p�sfMO�(!-' %<� �$p"! n&SNm p"!$%&�,+;�"MOm g yq!-' %:Z �\[ e JN!$' P + &3J P m P n*' +;�${O%6+;g yKp"MlMOg?k � n)SVm p �
!-%&�Q+;�"MOm g y !-'0%&p$% P + &3J P m P ' J@!8Z �\[ � p JVp:p"%&SV%)n)!$%&yiJNs(!-' JNp8Z �E[ +;g yi+5!QSV%&+;p"!��KM;s�JN!$p
g %=+;�"%&pF!<g %)JV{O'>h MO�$p,p$+5!-JNp"s jUh M;!$'v!$' %8n&MOg0y JN!$JVMOg p,h %&SNM e �

� � '�+;�"{O%8M;s +5SVS�Z �\[ p2JVgU!-'0JVp,n&SNm p"!$%&� JVp,{;�$%=+T!-%&�/!$'�+;g � x %

� [ ' %8!-J P JVg0{Op M;s +;SNS�Z �\[ pDJNgU!-' JNp,n&SVm0p"!-%)�,s +;SVS e JN!-'0JVg � $ $7!$M ! � $ $7g p&k
1:g0n&%6+5SVS�p$m0n*'Kn&SNm p"!$%&�$p('�+=LO%<h %)%&gun)MOm g�!-%)y _ +Qn*' %&n � JVpRy M;g %D!$M %)g p$m �"%D!$'�+5!(!-' %2y JVpF!*+;g0n&%
h %4! e %)%&gU!-' %<Z �\[ p,'�+=L9JVg { P + &3J P m P n*'�+;�"{O%<JNgu%&+;n*'Un&SNm p"!$%&� JNp�{;�$%=+T!-%&�(!-'�+5g � P %)!$%&�$p)k
� s g M;! _ +;SVS>p$m0n*'}n)SVMOp"%&S@j p"x�+;n)%&yGn&SNm p"!$%&�$p +;�$%�n&MOm g�!$%&yG+;p ! k � s�!-'0% !-M;!-+;S>g>m P h %&� M;s n)SVm pF!-%)�$p
sfMOm g yv!-' JNp e +=jvJNp,{O�$%&+5!-%)� !$'�+;g � _ !$' %8%)LO%)g�!<JNp,n&SA+5p$p$J@��%&y\+;p + P m S@!-JVx0SV% � P m MOg k

� �����>�	�?�"���Y!-' %)g n=+;SNSVp6+5g M;!-'0%&�8+;SN{OMO�$J@!-' P � p P s !-y JNp"!-n�� e ' JNn*'iSNM3M � p<+5!6!$' %lg>m P h %&�
M;s 1 � ' JN!$p e JN!$' JVgX+�!-J P % � e JVg0y M e M;s e JVy0!$'	��
� 3 e ' JNn*'^JVpuy0%)!-%)� P JVg %)y^+;pusfM;SVSVM e p �
� �0a��������� 
n)MOm g�!-p|!$' %ug>m P h %)�7M;s21 � ' J@!-pQJVg]+\p$SVJNy JVg0{ e JNg y M e M;s e JVy3!-' ! $ $\g�+;g0M �
p$%&n)MOg y p p"!*+5�"!-JNg {8sf�$M P � $ $ g p(m x0!$M ! � $ $Qg0p�JNgqpF!-%&x0p/M;s ! g p&k [ '0%2���"p"!�!-J P %/!-'0JVp(p$SVJNy JVg0{
e JVg y M e %)g n&M;m g�!-%&�"p/g>m P h %&�(M;s?'0JN!-pR{O�"%=+5!$%&�R!-'�+5g ! � JVpRg M;!$%&y������������Ck [ ' %D!$J P % +5! e ' JVn*'
!-' %qg9m P h %)�|M;s/' JN!$pQs +;SNSVp8h %&SVM e ! � JVpQy %)g M;!-%)y~+;p���� � 3�k � � s/!$' %ug>m P h %&� M;s,' J@!-pQg %)L;%&�
s +;SVSNp(h %&SNM e ! � sfMO�R!-'0%<�$%)p"!,M5s?!-' %DSVM9MOx���� � 3,JVp(!*+ � %&gu!$M7h % ! � $ $Qg p � k [ ' %)gKJN!�n=+;SNn&m SV+5!-%)p
��
�� 3 e ' %)�$%���
�� 32JVp,{OJ@LO%&gEh�j �

��
�� 3! "��� � 3$#%����������� � � k ! �
[ '>m p!��
� 32�$MOm0{O' SNju{OJNL;%&p/!$' %:!-M;!-+;S e JNy0!-'vM;s.!-'0%8!$J P % e JVg0y M e e ' %)gE!$' %8g>m P h %&�,M;s

1 � ' J@!-p,JVp +T!DSN%=+;pF! ! � k
� ! !-'0JVp,p"!-+;{O% � ���T���	�?�"���EJNp � g JVp"' %&y e JN!$'Eh M;!$'\J@!-p,n&SNm p"!$%&�"JVg {}+;SN{OMO�$J@!-' P p,+;g0yEn)SA+;p �

p$JN� %&p<!$' % P m M;gz%)L;%&g�!8h�+;p"%&yMOgY!$' %&p"%7�$%)p$m S@!-p)k � sR%&J@!-' %)�D!-'0%|g>m P h %&�6M5sRn&SVm0p"!-%)�$p2sfMOm g y
h>jIp P sfn)SVm pF!*+;nEJVpG% � m�+5S2!$M � MO�&��
�� 3%' � � $!-' %)g � ���T���	�?�"���on&SV+;p$p"JN��%)p}!$' %z%4LO%)g>!K+;p



! � �
���������	��
��������� ����������������� ����!"��#��$���%�&������'(�	���*),+.-0/1�

�2���435�6�,�7���8��!"9���9�#:�����
' ! $ $ $ $|!$m h %&p � k%$lx %

� $ $ $ # ! $ $ $ $|!-m0h %)p � k � x %
� � $ $ $7!$m h %)p � k%$lx %

[ +;h0SV% � k ! �<; m P h %&�KM;s:!$m h %&pU' J@!U+;g yr!$' %Yn)MO�$�"%&p$x MOg y0JVg {wSNM e %&�qSVJ P J@!qM;gX!-' %YZ �E[
n*'�+;�${;%QM5s +;SNS p$%)SV%)n)!-%)y\!$m h %)p JVg>=���? �A@KsfMO�/!$' %:���$pF!Dn)SV%&+;g JVg0{ln&m0!&k

!-' �"m {OMOJNg { k � s g %&J@!-' %)�,M;s#!$' %Q+;h M�L;%:! e M}n&�"JN!-%)�$JNMOgv+;�$%:p$+5!-JNp"��%)yE!$' %8%)L;%&g�!<{;%)!-p n)SA+;p"p$JN� %&y
+;p2+GpF!-MOx0x JVg { P m0MOg?k

� �CB D � 	�EGF

[ ' JVp�� !"!-%&��JNp?!-' %R' %&+;�"!.M5s3!$' %Rm x P m8�$%)y m n4!-JVM;g|+;g0y P MOpF!.h�+;nIH>{O�$M;m g yQ%)LO%)g�!-p +5�$% �$% B"%&n4!-%&y
+5s !-%)�Q!$' JVpQ� !$!$%&�&k\1<s +;SNS � !$!$%&�$p m p$%)y _ !$' JVpQJVp8!-' %qMOg S@j MOg % e '0JVn*']{OJ@LO%)p7+\y0JV�$%)n)!$JVMOg�+;p
e %)SVSR+;pQ+vn&SA+5p$p$J@��n=+T!-JVM;gM;s�!$' %l!-MOx MOSNMO{;j\M;s !$' % P m MOg %)L;%&g�!=kJ=���? �A@'�+;p8h %&%)g e �$J@!$!$%&g
h>j  k�K9LOMOh M9y�+ _ M;�$JV{;JVg�+;SNSNjvsfMO�8� !$!$JVg {v!-'0% P m0MOg p e ' JVn*']x0�$M9y m n&%}p$x +;SVSV+5!-JNMOg x �$M9y m n4!-p
e ' JVn*' +;�"%7+up"MOm �"n&%lM;s h +;nIH>{O�$MOm0g ysfMO�DSNM e %&g %)�${;jzp$MOSV+;�Dg0%&m0!$�$JVg0MU+;g�+;S@j9p$JVp)k [ ' %|p-+ P %
x �$MO{;�-+ P '�+;p7h %&%)g~m p$%)yIJNg !-'0%Km x P mw�"%&y m0n)!-JNMOg?k<LDM e %)L;%&�Gp$M P %Kn*'�+5g {O%&pl' +;y]!-MYh %
P +;y0%K!-M!-' %vMO�"JV{OJNg�+;S(x �$M;{O�-+ P !-Mp"m JN!l!$' %vg %&%)y pqM5sD!$' %Um x P mI�$%)y m n4!-JVM;g?k ��%Ep"'�+;SNS
y JVp"n&m p"p8!$' % P +;JVg\sf%=+5!$m �$%)p:M;sM=���? �A@ e ' JNn*'i+;�$%7J P x MO�F!*+;g�!2sfMO�6m x e +;�$y P m M;g +;g�+;S@j3p"JVp)k
� MO�$%8y %4!*+;JNSVp,MOg>=��N? �(@Un&+;gEh %:sfMOm g0yEJNg  %4sCk � � ���
=��N? �(@ P +;JNg SNj\m p$%)p � � JVg0sfM;� P +5!-JNMOg?kO=��N? �A@ipF!*+;�F!-p8h�j P +AH9JNg {U' JN%&�-+5�$n*' JNn=+;S p"%)!-pQM;s

n&SV%&+;g JNg {<n)m0!-pdsfMO� Z �\[ p"%&SV%)n)!$JVMOg|+;p#sfMOSNSVM e p � 16g S@j:!-' M;p$%/Z �\[ p e ' MOp$% n*'�+;�${;% JVp#{O�$%&+5!-%)�
!-'�+;g�+vn&%&�F!*+;JNg!-' �"%&p$'0MOSVy�+;�$%Gp"%&SV%)n)!$%&y?k [ ' JVp:!$' �$%)p$' MOSNy�y0%&x %&g y pQm x MOg !-' %Gg>m P h %&�8M;s
' JN!2Z �\[ p�PRQ � � �RS JVgU!-' %8%4LO%&g�!<+;g yEJVp,y %4!-%)� P JVg %)yEh�jU!$' %:!*+;h SN% � kUT

� !(!-' JNp�pF!*+;{;%V=��N? �(@ P +(H;%)p J@!-p ���$pF!/{Om0%&p$p(sfMO� !-' %D%XW3JN!�x MOJVg�!�+;pR!-' %DZ �\[ e ' JVn*'q'�+;p
!-' % P +6W3J P m P n*'�+5�${O%G+;g0yip$+5!-JNp"��%)p6!-' %7� �$p"!Qn)SV%=+5g JVg {un&m0!&kO=��N? �A@Yn)MOm g�!-p:!$' %lg>m P h %&�



T�� �

��������� ��
� �J!"� ����� 35�6�,� ' � � � �N!"�����,�49����8#�� 
���>' � �
' ������� �

������� # ������� �
� ����� #�������� �
����� # � ����� �

� �����7!-m0h %)p T

[ +;h0SV% � k � � �.M e %&�qSVJ P JN! MOgI!-' %Eg>m P h %&�GM;s6g0%=+;�"%&p"!ug %&JN{O'>h M;�$pGn&MO�"�$%)p$x MOg y JNg {i!$Mi!$' %
g9m P h %)� M;s#!$m h %&p2p$%&SN%&n4!-%&y\+5s !$%&�,!-' %:���"p"!2n&SN%=+;g0JVg {ln)m0!=k

M;s g0%=+;�"%&p"!Dg %)JV{O'>h MO�$p,M;s#%=+5n*'zZ �\[ P e ' JVn*'Ep-+T!-JVpF��%&p,!$' %6���$pF!2n&SV%&+;g JNg {Gn&m0!IS e ' JVn*'E'�+=LO%
h %)%&gr' J@! e J@!-' JNg T	��g p e JVg y M e P�Q � � S4k [ ' %)g _ =���? �A@ P +(H5%&pqJN!-p}p$%)n&MOg0y^n&SV%&+;g JNg {�n)m0!
+;g yUp$%)SV%)n)!-p MOg SNjG!$' MOp$%6Z �E[ p e ' JVn*'U'�+=L;%GQ � � {O�"%=+5!$%&��!$'�+;gv+|n)%&�F!*+;JNgu!-' �"%&p"' MOSVy e ' JVn*'
y %&x %&g y0p,m x M;gu!-' %Dg>m P h %&�/M;s !-m h %&p,+Ts !-%&�(!-' %2���$pF!,n&SN%=+;g0JVg { n&m0!/+;p p"' M e gEJNg [ +;h SN% � k �
=��N? �(@\g M e p"!*+5�"!-p e J@!-'Y!$' %|� !"!-JVg0{ k [ ' %lJVg0JN!-JV+;S�{Om %)p$p6sfMO�D!-' %7%)g�!-�"jzx M;JVg�!6JNp P +5y %

h>j p$%)SV%&n4!-JNg {Y!-' %U%&+;�$SNJV%)p"!lZ �\[ e ' JNn*'I' +;pl+5!lSN%=+;pF!
�zg %&+;�$%)p"!Gg %)JV{O'>h MO�$pl'0JN! e J@!-' JNgw+
T��}g0p e JNg y M e k � s g MGp$m0n*'Z �\[ JVp/sfM;m g yv!-' %)g\!-'0%Q�"% � m JN�$%&yEn&M;g y JN!$JVMOgUsfMO�/!$' %8g>m P h %&�
M;sdg %=+;�"%&pF! g %&JN{O'>h MO�"p JNp/�$%)y m n&%)yvMOg %:+5!,+ !-J P %5k [ ' %6���"p"!,{Om0%&p$p/sfM;� !-' %<y JV�"%&n)!$JVMOguJVp�!$' %
LO%&n4!-MO�8sf�$M P !-'0JVp:%&g�!$�"jx MOJVg�!:!$Mv!$' %l���$pF!Q{Om %&p"p8%XW3JN!Qx MOJVg�!=k � s�!$' %G%XW3JN!8x MOJVg�!Q+;g0y !$' %
%&g�!-�Fjzx MOJVg�!<+;�$% SVM9n=+5!$%&y\n&SVM;p$%8!-MK%&+;n*'YM;!$' %&�2!-' %)gz!-' %|n*'�+;�${;% � e %&JN{O'�!-%)yYn&%)g>!$%&�6M5s P +;p"p
M;s +5SVS?�"% P +;JVg JNg {|!$m h %)p JVp m p$%)yz+5p !$' %:���$pF!2{Om %&p"pD%CW3JN! x MOJVg�!=k
=��N? �(@v!-'0%&g P +AH;%&pDsfm �"!$' %&�6n&+;m p$+;SVJ@! j\n)m0!-pD!-MK{O%4!:�$JNyYM;sR' J@!-pDx �$M9y m n)%&y h�j P m0SN!-JNx SV%

P m MOg p2+;g0y\h�jvp$n&+5!$!$%&�"%&yzSNJV{O'�!&k � s !$' %8x MOp"JN!$JVMOg���!-J P %2M;s !$' %8%&g�!-�Fjvx MOJNg�! JVp H>g M e g\!$' %&g
g M !$m h %Dn=+;gu{O%)!�' JN!������������ !-' +;gq!$' % P m0MOgq!$�-+=LO%)S !-J P %,JNg e +5!-%)�&k L2M e %)L;%&� _ JNs?!$' %&�"%6+;�"%
P m SN!$JVx SN% P m MOg0p2!$' %&gz!$' %&�"%|n&+;gzh % P +;g�jv%=+5�$SNjv'0JN!-p)k � !D!$' %|M5!-' %)�D%CW3!$�$% P %|+;g�jEZ �E[
x �$M9y m n)%&y h�j y JN�$%)n)!8SVJN{O'�!:n=+5g g M;!Qh %}'0JN!8SA+T!-%&�6!$'�+;g !-' %l!$�-+=LO%)SR!$J P %7M;s SVJV{;'>!6JVg e +T!-%&�)k
=	�N? �A@Gn&MOm g�!$p�!-'0%2!$M;!*+;S�g>m P h %)��M;s?Z �\[ p P�Q�� � �����&S e ' JNn*'u'�+=L;%<' J@! !-J P %&pRSN%&p$pR!-' +;gq!$'�+;g
��� ������� e ' %)�$% �

��� � �����  ��� � �����T � P � k � S



T�� �

e ' %&�"% ��� � � JNp/!-' %8' J@!,!-J P %6M;s#%&g�!$�"jvx MOJVg�! Z �\[
+;g y � JVpG!-' %Ey JNp"!*+5g n&%vsf�$M P !$' %E%&g�!-�Fjox MOJNg>!G!$M�!-'0%\' J@!qZ �E[ k � sGQ � � ����� ' � �!$' %&g
!-' %7%4LO%)g>!8JNp<n)SA+;p"p$JN� %&y +;p<+ P m S@!-JVx0SV% P m MOg � n=+T!-%&{;MO�"j � T7+;g y+;SNS.%)LO%)g�!-p8M;s !-'0JVp<n&+5!-%){OMO�Fj
+;�$%Q!-�$%&+5!-%)yYp$%)x�+;�$+5!-%)SNjv!-M}��g yz!$' %&JN�D%)g>!$�"jEx MOJVg�!-pD+;g yzy JV�"%&n)!$JVMOg0p&k � % p$'�+5SVS.p H>JVxE!-' %)p$%
y %)!-+;JVSNp p$JNg n&% e %,y MOg �t! g0%&%&yl!$' %/y JN�$%&n4!-JNMOgl+;g yl%)g�!-�"j7x MOJNg�! M;s�!$' % P m S@!-JVx0SV% P m MOgl%4LO%)g>!$p&k
[ ' JVp JVp,y0JVp$n)m p$p"%&y\JVgv{O�$%&+5!-%)� y %)!-+;JVS?JNg � � ��� k

	 MO�8+;SNS M;!$' %&�Q%)L;%&g�!-pG=	�N? �A@ P +(H5%&pQJN!$p8!$' JV�"y n&SV%&+;g JNg {vn&m0!QsfMO�8�$%)p"! M;s�!$' %q+;g�+;S@j3p"JVp)k
1:g0SNj6!$' MOp$%�Z �\[ p +5�$%(n*' MOp$%)g e ' MOp"%�'0JN!.!-J P %)p.+;�$%(h %4! e %)%&g ��� � ����� e ' %&�"% ��� � �����RJVp.y %4��g %&y
JVgv% � m�+5!$JVMOg � k � +;g y � � � ��� � e ' %&�"% �

� � ����� �! ��� � � ���� � P � k � S

[ ' %u�$JV{;MO�$MOm0p y JN�$%)n)!-JNMOg��0!$!-JNg {Yg M e h %&{OJNg p&k 	 M;�|+Y{OJ@LO%)g P m MOg�!-�-+5nIH�%)g>!$�"j�x M;JVg�!
+;g yUy JN�$%&n4!-JNMOgK+7Z �\[ JVp�n&MOg0p$JVy0%&�$%)yK!-M7h %6JNgq!-'0%6� ' %&�"%&g"H5M�LUn&MOg0%6JNs�J@!/p$+5!-JNp"��%)p,+5!/SN%=+;pF!
MOg %8M;sd!-' %:sfMOSNSVM e JVg { ! e M}n&MOg0y JN!$JVMOg p �

� ������� ' � � � �
e ' %&�"% �� JVp +Gm g J@!/LO%)n)!-M;�2sf�"M P %)g>!$�"jvx MOJVg�!,!$MG!$' %QZ �\[ +;g y
�� JVp,y0JV�$%)n)!$JVMOgvn&M;p$JVg0%QM5s#!$' % P m MOgU!-�$+;nIH k

� � JVpF!*+;g n)%:h %4! e %)%&gz!$' %8%&g�!-�Fjvx M;JVg�! +;g yv!-'0% Z �\[ JVp,SV%)p$p,!-' +;g � P
[ ' %vy JN�$%)n)!-JNMOgwJVp B"JV{O{OSN%&y~+;�"MOm g yw!$' %U���$pF!G{Om %&p"pqy0JV�$%)n)!$JVMOg P e JN!-'0MOm0!ln*'�+5g {OJVg0{ !$' %

SVM9n=+5!$JVMOg���!-J P %2M;s#!$' %8%&g�!-�FjEZ �\[ S/m g�!-JVS?!$' %8{OM9M3y g0%&p$p M;sd� ! x�+5�-+ P %)!$%&� JVp P +6W3J P J	�)%&y?k
[ ' JNp,{OM9M3y g0%&p$p M;sd� !2x�+;�$+ P %)!-%)�,JVp,y %4��g %)yY+;p,sfMOSNSVM e p �


 ��������  � P���� � ��� S  ��
��� #��
P ��� � S�� P � k � S

e ' %&�"% � � �dJVp,!-' %:!$J P JVg {7�"%&p"JVy m�+5S�h %4! e %)%&g\!$' %Q%XW3x %)n)!$%&yY+5g y P %=+5p$m �"%&y\Z �E[ !-J P %)p/sfMO�



T�� �

+7{OJNL;%&g P m M;gK!-�-+5nIHK+;g yUy0JV�$%)n)!$JVMOgU+5g y ��� � ��� e ' JVn*'vJVp(!-' %:�$+5!-JNM|M;sdg>m P h %&� M;s#Z �E[ p,JVg
!-' %/� ' %)�$%&g H;M�Lzn)MOg %:!-Ml!$' %:!-M;!-+;S?p$%)SV%)n)!-%)yYZ �\[ p)k [ ' %8sfm g n4!-JNMOg � P���� � ��� S JVp,y %4��g %&yz+;p
sfMOSVSNM e p �

JNs ��� � ��� � � � ��� !$' %&g � P � � ��� � S  � � ��� � $'& ������ 
JNs ��� � ��� ' � � ��� !$' %&g � P���� � ��� S  $'& # � �	��
 � ! $'& �� � ��� 
# � ����� 
 � P � k � S

e ' %&�"%�� ��� �  � � � �G[ ' %Qsfm0g n)!$JVMOg
�
P � � ��S/JNp,y %)��g0%&yY+5p sfM;SVSVM e p �

JNs ��� � � �lMO��� � ' ��� ���
�
P � � �8S  ������� #���� ��� � ��� � 
"! �$# �&%&% �, � �$# �'% � (

JNs � � � ' �
�
P � � �8S  ����� � # � ���) �$# �'% ( �

P � k � S

[ ' %uy JV�"%&n)!$JVMOg JVp B"JN{O{OSN%&y]+5�$MOm g0y]!-' %$T&p"!l{Om0%&p$p|y JV�"%&n)!$JVMOg e ' JVSN%4H;%)%&x JNg {Y!-'0%K%&g�!-�Fj
x MOJNg�!RZ �\[ � W3%)yqm g�!$JVS �Q1 	 JVp P +6W3J P J	�)%&y?k 16g n&% +6h %&pF!R� ! � y JV�"%&n)!$JVMOg|JVp sfMOm0g yl!-' %)gG!$' %
p$%&n)MOg yip$%4! M5s�B"JN{O{OSNJVg {qMOx %)�-+5!$JVMOg0p6h %){OJVg0p<sfMO�8+;SNS#%4LO%&g�!$p M;!$' %&�6!$'�+;g P m S@!-J � P m M;g � T +;g y
!-' JNp2!$J P %:h M;!$'E!$' %|y0JV�$%)n)!$JVMOgE+;g yE!-' %Q%&g�!$�"jEx M;JVg�!DZ �E[ +;�$%:L5+;�$JN%&y?k [ ' %&p"%7+;�"% n*' M;p$%&g
sf�$M P '0JN!-p e '0JVn*'QM3n)n&m � e JN!$' JVg8+ � � k �/g p�!-J P JNg { e JVg0y M e +;�"MOm g y8!-' % !$�-+;nIH k [ '0%({;M3M9y g %)p$p
M;s � ! JVp +;{�+;JNg7n=+5SVn&m0SA+5!$%&y e J@!-'*� ��� � JVg ��� g?k � k �:�"%&x SV+;n&%)ylh�j � ��� �3k [ ' %,g>m P h %&� M;s Z �\[ p
e JN!-' ��� ��# �	+ � � � P,����S ' � ���ug0p:+;�$% n&MOm0g>!$%&yi+;g yzJNs !-'0JVp<g>m P h %)�<JVpD{O�$%&+5!-%)�<!-' +;g � �}!$' %
P m MOgIJVpGSA+5h %)SV%&yI+;p P m S@!-J � P m M;g � � k � g�j~M;!-'0%&�}%)LO%)g�!KJVpGg M e n)SA+;p"p$J@��%&yo+;pG!-' �"m {OMOJNg {
P m MOg?k

� !R%&+;n*'}!$�$JV+;S0y JN�$%)n)!-JNMOg�=��N? �A@G+;SNp$M:n&+;SVn)m SA+5!$%&pR+;g0M;!-' %)� {OM9M3y g0%&p$pRx�+5�-+ P %)!$%&� e ' JNn*'qJNp
m p$%)yEh�jq!-' %:m x P mU�$%)y m n)!$JVMOgUJNgU+;p"p$%&p"p$JNg {l!-' % � m�+5SVJN! jqM;s�!$' %6� !=k [ '0JVp/{OM9M9y g %&p"pGP ���,- � � S
JVp,y %4��g %&yz+;p,sfMOSVSNM e p �

���,- � �  /. � �
.10 P � k � S

e ' %&�"%2!$' %Dg>m P %&�$+5!-M;� %XW9!-%)g y p M�L;%&��+;SVS0Z �E[ p JVg�� ' %)�$%)g"H;M�L}n&MOg0%<+;g0y}!$' % y %&g M P JNg�+5!-M;�
JVp:M�LO%)�Qp"m P M5s/+;SNS n*'�+5�${O%)p +Ts !-%&�D!-' % �Kp$%4!-p8M;s�n&SN%=+;g JNg {Kn)m0!-p)k � !:!-' JNp6p"!-+;{O%l!-' % P m MOg



T����

%&g�!-�Fj x MOJNg�!Q+;g yiy JV�"%&n)!$JVMOg JNp6��g�+;SNJ	�&%)y?k � m �$JNg {U!-' %G�"%&p"!QM;s�!-' %}+;SN{OMO�"JN!-' P =��N? �(@g0M e
n&SA+5p$p$J@��%&p,!$' %:!-MOx MOSVM;{;juM5s#!$' %:!*+;{O{;%&yE%)LO%)g�!=k

� SVS>!-' �"m {OMOJNg { P m0MOg p e ' JNn*'l'�+=LO%/!-'0%/!-M;!-+;S3g>m P h %)� M;s ' JN! Z �\[ � p SN%&p"p !-'�+;g � �����6+;�"%
%XW0+ P JVg %)yz!-Mqn*' %&nIHYJ@s !$' %)jz+;�$% n&MO�"g %&� � n)SVJVx0x %)�$p&k [ ' %)p$%G+;�"% P m M;gz%)L;%&g�!-p e '0JVn*'p$n)�-+;x %
!-' %l%)y {O%&p:M5s !-' % � � +;g0yi'0%&g n)%l'�+=LO%7LO%)�"jp"' MO�F!:x�+5!$' � SN%&g {;!$' p&k � s�+ P m0MOg%&g�!-%)�$p:g %&+;�
!-' %:!-M;x\n)MO�$g %)�2+;g yvJNs

���� � � � ��� ���NP	��
AS ���� � � ��� ���NP	� ��S� � ,� � � �� ,� � � ' � � � ����
!-' %q%)LO%)g�!lJVpQn&SV+;p$p"JN��%)y]+;p|+\n&M;�$g %)�|n&SNJVx x %&�)k��<S@!-%)�$g�+5!$%&S@j JNs !$' % P m MOg %)g�!-%&�"p7g %&+;�Q!$' %
h M;!"!-M P n&MO�"g %&�#+;g yQ!-' %(y JVpF!*+;g0n&%Rh %4! e %)%&g7!$' %�%)g�!-�"j8x MOJNg>!#+;g0yQ!$' % Z �\[ e J@!-' P +�W0J P m P
n*'�+;�${;%QJNp SV%&p"p/!-'�+5g � PE_ !$' %&gv!-' JNp,%)L;%&g�!6JNp,n&SA+5p$p$J@��%&yE+;p2+ln&M;�$g %)� � n)SVJNx x %)�&k
=��N? �(@I!-' %)gWSVM9M H>pusfMO�KpF!-MOx x0JVg { P m0MOg pv+ P MOg { !$' %�$% P +5JVg JNg { %4LO%&g�!$p&k K9!$MOx x JNg {

P m MOg p<+;�$%Q�$%)n&MO{;g J	�)%&yYh�jESVM9M H>JVg {q+5!2!-' %Qg>m P h %&�DM;s x ' M5!-M � %&SV%)n)!$�$MOg p2x �"M3y m0n&%&y e J@!-' JNg
� P %)!$%&�$p�P 0 � 3,S6M;s !$' %qx0�$MTB"%)n)!-%)y]%XW3J@! x MOJNg>!8JNgi!$' %�� � +;g0y]+;SNp$MU!-' %}g>m P h %&�8M;s x ' M;!$M �
%&SV%)n)!$�$MOg p e J@!-' JNg � P %4!-%)�$p:M;sR!-'0%lx �$MTB"%)n)!$%&y %XW3JN!8x MOJNg>!<JVgY!$' %}1 � P 0 - 3&S k��Dg %)LO%)g�! JNp
n&SA+5p$p$J@��%&y\+;p p"!$MOx x JNg {GJNsdJN! p$+5!-JNp"��%)p2+5! SV%&+;p"! MOg0%QM5s#!$' %:sfMOSVSNM e JNg {7n)MOg y J@!-JVM;g p �

� 0 � 3 � � ���Gx %

� 0 � 3 � � ���;x %�� 0 - 3 � ���lx %

� 0 - 3 ' ���5x %�� 0 � 3 � T ���lx %
� ; Mu1 � y +5!*+}+=L;+5JVSA+5h SV%�� 0 � 3 � T����lx %
=��N? �(@:g0M e x0�$M9n&%&%)y p.!-M<n&+;SVn)m SA+T!-% !-'0%�SN%&g {;!$' M5s p"!$MOx x JNg { P m MOg p)k [ ' JNp#JNp.y %)!$%&� P JVg0%&y

h>jzn&MOg0p"!-�"m n)!$JVg {K+uy � �5y�� '0JVp"!$MO{O�$+ P M;s !-'0%7MOh p"%&�"L;%&yi%&g %)�${;j\SVM;p$p<h�jE!-' % P m MOg?k�� s(+5!
+;g�j\pF!*+;{;% !-'0%|g>m P h %&�DM;s x ' M5!-M � %&SV%)n)!$�$MOg p2JVgz+qMOg0% � P %)!$%&�2JVg�!-%)�"L5+;S.JVp2SV%)p$p2!-'�+;g � � � M;s



