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 perfect Bragg structure
 σd = 0.005 λ
 σd = 0.050 λ
 σE = 0.01 Ry
 σE = 0.10 Ry

:=<7<4-(N*+-E-)-6��od * �sjk' -*C2-()8C5'D6322-*'.2JC5'.>Zy & ��]W~6-(61)T41Nm' -()7'.2�½ � � ¹�q\25496369]J~PC52FE7SPCFE-2�-*)
u ' � 'Iµ/-*03)->@63'.03hZ'DCF22-*'�GIHE-2¢qz412F21-('D2F'.)7+4-(?BS9' � E-S8CFET49C0-*03)l� � C �wV >@0 X:-('�GIHE-2ª' -*)-')-()-A703hU0163'.)-'
y_'.2@<-2F'.-*CF'.2FE7)-6 ���

� � � ¹ E ¹3¹1¾ 	�
 � ��� � C 63)¶HE-63'.)7+�SPN*' -()l63'DX�H41A7N*CeVoE-h�x�QR'.S8CF'̄ +7'.2�~̂ CF2541A7N(E-)-61>FS101r-r-N(E7)-6E-)8C5'D2F>@E-?BA-'.)�{DE�SkH01)-)-'.)kd¶�bE-2@?BA�+-'.)�y_'.2F61N(' -*?BA£h�-*C̄ +-'Dh�x¶µorg'.22-*hU'D)8CaAT49C�>2-*?BA¦63'I]
{.'.-(61C.V|+T41}�+4-*'.>@'.2 & 'D2@C̄ )4-*?BAPC̄ E-)72F'e49N<-(>JC0-*>F?BA@-(>JC E-)-+;+4-('v��'.<g'.)7>F+T41E7'.2̄ 'wµo{ -tC503)4-*>F?BA-'D2
:=)72F'.61E-)-63'D)?-()vA-0̂ ?BA8X\'D2@C2-(63'D)¥®�2F03<g'.)Z+-E-2@?BAl+-'D)l>JC52549A-N('D)-+-'.)ljk'.2JG�41N(N7<R'D632F'D)-{DC_X:-(2@+
� � �7V-¾1��d
& H41A-2@'.)-+ -(h���41N(N*'l+-'D2vqz412@22-('D2F'D)-+4-(?BS9' � E7SPCFET49C2-(03)-'D)�+7'.2v:=<7G�49N(N\+7'.>v{.'.-*C0-*)8C5'.6122-('D2J]
C5'D);y & ��]J~ -(63)T49N(>K+-E-2@?BA£'.-()-'D);Gº2@' -('D)�fi)7+-E-S8C0-*03)->F{D'.2JG�41N(N�<g'.>@?BA-22-*'.<g'.)�X:-*2F+ $R� 5����
'wµor¢���b�'� � 5T�wVªGIHE-A-2JCa>F?BA703)�' -*)-'U61'.22-*)-63'�-()-A703hU0163'.)-'vy_'.2@<-2F'.-*CF'.2FE7)-6�{.E£' -()7'.h r-A-0�]
C501)-'.?BA-03412@C2-(63'D);:§<7G�41N*N�$R� 5T� � 'Iµor¢� �m¾1� � 5��[�)(+*oV (1·���d|fih 0K'.63'D)->549CF{[{.E-2 >@E-rR'D2F2F41+4-t]
41)8C5'D)��c0̂ +-'9V8<R'.-g+7'.2 +4-('sS903AªH412@'.)8C5'=¤ 01r-r-N(E7)-6�+/-('s>@CF2541A7N('.)7+-'my_'D2F<-2@' -tC5'.2@E-)-6̄ '.2@AªH03A8C
� ��� &� � C � ½ ��� � C V -(>JCY+/-('.>@'�<R'.-T+-'.)U>FE-<-2F41+4-(41)8C5'.)l�c0̂ +-'.)U>@C5412FSa2@'.+-E7{ -('D2@C.V � ���

�� � C ² ��� � C V)4-*?BAPC¢)PE-2 -(h y_'.2F61N(' -*?BA {.E-h�>@E-rR'D2F2F41+4-M49)PCF'.)«jkE->@C541)-+|V >@03)-+-'D2F)«41E-?BA«{DE-2ª>@CF2541A-N*'.)-+7'.)
q\2@' -*CF'b+-'D>=~7̀ � ��� � C d-�K41A7'.2 -*>@Cs+4-*'+-()-A703hU0163'.)-'my_'.2@<-2F'.-*C5'D2FE-)76Z612F03}[63'D63'.)�+/-('KA-09]
hZ0363'.)7's+-'.2�>@E-<-2549+4-M41)8CF'.)l�c0o+7'.) � ���

�� � C � � � V3>F0̄ +T41} ' -*)v®�A-01C501)-'.?BA-0�'.)8C5>JC5'DA-'.)US949)-)�̧ ·7VªÂ8À���dªq\' -_'.-()-'D2�qY2541636�]J~̂ CF2FE-S8C5E72�S H03)-)7'.)¦49N(>F0�63N*' -({D' -tC0-(6l>F0 X\01A-NY'.-()LGº2F'.-('.2Kfi)7+-E-S3]
C0-*03)->@{.'.2JG�41N(Ns+7E-2F?BA¡+4-*'�~̂ E-rR'D2F2F41+4-M49)-{1V +4-('�<g' -m63'.21-()-63'D2U61'.63'D)->F'.-*C0-*63'.2ljk' -tCF/1'.2F{3H0363'I]
2FE7)-6�+7'.2Z®�E-N(>@' 5�+4-*'�)4-(?BA8CFN<-()7'e412@'�:=)8CiX\012@CU+-03h�-()4-*'.2@C.V¶49N(>v41E-?BA�' -*)�®�A-09C503)-'D?BA-0
-(h �¢49)-63{.'.-*C@/3'.2@AT41NtC5'.)£41N(>�~6-*63)T49CFE-2K+-'D2«>FE7<-2541+/-M41)8C5'D)��c0̂ +-'D)£<g'.03<T49?BAPCF'DC�X\'D2F+-'D)|d
�K41>[y_'.2@A H41NtC5)4-*>v/103)pA703hU0163'.)-'D2U{DE -*)-A-03hZ0363'D)-'.2[y_'.2@<-2F'.-*CF'.2FE7)-6 H49)-+-'.2JCl>1-(?BA³A/-('.2
41N*>[�TE-)-S8C0-*03)¦+-'D2Zjk' -*C@/3'D2F{8H0163'.2@E-)-6L{DX:-*>F?BA-'D)�+-'D)�®_E7N(>F'D)|d�0KN('.-(?BA-{D' -*C2-(6c<4-('wC5'DCa' -()7'




 ��� ���
�'	 � ��� 	��&�&	���� � � � !#��	�� (o�

q\25496363>@CF2FE-S8CFE-2\A-01A-'.2�`bET49N<-*C H49C +4-('§'wµorg'.22-*hU'D)8C5'.N*N('=� H0363N>-(?BA-S9' -tC\+-E72F?BA�+T41>Y:=<-SPN<-*)-69]
/3'D2FAT41NtC5'D)¦GIHE-2«632@03}3'D>J5�'.-()-'U:=<->@?BAªH49C5{DE-)-6,GIHE-2�+-'.)�)4-*?BA8C5>@CF2541A7N('.)7+-'.)�q\'.-*CF25416c{.E-h
�b'.r-A-41>2-*'.2F'D) � � {.E�63'wX:-()-)-'D)|d
�=HE-2 ' -*)¥A-03A-'D>���41}«41)�qz492F22-*'.2@'.)-+4-*?BS1' � E-S8C5ET4�C0-(01)-'.)�{D' -(69Cz>2-*?BA¥03>@{ -(N*NM49CF0322-*>F?BA-'D>�y_'.2J]
AT41NtC5'.),+7'.>K{.'.-*C2-()8C5'D6322-*'.2@CF'.)�y & ��]J~6-*63)T41N*>.dR��-('�>FE-<-2F41+4-(41)8C5'.)��c0^+-'D);+7'.>�~^¨^>@CF'.hZ>
>2-*)-+�+-E-2F?BA +4-*'�:=<8XY' -(?BAPE-)76�/301)©+-'D2�q\25496369]WqY'.+4-*)-63E-)-6 � / �

��� � � 
 � ´�S103hZr-N*'wµ
63'.61'.)�+-'.)�>FE7rR'D2F2549+4-M41)8CF'.)pjkE->@C541)-+�41)�+-'.2Zx¶µo{ -*CF03)-2@'.>F01)T41)-{�/3'D2F>@?BA-03<g'.)|dY��-('¥{DE
AªH03A-'D2F'D)£E-)-+�{.E�)4-('D+-22-*63'.2@'.)�x_)7'.2F6;-('.);/3'D2F>F?BA703<R'D)-'.)���0o+-'D) -*)PCF'.2JGº'.22-*'.2@'.);h9-tC5' -*)o]
41)-+-'D2�E-)-+©G HE7A-2F'D)°{.E NM49)-61XY'.N(N>-(63'D) � >F{ -*N(N(49C0-*03)-'.)¡+7'.>�~6-(63)-41N(>Ddz��-(',2@'.>@E-N*C2-('.2@'.)-+7'
:=E7Gº>@rT41NtC5E-)-69-(>JC=+T49<R'.-�+-E72F?BA,+4-*'«¤K03r-r7N(E-)-61>FS101)->@C541)8C5' ��� � C <R'D632F'D)-{DC.d|�K41A/-()-63'D63'.){.'.-(61Cm+4-*' -*)-A-03hZ0363'D)�/3'.2@<-2F'.-*CF'.2@CF'aq\2F416363>JC52@E-S8C5E-2m'wµorg03)-'.)8C2-('.N*N('D>my_'D2FAT41NtC5'D)�GBHE-2§41N*N('
O )-012F+-)PE-)-61>FrT412F41hZ'DC5'D2.V�+7'.)-)�h�-*C�+-'.2Z~^CF2F'DE-E-)-6L+-'D2 u 'D>F03)T49)-{.'D)-'.2@65-('D)�+7'.>vx¶µo{ -t]
C503)7>b>2-*)-+L41E-?BAL+4-*' u '.>F01)T41)-{D'.);+-'.>K63'DS103r7rR'DN*C5'D);~^¨^>@CF'.hZ>+-()-A-01hU0361'.)�/1'.2F<72F' -tC5'D2@Ced
q\' -|X\41?BA->@'.)-+7'.2 O )-032@+-)PE-)-6l)/-(hZh«Cs+4-*'K>@C52F41A-N*'.)-+-'¯��'.<g'.)7>F+T41E7'.2m+-'.2�>FE7<-2541+/-M41)8C5'D)
�c0^+-'.)�41<|V7>F0v+T41}v+-'D2s:=<7G�41N*Nk+-'D>§~6-(63)-41N(>\GBHE72s632F03}1' jk' -tCF/3'D2F{3H0363'.2@E-)-6Z{DX:-*>F?BA-'D)c+-'D)
:=)-2@'.63E7)-63>Fr7E-N(>@'.)[h�-*C¢{.E-)7'.A-hZ'.)-+7'.2 O )-032F+7)^E7)-6K>F?BA-)7'.N(N*'.2¢X:-(2F+�����-*6-d �7d *oV �od ·8�Id -�-('D2J]
<R'.-�61'.)¶HE-69CK+4-('¯>@CF2541A7N('.)7+-'[q\2@' -*CF'«+-'D2 �c0^+-'.) � � � C�� � ���

�� � C � ¹7d & H49A-2F'D)-+,-(h ��41N*N('
� ���

�� � C � ¹�'.-()-'§rR'D2@Gº'DSPCF'Kq\2F416369]W~^C52@E-S8C5E-2 /3032@N<-('D61CeV8)/-(hZh«C +4-('§>@C52F41A-N*'.)-+-'bjk'.2JG�41N(N*>F254�C5'h9-tC +-'.2 -*)-A-03hZ0363'D)-'.)Zy_'.2@<-2F'.-*C5'D2FE-)76[{.E|V^<4-(>Y+4-('b`K�£+-E-2@?BA�+4-(' O )-032@+-)PE-)-6['D)PCFS103r^]
rR'DN*C�>1-()-+�E-)-+�+4-*'K>@C52F41A-N*'.)-+-'¯��'.<g'.)7>F+T41E7'.2=+7'.2§�c0^+-'.)�+-'.2�+-'D>§~-`K��'D)PCF>Fr-21-(?BA8Ced
� -(6-dk�7d ·¥{D' -*61C +4-('D>F'D) HO <R'D2F6841)76�+-E-2F?BA�+-'.),y_'D2F63N*' -(?BAL+-'D2K{.'.-*C0-*)8C5'.6122-('D2@CF'.),y & ��]
~6-(61)T41N('U' -*)-'.2vq\2F416369]W~^C52@E-S8C5E-2[h�-*C[½ � � ¹,E-)7+�'.-()-'D>Z~-`K��GBHE72aXz41?BA7>F'.)7+-' -*)-A-09]
hU0163'.)-'�qY2F' -tC5' ����d_q\'.-(h ~-`K� <R'D>F?BA-N*'.E-)/-(61CZ>2-*?BA�+7'.2Z:=<7G�41N*Nz+-'D>U{D' -*C2-()8C5'D6322-*'.2JC5'.)
y & ��]W~6-(61)T41N(>«{.E-)ªH49?BA->@CUh9-tCa{DE-)-'.A7hU'D)-+-'.2 O )7032F+-)PE-)76-d_�b'.2aGº2@' -('�fi)7+-E-S8C0-*03)->F{D'.2W]
G�41N(N $k� 5�� � ��� �¢� �=�'� � 9 � 5��[63'.A8CUh9-tC[{.E-)7'.A-hZ'.)-+7'.2 O )-032@+-)PE-)-6©HE7<R'D29-*)�'.-()�r-A-09]
C503)7'.?BA-08492@C0-*63'.>�y_'.2@AT41NtC5'.) $R� 5�� � ��� �¢� �m¾1� � 9 � 5��Dd - -('.2@<R'.- -(>@Cc+4-*'£jk'.-*CFS103)->JCB41)8CF'
+-E-2@?BA¥+4-('�63'D>541h�C5'=A703hU0163'.)-'mq\2@' -tC5'"� � 9 � � � ��� ��� � C +-E-2F?BAl>@C52F41A-N*'.)-+-'§E-)-+U)4-(?BA8C@]>@CF2541A-N*'.)-+7'bq\'.-*C52eH4163'm63'.61'.<g'.)|d^fi>@C\+4-(' -()-A703hU0163'.)-'mq\2@' -tC5'=612F03}¯63'.61'.)¥+4-*'§A703hU0163'.)-'
� ��� � � ¹'� � 9 � �§S�41)7);+7'.2K{DXY' -tC5'v®�E-N*>b+4-('[jk' -*CF'.)8CiX:-(?BSPN*E-)-6�+-'D2b/3'.2@>F?BA4-*'.+-'D)-'.)¦��2@'w]
�PE-'.)-{DS103hZrg03)-'.)8CF'.)«E7hUS9'.A-2@'.)|V >F0�+T49}m'.-() ®�A-01CF03)-'D?BA-0='D)PCF>@CF'.A-'D)«S�41)-)U�¸·9��d.fih -()8C5'D2J]
hU'D+4-iH492F'.)�q\'D2F'.-(?BA|V ��� 0 � � 9 � -*>@C�' -*) HO <R'D2F6849)-6v{DX:-(>@?BA-'.)cGº2F' -*'.h�fi)7+-E-S8C0-*03)->F{D'.2JG�41N(N
E-)-+�®_A701C503)7'.?BA-09-(h�{D' -*C2-()8C5'D6322-*'.2JC5'.)�y & ��]J~6-*63)T41N�<g'.03<-41?BA8C5<T412DVTX:-('���-(6-d-�7d ·9<�G HE-2
63'.21-()-61'�-()-A703hU0163'.)-'aq\2F'.-*C5'«{.' -*61Ced|Á§'.<g'.);+4-*'.>F'Dh HO <R'D2F6841)76�-*),+-'.2¯n\A-412541S8CF'.22-*>@C2-(S
+-'.>z~6-(61)T41N(>�-(>JC\'.-()-'=jkE-)T49A-hU'm+-'D27-()7A-03hZ0363'.)7'.)¥qY2F' -tC5'�/303)�'.-()-'D2 y_'D2F21-()-63'D2FE-)76«+-'D2
~6-(61)T41NM49hUr-N>-*CFE-+-'¥<g'.63N*' -tC5'DC.V_+4-('c41E7G {DE-)-'.A7hU'D)-+-'�+-'D>@CF2FE-S8C0-t/3',fi)8C5'D2@Gº'D2F'.)7{,{.E-29HE-?BS3]
{.E7G HE7A-2F'D) -(>JCed
��-(' q\2F416369]W~^C52@E-S8C5E-2�{D' -(69C:-()c��-(6-d-�7d ·aGBHE-2m63'D22-()763'KE-)-+chU0^+-'.2F49C5' O )-032@+-)PE-)-63>@rT41254 ]
hU'wC5'D2\+-'D)�jRXY' -*>@CFE7Gº'.)T49<7G�41N(Ng+-'D>zy & ��]W~6-(63)-41N(>DV^+7'.2s41EoG�+/-('b¤K0^'wµ6-(>JC5'D)-{=/301)�>@E-rg'.2J]
2541+/-M41)8C5'D)�E7)-+£>@E-<-2549+4-M41)8CF'.)��c0^+-'D)£A4-*)-+-'.EoC5'DC.d¢�K4�+4-*'U>JC52F41A-N('D)-+-'vy_'.2@<-2F'.-*C5'D2FE-)76



(8� ���������
	���
������ ����� � ��� � ��� � 	�� � � �"!#��$%�&��� �
	�� � �'� � 	��

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
1E-3

0.01

0.1

1

c) TI-Peak Amplitude / N
2

Disorder σ
E
 (Ry)

IN
T

E
N

SI
T

Y
 (

a.
 u

.)

 SQW
 N=10 Bragg

-4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24
1E-3

0.01

0.1

1

Delay (ps)

IN
T

E
N

SI
T

Y
 (

a.
 u

.)

b) SQW

σ
E
 (Ry)

 0.00
 0.02
 0.04
 0.06
 0.10
 0.14
 0.20
 0.30
 0.40
 0.60
 0.90

1E-3

0.01

0.1

1
σ

E
 (Ry)

 0.00
 0.10
 0.14
 0.20
 0.30
 0.40
 0.60
 0.90

 I
N

T
E

N
S

IT
Y

 (
a.

 u
.)

a) N=10 Bragg Structure

:=<7<4-(N*+-E-)-6��7d»· �-jk'.-*C2-()8C5'D6322-*'.2@CF'zy & ��]W~6-(61)T41N(':-*) u ' � 'Iµ/-*03)->@63'.03hZ'DCF22-*'§'.-()-'D2\q\2F416369]
~̂ CF2FE-S8C5E72ch�-*C�½ � � ¹°��48�wVs>@0 X:-(';' -()7'.>�~-̀K� �º<��lGIHE-2�{.E-)-'DA-hZ'.)-+-' -()-A703hU0163'.)-'
y_'.2@<-2F'.-*CF'.2FE7)-6 ����V7?1�g��4�µ6-*hl41N(41hZr-N<-tC5E-+-'§41N*>���E7)-S8C0-(01)�+7'.2 O )-012F+-)PE-)-6




 ��� ���
�'	 � ��� 	��&�&	���� � � � !#��	�� (1�

+-'.2\¤K03hUrg03)-'D)8C5'.)kV7+4-*'=<g' -g632F03}1'.h 5�<g' -*CF254161'.)|VPh�-*CY+-'.2 O )-032@+-)PE-)-6[{DE-)4-(hZh«C.V^<g'w]
>F?BA-N*'.E-)/-(61C\>2-(?BA�+7'.2z:§<7G�41N(N�+-'D>�~6-*63)T41N*> GBHE-2YXz41?BA7>F'.)7+-'.>"����d 0KN('.-(?BA-{D' -tC0-(6 X:-(2@+¥+-E-2@?BA
O )8C5'D2F+-2 HE-?BSPE-)-6c+-'.2¯~^CF2541A7N(E-)-61>FS101r-r-N(E7)-6�+4-('«>@C52F41A-N*'.)-+-'ay_'D2F<-2@' -tC5'.2@E-)-6�+-'D>¯>@E-rg'.2J]
2541+/-M41)8C5'D)�jkE->JCB41)-+7'.>\/1'.2F21-()-61'.2@C.V7<4-*>\+4-*'K`K�¦41N*>Y<g'.{oHE-63N>-(?BA¥+-'D2�~^CF2541A-N*E-)-63>@S103r7r-N(E-)76
>F'DrT4122-*'.2JC§<g'DCF2541?BA8CF'DCmX\'D2F+-'D)�S H03)-)-'D)|dRfi)�+4-*'.>F'Dh ��41N(NR'.2F6;-(<7Cm>2-*?BAc+-41> 0K'.>F41h«CF>2-(61)T41N
41N(>z~oE-hZhU'=+-'.2sqY' -*CF2 H4161'§/301)c½¼~7` �YV7>F0[+-41}�$ � ½ � d-Á§'D<R'D)�+-'.2��T032@h +7'.>s{.'.-*C2-()o]
C5'D6322-*'.2@CF'.)vy & ��]W~6-(61)T41N(>DV3+T41>_{DE-)-'.A7hU'D)-+¥+-'Dh hU03)70o'Iµ7rg03)-'D)8C0-('DN(N*'.)ay_'.2@AT41NtC5'.)Z+-'D>
~-`K�,63N('.-(?BA8CeV3+7'.hZ03)->@CF22-*'.2@C_+-41> y_'D2FAT49N*C5'D)v+-'.2Y~6-*63)T41N(41hUr7N<-*CFE-+-' +-'.2 q\2F416369]W~^C52@E-S8C5E-2
-(h¼y_'.2@63N('.-(?BA�{.E-h"~-`K� +/-('.>@'.) HO <g'.2@6841)-6L{.E7h�E-)-63'DS103r7rR'DN*C5'D)³~P¨o>JC5'Dhcd_��-*6-d��od ·1?
{.'.-(61Cs+/-(' ~6-*63)T41N(41hZr-N<-tC5E-+-'�+-'D2�q\25496369]J~PC52FE7SPCFE-2zE-)7+�+7'.>§~-`K��41N(>z��E7)-S8C0-(01)¥/303)�+-'D2
~^C H492FS1'c+-'.2 O )-012F+-)PE-)-67d\fih 0 'D63'.)7>549CF{�{.E7h ~7` �YV <g' -m+-'Dh +4-*'�~ -(63)T49NM41hZr-N<-tC5E-+7'
h9-tCs{.E7)-'.A-hZ'.)7+-'.2�-()-A-01hU0361'.)-'D2§qY2F' -tC5' hZ03)-01CF03)�41<-)4-*hUh«C.V765-*<7Cm'.>m<R'.-�+-'.2§q\2F416369]
~^C52@E-S8C5E-2K{wX\'.-_S103)-SPE-2@22-*'.2F'D)-+-'l�c'.?BA-41)4-(>@hU'D)|V|+4-*'[{.EL)4-*?BAPC¯hZ03)-01CF03)-'Dh�y_'D2FAT41NtC5'D)
GIHE-A-2@'.)|d���-('Y~oE7rR'D2F2549+4-M41)7{ GBHE-A72@C¢{.Ea'.-()-'D2�y_'.2F21-()-61'.2FE7)-6=+-'D2�~ -(63)T49NM41hZr-N<-tC5E-+7'�-(h©y_'.2J]
63N('.-(?BA¯{.E-h±½ �F] y_'.2@AT41NtC5'.)kV +T41>�41E7GTE-)763'.S903r-rg'.N*CF's`K��{.E7CF22-*QgCed fi)7+-'.h±+4-(' O )-032F+7)^E7)-6
+4-('�S903AªH412@'.)8C5'K¤K03r7r-N(E-)76�{DE-)-'.A7hU'D)-+¥{.'D2F>JC H032JCeVPX:-(2F+Z+4-*'.>F'D2zx�QR'.S8CzE-)8CF'.2F+721HE-?BS8CeV^Xz49>
+4-('Z~ -(63)T49NM41hZr-N<-tC5E-+7'�{DE-)ªH41?BA->JC[41)8X\41?BA->@'.)¦N H41}1Ced�~o?BA-N<-*'.}3N>-(?BA,)4-*hUh�CK+4-('[:§hUr7N<-*CFE-+-'
2@'.+-0^?BA�41N*>\�TE-)7SPC2-(03)Z+-'D2 O )7032F+-)PE-)763>F>JC H412@S1' 41E7Gº612FE-)-+l+-'.2Y{.E-)-'DA-hZ'.)-+-'D)�+-'.>JC52@E-S8C0-t]
/3'D)�fi)8C5'D2@Gº'.2@'.)-{ X:-('K<g' -*h ~-`K�¦X:-('D+-'.2m41<|d
�b'D2 HO <g'.2F6341)-6�{DX:-*>F?BA-'D)�Gº2F'.-('Dh°fi)-+-E7SPC2-(03)7>F{.'D2@G�41N*N8E-)-+�®�A-01C501)-'.?BA-0�-() :=<7AªH41)-65-*63S1'.-*C
/303),+7'.2 jk'.-*CF/1'.2@{8H0363'D2FE-)76 5,{DX:-*>F?BA-'D)�+-'D),:=)-2@'.63E7)-63>Fr7E-N(>@'.)@-(>JC�-(h {D' -*C541E7Gº63'DNiH03>JC5'D)
y & ��SPNM412='.2FS9'.)-)P<T492.d¢��-(67dk�7d»Â�{.'.-(61CK+/-('a'D)PCF>Fr-2@'.?BA-'D)-+-'D)�~6-(63)-41N('¯GIHE-2b' -*)-'vq\2F416369]
~^C52@E-S8C5E-2�h�-*C=� ¹v`K�\VT��-*6-d-�7dt� ¹a+4-*'K63'.hZ'.>@>F'D)-'.)�~6-(63)-41N('§+T41{.Ekd O h +/-('K63'D2F'.?BA7)-'DCF'.)
x�2F63'D<-)4-(>@>F'Uh9-tC +-'.h x¶µorR'D22-(hZ'.)8C¯/3'D2F63N*' -(?BA7'.)£{DE¦SRH03)-)-'D)£X�E-2@+-'l'.-()-'U�b'.?BSP>F?BA/-(?BA8C
/303);­ / � ¹ E �9¾P´Lh9-tC5<g'.29HE-?BSP>2-(?BA8C2-(61C.d|�b'.2bxB-*) � E-}�41EoGY+/-('aS903AªH412@'.)8C5'D)£03r7C2-(>@?BA-'.);x)-t]
63'.)7>F?BAT49G�CF'.)ZX:-(2F+D-*h Gº03N*63'.)-+7'.)v:=<->@?BA-)4-tCFCY)-0o?BAZ)ªH41A7'.2_E-)8C5'D2F>FE7?BAPC.d7��-*'z63'D)T41E-'m®�2F09]
<R'D)-63'D03hU'wC521-('�-*>@C[<g' -z+7'.2[�PET41)8C0-tCB49C2-*/1'.)�:=)T49N*¨^>F'�03roC0-(>@?BA-'.2vx¶µorg'.22-*hU'D)8C5'¥X:-(?BA8C2-(6-V
+T4�+4-('Z~PC52549A-N(E-)763>FS903r-r-N*E-)-6�>F'D)->2-tC0-*/c/303);+-'D)�03roC0-(>@?BA-'.) & '.63N H41)-63'D),-()-)-'D2FAT49N(<,+-'D2
®�2F03<g'�41<7AªH41)-61C.d\qY' -=+7'.)pCFA-'.032@'DC2-(>F?BA7'.)¡y & ��]W~6-(61)T41N('D)�X�E-2@+-'�'.-()-'%-()-A-01hU0361'.)-'
y_'.2@<-2F'.-*C5'D2FE-)76¦+-'.>¥x�µo{.-*C501)p/303)�¹ E �1	�
�41)763'.)-01hUhZ'.)|V_+4-*' -*)p63E7CF'.2 HO <R'D2F'.-()->JC0-(h[]
haE-)-6 h�-*C�+7'.2B-()v' -*)-'.h
®�A-01C501N(E-h�-()-'D>F{D'.)-{D'wµorR'D22-*hU'D)PCY41)v+4-*'.>@'.2 ®�2F03<g'�63'.hZ'.>@>F'.)7'.)
�8-()4-*'.)P<-2F'.-*CF'�-(>JC���� �oV�Â (���d
��-*'=y & ��]Wx¶µorR'D22-(hZ'.)8CF' X�E72F+-'D) -()�+-'D2 0 2@E-r-rg'K/303) � dT¤KE-A-Nª41h���4�µ�®�N(41)-?BS¥fi)o]
>@C2-*C5EoC¯G HE72«�T'.>JC5S H032@rR'D2@Gº032@>F?BAPE-)-6�-*)¦~PC5E7C@C568412JC /303)��;d
- HE-<-)-'D2�E7)-+��ad�:=hZhZ'.2FN(41A-)
+-E-2@?BA-63'DGBHE7A-2@C.d���-*'Z®_2@03<g'.)LX�E-2F+-'D)¦<g' -�)4-*'.+-21-(63'D)��¢'.hZrR'D2549CFE-2F'D)³��· � �bE-)-+�63'.21-()o]
63'.)�fi)8C5'D)->2-tC H49CF'.)£�������ª�\h�-*Cs{wX\'.-¢S903{ -*2FSPE-N(412zrg03NM4121-(>1-('.2JC5'D)|V7>@rR'DSPCF2541N�+7'.)-63'D)-'.21-('D2@C5'D)
:=)-2@'.63E7)-63>Fr7E-N(>@'U49)-63'.2@'.61C.V|E-h +/-(' & '.?BA->@'.N*X:-*2FSPE-)-6�h�-*CK®�A-01)-03)-'D)�E-)7+£�ª41+-E7)-63>J]
C52 H4163'.2@>@CF2F'.E7E-)-6[{.E�E7)PCF'.2@+-2 HE-?BS9'.)|dg��-*'bx¶µo{ -*CF03)-+4-*?BA8C5'bN(416«A4-*'.2@<R'.- -()l+-'.230K2 H01}3'.)-012F+o]
)PE-)-6s/303)Z� ¹�� ��� 0��.d ��-('�>@rR'DS8C52549N('_q\2@' -*CF'�+-'.2��e¹3¹ � �D]W®�E-N*>F'�'.-()-'D>ª¤K'.2F2W]W�8-()7>F'.) hZ0o+7'.)o]



(1¾ ���������
	���
������ ����� � ��� � ��� � 	�� � � �"!#��$%�&��� �
	�� � �'� � 	��

12

12

τ12

0 5 10 15 20

τ12�=�5�ps

τ12�=�7�ps

τ12�=�8�ps

τ12�=�6�ps

τ12�=�2�ps

τ12�=�4�ps

τ12�=�3�ps

τ12�=�1�ps

τ12�=�0�ps

TIME�(ps)

N
O

R
M

A
LI

Z
E

D
�IN

T
E

N
S

IT
Y

:=<7<4-(N*+-E-)-6[�od Â �o4 �7jk' -tCB41E7Gº61'.NiH01>@C5'D>Yy & ��]J~6-*63)T41N -() u ' � 'wµ6-*03)->F61'.03hZ'DCF22-('=' -()7'.2z½ �
� ¹�q\25496369]J~PC52FE7SPCFE-2 h9-tC ��� � ¹ E �1	�
 -();:=<-A H49)-65-(61S1' -tCK/303)£+-'.2«jk' -tCF/3'D2F{ H0363'.2@E-)-6 5
{DX:-*>F?BA-'D)�+-'D)c:§)-2F'D63E-)-61>Fr-E-N*>F'D)|VR< �T®�03>1-*C2-(03)�+-'D>b~6-*63)T41N*hl4 µ/-*haE-hZ>

12

12

12

0 5 10 15 20

τ12=�6.0�ps

τ12=�5.5�ps

τ12=�5.0�ps

τ12=�4.5�ps

τ12=�4.0�ps

τ12=�3.5�ps

τ12=�3.0�ps

τ12=�2.0�ps

τ12=�1.5�ps

τ12=�1.0�ps

τ12=�0.5�ps

τ12=�0�ps

τ12=�-0.5�ps

:=<7<4-(N*+-E-)-6v�7dt� ¹ �74 �,0K'.hZ'.>@>F'.)7'.>�{.'.-*CB49E7Gº63'.N H03>@CF'.>zy & ��]J~6-*63)T41N -() u ' � 'Iµ6-(03)->@63'.01hU'I]
C521-('�'.-()-'D2v½ � � ¹Lq\25416169]W®�2F01<R'A-*)�:§<-AªH41)765-(63S9' -tC[/303h"�b'DNM4e¨ 5kV�< �_®�01>2-*C2-(03)�+-'D>
~6-*63)T41N*hl4�µ6-*haE-hZ>




