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Adopted coupling constants

=χ
20

0

21

1χ=χ
22

0

χ =χ0 1

22

137.47

=117.99

=119.71

21

n = MeV

Gp MeV

G 0.092

=0.102

sg0<IFQ9, />r | . :-O4KF;FQ9796F]�T&O46F)N=�0<6U=?)nKF)5,&R�796v=?.F,�T30<Q9T&KFQ^0_=?79O46F)S0_=n,&��KF79Q979IF@579KFH RF,\Y[O4@5HZ0_=?79O46
� b d # | � |Dr � K10<RF@5KF;EO4Q9,l)N=?@5,&6F]<=?.F) ��&��� 0<@5,X796ZKF6F7m=?)-O<Y � � �� $ ��� ��� ��,�
 Y[H � � CD+l.F,&@5,�� �� b"� ��� ` � +l7m=?. "� ` � b < � # d $ � 4 ��� ��,�
ab � r <U� ��,�
Jrgs$.F,Z2<0<Q9KF,&)SO<Y$=?.F,Z;10<79@5796F]�T&O4KF;FQ9796F]T&O46F)N=�0<6U=?)*0<@5,a796 ��,�
Jr (*Q9Q�=?.F,&)5,P2<0<Q9KF,&)X0<@5,Pu>i>,&R
0_=$`����
	tb d>r
6FO�+�)N=?KFR>h
=?.F,/IE,&.1032D79O4KF@wO<Y!=?.F,/��K10<RF@5KF;EO4Q9,J@5,&)5;EO46F)5,n0<)P0ZY[KF6FT\=?79O46�O<Y!=?.F,/@5O<=�0_=?79O4610<Q
Y[@5,&��KF,&6FT\h
KF)5796F]'=?.F,ST&O4KF;FQ9796F]nT&O46F)N=�0<6U=?)wRF,\u16F,&Ry796
sg0<IFQ9, 
 />r | � rzs$.F,S@5,&)5KFQm=?)w0<@5,B)5.FO�+l6
796 )g79]Fr 
 />r A � +l.F,&@5,B=?.F,BKF;F;E,&@X@5O�+qT&O46U=�0<796F)l=?.F,B;EO4)57m=?7m24,B)579]4610_=?KF@5,aO4;E,&@?0_=?O4@5)l+l.F79Q9,P=?.F,

� d �



� b � 6F,&]U0_=?7m24,kT&O4H';EO46F,&6U=?)'0<@5,k796v=?.F,kQ9O�+-,&@/)5,&T\=?O4@&r $ 6 =?.F79)/T30<Q9T&KFQ^0_=?79O46F)B+z0<)nKF)5,&R
�nb d # A���,�
�0<)X0324,&@?0<]4796F]';10<@?0<H',\=?,&@&r

0 5 10 15
0
2
4
6
8

R
P

A
 R

sp
on

se
 F

un
ct

io
n 

(b
4 

   

0/h
ω

0)

ωrot=0
ωrot=0.2
ωrot=0.4

0 5 10 150 5 10 15

Q
0

20 Q
0

21 Q
0

22

Q
1

21 Q
1

22

x10
3

)g79]4KF@5, />r A . � K10<RF@5KF;EO4Q9,'@5,&)5;EO46F)5,�796�KF6F7m=?)SO<Y � � � � "� ` � 0<)J0�Y[KF6FT\=?79O46vO<Yz=?.F,�@5O<=�0_=?79O4610<QY[@5,&��KF,&6FT\h4r!s$.F,X0<RFO4;>=?,&R/2<0<Q9KF,-Y[O4@g=?.F,l0324,&@?0<]4796F]P;10<@?0<H',\=?,&@	79) �'b d # A ��,�
JrUs$.F,$KF;F;E,&@
@5O�+�T&O46U=�0<796F)S)579]4610_=?KF@5,Z;EO4)57m=?7m24,'T&O4H';EO46F,&6U=?) 
 � b d � +l.F79Q9,n=?.F,�Q9O�+-,&@SO46F,'=?.F, � b �
=?,&@5H')&r-GXO<=?79T&,P=?.10_= � � � Q979,&)$,&6U=?79@5,&Qmh�796�=?.F, � b dn)5,&T\=?O4@&r-s$.F,BRF,\u16F7m=?79O46�O<Y � � 79)l]47m24,&6796k=?.F,S:z0<;>=?79O46�O<Yt=�0<IFQ9, 
 />r | � r
s$.F,8,�i>T&7m=�0_=?79O46�,&6F,&@5]479,&)kO<YB=?.F,�]47^0<6U=k��K10<RF@5KF;EO4Q9,�@5,&)5O4610<6FT&,&)�0<@5,�@5,&;F@5ODRFKFT&,&R 0<IEO4K>=� d ��,�
JCX��KF7m=?,8796 ]4ODODR 0<]4@5,&,&H',&6U=�+l7m=?. =?.F,�;F@5,&RF79T\=?79O46 O<YS=?.F,�.10<@5H'O46F79T8O4)5T&79Q9Q^0_=?O4@
;EO<=?,&6U=?7^0<Q C�� | "� ` � b � d # A � 	 �'r s$.F,
Q9O�+zL�,&6F,&@5]<h ;E,302 �)�0<@5O4KF6FR � ��,�
�796 =?.F,
VXWE(
)N=?@5,&6F]<=?.
Y[KF6FT\=?79O46
T&O4@5@5,&)5;EO46FR
=?OZ=?.F,BQ9O�+zL�QmhD796F]
� 
 	 b d � C � 
 	�bc| � 0<6FR
=?.F,JG*0<HJIFKDL
MPO4Q9RF)N=?O46F,*H'ODRF,&) 
 	�b � � r!s$.F,P,\��,&T\=lO<Y�=?.F,P)5;FKF@579O4KF)z)N=�0_=?,w79)z��KF7m=?,*2D79)579IFQ9,X796�=?.F, � �%4
@5,&)5;EO46F)5,P=?.10_=z79)$0<6kO4@5RF,&@zO<YtHZ0<]46F7m=?KFRF,*IF79]4]4,&@�=?.10<6�=?.F,PO<=?.F,&@5)&r!stO/;F@5ODT&,&,&RkY[KF@N=?.F,&@$796
=?.F,wT30<Q9T&KFQ^0_=?79O46ZO<Y�)5,&QmY^L�,&6F,&@5]<hZT&O4@5@5,&T\=?79O46F)-+-,P.10324,w=?OJ@5,&H'O�24,w=?.F,wT&O46U=?@579IFK>=?79O46ZO<Y�=?.F,&)5,
G*0<HJIFKDLNMPO4Q9RF)N=?O46F,�H'ODRF,&)�Y[@5O4H =?.F,�VXWE(�)N=?@5,&6F]<=?.F)
IE,&T30<KF)5,8=?.F,\h RFO�6FO<=�@5,&;F@5,&)5,&6U=
796U=?@5796F)579T')N=�0_=?,&) 
 )5,&,�:-.10<;>=?,&@5)'A � r 1 ,ZT30<6 0<;F;FQmh8=?.F,�H',\=?.FODRvO4K>=?Q9796F,&R�796 :-.10<;>=?,&@5) �
 @5,30<Q!)5O4Q9K>=?79O46F) � 0<6FR � 
 79HZ0<]479610<@Nh�@5ODO<=?) � 0_=aIEO<=?. (&,&@5O
0<6FR8u16F7m=?,/@5O<=�0_=?79O4610<QtY[@5,&��KF,&6FT\h
0<6FR�)5,&,a.FO�+ =?.F,BVXWE( )N=?@5,&6F]<=?.�+l79Q9Q�IE,aH'ODRF7mu1,&R�0_Y�=?,&@z=?.F,a)5KFI>=?@?0<T\=?79O46�O<Yt=?.F,a)5;FKF@579O4KF)

� d �



)N=�0_=?,&)&r1 ,�.10324,y0<Q9@5,30<R>h ]47m24,&6�79Q9Q9KF)N=?@?0_=?79O46F)SO46�.FO�+ =?O�Q9ODT30<Q97 (&,Z=?.F,�)5;FKF@579O4KF)')N=�0_=?,&)�0<6FR
RF,\=?,&@5H'796F,yT&O46U=?O4KF@�;10_=?.F) 
 )5,&,�,�iF0<H';FQ9,&)�796 :-.10<;>=?,&@5) � 0<6FR � � )5Ov=?.10_=�+-,y+l79Q9Ql6FO<=
,&6U=?,&@k796 RF,\=�0<79Q9)Z0<IEO4K>=Z=?.F79)�;EO4796U=�IFK>=�+-,y]47m24,y796 sg0<IFQ9, 
 />r � � =?.F,
u1610<Qw0<6F)N+-,&@&Cl=?.10_=
79)'0<Q9Qz=?.F,�T30<Q9T&KFQ^0_=?,&R ,&6F,&@5]<h�O<Y*=?.F,
G*0<HJIFKDLNMPO4Q9RF)N=?O46F,kH'ODRF,&)Z0_='RF7m��,&@5,&6U=Z@5O<=�0_=?79O4610<Q
Y[@5,&��KF,&6FT&79,&)&r-)1@5O4H =?.F,/=�0<IFQ9,JO46F,/6FO<=?79T&,J=?.10_=a0_=w`����
	$b d�=?.F,/)5;FKF@579O4KF)P)N=�0_=?,&)B0<@5,/@5,30<Q

0

0.2

0.4

Nambu-Goldstone Energies
ω

rot
(MeV) α=0 α=1

2.52R, 3.4R, 4.5R 

2.65R, 4.07R, 250I

2.4R, 1.38R, 26.4I 

3.4R 

0

keV

190I   keV 

keV

sg0<IFQ9, />r � . G*0<HJIFKDLNMPO4Q9RF)N=?O46F,�H'ODRF,&)�,&6F,&@5]479,&)
0_=�RF7m��,&@5,&6U=�2<0<Q9KF,&)�O<YS=?.F,�@5O<=�0_=?79O4610<Q
Y[@5,&��KF,&6FT\hy)5,&;10<@?0_=?,&Qmh�Y[O4@ � bcdZO4;E,&@?0_=?O4@5)w0<6FR � b � )5,&T\=?O4@&rPs$.F,JQ^0<IE,&QtV H',30<6F)w@5,30<Q
)5O4Q9K>=?79O46�+l.F79Q9, $ ;FKF@5,&Qmhk79HZ0<]479610<@Nh'@5ODO<=3r
+l.F79Q9,B0_=lu16F7m=?,B@5O<=�0_=?79O4610<Q�Y[@5,&��KF,&6FT\h�)5O4H',BO<Yg=?.F,&H IE,&T&O4H',&)*;FKF@5,&Qmhk79HZ0<]479610<@Nh4r�s$.F79)l79)
0_=-`����
	tb dS+-,PT�.FODO4)5,w=?.F,wT&O4KF;FQ9796F]JT&O46F)N=�0<6U=?) 
 />r | � )5OJ=?.10_=z=?.F,*=?.F,PT30<Q9T&KFQ^0_=?,&RZ2<0<Q9KF,*O<Y
=?.F, �fL-0<6FR �1L�2D79IF@?0_=?79O46�@5,&;F@5ODRFKFT&,a=?.F,B,�i>;E,&@579H',&6U=�0<Q�2<0<Q9KF,&)lO<Yg=?.F, �fL-0<6FR �1L 2D79IF@?0_=?79O46
+l.F79Q9,�=?.F, ��&�%4 )5.FO4KFQ9R/]47m24,�(&,&@5O_L�,&6F,&@5]<hJ)5O4Q9K>=?79O46F)tT&O4@5@5,&)5;EO46FRF796F]w=?Ow=?.F,z@5,&)N=?O4@?0_=?79O46JO<Y =?.F,
IF@5O/ <,&68)NhDH'H',\=?@579,&)&r 1 .F,&6y=?.F,J)NhD)N=?,&H 79)*T&@?0<60 <,&R�=?.F,S2<0<Q9KF,SO<Y!=?.F,B=�+-O_L���K10<)579;10<@N=?79T&Q9,�L
Q97  <,X,�i>T&7m=�0_=?79O46F)oRF,&T&@5,30<)5,&)$IE,&T30<KF)5,X=?.F,*)5796F]4Q9,l��K10<)579;10<@N=?79T&Q9,l,&6F,&@5]479,&)z0<@5,*0<Q9)5OBRF,&T&@5,30<)5796F]
 )5,&,,)g79]Fr 
 />r | � r�s$.F79)gT30<6S@5,&)5KFQm=	796S0X)5OwQ9O�+zL 2<0<Q9KF,o796B=?.F,ou1@5)N=g=�+-O_L���K10<)579;10<@N=?79T&Q9,o=?@?0<6F)57m=?79O46
,&6F,&@5]<h/=?.10_=o=?.F,XT&O4KF;FQ9,&RZVXWE( ,&��K10_=?79O46'T30<6'.10324,*6�KFH',&@579T30<Q9QmhJ0aT&O4H';FQ9,�i/)5O4Q9K>=?79O46frgs$.F, �6FO�+lQ9,&RF]4,8O<YB=?.F,�,&6F,&@5]479,&)�O<Ya=?.F,�G*0<HJIFKDLNMPO4Q9RF)N=?O46F,yH'ODRF,&)k0<6FR =?.F,�T&O4@5@5,&)5;EO46FRF796F]
HZ0_=?@57ji/,&Q9,&H',&6U=?)�0<Q9Q9O�+l)!KF)o=?OB)5KFI>=?@?0<T\=�=?.F,&79@!T&O46U=?@579IFK>=?79O46/Y[@5O4H�=?.F,l=?O<=�0<Q1VXWE( @5,&)5;EO46F)5,
Y[KF6FT\=?79O46fC�O4I>=�0<796F796F]ZO46FQmh�=?.F,J;F.UhD)579T30<Q	)N=?@5,&6F]<=?.fr 1 ,J.10324,'0<Q9@5,30<R>h�)5.FO�+l68796�:-.10<;>=?,&@5)� 0<6FR � .FO�+ =?O/;F@5ODT&,&,&Rk796Z=?.F79)z)5,&6F)5,B0<6FRk.FO�+ =?.F,&)5,a@5,&)5KFQm=?)zQ9ODO/ nQ97  <,*)5OJ=?.10_=z+-,PRFO46f� =
RF79)5T&KF)5)o=?.F79)!)5KFI��5,&T\=z0<6UhDH'O4@5,<r 1 ,lT&O46FT&,&6U=?@?0_=?,X.F,&@5,lHZ0<796FQmhBO46n=?.F,l796U=?@5796F)579Tz,�i>T&7m=�0_=?79O46F)
0<)t=?.F, �fL 0<6FR �1L�2D79IF@?0_=?79O46fC�=?.10_=	79)�+-,zT&O46F)579RF,&@gO46FQmha0*;EO4@N=?79O46aO<Y )g79]Fr 
 />r A � =?.10_=g@5,&;F@5,&)5,&6U=
O46FQmh�=?.F,k2D79IF@?0_=?79O4610<Q-H'ODRF,&)&r (*)nO46F,�T30<6 )5,&,�Y[@5O4H�=?.F, )g79]Fr 
 />r ��� C	=?.F, �fL 2D79IF@?0_=?79O46v79)

� d*/



0 5 10 15 20
Energy(MeV)

0

2

4

6

8
R

P
A

 R
es

po
ns

e 
F

un
ct

io
n(

b4 
   

0h
ω

0)

ωrot=0.0 MeV
ωrot=0.2 MeV
ωrot=0.4 MeV

168   

70Yb98

εeq=0.262

Q
0    

20

x10
3

0 5 10 15 20
Energy(MeV)

0

2

4

6

8

R
P

A
 R

es
po

ns
e 

F
un

ct
io

n(
b4 

   

0h
ω

0)

ωrot=0
ωrot=0.2
ωrot=0.4

168   

70Yb98

εeq=0.262

Q
0    

22

x10
3

)g79]4KF@5, />r � . VXWE(�Vl,&)5;EO46F)5,oY[KF6FT\=?79O46F)t796BKF6F7m=?)�O<Y � � � "� ` � Y[O4@�=?.F,���K10<RF@5KF;EO4Q9,oT&O4H';EO46F,&6U=?)� %
& 
 O46�=?.F,Z@579]4.U=S.10<6FR )579RF, � 0<6FR � %�� 
 Q9,\Y�=S.10<6FR )579RF, � r
s$.F,�]4@?0<;F.F)J0<@5,ZO4I>=�0<796F,&R
0_=*,&��KF79Q979IF@579KFHeRF,\Y[O4@5HZ0_=?79O46 � b d # | � |'0_=X=?.F@5,&,SRF7m��,&@5,&6U=w@5O<=�0_=?79O4610<Q�Y[@5,&��KF,&6FT&79,&)X`����
	obd # ��d # | ��d # < ��,�
Jr s$.F,P2<0<Q9KF, �nb d # A���,�
c+z0<)lKF)5,&R�Y[O4@z=?.F,B0324,&@?0<]4796F]n;10<@?0<H',\=?,&@&r
24,&@Nh8HJKFT�.�796 �1KF,&6FT&,&R�IUhy=?.F,'@5O<=�0_=?79O46y]47m2D796F]�0�T&O4H';FQ9,\=?,/)5;F@5,30<R�O<Y-7m=?)PT&O4Q9Q9,&T\=?7m2D7m=�hy0_=
`����
	zbxd # < ��,�
 +l.F79Q9,S=?.F, �1L 2D79IF@?0_=?79O46
79)wHJKFT�.8H'O4@5,ST&O4.F,&@5,&6U=3rSs$.F,nRF7m��,&@5,&6FT&,/T&O4H',&)
Y[@5O4H =?.F,
Y 0<T\=Z=?.10_=Z=?.F,
;10<79@5796F]�79)ZR>hD796F]vO4K>=3C$,&)5;E,&T&7^0<Q9Qmh 796�=?.F,
6F,&K>=?@5O46�T30<)5,y796�=?.F,
@?0<6F]4, 
 d # | � d # < � ��,�
qO<Y�=?.F,w@5O<=�0_=?79O4610<QFY[@5,&��KF,&6FT\h4r�s$.F79)zH',30<6F)�=?.10_=z=?.F,��fL 2D79IF@?0_=?79O46'79)
796 �1KF,&6FT&,&R
IUh�=?.F79)z=?@5,&6FR�RFKF,a=?O/=?.F,PY 0<T\=l7m=l79)$T&O4KF;FQ9,&R�+l7m=?.�;10<79@5796F]S2D79IF@?0_=?79O46F)&r