� ���

!-' %q+=LO%&�$+;{O%GL5+;SVm %lM�L;%&�8!-' %G���$pF!�TOk � P %)!-%)�8M;s�!$�-+;nIH +5g y�J@s�!$' JVp8x MOJVg�!8JNp:{O�$%&+5!-%)�Q!$'�+;g
!-' %Kx %=+AH�x MOp$J@!-JNMOg�M5s,!-' %Ky � �Ty�� ' JNp"!-M;{O�-+ P !$' %&g]!$' JVp x MOJNg�!|JNp|n&M;g p$JNy %&�"%&yw!-MYh %q!$' %
p"!-M;x x JVg0{}x MOJNg>!&k [ ' JVp JNp,p$' M e gzJNg 	 JV{Om0�$% � k TOk

 s
to

pp
in

g 
po

in
t

 Length along Muon Track (m)

dE
/d

X
 d

is
tr

ib
ut

io
n

0

200

400

600

800

1000

1200

1400

1600

0 5 10 15 20 25 30

	 JV{Om0�$% �|kUT � ��%&g {5!-']y %4!-%)� P JVg�+5!$JVMOgiJVg P m h M�jisfM;�|+Ep"!-M;x x JVg0{ P m M;g?k [ '0%u' JNp"!-M;{O�-+ P
p$' M e p�!$' % 3 �3�� y JNp"!-�"JVh m3!-JVM;g sfMO�i+�pF!-MOx x0JVg { P m MOg k !-'0%oy�+5p$' %)y SVJNg %wJVg0y JVn&+5!-%)p !$' %� 3 �3���� ��� ��-���� +;g yY!$' %|���"p"!8h JNg e JN!$'+uL5+;SVm %|SVM e %)�<!-' +;gY!-' JNp6JVp<n*' MOp$%)g!-MUh %7!-' %7SN%&g {5!-'
M;s#!$' %8p"!$MOx x JNg { P m MOg

[ '>m p%=��N? �A@zJVp2��g JNp$' %)y?k �W'�+5!�=	�N? �A@zn&+;SVn)m SA+5!$%&p sfMO�<%&+;n*' P m M;g%)LO%)g�!8JVp<J@!-p2%&g�!-�Fj
x MOJNg�! +5g yuy JN�$%)n)!-JNMOg _ JN!$p !-MOx MOSVM;{;j P e ' %)!$' %&��JN!(JVp(+Q!$' �$m0{OMOJVg0{ _ pF!-MOx0x JVg { _�P m SN!$JVx SN% P m M;g �
T _ P m SN!$JVx SN% � P m MOg � � MO��n)MO�$g0%&� � n&SNJVx x %&� S +;g y:! e MD{OM9M9y g %&p"p�M;s9� !-p P 
 � � +;g y � �,- � � S4k e ' JVn*'
JVg y JNn=+5!$%&p:!-'0% � m�+;SNJN! jM;s�!-' %G� !&k � JVpF!-�$JNh m0!$JVMOgM;s/h M;!$' 
 � � +5g y ��� - � �6sfMO�8%)L;%&g�!-p sfMO�
e ' JVn*'7=���? �A@U{�+=LO%Q{OM9M3yK�0!-p,sf�$M P MOg %:�$m0g\n&+;g\h %:sfMOm g yEJVg 	 JV{Om �"% �|k �
� ��� 	�
ME �� � B 	�

� �������	�������rJNpqy %)p$JN{Og %&yr!$M]%��}n)JV%&g�!$SNjI� !KpF!-MOx x0JVg { P m MOg pK+;g yrJNpu�$m0grMOgrMOg0SNj~!-' M;p$%



� � T

0
20
40
60
80

100
120

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

 Good fit

fcone
N

o 
of

 e
ve

nt
s

Good Fit

muboy gof

N
o 

of
 e

ve
nt

s

0
20
40
60
80

100
120

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

	 JV{Om0�$%��|k � � � JNp"!$�$JVh0m0!-JNMOgUM;s !$' %Q! e MK{OM9M9y g %&p"p2L5+;�"JA+;h0SV%&p m p"%&yYJNg =��N? �A@vsfM;�2'0MO�$J �&MOg�!*+5S
P m MOgE%)L;%&g�!-p e ' JVn*' e %)�$%Qn&SA+5p$p$J@��%&y\+;p h M;!-'v!-' �"m {OMOJNg {}+;g yEp"!$MOx x JNg {lsfMO� e ' JVn*' P m h M�j
{�+=LO%Q{OM3M9yK� !$p&k 	 MO� +;SVS %)L;%&g�!-pDJVgK!-'0JVp x SVM5!/!-' %:� ! e +;p2n&MOg0p$JVy0%&�$%)y � {OM3M9yK� ! � e ' %)gE!$' %
'�+;g y � � !7y0JV�$%)n)!$JVMOg +;{O�$%)%&y e J@!-'�!$' % P m0h M�jiy JV�"%&n4!-JVM;g e JN!$' JVg � ��� k [ ' %uL;%&�F!-JVn&+;S(SVJVg0%
�$%&x0�$%&p"%&g�!-pD!-' %8!-' �"%&p"' MOSVyEL5+;SVm %)p,sfMO�,!-' %8! e Mq{OM9M3y g0%&p$p"%&pDm p$%)yzJVgv!-'0% �"%&y m n4!-JNMOgEsfM;� !$' %
� ! !-MGh %8n)MOg p$JNy %&�"%&yE{OM9M3y?k

%)LO%)g�!-p e '0JVn*'\+;�$%8n&SV+;p$p"JN��%)yE+;p p"!-M;x x %)�$p2%&J@!-' %)�,h>j>=��N? �A@KMO� � � �����	�?����� k

� ! p"!*+5�"!-p�h�juSNM3n&+5!-JNg {Q!$' % � %&+;�$SNJV%)p"!�' JN! Z �\[ p e JN!$'Kn*'�+;�"{O%<{O�"%=+5!$%&� !$'�+;g � x % e ' JVn*'
'�+;pl+5!7SV%=+5p"! � g0%&JV{;'9h MO�"JVg {zZ �E[ � pG' J@! e JN!$' JVg + �\g p e JNg y M e +;g y e JN!$'w+ P JVg J P m P
n*'�+;�${;%:M;s � x %5k [ ' %:Z �\[ e ' JVn*'v'�+5p !-' % P +6W3J P m P n*'�+;�"{O%:+ P MOg {|!$' %&p"% �|+;g y e '0MOp$%
!-J P %KJNp e JN!$' JVg �Yg pGM;s !-'0%v� �$p"!}Z �\[ JVplp"%&SV%)n)!$%&yo+;p7!-' %vJNg JN!$JA+;SR%&g�!$�"jwx MOJVg�!&k � s<+;g�j
! e M Z �\[ pl'�+=L;%K% � m�+;S�n*'�+;�"{O%u!-'0%&g]!-'0%KZ �\[ e ' JVn*']' +;p P MO�$%}g %&JN{O'>h M;�$p|'0JN! e J@!-' JNg
�zg plJVp n*' MOp$%)gX+5p|!-' %UJNg JN!$JA+;S %)g�!-�"j]x MOJNg�!=k [ ' %UJNg JN!$JA+;S %CW0J@!lx MOJVg�!7JNp|!*+AH;%&gw!$Mh %u!$' %
n*'�+;�${;% � e %&JN{O'�!-%)yzn&%)g�!-%&�2M;s P +5p$p,M;s +;SVS Z �E[ p e J@!-'vn*'�+;�"{O% {;�$%=+T!-%&�/!$'�+;g �0k �lx %;k

�WJ@!-'8!-' %)p$%/+5p JVg0JN!-JV+;S;{;m %&p"p$%&p#sfMO�d!$' %(p"!*+5�"!-JNg {D+;g y|%CW3JN!#x MOJNg�!-p _ � � �����	�?����� n=+;SNn&m SV+5!-%)p



� � �

!-' %:! e Mu{OM9M3y0g %&p"p,x�+;�-+ P %4!-%&�"p n=+;SNSV%&y�� � - � � e ' JNn*'\JNp,y %)��g0%&yY+5p sfM;SVSVM e p �

� �,- � �  T # Q � � � + ,
Q�� + � + , �

Q � � � � $
Q�� + � � $ P �|k � S

e ' %&�"%JQ � � � + , JVp2!-' %|g9m P h %)�6M;s(Z �\[ p e JN!$'Yn*'�+;�"{O%7{O�"%=+5!$%&�2!-'�+;g �}x %7JNg+�� ' %)�$%)g"H;M�L
n&MOg % e J@!-'E'�+;SNs#+;g0{OSV% � � � _
e ' %&�"%0Q�� + � + , JVp !$' %6!-M;!-+;S?g>m P h %&�,M5s Z �\[ p JVgv+ � ' %)�$%)g"H;M�LEn&MOg0% e JN!-'v'�+5SNsd+;g {;SV% � � � _
Q � � � � $ JVp8!-'0%ug>m P h %&�QM;s2Z �\[ p e J@!-' n*' +;�${O%q{O�$%&+5!-%)�Q!$'�+;g �vx %qJVg�+�� ' %)�$%&g H;M�L]n)MOg %
h %4! e %)%&g � �l+;g0y ��� � _
Q�� + � � $ JVp/!$' %:!-M;!-+;S?g>m P h %&� M;s Z �\[ pDJNgE+�� ' %)�$%)g"H;M�LEn&MOg0%Qh %)! e %&%)g � �l+;g y ��� �

[ ' %7!$%&� P ���
� 
�� �

�
	
� 
�� � JNg y JNn=+5!$%&p6' M e ��SVSN%&yz!$' % � ' %)�$%&g H;M�Lin&MOg %lJNp:+;g yY!$' %7!-%)� P ���

� 
 � ���	
� 
 � �JVg y JNn=+5!$%&p2!-' %lp"'�+;�$x0g %&p"pQM5s !-' %7%)y {O%lM;s !$' % � ' %)�$%)g"H;M�L �$JNg { k � �$MOm {;'p H;%4!-n*'iM;s� �,- � �

JVp/p"' M e gEJNg 	 JV{0k � k �0k � ������� � �����Kg M e h %){OJVg p/+ P MO�"%<x �"%&n)JVp$%:�"%&n)MOg p"!$�$m n4!-JNMOgvh>jK+7{O�$JNy

42
70

 

All hit pmts within 70 degrees

All  hit pmts within 42 degrees

������������������������������������������������������

������������������������������������������������������

������������������������

������������������������

	 JV{Om �"% �|k ��� K3n*' % P +T!-JVn:L9JV% e M;sd!-'0%Q{;M3M9y g %)p$p,L5+;�$JV+;h SV%�� �,- � �



� ���

p$%=+5�$n*'}h>j�H;%)%&x JNg {6!-' %,%)g�!-�-+5g n&%,x MOJVg�!#� W3%&y}+;g ylL5+;�"j9JNg {<!-'0% P m MOg7!$�-+;nIH y JV�"%&n4!-JVM;g7m g�!-JNS
!-' %:sfMOSNSVM e JVg {|{OM3M9y g %)p$p M;sd� !2JVp P +6W3J P J	�)%&y?k

� � � ����� � � � � � �  
T

�.��� # #� � ��
��� #
T� , ����� � # � � ��� � ��# ��� � �T � � � �	� ,�
 P �|k � S

e ' %&�"% ��� � �<JVpG!-' %E' J@!}!$J P %UM;s:%)g>!$�"j� � Z �\[ _ � �DJVpG!-' %v!-J P JNg {�$%)p$MOSNm0!-JNMOg e '0JVn*'XJNp
n*' MOp$%)g\!$Mqh % �}g0p sfM;� +;SVS Z �E[ p6+;g y � �dJVp,{;JNLO%)g\h�j �

� �� "����#
� + �� #

� � ��� � P � k T	� S
e ' %&�"% � JVp(!-' %<p$x %&%&yvM;s.SNJV{O'�!�JVguL5+;n)m m PE_ � JNp�!$' %6�$%4sf�-+;n4!-J@LO%6JNg y %XWuM;s e +5!-%)� _�� + �QJVp�!$' %
y JVpF!*+;g n)%Gh %4! e %)%&g !$' % P m MOgi%&g�!-�Fjx MOJVg�!Q+;g y !-'0%}x MOJNg>!Q+5SVMOg {K!$' % P m MOg!-�$+;nIH e ' %)�$%
x ' M;!$MOgwJVp % P JN!$!$%&y !$M+z{OJ@LO%)g~Z �E[ _ +;g y � � �u!-'0%Ky JVpF!*+;g0n&%u!$�-+=LO%)SV%&y~h�j�x ' M;!$MOg]sf�$M P
!-' %8% P JVp"p$JNMOgUx M;JVg�! +;SNMOg {7!-'0% P m MOgU!-�$+;nIHu!$Mq+l{OJ@LO%)g\Z �\[ k [ '0% p"m P JVp�!*+(H5%&gEM�L;%&�D+;SVS
Z �E[ p sfM;� e ' JVn*' �

( � � � � ��� _ e '0%&�$%8S?JNp !-'0%:SV%&g0{;!-'UM;s.!$' %6!-�"JA+;S P m MOgK!$�-+;nIHqJVg p"JVy %<!$' %� � k � p$n*' % P +T!-JVnlL9JV% e M5s�!$' %7L5+;�$JV+;h SV%)p6m p"%&y�sfM;�6n=+;SNn&m SV+5!-JNg { � � � ����� � � � � � � JNp6p$'0M e g
JVg 	 JV{0k��|k � k

�2s !-%&�(!-' % P m MOguy JV�"%&n)!$JVMOgq'�+;p/h %&%)gK��g�+;SNJ	�)%&yum0p$JVg0{|!-' %6+;h M�L;% P %4!-' M9yq!$' %<sfm g0n)!-JNMOg
� �,- � �dJVpd�$%)n=+;SNn&m SV+5!-%)y7m p$JNg { ��� g?k�� k � e JN!-'Q!-' %���g�+;S>� !=k [ '>m pR+5! !$' % %)g y _ � ������� � �����7�$% �
!-m �"g p�!-' % P m0MOg:%&g�!-�Fj:x MOJVg�! _ y0JV�$%)n)!$JVMOg _ +5g y:! e M {OM9M3y0g %&p"p.L5+;SNm %&p � �,- � � +;g y�� � � ����� � � � � ���#k[ ' % y0JVp"!$�$JNh m0!-JNMOgUM;s � � � ����� � � � � ���Y+;g y � �,- � �/sfM;�,%)LO%)g�!-p6JNg e '0JVn*'\!$' %:� ! e +5pD{OM9M9yEJNp
p$' M e gzJNg 	 JV{Om0�$% � k �
� ��� ��� � �� � ��� 

������� � � ���! ~JVp|p$x %&n&JV+;SVJ �&%)y]!-M#">m JVnIH>S@j � !l!$' �$MOm0{O' � {;MOJVg { P m MOg0pG+;g y~JVp P MO�"%KSVJ H;%&S@j !-M



� � �

S-K
PMT

Muon Direction
phd

d

Photon Along Muon track

Point of Emission of

42

Muon Entry point in ID 

mu

� JV{Om0�$% � k � � K3n*'0% P +5!-JNn6L3JN% e M;s#!$' %:L5+;�$JV+;h SV%)p/m p"%&y\sfM;�,n=+;SNn&m SV+5!-JNg {�� ��� � ��� ��� �
�
� �

�$%)!$m �$g P JVp"�0!-p&k [ ' % P +5JVgYsf%=+T!-m �"%&p:M;s(!-' JNp8+;SV{;MO�$J@!-' P +;�"%lp$J P JVSV+;� !-M �  ��T��� � ���� k [ ' %
���$pF!8{Om %&p"p6sfMO�D!$' %7%)g>!$�"jzx MOJNg�!6JVp<%XW0+;n)!$SNjE!-' %|p-+ P %l+;p6JNg �  ��T��� � ���� k [ ' %7���$pF!:{Om %)p$p
sfMO�6!-' %l%CW3JN!8x MOJVg�!:JNp6{OJNL;%&g h�jY!-'0%ln*'�+;�${;% e %&JN{O'�!-%)y�n)%&g�!-%)�QM5s P +;p"p:M;s/+5SVS#Z �E[ p e J@!-'
n*'�+;�${;%Q{;�$%=+T!-%&�,!$'�+;g � � T:x %;k

16g n)%K!-' %vJVg0JN!-JV+;SR{Om %)p$pG'�+;plh %&%)g P +;y %usfM;�7!-' %U%)g>!$�"j~+5g y~%XW3JN!Gx MOJVg�!$p|!-' �"m P m T&p"!
n&MOm g�!$p/!-' %Dg9m P h %)�/M;sdZ �\[ pGP�Q�� � �������
	