 ��� ���
�'	 � ��� 	��&�&	���� � � � !#��	�� (3À

63'.S903r-rg'.NtC5'.)«�3- � ~741r-A4-*2J]i�¢49>F'.2@>¢X�E72F+-'D)[+-E-2F?BA['.-()-'D)[®�E-N(>JGº032FhZ'.2�41E7Gg¹ E ·�	�
K<g'.612F'.)7{DCeV
X\0^+-E-2@?BA£+4-*'v:=)-2@'.63E-)76cGº2F'.-('D2 �¢49+-E-)-63>JC52eH4163'.2¯<g' -�:=)72F'.61E-)-6�+7'.>¯A-Ao]Wx¶µo{ -tC503)7> /1'.2W]
h9-*'.+-'D)�X:-*2F+|dg��-*'�®�E-N*>FN H41)-63'¯<R'wC52 H4161C§+T41)-)c'DCiX\4¥·3¹3¹ � �8dg�b'D2 & -*)-S1'DN�{wX:-(>@?BA-'.),+-'D)
:=)-2@'.63E7)-63>Fr7E-N(>@'.);<R'wC52FE76�À 
 V|>F0�+T49}�<g' -*+-'v®�E-N(>@'[)T41A-'D{.E;>F'D)-SP2F'.?BA8Ca41E7G +4-('v®�2@03<R'
C52F49Gº'.)|d �K41>[y & ��]J~6-*63)T41N3-*) u ' � 'wµ6-(03)7>F63'D03hU'wC521-('�X�E-2F+7'�h�-*C%-�-*N*Gº'�'.-()-'D> � � $�� M ]¤K22-(>JCB41N*N(>ah�-*Cv'.-()-'Dh�>@C5412FS9'.) �e¹3¹ � �D]W®�E-N*>[+-'.>Z63N*' -(?BA7'.)³�ª41>@'.2@>l41EoGºS103)8/3'D2@C2-('.2JCeV_+-'D2
63N('.-(?BA-{D' -tC0-(6«+4-('K{D' -*CFN<-*?BA-'K:=E � H03>FE-)76U+-'D>=x¶µorg'.22-*hU'D)8C5>�<R'D>@C2-(hZh«Ced
��-('[63'DhU'D>F>@'.)-'D)�~6-(61)T41N('�X\'D2F+-'D)¦+-E-2@?BA¦+4-('[�sA7'.0321-('Z63E7C¯2F'Dr-2F0^+-E-{.-('.2JCedªq\'.-�SPN(' -*)-'.2
y_'.2@{ H0363'D2FE-)76 5,-(>JCb+4-*'[~6-*63)T41NtGº032Fh -*),��-*6-dg�7d ÂoVk�7dt� ¹l)70o?BAL41>J¨^hUhZ'DCF22-(>@?BAL41N(>=~6-*63)T4�]
C5E-2m+-'D>§Gº2F'.-('D)�fi)-+-E7SPC2-(03)7>F{.'D2@G�41N*N(>�+-'D2=>FE7rR'D2F2549+4-M41)8CF'.)L�c0^+-'9dRÁ§41?BA-+-'Dh +/-('.>@'«49<-63'w]
SPN(E-)-61'.)�-(>JCeV-+-01h9-*)4-('D2F'.)�+/-('b>@E-<-2549+4-M41)8CF'.)cq\' -tC52 H4963'1V-+/-('b'.-()�®�A-01C501)-'.?BA-0Z'.2@{.'DE-63'.)kV
Xz49>=>2-*?BA -*)c+-'D2m/1'.2eH41)-+-'D2@C5'D);~6-(61)T41N*Gº012Fh )/-('.+7'.2F>@?BA-NiH4961Cedg�b'.EoC5N<-*?BA-'.2sX:-*2F+�+7'.2 HO <g'.2J]
6841)-67VgXY'.)-);hU41)�+-'D)£jk'.-*CFr-E-)-S8CK+-'D>¯~6-(61)T41N(hU4�µ6-(h«E-hU>s61'.63'D);+/-('vjk'.-*CF/1'.2@{8H0363'D2FE-)76
+-'.2§:=)-2@'.63E7)-63>Fr7E-N(>@'[41E7G�CF2 H4161C.d���-('«~6-(61)T41N(hU4�µ6-(hU4«N>-('.61'.)�{DE-)ªH41?BA7>@C 41EoG�' -*)-'.2 0 'D254�]
+-'.) � � � � � 5|V)-(h�>FE-<72541+4-(41)8C5'D) u '.65-*hU'lGº01N(63'D)�>1-('�+T41A/-()-63'D)-63'D)�'.-()-'D2 0K'.2F41+-'D)
� � � � � �?5kd & '.-*C5'D2FA4-*) -(>@C�'D2FS1'D)-)P<T412DV§+T49}�+/-('���4�µ6-(hU4�+-'.2�®�A-01CF03)-'D?BA-03>�61'.63'D)
� � �-5�/3'D2F>F?BA703<R'D)£>1-()-+|dRfih�XY'.?BA7>F'.NtX:-(2@S^E7)-63>@Gº2@' -*'.)��g49N(Nª>F03N*N*CF'.)�>1-('a'Iµ-49SPC +7032@C='.2J]
>F?BA-'.-()-'D)|dP�bE-2@?BAZ+/-('�~^CF2541A7N(E-)-61>FS101r-r-N(E7)-642@'.+-0^?BAv65-(<oC�'.>)-*)8C5'.2JGº'.21-('.2@'.)-+7'�q\' -tC52 H4963' -()
41<-63'D<R'DE-61CF'.2 u -*?BAPCFE-)-6-dTfi) 0 N�dT�7dt�3��HE-<g'.2FN(4163'D2F)�>2-(?BAc+-'.2mq\'.-*CF25416Zr-2F01rR032JC0-*03)T41NR{.E-h
' -*)-63'.>JC52F41A-N*CF'.)�®�E-hUr7r-E-N(> � *� ; �/ ���@� *� ; � � �@� � ��7 ��� ��5T� E7)-+£+4-*' u '.)7032Fh�-('D2FE-)-6�+-E-2@?BA
+4-('vS903AªH412@'.)8C5'�¤K03r7r-N(E-)76 � *� ; �/ *� ; � *� � � +-'.>JC52FE7SPC2-*/gd���-('.>@'U+7'.>@CF2FE-S8C2-*/3' HO <g'.2FN(4163'D2FE-)-6
GIHE-A-2JC�41E-?BA�{.E�+7'.h N*03S�41N('D)��%-*)4-(h«E-h <R'.- 5 � ¹ � �+-()l+-'.)�{.'.-*C2-()8C5'D6322-*'.2@CF'.)�~ -(63)T49N('.)
<R'.-�63'.21-()-61'.2 O )7032F+-)PE-)76��º>.d���-*6-d-�7d *oV»�7d»·8�wd
�b'.2my_032@CF' -(N�+-'.>={.' -tCB41EoGº63'.N H03>@CF'.)�y & �¬N>-('D61C=+-4122-*)|Vk+T49>b+4-('an\AT412F41S8C5'.21-(>JC0-(S�+-'D>¯~6-t]
63)T41N*>.V_Gº2F'.-('.2lfi)-+-E-S8C0-*03)->@{.'.2JG�41N(N=0o+-'D2�x�?BA-0 /3'D2FAT41NtC5'D)|Vs+-'.EoC5N<-*?BA³X:-(2@+|dz�K41>l{.' -tC0-*)PCF'w]
6322-*'.2JC5'U~6-(61)T41N�'D2FNM49E-<7C¯{DX\412«+-41>�'.-()7G�49?BA-'U:§<-N('D>F'D)£+-'D2ajk'.-*C5S903)->JCB41)8C5'vGIHE-2¯+-'.)�:=<o]
G�41N(N�V 2@'.+70o?BA¦<7N(' -*<7C¯E-)P<R'DS�41)-)8CeV�03<£+-'D2«:§<7G�41N(N�'.-()-'Dh Gº2F' -*'.)�fi)-+-E-S8C0-*03)->@{.'.2JG�41N(N_0^+-'.2
' -*)-'.h x_?BA70 /1'.2@AT41N*CF'.)�Gº03N(69CeV^>F0v+T41}[+4-*'bA-03hZ0363'D)-'K�8-()/-('.)P<-2@' -tC5'b)-0^?BA�h9-tCz'.-()-'D2 O )o]
63'.)-41E4-(61S1' -tC\/103)�' -()7'.h��g49SPCF032s�«<g'.N*'.61C7-(>JCed-�bE72F?BA�+4-*'b:=)T49N*¨^>F'b+7'.2z{D' -*C541E7Gº63'DNiH03>JC5'D)
y & ��]W~6-(61)T41N('�-(>JCa+T49A4-()-61'.63'D)¦+4-('¥n\AT412F41S8C5'.21-(>JC0-(SL<g'.>JC0-(hZh«C.d��K4�G HE-2a+4-*'l>@E-<-2549+4-t]
41)8C5'D)��c0^+-'.) � � 9 � � � ��� � ��� � C h�-*C �c² �1V S903)-)8C5'�+T41h�-*CZ+-E-2@?BA³:=E->JX\'D2@CFE-)-6
+-'.>��ª41)763{.'.-*CF/1'.2@AT41N*CF'.)->:-*h�{D' -*C2-()8C5'D6322-*'.2JC5'.)¥y & � +4-('b)/-(?BA8C5>JC52549A-N('D)-+-'�jk'.2JG�41N(N*>F254�C5'
+-'.2\®�03N(4122-*>549C2-(03)vh�-*C � � � ¹ E ¹o� 	�
aGIHE-2\+/-('.>@'§E7)-+l/3'D2F63N*' -*?BA^<-412F'K®�2@03<R'D)�41<-61'.>F?BA�H49C5{wC
X\'D2F+-'D) � � ����ds��-*'.>F'D2 & 'D2@C�-(>JCA-()¡61E7C5'D2 HO <R'D2F'.-()->JC0-(hZhaE-)76¦h9-tC�>Frg'.S8CF2541NK>@?BAT412@Gº'D)
~6-(61)T49C5E72F'.) -*)³y & ��]W~org'.S8C52@'.) <R'.-K632F03}1'.2�jk'.-*CF/1'.2@{8H0363'D2FE-)76�{wX:-(>@?BA-'.) +-'.) :=)72F'w]
63E-)-61>Fr-E-N*>F'D)�� Â (9��dg:=E7?BA,<R'.-¢/1'.2F61N(' -*?BAP<T412=A70o?BA8XY'.2@C2-(63'D);~-`K�¢]W®�2@03<R'D)�-(>JC=+-41A-'.2§+4-('
A-03hZ0363'D)-' �8-()4-*'.)P<-2F'.-*CF'K+-E-2F?BA�+-'D)�>@CF2541A7N('.)7+-'.)�jk'.2JG�41N(NR+-03h�-()4-*'.2@C.d



( ( ���������
	���
������ ����� � ��� � ��� � 	�� � � �"!#��$%�&��� �
	�� � �'� � 	��

�6� 	��
� � ����� '�� �(�$� � �-� �-� ��� � �-)+����������� &,� 
('(��&
& -('D-*h /3012541)-61'.6841)763'.)-'D)¦:=<7>F?BA-)4-tCFC«41)-63'D+-'.EoC5'DC.V'-(>@C¯+4-*'v>@C52F41A-N*'.)-+-'Z��'.<g'.)7>F+T41E7'.2
/301)�:=)-2@'.63E7)-63'.)�S1' -*)-'C-*)8C522-*)->2-*>F?BA-'�x)-(63'D)->F?BA-49G�C=/103)L`K�\V�>F03)7+-'.2§AªH41)-61Cm/301)�>F'.-()-'D2
O hZ63'D<-E-)-6%-()-)-'D2FAT49N(<;+-'.2�®�2F03<g'l49<|d¢Á§'.<g'.)£+-'.2�®�'D22-(0^+4-*{ -*C H49C -()£��`K�\Vª<g' -_+-'.)7'.)
+4-*'a03r7C2-(>F?BA7'.) u 'D>F03)T49)-{.'D) -*)-)-'.2@AT41N*<,+-'.2b/1'.2F>@?BA4-('D+-'.)7'.)�`K�³{.E,/1032J]mE-)7+;29HE-?BSPNM41E^]
Gº'.)7+-'.),¤K03hZrg03)-'.)8CF'.)�-*)-)-'.2@AT41N*<c+-'D2K~^CF2FE-S8CFE-2=>@032F63'D)|Vg+4-(' >2-*?BA�h�-*Cm+-'.2�0K'.03hZ'DCF22-('
'.)8CF>Fr-2@'.?BA-'D)-+-'.)©®�AT41>@'.)
HE-<g'.2@NM4161'.2F)kV >@r4-('DN*CU41E-?BAp+4-('�+4-*'.N('DS8C522-*>F?BA-' O hZ63'D<-E-)-6�' -t]
)-' u 01N(N('9d-:=) 0 2@'.)-{D>F?BA4-*?BA8C5'.),{wX:-(>@?BA-'.)�/1'.2@>F?BA4-*'.+-'D)-'.);��-('DN('DSPCF22-*S94«CF2F'wC5'.)c'.<g'.)7G�49N(N(>
u ' � 'Iµ/-*03)lE7)-+¥�¢2541)->@h9-*>F>1-(03)U41E7GWdP:=EoGº632FE-)7+l+-'D>\A-03A7'.)�q\2@'.?BAPE-)-61>2-()7+-'wµoE-)8C5'D2F>@?BA4-('D+
{DX:-*>F?BA-'D)�+7'.h -§41N(<7N(' -tC5'D2FhU49C5'D22-M49N|E-)-+L+-'D2 �ªEoG�CKA H41)-61'.),+4-*'aS103A H412F'D)PCF'.);03r7C2-(>F?BA7'.)
x)-(63'D)->F?BA-49G�C5'D)C-()7>F<g'.>F01)-+-'.2@' /103)¯+-'.2 u ' � '.S8C2-*/ -*C H49Cª+4-('D>F'D2 0K2F'D)-{ � H41?BA-' E-)-+«+7'.2¢��-(?BS9'
+-'D2s�b'.?BSP>F?BA/-(?BA8Cm41<|Vo+4-('�-()l2@'e41N*'.)�®�2@03<R'D)�>@CF'DC5>z/1032FN>-('D61CedPfi)¥+4-*'.>@'.h :=<->@?BA-)4-*C@CzX:-(2@+
+4-*'K:=<-AªH49)-65-(61S1' -tC�+-'.>�>JC52549A-N('D)-+-'.)�jk'.2JG�41N(N*>\/301)c+-'D2m�b'.?BSP>F?BA4-*?BA8Cb)ªH41A7'.2sE-)8C5'D2F>@E-?BA8Ced
-�-*'.2@<R'.-zX:-(2F+�+4-*'�®�2F03<g'�E-)8C5'.2Z+-'Dh q\2F'wX�>@C5'D2J] & -()-S9'.Nm41)-63'D2F'D61CeV�>@0�+T49}£x)-() � HE->F>@'
+-'D2 u ' � 'Iµ6-(03)�49)°+-'D2 -§41N(<-N*' -tC5'.2
	1��E7G�C 0K2F'.)7{ � H41?BA7' -() +-'.2�®�03N(4122-*>549C2-(03)7>F22-*?BA8C5E-)-6
>F'D)-SP2F'D?BAPCl{.E-2Zx)-()oG�41N(N*>F'.<g'.)7'¥>2-*?BA�<g'.>@03)-+-'D2F>Z>@CB492FS�41E7>@X:-(2@S1'D)|V�X H41A-2F'D)-+ -()�+-'.2[r^]
®�01NM4121-(>54�C0-(01)�+4-*' u ' � 'DSPC2-*/ -*C H49CaE7)-+�+T41h�-*C�+-'.2vx)-() ���},41E7Gm+-'D)�>@C52F41A-N*'.)-+-'D)�jk'.2JG�41N(N
/3'D2F>@?BAPX:-*)-+-'wCed

�§HE-2=+-'.)LfihU4165-()�H412@CF' -(Nª+-'D2b>@CF2541A7N('.)7+-'.);x�)-'.2@65-('D2F'D)-032Fh�-('D2FE-)76�<R'.-(h ~-`K�³h9-tC='.-()-'D2
�b'.?BSP>@?BA4-(?BA8Cb+7'.2m��-(?BS9'�­ / '.2@65-(<oC�>2-(?BAc41N*>s'DQR'.S8C0-t/3'«jk'.2@G�49N(N(>@2549CF'1�

� �� � C � � � � C � � � � ���|?.01>¢��¾�
 ­ /´ � � � ���7dt� �8�

X�H41A-2@'.)-+c+-E-2@?BAc+-'D) u 'e49N*C5'.-(N|'.-()-' x�)-'D2F65-*'D/1'.2F>@?BA4-('D<-E-)-6l<R'D>@C0-*hUh�C3-(>JC,�

	 � � ��� � C � �"� � ���R>2-*)«�º¾�
 ­ /´ � � E ���7dt�e¾P�

�b'.2 u ' � 'Iµ6-(03)->@S10^' �Z{ -*'.)8C -*>@C A4-('D2F<g' -,)4-*?BA8C°)PE-2�/303) +-'.) ��49C5'D22-(41N(rT492541hZ'DCF'.2F)
41<-A�H41)-65-*6-Vb>F01)-+-'.2�41E-?BA±/303) +-'.2�®�01NM4121-(>54�C0-(01)->F21-(?BA8C5E-)76¡+-'.>�' -()oG�41N(N*'.)-+-'D) �8-(?BA8C5>Dd
��41)Z'.)8CF)4-(hZh«C_+-'D)¥�T032FhZ'.N*)|V1+-41}�+/-('�hl4 µ/-*hl49N('sjk'D2@G�41N*N(>@2549CF'z<R'.-�­ / � 0�´ � �bh�-*C 0
6841)7{.{e49A-N<-*6K41E7G�CF22-*C@CeV9h9-*)4-(hU41N('_<g' -�­ / � ��� 0 � � �@´ � ¾7d3�K4+-()[+4-*'�¤K03r-r-N*E-)-63>@S103)->JCB41)^]
C5'���� � C � ( � / �

��¹8� ( �a+7'.2 HO <R'D2FN(41r-r¦+-'D2 & '.N*N('.)oGºE-)-S8C0-*03)-'.);/303)�x�N*'.S8C52@03)¦E-)-+���0^?BA
' -*)-63'DA-'.)cE-)-+ -�d 4od-G HE-2�2F'e49N('�`K��'D)-+-N<-*?BA-'.2§q\2@' -*CF' ( � ��
/ �

��¹8� ( � � ( � / �
��¹3� ( � � ( � M 
/ �

��¹8� ( �
>@CF'.N*N*C¯+-'.2¯C5A-'D032F'wC0-*>F?BA-' & '.2JC�/103) ��� � C
� ¹ E ¹o�e¾ 	�
�GIHE-2¯+T41> -(+-'.41N('U�1�§]W~^¨^>@C5'Dh¼' -()7'03<g'.2@'�0K2F'D)-{.'KG HE-2m`K��+T412Dd
fi)���-*6-d7�od*�3�K>1-()-+�<g'.2@'.?BA-)7'DC5' E-)7+�'IµorR'D22-(hZ'.)8CF'.N(N*'={D' -*C2-()8C5'D6322-*'.2JC5'§y & ��]J~ -(63)T49N('§GBHE72
{DXY' -§/3'.2@>F?BA4-*'.+-'D) ~7` � +T412F61'.>@CF'.N*N*Ced_fih x¶µ7rg'.21-(hZ'.)8ClX:-*2F+³+-41>�41<-61'.<g'.E-61CF'L~6-*63)T41N
A4-*'.2F<g' -¢+-E-2@?BAL' -()7'.),NM49)-63>549hU'D)�®�A-01CF0o+-'wC5'DSPCF032K41Eo�T)8C5'.6122-('D2@C.d|q\'.-¶:=)72F'.61E-)-6�E-)8C5'D2




 ��� ���
�'	 � ��� 	��&�&	���� � � � !#��	�� ( *

10-3

10-2

10-1

100

Experiment
d1=0.53λ

N
or

m
al

iz
ed

�
T

I-
D

F
W

M
-S

ig
na

l

Experiment
d1=0.33λ

0 5 10 15 20

10-3

10-2

10-1

100

N
or

m
al

iz
ed

T
I-

D
F

W
M

-S
ig

na
l

Theory
d1=0.53λ

Time�Delay�(ps)
0 5 10 15 20

Time�Delay�(ps)

Theory
d1=0.33λ

:=<-</-(N(+7E-)-6K�7dt�3��� 0 'DhU'D>F>@'.)-'D> E7)-+v<R'D2F'.?BA7)-'DCF'.> {.' -tC0-*)PCF'.6321-('D2@C5'D>�y & ��]J~6-*63)T41N6-() u 'w]
� 'wµ6-*03)->F61'.03hZ'DCF22-(' '.-()-'D>=~7` ��h�-*Cm­ / � ¹ E À1�8´�V���� � ¹ E ¹+*1	�
 � ¹ E �1Â 0 � � E-)7+�' -*)-'.>~-`K�ch�-*C�­ / � ¹ E �3�8´ � ��� � ¹ E �3� 	�
 � ¹ E ¾PÀ 0 � � GIHE-2�:§)-2F'D63E-)-6=E-)8C5'.2¶+-'.h±q\2@'DX�>@CF'.2W]& -()-S9'.N6-()aro]i®�03N(4122-*>549C2-(03)7>F22-*?BA8C5E-)-6a��+-E72F?BA-63'D{.0361'.)���E-)-+[>W]W®¢03NM4121-(>F49C0-*03)¥�º63'.>JC521-(?BA-'DN*CI�



(3· ���������
	���
������ ����� � ��� � ��� � 	�� � � �"!#��$%�&��� �
	�� � �'� � 	��

1,524 1,525

0,0

0,2

0,4

0,6

0,8

1,0

T
he

or
y

E
xp

er
im

en
t

d1�=�0.33�λd1�=�0.53�λ

N
or

m
al

iz
ed

S
R

-D
F

W
M

-S
ig

na
l

1,532 1,533
Energy�(eV)

-0,017 -0,016
0,0

0,2

0,4

0,6

0,8

1,0

N
or

m
al

iz
ed

S
R

-D
F

W
M

-S
ig

na
l

(E�-�EGap)�(eV)

-0,017 -0,016

:=<7<4-(N*+-E-)-6p�7d*� � � 0K'.hZ'.>@>F'D)-'�E-)-+�<g'.2@'.?BA-)-'wC5'�y & ��]J~org'.S8C52@'.) <g' -P5 � ¹�� �¦' -t]
)-'D>�~-`K� h9-tC;­ / � ¹ E À1�8´ V ��� � ¹ E ¹+*1	�
 � ¹ E �1Â 0 � � E-)-+ ' -*)-'.>£~-`K� h�-*C
­ / � ¹ E �3�8´�V ��� � ¹ E �1� 	�
 � ¹ E ¾PÀ 0 � � GBHE72=:=)72F'.61E-)-6�E-)8C5'D2b+-'Dh qY2F'DX�>JC5'D2J] & -*)-S1'DN
-()�ro]i®�03N(4122-*>549C2-(03)7>F22-*?BA8C5E-)-6���+-E-2@?BA-63'D{.0363'D)��sE-)-+�>W]W®¢03NM4121-(>F49C0-*03)L��61'.>@CF22-*?BA-'.NtCI�




 ��� ���
�'	 � ��� 	��&�&	���� � � � !#��	�� (1Â

0 5 10 15 20 25 30 35

10-3

10-2

10-1

100

N
or

m
al

iz
ed

T
I-

D
F

W
M

-S
ig

na
l

Time�Delay�(ps)
0 5 10 15 20 25 30 35

10-3

10-2

10-1

100

N
or

m
al

iz
ed

T
I-

D
F

W
M

-S
ig

na
l

Time�Delay�(ps)

1,522 1,523 1,524
0,0

0,2

0,4

0,6

0,8

1,0

N
or

m
al

iz
ed

S
R

-D
F

W
M

-S
ig

na
l

Energy�(eV)
-0,019 -0,018 -0,017 -0,016 -0,015

0,0

0,2

0,4

0,6

0,8

1,0

N
or

m
al

iz
ed

S
R

-D
F

W
M

-S
ig

na
l

(E-EGap)�(eV)

:=<-</-(N(+7E-)-6��7dt� � �|61'.hZ'.>F>@'.)-'D>�E7)-+�<72F'.?BA7)-'DCF'.>¯{.' -tC0-*)PCF'.6321-('D2@C5'D>by & ��]W~6-(61)T41N�VR>F0 X:-('
~org'.S8C52@'.)v<R'.-�5 � ��� ��'.-()-'D2�q\25496369]J~PC52FE7SPCFE-2�h�-*C¶½ � � ¹7V'��� � ¹ E � � 	�
 � ¹ E À1¹ 0 � �<R'.-�:§)-2F'D63E-)-6�E7)PCF'.2b+7'.h q\2F'wX�>@C5'D2J] & -()-S9'.N�-*)�ro]i®�03N(4122-*>549C2-(03)£��+-E72F?BA-63'D{.0361'.)��§E7)-+
>J]i®�03N(4122-*>549C2-(03)L�º63'.>JC521-(?BA-'DN*CI�

+-'.h�q\2@'DX�>@CF'.2W] & -()7S1'.Nk'.2F61'.<g'.)�>2-*?BA�>2-*63)4-*�-S949)PCF' O )PCF'.2@>F?BA4-*'.+-'+-*)¥+-'.)�:§<7G�41N*N(>F{D' -tC5'.)
+-'.>�~6-*63)T41N*> -*) :=<-AªH49)-65-(61S1' -tC�/303) +-'D2�®�03N(4122-*>549C2-(03)->@22-*?BAPCFE-)-6-d�q\'.-�­ / � ¹ E À1�8´
GIHE-A-2JCb+4-*' u ' � 'Iµ6-(03),49)�+-'.2�-=41N*<-N('.-*CF'.2 	9�ªEoG�C 0K2F'D)-{ � H41?BA-'a{DE�' -*)-'.2my_'.2F>JC H412@SPE-)-6�+-'D>
>@CF2541A-N*'.)-+7'.)Ujk'.2JG�41N(N*>.V�>F0 +T41}K+T49> ~6-(63)-41N/-*)[>J]W®¢03NM4922-(>F49C0-*03)«>@?BA-)-'DN(N('D2_41<7G@H41N*N*C�41N(>�-*)a+-'D2
ro]W®¢03NM4922-(>F49C0-*03)|V3<g' -g+-'D2\+-'D2zx)-() � E-}«+-'D2z�b'D?BS^>@?BA4-(?BA8Cm'.)8C@G@H41N(NtCedP��-('�{wX\'.-*C5'b®_2@03<g'=h�-*C
­ / � ¹ E �3�8´;{D' -*61C+-()Lx)-*)-SPNM41)-6�h�-*C 0 N�d����7dt� ���§E-hZ63'.S9'.A-2JC5'D>¯y_'D2FAT41NtC5'D)|d|��-*'a>@C5412FS9'
� <R'D2 � H41?BA7'.)-2@' � 'Iµ/-*03) -*)±+7'.2;>J]W®¢03NM4922-(>F49C0-*03) GIHE-A-2JC;A4-('D2;{DE '.-()-'Dh /3'D2FNM49)-63>549h«C5'D)
:=<7G�49N(Nk+7'.>=~6-(63)-41N(> -*h�y_'D2F63N*' -(?BA�{DE-2�ro]W®¢03NM4121-(>F49C0-*03)|d
Á§'D<R'D)�+-'.)�x�QR'.S8CF'.),+-E-2@?BA,+4-('��b'.?BSP>@?BA4-(?BA8CbX:-*2F+�A/-('.2m+-'D2bx)-() � E-}l+-'D2 O )-032F+7)^E7)-6
-()�+-'D)�®�2F03<g'.)c>2-*?BAPCF<T412DdR�b'D2�NM41)-61' HO <R'D2F6849)-63>F<g'.2@' -*?BA�<g' -ªSPN(' -*)-'.2§jk'.-*CF/1'.2@{8H0363'D2FE-)76
{DX:-*>F?BA-'D);+7'.)L:=)-2@'.63E7)-63>Fr7E-N(>@'.)L<R'.-(h ­ / � ¹ E À1�3´-]W` � -(>JC 41E7G_+4-*'a63'D22-()763'C-*)-A-03hZ09]
63'.)7'Kq\2F'.-*CF'=/303) ��� � ¹ E ¹+*1	�
gVo+/-('b49E->�®�A-01C501N(E-h�-()-'D>F{D'.)-{D>Frg'.S8C52@'.)�<R'DS�41)-)8C:-(>JCeV/-*h
y_'.2@63N('.-(?BAZ{.E-2 A-03hZ0363'D)-'.) 0 'D>541h�CF/3'D2F<-2@' -tC5'.2@E-)-6�{.E-2 HE-?BSP{.E7G HE-A72F'.)kV7X:-('�>F?BA703)�-()Z��-*6-d
�7d»·1<v<R'D03<T41?BA8C5'wCedP�K4161'.63'D)Z{D' -*61C_+4-('�®�2@03<R'�h�-*C�­ / � ¹ E �3�3´l41E7Gº632@E-)-+D-(A72F'.2�612 H03}3'D2F'D)
-()-A703hU0163'.)-'D)�q\2@' -*CF'=/301) ��� � ¹ E �3� 	�
�-()->JCB41)8C541)�' -*)-'.)�r-A701C503)7'.?BA-08492@C0-*63'.)�:§<7G�41N(N�d
��-(' x�)-'.2@65-('w/3'D2F>F?BA/-('.<7E-)-6 GIHE-2 +4-(' /3'D2F>F?BA/-('.+7'.)-'D) ®�2F01<R'D) E-)-+ ®¢03NM4922-(>F49C0-�]



*1¹ ���������
	���
������ ����� � ��� � ��� � 	�� � � �"!#��$%�&��� �
	�� � �'� � 	��

03)->@22-*?BAPCFE-)-63'D) XY'.2@+-'.) -() +-'D) y & ��]J~^rR'DSPCF2F'D) +-'DE7C5N>-(?BA ����-*6-d³�od*� �1�wd³��-*'.>@'
'.2@63'.<g'.) >2-*?BA +7E-2F?BA �T03E-22-*'.2W]i�¢2541)->JGº032FhU49C2-(03) +-'.> {.'.-*CB49E7Gº63'.N H03>@CF'.) ~6-*63)T41N*>.V
$R� � � � � ­���$>A¶� � � 5T� ��� �¢� � � � �@�wd���-(' +-E-2@?BA 0KN�d£���od*�e¾8��/3012FA-'D2F63'D>54161CF'.)�x�)-'.2W]
65-*'D/3'D2F>@?BA4-('D<-E-)-63'D)©>1-()-+p>F'.A72�S^N*' -*)³E-)-+¡N>-('.61'.)³)T49A�41h :§E � H03>@E-)-63>J/3'D2Fh�H0363'.)�+-'D>
~org'.S8C52@03hZ'DC5'D2F>Dd¶�b'D2¯y_'D2F63N*' -(?BA;h�-*C +-'D)£C5A-'D032F'wC0-*>F?BA-'D)�~org'.S8C52@'.)¦{D' -(69C32@'D+-0o?BAkV¢+-41}
+4-*'�y_'D2F>@?BA4-('D<-E-)-6;/303) 	 � � ¹ E ¹1¹8À1	�
¦<g' -�­ / � ¹ E À9�8´�E-)-+ 	 � � ¹ E ¹3¹3Â�	�
¦<g' -
­ / � ¹ E �3�8´p+7'.2l~orR'DS8C52F'D) -()�>J]i®�03N(4122-*>549C2-(03)�61'.63'D) HE-<g'.2l+7'.2Zro]W®¢03NM4121-(>F49C0-*03) -()�+4-*'
22-*?BA8C0-(61' u -*?BAPCFE-)-6v'.2JGº03N(61'.)|d
��-('«:=2F61E-hU'D)8C5'[G HE-2 +-'.)£~-`K�¡63'.NtC5'D);�PET49N<-*C549C0-t/c41E-?BALG HE-2 +4-('[>@E-rR'D2F2F41+4-M49)PCF'U�c0o+7'
+-'D2�q\2F416369]W~^C52@E-S8C5E-2Dd��bE-2F?BA©+4-(';½�] G�41?BA-'�>@CF2541A-N*'.)-+7';y_'D2F<-2@' -*CF'.2@E-)-6�'.2@G�49A-2F'D)°+4-*'
x�Qk'DS8C5' 2@'D+-0o?BA,'.-()-' y_'.2@>@C H412FSPE-)-67d|��-*6-dg�7d*�e�U{.'.-(61C='wµorg'.22-*hU'D)8C5'.N*N(' E-)-+�CFA-'.012F'DC2-(>@?BA-'
{.'.-*C2-()8C5'D6322-*'.2@CF'bE-)-+�>@rR'DSPCF2541Nª49E-63'.N H03>@CF'by & ��]W~6-(61)T41N('mGIHE-2s' -*)-' q\2F416369]W~^C52@E-S8C5E-2sh�-*C
½ � � ¹7dg��-('¯��-(?BS9'«+-'D2K�b'.?BSP>@?BA4-(?BA8C <g'DC52eH4161C§A4-('D2=­ / � ¹ E �9¾P´�dR��-*'�{D' -tC0-()8CF'.6321-('.2JC5'D)
~6-*63)T41N*' -()¡+7'.2�ro]i®�03N(4122-*>549C2-(03)�{.'.-(63'D) +7'.)�>F?BA-01) -*)���-(6-dY�7d»·34¦{.E�<g'.03<-41?BA8C5'.)7+-'.)
E-)-012F+-)PE-)-61>2-()7+-E-{ -*'.2JC5'.)�jRXY' -*>@CFE7Gº'.)T49<7G�41N(N=� ��� � ¹ E � �1	�
;®�A-01CF03N(E7h9-*)-'.>@{.'.)7{.N<-*)4-('D)o]
<-2@' -*CF' �Id
Á§'D<R'D)«+-'D2 O )-032@+-)PE-)-6§X:-*2FS8C¢>2-*?BA«A4-*'.2¢41E-?BA�' -()7'Y63'D22-*)-63'�y_'.2@>@C2-(hZhaE-)-6�+-'D2�~^CF2FE-S8CFE-2
63'D63'.)v+4-*'sq\25496369]WqY'.+4-*)-63E-)-6b41E7Gº632@E-)-+[+-'D>�'.)-+-N>-(?BA-'D) & -()-S9'.N(>�41E->m�¿¾+(7V+*1À���d1�b'.E7CFN<-*?BA
-(>JCb+4-*'a¤K0^'wµ6-(>JC5'.)7{�/301),>FE-rg'.2@2541+4-(41)8C5'Dh jkE->JCB41)7+,E-)-+,>FE7<-2541+/-M41)8C5'D);�c0^+-'.),{DE�'.2W]
S1'D)-)-'D)|dT�b'.2Yx)-() � E-}a+-'D2 u ' � 'Iµ/-*03)�41)l+-'.2 -=41N*<-N('.-*C5'D2 	1��E7G�C40K2F'D)-{.>@?BA4-(?BA8CsGBHE-A72@CzA/-('.2
-()�+7'.2s>J]i®�03N(4122-*>549C2-(03)U{.E��PET41N>-*CB4�C0-*/vE7)PCF'.2@>F?BA4-*'.+-N>-(?BA-'Dh y_'.2@AT41N*CF'.)|d7�K4[41E7Gº632@E-)-+�+-'D2
632@03}3'.) u ' � 'DS8C0-*/ -tC H49CZ+-'D2 0K2F'D)-{.>@?BA4-(?BA8C9-()�+4-*'.>F'D2Z®�03N(4122-*>549C2-(03)->@22-*?BAPCFE-)-6,'.-()�A-03A-'D2
:=)8CF' -(Ng+-'D2s�T'.N(+7'.2 h9-tC\'.-()-'D2\+-'D2\03r7C2-(>@?BA-'.) & '.63N H41)-63'=­ / '.)8C5>@r-2F'D?BA-'.)7+-'.)�®_A-41>F'=/103))T41A7'.{.E 
 -()�+4-('l~^C52@E-S8C5E-2«{.E-29HE-?BSP63'.S903r-rg'.N*C«X:-(2F+kV�S�41)-)�+-'.2�>FE-rg'.2@2541+/-M41)8C5'¥jk'.2JG�41N(N
+-E-2@?BA +-'.>JC52FE7SPC2-*/1'�fi)8CF'.2@Gº'D2F'D)-{�)T41?BA-AT49N*C0-*6³E-)8C5'D2F+-29HE-?BS8C�XY'.2@+-'.)kd �K4163'.61'.)�{.'.-(63'D)
>2-*?BA S949E-h O )8C5'.2@>F?BA4-*'.+-'�+-'D2L®�03N(4122-*>549C2-(03)7>F22-*?BA8C5E-)-61'.) -*h �ª41)-61{.' -tCF/1'.2FA-41N*CF'.)|V§+T4
+-'D2Z>JC52F41A-N('D)-+-'�:§)PCF' -*Ns{.E-h"�b'Dr-AT41>1-('D2F'.)�<g' -z+-'D)�>@E-<-2F41+4-M49)PCF'.)p�c0^+-'.)�' -*)-'�'.A-'D2
E-)8C5'D2F63'D032F+7)-'DCF' u 03N(N*'b>Fr/-('.NtCed
��-('�fi)8CF'.2Fr72F'DC549C0-*03)�+-'.2Z{.'.-*C2-()8C5'D6322-*'.2@CF'.)�~6-*63)T41N*'l�T)-+-'wC�-(A-2@'cx�)8C5>@r-2F'D?BAPE-)-6 -*)�+7'.)
y & ��]J~org'.S8C52@'.)|dk��-('D>F'¯{.' -*63'.)c>Frg'.S8C52F41N¢>F?BAT412JGº'1V+2@'.+-0^?BA�+-03h�-()-41)8C�-*)-A-03hZ0363'D)�/1'.2W]
<-2@' -*CF'.2JC5'«~6-(63)-49C5E-2@'.)c+-'.2m>FE-<72541+4-(41)8C5'D)L�c0^+-'.)�-*)c<g' -*+-'.)�®�03N(4122-*>549C2-(03)7>F22-*?BA8C5E-)-61'.)|d
�b'.h���-(rA-() u ' � 'Iµ/-*03)->@63'.03hZ'DCF22-*'K'.)8C5>@r-22-*?BAPC§A4-*'.2F<g' -�'.-()c®�'.41SA-()�+-'D2m�¢2549)->Fh�-(>@>2-(01)
�¸Â+*���d[fi) +-'D2�r^]W®�01NM4121-(>54�C0-(01) -(>@C�'.-() >Frg'.S8C52F41N�<-2F'.-*CF'.2 O )8C5'D2F632@E-)-+�>1-(?BA8C5<-412.Vv+-'D2
41E7Gº612FE-)-+�+7'.2zy_'.2@>@C2-(hZhaE-)-6¥��­ � ¹ E ¾3Â8´R�B-()->@<R'D>F03)7+-'.2@'�49E7G¢+-'.2z)/-('.+7'.2F'D)-'.2@63'DC2-(>@?BA-'.)
~o'.-*C5'K+7'.>§~org'.S8C52@E-hU>�<g' -tC52 H4961Ced7��-('.>@'.2z/1'.2F>@?BA8X:-()-+-'wC�-*)�+7'.2s>J]i®�03N(4122-*>549C2-(03)UX�H41A-2F'D)-+
+4-*'K>FE-<-2F41+4-(41)8C5'.)cq\'.-*C52 H4163'K'D2FAT41NtC5'D)�<7N(' -*<R'D)|d



