
� � ��� ���	� 


�
� � �	����� � � ������� ��� � ��� ����� � � �!�
" ���$#%� & '(���!� ) �*� �+� ���,�-� �

.0/21436587:92;27:<=;?>A@B;21DCFEHGIEH9KJ:1L<NMKOP@Q@B;R7:OP<N1L1LST1L9U5IVWEH5X/R7:CYC[ZD@P9]\^<NSK1D;_1a`Bbc1L<=EHSK1D9U587:C[;^7d5X7
e <=@:S�/2EYO:/Bfg1D921L<NO:MhZL@:CYCYEH;21L<NGLikjl1LGNb2EH5=14EH5XG0<N1LSK7:<=mn7:o]CY1pG=q]ZLZL1DG=GDrs5X/21t3Q5X7:92;^7d<=;u>�@B;]1LCvZL@P9Qf
587dEY92GtG=1DJ:1L<=7:C0ZL@P9]ZL1LbB5Xq^7:Cwb2<=@Po]CY1LSTGx7d92;!<X7:EHG=1DGy7z96q2Sxoc1L<x@ e @Pbc1L9!{6q21DGN5=EY@P92GA|}G=1D1A3B1LZ~f
5XEH@P9��QiH�Pi���@ e 5=/21ub]<=1DJQEH@Pq2G_Z8/^7db]5X1D<8�ai�.0/21L<N1 e @P<N1:rW5X/21�SR7��N@:<=EH5gM�@ e b^7:<N5=EYZDCY1Ab2/UMBGNEYZDEYGN5=G
oc1LCYEH1DJ:1x5X/^7d5�5X/21D<=1�EYGp7R5=/21L@:<NMzVW/2EHZ8/�1a`Q5X1D92;2G45X/21T3Q5X7:92;^7d<=;�>�@Q;21LC�5=@h/2EYO:/21L<l1D921L<NOPEY1DG
7:92;AEYSTb2<N@�J:1LG0@Pq]<�q]92;21L<NGN5X7:92;2EH92OK@ e 5=/214b^7:<N5=EYZDCY1�VI@P<=CH;�i

�g9A5=/2EYG0Z8/27:b]5X1D<Lr[�k;21LGNZL<=EHoF1p5gVI@K@ e 5=/214SK@PG�5WEY9U5X1D<=1DGN5XEH92O�1a`Q5X1D92G=EH@P92G�@ e 5X/21t3Q5X7:92;^7:<N;
>�@Q;21LC�r^3Bq]bF1D<=GNMQSTSK1a5X<�Mh7:92;hST@Q;21LCHGIVWEH5=/hC�7:<NOP1�1~`Q5X<X7y;2EHSK1D92G=EH@P92GDi��g9hb^7:<�5XEYZDq2C�7d<LrQ��VWEHCYC
ZL@:92ZL1D965=<X7d5=1�@:9K/2@�V�5=/21LGN1�5=/21L@:<=EY1DGIZD@Pq2CH;TCH1�7:;�5X@�7:9K7:92@:SR7:CH@Pq2G*b2<N@B;]q2ZD5=EY@P9�@ e b2/2@:5=@P92EHZ
1DJ:1L9U5XG4VWEH5=/�SKEHG=G=EH92Oh1L9]1L<=OdMPiy�WVWEYCYC,7:CHG=@?;2EYGNZLq2GNGp5X/21yGN1�7:<NZ8/�GN5=<X7d5=1LOPEH1LG e @P<pGNq2Z8/�G=EYO:9^7:CYG
7d5��v���,i

�?��� �?�¡ �¢p£�¤,¥A¦ ¦ ¢�§*£�¥

¨0©Nªk©Nª «6¬w­2®^¯W°4±l²s­2³�¯I¬
�g9���´U�:µBr2��7dq2CvjlEY<=7:Z�EH92ZL@P<NbF@:<X7d5=1L;_5X/]1pGNMQSKST1D5=<=EH1LG0@ e 5X/]14�v@:<=1L9U5=¶�O:<=@Pq2b?EH965=@y{6q^7:9U5Xq2S
ST1LZ8/^7:9]EYZLGh·��:´n¸¹i¡º�Gy7z9^7d5=q2<X7:CkZL@:92G=1D{Qq]1L92ZD1:rw/]1 e @Pq292;$5=/^7d5y1L7:Z8/!m692@�VW9�b^7:<N5=EYZDCY1R/27:;
5X@A/^7�JP1R7�b^7d<N5X9]1L<l»�7:9�7:9U5XEHb^7:<N5=EYZDCY1:iK>u7n5=5X1D<�fg7:9U5XEYSK7d5N5X1L<pG�MQSKST1D5=<NM¡Vw7:G¼92@d5t<N1DJ:1�7:CH1L;
q29U5XEHC�1a`BbF1D<=EHSK1D965X7:C*5X@Q@PCYGpVI1L<N1_;21DJ:1LCH@PbF1D;�5X@�;21D5=1LZa5xbc@PG=E½5X<=@:92GtEH9�ZD@PG=STEYZ�<X7�MQGh·¾�P¿d¸�i?�g9
7zG=EHSKEHC�7:<pSK7:929]1L<Lrk3Qq2bF1D<=G�MBSTST1D5X<�MÀ|�3]Ál36Â4�tb2<N1L;2EHZD5XGyb27:<N5=921L<xb27:<N5=EYZLCH1LG e @P<y7:CHCIm692@�VW9
b^7:<�5XEHZLCY1DGT·Ã�B�L¸¹i�.0/21To^7:GNEYZ�EY;]1�7h@ e 3]Ál36Â�ST@B;21DCYGpEHGl5X/21�1a`BEHGN5X1D92ZL1K@ eke 1L<=STEY@:92EYZxZ8/27:<=OP1DG



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���
5X/27d5W<=1DC�7d5=1poF@PGN@P92G05X@ e 1L<NSKEH@P92G�<

=>6? e 1L<NSKEH@P9A@CB ? oc@PGN@P9D@ =>A? oc@PG=@:9D@CB ? e 1L<NSKEH@P9A@FE | �]iH���

VW/2EHZ8/zEY9A5Xq2<N9zSK1L7:92G�5X/^7d5�1�7dZ8/�3Q587:9];^7:<=;¡>�@B;]1LC b^7:<N5=EYZDCY14G=/2@:q2CY;z/27�J:1y7_3BÁl36ÂHGJI�K�LJMONKQPRMOSUT3LJM~i!.0/21?921aV 3]Á�36Â b^7:<N5=EYZDCY1LGx7:<=1h5X/]1L9 ZL@PSxo]EY921D;�VWE½5X/!5X/]1LEY<yb27:<N5=921L<K3Q5X7:92;^7:<N;
>�@Q;21LC^b27:<N5=EYZLCH1LG*EH965=@VGJI�K�LJMOW%I8XYSUZ[K;X\LJS(Gai�. VI@¼b^7:<�5XEHZLCY1DG*@ e 7�GNq2bF1D<=Sxq]CH5XEHb2CY1a5*/^7�JP1W5X/]1�G=7:ST1
{6q^7:9U5Xq]S
9Qq]SxoF1D<=GT7:92; ZL@:q2b2CYEH92OPGxo]q]5T;2E^]F1L<yoUM���_:�¡q]92EH5y@ e GNb2EY9�ia`^@P<y1~`]7:SKb]CY1:r�5X/]1
G=q]bF1D<=b^7:<�5X921D<=G�@ e {Qq27:<=m6Gt7:92;�CY1Db]5X@P9]Gt7d<=1yG=ZL7:C�7d<pb^7:<N5=EYZDCY1LGpZL7:CYCH1L;7G:b:IQPRMdc4Gp7:9];aGJX\LeK;Sef
TQG
| e @:<0SK@P<N1p;21D5X7:EYCHG G=1D1x3Q1LZD5=EY@P9A�]i½�Pi �P�ai

3Bq2bc1L<NGNMQSKST1D5=<NM?/^7dG0oF1DZL@PST1p5X/214;2@PSTEY927:9U5 e <X7:ST1DVI@P<Nm e @P< e @P<NSxq2C�7n5XEY9]O¼b2/UMQG=EHZLG�oF1~f
MP@:92;z5X/21x3Q587d92;^7:<N;�>�@Q;21LC�i�� 1L<N/^7:b2Gl5=/21¼ST@PGN5�ZL@:SKbc1LCHCYEY9]OK7d<=OPq2ST1L9U5 e @P<W5X/21t1a`BEYG�5X1L9]ZL1
@ e 3Bq]bF1D<=GNMQSTSK1a5X<�MKEHGI5=/^7d5w5=/2EYGkEYGk5X/21�C�7:G�5wG�5XEHCYC[q292;2EHG=ZD@�J:1L<N1L;?GNMQSTSK1a5X<NMTZD@P92G=EHGN5=1L9U5 VWEH5=/
5X/]1x<=1DC�7d5=EHJQEYG�5XEYZ�{6q^7:9U5Xq]S 5X/]1L@P<�M�·¾�U�n¸�ig`^q2<�5X/21D<=ST@P<=1dr 3]Á�36Â <=1L7:CYEH¶�7d5=EY@P9]G�921L7:<�5=/21x1LCH1LZ~f
5X<N@�Vw1L7:mKGNZ�7:CH1y|}E¹iÃ1:i½rBoc1LCH@�V�@P<w921L7:<���.,1#h¼�kZ�7d9_oF1�q2G=1D;_5X@tZLq2<N1lG=1aJP1L<=7:Cs@ e 5X/21�G=/2@P<�5XZD@PS�f
EY9]OPG0@ e 5X/21t3Q5X7:92;^7:<N;z>A@B;21DC¹r^7dG��k;2EHG=ZLq]G=G�oF1DCY@�V4i

i &j��
��-

kl)m�ano
���pq!j�8�
.0/21�SR7dEY9y5X/21D@P<=1a5XEHZ�7:C[<=1L7:G=@:9K5X@�1a`Bbc1LZa5W3]Á�36Â 7n5w7d9R7:ZDZL1DG=G=EHo2CY1�1L9]1L<=OdMKGNZ�7:CH1WEYG�b2<=@�JQEY;]1L;
oUM�5=/21sr8ZtLJMuPRMdvwr8x4@P<yT;PRS#I8MzPRXYT3LwGwG0b2<=@Po]CY1LS%@ e 5X/21%{�EYOPO:G�SK7:G=GDi��g9�5X/21x3Q587:9];^7:<=;¡>�@B;]1LC¹r
{6q^7:9U5Xq]S�CY@Q@Pb¼ZD@P<=<N1LZa5XEY@:92G�5X@�5=/21|{�EHOPOPG�SK7:GNGW·Ã�:�n¸�rUEYCYCHq2GN5=<X7d5=1L;to6Mt5X/210@:921af CY@Q@Pbx;2EY7:OP<X7dSKG
EY9}`�EHOPq2<N1p�]i½��7]r^7:<N141�7:Z8/A{6q^7:;2<=7d5XEHZ�7:CHCHMK;2EHJ:1L<=O:1L9U5�<

~R���� B �H��� ���4�l� �R���������J� �� � B ���;����y� � E | �]i �:�

VW/21D<=1w5=/21 ZLqB5X@R] � <N1Lb2<N1LGN1L9U5XG*5X/]1wG=ZL7:CY1kVW/21L<N1 921aV b]/6MQGNEYZLG*oc1DM:@P92;x5=/2103Q5X7:92;^7d<=;�>�@Q;21DC
7:b2bc1�7d<=GLi*� e VI147:G=GNq2ST1�5X/^7n5w5X/]143Q587d92;^7:<N;A>�@B;]1LCsEHGwJd7:CYEH;R7dCYC[5X/21�Vw7�M_q2b_5=@¼5X/]1p�*C�7:92Z8m
SK7:G=G ����� ��¿8�#�y�p1Uhyr VW/21D<=1TOP<X7�JQEH5gMuEYGp1a`Bbc1LZa5X1L;�5X@?oc1LZL@:SK1�7:G4G�5X<=@:92OA7:G4@:5X/21D<4b^7:<�f
5XEHZLCH1�EH9U5X1L<=7:ZD5=EY@P9]GLr[5X/21D9z5X/21t{Qq27:9U5Xq2S ZL@P<N<=1DZD5XEH@P92G�@ e �*{6q^7d5XEH@P9z�Bi �TVWEHCYC oc1x���T@P<=;]1L<=G�@ e
SK7:OP92E½5Xq2;21�OP<=1L7d5X1D< 5X/^7:9h5=/214b2/UMBGNEYZL7:C�Jd7:CYq21DG0@ e � � � ��¿P¿��p1Uh�·Ã�l :¸¹i*�g9Ab2<NEY92ZDEYb2CH1:r65X/2EHG



������� ���	��

�������7� �4
4� ���
�

� �
	�
 �

� �
�

�
� �


 �

 �

� �
� 
 � �

� �
� �

��
� �

`�EHOPq2<=14�BiH��<I7U���l921af CY@Q@Pb?{6q^7:9U5Xq2S ZD@P<=<N1LZa5XEY@:92G�5=@ � �� EH9h5X/21¼3Q587d92;^7:<N;z>�@Q;21DC
7:92;Ao[�I5=/21�7:;2;2E½5XEY@:9^7:CsZD@P<=<N1LZa5XEY@:92GWEY9�3Bq2bc1L<NGNMQSKST1D5=<NM:i

EYGk92@:5 7tb2<N@Po2CH1LS e <=@:S 5=/21�SK7d5=/21LSK7d5XEHZ�7:C]bF@PEH9U5w@ e JBEH1DVÀEH9R<=1D92@P<NSR7:CHEY¶L7d5XEH@P9x5X/21D@P<NM;<*@P9]1
ZL@:q2CY;ybc@PGN5=q2C�7n5X1w5=/21 5X<N1L1af CY1aJP1LCBJ:7dCYq21 @ e 5=/21|{�EHOPOPG�SK7:GNG�5X@poc1 JP1L<�MyC�7d<=OP1IG=@p5X/^7n5*EH5�VI@Pq2CH;
|�7dCYST@PGN58�,ZL@PSTb2CH1D5X1DCHMyZL7:92ZD1LC^5X/21WCH@B@Pb�ZD@P<=<N1LZD5=EY@P9]Gw7:9];KOPE½JP1Wq2G�5X/21�ZL@:<=<=1DZD5kb2/UMQG=EHZ�7:C[Jd7:CYq21
@ e � � i {�@�VI1DJP1D<Lr05X/]EYGTSK1DZ8/^7:92EHG=S 7:b2bc1�7:<NGK5=@�oc1u<X7n5X/21D<Kq29]9^7d5Xq]<X7:C�7:92; @P921�VI@Pq2CH;
b2<N1 e 1L<I5X@xmd1L1Lbh5=/21l{6q^7:9U5Xq]S ZD@P<=<N1LZD5=EY@P9]G @ e 5X/]1lGX7:ST1�@:<=;21D< 7:Gw5=/21lb2/UMQG=EHZ�7:CcJd7:CYq21�@ e 5X/]1{�EHOPOPG0SK7:G=GDi

.0/2EYG�EYG0bc@PGNG=EYo]CY1pEY9�7yG=q2bc1L<NGNMQSTSK1a5X<=EHZp5X/21D@P<NM:rcEH9hVW/2EYZ8/A5X/21D<=1t7:<=141L{6q^7dC 96q2S¼oF1D<=GW@ e
oc@PG=@P9]Gh|��a�47:92; e 1L<=STEY@:92GK|����lVWEH5=/�EY;]1L9U5XEHZ�7:C*ZD@Pq2b2CHEY92OPGDiA3BEY9]ZL1�5X/21KZL@P9U5X<NEYo2qB5XEY@:92G e <=@PS
5X/]1�oc@PG=@:92EYZ�7:92; e 1L<NSKEH@P92EYZhCH@B@:b2G�/^7�JP1u@:b2bF@:G=EH5=1?G=EYO:92Gz|}G=1D10`�EHOPq2<=1?�BiH���~rw5X/]1�<N1LG=EH;2q^7:C
@P921~fgCH@B@PbhZD@P<=<N1LZa5XEY@:92GWoF1DZL@PST1R<
~l� �� B���� � �����l� � ��� � �����A� �! � � � �"�4�
� � ��� � �����A�"  B � �V� R� �$### �A�" � �A� � ### E | �]i �P�

VW/2EHZ8/�EHG0G=SK7:CYCH1L<w5=/^7:9 � �� E e 5X/]1�GNq2bc1L<=G�MQSKST1D5=<=EYZ4b^7d<N5X9]1L<=GW/^7�J:1tGNEYSTEYC�7d<ISK7:G=GN1LG�<
### � �" � � � � ###&% �t. 1�h �(' | �]i  U�

.0/2EHGtST1�7:9]G45=/^7d5�EY9�@P<N;21L<45X@Am:1D1Lb�5=/21K927d5Xq2<=7:CY9]1LG=Gt7:<NOPq2ST1L9U54J:7dCYEY;sr SR7:GNG=1DG¼@ e G=q2bc1L< f
GNMQSTSK1a5X<NEYZpb^7:<�5X921D<Wb^7:<N5=EYZDCY1LGwG=/2@Pq]CY;AoF1492@:5WS¼q2Z8/�CY7:<=O:1L<w5=/^7:9���. 1UhTi



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���

105 1010 1015

  Energy scale  (GeV)

α-1

α-1
1

α-1
2

α-1
3

Standard Modela)

0

20

40

60

5 10 15

105 1010 1015

  Energy scale  (GeV)

α-1

α-1
1

α-1
2

α-1
3

Supersymmetryb)

0

20

40

60

5 10 15

`�EHOPq2<=1¼�]i �"<��*J:@PCYqB5XEY@:9z@ e 5X/]1����y| �U���	�	���x|¹�P��
��
�x|������ OU7:q2OP1tZL@Pq]b2CYEH92OPG�5=@
/2EHOP/?1L921D<=O:MhGNZ�7:CH1LGWEY9h5=/21t3Q587:9];^7:<=;u>�@Q;21LCv7P� 7:92;AEY9�3Bq2bc1L<NGNMQSKST1D5=<NMho^�ai

� �-��.����6��&��qk��Q��&j�;� &U� ��� ���
º�9]@:5X/21D<k7:b2bc1�7:CHEY92O e 1L7d5Xq2<N1W@ e 3Qq2bF1D<=G�MBSTST1D5X<�M�7d5*5=/210Vw1L7:myG=ZL7:CY1WEYG*<N1LCY7d5X1D;�5=@p5X/21W1�]F1LZa5
EH5�/^7:G�@P9u5=/21¼<Nq29292EH92OR@ e 5=/21¼OP7:q2OP1tZL@Pq2b]CYEY9]OPGLiW�g9zOP<=7:92;zq]92EH\^ZL7d5XEH@P9�5=/21L@:<=EY1DGx|U��Á�.0G8�~r
@P921l7:G=GNq2SK1DG 5X/^7n5 5X/21D<=1p1~`]EHGN5=GW7¼q292E½\^Z�7d5=EY@P9R@ e���� j 7d92;_5X/21p1DCY1DZD5X<N@�Vw1L7:mRGN1LZD5=@P<0@ e 5X/]1
3Q5X7:92;^7:<N;$>A@B;21DC¹i��g9�@d5X/21D<4VI@P<N;2GLrv5X/21�5X/]<=1L1�EH96J:1L<NG=1RZD@Pq2b2CHEY92OhZD@P92G�587:9U5XG_|���� � � r���� � � r
��� ��� ��@ e 5X/21�1LCH1LZD5=<=@PSK7:OP9]1D5XEHZ:rwVI1�7dmcr�7:92; GN5X<N@P92O$EH9U5X1L<=7:ZD5=EY@P9]GRZL@:96J:1L<NOP1�7:92;�oc1LZD@PST1
1L{6q^7dC*7d5�5=/21xq29]EH\^ZL7d5XEH@P9z1L9]1L<=OdMzG=ZL7:CY1dip.0/21yZL@:q2b2CYEH92O_ZD@P92GN5X7:9U5XGp;21DbF1D92;�@P9z5X/]1x1L921D<=O:M
G=ZL7:CY1 > 5=/2<=@:q2OP/ÀCY@Q@Pb�ZL@:<=<=1DZD5=EY@P92G_5=@!5X/21�ZL@:<=<=1DG=bc@P92;2EH92O!JP1D<N5XEHZL1DGu7:9]; OP7:q2OP1¡oc@PG=@:92G
b2<N@Pb^7:OU7n5X@P<NGy·¾�! �¸�rFVW/21D<=1x5=/21xCY@Q@Pb2G�7:<N1¼OP1D921L<=7d5X1D;¡o6Mu7:CHC,b^7d<N5XEHZLCH1LGWVWEH5X/uSR7:GNG=1DGlG=SK7:CYCH1L<
5X/27:9 > i*.0/21L<N1 e @P<N1:rB5=/21l1aJP@PCHq]5XEH@P9R@ e 5X/21lZD@Pq2b2CHEY92O�ZL@:92GN5X7:9U5XG EHGwG=1D92G=E½5XE½JP1�5=@¼5X/]1�b^7:<�5XEHZLCY1
ZL@:965=1L9U5�@ e 5=/21p5X/21D@P<NM:i

�g9z5X/21x3Q587d92;^7:<N;�>�@Q;21LC�rc5=/21t5=/2<=1D1xZL@Pq]b2CYEH92OPGW5X1L9];u5X@h7db2b2<=@P7:Z8/z1�7dZ8/¡@:5X/21D<l7d5�/2EYO:/
1L9]1L<=O:EY1LGDr2o2q]5 e 7:EYC^5X@yZD@PEY9]ZLEY;]1l7d5W7tG=EY9]OPCY1�bF@PEH9U5�rB7:G0G=/2@�VW9?EY9�`�EYOPq]<=1l�Bi �:7Bi	{�@�VI1DJP1D<Lr^5X/]1
1DJ:@PCYqB5XEY@:9KOP<=7:b2/�VWEYCHC2oF1�Z8/^7:9]OP1L;_E e 5=/21L<N1�1~`]EHGN5=G 3Bq]bF1D<=GNMQSTSK1a5X<�M�@P9K5=/21�. 1Uh�G=Z�7dCY1:i�.0/21
CY@Q@Pb$ZD@P<=<N1LZa5XEY@:92G e <=@PS 5X/21?921aV 3BÁl36Â b^7:<�5XEHZLCY1DGxGN5X7:<N5�ZD@P9U5X<NEYo2q]5=EY92O�7doF@�JP1h5=/21h1L921D<=O:M
G=ZL7:CY1 �	"�#$"�% � �K. 1Uh�rvVW/2EYZ8/�b2<=@Q;2q2ZD1LG¼7Am6EY9]m¡EY9�5X/21T1DJ:@PCYq]5=EY@P9�@ e 5X/21TZL@:q2b2CYEH92O?ZL@P9Qf



������� ���	��

�������7� �4
4� � �
GN5X7:9U5XGDi � `�EYOPq]<=1y�]i �do�G=/]@�VWGp5=/^7d54EY9¡5=/2EYGlZL7:G=1y5=/21�OP<X7:9];�q]92EH\^ZL7d5XEH@P9¡EYG�EY92;21D1L;�7:CYCH@�Vw1D;
7:92;A@QZLZLq]<=G�7d505X/]1�q]92EH\^ZL7d5XEH@P9?G=ZL7:CY1p@ e � " #$"�%�� ��¿ � � �p1Uh�i
��� n �-

&(�O�
3Bq2bc1L<NGNMQSTSK1a5X<NM @Pbc1L92GT5X/21ubF@PGNG=EHo2EYCHEH5gM$@ e � 7dOP<X7:9]OPE�7:9�5X1D<=STGKVW/2EHZ8/�1a`Bb2CHEYZDEH5XC½M$JQEY@PCY7d5X1
CY1Db]5X@:9z|��I�*7:9];Ko^7d<NMP@:9¡|��x�*96q2S¼oF1D<IZD@P92G=1D<NJd7d5=EY@P9�i {�@�Vw1aJP1D<Lr]E e 3]Á�36Â EYG�<=1L7:CYEH¶L1D;T@:9K5X/]1
. 1Uh�GNZ�7:CH1:r25=/21L9�G=q2Z8/	� �	7:92;
���WJQEY@PCY7d5XEH92OyEY9U5=1L<X7dZD5XEH@P92GW7:<N14G=1DJ:1L<N1LCHMA<N1LGN5=<=EHZD5X1D;uoUMh5X/]1
1a`Bbc1L<NEYST1L9U587:C]SK1L7:G=q2<N1LST1L9U5XGDi	`^@P<�1~`27dSKb2CH1:rU92@p1aJQEY;21D92ZL1 e @P< e 7:G�5*b2<N@:5X@P9�;21DZ�7�My/^7dG*oF1D1L9
@Po2GN1L<�JP1L;srs7:9];?5=/21�ZLq2<N<=1L9U5�CY@�VI1L<Woc@Pq292;A@P9h5X/214b2<N@:5X@:9�CHE e 1D5=EYST1�EHG��D@�� ' � �$��¿ � � M:1�7:<NG
7d505=/21�´P¿�
 ZD@P9]\^;21D92ZL1�CY1aJP1DCk· �d¸�i