	XS e ' MOp$%6!$M;!*+5S n*' +;�${O% ' � � T6x %6+;g yK+;�$%DSVM9n=+5!$%&y
+5! P MO�"%:!-'�+;g � P %4!-%&�"p2sf�"M P !$' % %)g�!-�"jEx MOJVg�!&k � !D+;SNp$M}n&MOm g�!$p2!$' % SNJVpF! M;s Z �\[ p<+ P M;g {
!-' %v+;h M�LO% Q � � �������
	
	qZ �\[ p e ' JNn*'~+;�$%USNM3n&+5!-%)yw+5!lSN%&p"p|!-'�+5g � P sf�$M P !$' %K%XW3J@!lx M;JVg�!
PRQ�� 
 � � � ���
	
	XS4k�� s %)JN!$' %&�GQ � � �������
	
	  �KM;�GQ��	
 � � � ���
	
	� �U!$' %&g!$' %G%XW3JN!:x MOJNg>!6JVp:%)L5+;SNm�+5!$%&y
m p$JNg {q!$' % p$+ P % x �"%&n)JVp$% {O�$JNy\p"%=+;�"n*' P %4!-' M9yEm p$%)yYJVg �  ����� � � ���\h>j P +6W3J P J	�)JVg {7% ">m�+ �
!-JVM;g � k � _ %CW0n)%&x0!�!-'�+T!(!$' %2p$m P JVpRn&+;�$�"JV%&y}M�LO%)� +;SNS Z �\[ p�sfMO� e ' JNn*' � � ��' � sfMO� !-' %2n=+5p$%
Q�� � �������
	
	! �q+5g y � � � ' � � � sfMO�/!-'0%Qn&+;p$%0Q�� 
 � � � ���
	
	  �0k

�WJ@!-'!-' JNpQ+;pQ� g�+;S � ! _ � ����� � � ���! n&+;SVn)m SA+5!$%&p6!$' % P JVg0J P m P y JNp"!*+5g n&%}h %4! e %)%&g !$' %
%&g�!-�Fjvx MOJNg�! +;g y\Z �\[ p e J@!-'U!-M5!*+;S?n*' +;�${O%8{O�"%=+5!$%&�/!$'�+;g � � T:x %;k � s#!$' JVp y JNp"!-+;g n&%:JNp,SV%)p$p



� � �

0
10
20
30
40
50
60
70
80
90

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Good Fit

stopmu2ndgof
N

o 
of

 e
ve

nt
s

Good Fit

rcone

N
o 

of
 e

ve
nt

s

0
5

10
15
20
25
30
35
40
45
50

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

� JV{Om0�$% �|k �
���6JNp"!$�$JVh0m0!-JNMOgwM;s6pF!-MOx P m � g y0{OM;s�P !-MOxox�+;g %)S�Sl+;g y � �,- � ��PfSVM e %)�qx +;g %&S S7JVg
�  ������ � �����qsfM;�('0MO�$J �&MOg�!*+5S pF!-MOx0x JVg { P m MOg}%)L;%&g�!-p,JNg e '0JVn*'u!$' %2�0! e +;p n)MOg p$JNy %&�"%&yK{;M3M9y
P m p"JVg {}!-' % p-+ P % n)�$J@!-%&�"JVMOg\+;p2JVg � JV{ �|k � S k [ ' % L;%&�"!$JVn&+;S#SNJVg %)p �$%&x0�$%&p"%&g�!-p6!$' %8!-' �"%&p$'0MOSVy
L;+5SVm %)p sfM;�/!-' % �  ��T��� � ����U� !,!$Mqh %:n&M;g p$JNy %&�"%&yz{;M3M9y?k

!-'�+;g
����� P +;g yl{OM9M3y0g %&p"p JVp#{O�$%&+5!-%)�#!-' +;g
�0k����D!-'0%&g7!-'0% L5+;SVm % M;s P m0j9glJVpd!*+(H5%&gl!-M<h % T;k
������� � � ���! l!-'0%&gln=+5SVn&m0SA+5!$%&p !$' %/{OM9M3y0g %&p"p L5+;SVm % � �,- � �dm p$JNg {:%">m�+T!-JVM;g �|k��0k��6JNp"!-�"JVh m3!-JVM;g
M;s � � - � � sfMO� {OM9M9y ������� � � ���! v� !-p n&+;g\h %:sfMOm g yvJNg �#JV{ k �|k��
� ��� 	�� 
 � �


 �! O� � JVpE+;SNp$Mwp$x %&n)JA+;SNJ	�)%&y^!-M ">m JVnIH>SNjX� !v!-' �"m {OMOJNg { P m MOg0pESNJ H5%Y!-' �"m P m � g0y?k 
 �! O� �
JVg J@!-JA+5SVSNj P +(H;%)p�n)SV%&+;g JVg0{ n)m0!-pR!-M {O%)!��$JNyqM;s y�+;� Hlg MOJVp"%D'0JN!�Z �\[ p/+;g0yup$%)SV%)n)!-p�MOg S@j7!-' M;p$%
Z �E[ p�PRQ ����� + �(S e ' JVn*''�+=L;%l+5!6SN%=+;pF!�T|g %=+;�"%&pF!:g %&JN{O'>h M;�D' J@! e J@!-' JNg � g0p&k 
 �! O� � !$' %&g
p$%&SN%&n4!-p7!-'0%K%=+;�"SVJN%&p"! � �Z �\[ pl' J@!l+ P MOg {z!$' %&p"%Un&SN%=+;g !$m h %&p&k � P MOg0{z!-' %)p$% � �z!$m h %&p

 �! O� � !$' %&gSNM3M H>p2sfMO�<n)SVm pF!-%&�"p6M;s(Z �\[ p�P P JNg J P m P g>m P h %&�6M;s � !-m h %&p6�"%">m JN�$%&yYsfM;�6+
n&SVm0p"!-%)�IS e ' JNn*'z+;�"%Q+;SVS?'0JN! e JN!$' JVg ���Gg0p<+;g0yEp"m n*'z!$'�+5!,!-'0%Qn*' +;�${O%QM;s#%=+;n*'\Z �\[ JNgv!$' %



� ���

 Good Fit

Thrumu1st rcone

N
o 

of
 e

ve
nt

s

0

10

20

30

40

50

60

70

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

� JV{Om0�$% �|k���� �6JVpF!-�$JNh m0!$JVMOg]M5s � �,-
�
�7m p$%)yrJVg � ����� � � ���! IsfM;�}%4LO%)g>!$pqsfMO� e ' JNn*'XJ@!G{�+=LO%

{OM3M9y� !-p4P m0p$JVg0{E!$' %Gp-+ P %qn)�$J@!-%&�"JVMOg +5p JNg �#JV{ �|k � S4k [ ' %GLO%)�"!-JNn=+;SRSNJVg %7�"%&x �"%&p"%&g�!-p|!$' %
!-' �"%&p$'0MOSVyvL5+;SVm %6sfM;� � �,-

�
� sfM;�/!-' %:� ! !-MGh %8n&MOg p"JVy %)�$%)yz+G{OM9M3yUMOg0%;k

n&SVm0p"!-%)���1T � T � � 	 � T � � e ' %)�$% � 	<JVp !-'0% n*'�+5�${O% M;s !-'0%|Z �\[ +;�"MOm g y e ' JVn*'\!-' %Qn&SNm p"!$%&�
JVp P +;y %;kI16g n)%vp$m n*'on&SVm0p"!-%)�$pGM;s<Z �\[ pq' +�L;%\h %&%)gIsfM;m g yw!-' %)go!$' %Un&SNm p"!$%&� e JN!$'~!$' %
SA+;�"{O%&pF!<Z �\[ pDJVp n*' MOp"%&g+5g y\!$' % n)SVm pF!-%)�2x MOp"JN!-JNMOgE+;g yE!-J P %:JVp {OJ@LO%)g\h�j\+=LO%&�$+;{O%QM;s !$' %
x MOp"JN!$JVMOg p(+;g0yu!-J P %)p�M;s�+;SVS Z �\[ p,JNg}!$' JVp�n&SVm0p"!-%)�&k [ ' %)g _ 
 �! O� � p"%&SV%)n)!$p/+;SNS Z �\[ p e ' JVn*'
e %)�$%7' J@!2%=+;�"SVJV%)�,!-'�+;gE!-' JNp<+=L;%&�-+5{O% !$J P %;k [ ' % P m MOg\%&g�!-�Fj\x MOJNg>!D+;g0yz!-J P %8JVp {OJ@LO%)gYh�j
!-' %8+=LO%)�-+;{;%:x MOp"JN!$JVMOgU+5g yK!-J P %DM;s.!-' %)p$%:%=+5�$SNjq' J@!-p&k [ '0JVp ��g0JVp$'0%&p,p$%)SV%)n)!-JNMOgUM;s.!-'0%6%&g�!-�Fj
x MOJNg�!=k

� p"J P JVSV+;�,x �$M9n&%)y m �"%lJVp<sfMOSNSVM e %&yz!$MKp$%)SV%&n4!:!-' %|%XW3JN!:x MOJNg>!&k 
 �! �� � p"%&SN%&n)!$p ���KZ �\[ p
e JN!-' P +6W3J P m P n*'�+;�"{O%q+ P M;g {K!-' %}SVJNp"!:M5s/n&SN%=+;giZ �\[ p m p$%)y JVg!$' %}+;g�+;S@j3p"JVp)k � !8!$' %&g
SVM9M H>p2sfMO�2n&SNm p"!$%&�"p<M;s(Z �\[ p:+5�$MOm g0y\!-'0%&p$% ���uZ �\[ p)k [ ' %)gYsfMO�D%&+;n*'n&SNm p"!$%&�D+;SVSdZ �\[ p
e JN!-' P MO�$%,n*' +;�${O%,!$'�+;gl!-' %2+=LO%)�-+;{;%2n*' +;�${O% M;s !-'0JVp n&SNm p"!$%&�R+;�"% p$%&SN%&n4!-%&y k [ ' %&g}sf�$M P !-' JNp
SVJVpF!,sfp"! P m\SNM3n&+5!-%)p,!-' %QZ �\[ e ' JNn*'zJNp s +5�"!-'0%&p"! sf�"M P !-'0% %)g>!$�"jvx MOJVg�!2+;g0yzn=+5SVn&m0SA+5!$%&p,JN!$p



� � �

y JVpF!*+;g n)%>P � + � 
AS4k 
 �! O� � � SN!-%)�$p2MOm0!D+;SNS.Z �E[ p e ' MOp"%|y JNp"!-+;g n&%Qsf�$M P !-' %Q%&g�!-�FjEx MOJNg�!DJNp
SV%&p"p�!$'�+;g � ���+ � 
 # � � T � T � � � � + � 
 [ ' %2!-�$JV+;S�%XW3J@! x MOJVg�!$p(n)MO�$�"%&p"x MOg0y JVg {Q!-M %=+;n*'Kn)SVm p �
!-%&�,JNp,MOh0!-+;JVg %)yUh�jK!-' %8n*'�+5�${O% e %&JN{O'�!-%&y\+=LO%)�-+;{O%8x MOp$J@!-JNMOgU+;g yv!-J P %DM;sd!-' %)p$%8�$% P +;JNg JVg0{
Z �E[ p&k [ '0%7p$x %&%)y�M;s P m MOgYsf�$M P !$' %7%&g�!$�"jYx MOJNg>!D!-MU%&+;n*' M;s !-' %)p$%7!$�$JA+5S#%CW0J@!:x MOJVg�!6JNp
n=+;SNn&m SV+5!-%)y?k 
 �  O� � !$' %&g ��g y p8!-'0% P JVg0J P m P y %4L9JA+5!$JVMOgM;s�%=+5n*' M;s(!-' %)p$% P m MOg p"x %)%&y p
sf�$M P !$' %|p"x %)%&yYM;s SVJV{;'>!&k � s !$' %Qp P +;SVSN%&p"!2y %4L9JA+5!$JVMOg ' � � � � � !-' %)gz!-'0% !-�"JA+;S�%CW3JN!2x M;JVg�!
sfMO� e ' JNn*' P m MOg p$x %&%&ywJNp|n)SVMOp"%&p"! !-MYp"x %)%&y~M;s SNJV{O'�!QJVp n*' MOp$%)gI+;p !$' %u��g�+5S�%CW0J@!7x MOJVg�!&k�RSNp$%7!$' %l!-�$JV+;S %CW3JN!:x MOJVg�! e J@!-'Y!-'0% P +6W3J P m P y JVpF!*+;g n)%7sf�$M P !-' %GJNg JN!$JA+;S.%&g�!$�"jx MOJVg�!:JNp
n*' MOp$%)gi+;p<!-'0%|��g�+;S#%XW3JN!<x M;JVg�!=k [ ' %7!-�$+;nIHE�0!$!-JNg {uJNp<g M e ��g JNp$' %)y?k 
 �! �� � n=+;SNn&m SV+5!-%)p6+
{OM3M9y g %)p$p e ' JNn*'\JNp,n=+;SNn&m SV+5!-%)y\+5p sfM;SVSVM e p


  
�� � ���
	 � ��
����� ��� � ��� � �� � ���
	 � ��

����� � ��# T�� P � k T(T�S
e ' %)�$% � �RJNp6!-' %7!$J P JVg {q�$%&p"JVy m +;S +;g0yiJNp6{OJ@LO%&g JNg�� ">g �|kUT��0k �6JVpF!-�$JNh m0!$JVMOg\M;s 
 �! O� �

{OM3M9y g %)p$p,sfMO�,%4LO%&g�!$p<JVg e ' JNn*'E!$' %:� ! e +5p2n)MOg p"JVy %)�$%&y\{OM9M3yUJNp,p$' M e gzJNg � JV{Om0�$% � k �3k
� ��� ����� �� � B 	�

������� � � �����XJNpGp$x %&n&JV+;SVJ �&%)yI!$Mi� ! P m S@!-JNx SV% P m0MOg pq+;g y����$% P p$pF!-�$+;' SVm0g { P m0MOgo%4LO%)g>!$p&k
[ M P +(H;%7!$' %G%&g�!-�Fjx M;JVg�!:p$%)SV%)n)!-JNMOg!-' �"m P m��Tg y p$%&SN%&n4!-p8MOg S@jYZ �\[ p e JN!$'Y!-M;!-+;S n*'�+;�"{O%
h %4! e %)%&g �G+;g y<T ���Gx %Q+;g yE!-' %8JNg JN!$JA+;S %&g�!-�Fjvx MOJNg�!DJNp {OJNL;%&gEh>jU!$' % +�L;%&�$+;{O%|x MOp"JN!-JNMOgUM;s
+;SVS�Z �\[ p(sf�$M P !-' JNp SVJVpF! e ' JVn*'q'�+=LO%D+5!(SV%&+;p"! �QZ �\[ p�sf�"M P !-'0%D+5h M�LO%2SVJNp"! e J@!-' JNg�T;k � P k
K3J P JNSA+;�"SNj !-M P +AH;%\!$' %z%CW3JN!qx MOJNg�!up"%&SV%)n)!$JVMOg ������� � � �����Ip$%&SN%&n4!-pKMOg0SNjIZ �\[ p e J@!-'

!-M;!-+;S�n*'�+;�"{O% {;�$%=+T!-%&� !-' +;g�T ���Gx % +;g y\!$' %QJVg J@!-JA+5S %XW3J@!Dx MOJNg>!2JNp !$' % +�L;%&�$+;{O%Qx MOp"JN!$JVMOgvM;s
+;SVS�Z �\[ p sf�$M P !-'0JVp,SVJNp"! e '0JVn*'E'�+=LO% +5! SV%&+;p"! �GZ �\[ p2sf�"M P !$' %Q+;h M�L;%8SVJVpF! e JN!$' JVg�� P k

[ M ��g yr!$' %%&g�!$�"jI!-J P %\!$' %Z �\[ n&SNMOp$%)p"!K!$M !-' %zx MOp"JN!$JVMOgoM;s:!-' %z%&g�!-�Fjrx MOJVg�!KJNp