� ��� ����$�� 	


 � ��
�� ��� � � ��� ����
���
¦$������ ������
¦$��

�ª416,-()¦+7'.)�/3032F41)-63'D6841)-61'.)-'D)�:§<->F?BA7)4-*C@C5'.)�N('D+4-(61N<-(?BA�' -*)-'���-(hZ'.)7>2-(01)->F2@'.+-E-{.-('D2FE-)-6
G HE-2«+-41>a�ª41+-E7)-63>@CF2 H4161'.2F>J¨^>@C5'Dh¬/3012.V¶>@0�XY'.2F+7'.) -()�+4-('D>F'.h�¤ 41r4-tC5'.N +4-*'¥¤K03)->@'.�PE-'.)^]
{.'D)p' -*)-'.2Z��-*hU'D)->2-*03)->F2@'.+-E7{ -('D2FE-)76LGBHE72Z+-41>l�8-*?BAPC@Gº'.N*+ -*)�:§)8X\'D>F'.)7A-' -tCl/301) O )7032F+o]
)PE-)-6[E-)8C5'D2F>@E-?BA8Ced��bE-2@?BA¥A-0^?BA-2F' � '.S8C0-t/3'¯~or/-('.61'.N�V^+4-*'b41E->\41N*CF'.2@)4-('D2F'.)7+-'.) -§41N(<7N(' -tC5'D2J]
>F?BA4-*?BA8C5'.)�E-)8C5'D2F>F?BA/-('.+7N<-(?BA7'.2¯q\2F'D?BAPE-)-63>1-()-+4-*{.'D>¯<g'.>JC5'DA-'.)|Vª+-'D2F'D)£��-*?BS1'[' -*)-'.2b/ -*'.2@CF'.N
& 'DN(N*'.)-N H41)-63'¥+7'.2Zx¶µ7{.-*CF03)-2F'D>F03)-41)-{ -*)�+-'.2v'.)8CF>Fr-2@'.?BA-'D)-+-'.)©~o?BA/-(?BA8Cl<g'DCF2 H4169C����Kq u
��-(>JC522-*<-E7CF'.+,q\2F416369] u ' � '.?wC50325�wVgX\'D2F+-'D)�+4-*'v�c0^+-'.)L+-'D>K03r7C2-(>F?BA7'.)���'DN(+-'D>�-()7)-'.2@AT41N(<
+-'.> u '.>@03)T49CF032F>C-() & 41?BA->JC5E-hZ>F21-(?BA8C5E-)76��PET41)8C2-(>2-*'.2JCed¢fi)�+7'.2 u -(?BA8C5E7)-6,+-'.2[~o?BA4-(?BA^]
C5'D<R'D)-'.)�+T4161'.63'D)�N>-('D61C\XY' -tC5'.2@A4-()�'.-()�¤K03)8C0-*)PE-E-h /303)cjkE->JC H41)-+7'.)�{.E�2@'.+7'.2m�c0^+-'+-()
& 49?BA->@CFE-hU>@22-*?BAPCFE-)-6¥/1032.VR+-'.2@'.)L>Frg'.S8C52F41N('«�ª4163'«+7E-2F?BAL+4-*'a��-(>@rR'D2F>1-(03)c+-'.> u '.>@03)T4�]
C5032@>[63'.61'.<g'.) -(>JCed��bE-2@?BA�+4-('¥61'.22-*)-63'D)�:§<-hZ'.>F>@E-)-63'D)�Ci¨^r4-*>F?BA-'D2¥��-(SP2F032@'.>@03)T49CF032F'D)
��>Dd�� -(6-dR¾-d*� �+-*)�+7'.2 0 2eH03}3'D)-032F+7)^E7)-6�+-'D2 u '.>@03)T41)7{DXY'.N(N*'.)-N H41)-63'v>1-()-+;+4-('U�c0^+-'D) -()
& 49?BA->@CFE-hU>@22-*?BAPCFE-)-6L'.)7'.2F61'DC0-*>F?BA�>@C5412FS�>F'.r-4122-*'.2@C.V¶>@0;+-41},+-'.2 u 'D>F03)T4�C5032=-*h >@rR'DS3]
C52F41N('D)lq\'D2F'.-(?BA¥E-h +-41>zx¶µo{ -tC503)U<R'D{7HE-63N>-(?BAZ+4-('D>F'D2 u -(?BA8C5E-)76a41N*> '.-()-hZ0^+4-(6 <g'DC52F41?BA8C5'wC
X\'D2F+-'D)�S�41)-)kd
fi>@C['.-()�`K�°'.-()-61'.>F?BA7N(03>@>F'.) -*)¦' -*)-'.h¬�%-*S^2@032F'D>F03)-49C5032DV�>@0�GIHE-A-2JCa+4-*'¥�8-(?BA8C@]W��49CF'.22-*'w]
& 'D?BA->F'DN*X:-*2FSPE-)-6[{DE�' -()7'.2s��-(>F?BAPE-)76Z+7'.2sjkE7>@C H49)-+-'=/103)�x¶µ7{.-*CF03)�E-)-+ u '.>@03)T49CF032FhZ09]
+-'1dR��-('«`bET41>1-*C5'.-(N*?BA-'.)c+-'.>§63'.S903r-rg'.N*CF'.);~^¨^>JC5'.hZ>b49N(>§�'-*)-'e492FS101ha<4-()-49C0-*03)c+7'.2=E7)-63'w]
S103r7rR'DN*C5'D)LjkE->JC H41)-+7'«X\'D2F+-'D)L®�03N(4122-tC503)7'.)�61'.)T41)7)PC.dk��-*'�01r7C0-*>F?BA-'D);~orR'DS8C52F'D),{.'.-(63'D)
' -*)-'\:§E7Gº>FrT49N*C5E7)-6�-()«{DXY' -T®¢03NM4121-*CF03)-{DXY' -*63'1V G�41N*N(>¢+4-('\¤K03r-r-N*E-)-6=+/-('z��'D<R'D)->F+T49E-'.2�/103)
x¶µ7{.-*CF03)[E-)-+ u '.>@03)T49CF032FhZ0o+7'«HE-<g'.2@>@C5'.-(61C�� u '.65-*hU' >@C5412FS9'.2_¤K03r-r-N*E-)-6P�Id9fi>JC_+4-('D>�)4-*?BAPC
+-'.2���41N(N�VR>@0�'D2F>F?BA7' -()8C«)^E72¯'.-()-' u '.>F01)T41)-{�-(h¼~^rR'DSPCF2FE-h�dªx¶µo{ -*CF03)£E7)-+ u '.>@03)T49CF032J]
hU0^+-'mS H03)-)-'D)�)-0o?BA¥41N(>Y63E7C5'=x)-(63'D)-{.E->JC H41)7+-'K41)-61'.>F'DA-'.)�XY'.2@+-'.);� u 'D65-(hZ'§>@?BA8Xz41?BA7'.2
¤K03r-r-N*E-)-6P�Idz�K41>�¤K03)-{D'.r7C�+-'D>�®¢03NM4922-*CF03)->�-*>@C�>@?BA-03)�/303h y_01N(E-hZ'.)-A-41N(<-N*' -tC5'.2ZA-'D2
<R'DS�41)-)8Cv� �1ÂoVRÂ3·^VRÂ1Â9�¢E-)-+�X�E-2@+-'«{DE-2=:§)8X\'D)-+-E-)-6�49E7G `K� -*),�%-*S^2@032F'D>F03)-49C5032@'.)c'.2J]
X\'.-*CF'.2@C«� ÀoV|� ¹1¹oV�� ¹7�9V�� ¹8� ��d
fi)�+-'.)�'D2F>@CF'.)�:=)7> H49CF{.'.)�{.E72«C5A-'D032F'wC0-*>F?BA-'D)pq\'D>F?BA-2@' -*<-E-)-6L+-'D>vxB-*) � E->@>F'D>v/103) O )o]
032F+7)^E7)-6v41E7G�+/-('=01r7C0-*>F?BA-'D)�xB-*63'.)7>F?BAT49G�CF'.)�/301)��%-(SP2F012F'.>@03)T49CF032F'D)lX:-(2@+¥+T41>zx�µo{.-*C501)

*o�



*3� � � �����
	���� ����� �3� � � ��� � ��� � �'� � �3� 	�� � ����� ��� 	��

aktive Schicht

Resonator

Spiegel

Spiegel

Substrat

�������	��
���
�������������������� �"!#�	$%�����'&(�*)%$%!#�+�	����
��,�+��
��+$ -.��/0)%1�)#��$#1�
��"!21�)%$3�4��!4&(5768��
�
�+��
��+�:9<;=�*��$>1�?�!#�	$#���@�*/A!#��B����C-.�+
��	���

�	�EDF
�1�)%
�
G��
���$%?H1*!#�+
A!2�	�*�H�*�	$I�+��
 ��
���1��41�����
4B*�+)#��)#�+��!2��)%!2��$>JK
�$#���L�����MB�1*
N1�?�!#�	$#�����+
ODM�P�+)%� O�*
��*�+
L�P��!#)2�*���A!2�Q!MRS�UT�V�W0�XT*�ZY[�"&\�	��$]�+
A!#$#?�)%�	���A!K
����_^()#��
�`�ab�*���G��)#1�c*�+)ed(1�)%)#���f�"!#��g1�
�$%� O�*
����\
���$hDM
�1�)%
�
G��
���$%?H1"!2�+
A!#�f�*��$i�	�EjI�+)%���	���	���k`+���l571���)mgn6F�*
�����$7
��+$hJ]o�`+��!#1�
�$�W
���)F���	�+)h$%����1�
p���:qr��$#�*�4�3��
��s�*
��t�4��!>jMuv-w�*
p-'9(;=
��	$%/0��!2�	��)%!hxh��)%
��Nyz$+�{d<�*?|�} �~V�WKV�� }�� �K&\�	�@�0!#)#������
���
��+$4J]o�`+��!21�
�$�WI
|�~�r�K
��+)457)%������
��+)t��)#�*
�$%�f�"!#�	1�
�$%�	
AB"�*)#�	�*
�`�	
t
���)i9(;�g�JK�H��
��>xh�	)#
4�����+)#�P�+��B*�+)%
s�*����� O�*$#$%�	�*!+��J]o�?P�+)#���3��
A!2�+���s�H��1��s�*���A!#��!2�"W�`��+��!��*��afg����� O1�$m!2�*W��	��
��U�*)%�,������
s�*����R��XTA��Y\/*1�
�
A!#�+
��3��!N
����+$#��� -.10
����	����
��	��)%�+� ����ab�"�	����
�
� $#`��	�	�	�"!2��1�
�$mB��+)%�s�*��!2�+
 �+)%az1*�	��)%�+�	�����P�+$%����)#���+�P�+
.x��+)%
��+
r�-.1*!#��B0�	��)%!>
���)#���.
��	�(���"!2$#�*�����"WP
��*c3
��	�<� O�*
�����
�$#/Z�*�	��
��+)M-.��!#!2���	��
����+�	
��+$h�G�s�*
A!2��
�g�4�+���s�*
��	$#�����+
������	�	�����+
�$�
���)4-p�*$%$#��� ��
��+��
��+��DM
�1�)%
�
G��
���$%?H1"!2�+
A!#�f�*�i�4��!L;]�	��/Ag!2���"!2��1�
��+
��*��aF�+��
�����/Z�*�	�p���3��!�$%�+�	
��+)t&\�N5�)#1������	��g�u��+�	���+
�� O�*
����3�{����� ��¡G¢ } �k�B���)#/G
 O��?�a£!e�	$m!UW+xh��)#
���B��+)%�L��!#��!UW�
s�"cM��
�-@�	/G)#1�)%�+$%1�
s�"!#1�)#��
L-.��!#!#�+�	��
���$#�Q¤r��/A!2���	
¥��
s�Zg�	1*���	�¥`+��)<DF
�1�)%
�
G��
���$%�3��!#!2���	��
��N
���)%����
��	��6h�+�	�"!2��B��P��x��+�*��
��k
���$<Jeo�`���!21*
�$<�*��a£!#)#�Qg!2��
�R¦V���W|V�§�W|VA¨XY[��©F�	��)#�P�+��xh��)#
pa O��)\
��	�LªI��1*!21�
��+
,�	�C6h�+$#1*
s�"!21*)\
��+)<� O�*
�����«K¬<�+�	
��?s�*)#�*�P1��	��$#�����­&\�	$%?H��)#$#��1�
'�"
����+
�1��3�4�+
rWH® y°¯ �i±C² yX³�´µ*¶ � ³]· ¯ ³\¸ ³�´µ*¶ · µ ¬¹ ´ ¯ ³ WH�4��!
���)#�+
L©M�	��az�K�+��
����Q¤r��/A!2��B*�>-p�"$#$#��
��+�ºªK��1*!#1�
����	
�����¤H�+/A!#��B��i-p�*$%$#�7`�������1�)#
�
���!]xh��)#
|�����$\
��+
»�Q¤r��/A!2��B*�+
�-p�*$%$#��
,B*1�
,ªK��1*!#1�
»��
�
,J]o�`+��!21�
»��)#������!�$%�	���»
s�"
�
»�+��
��Lª�1��f�Zg)#��!21�
�� �*$%$#�"We
��	�k
���)#����
��	�@57���	�4�	$#���G��
���
��+$3ªI��1*!21�
�$4���¼jI��)#�����+�	���=`���� J]o�`���!#1�
)#��
���`��	�+)m!t�	$m!U��&\�	�N?s�")2�*�P1��	��$#����� ½ O�*���+)#��
��,�	$%!h¾%�+
�10���=
G��)����¿¯ �ÀT'� O����!2����W�x71Zg����
����+�*�+
Á�P�+�I
���)L�G!2)#������
��'�*� DM
�1*)#
�
G��
��*$#?P1*!2��
G!#�f�*�I��1*��� Â��4?�����$ O���P�+)m!2) O�"���t�+�	
��



*9�

u 01N(N('�>@r4-('DN('.)lS H01)-)-'.)kd-�K41>z�c0o+7'.N(N*>@¨^>@CF'.h +-'.>7-(+-'.41N('D) u 'D>F03)-49C5032@>\h�-*CYr-A H41)703hU'D)-09]
N(036;-(>F?BA7'.2_®�A-01CF03)-'.)7N('.<g'.)7>F+T41E7'.2\E7)-+lrT492541<g03N<-*>F?BA-'D2 ��-(>Frg'.2@>2-*03)[X:-(2F+Z+-'D2 S903hZr-N('Iµ7'D)
�c0^+-'.)->JC52@E-S8C5E-2m2F'.41N('D2m�%-(SP2F012F'.>@03)T49CF032F'D)c)/-(?BA8Cm63'.2@'.?BA8Ced
x�>«X�E-2F+7'.)��8-()4-*'.)P<-2F'.-*CF'.)£GBHE-2«A-0o?BA^]KE-)-+�)4-*'.+-'D2F'D)-'.2@63'DC2-(>F?BA7'.>v®�01NM4121-*C501)�/3012FA-'D2F63'I]
>54169CeV|+4-*'aE-)8C5'D2 +-'.2¯�8-()4-*'.)P<-2@' -*CF'aN<-*'.63'D)|Vk+/-('a'.-()-'v¤K03)8/301N(E7C2-(03),'.-()-'D2 �ª012F'.)8CF{w]W�8-*)4-('
+-'.2 u '.>@03)T49CF032FN>-()4-*'.)P<-2@' -*CF'Uh�-*C«' -*)-'.2%0 41E-}3SPE-2J/3'�+-'D2=-()-A703hU0163'.)-'D)¦y_'.2@<-2F'.-*C5'D2FE-)76
'.2@63'.<g'.)|d-��-('.>@'.2sx�QR'.S8CsX�E-2@+-' +-'.2�~PC52F'DE-E-)-6v+-'D>m®�03N(4122-tC503)->\41h O )-032@+-)PE-)-63>@rR09C5'.)^]
C0-(41N�{DE-63'D>F?BA-21-('.<g'.)kV¢+7'.2K63'Dh�H41}�+7'.2 ®�2F0 2@'DS8C0-(01);+7'.> ®�01NM4121-*C501)->K41N*>K�8-()-'.412FS903ha<4-*)T4�]
C0-*03),r-A-01CF03)4-*>F?BA-'D2�E-)7+�'Iµ7{.-*CF03)4-(>@?BA-'.2«jkE->JC H41)-+7'U49E7Gz+-'D)�'Iµo{ -*CF03)4-*>F?BA-'D) O )8CF'.2F2F41E-h
'.2JGº03N(61C.d7��-*'='Iµ7rg'.21-(hZ'.)8C5'DN(N*'.)�q\'wGºE-)-+-' 2@'D+-0o?BA�S903)-)8C5'D)�+7E-2F?BA�+4-('b�¢�b��'D2FSPNiH412JC\XY'.2W]
+-'.)kV¶X\'DN(?BA-'�+/-('�~^CF2F'DE-E-)-6L+-'D2 u 'D>F03)-49C5032@hU0^+-'D)¦/3'.2@)T41?BA-N H41>F>1-(61C.d���-('U:=>J¨ohZhZ'DC521-('
+-'.2 ®¢03NM4121-*CF03)->Frg'.S8CF2F'.)ZS�41)-)U41N(>_¤K03)7>F'.�PE-'D)-{='.-()-'D2_41>@¨^hZhU'wC521-(>F?BA7'.)¥�8-*)4-('D)7Gº032Fh±+-'D>
x¶µ7{.-*CF03)->�/3'D2F>JCB41)-+7'.)UXY'.2@+-'.)kV3X\03<g' -7+-'.2 �%-*SP2F032@'.>F01)T49C5012_41N(>�>@rR'DS8C52549N('.2���-(NtC5'.2¢X:-(2@SPC
� �1·oVT¾8¹7V-�3Â9��d
fi)³/ -('.N*'.)³CFA-'.032@'DC2-(>F?BA7'.) :=)->eH49C5{D'.)¡X:-(2@+�41E7G¯' -*)-'�>F'DN(<->JC5S903)->2-*>@CF'.)8C5';q\'D>F?BA-2@' -(<7E-)-6
+-'.2�®�2@03rT41684�C0-(01)³+-'.>�03roC0-(>@?BA-'.) �T'.N*+-'.>�+7E-2F?BA +4-('��Kq u /1'.2F{.-(?BA8C5'wCeVzXY0o+7E-2F?BA +4-('
u 'D>F03)-41)-{.>JC52@E-S8C5E-2�+-'.2 u '.>@03)T49CF032FhZ0o+7'.)¡/3'D2F)T41?BA7NiH41>@>2-(69C�X:-*2F+|dm~PCB49C@C�+-'.>@>F'.) X:-(2@+
' -*)-'UA703hU0163'.)-'vy_'.2@<-2F'.-*CF'.2FE7)-6�GIHE-2¯+T41>�r-A-01CF03)4-(>@?BA-'�~P¨o>JC5'Dh�'.-()-63'wGIHE-A-2JCeVª+-E-2@?BA¦+4-('
+4-('[y_'D2FN(E7>@C5'v<g' -_'.)7+-N<-*?BA-'.2 u ' � 'DSPC2-*/ -*C H49C¯+-'.2�~or/-('.61'.N_<R'D29HE-?BSP>1-(?BA8C0-*61C�XY'.2@+-'.)£>F03N*N('.)
� �3À^V^� (oVP� *oV8¾8¹9��dP��-('D>F'�fi)-S101)->2-*>@C5'D)-{=<g'.2@E-A8Cz49E7G|+-'D2 & 41A7NT+-'.> u 'D>F03)-49C5032@>\49N(> `bET41)o]
C0-*>2-('D2FE-)763>@/103N(E-hZ'.)�GBHE-2�+T49>m01r7C0-*>F?BA-'��T'.N(+kV-+4-(' -*+-'e41N*'¯~or4-*'.63'DN|/3032@2541E->@>F'wC5{DC.dk��-*'K:=)o]
S103r7r-N(E-)76K41)a'.-()a'IµoCF'.2@)-'.>_�T'.N*+|V�+-E-2F?BA[+/-('\'D2F>JC�' -*)a03r7C2-(>F?BA7'.>�x¶µorR'D22-*hU'D)PC�'.2Fh�H0363N>-(?BA8C
X:-(2@+|V�S�41)-)£+-41)-)£)PE-2�)T41?BA8C52eH4163N>-(?BA;+-E-2F?BA£+T41>��b'D�T)4-*'.2@'.)£'.-()-'D2«®�A-09C503)-N*'.<g'.)->@+T41Eo]
'.2 -*h u '.>@03)T49CF032z<g'.29HE-?BSP>2-(?BA8C2-(61C�XY'.2F+7'.)|d��b'D2z>F0361'.)T41)7)PCF'�`KE-41>2-*hU0^+-'.)oGº032FhU41N<-*>FhaE7>
63'.A8C_+T4921HE-<g'.2�A4-*)T41E->DV5-()7+-'.h
q\'DXY'.63E7)-63>F61N(' -*?BAPE-)-63'D)UGIHE-2�+T49> 'Iµ^C5'.2@)-'m�T'.N(+kV1+T41>bHE-<g'.2
' -*)-'\N>-()-'.412F'Y¤K03r-r-N*E-)-6K41)«+4-(' u 'D>F03)T4�C5032@r-A-01CF03)-'.)v49)-632F'.-*G�C.V�E7)-+[+T41>�+7E-2F?BA[+4-*'z®�A-09]
C503)7'.),63'wC522-*'.<g'.)-'vx¶µo{ -tC503),61'.NiH01>@CbXY'.2@+-'.)p���e¹1¾7V��e¹ (���dk:§E-?BA -*)�+4-*'.>F'Dh :§)->549CF{aX:-(2@+
+4-('��c0^+-'D)->@CF2FE-S8C5E72b+-E-2@?BA�+4-('«~o?BA4-*?BA8C563'D03hU'wC521-('¯)4-(?BA8C§<R'D21HE-?BSP>2-*?BA8C0-(69Cedgfih u 41A7hU'D)
+-'.>�A4-('D2�61'DX�H41A-NtC5'Z>F'Dh9-*S^N(41>F>1-(>@?BA-'.)�:=)->F49C5{D'.>aS�41)-)¦41E7Gs'.-()7G�41?BA7' & ' -*>F'l+7E-2F?BA¦'.-()-'
��2F41)->JGº'.2FhU49CF22-tµohZ'DCFA-0o+7'«�º>.do¤ 41r|d7�od»¾8�_+4-*'=®�2@03rT41684�C0-(01)U+-'D>z03r7C2-(>@?BA-'.)��T'DN(+-'D>\+-E-2@?BA
+4-('�/1'.2F>@?BA4-('D+-'.)7'.) -=49N(<-N*' -*CF'.2@>F?BA4-*?BAPCF'.)�<R'D>F?BA-21-('D<R'D)pX\'D2F+-'D)|V >F0;+T41};+T41>U®_2@03<-N*'.h
+-'.2 :§)-S103r7r-N(E-)76c49)�'.-()L'wµ^C5'D2F)-'D>«�T'DN(+,)4-*?BAPC�41EoG�C522-tCFCKE7)-+�61N(' -*?BA-{.'.-*C2-(6¥+4-*'Z�c0^+-'.)o]
>@CF2FE-S8C5E72Y>@'.N(<7>FS101)->2-*>@C5'D)8Cs41E7Gº61'.<T41EoC X:-*2F+|d1fi)l+-'D2 N>-()-'.412F'D) � roC0-(S�V3+/-('�A4-('D2�+4-(>@SPE7C0-*'.2@C
X:-(2@+|V7-*>@C�+4-*',>F'Dh9-*S^N(41>F>1-(>@?BA-',�sA-'.0122-('�+T41<g' -K41'D�PE4-*/941N*'.)8C�{.E72�`bET49)PCF'.)8C5A7'.0321-(',+-'D>
�8-(?BA8CFGº'DN(+-'D>.d�x)-()7'v`bET41)8C5'D)PCFA-'.0122-('[+7'.>¯�8-(?BA8CFGº'DN(+-'D>.V|+4-*'a'.<g'.)oG�41N(N*>=+-'D2¯~o?BA4-(?BA8CF>@C52@E-S3]
C5E-2s61'.2F'D?BA8C§X:-*2F+|V-'D2@Gº032@+-'.2JCm' -()7' x_)8CiX:-*?BS^N*E-)-6Z)T41?BA�+-'.)cx)-(63'D)-hZ0o+-'D)�+-'.>m�T'.N*+-'.>:-()
:=)8XY'.>F'D)-A-'.-*Cb+7'.>�>@CFE7Gº'.)7G@H012Fh�-(63'D)cqY2F'.?BAPE-)763>2-*)-+-'wµor-2@01�TN*>=+-'D2§�Kq u � � ¹+*oVT·3À���d
& '.-*CF'.2FA/-()�<-N*' -(<oCa+4-*'���2F4163'¥<g'.>JC5'DA-'.)|V_03<�+/-('�~^CF2F'.E7E-)-6L+-'.>Zx¶µo{ -tC503)->v49h O )7032F+o]
)PE-)-63>@rR01CF'.)8C0-(41N|{DE�>1-(63)/-*�TS�41)8C5'D)�x�Qk'DSPCF'.)�-()�+-'D)c01r7C0-*>F?BA-'D)�~^rR'DSPCF2F'D)�/103)c�%-(SP2F012F'w]



*9¾ � � �����
	���� ����� �3� � � ��� � ��� � �'� � �3� 	�� � ����� ��� 	��

>F01)T49C5012F'.)�G HE-A-2@C.d fi>@C�+/-('Y�=¨o)-41h9-*SK41N*N(' -*)K+-E-2@?BA[+4-('_GºE-)-+T49hU'D)PC541N('Y�c0^+-'Y+-'.> u 'D>F03)T4 ]
C5012F>�41N*>z+-03h�-()T49)PCF'.)�jk'D2@G�41N*N(>FS�41)-41Nk+-'D2s03r7C2-(>F?BA7'.)�:=)-2@'.63E-)76Z<g'.>JC0-*hUh«C.V7>@0vX�H492F'K+4-*'
�ª�b� E-)-'.-()-63'D>F?BA-2 H41)-S8Cv41EoG�+4-('D>F'�~PC52FE7SPCFE-2F'D)�41)8X\'D)-+-<T412Dd¶fi)�+4-*'.>@'.h ¤ 41r4-*CF'.N�X:-(2@+
2@'.+70o?BA�63'.{D' -*61CvX\'D2F+-'D)|V_+T41};+4-('�~^CF2F'DE-E-)-6�+-'.>Ux¶µ7{.-*CF03)->Z41h O )-032F+7)^E7)-63>Frg01CF'.)8C0-�]
41NY{.E�' -*)-'.2[¤K03r7r-N(E-)76�+-'.2 u '.>@03)T49CF032FhZ0^+-'.)¦G HE-A72@CeV�+4-('l{.E-> H49C5{DN<-(?BA7'�~6-(63)-49C5E-2@'.) -*)
+-'D),~org'.S8C52@'.)c<R'D+4-()-69CedT��-*'.>F'�~6-*63)T49CFE-2F'D)�SkH01)-)-'.)�h9-tCs+-'.2m�ª�b�°)/-(?BA8Cm2F'.r72F0^+-E-{ -*'.2JC
XY'.2F+7'.)|dª��-*'v�c0^+-'.)L+-'D> u '.>@03)T49CF032F>bX:-*2FS9'.);)4-(?BA8C 2F'.-(),+4-*>F>1-(rT49C2-*/%-()-+7'.h�>2-('['.-()-'D)
jk'.2JG�41N(N*>FS�41)T49N3GIHE-2¶+4-*'\03roC0-(>@?BA-'z:§)-2F'D63E-)-6K<4-*'DCF'.)|V9>F03)-+7'.2F)aGBHE7A-2F'D)[+-E-2F?BA[+/-(' & '.?BA7>F'.N�]
X:-(2@SPE-)-6Kh�-*C�+-'.h
x�µo{.-*C501)=-(h O )-032@+-)PE-)-63>@rR09C5'.)8C2-M41N*>�{.E[)-'DE-'.)Ux)-(63'D)-{.E7>@C H49)-+-'.)v+-'D>
~^¨^>@CF'.hZ>.d���-*'b03r7C2-(>F?BA7'.)cxB-*63'.)7>F?BAT49G�CF'.)�' -*)-'.>§`K� -()�' -*)-'.h��%-(SP2@032F'D>F03)T4�C5032sSRH03)-)7'.)
41N*>F0l)/-(?BA8C�-*),�T032Fh '.-()-'D2='wµo{.-*C501)4-(>@?BA-'.) u '.>@03)T41)-{�/3'.2@>@C541)-+-'D);XY'.2@+-'.)|Vk+-'.2@'.),03r7C2-t]
>F?BA7'l:=)8CiXY032@C«+-E-2@?BA¦+4-('Z�Kq u >@rR'DS8C52549N 61'D�TNtC5'.2JC X:-(2F+kV¢>@03)-+-'D2F)�'.>«h;HE->@>F'.)�rR01NM4121-t]
C501)4-(>@?BA-'Zx�QR'.S8CF'9-*h ~6-*)-)-'v' -*)-'.2 & '.?BA->@'.NtX:-(2FSPE-)76�+-'D>¯E7)-63'.012F+-)-'wC5'D)�`K�¡h9-tCK+-'.h
S101hUr-N*'wµo'.) ~P¨o>JC5'Dh 41)�x)-(63'D)-hZ0o+-'D)³+-'D> u 'D>F03)T4�C5032@>¥<R'D29HE-?BSP>1-(?BA8C0-*61C�X\'D2F+-'D)|d���-('
~^CF2F'.E7E-)-6L+-'.>vx¶µo{ -tC503)7>v41)�+-'.2 O )-032@+-)PE-)-6-V¶X:-*'�41E-?BA�+4-*'��8-(?BA8C5S903r-r-N*E-)-6,h;HE->F>@'.)
41E7G�+7'.2a63N*' -*?BA-'.)�x�<g'.)-'l<R'DAT41)-+-'DN*C�X\'D2F+-'D)|d���-('D>«<g'.+-'DE7C5'wCv)4-(?BA8C«)^E72a+4-('lq\'.29HE-?BS3]
>2-*?BA8C0-(61E-)-6�+-'.2KGºE-)-+-41hU'D)8CB41N*'.)£�c0o+7'1V�>F01)-+-'.2@)¦41E7?BA£+-'D>«¤K03)8C0-*)PE-E-hZ>�49)�AªH01A-'.2@'.)
x)-(63'D)-{.E7>@C H49)-+-'.)�+7'.> u '.>@03)T49CF032F>DV7+4-*'=>2-*?BAlGIHE-2 � � ¹�41)->F?BA7N<-('D}3'.)kd7fi)->@<R'D>F03)-+7'.2F'bGBHE72
+-'D) HO <g'.2@6841)-63>@<R'D2F'.-(?BA¡{DX:-*>F?BA-'D)¡+-'.h u '.65-*hU'�>@C5412FS9'.2¥E7)-+³>F?BA8X\41?BA-'D2c¤K03r7r-N(E-)76
X�E-2@+-'�' -()Ux)-() � E-} +-'.>_>@CF2FE-S8CFE-22-*'.2@CF'.)l¤ 01)PC2-()PE-E-hZ>_41) u '.>F01)T49C5012FhZ0o+-'D)Z41E7G|+/-('s03ro]
C0-*>F?BA-'D)�x)-*63'.)->@?BAT49G�CF'.)c/103)��%-(SP2F012F'.>@03)T49CF032F'D)�/1032FA7'.2F61'.>54961C[� � ¹3· ��d
x)-()-'�+-21-*C@C5' u '.>F01)T41)-{ -(h
®�03N(4122-tC503)->@rR'DS8C52FE7h
X�E-2F+7'§'Iµ7rg'.21-(hZ'.)8C5'DN(N->@?BA-03)9-()U®_E7hUro]
®�2F03<g'w]ix¶µ7rg'.21-(hZ'.)8C5'D)�<g'.01<T41?BA8C5'wC¥� � ¹3Â ��V�+/-('afi)8C5'D2Fr-2@'DC549C0-*03);41N(>¯~^C5412FS3] ��21-(r-N*'DCK'.-()-'D>
>@C5412FSU63'.r7E-hUroC5'.)cjRXY' -*)4-*/1'e41E->J¨^>@C5'DhU>:-*>@C
2@'D+-0o?BA�'.-()-'Dh -=49N(<-N*' -*CF'.2@>@¨^>@CF'.h )4-(?BA8Cm41)o]
63'DhU'D>F>F'D)|d¢q\' -�A703A-'.)�®�E-hZr4-()8C5'D)->2-tC H49CF'.)L>Fr/-('.N*'.)��ª41+-E-)-61>@C52eH4163'D2F>@CF2F'DE-r-2F01{.'.>@>F'U' -()7'
+-03h�-()-41)8C5' u 01N(N('9V.+4-*'YA/-('.2�/1'.2F)-41?BA-NiH49>F>2-*61C¢X�E-2F+-'D)|d9�bE-2F?BA�+T41>¶�c03N(N*0 Xz]J~org'.S8C52@E-h +-'D>
63'Dr-E-hZr7C5'D)�jRXY' -*)4-*/1'e41E7>@¨^>@CF'.hZ> -*h 03roC0-(>@?BA-'.) u '.>@03)T49CF032zX:-(2@+ 2@'.+-0^?BAc'.-()�{D'.)8C52F41N('D2
:=>@rR'DS8C¥'.2JG�41}1C.V�+-'.2Z41E-?BApA4-('D2Z'.-()-' u 03N(N*'¥>Fr/-('.N*'.)�X:-(2@+|d �b'.2v+-22-tCFCF'c®¢'e41S�'D)8C5>@CF'.A8C
+-E-2@?BA�+4-*'�fi)8CF'.2@Gº'D2F'D)-{�/103) u '.>@03)T41)-{D'.)|Vg+4-*'¯>1-(?BAc+-'.>JC52FE7SPC2-*/�HE-<g'.2@NM4161'.2F)kd,-�-('D2F+-E72F?BA
XY'.2F+7'.)�>@'.A-2m>F?BA7hl41N*' �8-()4-*'.)A-()�+-'D),~org'.S8CF2F'.)�h H0363N<-*?BA|d
x)-()-'ay�-('DN({e49A-N�/103)£x�QR'.S8C5'D)£<g'.2@E-A8C«49E7G\+/-('.>@'.h¼��'.?BAT41)/-(>Fh«E->.d¢�§HE-2K+/-(' u '.>F01)T41)-{I]
�¶N*E-032F'D>F{D'.)-{I]J~org'.S8C52@'.)¡'.-()-'D>¥�b2F'.-()4-t/3'.41ET49CF03hU>[X�E-2@+-'.)p>Frg'.S8C52F41N('�~6-(63)-49C5E-2@'.)�/3032W]
A-'D2F63'D>54161C.VY+7'.2F'D)¡q\2@' -*CF'�E-h"{wX\'.- 0K2 H03}1'.)-032@+-)PE-)-63'D)³E-)8C5'D2¥+-'D2¥��'.<g'.)->@+T41E-'D2¥+-'D2
' -*)-{.'DN()-'D)£49)-63'.2@'.61CF'.)£jkE->@C H41)-+-'vN>-('.61'.)����1� ¹���dª��-('D>F'.2 x�QR'.S8C�<R'D2FE-A8C�41E7G\+-'.2�`bET41)o]
C5'D)4-()8CF'.2@Gº'D2F'D)-{ +-'.2�41)763'.2@'.61CF'.)cjkE->@C H41)-+-'9V-+4-*'K+-E-2F?BA�'.-()-' ¤K03r-r7N(E-)-6[+7'.2 HO <g'.2@6�H41)-61'
-()7+-E-{ -*'.2JC=X:-(2@+|d|� HE-2b' -*),�b2F'.-()4-t/3'.41E->@¨^>JC5'.h�Vk<g' -¶+-'.h�+4-('a41)-63'D2F'.69C5'.);jkE7>@C H49)-+-'[)-'I]
<g'.)�+-'.h 0 2@E-)-+-{DE->@C541)-+�-()�' -*)-'.)�63'DhU'.-()->F41hU'D)�{.E->eH49C5{DN<-*?BA-'.)�jkE->@C541)-+�0^+-'.2s'.-()�63'I]
hZ' -()7>541hZ'.>Z¤K03)8C0-*)^E7E-h {.'.2JG�41N(N*'.)�S H03)-)-'D)|VYX�E-2@+-'cG HE72U'.-()-'D)p63'wX:-(>F>@',�T2F'D�^E7'.)-{c' -t]
)-'�+-E-2F?BA;`bET49)PCF'.)4-*)8C5'.2JGº'.2@'.)-{a/1'.2F>@?BA8X:-()-+-'D)-+-'v:=<7>F032@r7C0-*03)�<g' -�'.)-+-N>-(?BA-'D2=x�h�-(>@>2-(01)



*1À

/3032@A-'.2@63'.>F4161C����1� �^Vs�3�e�9��d�- -('D2F+-E-2@?BA -*>@CZ'.>Zh H0363N<-*?BA|V¶'.-()��ª41>F'D2@Gº'DN(+�03A-)-'�fi)8/3'.2@>2-*03)
{.E�/3'D2F>JC H412@S1'.) ���1�e¾7Vz�1� À ��d�fi)�+-'.2 -§41N(<7N(' -tC5'D2F03r7C2-(S,N>-('.69CaAªH41Eo�T6L' -()7'�~6-*CFET49C0-*03)�/1032.V
<R'.-=+-'D2�{DXY' -b+/-(>FSP2@'DC5'LÁ -*/1'e41E-> HE7<R'D2¥' -*)�¤ 01)PC2-()PE-E-h 63'DS103r-rg'.NtC�>2-*)-+|d\��-('.>UG HE-A-2@C
{.E�>F0361'.)T41)7)PCF'.)p�g49)-09] u '.>@03)T41)7{.'.)°� �3�3�D��V�+4-*'�'.<g'.)7G�41N*N(>[+-E72F?BAp+/-('�fi)8C5'D2@Gº'.2@'.)-{�+-'D2
63'.S903r-rg'.NtC5'.)pjkE->JC H41)-+7'�'D)8C5>@CF'.A-'D)|dY��-('¥+T49<R'.-s'.)8C5>JC5'.A7'.)-+-'D)¡�8-()4-*'.)P<-2@' -*CF'.)�S H03)-)-'D)
41)T41N*036[{.Ec49CF03hl492F'.)�~P¨o>JC5'DhU'D)�>Frg'.S8CF2541Nª>F'DA-2�>F?BA-hU41N�>@' -()£� �3� (oV��1� *^V��3�e·oV��3� Â ��d
�K41>lA/-('.2ZE-)8C5'D2F>@E-?BA8C5'�~^¨^>@CF'.h <g'.>JC5'DAPC�41E->¥'.-()-'Dh `K�\V +-'D2l>2-*?BA -()�' -()7'.h 0¯41:§>J]
u 'D>F03)-49C5032K+7'.2¯� H41)-63'[+-'D2 u 'D>F03)T49)-{DXY'.N*N('.)7NiH41)-61'[{DX:-(>@?BA-'.)�+-'.)£~or4-*'.63'DN();41E-> 49N*C5'D2J]
)4-('D2F'D)-+-'.)�~o?BA/-(?BA8C5'D);/1'.2F>@?BA4-('D+-'.)7'.)/-§41N(<7N(' -tC5'D2FhU49C5'D22-M49N(>s<g'D�T)-+7'DCU��>Dd|��-*6-dg¾-d*� �wd|�K4
GIHE-2¢A-03A-'\~or4-*'.63'DN(2F' � '.S8C2-*/ -*C H49C5'D)a��4�C5'.21-M41N>-('D)¯h�-*C¢A-01A-'.h±q\2@'.?BAPE-)-63>1-()-+7'wµoE-)8C5'D2F>F?BA/-('.+
/3032JC5'.-(N(A-49G�C_>2-*)-+|VPAT41<g'.)U>2-(?BA9-()Z+-'.2Y®�254�µ6-*> 0 41:=>
	9:=N*:=>W]J~o?BA4-*?BA8C5'.)U+-E-2@?BA-63'.>@'DCF{DCeVo+4-('
>2-*?BA;r72F03<-N*'.hZN(03>�-()L+4-*?BS1'.)£~o?BA4-*?BA8C5'.)£41<->@?BA-' -*+-'.);NM41>@>F'D)|V|03A-)7'Z+-41<R'.-�{.E;A-03A7'ay_'.2J]
>FrT49)-)PE-)-63'D)¥41E7Gº{DE-<T41E7'.)|dPx�>�X\'D2F+-'D)lA4-*'.2 u ' � 'DS8C5032@'.)¥49E->s� ¹ ®�'D22-(0^+-'D) 0 41:§> 	9:§N(:=>
GIHE-2�+-'D)[03<g'.2F'D)Z~or4-*'.63'DN7E-)-+�� �^d À=®¢'.21-(0^+-'.)aGBHE-2¶+-'.)[E-)8CF'.2F'D)v>2-(h«E-N<-*'.2@C.d & H41A-2F'D)-+v>2-*?BA
41E7G\+-'.2 O )8C5'D2F>@' -*CF'U+7'.2�®_2@03<g'Z+-41>a~^E-<->@CF2549C«41)->@?BA-N<-*'.}1C.V�<R'w�T)-+-'wC«>1-(?BA�' -()7' 0K2F'D)-{w]
� H41?BA-' {DE-2���E7G�Cm41E7G�+-'.2 � <g'.2F>@' -tC5'1d-�K41>�q\2F'D?BAPE-)-63>1-()-+-'Iµor-2F01�-N¢X:-*2F+�A4-*'.2s+-E-2@?BAc'.-()-'
2F'D'.N('b��E7)-S8C0-(01) � �w� � �\<g'.>@?BA-22-*'.<g'.)|dTfi)�+4-*'.>@'.2s:=r7r-2F0eµ6-(hU49C0-*03)U�-)-+-'DCmS9' -()7'K:=<->@032Fr7C2-t]
03)�-()-)7'.2FA-41N(<�+4-*'.>F'D2§~o?BA4-(?BA8CF'.)�>JCB49C@Ced
�bE-2F?BA[+T49>�q\2F'D?BAPE-)-63>1-()-+-'Iµor-2F01�-Ng'Iµ6-(>@C2-('D2F'.)a/1'.2@>F?BA4-*'.+-'D)-'=qY'.2F'.-(?BA-'z/103)U�c0^+-'.)|d1q7-(>
{.E�' -()7'.h 63'wX:-(>@>F'.) & 'D2@C�+-'.2�®�2F0 2@'DSPC2-(03);+-'D> & '.N(N*'.)8/3'DS8C5032@>«41EoGs+4-('U~o?BA/-(?BA8C5'D<R'D)-'
SRH03)-)-'D)�+/-('K��0o+-'D)A-(h 63'D>541h«CF'.)�~^¨^>JC5'.h r-2F03r-4165-('D2F'D)|do:§E7Gº632@E-)-+�+-'D>zAªH03A-'D2F'D)cqY2F'w]
?BAPE-)-63>1-()-+-'Iµ¡+-'D> -=41N*<-N('.-*CF'.2FhU49CF'.22-(41N(>«63'.63'D)�HE-<g'.2¥+7'.2���E7G�Cl'wµ6-(>JC0-('D2F'D)��c0^+-'.)|VY+4-('
)PE-2D-()-)-'D2FAT49N(<�+-'.2Z®�2F01<R'�E-)-+�+-'Dh ~oE-<->JC5254�CUr72F03rT4965-('D2F'.)�SRH03)-)-'D)|d ��-('D>F'�63'wGIHE-A-2J]
C5'D)��c0^+-'.)�>1-()-+ -*)£+-'D2[��E7G�Ca'w/941)-'.>@{.'D)PC.d��K4�+-'D2aq\2@'.?BAPE-)-61>2-()7+-'wµoE-)8C5'D2F>@?BA4-('D+p+-'D2
-=41N*<-N('.-*CF'.2FhU49CF'.22-(41N<-*'.)|Vo41E->=+-'.)-'D),+4-('«�Kq u 41E7Gº63'D<T41E7C=>2-()7+|V -*h�y_'.2F61N(' -*?BA�{.E7h fi)o]
+-'wµo>@r-2FE-)76c{DE-2K��E7G�CK2@'.NM4�C0-*/�63'D22-*)-6�-(>JCeVR65-(<7C='.>b'.-(),>@?BA-hl49N('.>Kfi)8CF'.2@/941N*N¢/103) & 'DN(N*'.)o]
/3'DSPCF032F'D)|VT+4-*'K41N(N*' -*)�-(h u 'D>F03)-49C5032\r-2F03r-4165-('D2F'D)�SkH01)-)-'.)kVT)4-(?BA8C 2@'.+70o?BA�-()�+7'.)�:=N(:§>J]
~o?BA4-*?BAPCF'.)|d & H41A-2F'D)-+�+-'.2s~-`K�¦41)�' -*)lXY' -*CF63'.A7'.)-+ � 41?BA7'.>m¤K03)8C0-()PE-E7h�49)�03r7C0-*>F?BA-'D)
�c0^+-'.);S103r7rR'DN*CeV -(>@C +/-('.>@'.> -(h u 'D>F03)-49C5032K+7E-2F?BA;+4-('v��-*hU'D)->2-*03)->@2F'.+7E-{ -*'.2FE7)-6�>@C5412FS
>@CF2FE-S8C5E722-('D2@C.d|��-('D>b65-*N*Cm>F0 XY03A-N�G HE-2b+/-('[��0o+-'D)->@C H412FS9'1Vª41N*>b41E7?BALG HE72b+4-('«x�)-'.2@65-('aE7)-+
y_'.2@<-2F'.-*C5'D2FE-)76�� � ¹3· ��d
fi)¥��-*6-d3¾-d �9<U>2-()7+l+4-*'m�¢2549)->Fh�-(>@>2-(01)->F>@rR'DSPCF2F'D)�+-'.>\�%-(SP2@032F'D>F03)T4�C5032@>7-()Z:=<7A H41)-65-*63S1'.-*C
/303)L+-'D2 ~^C H412FS9'[+-'.2 O )-032F+7)^E7)-6 ��<R'.-�' -*)-'.2K¤K032@2F'DNM49C2-(03)->@NiH41)763'a´�� � ¹ E À ��� E-)7+;'.-t]
)-'.2_)4-*?BA8C5>@CF2541A7N('.)7+-'.)l�b'.r-AT49>2-('D2FE-)763>F2F49C5'�/303) � � � ¹ E ¹3·�	�
a<g' -T>@'.)-SP2F'D?BA8C5'.h x)-()7G�41N*N
+-'.>a41)-2F'D63'.)7+-'.)��T'.N*+-'.>�+T412F61'.>@CF'.N*N*Ced��§HE-2 � � ¹c{.' -*63'.)�>1-(?BA¦{wX\'.-s�8-()4-*'.)�49N(>���01N(63'
+-'.2bÁ§032@hl41N*hU0^+-'D)-S103r7r-N(E-)76l+-'D2b'.)8CB492@C5'wC5'D) u '.>@03)T41)7{.'.)L/301) u 'D>F03)T4�C5032@hU0^+-'«E7)-+
`K�¢]Wx¶µo{ -tC503)|dPqY' -�Xz41?BA7>F'.)7+-'.2 O )7032F+-)PE-)76«X\'D2F+-'D)�+4-('m�¢2541)->@h9-*>F>1-(03)->@N<-*)4-('D)v/103)¥)4-*'w]
+-'.2@'.)-'D2F63'wC0-*>F?BA-'Dh"E-)-+�A-0^?BA-'.)-'D2F63'wC0-*>F?BA-'Dh ®�03N(4122-tC503)-{wX\'.-(6,49>@¨^hUhZ'DCF22-*>F?BA�/3'D2F<-2@' -t]
C5'D2@Ced q\'.- � � ¹@-(>JCl+-'D2lA-0^?BA-'D)-'.2@63'DC2-(>F?BA7'LjRX\'.-(6�'wµo{ -tC503)T492@C0-*6LE-)-+ H41)7+-'.2JC¥>F'.-()-'



* ( � � �����
	���� ����� �3� � � ��� � ��� � �'� � �3� 	�� � ����� ��� 	��

g

σ

χ

:=<7<4-(N*+-E-)-6�¾-d � ��fihU4165-()�H412@CF' -(N¢+-'D2�63'Dh9-tCFCF'.N*CF'.);~oE7>F{.'Dr7C0-*<4-(N>-*C H49CZ��43�KE7)-+��¢2549)->Fh�-(>@>2-t]
03)->@>Frg'.S8C52@'.)�'.-()-'D>[�%-*S^2@032F'D>F03)-49C5032@>��º<�� -*)£:§<-AªH41)-6;-(63S9' -*C /103)¦+-'D2[~^C H412FS9'l+-'D2 O )^]
032@+-)PE-)-6 ��E-)7+�¤K032@2F'.N(49C0-*03)->@N H41)-61'K´�� � ¹ E À � � <g' - � � � ¹ E ¹3·�	�

n\AT412F41S8C5'D22-(>JC0-*SaGIHE-2 X\41?BA->@'.)-+7'.> � -*)l' -*)UN>-(?BA8CB492@C0-*63'.>�y_'D2FAT41NtC5'D),��>Dd^��-(6-d8¾7d»¾P�Id8fi)¥+-'D2
�¢2541)->@h9-*>F>1-(03)[S�41)-)vA4-*'.2_41N*>F0K'.-()-'s>JC H412@S1'.2@'my_'D2F<-2@' -tC5'.2@E-)-6 '.2JXz492@C5'wC_X\'D2F+-'D)¥41N*>�<R'.-(h
)4-*'.+-'D2F'.)7'.2F61'DC0-*>F?BA-'D)LjRXY' -(67VT+-'.2�<g' - � � ¹[N<-*?BA8CFGº'.N*+T412JC0-(6=-*>@C.dT��-('K:§>@¨^hUhZ'DCF22-*'¯N H41}1C
>2-*?BA�41<g'.2§41E-?BA�>F?BA-03)�41N(N*' -()�49E->=+-'D2=�8-*)4-('D)7Gº032Fh +-'.2=~oE->@{.'.roC0-(</-(N<-tC H49Cs/1'.2@>@C5'DA-'.)kVk+4-*'
GIHE-2YS^E72F{.' ¤K032@2F'DNM49C2-(03)->@NiH41)763'.)l´ � � ��� ' -*)-'=>JC5' -*N('§)4-('D+-'.2@'.)-'D2F63'wC0-(>@?BA��¶NM41)7S1'=<g'.>1-*CF{DCeV
X�H41A-2@'.)-+�+/-('=A70o?BA-'D)-'.2@63'DC2-(>@?BA-'�~o' -tC5'='.-()-'D)�>F?BA8X�H41?BA-'D2F'D)�:=<oG�41N(N�{.'.-(61CK��>Dd-��-*6-dP¾-d �948�wd
��-('=:=>@¨^hZhU'wC521-('K+-'D>b~org'.S8CF2FE-hZ>�S949)-)c+-41A-'.2�+-E72F?BA�+4-('¯�ª�b�©'D2FSPNiH492@CsXY'.2F+7'.)|d
fi) ��-(67dY¾-d»�£X:-(2@+¡+4-('�)4-(?BA8C5>JC52F41A-N('D)-+-';�8-()4-*'.)P<-2@' -*CF'1V +4-(',~^C52@'.E-r-2@03{.'D>F>@'�h�-*C¥41)-+-'I]
2F'D)¡`bET41>1-*CF' -(N*?BA-'.)7>�-*)-)-'D2FAT41N*<�+7'.>�`K� 2F'Dr-2 H41>@'.)8C0-*'.2JCeV_<R'.- O )-032@+-)PE-)-63>@rT412F41hU'wC5'D2F)
� � ¹ E (�	�
 � ´ � � ¹ E À ��� >FE-SP{D'.>F>1-*/;'.2@AªH03A|d|�K412F63'D>@CF'.N(NtCb>1-()-+L+4-*'[��2F41)->Fh�-(>@>2-*03)->F>@rR'DS3]
C52@'.)¦+7'.2�/103N(N*'.);y_'.S8C5032W]J��4 µoXY'.N*Nt] u 'D?BA-)PE-)-6,-(h y_'D2F63N*' -*?BA£{.E72[�ª�b�KV -*)�XY'.N*?BA-'¥+4-*'
63'Dh9-tCFC5'DN*CF'l~^E->F{D'.r7C2-(<4-*N<-*C H49C ' -*)-63'DAPC.d¶�K49>«x�2FA�H03A-'.)�+7'.2a�b'Dr-AT41>1-('D2FE-)-61>F254�C5'lA-49C«+7'.)
HO <g'.2@6841)-6�/103h u '.65-*hU'«>@CB492FS1'D2 {.EL>F?BA8X\41?BA-'.2«¤K03r-r-N*E-)-6�{.E72 ��01N(63'9d HO <g'.2JC521-*QgCb+4-*'
A-03hZ0363'D)-'�y_'.2F<72F' -tC5'D2FE-)-6�+-'.>\x¶µ7{.-*CF03)-> +4-('§Á§032@hl49N(hZ0o+-'D)T41E7Gº>@rT41NtC5E-)-67V1>F0�'.2@>F?BA-'.-()8C
N('D+4-(61N<-(?BAZ' -*)-'K�8-()/-('�-*h ��2F41)->Fh�-(>@>2-*03)->F>@rR'DS8C52FE7hcdofi)�+4-('D>F'.h u 'D65-(hZ'1VP>@0 X:-*'b<g' -|SPN('.-t]
)-'D) )/-(?BA8C5>JC52549A-N('D)-+-'.) �b'Dr-AT41>1-('.2@E-)-63>@2549CF'.) � � {.' -*61C¥+/-(',�ª�b� 63E7CF' HO <g'.2F'.-()->JC0-*hv]
haE-)76�h�-*C¯+-'.2¯/303N*N('D) u '.?BA-)PE-)-67d¶fih -()8C5'D2FhZ'.+4- H412F'D)¦q\'D2F'.-(?BA¦+T4963'.63'D)¦'.2@>F?BA-'.-()8C=-*)
+-'D)��¢2549)->Fh�-(>@>2-(01)->F>@rR'DSPCF2F'D)c'.-()-'b{DE-> H4�C5{.N>-(?BA-' u '.>@03)T41)7{1VT+4-*'=/303)�+-'D2��ª�b� )/-(?BA8C�2F'I]



* *

g

γ0

-5 -4 -3
0,0

0,2

0,4

0,6

0,8

1,0
γ0=0.4Ry

T

A

R

E�-�Eg�(Rydberg)

�������	�	
���
��»���~V��K��)2�*
�$%�3��$#$%�	1�
�$%$#?P�+/A!2)%�+
 yb� � ��
��M��� O�*
����	��/"�+��!�B�1�
�
��+)t
������G!#$%!#)2�*��g�	��
�
��+
.&\�+?��s�*$#���+)%��
���$%)2�"!#� ��� �H����az�+$%!#�+
pDM
�1�)%
�
G��
���$%?s�*)#�*�3�Q!2��)#
p�p��T��~§��	��
{�
�K�T�� ��� � �	�_jI��)#�����+����� `+��� � &\�7g�6F$%����!2�"!�y°� � W��"��6h�����Qo��	1�
»y°6 � WG��)#�*
�$%�3��$#$#��1�
»yz� � ��
�
����$%1�)#?�!2�	1*
Áyz� � �4��!i��
A!2$#?�)#�+�����+
�
���
���&\�7g�JK)#������
��	$%$#��

?�)#10
���`��	��)%!>xh�	)%
|�Â�
����Ax7��$#��
����+��!hB�1�
.DM
�1*)#
�
G��
��t$%�	
�
k
����\?P1��f�*)%��!#1�
��	$%�����+
kqr��$%! O�*
�
��<�P�+�|¯ ��T�JK��g���+
�`+��$m! O�*
�
��>
��+$I����$m!2���3$���JK$K$#��
�
L`�x��+�����	
����+
���� ��)#�*
�$#�4�	$%$#��1�
�$#$%?H��/A!2)#��� $%�	���A!2�s�")�*�	$¥d(1�
�$%�+�G����
�` 
���)�?P1��f�")#��!#1�
���$#������
��M��az$#?��*��!#��
���� &\��)%���Á
����3�0!2)%�+����
��'
��+$­J]o�`+��g!21�
�$(�*
'
���)(DM
�1�)#
�
G��
��k/*1�?�?P�+��
»
��	�L-.10
��+
»�P�+�]¯¿� T �*
�qr��$%! O�*
�
����3��!\¯ �� T�W
��+
�
­
�����JI�����+
�`+��$m! O�*
�
���
���)������Ax7��)#?���
�/G!#$#�P��x��+����
��­
��+$�Jeo�`���!21*
�$ �	� DF
�1�)%
�
G��
���$ng?H1"!2�+
A!#�f�*�H$%!2���	���+
��+��
�� ODM�P�+)%�f�*����)#��
����+�	
��+)ij\���+��`U�*���H�+�P�+
���)>uÁ���	�	��
k
s�*)�W�
��	��¾%�(
��*����0! O�")#/*�(
��+)h��1�/Z�*�	��$#���+)#��
��L�+��
��+)7�3����)i10
��+)ix��+
������+)>��)#�+��!2��
�jI��)%!#�+�	����
���B*1�
kuÁ���	���+
�gB���/G!#1�)#��
p����
 O���*!+�s&(�*�4��!7$#�	
�
@
��	�(JK�	�*�+
�`���$%! O�*
�
��¥�	� DM
�1*)#
�
G��
��*$#?P1*!2��
G!#�f�*� �"
@���	
���+
A!2$%?�)#�������+
�
 ��)%�+��!#� jI�+)m!2���	�	��
��,�*
=6h�+$#1*
s�"!21*)#�41�
���
����+/"1�?�?P�+��!U� ODF�H��)�
s�*$L$m!2)%��/�g!2��)%�	��)%!2�.d(1�
A!2��
0����� 
��+)k6h�+$%1�
s�"!#1�)#�410
��+
�xh�	)#
�
s�*����)N�+��
���uÁ������$#����xh�	)%/G��
���
���)9(;�gmqr��$m! O�*
�
��M���EDM
�1*)#
�
G��
��*$#?P1*!2��
G!#�f�*�{B���)#�4��!%!2�+��!U�G&\���+$����	��!���
�$#�P�+$%1�
�
���)#�\�P�+�{/G�	����g
��+
 d<1*)#)#���f�"!#�	1�
�$#� O�"
����+
=���¿jI�+)#�*�	�+����� `���� J]o�`+��!21�
 571���)ngn6F�*
��	��$+WK�P�+�F
��+
���
�
��	��	1�/Z�*���	$%�	�+)m!2��
,qr��$%! O�*
�
��4�+��
��4��)#1�c*�4�M��$#
��+��
G��
��p�	� Â��4?�����$#)2�"��� �P�+$#��!2`��+
Á/ O1�
�
��+
|W$#14
s�*c4�*
�$#���¥�*�	���(6F��$#1�
��"!21�)%�310
���
@�*�	�+�������+)%� �"c��+
��*
���)#����az�+
r�½M���H��
 
���) ���4?�����!2��
���
��+$ DM
�1�)%
�
G��
���$%?H1"!2�+
A!#�f�*�F�	$m! 
���)#��� 
s�"$ 
������G!#$%!#)2�*�����+
�
��



*1· � � �����
	���� ����� �3� � � ��� � ��� � �'� � �3� 	�� � ����� ��� 	��

�b'.r7AT41>2-*'.2@'.)�' -*)-'={wX\'.-*CF' x_)7'.2F6;-('.>@S�41NM4 G HE-2z+4-*'K~^CF2F'.E7E-)-6[+-'w�T)4-('D2@C.dT~6-*'=<g'.>@C2-(hZh«CY' -t]
)-'D2F>F'.-*CF>b+-'.),'D)-'.2@63'DC2-(>@?BA-'.) HO <g'.2@NM41r7r�h�H0163N<-*?BA-'.2m:=)7G�49)-63>J]zE-)-+Lx�)-+-{DE->@C H41)-+-'v'.-()-'D>
~^CF2F'.E7r-2F03{D'.>@>F'.>DV749)-+-'.2@'.2@>F' -tC5>�X:-*2F+[+4-*'�¤ 01A H412F'D)-{s+-'D2 ~^C52@'.E-E-)76¯+7E-2F?BAZ+T41>_�b'Dr-AT41>1-('w]
2F'D)�63'.>JC H032JC���>.d 0 N�d-�od»�3�8�Id-�bE-2@?BA�x_2@AªH03A-'D)�+-'.>�)4-*?BAPCF>@CF2541A-N*'.)-+7'.)��b'.r-A-41>2-*'.2F'D)->zX:-(2@+
+T41A7'.2 O )-012F+-)PE-)-61>F>@CF2F'DE-E-)-6 HE-<g'.2m' -*)-'.)�XY' -*CF'.)�x_)7'.2F6;-('.<g'.2@' -*?BAc'D2Fh H0363N<-*?BA8Ced-fi>JC=+T49>
)4-*?BAPCF>@CF2541A-N*'.)-+7'«�b'Dr-AT41>1-('.2@'.)|VTX:-*'«41E7?BA�+4-*' -*)-A-03hZ0363'D)-'¯q\2F'.-*CF' -*)c+7'.2�0 2eH03}3'.)7032F+o]
)PE-)-6m+-'.2ªrg03NM4922-*CF03)4-*>F?BA-'D)K:=E7Gº>@rT41N*CFE-)-6-V.>F0m'.2F>@?BA-' -*)8C¶'.-()-'�>@rR'DSPCF2541NP>@?BA-hl49N('1V.{.E-> H49C5{DN<-t]
?BA-'s�8-*)4-('_+-E-2@?BA[fi)8C5'.2JGº'.2@'.)-{sh�-*C¢+-'Dh
¤K03)8C0-*)PE-E-h±41)a63'wGIHE-A-2JC5'.)«E-)-+[r-2@03rT4165-*'.2@'.)-+-'D)
�c0^+-'.)kdkfih ��2F41)->@h9-*>F>2-*03)->@>Frg'.S8C52@E-h X:-*2F+�+-41A-'.2=' -()7'a��41)-09]i412@C2-(63' u '.>@03)T41)-{«>2-(?BA8CJ]
<T412Dd���-('�+/-(>Frg'.2@>2-t/3'��8-()4-*'.)7Gº032@h -*>@CD-*)�� -(6-d�¾-d �9?�61E7Cv'.2@S1'.)7)^<-412.dY�b'.2[:§)->@C2-('.6;+-'D2
�¢2541)->@h9-*>F>1-(03)�-(>JCm<R'.- � � � ¹ E ¾�	�
RV-X\41>m'DCiX\4U+-'D2§AT49N(<g'.)cÁ§032@hl41N*hU0^+-'D)T41E7Gº>@rT41N*CFE-)-6
'.)8CF>Fr-21-(?BA8CeVoh9-tCY'.-()-'Dh u HE-?BSP6849)-6a+-'D2\:=<7>F032@r7C0-*03)lE-)7+¥' -*)-'.2 '.2@AªH03A8C5'D) u ' � 'wµ6-(01)l63'I]
63'D)�HE-<g'.2�+-'.h �ª�b�\] u 'D>FE-NtCB49Cz/1'.2@<-E-)-+-'D)|d
�bE-2@?BAZXY' -tC5'.2@'.> x�2FAªH01A-'.)Z+-'.>_)4-*?BA8C5>@CF2541A7N('.)7+-'.)U�b'.r-A-41>2-*'.2F'D)-> 63'.A8C_+T41>Y~^¨^>JC5'.h HE7<R'D2
-()c+T41> u 'D65-(hZ' >F?BA8Xz49?BA-'.2¯¤K03r-r-N*E-)-6-d 0KN('.-(?BA-{D' -*C2-(6LHE-<g'.2JC522-tQRC§+4-*'«A-03hZ0363'D)-'¯+4-(' -()o]
A-03hZ0363'D)-'�y_'D2F<-2@' -*CF'.2@E-)-6-Vz>@0�+T41}�>1-(?BA�+T41>�~P¨o>JC5'Dh X:-('D+-'.2�+-'Dh 63'D032F+7)-'DCF'.)©�g49N(N
41)-)�H41A-'.2JCedT�K49h9-tCY/1'.2F>@?BA8X:-()-+-'wCb49E-?BAc+/-('bfi)8C5'D2@Gº'D2F'.)7{¯{wX:-(>@?BA-'.)�+-'.)�rg03NM4121-*CF03)4-(>@?BA-'.)
jkE->JC H41)-+7'.)�E-)-+�+T41>§~org'.S8C52@E-h�{D' -(69Cs)PE-2�' -()7' �'-*)4-('mGIHE-2s+4-*'b'.)8CB492@C5'wC5'D) u '.>F01)T41)-{D'.)
/301) u '.>@03)T49CF032FhZ0o+7'�E-)-+p` �ª]Wx¶µo{ -*CF03)|d¶�b'.2vfi)8C5'.2JGº'.2@'.)-{D'DQR'.S8ClCF22-*C@Cv41N*>F0@-(h HO <g'.2W]
6841)763>F<g'.2@' -(?BA�/301)c>JCB412@S1'.2m{.E�>F?BA8X\41?BA-'D2K¤K03r-r-N*E-)-6Z41E7GWd
�K41>�63'DS103r-rg'.NtC5'�~^¨^>@CF'.h 41E->�E-)-61'.032@+-)-'DCF'.h `K� E-)-+ u 'D>F03)T4�C5032@hU0^+-'LS�41)-)©41N(>@0
)4-*?BAPC9-()p�T032Fh�'.-()-'D>?-*)-A-03hZ0363'D)�/1'.2@<-2F'.-*C5'D2@CF'.)�x¶µo{ -*CF03)->Z/3'.2@>@C541)-+-'D)³X\'D2F+-'D)|V\+T49>
+-E-2@?BA�+4-('=GºE7)-+T41hZ'.)8CB49N(' u '.>@03)T49CF032FhZ0o+7'K41N(>YGº2F'.�PE-'D)-{e49<-AªH41)-6;-(63'D)c¤ 41)-41Nk>JC52549A-N('D)-+
{.'D2@G�41N*N('D)[S949)-)|V1/1'.2F>JCB41)7+-'.)ZX\'D2F+-'D)|d^��-('�~^CF2541A7N(E-)-61>FS101r-r-N(E7)-6KX:-(2FS8C_)4-*?BA8CY2@' -*)[+4-(>@>2-t]
rT49C2-*/gV�>F03)-+7'.2F)aGBHE7A-2@C�{DE[S103hZr-N*'wµ�2F'D)-032Fh�-('D2@CF'.)a)-'DE-'.)vx)-*63'.)-{DE->@C H41)-+-'D)|dP~o?BA703)[<R'.-(h
~-`K� GBHE7A-2@C«+4-('U¤K0o'Iµ/-*>@CF'.)-{Z/303)¦>JC52F41A-N('D)-+-'D)¦E-)-+¦)/-(?BA8C5>JC52549A-N('D)-+-'.)��c0o+7'.)¦{DE�x�GM]
Gº'.S8CF'.)|V¢+4-('�2@'D)->F'.-*C5>¯' -*)-'.>¯2F'.-();+4-(>@>2-*rT49C0-t/3'D)£®�2F01{.'.>@>F'D>aN<-*'.63'D)|d��b2549>@C0-*>F?BA-'D2�>1-()-+;+4-*'
¤K03)->@'.�PE-'.)7{.'.) -(h 01r7C0-*>F?BA-'D) u 'D>F03)T4�C5032DV�<g' - +-'.h ' -*)-'l>JCB412@S1'�~PC52FE7SPCFE-22-*'.2@E-)-6�+-'D>
¤K03)8C0-*)^E7E-hU> /303)l03r7C0-*>F?BA-'D)�jkE->@C H41)-+-'D)�+-E-2@?BA�+/-('§��-(hZ'.)->1-(03)->@2F'D+-E-{ -*'.2@E-)-6�/1032FN>-('D61Ced
�K41>�~^¨^>@CF'.h±S�41)-)«A/-('.2ª)PE-2 -()¯>F'.-()-'D2¶S101hUr-N*'wµo'.)a�c0^+-'.)->JC52@E-S8C5E-2¢/3'.2@>@C541)-+-'D)aX\'D2F+-'D)|d
0K'.2549+-'b+-E-2@?BAc+/-('K~PC52F'DE-E-)-6v+-'D2�x¶µ7{.-*CF03)-'.)�41h O )7032F+-)PE-)763>Frg01C5'D)8C0-M49N|E-)-+�+-'D2s+T412J]
41E->vGº03N*63'.)-+7'�~^CF2F'DE-E-)-6¦+7'.2 u '.>@03)T49CF032FhZ0^+-'.)�63'DX:-*)-)8C¥+4-*' u 'D>F03)T49)-{.>JC52FE7SPCFE-2�+-'D2
AªH03A7'.2F'D)��c0^+-'.)kVY+4-*'�+-E-2F?BAp+4-(' 0 'D03hZ'DC521-('�+-'D2l41EoGº' -()-41)-+-'D2@Gº03N*63'.)-+7'.) -§41N(<7N(' -tC5'D2J]
>F?BA/-(?BA8C5'D)�<g'.>@C2-(hZh«C:-(>JCeVTx)-*) � E-}Z41E7G�+4-*'K03r7C0-*>F?BA-'D)�x)-(61'.)->@?BAT49G�C5'D)�+-'D>§~^¨^>@C5'DhU>Dd
�K41>¥:§E7G�C52@'DC5'D)�+4-('D>F'.2�+722-*C@C5'D) u 'D>F03)T49)-{,-(h ®�03N(4122-tC503)¡~orR'DS8C52FE7h S�41)-) 41E-?BA -*)
:=)-41N(036;-(' {.E-2K`KE-41)8C5'.)/-()8C5'D2@Gº'.2@'.)-{=-*),49CF03hl492F'.)�~^¨^>@CF'.hZ'.),/3'D2F>@C541)-+-'D),X\'D2F+-'D)|d���-('
-(h�E-)-012F+-)PE-)-61>@Gº2F'.-('D)���41N*N�01r7C0-*>F?BAL>2-*?BAPCF<T412@'.) HO <g'.2F6TH41)-63'a>1-()-+L+4-*'arg03NM4121-*CF03)4-(>@?BA-'.)
u '.>F01)T41)-{D'.)�/301h )4-*'.+-'D2J]zE-)-+�A-0^?BA-'D)-'.2@63'DC2-(>F?BA7'.)�jRX\'.-(6-dgfi)�:§)PXY'.>@'.)-A7' -*C /103) O )^]
032@+-)PE-)-6�>2-*)-+³+4-*'.>@'pHE-<g'.2¥+7E-)-SPN('�jkE->@C H41)-+-'9VYGIHE-2 � � ¹£63'.S903r-rg'.NtCL��>Ddz��-*6-d�¾-d ¾P�wd