�g9x@P<N;21L<v5X@ e @P<=o]EY;45X/21kCY1Db]5X@P9Qf�7d92;¼o^7d<NMP@:9Bfg96q2Sxoc1L< JQEY@PCY7d5XEH92O 5X1D<=STGLrd7�921aV�GNMQSKST1D5=<NM
EYG0EH9U5X<=@Q;2q2ZD1L;�<�����KQPRMOZ(SUxT·¾����¸¹i,`^@P<07�b^7:<�5XEYZDCY1l@ e GNb2EY9 � r]5X/21��w»Qb^7:<NEH5gMREYG0;21a\^921L;u7:G

� B | �t��� ������� 
���� � � ' | �]i  :�

.0/2EHGxEYGy7zS¼q2CH5=EYb2CHEYZ�7n5XEHJ:1�{Qq27:9U5Xq2S 9Qq]SxoF1D<Lrk7:92;�7dCYCkb^7:<N5=EYZDCY1LG¼@ e 5X/21?36587:92;27:<=; >�@Q;21DC
/^7�JP1!�w»Qb^7:<NEH5gM � �:r�VW/2EHCY1u5=/21LEH<hG=q2bc1L<Nb^7:<N5=921L<NG$| GeKQPRMOSUZtvJX\LwG=�R/^7�J:1!�w»Qb^7d<=EH5gM �t�:i .0/21
ZL@:92G=1D<NJd7d5XEH@P9�@ e �w»Qb^7:<NEH5gM¡EH9�GNZ�7d5N5X1L<NEY92Ou7:92;�;21LZL7�M�b2<N@BZD1LGNG=1LG¼/^7:Gt7�ZL<Nq2ZLEY7:C�EYSTb^7:Za54@P9
5X/]1�GNq2bc1L<=G�MQSKST1D5=<=EYZ4b2/]1L92@PST1L9]@PCY@POdMm<

" 3Bb27:<N5=EYZLCH1LG0ZL7:9�@:92CHMRoF1pb2<N@B;]q2ZL1D;uEY9?b^7dEY<=GDi

" {�1�7�JQEY1L<WGNb^7:<N5=EYZDCY1LG0;]1LZ�7�M?EH965=@�CYEYO:/65=1L< @:921LGDi
" .0/214CHEYOP/U5X1DGN5WGNb^7:<N5=EYZDCY1T|�� 3]�k� EYG0G�587:o]CY1poc1LZ�7dq2G=1�EH5W/^7dG�9]@K7dCYCY@�VI1L;?;21DZ�7�M?SK@Q;21DGLi

.0/2<N@Pq2OP/2@:q]5W5X/2EHG 5X/21DG=EYG05=/21�� »Qb27:<=E½5gM_EYGW7dG=G=q]SK1D;A5=@Koc1pZL@P9]G=1L<�JP1D;�i
.0/21�� 3]��Sxq2G�5?oF1�921Dq]5X<=7:Cp7:9]; ZD@PCY@P<NCY1DG=G_GNEY92ZD1�5=/21L<N1�7:<=1¡G�5X<=EH92OP1D965?ZD@PG=ST@PCH@POPEYZL7:C

oc@Pq292;2GR@P9 5X/]1z1a`BEYG�5X1D92ZL1¡@ e CHEYOP/U5KGN5X7:o2CY1�b^7:<�5XEYZDCY1DGTVW/2EHZ8/À7:<=1u1LCY1DZD5=<=EYZL7:CYC½M!Z8/^7:<NOP1L;�@:<
GN5=<=@P9]OPCHMuEY9U5X1D<X7:Za5XEY9]O�·¾��#n¸�i�º�G�7hZL@P9]G=1L{6q21D92ZL1dr�5X/21T� 3]��EH9$� »Qb27:<=E½5gMzZL@:92G=1D<NJQEY92Ou3]Á�36Â
ST@B;21DCYG�EY9U5=1L<X7dZD5XGkVWEH5=/R@P<N;2EY9^7d<NM�SK7d5=5=1L<k@P92CHM�oUM�5X/]1�1a`BZ8/^7d92OP1l@ e 7t/21L7�J6MTJQEY<N5=q^7:CF3]Á�36Â

% &('*),+�-/.0.�)�.(132547684:9!;<-3=�>�?A@ BC)D.(-3=0),-/.0.�E<+F)�GH>01�IJ),I�)KBC1ML
1N=(O*)D-/=QPSR T�RVUXW



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���
b^7:<�5XEHZLCY1¼7:92;¡ZL7:9292@:54oc1x;21a5X1DZD5X1D;�7n5pZL@PCHCYEH;21L<�1a`Bbc1L<=EHSK1D9U5XGT| S¼q2Z8/�CYEYmd1x7_921Dq]5X<NEY92@U�x·Ã�:µd¸¹i
.0/6q2GLrc7yOP1D921L<NEYZpZL@:CYCYEH;21L<IG=EHOP9^7d5=q2<=1 e @P<H�w»Qb^7d<=EH5gMKZL@:92G=1D<NJQEY92OR3Bq2bc1L<NGNMQSTSK1a5X<NM_EYG0STEYG=GNEY92O
5X<=7:92G�JP1L<NG=1tSK@PST1L9U5=q2S e <N@PS 5=/2141LG=ZL7:b2EH92OR� 3]�*GDi

>�@P<N1L@�JP1D<Lr EH9!G=q2Z8/�3]Ál36Â 5=/21L@P<NEY1DG�5=/21A� 3]� EHG�7�b]<=EYSK7:<�M�ZL7:92;2EH;^7d5X1 e @P<t5X/21?92@P9Qf
o^7:<�MP@P9]EYZ�;^7:<=mySK7d5N5X1L<Dr�� f
X����gPRMdc�� PRS#S LJM�·¾�P´d¸�rQVW/]EYZ8/REHG�<=1L{6q2EH<=1D;REY9�5X/]1�ZDq2<=<N1L9U5 ST@B;]1LCYG
@ e ZD@PG=ST@PCY@:O:M 7:92;�OP7:C�7n`QM e @P<NSR7d5=EY@P9�·  U¿n¸�i �W1LZL1D9U5?<=1LGNq2CH5=G e <N@PS
5X/21�� >Aºl� 1a`BbF1D<=E f
ST1L9U5¼·  2�a¸vG=q2O:OP1LG�5�5=/^7d5�SK@:<=1l5X/27:9uµ:¿�
 @ e 5X/214SK7d5=5=1L<0EH9A@:q2<�Á�92E½JP1L<NG=1�ZL@P9]G=EYG�5XGW@ e ZL@PCH;
;^7:<NmuSK7d5=5=1L<DiV`^q2<N5=/21L<47dG=bc1LZD5=G4@ e 5=/21y92@P9Qfgo^7:<�MP@P9]EYZ�7:92;�GNq2bF1D<=G�MBSTST1D5X<NEYZy;^7d<=muSK7d5N5X1L<
Z�7d9�oc1 e @Pq292;?EY9 �W1 e 1D<=1L9]ZL1R·  6��¸¹i
¨0©Nªk©
	 �
����� ³�¬p³���������±����v®�� �!�"�#��­2®[³ ²$�0­%��¬l°��*®^°&� ¯W°����
.0/21?G=EHSKb]CY1LG�5�G=q2bc1L<NGNMQSTSK1a5X<=EHZh1a`Q5X1D92G=EH@P9 @ e 5=/21�3Q587:9];^7:<=; >�@Q;21DC0EYGyZ�7dCYCY1D;!5X/21�>�EH92E½f
SK7:Cv3Bq2bc1L<NGNMQSTSK1a5X<=EHZ�3Q587d92;^7:<N;z>�@Q;21DCk|¹>z323]>z�ai[.0/214b^7:<�5XEHZLCY1pGNbF1DZD5=<=q2S @ e 5X/]1¼>u3232>
ZL@:92G=EHGN5XG¼@ e 5X/21h3Q587:9];^7:<=; >A@B;21DCIb27:<N5=EYZLCH1LG¼7:92;$5X/]1LEY<�G=q]bF1D<=b^7:<�5X921D<=GDi��g9�7d;2;2EH5=EY@P9sr,5X/]1
>z323]> ZL@:965X7:EY9]G¼7:9�1a`Q5=<X7 {�EYOPO:Gp;2@Pq2o2CH1D5Lr,OPE½JQEY92O?7h5X@:5X7:C*@ e 5gVw@�;2@Pq2o2CH1D5=G4VWE½5X/�/UMBbc1L< f
Z8/^7:<NOP1�' B)(y�Pi��g9�5X/2EHG�Vw7�MPr+*[7�J:@P<xZ8/^7:9]OPEY92O�921LqB5X<X7dCwZLq]<=<=1D9U5XG � 7:<N1_7�JP@:EY;21D;!7d5�5X<=1D1
CY1aJP1DC�GNEY92ZD1�5X/]1�' B ���¡7:9];,' B � �u;]@Pq2o2CH1D5XGKZL@Pq]b2CY1A@P92C½M$5X@�5X/21,-Nq2b/.n»U5gMBbc1z7d92;
-N;2@�VW9/.�»65gMQbF1l{6q^7d<=m6G4|�7d92;RZ8/^7d<=OP1D;hCY1LbB5X@P92GX�arQ<=1DG=bc1LZD5=EHJ:1LCHMz·  � d¸�i*.0/21�b27:<N5=EYZLCH1�ZD@P9U5X1D965w@ e
5X/]1¼>u3232> EHG0CYEHGN5X1D;hEY9?.,7:o2CY1��]i½�Pi

� e GNq2bc1L<=G�MQSKST1D5=<NM!Vw7:GT7:9�1a`]7:ZD5TG�MBSTST1D5X<�M$@ e 9^7d5=q2<=1drk5=/21L9�5X/]1A3Q587:9];^7:<=; >�@Q;21DC
b^7:<�5XEHZLCY1DG 7:92;p5=/21LEH< G=q2bc1L<Nb^7:<N5=921L<NG Vw@Pq]CY;4oF1*;]1LOP1D921L<=7d5X1kEY9pSK7:G=Gv7d92;p5X/21*GNb^7:<N5=EYZDCY1LG�VI@Pq2CH;
/^7�JP1koc1L1L9t;2EYGNZL@�JP1D<=1D;xCY@P9]O 5XEYST1�7:OP@]i .0/6q2GDrPEH5vEHG ZLCH1�7:<�5=/^7d5,7�<N1�7:CHEYG�5XEYZ*3]Ál36Â 5=/21L@P<�M4Sxq2G�5
ZL@:965X7:EY9 GJI4K�LJMdGJxlW%W'LJS#MOx10:MwLzP
c
Z(T32:i�.0/21pSK@:GN50OP1D921L<=7:CsVw7�MR5X@�EH965=<=@Q;2q2ZD1lG=q2bc1L<NGNMQSTSK1a5X<NM
o2<N1�7:m6EY9]OAEHGl5X@?7:;];�5=@?5=/21��v7:OP<=7:92OPEY7:9¡1a`Bb2CHEYZLE½5gG4f54OS � 3BÁl36Â�fgo2<N1�7:m6EY9]O?5=1L<NSKGpZD@P92G=EHGN5=1L9U5
VWEH5=/A5=/214GNMQSTSK1a5X<=EH1LG0@ e 5X/21t3Q5X7:92;^7d<=;u>�@B;]1LC¹i�.0/21�1�]F1LZa5XE½JP1t� 7dOP<X7:9]OPE�7:9h@ e 5X/]1¼>u3232>

6�7 O�>�'*) 4 >0-3OJG*-3= G!8 1 G*)KB LX? >�' 1/O<B:9H1NO*)�; ?=<><:.XG71/E<I*B )K>@?7>0=�)D)5A B )@B/)DBDCJ-EB/1N=�@ '<-/OF</?COF<�O*)DE7>�= -3B @KE*=�=0)KO:> .
-3=0) -3E*>�1/+�-3>�?A@K-3BCB=9Q-3I<.�)KO:> I�)D@D-3E<.�)5>�'<) .�-/+�)51/;�)K= -M>�?C1/OJ.�>�'<-3> G7?A-G</1NO<-3BC?=HK) >�'*) +�-N.�. +�-3>�=0?JI -3E7>01/+�-M>0?C@D-3BCB:9
G7?A-G<N1/O<-/B ?=HK)8>�'*)�;Q?:<K<N.LA�2 )D=�+�?C1/O�@ 1/E<;*B ?COF<:.NM OQPER W

SD&('*)D.�),?CON>0)K= -/@ >�?C1/O<.X-/=�) =0) 2 )K=0=0)DG >�1H-/.X.�132�> I�)D@D-3E<.�) >�'*)@9�G*1FO<13> =0)5A ? O:>�=017G7E<@K)8>0'*)�T:E<-/G*=0-3>�?A@ G*?:BN)K=UA
</)DO<@ )�.(LX'*?A@ ' +�13>0?:BM-3>�)DG >0'*),? O:>0=�17G7E<@ >�?C1/O�132 4 E*;�)K= .L9 +�+�) >0=U9H?CO�>�'*)+VJ=0.�>X;*BC-N@ )WM OQXER W



������� ���	��

�������7� �4
4� ���
3Bq]bF1D<=GNMQSTSK1a5X<NEYZ4b^7:<�5X921D<=G

��7:<�5XEYZDCY1DG ��1�7:mhEH965=1L<=7:ZD5=EY@P9
1DEYOP1D92GN5X7d5X1DG >u7:GNG�1DEYOP1D92GN5X7d5X1DG

� B 1RE��qE�� ���� r����� 3BCH1Lb]5=@P92G �� � E��� �	�
 �	�
 3B921Dq]5X<NEY92@:G �	�

{AB qsr^Z:r25

;sr^GLr^o �{ � r �{ � 3B{6q^7:<Nm6G �{ � E �{ �
O �O �pCYq2EH92@ �O

��
{ 
 ���
�{ 
 �ÀEH92@{�EYOPO:G=EY9]@PG � �
� �� 
 ��� � � /27:<=OPEH92@PG

��
/�r�{tr^º

�� ���{ ��� �
�*/2@d5XEY9]@�
EH92@{�EYOPO:G=EY9]@PG

� ��������
���� ������� � � 1Lq]5=<X7:CHEY92@:G� �� �p<X7�JQEH5XEH92@ ��

.�7:o]CY1��]i½��<���7:<�5XEHZLCY1�ZL@P9U5X1D9U5�@ e 5X/]1¼>u3232>�i

Z�7d9A5=/21L9AoF1pVW<NEH5=5=1L9A7:G�7yG=q2S @ e 3]Á�36Â�f b2<=1DG=1D<NJQEY92OK7:92;u3]Á�36Â�f o2<=1L7:m6EY92OTb^7:<�5XG:<
 B  �"! � � �  $#&% ��' ' | �]i[�P�

.0/210<N1LG=q]CH5XEH92O�5=/21L@:<NMx/27:G�ST@P<=1k5X/^7:9h��¿P¿l7:;2;]EH5XEH@P9^7:C6b^7d<X7:ST1D5=1L<=G VW/2EYZ8/yVI1L<N1092@:5�b]<=1LGN1L9U5
EY9K5X/21�3Q5X7:92;^7d<=;A>�@Q;21LC�i*.0/21p96q2Sxoc1L< @ e GNq2Z8/Ab^7:<X7dSK1a5X1L<NG Z�7d9hoF1lGNEYOP9]EH\^ZL7:9U5XCHMT<N1L;2q2ZD1L;
oUM_SK7:m6EY92O¼1a`Bb2CYEHZLE½507:GNG=q2STb]5XEH@P92G07doF@PqB5 5X/21p927d5Xq2<N1p@ e 5X/21pGNq2bc1L<=G�MQSKST1D5=<NM_o]<=1�7dmQEH92O2r^7dG
;2EHG=ZLq]G=G=1D;uEH9A;]1D587dEYC�EH9u3Q1LZD5=EY@P9A�]i½�Pi��]i

i &j.�.;�%&U� �����	�8

��� ���7� �4
4�
.0/2141a`Q5=1L92;21D;0{�EYOPOPG0GN1LZa5X@P<W@ e 5X/21�>u3232> ZD@P9U587:EH92G 5gVI@K;2@:q2o2CY1a5XGDi �l921p@ e 5=/214;2@Pq2o2CH1D5=G
ZL@:q2b2CY1DGy1a`BZLCHq2G=E½JP1DCHM$5=@ -N;2@�VW9/.df¹5gMBbc1?{6q^7:<=m6GT7:92;�Z8/^7d<=OP1D; CH1Lb]5=@P92Gy7:9]; /27:GT7uJ:7dZLq2q2S
1a`Bbc1LZa587d5=EY@P9?Jd7:CYq21)(�*�r2VW/2EHCY1�5=/214@:5X/21D<WZL@Pq2b]CY1LGW@P9]CHMR5=@ -Nq2b/.df¹5gMQbF14b^7:<�5XEHZLCY1DG VWEH5=/�7xJd7:Z~f
q2q2S 1~`BbF1DZD587n5XEY@:9AJd7:CHq214@ e (�+A·  U�n¸�ik.0/21tGN{6q^7:<=1D;zG=q]S @ e 5=/21p5X/21DEY<0Jd7:ZLq2q]S 1a`BbF1DZD5X7d5XEH@P9



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���
Jd7:CYq]1LG0EYGWZD@P92921DZD5X1D;�5=@�5=/21�� oc@PG=@:9ASK7:GNGW5=/2<=@:q2OP/

( �* � ( �+ B�( � B   ���� � � ��� |¹�l  �s�p1Uht� � E | �]iA#:�

VW/2EHCY1l5X/]1LEY<0<=7d5XEH@2rB5=<X7:;]EH5XEH@P9^7:CHCHMyVW<NEH5=5=1L9A7:G

587:9�� B (�+("* E | �]i µP�

EYGR7 e <=1D1zb^7:<=7:SK1a5X1D<R@ e 5=/21zST@B;21DC¹i�º e 5X1D<R5X/21u1LCY1DZD5=<=@�Vw1L7:m G�MQSKST1D5=<NM o2<=1L7:m6EY92O2r0\2J:1
b2/UMQG=EHZ�7:C2{�EYO:OPGRb^7d<N5XEHZLCH1LGR<N1LSK7:EY9 EY9 5=/2EYGKSK@Q;21DCt<¡7$Z8/^7d<=OP1D; {�EYO:OPGKoc@PGN@P9�b^7:EH<z|�� 
 �ar
5gVI@ � �,»Q1DJ:1L9�921Dq]5X<=7:C2{�EYOPO:GToc@PGN@P92G¡|
	�7:92;�� VWE½5X/ �
� % � � �ar07d92; @P9]1 � �,»Q@Q;2;
921Dq]5X<=7:Cq{�EYOPO:G�oc@PG=@P9!| ºp�~iFº 5�5X<N1L1¼CH1DJ:1LC¹r[5X/]1¼VW/2@PCH1V{�EHOPOPG fgG=1DZD5=@P<�EHG�;21a5X1D<=STEY921D;uoUM�5gVI@
b^7:<=7:ST1D5X1D<=GDr25gMBb]EYZ�7dCYCHMT587dm:1L9A5X@�oc145X7:9��$7d92; �
� ·  U��¸¹i

� 5¼GN/2@Pq2CH;�oc1R7dCYG=@?92@d5X1L;�5X/^7n5�r�7n5�5=<=1D1KCH1DJP1DC¹rv5X/21R>z323]> b2<=1D;2EYZa5XG45X/^7n5t5=/21KCHEYOP/U5=1LGN5
921Dq]5X<=7:C|{�EHOPOPGyoc@PG=@P9�|�	[�xG=/]@Pq2CY; 92@:5�oc1?/21�7�JQEY1D<T5=/^7:9!5X/]1

�
oF@:G=@P9�r ��� % ��� ·  ��d¸¹i{�@�VI1DJ:1L<LrF5X/2EHG�q]b2bF1D<�oc@Pq29];uEYG�G=@:SK1aVW/^7d5�Vw1L7:m:1D921L;¡E e @P921�EY9]ZLCYq];21LGW5X/21�{6q^7:9U5Xq]S CH@B@:b

ZL@:<=<=1DZD5=EY@P92GDi � q2<=<N1L9U5xZL7:CYZDq2C�7n5XEY@:92GlMQEY1LCH; �
� � � ���P¿D�41#h ·   #n¸�r,VW/2EHZ8/�EHSKb2CHEY1DGl5X/^7d5�5X/]1
>z323]> {�EHOPOPG oc@PGN@P9�GN/2@Pq2CH;�oc1p@Po2GN1L<�JP1L;z7d505X/21���{ � i
� �8� �4
���!#&U���;�V���9���y)��-
�.;&U���;�
º�Gk7p<=1DG=q2C½5�@ e G=q2bc1L<NGNMQSTSK1a5X<NM�o]<=1�7dmQEH92O2rQ3]Á�36Â b^7:<�5XEHZLCY1DG�VWEH5=/x5X/21WGX7dSK10{6q^7:9U5=q2S 96q2S�f
oc1L<=GW7d<=147:CHCY@�Vw1D;_5X@�STE½`KEY9?7ySK7:92921D<07:9^7:CH@POP@Pq]Gw5X@y5X/]1pSKE `]EH92O¼@ e 5=/21 � 7:92;�� � \21LCY;]G
;2q21W5X@45X/]1�1DCY1DZD5X<N@�Vw1L7:m�GNMQSKST1D5=<NMyo]<=1�7dmQEH92O�EY9y5X/21�3Q5X7:92;^7:<N;_>A@B;21DC | GN1L1p3Q1LZD5=EY@P9K�Bi½�Pi �P�ai
�g9Tb^7:<N5=EYZDq2C�7:<Dr:5X/]1�GNq2bc1L<=b27:<N5=921L<NGw@ e 5X/21�{�EYOPOPG�7d92;K1DCY1DZD5X<N@�Vw1L7:myOU7:q2O:1�oc@PGN@P92GLr6/2EHOPOPGNEY92@PG
7:92;uOU7:q2OPEH92@PGDrFZL7:9zSTE½`?VWEH5=/z1�7dZ8/¡@:5X/21D<Li�.0/21x921Dq]5X<=7:C,/]EYOPOPGNEY92@:Gx| �{ � 7:92; �{ � ��7:92;z5X/]1
921Dq]5X<=7:C�OU7:q2OPEH92@PGK| ��	7:92; �� � �4ZD@PSxo2EH921y5X@ e @P<=S e @Pq]<�9]1Lq]5=<X7:C�SK7:G=G�1LEHOP1L92G�587d5=1LG�Z�7:CHCY1D;
921Dq]5X<=7:CYEH92@PGLr ���� ������� � il.0/21¼Z8/^7:<=O:1L;�/2EYO:OPG=EH92@PG¼| �{ � 7:92; �{ � ��7:92;z5=/21xZ8/^7d<=OP1D;zVWEY92@PGx| �� �

7:92; �� � �wSKE `_5=@ e @:<=S e @Pq]<0Z8/^7:<=O:1L;u1DEYOP1D92GN5X7d5X1DGWZ�7:CHCY1L;?Z8/^7d<=OPEH92@PGLr �� 
 ��� � | GN1L1�.�7:o]CY14�]i½���ai
�IM�ZD@P9UJP1L9U5=EY@P9�5=/21LGN1R7d<=1TC�7:oc1LCH1L;�EY9�7:G=ZD1L92;]EY92OA@P<=;]1L<4VWEH5X/ ������ � � � ����! � � ��"�# � ������$
7:92; � ��&% � � � ��&%! i



������� ���	��

�������7� �4
4� ���
.0/2EYG�SKE `]EH92ORZL7:9¡oc1x1a`Bb2<N1LG=GN1L;�q2G=EH92OR5X/]1 e @PCYCH@�VWEH92O�5X/2<N1L1yb^7:<=7:ST1D5X1D<=G�< � � 7d92; � �

VW/2EHZ8/ ZD@P<=<N1LG=bc@P92;�5X@�5X/]1Ao]EY92@�7:9]; VWEH92@�SR7:GNGx5X1D<=STGTEH9!5X/21�3]Á�36Â�f o2<=1L7:m6EY92O�b^7:<�5�@ e
�v7:OP<=7:92OPEY7:9  $#&% ��' r07d92; 5=/210{�EYOPOPG�STE½`BEY9]O�b27:<X7:ST1D5=1L< ��i�.0/21�b2/UMBGNEYZL7:C�Z8/27:<=OPEH92@$7d92;
921Dq]5X<=7:CYEH92@ySR7dG=G=1DGWZ�7:9?5X/21D9�oc14@Po]5X7:EY921D;?o6M?;]E�7:OP@:9^7:CYEH¶LEH92Ot5=/214SR7:GNG0SKE `BEY92OxSK7d5=<=EYZD1LG

� �� % B ��
� � � � �:>���G=EH9 �
� �P>���ZD@PG � �

	�

� | �]i ´P�

e @P<0Z8/^7d<=OPEH92@PGW7:92;

� �� � B
���������
�

� � ¿ �l>�
�����ZL@:G � >�
�����GNEY9 �
¿ � � >�
�����ZD@PG � �l>�
�����G=EH9��

�l>�
�����ZL@:G � >�
�����ZL@PG � ¿ � �
>�
�����G=EY9 � �l>�
�����G=EH9 � � � ¿

	�








�

|��]i½��¿U�

e @P<W921Dq]5X<=7:CYEH92@PGLr2VW/]1L<=1������ GNEY9����hr ����� ZL@PG����_rs7:9];A5=/21¼SK7:G=GWSK7d5X<NE½` e @:<�9]1Lq]5=<X7:CHEY92@PG
EYGpO:EHJP1D9�EY9z5X/]1TOP7:q2OP1~fg1LEHOP1L9]GN587n5X1xo^7dG=EYGT| ��lr �� � r �{ � r �{ � �y·  Uµd¸�ix�g9�OP1D921L<=7:C¹r�5=/21y921LqB5X<X7dCYEY9]@
SK7:G=G41LEHOP1L9]GN587n5X1LG4;2@A92@:54ZD@P<=<N1LGNbF@P9];�5X@A7hb2/2@d5XEY9]@�| 7 e 1D<=STEY@P9¡b27:<N5=921L<4@ e 5X/21�b2/]@:5X@P9^�
@P<�7R¶LEH92@¡| 7 e 1L<NSKEH@P9ub^7d<N5X9]1L<�@ e 5X/21

�
oc@PGN@P9[�arFo2q]5l7:<=1tZL@PSTb2CYEHZ�7d5=1L;�SKE `B5=q2<=1DG�@ e 5=/21LGN1

GN5X7d5X1DGLi$.0/]1hb2/2@:5=EY92@¡EHGy7¡SR7:GNGx1LEHOP1L9]GN587n5X1h@P92C½M$E e � � B � � i$�*/UMBGNEYZDGTEH9UJP@PC½JBEH92Oz5X/]1
921Dq]5X<=7:CYEH92@PG 5X/]1L<=1 e @P<=14;21DbF1D92;2G�@P9 � � E � � E ��r[7:92;h5X7:9 ��b^7:<=7:ST1D5X1D<=GDi

�g9?@P<=;21D< 5X@y<N1L;2q2ZD1l5X/21p96q2S¼oF1D<0@ eve <=1L1pb27:<X7:ST1D5=1L<NG EY9_5=/21l5X/21D@P<NM:r^7 e <=1D{6q21L9U5XC½Mhq2GN1L;
7:b2b]<=@U7:Z8/uEYG05X@R7:G=GNq2SK145X/27d5�5=/21¼OP7:q2OPEH92@KSK7:GNG=1LG�7:CHG=@Rq]92E e M?7n5�5=/21%�4Á�.�GNZ�7:CH1:i0�g9A5X/2EHG
Z�7dG=1:r^5=/2141�]F1LZD5=EHJ:1�OP7:q2OPEH92@ySR7dG=GWb^7:<=7:SK1a5X1D<=GW7:<N1�<N1LCY7d5X1D;?5=@�1�7:Z8/�@:5X/21D<05X/2<N@Pq2OP/�<

� � B  
� 5X7:9 � ��� � � E � � � � �! B �#"�%$'& G=EH9 � ��� � � E |��]i½�P���

VW/21D<=1 � � EYG�5X/21ASR7dG=GRb27:<X7:ST1D5=1L<K7:G=GN@BZDE�7d5=1L; VWEH5X/ ���y| �U���,r � �! EYG�5X/21AOPCYq]EY92@�SR7dG=GLr
7:92; � � 7:92; � � 1L9U5=1L<p5X/21y9]1Lq]5=<X7:CHEY92@?7:9];�Z8/27:<=OPEH92@hSK7:G=GpSK7d5X<NEYZD1LGLix3Bq2o2G�5XE½5Xq]5=EY92Oh5X/]1
e @PCHCY@�VWEY92O¼b^7:<X7dSK1a5X1L< Jd7:CHq21LG � � B ¿ ' �:��µ]r � B	� �B���:µ]r27:92;?G=EH9 � � � B ¿ ' �:�]r]@P921p\^92;2G

� � < � � < � �)( #V<Q�%<2� |��]i½���P�



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���
7d545X/]1K1DCY1LZa5X<N@�VI1�7dm�GNZ�7:CH1:iK�g9�b^7d<N5XEHZLq2CY7:<Lr 5=/2EYG4ST1�7:92Gp5=/^7d545X/21TOPCHq2EY92@?GN/2@Pq2CH;�oc1�Sxq2Z8/
/21L7�JQEH1L<05X/^7d9A5=/214CYEYO:/65=1L< 9]1Lq]5=<X7:CHEY92@PG 7:92;AZ8/^7:<=O:EY92@PG�·¾�Pµd¸�i

��� ��
l�7&#�;���
.0/21$GNq2bc1L<=G�MQSKST1D5=<=EYZ�b^7:<�5X921D<=G�@ e 5X/]1�{6q^7:<NmQGz7:92;�CH1Lb]5=@P92Gz7d<=1�G=Z�7dC�7:<AoF@:G=@P92G�Z�7:CHCY1D;
G={6q^7d<=m6GLrpZ8/^7d<=OP1D; GNCY1LbB5X@P92GDrl7:9]; GN921LqB5X<=EH92@PGDi�`[@:<h7!OPEHJ:1L9 e 1L<NSKEH@P9 �,rW5X/21D<=1�7:<=1z5gVI@
G=q]bF1D<=GNMQSTSK1a5X<NEYZWb^7:<�5X921D<=G �� � 7:92; �� � rU5X/21�G=q]bF1D<=b^7:<�5X921D<=G e @P<*5X/2105gVI@¼/21DCYEHZLEH5gM¼GN5X7d5X1DGl|}CY1 e 5
7:92;�<=EHOP/U5Nf /^7:92;21D;[�l@ e 5X/2EHG e 1D<=STEY@P9si � �g9�OP1D921L<=7:C¹r �� � 7:9]; �� � 7:<=1�92@d5tSK7:GNG�1DEYOP1D92GN5X7d5X1DG
G=EH92ZL1x5=/21DMz7:<=1�7dCYCY@�VI1L;u5=@hSKE `Fig{�@�Vw1aJP1L<Dr 5=/21yGN5=<=1D92O:5X/�@ e 5=/2EYGlSTE½`BEH92O_EYG�b2<=@Pbc@P<�5XEY@:9^7:C
5X@T5X/21¼SR7:GNG�@ e 5X/21tZL@P<N<=1LGNbF@:92;2EY9]Oh3Q5X7:92;^7:<N;�>�@Q;21LC b^7:<�5X921D<l7:9];�rs/21D92ZL1drs5X/]1¼STE½`BEY92O�EHG
1a`Bbc1LZa5X1L;$5=@�oc1T921LOPCHEYOPEHo2CHMAGNSR7:CHC e @P<p5X/21�\^<NGN5�5gVw@�OP1L921D<X7d5=EY@P9]Gt@ e G=b^7d<N5XEHZLCH1LGLi �l92CHM e @:<
5X/]145=/2EY<N;hOP1L9]1L<X7n5XEY@:9hEYGW7yG=q2o]GN587d965=E�7:CHCHMKC�7:<NOP1lSTE½`BEY9]OxbF@:G=G=EHo2CY1di*�g9h5X/2EHG0Z�7:GN1:r25X/]1�GN{6q^7:<=m
7:92;AG=CH1Lb]5=@P9?SR7dG=GW1LEHOP1L92G�587d5=1LG�7:<N1�O:1L921D<=EYZL7:CYC½MRZL7:CYCH1L; �� � 7:9]; �� � i
¨0©Nªk© ¨ ��±����v®�� �!������­]®/����®�� ����³N¬	�
º�G4ST1L9U5XEH@P921D;�EH9¡5X/21�b2<N1DJQEY@Pq]GpG=1LZa5XEH@P9�rvG=q2bc1L<NGNMQSTSK1a5X<NM�S¼q2GN54oc1T7?o]<=@Pmd1L9�G�MQSKST1D5=<NMPi
º�ZDZL@P<N;2EY9]Ol5X@l5X/]1��4@PCH;2GN5=@P921w5=/21L@:<=1LS�·  P´d¸¹rUGNbF@:965X7:921D@Pq2G*o2<N1�7:m6EY9]Op@ e 7:9UMxOPCH@Po^7:CBGNMQSKST1af
5X<�MTOPEHJ:1LGk<=EYGN1�5=@x7�SR7:GNG=CH1LG=G � 7:S¼o2qBf �p@PCH;2GN5=@P921WSK@Q;21WVWEH5=/K5X/]1�G=7:SK1�{6q^7:9U5Xq]S 96q2Sxoc1L<NG
7:G05X/]1�o]<=@Pmd1L9uG�MQSKST1D5=<NMhOP1D921L<=7d5X@:<Lik�g9A5=/214Z�7:GN1t@ e G=q2bc1L<NGNMQSTSK1a5X<NM:r^5X/214o2<N@Pm:1D9uOP1D921L< f
7d5=@P<IEHGk5=/21 e 1D<=STEY@P92EHZ0Z8/^7:<NOP1 > 7:92;R5=/21 � 7:Sxo2qQf �p@PCY;2G�5X@P9]1�b^7d<N5XEHZLCH1�S¼q2GN5woF1�7¼SR7dG=G=CH1LGNG921Dq]5X<=7:C e 1D<=STEY@P9TZ�7dCYCY1D;T5=/21�28f
X��
GJS#Z(T3fni�.0/]1lOP@PCH;2GN5=EY92@pVI@Pq2CY;K5X/21D9_oF1W5X/]1l� 3]��7:92;KZL@Pq2CH;
b2CY7�M_7T<N@PCY1�EY9�3]Ál3UÂ+b]/21L92@:SK1D92@PCY@:O:M�·  :¿d¸�i{�@�VI1DJP1D<Lr,92@�G=7d5XEHG e 7:Za5X@P<�MzST@B;]1LCYG�@ e O:CY@Po^7dC�G=q]bF1D<=GNMQSTSK1a5X<�M�o2<=1L7:m6EY92O?1a`BEHGN5�iy.0/6q2GDr
5X/]1_G=q2bc1L<NGNMQSTSK1a5X<NM�Sxq2G�5xoc1_SK7:;21K7uCY@QZ�7:C�G�MBSTST1D5X<�MPiz�g9�5X/2EHG¼Z�7dG=1:r�5=/21_OP@:CY;2G�5XEY9]@�EHG
7:o2GN@P<=oc1L;Ro6M�5=/21�O:<X7�JQEH5XEH92@2rU5X/]1�GNb2EY9Q»Q� _P��GNq2bc1L<=b27:<N5=921L<I@ e 5X/]1�OP<=7�JBE½5X@P9sr6VW/]EYZ8/h7:CHG=@t7:ZD5=G
7:G07xOP7:q2OP1�\21LCY;¡·  B�D¸¹i*.0/21pO:<X7�JQEH5XEH92@¼b27:<N5=EYZLEHb^7d5=1LGwEH9R5X/]1pG=q2bc1L<NGNMQSKST1D5=<=EHZ�JP1D<=G=EH@P9h@ e 5X/]1

 &('*)K=0),?A.(O*1��
�� ? O�>0'*)�8�4*4 8 W



������� ���	��

�������7� �4
4� ���

(Hidden sector)
(Visible sector)

Supersymmetry
breaking origin

     MSSMFlavor-blind

interactions

`�EYOPq]<=1p�]i��Q<*.0/21�b2<N1LG=q]SK1D;�GNZ8/21LSK7d5XEHZ4GN5X<Nq2ZD5=q2<=1�@ e 5X/214GNq2bF1D<=G�MBSTST1D5X<�Mho2<N1�7:m6EY9]O2i
{�EHOPOPG0ST1LZ8/^7d92EYGNS 7:92;A7:ZD{Qq]EY<=1DG�7T92@:9Bfg¶D1L<=@�SK7:G=G

� �� � ������ E |��]i½���U�

VW/21D<=1 � � EYGk5X/21pZ8/^7d<X7:Za5X1L<NEYG�5XEYZ�G=ZL7:CY1l@ e 5=/21lCH@BZL7:CFGNq2bc1L<=G�MQSKST1D5=<NM_o]<=1�7dmQEH92Oy7:9]; ����� EHG
5X/]1t�*CY7:92Z8m_SK7:G=Gt·¾�Pµn¸�i

.0/6q2G e 7:<p92@h@P921y/27:GpG=q2ZDZL1D1L;21D;�EY9¡ZD<X7 e 5=EY92O_7:9�7:ZLZD1Lb]5X7:o2CY1yST@Q;21LC,EY9zVW/2EHZ8/�5=/21yG=qQf
bc1L<=G�MQSKST1D5=<NM_o]<=1�7dmQEH92O�7:<NEYG=1DG0G=@PCH1LC½MR;2q]1l5X@yEY9U5=1L<X7dZD5XEH@P92G oc1D5gVI1L1D9�5=/21�>z3232> b^7:<�5XEHZLCY1DGLi
.0/2EHG¼b2<N@Po2CY1DS EYG�q2G=q^7dCYCHM�7:;];2<=1DG=G=1D;�o6M�1~`B5=1L92;]EY92Oz5=/21h>z3]32> 5X@z7�921DV 5X/]1L@P<�M�VW/]EYZ8/
/2@PCH;2Gv5gVw@p;2EHGN5=EY92Za5�GN1LZD5=@P<=G�<�7 -N/2EY;];21L9/.�G=1LZa5X@P<�o2q2EYC½5 @ e b^7:<�5XEHZLCY1DG VWE½5X/x9]@�;2EH<=1LZa5�ZD@Pq2b2CHEY92OPG
5X@t5X/21436587:92;27:<=;A>�@Q;21DCsOU7:q]OP1lOP<N@Pq2bh7:9];?7 -�JQEYG=EHo2CY1K.¼GN1LZD5=@P< ZD@P9U587:EH92EY92O�5X/21pb27:<N5=EYZLCH1LGk@ e
5X/]1p>z323]>�i].0/21D<=1lGN/2@Pq2CH;Roc1�92@�5X<N1L1af CY1aJP1LCFEY9U5X1D<X7:Za5XEH@P92GkoF1a5gVw1D1L9hb^7:<�5XEHZLCY1DGI@ e 5X/21�JQEYG=EHo2CY1
7:92;R/2EY;2;]1L9_GN1LZD5=@P<=GDi�� 5 EYGI7:GNG=q2ST1L;_5=/^7d5 GNq2bc1L<=G�MQSKST1D5=<NMKo2<=1L7:m6EY92Ox@QZLZDq2<=GIEY9T5X/21l/]EY;2;21D9
G=1DZD5=@P<_7:9]; EYG�5X<=7:92GNSKE½5=5X1D; 5=@�5X/]1AJQEYGNEYo2CH1?G=1LZa5X@P<K@ e 5=/21¡>z3]32> oUM G=@PST1uST1LZ8/^7d92EYGNS�r
7:G_GN/2@�VW9ÀEY9�`�EHOPq2<N1u�]i��]i�. VI@!5X/21D@P<=1a5XEHZ�7:C�G=ZD1L9^7:<NEY@PGR/^7�JP1¡oc1L1L9�1~`]7:SKEH921L;�EH9 ;21a587:EHCt<
2RMuP��4Z(SUx
NeW'L �RZ#PRSeL ��7:9];�2 PRI 28LJNeW'L �RZ#PRSeL �pGNq2bc1L<=G�MQSKST1D5=<NM?o2<N1�7:m6EY9]O2i
� 
�����&(�O�
	w���"��&j�Q�4�8� � � � ���V

����
�&U��.
�g9�5=/21_OP<=7�JQE½5gM6f SK1D;2E�7n5X1L;�3]Á�36Â%o2<N1�7:m6EY9]OzG=ZD1L9^7:<NEY@�|�3]Á � �Wºp�ar 5=/21_ST1L;2EY7d5XEH92O�EH9U5X1L<=7:Zaf
5XEH@P92Gloc1D5gVI1L1D9�5X/]1y/2EY;2;]1L9�7:92;¡JQEYGNEYo2CH1xG=1DZD5X@:<=G�7:<=1�7dG=G=q]SK1D;�5=@Aoc1y@ e OP<X7�JQEH5X7d5XEH@P9^7:C 9^7nf
5Xq]<=1 ·  P�Br  :�n¸¹i >A@P<=1¡b2<N1LZDEYG=1DCHM:r�5X/]1DMÀ7:<N1�7:G=GNq2ST1L;À5X@!oc1�7dG=G=@QZLEY7d5X1D;�VWEH5=/ GN@PST1¡921DV
b2/UMQG=EHZLGLr VW/2EHZ8/�EH92ZLCHq2;21DGlOP<X7�JQEH5gMz7:92;�1L9U5=1L<=G�7d5�5X/21��*C�7d92Z8mzG=ZL7:CY1di¼�g9�G=q]Z8/�ST@B;]1LCYGDrs5X/]1
3]Á�36Â	o2<=1L7:m6EY92O¼G=Z�7dCY1pEYGIb2<=1D;2EYZa5X1D;?5=@yoF1�@ e 5X/21p@:<=;21D< @ e ��¿ �e� �p1Uh�i*.0/21pO:<X7�JQEH5XEH92@¼SK7:GNG
EYGp5=/21L9�1a`Bbc1LZD5=1L;�5=@�oc1�ZL@PSTb^7:<=7:o2CH1x5X@?5X/21TSR7dG=G=1DGt@ e 5=/21_>u3232> GNb^7:<�5XEYZDCY1DGLr VW/2EYCH1yEH5=G



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���
ZL@:q2b2CYEH92OPG�7:<N1W@ e O:<X7�JQEH587n5XEY@:9^7:C]G�5X<N1L92O:5=/�i {�1D92ZL1drBE½5 e @PCYCH@�VWG�5X/^7d5�5=/21WOP<X7�JQEH5=EY92@lVI@Pq2CH;K92@d5
b2CY7�M_7:9UM?<=@PCH1lEY9?ZD@PCYCHEY;21D< b2/UMQG=EYZDGLi

�g9 5=/21?SKEH92EYSK7:CI3]Á2���Wº SK@Q;21DC¹r��K5X/]1AGNZ�7:CY7:<x{6q^7:<Nm6GR7:9]; CH1Lb]5=@P92GT7:<N1?7:G=GNq2SK1D; 5=@
/^7�JP1T5X/21KGX7:ST1TSR7:GNG¼7d92;�5=/21KG=7:ST1T5=<=EYCHEY921L7:<pZL@:q2b2CYEH92OPG�7d545X/]1A�4Á�.�GNZ�7:CH1z·  P�n¸�i �ÀEH5=/
5X/]1LG=1�q292EHJ:1L<NGX7:CHEH5gM�ZL@:92;2EH5=EY@P9]GLrU5X/21�VW/2@PCH1�GNb^7:<N5=EYZDCY1�G=bc1LZD5=<=q2S EHGI;21a5X1D<=STEY921D;RoUMR@:92CHMy\2J:1
e <=1D1_b^7:<=7:ST1D5X1D<=G�< � � r ��r*7:9];$587:9���r�;21DG=ZD<=EYoc1L;�EH9�5X/]1_b2<=1aJQEY@Pq2G¼G=1LZa5XEH@P9��*5X/21RZL@PSTSK@:9
G=ZL7:C�7d<wSK7:G=G07n5w5X/]1F��Á�.ÀG=Z�7dCY1 � � �]7:92;_5X/]1lZL@PSTST@P9A{�EHOPOPG fgG e 1D<=STEY@P9QfgG e 1D<=STEY@P9y5=<=EYCHEY921L7:<
EY9U5=1L<X7dZD5XEH@P9�b^7:<=7:ST1D5X1D<�� 7d5_5=/21��4Á�. G=Z�7dCY1�·  l :¸�i+�g9 �w»Qb^7:<NEH5gM ZL@P92GN1L<�JBEH92O 3]Á � �Wº
ST@B;21DCYGDr]5X/21�� 3]� EHG 5gMQb2EYZL7:CYC½MK5X7:m:1D9�5X@�oc1p5X/214CYEHOP/U5X1DGN50921Dq]5X<=7:CYEH92@2i

� �-��.�� 	w���"��&j�Q�4�8����� ��� �V
�����
 &#��.
�g9?5X/214OU7:q]OP1af SK1D;2E�7d5=1L;hGNq2bF1D<=G�MBSTST1D5X<�Mho2<N1�7:m6EY9]OKGNZL1L927:<=EH@u|U�t>u3 �0�ar25=/214G=q2bc1L<NGNMQSTSK1~f
5X<�M$o2<N1�7:m6EH92O¡EYG�7:GNG=q2ST1L;!5=@¡oF1hZD@PSKS¼q292EYZL7d5X1D;$5X@z5=/21_JQEYG=EHo2CY1RG=1LZa5X@P<yoUM$5=/21h@P<N;2EY9^7d<NM
1LCH1LZa5X<=@�VI1�7:m 7:92; ��� j OU7:q2OP1AEY9U5=1L<X7dZD5XEH@P92GT.0/21�3]Á�36Â o]<=1�7dmQEH92O$7dOU7:EY9 @QZLZLq]<=G_EH9 5X/]1
/2EH;2;21L9�G=1LZa5X@P<Dr*/2@�Vw1aJP1D<x5X/21_GNb2CYE½5=5=EY92O?@ e SK7:G=GN1LGxEH9�5=/21h>z3]32> G=1DZD5X@:<xEYG�OP1L9]1L<X7n5X1L;�7n5
G=@:SK1hCH@�VI1L<y1D921L<NO:M!GNZ�7:CH1:rkEY9$5X/]1 -�SK1DG=G=1D92OP1D<TGN1LZa5X@P<Dr:.�VW/]EYZ8/ ZL@P9U587dEY92Gyb^7dEY<=Gy@ e /]1�7�J6M
ST1LG=GN1L92O:1L<0{6q^7:<NmQG�7:9];hCY1LbB5X@P92G�·   6r  R�n¸�i*.0/214;2EH<=1LZa50ZL@:q2b2CYEH92Ox@ e ST1LGNG=1D92OP1L<NG05X@x5X/]1p/2EY;Bf
;21D9 GN1LZa5X@P<�OP1D921L<=7d5X1DGK7zGNq2bc1L<=G�MQSKST1D5=<NM!o2<N1�7:m6EH92O�G=bc1LZD5=<=q2S(EY9$5X/]1hSK1DG=G=1D92OP1D<TGN1LZa5X@P<Di�47:q2OP1yEH965=1L<=7:ZD5=EY@P92G�5X/21D9�ST1L;2EY7d5X1¼G=q2bc1L<NGNMQSKST1D5=<NM�o2<N1�7:m6EH92O?921L1D;21L;�EY9z5X/]1T@:o2G=1D<NJd7:o2CH1
G=1DZD5=@P<LiÀ�g9 5=/2EYGTG=ZD1L9^7d<=EY@]rw5X/21AG=q]bF1D<=GNMQSTSK1a5X<�M o]<=1�7dmQEH92O�GNZ�7:CH1 � � EYG�1a`Bbc1LZD5=1L;�5=@�oc1
oc1D5gVI1L1L9 7:oc@Pq]5R��¿u. 1Uh 7:92; ��¿P¿�. 1UhTr*7d92;�5X/]1_OP<X7�JQEH5=EY92@�SR7dG=G¼EHGt5gMQb2EHZ�7:CHCHM�EY9�5X/21R1Uh
5X@pmd1Uh�<X7:92O:1:i�.0/]10ZL@Pq2b]CYEY9]OPG�@ e 5X/]10OP<X7�JQEH5=EY92@�5=@l5X/210@d5X/21D<k>z3232>�b^7:<�5XEHZLCY1DG�Z�7d9Toc1LZD@PST1
GN5=<=@P9]OK1D92@Pq2OP/?5X@�CH1D505X/]1�O:<X7�JQEH5XEH92@yb2CY7�M_7:9?EYSTbF@:<N587d965 <=@PCH1pEY9?ZL@PCHCYEH;21L<I1a`BbF1D<=EHSK1D965=GLi

3BEY9]ZL1W5X/212�t>u3 � GNZL1L927:<=EH@¼Z�7d9R9^7d5=q2<X7dCYCHM¼CY1L7:;T5=@tb]/2@:5X@:92EYZ�G=EHOP9^7d5=q2<=1DGw7d5I�v���,r6CY1a5kq2G
;2EHG=ZLq]G=GI5=/21�>z3232>%G=bc1LZD5=<=q2S EH9KGNq2Z8/_ST@B;21DCYGDi�.0/21�VW/2@PCY1WSK7:G=GkG=bc1LZa5X<Nq2S @ e 5=/21l>u3232>
Z�7d9�oc1K;]1LG=ZD<=EHoF1D;�oUM¡\2JP1 e <=1D1�b^7:<X7dSK1a5X1L<NGt@ e 5=/21KST@Q;21LC�b]CYq2Gp5X/]1KOP<=7�JBE½5XEH92@hSR7dG=GK·  �#n¸¹i
.0/21 e <N1L1V�t>z3 ��b^7:<=7:SK1a5X1D<=Gl7d<=1t5=/21xGNq2bF1D<=G�MBSTST1D5X<�Muo]<=1�7dmQEH92ORGNZ�7:CH1¼EH9�5X/]1xSK1DG=GN1L92OP1D<
G=1DZD5=@P< � r[5X/]1xSK1DG=GN1L92OP1D<lSK7:G=G ��� rc5X/21¼SK1DG=G=1D92OP1D<lEY92;]1a`	� � |�7:9uEY9U5X1DOP1L<X�ar[587:9���r�7d92;
G=EHOP9v| �v�ar VW/21D<=1 ��EYGK5=/210{�EYOPO:GRSTE½`BEY92O�b^7:<=7:ST1D5X1D<Li�3B1DJ:1L<X7dC�1a`]7:STb2CH1LGR@ e 5X/21�>u3232>

D&('*),+�? O<? +�-3B 476���
�� +F17G7)DB�?C.Q.�1N+F)K>�?C+�)D.(=0) 2 )K=0=0)DG�>01H-/.(+H476���
�� 1/=X@K1/O<.�>�= -3?CO*)DG 8�4*4F8SW



������� ���	��

�������7� �4
4� ���

0

50

100

150

20 40 60 80

Λ  (TeV)

m
sp

ar
tic

le
  (

G
eV

)

χ
∼0

1τ
∼

1

e
∼

R

χ
∼±

1 χ
∼0

2ν
∼

L

e
∼

L

Mm = 107 GeV
tan β = 10

Nm = 1
µ < 0

a)

0

100

200

10
5

10
8

10
11

Mm  (GeV)

m
sp

ar
tic

le
  (

G
eV

)

χ
∼0

1

τ
∼

1

e
∼

R

χ
∼±

1,χ
∼0

2

ν
∼

L

e
∼

L

Λ = 60 TeV Nm = 1
tan β = 10 µ < 0

b)

0

100

200

20 40

tanβ

m
sp

ar
tic

le
  (

G
eV

)

χ
∼0

1

τ
∼

1

e
∼

R

χ
∼±

1,χ
∼0

2

ν
∼

L

e
∼

L

Λ = 60 TeV Nm = 1
Mm = 107 GeV µ < 0

c)

0

200

400

1 2 3 4

Nm

m
sp

ar
tic

le
  (

G
eV

)
χ
∼0

1

τ
∼

1

e
∼

R

χ
∼±

1,χ
∼0

2 ν
∼

L

e
∼

L

Λ = 60 TeV tanβ = 10
Mm = 107 GeV µ < 0

d)

`�EHOPq2<=14�Bi  -<�.0/21�SK7:G=GN1LG�@ e 5=/214G=CY1Db]5X@:92G�7d92;�CHEYOP/U5=1LGN5WOP7:q2OPEH92@PGW7:G e q292Za5XEH@P92GW@ e
5X/]1s�t>z3 ��b^7:<X7dSK1a5X1L<NG � r ��� rF587:9 ��r 7:92; � � ·  :µn¸�i�.0/21xJd7:CYq21DGl@ e 5X/]1x\]`B1L;
b^7:<=7:ST1D5X1D<=G�7:<N1pEY92;2EHZ�7d5=1L;?@P9h5X/]1�b]CY@:5=GLi

SK7:G=G0GNbF1DZD5X<=7K7d<=1pG=/]@�VW9AEY96`,EYOPq2<N1p�]i   e @P<W7xo2<=@P7:;?<X7:92O:1p@ e 5=/21o��>z3 �Àb^7:<X7dSK1a5X1L<NGLr^7dG
Z�7dCYZLq]C�7d5=1L;hVWEH5=/?5=/21 ���������	��
 b]<=@POP<=7:S ·  :´d¸�i�º /2EY1D<X7:<NZ8/6M?oc1D5gVI1L1D9zGN5=<=@P9]OPCHMREY9U5X1D<X7:Za5XEY9]O
7:92;�VI1�7:m6CHMxEY9U5X1D<X7:Za5XEY9]O�b27:<N5=EYZLCH1LG*/2@:CY;2G�5=/2<=@Pq]OP/2@Pq]5�5=/210VW/2@PCY10b27:<X7:ST1D5=1L<*GNb^7:ZL1�m:1D1Lb2EH92O
G={6q^7d<=m6G�S¼q2Z8/�/]1�7�JQEY1L<05=/^7:9AG=CY1Db]5X@:92G�7:92;?5X/214CYEHOP/U5X1DGN50OU7dq2OPEY9]@PGLi

.0/21pOP<=7�JQE½5XEY9]@xEYGw7:CHVw7�MBG 5=/21p� 3]��EY9_5=/21F��>z3 � 5X/]1L@P<NEY1LGDr]VW/2EHCY1�5=/21l921~`Q5Nf 5=@dfgCHEYOP/U5=1LGN5
G=q]bF1D<=GNMQSTSK1a5X<NEYZ�b^7:<�5XEYZDCY1W| � � 3]�k��Z�7:9�1LE½5X/21D< oF1*5=/21�CYEYO:/65=1LG�5v921Lq]5=<X7:CHEY92@ �� � � @P<�5X/]1kCHEYOP/U5=1LGN5
GN5X7:q �� � ;21DbF1D92;2EY9]Ot@P9y5=/210J:7dCYq21DG*@ e � � r ��� rQ7:9];�5X7:9 �$|}G=1D12`�EHOPq2<N10�]i  6�ai,�g9T5=/2EYG�5=/21LGNEYGDr
��VWEHCYC,ZL@P92GNEY;21D<4@P92CHM�5X/21 �� � � � � 3]��GNZL1L927:<=EH@Aoc1LZL7:q2GN1K@P9]CHMzGNq2Z8/�GNZL1D9^7:<=EH@?ZL@Pq2CH;�CY1�7d;�5=@
7:9A7:92@:SR7:CH@Pq2G b]<=@Q;2q2ZD5=EY@P9?@ e b2/2@d5X@P92EHZp1DJ:1L9U5XG�VWEH5X/?STEYGNG=EY9]Oy1L921D<=O:MA7d5��v���,i



� � �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���

���� �

�

� �

`�EYO:q2<=1p�Bi  "< `^1aMB9]SR7:9AOP<=7:b2/ e @P< 5X/]145gVI@df oF@Q;]Mh921Dq]5X<=7:CYEH92@y;21DZ�7�M �� � �	� � ��xi
.0/21RCHEYOP/U5=1LGN5�921Dq]5X<=7:CYEH92@AEYG4EY9�OP1L921D<X7:Ck7ASKE `B5=q2<=1�@ e 5X/21KG=q2bc1L<Nb^7:<�5X921D<=G¼@ e 5X/21T1LCH1LZ~f

5X<N@�Vw1L7:mhOU7:q2O:147:92;D{�EYO:OPG0oF@:G=@P92GDr2VW/2EYZ8/AZ�7d9�oc14ZL@P9UJP1D92EY1D9U5XCHM?b27:<X7:ST1D5=1L<NEY¶L1D;A7:G
�� � � B �
 � � � �

��
 �� E |��]i½�� 6�
VW/21D<=1 
 � B | ��CE �� � E �{ � E �{ � �tEHGt5=/21_OU7:q]OP1af 1LEYO:1L92G�587d5=1Ro^7:GNEYGDi¡�g9!SK@PG�5xZL7:G=1DGy@ e �t>u3 �
ST@B;21DCYGDr,5X/]1RCYEHOP/U5X1DGN5t921Lq]5=<X7:CHEY92@AEYGt7:CHSK@PG�5¼b]q2<=1Ko2EY92@]r � � � � �Pr�7:92;$;21DZ�7�MQGyb2<=1D;2@PSTE½f
9^7:9U5=CHM�EY9U5=@x7tO:<X7�JQEH5XEH92@t7:92;_7�b2/2@:5=@P9�r �� � � � � �� | G=1D1 `�EHOPq2<N1��Bi  P��·  R�d¸�i�.0/21lZD@P<=<N1LG=bc@P92;Qf
EY9]OT;]1LZ�7�MhVWEH;]5X/?EYG0O:EHJP1D9�oUM�· �P¿d¸

�I| �� � � � � ���� B ��� Uµ
� � � �� � �� ���� � � �� E |��]i½�� P�

VW/21D<=1 ��� B ? � � ZL@PG���� � � � G=EH9���� ? � OPEHJ:1LG�5=/21xb2/2@d5XEY9]@RZL@:SKbc@P921D965l@ e 5X/21t921LqB5X<X7dCYEY9]@
7:92; � ��� B ����� � � µl� ( � '  ��U��¿ ��� �41#h+EHG05X/21�<=1D;2q2ZL1D;¡�*C�7:9]Z8mhSR7:GNGLiI.0/21¼�*CY7:92Z8mPfgGNZ�7:CH1
G=q]b2b2<=1DG=GNEY@P9 � � �� � � � � �� � EYGxZD@PSKbc1L9]GX7d5=1L; o6M�5X/21 e 7:Za5X@P< � � �� � � � � � �� r*VW/2EHZ8/ OPE½JP1DG�7�GNEY¶L7:o2CY1
;21DZ�7�MyVWEY;]5=/�i��g9�5X/21�<=1DGN5 e <X7dSK10@ e 5X/]1�;21DZ�7�MQEY92O�921Dq]5X<=7:CYEH92@2rP5X/]1�b]/2@:5X@:92Gk7:92;TOP<X7�JQEH5=EY92@PG
7:<N1�b]<=@Q;2q2ZL1D;REHG=@:5=<=@Pb2EHZ�7:CHCHMpVWE½5X/K7:9K1D921L<NO:My1D{Qq27:C^5X@ � �� � � �P��| e @:<*mQEH921LSK7d5=EYZ b2q]<=bc@PG=1DGI5X/]1
OP<=7�JQE½5XEY9]@ySR7:GNG0Z�7:9Aoc1�EHOP92@P<N1L;[�~i

� 5�GN/2@Pq2CH;¼oc1w92@:5=1L;¼5=/^7d5,G=q��TZDEY1L9U5=CHMt/21�7�J6M¼9]1Lq]5=<X7:CHEY92@PGvZL7:9y7:CHG=@�;]1LZ�7�MtEY9U5X@�7 � oc@PGN@P9
����? O*1�?A.�>�'<) .�E*;�)K=0;<-/=�>0O*)K=(132	� ?7>�'<)N<N-3E </) IJ1:.�1NO 1/2 >�'<)����! #"�$ </=01/E<; 1/2 >�'<) 4:>0-/O<G*-3= G 8 17G7)KB W



���^�a� &#��.m!j� 	 ����� � �9!(��& 	dng)����4�;��� &j.;���Q�4��
��8��&U� � � � � � �

�

���

���

��	� 


�� � 


�����
 �

� �

� �

���� 


�� � 


�����
 �

� �

� �

�� � 


��	� 


`,EYOPq2<N14�]i �Q< `^1DMQ92SK7:9?;2E�7:O:<X7:STG e @P< 5=/214921Lq]5=<X7:CHEY92@yb27:EY< fgb2<N@B;2q]ZD5XEH@P9?7d5��v���,i
7:92;�7yOP<X7�JQEH5=EY92@]i	{�@�VI1DJP1D<Lr[5X/2EHG0;21LZL7�M?SK@Q;21pEYG0G�5X<N@P92OPC½M_G=q]b2b2<=1DG=GN1L;�<

�k| �� � � � � ��4�
�k| �� � � � � ��t� B � 


���
�� ��� � ��� � �� � �

	� � E |��]i½�4�U�
VW/21D<=1 � 
�B ? � �e� G=EH9���� � � � � ZD@PG���� ? � � �� ? � � � ZL@PG � � � � � G=EH9 � ? � i¼� e 5=/21y921LqB5X<X7dCYEY9]@EYG�b2q2<N1xo2EY9]@2r � 
 � ��� � ¿ ' �]i � @PSTb2CH1D5X1�1a`Bb2<N1LGNG=EY@:92G e @P<�5=/21x921Dq]5X<=7:CYEH92@R;21DZ�7�Mz<=7d5X1DGlEY9U5=@
5X/]<=1L1~fgoc@B;BM_\^9^7:C G�587d5=1LGt| �� � � � �� ����F�0ZL7:9AoF1 e @Pq]92;�EH9 ��1 e 1L<=1D92ZL1R· �]�D¸�i
�?��� ���������D¢���� �"! # �"�D§$�%�'&)(�*y§$*+� �����+���t§*�¡£*¢p¤,��� �.- �0/

jlE^]F1L<N1L9U5K3]Á�36Â SK@Q;21LCHGxSK7�M$CY1�7d;�5=@�;2E^]F1L<N1L9U5�G=EH92OPCY1~f4@P<�Sxq2C½5XE fgb2/2@d5X@P9�VWEH5X/ STEYG=GNEY92O
1L9]1L<=OdMtGNEYOP927d5Xq2<N1LGDi,�g9�5X/2EHG,GN1LZD5=EY@P9sr:�FVWEHCYCU;21DG=ZD<=EYoc1�5X/21kbF@:G=G=EHo2CY1�GNEYOP9^7dCP5X@Pbc@PCY@:OPEY1DGLr�;2EYGNZLq2GNG
S¼MyST@:5=EHJd7d5XEH@P9 e @P<�GN1�7:<NZ8/2EY92O e @P<�G=q]Z8/RG=EHOP9^7:CHG�7d5I�v�k� rQ7:92;T@Pq]5XCHEY921 5=/21WG=1L7:<=Z8/_G�5X<=7d5X1DOPEY1DG
5X/27d5W�IVWEHCYCsCY7d5X1D<0q2G=14EH9 � /27:b]5X1D< #Qi

¨0©
	 ©Nª 1�� ±�­2®�����³N¬l¯32�®^¯W°4±l²s­2³�¯I¬ ³�¬54 � � �

� 1Dq]5X<=7:CYEH92@PG,Z�7:9yoc1 b^7:EH<�f b2<=@Q;2q2ZD1L;xEH9x1
� 1 � ZL@PCHCYEHG=EY@:92G,oUM

�
1a`BZ8/^7:92O:10EY9¼5=/21��a»QZ8/^7:9]921LC2@:<

oUM_GNZ�7:CY7:<I1DCY1DZD5X<N@P9h1a`BZ8/^7d92OP1pEY9K5X/21	6¹»R7d92;87]»QZ8/^7:9]921LCHG4· �P�n¸¹i*.0/]1 `^1DMQ92SK7:9h;2E�7dOP<X7:STG�@ e
5X/]EYG b2<N@BZD1LGNG�7d<=1pG=/]@�VW9AEY96`,EYOPq2<N1p�]i �]i*º�G0;]EYG=ZDq2G=GN1L;AEY9_5=/21pb2<=1aJQEY@Pq2GWGN1LZD5=EY@P9sr2�IZD@P92GNEY;21D<



�m� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���
5X/]1���>z3 � G=ZL1D9^7:<NEY@�VW/21L<N1�5X/]1�SK7:G=GNCY1DG=G�| e @P<?m6EY921DSR7n5XEYZ�b2q]<=bc@PG=1DG8�hOP<X7�JQEH5=EY92@�EYG?5X/]1
� 3]��7:9];�5=/21yCYEHOP/U5X1LG�54921LqB5X<X7dCYEY9]@hEYGl5X/]1 � � 3]��7:92;�7:CHSK@PG�5lb2q]<=1�o2EY9]@2iT3BEY9]ZL1�@P92C½Mu5X/]1
/2EHOPOPG=EH92@�ZL@PSTbc@P921L9U5=G�@ e 5X/]1t921Dq]5X<=7:CYEH92@y;2EH<=1LZa5XC½MhZL@Pq]b2CY1p5X@�5X/]1

�
oF@PGN@P9�r25=/21��a»QZ8/27:92921DC

ZL@:965=<=EHo2q]5XEH@P9uEHG�921DOPCYEHOPEYo]CY1:iW.0/21¼ZL<=@:G=GlGN1LZD5=EY@P9¡@ e 5X/2EHG�<=1L7:ZD5=EY@P9�EYG�7:9zEY9]ZL@P/21D<=1D965lG=q2S @ e
ZL@:965=<=EHo2q]5XEH@P92G e <N@PS 5=/21�<NEYOP/U5�f�7:92; CY1 e 5Nfg/27:92;21D; GN1LCH1LZD5=<=@P9 1a`BZ8/^7d92OP1A;2E�7:O:<X7:STG���7:92;�EHG
OPE½JP1L9AoUM�· �R :¸

���� ZL@PG � B 
�
� �$�� � �$��

� �� � � ' ����ZL@:G � ��� ��� ���!ZD@PG � �
|�� �
	 � � � � � � � ZL@PG � �

� � 	 � �� ZL@:G � �
·½|�� ��	 � �� � � ��� � ZD@PG � �n¸ �
� E |��]i½�*#P�

VW/21D<=1 � �tEYG05=/21tZD1L9U5X1D<�f @ e fgSK7:G=G�1L9]1L<=OdMPr �TEHG05X/21�bF@:C�7:<W7:9]OPCY1dr ��B�� ���   � � �� � � � �tEYGW5X/]1921Dq]5X<=7:CYEH92@RJP1DCY@QZLE½5gMzEY9z5=/21�C�7:oc@P<=7d5X@P<�M e <X7:ST1:r 	 � � B ���^| � �� � � � �� � � ��� �Prv7:92; '
� EYGl5X/]1

/UMQbF1D<=Z8/^7:<NOP1x@ e 5X/21t<=EYO:/65�fw7:92;uCH1 e 5�fgG=1DCY1DZD5X<N@P92G¼|U' �$�� B �l�T7:92; ' �$�� B �����ai �w1DZ�7:q2GN1¼5X/]1
G=1DCY1DZD5X<N@P9u/UMQbc1L<=Z8/27:<=OP1tEYG05X@�5X/]1 e @Pq]<N5X/Abc@�VI1L<�7:92;A5X/214CH1 e 5Nf G=1DCY1LZa5X<N@P9�EHGWq2G=q^7dCYCHM_/21�7�JQEY1D<
5X/27:9K5=/21�<NEYOP/U5�fgG=1DCY1DZD5X<N@P9�rUE½5IEHG�ZLCY1L7:<*5X/^7n5I5=/21�;]@PSKEH9^7:9U5�ZL@:965=<=EHo2q]5XEH@P92G�ZL@:SK1 e <=@:S�5X/21 �1 �
1a`BZ8/^7d92OP1:i`^@P<¼OPE½JP1D9$J:7dCYq21DGx@ e 5X/]1_921LqB5X<X7dCYEY9]@zSR7dG=Gx7d92;!ZL1D965=1L< fg@ e f SR7:GNGx1L9]1L<=OdMPr*5X/21Rb2<=@Q;2q2Z~f
5XEH@P9�ZL<N@PG=GtG=1LZa5XEH@P9�;]1Lbc1L92;2Gt@P92C½M¡@P9�5X/21TG=1DCY1LZa5X<N@P9�SK7:GNGLiR�g9��t>u3 �	ST@Q;21LCHGLr 5X/21�<=7d5XEH@
� �$ � � � �� � � ZL7:9292@:5Ioc1LZL@:SK1�C�7:<NOP1L<�5=/^7:9R7:oF@:q]5��Pi  T· �! n¸�i�.0/6q2GLrQ5X/21�1 � 1 � � �� � � �� � � ZL<=@:G=GkG=1LZ~f
5XEH@P9xZL7:9292@:5�oF1wG=SK7:CYCH1L<v5X/^7:9�7�ZL1L<�587:EH9xSTEY92EHSxq2S�Jd7:CHq21:iq`�EYOPq]<=1 �BiA#�GN/2@�VWG�5X/21wSR7n`BEHSxq2S
7:92;�STEY92EHSxq2S ZL<=@:G=G�G=1LZa5XEH@P9�Jd7:CHq21LG�7:Gt7 e q292Za5XEY@:9�@ e 5X/21�921Dq]5X<=7:CYEH92@?SR7dG=GLiT.0/2EHG�ZD<=@PGNG
G=1DZD5=EY@P9h<=7:92OP1�Vw7:G0@PoB587:EH921L;_VWE½5X/R5=/21 e @PCYCH@�VWEY92O�G=ZL7:9?@�J:1L< 5=/21F��>z3 ��b^7:<=7:ST1D5X1D< G=b27:ZL1l<

��¿y.,1#h % � % ��¿P¿y.,1#h
� �:¿ ' ´ % ��� % � �:¿ ' ¿]�

� � B ��E~�"E8�"Ed 
� % 587:9�� % �:¿

GNEYOP9$� B (+E
|��]i½��µU�

� &('*)(> L�1 .�)KBC)D@ >�=01/O<. �) � -3O<G �)���G71 O*13> +�?:I ?/-3O<G >0'*)X? O:>0)K=�2 )K=0)KO<@K) I�) > L�)K)DO >0'*)X=0?:<N'N>5-3OJG BC) 2�>UA 'J-3O<G7)�G
.�)KBC)D@V>0=�1NO )�I*@ '<-3OF<N) G*?C-></= -3+�.�?C.X.�E*;*;*=0)D.0.�)DG IQ9 - 2 -N@V>01/=X132�� ������������ "(-3OJG '*)DO<@ ),?A.(O*)@</BC?:<N? I*BC)WM �KP R W



���^�a� &#��.m!j� 	 ����� � �9!(��& 	dng)����4�;��� &j.;���Q�4��
��8��&U� � � � � � �

10
-2

10
-1

1

70 80 90 100

m    (GeV)

σ 
(p

b)

χ
∼0

1

√s


 = 207 GeV

e+e− → χ
∼0

1χ
∼0

1

`�EHOPq2<=1 �]iC#"< � <N@PG=G$GN1LZa5XEY@:9�<X7:9]OP1 e @P<�5X/]1 <=1L7:ZD5=EY@P9 1 � 1 � � �� � � �� � � 7n5 � ��B
�:¿�#|�p1Uh�rd7:G 7 e q292ZD5=EY@P9�@ e 5X/21kSK7:G=Gv@ e 5X/21�CHEYOP/U5X1DGN5v921Dq]5X<=7:CYEH92@WEY9g��>z3 ��SK@Q;21LCHGLi

VW/21D<=1u5=/21�b27:<X7:ST1D5=1L<T<X7:9]OP1LGT5X/^7d5K�xq2GN1L;�VI1L<N1z;21D\2921L;�EH9 �W1 e 1D<=1L9]ZL1�· �! �¸�i 3Bb^7:<�5XEHZLCY1
SK7:G=GN1LG_7d92;�ZL@:q2b2CYEH92OPGK7:<=1AZ�7dCYZLq]C�7d5=1L; e <N@PS�5X/]1 ��>z3 ��ST@B;]1LCWb^7:<=7:SK1a5X1D<=GTq2G=EH92O�5X/]1
��� � ���	��
 b2<N@POP<=7:S ·  d´n¸�rBVW/2EHZ8/_/^7:GIoF1D1L9hEY9U5=1L< e 7dZL1L;K5X@t5=/21 ���	��
������ >�@P9U5X1 � 7:<=CH@¼OP1D921L< f
7d5=@P<l· ����¸F5=@¼;21D<=EHJ:1�5=/21�921Dq]5X<=7:CYEH92@�b^7:EY< fgb2<N@B;]q2ZD5=EY@P9�ZL<N@PG=GwG=1LZa5XEH@P9�rQEY92ZDCYq2;2EH92O�EY92E½5XE�7dC½fgG�587d5=1
<X7d;2E�7d5=EY@P9si�`�EHOPq2<=1_�]iA#zGN/2@�VWGT5=/^7d5 e @P<y7:9UM!Jd7:CHq21LGy@ e 5X/]1 ��>z3 � b^7d<X7:ST1D5=1L<=GDrk5=/21?<=1~f
7:Za5XEY@:9!1 � 1 � � �� � � �� � � /^7:G�7zGNEY¶L7:o2CY1RZL<=@:G=GyG=1DZD5=EY@P9 7:CHSK@PG�5xq2b$5=@¡5X/21_m6EH921LSK7d5XEHZRCHEYSTEH5�@ e
� �� � � B � � �:�Bi

º�GK;2EYGNZLq2GNG=1L; EY9�5X/21Ab2<=1aJQEY@Pq2GTG=1DZD5=EY@P9�rI5X/21Ab2<=@Q;2q2ZD1L;�9]1Lq]5=<X7:CHEY92@PG�;21DZ�7�M b2<=1D;2@PSTE½f
9^7:9U5=CHM!EH965=@�7�OP<=7�JBE½5XEH92@�7:92; 7�b]/2@:5X@:9�i��w1LZL7:q2G=1A5X/21?OP<=7�JBE½5XEH92@PGxVI@Pq2CY;�1DG=Z�7dbF1�q292;21~f
5X1DZD5=1L;�r 5=/21u<N1�7:Za5XEY@:9 1 � 1 � � �� � � �� � � � �� �� � � VI@Pq2CH; CH1�7:;�5X@�5gVw@$b]/2@:5X@:92GR7d92;�STEYG=GNEY92O
1L9]1L<=OdMKEH9T5=/21�\29^7:C[GN5X7d5X1di��k7dZ8/_@ e 5=/21�9]1Lq]5=<X7:CHEY92@PG�EHGIb2<N@B;]q2ZL1D;RVWEH5=/R7:9K1L921D<=O:MT1D{Qq27:Cc5=@
5X/]1Toc1�7dS 1L9]1L<=OdMPr�� �� � � B � � �:�Brv7:92;�;21LZL7�MBG�EYGN@:5X<N@Pb2EHZ�7:CHCHMPi�.0/6q2GLrv5X/]1Tb]/2@:5X@:9�1D921L<NOPEY1DG



� � �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���
/^7�JP1t7 *[7d5�;2EHGN5X<NEYo2qB5XEY@:9_EY9h5X/]1�<=7:92OP1 � & ��� � � � � E � � ! � � &���� VWE½5X/

� &���� � & ��� B �  � � � (	� � �7  � � �� � � � ' |��]i½��´U�

�g9x@P<N;21L<v5X@�EY9UJP1DGN5=EYOU7d5=1k5=/21wm6EH921LSK7d5XEHZ*;2EYG�5X<NEYo2q]5=EY@P9]G @ e 5X/]1k\^927:C½f GN587n5X1�b2/2@:5=@P92GDrP��q2GN1L;
5X/]1 ���	��
 � ��� b2<=@PO:<X7:S 5=@uOP1D921L<=7d5X1TGX7dSKb2CH1LG4@ e �:¿P¿]r�¿P¿P¿A> � 1DJ:1L9U5XG e @P<p5X/2<N1L1R;]E^]F1L<=1D9U5
Jd7:CYq]1LG4@ e 5X/21T921LqB5X<X7dCYEY9]@hSR7:GNG:< � �� � � B   "E3#  "EX´! A�41#h�i�.0/21K1aJP1D965¼GX7:STb2CH1LGpVw1D<=1TOP1L9Qf
1L<=7d5X1D; 7n5 � � B �:¿:¿��41#h VW/2EHZ8/�ZL@P<N<=1LGNbF@:92;21L; 5X@z5=/21h5gMBb]EYZ�7dC ZL1D965=1L< fg@ e f SR7:GNGy1L921D<=O:M
@ e �v�k�k�BiV`�EYOPq]<=1LG4�Bi µP7Br�ZyGN/2@�V+5X/27d5p5X/21�b2/]@:5X@P9�1D921L<NO:M¡G=bc1LZa5X<Nq2S EYGlEH92;21D1L; *[7d5�i¼.0/21
ZL@:<=<=1DG=bc@P92;2EH92O�;2EYG�5X<NEYo2q]5=EY@P9]Gw@ e 5X/]1pbF@PCY7:< 7d92OPCY1y| ZL@:G�� � �w7:92;h5X/]1p<=1LZD@PEYCFSR7dG=GW7:<N1pG=/2@�VW9
EY9a`,EYOPq2<N1LGy�Bi µ:osr�;�r*VW/21D<=1h5X/]1h1DJP1D9U5K<N1LZD@PEYCISR7:GNGxV 7dGy;21D\^9]1L; EY9 3B1DZD5XEH@P9 �Bi �Bi �Brk��{6q^7�f
5XEH@P9��Bi �:�]i�.0/21�;2EHGN5X<NEYo2qB5XEY@:9h@ e 5=/214b2/2@:5=@P9?bF@:C�7:<07d92OPCY1pEHGW7:CYGN@T7:CYST@PGN5 *[7d5�i �

�g9�5X/2EHGRG=1L7:<=Z8/ Z8/^7:9]921LC�r�5=/21zSK7:EY9�o27:Z8m6OP<=@Pq]92;ÀZL@PST1LG e <N@PS 5X/21�36587:92;27:<=; >�@Q;21DC
b2<N@BZD1LG=G*1 � 1 � � 	 �	 � � | GN1L1�3B1DZD5=EY@P9T�Bi �Bi �P�ai9{�@�VI1DJ:1L<LrQoUMxZD@PSKb27:<=EH92O `�EHOPq2<N1LG��Bi µp7:9];T�BiH��¿
@P9210ZL7:9�G=1D1W5=/^7d5�5=/210m6EY921DSR7n5XEYZI;2EYG�5X<NEYo2q]5=EY@P9]G�@ e 5X/210GNEYOP927:C27:<N1 JP1D<NMy;2E ]s1D<=1D965 e <N@PS 5X/2@PGN1
@ e 5=/21¼o27:Z8m6OP<=@Pq]92;�i��g9zb^7:<�5XEYZDq2C�7d<Lr25X/]1¼1L9]1L<=OdM�@ e 5X/21tG=1DZL@P92;¡b]/2@:5X@:9uEYG�1a`Bbc1LZa5X1L;¡5=@Roc1
Sxq2Z8/ /2EYO:/21L< e @P<y5=/21?G=EYO:9^7:C 5X/27:9 e @:<x5X/21Ao^7:Z8m6OP<N@Pq292;�i�>�@P<N1L@�JP1D<Lrw5=/21�b]/2@:5X@:92G e <=@PS
5X/]1T<N1�7:Za5XEH@P9¡1 � 1 � � 	 �	 � � 7:<=1y1~`BbF1DZD5X1D;�5=@Aoc1�b2<=@Q;2q2ZD1L;�b2<=1D;2@PSTEY9^7d965=CHMu7d54CY@�V bF@:C�7:<
7:92O:CY1LGDi!.0/6q2GLr07d9 7:CHSK@:GN5yZD@PSKb]CY1D5=1hG=q2b]b2<=1DG=G=EH@P9 @ e 5=/21?o^7:Z8m6OP<=@:q292; ZL7:9 oF1A7:Z8/2EH1DJ:1L;
VWEH5=/?{Qq]EH5X14CH@B@PGN1lZLqB5XG�@P9h5X/21 � � ! 7:92;AZL@:G�� � Jd7:<=EY7:o2CH1LGLi

� 5wGN/2@Pq2CH;Roc1�9]@:5X1D;K5X/27d5 e @:<kZD1L<�587:EH9KJd7:CYq]1LGk@ e 5=/21 ��>z3 � b^7:<=7:SK1a5X1D<=G�5X/21�921LqB5X<X7dCYEY9]@
;21DZ�7�M CY1L9]O:5X/ Z�7:9 oF1DZL@PST1�92@P9Bf 921LOPCHEYOPEHo2CY1di .0/21�b]<=@Po^7do2EYCHEH5gM 5=/^7d5u7 9]1Lq]5=<X7:CHEY92@!VWEH5=/
1L9]1L<=OdM � ���P��VWEHCYC�5X<=7�J:1LC07z;]EYGN5X7:92ZD1 %�
 EY9�5=/21hC�7:oc@P<=7d5X@P<�M e <X7:ST1_oc1 e @P<N1_;21DZ�7�MQEY92O¡EHG
OPE½JP1L9AoUM �

| 
 �	B ���$1a`Bb | � 
 ���k� ' |��]i �:¿U�
D&('*)�O<)KE7>0=0-/B ?CO*1 ;*=017G7E<@ >�?C1/O -3O </BC) ?C. O*13> .�)@B/)D=�)DB:9 ;J)�-��/)�G � .�)K)�� T:E<-M>0? 1NO�P*W  �� "5? -3O<G >0'*) G*)D@K-E9
���� %�� ���� ?C.�?A.�1/>�=01/;*?A@3W/; )DO<@ )K?:>�'*) ;*'*1/>�1NOH;J1NBC-/=�-/OF</BC)Q?CO >�'*) BC-/IJ1N=0-3>�1N=U9 2 =0-/+�)Q'<-N.�- G7?A. >0=�?CI*E7>0? 1NO B/)D=U9
@ BC1N.�) >�1�?A.�1/>�=01/;*?A@3W



���^�a� &#��.m!j� 	 ����� � �9!(��& 	dng)����4�;��� &j.;���Q�4��
��8��&U� � � � � � �

a)
 Eγ1
 Eγ2

m(χ
∼0

1) = 95 GeV

Eγ (GeV)

E
ve

nt
s 

⋅ 1
0-3

 / 
2 

G
eV

0

10

20

30

40

0 20 40 60 80 100

b) m(χ
∼0

1) = 95 GeV

cosθγ

E
ve

nt
s 

⋅ 1
0-3

 / 
0.

05

0

2

4

6

8

-1 -0.5 0 0.5 1

c)  m(χ
∼0

1) = 95 GeV
 m(χ

∼0
1) = 75 GeV

 m(χ
∼0

1) = 55 GeV

Eγ1,γ2 (GeV)

E
ve

nt
s 

⋅ 1
0-3

 / 
2 

G
eV

0

10

20

30

40

50

0 20 40 60 80 100

d) χ
∼0

1χ
∼0

1 → G
∼

G
∼

γγ
√s


 = 200 GeV

Recoil Mass (GeV)

E
ve

nt
s 

⋅ 1
0-3

 / 
4 

G
eV

0

5

10

15

0 50 100 150 200

`�EHOPq2<=1¼�]i�µQ<��pEH921LSK7d5XEHZt;]EYGN5=<=EHo2q]5XEH@P92G e @P<�5=/21y<=1L7:ZD5=EY@P9u1 � 1 � � �� � � �� � � � �� �� � �7d5 � ��B �:¿P¿��p1Uh�r VWE½5X/�7d<=o2E½5X<X7d<NM�92@P<NSR7dCYEY¶L7d5XEH@P9�i�.0/21u;2EYG�5X<=EHo2q]5=EY@P92GT@ e 7P�
� � � E � � ! 7:9];¡o[��ZL@:G�� � 7d<=1xGN/2@�VW9 e @:< � �� � � B ´! ��p1Uh�ipº�CYG=@RG=/2@�VW9�7:<=1tZ���5X/]1
b2/2@d5X@P9A1L921D<=O:Mh7:92;A;[�w5X/214<=1DZL@PEHC�SK7:G=G0GNbF1DZD5X<=7]r e @P< Jd7:<=EH@Pq2GwJd7:CHq21LGW@ e � �� � � i

.0/21�;21LZL7�MhCY1D92O:5X/
� ZL7:9AoF14Z�7dCYZLq]C�7d5=1L;?q2G=EH92OT�*{Qq27d5XEH@P9A�]iH�  �7d92;�1~`Bb2<=1DG=G=1D;¡7:Gt· �P¿d¸
��B(� ' #R� �P��¿ � � | ��� � � � � �  � � �� � � ���  ��� � � ��¿:¿ �p1Uh� �� � �  � � � ���t1#h  � ZDS E |��]i �B���

VW/21D<=1:r4;2q]1�5=@ 5=/21�;2@PSTEY9^7:9U5=CHM�o]EY92@�9^7d5=q2<=1�@ e 5X/21�921LqB5X<X7dCYEY9]@2rx| ��� � � � � � ' �]i `^@P<
EY9]GN587d92ZL1dr e @P< � �oB �:¿:¿'�p1Uh�r � �� � � B µP¿ �p1Uh�rc7:92; � �� B	�d¿P¿T1#h�5X/]1t921Dq]5X<=7:CYEH92@T;21LZL7�M
CY1D92O:5=/zEYG�7:b2b2<N@�`]EHSR7n5X1LC½M���S�i��g9z5X/2EHG�ZL7:G=1drs5X/]1xSR7��N@P<=E½5gMh5X/21t921Lq]5=<X7:CHEY92@:G�VI@Pq2CH;¡;21LZL7�M
EY9]G=EY;]1l5X/214;21a5X1LZa5X@P<Dr[7�V 7�M e <=@:S�5X/214oc1�7:S JP1D<N5X1~`Fi

º�GT�tVWEHCYC GN/2@�V EY9 � /^7:b]5=1L< #Br�5X/21A1 �TZLEH1L92ZaM @ e 5=/21Aq2G=q^7dC�S¼q2CH5=E½fgb]/2@:5X@:9$G=1DCY1LZa5XEH@P9
;2<N@Pb2G GNEYOP92E½\^Z�7d965=CHM e @P<I;21LZL7�MRCY1D92O:5X/]G C�7:<NOP1L<k5X/^7d9h7:oc@Pq]5p��¿tZLSAi*�g9h@P<=;21D<w5X@¼EY9UJP1DGN5XEHOU7d5=1



� � �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���

 44.8 GeV

e1
ET = 36 GeV γ2

ET = 30
GeV

e Candidate
ET = 63 GeV

γ1
ET = 36 GeV

ET = 55 GeV`,EYOPq2<N14�]i�´Q<*.0/2141L1 � � 1aJP1D965�@Po2GN1L<�JP1L;uo6MR5X/21 � j `!1a`Bbc1L<=EHSK1D9U5x· ��#n¸�i
5X/]1�<N1LOPEH@P9y@ e EY9U5X1D<=ST1L;2EY7d5X1w;21LZL7�M�CH1L92Od5X/2GDrB¿ ' �vS � � � � � ��¿:¿�SArP� ;21DJ:1LCH@PbF1D;_7p921aV�1DJ:1L9U5
G=1DCY1DZD5XEH@P94VW/2EYZ8/�V 7:G�7:o2CH1�5=@�EH;21L9U5=E e M%T3f
T�N\K�f
Z(T�S#Z(T32kb2/]@:5X@P9]GLr:E�i�1diHrnb2/2@d5X@P92G 92@:5 @P<NEYOPEH9^7d5=EY92O
e <=@:S 5X/]1�b]<=EYSK7:<�M_1DJ:1L9U5�JP1L<�5X1~`si

¨0©
	 ©
	 �
��������� ��� � ¬w­
�g9���´P´! Brk5X/21 � j ` 1a`Bbc1L<NEYST1L9U5_7n5K5=/21�. 1DJd7d5=<=@P9
	 �	�ZD@PCYCHEY;21D<y@Po2GN1L<NJ:1L;À7:9 1DJ:1L9U5_VWEH5=/
5gVI@�/2EHOP/Bf 1L921D<=O:Mu1LCY1DZD5=<=@P92GDr 5gVw@A/2EYO:/Bfg1D921L<NO:Mzb2/]@:5X@P9]GLr 7:92;�7hC�7:<NOP1y7:ST@Pq29U54@ e STEYG=GNEY92O
5X<=7:92G�JP1L<NG=1�1L921D<=O:Mu| GN1L1C`�EYO:q2<=1W�]i�´U�W· ��#�¸�i�.0/21D<=1�EHG*92@�@PoUJBEH@Pq2Gk1a`Bb2CY7:9^7d5=EY@P9 e @P<�5=/2EYG�1DJ:1L9U5
EY9T5X/21p3Q587:9];^7:<=;h>�@B;]1LC¹i�.0/21l@P92C½MR3Q587:9];^7:<=;h>�@B;]1LCsb]<=@QZL1LGNG07:o2CH1�5=@xb2<N@B;2q]ZL1lGNq2Z8/h1L1 � �
1DJ:1L9U5XG�ZD@P92G=EHGN5=G�@ e 5=/21 � � � � b2<=@Q;2q2Za5XEY@:9�rdVW/21D<=101L7:Z8/ � oF@:G=@P9x;]1LZ�7�MQG*EY9U5=@p7:9x1DCY1LZa5X<N@P9
7:92;?7x9]1Lq]5=<=EY9]@2i {�@�VI1DJP1D<Lr^5X/]1l1DJ:1L9U5�<X7d5=1 e <=@PS 5X/]EYG b2<N@BZD1LGNG�EHGw1~`]bc1LZa5X1D;A5=@yoF1lJ:1L<NMRCY@�V
7:92;h/27:G0oF1D1L9?1LG�5XEHSR7d5=1L;hoUMR5=/21 � j `$ZL@:CYC�7doF@P<=7d5XEH@P9�5X@yoc1T|��N(���� �d��¿ � � 1DJP1D9U5XG�EY9R5=/21LEH<
;^7d5X7yGX7:STb2CY1pZD@P<=<N1LGNbF@P9];2EY92Oy5=@Rµ! �b]o � � · ��#�¸¹i

º�G¼7AZD@P92G=1D{6q21L92ZD1:r�5=/2EYG�q296q2G=q27:CI1aJP1D965¼OP1L9]1L<X7n5X1L;$7ACH@:54@ e EH965=1L<N1LGN5¼7:ST@P92O?b^7:<�5XEHZLCY1
5X/]1L@P<NEYGN5=GLr�<N1LGNq2CH5=EY92O_EH9¡7_b2q2o]CYEYZL7d5XEH@P9u@ e ;2@P¶L1D92G4@ e b^7:bc1L<NGlVWEH5=/uJd7:<=EH@Pq2GlEH965=1L<Nb2<=1a587d5=EY@P92G
EY9�ST@B;]1LCYGxVWE½5X/�b2/UMQG=EHZLGToF1aMP@P92; 5X/21�3Q5X7:92;^7d<=; >�@B;]1LC¹i��g9 b^7:<�5XEYZDq2C�7d<Lr*5X/2EHGy1DJ:1L9U5_/^7dG
o2<N@Pq2OP/U5WVWEY;2147n5=5X1D9U5XEY@:9?5=@Kb]/2@:5X@:92EYZpGNEYOP9^7n5Xq2<N1LG0EY9�3]Á�36Âyi



���^�a� &#��.m!j� 	 ����� � �9!(��& 	dng)����4�;��� &j.;���Q�4��
��8��&U� � � � � � �

�g9���>z3 � SK@Q;21LCHGLr�5=/2EYGA1DJ:1L9U5zEHGu7�Z�7d92;2EY;27d5X1 e @P<h5X/21�b2<=@QZL1DG=G�{ �{ � �1 �� �1 �� VWEH5=/
G=q]o2G=1D{Qq]1L9U5¼;]1LZ�7�MQG �1 
� � 1 
 �� � � 7:92; �� � � � �� � rsVW/21D<=1x5=/21y921LqB5X<X7dCYEY9]@PGl7:9];¡OP<X7�JQEH5=EY92@PG
1LGNZ�7:bc1R;]1D5X1DZD5=EY@P9�i � �W1LOPEH@P92G�m6EY921DSR7d5=EYZL7:CYC½Mz7:CHCY@�VI1L; e @:<45=/21 � j ` 1DJ:1L9U5yZL@:<=<=1DG=bc@P92;�5=@
µ! 0�p1Uh � � �$ � � ���  �p1Uh 7:92;  d¿ �41#h � � �� � � � ��¿P¿ �41#h�· �Pµ�¸¹i¡.0/2EHGxST1�7:92G�5X/^7n5
5X/]1l<=1L7:ZD5=EY@P9K1 � 1 � � �� � � �� � � � �� �� � � ZD@Pq2CH;_b2<=@�JQEY;]1l7:9_1~`BZL1LCHCY1D965 @Pb2bc@P<N5=q292EH5gM e @P<w3]Á�36Â
;2EHG=ZL@�J:1L<NMA7n5�� ��� ic.0/]EYG0<=1L7:ZD5=EY@P9hVw7:G�1a`]7:STEY921D;AEH9h5X/214b2<N1DJQEY@Pq]G�GN1LZa5XEY@:9�i

.0/21 � j ` 1DJP1D9U54/^7:Gl7dCYG=@KoF1D1L9zEH9U5X1L<Nb2<=1a5X1D;¡EY9A921Lq]5=<X7:CHEY92@R� 3]��SK@Q;21LCHGt· �P´n¸¹i�º�OU7dEY9�r
5X/]1AGN1LCH1LZD5=<=@P9 b^7:EH<�f b2<=@Q;2q2Za5XEY@:9!EY9�{ �{!ZL@PCHCYEYGNEY@P9]G¼Z�7d9 oc1h5X/21?@P<NEYOPEH9$@ e 5=/2EYGy1aJP1D965LrwVWEH5=/
5X/]1KGN1LCY1DZD5=<=@P92Gt;21LZL7�MBEH92OuEH9U5X@�7:9�1DCY1LZa5X<N@P9$7:9];$7 �� �� r,7:92;�5X/21 �� �� 5X/]1L9�;]1LZ�7�MQEY9]Oz<X7:;]E�7nf
5XE½JP1DCHMT5X@ �� � � i+�ÀEH5=/2EY9K5X/2EHG e <X7dSK1aVw@P<Nm[r]5X/21�1DJP1D9U5�ZL7:9h@P92C½MRoc1p7:ZDZL@PSTST@B;^7n5X1L;REY9_ST@B;]1LCYG
VWEH5=/�<N1LCY7n`B1L; ��Á�.�oF@:q292;^7:<�MhZL@:92;2EH5=EY@P9]G e @:< 5X/21�OU7:q2O:EY92@�SK7:G=GWb^7:<=7:ST1D5X1D<=Gt| GN1L1¼��{6q^7�f
5XEH@P9K�]iH�:���ai,� e 5X/2EHGIEHG*5X/21�1a`Bb2CY7:9^7d5=EY@P9 e @P<*5X/21 � j `�1aJP1D965Lr]5X/]1�oc1LG�5wbc@PG=GNEYo2EHCYE½5gM e @P<I3]Á�36Â
;2EHG=ZL@�J:1L<NM�7n5�� ��� EYGl5X/]1y<=1�7dZD5XEH@P9�1 � 1 � � �� �� �� �� � �� � � �� � � � � ix.0/]EYGp<=1L7:ZD5=EY@P9�EHGl1a`]7:STEY921D;
EY9h5=/214921a`Q5�G=1DZD5XEH@P9�i

�g9RZD@P92ZLCHq2G=EH@P9�r6G=1L7:<=Z8/]1LG e @P<�b2/]@:5X@P9]EYZW1DJ:1L9U5XG e <N@PS�5X/]1�921Dq]5X<=7:CYEH92@df b^7:EY<,b2<=@Q;2q2Za5XEH@P9R7n5
�v��� Vw1D<=1�/2EYO:/2CHMKSK@d5XEHJd7d5=1L;hoUMh5X/]1t7doF@�JP14EH965=1L<Nb2<=1a587d5=EY@P92G0@ e 5=/21 � j ` 1aJP1L9U5Li

¨0©
	 © ¨ 1�� ±�­2®�����³N¬l¯32�®^¯W°4±l²s­2³�¯I¬ ³�¬ ��� 4����

�g9 3]Á � �Wº�SK@Q;21DCYGLr,5X/21?7:b]bF1L7:<X7:9]ZL1h@ e b2/2@d5X@P92EHZR\^9^7dCwGN5X7d5X1DGxVWEH5=/!SKEHG=G=EH92Oz1D921L<NO:M$EHG
bc@PG=GNEYo2CH1h@P92CHM$EY9!5X/21?GNZL1L927:<=EH@�VW/21D<=1?5X/21 �w»Qb^7:<NEH5gM�EYG�ZL@P9]G=1L<�JP1D;�r 5X/21?921~`Q5Nf 5=@dfgCHEYOP/U5=1LGN5
921Dq]5X<=7:CYEH92@ �� �� EHG�5X/]1 � � 3]� rs7:9];z5X/21tCYEYO:/65=1LG�5l921Dq]5X<=7:CYEH92@ �� � � EHG�5X/]1x� 3]�,i�>�@P<N1L@�JP1D<Lr�5X/]1
<X7d;2E�7d5=EHJ:1x;21LZL7�M �� �� � �� � � � GN/2@Pq2CH;¡oF1x5=/21�;2@PSTEY9^7d965�;21LZL7�M¡SK@Q;21di¼.0/2EHGp;21LZL7�MzSK@Q;21xEHG
q2GNq^7:CYC½MxGNq2b2b2<N1LG=GN1L;hGNEY92ZD1�E½5�EYG�74@P921~fgCY@Q@Pbyb2<N@BZD1LGNGl|}G=1L1C`�EHOPq2<=1W�BiH��¿P�ai��g9KSK@:GN5I3]Á�36Â G=ZL1~f
9^7:<NEY@PGDrF5=/21y921a`Q5�f 5X@nfgCYEHOP/U5X1DGN5�921Lq]5=<X7:CHEY92@R;21LZL7�MQG4b2<N1L;2@PSTEY927:9U5XCHMhJQEY7 �� �� � �� � � �����5=/2<=@Pq]OP/
7:9?1a`BZ8/^7d92OP1¼@ e 7xJQEY<�5Xq^7:CsG e 1L<NSKEH@P9?@P<W7

�
oc@PGN@P9�i

º�G�;2EHG=ZLq]G=G=1D;�EY9 3B1DZD5=EY@P9 �]i½�Pi �Brk5=/21?921LqB5X<X7dCYEY9]@PGy7:<N1AEH9�OP1L921D<X7:CW7¡GNq2bF1D<=bc@PG=E½5XEH@P9!@ e
5X/]1�921Dq]5X<=7:C0OU7:q]OPEY92@:GK7d92; /]EYOPOPGNEY92@:GLi�.0/21AZL@Pq2b]CYEY9]OPG�@ e G e 1L<NSKEH@P92Gy5X@�921LqB5X<X7dCYEY9]@PGyEY9Bf
JP@:CHJP1K@P92C½M�5=/21ROP7:q2OPEH92@�ZD@PSTbF@P9]1L9U5�r�VW/]EYCY1�5X/]1

�
oc@PG=@:9$ZL@Pq]b2CY1DG¼@P92C½M¡5X@A5X/21_/]EYOPOPGNEY92@

��� '<-3= </?CO*1�;*=017G7E<@ >�?C1/O -3BA.�1H;*=01 B:?AG7)�. -�;�1N.0.�?CI*BC) )5I7;*BA-3O<-3>�?C1/O
	 T��T � ���
 % ����% LX? >0' >�'<) G7)D@D-E97. ���� % �) � 
 � �� � % -/O<G �� � % � �� � W



�m� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���

�

�

��

�����

�

�����

��	�


����


� �
�����

�

��
��

��	�


��	�


� �
�����

�

��
��

�

��

��

�����

�� ��

�

�� �


� �

� �
�����

�� ��

�

�� �


� �

� �
�����

�� ��

�

`�EYOPq]<=14�]i½��¿Q< `^1DMQ92SK7:9?OP<=7:b2/2G e @P< 5=/214<X7:;2EY7d5XE½JP1p921Dq]5X<=7:CYEH92@y;21DZ�7�M �� �� � �� � � � i
ZL@:SKbc@P921D965t· #:¿d¸�i {�1D92ZL1dr^5X/21p5X<N1L1~fgCY1aJP1DC ;21LZL7�MQG �� �� � �� � � � ��u<=1D{6q2EY<N1�1DEH5=/21L<0GNEYSxq2C½587:9]1L@Pq2G
OU7:q]OPEY92@�ZD@PSKbc@P921D9U5XGWEY9AoF@d5X/A921Lq]5=<X7:CHEY92@:G e @P< 5X/21�G e 1D<=STEY@P9?1~`]Z8/27:92OP1tb2<=@QZL1DG=G�@P<WG=EYS¼q2C½f
587d921L@Pq]G /2EYO:OPG=EH92@¼ZD@PSKbc@P921D9U5XG e @P<k5X/21

�
1a`BZ8/^7:92O:1pb2<=@QZL1DG=GLi�.0/2147doF@�JP1�ZL@P92;]EH5XEH@P9REHGw92@d5

921D1L;21D; e @:<I5X/]1l<X7:;]E�7d5=EHJP1�;21LZL7�MPr]VW/21D<=1poc@:5X/K5X/21lOP7:q2OPEH92@x7:9];_5X/21l/]EYOPOPGNEY92@�ZL@:SKbc@P921D965=G
@ e 921LqB5X<X7dCYEY9]@PGpSR7�MuoF1�EY9UJ:@PCHJ:1L; |�7:b^7d<N5 e <=@:S 5X/]1�5gVI@uO:<X7:b2/]G�@:9�5=/21�CY1 e 5Nfg/27:92;�G=EH;21y@ e`�EHOPq2<=14�BiH��¿P�aik.0/21L<N1 e @P<N1:r[VW/21L921aJP1D<�5X/214CHEYOP/U5X1DGN5�921Dq]5X<=7:CYEH92@�EYG0SK7:EY92C½M_/2EHOPOPGNEY92@�7:9];�5X/]1
921~`B5�f 5=@dfgCHEYOP/U5X1DGN5�921Dq]5X<=7:CYEH92@�EHGtSK7:EH92CHMuOU7:q2OPEH92@2rv5X/21T5X<N1L1RCH1DJ:1LC �� �� VWEY;]5=/ e @P<45X/21K;2EY<N1LZa5
5X/]<=1L1~fgoc@B;BMh;21LZL7�M?EYG0<=1D;2q2ZD1L;z7d92;A5=/214<X7:;]E�7d5=EHJP1�;21LZL7�M �� �� � �� � � � EYG01D92/^7:9]ZL1L;si

� 5�G=/2@:q2CY;!oc1h92@:5=1L;!5X/^7n5x5X/2EHGyG=ZD1L9^7:<NEY@¡EHGy7:CYCH@�Vw1D;!@P92CHM�EY9�7zCHEYSTEH5=1L;�<N1LOPEH@P9$@ e 5X/]1
>z323]> b^7:<X7dSK1a5X1L<tG=b^7dZL1�· #:¿d¸�i {�@�VI1DJ:1L<Lr�E½5¼EHG e 7�JP@P<N1L;!oUM�5X/21?3BÁ � ��º EY9U5X1D<=b2<N1D587n5XEY@:9
@ e 5X/21 � j `�1DJ:1L9U5?· �P´n¸�iT�g9�b^7d<N5XEHZLq2CY7:<Lr�5=/2EYGpGNZL1D9^7:<=EH@�EHSKb]CYEY1DG�5=/^7d545X/21�921~`Q5Nf 5=@dfgCHEYOP/U5=1LGN5
921Dq]5X<=7:CYEH92@yEYG07dCYST@PGN5wb2q2<=14b2/]@:5XEH92@2r �� �� � �� r27:92;h5X/214CHEYOP/U5X1DGN509]1Lq]5=<X7:CHEY92@xEHGW7:CYST@PG�5 b2q2<N1
/2EHOPOPG=EH92@2r �� � � � �{ " rFVW/21D<=1 �{ " B GNEY9�� �{ � � ZD@PG � �{ � ip�g9z5X/2EHG�ZL7:G=1drs5X/21¼<X7:;2EY7d5XE½JP1t;21LZL7�M�� �� � �� � � � EYGW1a`Bbc1LZD5=1L;A5X@�/^7�JP1t7yo2<X7:9]Z8/2EY92OT<X7n5XEY@y@ e 7:CHSK@:GN5p��¿:¿�
_i

�g9�5=/2EYGt3]Á2���Wº G=ZD1L9^7d<=EY@]rv5=/21�b^7:EH<�fgb]<=@Q;2q2ZD5=EY@P9¡@ e 921Dq]5X<=7:CYEH92@PGp1 � 1 � � �� �� �� �� VWE½5X/�7



���^�a� &#��.m!j� 	 ����� � �9!(��& 	dng)����4�;��� &j.;���Q�4��
��8��&U� � � � � � �
G=q]o2G=1D{Qq]1L9U5 ;21DZ�7�M �� �� � �� � � � CY1L7:;2G�5X@41aJP1L9U5=GkVWE½5X/y5gVw@4b2/]@:5X@P9]GI7d92;�SKEHG=G=EH92Ol1D921L<NO:MA| ;]q21
5X@p5=/21�1DG=ZL7:b2EY9]Ot921Dq]5X<=7:CYEH92@PGX�ai�.0/]1�b]<=@Q;2q2ZD5=EY@P9TST1LZ8/^7:9]EYG=S�7:92;T1DJP1D9U5I5=@PbF@:CY@PO:Mx7:<=1 J:1L<�M
G=EHSKEHC�7:<k5X@�5X/2@:G=14@ e 5=/21g�t>u3 � b2<N@BZD1LGNG�1 � 1 � � �� � � �� � � � �� �� � � r2VW/2EHZ8/�Vw7:G�;21LGNZL<=EHoF1D;uEH9
3B1DZD5XEH@P9!�]i �Bi½�PiAº�OU7:EH9�rv5X/21_;]@PSKEH9^7:9U5�ZL@P9U5=<=EYo]q]5XEH@P92G¼ZD@PST1 e <N@PS 5X/21+6¹»�7:92; 7]»QZ8/27:92921DC
�1 � � � 1~`]Z8/27:92OP1�;2EY7:OP<X7dSKGDr�7:92;¡5=/21x<X7d;2E�7d5=EHJ:1x;21LZL7�Mz@ e 5X/]1y921Lq]5=<X7:CHEY92@REYGlEHG=@:5=<=@Pb2EHZ¼EH9zEH5=G
<=1DGN5 e <=7:SK1di	`^@P< 7xO:EHJP1D9hZL1D965=1L< fg@ e f SR7:GNG 1L9]1L<=OdMPr]5=/21l1 � 1 � � �� �� �� �� ZD<=@PGNG0G=1DZD5XEH@P9h;21DbF1D92;2G
@P92C½M_@P9?5X/]1�9]1Lq]5=<X7:CHEY92@�7:9];AGN1LCH1LZD5=<=@P9ASK7:G=GN1LG�7:92;?EYG0OPE½JP1D9�oUM�· �P�n¸

� �� ZD@PG�� B 
�
� �$�� � �$��

� � � �"� �  � � 	 � �� � �
�  � � � � � �  ZL@PG � � � � � � � � � � �  ZL@PG � �� � � � � 	 � �� � �

�  � � � �� � ! � �  � ZL@:G � � � � 	 � �� � �
�  � � � � ZD@PG � �  � E |��]i �P�P�

VW/21D<=1 � �tEYG05=/21tZD1L9U5X1D<�f @ e fgSK7:G=G�1L9]1L<=OdMPr �TEHG05X/21�bF@:C�7:<W7:9]OPCY1dr ��B � ���   � � �� � ! � �tEYGW5X/]1921Dq]5X<=7:CYEH92@�J:1LCY@QZLE½5gM�EY9t5=/21 CY7:oF@:<X7d5=@P<NM e <=7:SK1dr:7d92; 	 � � B � �� � � � �� � ! i�.0/]10b^7:EY< fgb2<N@B;]q2ZL1D;
921Dq]5X<=7:CYEH92@PG�7:<=1Kb2/2@:5=EY92@nfgCYEHm:1yGN@u5X/^7n5t5=/21LEH<tZD@Pq2b2CHEY92OPGp5=@�5X/]1RCY1 e 5Nf�7:92;�<=EHOP/U5NfgGN1LCH1LZD5=<=@P9]G
7:<N1tEH;21L9U5XEHZ�7:C�i .0/2EHG�ST1�7:9]G�5=/^7d5 e @P< � �$ � B � �$ � r^5X/21tZL@P9U5X<NEYo2qB5XEY@:92G e <=@PS�5=/21 �1 � 7:92; �1 �
1a`BZ8/^7d92OP1�;2E�7:O:<X7:STG07:<N145=/214GX7:ST1:i

.0/21¡b2/2@d5X@P9�1D921L<NO:M�7:9];À7:92OPq2CY7:<T;2EYG�5X<=EHo2q]5=EY@P92GT/^7�JP1¡5=/21zGX7dSK1 *[7d5hGN/^7:bc1�7:GR5X/]1
;2EHGN5X<NEYo2qB5XEY@:92G e <=@PS	5X/212��>z3 ��<=1�7dZD5XEH@P9�1 � 1 � � �� � � �� � � | GN1L1C`�EYOPq]<=1W�]i�µU�ai {�@�Vw1aJP1D<Lr]EH9y5X/2EHG
Z�7dG=1�5=/21lCYEHOP/U5X1DGN5I921Lq]5=<X7:CHEY92@�Z�7d9292@:50oc1l7dG=G=q]SK1D;_5X@xoc1�SK7:G=GNCY1DG=GLrBG=@¼5=/^7d5I5X/21l1~`Bb2<=1DG=G=EH@P9
e @P< 5=/214mQEH921LSK7d5=EYZ�7dCYCHMK7:CHCY@�VI1L;h<X7d92OP14@ e 5X/214b2/2@d5X@P9A1L921D<=O:M_921L1D;2G�5=@KST@Q;2EH\^1D;?7:G

� &���� � & ��� B � �� � !�
��
� � (

����� ��� � � �� � !
� � �� � !

	 

�
� � �� � ! � � � �� � �� � �� � ! E |��]i �:�U�

VW/21D<=1 � �� � ! B � ���P�Bi �I1LZ�7dq2G=1T5X/21�1DJ:1L9U5x5=@PbF@:CY@POPEH1LG e @:<45=/21R3]Á � ��º 7:9];���>z3 �	b2<=@df
ZL1DG=GN1LGy|}1 � 1 � � �� �� �� �� 7:92; �� � � �� � � � 7:<=1p1DG=G=1D9U5XE�7dCYCHMK5X/214G=7:SK1dr e @P< 5=/2EYG0GNEYOP9^7dCs��VWEYCYCFq2G=145X/]1
GX7dSK1pGN1�7:<NZ8/uGN5=<X7d5=1LO:Mh5=/^7d5W�I;21LGNZL<=EHoF1D;�EH9�3B1LZa5XEY@:9��Bi �Bi½�Pi

� 1Dq]5X<=7:CYEH92@tb]<=@Q;2q2ZD5=EY@P9REY9R3]Á � ��º Z�7:9_7:CYGN@¼CY1L7:;K5=@x7¼GNEY92O:CY1af b2/2@:5=@P9T1DJP1D9U5 5X@Pbc@PCH@PO:M
JQE�7y5X/21t<=1L7:ZD5=EY@P9�1 � 1 � � �� �� �� � � VWE½5X/�7KGNq2o2G=1D{6q21L9U5�;21LZL7�M �� �� � �� � � � · �U��¸�i�{�@�Vw1aJP1D<Lr e @:<
5X/]1lb2/2@:5=EY92@nfgCYEHm:1 �� �� 7:92;h/]EYOPOPGNEY92@nfgCYEHm:1 �� � � r65X/21lZD<=@PGNG G=1DZD5=EY@P9 e @:<I5X/]EYGwb]<=@QZL1LGNG EYGI1a`Bbc1LZD5=1L;



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���
5X@�oc1�1~`B5=<=1DSK1DCHM�CY@�V · �R n¸¹i � 1DJ:1L<N5=/21LCH1LGNGLr]�,VWEYCYC]G=1�7d<=Z8/ e @P<*5=/2EYG�<=1L7:ZD5=EY@P9TEY9�5X/]1�ZD@P9U5X1a`Q5I@ e5X/]1�ST@Q;21LC fgEY9];21Lbc1L92;]1L9U5WG=1L7:<=Z8/�1 � 1 � � � Â � Â�Â � r2VW/21D<=1 � 7d92;_Â�7d<=14921DV�921Lq]5=<X7:C
EY9UJQEYGNEYo2CH1�b^7:<N5=EYZDCY1LGDihº�G¼7:oF@�J:1:r�5=/21Rb2/]@:5X@P9�1L921D<=O:M�7:92;�7:92OPq]C�7:<�;2EYG�5X<NEYo2q]5=EY@P9]Gt7d<=1 *[7d5�r
7:92;h5=/214mQEH921LSK7d5=EYZ�7dCYCHMK7:CHCY@�VI1L;h<X7d92OP1p@ e 5X/214b2/]@:5X@P9?1D921L<NO:M?EYG0OPE½JP1D9AoUM?�*{6q^7d5=EY@P9A�]i �:�]r
VW/21D<=145X/214921Dq]5X<=7:CYEH92@y1L921D<=O:M?EHG � �� � ! B+| � � � � �� � ! � � � �� � � ���2|¹� � ���ai
¨0©
	 ©�� �
��� � � �*²s­^³ ¯I¬�� ��������� 	
��
 �4 ��¬l° ��������� �4 �4��
�g9 3B1LZa5XEH@P9 �]iH�:i �z��;2EYGNZLq2GNG=1D; ST@B;]1LCYGtVWEH5X/!OP7:q2OP1~fgST1L;2EY7d5X1D;$G=q2bc1L<NGNMQSTSK1a5X<NM$o2<=1L7:m6EY92O2r
VW/21D<=1¡5X/21�� 3]� EYGR5=/21¡OP<=7�JQE½5XEY9]@�VWEH5=/À7�SK7:GNG_EY9�5=/21¡1Uh 5X@!md1Uh <X7:92O:1:i 3Qq2Z8/ CHEYOP/U5
OP<=7�JQE½5XEY9]@PG Z�7d9u7:CHG=@T7:<NEYG=1pEH9?@:5X/21D<�3]Ál36Â ST@B;]1LCYGDi

��JP1L9_VWE½5X/2@:q]5I7:9UMR7dG=G=q]SKb]5=EY@P9]Gw7:oc@Pq]5�5=/21�ST1LZ8/27:92EYGNS @ e GNq2bF1D<=G�MBSTST1D5X<�MTo2<=1L7:m6EY92O2r
5X/]1_SR7dG=Gx@ e 5=/21_OP<=7�JBE½5XEH92@uVI@Pq2CY;�GN5XEHCYCkoF1RZL@Pq2b]CY1L;�5X@z5X/]1_G=ZL7:CY1_@ e CY@QZ�7:CkG=q2bc1L<NGNMQSTSK1~f
5X<�Mzo2<N1�7:m6EH92O?o6M¡��{6q^7n5XEY@:9��BiH���Bi �À/21D9�5=/21�G=Z�7dCY1y@ e CY@QZ�7:C G=q]bF1D<=GNMQSTSK1a5X<�M�o2<=1L7:m6EY92OhEHG
;21DZL@Pq2b]CY1L; e <=@PS�5=/21Ao2<=1L7:m6EY92O�@ e O:CY@Po^7dC G=q2bc1L<NGNMQSTSK1a5X<NM:r07:GTEY9 92@df G=Z�7dCY1?G=q2bc1L<NOP<X7�JQEH5gM
ST@B;21DCYG4· #B�L¸�r]5=/214OP<X7�JQEH5=EY92@yZL7:9�oc1LZD@PST1yGJI�K�LJMOXYZ�2
r8S�| ��¿ � � 1Uh � � � �� � � ��¿ � � 1Uht� 7:9];�ZL7:9oc10b2<=@Q;2q2ZD1L;�92@:5�@P9]CHMtEY9y;21DZ�7�MQGI@ e 3]Á�36Â b^7:<�5XEHZLCY1DG�o2q]5k7dCYG=@p;]EY<=1DZD5=CHMPr:1LEH5=/21L<�EY9yb^7:EH<=GW· #P�n¸
@P<�7:G=GN@BZDE�7d5=1L;uVWE½5X/z7K921Lq]5=<X7:CHEY92@z· �:µBrX#d�n¸�i�.0/21xb]<=@QZL1LGNGl1 � 1 � � �� � � �� � � � �� �� � � Z�7:9z7:CYGN@
oc1�EH9U5X1L<Nb2<=1a5X1D;!· #l d¸vEH9?5=1L<NSKGW@ e 5X/21t>z323]> ST@B;21DC�b^7:<=7:ST1D5X1D<=G � � r ��7:92;?587d9 ��r]VW/]EYZ8/
VI1L<=1�EY9U5=<=@Q;2q2ZL1D;�EH9A3B1LZa5XEH@P9u�BiH�Pi �Bi

� @df G=ZL7:CY10GNq2bF1D<=OP<=7�JBE½5gMyoc1LZL@:SK1DG*1LG=bc1LZDE�7:CHCHMtb2<=1D;2EYZa5XE½JP1WEY9�7pST@B;21DCBVWE½5X/ *^EYb]bF1D;R3BÁx|  :�OU7:q]OP1 GNMQSTSK1a5X<�M?· #  �¸�rPVW/21L<N10@P92C½M¼@P9]1 e <=1L1wb^7:<X7dSK1a5X1L<�EYG�921D1L;21D;T5=@p;21D5=1L<NSKEH921I5=/21 VW/2@PCH1
SK7:G=G,G=bc1LZD5=<=q2S	@ e 5=/210>z3]32>�1a`BZL1Db]5�5=/21 OP<=7�JQE½5XEY9]@�SK7:G=G · �:µn¸�i�.0/2EHG�ST@B;21DCQVw7:G,b2<=@Pbc@PGN1L;
oUM � @PbF1D¶:r � 7:92@Pbc@Pq2CH@PGLrp7d92;

�
EHZ8/2EYZ8/2E�rl7:9]; EHG?5=<X7:;]EH5XEH@P9^7:CHCHM <=1 e 1L<N<=1L; 5X@ 7:Gh5X/21�� �

�
ST@B;21DC¹i `�EYO:q2<=1T�]i½�P�TG=/2@�VWGt5=/^7d5�EY9�5X/]1R� �

�
SK@Q;21LC�5=/21TCYEYO:/65=1LG�54921Lq]5=<X7:CHEY92@AEYG4q2GNq^7:CHCHM

5X/]1 � � 3]�,iP��/]1L92@PST1L9]@PCY@PO:EYZ�7dCYCHM:rn5=/2EYG�SK@Q;21LCBEYG�5=/210GX7dSK1W7:G�5=/210921Dq]5X<=7:CYEH92@p� 3]��GNZL1D9^7:<=EH@
EY90�t>u3 ��1a`BZD1Lb]5l5=/^7d5�5X/21tOP<X7�JQEH5=EY92@TSR7dG=G�EHG�GN1DJ:1L<X7dC�@P<=;]1L<=G�@ e SK7:OP92E½5Xq2;214GNSR7:CHCY1D<�7d92;
5X/]1�9]1Lq]5=<X7:CHEY92@�7:C½V 7�MQGW;21LZL7�MBG�7d505X/]1�1aJP1D965�JP1D<N5=1a`Fi



���^�a� &#��.m!j� 	 ����� � �9!(��& 	dng)����4�;��� &j.;���Q�4��
��8��&U� � � � � � �

�
� �
��
�

τ2

eR,µR

~ ~~

~~

~ν

h

χο
2

mχο
1

τ1
~

eL,µL

, χ±
1

(GeV)

mχο
1

tanβ

`�EHOPq2<=14�BiH�P�R<k>u7:G=GN1LG�@ e 5=/214CYEYO:/65=1L<W>u3232> b27:<N5=EYZLCH1LGWEY9h5=/21�� �
�
ST@B;]1LCsJ:1L<=GNq2G

5X/]1�9]1Lq]5=<X7:CHEY92@ySK7:G=GDi�.0/214EY92GN1D5�G=/2@�VWGW5X/21pJd7:<NE�7d5=EY@P9_@ e 5X7:9 ��VWEH5=/ � �� � � · �Pµn¸¹i
��	� 
 � � ng
�� ���9kR�4&#�;�
.0/21W<=1L7:ZD5=EY@P9�1 � 1 � � �� � � �� � �� �� � Vw@:q2CY;�CY1L7:;x5X@41aJP1L9U5=GkVWE½5X/T7pG=EY9]OPCY1 b]/2@:5X@:9K7d92;�SKEHG=G�f
EY9]Oz1L921D<=O:M�EY9�5X/21R\29^7:CwG�587d5=1:i�.0/21A`^1aMB9]SR7:9!;]E�7:OP<=7:STGt@ e 5=/2EYGtb2<=@QZL1DG=G�7:<N1_G=/]@�VW9�EH9`�EHOPq2<=1W�BiH���Qi�.0/2EHGk<N1�7:Za5XEH@P9�EYG*1a`Bbc1LZa5X1L;K/^7�JP1�7�GNEY¶L7:o2CY101aJP1D965I<X7n5X1�7d5k�v���I�p@P92C½M e @P<�J:1L<�M
CYEHOP/U5�OP<X7�JQEH5=EY92@PGDr � �� � � ��¿ � � 1Uh�r�GNEY92ZD1RE½5XG¼ZD<=@PGNGxG=1DZD5=EY@P9$GNZ�7:CH1LGy7dGt5X/]1REY9UJ:1L<=GN1h@ e 5X/]1
OP<=7�JQE½5XEY9]@�SK7:GNGIGN{Qq27:<=1D;�· #:��¸¹i*.0/6q2GDrB5=/2EYGkb2<=@QZL1DG=GI;2@B1DGw92@d5wb2CY7�MT7�<N@PCY1�EY9'�t>u3 � ST@B;]1LCYG
VW/21D<=145X/214OP<=7�JQE½5XEY9]@yEYG0Sxq2Z8/A/21L7�JQEH1L<t| GN1L1¼3B1LZa5XEY@:9��BiH�Pi��U�~i

jlq21z5X@!5=/21¡o2EY9]@dfgCHEYm:1�9^7d5=q2<=1¡@ e 5X/]1¡921Lq]5=<X7:CHEY92@]rW5=/21�<X7:;]E�7d5=EHJP1�;21LZL7�M �� � � � �� � EHG
7:C½V 7�MQGp5X/21T;2@PSTEY9^7d965l;21LZL7�M�ST@Q;21:i�{�@�VI1DJ:1L<Dr�E e 5X/21�921Dq]5X<=7:CYEH92@hEYGp/]1�7�JQEY1L<p5=/^7:9�5X/21

�
oc@PG=@P9srF5X/]1¼ZL@:965=<=EHo2q]5XEH@P9u@ e 5X/21t;21LZL7�MzEY9U5=@K5X/]1

�
921D1L;2G�5=@Roc1¼587dm:1L9uEY9U5X@h7dZLZL@:q29U5�i `^@P<



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���

�����

���

���

	
�� 


� �

	����� �

� �

� �

	
 � 


� �

	����� �

� �

� �

� �

	
 � 


`�EYOPq]<=1p�]i½���"< `^1aMB9]SR7:9?;2EY7:OP<=7:SKG e @P< 5X/214<N1�7:Za5XEY@:9A1 � 1 � � �� � � ��xi
EY9]GN587d92ZL1dr*E e � �� � � B �:¿P¿0�41#h�r�5X/21Ro2<X7:9]Z8/2EY92Ou<X7d5=EY@u@ e 5X/21_;]1LZ�7�M �� � � � �� � EYG¼1D{6q^7:CI5=@
7:oc@Pq]54��¿ 
 | GN1L1t�*{Qq27d5XEH@P92G��]i½�� y7:92;��]iH���U�ai

�g9�@:<=;21D< 5X@�EY9UJP1DGN5=EYOU7d5=1p5X/21pm6EY9]1LSK7d5XEHZl;2EYG�5X<NEYo2q]5=EY@P9]G @ e 5X/2EHG0b2<=@QZL1DG=GLr^�Iq2G=1D;�G=7:STb2CY1DG
@ e �P¿P¿]r�¿P¿P¿?> � 1DJ:1L9U5XG�OP1D921L<=7d5X1D;�VWE½5X/¡5X/21 ���	��
 � ��� b2<N@POP<X7dS e @P<l5gVI@�;]E^]F1L<=1D9U5pJ:7dCYq21DG
@ e 5=/21¼9]1Lq]5=<X7:CHEY92@TSR7dG=GLr � �� � � B��� :¿"E���µP¿ �41#h�rs7n5 � �gB �:¿P¿'�41#h�rcVW/]EYZ8/zZD@P<=<N1LG=bc@P92;]1L;
5X@?5X/]1�5gMQb2EHZ�7:C*ZD1L9U5X1D<�f @ e fgSK7:G=G41D921L<NO:M�@ e � ���k�Bi `�EYO:q2<=1��]i½���hG=/]@�VWG�5X/^7n5�5=/21�<=1DG=q2C½5XEY9]O
;2EHGN5X<NEYo2qB5XEY@:92GI@ e 5X/21lb]/2@:5X@:9h1L921D<=O:M_7:92;R5=/21lZL@:G=EY9]1l@ e 5X/]1lbF@:C�7:<I7:92OPCH1l7:<N1l7:OP7:EY9h7dCYST@PGN5
*[7d5Lr2VW/21L<N1p5X/214m6EY921DSR7n5XEYZL7:CYC½MK7:CYCH@�VI1L;?<=7:92OP1 e @P< 5=/214b2/2@:5=@P9A1L921D<=O:M?EHG0OPEHJ:1L9?oUM

� � �� � �� � � � � � � � �� ' |��]i �l 6�
�g9 5=/2EYGTG=1L7:<=Z8/�Z8/^7d92921LC�r 5X/21�b2<=EH92ZLEHb^7:CWo^7:Z8m6OP<N@Pq292;�ZD@PST1LG e <=@PS
5X/]1¡3Q5X7:92;^7:<N;�>�@Q;21DC
b2<N@BZD1LG=G�1 � 1 � � 	 �	 � | GN1L1�3B1LZa5XEH@P9T�Bi �Bi �:� VW/2@PGN10;2E^]F1L<N1L9U5XEY7:C]ZD<=@PGNGkGN1LZa5XEY@:92G�7:<=1 7:CYGN@pG=/2@�VW9
EY9 `,EYOPq2<N1¡�]i½���]i .0/21�mQEH921LSK7d5=EYZz;2EHGN5=<=EYo]q]5XEH@P92GR@ e 5=/21¡G=EHOP9^7:Cp7d<=1zJP1D<NM�;]E^]F1L<=1D9U5 e <=@PS
5X/]@PG=1y@ e 5=/21xo^7:Z8m6OP<N@Pq292;siV`^@P<p7_CY7:<=OP1 e <X7:Za5XEH@P9z@ e G=EHOP9^7:C 1DJ:1L9U5XGDr 5=/21yb2/2@d5X@P9¡1D921L<NO:MzEHG
1a`Bbc1LZa5X1L; 7:oc@�JP1R5=/21

�
f <=1D5=q2<=9�bF1L7:m�@ e 5X/21K<=1�7dZD5XEH@P9$1 � 1 � � 	 �	 � r�VW/21D<=1_5=/21?3Q5X7:92;^7:<N;

>�@Q;21LCso^7:Z8m6OP<=@:q292;AEYG01a`Bbc1LZa5X1L;A5X@yoc1lJP1D<NM?CY@�V4i*.0/6q2GDr[7�ZDCY1L7:9hG=1Db^7:<X7n5XEY@:9A@ e 5=/214G=EHOP9^7:C
e <=@:S�5X/21Ao^7:Z8m6OP<N@Pq292;�ZL7:9 oc1z7:Z8/]EY1DJ:1L;�oUM 7:9 7:b2b2<N@Pb2<=EY7d5X1?CH@�VI1L<KZLq]5K@P9 5X/21�b2/2@:5=@P9
1L9]1L<=OdMPi



���^�a� &#��.m!j� 	 ����� � �9!(��& 	dng)����4�;��� &j.;���Q�4��
��8��&U� � � � � ���
a)

 m(χ
∼0

1) = 180 GeV
 m(χ

∼0
1) = 150 GeV

 e+e− → νν
_
γ

χ
∼0

1G
∼

 → G
∼

G
∼

γ

Eγ (GeV)

E
ve

nt
s 

⋅ 1
0-3

 / 
2 

G
eV

0

10

20

30

0 20 40 60 80 100

b)

 χ
∼0

1G
∼

 → G
∼

G
∼

γ
 e+e− → νν

_
γ

√s


 = 200 GeV

cosθγ

E
ve

nt
s 

⋅ 1
0-3

 / 
0.

05

0

5

10

15

20

-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

`�EHOPq2<=1��]i½���Q< jlEYGN5=<=EHo2q]5XEH@P92GW@ e 7P�05=/21¼b2/]@:5X@P9�1L921D<=O:Mu7:92;�o[�W5=/21¼b]/2@:5X@:9zbF@:C�7:<
7:92O:CY1 e @P<t5X/21_<N1�7:Za5XEH@P9!1 � 1 � � �� � � �� � �� �� � 7n5 � �}B �d¿P¿��41#h�i�º�CYGN@¡G=/2@�VW9
7:<N1�5=/21�ZL@P<N<=1LGNbF@:92;2EY9]O ;2EHGN5X<NEYo2qB5XEY@:92G e @P<h5X/]1�;2@:SKEH9^7:9U5?o^7:Z8m6OP<N@Pq292;�b]<=@QZL1LGNG
1 � 1 � � 	 �	 � VWE½5X/A7:<=o]EH5X<=7:<NMK92@P<NSR7dCYEY¶L7d5XEH@P9�i

� 
�����&(��&#����n ��&j
 	dno
�� �9��kR��&j�;�
� e 5=/21¼SK7:G=GN1LGl@ e 7:CYC @d5X/21D<p3]Á�36Â b^7d<N5XEHZLCH1LG�7:<=1�OP<=1L7d5X1D<�5=/^7:9�5=/21¼ZD1L9U5X1D<�f @ e fgSK7:G=G�1L921D<=O:M
7�Jd7:EYCY7:o2CY1�7n5��v���,r�5X/21D9x5X/21kG=q]bF1D<=CYEHOP/U5�O:<X7�JQEH5XEH92@PG ZL@Pq]CY;¼G�5XEHCYCUoc1w;21a5X1LZa5X1D;xJBEY7�5=/21w<N1�7:Za5XEY@:9
1 � 1 � � �� �� � · #P�Br #l�n¸�i�.0/2EYG*b]<=@QZL1LGNG�b2<=@QZL1D1L;2Gkb2<=1D;2@PSTEY9^7d965=CHM�JQE�7lEY9]EH5XEY7:C½f GN5X7d5X1�<X7d;2E�7d5=EY@P9
EY9 5X/21�OP<X7�JQEH5=EY92@�b^7:EY< fgb2<N@B;]q2ZD5=EY@P9 b2<=@QZL1DG=GDr�7:9];�EH5XGK;2E^]F1L<N1L9U5XEY7:CWZL<N@PG=G_GN1LZa5XEY@:9�EYGRO:EHJP1D9
oUM�· #P�n¸ � � �� 
 � � ZL@:G�� �

B � ����� � ! � � �� �� � ��| 
 � E � � �3E |��]i �  P�
VW/21D<=1 ��� EYG�5=/21�OP<X7�JQEH5X7d5XEH@P9^7:CvZL@:92GN5X7:9U5�r � �� EHG�5X/]1TO:<X7�JQEH5XEH92@_SK7:G=GDr 
 � EYGl5X/]1yb2/2@:5=@P9G=ZL7:CY1D;�1D921L<NO:M�| � � � ��� $ � & �ar � � EYG 5=/214bF@PCY7:<07:9]OPCY1dr^7:92;
��| 
 E �:�	B �]|�� � 
 � ���

| � � 
 �L|�� � � 
 � 
 � �
 G=EH9 � �
� 
 | �C� � � 
 � 
 � ��4� � 
 � G=EH9 � ��P� � ' |��]i �R�U�

.0/21 b2<N@B;]q2ZD5=EY@P9tZL<=@:G=G�GN1LZa5XEY@:9x;21Lbc1L9];2G�@P92C½M�@P9¼@P9]103]Á�36Â�b^7d<X7:ST1D5=1L<�»45X/21IOP<X7�JQEH5=EY92@
SK7:G=GDil.0/21xb2/]@:5X@P9u1L921D<=O:MuG=bc1LZD5=<=q2S EYG�1a`Bbc1LZD5=1L;�5X@_oc1¼GN@ e 5�rs7:GlGN/2@�VW9�EH90`�EHOPq2<N1¼�]i½�� 2i
Á�9 e @P<N5=q29^7d5=1LCHM:rn5=/21k;2@PSTEY9^7:9U5vo^7dZ8mQO:<=@Pq29];¼b2<N@BZD1LG=G,1 � 1 � � 	 �	 � 7:CYGN@�b]<=@QZL1L1D;2G,JQEY7WEH92EH5=E�7:C f



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���
a)

e+e− → G
∼

G
∼

γ
P

γ
T > 0.01√s


      θγ > 14o

√s


 = 200 GeV   MG
∼ = 10-5 eV

σtotal = 0.8 pb

Eγ (GeV)

∆σ
/∆

E
γ (

pb
/G

eV
)

0

0.05

0.1

0.15

0.2

0 10 20 30 40

b)

cosθγ

∆σ
/∆

co
sθ

γ (
pb

/0
.0

5)

0

0.02

0.04

0.06

0.08

-1 -0.5 0 0.5 1

`�EHOPq2<=1t�]i½�� -<WjlE ]s1D<=1L9U5=E�7:C ZD<=@PGNGlG=1DZD5XEH@P92Gl@ e 5X/21t<=1�7dZD5XEH@P9z1 � 1 � � �� �� � 7:G e q292Z~f
5XEH@P92G�@ e 7U�p5X/21Kb2/2@:5=@P9$1L9]1L<=OdM$7:9];$o[�tZD@PG�� � r�Z�7dCYZLq]C�7d5=1L; e @:< � �}B%�:¿:¿0�p1Uh
7:92; � �� B ��¿ � � 1Uh�i

GN5X7d5X1�<X7:;2EY7d5XEH@P9�rQ7:92;?E½5XGwm6EH921LSK7d5XEHZ�;]EYGN5=<=EHo2q]5XEH@P92Gw7:<=1l1~`BbF1DZD5X1D;A5=@xoc1pG=EYSTEYCY7:<�5X@x5=/2@PGN1l@ e
5X/]1¼G=EHOP9^7:C � � |}G=1L1V`�EYOPq]<=1LG��Bi�µR7:9];��BiC#TEY9z3B1LZa5XEH@P9¡�Bi �Bi �P�aiW.0/21D<=1 e @P<=1dr 7KZDCY1�7d9uG=1Db^7:<=7d5XEH@P9
@ e 5X/214GNEYOP9^7dC e <=@PS 5X/214o^7dZ8mQO:<=@Pq29];uEYG09]@:5�bF@PGNG=EHo2CY1 e @:< 5X/2EHG�GN1�7:<NZ8/uZ8/^7d92921LC�i

¨0©
	 ©�� ��±��"�#�*®/�
�g9y5X/2EHG*G=1DZD5XEH@P9��,o]<=EY1>*2MyGNq2SKSK7:<NEY¶L1k5X/21Wb2/]@:5X@P9]EYZW3]Á�36Â G=EHOP9^7d5=q2<=1DG�7:92;y5X/21WZD@P<=<N1LG=bc@P92;Qf
EY9]OA5=/21L@P<N1D5=EYZ�7dC*SK@Q;21LCHGLi � @PSKST@P9�5X@�7:CYC*GNZL1D9^7:<=EH@PG��lZL@P9]G=EY;]1L<=1D;$7:<N1T5=/21T<=1L{6q2EH<=1DSK1D965=G
5X/27d5I5=/21 �w»Qb^7d<=EH5gM�EHG�ZL@P92GN1L<�JP1L;A7:9];R5X/^7n5I5=/21�CHEYOP/U5X1DGN5kG=q]bF1D<=GNMQSTSK1a5X<NEYZ�b27:<N5=EYZLCH1WEYGkZL@PCH@P<�f
CY1DG=G,7:92;�1LCH1LZD5=<=EHZ�7:CHCHM�921Lq]5=<X7:Cc|}G=1D103B1DZD5XEH@P9t�]iH���ai . Vw@�;2EYG�5XEY9]ZD5vG=EHOP9^7d5=q2<=1DG 7:<=1kEY9UJP1DGN5=EYOU7d5=1L;�<
1DJ:1L9U5XGxVWE½5X/!7�G=EY9]OPCY1Tb2/2@:5=@P9$b2CHq2G¼STEYGNG=EH92O�1D921L<NO:M�7:92;!1DJ:1L9U5XGxVWE½5X/�5gVI@zb2/]@:5X@P9]Gxb2CYq]G
STEYG=GNEY92OT1L9]1L<=OdM�EH9A5=/21t\29^7:CvGN5X7d5X1di�3Q1DJP1D<X7:C�3]Á�36Â ST@B;]1LCYGWb2<N1L;2EHZD5�b2<=@QZL1DG=GN1LG�5=/^7d5�ZL@Pq2CH;
CY1L7:;h5X@�G=q]Z8/uG=EHOP9^7:CHGW7d5��v���,i

.0/2<=1D1K3]Ál36Â b]<=@QZL1LGNG=1DGtZD@Pq2CY;zMQEH1LCY;�5X/21yGNEY92OPCH1af b2/2@:5=@P9zG=EHOP9^7d5=q2<=1l< �� � � �� �� b2<=@Q;2q2Za5XEY@:9
EY9�3]Á2���Wº SK@Q;21LCHG_VW/21L<N1�5=/21�921Lq]5=<X7:CHEY92@�EHG?5=/21��,3B� | G=1D1$3Q1LZD5=EY@P9��]i �Bi �P�_7:92; �� � � ��
7:92; �� �� � b2<N@B;]q2ZD5=EY@P9�EY9ASK@Q;21LCHG0VWEH5X/�G=q2bc1L<NCYEHOP/U5�O:<X7�JQEH5XEH92@PGDrcGNq2Z8/¡7:G�92@df G=Z�7dCY1t3]Á � �Wº

% � &('*) G7?���)D=�)DO:>�?A-3B @ =01N.0.X.�)D@V>0? 1NO 1/2 >0'*) .�?=</OJ-3B G71 )D.(O<13> '<-EBN)Q>0'*)�� A =�)K>�E*=0O ;�)D- � W



���^�a� &#��.m!j� 	 ����� � �9!(��& 	dng)����4�;��� &j.;���Q�4��
��8��&U� � � � � ���
3QEYOP9^7n5Xq2<N1 ��<N@BZD1LGNG jl1LZL7�M >�@Q;21LC�� � � �� �� �� �� � �� � � � 3BÁ � ��º · �P�n¸� � � & � " " �� � � �� �� � �	� �� � 9]@dfgGNZ�7:CH1�3]Á � ��ºtr[� �

�
· �Pµ]r #d�d¸�� �� � �

9]@dfgGNZ�7:CH1�3]Á � ��º · #:�n¸�� �� �� �� �� �� � �� � � � 3BÁ � ��º · �P�n¸� � � � & � " " ��>z3 � · �  n¸�� � � �� � � �� � � � �� � 9]@dfgGNZ�7:CH1�3]Á � ��º · #d�d¸

.,7:o2CH1��]i �8<k3Bq2STSR7:<�MR@ e 5X/]1�GNEY92O:CY1af�7:92;?Sxq2C½5XE½f b2/2@:5=@P9_GNEYOP9^7n5Xq2<N1LGWEY9�3]Á�36Âyi
| GN1L1u3B1LZa5XEH@P9 �Bi �Bi  6�~i .0/]1 �� � � �� b2<N@BZD1LGNGKZL7:9 7dCYG=@�oc1?EY9U5X1D<=b2<N1D5X1D; EH9�5=/21 e <X7:ST1DVI@P<Nm$@ e
5X/]1K� �

�
ST@Q;21LC�rsVW/2EYZ8/�EYGl7?ST@P<N1x<=1DGN5X<NEYZa5XEHJ:1�92@dfgGNZ�7:CH1�3]Á2���Wº SK@Q;21DC¹i¼º�9�7:;2;2E½5XEY@:9^7:C

<=1D{6q2EY<N1LST1L9U5x921D1L;2Gt5X@zoc1REHSKbc@PG=1D; e @P<45X/]1 �� �� � b2<N@BZD1LGNG
�

7dCYC�@:5X/]1L<¼3]Ál36Â b^7:<N5=EYZDCY1LG
/^7�JP145X@�oc14/21�7�JQEY1D<W5=/^7:9?5X/214ZD1L9U5X1D<�fg@ e fgSK7:G=G01D921L<NO:M�· #:��¸�i

.0/21¼5gVI@dfgb]/2@:5X@:9zG=EHOP9^7d5=q2<=1tZ�7:9¡7d<=EYGN1 e <N@PS�5gVw@hGNEYSTEYCY7:<0<=1L7:ZD5=EY@P92G�< �� �� �� �� b2<=@Q;2q2Za5XEY@:9
EY9u921Lq]5=<X7:CHEY92@_�,3B� ST@B;21DCYGx| G=1D1T3B1LZa5XEH@P9��]i �Bi �P��7:92; �� � � �� � � b2<=@Q;2q2Za5XEH@P9¡EY9zO:<X7�JQEH5XEH92@_� 3]�
ST@B;21DCYG�|}G=1L1�3B1DZD5XEH@P9��Bi �Bi½���~i�3B1L7:<=Z8/]1LG e @:<hoF@:5=/ 5=/21LGN1�<N1�7:Za5XEY@:92GA7d5�� ��� 7:<N1�/2EYOP/]CHM
ST@:5XE½J:7n5X1L;�oUM�GNq2bc1L<=G�MQSKST1D5=<=EYZKEY9U5X1D<=b2<N1D5X7d5XEH@P92G�@ e 5X/]1Rq296q2GNq^7:Cw1aJP1D965�@:o2G=1D<NJP1D;�o6M�5X/]1
� j `+1~`]bc1L<NEYST1L9U5�|}G=1D1�3B1LZa5XEH@P9��]i �Bi �P�ai .0/21u\^<NGN5hb2<N@BZD1LGNG_Z�7:9 oF1z;]EYG=ZDq2G=GN1L;ÀEY9 5X1D<=STG
@ e 5=/21A3]Á � �Wº�ST@B;21DCwb^7d<X7:ST1D5=1L<=G¼EY9U5X<N@B;2q]ZL1L;!EH9�3B1DZD5XEH@P9��]i½�Pi��]i¡.0/21hG=1DZL@P9]; b]<=@QZL1LGNG
EYGtb2<=1D;2EYZa5X1D;!o6M���>z3 � 7:92;�92@dfgGNZ�7:CH1h3]Á2���Wº�ST@Q;21LCHG_|�3B1LZa5XEY@:92Gy�]i½�Pi��z7:92;!�Bi �Bi  6�~iz�g9��>z3 � ST@Q;21LCHGLr 5X/21TCYEHOP/U5X1DGN54921Dq]5X<=7:CYEH92@?Z�7:9�/^7�JP1_7?SK7:ZL<N@PG=ZD@Pb2EYZ�;21DZ�7�M�CY1D92O:5X/srvVW/]EYZ8/
<=1D{6q2EY<N1LGk7pG=bc1LZLEY7:C2GN1LCY1DZD5=EY@P9 e @P<*b2/]@:5X@P9]Gk9]@:5�@P<=EHOPEY927d5XEH92O e <N@PS 5=/21Wb2<=EHSR7:<�M¼1aJP1D965kJP1D<N5=1a`Fi

.0/21Tb2/2@:5=@P92EYZyGNEYOP927d5Xq2<N1LG47:9];�5=/21�ZL@P<N<=1LGNbF@:92;2EY9]Ou3BÁl36Â b2<N@BZD1LG=GN1LG¼7:92;�SK@Q;21LCHGp7:<N1
G=q]SKSK7:<=EH¶L1D;�EY9�.�7:o]CY1��]i �Qi .0/21�36587:92;27:<=;	>�@Q;21DCto^7dZ8mQO:<=@Pq29]; e @:<A5=/21LGN1$\^9^7:C fgGN5X7d5X1
5X@:bF@PCH@POPEH1LG�ZD@PST1LG e <=@PS 5X/21�921Dq]5X<NEY92@?b^7dEY<�f b2<=@Q;2q2Za5XEH@P9zb2<N@BZD1LG=Gt7:ZDZL@PSTb^7:92EH1L;¡oUM�@P921y@:<
ST@P<=1�b2/2@d5X@P92G e <=@PS EH92EH5=E�7:C fgG�587d5=1¼<X7d;2E�7d5=EY@P9sr 1 � 1 � � 	 �	 � | � �~i?Á�GNq^7:CYC½Mz5X/]EYG�o^7:Z8m6OP<=@:q292;
b2<N@BZD1LG=G0ZL7:9_oc1p7:CHSK@PG�5wZD@PSTb2CY1a5X1LC½M�G=q2b]b2<=1DG=G=1D;uq2GNEY92O¼G=EYSTb2CH1�ZDq]5XG @:9R5X/21�b2/2@:5=@P9h1L921D<=O:M
7:92;�bc@PC�7d<x7:92O:CY1�|}G=1L1�3B1DZD5=EY@P92G��Bi �Bi½�?7:92; �]i �Bi  6�ai�.0/21h@P92C½M$1~`]ZD1Lb]5=EY@P9�EHG¼5X/21?<N1�7:Za5XEY@:9
1 � 1 � � �� �� � r�VW/21D<=1y5X/21¼G=EYO:9^7:C�ZL7:9292@d54oF1yGN1Lb^7:<=7d5X1D; e <=@PS 5X/21T3Q5X7:92;^7d<=;�>�@Q;21LC�o^7:Z8mPf
OP<N@Pq292;�i



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���
�?�8� # *�!z¢ ��¤ � �a§ ( � �x£ ��¢ ���?§*£ � �5��¦ ¢ �¡¤ ��*+�¡¤

.0/21TC�7:<NOP1y;2EHG=b^7:<NEH5gMuoF1a5gVw1D1L9�5=/21TVI1�7dm¡G=Z�7dCY1�| ��� $ �	� � ��¿ � �41#ht�p7:92;�5X/21y5X<=7:;2E½5XEY@:9^7:C
G=ZL7:CY1W@ e OP<=7�JQE½5gMyOPEHJ:1L9ToUMy5X/21��*C�7:92Z8m¼G=Z�7dCY1t| ��� ��� ��¿ �#� �p1Uht��EHG�ZL@P92GNEY;21D<=1D;K5X@4oc1W@P921W@ e
5X/]1 SR7��N@P<,5=/21L@P<N1D5=EYZ�7dC]b2<N@Po2CY1DSKG,EY9x1DCY1DSK1D965X7:<NMtb^7:<�5XEHZLCY1kb2/UMQG=EHZLGLi*.0/]10@P<=EHOPEY9�@ e 5X/2EHG�CY7:<=OP1
OU7:bsr]7:G�VI1LCYCF7:GkEH5=GIG�587:o2EHCYE½5gMyq292;21D<w{6q^7:9U5=q2S ZD@P<=<N1LZa5XEY@:92GLrQ;21LSK7:92;]Gw1a`Bb2CY7:9^7d5=EY@P9si�.0/2EHGIEHG
m692@�VW9�7:G�5=/21sr8ZtLJMuPRMdvwr8xoK;Mdf 0:X\LJW�@ e 5X/21x3Q587d92;^7:<N;¡>�@Q;21LC�iW.0/21x/2EH1L<X7d<=Z8/UMAb2<=@Po]CY1LS%ZL7:9
oc1¼G=q]ZLZL1DG=G e q2CYC½MuZDq2<=1D;¡o6M�EY9U5=<=@Q;2q2ZLEH92ORGNq2bc1L<=G�MQSKST1D5=<NMu7d5�5=/21tVI1�7:mAG=ZL7:CY1dr�7:G�;21LGNZL<NEYoc1L;
EY9T3Q1LZD5=EY@P9T�]i½�Pi �w1LCH@�V �v;2EYGNZLq2GNGk7:92@:5=/21L<*ZDC�7:GNG*@ e 5=/21L@:<=EY1DG�5X/27d5k7:<=10ZL7:b^7:o]CY1 @ e 7:;2;]<=1LGNG=EH92O
5X/]1�/]EY1L<=7:<=Z8/UMhb]<=@Po2CH1LSAr2ST@B;21DCYGwVWE½5X/�X PRMU28LVL�
�SUMuP��RZ(W'LJTQGJZtf
TQG�· # #n¸�i

.0/21LGN1�SK@Q;21LCHGR7dG=G=q]SK1u5=/^7d5K5X/21�36587:92;27:<=; >�@Q;21DC�\^1DCY;2GDr�EH92ZLCHq2;2EH92O�@Pq]<=G=1DCHJ:1LGLr�7:<N1
ZL@:9]\^921D;_5X@x7 e @Pq2< fg;2EHSK1D92G=EH@P9^7:C2/UMQbc1L<=GNq2< e 7dZL1T| o]<X7:921��kEH92G=EH;21�5=/21 e q]CYC^G=b27:ZL1~f 5XEHSK1¼| o]q2CYmB�ar
VW/21D<=1�7dGt5X/]1TO:<X7�JQEH587n5XEY@:9^7:C�\^1DCY;2G�7:<N1T7:CYGN@u7:CHCY@�VI1L;¡5X@Ab2<=@:b^7:OU7d5=1�EY9
� 1~`Q5X<X7AG=b^7n5XE�7dC�;2E½f
ST1L92GNEY@P92GDi ��1yZLq2<N<=1D965=CHMu/^7�JP1T7:CYST@PG�5l92@?m692@�VWCY1D;2OP1y@ e OP<=7�JQE½5gM¡7d5p;]EYGN5X7:92ZD1LG4CY1DG=Gl5X/27:9
7:oc@Pq]5I7pSKEHCYCHEYST1D5X1D<,GNEY92ZD1W;2EY<N1LZD5�5=1LGN5=GI@ e � 1aV05X@P9���GIC�7�V�7d<=1Wo^7:GN1L;R@:9T5=@P<=GNEY@P9Bf o^7:CY7:92ZL101~`6f
bc1L<=EHSK1D9U5XG*5X/^7n5w7d<=1WSK1DZ8/^7:92EHZ�7:CHCHM¼CYEYSTEH5=1L;?· #:µ]r #d´d¸¹i {�1L9]ZL1:rQEH5�EHG�ZL@P92ZD1LE½J:7do2CY105X/27d5kOP<X7�JQEH5gM
SK7�MRoF1D/^7�JP1t;2E^]F1L<N1L9U5XC½Mh7d5WGNSR7:CHCsGNZ�7:CH1LGLi{�@�VI1DJP1D<Lr � 1DV05=@P9��ÃGhC�7�V%Sxq2G�5hoc1z<=1Db2<=@Q;2q2ZD1L;À7d5RC�7:<NOP1u;2EHGN5X7:92ZL1DG_G=@$5=/^7d5ROP<X7�JQEH5gM
Sxq2G�5koF1D/^7�JP1�7:G�E e 5X/21D<=10Vw1D<=1�@P92C½M¼5X/]<=1L1�G=b27d5XEY7:C];2EHSK1D92G=EH@P92G e @P<�� � @ � SKSAi��g9�5X/]1�º�jpj
G=ZD1L9^7d<=EY@8�e�p5X/2EHG¼EHG¼7:Z8/]EY1DJ:1L;!oUM�ZL@PSTb^7:Za5XE e MQEH92OA5=/21R1~`Q5X<X7�;2EYST1L92GNEY@P9]Gt@P9�ZLEH<=ZLCH1LGDr�VW/21L<N1
5X/]1�O:1L@PST1D5=<NM_@ e 5X/]1LG=14;2EHSK1D92G=EH@P92G0EHG *[7d5�7:92;h5X/]145=@Pbc@PCY@POdMREHG 5X/^7d5�@ e 7x5X@P<Nq2GLi

.0/21 e q292;^7dSK1D965X7:CPOP<=7�JBE½587d5=EY@P927:C�G=Z�7dCY1 ��� EYGF5X/21D9t<N1LC�7n5X1L;l5=@05X/21��*C�7d92Z8m�GNZ�7:CH1�5X/2<N@Pq2OP/
���� � ����� ���� � � E |��]i � #P�

VW/21D<=1 � EHG�5X/21W<X7d;2EYq2G�@ e 5X/]1�1~`Q5X<X74;2EHSK1D92G=EH@P92GLi,.0/6q2GLr65X/21 e q29];^7:ST1L9U587:C]G=Z�7dCY1W@ e OP<X7�JQEH5gM
Z�7d9�oc14CY@�Vw1D<=1D;�5X@�5X/]1�. 1Uh+<X7:9]OP1pVW/2EYCH1l5X/21�G=EH¶L14@ e 5=/214ZL@PSTb^7:Za5XE½\^1L;?1a`Q5=<X7K;]EYST1L92GNEY@P92G
Z�7d9hoF147:GwC�7:<NOP1l7:G 7xSKEHCYCYEHSK1a5X1D<Liv.0/21p<X7d;2EYq2Gw@ e 5X/21pZD@PSTb^7:ZD5=EH\^1D;_1a`Q5=<X7y;2EYST1L9]G=EY@:92Gp| � �
Z�7d9�oc1x1~`]b]<=1LGNG=1D;$7:Gp7 e q]92ZD5=EY@P9¡@ e 5=/21yb^7:<=7:SK1a5X1D<=G ��� 7:9];���i�º�G=GNq2STEY92OhZD@PSKb27:ZD5=EH\]f

%�% &('*?A. .�@K)KO<-/=�?C1FL�-N.(1/=0?:<N? O<-/B B=9�;*=01/;�1N.�)DG IQ9 � =�� -/O*?:A ;8-3+�)DG ?��8?C+F1N;J1NE*BC1N.@?<-3O<G�� B -/B ? ? O  ������ M � �@R W



��� �7��� ���8!#�V$'&(��)+*,�-
�.�� /21���

��56&#�7�8�9��&j�;�9� ���
Z�7n5XEY@:9A@:9�7x5=@P<=q2GDr25X/2EHGW<=1LCY7d5XEH@P92GN/2EYb_EHG0OPEHJ:1L9AoUM�·ÃµP¿�¸

� � �� B µl� � � � �7� �� E |��]i �:µU�

VW/21D<=1 � � �� EHG � 1DV05=@P9��ÃGWZL@P92G�587:9U5�@ e OP<X7�JQEH5X7d5XEH@P9�i,.0/214Z�7:GN1�@ e @:92141a`Q5X<=7�GNb^7d5=E�7:CF;2EYST1L9BfG=EH@P9uEHG�5=/6q2Gl<=q]CY1L;u@Pq]5�G=EY9]ZL1 e @:< ����� . 1Uh�rcEH5�VI@Pq2CY;z7:CH5=1L< � 1aV05X@P9��ÃGpC�7�V 7n5�;2EHGN5X7:92ZL1DG
ZL@:SKb^7d<X7:o2CH1�5X@y5=/214G=EY¶D14@ e 5=/214G=@PCY7:<0GNMQG�5X1LSAi

��`B5=<X7pG=b27d5XEY7:CB;]EYST1L92GNEY@P92G�ZL@Pq2CH;ySR7d92E e 1DGN5�5=/21LSTG=1DCHJ:1LG�7d5*b]<=1LGN1L9U5I7:92; e q]5=q2<=10ZD@PCYCHEY;21D<=G
EY9�7�Jd7:<NEY1a5gM¼@ e Vw7�MBG�· #:µn¸�i��g9�b^7:<�5XEHZLq2CY7:<LrnEY9y1 � 1 � ZL@:CYCYEHG=EH@P92Gv5X/21aMxZL@:q2CY;yCH1�7:;x5=@l5X/21 GNEY92O:CY1af
b2/2@d5X@P9�7:92;�STEYG=GNEY92OR1L921D<=O:M¡GNEYOP927d5Xq2<N1yEY9�b2<N@BZD1LG=GN1LG�EY9UJP@:CHJQEY92Ohb]<=@Q;2q2ZD5=EY@P9�@ e OP<=7�JBE½5X@P9]G
7:92;Ao2<=7:92@P92GDi �w1LCH@�V �wO:EHJP147�o2<NEY1 e ;21DG=ZL<NEYb]5=EY@P9?@ e 5X/]1LG=1�b2<N@BZD1LG=GN1LGDi

¨0© ¨0©Nª 4 ®�� ��³ ­2¯I¬�� 2 �l¯�­]¯w¬ 2�®^¯W°4±l²s­^³ ¯w¬
�g9$5X/]1 e <X7dSK1aVw@P<Nm�@ e C�7:<NOP1R1~`Q5X<X7�;2EYST1L92GNEY@P9]GLr�OP<=7�JBE½587d5=EY@P927:C�\^1LCH;2G¼b]<=@Pb^7dOU7d5XEH92OuEH9�5X/]1
o2q2CHmzZ�7d9�oc1K1~`]b]<=1LGNG=1D;�7:G�7AGN1L<=EH1LG�@ e G�587d5=1LGtmQ9]@�VW9�7:Gt7 �47:CHq2¶�7nf �pCY1LEH9z5X@�VI1L<Li'`^@P<�7:9
@Po2GN1L<�JP1L<�5=<X7:b]bF1D;y@P9x5X/21wo2<X7:9]1:rP5X/]1LG=10O:<X7�JQEH5X@:9xSK@Q;21DG�7:b2bc1�7d<*7:G�SK7:G=GNEHJ:1 G=b2EH9Bf���921Lq]5=<X7:C
b^7:<�5XEHZLCY1DGp|U�t��5X/^7n50Z�7:9RZL@Pq2b]CY1�5=@¼5X/21l3Q587d92;^7:<N;A>�@B;]1LCF\21LCY;]Gw@P9_5=/21lo2<=7:921:i*º�G07¼<N1LG=q]CH5�r
<=1L7:C OP<=7�JBE½5X@P9]GyZ�7:9�oc1hb2<=@Q;2q2ZD1L; EY9!1 � 1 � ZL@PCHCYEYGNEY@P9]G�5=/2<=@Pq]OP/!5X/21h;2EH<=1DZD5�1LSTEYGNG=EH@P9!@ e 7
OP<=7�JQE½5X@P9 7:92;�7�b2/2@:5=@P9�r01 � 1 � � � � ·ÃµP¿Brwµ]�a¸¹iÀ.0/21ub2<=@Q;2q2ZD1L;�OP<=7�JBE½5X@P9 oF1D/^7�JP1DGh7:GRE e
EH5¼V 7:GT7zSK7:G=GNEHJ:1:rkGN587do2CY1drI7d92;�92@P9Bf EY9U5X1D<X7:Za5XEY@:9$b^7:<�5XEYZDCY1h7d92;$5X/6q2GT7:b2bc1�7d<=GT7:GySTEYG=GNEY92O
1L9]1L<=OdM?EY9?5X/21�;21D5=1LZa5X@P<Di º�G�G=/2@�VW9�EY9D`�EYOPq]<=14�]i½�� Br25=/2EYGWb2<N@BZD1LG=G�EYGW1a`Bbc1LZa5X1L;�5X@Tb2<=@QZL1D1L;
5X/]<=@Pq2O:/ �a»QZ8/27:92921DCkb]/2@:5X@:9�1~`]Z8/27:92OP1dr 6¹»QZ8/27:92921DCk1DCY1DZD5X<N@P9�1a`BZ8/^7:92O:1:r,7:92; e @Pq2<�f b^7:<�5XEYZDCY1
ZL@:965X7:ZD5�EH965=1L<=7:ZD5=EY@P92G�·¾µ]�L¸�i

.0/21�;2E^]F1L<N1L9U5XEY7:CsZD<=@PGNG�GN1LZD5=EY@P9?@ e 5X/]EYG0b2<N@BZD1LG=G�;21DbF1D92;2G�@P9?oF@:5=/h5X/21 ��� 7:92; � ·Ãµ:¿d¸t<
� � � | 1 � 1 � � � � �� 
 � � ZD@PG � �

B ��U� � � � � �
�k| � �P�P� � � ���� � � � � ��| 
 � EXZL@:G�� � �3E |��]i �:´U�

VW/21D<=1 
 � EYG05X/21�<X7n5XEY@T@ e 5X/21�b2/2@:5=@P9u1D921L<NO:M?5X@T5X/21�oF1L7:S 1L9]1L<=OdMPr � � EYG05X/]1¼bc@PC�7:<W7d92OPCY1



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���

�

���

���

�

�

� �

� �

�

�

� �

� �

�

�

� �

���

�

�

`�EHOPq2<=1¼�]i½�� "<�.0/21yCY@�VI1LGN5�fg@P<N;21L<F`^1aMB9]SR7:9¡;]E�7:OP<=7:STG e @P<�5X/21x1DSKEHG=GNEY@P9z@ e 7_<N1�7:C
OP<=7�JQE½5X@P9A7:92;A7�b2/2@:5=@P9�i

@ e 5X/214b2/]@:5X@P9sr � EYG 5X/]1 � ��j ZL@Pq2b]CYEY9]O2r^7:92;h5=/21 e q292ZD5=EY@P9 ��| 
 E	�]�wEYG0OPE½JP1L9AoUM��| 
 E	�]��B �2| � � 
 ��
 ! � �
 | � ��� � � � |¹� � 
 � � | � � 
 � 
 � � �$�
� � 
 � |�� � 
 � ��� � 
 ��� ' |��]i��P¿U�

`�EYO:q2<=1k�]i½�4�WG=/2@�VWG,5=/^7d5 5X/21k;2E ]s1D<=1L9U5=E�7:CUZD<=@PGNG,GN1LZD5=EY@P9tEY92ZD<=1L7:G=1DG�<X7db2EY;2C½Mp7d5,CY@�V�b2/2@:5=@P9
1L9]1L<=O:EY1LG�7:9];�bc@PCY7:<p7:92O:CY1LGDr�VW/21L<N1�EH5pGNZ�7:CH1LG�7:GT| � � G=EH9 � � � � � �~iy.0/21�b2<NEY92ZDEYb^7dC*3Q5X7:92;^7:<N;
>�@Q;21LC o27:Z8m6OP<=@Pq]92; e @:< 5X/2EHG0<=1�7dZD5XEH@P9hZL@:SK1DG e <N@PS 5=/214b2<=@QZL1DG=GW1 � 1 � � 	 �	 � r2VW/2@PGN1�ZD<=@PGNG
G=1DZD5=EY@P9�7dCYG=@�oF1D/^7�JP1DG�7dG � | � � G=EY9 � � � � � � EY9 5X/21�<=1LO:EY@P9 @ e CY@�V � � 7:92; � � |}G=1D1�3B1LZ~f
5XEH@P9¡º¼i½���~i¼.0/21D<=1 e @:<=1:rv5X/]1yOP<X7�JQEH5=@P9Bfgb]/2@:5X@:9¡G=EYO:9^7:C�ZL7:9292@d54oF1yGN1Lb^7:<=7d5X1D; e <N@PS 5=/21 	 �	 �
o^7:Z8m6OP<N@Pq292;u7:92;?Z�7d9�@P9]CHM_oc14;21D5=1LZa5X1L;u7:G�7:9A1a`BZL1DG=G�@ e 1aJP1L9U5=G�VWEH5=/?@P9214G=@ e 5Wb]/2@:5X@:9�i

¨0© ¨0©
	 ��®���¬l¯w¬ 2 ��³�® � 2�®^¯W°4±l²s­^³ ¯I¬ ³�¬ ������� ��¯ ����³��]³�¯I¬��
º	;2E^]F1L<N1L9U5�5=/21L@:<=1D5=EYZL7:CvG=ZL1D9^7:<NEY@RSK7�MA7:CYGN@Koc1�ZL@P92GNEY;21D<=1D;�iW�g9u5X/2EHG�7:b2b2<N@U7:Z8/�r[5X/21�5X/2<N1L1~f
;2EHSK1D92G=EH@P9^7:C�o2<=7:921hEYG�5X<N1�7d5=1L;�7:Gy7d9�7:;2;2E½5XEY@:9^7:C�b2/UMQG=EYZL7:Cwoc@Q;]M�EH9�5X/]1_5X/21D@P<NM�VWEH5=/$EH5=G
@�VW9�;]MQ9^7:STEYZLGDi�.0/]EYGySK7�M�CY1L7:;$5X@z5=/21?7:b2bc1�7d<X7:92ZD1h@ e 7:;2;2E½5XEH@P9^7:C�;21DOP<=1D1LG�@ eWe <=1D1L;2@PS
ZL@:<=<=1DG=bc@P92;2EH92O?5X@Ao2<X7:9]1 *^q]ZD5Xq27d5XEH@P92G�7:CY@:92Oh5X/21T1a`Q5X<=7nfgGNb^7:ZD1K;2EHSK1D92G=EH@P92GDrvVW/]EYZ8/�VI@Pq2CH;
SK7:92E e 1DGN5�5X/21DSKGN1LC½JP1LGl7:G�921aV	GN587do2CY1tb^7:<N5=EYZDCY1LG�Z�7dCYCY1D; 0:MuPRT3f
TQGt| �� �¼·¾µU��¸�i�.0/]1LEY<�;]MQ9^7:STEYZDG
7:<N1t;21a5X1D<=STEY921D;uoUM�7:9�1J]s1DZD5=EHJP1�5X/21D@P<NM?VWE½5X/AZL@Pq2b]CYEY9]OPGW@ e 5X/]1tG=7:SK1�@P<N;21L<�7:GW5X/21to2<X7:9]1
5X1D92G=EH@P9�|����ai*� 5wG=/2@Pq]CY;hoc1�92@:5=1L;_5=/^7d5 o]<X7:92@:92G07:<N1l9^7d5=q2<X7:Cc;^7:<NmPfgSK7d5=5=1L<wZL7:92;2EH;^7d5=1LGp·¾µP�d¸
| GN1L145X/214;2EHG=ZDq2G=GNEY@P9A@P9?;^7:<NmUf SR7n5=5X1D<0EY9A3B1DZD5=EY@P9��]i½���ai



��� �7��� ���8!#�V$'&(��)+*,�-
�.�� /21���

��56&#�7�8�9��&j�;�9� ���

E γ / 
Ebeam

cos θ
γ

dσ
 / 

dx
γ d

co
s 

θ γ  
(p

b)

0.2
0.4

0.6
0.8

1

-0.5

0

0.5

1

2

`�EHOPq2<=14�BiH�4�"<wjlE ]s1D<=1L9U5=E�7:CFZL<=@:G=G�GN1LZa5XEY@:9�@ e 5X/21�1 � 1 � � � � b2<N@BZD1LG=GDrFZD@PSTb2q]5X1D;
e @P< �DB��Qr ��� B � '  �. 1Uh�r[7:9]; � � B��:¿ #%�41#h�i
�w<X7d92@P92GlZD@Pq2b2CH1¼5X@_5=/21�3Q5X7:92;^7d<=;�>�@Q;21LC,b^7:<�5XEYZDCY1DG�EY9ub^7:EY<NGl7:9];¡Z�7:9¡oc1x;21a5X1LZa5X1D;�EH9

1 � 1 � ZL@:CYCYEHG=EH@P92G0JQE�7T5=/21x<N1�7:Za5XEY@:9u1 � 1 � � �� �� � il.0/21V`[1aMQ92SR7d9z;2E�7dOP<X7:STGW@ e 5X/]EYG�b]<=@QZL1LGNG
7:<N1�G=/]@�VW9hEH9�`�EHOPq2<N1��]i½�*#Bi�.0/21�\^9^7dC½fgG�587d5=1�o]<X7:92@:92Gw;2@¼92@:5IEY9U5X1D<X7:Za5 EY9T5X/21�;21D5=1LZa5X@P<07d92;
7:<N1¼/21D92ZL1yEH96JQEHG=EYo]CY1:i�.0/6q2GLrF5X/21x1~`BbF1D<=EYST1L9U5X7:C,GNEYOP927d5Xq2<N1¼@ e 5=/21¼o]<X7:92@:9Bfgb2/]@:5X@P9ub2<=@Q;2q2Z~f
5XEH@P9hEYG 5=/214b2<=1DG=1D92ZL1�@ e 7�GNEY92O:CY1lb2/]@:5X@P9h5=@POP1D5=/21L<0VWE½5X/?SKEHG=GNEY92Ox1D921L<NO:MPik.0/214;2E ]s1D<=1L9U5=E�7:C
ZL<N@PG=G�G=1DZD5=EY@P9?@ e 5X/2EHGWb2<=@QZL1DG=GWEYG0OPE½JP1D9�oUM�·¾µR d¸

� � � | 1 � 1 � � �� �� � �� 
 � � ZD@PG � �
B � � � �� � � � � �Q| ��� 
 � � ��  ���  � ���� � �   � ��6| � � 
 � �

�

� 
 � | � �!� 
 � � � 
 �� � � 
 �� G=EH9 � � � �
�2|�� � 
 � �D|�� � | � � 
 � � � �
 � GNEY9 � � � � E |��]i��]���

VW/21D<=1 � EHGt5X/]1ho2<X7:9]1R5X1D92G=EH@P9�r � EYG�5X/21Ro2<X7:9]@P9!SR7dG=GLr � �
� � � � �R�]�� � P¿]r*7:92; 
 � 7d92;

� � 7:<N1T5=/21RGNZ�7:CH1L;$1D921L<NO:M�7:92;�5X/21KbF@PCY7:<�7:92OPCH1�@ e 5X/]1Rb2/2@d5X@P9�| 
 � B � � � � "���� � �~i?.0/21
% 6�� 1N= .�?C+�;*B ?A@ ? > 9>? 7 @K1/O<.�?CG*)K=X-�.�@K)KO<-/=�?C1FLX? >0'�1NO*B=9H1/O*) BC?:<N':>(I<=0-/O*1/O .�;�)D@K? )�.(132 +�-/.0. P W



��� �����	��

������������
������������ ���"!#�%$'&(��)+*,�-
�.��0/213�4
���56&#�7�8�9�:&#�;���

���

���

��

�

��

� �

� �

�

��

��

� �

� � �

��

��
� �

���

��

�

��

`,EYOPq2<N14�]i½�*#"< `^1DMQ92SK7:9?;2E�7dOP<X7:STG e @P< 5=/214<=1L7:ZD5=EY@P9?1 � 1 � � �� �� � i
m6EY921DSR7n5XEYZ�b2<N@Pbc1L<N5=EY1DG�@ e 5=/2EYG G=EHOP9^7:CQ7:<N1wGNEYSTEYC�7d<�5X@�5=/2@PGN1w@ e 5=/21wOP<=7�JBE½5X@P9Qfgb2/2@d5X@P9�1LSTEYGNG=EY@:9
1 � 1 � � � � r2VW/2EHZ8/AVw7:GW;21DG=ZL<NEYoc1L;�EY9_5X/]1�b]<=1DJQEH@Pq2GWG=1DZD5XEH@P9�i

3B1�7d<=Z8/21DG e @:<ROP<=7�JQE½5X@P92GR7:92;�o2<=7:92@P9]Gh7:<=1uEY9�7�GN1L92GN1�ZL@PSTb2CY1DSK1D9U587:<�M ·Ãµ! �¸¹i � e 5X/]1
o2<=7:921x5X1D92G=EH@P9�EYGp7doF@�JP1x5=/21y1�]F1LZa5XE½JP1�G=ZL7:CY1y@ e OP<=7�JBE½5gMPr �
	 ��� rs5=/21x\^<=G�541DJQEY;]1L92ZD1 e @:<
1a`Q5=<X7h;2EYST1L9]G=EY@:92G�VI@Pq2CY;¡oc1x5X/]1y;2EYGNZL@�JP1D<NM¡@ e OP<=7�JQE½5X@P92GDr�OPE½JBEH92O_EH9 e @P<=SK7d5=EY@P9�7:oc@Pq]5p5X/]1
OP<=7�JQE½5gM�G=Z�7dCY1�7:92; 5=/21A9Qq]SxoF1D<K@ e 1a`Q5X<=7�GNb^7d5XEY7:C0;2EHSK1D92G=EH@P92GLi � e 5X/]1�o2<=7:921A5X1L9]G=EY@:9 EHG
oc1LCY@�V 5X/21hO:<X7�JQEH5gM$GNZ�7:CH1:r ��� ��� r*5X/21D9 5=/21_\^<NGN5TG=EHOP9^7:CI@ e 1a`Q5X<=7�;2EHSK1D92G=EH@P92G¼VI@Pq2CH;
oc1t5X/]1¼;2EHG=ZL@�J:1L<NM�@ e o2<=7:92@P9]GLrF7:CYCH@�VWEH92OK7KST1�7:GNq2<=1DSK1D965�@ e 5=/21¼o2<=7:921¼5=1L92GNEY@P9�G=ZL7:CY1drF5X/]1
96q2Sxoc1L<W@ e o2<X7d92@P9AG=bc1LZLEH1LGDr[7:92;?5X/21DEY<0SK7:G=GN1LGt·Ãµl :¸¹i