�����

Good Fit

 Fstmu Goodness

N
o 

of
 e

ve
nt

s

0

10

20

30

40

50

60

70

0 2 4 6 8 10 12

� JV{Om0�$% � k �
� �6JVpF!-�$JNh m0!$JVMOg M;s 
 �! O� � {OM9M3y g0%&p$p sfMO� ' MO�$J �&MOg�!-+;S3!$' �$m {;MOJVg {:%4LO%)g>!$p�sfMO� e ' JVn*'
JN!({�+=LO%2{OM9M3yl� !$p Pfm p$JNg { p$+ P %Dn)�$JN!$%&�"JVMOg}+;pRJVg � JN{ � k �(S4k [ ' % LO%)�"!$JVn=+5S SNJVg %,�"%&x �"%&p"%&g�!-p !$' %
!-' �"%&p$'0MOSVyE{OM9M3y g0%&p$p,L5+;SNm % e ' %&�"%Q!$' %:� ! e +;pDn)MOg p"JVy %)�$%&yE{OM9M3y

sfMOm g y +;g yW!-' %i%&g�!-�Fj^!-J P %JNpE{;JNLO%)g h�j^!$' % +=L;%&�-+5{O%i!$J P %M;s|!$' JVpEZ �\[ +;g0y +;SNS6JN!$p
g %=+;�"%&pF!Ug %&JN{O'>h M;�$p e ' JNn*'^+;�"%Y' JN!qh %)! e %&%&g1T����]+;g y T ����� g p)k � ��� � � � ����on=+;SNn&m SV+5!-%)p
!-' �"%&%8{OM9M3y g0%&p$p/L5+;SNm %&p ��� � �

�
�_ � ��� � � � �_ +5g y � � � � � k [ ' %8{OM3M9y g %)p$p,x�+5�-+ P %)!$%&� � � � � �

JVp y0%)��g %)yGJVg !$' %/p$+ P % e +=j7+;p JNg|%">m�+T!-JVM;g �|k�� [ M<n=+;SNn&m SV+5!-%R!-' %�! e M:M;!$' %&�d! e M:{;M3M9y g %)p$p
x�+;�-+ P %4!-%&�"p J@!����"p"!,p"%)!$p/m xU+|'0JVp"!$MO{O�$+ P M;s�!-'0%D!-J P JNg {8�$%)p$JVy0m�+;SVp�M;s.+;SNS Z �E[ p e ' JVn*'v+;�"%
h %4! e %)%&g � T ����g pv+;g y ���]g0p e JN!-'Xh JVg^p"J	�&%zM;s�Tg pU+;g yr� g y pU!-' %\!-J P % e '0%&�$%x %=+AH
M3n)n&m �"p	P � � � �

�
S +5g y}!$' %,!-' %,L5+;SNm %,M;s !-' JNp(x %=+AH Q�� � �

�
k � � ��� � � � ���Gn=+5SVn&m0SA+5!$%&p p$JN{ P T e ' JVn*'

JVp �

���
�
� T  � � � �

�
# � � � ��� � � ���� � T�� � P � k T � S

e ' %&�"% � � � ��� � � ����JVp(!-' %2L;+5SVm %DM;s?!-'0%6%=+;�"SVJN%&p"!R!$J P %Dh JNgK+;p n&M P x�+;�"%&yq!$M � � � �
�
e '0JVn*'U'�+;p�SV%)p$p

!-'�+;g � � T	Q�� � �
�
k



�����
K3J P JVSV+;�$S@j}+;g M;!$' %&� ">m�+;g�!-J@! jUp$JN{ P + � JVp n&+;SVn)m SA+5!$%&y e ' JNn*'\JNp

���
�
� �� � � � �

�
# � � � ��� � �� � T�� � P � k T	� S

e ' %&�"% � � � ��� � � JNp !-' %�L;+5SVm %/M5s !$' %/SV+5!-%)p"! !$J P % h JNgG+;p n&M P x�+5�$%&y7!$M � � � �
�
e ' JNn*'l'�+;p SV%)p$p !$'�+;g

� � T�Q�� � �
�
JNpR%=+;�"SVJV%)p"! +;p(n&M P x�+;�"%&yq!$M � � � �

�
k !-M;sfp"{ P JVp({OJNL;%&gqh>jG!$' %6+=LO%)�-+;{;%<M;s�p"JV{ P T2+;g y

p$JV{ P � e ' JNn*'z+5�$%8n=+;SNn&m SV+5!-%)yvJVgU%">m�+T!-JVM;g p �|kUT �l+;g y �|kUT��0k
�Dg M;!-'0%&� {OM9M3y g0%&p$p,L5+;SNm %:�$%4!-m �"g %&yEh�jU!-' �"m P m��5g0yEJNp,{OJNL;%&gEh�j

� ��� � � � �  T #

� ��
	
� 
���� � 	.� ��
	
� 
�� � � 	 Q P � S
Q ��- � P � k T��NS

e ' %&�"% ; P !CS,�$%&x0�$%&p"%&g�!-p6L5+;SNm %&p2M;s !$' %|�"%&p"JVy m�+5Sd!$J P %Q'0JVp"!$MO{O�$+ P p2+;g0y$Q ��- �RJVp !-' % p$m P M;s
+;SVS L5+;SNm %&p,m0p$%&y\JVgU!-'0%Q'0JVp"!$MO{O�$+ P k

[ ' %<y JVpF!-�$JNh m0!$JVMOgqM;s � � � � � +;g y ��� � �
�
� JVg � ����� � � ���! Un=+;gUh %<sfMOm0g yUJVg �#JV{Om �"%�� k �

� ��� � ���


	 �3a��  8JVp�+/� !"!-%)� e ' JVn*'QJVp?p"x %)n&JV+;SVJ �&%&y6sfM;�?� !$!$JVg { � �"% P p$pF!-�-+5' SVm g0{ P m MOg pd+;g0y e +;p e �$J@!$!$%&g
h>j7K k�
\+5!-p"m g M k [ ' JNp � !$!$%&�/JNp MOx3!-J P J	�)%&y}sfMO� %4LO%&g�!$p e J@!-'u!$M;!*+;S n*'�+;�"{O%:%XW3n)%&%&y0JVg { ���������
x %5k

[ ' JNp}+;SV{OM;�$JN!$' P p"!-+;�"!$pqh�jwy J@L9JVy JNg {Y!-' %Ey %4!-%&n4!-MO�GJNg>!$M�x +5!-n*' %)p e '0JVn*'In&MOg p"JVpF!qM5s �
!-m h %&p �5p$m x %&� P M9y m SN%KMO� � � �zp ">m�+;�"%;k [ ' % e +5SVS M5s,!-' %Uy %4!-%)n)!-M;�lJVp|y0JNL9JVy %)ywJVg�!-M�� ���
%">m J � +;�$%&+Qn)JV�"n&m SV+;�Rx�+5!-n*'0%&p/+5g y}!$' % !-MOxu+;g yuh M;!"!-M P M5s !-'0%Dy %4!-%)n)!-M;��JNp(y0JNL9JVy %)yqJNg�!-M ��� �
%">m J � +;�$%&+:p ">m�+;�"%2x +5!-n*' %)p&k [ ' % g %&+;�$%)p"!(x�+5!$n*'qn)MO�$�"%&p"x MOg0y JVg {:!$M:%=+;n*'G!-m h % JVp sfM;m g y}+;g y
!-' %6g>m P h %)�,M;s�!-m h %&p JVgK%&+;n*'vx�+5!-n*'vJNp�sfMOm g0y?k ; %CW3!,+;SVS x�+5!$n*' %&p +;�"%6p$%&+;�$n*'0%&yvsfMO�/Z�
 [ p
e ' JVn*'K' +�L;%6n*'�+;�"{O%<{;�$%=+T!-%&�R!-' +;gK+Qn&%&�F!*+;JNgq!$' �$%)p$' MOSNy P e '0JVn*'uJNp�y0%&p$n)�$JNh %)yKJVg [ +;h0SV% �|k � S



� T��

0
20
40
60

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0
20
40
60
80

0 1 2 3 4 5 6 7

Good Fit

rcone

N
o

 o
f 

e
v
e

n
ts

Good Fit

tofsgm

N
o

 o
f 

e
v
e

n
ts

Good Fit

rtofsgm

N
o

 o
f 

e
v
e

n
ts

0
20
40
60
80

100

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

� JV{Om0�$% �|k���� �6JVp"!$�$JNh m0!-JNMOg7M;s � �,-
�
�#!-M;sfp"{ P +;g y}�"!$M;sfp${ P m p$%)yuJNg � ����� � � �����lsfMO�R' MO�$J �&MOg �!*+;S !$' �$MOm0{O' � {;MOJVg { P m MOg p sfMO� e ' JNn*'qJ@!R{�+=LO%2{OM9M3yl� !$p Pfy %)!$%&� P JNg %&y}m p$JNg {8p-+ P % n&�"JN!-%)�$JNMOg

+;p,JVg � JN{ k�� k �(S4k [ ' %:LO%)�"!$JVn=+5S?SVJNg %&p/�"%&x �"%&p"%&g�!-p !-' %:!$' �$%)p$' MOSNyv{OM3M9y g %)p$p/L5+;SNm %&p +5! e ' JVn*'
!-' % � ��� � � � ����U� !2JNp,n&MOg p"JVy %)�$%)y\{OM9M9y e '0%&g\!$' %8y JV�"%&n4!-JVM;g e +;p ' M;�$J	�)MOg�!*+;S k

y %&x %&g y0JVg {lm x MOgu!$' %<!$M;!*+;S n*'�+5�${O%6JNgu!-'0%<%)L;%&g�!=k [ ' %6g>m P h %)�/M;s.x�+5!$n*' %&p e '0JVn*'K'�+=L;%8+5!
SV%=+5p"!�MOg %2p$m n*'K'0JN!�+;�$%2n&M;m g�!-%&y PRQ � � � � � ����� � � SR+;g y}!-' %2g>m P h %&��M;s !$m h %2' J@!-p(JVg}%=+;n*'Kx +5!-n*'
PRQ�� � �RS/+5�$%8n&MOm0g>!$%&y?k

[ ' %)g sfm �F!-' %)� n)SV%=+5g JVg {vn)m0!-p|+;�$%}y MOg %}MOgi!-m h %&p m p$%)y]JVgi%=+;n*' x�+5!-n*' k �<SVS !$m h %&pQJVg
+q{OJ@LO%&gzx�+5!-n*' e JN!-'\n*'�+;�"{O%|{O�"%=+5!$%&�2!-'�+;g � ���}x %QMO� e JN!-'E!-J P %8SV%)p$p2!-'�+;g � ��� �VP e ' JVn*'YJNp
y %&p"n&�$JNh %)yzJNg [ +;h0SV%��|k �NS/+;�"%Qp"m h0!$�-+;n4!-%&yEsf�$M P Q�� � � � k

�DSVp$M !-m0h %)p e ' JNn*'l+;�$%(' J@! MOm3!-p$JNy %�+0T��;g0p e JVg0y M e sf�$M P !$' % P %&y0JA+;g8!-m h % JNgQ!$' % x +5!-n*'
P e ' %)gv+;�$�$+;g {O%)yKJVgqJVg n)�$%=+5p$JVg0{|MO�"y %&��M;s�' J@!�!$J P %	SR+;�$%Dp$m h0!$�-+;n4!-%)yKsf�$M P Q�� � � �4k �2s !-%&�(!-' JNp
+;y y J@!-JVM;g�+;S n)SV%=+5g JVg {Qn&m3!-p(JNs Q�� � � � � �:!-' %)gq!-'0JVpRx�+5!$n*'KJVpRg M;!�m p"%&yqsfM;���"%&p"!�M;s !-' % � !$!$JVg {0k



� T T
� ����! �V����!"��#�� �0�������������R� ����!"��#�� �����&���8��'(�	��� )&+ -�/1�
�����������lx % � ����

� 	 ���������� #����������lx % � � � �
� �
� 	 �

� T	���������7x % � � � �
� �
� 	 ��� � � �T���������� # �����������7x % � � � �� �
� 	 �' T	���������7x % �

���
� 	 �

[ +;h0SV% � k ��� [ '0�$%&p"' MOSNy\n*'�+5�${O%:n)m0! M;sd%=+;n*'vm p"%&y\Z�
 [ JNg 	 	 a��  k � gU!$' %:p$%)n&MOg yEn&M;SVm P g
0 JVp2!-' %7!$M;!*+;S#n*'�+;�"{O%7JVgY!$' %7%4LO%&g�!|+;g y Q�� � � �DJVpD!-' %|!$M;!*+5S g>m P h %&�:M;s !$m h %&p:' J@!:JVgz!$' %
%)LO%)g�!

� � �	! � 'A��!"��#�� � ��� �
� ����������� �:P�Q�� � � � � ����� S

����������� # T������������ �:P�Q�� � � � � ����� S
' T���������� �:P�Q�� � � � � T���� S

[ +;h0SV% � k ��� [ ' �$%)p$' MOSNy]!-J P %}n&m0!�� ��� �,sfMO�Q%=+;n*']!$m h %KJVg +zx�+5!$n*'?k [ ' %up$%&n)MOg y~n&M;SVm P g
JVg y JNn=+5!$%&p,!-'0%8!$J P %6M;s#!-' %QZ�
 [ m p"%&y P e ' %)gY+;�"�-+;g {;%&yEJVgvJVg n)�$%&+;p$JNg {GMO�$y %)� M;s ' J@!,!-J P %�S
+;p,!-' %:!-'0�$%&p"' MOSNy � ��� �.L5+;SNm %;k

	 	 a��  |� !$p +<x0SA+;g % � e +=LO%/g M;� P +;S�!-M:+;SNS>x�+5!-n*'0%&p&k 	 	 a��  |!$' %&g7pF!*+;�F!-p !$' %��0!$!-JNg {6x �"M3n)%&y m0�$%
MOgY%=+5n*'YM;s !$' %|n)SV%=+5gzx�+5!$n*' %&p � M;�D%&+;n*'x�+5!$n*' e ' JVn*' e JVSVS�h %|m0p$%&y _ 	 �3a��  \n&MOg0p"!-�"m n)!$p:+
P +5!$�$J WKy %4��g %)yY+;p �

�  

�
�����������
�

�.�
	��� 
��
�

�.�
	��� 
  �
�

�.�
	��� 

��.��	��  
  �

�
�.�
	��  � �
�

�.�
	��  �
��.��	��  


�
�.��	��  �
�

T

�������������
P � k T�� S

e ' %)�$%:y W  y J H %&�"%&g n)%:JVg4W � n)M3M;�$y JNg�+5!-%DM;s.%=+5n*'v!$m h %:JVgKx�+T!-n*'Usf�$M P Wun&M � MO�$y JNg�+5!$%<M;s
x�+5!-n*' � n&%)g�!-%&�(JVgGy %)n&J P %4!-%&���3y3j� �y J H %)�$%)g n&%2JVg7j � n)M3M;�$y JNg�+5!-%,M5s %&+;n*'q!$m h % JNg}x +5!-n*'Gsf�$M P
jUn&M � MO�$y0JVg�+5!$%:M;s#x�+5!-n*' � n&%)g�!-%&�2JVgvy %)n&J P %4!-%&��� ;  ; MqM;sd!-m0h %)p2JNgv%=+;n*'\x�+5!-n*' k

16g S@j|!-'0MOp$%2x�+5!$n*' %&pRsfMO� e ' JVn*'}!-' % y %4!-%)� P JVg�+;g�!(M;s !-' %D+;h M�LO% P +T!-�$J WlJNp {O�$%&+5!-%)�(!$'�+;g
�0k �K+5�$%7m p"%&ysfMO�6�"%&pF!:M;sR!-' %7+;g�+;S@j3p"JVp:+5g yY!-' % !-M;!-+;S g>m P h %&�<M;sR!-' %)p$%lx�+5!$n*' %&p8JNp<g M;!$%&y



� T �
Q � � � � ������� � � k [ ' %&g 	 �3a��  vn&+;SVn)m SA+5!$%&p �

�
������
�

�

�
�
�
��
�� 	$# T������

 �������  � � �
�
�����������
�

�.��	��  �  

��.�
	��  �  �
��.�
	��� �
�

 ������������
P � k T � S

e ' %)�$%ly0!� [ J P % M;s(%=+;n*'iZ�
 [ JVgY!-'0%7x�+5!$n*' P JVg>m p0T������Kg0p:+;g y � 
 JNp<!-' %|p$x %&%&y
M;s SNJV{O'�!,JNg e +5!$%&� _ !-' % P +5!-�"JUW � JNp,n=+;SNn&m SV+5!-%)yvJVg�� "9g �|kUT �3k