*9Â

������������	�
��C�������+B ?ZY��=^P(/#�����?ZY���� (/%���#��=�>��	�
����=��
��=%�� �3� (�%��>#��3
����>���9�=%������3
W^P� # Y�� ?ZY��"
��=%5D
�3�"#�����?ZY��=^ &�� *K	�
�� 
����=���=%��"
��=%��3�"#�����?ZY��=
I& D�*��9V:�=�>�

�C���	� � ���=
 1�4	�% J�
 Q7! 4�3
�
��"
 
���?ZY+# ����%��=!+#�(�
��3�"%��=�/# V:�=%����=
 ��� (����=��
�1)(�?ZY���#��cbX�>���
� �"��#��=Y+#
(�	���
��"V:�=�>��� �=�>
��=^ ��	���%.(/��� (�
+#��=
������ 12��
����3�_(/	 1-4	�%�
��=���=
�� �3� (�%��>#��3
�;"V:�=�>� &2�=�
�����9�=
���� ��*-���C	�%�?ZY\������� �3�����>	�
��a���"%�� 	���# 4(/
���� V ��%�� �=�>
���� �3Y 4(�%��=
�;A;"V �>��?ZY��"
\���"

� �3��(�%�� #.�3
�;"V:�=�����=
 ��
���	�;=�>�=%6#_,������C��	�%�?ZY EG
$#��=%612�=%��"
�;A;=	<�=�>
��=% ;"	��H4(/#�;=�>��?ZY��"
 � �=���3
�(�
�;
%��"��	�;=�>�=%6#.�=%�bX%��=� #.� ��^RB �9�=!+#.%�	�^ 1�4	�Y�%6#_�
EG
 []�>���9����� ����
��M���>��� %�(�
���^P�>�����>�3
������9�=!+#.%��=
 �=��
��=��� �>! %��3%��"���3
�(/#.�3%�� ��
M� ��Y 4(�
������/D
!��"�>#��3��
 ���"% B$# 4(/%�!�� ���"% � 
���%���
$	�
��"! � �"�C�=�>
��=% � �3%�%��"� (/#����3
����54(�
��3�$#&%MO Q�S'�/L+N
	�
���( N O Q�S')+*�, �>^.- �"%��3�>�=��?ZY ^7�>#X���=^0/1���XD5� �=��	��>#Z( # ��(�%��3�=�6#.�=�>�>#=�2� � # ;=	�
��=Y�^7�=
 D
���=%W��^7����� #.	����P���"%�� 
��3%���
$	�
��M�3�=Y+#c��(��7B43 ��#��=^ 4	�� �"% �>
 ��(��c���"�3��^7�P��?ZY+VK(�?ZY��=%
� �3�����>	�
�� �>
 [ �����3�W�=��
��=% ��
�Y��3^7�3�3�=
��=
5- �"%���%��=�>#��=%�	�
���, V:�=�>?ZY��a�����76 �3%�^ (��>^P� ���"
�D
(�	�12����(��>#�	�
�� 4	��9�=%6#.%���8 #=�3EG
7��
�(��>�3�3�>�K;=	P[]�����3��� � ;"�=�>�3�=
7���>?ZYP���>� ���=	�#.���>?ZY���#��=
:9�8 �=!+#��
��	�%�?ZY ���>�
EG
+#.�=%612�=%��=
�;a��^ ��
+#.�"%�^7�=���G4(�%��"
 bX�=%��=�>?ZY �16 �"� �"
 �"��
��"% ;=	��@4(/#.;"����?ZY��=
;/0��
��>��,
�����
�>�=�>?ZY$# ��� (�	<���=%���?ZY��3�9�=
 ;=	�%A� �=����
�(/#.��%6D�	�
��=9]��;"�>#��3
�%��"���3
�(�
�;7�=%���?ZY��=�>
+#_, ;=�"���3�"

���>?ZY � �"�X�6#Z(�%�!��=%>��
��3%���
$	�
�� B$#�%�	�!+#.	�%��=
'(/	�1 ���=% 
����"���=%��=
��"%��3��#.����?ZY��=
?� %.(�
���^7������� D
�3
�������
������X[C4	�% ���=Y�% �3%��A@3�$� 
���%���
$	�
��B! O C�SEDF*�, 
 4(�Y��"%�# ���>?ZY ��(/� � �=��	��>#.(/#<���"%
�3�3�>���"
P� �=?ZY�
 	�
��WV �>�=���"% ���=%G/1���XDH� %.(�
���^P�>�������3
 �A�C��� EG
+#.�"%�12�"%��=
�;=���>
��������=%���?ZY+V ��
����"#
��^I� 
+#.�"%��3%�	�
�� ���=% �>^ � �=����^7�c��?ZY+VX(�?ZY��=%	� �3�����>	�
�� �9�=� �3�>�=�>?ZY��=%�9 
��"%��3�>�c� �"�>#�%.( D
�3�=
����=
J9]��;"�>#��3
�D:	�
�� ���"���3
�(/#.�3%�%��"���3
�(/
�;��
K ���:� �"�����=% � ��BWY 4(�
��/# �����L� �3�����>	�
��C���"%M� � ���=
7���3
a���=%�/ 4(�
��3�=
���! (�� (C���"%�� 
��3%���D

$	�
�� (�� �0[ ����� ���ED ;"�=���/#N� %�(�
���^P�>�����>�3
������9�=!+#.%��=
 �=��
��=� 	�
��3�"�3%���
��"#��=
�� ��!$%���%��=���3
�( D
#.�3%�� ��
W����Y 4(�
��3�>�3!��"�>#O���3
a���=%P� ��%�%��"� (/#����3
���� 4(/
��3� ���=�P� 
��3%���
$	�
��3��� �/#.�=
+#�� (��>�=� K �>�K��

� (�� � ����CX���6#]Y����=% ���>��QC�=��(�^ #.�>��
��>�=
$��%��=�>#�� ���=%O9]��;"�>#��3
����>
���� !/�3
���#.(�
+# �3�"Y�(�� #.�=
 &2�"��[]�>���
���RD��9*-�A9 � ;"�=�>��# ���>?ZY ,+��(A@ ����� EG
+#.�"%�12�=%��=
�;"���>
����K�6# 4(�%�!��"% �9�=��! 	�%�;=�"
:� �3%�%��"� (/#����3
���� 4(�
��3�=

��^S- �=%��3���"��?ZY
;=	�^ ����;"�>#.��
�����?ZY��=
PbX�3Y�%5D5��(����>	�� (�	�18#.%�� #�#=,/�9�=�����=
��"
:/0�3! (��>�����>�=%�	�
��C(/	�1



·3¹ � � �����
	���� ����� �3� � � ��� � ��� � �'� � �3� 	�� � ����� ��� 	��

g

σ

:=<7<4-(N*+-E-)-6§¾-d À ���¢2549)->Fh�-(>@>2-(01)->F>@rR'DSPCF2F'D)[' -()7'.>���-(SP2F032@'.>@03)T49CF032F> -()«:§<-A H41)765-(63S9' -tC¢/103)
+-'D2=~PC H412@S1' +-'.2 O )-032F+7)^E7)-6
�LE-)-+c¤K032F2@'.N(49C0-*03)->FN H41)-63'b´ � � ¹ E À ���
41N*N('.)a�YH49)-63'.)7>FS�41N('D)[/3032@N<-('D61Ced9�K41h�-*C�>2-*)-+v+4-('�jkE7>@C H49)-+-'3-(h O )7032F+-)PE-)763>Frg01C5'D)8C0-M49N -(h
fihZr-E-N(>@2541E7h
X\'.-*C\41E->@63'.+-'DA-)8CeV^>F0�+T41}«>1-('�h�-*C_63N*' -(?BA7'.h 0K'DX:-(?BA8C\41)¥49N(N(' u '.>@03)T49CF032J]
hZ0o+-'D);41)-S101r-rR'DN();SRH03)-)-'D)£E-)-+;+-'D2¯fi)8CF'.2@Gº'D2F'D)-{.'wQk'DSPCahl4�µ6-*hl41N -(>JCed��K41>K:§E7G�C52@'DCF'.)
+-'D2 fi)8CF'.2@Gº'D2F'D)-{.N>-()4-*'sS949)-)l49N(>F0¯41N*>�' -*) - -()8XY' -(> 41EoG|' -*)-'sSPE-2F{D'=¤K032@2F'DNM49C2-(03)->@NiH41)763'\+-'D>
O )7032F+-)PE-)763>Frg01C5'D)8C0-M49N(>�63'.NtC5'D)|d
�K41> u§u ~P]W~orR'DS8C52FE7h"+-'.>¥�%-(SP2F012F'.>@03)T49CF032F>ZX:-(2@+�+-E72F?BA¡)PE-2Z' -()7'��8-()/-('�+-03h�-()4-*'.2JCeV
+4-*'K<R'.-|+-'.2mx�)-'D2F65-*'¯+7'.2sfi)8C5'D2@Gº'.2@'.)-{DN<-*)4-('+-*)�+7'.)�N<-()7'e412@'.)�~org'.S8C52@'.)c<R'.-*C52eH4161C¯�º>.dT� -(6-d
¾-d (1<��Idk��-*'.>F'D>=y_'.2@AT41NtC5'.),S903)-)8C5'v49)L�%-(SP2@032F'D>F03)T4�C5032@'.),h�-*C§' -()7'.h y_03N(E-hZ'.)7AT41N(<7N(' -�]
C5'D2¥41N*>U01r7C0-*>F?BA¡41S8C2-*/3'Dh �c'.+4-*E-h >F?BA-03)¡'IµorR'D22-(hZ'.)8CF'.N(N�<g'.03<-41?BA8C5'DClX\'D2F+-'D)
� � �1¹ ��d
��-('m~PC H412@S1'm+-'.2Y�8-()4-*'s)4-(hZh«C_h�-*C�X\41?BA->@'.)-+-'D2�¤K032F2@'.NM4�C0-(01)->FN H41)-63'\41<|d^��-('D>�{.' -*61CeV8+-41}
+4-*'¥~^CF2F'DE-E-)-6�+7'.2[��0o+-'D)¦+-E-2@?BA�+4-('Z:=)7S103r-r7N(E-)-6�41)¦A-03A7'lfihZr-E-N(>@{.E->JC H41)7+-'l+-E72F?BA
+4-*' O )7032F+-)PE-)76a63'.r72 H4161C7-(>JCedo�=HE-2\+/-('.>@'KjkE->JC H41)7+-'=/3'D2FN H41E7G�Cz+/-('b��-*>Frg'.2@>2-(01)U+-'D>z)4-*'.+-'I]
2F'D)-'.2@63'DC2-(>@?BA-'.)c®�03N(4122-tC503)7{DXY' -(61'.>z'Iµ7{.-*CF03)T412JC0-(67V^X H41A72F'.)7+c+4-*'b+-'D>mA70o?BA-'D)-'.2@63'DC2-(>@?BA-'.)
jRXY' -(61'.>�h�-*C -(A72F'.h N>-(?BA8CFGº'DN(+T412JC0-*63'.)«n\AT412F41S8C5'.2¶>@CB492FS /3'.2@>@C2-(hZh«C�-*>@Ced9��-(' fi)8C5'D2@Gº'.2@'.)-{I]
N<-*)4-('9V X:-('s41E7?BAZ+-41> ��4�µ6-(h«E-h +7'.> u§u ~P]W~orR'DS8C52FE7hU>�'D2F>@?BA-' -*)-'.)Z+T41A-'D2)-(h±>Frg'.S8C52F41N('D)
q\'D2F' -*?BAl+-'D2YE7)-63'.S903r-rg'.NtC5'.)¥x�µo{.-*C501)-2F'D>F03)T49)-{1doq\' -�>@'.A-2Y>@CB492FS1'D2 O )-032@+-)PE-)-6«X:-*2F+Z' -t]
)-'v:=)7S103r-r7N(E-)-6�41)L+4-*'[>@C5412FS�/1'.2@>@C0-*hUh�C5'.)LN>-(?BA8CFGº'DN(+T412JC0-*63'.)LjkE7>@C H49)-+-'[G HE-2K632@03}3' �
'.2@h�H0163N<-*?BAPC.V->F0Z+T41}l~^CF2FE-S8C5E72F'.)�41E7G¶+-'.2m)4-('D+-'.2@'.)-'D2F63'wC0-*>F?BA-'D),®�03N(4122-tC503)7N<-()/-('='D2F>@?BA-' -�]



·o�

-4

-4

-4

-4

g

λc 0

-1

-5 -4 -3
0,000

0,005

0,010

0,015

E�-�Eg�(Rydberg)

Im
<

χ>
�(

ar
b.

�u
.)

:=<-</-(N(+7E-)-6°¾7d ( �¯4 �¯�¢2541)->@h9-*>F>1-(03)->@>Frg'.S8C52@'.) -*)
:=<7AªH41)-65-*63S1'.-*C�/303)%+7'.2�¤K032@2F'.N(49C0-�]
03)->@N H41)-61'l+-'D> O )-032@+-)PE-)-63>@rR09C5'.)8C2-M41N*>v´ � <g' -YS103)->JCB41)8CF'.2v'wµo{ -tC503)/-(>F?BA7'.2 0K'.>F41h«C5N>-()4-�]
'.)P<-2@' -*CF'�/301) � E � 	�
�� & -b��VY< � fihl416;-()ªH412JC5'.-(Ns+-'D2¥63'.h�-*C@C5'DN*C5'D)³~P¨o>@{.'Dr7C0-*<4-(N>-*C H4�CeV_?1�
u§u ~P] fi)PCF'.)->1-*C H49C¯<R'.- ��� � � ¹ E ¹8À�-*)��¢2549)->Fh�-(>@>2-(01)->F63'D03hZ'DC521-('v<g' -_>F'D)-SP2F'.?BA8C['.-()7G�49Nt]
N('D)-+-'.h 'wµ^C5'D2F)-'D)��T'.N*+

)-'.) �º>.d�� -(6-dª¾-d À3�wd���-('D>a>@CF'.A8C=-*)�xB-*)-SPNM41)76�h�-*C�+-'.)�q\'D03<T41?BA8C5E7)-63'.)�41h¼' -*)7G�41?BA-'D)
�c0^+-'.N*N -*h :=)-A-41)-6a:�Vo+T49>YGIHE-2Y63'.21-()-63'�y_'.2@>@C2-(hZhaE-)-6¯+-'.2Y+-E-)-SPN*'.)�Á�-t/3'.41E->.V^+4-*'=+T41>
¤K03)8C0-()PE-E7h 41)c�c0^+-'.)ch9-tC � � ¹Z2@'.r-2eH41>F'D)PC2-('D2F'.)kVg{wX\'.-ª{.E->eH49C5{DN<-(?BA7'��8-*)4-('D)¥/3032@A-'.2W]
>54169CeV-<g' -�>JCB412@S1'.2�y_'.2@>@C2-(hZhaE-)-6�2@'D+-0o?BA�)PE-2m' -()7'1d
0 'D2541+7'�-(h HO <g'.2@6841)-61>F<g'.2F'.-(?BA�/103)L>@CB492FS1'D2b{.E,>@?BA8Xz41?BA7'.2�¤ 01r-r-N(E7)-6lC52@'DCF'.),-(),�%-t]
SP2F032@'.>F01)T49C5012F'.)Zx�QR'.S8C5'm41E7GWV9+4-('s)PE-2)-*)[�T032Fh±+-'D2�03r7C0-*>F?BA-'D)¥��0o+-'D)v+-'.>�63'DS103r7rR'DN*C5'D)
~^¨^>@CF'.hZ>z/3'.2@>@C541)-+-'D)�XY'.2@+-'.)�SRH03)-)-'D)|d-fi)�+4-*'.>@'.h -*)8C5'.2@hU'D+4-iH492F'.) u 'D65-(hZ'�-*>@C\'.>s)4-*?BAPC
h�H0163N<-*?BA|V +4-(' O )-012F+-)PE-)-6¯41N*>¶'.-()-' & 'D?BA->F'DN*X:-(2@SPE-)-6 S103)7>2-(>JC5'D)PC_{DE[<R'DAT41)-+7'.N()[E7)-+[+4-('
¤K03r-r-N*E-)-6v41)�+4-*' u >@03)T49CF032FhZ0o+7'.)�>@C H032FE-)763>@CFA-'.032@'DC2-(>F?BAkdR��-*'K�ª�b�©'D)8C5>Fr722-(?BA8C§+T41<g' -
' -*)-'.h :=<7<-2FE-?BAL'.-()-'D2K~^C H032FE-)763>F2@' -(A7'C-()�+-'.2 ~PC52F'DE-E-)-6l+-'.2K¤K03hZrg03)-'.)8CF'.)�+-'D>b03r7C2-t]
>F?BA-'D)��T'.N*+-'.>3-*)�'.2F>JC5'D2 � 2@+-)PE-)-6-VT+4-*'¯~^C52@'.E-r72F03{D'.>F>@'«+-'D2§�c0o+7'.)�/3'.2@)T41?BA-N H41>F>1-(61C�E7)-+
)PE-2K+-'.) -(h�fihZr-E-N(>K+/-M416301)T41N('D),q\'.-*C52F416�<g'.29HE7?BS^>1-(?BA8C0-*61Ced�:§E7GY+4-('D>F' & ' -(>@'[S�41)-)L+4-('
®�2F03rT496849C0-*03),-(),:§)-2F'D63E-)-61>F22-*?BA8C5E-)-6�+-E-2@?BA£'.-()-'[>@S949NM412@' & 'DN(N('D)-63N*' -(?BAPE-)76�<R'D>F?BA-21-('w]
<R'D)�XY'.2@+-'.)kd



·8� � � �����
	���� ����� �3� � � ��� � ��� � �'� � �3� 	�� � ����� ��� 	��

�8-('D63'.)�+4-*' x_)7'.2F6;-('.>@S�41N('D)�+7'.2 O )-012F+-)PE-)-6�-()�+-'D2�63N('.-(?BA-'D) 0K2 H01>F>F'D)-032@+-)PE-)-6vX:-('K+4-*'
Á§012FhU41N(hZ0o+7'.)T41EoGº>FrT41NtC5E-)76-V >F0b/1'.2F>F4161C +4-*'.>F'D2�:=)7>549CF{1d3fih HO <g'.2F6341)-63>@2F'.6;-(hZ'\h;HE->F>@'.)
+T41A7'.2¶+/-(' & '.?BA7>F'.NtX:-(2@S^E7)-63'.)Z41EoGT+-'.2¶63N('.-(?BA-'D)ax�<R'D)-'s<g'.2 HE7?BS^>1-(?BA8C0-*61C¶XY'.2@+-'.)kV3>F0b+-41}
+4-*'s03r7C0-*>F?BA-'D)lx)-*63'.)->@?BAT49G�CF'.)l+7E-2F?BAU+4-('�x)-(61'.)-{DE->@C H41)-+-'�A4-*)->2-*?BAPCFN<-*?BAZ<g' -*+-'.2 & '.?BA7>F'.N�]
X:-(2@SPE-)-63'D)³<R'D>F?BA-21-('D<R'D)³X\'D2F+-'D)|ds�K41>Ux�2F>F?BA7' -()7'.)¡/303)pfi)PCF'.2JGº'.2F'D)-{.N>-()4-*'.)¡49N(>U��01N(63'
+-'D2_y_'D2Fh�-(>@?BA^E7)-6�/103)Ur72F03rT4965-('D2F'.)7+-'.)ZE-)-+U63'DGBHE-A72@C5'D)��c0^+-'D)US�41)-)Z+T41A7'.2_+-E-2@?BAl+4-*'
�ª�b�%)4-*?BAPC«'.2@S^N H412@C�X\'D2F+-'D)|V¶+/-('Z>2-(?BA¦41E7G�+4-*'ZGºE-)7+T41hZ'.)8CB41N*'¥��0o+-'U+-'.> u 'D>F03)T4�C5032@>
h�-*C � � ¹c<g'.>@?BA-2 H41)7SPC.d¶�K49>�x�2@>F?BA-'.-()-'D)¦/303)�fi)PCF'.2JGº'.2F'D)-{.N>-()4-*'.) -(h ®¢03NM4922-*CF03)->@rR'DS8]
C52@E-h <R'D2FE-A8C�49E7G ' -*)-'�¤K03r-r7N(E-)-6�+-'.2ZGºE-)-+T49hU'D)PC541N('D) u '.>F01)T49C5012FhZ0o+-'c41)³A H03A-'.2@'
�c0^+-'.)v+-E72F?BAZ' -()7'.)Z~^CF2F'.E7hU'D?BAT41)4-*>FhaE->B-*)-)-'.2@AT41N*<a+-'.>Y`K�\d & -('z<g' --+7'.2�>F'DSPE-)-+ªH412@'.)
x�h9-*>F>1-(03)|V7S103hZh«CmA4-('D2F<g' -�)-'D<R'D)�+-'D2 umu ~�49E-?BA�+4-*'¯® �¢~�-()��T254163'9d��bE-2F?BAc+4-('¯®_�¢~
SRH03)-)-'D)L41N(>@0¥41E7?BA�{.E->eH49C5{DN<-*?BA-'v~6-*63)T49CFE-2F'D) -()�~org'.S8C52@'.)�/301);�%-(SP2F012F'.>@03)T49CF032F'D),41E7GM]
C52@'DCF'.)£��� �^�.��d



� ��� ����$�� �

� � � ��# # $�� � � � � � � �

fi) +4-*'.>F'D2 :=2@<R'.-*C X�E-2F+7' +-'.2 xB-*) � E-} /303) O )-032F+7)^E7)-6 41E7G -§41N(<7N(' -tC5'D2J]
-§'wC5'.2@03>@CF2FE-S8CFE-2F'D)¥E-)8C5'D2F>FE7?BAPC.d - -('.2@<R'.-7X�E-2@+-'§+/-('§��49CF'.22-(41N(+o¨o)-41h9-*S�>@'.N*<->FS903)->2-*>@CF'.)8C
h9-tC¦+-'Dh 03roC0-(>@?BA-'.) �T'.N*+ 41N(>£'wµorR'D22-*hU'D)PCF'.N*Nl<g'.03<T49?BAPCF<T412@'.2�0 2eH03}3'�<R'D>F?BA-21-('.<g'.)kd
jkE-> H4�C5{.N>-(?BA {DE-2 HE-<-N>-(?BA-'D2@XY' -*>F'"+-E-2@?BA O )-032@+-)PE-)-6 /3'D2FE-2@>541?BA8CF'.) -*)-A-03hZ0363'D)-'.)
y_'.2@<-2F'.-*C5'D2FE-)76pE-)-+°+T41h�-*C�:=E->@>F?BA-h�-('D2F'D)�03r7C0-*>F?BA-'D2 u '.>@03)T41)-{D'.)�+-'D>�A-01hU0361'.)-'D)
~^¨^>@CF'.hZ>c{D' -(61'.) >2-(?BA 63'D2541+-'L+-E72F?BA°+/-(' O )7032F+-)PE-)76 -()7+-E-{ -*'.2JC5'1Vs?BA-412541S8CF'.22-*>@C2-(>F?BA7'
~6-(61)T49C5E72F'.) -()a+7'.)a03roC0-(>@?BA-'.)Z~ -(63)T49N('.)�+-'.2�A4-('D2¶E-)8CF'.2F>@E-?BA8C5'D)¥~^CF2FE-S8CFE-2F'D)|VP��`K�cE7)-+
�%-(SP2@032F'D>F03)T4�C5032@'.)|d ��-('D>F'�'.)8CF>@C5'DA-'.)¡+7E-2F?BA�+T41> & 'D?BA->F'DN(>Fr/-('.Nm+-'D2 O )-032F+7)^E7)-6¦h�-*C
41)-+-'D2F'D)¥`bET41>1-*CF' -(N*?BA-'.)8XY'.?BA->@'.NtX:-(2FSPE-)763'.)9-(h -§41N(<7N(' -tC5'D2.V�>F0 X:-('�+-'D2 & '.?BA7>F'.NtX:-(2@S^E7)-6
h9-tCs+-'Dh�03r7C2-(>F?BA7'.)c��'DN(+|d
x�>§AT4�C§>1-(?BAc63'.{D' -(69CeVT+T41}U41E-?BAc<R'.-�>@C5412FS9'.2 O )-032@+-)PE-)-6l'.-()cx)-() � E7}U+-'D2b~PC52549A-N(E-)763>J]
S103r7r-N(E-)76¥'.2@AT41N*CF'.)�<7N(' -*<7Cedg��-*'.>m65-(NtC§)/-(?BA8Cb)PE-2=GBHE72=S101hUr-N*'wµo'[~PC52FE7SPCFE-2F'D)�X:-('a��`K�
0o+7'.2Z�%-*S^2@032F'D>F03)-49C5032@'.)|V�>@03)-+-'D2F) -()->@<R'D>F03)-+7'.2F'�41E7?BA�GBHE-2v+-'D)³~7` �Yd & H41A-2@'.)-+�+4-('
:=)-S903r-r-N*E-)-6�41)�+T41>��8-(?BA8CFGº'DN(+�<g' -(h 63'.012F+-)-'wC5'D)�~-`K� N('D+4-(63N>-(?BA¡49N(>�2F'.-()�+4-*>F>2-*rT4�]
C0-t/3'.2¥®_2@03{.'D>F>�{DE¡' -()7'.h jk'.2@G�49N(N(>@S�41)T41NsGIHE-2¥+/-('�01r7C0-*>F?BA-',:§)-2F'D63E-)-6¦GBHE-A72@CeVY<R'wX:-(2@SPC
63'.2F41+-'�+4-*'p~PC52F'DE-E-)-6©+-'.>�x¶µo{ -*CF03)->�41h O )-032F+7)^E7)-63>Frg01CF'.)8C0-(41Nv' -()7'�:§)-S101r-r-N(E7)-6
41) >@E-<-2549+4-M41)8CF'��c0^+-'.)|V§+4-('£41E-}3'D2FAT49N(< +-'D>,�8-(?BA8C5S9'.63'DN(>,N>-('.61'.)°E7)-+�+T41A-'D2�)4-*?BAPC
>@CF2541A-N*'.)-+�{.'D2@G�41N*N('.)�SRH03)-)-'D)|d�~^?BA-03)�<g' -(h ~7` � -(>JC«+T49>a¤K03)8C0-*)^E7E-h 41)��c0^+-'D)|V¶49)
+T41>s+4-*'¯��49CF'.22-(41N(+o¨o)-41h9-*Sv63'.S903r-rg'.N*C:-*>@C.V-)4-(?BA8C � 49?BA|VT>F03)7+-'.2@)c<g'.>1-*C5{wCm41E7Gº632@E-)-+�+-'D2
¤K0o'Iµ/-*>@CF'.)-{¦r72F03rT4965-('D2F'.)7+-'.2cE-)-+�'D/941)7'.>F{D'.)8C5'D2��c0o+7'.) -()°:=<-AªH49)-65-(61S1' -tCc/103)�+-'D2
fihUr7E-N(>@S103hZrR01)-'.)8C5' -()�+-'.2=��-(N*hU'D<R'D)-' ' -*)-'a~PC52FE7SPCFE-22-*'.2@E-)-6-dR��-('D>§'D2FNM49)-61C=41<R'D2§'D2F>JC
-()�:=)8XY'.>F'D)-A-'.-*Cl/103) O )-032F+7)^E7)-6¦x)-() � E-}�41E7GK+4-*'�03r7C0-*>F?BA-'D)³x)-(61'.)->@?BAT49G�C5'D)³+-E-2@?BA
+4-('�~^CF2F'DE-E-)-6 /303) x¶µo{ -tC503)7'.) -*) 'D)8C5>Fr72F'.?BA7'.)-+-' jkE7>@C H49)-+-'1d¯:=E7>�+-'D2�fi)8CF'.2@Gº'D2F'D)-{
>@CF2541A-N*'.)-+7'.2¯E-)-+£>@E-<-2F41+4-M49)PCF'.2�q\' -tC52 H4163'=-() umu ~P]W~6-(61)T41N('D),S�41)-)¦49E7Gz+-'D) 0K2541+L+-'D2
��03S�41N<-*>2-('D2FE-)76U+-'D2b<g' -*CF254161'.)-+-'D);jkE->@C H41)-+-'«E-)-+,+T41h�-*C=41E7G_+/-('a:§2@Cb+7'.2 O )-032F+7)^E7)-6
{.E-2 HE-?BSP63'.>@?BA-N(01>F>F'D)�X\'D2F+-'D)|d
q\' -cSPE-2F{D'.)�¤K032F2@'.NM4�C0-(01)->FN H41)-63'D) -*h y_'.2F61N(' -*?BA�{.E7h q\01A-2J] u 41+/-(E->�+-'.>¡x¶µo{ -tC503)7>

·3�



·1¾ � �������
	������������ � � � 	�� � �+�/�#��� �

N<-*'.63'D)�)-'.<g'.)�C0-*'DGmN(01S949N<-(>1-('D2@C5'D)�jkE->JC H41)-+7'.)|V�+4-*'�+-E-2@?BA -*A-2F'�632@03}3'¥:§E->F+7'.A-)PE-)-6 -(h
fihZr-E-N(>@2541E7h +-03h�-()T41)8Cp41)�>@E-<-2549+4-M41)8CF'��c0^+-'.) S103r-rg'.N*)|V¥49E->F63'D+-'.A7)PCF' & '.N(N*'.)o]
GºE-)-S8C2-(03)-'D)°/3012.V=+/-('£'.-()-'�632F01}3'£®�2@0 2@'.S8C0-*03) 41E7GU��0o+-'D) -(h �8-(?BA8CFS1'.61'.N«<g'.>1-*CF{.'.)kd
�bE-2@?BAl+4-*'§+-'D>@CF2FE-S8C0-t/3'bfi)8CF'.2@Gº'D2F'D)-{b+4-*'.>F'D2z��0o+-'D)¥S�41)-)U' -()7'=�b03r7rR'DN(rg'e41SP>@CF2FE-S8CFE-27-*)
+-'D2v¤ E72F{.{D' -tC5+7¨^)T41h�-(SL{D' -*C541E7Gº63'DN H03>JC5'D2 u§u ~P]W~6-(63)-41N('ZE-)-+�' -*)-'¥:§E7Gº>FrT49N*C5E7)-6,-()¦+7'.)
umu ~P]W~org'.S8C52@'.)³<g'.03<-41?BA8C5'DClX\'D2F+-'D)|dz��-*'c¤K0^'wµ6-(>JC5'D)-{cC2-('DGbN(03S�41N>-(>2-*'.2JC5'.2«E-)-+¡41E7>F63'I]
+-'DA-)8C5'.2ZjkE7>@C H49)-+-'¥>@r4-('D63'.NtCa>2-*?BA -()¦'.-()-'D2«>@rR'DSPCF2541N\>F?BAT412JGº'.)��8-()4-*'UE7h�+4-*'lh�-*C@C5N('D2F'
x¶µo{ -*CF03)7Gº2@'.�PE-'.)7{�E7)-+�' -*)-'.h�<-2F'.-*C5'D)�¤K03)8C0-()PE-E7h¬41)�49E->F63'D+-'.A7)PCF'.)³jkE->@C H41)-+-'D)�{DE
A H03A7'.2F'D)�x_)7'.2F6;-('.)�X:-*+-'.2Dd-�K4a>2-*?BA�+-'.2 0K2549+�+-'.2���03S�41N>-(>2-*'.2@E-)-6a49E7G¢+4-('b:§)-S101r-r-N(E7)-6
41)±' -*)
03r7C2-(>@?BA-'.>��T'.N(+ 41E->JX:-(2@SPC.V '.2@G�49A-2F'D)
)PE-2;+4-('�41E->@63'.+7'.A-)8C5'D) jkE->@C H41)-+-'�+4-*'
~oE-rg'.2@2541+/-M41)-{A-*)�' -*)-'.2vq\2F416369]W~^C52@E-S8C5E-2Dd���-('D>a>F?BA7NiH4161Cv>1-(?BA -()�'.-()-'D2vx�2FAªH03APE-)76�+-'D>
A-0^?BA-'.)7'.2F61'DC0-*>F?BA-'D)c:§E->FN H41E7Gº'D2F>z+-'D> u§u ~P]W~orR'DS8C52FE7hU>z61'.63'D)�HE-<g'.2z+-'D2s�8-()4-*'=+-E72F?BA�+4-*'
C0-*'DG�N(03S�41N>-(>1-('.2JC5'D)�jkE->JC H41)-+7'�<g' -|X\41?BA->@'.)-+-'D2b��-*N(hZ{e41A7NR)4-*'.+-'D2.d
q\'.-Y632@03}3'D)�¤K032F2@'.NM4�C0-(01)->FN H41)-63'D)�+-'D> O )7032F+-)PE-)763>Frg01C5'D)8C0-M49N(>«61'.63'D)�HE-<g'.2a+-'Dh¬qY03A-2J]
u 41+4-(E7>p+-'D>�x�µo{.-*C501)->¡>2-*)-+ +4-('�jkE->@C H41)-+-'9V¥+4-('©{.E-h u§u ~P]W~6-(63)-41N�<R'.-*C52F4163'D)|V?-*)
XY' -*CF'.) � 41?BA-'.)�®¢01C5'D)8C0-M49N(haE-N*+-'.)ZN(01S949N<-(>1-('D2@Ced1x�>\'.2@>F?BA-'.-()8Cs)PE-2Y' -()7'b�8-()4-*':-(h q\'D2F'.-(?BA
+-'D2 h9-tCFCFN('.2@'.) x�µo{.-*C501)7Gº2F'D�^E7'.)-{ -*h umu ~P]J~org'.S8CF2FE-h�d�q\'.-£63N*' -*?BA-'.2°�'-*)4-('D)P<-2F'.-*C5'
-()�+-'.2p:=<->@032Fr7C2-(03)�{.'.-(63'D) >2-(?BA >2-(61)4-*�TS�41)8CF' O )PCF'.2@>F?BA4-*'.+-' +-'D2 umu ~P]W~6-(61)T41N(' -*)
:=<7AªH41)-65-*63S1'.-*Ca/103)�+-'.) O )-032F+7)^E7)-63>Fr-412541hZ'DCF'.2@)|d_��-(' u§u ~¦'.2@XY' -*>@Cv>1-(?BA�+T41A-'D2v41N(>
/ -('DN*/3'D2F>@r-2F'D?BA-'.)-+7';�c'DCFA-0o+7'1V\+7E-2F?BA¡+-'D)py_'.2@63N('.-(?BA�/303)³61'.hZ'.>F>@'.)-'D)©~6-(63)-41N('D)�h�-*C
~6-*haE-NM4�C0-(01)-'.)�'.-()-' �PET41)8C0-tCB49C2-*/1'¯:§)T41Nt¨o>@'�+7'.2 O )-032@+-)PE-)-6U{.E�'D2Fh�H0363N>-(?BA-'D)|d O h�+7'.)
Á=49?BAPXY' -*>§A/-('.2JGIHE-2s{.E�'.2@<-22-*)-63'D)|VT>2-*)-+�2@'.+-0^?BAcXY' -tC5'.2@' O )8C5'D2F>FE7?BA^E7)-63'.),)701CiX\'D)-+4-*6-d

��-(' ¤K0^'wµ6-(>JC5'D)-{K/303)�>FE-<72541+4-(41)8C5'D),�c0^+-'.)�E-)-+c>FE-rg'.2@2541+/-M41)8C5'Dh jkE->JCB41)-+�r-2eH4161C�+4-*'
03r7C2-(>@?BA-'.)cx)-(63'D)->F?BAT4�G�C5'.)�/303)cq\2F416369]W~^C52@E-S8C5E-2@'.)|d���-*'bS103A�H412F'D)PCF'«¤K03r7r-N(E-)76Z+7'.2§`K�
HE-<g'.2¥+-41>l03roC0-(>@?BA-',�T'.N*+p<g'DX:-*2FS8C�' -*)-'�+7'.2���-*N(hZ{e41A7Nsr-2F03rg032JC0-(01)T41N('D) u '.+7E-{ -*'.2FE7)-6
+-'D2a>@CF2541A-N*'.)-+7'.)���'.<g'.)->@+T41E-'D2[+-'.2a>@E-rg'.2F2F41+4-(41)8C5'.)��c0^+-'9d��K4163'D63'.)£'.2FN(41)-63'D)�>FE-<^]
2549+4-M41)8CF'Z�c0o+7'.)£'D2F>JC -*)L:=)8X\'D>F'D)-A-' -tC«/103) O )-032F+7)^E7)-6c'.-()-'v)4-*?BA8C¯/1'.2@>F?BA8X:-()-+7'.)-+-'
:=)7S103r-r7N(E-)-6c41)L' -*),'wµ^C5'D2F)-'D>a�T'.N*+|d|�bE72F?BA;+4-('a2@'.+-E7{ -('D2@CF'Z>JC52F41A-N('D)-+-'Zq\2@' -*CF'[+4-('D>F'D2
jkE->JC H41)-+7'�-(>JCa' -*)-'¥:§<->F?BA H4�C5{.E7)-6L+-'.>[)4-*?BA8C5>@CF2541A7N('.)7+-'.)�q\'.-*CF254163>�{.E-h¬�b'.r-A-41>2-*'.2F'D)
h�H0363N<-*?BA|dK�K41>Ly & � >@C5'DN(NtC�A/-('.2@<R'.-v+4-('�41+ªH41�PET4�C5'¡��'DC5A70o+-'�+T412DV�+4-*'�A-03hZ0363'.)7'
�8-()4-*'.)P<-2@' -*CF'z+-'D2 01r7C0-*>F?BA-'D) u '.>@03)T41)-{D'.)U{.EZ'.2Fh�-*C@C5'DN()|d�fih
y_'.2@63N('.-(?BAvh�-*C�'Iµ7rg'.21-(hZ'.)o]
C5'DN(N*'.)�q\'DGºE-)7+-'.)³S903)-)8C5'c63'.{D' -*61CUXY'.2@+-'.)kVY+T49}£<g' -�>F'DA-2lA-0^?BA8X\'D2@C2-(63'D)�`K�¢]W®�2F01<R'D)
+4-*'=��'.<g'.)7>F+T41E7'.2\'.-()-'D2Y01r7C0-*>F?BA-'D)¥:=)-2@'.63E7)-6«<g' -�C0-*'DGº'.)Z�¢'.hZrR'D2549CFE-2F'D)¥E-)-+U63'.21-()-63'D)
:=)72F'.61E-)-63>1-()8C5'D)->2-tC H49CF'.)�+703h9-*)T41)8C�+-E-2@?BA�+-'D)�>JC52549A-N('D)-+-'.)�jk'.2JG�41N(N|<g'.612F'.)7{DC -(>JCed���-('
>@CF2541A7N('.)7+-'���'.<g'.)7>F+T41E7'.2¥'.-()-'D2l:=)72F'.61E-)-6 -*>@C 2@'.+-0^?BA¡S1'.-()-'���49C5'D22-(41N(S903)->@C541)8C5'%-(h
' -*63'.)8CFN<-(?BA7'.) ~6-*)-)-'9V=>F01)-+-'.2@) AªH41)-61C�/303)�+-'D2,®�2F03<g'.)763'.03hZ'DCF22-*'�41<|Vm+4-('¦41E-?BA�+4-*'
+4-*'.N('DS8C522-*>F?BA-' O hZ63'D<-E-)-6³A/-()->1-(?BA8C5N>-(?BA 0 2@'.)-{ � H41?BA-'D)�' -()7>F?BA-N>-('.}9Ced�fi)���`K� -*>@C�+4-*'
®�AT41>@'1VTh�-*Cz+7'.2s+4-*'b/3'.2@>F?BA4-*'.+-'D)-'.),` �°HE7<R'D2s+T41>��8-(?BA8CFGº'DN(+�41)-'.-()T49)-+-'.2\S103r-rg'.N*)cE7)-+



·3À

+T41h�-*Cs+/-('K>@CF2541A7N('.)7+-' u 'D)-032Fh�-('D2FE-)76-V7+-E72F?BA�+7'.)c��-(N*hl41<7>@CB49)-+¥<g'.>@C2-(hZh«Ced
�b'.2,Gº2F'.-(>JC5'.A7'.)-+-'p~-`K� >@C5'DN(NtCL' -()7'�fi+7'e41N>-(>2-*'.2@E-)-6�+T412DV¯+/-(' -()±+-'D2 u 'e41N>-*C H49C,)4-*?BAPC
'wµ6-(>JC0-*'.2@C.d^��-('m' -()oG�41?BA->@CF'b2F'.41N('§®�2F03<g'.)763'.03hZ'DCF22-*'=<g' -()7AT41N*CF'DC >F?BA703)�' -()7' 0K2F'D)-{ � H49?BA-'
{DX:-*>F?BA-'D)�+-'Dh -§41N(<-N*' -tC5'.2@hl4�C5'.21-M41NkE-)-+L+-'.2 ��E7G�C.dk:§E7Gº632FE7)-+L+-'.>KA-01A-'.);q\2@'.?BAPE-)-63>W]
-()-+7'wµoE-)8C5'D2F>F?BA/-('.+7>UX:-(2@+�' -*)�A703A-'.2[:§)8C5' -*Ns+-'.2['Dh9-tCFC2-('.2JC5'D)���'DN(+-'D2�-()�+/-('�~^CF2FE-S8C5E72
{.E-29HE-?BSP2F' � '.S8C0-*'.2JCeV�X\0^+-E-2@?BA +/-('�h�-*C
+-'.2 {DE-29HE-?BSP63'DN('D61C5'D) 03roC0-(>@?BA-'.) & '.63N H41)-63'
/3'D2F<-E-)7+-'.)-'¦®_A-41>F'�{.E '.-()-'D2�S903hZr-N('Iµ7'D) u '.)-032@h9-*'.2@E-)-6�+-'.2�03r7C2-(>@?BA-'.) u '.>@03)T41)7{
A4-()7>2-(?BA8CFN<-(?BA 'D)-'.2@63'DC2-(>@?BA-'.2©®�03>1-*C2-(03) E-)-+�>@CF2541A7N('.)7+-'.2¡y_'.2@<-2F'.-*CF'.2FE7)-6 GIHE-A-2@C.d���-('
~^C52F41A-N*E-)-63>@S103r-r7N(E-)-6,S�41)7)�49N(>F0,)PE-2=-*)�~o03)7+-'.2JG H41N(N*'.)�+-E-2@?BA�' -()7'�2F' -*)-'���-*>F>2-*rT49C2-(03)
<R'D29HE-?BSP>1-(?BA8C0-*61C X\'D2F+-'D)|d�fih :§N(N(61'.hZ' -()7'.)¬'D2F63'D<R'D) >1-(?BA <g' -³>@'.N(<7>@C5S903)->1-(>@CF'.)8C5'D2
q\'.>@?BA-2F'.-(<-E7)-6L+-'.2v�c49C5'D22-M49N(+7¨^)T41h�-(S,-*) & '.?BA->@'.N*X:-*2FSPE-)-6Lh�-*C�+-'.h�03r7C2-(>F?BA7'.)��T'.N(+
)-'.E7'«`bET49>2-*CF' -*N(?BA-'D)�h�-*CzS103hZr-N('Iµ�2F'D)-032@h9-*'.2@CF'.)�x)-(61'.)-'D)-'.2@65-('D)|d
�b2541>JC0-*>F?BA-'D2�>2-()7+©+4-*'Lx�Qk'DSPCF'1VsXY'.)-) )-'.<g'.)©+-'.h �¢49+-E-)-63>JC52eH4163'.2@>@¨^>@CF'.h 41E7?BA°+T41>
�8-(?BA8CFGº'DN(+�+-E-2@?BA�' -()7'.)�03r7C2-(>F?BA7'.) u 'D>F03)-49C5032«' -()7'���-(hZ'.)->1-(03)->@2F'D+-E-{ -*'.2@E-)-6�'D2@G@H41A-2JCed
fih u 'D65-(hZ'�>@CB492FS1'D2s¤K03r-r-N*E-)-6�>@C5'DN(N*'.)l+/-('§®�03N(4122-tC503)-'D)l49N(>\`KE-41>2-tC5' -*N(?BA-'D)l+-'D>z63'DS103ro]
rR'DN*CF'.)c~^¨^>@CF'.hZ>=41E7> u '.>@03)T49CF032FhZ0^+-'.)�E-)-+�`K�¢]Wx¶µo{ -tC503)�+4-*'K'.N('DhU'D)8CB412@'.)�03r7C0-*>F?BA-'D)
:=)-2@'.63E7)-63'.) +T492.d��bE-2F?BA +4-*'�~^CF2F'.E7E-)-6�+-'D>�x�µo{.-*C501)->�41h O )-012F+-)PE-)-61>Frg01C5'D)PC2-M41N
X\'D2F+-'D)l+4-*'§�c0o+7'.)Z+-'.> u 'D>F03)-49C5032@>_h9-tC_®�2F0 2@'DSPC2-(03)7'.) � � ¹K+-'D> & '.N*N('.)8/1'.S8C5032@>\49E7G
+4-('=~o?BA4-*?BA8C5'.<g'.)7' 41)¥+4-*'=:=)72F'.61E-)-63>@22-(?BA8CFE-)-6[<g' - � � ¹¯63'.S903r-rg'.N*C\E-)-+�SRH03)-)7'.)�h�-*C
+4-('D>F'D)L�c0^+-'.)%-()8C5'D2@Gº'.21-('D2F'.)kdgfih HO <R'D2F6841)763>F<g'.2@' -(?BA�{DX:-(>@?BA-'.),+7'.) u '.65-*hU'D)c>JCB412@S1'D2
E-)-+%>@?BA8Xz41?BA7'.2�¤K03r-r-N*E-)-6°'D2F63'D<R'D)%>2-*?BA%A4-*'.2F+7E-2F?BA%{DE-> H4�C5{.N>-(?BA-'�>Frg'.S8C52F41Nl>@?BAT412JGº'
u 'D>F03)-41)-{.'D) -*)¡+-'.) ®¢03NM4121-*CF03)->Frg'.S8CF2F'.)kds��-(' umu ~P]J~org'.S8CF2F'.)�+-'D>c�%-(SP2F012F'.>@03)T49CF032F>
X\'D2F+-'D) +-41<R'.-a+-03h�-()/-('.2JC�+-E72F?BA +4-('D>F'�fi)8C5'D2@Gº'.2@'.)-{DN<-*)4-('D)|V§X\41>@-(A-2@'.) O 2F>Fr72FE-)-6 -()
' -*)-'.2¡rg03NM4922-*CF03)4-*>F?BA-'D)�fihZr-E-N*>F>JC52F'DE-E-)-6 <g'.>@C H49C0-*61Ced¥��-(' fi)8C5'D2@Gº'D2F'.)7{.'DQR'.S8CF'
C52@'DC5'D)
/3'D2F>@C H412FS8CY<R'.-TSPE-2F{D'.)�¤K032@2F'.N(49C0-*03)->@NiH41)-61'.)a+-'D> O )-032@+-)PE-)-63>@rR01CF'.)8C0-(41N(> 41EoGWV8<R'.-T+-'.)-'D)
+4-('�x¶µo{ -tC503)7'.) HE7<R'D2Z'.-()-'D)�XY' -tC5'D)�fihZr-E-N*>F<g'.2F'.-(?BA�63'.>JC52@'.E7CZX\'D2F+-'D)|V >F0;+T41}L>2-*'c49)
+T41>�63'D>541h«CF' >@C52@E-S8C5E-21-('D2@C5'¯¤K03)8C0-*)PE-E-h /103) u '.>@03)T49CF032FhZ0^+-'.)�S101r-rR'DN()|d
fi)c+7'.) 0K2F'D)-{DG@H49N(N('D)�>@CB492FS1'D2§E7)-+�>@?BAPX\41?BA-'D2K¤K03r-r-N*E-)-6v'.2@{ -*'.N*Cm+4-*' �ª�b�KVT<R'.-¢+7'.2�+4-('
~^C52@'.E-E7)-6�+-'.2��c0o+7'.)³/3'D2F)T49?BA-NiH41>@>2-*61C¥X:-(2@+|V_GIHE-2¥+4-*'�N<-*)-'e492F'.)³~org'.S8C52@'.) u 'D>FE-NtCB49CF'1V
+4-(' '.-()-'�63E7C5'�Á H49A-'.2@E-)-6l+7'.2§/103N(N*'.) u 'D?BA-)PE-)-6�+T492F>@CF'.N*N('.)kdR��-*' fi)PCF'.2JGº'.2F'D)-{.N>-()4-*'.)�41N(>
¤K03)->F'D�PE-'.)-{Z+-'D2«��0o+-'D)-S101r-r-N(E7)-6�-(h -*)8C5'.2@hU'D+4-iH492F'.) u '.6;-(hZ'aSRH03)-)-'D) 2@'D+-0o?BA;)4-*?BAPC
2F'Dr-2F0^+-E-{.-('.2JCsX\'D2F+-'D)|d
�bE-2F?BA +/-(' A4-*'.2�+-E-2F?BA763'DGBHE-A72@C5'D) O )8C5'.2@>FE-?BAPE-)763'.) AT49C¡>1-(?BA A-'D2541E->@63'.>JC5'DN(N*C.Vl+T49}
' -*)-' >@C H032FE-)763>@CFA-'.032@'DC2-(>F?BA7'�q\'DAT41)-+-N*E-)-6 +-'.2�¤K03r-r7N(E-)-6 +-'D2 ��49C5'D22-(41N(+7¨^)T49h9-*S
41) +T41>�03r7C2-(>F?BA7'©�T'DN(+ 41N(>�2@' -*)�+4-*>F>1-(rT49C2-*/1'.2�®�2F03{D'.>@>p)PE-2 -()�~org'.{.-M41NtG@H41N(N*'.)%0^+-'.2
' -*)-63'.>@?BA-2 H49)-S8C5'.) ®¶412F41hZ'DC5'D2F<g'.2@' -(?BA7'.) h H0363N>-(?BA -*>@C.d¥fih :=N*N(63'DhU'.-()-'D)�63'DA-'.)�+4-('
x�Qk'DSPCF'�+7E-2F?BA±+4-('�~PC52549A-N(E-)763>FS903r-r-N*E-)-6 HE-<R'D2L+-'.)±>@CF2541A-N*'.)-+7'.)
jk'.2@G�49N(N«01r7C0-*>F?BA-'D2
:=)-2@'.63E7)-63'.)�A/-()T41E7>.do��-('=�c0o+7'.)�+-'D>z63'.S903r-rg'.NtC5'.)�~P¨o>JC5'DhU>z+7'.2s�ª41+-E7)-63>@CF2 H4161'.2\E7)-+
+-'.>§�8-(?BA8CFGº'DN(+-'D>�<R'D>2-*CF{.'D) -�d»47d-S903hZr-N('Iµ�2F'D)-032Fh�-('D2@CF' xB-*63'.)7'.)-'D2F65-*'.)|d��b'D2§x)-*) � E-}v+-'D2



· ( � �������
	������������ � � � 	�� � �+�/�#��� �

~^CF2541A-N*E-)-63>@S103r7r-N(E-)76lX:-(2@+�)4-(?BA8C='DCiX\4¥+-E-2F?BAL+4-*' O )-032F+7)^E7)-6¥E-)8C5'D2F+-2 HE-?BS8CeV�>@03)-+-'D2F)
'.> '.2@63'.<g'.)Z>2-*?BAl63'D2541+7'm+7E-2F?BAU+4-('m¤K0o'Iµ6-(>@CF'.)-{�>JC52549A-N('D)-+-'.2 E-)-+Z>FE7<-2541+/-M41)8C5'D2z��0o+-'D)
-()8CF'.2F'D>F>F41)8C5'1V�)-'DE-'¯03r7C0-*>F?BA-'¯x)-(61'.)->@?BAT49G�C5'D)�+-'D>§~^¨^>@C5'DhU>Dd
�K41> & '.?BA->@'.N*>Fr4-*'.N[h�-*C,49)-+-'.2@'.)%`KE-41>2-tC5' -*N(?BA-'D)8X\'D?BA->F'DN*X:-(2@SPE-)-63'D)
>@CF'.N*N*C,-*)�:=)8X\'I]
>F'D)-A-'.-*C�/303) O )-032@+-)PE-)-6�' -()7'.) {.'.)8CF2541N*'.)°:§>Frg'.S8Cc+T412.dmq\'.-K+-'.2 umu ~¡{1d»q=d�'.2@65-(<7C
>2-*?BA�+-E72F?BA�+4-*'«q -()-+-E7)-6U/103)�x�N('DS8C52F01)-'.)�E7)-+,� H03?BA-'D2F)�{DE�x¶µo{ -*CF03)-'D)�' -*)-'�'wQk'DS8C0-*/1'
¤K032F2@'.N(49C0-*03)->@GºE7)-S8C0-(01) +-E-2@?BA ��41N*CFE-)-6"+-'D2 0¯41E7}3S1032@2F'DNM49C2-(03) +-'D> O )-032@+-)PE-)-63>W]
rg01C5'D)PC2-M41N*>¡h9-tC�+-'.h HO <R'D2FN(41r-r +-'.2©41h ~PC52F'DE-r-2@03{.'D}�<R'wC5'.-(N<-*61C5'D) 'wµo{ -tC503)/-(>F?BA7'.)
& '.N(N*'.)7GºE7)-S8C0-(01)-'.)|dmÁm'.<g'.)�+-'D2,¤K032F2@'.NM4�C0-(01)->FN H41)-63',+-'D2 O )7032F+-)PE-)76 -(>@Cc+T41h�-*Cc+-'D2
'wµo{.-*C501)4-(>@?BA-'mq\03A-2W] u 41+4-(E7>�' -*)-'\XY' -*CF'.2@'m>J¨^>@C5'Dh9-*hUhU41)-'D)8C5'�� H41)-63'D)->FS�41N(47d8��-*C�+4-*'.>@'.)
& '.?BA->@'.N*X:-*2FSPE-)-61'.)�/3'D2F<-E-)7+-'.)±>2-*)-+ +4-*'¦x�)-'.2@65-('D>FS�41N*'.)�+-'D2�q7-*)-+-E-)-61>F'.)7'.2F6;-('¦+-'D>
x¶µo{ -*CF03)->bE7)-+L+-'.2=y 4922-M49)-{«+-'D2 O )-012F+-)PE-)-67d & '.-*CF'.2FA/-()�)4-*hUh�C=+4-*'«)4-*?BA8C5>@CF2541A7N('.)7+-'
�b'.r7AT41>2-*'.2@E-)-63>@2549CF'°' -*)-'.)�xB-*) � E-}%41E7G,+4-*'�~^CF2F'DE-E-)-6 49h O )-032@+-)PE-)-63>@rR01CF'.)8C0-(41N�V
-()7+-'.h�>1-('K+-'D)c'D)-'.2@63'DC2-(>@?BA-'.) HO <R'D2FN(41r-r�+-'.2�<g'DCF' -(N>-(61CF'.)�~PC52F'DE-{.E7>@C H49)-+-'«<g'.>JC0-*hUh«C.d
q\'.-ª�%-(SP2@032F'D>F03)T4�C5032@'.)�S103)-)8CF'¯>@0 X\03A7N�+-E-2F?BAc+4-('bx_2@AªH03APE-)-6Z+-'D2 O )-032@+-)PE-)-63>@>@C H412FS9'1V
41N*>§49E-?BA�+-E72F?BA�y_'D2F>@C H412FS9'.)�+7'.>=)/-(?BA8C5>JC52549A-N('D)-+-'.)��b'.r-A-41>2-*'.2F'D)->='.-() HO <g'.2@6841)-6v/303h
u '.65-*hU'�>@C5412FS9'.2¡¤K03r7r-N(E-)76
{.E7h qY'.2F'.-(?BA�>@?BA8Xz41?BA7'.2 ¤K03r-r-N*E-)-6
'D2F{.-('.NtC�X\'D2F+-'D)|d
��-('D>F'D2 HO <R'D2F6849)-6©�T)7+-'DC�>@C549CFC.V XY'.)7) +4-('�x�)-'.2@65-('D>FS�41N(4 +-'D>£'.-()-'D)
®�2F01{.'.>@>F'D>.V�-*)
+4-*'.>F'Dh ��41N(No63'.61'.<g'.)Z+-E-2F?BAU+4-('��b'Dr-AT41>1-('D2FE-)-61>F254�C5'�<-{DX d8+/-(' O )7032F+-)PE-)763>F>JC H412@S1'1V^+4-*'
+-'D>=41)7+-'.2@'.)|V�A4-*'.2s+4-*'¯rg03N(4122-tC503)4-*>F?BA-'=:=E7Gº>@rT41N*CFE-)-6-V¶HE-<R'D2@CF22-*QgCed-��-('¯~oE-rg'.2@2541+/-M41)-{ -*)
q\2F416369]W~^C52@E-S8C5E-2@'.)�S�41)-),'D2F>JCbX:-(2@S^>F41h�E-)8C5'.2@+-29HE7?BSPCKXY'.2@+-'.)kVkX\'D)-)L+4-(' -()-A703hU0163'.)-'
q\2@' -*CF'§612 H03}3'D2\49N(> +4-('m>@CF2541A-N*'.)-+7'=q\2@' -tC5'=+7'.2 >FE-rg'.2@2541+4-(41)8C5'D)��c0^+-'�-*>@Ced^Á -(?BA8CFCF22-*/ -(41N('
x�Qk'DS8C5'�'.2@63'.<g'.)Z>2-*?BAU49<R'D2)-()->@<R'D>F03)-+7'.2F'9V3X\'D)-)Z+4-('�x�)-'D2F65-*'.>FS�41N*'.)v+-'D2�/3'.2@>F?BA4-*'.+-'D)-'.)
& '.?BA->@'.N*X:-*2FSPE-)-61'.)c/1'.2@63N('.-(?BAP<T412�>2-*)-+|d
��-(' -*)
+4-*'.>F'D2£:§2F<g' -*CL/1032F63'D)-03hZhU'D)-'¡��0o+-'DN(N>-('.2@E-)-6�)4-*?BAPCF>@CF2541A-N*'.)-+7'.2��b'Dr-AT41>1-('w]
2FE7)-63>Fr72F03{D'.>F>@'+-()l��012Fh ' -*)-'.2Yr-AªH41)703hU'D)-03N*0365-(>@?BA-'.)l�vH41hZr7GºE-)-63>@2549CF'§>JC5'DN(N*C >1-(?BA-'D2FN<-*?BA
' -*)-';ÁaH41A7'.2FE7)-6p+T492.d3-�-*'.2¥X[HE-2@+-'£'.-()-'Lh�-(SP2F01>FS101r4-(>@?BA-'L�sA-'.0321-('LGIHE-2�+4-(' & '.?BA7>F'.N�]
X:-(2@SPE-)-6³+-'D2,�ª41+-E-)763>@CF2 H4163'D2�h�-*Cc®�A-03)-03)7'.)�0^+-'.2�'.-()-'�)4-(?BA8CFN<-()7'e412@'��sA-'D0322-*'¦+-'D2
��49CF'.21-M41N*+7¨^)T41h�-(S�V8X\'DN(?BA-'K+4-*'K~^CF2F'DE-E-)-6v+-'D2sx�N('.S8CF2F03)-'D)�E-)-+�� H03?BA-'D2sE-)8C5'.2@' -*)T41)-+-'D2
<g'.2 HE7?BS^>1-(?BA8C0-*61CeV ' -*)-'.)³��012@C5>@?BA-22-tCFCU'.2@{ -('DN('D)|d_fi)->F<g'.>@03)-+-'D2F',-(h"jkE->541hZhZ'.)-AT49)-6£h�-*C
+-'Dh ®�2F01<-N('Dh +-'D2¥>F'DSPE-)-+ªH412@'.) x�h9-*>F>1-(03)pX�H492F'�'.-()-'c�sA-'.0321-('�X[HE7)->F?BA-'D)->@XY'.2JCeV�+4-*'
>F0 XY03A-N¯+-'.) xB-*) � E-}�+-'.2�~^CF2F'.E7E-)-6³+-'D2��ª41+7E-)-63>JC52 H4963'.2c41h O )7032F+-)PE-)763>Frg01C5'D)8C0-M49N
41N*>l41E7?BA¡+4-('�® �¢~�S903)->1-(>@CF'.)8C�<g'.>F?BA72F' -*<7Ced\��-('�SPNM41>@>2-(>@?BA-'��sA-'D0322-*'�+-'D>��8-(?BA8CFGº'DN(+-'D>
h HE-}1C5' A4-('D2F{DE +-E-2F?BA ' -*)-' `bET49)PCF'.)8C5A7'.0321-(' '.2@>F'wC5{DC�XY'.2@+-'.)kV,E-h ®�2F01{.'.>@>F' +-'D2
>Frg03)8CB49)-'.)°x_h�-(>@>2-*03)�<R'D>F?BA-2@' -(<g'.)©{.E©SkH01)-)-'.)kd§x)-*)-';x_2JX\'.-*CF'.2FE7)-6p+-'D2 -§41N(<7N(' -tC5'D2J]
��E-h�-()-'D>F{.'D)-{w]'0 N*' -*?BA^E7)-63'.)°� � ¹+*oV_·8À �m41E7Gb+7'.)pE7)-63'.012F+-)-'wC5'D)³��41N(N\>F?BA-'.-()8Cl{DE-2ljk' -*C
2@'.+70o?BA +4-*'��¦H0361N<-(?BA7S1' -tC5'D)%hU0^+-'D2F)-'D2 u 'D?BA-)-'D2�{.E >Fr72F'.)763'.)|V[+-4 +-'.2�qY2FE-?BA +-'D2
�¢2541)->@NM49C2-(03)7>2-()8/94121-M41)-{§+4-(' ��-*hU'D)->2-*03)T41N>-*C H49C\+7'.>m®�2F03<-N*'.hZ>s'.2@A H03A8Ced
x)-()-' y_'D2541N*N(63'DhU'.-()-'D2FE-)76%+-'.2��sA-'D0322-*' GIHE-2¡+T41>³y & ��V�+4-*'�<4-(>@A-'.2�41EoG O )-032F+^]



· *

)PE-)-63>@rR01CF'.)8C0-(41N('£h9-tC�632@03}3'D2�¤K032F2@'.N(49C0-*03)->FN H41)-63'@-*h y_'D2F63N*' -(?BA°{.E-h 'wµo{ -tC503)4-*>F?BA-'D)
q\03A-2W] u 41+4-*E->='.-()-63'D>F?BA-2eH41)-S8C -(>JCeVRSkH01)-)8C5'aXY' -*CF63'.A7'.)-+-'vx)-*)->2-*?BAPC�-(),+4-*'a��'.<g'.)->@+T41E-'D2
03r7C2-(>F?BA7'.2£:§)-2F'D63E-)-61'.) -*)
:=<7A H41)-65-*63S1'.-*C;/303h 0K2541+ +-'.2£��03S�41N<-*>2-('D2FE-)76 E7)-+%+-'D2
'.)8C5>@r-2F'D?BA-'.)7+-'.),:§)-S103r7r-N(E-)76l41)�>@CF2541A7N('.)7+-' 0o+-'D2s>FE-<72541+4-(41)8C5'��c0^+-'.)�'.2@<-22-*)-63'D)|d



� � � � � � �

� ������
 ����� ��� � � $����

:=)7AT41)-+c' -()7'.>='.-()7G�49?BA-'.)��c0o+7'.N(N*>�>F03N*N¢A/-('.2�+4-*'«x�)8C5>JC5'DA^E7)-6�' -*)-'.2m+-22-tCFCF'.) u 'D>F03)T49)-{
-(h ®¢03NM4121-*CF03)->Frg'.S8CF2FE-h�41N(>\¤K03)->F'D�PE-'.)-{ +-'D2s¤K03r-r-N*E-)-6«/1'.2@>F?BA4-*'.+-'D)-'.2=�c0^+-'.)�+-E72F?BA
+4-*' O )-012F+-)PE-)-6D-*N(N(E7>@C521-('D2@C X\'D2F+-'D)|d���-('b:§)-S101r-r-N(E7)-6Z41)�+T41>�¤K03)8C0-*)PE-E-h�49)���0o+-'D)
+-'D> u '.>@03)T49CF032F>�h�-*C � � ¹[X:-*2F+�A4-('D2F<g' -�+-E72F?BA�+/-(>FSP2@'DC5'9V�+-E-)-SPN('¯Á -*/3'.41E->m<R'D>F?BA-21-('I]
<g'.)|VT+4-*'K' -*)-'¯¤ 01r-r-N(E7)-6[+-'.2�rg03NM4922-*CF03)4-*>F?BA-'D)�jkE->@C H41)-+-'¯<R'.- ��� ¹[/1'.2@h9-tCFC5'DN()|d
��-('�q\'wX\'D63E-)-63>@63N('.-(?BAPE-)-6 GBHE72�+4-*'¡~o?BA8XY'.2@r-E-)-S8C5>@<R'wX\'D63E-)-6
+-'.>¦` �ª]Wx¶µo{ -*CF03)-> -(h
O )7032F+-)PE-)763>Frg01C5'D)8C0-M49N 0KN�da���od �1Â8��S�41)-) 41E-?BA
41E->L' -*)-'.h 'DQR'.S8C0-t/3'.) -=41h�-(NtC503)4-(41)
h�-*C x¶µo{ -tC503)^] � rR'D2549CF032F'D) ���� $ $ � � � $ $ A-'.2@63'.N*' -tC5'DC
X\'D2F+-'D) �ºfi)-+-'wµ�GIHE-2 ` & E7)-+®�01NM4121-(>54�C0-(01)->F21-(?BA8C5E-)76¦X\'D2F+-'D) -(h ��01N(63'D)-+-'.) E-)8C5'D2F+-29HE-?BS8CI�Id=�K41>��T'.N*+ -(h ��-(SP2F09]
2F'D>F03)-49C5032±41N*>±`bET41)8C0-*>2-('D2FE-)763>@/103N(E-hZ'.) X:-*2F+¼+-E-2@?BA�®�A-01CF03)-03rg'.2F49C5032@'.)�	
�� $ $ � 	 � $ $<g'.>F?BA722-('D<R'D)|d§q\' -�q\'.>@?BA-2 H49)-SPE-)-6�41E7Ga+-'.)%�.>J]JjkE7>@CB49)-+°E-)7+ u '.>F01)T49C5012FhZ0o+-'D)°h�-*C� L � � 
 ��� � � � �� $ $
� � ��� N H41}1Cv>1-(?BA³+T49)-)p+-'D2U'wQk'DS8C0-*/1' -§41h9-*N*CF03)4-M49)¦>F?BA-2@' -*<R'D)¡41N(>
�¸� (7VT�+* � �

� � � � $ $ � ����
$ $ � �� $ $ � � $ $ � � �"*$ $ 	 �� $ $ 	 � $ $ � ��� � $ $ ������ $ $ 	 � $ $ � � � $ $ 	
�� $ $ � 


�  � $ $ + � 
 $ $ � � $ $ - � 
 $ $ � �� $ $ � � 
 $ $ ��:�d*� �
��-('bx�µo{.-*C501)o]YE-)-+ u 'D>F03)T4�C5032@+4-(>@rR'D2F>2-*03)�>2-*)-+�63'.63'D<R'D)c+7E-2F?BA �

���� $ $ � � / �
� � � � ���
 � � �� $ $ ��� � �� � � � � � � ��:�d �1�

�bE-2@?BA�' -()7' -§03ro�T'.N*+o]i�¢2541)7>@Gº032@hl49C2-(03) -()�+T49>[®�03N(4122-tC503)P<4-*N(+ � ��� � � ��� � 	ZS949)-)
+T41>�63'D032F+7)-'DCF'«~P¨o>JC5'DhcV *� ( + ( 
� $ $ + � 
 $ $ � ¹7VT+4-M496303)T41N>-(>1-('.2JCYXY'.2@+-'.)kV

� & � � � $ $ + (�� ( + �
$ $ � �( + � $ $ � ( + � $ $ � �� $ $ + � 
 $ $ + ( + ( 
 *� ( + ( 
� $ $ + � 
 $ $ � �( + � $ $ � ( 
 + � 
 $ $ � ��:�d �3�

·3·



·1Â

>F0Z+T41}v+4-*'¯)7'.E-'D)�x)-(63'D)-'.)7'.2F6;-('.)�+-E72F?BA�+/-(' ®�01NM4121-*C501)-+4-(>@rR'D22-*03)lG HE-2�+-'D)c)4-*'.+-'D2F'D)-'.2W]
63'DC2-(>@?BA-'.)|V � � �3V7E7)-+�+-'.)�A-0^?BA-'D)-'.2@63'DC2-(>F?BA7'.)�®¢03NM4922-*CF03)-{wX\'.-(6 � � �¯<R'D>@C0-*hUh�Cz>2-*)-+ �

� ( + �
$ $ � �� � � �� $ $ � � �� $ $ ��� �� � � � �� $ $ � � �� $ $ � � � ¾ � �� $ $ E ��:�d»¾P�

fi)c:§)8X\'D>F'.)7A-' -tC§/103) O )-032F+7)^E7)-6ZXY'.2@+-'.)c+4-(' ®¢03NM4922-*CF03)-'D)�2@'D+-0^?BAc63'Dh H49}=-(A-2@'.2�®�2F09]
2@'.S8C0-*03)�41E7Gm+-'D)�'Iµo{ -*CF03)4-*>F?BA-'D) O )PCF'.2@2541E-h�V¶+/-('�+-E-2@?BA�+-'.)�-§03ro�T'.N*+o]W¤K0^' �Z{ -*'.)8C5'D)� � 63'.63'D<R'D)%-*>@C.VT{DX:-(>@?BA-'.)�/3'D2F>F?BA/-('.+7'.)-'D),fihUr-E7N(>F'D)|V�41<g'.2m41E-?BAc{DX:-*>F?BA-'D)�+-'.)c®�01NM4�]
22-tC503)-{wX\'.-(63'D)�63'.>JC52F'DE7C,�

*� ( + ( 
� $ $ + � 
 $ $ � � �( + � $ $ � � $ $ - � 
 $ $ � �( 
 + � 
 $ $ ��:�d À3�
fi)�+T41>['wQk'DSPC2-*/1' O )-032@+-)PE-)-63>@rR01CF'.)8C0-(41Nz63'DA8Cv41N(>@0,)-'.<g'.)�+-'D2Z�%-*C@C5'DN(E-)-6�+-E-2F?BA�+T41>
x¶µ7{.-*CF03)¥41E7?BAl' -*)-'�0 'wX:-(?BA8C5E-)76«+-E-2@?BA¥+T41>Y®�01NM4121-*C501)[h9-tC_>F' -*)-'.2Y��-(>@rR'D2F>1-(03)Z' -*)|dP��-('
-§03ro�T'.N*+c¤K0^' �Z{ -*'.)8C5'D)�>1-()-+�63'D63'.<g'.)�+-E-2@?BA �

� �� + � $ $ � � � + � $ $ � � �� $ $� � � + � $ $ � � �� $ $ � � �� $ $
� � �� + � $ $ � � � ���� � � + � $ $ � � �� $ $� � � + � $ $ � � �� $ $ � � �� $ $

��:�d (8�

Á§E-)�63'D) HE-61Cm+T41>m®¢03NM4121-*CF03)¥' -*)-'.2mq\'wX\'D63E-)-61>F63N*' -(?BAPE-)76 �
� .�� � ( + � $ $ � � ( + �

$ $ � ( + � $ $ � �� 
 $ $ + ( 
 *� ( + ( 
� $ $ + � 
 $ $ � ( 
 + � 
 $ $ � � � $ $ � � �
�
( + � $ $ � � E ��:�d *3�

�K4b+4-('\03r7C0-*>F?BA-'s:§)8CiX\032JCY41E7GR' -()7'z'wµ^C5'D2F)-'§~^C H032FE7)-6 <R'D2F'.?BA7)-'DC X\'D2F+-'D)U>@03N(N�V�X:-*2F+v+T41>
®�03N(4122-tC503),61'.h�H41}�>F' -*)-'.h N>-(?BA8CFGº'DN(+T492@C0-*63'.);n\A-412541S8CF'.2¯41);' -()pH41E-}1'.2F'D>«�T'DN(+ � � N<-()7'w]
412s63'DS103r-rg'.NtCedg��-('b¤ 01r-r-N(E7)-63>FS903)->JCB41)8C5' � �Y<g'.>@?BA-2F'.-(<7C§+4-('by_'D2FN*E->@CF'�+-'D> u 'D>F03)T4�C5032@>
E-)-+�-*>@C§+-E-2@?BA�+4-(' u ' � 'DSPC2-*/ -*C H49C§+-'.2b~or4-('D63'.Nª63'D63'.<g'.)kdRfih u 41A-hZ'.)�'.-()-'D>K`bET41>1-(hZ09]
+-'.)oGº032FhU41N<-*>FhaE7>zS103r7rR'DN*C�+T41>mx¶µo{ -tC503)�)PE-2m41)c+/-(' u '.>F01)T49C5012FhZ0o+-'D)���� ¹9¾1��d HO <g'.2�+4-('
y_'.2@N(E->JC5'[+-'D> u '.>@03)T49CF032F>bCF2F'.-(<7CK+-41>K'wµ^C5'D2F)-'Z�T'.N*+,+4-(' u 'D>F03)T4�C5032@hU0^+-'.)kVkX\01<R'.-�+4-('
63'.)-41E-'=~^C52@E-S8C5E-2 +-'.2Y�Kq u >_)4-(?BA8CY<R'D21HE-?BSP>2-*?BA8C0-(69CYX:-*2F+|dP�K41>Y�T'.N*+U49E-}3'.2@AT41N*<U+-'D> u 'w]
>F03)-49C5032@>«S�41)-)£+T41)-)¦>@'.N*<->FS903)->2-*>@CF'.)8CZh9-tC�+7'.2[�c49C5'D22-M49NM41)8CiXY032@C�<R'D2F'D?BA-)-'DC[XY'.2@+-'.)kd
fih �T2F'D�^E7'.)-{D2541E-h 'D2F65-*<7C�>2-*?BA�49)T41N(016[{.E-h ¤ 41rkd��od»�Z'.-()-'¯��4�C522-�µo63N('.-(?BAPE-)-6 �

�
( 
 + � 
 $ $

) � ( + ( 
 � � $ $ + � 
 $ $ � � � � ( + �
$ $ ��� *� ( + ( 
� $ $ + � 
 $ $ , � ( 
 + � 
 $ $ � � � � � � $ $ � �( + � $ $ � � ��:�d ·8�

��-*'b03r7C2-(>@?BA-' :=)8CiX\012@C�-(>@Cz+-E-2F?BAc+4-('b®_2@0 2@'.S8C2-(03)c41E7G�+-'.)�r-A-09C503)T492@C0-*63'.)�:§)8C5' -*N|+-'D2
>@CF2541A-N*'.)-+7'.)�®�01NM4121-*C501)-'.)¦<g' - � � ¹�<R'D>@C0-*hUh�CeVª+4-('l41)�+T41>«'wµ^C5'D2F)-'��T'.N*+¦S103r7rR'DN()|d
�bE-2F?BA � �

� � � � �
( � / + � � �

�
( + � � � � ( + � � �

� ��:�d Â8�



Â3¹ ����� ��� � ��� � � � � � ��� � ��� �/��� 	��&�

1

1

1

:=<7<4-(N*+-E-)-6m:«dt���1~o?BA-'.hU49C2-(>F?BA7'z�K412@>@C5'DN(N*E-)-6m+-'.>¶�b2F' -*)4-*/1'e41E7>@¨^>@CF'.hZ>¶h�-*C¢{DXY' -o{.E->eH49C5{I]
N<-*?BA-'.)�+-E7)-SPN('.)cÁ�-t/3'.41E->m<R'.- � /
S�41)-)c41N(>@0[' -*)-' N<-()7'e412@'b:=)8CiXY032@C@GºE-)-S8C0-*03)cG HE-2s+7'.) u 'D>F03)T4�C5032�+-'w�T)4-('D2@C�XY'.2F+7'.)|d
O h¬{.E�' -*)-'.h"49)T41N*¨PC2-(>F?BA7'.)�x�2F63'D<-)4-(>@>v{.E�63'.N(41)-63'D)|V¶XY'.2F+7'.)pA/-('.2[<g' -\+-'.2Z� H03>FE7)-6
/301)/0KN�d¶��:�d ·8�=)7'.<g'.);+-'.)�jkE->JC H41)-+7'.);<R'.- � � ¹�)PE-2K{DXY' -�XY' -tC5'D2F'UjkE->@C H41)-+-'[G HE-2 � /<g'.29HE7?BS^>1-(?BA8C0-*61CeV >F0£+T41}£+-41>�~^¨^>JC5'.h h�-*CZS103)8C2-()PE4-('D2FN>-(?BA-'D2l��-*>Frg'.2F>1-(03) -()�' -*)³�b2F'.-t]
)4-t/3'e49E->@¨^>@CF'.h h�-*C�2@'DXY' -*N(>b'.-()-'Dh {DE-> H4�C5{.N>-(?BA-'D) -�-*N*Gº>F)/-*/3'.41E�G HE-2=+4-('«®�03N(4122-tC503)-{wX\'.-(63'
HE-<g'.2@63'.A8C«��>DdT��-(67do:�d*� �IdT��-('=®�03N(4122-tC503)7{.E->JC H41)-+7'K<R'.- � / AT41<g'.)�S9' -()7'¯:§)-S101r-r-N(E7)-6Z41)+T41>K'Iµ^C5'.2@)-'U��'DN(+|dk��-('D>b'.)8C5>@r-22-*?BA8C -*),' -*)-'.2K2@'e41N*'.)�~^C52@E-S8C5E-2K+7'.);63'DGBHE-A72@C5'D)¦��0o+-'D)
0^+-'.2l�c0^+-'.)|V_+4-*'�)4-(?BA8C�-*)�+7'.2Z:=)-2@'.63E-)763>F21-(?BA8C5E-)76¦<R'.-*CF254163'D)|d_�§HE-2v+4-*'�¤K03r7r-N(E-)76
+-'D2KÁ�-t/3'e49E->bhaE-}¥41E7Gº632@E-)-+�+-'D2 ~^¨^hZhU'wC522-*'.'.-(63'D)->F?BAT4�G�C5'.)�+-'.> O )-032F+7)^E7)-63>Frg01CF'.)8C0-�]
41N*>m61'.N*CF'.) � *� ( + ( 
� + � H � � *� ( + ( 
� H + � � � dR�%-*C�/3'D2F>@?BAPX:-*)-+-'D)-+-'.)���-M496303)T41N*'.N*'.hZ'.)8C5'D)A-(h�fihZr-E-N*>¯V
*� ( + ( 

� + � � ¹�VgS�41)7)�+T41A-'D2�-*)�+4-*'.>F'Dh >@CB492FS�/3'D2F' -*)7G�41?BA8C5'D);�c0^+-'.N*N¢+/-('�¤ 01r-r-N(E7)-6l+-E72F?BA
' -*)-'�S103hZr-N*'wµo'cj|41A-N � +-'D�-)4-('D2@CvX\'D2F+-'D)|V *� ( + ( 
� + � H � � �� � � �

� H d_�K4,+T41>Z®¢03NM4121-*CF03)�)^E72h�-*CY>F' -*)-'.h�'wµo{ -tC503)/-(>F?BA7'.)�:=)8C5'.-(Ng)4-(?BA8CF>@C52F41A-N*'.)-+-'D)��b'.r-AT49>2-('D2FE-)763>Fr-2@03{.'D>F>@'.)�E7)PCF'.2W]
N<-*'.61C.VoSRH03)7)-'.)�+4-('D>F' +-E-2@?BAc'.-()-' �vH49hUr7GºE7)-63>FS903)->JCB41)8C5' � � -()�+-'D2m��-M416301)T41N('DN('DhU'D)PCF'.)
<g'.{oHE763N<-*?BA[fihUr-E7N(>¶E7)-+Z®�03N(4122-tC503)-{wX\'.-(6 *� ( + (� + � � � ( + (

� H + � H � � ��� � V9<R'D21HE-?BSP>2-*?BA8C0-(69C�X\'D2F+-'D)|d
��-('mN<-*)-'e492F'm:=)8CiX\012@CFGºE7)-S8C0-(01)A-(>@CY+T41)7)¥+-E-2@?BA�+/-(' -()8/3'D2F>F'K¾��l¾�]J��49CF22-�µZ{.E 0KN�dg��:�d ·3�
<g'.>@C2-(hZh«Ced
� -(6-d|:�d ��{.'.-(61C +-'D)¦fihU4165-()�H412@CF' -(N¢+-'D2�N>-()-'.412F'D)�:§)PCiXY032JCFGºE-)-S8C2-(03)

�
� � �b41N(>¯� H03>FE7)-6

/301) 0 N�d|�º:«d»·8� G HE-2Y+T41>s� HE7)7Gº)4-*/1'e41E7>@¨^>@CF'.h�VT+T41>z+-E72F?BA�{DXY' -�®�E-)7SPCF'+-(h fihZr-E-N(>@2541E7hcV� � ¹ � � � � / Gº'.>@CF63'.N*'.61C�-(>JCed���-('_>@CF2541A7N('.)7+-'.)ZjkE->JC H41)7+-'\<g' - � � ¹7V�41)«+4-(' ' -*)�H41E-}1'.2F'D>
�T'.N*+,41)-632@' -tGº'.)�S�41)-)�S103r-rg'.N*) HE-<g'.2b+4-*'«S903hUr7N('wµo'[¤K03)7>@CB49)PCF'��¦'.)8CF>Fr-2@'.?BA-'D)-+ -*A-2F'D>
'wµo{.-*C501)4-(>@?BA-'.)�:=)8C5'.-(N*>�41)�+4-('b+7E-)-SPN('D)�Á -*/3'.41E->�<g' - � / dT�K4a+4-(' x�)-'D2F65-*'K+4-('D>F'D23-�-(NtGº>J]



Âo�

g

0 1

0 1

0 1

σ

:=<-</-(N(+7E-)-6«:�d � �ofihU4165-*) H412@CF' -*N-+-'.2\N<-()7'e412@'.)l:§)8CiX\032JCFGºE-)7SPC2-(03)
�
� � �_+-'D>s� HE-)oGº)4-*/1'e41Eo]

>@¨^>@CF'.hZ>mGBHE72z/14922-<-*'.2@'.)-+-' �ª4161' � / +7'.2�+-E-)-SPN*'.)�rR03N(4122-tC503)/-(>F?BA7'.)�jkE->JC H41)-+7'
)4-*/1'e41E7>�HE-<g'.2a+4-*'¥®¢03NM4121-*CF03)-+4-*>Frg'.2F>1-(03)L/301)�+-'.2 & 'DN(N('D)-{e49A-N\49<-AªH41)-69CeV¢'.2F61'.<g'.)�>2-*?BA
E-)8C5'D2F>F?BA/-('.+7N<-(?BA7' u '.>@E-N*C549C5' 2@'v)T41?BA¦�ª4161'Z+7'.2¯+-E-)-SPN('D)�jkE->JC H41)7+-'1d¢q\'.- � / ��� � ¹ E ¹7�>2-*)-+�>2-*'a�PET41>1-¶'.)8C5412@CF'DCKh�-*C§+-'.)L®¢03NM4922-*CF03)-'D)�<g' - � � ¹7dRx_>=S103hZh«Cb+-41A-'.2={.E,' -*)-'.2
:=E7Gº>@rT41NtC5E-)-6U<R'.-(+-'D2m®�03N(4122-tC503)-{wX\'.-(63' 'D)PCF>Fr-2@'.?BA-'D)-+;+-'.2=~^C H492FS1'�+-'.2=¤K03r-r-N*E-)-6-d��K41>
~org'.S8C52@E-h {.'.-(61C +T49A-'.2K/ -('D2 u '.>@03)T41)7{.'.)kd & ' -*N�+4-*'v®�03N(4122-tC503)-'D)L)^E72¯h�-*C�-(A-2@'.h 'Iµ^]
{ -tC503)4-*>F?BA-'D)�:§)PCF' -*N¢)/-(?BA8C5>JC52549A-N('D)-+-'.)��b'.r-AT49>2-('D2FE-)763>Fr-2@03{.'D>F>@'.),E-)8C5'D2FN>-('.61'.)|V�SRH03)-)-'D)
+4-('D>F'c{.E->eH49C5{DN<-(?BA7'.)³fi)8C5'D2@Gº'D2F'.)7{.N<-*)4-('D)p>@'.A-2U>F?BA-hU41Nm>F' -*)|dY��-('���-(>@rR'D2F>2-*03)p+7'.>lA70o?BAo]
'.)-'D2F63'wC0-*>F?BA-'D),®�03N(4122-tC503)7{DXY' -(61'.>zGº03N*61CsGIHE-2sXz49?BA->F'D)-+-'.> � {DE-)-'DA-hU'D)-+�+7'.2§®_A701C503)7+4-t]
>Frg'.2@>2-(01)|VP+4-('m>@C5412FSZ41)->JC5'.-(61C.dP�b'.2 r-A-01CF03)T412JC0-(61'm+7E-)-SPN('bjkE->@C541)-+UX:-*2F+Uh9-tC_A-03A-'Dh � />F03h�-*C_>JCB412@Sa/3'D2F>@C2-(hZh«C 63'.61'.)¶HE-<g'.2Y+-'.)U>@CF2541A-N*'.)-+7'.)¥Á -*/1'e41E->Y<R'.- � � ¹7dP�bE-2@?BA¥+4-*'.>F'
>@C5412FS9'=y_'.2@>@C0-*hUh«E-)-6«N>-('D61C +T41A-'D2\{.E7)-'.A-hZ'.)7+�)^E72z+T41>Y'wµo{ -tC503)4-*>F?BA-' -�-(NtGº>F)4-t/3'.41EZ/1032.V
+-'.>@>F'D)��ª4163'b+7E-2F?BA�+4-('K:§)-)ªH41A7'.2FE7)-6U+7'.2���-(>@rR'D2F>1-(03)�+-'D>�)4-('D+-'.2@'.)-'D2F63'wC0-(>@?BA-'.)�jRX\'.-t]
63'.>Y41)Z+4-('mx¶µo{ -tC503)-+/-(>Frg'.2@>2-*03)U>@?BA8X�H41?BA-'.2z/103)l+7'.2 & 'DN(N('D)-{e49A-N�41<-AªH49)-61CedPx�>Y'.2F>@?BA-' -*)8C
)PE-2b' -*)-'«{DE-> H4�C5{.N>-(?BA-' u 'D>F03)T49)-{1V|+/-('«)PE-2=>F?BA8Xz49?BA£h�-*C§+-'.2K�ª4161'«+-'D>K'wµo{ -tC503)T492@C0-*63'.)
-�-*N*Gº>F)/-*/3'.41E->s{DEcAªH01A-'.2@'.)cx_)7'.2F6;-('.)�>F?BA/-('.<oCed
fi)v��-(6-d�:«d»��-(>JC�+4-*'z�ª4163'z+7'.2�>FE7<-2541+/-M41)8C5'D) HO <g'.2F6 H41)-63'\Gº'D>@CF63'.AT49N*C5'D)[<R'.-7/94122->-('D2F'.)7+-'.2
¤K03r-r-N*E-)-63>@>@C H492FS1'
��d��%-tCa{DE-)-'.A7hU'D)-+-'.2v¤K03r7r-N(E-)763>F>JC H412@S1'�'.2@AªH03A8C[>1-(?BA�+-'D2[x)-() � E7}
+-'.>«r-A-01CF03)T412JC0-(61'.)/- -(NtGº>F)4-t/3'e49E->.d��K4�+4-*'.>F'D>a' -*)-'.h 63'D22-()763'.2@'.)��b'Dr-AT41>1-('.2@'.)�E-)8CF'.2J]
N<-*'.61Cs/1'.2F21-()-61'.2@C§>2-*?BA�+4-*'¯�'-*)4-('D)P<-2F'.-*C5' +-'D2§fi)8CF'.2@Gº'D2F'D)-{.N>-()4-*'1d 0KN(' -*?BA-{.'.-*C2-(6[>@CF03}3'D)�>2-*?BA
+4-('=®�03N(4122-tC503)/-(>F?BA7'.)�jkE->JC H41)7+-'Kh9-tCYX\41?BA->@'.)-+7'.2§¤ 01r-r-N(E7)-6a{.E7)-'.A-hZ'.)7+�-*)¥+-'D2�x_)7'.2J]
65-(' 49<|V7X\41>=49E->�>@C H012FE-)-61>@C5A7'.032@'DC0-*>F?BA-'D) HO <R'D2FN('D63E-)-61'.)�N(' -*?BA8C�' -()7>2-(?BA8C2-(6D-(>JCed



Â8� ����� ��� � ��� � � � � � ��� � ��� �/��� 	��&�

g

σ

:=<7<4-(N*+-E-)-6�:«d»� �ofihU4165-*)ªH412JC5' -*N-+-'D2zN<-*)-'e412@'.)U:=)8CiX\012@CFGºE7)-S8C0-(01)
�
� � ��+7'.>s�§HE7)7Gº)4-*/1'e41E^]

>@¨^>JC5'.hZ>�GIHE-2zXz49?BA->F'D)-+-'[¤K03r-r7N(E-)-61>F>@C H412FS9' ( � (

��-('D>F'D>¢�c0o+7'.N(N;-(>@Cª)-49C1HE-2@N<-*?BA -*)K>F'.-()-'D2¢:§)8X\'D)-+-<T412@S1'.-*C¶41E7G-2@'e41N*'_~^CF2FE-S8C5E72F'.)�>@C5412FSb'.-()o]
63'D>F?BA-2eH41)-S8Ced���-('�r-412541<g03N>-(>F?BA7'_��-(>Frg'.2@>2-*03)bGIHE-2�+4-*' u 'D>F03)T4�C5032@r-A-01CF03)-'.)¯/3'D2F)T41?BA7NiH41>@>2-(69C
+4-*' u '.>@03)T41)7{.>@CF2FE-S8CFE-2b+-'D>K�%-*S^2@032F'D>F03)-49C5032@>.V�+4-*' /103)�+-'D2§>@rR'D{ -*'.N(N*'.) 0 'D03hZ'DC521-(' +-'D2
41E7Gº'.-()T49)-+-'.2JGº03N(61'.)-+-'D)�~o?BA/-(?BA8C5'D)�41<-AªH41)761Ced���-('Z�ª4163'Z+-'.2�{.E->eH49C5{DN<-*?BA-'.)�Á -*/1'e41E->C-(>@C
)4-*?BAPCb+4-(>@S^2@'DC.V|>F03)7+-'.2@);S903)8C0-*)^E/-('.2@N<-*?BA|dk�K49>K�c0^+-'.N*N�/1'.2FhU416"2@'D+-0^?BA;+-41>Kx�2F>@?BA-' -*)-'.)
{.E7> H49CF{.N<-*?BA-'.2DVT>Frg'.S8C52F41N�>F?BA7hl41N*'.2��8-()/-('.)A-*h ®¢03NM4922-*CF03)->@>Frg'.S8C52@E-h�+-E-2@?BAc'.-()-' fi)8C5'D2@Gº'I]
2F'D)-{ h9-tCs)4-*?BAPCF>@CF2541A-N*'.)-+7'.),jkE7>@C H49)-+-'.)��PET41N>-*CB4�C0-*/U{.E�'.2@SPNiH412@'.)|d



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


���
���������������� 2 ��� �"!$#&%('*),+.-/'1032�45�5�76�6�8:9;�&<=8�8?>

@67
�AB�DCE��FE� +72HG �I�KJL��MN��OP��QRQ 0 � G �SMN��TU�IQHQV�I�KJL�5W5X/Y[Z]\^W�_L`�_a+cbdX/efe^'hg�g ��i�jK�c9k�&<=<��7>

ml/
����@AB��n /=oqpKG �Kr 0 � F��mnq��s G Q / Jut p QHrvJuJw�Sx ��y 032@+ ���h�"!$#&%('zW5X/Y{'*W�_|`�_a+}2�~5�5�=�&��i:9;�&<=<Ijv>

�jI
����7F��c� G.2R� � p �h�7TE�=� 2F0I�VG �Ix �����I� 0$oqp �Iy��I��� pK� �I���I�^��K��� G.2 ������� G�� ���f�/� �(0^0=� �

GD2 Q oqpKG J�� � Ju���"!$#&%('*)}+.-/'�0�~���9w6��=�=�=>

@�7
�CE�1� G JuQR�K� oqp �P���*s�J�Q p J 0 r/����F��1naQ p Jur/���U���1���*F 2 ��r/���N���	��!$#&%('d),+.-/'��*+._]_L'B~S�5�

l�l���j�9;�&<�<?6=>

mi/
����P� 0 r 0&� ��� ���"�¡�"s}JuQ p JL�	O¢�BF������5�"���P�d���c� + ���"xS�D���BT 2F032 Q 0 �5�"���@�z�"na£K£ G �5�

¤N¥?¥ Y{'*�"!$#7%('*�1+._]_|' ¦ g:6�8��(j§9k�&<=<=�=>

@¨7
©F©� ª¢� 2 �c��t + �����@O¢��O�QV�I� � � y��@F©�S� G � � Q oqpK��G.2 �h��������OP� �$�(012 � ¤N¥?¥ Y{'*��!$#&%('*�1+._w_L'

¦�«�����jK�&¨¬9;�&<=8=¨=>

m8/
��­��A1J�� + � G.2R� ������TNJu� +�G.2 ��x �m����� 0$oqp �h�"!$#7%('*),+.-/' ¤�® ¦5���&8=i=�:9k�&<=<?6�>

m</
�CE��A 0 ��QHr � �S�z��O p70 � �IQ(�KF©�K� G��u�uGD2 � �"!$#&%('*),+.-/'1�1+._w_L'h~�25��i?�=6¯9;��<=8=<?>

[�&�I
�����T G �K� p � 2F+�� �S�z��O p-0 �c��Q(��F©��� G��u�uGD2 ���­� A�J�� + � G.2H� �Sx �m���S� 0$oqp �5��!$#&%('*),+.-/'

0 ® 25��8=<=l�j�9k�&<=<��7>

[�=�(
�°���x�J G�� � GD2 �B���P� G � G.2 �"���±ª���� �0 � G�� �P���BT G ��� p � 2@+�� �B²��	� G � o r G.2@0��Vp �N���"x��/³

��G(p �	x �@���PTU� 2 ��� 0 / QHrvJ�JL�	�*�PO p-0 � ��Q��P���Bx oqp �N���5��CE�P� � Ju� � Q p J 2 �5�zy��D���B� / ���:�
²��±�f��A � QHQ G �Kr 0 �*�"!$#&%('1),+.-/'*0 ® ~5��jv��iIj:9;�&<=<=6=>


[�76/
©�­�?� 0�oqp �����I� G � G.2 �vy��?M G(�*+ � �I�K�5�I�,�Dª��v�^�0 � G�� �/O¢�v� G J G.2 ��F©�vx oqp � � t G �?�*�=O p-0 ³
�c��Q���x �Sx oqp �^J �R� ³a�}J��Kr��K�f��� �(0^0=� �S�"!$#&%('1),+.-/'*0 ® g ���7�Il?6¬9;�&<�<=l?>


[�&lI
©�­��� ��K��� G.2 ��y��K�¢� pK� ��T���� 2F0��HG ��O¢��x �52@0 � o r G �5�Sx �����K� 0$oqp �����K� G.� ���¡��� �(0^0=� �
W5X/Y[Z]\¡W�_|`�_a+cbdX/efe^'*�v«S45��¨�8?¨¯9k�&<=<=8?>

<=l



<�j ���������
	�������
���� � �������������


���jI
©x �D����TN� 2 ��� 0 / QRr$J�JL�KF©�DAB����� 2F0 Q(�hW5X/-/'*�"!$#&%('zW5+.efZ��qX��S\?'5���­�&l?6�8:9;��<?¨�8?>

��7�7
���� �hJ��c� G.2 � �����5�K��!$#&%('zW�_L`�_|'zW5X/Y{'1��g�2­�5�76�<:9;��<=<?6=>

��&i/
���� �hJ��c� G.2 � �����5�"!K'*��#$e^'h~�«%$K~1����l�j=i¯9;�&<=<Ijv>

��7¨7
©x �S� � � � Q oqp ��MN��T G(oqp Q �VG.+�� ����!$#&%('*),+.-/'10 ¦�« ��¨=¨�l�l�9k�&<=<�j?>

��&8/
©x �S� � � � Q oqp �����Dx ��C pKG � � ����MN��T G(oqp Q �VG.+�� ����!$#&%('*),+.-/'10 ¦ ® �����7��<?6¯9;��<=<=i?>

��&</
�A 012F+ ��� �$�uG J �=p 9wy��m���Sx �F2 � �R� > �h��!$Z YuX&%(''& `)(?' ® gh��l=¨=�¯9;�&8=<�<?>

@6��/
��©�zx �50�� t��1���*x oqp �N� 2 t G �*��� /30 � +KG.2 ª Q �VG �5�z�¡�5� G J�� �I�K�5�P�"!$#7%('�),+.-/'�0 ® gh�

<=i=i=<:9;��<=<=l?>

@6���
���� �hJ��c� G.2 � �����5�+*,#�X/-�X�b	Z e +���_kX�W5X)�(''-._L`�Y{'�."Zu%('1�Kg0/��5�&8����c9;�&<=<=�=>

@6=67
��©��x �50=� t��21RO�J�� G ³k� G Q 0=�*/�G.+ A�J �=p?� x o � �R�VG.2 Ju� � � 2F0 � �43 o J �50 ��Q65K��x�£ 2 Ju� ��G.2 ² G.2H� � � �

T G.2R� Ju��9k�&<=<�jv>

@6�l/
©x ���E��� o r G �����mF���OP� �$�(012 �K���"�hJ��c� G.2 � �I�K�5�vnq�KTU� 2 ³;y 0 Q G £ p ��TE��� GD/=G ��� + �S��!$#&%('

)}+.-/'*�1+._]_|'5gK4��S6�6=6�8¯9;��<=<?¨=>

@6IjI
�F���²��Sx pKoqp�G(�32@0 / � ����TNJ 2 r GD+ � � ��y���x p � p �h�"!$#7%('*),+.-/'*�1+._w_L'h4�25���&l=<��^9;�&<=<�<?>

@6=�7
¢����A1��� � � G Ju�5�Iy��D����� / �����/���7�hJu�^� GD2 �c���K�5�I�"!$#&%('K),+.-/'��1+._w_L'?48���$�&��j=��9k�&<=<=<?>

@6�i/
¢²��Sx�� /30 ��������� �hJu�^� GD2 �c���K�5�K�"!$#7%('*),+.-/'*0 ~�«���j?<?6�8¯9k�&<=<=<?>

@6=¨7
����±x �SCNJ �52 Ju�5����!$#&%('*),+.-/'10 ¦ ® ���(jv�=¨=6¯9;��<=<=i?>

@6�8/
�MN�fy=� p �Kr G �^���f� 0�oqp ��O¢�¡� G J GD2 �fy���M G��(+ �c���K�h������x oqp ��7� GD2 �f�*��O p-0 �c��Q(�

x �m����� 0$oqp �����±ª��S�^�0 � G(� ���©��s}J o r G�� �h�"!$#&%('*)}+.-/'�0�¦�«���8��=�(j§9k�&<=<�j?>

@6�</
©y��±y���� 0 £09 G��(+ �h�"!$#&%('*)}+.-/'1���:���h�7�=�=�¯9;��<?��8?>

ml=�/
��z�mF��/�E� 2;�VG �5�&F��7�¢� 032@2 �/y��@�z�7A 0=�*0 r 0<; �&MN�7T 2F0 �,� +KG C 0=� Q �F0 �K�5�/x �D�f�7A G�G �/���/y�Ju�5�

�,�D����� 2 J ��pv� �}�¡�U� p J �52@0 / �����©�D������J��K�KQ��,x ������� 0$oqp �,s©�,� G��$�=p �I����� 2 J ���5�
��!$#&%('*),+.-/'*�1+._w_L'h~��5��8?�=6¯9k�&<=<?6=>


ml���
©x �m���$� 0$oqp �?F��v�¢� 032@2 �v���vTNJu� +KG.2 �$���vA�Ju� + � G.2R� ���"!$#7%(' W�_L`�_L'5W5X/Y{'�=?>�@¢��g�25���7¨�¨
9;�&<=<=6=>


ml?67
©y���F � / JurvQ 0^0 �Sy����¢� pK� ���f��� �(0^0=� �S�"!$#&%('*),+.-/' ¤�®�® �S�Il?��l¯9;��<=<��7>

ml=l/
�O¢�S��JuQ p Ju�������f�S�§�IQH�K� 0��50 � �"!$#7%('*),+.-/'1�1+._]_|'1gh����6=¨I8?�¯9;�&<=<�l?>



�'����� �
	�������
4� � � ��������� ��� <=�


�l�j�
����NM 2 �0=pK� J oqp �"F©���¢� � J�rS��TE�U° G ���KJu� � �NF��U� � Q �^2F0 �,J o t��U²��UA1��� ��G.2 �N�©�,x �50=� t��
��� /10 � +KG.2 ª Q �HG �5�5�"!$#7%('�)}+.-/'*�1+._]_|' ~ gh�S6Il�j?l¯9;��<=<��7>


�l?�/
��*���¢Ju�KQ �uG.2 �����D����� p J �H� �Ir G.2 �h�"!$#7%('*),+.-/'10 ¦ ® ��j?<=8=8:9;��<=<=i?>

�l=iI
����D����� p J �H� ��r GD2 �¡�z����J��KQ ��G.2 ��O¢�@F©�¡MPJuQ pKG.2 �^���Dx �^x�r 0�� �KJ o rS�fF©�fF 2 �cJ � � �=G �

F©�±�­��F�� Q p � 2 �S���@���Sx � � 2H�=G �Sy��±xS��� 0 � G.2;� Q��h��!$#&%('*),+.-/'1�1+._w_L'�g�g ��jv¨�<=6¬9;�&<=<�i?>

�l?¨/
¢²��$x�� /30 �K���$CE�v�BJ G.2 � � 2F0$o(oqp Jw��F���� ��� �H�52@0 £�����JL�=Md�=OP�IQHQ 0 � G �$�z�$x oqp � G � + Ju�c���K�5�

�"!$#&%('*),+.-/'1�1+._w_L'1gK45�Kj=jv¨��:9k�&<=<?¨=>

�l=8I
©CE�d� �u� �Ny��d� 2 J�� G ��Q��dO¢�@���Ns G(� Q 0 �5�Ny 2 �}�UxS�N�z� 2 r��U���±�­�U�¢Ju�K��Q(�N�¡��� p J �F2F0 / ���

xS�m����� 0$oqp �h�"!$#7%('*),+.-/'1�1+._]_ 4�«���jv¨I<?�¯9;�&<=<�8?>

�l=<I
�F©�m²������ /10 rvJu�5�h�"!$#&%('*),+.-/'10 ¦hg ��l?¨��=¨¯9;�&<=<�8?>

 j?�I
����D���K� p J �H� ��r GD2 �h�"!$#7%('�)}+.-/'*�1+._]_*4�«1��j?¨�<��^9;��<=<=8?>

 jK�(
©�f���§�I�Kt(r G � �¡�K� G ��� G � G.2R�=G.2 ���"!$#&%('zW�_|`�_L'zW5X/Y{' =?>�@�� ® g ��¨�l�l�9k�&<=8=8=>

 jv6/
�F©�K�¢� 032@2 ��O¢��x �F2F0 � o r G �5��F©��x oqp � � t G �KF��K��J 2 � +�� �KxS�m����� 0$oqp �S�"!$#&%('1W�_L`�_|'1W5X/Y{'

=?>�@��$4�4���j?¨�l:9;�&<=<=�=>

 j?lI
�O¢�Bx �52@0 � o r G �5��CE�PF�� �Vp-0 � � �	F��B�¢� 012F2 �z�z�zO p-0 �c��Q(�	x �����B� 0�oqp �"�"!$#7%('�W�_|`�_L'

W5X/Y{' =?>�@f�$4�45�S��l=<:9;�&<�<?�=>

 j=j�
�O¢�*x �52F0 � o r G �5��F��1�¢� 032@2 �5CE��FE� �Vp-0 � � ��F��1x oqp � � t G �1�z�5O p70 � �IQ(�1x �5���5� 0$oqp �

�­�?� 0�oqp �=x �=O¢�=CN�K� + J ; �=y��?M G(�(+ � �����5�����=ªf�=�c�0 � G�� �?��!$#&%('�),+.-/'��1+._]_|'�g ® �=6�l=<��
9k�&<=<?��>


 jv�/
�O¢�Ux �52@0 � o r G �5��F©�N�¢� 032@2 �d�z�dO p-0 �c��Q(�Ux �m���N� 0�oqp ���"!$#7%('E),+.-/'�0 ¦�2��U6��?6�i
9k�&<=<=i=>


 j?iI
©�­���^��K�K� GD2 ��y����¢� pK� �vO¢��x �52@0 � o r G �5�KF©�K�¢� 032@2 ��x �����K� 0$oqp ������� G�� �K�f�$� �(0^0=� �
�"!$#&%('*),+.-/'1�1+._w_L'1gK~5�KjK�&<=<:9k�&<=<=i?>


 jv¨/
©xS���E�=��Q���� JuQRQ G.2;� � � J 0 �h�K� p J � Ju£K£�Q�°��KJ /=GD2 QHJ � �� � ��� 2 �K� 2H� 9;�&<=<�8?>

 j?8I
�Md��y=� p �Kr G �S�E�I�KJ � J � � � J 0 �KQHQ oqp-2 J � � ��� p J � J�£K£KQ�°}�KJ /�G.2 QHJ � �� � �§� 2 �K� 2R� 9k�&<=<=i?>

 j?<I
�O¢�Sx �52F0 � o r G �5�h� J�QHQ G.2R� � � J 0 �5��� p J � J�£K£KQ�°}�KJ /�G.2 QHJ � �� � �§� 2 �K� 2R� 9k�&<=<=i?>

m���I
©�f��TU��Q � � 2F+ ��1;� � /=G � G�oqp ���KJ o Q,��£K£ � J GD+ �50 x G �^J oD0 � + � o.�5032 � G��HG.2@0 Q �F2 � o.� � 2RG Q65��

A G Q�� + J � J 0 �KQ +KG � p?� QRJ��v� G �hM 2 �I� o(G 9k�&<=8=8?>



<=i ���������
	�������
���� � �������������


@����
��©�K����� � �Kx �����K� 0�oqp ��1 � ����� � �K� O pKGD032R�l0 � �Vp�G ª £ � J o � � ��� + � �uG�o��F2F0 �KJ o � 2F0 ³
£ GD2R� J G Q 0 �	x G �^J oD0 � + � o��5012 Q65���� 012H�(+ x o J G � � J 9 o �Sx�Ju� � ��£ 032HG �Kl���F�� � � �=G 9k�&<=<�jv>


@�=67
©y��D����y=� o rvQ 0 �5� 1H� � ��QRQHJ�Q oqpKG � �uG r �F0o+�� �K���cJ�r 5K�¢6��¢F�� � � ��G � +KG � 2 � �v�VGD2 T G.2 ³
� Ju����s G � � 032 r 9;��<=8=l?>


@��l/
��z������FE� +KGD2 Q 0 �5�5�"!$#7%('*),+.-/'1�$«S�5����j?<=6:9k�&<?��8=>

@�IjI
��©�Bª /�G.2Hp70 �k�P�*�PO p-0 � ��Q��,1R� ��G(o.�52F0 �KJ o O 2 ���KQR£ 032;� Ju��FE� 032 £ p-0 �KQ�� �^+-2F0��=G ���7³

�VG.+ x G �^J o.0 � + � o.�5032 Q65��*² 0=� �K� G �=��j 0 ��x�£ 2 J�� �=GD2 O 2 � o.� Q�J�� � 0^+KG.2 � � pv� QRJ o Q��
x�£ 2 J�� �=GD2 s G � � 032 r 9k�&<=8=<=>


@�=�7
����DAB��x p�G £ G(��� ���KQRr � �1�"!$#&%('*),+.-/'*�*+._]_L'�gK25��6�i=�?¨¯9k�&<=<�jv>

@��i/
�����T 2 J��Krv� �I�K�5��� J�QHQ GD2R� � � J 0 �5�K� p J � J�£K£KQ,°���J /=GD2 QRJ � �� � �§� 2 ��� 2H� 9;�&<�<=8?>

@�=¨7
©x �K���=��Q(��O¢��x �F2F0 � o r G �5�S�­��� ��K��� G.2 ��y��K�¢� pK� ��T���� 2F0��HG ��F©�K�¢� 032@2 ��MN��y=� p �Kr G �

x �m����� 0$oqp ������� G�� ���f��� �(0^0=� � �"!$#&%('1),+.-/'*0�¦ g ����j?8�i=�¯9;�&<�<=8?>

@��8/
©���5�^��K�K� GD2 ��y�� �¢� pK� �hxS�h���=��Q(�SO¢��x �52F0 � o r G �5�1x �����h� 0$oqp � ��� � G.� �5�f� � �(0^0=� �

W5X/Y[Z]\^W�_|`�_a+cbdX/efe #:�S'*�v«S¦5���&�?�¬9;��<=<=8?>

@��</
�MN��y=� p ��r G �S�­���¢J 2 ���Kx ������� 0$oqp ���f�K� p J �F2F0 / ���K���@�f�KA�Ju� + � � 2 r���O¢�@����s G(� Q 0 �5�

y 2 �{�z����²����3J o rS�zy��@���*T G.2R�=G.2 �	ª��1A � � � � G Q(�	���±�­�P�¢Ju���KQ(�*�f�1OP��Jw�P�"!$#7%('�),+.-/'
�*+._]_L'�g�g �S�=6=�=¨¯9;��<=<=i?>


mi=�/
��,�Dª��S�c�0 � G�� �K�f��� �(0^0=� �����qX6(���'�� #�`<��_|'
	dYu+ �._���'*� ® �S6�8=<:9;��<=<=�?>

mi���
©x �D���zTU� 2 ��� 0 / QHrvJuJw�1°©�z� 0�GD2F2 �z�*�1O p-0 �c��Q(�*F��*sE�I�K� 0 / �1���	� G � p � 2F+�� �	��!$#&%('

)}+.-/'*0 ® 45���7¨���j=<¯9;�&<=<�l?>

mi?67
����@MN�1� 0 £0�k�����@MN�*x oqp �K� G.2;� �*O¢�D���1��� 2F2 JuQ(�5���Dx �1T G�o r G.2 � ¤N¥?¥ Y{'��"!$#7%('��1+._]_|'z¦�4��

i=l��c9;�&<�<��7>

mi=l/
��,�Dª����c�0 � G�� �	�f�"A G.0 �	O¢�±CE���¢��� G �h�By���x p � p ��x �"x oqp �cJ �H� ³a�}J��Kr��z����x oqp ��7� G.2 �

y��DMN�S� �� �u��G.2 ���f���c�0�pK�uGD2 � �"!$#&%('*)}+.-/'��*+._]_L'h~ ® ���&8=���^9k�&<=<=�?> �

mi�jI
©y��Sx�Ju� ��p ���f�D�f��TN�
�H�
��� ¤N¥?¥ Y{'*��!$#&%('*�1+._w_L' ® 45�5�&�=¨=¨¯9;�&<=8�i?>

mi?�7
©x ��� � � � Q oqp ��MN��T G(oqp Q �VGD+�� �5W8# ¥ +�� Y{`�_w_]Z��q+q%�`<�S\ &§Z����qX&%._�� #8�._ #��q+q%E�$¦5��6�i�i=i 9k�&<=<=�?>

mi=i/
���� �hJ��c� G.2 � �����5�"!K'Ub�� #&%._|`�Y����VX��B_ !¯�v«1����l�j?i:9;�&<�<=�?>

mi?¨7
�TE�K� 2F0I�VG �vO¢��x �52@0 � o r G �5�KF©���¢� 012F2 ��x �����K� 0$oqp ����!$#&%('5W�_|`�_L'�W5X/Y{'�=k`�@��$~ ® ��j?i=¨

9;�&<=<=¨=>



�'����� �
	�������
4� � � ��������� ��� <=¨


�i=8I
�T��P� 2F0I�VG �1O¢�Px �52@0 � o r G �5�	x �P���=��Q��z�*�zO p70 � �IQ(�zx �����P� 0$oqp �	��!$#&%('NW�_|`�_L'UW5X/Y{'
=?>�@ ��«S¦��S6I�=<:9;�&<=<�8?>


�i=<I
�AB�DCE��FE� +-2RG ����JL� �¡���z���Kt(� 2 J��KJL��F©����� /10 rvJu�5� ���@����² � � + J��cJ 2F0 / ������!$#&%('z),+.-/'*0
¦ g ��j?i?¨I�¯9;�&<=<�8?>


m¨��I
©xS�D���*TU� 2 ��� 0 / QHrvJuJw�*°©�z� 0�GD2F2 �*�*�*O p70 � �IQ(�*F��*sE����� 0 / �*���z� G � p � 2F+�� �"�"!$#&%('
),+.-/'*0 ® 45�5�7¨���j=<�9k�&<=<=l=>


m¨��(
��BQ��,� 2F+KG � ����FEQk³k�P� 2 ��� G��HG.2 /=G.2 � G � +KG.���������	� ��
@�=8���
��c������� ������� � �76�
@<��
����� � j�
D6���
��c�! #" � �$
±��6%
��c�!�'& � ��
@�=i=l%�'�(�!�'( � ��
@jv�I�%�'�&� Q*)7�,J G �q���+
, J G �¢TU� � ����� ��-.��� � <�
D¨


m¨=6/
����KTNJ/+Rr G , � � ��y��Sx p � p �h�"!$#&%('*)}+.-/'��*+._]_L'h4����S6�l?¨=6¯9;��<=<=8?>

m¨�lI
©y��/y��7TN���K��� G + � ��F��7�*�7� G � G + �uG �&F���²��&���102)=rvJu�5�/�­�7����² � � , J��cJ3+�)10I���.�f�7�c�) pK�uG +(�

�"!$#&%('*),+.-/'1�1+._w_L'54�«���l?��i?¨¯9k�&<=<=8?>

m¨Ij�
�O¢�zM4+ G J 3���� G.� �1TE�zx G +H�c� �=G �zy��*T � ) oqp �zy�� �f�z�§�2+Rt(J��5�*���1� � �I� G(� �P��!$#&%('d),+.-/'�0

~�«����}8?���=<¯9k�&<=<=<?>

m¨=�/
©�­�v�c��K�K� G +(��y��v�¢� pK� �vTE�$�5+�) �HG �=O¢�$x � +�)=� o r G �h�Kx �$���=��Q(�?F©�v�¢��)$+�+��vx �����$��) oqp �

�f��� p J � +�)10I�������S��J��K�KQ�� �"!$#7%('*W�_L`�_L'	W5X/Y{'4>���«S~5��l=l=l:9;�&<�<=8?>

m¨�iI
�O¢�Px � +�)=� o r G �5�	x �*�E�=�IQ(�*TE�P��+*) �VG �*x �m���z�5) oqp �P�­�P�^��K�K� G +(�z���*F��c� G + � � p �5�

y������ pK� �7.*+q%._7698X�� ¥ +�� ¥ �VX<>(Yu+.e +;: ¤ \�-/`<�%�q+q%	Z ��W5X/Y[Z]\�W�_L`�_a+B��!$#&%.Z��q%�2S45�&� , �7T��&�5+V�/³
� G +���² J G � G(� ��T�+V���K��Q oqp � G J � �7�3J G QR��� , G � 9;��<=<=8?>


m¨=¨/
©y�� ��� pK� ���­�¢�^��K��� G +������ FE�^� G + � � p �5�}O¢��x � +*)=� o r G �5��TE���5+�) �VG � x ���E����Q(�
xS�m���}�5) oqp �}�¡�,� p J � +�)10I���,���±�����¢Ju�K��Q(�����,� G.� ���¡�,� � )�) � ��.z+q%._76 8X�� ¥ +�� ¥ �qX=<
>(Yu+.e +;: ¤ \�-/`<�%�q+q%�Z ��W5X/Y[Z]\^W�_L`�_a+��"!$#&%.Z��q%,2�45�S� , ��TE���5+V��� G +��K² J G � G(� ��T>+H���K��³
Q oqp � G J � �/�3J G QR��� , G � 9;�&<�<=8?>


m¨�8I
�T��P����� G �,J��Kr G�� �*F��z�¢��)$+�+��*�z�*O p )=�c��Q(�Px �����P�5) oqp �"�"!$#&%('d)}+.-/'d0�~�«��z8=<?¨=�
9k�&<=<=<=>


m¨�<I
©�­�K�?) � �k�K���K�@) � �k��1R�A+RJu� o Ju£ ��G QB)7�Bª £ � J o Q 5K��� G + � �I�C)=�:�D+ G QHQ��hª�3:�E)$+ , 9k�&<?¨��?>

�8=�I
�O¢�	x � +*)=� o r G �5�	F©�P�¢��)2+�+(�zx �����	�5) oqp �GF ¥ _wZ��q%IH �"!�X/_kX���Z��q% *�+��P%�~ 9k�76=> �����

9k�&<=<?��>

�8��(
�F©�D�¢��)2+�+(�$xS�?��� ��pKG Q��$O¢�$x � +�)�� o r G �5�KxS�����v�5) oqp �1bz!�+.e^'���!$#&%(':�1�v«��$6=¨¡9;��<=<=i?>

�8?6/
����&����� � �/y��Ix p � p �7O¢�DCE�/�¢��� G �5�7AB�Ds��/��� G J ; G +	�"!$#7%('�),+.-/'��*+._]_L'vg ® l=�=i?��9;��<=<?�=>



<=8 ���������
	�������
���� � �������������


m8=l/
©���K�?) G +R� G +��Sy��Sx p � p �h��!$#&%('*),+.-/'1�1+._w_L'h4�� j?6��=8:9;�&<�<=8?>

m8�jI
©���S����+HJ/) � JL��MN��T�) � ���KJw��x �SC G�o(oqpKG +HJu��JL�S��� C>) � ) o�o JL���"!$#7%('*),+.-/'*�1+._w_L'�gK45��l?6��=�

9;�&<=<=¨=>

m8?�7
©�����¢J/+V���KMN�Sy=� p �Kr G �hxS�m�����5) oqp �h�"!$#7%('*),+.-/'1�1+._]_|' 4 �5�@l?�Ij=j�9k�&<=<=<?>

m8=i/
©CE�@F©��� �2+;�,J o r��K�������Sy=���5�KF©�Sª ��+H�c��t , � ¤U¥?¥ Y{'*�"!$#&%('*�1+._w_L'h¦�~5�S6�i=i=i¯9k�&<=<=�=>

m8?¨7
�s©�����2+*+�)K�I���Dy���x�� G(��� J�� � �/x �@�z��� G �K� G , � �����mO¢��� p J �u� Ju£KQ��7�¡�@�©�/� � ) ) � �=�"!$#&%('K),+.-/'

0�~�«���j=j?<=¨:9k�&<=<=<=>

m8=8/
�O¢��OP��r/� � � p �2+H��� �"!$#7%('*),+.-/'10�28�5��¨����&l:9k�&<=8?�=>

m8=</
��©�K� ��� � ���­�Sy�J ��� � �����±�f��x �HG(G�� � �"!$#&%('*)}+.-/'*�1+._]_|' ~�¦��h�76=�=�¯9;��<=<=�?>

m<=�/
©���D���K� G ���5�Sx �mO¢�hCN��� , J ; �����D�¡��x �VG�G(� �h�"!$#&%('1),+.-/'*0 ® 25���76Ii?��8¯9;��<=<��7>

m<���
�s©�@MN� � ) �H� �S�,�mF��S�¢��0$JuQ�� 1H� �uG(o.� +*)=�KJ o �D+�) o(G QHQ G Q J��§s )=� o + � Q � � �u� J�� G �§� �HG +RJ � � Q65K�

6I� , G , J � J/)��5��ª�3:�E)$+ , °���J30 G +HQRJ �a� �D+ G QHQ�� s G ��� )2+Hr�9k�&<=<?¨�>

m<?67
�F���²�������0$)=rvJu�h�h��!$#&%('*),+.-/'10�¦�«���8��=�=�:9;�&<�<�jv>

m<=l/
�°©�hy=� p �5� ��� ���I�cQ �VG J�� G +������S� G�� � �©�mO¢�h��+H� p �5�S���S�}�K� �=G � ��� �hJ��c� G +R� �����5�

��!$#&%('*),+.-/'*0 ¦S~:�}j=l=8?¨¯9;�&<�<?¨=>

m<�jI
©y���� G(� �2+ �a� ��A"�S�5) � , � G +������@���Sx � ��+ �=G �h�"!$#7%('*),+.-/'10 2�«��S¨�l�j?i:9;��<=8�jv>

m<?�7
��©�Sx oqp � G J , G +(�S�f��� � ) ) � ���"!$#7%('*),+.-/'*0 ® �­���7¨��=���¯9;�&<�<�jv>

m<=i/
©��� �^��K��� G +�� � JuQHQ G + � � � J/)=�5�§�§��3v³a� � ��� o r=³ana��Q � J � � � �q���+�M G Q � rh�)2+H£ G + �E)2+HQ oqp �K� � �

x � � �R�V� � + � 9;��<=<?¨=>

m<?¨7
����*F��c� G + � � p �5�*y��*��� pK� �z���*�^����K� G +��	TE�z�5+�) �HG �1O¢�Px � +*)=� o r G �5�BxS�m���z�5) oqp �

�¡�v� p J � +�)10I�����©�$�¢Ju�K�KQ�� � Y[_ �R`���`/%._*�"!�+��hX/e +��S`���-.�v� , Q��vO¢�v� � QV� G QHQ G +(��y��D�¡�vM���³
�RJu� ) � )K�����@F©���3J G +HQR� �������8�hJu� �Vp ��x�£�+RJu� �=G +(��T G + � Ju�­9;��<=<=8?>


m<=8/
©y��±y���� )=£09 G�� , �����Dy��KO p )=�c��Q��h��!$#&%('1),+.-/'*�1+._w_L'z�$¦5�S6=6¯9;��<=i?�=>

m<=</
¢²��D����F � +H����)10$J oqp �Sª��mF�����)=� )10$QHrvJuJw�%! 	��5�3�1+._]_|' 2���6=6�l:9;�&<�i=i?>

[�&�=�I
����1�G)=� , +	�G �PCE��� G J�QH�K� oqp �P���D�*�*x � �I� �uG.� �1°©�zª G Q �VG + �uG �*�z�1� G��u� ��� , J��KJL�5���1n �uG ³

�=G �^Q(�h�"!$#&%('*)}+.-/'��*+._]_L'�gK25�S6���j?l:9;��<=<�jv>

[�&���(
�AB�DCE��FE� , + G ����JL�h�"!$#7%('*�1+._]_|' ¤ �$�8�5��<=<:9;�&<�<�jv>

[�&�?6/
�AB�DCE��FE� , + G ����JL�S�f���P����t��2+RJu�KJw� *,#�X/-�X�b	Z e +���_aX���g0/����76��=�c9k�&<=<?�=>



�'����� �
	�������
4� � � ��������� ��� <�<


����=lI
������G)=� , +	�G � ���@�z��x � ��� ��G�� �S�­��n �uG(��G �^Q(� �"!$#&%('*)}+.-/' ¤ ¦S25�S6=¨$�=�c9;�&<=<�i?>

�����j�
¢²��Sx��102)=�����SCE�K� G J�QH�K� oqp �5��!$#&%('*),+.-/'*0 ¦ ® ���&�=8=l=�¬9;�&<=<�i?>

����?�/
�O¢�@TE�vsG)$+*+HJ�Q(�vy��@�f�v� pKG�G ��CE� �f�$x��K� � ���f�?FG+V��r/���U���$���vs�J�Q p J3)=r/���?CE�?� G JuQR�K� oqp �

�"!$#&%('*),+.-/'103¦�«��5��j=i=i=l:9;�&<�<�jv>

����=iI
©x �D����TU�2+R� G��R� ���*�±���S�}� , � )$+ G �9F ¥ _L'UbdX/efe^'�~S45��l=iIj§9k�&<=8=8=>

����?¨/
©������J3+V���IMN��y=� p �Kr G �$y��@����T G + ��G +(�=���m²��/�3J o rS��O¢�D���=s G(� Q*)=�5�=y2+(���=�¡�I� p J � +�)10I���

���±�­�S��J��K�KQ(�S��!$#&%('*),+.-/'*�1+._w_L'�gK�5�S���7¨��¯9k�&<=<?¨�>

����=8I
¢²��Ix���02)=�����IMN�&Oz��QHQ*)=� G �=CE�/�"J G +R� �2+*) o�oqp JL�&F©� �¢�K� �H� +�)=£��I�KJL�&�*�=x oqp � G � , Ju�c���K�5�

�"!$#&%('*),+.-/'103¦�25�5�&l��?���c9;�&<�<=i?>

����=<I
�MN� � ��) oqp Jw�7�¡��T>)=� � J3)10��I�K�KJL��F��/����+V���7y��@AB�/x � � G(pK� JL��T��7� G 0 G ��� , �7���@�z�/x � ��� �uG.� �

°��Sª G Q �HG + �uG ������� )=� , + G �h�"!$#7%('*),+.-/'*�1+._]_|' 4�«���jv¨Il=l¯9;�&<�<=8?>

����&�I
��z� � p )=�5��x �Sxv�U��J��5�h�"!$#7%('*),+.-/'1�1+._]_|'5g�gh��l�<=<?�¯9;�&<�<=i?>

����=�(
�°©��M�����)K� �"!$#7%('*),+.-/'1�:� ® �5��8=i=i:9;�&<�i��7>

����76/
©x �@�����E�2+*+HJuQ�� �"!$#7%('*),+.-/'*�1+._]_|' ~ �5���&��l=l¯9;�&<�8=<?>

����&lI
©x �@�����E�2+*+HJuQ���y��Dy��S�§� o r � J��5�h�"!$#7%('1),+.-/' ¤�® «���jK�&l?�¬9k�&<=8=<=>

�����j�
�F��Dx ���hJu��+�)10S�E�­�D���,A��KrvJu�h�����@���}s�Jur )=��)10S�}A"�}� ) �u� � G + � �N²��DAB��² G(� J oqp �I�KQHr � �

���±�f���#)=�KJ��KQ�)=�h�h��!$#&%('1),+.-/'*�1+._w_L'�gK¦5����j?<�<¯9;�&<=<=�=>

����7�/
©�f�±�f���P� , � �I����� , �h�h��!$#&%('*),+.-/'1�1+._w_L'�gK~5�S6��?�Il�9k�&<=<=i=>

����&iI
��f�S�§��Q oqp r G �h�*��O p )=�c��Q(�����Dª��S�c�)=� G(� �S�"!$#&%('*)}+.-/'*�1+._]_|' ~ gh�S6Ii�j?i¯9;��<=<��7>

����7¨/
���� �f�dª � G + � Jw�"�f�dT �) p �:���¡�	�3J�� �����5��y��@F©�NT�+H�K�:�N�"!$#7%('}),+.-/'}0 ® �5�d�=¨=�=¨

9k�&<=<�j?>

����&8I
©x �=� � � � Q oqp �=°��?x�J G(� � G +(�=����³|F��=� �$o(G r��v���Dx �?C p�G � � ���v��!$#&%('�),+.-/'�0­¦�«����7¨��=�=<

9k�&<=<�j?>

����&<I
�O¢��� G J G +��?F���x oqp � � t G �$�z�vO p )�� ��Q��v�©�=²�����£ G�� �v�f�$�§��Q oqp r G �S�"!$#7%(' ),+.-/'S0 ¦1���

��l=<?¨=¨¬9k�&<=<?�=>

��&6��I
©���N����+HJ/) � JL�	MN��T>) � ����JL�dx �NC G(o(oqp�G +HJ��KJL�N���NC>) � ) o(o JL��MN��T G���� +H���:�"A"�Nx�)$+R�����

�"!$#&%('*),+.-/'103¦��5������l��&i:9k�&<=<=<?>

��&6��(
©�����¢J/+H����£ G +RQ&�)=� � J oqp�G �:J �H�HG J � �K� �





� ��� �����	��
 � �

F ���uG � �I� , G +^�B� � Q �HG(p �K� � , J G Q G +¡FG+H� G J � , J/+ G r � ) , G +¡Ju� , J/+ G r � T G��HG J � J �I�VG � ���) oqp?�HG
J oqp ��� , J G Q G +,x �VG(���uG � G Ju� G � pKG +Rt � J oqp Q �VG �:�¢����r ����QHQH£�+ G(oqp�G �5�S� J G}� � �HG F � � )=QH£ p ��2+ G
Ju� , G +"FG+H� G J � Q � +R�K£K£ G , G +�O pKG )$+ G�� JuQ oqp�G �¬��� � � ��G J �VG +R£ p?� QHJur p � � , ��+ oqp , J G x oqp � ; ��� �
� ��K�KQ � J �=G +��}� p � G �v� G , J�� � �K� ��G � � G Q G � �H� J oqp t(��� � G�� Ju� �=G � , J G Q G +�F +R� G J � � G J �=G�� +V�/³
�=G �h�
� G J�� �¢�I�Kr � J ��� J�� G +HQ �HG + A�Ju�KJ G � G Ju� G � ��)=r � )$+�0I� �VG + �D+*)<�k�¡��+(�^x �HG £ p ��� ���
�5) oqp �q���+ , J G�� � �VG T G.� + G �K�K� � � G J�� G +�F +H� G J � �}� G J �VG + p J�� ���) oqpv�HG J oqp �^J oqp � G J
, G ����� , J G Q G � �A+*)�� G r � J�� � G J �HG + G � x�Ju��� G � G��HG J � J �I�VG ����r � � G(�u��G ���K� , G�pKG �c� � J �=G �
��J � �2+H� G J �VG +H� � G , ����r G �h����+�� O¢�¢���2+R� o r G �©�^J � , G + G J�� G � � �HG �h��QV���^� G ���2+R� G J �
� G Q � ��� , � , J G QHJ oqp Ju�Kt.�,JuQ oqp�G � � G , ) oqp J p + G � s�� oqp �,� oqp Q¢�,J , � G.� � ��+(� x �VG �]��� �E����Q(�
, G + QHJ oqp � G.� t � 0$) ��� ����� , J G T G�� + G �K��� � 0$)=� � G(oqp � G +H�3r2)��Kt G � � +HJ G + � �,��+(��FE� , + G �IQ
�¢��)$+�+¡�K� , �D+�)<�k�"��+��"� G.�VG +cO p )=�c��Q � ���+ �=G(��G(�=G � �H� J oqpKG ���E+R� oqp?� ���2+ G � J�QHrv�KQHQRJ/)=� G �5�
G � G �KQ*)^�,J G ��+(���§� o r$J �u� )¡��J3+V���
�D+�)<�k����+���MN�S� G � p �2+ ,�, ����r G J oqp � ���+ , J G �D+RQ �VG��u� �K� � , G Q�� � G J �H� � � � oqp?�VG ��Q(�
� J G 0$J G(��G �fJ�� �HG + G QHQH��� �VG � � G QHQR�K� �=G � 02)=�^��+(���§�2+ � Ju���c��K�K� G +B�K� , � J3+Hr�FE�^� G + � � p �
Ju� , G + �5+H�K£�£ G 0$)�����+(�Sy����¢� p�� ��� �§��3v³k� � ��� o r=³ana�KQ � J � � � � ���+}M G Q � r �)$+H£ G +��E)$+HQ oqp �K� �
Ju� x � � �H�H� �2+ �¡p ��� G � Ju�^� G +��,J G , G + �q���+ G Ju� G � �I��+ G��=G � , G � F��KQ � ���KQ oqp �=G Q*)$+ �I� �4�q���+
, G �:J oqp �^J oqp � G , ����r G �
T G J5��+(�K� J3+HrcT>+HJ��Krv� �I�K�¬�K� , �}� � �*�BJ oqp � �����¬���) oqp?�HG J oqp �cJ oqp � G , ���Kr G �5� , J G �^J/+
��� �=G � G(p � G �hJu�^� G + �=G ��)=QRQ G �¯�N�2+ G ���K� , QHJ oqp �K� , J G � � G��=G , G + � G(oqp � G + 0 G + , J G � �
�=G �c� oqp?��p ��� G �5�=T G J�� G J�� G �^M4+ G �K� , G �¬� G +V� � , �IF +H�^Ju�h�v� )=�KJ�r/� �K� , � G�� +V��� G , ���Kr G
J oqp �cJ oqp � ���+�0$J G��uG FE� G � , G , G +:FE� �uG ��r$��� � 0$)�� £ p?� QHJur/� � JuQ oqpKG � �D+*)=� �uG � G � ��� ,
x�)$+ �=G �5�	� G J�� G +�M + G �K� , Ju� �5+RJuQ , ���Kr G J oqp � ���+ , J G � G , � � , �*�^J � , G +�QRJ G J���O*� o Q*)=�
���0�*�^J oqp �N�2+ �HG�� �S� G Ju� G +,M����^J � J G �K� , � G Ju� G �¯� ���VG +H�¬Q G J1�¢���Kr � ���+UJ p + G � )$+H� � J�Q oqpKG
�K� , 9K�����Kt�J G(���uG °�� �HG +HQ � �� � t(�K� � �©�� p + G � , � G J�� G QNx � � , Ju�K�^Q��K� , , J G Q G +NFG+H� G J � � ) p � G
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