����� �k�P�������q�y�P � �
	 "' o !���$�!%&"'�

1 ,*0<@5,l6FO�+�796'T&O46FRF7m=?79O46/=?OB,\2<0<Q9K10_=?,$=?.F,X)5,&QmY^L�,&6F,&@5]<hnT&O4@5@5,&T\=?79O46nY[O4@o��K10<)579;10<@N=?79T&Q9,$)N=�0_=?,&)
0<@5O4KF6FR'=?.F, )1,&@5H'71,&6F,&@5]<h4r 'wKF,l=?OB=?.F,XT&O4H';FQ9,�i>7m=�hnO<Y�=?.F,*T30<Q9T&KFQ^0_=?79O46F)&CU796';10<@N=?79T&KFQ^0<@!=?.F,
24,&@Nh�.F79]4.DL =?79H',XT&O46F)5KFH'796F]J)5,30<@5T�.�O<Y�=?.F,PG*0<HJIFKDLNMPO4Q9RF)N=?O46F,*H'ODRF,&)z796k0<)5)5ODT&7^0_=?79O46'+l7m=?.
796U=?,&]4@?0<Q	Y[O4@5HJKFQ^0_=?79O46yO<Y-=?.F,n)5,&QmY^L�,&6F,&@5]<h4C�+-,'.10324,ZQ979H'7m=?,&R
=?.F,nT�.FO479T&,'O46�O46FQmhy24,&@Nh�Y[,\+
Q9,\24,&Q9)&C � dw6F,&]U0_=?7m24,z;10<@57m=�hB)N=�0_=?,&)o0<6FR'AX;EO4)57m=?7m24,<rgs$.F79)	H',30<6F)g=?.10_=g+-,l0<@5,zT&O46F)579RF,&@5796F]P0<6
796U=?,&@N2<0<Q�O<Y < ��,�
 796k,�i>T&7m=�0_=?79O46�,&6F,&@5]<h4ros$.F,Pu1@5)N=l)N=?,&;�79)-=?On,\2<0<Q9K10_=?,*=?.F,P@5,&6FO4@5HZ0<Q97 (&,&R
,&6F,&@5]<h O<Ya=?.F,yT�.FO4)5,&6 ��K10<)579;10<@N=?79T&Q9,�)N=�0_=?,&)kRFKF,y=?Ov=?.F,yT&O4KF;FQ9796F]�+l7m=?.�@5,&)5;E,&T\=k=?Ov=?.F,

� d*2



)5KF@NY 0<T&,�H'ODRF,&)&r s$.F,�2<0<Q9KF,kO<Y*=?.F79)/,&6F,&@5]<h 79)n,�iD=?@?0<T\=?,&R�Y[@5O4H =?.F,�)5O4Q9K>=?79O46F)/O<YX=?.F,�)5O
T30<Q9Q9,&R '*hD)5O46f� )n,&��K10_=?79O46fCo=?.10_=n79) 	 � � 


b � 

	 � # )1@5O4H�=?.F,  �6FO�+lQ9,&RF]4,�O<YX=?.F79)/6F,\+
,&6F,&@5]<h 7m=�79)�;EO4)5)579IFQ9,
=?O T30<Q9T&KFQ^0_=?,�=?.F,y,\��,&T\=?7m24,8HZ0<)5)ZY[@5O4H�=?.F,�@5,&Q^0_=?79O46 
 />r � � +l.F,&@5,
=?.F,/RF,&@57m2<0_=?7m24,S79)*=�02 <,&68796�0<6�796U=?,&@N2<0<Q	0<@5O4KF6FRy=?.F,/H',&6U=?79O46F,&RyT30<Q9T&KFQ^0_=?,&R�@5,&6FO4@5HZ0<Q97 (&,&R
��K10<)579;10<@N=?79T&Q9,',&6F,&@5]<h4r 1 ,k0<@5,']4O4796F]
6FO�+�=?O
)5.FO�+ .FO�+�=?.F,Z,&6F,&@5]479,&)JO<Yz=?.F,Z@5O4K>=?.F7^0<6F)
T30<6�IE,aT�.10<6F]4,&R
RFKF,a=?O/=?.F,B;10<@N=?79T&Q9,�L 2D79IF@?0_=?79O46Z796U=?,&@?0<T\=?79O46fr�)g79]4KF@5, 
 />r � � @5,&;F@5,&)5,&6U=?)*=?.F,
,\��,&T\=oO<Y =?.F,$T&O4KF;FQ9796F]wO46J=?.F,zO4@579]479610<Q�@5O4K>=?.F7^0<6F)	,&6F,&@5]479,&) 
 Q^0<IE,&Q9Q9,&RJGX79Q9)5)5O46J796J=?.F,zu1]4KF@5, �
0_=X=�+-OZRF7m��,&@5,&6U=*@5O<=�0_=?79O4610<QfY[@5,&��KF,&6FT\h4C `����
	!bqd'O46�=?.F,BQ9,\Y�=*0<6FR�`����
	obqd # < � 	 ��O46�=?.F,
@579]4.U=3rXs$.F,J,�iD=?@5,&H',SQ9,\Y�=P0<6FRy@579]4.U=*;10<@N=*O<Y!=?.F,S]4@?0<;F.y)5.FO�+ =?.F,JT&O4@5@5,&T\=?,&R�,&6F,&@5]479,&)*RFKF,
=?O/=?.F,aT&O4KF;FQ9796F]n0_=l=?.F,aH',&6U=?79O46F,&Rk=�+-O'RF7m��,&@5,&6U=X@5O<=�0_=?79O4610<QEY[@5,&��KF,&6FT&79,&)&r

0.0 0.1 0.2 0.3 0.4

ωrot(MeV)

0

0.5

1

1.5

2

2.5

3.5

4
NilssonNilsson+

Self−Energy
Correction

Energy
Nilsson
Energy

Nilsson+
Self−Energy
Correction

Cranked Nilsson{ {

ωrot=0 ωrot=0.4

)g79]4KF@5, />r � . Vl,&6FO4@5HZ0<Q97 (&,&R
6F,&K>=?@5O46���K10<)579;10<@N=?79T&Q9,S)5;E,&T\=?@5KFH RFKF,J=?.F,J;10<@N=?79T&Q9,�L 2D79IF@?0_=?79O46
T&O4KF;FQ9796F] 796U=?,&@?0<T\=?79O46fr �w6FQmh 6F,&]U0_=?7m24,�;10<@57m=�h )N=�0_=?,&)�0<@5,�RF@?03+l6fr�s$.F,8)5O4Q979R�Q9796F,
T&O4@ L
@5,&)5;EO46FRF)'=?O�)579]4610_=?KF@5,�;EO4)57m=?7m24,�)N=�0_=?,&) 
 � b ��� | � +l.F79Q9,�=?.F,�R10<)5.F,&R O46F,�=?O�6F,&]U0_=?7m24,
)579]4610_=?KF@5,JT30<)5, 
 � b � ��� | � r �w6�=?.F,/Q9,\Y�=w=?.F,/@5,&6FO4@5HZ0<Q97 (&,&RyQ9,\24,&Q9)a0_=
(&,&@5O_L�@5O<=�0_=?79O46�0<@5,
@5,&;F@5,&)5,&6U=?,&R�+l.F79Q9,$=?.F,X@579]4.U=o.10<6FRZ)579RF,X)5.FO�+l)�=?.F,X@5,&)5KFQm=?)-0_=!`����
	gb d # < ��,�
JrDs$.F,&)5,*6F,\+
,&6F,&@5]479,&)X0<@5,aT&O4H';10<@5,&Rk+l7m=?.k=?.F,aO4@579]479610<Q�@5O4K>=?.F7^0<6F)&r

�/� d



$ =$79)z��KF7m=?,wT&Q9,30<@-=?.10_=-=?.F,PT&O4KF;FQ9796F]S=?,&@5H ]47m24,&)$@579)5,&)-=?On0J)5;E,&T&7mu1TPT�.10<6F]4,P796Z=?.F,w,&6F,&@5]479,&)
O<Y	=?.F,&)5,JQ9,\24,&Q9)&rls$.F,JIE,&.1032D79O4KF@X)5.FO�+l6�796 )g79]Fr 
 />r � � @5,&H'796FRF)XKF)X=?.10_=*796y0')NhD)N=?,&H +l7m=?.DL
O4K>=B;10<79@5796F]�T&O4@5@5,&Q^0_=?79O46F)&C�RFKF,n=?O�=?.F,')5,&QmY^L�,&6F,&@5]<h8T&O4@5@5,&T\=?79O46fCt.FO4Q9,n)N=�0_=?,&)S.10324,Z;EO4)57m=?7m24,
T&O4@5@5,&T\=?79O46�IF@5796F]4796F]k=?.F,&H T&Q9O4)5,n=?O�=?.F,9)1,&@5H'7!,&6F,&@5]<h�+l.F79Q9,n;10<@N=?79T&Q9,n)N=�0_=?,&)J0<@5,'H'O�24,&R
=?O�+z0<@5RF)l=?.F, )1,&@5H'7�,&6F,&@5]<hkY[@5O4H 0<IEO�24,aIE,&T30<KF)5,BO<Y	0/6F,&]U0_=?7m24,aT&O46U=?@579IFK>=?79O46�{ � � } r $ 6�=?.F,
)5KF;E,&@��1KF79R�T30<)5,nO46F,n.10<)P=?O�@5,&H',&HJIE,&@w=?.10_=S0k��K10<)579;10<@N=?79T&Q9,J79)a0kQ9796F,30<@wT&O4HJIF79610_=?79O46yO<Y
;10<@N=?79T&Q9,n0<6FR�.FO4Q9,/+l7m=?.8u16F7m=?,n;F@5O4I10<IF79Q97m=�h
=?O�IE,'796�0�.FO4Q9,�L�)N=�0_=?,nO4@a796�0�;10<@N=?79T&Q9,/)N=�0_=?,<r$ 6v=?.F79)JT30<)5,�=?.F,�;10<79@5796F]
]U0<; 79)B=?.F,k@5,\Y[,&@5,&6FT&,k,&6F,&@5]<hv)5Oy=?.10_=J=?.F,k)5.F7mY�=JO<Yl=?.F,�,&6F,&@5]<h
79)B=?O�+z0<@5RF)S=?.F,Z;10<79@5796F]�]U0<;�2<0<Q9KF,<r �w6F,ZT30<6 )N=?KFR>h�=?.F,Z,\��,&T\=/O<Y$=?.F,ZT&O4KF;FQ9796F]y0<@5O4KF6FR
=?.F,n,&��KF79Q979IF@579KFH RF,\Y[O4@5HZ0_=?79O46fCf7968;10<@N=?79T&KFQ^0<@P0_=P=?.F,/2<0<Q9KF,&) � b�d # |k0<6FR � b�d # � O<Y-=?.F,
RF,\Y[O4@5HZ0_=?79O468;10<@?0<H',\=?,&@&r 1 ,')5KFH'HZ0<@57 (&,/=?.F,n@5,&)5KFQm=?)B)5.FO�+l796F]�=?.F,n=?@5,&6FR�O<Y-=?.F, ����0_=
RF7m��,&@5,&6U=XRF,\Y[O4@5HZ0_=?79O46F)$0<6FR�@5O<=�0_=?79O46F) 
 )5,&,;)g79]Fr 
 />r / �%�

0.0 0.1 0.2 0.3 0.4
ωrot(MeV)

1.0

1.1

1.2

1.3

1.4

1.5

α=+1/2
α=−1/2

0.0 0.1 0.2 0.3 0.4
ωrot(MeV)

α=+1/2
α=−1/2

0.0 0.1 0.2 0.3 0.4
ωrot(MeV)

α=+1/2
α=−1/2

δ=0.2 δeq=0.262 δ=0.3

)g79]4KF@5, />r / . ����,\2<0<Q9K10_=?,&R 0_=B=?.F@5,&,�RF7m��,&@5,&6U=JRF,\Y[O4@5HZ0_=?79O46�0<6FRv@5O<=�0_=?79O46fr�s$.F,�T&,&6U=?@?0<Q
T30<)5,l79)g=?.F,l,&��KF79Q979IF@579KFH )5O4Q9K>=?79O46frts$.F,$@5,&)5KFQm=?)o796FT&Q9KFRF,zIEO<=?.n;EO4)57m=?7m24,$0<6FRn6F,&]U0_=?7m24,$;10<@57m=�h
)N=�0_=?,&)o+l.F,&@5,l=?.F,$u1Q9Q9,&RnT&79@5T&Q9,$796FRF79T30_=?,&)!;EO4)57m=?7m24,$)579]4610_=?KF@5,l)N=�0_=?,&)!+l.F79Q9,z=?.F,lO4;E,&6'O46F,l=?.F,
6F,&]U0_=?7m24,a)579]4610_=?KF@5,PT30<)5,<r

s$.F,BHZ0<796�O4IF)5,&@N2<0_=?79O46�=?.10_=XT&O4H',&)lO4K>=XY[@5O4H )g79]Fr 
 />r / � 79)$=?.10_=l=?.F, ����.10<)l2<0<Q9KF,&)l��KF7m=?,
)5HZ0<Q9QoT&O4H';10<@5,&Rv=?O
=?.F,�)5;F.F,&@579T30<Q-T30<)5,�{ � < } r�s$.F79)J79)S6FO<=S24,&@Nhv)5KF@5;F@579)5796F]yIE,&T30<KF)5,k=?.F,
T&O4Q9Q9,&T\=?7m2D7m=�h
O<Y-=?.F,n)5KF@NY 0<T&,'H'ODRF,&)P796�0kRF,\Y[O4@5H',&R�T30<)5,'79)PKF)5,&R�HZ0<796FQmh�=?O�IFKF79Q9R�KF;�=?.F,
RF,\Y[O4@5HZ0_=?79O46frls$.F,JH'O4)N=w)5KF@5;F@579)5796F]Z@5,&)5KFQm=wO<Y�)g79]Fr 
 />r / � 79)l=?.F,J796FT&@5,30<)5,B+l7m=?.y@5O<=�0_=?79O46�O<Y
���/IE,&T30<KF)5,X+-,$+-,&@5,*,�i>;E,&T\=?796F]a=?.10_=3CURFKF,l=?OP=?.F,XQ9O4)5)!O<YE=?.F,XT&O4Q9Q9,&T\=?7m2D7m=�hSO<YE=?.F,lQ9O�+zL�QmhD796F]
,&6F,&@5]<h�@5,&]479O46�796�=?.F,yVXWE( @5,&)5;EO46F)5,
Y[KF6FT\=?79O46�RFKF,�=?Ov@5O<=�0_=?79O46 
 )5,&, )g79]Fr 
 />r ���%� C�=?.F,&@5,
)5.FO4KFQ9RF6f� =kIE,y79H';EO4@N=�0<6U=ZT&O46U=?@579IFK>=?79O46�=?O�=?.F,�)5,&QmY^L�,&6F,&@5]<h�T&O4@5@5,&T\=?79O46fr $ 6�;F@?0<T\=?79T&,
+-,

�/�/�



+-,&@5,SQ9ODO/ �796F]/Y[O4@X0<6�,&��KF7m2<0<Q9,&6U=*)57m=?K10_=?79O46�O<Yg=?.F,B)5;F.F,&@579T30<Q�T30<)5,B+l.F,&@5,B=?.F,a=?,&H';E,&@?0_=?KF@5,
@5,&RFKFT&,&R =?.F,�T&O4.F,&@5,&6FT&,�O<Yl=?.F,�T&O4Q9Q9,&T\=?7m24,�H'ODRF,Z796 0
24,&@Nh RF@?0<)N=?79TZ+z03h { � < } r � =?KFR>hD796F]
7968H'O4@5,nRF,\=�0<79Q9)w=?.F,n@5,&)5KFQm=?)&Cg,&)5;E,&T&7^0<Q9Qmhy796�=?.F,'T30<)5,'O<Y-RF,\Y[O4@5HZ0_=?79O46 � b d # � +l.F,&@5,'=?.F,
796FT&@5,30<)5,*79)oH'O4@5,X)5,&6F)57m=?7m24,<C�+-,XY[O4KF6FR�O4K>=�=?.10_=o=?.F,X=�+-O_L���K10<)579;10<@N=?79T&Q9,$=?@?0<6F)57m=?79O46n,&6F,&@5]479,&)
;F@5,&)5,&6U=?)k0824,&@Nh�Q9O�+zL�QmhD796F]�,&6F,&@5]<h4C$;F@?0<T\=?79T30<Q9Qmh 0_= (&,&@5O_L�,&6F,&@5]<h�0_=n`����
	Zb�d # < 
 )5,&,
=?.F,
796F)5,\=XO<Y&)g79]Fr 
 />r 2 �%� r!s$.F79)lH',30<6F)$=?.10_=l+-,S0<@5,a796�@5,&]479H',PO<Yg796F)N=�0<IF79Q97m=�hZIE,&T30<KF)5,a=?.F,SVXWE(
,&��K10_=?79O46�T30<6�.10324,S0<6�79HZ0<]479610<@Nh')5O4Q9K>=?79O46fr

0 1 2
Energy(MeV)

0

0.2

0.4

0.6

0 10 20 30 40
Two−quasiparticle Excitation Energy (MeV)

0

1

2

3

T
w

o−
qu

as
ip

ar
ti

cl
e 

St
re

ng
th

(a
rb

it
ra

ry
 u

ni
ts

)

δ=0.3
ωrot=0.4 MeV

)g79]4KF@5, />r 2 . sz+-O���K10<)579;10<@N=?79T&Q9,�L�Q97  <,a,�i>T&7m=�0_=?79O46y)N=?@5,&6F]<=?.�Y[O4@ � �� � 0_= � bxd # � ras$.F,/796F)5,\=
@5,&;F@5,&)5,&6U=?)l0<6�,&6FQ^0<@5]4,&H',&6U=zO<Yf=?.F,w]4@?0<;F.Z796Z=?.F,*@?0<6F]4, 
 � d # � � | � ��,�
 +l.F,&@5,P7m=z0<;F;E,30<@5)=?.F,wQ9O�+zL�,&6F,&@5]<hn=�+-O_L���K10<)579;10<@N=?79T&Q9,X,�i>T&7m=�0_=?79O46Z,&6F,&@5]<hZIF@5796F]4796F]B796F)N=�0<IF79Q97m=�h/796'=?.F,w)NhD)N=?,&H�r

+ )5796F] =?.F,v)?0<H',vH',\=?.FODR RF,\24,&Q9O4;E,&RqY[O4@�=?.F,v@5,&H'O�2<0<QSO<Y/=?.F,v79HZ0<]479610<@Nh G*0<HJIFKDL
MPO4Q9RF)N=?O46F,vH'ODRF,�+-, T30<6q,\2<0<Q9K10_=?,v=?.F79)y796F)N=�0<IF79Q97m=�h�=?O @5,&H'O�24, 7m=yY[@5O4H =?.F, ;F.UhD)579T30<Q
)5O4Q9K>=?79O46F)S)5O�=?.10_=J=?.F,�+-,kT30<6 ;F@5ODT&,&,&R =?O�T30<Q9T&KFQ^0_=?,Z=?.F,�T&O4@5@5,&T\=?,&R�,\��,&T\=?7m24,�HZ0<)5) 
 )5,&,)g79]Fr 
 />r � d � r 1 ,l.10324,w0<Q9)5OaT�.F,&T  <,&R�=?.F,lT30<)5, � b d # | � |wIFK>=o+-,XRF79RF6f� =ou16FR�0<6Uh/796F)N=�0<IF79Q97m=�h
796k=?.F,BVXWE(q)5O4Q9K>=?79O46F)&r

�/� |



0.0 0.1 0.2 0.3 0.4
ωrot(MeV)

α=+1/2
α=−1/2

0.0 0.1 0.2 0.3 0.4
ωrot(MeV)

α=+1/2
α=−1/2

(a) (b)ε=0.3 ε=0.3

)g79]4KF@5,�/>r � d . ���/0_Y�=?,&@	)5KFI>=?@?0<T\=?79O46/O<Y =?.F,$796F)N=�0<IF79Q97m=�ha796S=?.F,$T30<)5,$O<YERF,\Y[O4@5HZ0_=?79O46 � b d # � r:z0<)5, 
 0 � +l7m=?.FO4K>=-796F)N=�0<IF79Q97m=�h4C4T30<)5, 
 I � +l7m=?.Z796F)N=�0<IF79Q97m=�h4r��w6FQmh/6F,&]U0_=?7m24,*;10<@57m=�hn)N=�0_=?,&)z0<@5,
RF,&;F79T\=?,&Rfr!s$.F,wu1Q9Q9,&RZT&79@5T&Q9,X796FRF79T30_=?,&)-)579]4610_=?KF@5,*;EO4)57m=?7m24,*)N=�0_=?,&)-+l.F79Q9,*)579]4610_=?KF@5,*6F,&]U0_=?7m24,
)N=�0_=?,&)X0<@5,aRF@?03+l6�IUh�O4;E,&6�T&79@5T&Q9,<r

��������� � ()��$�� * �!� � *�%�%�� �!�����!*�" �
$ 6k=?.F,&)5,PQ^0<)N=zh4,30<@5)l0JQ9O<=zO<Y�=?.F,&O4@5,\=?79T30<Qf0<6FRk,�i>;E,&@579H',&6U=�0<Q�)N=?KFRF79,&)$O<YtQ9O�+zL�QmhD796F]SODT\=?KF;EO4Q9,
T&O4@5@5,&Q^0_=?79O46F)*.10324,nIE,&,&68RF,\24,&Q9O4;E,&R�)5.FO�+l796F]�=?.10_=P=?.F,/ODT\=?KF;EO4Q9,B2D79IF@?0_=?79O46F)P0<@5,S24,&@Nh�79H/L
;EO4@N=�0<6U=gH'O4@5,o=?.10<6B=?.F,-��K10<RF@5KF;EO4Q9,�O46F,�796B=?.F,�)5KF;E,&@5RF,\Y[O4@5H',&RJT30<)5,U{ | � } r $ =gT&O4KFQ9RB=?.F,&6JIE,
796U=?,&@5,&)N=?796F]k0<610<Qmh�(&,S=?.F,/,\��,&T\=PO<Y-0Z��K10<)579;10<@N=?79T&Q9,�L�ODT\=?KF;EO4Q9,aT&O4KF;FQ9796F]�796U=?,&@?0<T\=?79O46yO46y=?.F,
��K10<)579;10<@N=?79T&Q9,w)5;E,&T\=?@5KFH�rost,&,a;F@5ODT&,&RFKF@5,B79)$,�iF0<T\=?Qmh�=?.F,P)?0<H',B0<)$796k=?.F,a��K10<RF@5KF;EO4Q9,PT30<)5,
)5OJ=?.10_=-+-,w]47m24,*RF79@5,&T\=?Qmhn=?.F,w@5,&)5KFQm=?)&r )g79@5)N=zO<Y�0<Q9Q CU=?.F,w@5,&6FO4@5HZ0<Q97 (&,&RZ6F,&K>=?@5O46k��K10<)579;10<@N=?7jL
T&Q9,a)5;E,&T\=?@5KFH ]47m24,&)*0nHJKFT�.�)5HZ0<Q9Q9,&@z,\��,&T\=*T&O4H';10<@5,&R�=?On=?.F,a��K10<RF@5KF;EO4Q9,aT30<)5,<r-s$.F,aY 0<T\=
=?.10_=X=?.F,BODT\=?KF;EO4Q9,aT&O4@5@5,&Q^0_=?79O46F)X0<@5,B6FO<=*79H';EO4@N=�0<6U=X0<6FR
,\��,&T\=?7m24,S796
0'6FO4@5HZ0<Q�RF,\Y[O4@5H',&R
6�KFT&Q9,&KF)�79)!HJKFT�.'H'O4@5,$,\2D79RF,&6U=-Q9ODO/ �796F]a0_=!=?.F,l@5,&)5KFQm=?)oO<YE=?.F,X,\��,&T\=?7m24,lHZ0<)5)�0<)�0wY[KF6FT\=?79O46
O<Y!@5O<=�0_=?79O46
0<6FR
RF,\Y[O4@5HZ0_=?79O46frz(*)*O46F,BT30<6y)5,&,S796 )g79]Fr 
 />r �/� � =?.F,S@5,&)5KFQm=?)XRFO�6FO<=*RF,&;E,&6FR
O46�@5O<=�0_=?79O46�0<6FR�RF,\Y[O4@5HZ0_=?79O46�0<6FRfCFH'O4@5,&O�24,&@&CF=?.F,P2<0<Q9KF,PO<Yt=?.F,a,\��,&T\=?7m24,aHZ0<)5)$79)$;F@?0<T\=?7jL
T30<Q9Qmh � r-s$.F79)XT30<6
IE,B,�i>;FQ^0<796F,&R�+l7m=?.�=?.F,aY 0<T\=X=?.10_=X=?.F,BQ9O�+zL�QmhD796F]/ODT\=?KF;EO4Q9,P2D79IF@?0_=?79O46�79)
=?ODOa.F79]4.n796/,&6F,&@5]<hnT&O4H';10<@5,&Rn+l7m=?./=?.F,l��K10<RF@5KF;EO4Q9,$T30<)5,X)5Oa=?.10_=o��K10<)579;10<@N=?79T&Q9,�L 2D79IF@?0_=?79O46
T&O4KF;FQ9796F]/79)$Q9,&)5)l,\��,&T\=?7m24,<r

�/� �



0.0 0.1 0.2 0.3 0.4
ωrot(MeV)

1.0

1.1

1.2

1.3

1.4

1.5

α=+1/2
α=−1/2

0.0 0.1 0.2 0.3 0.4
ωrot(MeV)

α=+1/2
α=−1/2

0.0 0.1 0.2 0.3 0.4
ωrot(MeV)

α=+1/2
α=−1/2

ε=0.2 ε=0.262 ε=0.3

)g79]4KF@5,
/>r �/�/. ����0<)X0JY[KF6FT\=?79O46�O<Yg@5O<=�0_=?79O46�0<6FR�RF,\Y[O4@5HZ0_=?79O46kRFKF,P=?OnODT\=?KF;EO4Q9,PT&O4KF;FQ9796F]
1 ,�)5.FO�+ 796 )g79]Fr 
 />r � | � =?.F,�@5,&6FO4@5HZ0<Q97 (&,&R 6F,&K>=?@5O46���K10<)579;10<@N=?79T&Q9,k)5;E,&T\=?@5KFH RFKF,k=?O

ODT\=?KF;EO4Q9,PT&O4KF;FQ9796F]JY[O4@$T&O4H';10<@579)5O46�+l7m=?.k=?.F,aT30<)5,BO<Yg��K10<RF@5KF;EO4Q9,P@5,&)5KFQm=?) 
 )g79]Fr 
 />r � �%� r

0.0 0.1 0.2 0.3 0.4

ωrot(MeV)

0

0.5

1

1.5

2

2.5

3

3.5

NilssonNilsson+
Self−Energy
Correction

{
Nilsson    Nilsson+

Self−Energy
Correction

{

ωrot=0 ωrot=0.4

Cranked Nilsson

)g79]4KF@5, />r � | . GX,&K>=?@5O468��K10<)579;10<@N=?79T&Q9,S)5;E,&T\=?@5KFH 
 T&,&6U=?@?0<Q	;10<@N= � @5,&6FO4@5HZ0<Q97 (&,&RyRFKF,J=?O�=?.F,
T&O4KF;FQ9796F]*+l7m=?.JODT\=?KF;EO4Q9,�2D79IF@?0_=?79O46 
 Q9,\Y�=!0_=g`����
	gb dP0<6FR/@579]4.U=!0_=g`����
	gb d # < � r � ,&,$T30<;>=?79O46
O<Y�)g79]Fr 
 />r � � Y[O4@$RF,\=�0<79Q9)&r

�/� <



��������� ���!��"#����$#%��&�������1� ����"#�
$ =-T30<6ZIE,*796U=?,&@5,&)N=?796F]a=?OJ0<610<Qmh�(&,l=?.F,XT&O46F)5,&��KF,&6FT&,PO<Yf=?.F,X;10<@N=?79T&Q9,�L 2D79IF@?0_=?79O46/T&O4KF;FQ9796F]PY[O4@
=?.F,P)N=�0_=?,&)z=?.10_=l0<@5,w)579]4610_=?KF@5,w;10<@N=?6F,&@5)&C>=?.10_=$79)�=?.F,\h�.10324,aO4;F;EO4)57m=?,*2<0<Q9KF,*O<Y � IFK>=z=?.F,\h
0<@5,�0<Q9H'O4)N=�RF,&]4,&6F,&@?0_=?,o796a,&6F,&@5]<h4r 1 ,�0<@5,o]4O4796F]z=?OX)5.FO�+vIE,&Q9O�+�=?.10_=�=?.F,o;F.FO46FO46BT&O4KF;FQ9796F]
;F@5ODRFKFT&,&)$0S)5;FQ97m=5=?796F]aO<Y�=?.F,&)5,w;10<79@5)�796k0B)5;E,&T&7mu1T*+z03hZRF,&;E,&6FRF796F]JO46Z=?.F,*;10<@N=?79T&KFQ^0<@�)N=�0_=?,
T�.FO4)5,&6fras$.F,J@5,&)5KFQm=?)P0<@5,J)5.FO�+l6�796�)g79]Fr 
 />r � � � Y[O4@X=?.F,S��K10<RF@5KF;EO4Q9,JT&O4@5@5,&Q^0_=?79O46�T30<)5,n0<6FR)g79]Fr 
 />r � < � +l.F,&68T&O46F)579RF,&@5796F]ZODT\=?KF;EO4Q9,B2D79IF@?0_=?79O46fr 0	24,&68796�=?.F79)*T30<)5,S+-,JT30<680<6U=?79T&79;10_=?,
=?.10_=w=?.F,/ODT\=?KF;EO4Q9,ST&O4KF;FQ9796F]�79)wHJKFT�.8Q9,&)5)P79H';EO4@N=�0<6U=X=?.10<6�=?.F,J��K10<RF@5KF;EO4Q9,/O46F,<r $ 6�=?.F,
��K10<RF@5KF;EO4Q9,BT30<)5, 
 )g79]Fr 
 />r � � �%� =?.F,S;10<@N=?79T&Q9,�L 2D79IF@?0_=?79O46kT&O4KF;FQ9796F]';F@5ODRFKFT&,&)w0n24,&@Nh
,\2D79RF,&6U=
)5;FQ97m=5=?796F]J796k)5O4H',PO<Yt=?.F,P;10<79@5,&R�)N=�0_=?,&) 
 Y[O4@z,�iF0<H';FQ9,a0/)5;FQ97m=5=?796F]JO<Y	|<d  <,�
cIE,&T&O4H',&) � | / <,�
 � +l.F79Q9,a796k=?.F,BT30<)5,S796FRF79T30_=?,&R�IUhk=?.F,a+l.F7m=?,BIEO3i�=?.F,B;10<79@$@5,&HZ0<796F)lRF,&]4,&6F,&@?0_=?,<r$s$.F,

0.0 0.1 0.2 0.3 0.4

ωrot(MeV)

0

0.5

1

2
MeV

68 keV

8 keV

128 keV

3keV

5 keV

33 keV

20 keV
99 keV[521]1/2

[523]5/2

[521]3/2

[505]11/2

[512]5/2

[503]7/2

ωrot=0.4

Nilsson Nilsson+
Self−Energy
Correction

{

)g79]4KF@5, />r � � . � 79]4610_=?KF@5,l)5;FQ97m=5=?796F]a;F@5ODRFKFT&,&RZIUh/=?.F,X��K10<RF@5KF;EO4Q9,XT&O4KF;FQ9796F]Fr&�w6FQmh/6F,&]U0_=?7m24,
;10<@57m=�hy)N=�0_=?,&)B0<@5,n)5.FO�+l6frns$.F,n)5O4Q979R�Q9796F,J796FRF79T30_=?,&)P;EO4)57m=?7m24,/)579]4610_=?KF@5,/)N=�0_=?,&)P+l.F79Q9,J=?.F,
6F,&]U0_=?7m24,a)579]4610_=?KF@5,P)N=�0_=?,&)*0<@5,PRF@?03+l6�+l7m=?.�R10<)5.F,&R�Q9796F,<r

;10<79@5,&R')N=�0_=?,&) � b � ��� |aT&O4KF;FQ9,$+l7m=?.n=?.F,X)5KF@NY 0<T&,XH'ODRF,&)o]4,&6F,&@?0_=?,&R�IUhnRF7m��,&@5,&6U=-@5,&)579RFK10<Q
796U=?,&@?0<T\=?79O46F)$+l7m=?.
RF7m��,&@5,&6U=*)579]4610_=?KF@5, 
 )5,&,/:-.10<;>=?,&@w| � r$s$.F,S796U=?,&@5H',&RF7^0_=?,P)N=�0_=?,&)*O<Y	=?.F,
Y[O4KF@JRF79)N=?796FT\=JT&O46U=?@579IFK>=?79O46F)S=?O
=?.F,k)5,&QmY^L�,&6F,&@5]<h�T&O4@5@5,&T\=?79O46 
 )g79]Fr 
 < r � �%� 0<@5,�RF7m��,&@5,&6U=JY[O4@
� b ��� |/0<6FR � b � ��� |DC1@5,&)5;E,&T\=?7m24,&Qmh4C RFKF,a=?O/=?.F,B)5,&Q9,&T\=?79O46�@5KFQ9,aO46�)579]4610_=?KF@5,a��K10<6U=?KFH
6�KFHJIE,&@&r )1O4@X,�iF0<H';FQ9,<C 796�=?.F,ST30<)5,JO<Y!RF7^0<]4@?0<H 
 0 � O<Y )g79]Fr 
 < r � � +l.F,&@5,J796F7m=?7^0<Qf)N=�0_=?,S.10<)
)579]4610_=?KF@5,n;EO4)57m=?7m24,�C�=?.F,'796U=?,&@5H',&RF7^0_=?,n)N=�0_=?,'.10<)S0<Q9)5O�)579]4610_=?KF@5,n;EO4)57m=?7m24,n7mY-=?.F,')5KF@NY 0<T&,

�/� A



0.0 0.1 0.2 0.3 0.4

ωrot(MeV)

0

0.5

1

2

MeV

3 keV

20 keV

5 keV

8 keV

13 keV

28 keV

17 keV
16 keV

[521]1/2
[512]5/2
[523]5/2

[521]3/2

[505]11/2
[503]7/2

Nilsson Nilsson+
Self−Energy
Correction

{

ωrot=0.4

)g79]4KF@5,�/>r � < . � 79]4610_=?KF@5,n)5;FQ97m=5=?796F]kRFKF,/=?O�ODT\=?KF;EO4Q9,J2D79IF@?0_=?79O468T&O4KF;FQ9796F]Fr � ,&,'T30<;>=?79O468O<Y)g79]Fr 
 />r � � � Y[O4@$RF,\=�0<79Q9)&r
H'ODRF,o.10<) � b d>r $ YF=?.F,-796F7m=?7^0<Q<)N=�0_=?,�.10<) � b � ��� |l0<6FRS=?.F,�T&O4Q9Q9,&T\=?7m24,oH'ODRF,�79)�]4,&6F,&@?0_=?,&R
IUh 0<6 � b dyO4;E,&@?0_=?O4@&C!RFKF,�=?O�T&O46F)5,&@N2<0_=?79O46 O<Yl=?.F,�)579]4610_=?KF@5,���K10<6U=?KFH�6�KFHJIE,&@&C!=?.F,
796U=?,&@5H',&RF7^0_=?,l)N=�0_=?,l+l79Q9Q1IE,*0B)579]4610_=?KF@5,X6F,&]U0_=?7m24,XO4@5IF7m=�0<Q C<=?.10_=-79) � b � ��� |Dr	s$.F79)�H',30<6F)
=?.10_=!=?.F,$;10<79@5,&R/796F7m=?7^0<Q�)N=�0_=?,&)&C�IUh/T&O4KF;FQ9796F]*=?Oa)5KF@NY 0<T&,$H'ODRF,&)	+l7m=?. � b d>CU@5,30<T�.'RF7m��,&@5,&6U=
796U=?,&@5H',&RF7^0_=?,z)N=�0_=?,&) 
 =?.F,$)?0<H',$79)	=?@5KF,l7mY1=?.F,l)579]4610_=?KF@5,$O<Y =?.F,lT&O4Q9Q9,&T\=?7m24,zH'ODRF,$79) � b � � r
s$.F79)	H',30<6F)	=?.10_=	=?.F,z;10<79@5,&R/)N=�0_=?,&)	+l79Q9QD.10324,lRF7m��,&@5,&6U=!)5,&QmY^L�,&6F,&@5]<hJT&O4@5@5,&T\=?79O46F)&r $ =o79)t=?.F,&6
796U=?,&@5,&)N=?796F]S=?OJKF6FRF,&@5)N=�0<6FRk+l.Uh'=?.F,w)N=�0_=?,&)zQ^0<IE,&Q9Q9,&Rn+l7m=?.Z=?.F,*+l.F7m=?,wIEO3iZ796 )g79]Fr 
 />r � � � RFO
6FO�)5;FQ97m=*IFK>=  <,&,&;�=?.F,&79@XRF,&]4,&6F,&@?0<T\hy796
,&6F,&@5]<h4rws$.F,J@5,30<)5O46y79)X=?.10_=*=?.F,&)5,J)N=�0_=?,&)w.10324,/0
24,&@Nh�.F79]4.y;F@5O~�5,&T\=?79O46�O<Y!=?.F,n0<6F]4KFQ^0<@XH'O4H',&6U=?KFH O46y=?.F,J)NhDH'H',\=?@Nh�0~i>79)&CE=?.10_=P79) �/��� |Dr
s$.F79)!H',30<6F)	=?.10_=!=?.F,l��K10<)579;10<@N=?79T&Q9,�L 2D79IF@?0_=?79O46ST&O4KF;FQ9796F]w79)!,\��,&T\=?7m24,lO46FQmhSY[O4@	796U=?,&@5H',&RF7^0_=?,
)N=�0_=?,&)z+l.F79T�.k+z0324,\Y[KF6FT\=?79O46F)l.10324,PHZ0~i>79HJKFH�O�24,&@5Q^0<;�+l7m=?.�=?.F,w796F7m=?7^0<Q O46F,&)&C>=?.10_=$79)�+l7m=?.
)N=�0_=?,&)B0_=a.F79]4.8;F@5O~�5,&T\=?79O46�=?ODOFr � K>=P=?.F,&)5,'O4IF7m=�0<Q9)w0<@5,nKF)5K10<Q9Qmh
;10<79@5,&R8)579]4610_=?KF@5,/)N=�0_=?,&)&C
=?.10_=w79)l=?.F,S796U=?,&@5H',&RF7^0_=?,B)N=�0_=?,&)&Cf0<Qm=?.FO4KF]4.
RF7m��,&@5,&6U=w796
)579]4610_=?KF@5,<CE.10324,J)?0<H',S,&6F,&@5]<h
)5O
=?.10_=$=?.F,a)5,&QmY^L�,&6F,&@5]<hkT&O4@5@5,&T\=?79O46�79)$=?.F,a)?0<H',<r

��������� ��� � ��� �����'� �	�
$ 6 0<Q9Qz=?.F,�T30<Q9T&KFQ^0_=?79O46F)/RF79)5T&KF)5)5,&R KF6U=?79Ql6FO�+ +-,
.10324,
6F,\24,&@Z@5,\Y[,&@5@5,&R�=?O8=?.F,�)5O_L�T30<Q9Q9,&R
��L�HZ0<)5)&r!s$.F79)z79)$IE,&T30<KF)5,<C1796�=?.F,aGX79Q9)5)5O46k;EO<=?,&6U=?7^0<Q C�=?.F,&@5,P79)$6FO/H'O4H',&6U=?KFHeRF,&;E,&6FRF,&6FT&,
)5Ow=?.10_=	=?.F79)g��K10<6U=?7m=�hJ79) � r&�w6F,$T30<6J=?.F,&6n0<@5]4KF,-=?.10_=!796JO4KF@	T30<Q9T&KFQ^0_=?79O46F)�+-,z=�02 <,z796U=?OP0<T�L
T&O4KF6U=$0BRFO4KFIFQ9,�L�T&O4KF6U=?796F]BRFKF,X=?OB=?.F,lY 0<T\=�=?.10_=�=?.F,wGX79Q9)5)5O46';EO<=?,&6U=?7^0<QE0<6FRZT&O4@5@5,&)5;EO46FRF796F]

�/� �



;10<@?0<H',\=?,&@5)&C�0<@5,JRF,\u16F,&R�796�)5KFT�.�0Z+z03hy=?Ok@5,&;F@5ODRFKFT&,J=?.F,/,�i>;E,&@579H',&6U=�0<Qg2<0<Q9KF,&)&rBs$.F,&)5,
Q^0<)N=g��K10<6U=?7m=?79,&)g0<Q9@5,30<R>haT&O46U=�0<796/0<Q9Q4=?.F,-T&O4@5@5,&Q^0_=?79O46F)�=?.10_=t+-,z.10324,zT&O46F)579RF,&@5,&RS=?.F@5O4KF]4.FO4K>=
=?.F79)z+-O4@% r $ =l79)$79H';EO4@N=�0<6U=3C>0<)X0/T&O46F)5,&��KF,&6FT&,<C =?On)5T30<Q9,w=?.F,BGX79Q9)5)5O46k;EO<=?,&6U=?7^0<Qf)5O/=?.10_=l7m=
T30<6�IE,PT&O46F)579RF,&@5,&R
0<)l0/H'O4H',&6U=?KFH/L�RF,&;E,&6FRF,&6U=$+l7m=?.�0<6�,\��,&T\=?7m24, ��L�HZ0<)5)zRF7m��,&@5,&6U=$Y[@5O4H� r!(z=l=?.F79)$;FKF@5;EO4)5,a+-,a.10324,B;E,&@NY[O4@5H',&Rk=?.F,PY[O4Q9Q9O�+l796F]J)5KFIF)N=?7m=?K>=?79O46

"� ` � � � "� ` � � 
 � �� � � 4 # 
 />r / �
s$.F,80<RFO4;>=?,&R�2<0<Q9KF,
O<YP=?.F79)Z,\��,&T\=?7m24,yHZ0<)5)�79) ���� b�d # /UADr 1 ,
.10324,�@5,&;E,30_=?,&R 0<Q9Q

=?.F,wT30<Q9T&KFQ^0_=?79O46F)-0<6FRk.10324,wY[O4KF6FRkO4K>=z=?.10_=-=?.F,X`!L�HZ0<)5)&C>0_=z=?.F,w,&��KF79Q979IF@579KFH RF,\Y[O4@5HZ0_=?79O46
� b d # | � |DC1.10<)X796FT&@5,30<)5,&R�Y[@5O4H � r | � =?O � r <U� +l.F79Q9,<C 0<)*0/Y[KF6FT\=?79O46�O<Y	@5O<=�0_=?79O46�79)$2<0<Q9KF,P79)
;F@?0<T\=?79T30<Q9QmhZT&O46F)N=�0<6U= 
 )5,&,;)g79]Fr 
 />r � A �

0.0 0.1 0.2 0.3 0.4
ωrot

1.40

1.41

1.42

1.43

1.44

ω
−

m
as

s

α=+1/2
α=−1/2

)g79]4KF@5, />r � A . ���'0_=o,&��KF79Q979IF@579KFHcRF,\Y[O4@5HZ0_=?79O46'0<)�0PY[KF6FT\=?79O46nO<Yf@5O<=�0_=?79O46/+l7m=?.�� � b d # /UADr
GX,&]U0_=?7m24,�0<6FRB;EO4)57m=?7m24,!;10<@57m=�hP)N=�0_=?,&)g0<@5,o796FT&Q9KFRF,&Rfrt(*)�KF)5K10<Q�)5O4Q979RaQ9796F,	@5,&;F@5,&)5,&6U=?)	;EO4)57m=?7m24,
)579]4610_=?KF@5,P)N=�0_=?,&)*0<6FR�R10<)5.F,&R
Q9796F,w6F,&]U0_=?7m24,a)579]4610_=?KF@5,PT30<)5,<r

1 ,B.10324,S0<Q9)5OnT�.F,&T  <,&Ry=?.F,B)579]4610_=?KF@5,a)5;FQ97m=5=?796F]/T&O46F)579RF,&@5796F]/=?.F, � � b d # /UA/0<6FR�+-,S.10324,
Y[O4KF6FRSO4K>=�=?.10_=�=?.F,�,\��,&T\=g79)�HJKFT�.SQ^0<@5]4,&@ 
 )5,&,�sg0<IFQ9, 
 />r < � Y[O4@�)5O4H',!2<0<Q9KF,&)�O<Y>=?.F,�)5;FQ97m=5=?796F] �)1O4@XT&O4H';FQ9,\=?,&6F,&)5)X+-,J]47m24,a=?.F,SKF)5K10<Qt@5,&6FO4@5HZ0<Q97 (&,&R�6F,&K>=?@5O46
��K10<)579;10<@N=?79T&Q9,B)5;E,&T\=?@5KFH
Y[O4@o=?.F79)�Q^0<)N=-T30<)5,X+l.F79Q9,<CD0<)-796n=?.F,XY[O4@5H',&@�T30<)5,<CD=?.F,*ODT\=?KF;EO4Q9,lT&O4@5@5,&Q^0_=?79O46F)�0<@5,w0<IF)5O4Q9K>=?,&Qmh
6F,&]4Q979]479IFQ9,<r

�/� �



[512]5/2

[523]5/2

[505]11/2

[503]7/2

∆

∆

∆

∆ E

E

E

E=

=

=

=

8

5

0

3

∆

∆

∆

∆

E

EEE

E

E

=

=

=

=

68

33

0

128

∆

∆

∆

∆

E

E

E

E

=

=

=

= 1

0

1

9 ∆

∆

∆

∆

E

E

E

E

=

=

=

=

268

82

0

170

State m mk k/m=1 /m=0.85

Signature Splitting (keV)

sg0<IFQ9,
/>r < . :-O4H';10<@579)5O46�O<Y�=?.F,w)579]4610_=?KF@5,w)5;FQ97m=5=?796F]S796kT30<)5,PO<Yt��K10<RF@5KF;EO4Q9,wT&O4KF;FQ9796F]S+l7m=?.
� � b d # /UA/0<6FR � � b � r

0.0 0.1 0.2 0.3 0.4

ωrot(MeV)

0

0.5

1

1.5

2.5

3

4

ωrot=0 ωrot=0.4

Nilsson+
Self−Energy
Correction

Nilsson+
Self−Energy
Correction

Nilsson Nilsson
Cranked Nilsson{ {

)g79]4KF@5, />r � � . Vl,&6FO4@5HZ0<Q97 (&,&R�6F,&K>=?@5O46 ��K10<)579;10<@N=?79T&Q9,Z)5;E,&T\=?@5KFH RFKF,Z=?O���K10<RF@5KF;EO4Q9,ZT&O4KDL
;FQ9796F]J+l7m=?. � � b d # /UADr � ,&,BT30<;>=?79O46kO<Y&)g79]Fr 
 />r � � Y[O4@$RF,\=�0<79Q9)&r

�/� /



� ����������� �

� ��� � � � 
 �t��� 


s$.F,�;10<@N=?79T&Q9,�L 2D79IF@?0_=?79O46 T&O4KF;FQ9796F]�Y[O4@5HZ0<Q979)5H�.10324,
IE,&,&6�]4,&6F,&@?0<Q97 (&,&R =?O�RF,30<Q$+l7m=?.�.FO<=3C
)N=?@5O46F]4QmhZ@5O<=�0_=?796F]S6�KFT&Q9,&7 r $ 6�=?.F79)-+z03hZ+-,P.10324,PRF,\24,&Q9O4;E,&Rk=?.F,PI10<)579)�=?O/T30<@5@NhZO4K>=$H'79T&@5O_L
)5T&O4;F79T'RF,&)5@579;>=?79O46�O<Yz=?.F,')N=?@5KFT\=?KF@5,�O<YzT&O4H';EO4KF6FR�6�KFT&Q9,&7 Cg796�;10<@N=?79T&KFQ^0<@aO<Y-=?.F,Z,\��,&T\=?7m24,
HZ0<)5)$O<Yt6�KFT&Q9,&O46F)lT&Q9O4)5,w=?O/=?.F,!)1,&@5H'7f,&6F,&@5]<h4r $ 6k=?.F79)z+z03hk7m=z+l79Q9Q�IE,P;EO4)5)579IFQ9,*=?On;F@5O�2D79RF,
0���K10<6U=?7m=�0_=?7m24,'RF,&)5T&@579;>=?79O46�O<Yz=?.F,ZQ9,\24,&Q�RF,&6F)57m=�h�0<)J0�Y[KF6FT\=?79O46�O<Y$@5O<=�0_=?79O4610<Q	Y[@5,&��KF,&6FT\h
0<6FR�=?,&H';E,&@?0_=?KF@5,<Co0<6FR�=?.F,&6 O<Y$=?.F,Z,\24O4Q9K>=?79O46vO<Yz=?.F,�T&ODO4Q9796F]�O<Y$=?.F,�T&O4H';EO4KF6FR�6�KFT&Q9,&7
=?.F@5O4KF]4.�6�KFT&Q9,&O46 0<6FR � � RF,30<T\h4r�s$.F,ZQ^0<T  �O<Y$)5KFT�. 0�RF,&)5T&@579;>=?79O46�.10<)BIE,&,&6�=?.F,Z)5796F]4Q9,<C
H'O4)N=B79H';EO4@N=�0<6U=wY 0<T\=?O4@a.10<H';E,&@5796F]k=?.F,Z0<610<Qmh�(&79)aO<Yz,�i>;E,&@579H',&6U=?)BRF,&)579]46F,&Rv0_=B)N=?KFR>hD796F]
,\24O4Q9K>=?79O46�O<Yt=?.F,a6�KFT&Q9,30<@l)5;E,&T\=?@5KFH 0<)l0/Y[KF6FT\=?79O46�O<Yg@5O<=�0_=?79O46�0<6FRk=?,&H';E,&@?0_=?KF@5,<r1 ,a.10324,BIE,&,&6
0<IFQ9,w=?OnT�.F,&T  k6�KFH',&@579T30<Q9Qmh4CD=?.F,P)5O4KF6FRF,&6F,&)5)*O<Yt=?.F,aH',\=?.FODR�,&H';FQ9O�h4,&R
=?O�,&Q979H'79610_=?,S=?.F,ZG*0<HJIFKDLNMPO4Q9RF)N=?O46F,/H'ODRF,&)a796�RF,\Y[O4@5H',&R�)N=?@5O46F]4Qmh�@5O<=�0_=?796F]�6�KFT&Q9,&7�0<6FR
+l.F79T�.yT&O46F)N=?7m=?K>=?,&)*=?.F,ST&,&6U=?@?0<Q CEH'O4)N=wRF7��'T&KFQm=X=?,&T�.F6F79T30<Qt)N=?,&;�796�=?.F,B+l.FO4Q9,S;F@5O~�5,&T\=3r 1 ,
RFOn6FO<=X,�i>;E,&T\=Xu16F7m=?,w=?,&H';E,&@?0_=?KF@5,P=?O*�5,&O4;10<@5RF7 (&,w=?.F,P2<0<Q979RF7m=�hZO<YgO4KF@l0<;F;F@5OU0<T�.fr$ 6v0<6Uh8T30<)5,<CtY[@5O4H =?.F,';F@5,&)5,&6U=S+-O4@% �O46F,'T30<6�T&O46FT&Q9KFRF, . 
 0 � s$.F,Z,\��,&T\=?7m24,'HZ0<)5)aO<Y
6�KFT&Q9,&O46F)JH'O�2D796F]
T&Q9O4)5,'=?O
=?.F,9)1,&@5H'7o,&6F,&@5]<h�RF79)5;FQ^03hD)J0
H'ODRF,&)N=J796FT&@5,30<)5,ZO<Y$=?.F,Z2<0<Q9KF,
O<Yz`!L�HZ0<)5)S0<6FR @5,&H'796FRF)SO<Y$=?.F,�T&O4@5@5,&)5;EO46FRF796F]y��K10<6U=?7m=�h�T30<Q9T&KFQ^0_=?,&Rv796�=?.F,�T30<)5,kO<Y$=?.F,
)5;F.F,&@579T30<Q�6�KFT&Q9,&7-{ � < } r�s$.F,S0<;F;10<@5,&6U=X@579]479RF7m=�hZO<Yg=?.F,aRF,\Y[O4@5H',&R�6�KFT&Q9,&7�79)X0<)5)5ODT&7^0_=?,&Rk+l7m=?.
=?.F,�Y 0<T\=t=?.10_=gH'O4)N=tO<YF=?.F,-T&O4Q9Q9,&T\=?7m2D7m=�hw796B=?.F,-��K10<RF@5KF;EO4Q9,�T�.10<6F6F,&QD.10<)gIE,&,&6/0<IF)5O4@5IE,&RJ796U=?O
=?.F,n)N=�0_=?79TJRF,\Y[O4@5HZ0_=?79O46yO<Y�=?.F,nH',30<6yu1,&Q9Rfr 
 I � $ =B79)w,�i>;E,&T\=?,&R�=?.10_=P=?.F,nQ9,\24,&Q!RF,&6F)57m=�h�796
RF,\Y[O4@5H',&R�6�KFT&Q9,&7fRF79)5;FQ^03hD)z0J)579H'79Q^0<@	2<0<Q9KF,X=?OS=?.F,wT&O4@5@5,&)5;EO46FRF796F]/��K10<6U=?7m=�hZ796�T&Q9O4)5,&Rk)5.F,&Q9Q
6�KFT&Q9,&7 r )1KF@N=?.F,&@5H'O4@5,<CFO46F,a,�i>;E,&T\=?)X7m=$=?OnIE,a@?0_=?.F,&@l796F)5,&6F)57m=?7m24,w=?On@5O<=�0_=?79O4610<QEY[@5,&��KF,&6FT\h4r

�/� 2



�
02 �796F]�KF)5,'O<Y-=?.F,n@5,&)5KFQm=B;F@5,\2D79KFO4)5Qmh8O4I>=�0<796F,&R8796�=?.F,')N=?KFRF79,&)BT30<@5@579,&R�O4K>=B0_=au16F7m=?,
=?,&H';E,&@?0_=?KF@5,$796/)5;F.F,&@579T30<QF6�KFT&Q9,&7�{ � < } CUO46F,z+-O4KFQ9R/,�i>;E,&T\=o=?.10_=!=?.F,&@5,$79)	6FO<=�0*+-,&Q9QFRF,\u16F,&RfC
T&@57m=?79T30<Q�=?,&H';E,&@?0_=?KF@5,�� � +l.F,&@5,/=?.F,/T&O4KF;FQ9796F]k,\��,&T\=?)aO46y=?.F,/,\��,&T\=?7m24,n6�KFT&Q9,&O468HZ0<)5)a0<@5,
,&)5)5,&6U=?7^0<Q9QmhP��KF,&6FT�.F,&Rfr $ 6; <,&,&;F796F]*+l7m=?.a=?.F,�H'ODRF,&@?0_=?,oT&O4Q9Q9,&T\=?7m2D7m=�hwO<Y �fLf0<6FR �1L 2D79IF@?0_=?79O46F)&C
0<6FR8=?.F,Z0<Q9H'O4)N=P6F,&]4Q979]479IFQ9,ST&O46U=?@579IFK>=?79O46�=?O ����0<@579)5796F]�Y[@5O4H =?.F,'T&O4KF;FQ9796F]�=?O�ODT\=?KF;EO4Q9,
2D79IF@?0_=?79O46fC>O46F,a@?0_=?.F,&@l,�i>;E,&T\=?)*0/)5H'ODO<=?.�RF,&T&@5,30<)5,BO<Y ����0<)l0/Y[KF6FT\=?79O46�O<Y���r1 ,o0<@5,o03+z0<@5,!=?.10_=f=?.F79)�@5,&)5KFQm=�)5,&,&H')�=?O$IE,!796PT&O46U=?@?0<RF79T\=?79O46w+l7m=?.P;10<@N=?79T&Q9,�L�,\2<0<;EO4@?0_=?79O46
R10_=�0�796�H',&RF79KFH�.F,3032�h�6�KFT&Q9,&7*{ < d_} � r 1 ,nY[,&,&Q�.FO�+-,\24,&@S=?.10_=B=?.F79)BRF7��'T&KFQm=3CtIFK>=ST&,&6U=?@?0<Q
)5KFI��5,&T\=ZO<Y*6�KFT&Q9,30<@/)N=?@5KFT\=?KF@5,�79)/)N=?79Q9Q-��KF7m=?,kO4;E,&6fC�796 ;10<@N=?79T&KFQ^0<@S796 2D79,\+eO<YX=?.F,�@5,&)5KFQm=?)
O4I>=�0<796F,&R'796')N=?KFR>hD796F]S=?.F,X;10<@N=?79T&Q9,l,\2<0<;EO4@?0_=?79O46nR10_=�0aO<Yt:z0~L�79)5O<=?O4;E,&)*{ < � } C�+l.F,&@5,*6FOB2<0<@57jL
0_=?79O46�O<Y-=?.F,nQ9,\24,&Q!RF,&6F)57m=�h8;10<@?0<H',\=?,&@w+z0<)PY[O4KF6FR�KF;8=?Ok=?,&H';E,&@?0_=?KF@5,nO<Y�=?.F,nO4@5RF,&@aO<Y �
��,�
Jr
s$.F,Z0<;F;FQ979T30_=?79O46�O<Y-=?.F,n;F@5,&)5,&6U=SY[O4@5HZ0<Q979)5H =?O�u16F7m=?,J=?,&H';E,&@?0_=?KF@5,<C�+l.F79T�.�+-O4KFQ9R�IE,

Y[O4@N=?.FT&O4H'796F]FC�79)-,�i>;E,&T\=?,&Rk=?OJT&O46U=?@579IFK>=?,*=?O/0SIE,\=5=?,&@-KF6FRF,&@5)N=�0<6FRF796F]/O<Y�=?.F,w,�i>;E,&@579H',&6U=�0<Q
u16FRF796F]4)�0<6FR .FO4;E,\Y[KFQ9Qmh O<YS=?@579]4]4,&@�=?.F,8)5,\=
KF; O<YJ6F,\+aCPH'O4@5,8,�i>T&Q9KF)57m24,�,�i>;E,&@579H',&6U=�0<Q
@5,&)5,30<@5T�.fr

(*)l0<6kKF6F,�i>;E,&T\=?,&R�u16FRF796F]/O<Y�=?.F79)-+-O4@% CFO46F,PT30<6kH',&6U=?79O46Z=?.F,w)N=�0_=?,PRF,&;E,&6FRF,&6U=3C1)579]_L
610_=?KF@5,X)5;FQ97m=5=?796F]a0<@579)5796F]PY[@5O4Hx=?.F,XT&O4KF;FQ9796F]aO<Yf=?.F,X)5796F]4Q9,�L�;10<@N=?79T&Q9,zH'O<=?79O46F)&C4=?Oa2D79IF@?0_=?79O46F)
O<Yt=?.F,a6�KFT&Q9,30<@l)5KF@NY 0<T&,<C1796�;10<@N=?79T&KFQ^0<@-=?O �fL-0<6FR �1L�2D79IF@?0_=?79O46F)&r

� |<d



� ��� ����� �t����� � 
 �x� �v


$ +-O4KFQ9RvQ97  <,/=?O�=?.10<60 �0<Q9Q!)N=�0_��O<Yz=?.F,�GX79,&Q9) � O4.F@ $ 6F)N=?7m=?K>=?,<Cg796�;10<@N=?79T&KFQ^0<@ + Q9Q^0��XO4Q9H�C
�*0<6F6F,S:-.F@579)N=?,&6F)5,&6fCE(*]46F,\=?.F, 0!Q9)N2D796F]'0<6FR ��79)?0-)1@579,&RF796F]JY[O4@$=?.F,&79@$T&O4H';E,\=?,&6FT&,S0<6FR
0_=NL
=?,&6U=?79O46fr�( )5;E,&T&7^0<Q�=?.10<60 v]4OD,&)J=?O � �
	O4@56 GX79Q9)5)5O46 Y[O4@J.F79)/796>u16F7m=?,�;10_=?79,&6FT&,k796 .F,&Q9;F796F]
H',Z+l7m=?. T&O4H';FK>=?,&@/;F@5O4IFQ9,&H') 
 ,&)5;E,&T&7^0<Q9Qmh�796v=?.F,kQ^0<)N=/;E,&@579ODR � r $ .10324,�IE,&6F,\uF=?,&R 0yQ9O<=
Y[@5O4H RF79)5T&KF)5)579O46F)a+l7m=?. � O4)5.F7mY[KFH'7!Var � .F79H'7 (&K80<6FR�W!79,&@ )1@?0<6FT&,&)5T&O � O4@N=?79]46FO46fr $ +-O4KFQ9R
Q97  <,/0<Q9)5O�=?Ok=?.10<60 
HShy)5KF;E,&@N2D79)5O4@&C�s$.FO4HZ0<)�'��4)5)5796F]�0<6FR�Vl79T30<@5RFOk(Sr � @5O4]4Q97^0nY[O4@*=?.F,&79@
796U=?,&@5,&)N=n796v=?.F79)S+-O4@% r ��0<)N=nIFK>=n6FO<=/Q9,30<)N=3C $ +-O4KFQ9R Q97  <,Z=?O�@5,&H',&HJIE,&@/0<Q9Qo=?.F,k;E,&@5)5O46
=?.10_= $ H',\=P796�=?.10_=w+-O46FRF,&@NY[KFQo;FQ^0<T&,S=?.10_=a79)w=?.F,��P,�L �1ODO4@&rJ�X,&@5,n7m=P79)*=?.F,nQ979)N= . ��79T�.10<,&Q
� =�0<H';E,<C-VX0<)5HJKF) 'P0<.FQ C,�*24, � T30324,&6F79KF)&C
	<,&)5;E,&@ � O4@5] 
 � O46FR � C-(*6FRF,&@n(*6FRF,&@5)5,&6fC�	��4@56
	<,&6F)5,&6fC �
0<@N=?796 'w@5,\+l)&C�VX0��5K 
o,&6�KF]4O4;10<Q^0<6fC�MP@5,&]k:z0<@N=?,&@&C $ ]4O4@ ��79)5.�KF)N=?796fC
	40<T&O4I � O46DL
RFO4@NY Cz(*Q9IE,&@N=?O�WtO4Q9Q9,&@57 C ��O4@N=?,&6��	�5O4@N=?.DL�	<,&6F)5,&6fClVX0_�f0<,&Q9, �
0_=5=?79,&Q9Q9OFCo(*6FR>h�	40<T  �)5O46 0<6FR
�
0<]4,&R 0!Q^�*0��?0<Q r�(e)5;E,&T&7^0<Q!=?.10<60 �)J]4OD,&)B=?OyHSh8@5ODO4H/L�HZ0_=?,n�X,&6F@57  �Wt,&RF,&@5)5,&6�IE,&T30<KF)5,
.F,P+z0<)X)5OZKF6FRF,&@5)N=�0<6FRF796F]'796�Q9,\=lH',aKF)5,a=?.F,aO46FQmhkT&O4H';FK>=?,&@lO<Yt=?.F,BO �'T&,a,\24,&@Nh�R103hD)&r-(
)5;E,&T&7^0<Q�H',&6U=?79O46k]4OD,&)$=?On(*6F610/=?.10_=l.10<)l)5KF;F;EO4@N=?,&R
H',P796�0<Q9QE=?.F,&)5,ah4,30<@5)&r

� | �



� � � �x� � ��� �

� ��� �e" �g"'� �4� �$�	"' 

1 ,X+z0<6U=z=?OJ,�i>;F@5,&)5)$)5O4H',X;F@5O4;E,&@N=?79,&)-O<Y�=?.F,*IEO4)5O46ZY 0<T\=?O4@-0<)z0BY[KF6FT\=?79O46ZO<Y�7m=?)-0<@5]4KFH',&6U=
796/=?.F,lQ979H'7m=	O<Y (&,&@5Oa=?,&H';E,&@?0_=?KF@5,<r 1 ,l)N=�0<@N=o+l7m=?.n7m=?)oRF,\u16F7m=?79O46n796/=?,&@5H')!O<Y�WtO479)5)5O46')5KFH�C
=?.10_=l79)

� � 

� 6 ��� � b � �| � �
�
� �
���

��[` � � � � ��� # 
 (Sr � �
$ 6�=?.F,aQ979H'7m=zO<Y (&,&@5On=?,&H';E,&@?0_=?KF@5,<C � � 
 CF+-,B)5KFIF)N=?7m=?K>=?,P=?.F,a)5KFH +l7m=?.�0<6�796U=?,&]4@?0<Q

O�24,&@XT&O46U=?796�KFO4KF)$2<0<@57^0<IFQ9,<C>)5On=?.10_=

� � 

� 6 ��� � b � �| � �
|�� � � �� � � ` ��[` � � � ��� # 
 (Sr | �

s$.F79)l79)l0J24,&@Nh�,30<)Nhk796U=?,&]4@?0_=?79O46kIE,&T30<KF)5,

� � 

� 6 ��� � b � �| � �
|�� � � �� � � ` � � �� � 6 
 ` � � � � � � ` � �� � 6 
 ` � � � � � # 
 (Sr � �

s$.F,n79HZ0<]479610<@Nh�796U=?,&]4@?0<Q	T30<6FT&,&Q9)PO4K>=aIE,&T30<KF)5,/=?.F,n796U=?,&]4@?0<6FRyY[KF6FT\=?79O46�79)PODRFRfCf+l.F79Q9,
=?.F,a@5,30<Q�O46F,a79)$RF7m��,&@5,&6U=$Y[@5O4H (&,&@5O'7mY �	�b d>CF)5On=?.10_=

� � 

� 6 ��� � b � �| � �
|�� 0<@5T\=�0<6 
 ` � �� � 
 � �� � b

b �
|

 )579]46 

� � � � � b 
�� �


d ��� d
� 4� � b d
� � � � d


 (Sr < �

� |4|



� ��� �����	���' !�J� ��� � �J��#�� |
1 ,a,\2<0<Q9K10_=?,P=?.F,a796U=?,&]4@?0<Q9)$RF,\u16F,&R
796 
 � r �/��� 796
:-.10<;>=?,&@ � r 1 ,B)N=�0<@N=$+l7m=?.�=?.F,Pu1@5)N=*O46F,
)5,&;10<@?0_=?796F]/=?.F,a@5,30<Q�0<6FR�79HZ0<]479610<@Nh';10<@N=XO<Yt=?.F,a796U=?,&]4@?0<6FRfC>=?.10_=X79)

� 4�b � � �� � � ` �
`,+� � �[`

b � � �� � � ` ` +�`,+ �� 6v` � 6 � � � �� � � ` `
`,+ �� 6v` � b

b 0<@5T\=�0<6  `` +� ' ����� �
�

� � 6 � � dSb �&# 
 (Sr A �
s$.F,�79HZ0<]479610<@NhX;10<@N=tO<YD=?.F,o796U=?,&]4@?0<6FRB79)�0<6BODRFRaY[KF6FT\=?79O46a@5,&)5;E,&T\=t+l7m=?.P=?.F,�796U=?,&]4@?0_=?79O46

2<0<@57^0<IFQ9,z`�)5OS=?.10_=-=?.F,wT&O4@5@5,&)5;EO46FRF796F]J796U=?,&]4@?0<QE79) (&,&@5OFr!s$.F79)-79)�=?.F,w@5,30<)5O46Z+l.Uh�O46FQmhn=?.F,
@5,&)5KFQm=XO<Yg796U=?,&]U0_=?79O46k79)l0/@5,30<QfY[KF6FT\=?79O46fr1 ,aT30<6�;F@5ODT&,&,&R
,�iF0<T\=?Qmhk796�=?.F,a)?0<H',P+z03hkY[O4@z=?.F,a)5,&T&O46FR�796U=?,&]4@?0<Q C>=?.10_=l79)

� ��b � � �� � � ` �
` +� 6 �[`

b � � �� � � ` ` +�` + �� 6v` � � � � � �� � � ` `
` + �� 6v` � b

b 0<@5T\=�0<6  ``,+� ' ����� �
�

� � � � � dBb��&# 
 (Sr ���
s$.F,'Q^0<)N=P796U=?,&]4@?0<Q	@5,&��KF79@5,&)a)5O4H',n0<Q9]4,&IF@?0<79TJ)N=?,&;F)&r 0	24,&6�796y=?.F79)PT30<)5,/+-,'T30<6�RF7m2D79RF,

=?.F,a796U=?,&]4@?0<6FR�796�@5,30<Q�0<6FR�79HZ0<]479610<@Nh';10<@N=X)5On=�0<.U=

� � b � � �� � � ` �	 6 � � � �[` b
b � � �� � � ` 	

	 � 6 
 ` � � � � 6 � � � �� � � ` ` � �	 � 6 
 ` � � � � #
s$.F,a)5,&T&O46FR�796U=?,&]4@?0<Q�]47m24,&) (&,&@5OnT&O46U=?@579IFK>=?79O46kIE,&T30<KF)5,P=?.F,P796U=?,&]4@?0<6FRk=?,&@5He79)$0<6�ODRFR

Y[KF6FT\=?79O46fC10<)lO46F,aT30<6�)5,&,aT�.10<6F]4796F]n796U=?,&]4@?0_=?79O46�2<0<@57^0<IFQ9,

� � �� � � ` ` � �	 � 6 
 ` � � � � b � � �� � � � �	 � 6 � � b d 
 (Sr � �
� | �



s$.F,au1610<Q�@5,&)5KFQm=$Y[O4@z=?.F,a796U=?,&]4@?0<Q � �X79)

� �zbe0<@5T\=�0<6�� ` � �	 � ���� �
�� � b�� � 	 � d

� � 	 ��d 
 (Sr / �

� | <



� � � �x� � ��� �

$ 6B=?.F79)t0<;F;E,&6FRF7jia+-,o+z0<6U=g=?OX)5.FO�+v=?.10_=t=?.F,oH',\=?.FODRBO<YF@5,&H'O�2<0<QUO<Y>=?.F,-G*0<HJIFK/MPO4Q9RF)N=?O46F,
H'ODRF,&)$796k=?.F,a;EO4)57m=?7m24,w)579]4610_=?KF@5,P)5,&T\=?O4@X79)$,&��KF7m2<0<Q9,&6U=$=?O'0<;F;FQmhZ=?.F,a@5,&)579RFKF,&)$=?.F,&O4@5,&He=?O
=?.F,lG*0<HJIFK'MPO4Q9RF)N=?O46F,zVXWE(�@5,&)5;EO46F)5,aCU0<)!7m=g+z0<)!RFO46F,zY[O4@	)579]4610_=?KF@5,z6F,&]U0_=?7m24,z796/T�.10<;>=?,&@� r 1 ,')5KFH'HZ0<@57 (&,J.F,&@5,n=?.F,'@5,&)5KFQm=?)aO<Yz)579]4610_=?KF@5,/;EO4)57m=?7m24, 
 )5,&,�:-.10<;>=?,&@ � Y[O4@PRF,\=�0<79Q9) � C
=?.10_=l79)

4
� � 4
()()* 
76'8&� b �

|���� � � � ��� � �
	 $
� ,/./,
()()* 
�	�� � �

|���� � ��� ���
� �
	 $ � ,/./,()()* 
�	�� �

4
� � �
()()* 
76'8&� b �

|���� ���
� ��� �

�
	 $ � ,/./,()()* 
�	�� � �
|���� ��� � ��� �

�
	 $ � ,/./,()()* 
�	�� �

4
� � �
()( * 
76'8&� b �

|���� ���
� ��� �

�
	 $ � ,/./,()()* 
�	�� � �
|���� ���

�
���
�

�
	 $ � ,/./,()()* 
�	�� �
4
� � 4
()()* 
76'8&�` � � �

�
�6'8 b �

|���� � � � ��� � �
	
$ � ,/./,()()* 
�	��	 � �

|���� � ��� ���
� �
	 $ � ,/./,()()* 
�	��	 �

4
� � �
()()* 
76'8&�` � � � � �6'8 b �

|���� � �
� ��� �

�
	 $ � ,/./,()()* 
�	��	 � �
|���� � � � ��� �

�
	 $ � ,/./,()()* 
�	��	 �
4
� � �
()()* 
76'8&�` � � � � �6'8 b �

|���� ���
� ��� �

�
	 $ � ,/./,()()* 
�	��	 � �
|���� ���

�
���
�

�
	 $ � ,/./,()()* 
�	��	 � 
 � r � �
$ 6�=?.F,PY[O4Q9Q9O�+l796F]S+-,a+l79Q9Q�KF)5,a=?.F,a��K10<6U=?7m=?79,&)

� |4A



4
� � �()()* 
76'8&� b �

|���� � ��� ��� � �
	 $
� , ./,
()()* 
�	�� � �

|���� � � � ��� �
�
	 $ � ,/./,()()* 
�	�� �

4
� � �()()* 
76'8&�` � � �

�
�6'8 b �

|���� ����� ��� � �
	 $
� , ./,
()()* 
�	��	 � �

|���� ��� � ��� �
�
	 $ � ,/./,()()* 
�	��	 �


 � r | �
+l.F,&@5, �5b � C |DC � 0<6FR 3 � 6 8 � � 3

�
6 8

�
T30<6 IE,'=�+-O�O<Y$=?.F,ZY[O4KF@ST&O46U=?O4KF@5)JRF,\u16F,&R 796� r < r |Dr$ =/79)JT&O46U24,&6F79,&6U='796�=?.F,k0<IEO�24,k796U=?,&]4@?0<Q9)B=?O�KF)5,�=?.F,�)5;E,&T\=?@?0<Qz@5,&;F@5,&)5,&6U=�0_=?79O46 O<Yl=?.F,

@5,&)5;EO46F)5,BY[KF6FT\=?79O46 
 |Dr < | � )5,&;10<@?0_=?796F]/=?.F,B;F.UhD)579T30<Q�)5O4Q9K>=?79O46F)zY[@5O4He=?.F,BG*0<HJIFKDLNMPO4Q9)N=?O46F,
H'ODRF,&) 
�� r � d>C � r � � � C>=?.10_=l79)

4
� � �()()* 
76'8&� b �

|���� � ��� ��� � �
	 $
�
()()* 
�	�� � �

|���� � � � ��� �
�
	 $ �()()* 
�	�� 6

6 �
|���� � ��� ��� � �
	 $

� 6'8
� �()()* 
�	�� � �

|���� � � � ��� �
�
	 $ � 6'8 � �()()* 
�	�� 6

6 �
|���� � ��� ��� � �
	 $

� 6'8
� �()()* 
�	�� � �

|���� � � � ��� �
�
	 $ � 6'8 � �()()* 
�	�� 6

6 �
|���� � ��� ��� � �
	 $

� 6'8
� �()()* 
�	�� � �

|���� � � � ��� �
�
	 $ � 6'8 � �()()* 
�	��

4
� � �()()* 
76'8&�` � � � � �6'8 b �

|���� � ��� ��� � �
	 $
�
()()* 
�	��	 � �

|���� � � � ��� �
�
	 $ �()()* 
�	��	 6

6 �
|���� � ��� ��� � �
	 $

� 6'8
� �()()* 
�	��	 � �

|���� � � � ��� �
�
	 $ � 6'8 � �()()* 
�	��	 6

6 �
|���� ����� ��� � �
	 $

� 6'8
� �()( * 
�	��	 � �

|���� ��� � ��� �
�
	 $ � 6'8 � �()( * 
�	��	 6

6 �
|���� � ��� ��� � �
	 $

� 6'8
� �()()* 
�	��	 � �

|���� � � � ��� �
�
	 $ � 6'8 � �()()* 
�	��	 # 
 � r � �

s$.F,n796U=?,&]4@?0<Q9)*796U24O4Qm2D796F]�=?.F,/;F.UhD)579T30<Q!@5,&)5;EO46F)5,nT30<6FT&,&Q	O4K>=a79680<Q9QtT30<)5,&)aIE,&T30<KF)5,n=?.F,
6�KFHJIE,&@�O<YD@5,30<QU;EO4Q9,&)�796!3 � 6!8 � 0<6FR 3

�
6!8

�
79)f=?.F,o)?0<H',<r 1 ,!T30<6BKF)5,!=?.F,�0<610<Qmh�=?79T30<Q_;F@5O4;DL
� | �



,&@N=?79,&)tO<YF=?.F,-@5,&)5;EO46F)5,�Y[KF6FT\=?79O46B=?O*)579H';FQ97mY�hX=?.F,z0<IEO�24,-796U=?,&]4@?0<Q9)&C~=?.10_=g79) $ � 032����()()* 
�	�� .10<)
O46FQmhZO46F,w;EO4Q9,X` � � �

�
�6'8 )5OJ=?.10_=z=?.F,PO46FQmhZT&O46U=?O4KF@$796U=?,&]4@?0<QE796U24O4Qm2D796F] $ � 032����()()* 
�	�� RF7m��,&@5,&6U=

Y[@5O4H (&,&@5O'79)z=?.F,aO46F,w+l7m=?. 354�6 8:4�r�)1O4@-=?.F,a)?0<H',P@5,30<)5O46�+-,BT30<6�KF)5,;354�6 8:4 � 3�� 6 8��
Y[O4@ $ � 032����()()* 
�	�� 0<6FR 354 6�8:4 � 3�� 6�8�� � 3���6�8��aY[O4@ $ � 032����()()* 
�	�� r'(z=a=?.F79)P;EO4796U=P+-,
T30<6�+l@57m=?,w=?.10_=

4
� � 4
()()* 
76'8&� b � �

|���� � ��� ���
� �
	 $ �()()* 
�	�� 6

6 �
|���� ��� � ��� � �
	 $

� 6'8
� �()()* 
�	�� � �

|���� ����� ���
�0�
	 $ � 6'8 � �()()* 
�	�� 6

6 �
|���� � � � ��� � �
	 $

� 6'8
� �()()* 
�	�� � �

|���� � ��� ���
� �
	 $ � 6'8 � �()()* 
�	�� 6

6 �
|���� ��� � ��� � �
	 $

� 6'8
� �()( * 
�	�� � �

|���� ����� ���
�0�
	 $ � 6'8 � �()( * 
�	��

4
� � 4
()()* 
76'8&�` � � �

�
�6'8 b � �

|���� ��� � ��� �
�
	 $ �()()* 
�	��	 6

6 �
|���� � � � ��� � �
	

$ � 6'8 � �()()* 
�	��	 � �
|���� � ��� ���

�0�
	 $ � 6'8 � �()()* 
�	��	 6
6 �

|���� ��� � ��� � �
	
$ � 6'8 � �()()* 
�	��	 � �

|���� ����� ���
�0�
	 $ � 6'8 � �()()* 
�	��	 6

6 �
|���� ��� � ��� � �
	

$ � 6'8 � �()( * 
�	��	 � �
|���� ����� ���

�0�
	 $ � 6'8 � �()( * 
�	��	 # 
 � r < �
s$.F,Z796U=?,&]4@?0<Q	RF7m��,&@5,&6FT&,&)S796U24O4Qm2D796F]'$ � 6'8 � �()( * 
�	�� 0<6FR $ � 6'8 � �()( * 
�	�� T30<6FT&,&QoO4K>=SIE,&T30<KF)5,

=?.F,/796U=?,&]4@?0<6FRyY[KF6FT\=?79O46F)w.10324,/=?.F,J)?0<H',/6�KFHJIE,&@wO<Y�;EO4Q9,&)w796F)579RF, 354 6 8:4w0<6FR 3�� 6 8��
)5On=?.10_=$+-,BO4I>=�0<796

4
� � 4
()( * 
76'8�� b � �

|���� ����� ���
� �
	 $ �()()* 
�	��

4
� � 4
()( * 
76'8��` � � �

�
�6'8 b � �

|���� ����� ���
� �
	 $ �()( * 
�	��	 
 � r A �

s$.F79)l79)z=?.F,a)5O4Q9K>=?79O46�Y[O4@z=?.F,Pu1@5)N=X)5;FKF@579O4KF)l)N=�0_=?,<r $ 6�=?.F,a)5,&T&O46FR
T30<)5,P+-,B.10324,
� | �



4
� � �
()()* 
76'8�� b � �

|���� � � � ��� �
�
	 $ � 6'8 � �()()* 
�	�� 6

6 �
|���� � �

� ��� �
�
	 $ � 6'8 � �()()* 
�	�� � �

|���� � � � ��� �
�
	 $ � 6'8 � �()()* 
�	��

4
� � �
()()* 
76'8��` � � � � �6'8 b � �

|���� � � � ��� �
�
	 $ � 6'8 � �()()* 
�	��	 6

6 �
|���� � �

� ��� �
�
	 $ � 6'8 � �()()* 
�	��	 � �

|���� � � � ��� �
�
	 $ � 6'8 � �()()* 
�	��	 � 
 � r ���

+l.F,&@5,<ClY[O4@'=?.F,
)?0<H',y@5,30<)5O46F)�,�i>;FQ^0<796F,&R�0<IEO�24,<C$=?.F,y796U=?,&]4@?0<QlRF7m��,&@5,&6FT&,&)�+l7m=?.�=?.F,
G*0<HJIFK�MPO4Q9R>=?)5O46F,J@5,&)5;EO46F)5,nT&O4@5@5,&)5;EO46FRF796F]k=?Ok=?.F,J=?.F79@5R�)5O4Q9K>=?79O46F)w]47m24, (&,&@5O�T&O46U=?@579IFKDL
=?79O46F)&r!s$.F,a@5,&)5KFQm=lY[O4@z=?.F,a)5,&T&O46FR
)5;FKF@579O4KF)l)N=�0_=?,a79)

4
� � �
()()* 
76'8&� b � �

|���� ��� � ��� � �
	 $
� 6'8

� �()()* 
�	��
4
� � �
()()* 
76'8&�` � � � � �6'8 b � �

|���� ��� � ��� � �
	
$ � 6'8 � �()()* 
�	��	 # 
 � r � �

)g79610<Q9QmhZ=?.F,SQ^0<)N=wG*0<HJIFK�MPO4Q9RF)N=?O46F,BH'ODRF,B.10324,S=?.F,BY[O4Q9Q9O�+l796F]n6FO46DL (&,&@5OZ796U=?,&]4@?0<Q9)*0<)
)5O4Q9K>=?79O46F)

4
� � �
()()* 
76'8&� b � �

|���� � �
� ��� �

�
	 $ � 6'8 � �()()* 
�	��

4
� � �
()()* 
76'8&�` � � � � �6'8 b � �

|���� ���
� ��� �

�
	 $ � 6'8 � �()()* 
�	��	 # 
 � r / �

� | /



� � � �x� � ��� �

s$.F79)�0<;F;E,&6FRF7jinT&O46U=�0<796F)o0<Q9QF6�KFH',&@579T&)oKF)5,&RZ796nT�.10<;>=?,&@ < =?OPu16FRn=?.F,l@5,\=�0<@5RF,&RZ)5,&QmY^L�,&6F,&@5]<h
,�i>;F@5,&)5)579O46
796k=?.F,a@5O<=�0_=?796F]JY[@?0<H',<r

	 ��� �����	���' !�J� � �
� ��� �������
	��

1 ,a.10324,BRF,\u16F,&R
796�T�.10<;>=?,&@ < =?.F,PY[O4Q9Q9O�+l796F]S796U=?,&]4@?0<Q
� &()()* 
 � 6 � � � b � � �� � � ` $'&()()* 
 �[` �

� 6 � � � �[` # 
 :*r � �
$ =n79)ST&O46U24,&6F79,&6U=',�i>;F@5,&)5)n=?.F,kVXWE( @5,&)5;EO46F)5,k796 7m=?)S)5;E,&T\=?@?0<QzRF,&T&O4H';EO4)57m=?79O46 
 |Dr < | � C

=?.10_=l79)

� &()( * 
 � 6 � � � b �
�
� � �� � � ` �

� 6 � � � �[` 
� � &  ( 
 � � � &()* 
 � �` �� � �[` 6 � &( 
 � � � &  ()* 
 � �` �� 6 �[` 
� b
b �

�
� &  ( 
 � � � &()* 
 � �
� 6 � � � ` ��

� � �� � � ` � �
` �� � �[` � �

� 6 � � � �[` � 6
6 �

�
� &( 
 � � � &  ()* 
 � �
� 6 � �!6v` ��

� � �� � � ` � �
` �� 6 �[` � �

� 6 � � � �[` � b
b �

�
� &  ( 
 � � � &()* 
 � �
� 6 � � � ` �� { � 4 � � �?} 6 �

�
� &( 
 � � � &  ()* 
 � �
� 6 � �!6v` �� { � � � � �?}/� 
 :*r | �

+l.F,&@5,
=?.F,�796U=?,&]4@?0<Q9) � � +l7m=?. �mb � C |DC � +-,&@5,
796U=?@5ODRFKFT&,�796 :-.10<;>=?,&@ � 0<6FR�)5O4Qm24,&R 796
0<;F;E,&6FRF7ji�(Sr!(XY�=?,&@l)5KFIF)N=?7m=?K>=?796F]/=?.F,&79@$)5O4Q9K>=?79O46fC>O46F,aT30<6�+l@57m=?,w=?.10_=

� | 2



� &()()* 
 � 6 � � � b �
�
� &  ( 
 � � � &()* 
 � �
� 6 � � � ` �� { � � ��)579]46 
 � � } 6

6 �
�
� &( 
 � � � &  ( * 
 � �
� 6 � �!6v` �� { �96 ��)579]46 
 � � }/# 
 :*r � �

s$.F79)lH',30<6F)$=?.10_=

�
�
� &  ( 
 � � � &()* 
 � �
� 6 � � � ` �� b �

|�� � � �� � � ` $ &()()* 
 �[` �
� 6 � � � �[` � � � d

�
�
� &( 
 � � � &  ()* 
 � �
� 6 � �!6v` �� b �

|�� � � �� � � ` $'&()()* 
 �[` �
� 6 � � � �[` # �

� d 
 :*r < �
s$.F79)l79)zO46FQmhk0/;10<@N=?7^0<Qf0<6F)N+-,&@XIE,&T30<KF)5,aO46F,a)5.FO4KFQ9R�IE,B0<IFQ9,*=?On,\2<0<Q9K10_=?,w=?.F,P)5KFH')lO46

=?.F,PQ9,\Y�=l.10<6FR�)579RF,PO<YtQ^0<)N=l,&��K10_=?79O46�Y[O4@l0<Q9QE2<0<Q9KF,wO<Y � 0<6FR�6FO<=lO46FQmh�796kO46F,P@5,&]479O46kO<Yt=?.F,
@5,30<QE0~i>79)&r&)1O4@	=?.F79)o;FKF@5;EO4)5,<CD+-,XKF)5,w0<]U0<796/=?.F,*VXWE( @5,&)5;EO46F)5,XY[KF6FT\=?79O46n=?OBu16FR�0a@5,&Q^0_=?79O46
IE,\=�+-,&,&6
=?.F,P=�+-O')5KFH')&C1610<H',&Qmh

�
�
� &  ( 
 � � � &()* 
 � �
� 6 � � � ` �� b �

�
� &( 
 � � � &  ()* 
 � �
� 6 � �!6v` �� � $ &( 
 � � � # 
 :*r A �

(z=l=?.F79)$;EO4796U=lO46F,aT30<6�+l@57m=?,w=?.10_=

�
�
� &  ( 
 � � � &()* 
 � �
� 6 � � � `,+� b


���� ���

4����� � �� � � `�� � ��� *��

�
�	�


 �
�
� � � � � � d

4����� � �� � � ` � � ��� * �
�
�	�


 �
�
� � � � � $'&()( * 
 � 6 � � � �

� d

 :*r ���

+l.F79Q9,

�
�
� &( 
 � � � &  ()* 
 � �
� 6 � �!6v`,+� b


���� ���

4����� � �� � � `�� � ��� *��

�
�	�


 �
�
� � � � �

� d
4����� � �� � � `�� � ��� *��

�
�	�


 �
�
� � � � 6 $'&()()* 
 � 6 � � � � ��d


 :*r � �

� � d



	 ��� �����	���' !�J��� �
� ��� ����� � �

s$.F79)l796U=?,&]4@?0<Q9)z79)$RF,\u16F,&Ry0<)

- &()()* 
 �[` � � b � � �� � � ` $'&()()* 
 �[` ��[` � � �[` # 
 :*r / �
1 ,a;F@5ODT&,&,&R
,�iF0<T\=?Qmhk796k=?.F,a)?0<H',w+z03h�0<)$796�)5,&T\=?79O46
0<IEO�24,a)5On=?.10_=

- &()()* 
 �[` � � b �
�
� � �� � � ` ��[` � � �[` 
� � &  ( 
 � � � &()* 
 � �` �� � �[` 6 � &( 
 � � � &  ()* 
 � �` �� 6 �[` 
� b

b �
�
� &  ( 
 � � � &()* 
 � ��[` � � ` ��

� � �� � � `�� �
` �� � �[` � ��[` � � �[`�� 6

6 �
�
� &( 
 � � � &  ()* 
 � �	 6 � �!6v` ��

� � �� � � `�� �
` �� 6 �[` � ��[` � 6 �[` � b

b �
�
� &  ( 
 � � � &()* 
 � ��[` � � ` �� { � � � � �?} 6 �

�
� &( 
 � � � &  ()* 
 � ��[` � 6v` �� { � � � �

�
}�� 
 :*r 2 �

+l.F,&@5,a+-,B.10324,B796U=?@5ODRFKFT&,&Rk=�+-OZO<=?.F,&@$RF7m��,&@5,&6U=X796U=?,&]4@?0<Q9) � �w0<6FR �
�
RF,\u16F,&Ry0<)

� � b � � �� � � ` ��[` � � �[` �
�
�
b � � �� � � ` ��[` � 6 �[` # 
 :*r � d �

s$.F,&)5,S796U=?,&]4@?0<Q9)zT30<6FT&,&Q�O4K>=lIE,&T30<KF)5,

� ��b � � � �� � � ` �
` � ` � b�� � � �� � � � �� b d �

�
�
b � � � � �� � � ` �

` 6v` � b � � � � �� � � � �� b d # 
 :*r �/� �
s$.F79)X0<Q9Q9O�+l)$KF)$=?O/+l@57m=?,

� � �



- &()()* 
 �[` � � b ��)579]46 
 � � 
� 
 � �
�
� &  ( 
 � � � &()* 
 � �` �� � �[` � 6 �

�
� &( 
 � � � &  ()* 
 � �` �� 6 �[` � � �� � 
 :*r � | �

=?.10_=X79)

�� � � �� � � ` $'&()()* 
 �[` ��[` � � �[` b �
�

� � � &  ( 
 � � � &()* 
 � �` �� � �[` � 6 � &( 
 � � � &  ()* 
 � �` �� 6 �[` � 
� 
 :*r � � �

s$.F,J@579]4.U=*.10<6FR�)579RF,SO<Y	=?.F79)*,&��K10_=?79O46yQ9ODO/ �)XQ97  <,a=?.F,JQ9796F,30<@XVXWE(�@5,&)5;EO46F)5,SY[KF6FT\=?79O46
 |Dr < | � ,�i>T&,&;>=lY[O4@-=?.F,PH'796�KF)z)579]46k796�Y[@5O46U=$O<Y�=?.F,wu1@5)N=$=?,&@5H�r	s$.F79)$.F,&Q9;F)$KF)z=?O/T30<Q9T&KFQ^0_=?,
=?.F,X=�+-O/)5KFH')-796FT&Q9KFRF,&R�796'=?.F,*)5;E,&T\=?@?0<Q�@5,&;F@5,&)5,&6U=�0_=?79O46kO<Yf=?.F,wVXWE( @5,&)5;EO46F)5,P)5,&;10<@?0_=?,&Qmh4r$ 6'Y 0<T\=3C�T&O4HJIF796F796F]P=?.F79)�Q^0<)N=�@5,&)5KFQm=o+l7m=?.'=?.F,XRF,\u16F7m=?79O46nO<Yf=?.F,X@5,&)5;EO46F)5,XY[KF6FT\=?79O46fCU+-,*T30<6
+l@57m=?,w=?.10_=

�
�
� &  ( 
 � � � &()* 
 � �` �� � �[` � b �

| � $ &()( * 
 �[` � � � �� � � �� � � ` $'&()()* 
 �[` ��[` � � �[`�� � 
 :*r � < �
+l.F79Q9,

�
�
� &( 
 � � � &  ()* 
 � �` �� 6 �[` � b �

| � $ &()()* 
 �[` � � 6 �� � � �� � � ` $'&()()* 
 �[` ��[` � � �[`�� # 
 :*r � A �
	 ��� ����� �$�!%&"'�	� �

� ��� ������

s$.F79)$=?,&@5H 79)$RF,\u16F,&Ry0<)

� &()()* 
 �[` � b �
�
� �
���

�	 6 � � � 	�� � �[` � �
|�� � � �� � � ` $'&()* ( 
 �[` � � $'&()()* 
 �[` ��[` � � �[` # 
 :*r � ���

1 ,B0<@5,P]4O4796F]J=?On@5,\+l@57m=?,w=?.F79)z=?,&@5H 796k)5KFT�.y0J+z03h�=?.10_=$+-,BT30<6�KF)5,a=?.F,PRF,\u16F7m=?79O46kO<Y
=?.F,aIEO4)5O46�Y 0<T\=?O4@$796k=?,&@5H')$O<Y	WtO479)5)5O46�)5KFH�{ A�} CF=?.10_=X79)

� � 

� � b � �| � �
�
� �
���

��[` � � � # 
 :*r � � �
� � |



)1O4@z=?.F79)$;FKF@5;EO4)5,a+-,a@5,\+l@57m=?, � &()( * �[` 796�0/H'O4@5,PT&O46U24,&6F79,&6U=X+z03h4C1=?.10_=l79)� &()()* 
 �[` � b �
|�� � � �� � � `�� $ &()()* 
 �[` � � $ &()()* 
 �[` ��� ��� &()()* �[`*� 
 :*r � / �

+l.F,&@5,

� &()()* 
 �[` � b �
�
� �
���

�	 6 � � � 	�� � �[` � ��[` � � �[` # 
 :*r � 2 �
s$.F79)$Y[KF6FT\=?79O46�T30<6�IE,a)5,&;10<@?0_=?,&R�796k=?.F,a)5KFH O<Yt=�+-O'RF7m��,&@5,&6U=XRF,&6FO4H'79610_=?O4@5)&CD=?.10_=X79)

� &()()* 
 �[` � b �
�
� �
���

�	 6 � � � 	�� � �[` � �	 6 � � � 	�� � �[` � 6 ��[` � � �[` � � 
 :*r |<d �
+l.F,&@5,/+-,/T30<68KF)5,/=?.F,JRF,\u16F7m=?79O46 
 :*r � � � O<Yo=?.F,/IEO4)5O46�Y 0<T\=?O4@*=?Ok,&Q979H'79610_=?,P=?.F,/)5KFH

O�24,&@XRF79)5T&@5,\=?,PY[@5,&��KF,&6FT&79,&)&C 610<H',&Qmh

� &()()* 
 �[` � b �	 6 � � � 	�� � �[` � � � 

	 6 � � � 	��/� 6 �
| � �

| � � � 
 �[` �	� b
b �	 6 � � � 	�� � �[` { � � 

	 6 � � � 	��2� � � � 
 �[` � }/# 
 :*r | � �

1 ,a796F)5,&@N=l=?.F79)$@5,&)5KFQm=X796�=?.F,aRF,\u16F7m=?79O46 
 :*r � / �

� &()()* 
 �[` � b �
|�� � � �� � � ` $'&()()* 
 �[` � � $'&()()* 
 �[` �	 6 � � � 	�� � �[` { � � 

	 6 � � � 	��/� � � � 
 �[` � }/# 
 :*r |4| �

	 ��� ��%3�y�J��� ���
$ 6�=?.F79)B)5,&T\=?79O46�+-,Z;E,&@NY[O4@5H 0<Q9Q!)N=?,&;F)S=?.10_=SIF@5796F]�Y[@5O4H 
 < r |<d � =?O 
 < r | / � 0_Y�=?,&@B796F)5,&@N=?796F]
 :*r |4| � 0<6FR�=?.F,a,�i>;F@5,&)5)579O46
O<Yt=?.F,a,�iD=?@?0/=?,&@5H')&r 1 ,a)N=�0<@N=$+l7m=?.k=?.F,a,�i>;F@5,&)5)579O46 
 < r |<d �
�
��� 	

	� � 	 6 � � � b �


 � ()()*
4�
&�� �

��� � 4 �
� �4�



�

� 
 �� � � ��� $'&()()* 
 �[` � ��� &()()* 
 � �	 6 � � � 	�� � �[` � 6

� � &()()* 
 � � { � 6 � � 

	 6 � � � 	��/� � ��� 

	��2� } $ &()()* 

	 6 � � � 	��/� 6
6 �

�
� �
���
�
�

� &()()* 
 � �	 6 � � � 	�� � �[` � � &  ( 
 � � � &()* 
 � � � � &( 
 � � � &  ()* 
 � �` �� 6 �[` � 6
� �

�
� &()()* 
 � � { � 6 � � 

	 6 � � � 	��/� � ��� 

	��/� } �

� 
� � &  ( 
 � � � &( * 
 � � � � &( 
 � � � &  ( * 
 � �` �� 6 	 6 � � � 	�� 
� � �� � 
 :*r | � �
0<6FR�+-,B)5KFIF)N=?7m=?K>=?,P=?.F,a,�iD=?@?0/=?,&@5H')l0<)X0/Y[KF6FT\=?79O46�O<Yt=?.F,BVXWE(q@5,&)5;EO46F)5,<C 610<H',&Qmh

�
��� 	

	� � 	 6 � � � b �


 � ()()*
4�
&�� �

��� � 4 �

� 
 �� � � ��� $'&()()* 
 �[` � ��� &()()* 
 � �	 6 � � � 	�� � �[` � 6

� �

 � ()()* � &

��� � 4
� &()()* 
 � � { � 6 � � 

	 6 � � � 	��/� � ��� 

	��/� } $ &()()* 

	 6 � � � 	��2� 6

6 �
| �

� �
���

�[{ $'&()* ( 
 �[` � � � $'&()()* 
 �[` � ����� &()()* 
 � �	 6 � � � 	�� � �[` � 6
6 �

�
� �
���

� &()()* 
 � �	 6 � � � 	�� � �[` � �
|�� � � �� � � ` � $'&()* ( 
 �[` � � � $'&()()* 
 �[` � ����[` � � �[` 6

� � &()()* 
 � � { � 6 � � 

	 6 � � � 	��/� � ��� 

	��/� } �
�


�������������� �������������


�
|�� � � �� � � ` $'&( * ( 
 �[` � � $'&()( * 
 �[` �	 6 � � � 	�� � �[` 0 � 0 � � d
�
|�� � � �� � � ` $'&()* ( 
 �[` � � $'&()()* 
 �[` �	 6 � � � 	�� � �[` 6
6�$'&()* ( 

	 6 � � � 	��/� � $'&()()* 

	 6 � � � 	��/� 0 � 0 � � d

� ��������������
�������������� 
 :*r | < �

1 ,k6FO�+e)5KFH KF; =?.F,�u1@5)N='0<6FRv=?.F,�=?.F79@5Rv=?,&@5H�+l.F79Q9,Z796v=?.F,�Y[O4KF@N=?.v+-,k)5KFIF)N=?7m=?K>=?,
 :*r |4| �
� �2<



�
��� 	

	� � 	 6 � � � b �


 � ()( *
4�
&�� �

��� � 4 �
�


� 
 �| � � � ��� { $'&()()*

 �[` � � 6 $'&()()* 
 �[` � � } � &()()* 
 � �	 6 � � � 	�� � �[` � 6

� � &()()* 
 � � { � 6 � � 

	 6 � � � 	��/� � ��� 

	��/� } $ &()()* 

	 6 � � � 	��2� 6
6 �

|�� � � �� � � ` � &()()* 
 � � { $'&()* ( 
 �[` � � $'&()()* 
 �[` � }	 6 � � � 	�� � �[` { � � 

	 6 � � � 	��/� � � � 
 �[` � } 6
� � &()()* 
�� � � { � 6 � � 

	 6 � � � 	��2� � ��� 

	��2� } �
�


�
�
�
�
�
�
�
�
�
�
�
�
��

�
|�� � � �� � � ` $'&( * ( 
 �[` � � $'&()( * 
 �[` �	 6 � � � 	�� � �[` 0 � 0 � � d
�
|�� � � �� � � ` $'&()* ( 
 �[` � � $'&()()* 
 �[` �	 6 � � � 	�� � �[` 6
6�$'&()* ( 

	 6 � � � 	��2� � $'&()()* 

	 6 � � � 	��/� 0 � 0 � ��d

� ��������������
�������������� 
 :*r |4A �

1 ,aT30<6�6FO�+ )5KFH =?.F,a796U=?,&]4@?0<Q9)&C>610<H',&Qmh

�
��� 	

	� � 	 6 � � � b �


 � ()()*
4�
&�� �

��� � 4 �
�


� 
 �| � � � ��� { $'&()()*

 �[` � � 6 $'&()()* 
 �[` � � } � &()()* 
 � �	 6 � � � 	�� � �[` � 6

6 �
|�� � � �� � � ` � &()()* 
 � � { $'&()* ( 
 �[` � � $'&()()* 
 �[` � }	 6 � � � 	�� � �[` �

� { � � 

	 6 � � � 	��2� � � � 
 �[` � � � � � � 

	 6 � � � 	��2� 6 ��� 

	��/� } 6
� � &()()* 
 � � { � 6 � � 

	 6 � � � 	��/� � ��� 

	��/� } $ &()()* 

	 6 � � � 	��2� 6
� � &()()* 
 � � { � 6 � � 

	 6 � � � 	��/� � ��� 

	��/� } �
�


�
�
��
d 0 � 0 � � d
$'&()* ( 

	 6 � � � 	��2� � $'&()()* 

	 6 � � � 	��/� 0 � 0 � � d

� ����
����
 :*r | ���

� � A



:-O4HJIF796F796F]J=?O4]4,\=?.F,&@$=?.F,aQ^0<)N=$=�+-On=?,&@5H')aC>+-,au1610<Q9QmhZO4I>=�0<796

�
��� 	

	� � 	 6 � � � b �


 � ()( *
4�
&�� �

��� � 4 �
�


� 
 �| � � � ��� { $'&()()*

 �[` � � 6 $'&()()* 
 �[` � � } � &()()* 
 � �	 6 � � � 	�� � �[` � 6

� �
|�� � � �� � � ` � &()()* 
 � � { $'&()* ( 
 �[` � � $'&()()* 
 �[` � }	 6 � � � 	�� � �[` { � 6 � � 
 �[` � � ��� 

	��/� } 6

� � &()()* 
 � � { � 6 � � 

	 6 � � � 	��/� � ��� 

	��/� } 
���� ���

$'&()()* 

	 6 � � � 	��2� 0 � 0 � � d
$ &()* ( 

	 6 � � � 	��2� 0 � 0 � ��d

�
�


 :*r | �

� � �



� � � � �t� � � ����� �

{ � }B(Sr � O4.F@P0<6FR � r ��O<=5=?,&Q9)5O46fC���� B��3FG1 +84LA3=
4EB��3=
B�4@1��FC�24O4Q9) $ 0<6FR $%$ C 
 � ,&6~�?0<H'796fCfGX,\+� O4@% C � 2 � 2n0<6FR � 2 � A � r
{ |~} 	>rDWtr � Q^0<7 (&O<=�0<6FR�M/rDVl79;0 _0>C��
	#B0+8.J=
B�C � ;J1 /04E7�/ ��� �H. �H=>1
� 7KA3=>13C A��FC 
 � $ s W!@5,&)5)&C� 2*/ ��� r
{ � }SWtrgVl796F]
0<6FR Wtr � T�.�KFT  C�� � ;J1�� B��3FG1 +84�� +8.J7�� 	 / ?87��,4@/ � FG13C��FC 
 � ;F@5796F]4,&@ L

o,&@5Q^0<]

GX,\+ � O4@% $ 6FT<rmC � 2*/4d � r
{ < } 'Jr 	>r1VlO�+-,<C���� B��3FG1 +84 � /0FHFG1��3=��HI81�� /0=��6/0.��FC 
 � K>=?Q9,&@���sg0<6F6F,&@ �f=?RfC � 2 � d � r
{ A~}JM/r �
0<.10<6fC���� +8.J7�� +84E=����3FG1���;�7KA ��� A��FC 
 W!Q9,&6�KFH�C � 2*/ � � r
{ � }SWtrXGXO*(&7��,&@5,&)&C�� � ;J1 /04E7 / � �H.J=>134%+��3=��H.�5 � 134EC �LA37KA3=>13C A��FC 
 1 rX(Sr � ,&6~�?0<H'796fC $ 6FT<rmC� 2 � < � r
{ � }B(Sr2)1,\=5=?,&@!0<6FR 	>r 1 0<Q9,&T  _0>C!�"	#B0+8.J=
B�C =H;J1 /04E7 / �#C(+8.J7��$#0+84E=����3FG1,A37KA3=>13C A��FC 
 ��T�MP@?03+

�X79Q9Q C � 2 � � � r
{ /_}B(Srg(Sr	(*IF@57  <O4)5O�2EC �!r	WtroMPO4@% <O�2EC $ r�0$r1' (\hU0<Q9O4)5.F796F)% �7 C
�"	#B0+8.J=
B�C&%#13F:? =H;J1 /04E7��H.

A3= +8=��GA3=���� +8F'#J;�7KA ��� A��FC 
 W!@5,&6U=?79T&,B�*0<Q9Q C � 2 � � � r
{ 2_} ��r � 0<@?0<6F]4,&@'0<6FR��/r �PKFHZ0<@&C(� B��3F*)+��;�7KA,).-0/ 
 � 2 � A � �/� � C���r � 0<@?0<6F]4,&@'0<6FR��/r
�PKFHZ0<@&C1� B��3F*)+��;�7KA,)!2 � ��3 
 � 2 � / � < 24d>C���r � 0<@?0<6F]4,&@a0<6FR �/r �PKFHZ0<@&C1� B��3F*)+��;�7KA,)
2 � /0/ 
 � 2 � / � | < � r

{ � d_}BsPr � ,&6F]<=?)5)5O46
0<6FR $ r VX0<]4610<@5)5)5O46fC4� B��3F*)+��;�7KA,)0265470- 
 � 2*/UA � � < r
{ �/� }SGBr � O4]4O4Q979KFIEO�2EC8� /0I��613=9��;�7KA ��� A�:�;��<�>= 
 � 2UA / � < � r

� �U�



{ � |~} 'Jr � O4.FH 0<6FR 'Jr1W!796F,&)&C4��;�7KA,)���13I�)��0/ 
 � 2UA � �:� d*2�� � | � r
{ � � }SWtr0)-r � O4@N=?79]46FO46fCFVarD(Sr � @5O4]4Q97^0>CDM/r0)-r � ,&@N=?)5T�.�0<6FR 	>rFWg0<T�.F,&T&OFC<� B��3F*)<��;�7KA,) 2654- 3
 � 2*/ ��� � < 2>r
{ � < }SWtr 'wO4610_=?7 C�Wtr ��rfW!7 (�(&ODT�.F,&@5OFC�Wtr�)-r � O4@N=?79]46FO46�0<6FR8VarE(Sr � @5O4]4Q97^0>C ��;�7KA,)���13I�) ��13=
=

=�/ 
 � 2*2 < � | / � ADr
{ � A~}SWtr�'wO4610_=?7 C�� � 13C #J134%+8=
B�4@1�� 1 #J13. ? 13.4� 1 / � =H;J1 � B��3FG1 /0. ;�� 1��3=��HI81�� +<A A��FC �
0<)N=?,&@

s$.F,&)579)&C � 2*2 � r
{ � � }B(Sr �!rEMPODODRFHZ0<6fC�� B��3F*)+��;�7KA,)82�/07 3 
 � 2 �7< � < �/� C

(Sr �!rEMPODODRFHZ0<6fC9�	� ?8I7+8.4� 1 A!�H. � B��3FG1 +84���;�7KA ��� A��FC1,&Rfr 	>r 1 rEGX,&]4,&Q9,B0<6FR 0$r 
oO4]<=3C

oO4Q �/� CF;10<]Z| � � C 
 W!Q9,&6�KFH W!@5,&)5)&C GX,\+$h � O4@% � r

{ � � }J:*roMPKF)N=�0_Y[)5)5O46fC $ r �!r ��0<H'H�C � r!GX79Q9)5)5O46 0<6FR � roM/r	GX79Q9)5)5O46fC
��4@�7�HI �	��4 ��7KA �G� 70-
 � 2 � � �:� 2 � r
{ � /_}BsPr �P79)5.F79H'O<=?OJ,\=X0<Q rmC8��;�7KA,)���13I�) ��13=
= )47
� 
 � 2 � A � A4A4|Dr
{ � 2_} 'Jr $ 6F]4Q979)&C0��;�7KA,)���13I�)��0- 
 � 2UA < � � dUA 2>C#'Jr $ 6F]4Q979)&C8��;�7KA,)���13I�) ��3 7 
 � 2UA ��� � � / � r
{ |<d_} 0$r$Var��
0<@5)5.10<Q9,  C
��;�7KA,)���13I�) � � � 
 � 2 � A � � < | � C 0$r$Var��
0<@5)5.10<Q9,  C
� B��3F*)+��;�7KA,)

2�/0-0- 
 � 2 � ��� � � � r
{ | � } 0$rfVar �
0<@5)5.10<Q9,  
0<6FR 	>r 1 ,&6F,&)5,&@&C���.J. +8F A / � ��;�7KA ��� A��07 
 � 2 � 2 � A � 2>C 0$rfVar �
0<@ L

)5.10<Q9,  C4� B��3F*)+��;�7KA,)02�/8=�� 
 � 2 �4� � < � � r
{ |4|~} 	>r �!r 0!]479RFO'0<6FR��Br1(Sr 1 ,&79RF,&6FH 	KFQ9Q9,&@&C���;�7KA,)���13I�)���7
� 
 � 2*/*2 � � 2>r
{ | � } � r1Var � .F79H'7 (&KfC 	>r�'Jr Ma0<@5@5,\=5=X0<6FR
VarF(Sr � @5O4]4Q97^0>C���13I�)+� / ?�)+��;�7KA,)8- � 
 � 2*/*2 � C � � � r
{ | < }SWtr>Vl796F]FC
�!r ��rFVlO4IFQ9,&RFOFC 	>r
�!r�0!]479RFO/0<6FR ��r0) 0<IE,&@&C0� B��3F*)+��;�7KA,) 265 � � 
 � 2*/ < � | � � r
{ |4A~} 	>r �!r�0!]479RFOFC4�Br 	>r �
0<6F]P0<6FR/Wtr<Vl796F]FC�� B��3F*)+��;�7KA,) 2�707
� 
 � 2*/4d � � 24d>C � r<Var � .F79H'7 (&K

0<6FR �/r �
0_=?)5K>hU0<610<]47 C��,4@/@5�) � ;J1 /04 )+��;�7KA,)�= 3 
 � 2*/ � � � </< C � roVar � .F79H'7 (&K 0<6FR �/r
�
0_=?)5K>hU0<610<]47 C �,4@/@5�) � ;J1 /04 )+��;�7KA,)�=�/ 
 � 2*/ < � � 2*2>C � rUVar � .F79H'7 (&K/0<6FR �/r �
0_=?)5K�(302 �7 C
� B��3F*)+��;�7KA,)02��
�
� 
 � 2*2UA � A4A 2>C

� � /



{ | � } 	>r ��r4VlO4IFQ9,&RFOFC 	>r �!r 0!]479RFO*0<6FR/Wtr<Vl796F]FC�� B��3F*)+��;�7KA 26505 � 
 � 2*/ ��� |<d � C � r ��7 (&K>=?O4@57 C� r4Var � .F79H'7 (&K/0<6FR��/r �
0_=?)5K>hU0<610<]47 C �,4@/@5�) � ;J1 /04 )+��;�7KA �07 
 � 2*24d � �/�/� C � r ��7 (&K>=?O4@57 C� rtVar � .F79H'7 (&K�0<6FR �/r �
0_=?)5K>hU0<610<]47 C��,4@/@5�) � ;J1 /04 )+��;�7KA �
� 
 � 2*2 � � A4A 2>C � r ��7 (&KDL
=?O4@57 C � r�Var � .F79H'7 (&K�0<6FR��/r �
0_=?)5K>hU0<610<]47 C��,4@/@5�) � ;J1 /04 )+��;�7KA �0- 
 � 2*2 � � � � � C�sPr
G*02 _0_=?)5K0 _0<)?0>C � r ��7 (&K>=?O4@57�0<6FR �/r �
0_=?KF)NhU0<610<]47 C<�,4@/@5�) � ;J1 /04 )+��;�7KA,)��8= 
 � 2*2U| � � d �
sPr�G*02 _0_=?)5K0 _0<)?0>C � r���7 (&K>=?O4@57o0<6FR �/r��
0_=?KF)NhU0<610<]47 C9�,4@/@5�) � ;J1 /04 )+��;�7KA,) �
� 
 � 2*2 � �
/ <�� � r ��7 (&K>=?O4@57 C sPrtG*02 _0_=?)5K0 _0<)?0>C �/r (*@57m=�0>C � rgVar � .F79H'7 (&K�0<6FR �/r �
0_=?KF)NhU0<610<]47 C
� B��3F*)+��;�7KA,) 2��
�8= 
 � 2*2 � � � |4A_TXsPr>G*02 _0_=?)5K0 _0<)?0>C �/r �
0_=?KF)NhU0<610<]47 C � r ��7 (&K>=?O4@57E0<6FR1 r1G*0 (30<@5,\+l79T�(<C<��;�7KA,) ��13=
= ) 	 7 547 
 � 2*2UA � � 2>r

{ | � } � r M/r1GX79Q9)5)5O46fC8� +8= )+��7KA,)+� 1@?�?�)
�
�;+8.8)����
?�)*� 13F A � )0/
� 
 � 2UA4A � GXOFr � � r

{ | /_}SVarU(*@N2D79,&KfC ��.J.8)+��;�7KA,) � 
 � 2 � � � < d � C 
Jr>M/r � O4Q9O�2D79,\2n0<6FR �Jr 
oO4]4,&Q C ��;�7KA,) ��13=
= )'5<=��
 � 2 �<� � � 2 � r
{ | 2_}S�Br � 02 _0<H'O<=?On0<6FR�sPr �P79)5.F79H'O<=?OFC�� B��3F*)+��;�7KA,)82�� 3 � 
 � 2*/*2 � |<dUADr
{ � d_} 
Jr M/r � O4Q9O�2D79,\2EC�� � ;J1 /04E7N/ � � /0C # FG1���� B��3FG1 � 
 G*0<K0 _0>C ��O4)5T&O�+aC � 2 � � � r
{ � � } 
Jr���r � =?@5K>=?796F)% Uh4C � B��3F*)+��;�7KA,)
2��
� 
 � 2 � � � < |<d>C�
Jr���r � =?@5K>=?796F)% Uh4C
� B��3F*)+��;�7KA,)

2 � /0/ 
 � 2 � / � � r
{ � |~} �/r#0$r � 	O4IF6F,&@&C ��r 
o,\=5=?,&@X0<6FR 
Jr1���46F79]FC8� B��3FG1 +84
�;+8= + � + � FG1 A\C 2 = 
 � 2 � d � C < 2UA
{ �4� }J:*r �
0<.10<KDi�C$Wtr )-r � O4@N=?79]46FO46fC�Var!(Sr � @5O4]4Q97^0�0<6FR :*r��Br 'P0<)5)5OFC���;�7KA,) ��1 #<) � / 3
 � 2*/UA � � r
{ �2< } 	>r 1 r GX,&]4,&Q9,B0<6FR �/r � 0 (302 �7 C8��;�7KA,)���13I�) ��13=
= )05<= 
 � 2*/ � � � � r
{ � A~} 	>r1Wtr 	<,&K0 <,&6F6F,<CE(Sr ��,��5,&KF6F,S0<6FR
:*r �
0<.10<KDi�C<��;�7KA,)���1 #<) ��/
� 
 � 2 � ��� / � r
{ � � }JM/r )-r � ,&@N=?)5T�.y0<6FR�sPr1sPr � r �PKFOFC8� B��3F*)!��;�7KA,) 2 � � / 
 � 2 � / � |<d < r
{ �U� }SWtr � KF,&6U=?796
0<6FR
�Br )gQ9ODT30<@5RfC
��.J.8)���13I�) � B��3F*)��<� � )0/
� 
 � 2 � / � A4| � r
{ � /_}JM/r#0$r � @5O�+l6fC 	>r �Br MPKF6F6
0<6FR
WtrEMPO4KFQ9RfC0� B��3F*)!��;�7KA,) 5 � 
 � 2 � � � � � <
{ � 2_} $ r1�*0<HZ0<H'O<=?On0<6FR�Wtr � 79,&H',&6F)&C4� B��3F*)!��;�7KA,)<2�/0-
� 
 � 2 � ��� � 2*2>r

� � 2



{ < d_}JMPO46F796k,\=*0<Q rmC0� B��3F*)+��;�7KA,)8265 �
� 
 � 2*/*2 � � � 2<T<r
{ < � } � r )1O4@5610<Qf,\=*0<Q rmC0��;�7KA,)���13I�)���505 
 � 2*2 � � |4A /*/>r

� < d