[ ' %R+5n)!-m +;S;� !"!-JVg0{2x0�$M9n&%&y0m �$% g M e p"!*+5�"!-p)k [ '0%(JNg JN!$JA+;S�!-�$+;nIH<JNp�n*' MOp"%&g8!-M x�+;p"p.!$' �$M;m {O'
!-' % n&%)g�!-%&�RM;s +;SNS3!-'0%,x�+5!-n*'0%&p e ' JVn*'}x�+;p"p�+5SVS0n)SV%&+;g JVg0{6n&m0!$p(+;g yG!-�-+5nIH|y JN�$%&n4!-JNMOglJVp n*' M;p$%&g
h>jUL5+;�Fj9JVg {l!-'0% �)%&g J@!-'\+;g y\+ �&J P m0!-'E+;g0{OSV%)p2m0g JNsfMO� P S@juh %)! e %&%)g �l!-M ��� � +;g y �G!$M T ��� �
�$%&p"x %)n)!$JNLO%)SNj;k ��� � JVp,n=+5SVn&m0SA+5!$%&yUsfMO�,%=+5n*'zM;sd!-' %Q+;h M�LO%:!-�$+;nIH>p e '0%&�$%

� �  � � � 	 	 
�	 � � � ��
����� Q�� � � ���

� P � 	 # � ��� � # � �
�
�RS � P � k T � S

[ ' %:p$m P %XW9!-%)g y p M�LO%)� +;SVS x�+5!$n*' %&p y %4��g %)y\+5g y � � � �RJVp�!-' %<!$J P JVg {Q�$%)p$JNy m�+;S +;g yUJVp�{OJNL;%&g
JVg %">m�+5!$JVMOg � k T	� ���% TlsfMO�:+;SNS x�+T!-n*' %)p JNg�� ' %&�"%&g"H5M�Lin)MOg %}+;g y:T����KM5!-' %)� e JVp"% � � 	 JNp
MOh0!*+5JVg %)yvsf�"M P % "9m +5!-JNMOg �|kUT �G+;g y � �

�
�#JVp,{;JNLO%)g\h�j

� �
�
�  

T
Q � � � � ������� � � �

� � 	 	 
�	 � � � ��
����� P � 	 # � � � � S P � k T � S

�WJ@!-'z!$' %&p"%lJVg J@!-JA+5Sdy0JV�$%)n)!$JVMOg p2!-' % P JVg0J P m P � � JNp<sfMOm g y +5g yY!-' JNp6%&g�!$�"jYx MOJNg>!6+;g y
y JV�"%&n)!$JVMOg e J@!-'v!-' JNp P JNg J P m P � � JNp/!*+(H5%&gz+;p2!$' %8JVg J@!-JV+;S {;m %&p"p2sfMO�,!$' %8p$%&n)MOg yY�"MOm g yEM;s
n*' J � p ">m�+;�"% P JVg0J P J	�=+T!-JVM;gEJ@!-%)�-+5!$JVMOg p)k [ ' JNp:JVp:y M;g % e JN!$'�+U{O�$+;y JN%&g�!8p$%&+;�$n*' P %4!-' M9y h�j
L;+5�"j9JVg {7!$' %8%&g�!-�FjUx MOJVg�!OP +;g yU��g y JNg {7!-'0%:h %)p"! � ! y JN�$%&n4!-JNMOgKsfMO�/%&+;n*'\%)g�!-�"jKx MOJNg�!,m p$JNg {
!-' %Dp-+ P % P %)!$' M9yu+;p�JVgG!-' %2���$pF! �"MOm g yuM;s?J@!-%&�$+5!-JNMOg p S m0g>!$JVS e %6+;x x0�$M�+;n*'q!-' % P JNg J P +6M;s



� T��
!-' %7n*'0J � p�">m�+;�$%Qsfm g n4!-JVM;g�+;S e ' %&�"%|!-'0%7y %&�"JNL5+5!$JNLO%Qh %&n&M P %)p �0k [ ' JVpDJVp2!*+(H5%&g +;p2!-' % h %)p"!
� !2%&g�!-�Fjvx MOJNg�! +;g yEy JV�"%&n4!-JVM;g?k [ ' % 	 �0a��  v{OM9M3y0g %&p"p2JNp,{OJNL;%&gEh�j �

� � � � �
�
� �  ��� P�Q � � � � � ��� � � � # � S

� � P � k T	� S
e ' %&�"% � � JNp y %)��g0%&yzJNgv%">m�+5!$JVMOg �|kUT �3k [ ' JVp,��g0JVp$'0%&p 	 �3a��  E+;g yEJN! �"%)!-m0�$g pD+}{;M3M9y g %)p$p
L;+5SVm %|+;g yz!$�-+;nIH � y0JV�$%)n)!$JVMOg?k [ ' %7y JNp"!$�$JVh0m0!-JNMOg\M5s 	 �3a��  z{;M3M9y g %)p$p<sfMO�2%)L;%&g�!-p e ' %)�$%|!$' %
� ! e +;p {OM9M9yEJNp,p$' M e g\JVg � JV{0k��|k �

Good Fit

 NNfit Goodness

N
o 

of
 e

ve
nt

s

0

10

20

30

40

50

0 5 10 15 20 25 30 35 40

� JV{Om0�$% �|k ��� �6JVpF!-�$JNh m0!$JVMOgYM5s 	 	 a��  {OM9M9y g %&p"pQsfM;�:' MO�$J �&MOg�!-+;S !-' �"MOm {O' � {OMOJNg { P m M;g p8JVg
e ' JVn*'K� !/JVp {;M3M9y Pfy %)!$%&� P JVg0%&yKm p"JVg {|p-+ P %<n)�$JN!$%&�"JVMOgu+;p/JVg � JV{ k � k � S k [ ' %6L;%&�"!$JVn&+;S SNJVg %)p
�$%&x0�$%&p"%&g�!-pD!-' %Q!-' �"%&p$'0MOSVyEL;+5SVm %:sfMO�,!-'0% 	 �3a��! E{OM9M9y g %&p"p6+5! e ' JNn*'\!$' % � !2JNpDn)MOg p$JNy %&�"%&y
{OM3M9y?k



� ��� �����	� ��
 � ��

� T�� �,k � m {�+5%)L �� ����� _ Z '>j9p"JVn=+5S��2%4L3JN% e _ +���� _ � � ��� T P ����� T�S
� ��� �Dk��|k �<n*'�+;� �� ����� _ Z '�j3p"JVn)p ��%)!"!-%)�$p _"! � _ T�����P T	��� � S
� �#� ��k$� %&JNg %&p �� ����� _ Z '>j9p"JVn=+5S��2%4L3JN% e �.%4!$!$%&�$p _"! � _ � ��� P T������ S
� �%� [ k'&lk)(Q+5JVp$p"%&� _ ' %&x � x '���� ����� T	� �7P ����� � S
� ���+*7k ��m"H>m y + �� ��� _ K3m0x %)� � &8+ P JVM(H5+5g y % � MOSNSA+;h MO�-+T!-JVM;g _ Z '�j9p$JVn&+;S,�2%4L3JN% e ��%4!$!-%)�$p _ � !�_
T�� � �7P T	����� S

� �#� 
 
\%&p"p$JN%&� _.-0/ �21 �354 )687 �:9 �;.� ���<357>= �#?@?BA �C7#DFEHG�?��� / �I� �J7#3K?L7M6ON �2DP7Q?SRUT�����J4:9 �;WV
� ���<357Q?+X �<�<TZY�;�R����[%\ �ID �J7Q]��I3)1  _ Z '?k��7k [ ' %)p$JNp _ � MOpF!-MOg_^Dg J@LO%)�$p$J@! j _ P T������ S

� ���a`7k'�Qk �D' P +;y �� ��� _ K ; 1 � MOSVSV+;h MO�-+5!$JVMOg _ Z '�j9p$JNn=+;Sb� %)L9JV% e �.%4!$!$%&�$p _ ��c _ � T T���� T
P ����� �(S
`7k'�Qk �D' P +;y �� ��� _ K ; 1 � MOSVSV+;h MO�-+5!$JVMOg _ Z '�j9p$JNn=+;Sd�2%4L9JV% e �.%4!$!$%&�$p _ �5e _ � � T���� T
P ����� T	S

� �#� K k ��m"H>m y�+ �� ��� _ K3m x %&� � &8+ P JNM HT+;g y % � MOSNSA+;h MO�$+5!-JNMOg _ Z '�j9p$JVn)pf��%)!"!-%&�"p _5g �)h�c _ T ���
P ����� �(S

� �#�i&lk � {Om0n*' J �� ��� _ &8+ P SA+;g0y�� MOSVSV+;h M;�-+5!$JVMOg _ Z '�j3p"JVn&+;SB�2%4L3JN% e �.%4!$!$%&�$p _ cUj _ � � T ��� �
P ������� S � T��



� T �
� T��#� 
ik�� k �<' g �� ��� _ & �I& � MOSVSV+;h MO�-+5!$JVMOg _ Z '�j9p$JNn=+;S�� %)L9JV% e �.%4!$!$%&�$p _ c�j _ � � T ��� TGP ������� S
� T T�� 
ik �<k)(:MOg �&+;SV% � � (8+;�"n&JA+|+;g y *lk ; JN� _ �2%4L3JN% e p2M;s 
\M3y0%&�$g\Z '�j3p"JVn)p _ eU� _ � � � P ����� � S
� T ��� 
ik � m H9m0{OJN!-+l+;g y [ kK*�+;g�+;{OJNy�+ _ ZR'�j9p$JNn&p>��%)!$!$%&�"p _)g ! e � _ � � P T������ S
� T��#�i�8k �|k �<SNx ' %&� _�� k � k ��MOSVSNJVg _ +;g y �8k �<k L2%&� P +;g0g _ Z '�j9p$JNn=+;S,�2%4L9JV% e _ c�� _ T�� � � P T�� ��� S
� T��%� � k ZR�"J P +;nIH _ +;p"!$�$M � x '�������� � T � �>P ������� S
� T ����LQk���JVx"H>JVg _ ' %)x � x '�������� T	������P T������ S
� T �#��� k �Dk 
\n&y M;g�+;SVy �� ����� _ +;pF!-�$M � x '������ T T�� � � P ������� S
� T ��� �7k ; k"K3x %&�${;%&S ��J� ����� _ � 
 �<Z � MOSVSV+;h MO�-+5!$JVMOg _ �<p"!$�$MOx0'>j9p"JVn=+5S � MOm �$g +;S�K3m x0x SV% P %)g>! _

! � � _ T ��� P ������� S
� T �#� � k L k [ +=j9SVMO� _ �2%4L9JV% e p2M;s 
\M9y %&�"gzZ '�j9p$JVn)p _����?_ � T T P T���� �NS
� T��#���*k�K>!*+;JN�$p _ �.J@L9JVg { � %)L9JV% e p JVg��2%)SA+5!$JNL9JN! j _��?_ � P ������� S
� ���#� � k ; k �/+;' n&+;SVS +;g yZ�2+�j P MOg y �:+=L9JVp _ Z m h0SVJVn&+5!-JNMOg p�M;s �<p"!$�$MOg0M P JNn=+;S K3M9n&JV%4! juM5s Z#+ �

n)JN��n _ !�! � _ � ����P ������� S
� � T��i�8k � JNMOg�!*+ �� ����� _ Z '>j9p"JVn=+5S�� %)L9JN% e ��%4!$!-%)�$p _ �)� _ T���� � P T���� � S
� � ���i&lk LDJN�-+5!-+ �� ����� _ Z '�j9p$JNn=+;S"� %)L9JV% e ��%)!"!-%&�"p _ ��� _ T�� ����P T���� � S
� ���#� �|k [ �"J P h0SV% _ �2%4L9JV% e p M;s 
\M9y %&�"gzZ '�j9p$JNn&p _	� j _ � ����P T	����� S
� � �%� 
ik 
z+;SN%&H �� ����� _ K9m x %)� � &Q+ P JNM HT+;g y % � MOSVSV+;h M;�-+5!$JVMOg _ Z '�j3p"JVn&+;S��2%4L9JV% e ��%)!"!-%&�"p _ cUj _

� � T T�� T�P ������� S
� ����� 
ik ��m"H>m {OJN!-+l+;g y 
 &8+ e +;p$+(H>J _ 
\M;g>!$' SNj ; M;!$JVn)%&p,M;s��2M�jO+;S �<pF!-�"MOg M P JVn&+;S K9M3n)JV%)! j _

h � j _ � � P ������� S



� T �
� � �#� �<k�K9x JV%)�$JVg0{ _�� MOm0�$g�+;S�M5s Z '�j9p$JVn)p _�� ��c _ � � ��P ������� S
� � ��� ��k L<+;S �&%)g\+5g y �7k"LDM9MOx %)� _ � %&x MO�F!-p M;s ZR�"MO{O�"%&p$p2JVgEZ '�j9p$JVn)p _�� � _ T�� ���7P ����� � S
� � �#� 
ik K k [ m �"g %&� _ � g�!$%&�$g +5!-JNMOg�+;S � M;m �$g�+5S?M;s 
EM3y %)�$g\Z '>j9p"JVn&p _�� ! e _ T ����P ����� � S
� ���#� � k �Ry0pfB"MK+5g yEZ#k)(:MOg y MOSNM _ Z '�j9p$JNn&p>�.%4!$!$%&�$p _)g h)�,e _ ������P T���� �(S

� ���#� � k'� JVn*' _ �Dp"!$�$MOx�+5�"!-JNn&SN%8ZR'�j9p$JNn&p _ � _ ��� ��P T������ S
� � T���� k)(8M;m SVy _ �<pF!-�$M;x '�j3p"JVn&+;S � MOm �$g +;S _ h)��� _ ������P T���� � S
� � ��� K k ��m"H>m y�+ �� ����� _ K3m x %&� � &8+ P JVM HT+;g y0% � MOSVSV+;h MO�-+5!$JVMOg _ Z '�j9p$JVn&+;S�� %)L9JV% e ��%)!"!-%)�$p _ ��� _

������� P ������� S
� ���#� K9m x %)� � &Q+ P JNM HT+;g y % � MOSVSV+;h M;�-+5!$JVMOg _ ; m n)SV%=+5��� g p"!$�$m P %&g�!$pz+;g0y 
\%)!$' M3y0p _ �Uj !��Y_

� T ��P ������� S4k
� � �%�i� k �7k,�d+5g y�+;mz+;g y��,k 
�k5��J@sfp$' J@! � _�� � �#?@?��J4������ T�@7 �
	_7M6fA �����1#? _ ��MOg y M;g �<y y0JVp$M;g �

��%&p"SV%4j<P T�� � � S4k
� � ����LQk�&:m P % �� ����� _ ; m n&SN%=+;� � g pF!-�"m P %)g�!-pD+;g y 
\%)!$' M3y0p _�� h��)c _ ������P T������ S4k
� ���#�i�8k � SA+;m p
�� ����� _ ; m n&SN%=+;� � g p"!$�$m P %&g�!$p 
\%)!$' M3y0p6JVgZ '�j9p$JNn&p+� %&p$%&+;�$n*' _�� � � !�_ � � �
P T���� �(S��

� � ��� [ k [ +;g J P M;�$J �� ����� _ � � � � [ �$+;g p$+;n)!$JVMOg p MOg ; m n&SN%=+;�%K3n)JV%&g0n&%dh ��_ ��� � P T������ S4k

� ���#� 
 �R+;�$S _ N Y ����@4@T A"7 �a9 ;U4�� @7#3� @4���	���3U�S7 = 7 1 @? A � / 7 �  1���	_Y�;QR���@Y�	%D D �� �
	
� ?��<3�� Y�;QR����[%\ �ID �J7Q]��I3)1 /Z '?k��7k [ ' %)p$JVp _ � MOpF!-MOg_^ k _ P ������� S

� ���#� � k K k�(:%&M;�${O% _�-�� R�����<D �3U������Y��2; 1�	 7M6 �<T�dN � DP7Q?SRUT�����J4���� � � ��� �I� �J7 �<3 � T�i= ; � � �<V
 "! - 3 ��#��	$� �I3��  _ Z '?k��7k [ ' %&p"JVp _ ^Qk � +;p$' JNg {;!$MOg _ P T������ S



� T �
� � �#� 
ik K3'0JVM �&+ e + _ N Y ����C4@T�687 ��� �C7#�M7#3�� @4���	���� � � ��� 	 �<3 �	� ��� � �
 �I���� � T��� �3K] 7 /

� �� @4��S7 � _ Z ' � [ ' %)p$JNp _ ^Dg0JNLO%)�$p"JN! jvM;s [ M(H>j;M _�; M�L k T������
� �"T�� '�!"!-x � ��� !$y p$%)�"LO%)�&TOk sfg�+;S k {;M�L � sfM;p"!-%)� � ��M3M ; � Z ' M5!-M P m0SN!-JNx SVJN%&� � P x SVM;p$JVM;g?k x y0s
� � ��� '�!"!-x � ��� e,e,e � p H k JNn&�"�&ktm � !$M H�jOM k +;n;k B"x � n&+;m p"% � n)M P}P J@!$!-%)% � JNg y %CW � %;kt'�! P S
P Z +;�F!-JV+;S � g {;SVJVp"' !-�$+;g p"SA+5!$JVMOg p M;s �$%)x M;�"!-p +;�$% +=L5+;JNSA+;h SN% +5!
'�!"!-x � ��� g g0{O�$MOm0x?k x0'>j9p"JVn&p)k p"m g�j9p$h?kt%&y m � S

� � �#� 
 � � �,1 � M;SVSA+5h MO�$+5!-JNMOg _ 
�k�� P h �$MOp"JVM
�� ����� _ �<pF!-�$M;x�+;�"!$JVn)SV%�ZR'�j9p$JNn&p _ c _ T�� � P T������ S
� � �%�� MO+ � MOg g %)� _ N Y��2; 1�	 7M6 Y 7 � ���>9 �;.� ���<357Q?+; ?��<3�� �<T�fY�;QR����[%\ �ID �J7Q]��I3)1  � ���@4��M7 �

Z '?k��7k [ ' %)p$JVp _ ^Dg J@LO%)�$p$J@! jUM;s 
z+;�"j9SV+;g y _ P T���� �(S
� � ��� � k���MO' P +;g0g _ �8kU&:MOx x\+;g y��Qk �RM;p$p _ � �:� ; jO%&SNSVM e �"%&x MO�"! ��� � ��� _ P T	��� � S
� � �#� Y��2;K1�	 7M6 ����# ' ��� �I3)1 ����# ' � � ��� � ��� � 9 �;W� ���<357 E ?Q4�� � � �I� �J7#3K? X �<�<T N � DP7Q?SRUT�����J4

9 �;.� ���<357 � �I��� �<3 Y�;�R����[%\ �ID �J7Q]��I3)1  &lk�� p$' JN'�+;�-+ _ Z '?k��7k [ ' %&p"JVp _ ^Dg0JNLO%)�$p"JN! j M;s
[ M H�jOM _ P T������ S

� � ���i&lk ; J@!$!*+ _ 9 �;W� ���<357ZE ?Q4�� � � �I� �J7#3 N 3 ��� 	Q?�� ? 7M6�� R)X ��� 1 � T �C7#; �#T.V �.7 �<3��
�I3)1aY��M7@R R �<3��
= ;U7#3K? �<3 Y�;�R����[%\ �ID �J7Q]��I3)1  Z '?k��7k [ ' %&p"JVp _ 16p$+(HT+ ^2g JNL;%&�$p"JN! j<P ������� S

� � �#�i&lk 
\n � M;g g %&SNSZN ?�����C4@T 687 � ; � � � � T � �#T �3 ��#��	 3 �;W� ���<357Q?_6��C7#D  � � � �IV � ��� �.4�� �J4
?Q7#; �C4 @?VK k �<k [ '0%&p$JNp _ 
z+;p"p-+;n*'>m p"%)!"!-p�� g0p"!-J@!-m0!$%8M;s [ %&n*'0g MOSVM;{;j P ����� � S

� � �#� �7k �/+;p$x %&� _�; m n)SV%=+5�DZ '�j9p$JNn&pDZR�"M3n)%&%)y JVg {;p K9m x x SN% P %&g�! !)! � _ T � T P ����� � S
� ���#� 
ik L2MOg y�+ �� � ����� _ ZR'�j9p$JNn=+;S"� %)L9JV% e +���� _ � ��� � P T���� � S
� � T�� �|k �<{O�$+ e +;S ��J� ����� _ Z '�j9p$JVn&+;S�� %)L9JV% e +���h _ T	� T���P T������ S
� � ���a(lk �/+T!$!-JNp"!$MOg J ��J� ����� _ �<pF!-�"MOx�+;�F!-JVn)SV%:Z '�j9p$JNn&p _�! c _ � ��� P ������� S



� T �
� ���#� [ k'&lkO(8+;JNp$p$%)�7+;g0y 
�k5LDMOg y + _ �<g0g9m +;S0� %)L9JN% e M;s ; m n&SN%=+;�|+;g ywZ#+;�"!$JVn&SN%>K9n&JV%)g n&% _

��� _ T ��� P ����� �(S
� � �%� 
ik)(8S��m0nIH _ �,k��2%4j�+ _ +;g y � k �RMO{;! _ � k�Z '>j9p"JVn&pG� � e _ ������P T������ S
� �����|Zdk���JVx�+;�"J?+;g0y [ k�K9!-+;g %4L _ Z '�j9p$JNn=+;S"� %)L9JV% e + ��� _ ��� � � P T	��� T�S
� � �#� [ k'&lk�(Q+;JNp$p"%&� _ � 7Q?�D �J4 � ��	�? �I3)1 � ��� � �J4��  �:T�	�?��J4@? _ �/+ P h �"JVy {;% ^2g JNL;%&�"p$JN! j�Z �$%)p$p
P T������ S

� � ���+*7k ��m"H>m y + �� ��� _ K3m0x %)� � &8+ P JVM(H5+5g y % � MOSNSA+;h MO�-+T!-JVM;g _ Z '�j9p$JVn&+;S,�2%4L3JN% e ��%4!$!-%)�$p _ ��� _� � � ��P T	����� S
� � �#�+*7k ��m"H>m y + �� ��� _ K3m x %&� � &8+ P JNM HT+;g y % � MOSVSV+;h MO�-+5!$JVMOg _ Z '�j9p$JNn&p ��%)!$!$%&�"p _�g � � e _ T � �
P T������ S

� ���#�i&lk.(lk � %&{;% P +;g ��J� ��� _ 
\MOg�!-' S@j ; M;!$JVn)%&pRM;s � M�j�+;S �Dp"!-�"MOg M P JVn&+;S�K3M9n&JN%)! j _ � � c _ � ���
P T���� T	S

� ���#� [ k�K3+(HT+ P M5!-M _ 
�k � ' JVh +}+5g y [ k �<k � %)%&�$p _ �<pF!-�$M;g M P jv+5g y �<p"!$MOx '�j9p$JNn&p _ h�c,e _ �����
P ������� S

� � T�� � k ; +=L5+;�"�$M _ �<k K k ���$%)g"H _ +;g y K k��7k 
ik �W' J@!-% _ �Dp"!$�$MOx '�j9p$JNn=+;S � MOm �$g +;S _ � � � _ � ���
P T������ S

� � ��� �<k��<SNn&M9nIH �� ��� 
 � � L<1 � M;SVSA+5h MO�$+5!-JNMOg _ �Dp"!$�$MOx '�j9p$JNn=+;S � MOm �"g�+;S _ ���Uj _ �T ��� P ����� T	S
� ���#� K k � m0�$SV%)p _ &lk 
�k ; MOSNSV%)!"! _ +;g y 
ik K k [ m �$g %)� _ �Dp"!-�"MOx '�j9p$JNn=+;S � MOm �$g +;S _ ��� � _ �TGP ����� T	S
� � �%� K k �7k 
 �W' JN!$% _ �<kNK k ���$%&g H _ +;g0y 
�k �:+=L9JVp _ �Dp"!$�$MOx '�j9p$JNn=+;S � MOm �$g +;S _ �,e � _ �T�P T������ S
� � ��� � k ZR�"J P +;nIHU+;g0y 
ik$&lk)(:�$MOp"p _ +;pF!-�$M � x '�������� � T � �7P ������� S
� ���#� K [ �$% P +;JNg %8+;g y � k � k)(:m g g _ ZR'�j9p$JNn=+;S"� %)L9JV% e ��%)!"!-%)�$p _ � � _ � � � P T�� ��� S



� T��
� � ��� �,k � kO&:MOSNh]+;g y 
�k K [ m �"g %&� _ � T� - ����� 	 ��3�� / ��@?� _ �<y y JNp$MOg � ��%&p$SN%)j _ � %&y e M9M3y

� J@! j<P T	����� S
� ���#�|Zdk)(8M;g y MOSNMl+;g y (GkU(8%)S P JVg J _ ; m n&SN%=+;� Z '�j9p$JVn)p _)g h � j _ T�� � P T���� T�S
� ���#� K k Z#%&�"S P m3!$!-%)� �� � ����� _ �<p"!$�$MOx0'>j9p"JVn=+5S � M;m �$g�+5S _ � ! e _ � � � P T	����� S
� ���#� �Dk � k���%&%Q+;g0y$K k � %)JVg>h %)�${ _ Z '�j9p$JNn=+;S"� %)L9JV% e ��%)!"!-%&�"p _ h�c _ T � � P T	� � � S
� � T�� 
ik�&Q+ P JNMOg"H;M e p H9J _ ' %)x � x '�������������� T�P T	����� S
� � ��� �7k �/+;SVy e %&SNS �� ��� _ ZR'�j9p$JNn=+;S�� %)L9JN% e ��%4!$!-%)�$p _	� � _ � T�� P T������ S
� ���#�i&lk�(8�"JV%)p"!|+;g y � k5K3JVS H _M; +T!-m �"% _ h � h _ � � P T������ S��:� k 
ik�&:�-+5m p$p _ ZR'�j9p$JNn=+;S0�2%4L9JV% e

��%4!$!-%)�$p _ � � _ � T	� P T������ S
� � �%� 
ik 
\MO�$J �� ��� _ &8+ P JVM HT+;g0y % � MOSNSA+;h MO�-+T!-JVM;g _ ZR'�j9p$JNn&p>��%)!$!$%&�"p _)g ���)c _ ������P T���� � S
� ������LQk �,k�LD+;h %)�2+;g y_(Gk'� kU&8+;g % _ ZR'�j9p$JNn&p �2%)x MO�F!-p _ !�! e _ ��� P T���� � S
� � �#� K k$� k%(8SV+;p$'0M e _A; m0n&SV%&+;�dZ '>j9p"JVn&p _ ��� _ � ���0P T	��� T�S ���|k6K3+;SA+ P +;g y � k �<k �]+5�$y _ ZR'�j9p$JNn&p

��%4!$!-%)�$p _ ! h _ T ���>P T���� �NS�� K k � %)JVg>h %)�${ _ Z '>j9p"JVn=+5S � %)L9JV% e ��%4!$!-%)�$p _ ! c _ T � � � P T�� � � S4k
� � ��� �,k �WJ@!$!-%)gEZR'�j9p$JNn&p>��%)!$!$%&�"p _)g ! j,� _ � � � P T���� T�S
� � �#� ��k �WJVSNn �&%,H _�; m n)SV%=+5� ZR'�j9p$JNn&pDZ �$M9n&%&%)y JVg0{Op%K3m x x SN% P %&g�! _�!�! e _ �"T���P ������� S
� ���#��LQk)(8M;SVy h %&�"{ _ Z '�j9p$JVn&+;S�� %)L9JV% e ��%)!"!-%&�"p _ �Uj _ T��"T�� P T������ S
� ���#� � k �RSNSVJNp �� � ���� _"; m n)SV%=+5�DZ '�j9p$JNn&p _)g ��h�� _ � ����P T	��� �NS
� � T��a(lk � m0g { P +;g _ 
�kQ&8+ P JVMOg H;M e p H>J _ +;g0yd&lk�(:�$JN%&pF! _ Z '�j3p"JVn)p�� %&x MO�"!$p _ � � e _ T����OP T������ S
� � ��� � k � y pfB �M _ N ?SR�@4�� ? 7M609 �;.� ���<357 � �� @4�� �J7#3_7M609 �;W� � �����<357 � ���C] = �I� ������9Z ' � [ ' %)p$JNp _

^2x x p$+;SA+ ^Dg0JNLO%)�$p"JN! j _ K e %)y %&g:P T���� �(S



� ���
� ���#�i� k�(:JV�$+;�$y0%&SVSNMl+;g y 
�k [ k,(8�"JVp$+;�$m _ ; m n)SV%&+;�2ZR'�j9p$JNn&p _,g ! c � _ � � P T�� � � S
� � �%� [ k � +;S H _ &lk�� k 16SVJNL;%8+;g y 
�k�K3�"%&y g0JVnIH>J _ Z '�j9p$JVn)p ��%4!$!-%)�$p _,g h�h�c _ � � ��P T���� �NS
� � ��� [ k�L2%&h h %&H5%&� _ Z '�j9p$JNn&p ��%4!$!-%)�$p _�g � eKj _ ������P T������ S
� ���#� �7k"LDM9MOx %)� +;g y [ Z SV%)' g _ Z '�j9p$JNn&p ��%4!$!-%)�$p _�g � � � _ T ��P ������� S
� � ��� � k �Ry0pfB �MK+5g yEZ#k)(:MOg y MOSNM _ Z '�j9p$JNn=+;S"� %)L9JV% e _ +_� �?_ T � ��� P T���� � S
� ���#� 
ik)(8M9M3y P +;gK+;g y � k �WJ@!$!$%&g _ Z '�j9p$JNn=+;S"� %)L9JV% e _ +_h !�_ ��� ��� P T������ S
� ���#��� k)(8M;m SVy _ x �$J@L5+5!-%:n)M PqP m g JVn&+5!-JNMOg
� ���#��� k)(8M;m SVy _ �<pF!-�$M;x '�j3p"JVn&+;S � MOm �$g +;S _ h � !�_ � � T P T���� � S
� � T���� k)(8M;m SVy _ �<pF!-�$M;x '�j3p"JVn&+;S � MOm �$g +;S _ h)��� _ ������P T���� T�S
� � ��� 
ik�&Q+ P JNMOg"H;M e p H9J _ Z '�j3p"JVn&+;S��2%4L9JV% e _ + ��� _ ��� � T P T���� T�S
� ���#� �7k��<g y %)�$p"MOg � T�@7 �
	 7M6+� T� - ��� �<T _ � SA+5nIH e %&SNS�K3n&JN%&g�!-J@��nQZ m h SVJNn=+5!$JVMOg0pGP T�� ��� S
� � �%�a(lk � m g0{ P +5g\+5g y 
ik�&Q+ P JNMOg"H;M e p H9J _ Z '�j3p"JVn&+;S��2%4L9JV% e _ +�� !�_ � � ��P T	��� � S
� � ���i� k ��%&�${;p"!-�"M PE_ � k � y pfB"M _ +;g yzZ#k�(:MOg y0MOSVM _ Z '>j9p"JVn=+5S�� %)L9JN% e _ +���� _ T � � �7P T	��� � S
� ���#�i� k ��%&�${;p"!-�"M PE_ � k � y pfB"M _ +5g yzZdk)(8M;g y MOSNM _ Z '�j9p$JVn&+;S"�2%4L9JV% e _ +���� _ T������ T���P T������ S
� � ����� ��M;!$!$JVg M ��J� ����� _ �<pF!-�$M;x�+;�"!$JVn)SV%:Z '�j9p$JVn)p _ h _ ��� P T������ S
� ���#� K k��2J@! �:+;g0y �7k K3%&nIH5%&S _ ; m n&SN%=+;� Z '�j9p$JNn&p _)g hUj � _ � � � P T�� ��� S
� ���#� �|k�� %&�"% �)JVg p H>j ��J� ����� _ �Dp"!-�"MOx�+;�F!-JNn&SV%8Z '�j9p$JNn&p _ � _ ����� P T������ S
� T����%� � k��Ry0pfB �M _ 9 �;W� ���<357#V ��3)1I;U4  1 = ;U7#3 � ; � @?+A �C7#D 9 �;.� � �����<357aN 3U3�� T � � �I� �J7#3K?��<3 � T�

- ��� �<T �I3)1 � T�+Y�;.3 �6JVx SNM P + [ ' %&p"JVp _ ^2x x p$+;SA+ ^Dg J@LO%)�$p$J@! j _ K e %&y0%&g P T������ S



� � T
� T�� T � Z#k$(8MOg0y MOSVMG+5g y � k�K3JVS H _ ZR'�j9p$JNn=+;S�� %)L9JN% e ��%4!$!-%)�$p _ ��h _ T � T	� P T������ S
� T�� �#� �|k 
�k)(8'0% � �� � ����� _"; +5!$m �$% _ � j5e _ � � � P ������� S
� T����%� � k � JVg g0%)j +;g0y K k [ �$% P +5JVg % _  ��� �.4�� �J4 ��	#3 �ID �J4@? _ Z �$JVg0n&%)!$MOg ^Dg J@LO%&�"p$J@! jiZR�"%&p"p _
P T���� �(S

� T�� �I�d&Q+ P JNM HT+;g y % � MOSVSV+;h M;�-+5!$JVMOg _ 
�k 
\M;�$J �� ����� _ ZR'�j9p$JNn=+;S)� %)L9JV% e _ + � � _ ��������P T������ S
� T����#� 
 � � �,1 � MOSNSA+;h MO�-+T!-JVM;g _ 
�k � P h0�$MOp"JVM �� ����� _ Z '>j9p"JVn=+5S � %)L9JV% e _ + � j _ ��� ����� �
P T������ S4k

� T�� �%� �7k K3%)nIH;%)S _ [ k K9!-+;g %4L _ +;g0y [ k$&lk (8+;JNp$p$%)� _ �Dp"!$�$MOx '�j9p$JNn=+;S � MOm �$g +;S _ h���� _ � � � P T���� T	S
� T�� �#� �/+(H>p-+;g � MOSVSV+;h MO�-+5!$JVMOg _ 
�k 
ik ��MOSVJN%)L �� ����� _A; m n)SV%=+5� Z '�j9p$JVn)p P ZR�"M3n)%&%)y JVg {;pK3m x0x S�S _

g � � _ ����P T������ S
� T�� �%� � 
 � � M;SVSA+5h MO�$+5!-JNMOg _�� k 
�k���MNK3%&n)n&M �� ����� _ Z '�j9p$JNn&p>�.%4!$!$%&�$p _)g ! ��� _ ��� � P T���� �(S
� T����%� 
 � � �,1�� MOSNSA+;h MO�-+T!-JVM;g _ 
�k � P h �$MOp"JVM ��J� ����� _ �<pF!-�"MOx '�j9p$JVn&+;S � MOm �"g�+;S _ � � �?_ T������
P ����� T	S

� T T	�%�d&Q+ P JNM HT+;g y % � MOSNSA+;h MO�-+T!-JVM;g _ *7k61<j�+ P + �� ����� _ Z '>j9p"JVn=+5Sa� %)L9JV% e _ +�h�c _ T���� T
P T������ S

� T T(T � �/+(H>p-+;g � M;SVSA+5h MO�$+5!-JNMOg _ 
�k 
�k ��MOSVJN%)L �� ����� _ Z �"M3n)%&%&y0JVg {Op|M;s � �;!$' � g�!-%&�"g�+5!$JVMOg�+5S
� M;p P JVn+�2+�jKn&MOg0sf%)�$%)g n&%4P � M P %	S !�_ � � � P T���� � S

� T T �#� � 
 � � MOSVSV+;h MO�-+5!$JVMOg _ �Qk"K9LOMOh M9y�+ �� ����� _ �<pF!-�"MOx '�j9p$JVn&+;S � MOm0�$g�+;S _ h ! � _ � ��� P T���� �(S
� T T	�%� � 
 � ; � � � MOSNSA+;h MO�-+T!-JVM;g _ � k �<' �"%&g p �� ����� _ Z '�j9p$JNn=+;Si�2%4L3JN% e _ + � �?_ ��� �������
P ����� �(S

� T T��I�Q'>!"!-x � ��� SNJVp$+0k x0'>j9pF!-M ktp$% � n&{OJ � h JNg � %)y pfB"M � + P +5g y�+ ��� W �5+;g g?ktn&{OJ



� � �
� T T��#� �|k 
\MO�-+5SV%&p _ ; m0n&SV%&+;�2Z '>j9p"JVn&pDZ �$M9n&%)%&y JNg {Op%K3m x x0SV% P %&g�! _�!)! j _ ����P ����� � S
� T T �%� � k�Z �$J P +;nIH _ �7kNK9%&nIH;%)S _ +;g y �<k K0+;y MOm0SV%)! _ �<g0g9m +;S��2%4L9JV% e M;s ; m n)SV%&+;� +;g y}Z#+;�"!$JVn&SN%
K9n&JV%)g n&% _ h�� _ ��� T P T���� � S

� T T �#��K k�(:MOS e +;SA+ - � 4�� ; ?��J7#3 � �<D �<�<? 7#3 �<T� 
 �C= � VJ9 ;�4�� @7#3 - � �#?�� �J4�V Y 4��I�2� ����<3�� � �C7Q?@?�V
Y @4�� �J7#3 6��C7#D �<T� � �
	 7 � �3��J4 � ���C] = �I� ���� Y ����C4@T _ Z '?k�� !-'0%&p$JNp _ ^2g JNL;%&�"p$JN! j 1<s
�/+5SVJNsfM;g JA+ _ � %)� H5%&SV%4j P ������� S

� T T �%� � � 
 � � MOSVSV+;h MO�-+5!$JVMOg _ �8k � %)�$g�+;h %&J �� ����� _ Z '�j3p"JVn)p ��%)!"!-%)�$p _�g � �Uj _ ����P ������� S
� T T	�%� � � 
 � � MOSVSV+;h MO�-+5!$JVMOg _ �Qk � %&�"g�+;h %&J �� ����� _ � %)L9JV% e p ; m M�LOM � JVg % P !-M _ � �?_ T P ������� S
� T ���%� � � 
$K n&MOSNSA+;h MO�$+5!-JNMOg _ �Qk �<h m p$+;JVy0J �� ����� _ Z '�j3p"JVn&+;SL� %)L9JV% e ��%)!"!-%)�$p _ � � _ � ����� _
P ������� S4k

� T ��T � � � 
$K}n)MOSVSV+;h M;�-+5!$JVMOg _ �Qk �Dh m p-+5JVy J �� ����� _ Z '�j9p$JVn&+;S,�2%4L3JN% e _ + ���?_ T � �������4P ����� �(S
� T � �#� � � 
$K � M;SVSA+5h MO�$+5!-JNMOg _ �8k �<h m0p-+;JNy J �� ����� _ ' %&x � %XW ������������� T P ������� S
� T ���%� � � �:� � � � K"Kvn&MOSNSA+;h MO�-+T!-JVM;g _ � � %&g M;JN! �� ����� _ Z '>j9p"JVn&p ��%)!$!$%&�"p _�g � � � _ ��� P ����� �(S
� T � �I��� �(Z:� � ; � MOSNSA+;h MO�$+5!-JNMOg _ �7k � SVJVg0%
�� ����� _ ZR�"M3n)%&%)y JVg {;p,M;s �;!-' � g>!$%&�"g�+5!-JNMOg�+;S � M;� H �

p"' MOx MOg !$' % � y %)g>!$JN��n&+5!-JNMOg M;s �:+;� H 
\+5!$!$%&� _ %&y J@!-%&y h�j ; k � k �<kJK3x M9MOg %&� +;g y
�|k�&:m y �"jO+=L9!$p$%4L P ������� S

� T ���#� 
�k�&8+ P JNMOg"H5M e p H>J �� � ��� _ Z '�j9p$JNn=+;S�� %)L9JV% e ��%)!"!-%)�$p _ e � _ � T � ��P T���� �(S
� T � �%�d^ & �:+;� H 
z+5!$!$%&� � MOSVSV+;h MO�-+5!$JVMOg _ [ k � k K3m P g %)� �� ����� _ ; m0n&SV%&+;��ZR'�j9p$JNn&pGP Z �$M9n&%&%)y �

JNg {Op�K3m0x x SV% P %)g�!CS _�g eKj _ � � P T������ S
� T � �#��K k)*(MOp"' JVy +K%)!=k?+;S�k K3x JNg �������UZ �$M9n&%)%&y JNg {Op _ � P %&�$JNn=+;g � g p"!$JN!-m3!-%lM;s�Z '�j3p"JVn)p � M;g �

sf%)�$%)g n&% Z �$M9n&%&%)y JVg0{Op _ �,eKj _ � � � P ����� T�S



� ���
� T � �%� Z#k ^2SVSNJVM _ 
ik &8+ P JVMOg"H5M e p H>J _ +;g yWZ �RMO{O%)S _ � MOm �"g�+;S6M5sOLDJV{;' �Rg0%&�${5j^Z '�j3p"JVn)p _

j ! j5e _ � � ��P ����� T�S
� T ���%� �7k (:�$M9M PE_ ; k��|k 
\M H>' M�L _ �*k K k�K9!-�"JV{�+5g M�L _ �/!-M P JVn �:+5!*+u+;g y ; m0n&SV%&+;� �:+5!-+ [ + �

h0SV%&p _ e � _ T ����P ����� T�S
� T����%� �<k K3+�B"J _ Y��2; 1�	Z7M6 ;�R)X ��� 1IV �.7 �<3�� D ;U7#3K? �<3 �<3 Y�;�R����[%\ �ID �J7Q]��I3)1 /ZR' k �7k [ ' %)p$JNp _
; JVJN{�+5!*+i^Dg J@LO%&�"p$J@! j<P ����� � S

� T�� T �d�Qk �/! H>JVg p ��J� ����� _ �<pF!-�$M;x '�j3p"JVn&+;S � MOm �$g +;S _ ��h�h�� _ T(T��
� T�� �#� Z#k 
\%&p �=+;�"MOp _ K3n)JV%&g0n&% _ ��c !�_ ����� T P ����� T�S
� T����%� [ k ZRJN�-+;g _ Z '>j9p"JVn&p>� %&x MO�"!$p _ h�h�h _ � ����P ������� S
� T�� �I� �<k�� k 
\%&%){�+;g �� ����� _ ; +5!-m0�$% _ h���� _ T�� ��P T	��� � S
� T����#�Q'>!"!-x � ��� {O+ PqP +;�$+�j;k P p"sfn5k g +;p-+0kt{OM�L � h�+5!$p$% � {O�$h � SVJN{O'�!-n&m0�"LO% �
� T�� �%�Q'>!"!-x � ��� e,e,e kth�+5!$p$%5k P p"sfn5k g�+5p-+0kt{OM�L � h�+5!$p$% � {O�$h � n=+5!-+;SVMO{ � n&m �"�$%)g>! �
� T�� �#� � k K k Z#+;n&JN%&p$+;p �� ����� _ �Dp"!$�$MOx '�j9p$JNn=+;S � MOm0�$g�+;S�K9m x x SN% P %&g�! _�! ��� _ � ����P T������ S
� T�� �%� � kU&:M PqP %&�"p �� � ����� _ �<p"!$�$MOx0'>j9p"JVn=+5S � M;m �$g�+5S�K3m x x0SV% P %&g�! _�! h � _ ��� � P ����� T�S
� T����%� �|k �:+;� +5g y � k �6% �2m�B"m SA+ _ +;p"!$�$M � x '���������� � ��� P ������� S
� T����%� 
�k��?j3m3!-J H5M�Lv+;g y_�Qk � SA+;g0y0sfMO�$y _ +;p"!$�$M � x '���� � T���� ��TJP ����� � S
� T�� T � Z#k 
\%)p �&+;�$MOp _ �Dg g>m�+;S)� %)L9JV% e M;s �<pF!-�$M;g MOg M P jl+;g y �<pF!-�"MOx '�j9p$JVn)p _ � j _ T�� ��P ����� �(S
� T�� �#� �7k�(8m0%)!$!-+ �� � ����� _ +5p"!-�"M � x0'�������� ��� � ��P ������� S
� T����%��K3m x %&���.&Q+ P JNM HT+;g y % � M;SVSA+5h MO�$+5!-JNMOg _ K k � m H9m0y�+ ��J� ����� _ �Dp"!-�"MOx '�j9p$JNn=+;S � MOm �"g�+;S _

�,e � _ � T � P ����� � S



� � �
� T�� �I� Z#k ��M3M9y p _ +;p"!$�$M � x '�������� � � � �4P ������� S
� T�� �#� � k Zdk�(8+�L9�"JVSVS _ �|k 
ik &8+;p$x0J.+;g yEZ#k 
�k � M9M9y p _ ; +5!-m0�$% _ � ! c _ T�� � P ����� � S
� T����%�d�Qk �6m0g n=+;g\+;g y �<k [ ' M P x p"MOg _ �Dp"!-�"MOx '�j9p$JNn=+;S � MOm �"g�+;S _ h�c � _ � ��P T���� � S
� T�� �#� �<k � '�+;g0{ _ +;pF!-�$M � x '���� � T ��� T � P ����� � S
� T����%� �<k � '�+;g0{ ��J� ����� _ �Dp"!-�"MOx '�j9p$JNn=+;S � MOm �"g�+;S _ ��c)� _ � ��� P ������� S
� T����%�i(Gk � g0{O%&S P +;gv+5g y 
ik [ '9m0g P +5g _ ' %&x � x '�������� � � ��� P T������ S
� T ���%� �|k(K9!*+;n*'�j9�-+ _ N Y ����C4@T0687 �:N ?�� �@7@RUT�	Q?��J4���� �H7 �<3U�5Y 7#; �C4 @? 7M6:9 �;.� ���<357Q? X �<� TiY�;�R��� V

\ �ID �J7Q]��I3)1  _ Z '?k � !-'0%&p$JNp _ ^2g JNL;%&�$p"JN! j\1<s �]+;p"' JVg0{;!-MOg _ K3%=+T!$!-SN%�P ����� � S
� T ��T � � kW��%&+;�$g %)yU+;g yP&lk 
z+5g g ' %)J PE_ �Dg g>m�+;S,�2%4L9JV% e M5s ; m n)SV%&+;� +5g yKZ#+;�"!$JVn&SN% K9n&JV%)g n&% _

�Uj _ � ��� P ������� S
� T � �#� �6m0!$!-+JK k��*k ��J� ��� _ Z '�j3p"JVn&+;S��2%4L9JV% e + � h _ ��� � � ��� P ����� T�S
� T ���%� �|k 
�k�K9!*+5p"!-M _ +;p"!$�$M � x '������ T������ � P ������� S
� T � �I�d�Qk�(8+;g y0' J ��J� ����� _ �<p"!$�$MOx +;�"!$JVn&SN%:Z '�j3p"JVn)p _ � _ � T P T���� � S
� T ���#�d&Gk � +;p$'>h m0�$ga687 � �<T�>Y�;�R��� VJ\ � 7 � � � G�7 � �I� �J7#3 _ Z �$M9n&%)%&y JNg {Op M5s � g�!-%&�"g�+5!$JVMOg�+5S � M;p �

P JVn �2+=j\n)MOg0sf%)�$%&g0n&% ������� _ [ p$m"H>m h�+ _ � +;x�+5g:P ������� S4k � k LD+;h JV{ _ !-+;S Hv+T!D!$' % � ' JNh�+
g0%&m0!$�$JVg0M e MO� H9p"' MOx _ �Dm {Om pF! �������


