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3 GeV/c - PIONS

3 GeV/c - PROTONS
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coated surface

strip board anode wire Ø 50 µm
gold plated tungsten

aluminum box
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ID
Entries
Mean
RMS

      11
    4975
  317.4
  26.64

  337.5    /    61
P1   286.5
P2   303.4
P3   8.656
P4   69.46
P5   336.3
P6   26.12

t/ns5 30
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400
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15 25
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"�"#�#

$$$
$$$
$$$%�%�%

&�&�&
'(())*+
+,-�-.�./�/01�1�11�1�11�1�1 2�22�2

333
334�44�44�4
5�5�5

6�66�67�7�77�7�77�7�7 8�88�88�8
8�88�89�9

180 mrad
µ

1 m

VACUUM VESSELS
He-3  PRECOOLER
THERMAL RADIATION SHIELDS
DILUTION REFRIGERATOR
MICROWAVE CAVITIES
TARGET HOLDER
TARGET MATERIAL
SUPERCONDUCTING MAGNET

:�:�:�:�:�:�::�:�:�:�:�:�::�:�:�:�:�:�:
;�;�;�;�;�;�;;�;�;�;�;�;�;

ν ν

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

<>=@?BADCFEF=DG HIADCKJMLNEFAD< C �ªARA�¡ O �C��P �ZofA ��¡ O �¦��P �]o^A�Ëf¡
�/UtYsB2;4Us:<DwLM@fShL4U`PE@�LQF];M:EL �^¿¦@�� % ¿"@ Á]~ ~?x`�^} ~jx��E�
�*F�L$P<@�;"=2:]Y´Hj@�L �5@�³XYWF�L4�¤@�NK:��|_ »?x¼� �<x�} ~jxÍ}y�
¾�Ul�jUsD2PGoQ=KF�ACaK@�L �±YWFEVMVreIa2LM@��h@�NK:��2_ »?x¼� �<x¼� ~jx � Á
ACUWofLM:][�FZ³X@"U´V4:�YWF�;$:<L ÀgB }��I~?xs� � ~jx�» �
ACUWofLM:][�FZ³X@"U´V4:�YWF�;$:<L �¦L�F�N2=jU`;$@ � �I~?x¼»   ~jx�» �
ACUWofLM:][�FZ³X@�o�F�³kUs;4_ z±Y �  ?xlÁ ~jx� XÁ
;$=2@�L$A�F�YTVMofL$@�@�DKV z±Y  Z�I~?x¼   ?xlÁ ~jx`�E�
V4B2NK@�L�UWV4:�YWF�;4U`:XD ¾O_XYWF�L »<~Z�I~?x¼~<  �<x�} ~jx�~E�
³EFEofB2B2A�[%UsDKH?:][ 9%@ » �<x¼� ~jx��]}
;$:<;�FZY »jx�� �

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

m<UsACUtYWF]L�Ys_X>2FvV4NKF�L$@/=?UsP<=R³X:�Ys;QF]P<@ V�B2N2NjY`_vUWV¸D|@�@]H?@]H¹xÅ�%=|@/LM@]V4;8:�S¹;M=|@/AµUWofL$:�[�F�³X@/V�_|V�;$@�A�:<B2;�VrUWH?@
;M=|@uo^LM_X:XV4;QF];5o�F]DGac@vBKV4@]HOFEV¦V4BKoQ=�x

�%=2@"AµUWofL$:�[�F�³X@"o�F�³kUs;4_CF]DKHµ;$=2@/[/F�³X@�PEB?UWH?@]VÅUsDKVrUWH?@ ;M=2@"ofL$_X:XV4;QF�;g=KF�³X@/;$:·aK@"LM@]o^:<DKV4;MLMBIof;M@]H
H?B2@v;$:®;$=2@5U`DIofLM@]FEV�@]H®Ys@�D2PE;M=p:�ST;M=2@vLM@^ShL�UsP<@�L�F�;$:<L F�DKHG;M=2@5YWF�L$P<@�L":<NK@�D?UsD2PbF�D|P�Ys@Xx/�%=2@vN2L$@]V�@dD?;
o�F�³XU`;4_�UWVuAbF<H?@G:EB2;®:]SC��ARA�;M=?UWoQ¥£ÀgB�V�=2@�@d;C[/=?UWo�=�[%:EB?YWH£V4@�³X@�LM@^Y`_�F�aIV�:<L$a£;$=2@G=KF<H?L$:<D?UWo
ShLQF]P<AR@�Dj;QVfxÃz�³X@�LM_�odF�LM@^ShB?Y H?@]VªU`PED�:�S�;M=|@OD2@�[io�F�³kUs;4_�UWV®D2@]o^@]VMV$F�LM_�;$:(AµUsD?UsACUWV�@²;M=|@O[/F�YlY
;M=jU´oQ¥jD2@]VMV^>2;M:R:<a2;�FZUsD²FC=?UsP<=�¶kBIFZYlUs;�_�S�FEof;M:EL�>KF�DIH�;M:R@�DKV4B2LM@vL4U`P]UWHkUs;�_yx

�d~<�



� 9 �5������#
� �
�%=2@ODjBKo�Ys@]F]LRV�N?UsD�Nc:]YWF�L�UWV$F�;�UW:<D :]S5;$=2@G;QF]LMP<@d;®AbF�;$@�L�UWFZY ���£[%UlYlYvaK@GA®@ZF<V�B|LM@]H(aj_�§5¾²È

;M@Zo�=2DjU´¶XB2@]V%@dA®N?Ys:]_XU`D|P�of:EA®AR@�L�o�UWFZY*V4@�L�Us@]V�� �hA®@d;M@�L�Vfxg�%=2@vAR@]F<V4B2LM@�AR@�Dj;8U´V/aKFEV�@]HG:<DG:<a2;�FZUsD@�
UsD2PG;M=2@vUsD?;$@�P<L�FZYg:]S%;$=2@C§ ¾²È{F]aKV�:ELMN2;4Us:<D�VªU`PEDKFZY¸[/=?UWo�=OUWV5N2LM:ENK:<LM;4Us:<DKF�Y%;$:�;M=|@CNc:]YWF�L�UWV$F�;�Us:ED�x
�%=2@vodFZYlUsa2LQF];�Us:<DGU´V\H?:<D|@5a?_CAR@]FEV�B2L4U`D|Pu;M=|@5§5¾²È�F]aKV�:ELMN2;4Us:<DpVrUsP<DIFZYTF�;�F·¥jD2:][/D®NK:]Y´F]L�UWVMF];�UW:<D
[/=2@�Db;M=2@ V�N?UsDpV�_|V�;$@�A UWV�UsD�;M=2@dLMAbFZY¹@]¶XB?UlYtUsa2L4UsB2A [%Us;M=G;M=|@±YWF�;$;�UWof@XxgÉ4D®:ELQH?@dL%;M:�N2LM:EaK@vF�YWF�L$P<@
ShLQFEof;�Us:ED(:�S";$=2@C;QF]LMP<@d;uAbF�;M@dL�UWFZY�>Å}G;$:²�G§5¾²È o^:�UlYWVu[%UtYlY�ac@R@�ACaK@]H2Hj@]H�UsD(@]F<oQ=²;QF]LMPE@�;u=KF�YlS$x
¾OB?Ys;�UsN?Ys@GoQ=KF]D2D2@fYWV5N2LM:]³XUWH?@RFZYWV�:�V�@]o^B2L�Us;4_wF�PyFZUsDKV�;vS�FZUlYsB2LM@ZV·:�S\UsDKHkUs³kUWH?BIFZY"§ ¾²È N|LM:<aK@]V^xR�%=2@
@f�jUWV�;�UsD2P�§5¾²È{@Z¶kB?UsN2AR@�Dj;5:�S mj¾�À�odF�Dwac@RBKV4@]H�a|B2;v;M=2@bof:<Dj;ML$:�YlYlUsD2P²AµUsD?UWof:EA®N|B2;M@�Lv=KFEV·;$:
aK@uL$@�N?YWF<of@ZHJaj_GFuD2@d[ [%:ELM¥|V�;QF];�Us:<D x

�4"  ��� #�� "�#
�! ��" B
�%=2@"N2LM:ENc:yV�@]HRNc:]YWF�L�UWV4@]H�;QF�L$P<@�;gAbF�;$@�L�UWFZYWV\F�LM@ F�ARAR:<D?UWFu�4§5¿ � ¡�Sh:<Lg;M=|@/N2LM:E;M:<DR;QF]LMPE@�;\F�DKHYlUs;M=?UsB2A�H?@dB2;M@�L4UWH?@®� � ÄcU �·¡/Sh:<L";M=2@qH?@�B2;$@�LM:EDO;�F�LMPE@�;�x �/Sg;$=2@uNK:XV$VrUsa?Ys@R;QF�L$P<@�;"AbF�;M@dL�UWFZYWVf>¹;M=2@]V4@

F�L$@RV�B2NK@�L4Us:<L5UsD²;M@�L$A�V/:�Sg;$=2@·eIP<B2L$@C:�S\A®@dL�Us;�� � O2� ��� ��¡4Ë5[/=?UWo�=OUWV±UsDj³X@�LQV4@fYs_GN2LM:ENc:ELM;4U`:EDKFZY
;M:R;M=|@uH|F�;QFC;QF]¥kUsD2Pb;�UsA®@5Sh:EL5FEo�=?Us@�³XUsD2PbFCof@�LM;�FZUsD²V4;QF];�UWV�;4U´odFZY\FEo�ofB2L�F<of_Xxg¿"@�LM@X>�����F�DKH ��=IFZ³X@
aK@�@�D�Hj@feKD2@]HOUsD�V�@Zof;�Us:<D�»?x`�bF�DKH OOU´Vv;M=2@R;M=jU´oQ¥jD2@]VMVv:�S";$=2@®AbF�;$@�L�UWF�Yªxp�%=2@fUsL�³<F�YsB2@]V·Sh:<Lv;$=2@
N2L$:<NK:XV4@]H£A�F];M@�L4UWFZYWV®F]LM@pP�Us³X@�D(UsD��*F�a?Ys@²�jx`�d~?x��%=2@G;QF�L$P<@�;CAbF�;$@�L�UWF�Y¦UWVuU`D�FOSh:<L$A�:�S�V4A�F�YlY
ShLQF]P<AR@�Dj;QV%Sh:<L of:X:�YlUsD2PGLM@]FEV�:EDKVf>¹F�DKH�UsDON2L�F<of;4U´o^@CFue2YlYtUsD2P�S�FEof;M:EL¦:]S\F�aK:<B|;5~jx � U´V"LM@]FEo�=2@ZH¨>?;$=2@
LM@ZV�;5:]S/;M=|@C;QF�L$P<@�;�of@^YtY¸³X:�YsB2AR@Cac@^U`D|P�:jodofB2N?Us@]H²a?_GYlU´¶XB?UWH�=2@^YtUsB2A�F]DKH²;M=2@R§5¾²È�of:]UlY´V^xR�%=2@
§5¿ � A�F];M@�L4U´F�Yg[%UlYlYgaK@RFZ³EF�UtYWF]a?Ys@®ShLM:EA ;M=|@®mj¾�À ���E� � LMB|D²a2B2;5;$=2@ � ÄcU ��A�F];M@�L4U´F�Yg=KFEV�;$:�aK@
F<od¶kB?UsL$@]H¨x

�%=2@/NKF]LQF�AbF�PED2@�;4U´o/o^@�D?;$LM@]V¨D|@�@]H?@]H¦Sh:EL��5§5n²F]LM@/o^LM@]F];M@]H5U`D�;M=2@ZV�@%AbF�;$@�L�UWF�Y´V8aj_¦UsLML�F<HkUWF�;4Us:<D
[%Us;M=GF]D®@^Y`@Zof;ML$:<DCaK@]F�Apxg�%=2@"F]A®AR:<D?UWF5Sh:<L%mj¾�À�=KF<V8aK@�@�DuUsL$LQF<HXU´F];M@]H�[%Us;M=R;M=|@" <~v¾O@�
£YlUsDKF<o
F�;�9%:ED2DwF�DKHO;$=2@RVMF]A®@C[%UlYlY\aK@RH?:<D2@R[%Us;M= � ÄcU ��a2B|;vF®D2@�[ UsLML�F<HkUWF];�Us:<D�ofL$_X:XV�;�F�;¦UWV5D2@�@ZH?@]H¨x
�%=2@"NKF�L�F�AbF�PED2@�;�UWovof@�Dj;ML$@]V UsDG§5¿ � Hj@]o�F�_CH?B|L�UsD2PCF5Ys:<D2P.�¤;$@�LMA V�;$:<LQF]P<@¦UsD®YlUW¶XB?UWHJDjU`;$LM:EP<@�D�xg��:
:]³X@�LQo^:<AR@5;M=?UWV/;M=2@ A�F];M@�L4U´F�YTo�F�DpaK@uV4;M:ELM@]H®UsD�YlUW¶kBjU´HG=2@fYlUsB2A�:<L/L$@�� UsL$LQF<HXU´F];M@]HOaK@fSh:ELM@v;M=|@5BKV�@yx

É4D�;$=2@C;M@]V4;QVvH?:ED2@®[%Us;$=(;M=2@�mk¾�À ;QF]LMPE@�;�F�N2L$:<;M:ED�NK:]Y´F]L�UWVMF];�UW:<D£:]S ��� � 	 �<~²� #<�ª�E ��
[/FEV8LM@]FEo�=2@ZH·U`DbF�ARAR:<D?UWF�UsDbF�aK:<B|;% ]}u=2:EB2LQVgF]DKH � »u� :�S ;M=?UWV8[%Us;M=?UsDG 5=2:EB2LQV8:]S �5§5n*xX�%=2@]V4@
DjB2ACaK@�LQV/F]LM@�V�B2a 	M@Zof;/;M:bVrYlUsP<=j;±UsARN2LM:]³X@�AR@�Dj;QV\H?B2L�UsD2Pb;M=2@Cmj¾�À ���E� � L$B2D�x

�%=2@�AR@]F<V4B2LM@dA®@�Dj;":�S"N2L$:<;M:ED(NK:�YWF�L4UWVMF�;4Us:XD¢UsD�F�ARAR:<D?UWFOodF�Dwac@bH?:ED2@�[%Us;M=�F]D(FEo�ofB2L�F<of_
:�S� 
�j»�� :][%UsD2PG;M:R;M=2@�DKF�L$LM:][ §5¾²È VrUsPEDKFZY�x��%=2@uAR@]F<V4B2LM@dA®@�Dj;/:�S¸;M=2@�Nc:]YWF�L�UWV$F�;�UW:<D�:�S ' % §
UWV¦HXU !JofB?Ys; H?B2@v;M:uUs;�V±³X@�L$_®a|LM:XFEHO§5¾²È�YtUsD2@ZV�=KF]Nc@yx/È±@Zof@�Dj;�AR@]FEV�B2L$@�A®@dD?;�V%F�;vÀ\ÇgÈ¦§�F]DKHOF];
9%:<D|D�UsDKHkUWo�F];M@u;$=KF�; F�DpFEo�ofB2L�F<of_�:]S\F�aK:EB2;��� <~X� odF�DGaK@uFEo�=jU`@d³X@]H¨xg�%=2@ ' % § NK:�YWF�L4UWVMF�;4U´:ED�UWV
D2:E;�@^�2NK@]of;$@]Hu;M:vaK@/AR:<LM@/;$=KF�Dp���C� B2DIH?@�L8;$=2@"of:<DIHkUs;�Us:<DKV%L$@]F<oQ=KF]a?Ys@±UsDR;M=2@/D2@d[¢;�F�L$P<@�;dxg�%=2@
' % §¢DjBKo�Ys@�BKV�=KFEV�V4N?UsDG�/F�DIH·U`DC;$=2@/V4=2@fYlYKAR:jH?@fYjUs;gof:<DIVrUWV�;�V¸:]S F5V�N?UsD@��~vof:<L$@%N?YsBKVgF¦D|@�B2;ML$:<DqF�DKH
FuN2L$:<;M:ED�x\�%=2@vB2DKof@�L$;QF�U`Dj;4_µUsDp;M=2@vo^:<LML$@]of;4U`:ED�Sh:<L/;M=|@uFEV�_jA®AR@�;$LM_CShLM:<A ;M=|@·aK:EB2DKH�NK:]Y´F]L�UWV�@ZH
D2@�B|;MLM:EDGF�DIHJN|LM:<;$:<DGo^:<LML$@]V�NK:EDKH2V%;M:qF�D�B|DKof@�L$;QFZUsDj;4_µUsD�;$=2@±ShL$@�@"N2LM:E;M:<DpFEV�_jA®AR@�;ML$_C:�STF]ac:EB2;
�C��x

�%=2@vA�F];M@�L4UWFZY¨Sh:EL%;$=2@vH?@�B|;M@�L$:<D�;�F�LMPE@�;�> � ÄcU �u>2=KF<V/Fv³X@�LM_C=jU`PE=G;M=2@�:ELM@�;4UWo�FZY HkUlY`B|;�Us:<DOS�FEof;M:EL
�¢:]S"~jx��?xb�%=2@bF�LMPEB2AR@�D?;5Sh:EL·;$=?UWV·=?UsPE=¢³EF�Y`B|@®L$@]V�;�V·B2NK:<D�FJN|LM@]V4B2A®@ZH �dFZYsN2=KF 	 Hj@�B2;M@dLM:<D�G
N?UWof;$B2LM@²:]S � ÄcU�>"[%U`;$=¬;$=2@ONK:]Y´F]L�UWVMF];�UW:<D�:�S�;M=|@²D?BKoQY`@dBKV�o�F]LML�Us@]H£aj_�;M=2@²NK:]Y´F]L�UsÌ]F];�Us:<D�:�S�;$=2@
H?@�B|;M@�L$:<D�x�È±@Zof@�Dj;�Ys_X>8;M=|@�NK:]Y´F]L�UsÌ]F];�Us:<D :]S5;$=2@pof:<DIV�;�Us;$B2@�Dj;QVC:�S � ÄcU FEV®F²;M=2L$@�@��haK:jH?_�ac:EB2DKH
V�;�F�;$@u:�S	� 	 + 	�/G[/FEV¦o�F�YWofB?YWF�;$@]H �Í XÁ]~ �*;M:RoQ=2@]oQ¥R;M=2@�F<V$V�B2ARN2;4U`:ED(F]aK:�³X@yx%�%=2@�F]B2;M=2:ELQV±eIDKH
FCNc:]YWF�L�UsÌ]F];�Us:<Dw:�ST;M=|@·³EF�Y`@dDKof@vD2@�B2;$LM:EDOF]DKH�;M=2@v³EFZYs@�DIof@vN2LM:E;M:<DGUsD�@^�Kof@ZVMV�:]S\�< ®� Sh:<L"F·ShB?YlYs_
NK:�YWF�L4UWV�@]H®DjBKo�Ys@�BIVÅF]DKH·Sh:<L8@^U`PE=?;THkUlº¹@�LM@dD?;8AR:jH?@fYWV UsDj³X@]V�;4UsPXF�;$@]H¨><UsDC@fº¹@]of;*V4B2N2NK:<L$;�UsD2Pu;$=2@%DIFZUs³X@
@f�|NK@]of;QF];�Us:<DGSh:<L";M=2@vNK:�YWF]L�UsÌ]F�;4Us:<D�x"�%=2@�:ELM@�;4UWo�FZYTB2DKof@dLM;QF�UsD?;4_CU´V"F�L$:<B2DIH²»®��x

¾²FZ�jUsACB2A NK:�YWF�L4UWVMF�;4Us:<D¹VvF�aK:]³X@v�<~�� =IFZ³X@ ac@d@�DG:<a2;�FZUsD2@]H�Sh:<L � ÄcU � �hSh:<L/;M=|@uHj@�B2;M@dLM:<DJF<V
�E��~



A�F];M@�L4U´F�Y §5¿ � � ÄcU �
Y`@dD2P<;$=O:�S¸@]F<oQ=Gof@fYlY � ~ ofA
PXF�NpaK@�;4[%@�@�Dpof@^YtYWV ��~ ofA
of@fYlYTHkUWF�AR@�;M@dL » ofA
;M=?UWoQ¥?D2@ZVMV O � � �<� P �ZofA�Ë
HkUlY`B|;�Us:<D²S�F<of;$:<L � ~jx`��Á � ~?x��
Nc:]YWF�L�UsÌ]F];�Us:<D ��� ~?x��E� ~?x��
eKP<B2L$@u:]S8AR@�L�Us; O2� ��� ��¡4Ë �<x�} »?x � P �ZofA�Ë

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

[%@^YtY F<V8Sh:<L � ÄcUh¡¸F�;/ jx�����F�DKH®UsDGFuHXUtYsB2;4Us:<DOL$@fShL�UsPE@�LQF];M:<Ldx%�%[\:u;$=?UsLQH2V%:]S*;M=2@"A�F��?UsACB2A�NK:]Y´F]L2�
UsÌ]F�;4Us:<D²o^:<B?YWH�aK@5LM@]FEo�=|@]HµUsD²� � =|:<B2L�V/F�DKH�;M=|@5A�F��?UsACB2A [/FEV%FEo�=?Us@�³X@ZHµUsDG u;M:q»CH2F�_2V �Í kÁy����x
�"N2;�UsACUWVMF�;4Us:<DÃ:�Sv;$=2@�U`L$LQFEHkUWF�;�Us:ED�of:<DIHkUs;�Us:<DKV �Í kÁZ  � o�F�D >%=2:][%@�³X@dL�>8LM@ZV�B?Ys;CU`D F�V4=2:<L$;M@�LR;�UsAR@
VModFZYs@XxG�%=2@GVªYs:�[�a|B?UlY`;4�¤B|N£Hj:X@]V·D2:E;u=KF]LMA ;$=2@®@^�2NK@�L4U`AR@�Dj;�>*F<Vv;M=2@R;QF]LMPE@�;Co�F]D�aK@�NK:]Y´F]L�UWV�@ZH
N2L�F<of;4U´odFZYlYs_£o^:<Dj;�UsD?B|:<BKVªY`_�H?B2L�UsD2P²;$=2@®Ys:<D|P�Us;MBKHXU`DIFZY A®@]FEV�B2L$@�AR@�D?;d>*F�DKH(;M=|@�;ML�F�DKV4³X@�LQV4@®AR@]FD�
V�B|LM@�AR@�Dj;8[%UlYtY aK@5H?:ED2@/U`Dbac@d;�[\@�@�DC;4[%:�of:<DKV4@]ofB2;4Us³X@¦AR@]F<V4B2LM@dA®@�Dj;QV*[%U`;$=®:EN2NK:XVªU`;$@v;QF�L$P<@�;4�ªo^@fYlY
NK:�YWF�L4UsÌ]F�;4U`:XD x

�%=2@v§5¾²È�N2LM:ENK@�LM;4U`@ZV%:�S � ÄcU ��F�L$@±S�F�³X:EB2LQF]a?Ys@¦Sh:<L\F·=jU`PE=@��F<o�ofB|LQF<o^_®NK:�YWF]L�UsÌ]F�;4Us:XDOAR@]F<V4B2LM@��
AR@�D?;vaK@]o�F]BKV�@R;M=|@�¶XBKF<HjLMB2NK:�YWF]LµYlUsD2@�a2L$:XFEH?@�D?UsD2POUWVu¶XB2@�DIo�=2@ZH²H?B2@R;M:O;$=2@bofB2a?UWo�ofL$_2V4;QF�YtYlUsD2@
V�_jARA®@�;$LM_Xxqz L$@fYWF�;�Us³X@bF<o�o^B2LQFEof_O:]S/aK@�;M;$@�Lv;M=KF]D( ²��o�F]D�aK@R:<a2;�FZUsD2@]H�Sh:EL·;$=2@bH?@�B2;$@�LM:EDwF<V
[%@^YtYTFEV�Sh:EL¦;$=2@ � ÄcUTD?BIo�Ys@�BKVfx

 "!ª©"!�� ���"'��C)g6��%'�� . �%­4' � �u' �¨7262-/+�'�7|'Å6 � ) �/."'�7
z V�¥X@�;�o�=w:�S";$=2@®N|LM@]V4@�D?;�H?@ZVrUsP<D�:�S";$=2@RD2@�[ V�NK@]o^;MLM:EA®@d;M@�LvHXU`NK:]Y`@pA�F]P<D2@d;®mj¾(�^A U´V�V�=2:][/D
UsD � UsP2xg�?x¼ ?�Ex��%=|@�AbF�PED2@�;vU´V·Ys:jo�F];M@]H�aK@�;4[%@�@�Dw;M=|@�NK:�YWF�L4U´V4@]H£;QF]LMPE@�;RF�DKH£mj¾² jx²É�;v=KFEV®F]DF�NK@�L$;MB2L$@5:�S  	%¼~�Êb�&% � A�ËgF�DIH�F·NK:�Ys@vHj@�N2;M=b:�S*F]aK:<B2;v�"AO>jF�DIHµUs;%[%UlYlY�N2L$:�³XUWH?@ F�eK@fYWHµUsDj;M@�PELQF�Y
:�Sq�p�%AOx��%=2@�eK@fYWH�U´Vu:EN2NK:XVªU`;$@²;M:²;$=2@G:<D2@G:�S�mj¾² jx(z�H?@]VªU`PED�VªU`ACUlYWF�L�;$:²;M=2@G¿ Ç�È"¾²Ç%m
AbF�P<D|@�; � }y~ ��UWV¦N2LM@ZV�@�Dj;�Ys_GaK@fUsD2PGV�;$BKHkUs@]HwF�;";M=2@ �ux 
qxKÇTShL$@�AR:�³²mjoQU`@dD?;4UtecouÈ/@]V�@]F]LQoQ=OÉ4DKV4;�Us;MB2;$@
:�S�ÇTYs@]o^;MLM:EN2=j_2VªU´odFZYTz¦N2NIF�LQF];MBKV/U`D²mX;dxKnÅ@�;$@�LQV4a2B2LMP|>KÈ±BIVMVrUWFj>¨F]DKHOF];·À\ÇgÈ"§ �� kÁZ» �ªx

� L�F<oQ¥kUsD2PbNKF�L$;�Ys_�U`DIVrUWH?@C;M=|@uAbF�P<D|@�;�UWo�eI@fYWH�[%UlYlY8aK@uN|LM:]³kUWH?@ZH�aj_�;M=2@�aK@]F�A�H?@�;$@]of;$:<LQV/HXU´V �
ofBKV$V�@]H²F]aK:�³X@RF]DKHON2L$:<NK:<L$;�Us:<DKF�Y"oQ=KF�ACaK@�L�V�UsDw;M=2@�:<B2;$@�L5L$@�P�Us:<D xµÀ\F]LM@C[%UlYlY%aK@C;�F�¥X@�DGSh:<L5;$=2@
ShL�UsD2PE@ueK@fYWH¨>2[/=?UWoQ=O:EDO;M=|@uB2NKV4;ML$@]F�A�VrUWH?@�ACBKV�;/D|:<;/U`Dj;M@dL�Sh@�L$@·[%Us;$=O;M=|@u=?UsP<=jY`_p=2:<AR:<PE@�D2@�:EBKV
eK@fYWH£:]Sv;M=2@pNK:�YWF�L4U´V4@]H¬;�F�LMPE@�;�>"F]DKH¢:ED�;M=2@�H?:][/DKV�;$LM@]F]A VrUWH?@�V�=2:EB?YWH D|:<;GHkUWV4;MB2L$a�;M=2@pL�UsD2P
LM@ZV�:�YsB2;4Us:<D²:�S¸;M=2@�È/É�À\¿�x

 "!ª©"!ª ���"'����²1M.��8)g6214)%.g7 +�)g020�62'Å0|-%­M°/7|1�-/.
�5VªU`D|Pu;M=|@·� Çgz5§5��of:jH?@";M=2@"A®:EA®@dD?;$B2A L$@]V�:]Y`B|;�Us:<DG:�S ;M=2@"AbF�P<D|@�;�UWo"V�NK@]of;$LM:<AR@�;$@�LQVgF�DIHµ;$=2@
UsD?³EF]L�UWF�Dj;06��(A�FEVMV5LM@ZV�:�YsB2;4Us:<D�Sh:EL5;M=2@ � �	� 6�
��$�(Hj@]o�F�_²�4F�DIH�oQ=KF�L$P<@Rof:ED 	MB2PyF�;M@boQ=KF�D2D|@fYh¡
=KF�³X@uaK@�@dDOU`Dj³X@]V4;�UsPXF];M@]H¨xv�%=|@Rz5È � ¾²z{o^:jH?@C=KF<V"ac@d@�D²BKV�@ZHO;M:�PE@�D2@�L�F�;M@C;$=2@CoQ=KF]LMA�@�³X@�Dj;QV
F�;���~<~£�"@�
C>\F<VCU`DÃoQ=KF]N2;M@�Lb ?xs�<x���:�F�³X:�UWH£;M=|@wof:<ARN?YlUWo�F�;4U`:EDKV®UsD?³X:]Y`³X@ZH£[%U`;$=�;ML�F<oQ¥kUsD2P�UsD
;M=|@�AbF�PED2@�;�UWo�eI@fYWH¨>vF�VrUsA®NjYtUleK@ZH YWF�_X:<B|;�=IF<V�aK@�@dD¬BKV4@]H¨>¦UsD [/=?UWoQ=¬;$=2@²eK@fYWH2V�:]SC;$=2@�;4[\:
V�NK@]o^;MLM:EA®@d;M@�L/AbF�PED2@�;QV F�LM@v;�F�¥X@�D�F<V/ac:��GeK@fYWH2V F�DKHpFZYlY8;$=2@CoQ=KF]ACac@dLQV/F�L$@uN?YWFEof@]H�:EB2;":�Sg;$=2@

�E�<�



1 m
2 m

1.6 m

5.5 m2 m

1.24 m

1 m

3.1 m

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

eK@fYWHCLM@�P]Us:<DKV^x%�%=2@"VªUsA®N?YlUleK@]HCY´F�_X:EB2;8U´VgV4=2:][/DµUsD®eKP|xX�?x¼ < j>k;$:<PE@�;M=2@dL�[%Us;$=®;$=2@/=?Us;QVg:�S*F";�_jN?UWo�F�Y
� � � 6�
��$��>ÅUsD([/=?UWoQ=�>gF�NIF�LM;uShL$:<A�;M=2@ � ;ML�F<oQ¥¨> � AR:<L$@Go�=IF�LMPE@]H�=KFEH?LM:EDKVCF�L$@�N2L$:jH?BKof@]H¹x
�%=2@qH2F<V4=2@]H®YlU`D|@]V¦LM@^Sh@�L%;$: � ��V�ShL$:<A ;$=2@ 6 ���¼V/H?@]o�F�_�[%Us;M=�Ç 
 ���u�¦@ 
Cx

x

z

µ+

p

νD

π−

νD

p

γ

γ

γ

γ

γγ

e−
e−

pDµ+µ+γDγγ

αγγνγpγpγγγpγγγγγγγγγγµ+γγγγ

γγ
γγ

⊗

⊗
⊗
⊗

⊗

⊗

⊗

⊗
⊗

⊗

⊗

⊗
⊗

⊗

⊗

⊗

⊗

⊗

⊗

⊗

⊗

⊗

⊗

⊗

⊗

⊗

⊗

⊗

⊗ ⊗
⊗ ⊗

100 cm

������1�/'� ��� � � ��� ��.
��+"����� � (#� !,�"$�%

É4D²;M=2@RVªU`ACBjY´F];�Us:<D >ÅY`:jodF�;�Us:ED¢@dLMLM:ELQV¦:]Sv�d~<~ � A�=KF�³X@Cac@d@�D²P�Us³X@�D²;$:�;$=2@C;ML�F�DKV4³X@�LQV4@Rof:X:<L4�
HkUsDKF];M@u:]Sg@]FEo�=G=2:ED2@�_|of:<ACapoQ=KF�ACaK@�Ldx � :EL¦;$=2@vACB?Ys;�U1�h[%U`L$@uN2L$:<NK:<L$;�Us:<DIFZY�o�=IF�ACaK@�LQV/¾OÂÃn%À"�E>
¾OÂÃn%À\ ?>TF�DKHw¾OÂÃn%À\»�N?Us;QoQ=2@]V":�S"~jx�»E»�ARA F�DIH¢�CARA =KF�³X@CaK@�@�D�F<V$V�B2AR@]HOSh:<Lv;M=2@R=2:EL�U1�
Ì�:ED?;�FZY\F]DKH�;$=2@C³X@�L$;�UWo�FZY�of:X:<L�HkUsDKF�;$@]V·L$@]V�NK@]of;4Us³X@fYs_Xxu�%=|@�_O[%UlYlY\ac@C:Ea2;QF�UsD2@]H�aj_GBKVrUsD2P�V�@�³X@�L�FZY
N?YWF�D|@]V¦:�S¸ CA®A [%UsLM@���V�NKFEo�UsD2PpV�B?Us;�F�a?Ys_²V4;QF]P<P<@dLM@]H¨x

�%=2@�AbF<V$V·LM@ZV�:�YsB2;4Us:<D�H?@�NK@�DKH|VuV�:EA®@d[/=KF�;�:<D(;$=2@®;$:<NK:�Ys:EP<_(:]S";M=2@R@�³X@�Dj;�>�VªUsDKof@�;$=2@®;4[\:
AbF�P<D|@�;�UWo�V4Nc@Zof;ML$:<AR@�;M@�L�V¦=KF�³X@bHkUlº¨@dLM@�Dj;vLM@]V4:�Ys³kUsD2P²NK:][%@dLQVfx � UsP2x*�?x¼ <»GP�Us³X@]V5;M=2@RAR:<AR@�D?;$B2A

�E�� 



LM@ZV�:�YsB2;4Us:<Dw:�Sg;$=2@�Ä�z·mGFEV±:Ea2;QF�U`D|@]HJShL$:<A�;M=2@�VªU`ACBjY´F];�Us:<D ���CN �dNO³EF�L4U`@ZV�ShL$:<A��·;$:� X� UsDO;$=2@
BKV4@fShB?Y\A®:EA®@dD?;$B2A LQF]D2P<@Xx²mX:EA®@�;$=?UsD2P²odF�D(aK@�PyFZUsD2@]H(aj_OU`ARN2L$:�³XUsD2P²;M=|@®;$LQF<oQ¥XU`D|P2>Åa|B2;u;$=2@
ACB?Ys;�UsN?Ys@ VMo�F];M;$@�L�UsD2Pv@�³X@�Dj;MBIFZYlYs_CH?:EAµUsDKF];M@]V^x8É�DCNIF�LM;4UWofB?YWF�L\;M=2@%YlUsAµUs;4U`D|PuS�F<of;$:<LÅUsDR;M=2@%UsDj³<F]L�UWF�Dj;
AbF<VMVgLM@]V4:�YsB2;4U`:ED�UWV�;$=2@"ACB?Ys;�UsN?Ys@vVModF�;M;$@�L�UsD2PuUsD�;$=2@";QF�L$P<@�;d>?[/=?UWoQ=®NjY´F�_|V%D2:uL$:�Ys@¦Sh:EL��CN �dN�>?a2B|;
FZº¹@]o^;QV�;$=2@"A�FEVMV�L$@]V�:]YsB2;�Us:<Dpa?_qV�NK:�UlYlUsD2P�;$=2@¦AR@]FEV�B2L$@�A®@dD?;�V¸:]S�;$=2@ 6pF�DKHR:�S*;M=|@ �²HkUsLM@Zof;�Us:<DIVfx

������1�/'� � � � ��� � (�!#�"$�%'1�! /0�"&'(���1�% ��(�$�� . � . ��$ . �"/'+"� $ % !��"/'&01�& %0����.��,/0% ��+ ���"& � !#(�!#�"$�%'1�! �,&�!#�"��&'1�/0�&� ��$ %'���
� � ( ������� ) 1�� � . (���$�%0&��,/'� %'��� !#�"�,&01�/'� !#�"$�%'&�( )�� . � . � � %'� %'��� ��(�+"�,% ��(�$�� /'/'(�/'&�(�$���� � ��� � ����%0��� ) 1�� � %'/ ����$ � � �"&
+"(�/'/'� &'. (,$�� %0(-%'�*� +"��&'� � � %'� ! 1�� % � .����#&0+"�,%0%'�"/ ��$ �
(�$������������ (�. � $ . (�� $ %0&�/'��) � / %0(-%0��� /0�"� � +"�,&0� � � ��%0� � (,%0�
! 1���% ��.�� � &0+"�,%0%'�"/ ��$ � �,$$�#��(�+"��% � (,$
�"/0/'(�/"�

�/U`³X@dD(;M=2@RY´F]LMPE@�DjB2ACaK@�L�:�S";ML�F<oQ¥X@�LQV^>*HkUWV�;ML4Usa2B2;M@ZH¢:]³X@�L5Ys:<D2POYs@�³X@�LqF�L$A�V^>gF�DKH�;$=2@®YWF�L$P<@
aK@�DKHkUsD2P�Nc:][\@�L®:]SCmj¾² j>%;M=2@²mjzvm�AR:<AR@�Dj;MB2A LM@]V4:�YsB2;�Us:ED£U´Vbof:<DKVªUWH?@�LQF]a?Ys_£aK@�;$;M@�Ld>��CN ��N �
~	%¼»k�b>gF<VuP]U`³X@dD�UsD�mX@]o^;�Us:<D��?x¼»?x�}2xw�%=2@�L$@fSh:<L$@�;M=2@pFEo�ofB2L�F<of_²UsD¢L$@]of:EDKV�;$LMBKof;4UsD2P²;M=2@ � � AbF<V$V
H?@�NK@�DIH2V±:EDO[/=2@d;M=2@�L/D|:RH?@]o�F�_XU`D|P®NKF]LM;4U´oQY`@y>c:EL/:<D2@X>2:EL¦;4[\:2>?@dD?;$@�L/;M=2@CmjzvmKx

É4D¢;$=2@®Sh:]YtYs:][%UsD2P�[%@�=IFZ³X@Jof:<DKVªUWH?@�LM@ZH�;4[\:²VrUs;$BKF�;4U`:EDKVf>/:ED2@�U`D�[/=?UWoQ=�D2@fUs;M=2@dLC;M=2@ 6ÃD2:EL
;M=|@ ��@�Dj;M@dL�;$=2@umjzvmK>2F]DKH�;M=2@vo^:<ARN?Ys@�A®@dD?;�F�LM_C:ED2@X>XU`DG[/=?UWoQ=pF�;�Ys@]FEV�;/:ED2@�H?@]o�F�_XU`D|PuNKF]LM;�UWo�Ys@
@�Dj;M@�L�V·;$=2@Omjz·mIx8�%=2@�L$@fYWF�;4U`³X@�ShL$@]¶kB|@�DKof_²:]S5;$=2@�;4[%:�o�YWF<VMV4@]VC:�S"@�³X@�Dj;QVvH?@dNc@dDKH2Vu:<D�;$=2@ � �
@�D2@dLMP<_JF<V"o�F�DGaK@CV4@�@�D�ShLM:EA��ÅF]a?Ys@C�jx`�<�Ex

�%=2@ � �±AbF<V$V%LM@]V4:�YsB2;4U`:EDOSh:<L/;$=2@¦eKL�V�;"o�YWF<V$V±:]S8@d³X@�D?;�Vgo�F�DGaK@�V�@�@�DRU`DGeKP2xK�jx� ]}C;M=KF];"V�=2:]["V
;M=|@�UsDj³EF�L�UWF]D?; 6��²A�FEVMV%Sh:<L/;$=2LM@�@va?UsDKV/:�S � � @�D|@�LMPE_Xx

�%=2@RLM@]V4:�YsB2;�Us:ED�UWV�F�aK:<B2;b�� p¾O@�
 F�;vY`:][ � �·@�D2@dLMP<_wF]DKHOU`DIofLM@]FEV�@]Vv[%Us;M=(;$=2@uUsDKofLM@ZF<VrUsD2P
@�D2@dLMP<_yx �"D®;$=2@/:<;$=2@�Lg=KF]DKH¨>jF<VgF�N|NKF�L$@�D?;8ShL$:<A �*F�a?Ys@ �?x`�E�<>XAR:XV�;g:]S�;M=|@/@�³X@�Dj;QVÅ[%Us;M=bÇ���� �5»E~
�"@�
Ãac@^Y`:ED2Pu;$:v;M=2@ V�@]o^:<DKHRo�F�;$@�P<:ELM_X>X[/=2@dLM@";M=2@"A�FEVMV8LM@ZV�:�YsB2;4Us:<D�UWV�@]V$V�@�Dj;�UWFZYlYs_bof:<DKV4;QF]D?;g[%Us;M=
@�D2@dLMP<_y><FEV8V�=2:][/DvU`D � U`P|x<�jx� E�?x � LM:EA ;M=?UWV eIP<B2L$@X><:<D|@/o�F]DCFZYWV4:·D|:<;�UWof@\;M=KF];ÅACBjY`;4UsN?Ys@"VMo�F];M;M@dL�UsD2P
�4F]DKH�;M=2@�H?:<ACUsDKF�Dj;"of:<Dj;ML4Usa2B2;�Us:ED�UWV%P�Us³X@�D�aj_R;M=2@5NK:]Y´F]L�UWV�@ZH�;QF]LMPE@�;f¡8UWV%;M=|@¦YlU`ACUs;�UsD2PCS�F<of;$:<L%Sh:EL
;M=|@·L$@]V�:]YsB2;�Us:<D >�F�DKHGD2:<;";M=|@�Ys:jo�F];�Us:<D²@dLMLM:ELQV^x

�E��»



§¦B2ACaK@�L/:]S8@�³X@dD?;�V
� �"Ç8D2@�LMPE_ �"@�D|@�LQF];M@]H z±Sh;M@dL/¥kUsD2@�AbF�;4UWo�FZYTofB|;QV z o�of@�N2;�F�DKo^@ Ç¸³X@dD?;�V�U`D�Ä�z·mR:<D?Ys_
~D�$��~ ���E <~ ~ ~ ~
��~D�� <~ »<�E�<� �<�E  Á]�]} ÁX�E�
 <~D��»<~   � Á]  �d ?� � �� ?�d  �?�]Á
»<~D�h}X~ �� E~�} �  j� �  j�  <�E 
}X~D���<~ }y�<~  ?� �  ?� � }X�
�<~D� � ~ �^}<} ÁZ» Á]» »
� ~D�4Á]~  E  �d» ��» �
z Ä�Ä ��~E~<~<~ »E~< ?�  <�< E� ���<»E 

�
�,��� � � � ��� � ���*��$ 1*! � �"/ ( )���� � & &0��( ��$ ��$ %'��� % /'&0% + ( ��1*!#$#�,&����"$��"/0�,%'� ���
�������$��� � ������&0�"+"(�$�� +"( � 1�!#$
&'�*( ��& %'��� ��� �"+"% ( ) %'�*��+"1�%'&�#��
	�� 	�
�� �,$$��� +"(�& �
������ 	�
 � � �
/'��+"% � +"� � ��� � � � %'�*�"&'� �&!,�"$�%0& ��/'��%'�*�"$-��+"+"�".�%0�&�-�
�
%'�*� ��.�.���/'�,%01�&"� ���*� � �,&0%�+"( � 1�!#$-&0��( ��&�%'��� �
� &'%0/ ���*1�% � (,$
(�)�%'�*� � !,�"$�%'&)� � %'� � (,%'� �
�,$$��� %'/0�,+ ��&�!#�"�,&01�/'�&�
��$ � � ( ��1*%�$�(,%��"$�%0�"/ � $ �-%0���	( � ( �

É4D?³EF�L4UWF�Dj;/A�FEVMV 6���V�_|V�;$@�A �$�¦@ 
���� Ë ¡

'*)�������� �"! 	 � Ë )��#�$� Ë )%�#�����&�'! 	 � � )��#��� � )��#�$�(�&�'! 	 � % )%�����

'*)�������� � ! 	 � Ë )��#�$� Ë )%�#�����&� ! 	 � � )��#��� � )��#�$�(�&� ! 	 � % )%�����

�*)+)-,�)/.0,�1�243 �5)6)-,�)-.",�1�243 �5)6)-,�)-.",�1�243

�*)+)�7 
98 7 :<;�=?>6>$7 �5)6)�7 
98 7 :<;$=@>6>$7 �5)6)�7 
�8 7 :<;�=@>+>$7

������1�/'�#��� � �*� � $�! �,/ � �,$�% !#��&'& �
��&0%'/ � ��1�% ��(,$ (�) %'��� ��� ) /0(,!A� � ���"+"����& ) (�/�%'��/0�"� � �4� �"/'�"$�%B� � �"$��"/ � �
/0�,$ ���"& �
�����"$ $�� ��%'�*�"/ %0��� � $�(,/ %'�*�C� �"$�%'�"/�%0���	( � ( ������� 1�.*. �"/�/0( � /'� ) �"/'& %'(�%0����+"�,&0� �����"/'� � ( + �,% � (,$ �"/0/'(,/0& (�$����
�,/0� %0� ���"$���$�%0(���+"+"(�1�$�%"��������&0�"+"(�$�� /'( � /0��) �"/0& %0( %'��� D ) 1�� �FE +"�,&0� � � (�%'� ! 1 ��% � .����#&0+"�,%0%'�"/ ��$ ���,$�� � (�+"�,% ��(,$
�"/0/'(,/0& ��/'��%0���"/'� ���

�E�f}



É4D?³EF�L4UWF�Dj;/A�FEVMV 6���V�_|V�;$@�A �$�¦@ 
����^Ëf¡

� )�������� � ! 	 � % )��#�$� % )%�#�����&� ! 	 � 
 )��#��� 
 )��#�$�(�&� ! 	 � � )%�����

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

�*)+)-,�)/.0,�1�243 �5)6)-,�)-.",�1�243 �5)6)-,�)-.",�1�243

�*)+)�7 
98 7 :<;�=?>6>$7 �5)6)�7 
98 7 :<;$=@>6>$7 �5)6)�7 
�8 7 :<;�=@>+>$7

������1�/'�#��� � � � � $�! �,/ � �,$�% !#��&'& �
��&0%'/ � ��1�% ��(,$ (�) %'��� ��� ) /0(,!A� � ���"+"����& ) (�/�%'��/0�"� � �4� �"/'�"$�%B� � �"$��"/ � �
/0�,$ ���"& �
�����"$ %0��� � (�/ � ��$��-%0��� � �"$�%'�"/�%0���	( � ( �����*� 1*.�. � / /'( � /'��) � /'& %0( %0����+"�,&0� �����"/'� ��(�+"�,% ��(�$�� /'/'(�/'& (,$�� �-�,/0�
%'� �,�"$ ��$�%'( �,+"+"(�1�$�%"� ����� &'�"+ (,$�� /'( � /0��) �"/0& %0( %0���CD0) 1 � �FE +"��&'�
� � (�%'� ! 1�� % � .�����&'+ �,%'%0�"/ � $ �#�,$$� ��(�+"�,% ��(�$�� /'/'(�/'&
�,/0��%'�*�"/'� � �

Àg:<ACa?UsD?UsD2P�FZYlY";$=2@�@�³X@�Dj;QV5@�Dj;M@dL�UsD2PO;$=2@�PE@�:<AR@�;ML4UWo�FZY±F<o�of@dN2;QF]DKof@�:]S5;$=2@GF�N|NKF�L�F�;MBIVCF�DKH
[%Us;M=?UsD�;M=2@R¥kUsD2@dA�F];�UWo�FZY±ofB2;�VuH?@]V$ofL�UsaK@]H�UsD�mX@]o^;�Us:<D�»jx`�R[%@R:<a2;�FZUsD£;$=KF�;�;M=2@CUsD?³EF�L4UWF�Dj;®AbF<V$V
LM@ZV�:�YsB2;4Us:<D�Sh:ELg;M=2@ � � � 6 
 � � oQ=KF�D|D2@fYKUWV�@]V$V�@�Dj;�UWFZYlYs_bof:<DKV4;QF]D?;\[%U`;$=G@�D2@�L$P<_CF]DKH®=KFEV%FvA®@]F]D
³EFZYsB2@�:�S\F]ac:EB2;��<��¾O@�
����^Ëfx

 "!ª©"!�� ���"' + °"-/.�726|1 � �%'*6 �"-"35-%0 ��- �u'*0
�%=2@";ML4U`PEP<@�Lg:]S�;M=|@/N2LM@]V4@�Dj;8§5z"}?Á"@f�|Nc@dL�UsA®@dD?;�UWV¸aIF<V�@ZHµ:ED®=2:EL�UsÌ�:ED?;�FZY F�DKHC³X@�L$;�UWo�FZY|=2:jH?:yVMof:ENK@
V�;$L�UsNKV^x£É4D?Sh:<L$A�F];�Us:<D F�aK:<B2;b[/=?UWo�=�V�;$L�UsNKVµeILM@]H�UWVµBIV�@]H��4Fk¡v;$:(V4@fYs@]of;C;$=2@G¥kUsD2@�AbF�;4UWo�LM@dP�Us:<D
F�DIH �ªa¹¡u;$:(H?@d;M@�L$AµUsD2@G[/=2@�;$=2@�LRF²;ML�F<oQ¥(NK:�UsD?;�V®;M:w;M=|@�;�F�L$P<@�;dx£Â�@GN2L$:<NK:XV4@²BKVrUsD2P�VrUsAµUlYWF�L
=2:jH?:yVMof:ENK@]V·Sh:<L�;M=2@RACB2:<Dw;ML4UsP<P<@dLu:�S";$=2@�À#� ¾²n¨z·m|mO@f�|NK@�L�UsAR@�Dj;�x�z ACB|:<Dw;ML�UsPEP<@�LvU´V�FZYWV�:
D2@�@ZH?@]H®Sh:<L/;$=2@v=KF<H?L$:<D²N2L$:<PELQF�ARAR@X>2;M:uUWH?@�Dj;�UlSh_pV�@dAµUlYs@�N2;$:<D?UWouHj@]o�F�_2V^x

�%=2@/Y´F]LMPE@��ªF]D2P�Ys@vV4NK@]of;ML$:<AR@�;M@dLÅ[%UlYlY of:<Dj;QF�U`DR;4[%:5ACB|:<DC;ML4UsP<P<@dL�=|:jH?:XV$of:<NK@]V^>?:<D|@·� � ¿����u�]¡
B2NKV4;ML$@]F�A�ShLM:<A�;$=2@gACB2:<DC;$LQF<oQ¥X@�L�V¨:�SK;$=2@%ACB2:ED·e2Ys;$@�L8V4_2V4;M@�A F]DKHu:<D2@"� � ¿����5 k¡*Hj:�[/DIV�;ML$@]F�A
ShLM:EA�;M=2@�Apx"�%=2@u=|:jH?:XV$of:<NK@]Vv[%UtYlYg=IFZ³X@R�d~�ofAE�¤[%UWH?@RV$o�UsD?;4UtYlYWF�;$:<L�V�;$L�UsNKV¦UsD²aK:<;M=²;$=2@ 	²F]DKH �HkUsLM@Zof;�Us:<DIV��K;M=2@vV4;ML4U`NIV%[%UtYlYTaK@5LM@]FEH�:<B2;/aj_®N|=2:<;$:<ACB?Ys;�UsN?YlUs@�L�V¦:<DGaK:<;$=OVªUWH?@]Vfx\ÇgF<oQ=�=2:jH?:yVMof:ENK@
ACBKV4;"of:]³X@�L/F]D²F�L$@]FC:�S����CA�Ë^>2[/=?UWo�=�of:<L$LM@]V4Nc:EDKH2V/;M:bF�aK:<B|;u�d�<~�oQ=KF�D|D2@fYWV±NK@�L/=|:jH?:XV$of:<NK@Xx

�E���



� :<LC;M=|@�V4A�F�YtY1��F�D2P]Ys@wV�NK@]of;$LM:<AR@�;$@�L�>*[%@�N?YWF]D¢;$:OBKV4@�;M=|LM@�@�ACB|:<Dw;ML�UsPEP<@�LC=2:jHj:XVMo^:<NK@]VRF<VF®=?UsPE=@�¤L$@]V�:]YsB2;�Us:<D JBG JBL ��� C A ��� JBL ;M:bH?@�;$@]of;"ACB2:<DKV%UsD²;M=2@RHj@fÆK@]of;4Us:<DONjY´F]D2@CaK@�=?UsDKH²;M=2@qV�NK@]o��;ML$:<AR@�;M@dL8A�F]P<D2@d;QVfxg�%=|@±eKL�V�;g:�S ;M=2@ZV�@"=2:jH?:XV$of:<NK@]V/� � ¿����5»k¡T[%UtYlY¹aK@±Ys:jo�F];M@]HbF�;g;M=2@"@�Dj;ML�F�DKof@
[%UsDKH?:][�:�S\È/ÉQÀ\¿5 ?x\�%=2@�V�@Zof:<DKHG=2:jH?:yVMof:ENc@�� � ¿����¦}j¡Q>¹H?:][/DKV�;$LM@]F]A ShLM:<AiÈ±ÉQÀ\¿5 j>2[%UtYlY¸FZYWV�:
aK@CBKV�@ZH�;$:®UsA®N2L$:]³X@C;M=2@�;QF�L$P<@�;vNK:�UsDj;�UsD2P|x®�%=|@C;M=?UsLQH�� � ¿����5�X¡"[%UtYlY\aK@uYs:jo�F�;$@]H�aK@�=jU`DIH�;$=2@
ACB2:EDJe|Y`;$@�L V�_|V�;M@dAOx

�"D2@/N2LM:Ea?Ys@�A UWV8;M=KF];�;$=?UWV8NKF�L$;�UWofB?YWF�L\;4_?NK@%:]S�ACB2:EDC;ML4U`PEP<@�L\H?@dNc@dDKH2V8:<DRN2LM: 	M@]of;�Us:EDKV8F�DIHqUWV
;M=jBKV%³jB?YsD2@�L�F�a?Ys@u;$:CLQF]DKH?:<Aiof:�UsDKo�UWH?@dDKof@]V%UsD�[/=jU´oQ=pVrUsP<DIFZYWV¦ShLM:<A HkUlº¹@�LM@dD?;/NKF]LM;4U´oQY`@ZV¦VªU`ACBjY´F];M@
FCVModF�;M;$@�LM@ZH®:<L"H?@Zo�F�_®ACB2:ED�;M=IF�;/[%:EB?YWH�aK@5:]SÅUsDj;M@�L$@]V�;dxg�%=?UWV±[%UlYlY*aK@]of:<AR@5ACBKoQ=RA®:ELM@vV4@�³X@�LM@
F�;/=jU`PE=2@�L/L�F�;M@ZVfx8É4D�:<L�H?@�L\;M:Rof:EACaKF�;\;M=2@5N|LM:<ajY`@dA�F�DKHR;M:C[%Us;M=KV4;QF]DKH�;$=2@5=?UsP<=|@�L/aK@]F�A LQF];M@]V^>
;M=|@®=2:jHj:XVMo^:<NK@]V � ¿
� � »J;$: � ¿����5��[%UlYlY/LM@Z¶kB?UsL$@�F®eKD2@dL·PELQF]D?B?YWF]L�Us;4_�;$=KF�D�§5z¦}jÁ ��V5N2L$@]V�@dD?;
:<D|@/:�Sg�d~%Êu�d~uofAbËfxT�%=2@v��~%Ê���~�ofAbË8F�L$@]F5o�Ys:XV4@]V�;g;$:5;M=2@/aK@]F]A�F��?UWV8[%UlYtY¹;$=2@�LM@^Sh:<LM@\aK@5of:]³X@�L$@]H
aj_O� ofA �h[%UWH?@�VMo�UsDj;�UlYlYWF�;M:EL5V4;ML4U`NIV%LMB2D2DjU`D|PµUsD�;$=2@ 	GF�DKH � HkUsL$@]of;�Us:EDKVfx\�%=2@vF]LM@]FEV�S�F�LM;$=2@�LgShLM:<A;M=|@5aK@]F�A FZ�jUWV�[%UlYlY*ac@�of:]³X@�LM@]Huaj_R�uo^A F�DKH²��~�ofAE�¤[%UWH?@vV4;ML4U`NIVf>KFZYWV4:CLMB2D2DjU`D|PuU`Db;M=2@ 	bF�DKH �HkUsLM@Zof;�Us:<DIVfx"�%=2@u=|:jH?:XV$of:<NK@ � ¿����5»C[%UlYtY¸of:]³X@�L" ]}X~�Êw�d <~�ofAbËf>2[/=jUtYs@ � ¿����¦}�F]DKH � ¿
� � �
[%UlYlY�o^:�³X@dLÅ}y~<~%Ê  <~<~�ofAbËÅ@]F<oQ=�xT�%=?UWV¸_XUs@fYWH2V8F5;M:E;QF�YK:�S �<»E vo�=KF]D2D2@fYWV Sh:ELg;M=2@\;M=2L$@�@%=2:jHj:XVMo^:<NK@]Vf>
F<V$V�B2ACUsD2PGFCN2=2:E;M:<ACBjY`;4UsN?YlU`@dL5LM@]FEH*�h:<B2;":<Dpac:E;M=�VrUWH?@]V/:�Sg@d³X@�LM_bV�;$L�UsN�x

Àg@�LM;�FZUsDÃLM@�P]U`:EDKV�=KF�³X@O³X@�L$_(=?UsP<=ÃaKFEo�¥jP<L$:<B2DKH¢ShL$:<A � �h@wVMo�F];M;M@dL�UsD2P2x É4DKoQY`BIHkUsD2P�=KF<H?L$:<D
UsD?Sh:<L$A�F];�Us:<DwShLM:<A ¿·À\z5Ä� µUsD²;$=2@u;$L�UsP<PE@�L�of:<DKHXU`;4Us:<D([%UlYlYg=2@fYsN²L$@�A®:]³X@�;M=?UWV¦aKFEo�¥jP<L$:<B2DIH²F�DKH
@fYlUsAµUsDKF];M@5L�F<HkUWF];�Us³X@¦@d³X@�D?;�Vfx��%=|@5§¦@d[�¾OB2:<DGÀg:�YlYWF�aK:ELQF�;4Us:XD�>2BKVrUsD2PqF5VrUsACUlY´F]L/V4@�;2�hB2N�>jF<oQ=?Us@�³X@]H
F�;ML4U`PEP<@�Lv@�!Jo�Us@�DKo^_�:ED�;$=2@u:ELQH?@dL·:]S��<~k� �rof:<ARNKF]LM@]HO;$:�;$=2@u;4_jN?UWo�FZY¸³<F�YsB2@®:]S"»E~k� [/=|@�D�D|:
=KFEH?LM:EDwof:<DKHXU`;4Us:<Dw[/F<V/U`Dj³X:�Ys³X@]HK¡Qx"È±@Z¶kB?UsL4U`D|PGFµACB|:<D²odF�DKHkUWH2F];M@uUsD²;M=|@CV�@^Y`@Zof;M@]HG@�D2@�L$P<_0� Ys:yVMV
[%UsDKH?:][ F�DKH(F�=KFEH?LM:ED�[%U`;$=�F�AµUsD?UsACB2A��Oo^B2;v[%UtYlY�_kUs@fYWH(FG;ML�UsPEP<@�L�LQF�;$@®:]S/Ys@]VMVv;M=KF]D�}y~<~<~
@�³X@�Dj;QV/NK@�L V�N?UlYlY�xµmXB|A®ACUsD2PGB2N²F�YtY¸:<;M=|@�LvV�B|a@�¤;$L�UsP<PE@�LQVv[%@qF�LML4Us³X@CF�;�F�aK:<B2;R�d~<~<~E~�@�³X@dD?;�V%Nc@dL
V�NjUtYlY�x


���� � 	
	 � � � ��� ������	 � � �
 "!�
"!$# &('*)%+ 
�'��¦°"1462'¸+�'8.g720
�"D2@G:�Sv;$=2@GA®:yV�;uUsARNc:ELM;�F�Dj;®UWVMV�B|@]VqSh:ELC;M=2@G=KFEH?LM:ED�NKF�L$;C:�Sv;$=2@GN2LM:EP<L�F�A�UWVµ;$=2@po�=2:]UWof@G:�S
aK@]F�A NIF�LM;4UWo�Ys@]Vfx �%=2@²N2L$@]V�@�Dj;�ACB2:ED�aK@]F�A YtUsD2@�o�F]D�LQF�;$=2@�LG¶XB?UWoQ¥kYs_£aK@wof:ED?³X@dLM;M@ZH�UsD?;$:�F
=KFEH?LM:ED(aK@]F�A aj_²LM@�;$B2D?UsD2P�FZSh;M@dL·;$=2@CLM@dA®:]³EFZY\:�S�;M=2@R=KFEH?LM:ED�F�aKV4:<L$ac@dL�x��%=|@�N2LM@ZV�@�Dj;5aK@]F�A
YlUsD2@5Y´F�_X:EB2;�>j=2:][%@�³X@�Ld>X:<D?Ys_GF�YtYs:]["V%aK@]F�AbV%B2N�;$:CF]ac:EB2; »<~<~®�"@�
 �]o/;M:RF�L$L�Us³X@/U`DG;$=2@vF�L$@]F?x � :ELAR:XV�;g:]S¨;$=2@/N2L$:<NK:XV4@]H®LMB|D2D?UsD2PuNK@�L4Us:jH2V%F¦aK@]F]A�@�D2@�L$P<_�:�S »<~E~µ�"@�
��Zo/F�DKHRF�DuUsDj;M@�DKVªUs;�_C:]Sg�d~ �
NK@�LgV4N?UlYtY|U´V�Sh:<LM@ZV�@�@�D xÅ�%=|@/NKF�L$;�UWo�Ys@"of:<ARNK:XVªU`;4Us:<DR=KF<VÅL$:<B2PE=?Ys_CaK@�@�Du@ZV�;�UsAbF�;$@]Hua?_�nÅxX�¦L�FZS�V4;MLM:EA
F�DIHJUWV/H?@�N?UWof;$@]H®UsDJeIP2x\�?x�  � x8Â£Us;M=pLQF];M=2@�L/AR:jH?@]V4;/A®:jHXUteco�F�;4U`:EDKV¦:]S8;$=2@5aK@]F�A YtUsD2@vUs;"o�F�DGaK@
F<H|F�N2;$@]H�;$:�N2L$:�³XUWH?@C;M=|@CD2@]of@]V$VMF]LM_pof:<DIHkUs;�Us:<DKVv;M:�NK@�L4Sh:<L$A S�F<V4;5NKF]LM;�UWo�Ys@CUWH?@�Dj;�Ule¹o�F];�Us:<D(BIVrUsD2P
@fUs;M=|@�L�FOV�@d;·:]SvÀ\Ç��¦z5È�o^:<B2Dj;M@�L�V5:<Lu;$=2@b¿�
vn � Ä¨ÉM��È/ÉQÀ\¿�H?@d;M@]of;$:<Ldx®É4D�;$=2@CSh:�YlYs:�[%UsD2P²[\@
[%UlYlY8P]U`³X@qFua2L�Us@fS�H?@]VMo^L�UsN2;�Us:EDO:�S¸;M=2@vD2@�@ZH2V�Sh:<L/;$=2@�HkUlº¨@dLM@�Dj;¦AR@]FEV�B2L$@�A®@dD?;�V �

� :<L"NKF�L$;/:�Sg;$=2@5N2L$:<P<L�F�Ap>cAR:XV4;�Ys_pof:<DIof@�LMDjU`D|PC;M=2@�V�;$BKH?_G:�ST;M=|@�UsDKo^:<ACU`D|P®N2L$: 	M@]of;4UlY`@y>2;M=?UWV¶XB2@]V�;4Us:<D�U´VR@]F<V4_¢;$:�F�DIV�[%@dL�x z/Y`;$=2:<B|P<= F�=?UsP<=�UsD?;$@�DKVrUs;4_�N2LM:E;M:ED¬aK@]F]A ��}X~E~D�h}X�<~��"@�
��]o]¡
UWV®N2L$@fSh@�LML$@]H�;$:(of:ED?;4UsD?B2@p;M=2@pV4;MBKH?_�:]S�of@�Dj;ML�FZY/P]YsB2@�aKF�YtY�N2LM:jH?BIof;�Us:<D�aK@]F]A @�D2@�L$P�Us@]VC:�S�»E~<~
�"@�
��ZouV�=|:<B?YWHOaK@CV4B"!GoQU`@dD?;/;$:�P<BKF]LQF]D?;$@�@u;$=2@v@f�2NK@]o^;M@]H�_XU`@^Y´H¹x¦¾O:yV�;":�Sg;$=2@uL$@]F<o^;�Us:<DKV"aKF<V4@]H
:<D�;M=2@�n8L�UsA�F]¥X:�º @fº¹@]of;C=KF�³X@G;M:waK@ONK@�L4Sh:<LMAR@]H([%Us;M= 6 aK@]F�AbVC:�Sv³EF�L4Us:<BKV®@dD2@�LMP]Us@]Vfx � :ELoQ=KF�L$A�N2LM:jHjBKof;�Us:ED�>%=2:][%@d³X@�L�>8;$=2@po�=2:]UWof@®UWVµAR:<L$@pHkU !GofBjY`;dx�ÇÅ�?UWV�;4UsD2P(@f�|NK@�L�UsAR@�D?;�FZY�LM@]V4B?Ys;QV
=KF�³X@�FZYsLM@ZF<H?_GaK@�@�DGN2L$@]V�@�Dj;M@ZHµUsD²V�@Zof;�Us:<Dp}2x¼�®F]DKH�[%UlYlY8:ED?Ys_pV�=2:ELM;�Ys_GaK@vLM@�NK@]F];M@]H�=2@�L$@Xx

�E� �



0

1000

2000

3000

4000

5000

6000

7000

8000

x 10 5

0 50 100 150 200 250 300 350 400
Momentum

P
ar

ti
cl

es
/G

eV
protons

pi-plus

K-plus * 10

0

500

1000

1500

2000

2500

3000

x 10 5

0 50 100 150 200 250 300 350 400
Momentum

P
ar

ti
cl

es
/G

eV

pi-minus

anti-protons * 10

K-minus * 10

0

10

20

30

40

50

60

70

80

90

100

160 180 200 220 240 260 280 300
Momentum

pi
 o

r 
K

 / 
pr

ot
on

s 
 in

 p
er

ce
nt

pi/protons

K/protons

0

500

1000

1500

2000

2500

3000

x 10 4

250 255 260 265 270 275 280 285 290 295 300
Momentum

P
ar

ti
cl

es
/G

eV

pi-minus

anti-protons * 10

K-minus * 10

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

z5o�of:ELQHkUsD2PR;M:RodFZYWofB?YWF�;4Us:<DKV5:�STNK@�LM;$B2LMaIF�;�Us³X@ �·À ��F]DKH�L$@]V�B?Ys;�V�ShL$:<A 6²aK@]F]A @^�2NK@�L4U`AR@�Dj;QV
;M=|@·=jU`PE=2@]V4;¦NK:XV$VrUsa?Ys@CaK@]F�A @�D2@�L$P<_bV�=2:EB?YWH�aK@vBKV�@]H®Sh:EL/;M=2@vN2L$:jH?BKof;4U`:EDO:]SgoQ=KF�L$A®@ZH®=KF<HjLM:<DIVfx
¿¦:][%@d³X@�L�>/;M=|@�LM@²UWV�P<:X:jH @f�|NK@�L�UsAR@�Dj;QFZY�@�³kUWH?@dDKof@w;M=KF];�;$=2@wN2LM:jH?BIof;�Us:<D�:]SCS�F<V�;GaKF]LM_X:EDKVJUWV
V�;$LM:ED2P�Ys_²@�D2=IF�DKof@ZHbUsD²aKF]LM_X:EDOaK@]F�AbVfx � LM:EA ;M=|@]V�@�:<aKV4@�LM³EF�;4Us:<DKV5;M=|@uoQ=2:]U´o^@u:�S�Fµ}y�<~��"@�
��Zo
N2L$:<;M:ED�aK@]F�A UWVÅS�F�³X:<B2L�F�a?Ys@Xxg�%=|@"o�=2:]UWof@¦:]S�N2L$:<;$:<DKV8:]³X@�L8=j_?NK@�L$:<DKV8:EL�D|@�B2;ML$:<DKV8[%UlYlY�N2L$:<aKF]a?Ys_
=2:]Y´HCSh:<L%;$=2@";M:<NjU´o/:�STHj:<B2a?Ys@voQ=KF]LMAR@]HuaKF�L$_X:<DKV^x � :<L\FuV4;MBKH?_C:]S*oQ=KF�L$A®@ZHu=?_jNK@�LM:EDKVf>j=2:][%@�³X@�Ld>F�� ��ac@ZF�A V4BKo�=�FEVµBKV4@]H(N2LM@ZV�@�Dj;�Ys_²U`D�Âwz5�<�OAbF�_�aK@GAR:<LM@GBKV4@fShB?Y�x�É4;RV4=2:<B?YWH�ac@GD2:E;M@]H¹>
=2:][%@d³X@�L�><;$=KF�;\;M=2@"N2L4U´o^@5;M:�NKF�_uU´V\F�YWF�L$P<@vaKFEo�¥jP<L$:<B2DKHCU`DJV�BKoQ=®aK@]F]A�V8ShLM:EA 6²of:ED?;�F�ACU`DIF�;�Us:ED
F�DIH²F<o�of:EA®NIF�Dj_kUsD2P � x5z±YWV4:�;M=2@�D2@�B2;$LM:EDwF�DKH 6(aIF<oQ¥?PELM:<B|DKH�ShLM:EA aK@]F]A�NKF�L$;�UWo�Ys@�Hj@]o�F�_2V�UsD
;M=|@OHj@�;M@]o^;M:<L�[%UlYtY odF�BKV4@JYWF]LMP<@pH2F]A�F]P<@G;M:wHj:�[/DIV�;ML$@]F�A o�FZYs:<L4UsA®@�;$@�LQVCVªUsDKof@GD2:²[%@^YtY±H?@feKD|@]H
�ÍaK@]F]A =2:]Y`@ �¨o�F]DGac@vUsDKV�@�L$;M@]H¹x
9%@]VªU´Hj@]Vu:�S ;M=2@bNKF�L$;�UWo�Ys@G;�_jNK@X>8;M=|@�aK@]F�A�@dD2@�LMPE_�UWVC:�S P<L$@]F�;vU`ARNK:<L$;QF�DIof@Xx¢Àg:EDKVrUWH?@dL�UsD2P(;$=2@
LM@ZV�B?Ys;QVÅShL$:<A GZYs:][£@�D|@�LMPE_ G¦aK@]F]A�Vg�4�<~H��ÁZ~u�¦@ 
��]ogD2@�B2;$LM:<DIV8F�DKHG�� E~·�"@�
��Zo��/¡¨[/=2@dLM@"V�B|LMN2L4U´V �
UsD2P�Ys_CYWF�LMPE@voQ=KF�L$A®@]HuaIF�LM_X:ED�V$F�ARN?Ys@]V8=KF�³X@/aK@�@�DR:<a2;�FZUsD2@]H¨>j;M=2@"oQ=2:]U´o^@/:�S¨Ys:][�aK@]F�A�AR:<AR@�Dj;QF
V�=|:<B?YWH(aK@µS�F�³X:<B|LM@]H¨xq¿¦:][%@�³X@�Ld>c;$L�UsP<PE@�LCF]DKH²LM@]of:EDKV�;$LMBKo^;�Us:<D(:]S"V^x Y�xRH?@]o�F�_|V�L$@fYs_²V4;MLM:ED2P�Ys_(:ED
;M=|@�:<aKV4@�LM³EF];�Us:<D�:�S oQ=KF�L$A�H?@]o�F�_|VuH?:][/DKV4;MLM@ZF�A�:�S ;M=2@CeKLQV4;uACB?Ys;4U`NjYtUWo�Us;4_�of:<B|D?;$@�Lv:<LC[%Us;M=?UsD
;M=|@·;�F�L$P<@�;�H?@�;M@Zof;M:EL�>?L$@]V�NK@]o^;�Us³X@fYs_Xxg�%=2@5L$@]¶XB?UsLM@�AR@�Dj;�:]SÅYs:ED2PµÆ|U`PE=?;$NKF�;$=KV"o�F�DG:<DjY`_bac@vAR@�;%aj_
BKV4@u:�ST=?UsP<=|@]V�;"NK:XVMVªUsa?Ys@®AR:<AR@�Dj;QF?x '��

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

�E��Á



Â�=?UlYs@·;$=2@¦UsDKV4;QFZYlYWF�;4Us:<D²:�S¸F·aK@]F]A YlUsD2@5Sh:<L\N2L�UsAbF�L$_�F]DKH�V�@Zof:<DKH|F�LM_RaK@]F�AbV%:�S*N >!6 F]DKH �
H?:X@]V%D|:<;/NK:XV4@uF]D?_RN2L$:<a?Ys@�AbV�;$=2@vof:EDKV�;$LMBKof;4Us:<DO:]STFu}X�E~®�¦@ 
��]o¦N|LM:<;$:<DGaK@]F�A :<L\@�³X@�DbFu=?UsP<=
UsD?;$@�DKVªU`;4_p=?_jNK@�LM:ED²ac@ZF�A [%Us;$=wF�aK:<B2;�  �j��~ � � � �]V4N?UlYlY�UWVvFµYWF�L$P<@�Lv@fº¹:ELM;�xvz/Y`;$=2:<B|P<=OSh@]FEVrUsa?Ys@X>
F²oQ=KF�D2PE@�:]³X@�L5UsD?³X:]Y`³X@ZV·FOAbF
	M:ELuAR:jHkUle¹o�F�;4Us:<D¢UsD(;$=2@®ShB?YlY�ac@ZF�A YtUsD2@pF]DKH(o�F]D¢;$=?BIV·D2:E;uaK@
NK@�L�Sh:ELMAR@]H�:EDwFµL$@�P<BjY´F]L5aKFEVrUWVfx �%=?UWV UWV/@�³X@�DGAR:<LM@�;ML$B2@·Sh:EL¦;$=2@CofL$@]F�;4Us:<D²:�S�F®=?UsP<=OUsDj;M@�DKVªUs;�_
=j_?NK@�L$:<DCaK@]F�A [/=?UWo�=CD|:<;g:<D?Ys_�LM@]¶XB?UsLM@]V*}X�<~u�"@�
��Zo�N2L$:<;$:<DKV8a2B2;¸FZYWV�:qo�FZYlYWVÅSh:<LÅYWF�L$P<@ V�=?Us@fYWHkUsD2P
;M:RaK@�V�@�;\B2N�UsDG;M=2@v@f�|NK@�L�UsAR@�Dj;QFZY =KFZYlY�x � UsP|xg�?x� XÁCHXU´V4N?YWF�_2V¦;$=2@5L�F�;M@ZV%[/=?UWo�=�o�F�DGaK@v:<a2;�FZUsD2@]H

300 340 380 420

x 10

Central momentum  p  [GeV/c]1

T
ot

al
 b

ea
m

 r
at

es

Σ

π

28

Central bending angle  [mrad]

26 24 22

7

1.5

3

4.5

6

� � �,1�/0� ��� � ��� � ��. � /'(,$ � �"�,! /'��%'�"& ) (,/�� & � $ � � � � �"$�� � �"�,!

UlSv� �2�d~ ' Ë N2L$:<;M:EDKVRF�LM@JH?B2ARNc@ZH�:<Dj;M:p;M=2@�=j_jNc@dLM:<D�N2LM:jH?BIof;�Us:<D�;QF]LMP<@d;uBKVªU`D|P(FpVrUsD2P�Ys@pac@dDKH
=j_?NK@�L$:<DGaK@]F�Apx�ÉªS*;$=2@�o�=KF]D2D2@fY¹UWV¦H?@ZVrUsP<D2@ZHJSh:<L"FuAbFZ�jUsACB2A A®:EA®@�Dj;MB|A�:]Sg}X~E~J�"@�
��Zo¦@�³X@�D
N2L4U`AbF�L$_ON2L$:<;$:<DKV·��BKVrUsD2PJF®=?UsP<=wH?B|;�_pof_|o�Ys@v:<N2;4Us:<D¨¡ of:EB?YWHOac@�NKF<V$V�@]HO;$=2LM:EB2P<=wF�Sh;M@�L"LM@dA®:]³EFZY
:�S¸;M=2@vN2L$:jH?BKof;4U`:ED²;QF]LMP<@d;

 "!�
"!ª© &('*)%+ 1435'8.g721�� ��)87|1�-/.
Â�=2@�D²BIV�@]HOUsD²=KF<H?L$:<D(AR:jH?@CaK@]F]A NKF]LM;�UWo�Ys@R;QF]P<P�UsD2POUWV5D2@�@ZH?@]H�;$:GA�F]¥X@uBKV4@C:�S\;M=2@C³EF]L�Us:<BKV
NKF]LM;�UWo�Ys@pV�NK@]oQU`@ZV·N2L$@]V�@�Dj;5UsD�F�ACUl�2@]H²aK@]F�Apxp�%=?UWV·;QF]P<P]U`D|P�=KFEVu;M:GaK@�NK@�L�Sh:ELMAR@]H�BKVªUsD2POS�F<V4;
Àg=2@�L$@�D2¥X:]³bof:<B2Dj;M@dLQVMË � xg�%[%:bV�BKoQ=pof:<B|D?;$@�L/V4_2V4;M@�AbV/ofB2L$LM@�Dj;�Ys_�@f�jUWV�;��
�%=2@¦eILQV�;�V�_|V�;$@�A �$À\Ç��¦z5È"V�¡*BKV4@]V/FuFEH
	MBKV4;QF�ajY`@�HkUWF]N2=2LQF]P<A ;$:RV�@fYs@]o^;�:ED?Ys_OÀg=2@�L$@�D2¥X:]³RF�D|P�Ys@]V
[%Us;M=?UsD�FGV�AbFZYlY\LQF]D2P<@R;M=jBKVvFZYlYs:][%U`D|P�;$:�NK:yVrUs;�Us³X@fYs_²U´Hj@�D?;4UlSh_�NKF]LM;4U´oQY`@ZV�:]S F�N2LM@]V4@fYs@]of;$@]HO;4_?NK@Xx
z/;g»<~E~µ�"@�
��Zo/V�BKoQ=�FvV4_2V4;M@�A�V�=2:]["VgF·;4_jN?UWo�FZYK@ !Go�Us@�DIof_v:�S*F]aK:<B2;��<~D� � ~X� L�F�N?UWHkYs_CUsDKofLM@ZF<VrUsD2P
����&�� �"� $ ��(,$*� � $ %'����.���&'%��,$$� � %'&�(�$���� ��/'� ������+ ����&�� � 	
	 � �%#���1*$�+���&0%'/01�+"%'1*/'� & ��$*+"��$�( ��� ��1�$�+��
� $ �-+"��$
� ��. � / ) (�/'!#�&� �


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

�E���



;M:][�F�LQH|V�Ys:][%@�L/aK@]F]A�A®:EA®@�Dj;QFjx8�%[\:�V4BKo�=pof:EB2Dj;M@�L�V/o�F�DGaK@vBKV�@]HG;M:CN2L$:]³kUWH?@v;QF]P<P]U`D|P�:]S8;4[\:
HkUlº¹@�LM@dD?;"NKF�L$;�UWo�Ys@CV4NK@]o�Us@]Vfx
�%=2@":<;$=2@�LgV4_2V4;M@�A [/F<VgH?@d³X@fYs:<NK@]H·Sh:<Lg;$=2@/=?_jNK@�LM:EDCaK@]F�A�@f�|NK@�L�UsAR@�Dj;ÅÂwz5�E� � � F]DKHuU´VgFvÈ/É�À\¿
FZYlYs:][%UsD2P²;M:RA®@ZF<V�B|LM@C;M=|@®Àg=2@�L$@�D2¥X:]³�L4U`D|P�L�F<HkUlU8Sh:EL¦AbF�Dj_pHkUlº¹@�LM@�Dj;5NKF]LM;4U´oQY`@C;4_jNK@]Vfx � :Go^:<NK@
[%Us;M=¬YWF]LMP<@waK@]F�A ÆIB?�2@ZVJ;$=2@wV�_|V�;$@�A [/FEVGH?@]VrUsPED2@]HÃV�BKoQ=¬;$=KF�;²Àg=2@dLM@�D2¥X:]³(YlUsP<=j;�ShLM:EA 6��
;4_?NjU´odFZYlYs_�;M=2@ A®:yV�;"F�a|B2DKH2F]D?;/NKF]LM;4U´oQY`@�V4Nc@Zo�Us@]V�¡T[%:<BjY´HGD2:<;\@�Dj;M@�Lg;M=|@5N2=2:E;M:<DpH?@d;M@]of;$:<L�Vfxg�%=?UWV
H?@�;$@]of;$:<Lvof:EB?YWH�aK@CL$@ 	MB2³X@�DKF];M@]HpF�DKH²@]¶XB?UsN2NK@]HO[%Us;M=wD2@�[�@fYs@]of;$LM:ED?UWo�V5;M:�NK@�L4Sh:<LMA FµS�F<V4;vL�UsD2P
H?@�;$@]of;4U`:ED��rF<V%[/FEV¦F�YsLM@]FEH?_GN2LM:]³XU´Hj@]HJSh:EL/;M=2@vÂwz5�E�µ@f�|NK@�L�UsAR@�Dj;f¡Qx
z HXUtº¹@�L$@�Dj;/ac@ZF�A�H?@feKDjU`;4Us:<D²U´V/D2@�@ZH?@]H®Sh:<L"=?_jNK@�LM:EDKVfx\É�;"odF�DOaK@qF<oQ=?Us@�³X@]H�BKVrUsD2PJFqS�FEV�;v�/È-�
[%Us;M=�F<of;4U`³X@vL�F<HkUWF�;$:<Ldx

z¬V4@�;g:�ST��VrUlYlU´o^:<DGAµUWofL$:XV4;ML�UsNGo^:<B2Dj;M@�L�V8[%U`;$=G <� � � NjU`;�o�=RLM@ZF<HkUsD2Pq»uHkUlº¹@�LM@dD?;gN2L$: 	M@]of;4U`:EDKV
UWV±BIV�@]H�;M:bH?@�;$@�LMACUsD2@v;M=2@ Nc:yVrUs;�Us:ED�:]Sg;M=2@5UsDKof:EAµUsD2PRaK@]F�A NKF�L$;�UWo�Ys@®�ro�FZYlYs@]H�m<U1�hac@ZF�AG¡Qx\z±YWV�:bF
S�F<V4;5V$o�UsD?;4UlYtYWF];�UsD2P�eIa2LM@�=2:jH?:XV$of:<NK@uUWV¦BKV4@]HJUsDp:<LQHj@�L¦;$:®;�F�PR;M=2@vaK@]F]A NIF�LM;4UWo�Ys@C;�UsAµUsD2PRU`D�o�F<V4@
:�S¸N?UlY`@�B2N�x

 "!�
"!�
 �®)g6��\' 7�62' �%14-±.
� 5��8DS5 "  � ���! #
��� ��� # � D #
�  

É4D£:<L�H?@�LC;$:�NK@�L4Sh:<LMA =?UsP<=�N2L$@]o�UWVrUs:<D�AR@]FEV�B2L$@�A®@dD?;�V·:�S YtUlSh@�;4UsA®@]VRF�DIH¢;M:w@�DKV4B2LM@pF²=?UsP<=
oQ=KF�L$A�;�F�P<P]UsD2P®@ !Go�Us@�DIof_CF�Y´V4:uSh:<L"V4=2:<L$;�YlUs³X@]H®=KFEH?LM:EDKVf>2[\@¦ACBKV4;/F�U`A F�;\;M=2@ =?UsP<=2@]V4;/NK:XVMVªUsa?Ys@
V�NIF�;�UWF�Y8L$@]V�:]Y`B|;�Us:<D�x�z±YWV�:C=?UsP<=jY`_p@�!Jo�Us@�D?;g;$L�UsP<PE@�L�UsD2P�:EDpV�@]of:EDKH2F]LM_�³X@�L$;�UWof@]VgACBKV�;\aK@·@dDKV�B2L$@]H¨x
z¬YWFZ_X:EB2;/:�ST;M=|@·;�F�L$P<@�;/L$@�P�Us:<DGUWV¦V4=2:][/D�UsD�eKP2x\�?x¼ <�?x\�%=2@v;QF]LMPE@�;%UWV±AbF<H?@"ShLM:<A }<ARA�of:<N|Nc@dL
@]¶XB?Us³EFZYs@�Dj;®;$:�F�aK:<B|;G ?x¼�k� :]S�F�DjBKo�Ys@]F]LµUsDj;M@�L�F<of;4Us:<D£Ys@�D2PE;M=�F]DKH¢UWVµNjY´FEof@]H�F]ac:EB2;G»E~<ofA UsD
ShLM:ED?;v:]S/;M=|@®@�Dj;ML�F�DKo^@C:�S/;$=2@CeKLQV4;·AbF�PED2@�;dxµÉ4Dw:<L�H?@�Lv;M:pV�@^Y`@Zof;5U`Dj;M@dLQF<o^;�Us:<DKV5UsD(;M=2@C;�F�L$P<@�;qF
;M=jU`DwVªUlYtUWof:EDwof:<B|D?;$@�L±UWV/N?YWF<of@ZHOF�;";M=|@CH?:][/DKV4;MLM@ZF�A�@]H?PE@·:]Sg;M=|@·;�F�L$P<@�;dx/�%=?UWV5of:EB2D?;$@�L"o�F]DOaK@
V�@dP<AR@�D?;$@]HwF�DKH�UWVuL$@]F<H�aj_²AR@]F�DKV5:]S FJS�F<V4;CN2LM@ZF�ARN?YlUteI@�L�x � :<Lu;$=2@bH?@�;M@Zof;�Us:<D�:�S V�@Zof:<DKH|F�LM_³X@�L$;�UWof@]V�Us;/U´V"D2@]of@]V$VMF]LM_�;$:�¥?D|:�[Ã;M=|@·Ys:<D2P]Us;MBKHkUsDKF�Y\Nc:yVrUs;�Us:ED(:�Sg;$=2@vN2L�UsAbF�L$_JUsDj;M@�L�F<of;4Us:<D²[%Us;M=
F�N|LM@]o�UWVªU`:ED�:�S"aK@�;M;$@�Lu;$=KF�D �fARAOx �"D2@®NK:yVMVrUsa?UlYlU´;4_(UWV·;$:OLM@dN?YWF<of@�;$=2@GV4:�YlUWH�;�F�L$P<@�;�a?Ys:jo�¥(aj_
FwVMF�DIH?[%UWo�=�:�S·V�@�³X@�D��<~<~ � � ;$=?UWo�¥�ÀgB�V�=2@d@�;QV·UsDj;M@�L4Y`@ZFZ³X@ZH�[%Us;M=�VªUlYtUWof:EDÃH?@�;$@]of;M:ELQVu:]SC�d�<~
� � ;M=jU´oQ¥jD2@]VMV^x
�%=2@�;QF�L$P<@�;%UWV%Sh:�YlYs:][%@]HOaj_�;M=|@�eILQV�;/:]Sg;4[%:CACB?Ys;4U`NjYtUWo�Us;4_²o^:<B2Dj;M@�L�V¦�4¾ �·À\VQ¡g;M:CaK@uBIV�@]H®UsDO;$=2@
;ML4UsP<P<@dLµ�rV�@�@C;$L�UsP<PE@�LvV4@]of;�Us:ED¨¡Qx�9%:<;$=w¾ �·À\V5F�L$@CA�FEH?@·ShL$:<A �fARA ;M=jU´oQ¥���� � Ë LM@ZF<H²F�;�FZYlY\}@]H?PE@]V/a?_ ��
 V�@�DIVrUs;�Us³X@�ng¾²V¦F�Y´V4:�@]¶XB?UsN2NK@]H�[%Us;M=���� � Ë [%UsDKHj:�["V^x

�%=2@pH?@]VªU`PED�:�S ;M=2@�;$LQFEo�¥XUsD2P²H?@d;M@]of;$:<LvSh:�YlYs:�[%UsD2P�;M=2@�;�F�L$P<@�;vU´VuaIF<V�@ZH�:ED�;M=2@���;QF]LMP<@d;CH?@��
;M@Zof;M:EL
�¨:]S%;$=2@CÂwz5�E ®@f�|Nc@dL�UsA®@dD?; �� kÁd} �ªxvÉ4;vof:EDKVrUWV�;�V5:�S/;4[\:�;�UsAR@]Vu��~�N?YWF]D2@]V5:�S±VrUlYlU´o^:<D�V4;ML�UsN
H?@�;$@]of;$:<LQV%[%Us;$=wFuN?Us;QoQ=O:�S±��~ � � F]DKHO E~ � � F�DKHpFµ;$=?UWo�¥jD2@]V$V%:�S\F]aK:<B2;C�d�<~ � �wx\�%=2@uL$@]F<H*�:<B|;vHkUsLM@]o^;�Us:<DOUWV"FZYs;M@�L$DKF�;4UsD2PGac@d;�[\@�@�DG=2:EL�UsÌ�:<Dj;QF�Y\F�DIH�³X@�L$;�UWo�FZYg�$m<U1�¤;�F�L$P<@�;^¡Qx5z/YtYTo^:<B2Dj;M@�L�V±[%UlYlY
aK@RV�NKFEof@]HOaj_w�fARA [/=jU´oQ=²[%UlYlYgN2LM:]³XUWH?@uYs:<D2P]U`;$BKHkUsDKF�Y/³X@�L$;M@f�GL$@]V�:]YsB2;�Us:<DIV�aK@�;$;M@�L ;M=KF]D(Á]� � �wx�%=2@ueKL�V�;�of:EB2D?;$@�L5[%UlYlY\ac@uYs:jo�F];M@]HwF�aK:EB2;��^A®A H?:][/DKV�;$LM@]F]A :�S�;M=2@ueILQV�;�¾ �·À"x��%=2@RF]DKFZYs:<P
UsD?Sh:<L$A�F];�Us:<DOShL$:<A FZYlYToQ=KF�D2D|@fYWV%[%UtYlY*aK@5L$@]F<HGV�:C;$=KF�;"V4@]of:EDKH2F�L$_®UsD?;$@�LQFEof;�Us:EDKV�UsD�;$=2@vH?@d;M@]of;$:<L�V
o�F]DOaK@5U´V4:�YWF�;$@]H¨x#�":�[/DIV�;ML$@]F�A�:]S8;$=2@ �Í;QF]LMPE@�;5Hj@�;M@]o^;M:<L �?;$=2@�V�@]of:EDKHG¾ �·À�[%UtYlYTaK@uN?YWF<o^@]H¨x
É4DO:ELQH?@�L ;M:�:Ea2;QF�U`D²;$=2@RH?@]VªUsLM@]H�U`Dj;M@dLQF<o^;�Us:<DwLQF];M@X>K;4[%:bV�BKoQ=²V4@�;5B2NKV/[%UlYlY%aK@�N?YWF<of@]H�UsDwV4@�L�Us@]V^x
�%=2@�_pF]LM@·Sh:]YlY`:][\@]H�aj_G;M=2L$@�@vA®:ELM@�V�@�;�V±:]S\VrUlYlUWof:<D�of:EB2D?;$@�LQV¦�$m<U1�¤³X@dLM;M@^�¨¡�x%ÇgF<oQ=²V4@�; of:<DKVªUWV�;QV":�S
 �H?:EB2a?Ys@CVªUWH?@]H²H?@�;$@]of;$:<LQV"»<~E~ � � ;$=?UWo�¥b[%U`;$=²:<L$;M=2:EP<:<DIFZY\LM@]FEH?:<B|;·� � x�»�� � x�» ���pË�¡�x/�%=2@�_pF�L$@
� ���"&0.
��%0��� %'& � ��� � ) 1*$�+"% � (,$
� $ �-%0����+"(,1*$ %0�"/)% $�� � ��� � ��&�$��&!��"/ 1�&0�&�

�E���



� � �,1�/0� ��� � ��� (�� ��� ! � �&� ( ) %'����%0�,/ ���"% /0� ��� (,$

F�L$LQF]D2P<@]H²U`D�V�BKoQ=(FG[/F�_O;$=KF�;�;ML�F<oQ¥2VvF�L$@®AR@]FEV�B2L$@]H�UsD(}GN2L$: 	M@]of;4Us:<DKVv;M:²F�YlY`:][�;$LQF<oQ¥²LM@Zof:<D@�
V�;$LMBKo^;�Us:<D(UsD�V�NKFEof@Xxp�%=2@GFZYs;$@�LMDKF];�Us³X@GBKV�@b:�S VrUlYlUWof:<D�N?Ul�2@^Y"H?@�;$@]of;$:<LQV¦UWVuaK@fUsD2PwV�;$BKHkUs@]H¨x��%=2@
F<Hj³<F]D?;�F�PE@®:]S�S�FEV�;vF]DKHOB2DKF]ACa?UsP<B2:EBKV·;$LQFEo�¥GLM@Zof:<DKV4;ML$BKof;�Us:EDOU`D�V�NIF<of@vU´V5:Ea?³XUs:<BKVu�¤UsD²NKF]LM;4U´o^B@�
YWF�L¦Sh:EL¦;$L�UsP<PE@�L5N2B|LMNK:XV4@]V�¡�x �"@�;M@]o^;M:<L�V±[%Us;$=²Ì�@�LM:bV�B|N2N2LM@ZVMVrUs:EDwF�DKH�S�FEV�;"LM@]FEH?:<B2;�F�LM@qofB2L$LM@�Dj;�Ys_
aK@fUsD2P�H?@d³X@fYs:<NK@]H¢aj_�È-�u��� �Í XÁ]� �ªx�¿¦:][%@�³X@�Ld>ÅUs;µUWVCD2:<;bo�Ys@]F�LR[/=2@�;$=2@�LC;$=2@²H?@ZVrUsLM@]H(L$@]F<H?:EB2;
V�NK@�@ZH£o�F]D¢aK@�F<oQ=?Us@�³X@]H¨x�È/@]of@�Dj;�Ys_X>gV4A�F�YlYvVªU`Ìd@�NjUt�|@fYv�r�<~<~ ��� �<~ � ¡vAR:XV$FZUWo²H?@�;$@]of;$:<LQVu=IFZ³X@aK@�@�DwH?@d³X@fYs:<NK@]HO[%Us;M=²L$@]F<H?:EB2;�F�;5;$=2@CVªUWH?@]VvFZYlYs:][%U`D|P²;M=?UsDwH?@�;$@]of;$:<LQVv� -�»<~<~ � ¡�x·ÉªS\@]¶XB?UsN2NK@]H[%Us;M=GS�F<V�;"@fYs@]of;$LM:ED?UWo�V¦ C:�ST;M=|@]V�@�H?@�³XUWof@]V/of:EB?YWH�@�³X@dD�aK@·BIV�@]H�U`Dp;M=2@v;�F�LMPE@�;"H?@�;$@]of;$:<L�x �� kÁ � �
É4;vV�=|:<B?YWH²ac@�D2:<;$@]HO;M=IF�;5L�F<HkUWF�;4Us:<D�H2F]A�F]P<@R[%UlYtY¸ac@Zof:<AR@CFGV�@dL�Us:<BKV/U´V$V�B2@CUsDwV�BKoQ=wF�D²@^�2NK@�L4U��
AR@�D?;dx8nÅ:yVMVªU`ajY`@RF�Ys;M@�L$DKF�;4U`³X@ZV%;M:RVrUlYlUWof:<DOYlUs¥X@C� F<z5V%:EL"HkUWF�AR:<DKHpF�LM@ ;M=2@�L$@fSh:<L$@5aK@fUsD2PR@f�2NjY`:ELM@]H¹x
� 5����4� Ë 
 #
"  ��� # ����� #
� �

� :<L";M=2@�of@�Dj;ML�FZY N2LM:jH?BIof;�Us:<D²AR@]FEV�B2L$@�A®@dD?;�V%[%@5[%UlYlYgBKV4@·;$=2@5YlU´¶XB?UWHO=j_2H?L$:<PE@�DO;�F�LMPE@�;/[%Us;M=FCLM@]of:]UlY*N2LM:E;M:<D�H?@�;$@]of;M:EL5�4È"n��·¡gBKV�@ZH�N2L$@�³kUs:EBKVrYs_Ga?_b;M=2@�§5zu�d  �Z µ@f�|NK@�L�UsAR@�Dj;�x
�%=2@uYlUW¶kB?UWHO=j_2HjLM:<PE@�D²³X:�YsB2AR@u:]Sg;M=|@u;QF]LMPE@�;¦UWV5F � ~<o^A Ys:<D2PJof_kYlUsDKH?@dL5[%Us;M=wF�HkUWF]A®@�;$@�L":�S

� o^A [/=jU´oQ=²[%UlYlYgaK@CLM@]H?BIof@]H�;$:®}y~<ofA F�DKHO}yofA�LM@]V4NK@]of;�Us³X@fYs_Xx"�%=2@qVrUWH?@C[�FZYlYWV�:]S\;M=2@�³<FEofB2B2A
³X@]V$V�@fY¸F�L$@®AbF<H?@C:]S%YlUsP<=j;�of:<ARNK:XVrUs;$@�A�F];M@�L4UWFZYg;$:�ACUsD?UsAµUWV4@®;$=2@®B|DKH?@�;$@]of;QF]a?Ys@C@�D2@�L$P<_GY`:yVMVv:�S
;M=|@·L$@]of:]UtY*N|LM:<;$:<DwF]DKHGH?@]ofL$@]F<V4@·;$=2@vA®:EA®@dD?;$B2A�;$=2LM@ZV�=2:]Y´HG:�S\È"n��{AR@]F<V4B2LM@dA®@�Dj;�x

�%=2@/LM@Zof:�UlY|N2LM:E;M:<DbH?@�;$@]of;$:<L �Í kÁEÁ
�Ko^:<DKVªU´V4;QV8:�S¹;4[%:"L�UsD2PyV8:�S VMo�UsDj;�UlYlYWF�;�UsD2Pqof:<B|D?;$@�LQV8V4B2LML$:<B2DIH*�
UsD2Pv;M=2@/;�F�L$P<@�;dx8�%=2@%UsD2D2@dLÅYWFZ_X@dL UWV8A�FEH?@%:]S � V$o�UsD?;4UlYtYWF];M:<L�VrYWF�aIV¸:]S � �%Ê �	%��%Ê ~	%¼�<ofA � of:EA®NK:yV�@]H
UsDwF®o^_kYlUsDKH?@�L":�S"ÁZofA LQFEHkUsBKVfx �%=2@u:EB2;M@dL±YWF�_X@�L/U´V/AbF<H?@�:�S\ ]}GVrYWF�aIV¦:�S ��~ � Ê� <~�Êw��o^A � >2;$=2@
of_XYlU`DIH?@�Lv=KF<VvF®L�F<HkUsBKVv:�S"Á]�EofApxu�%=2@RV$o�UsD?;4UlYtYWF];�UsD2P²YtUsPE=?;5ShLM:EA @]FEo�=wVªYWF�a²U´Vvof:]YlY`@Zof;M@]H²aj_�;4[\:
N2=2:E;M:EACB?Ys;�UsN?YlUs@�LQV·�rng¾�¡gF�;$;QFEo�=2@ZHJ;$:u;$=2@v:<N2NK:XVªUs;M@CVªUWH?@]V%:�ST;M=|@vVMo�UsDj;�UlYlYWF�;M:EL�>¹n8=?UlYtYlUsNKVvng¾² <~E <~
Sh:<Lv;$=2@uUsD2D2@�L¦YWF�_X@�LvF]DKHwn�¾² E  �  bSh:ELv;M=2@C:EB2;M@�L :<D2@Xx�9%:<;$=wF�ARN?YlUs;MBKH?@bF�DIH�F]LML�Us³EFZY\;4U`AR@RF�L$@
AR@]F<V4B2LM@]H²Sh:<LRFZYlY±n�¾ VrUsPEDKFZYWVfx��%=2@GH?@ZHkUWo�F�;$@]H(;ML�UsPEP<@�LC@fYs@]o^;MLM:ED?UWo�V�UWVuBKV4@]H(;M:�V�@fYs@]of;�@�³X@�Dj;QV
[%Us;M= VrUsP<DKF�YWVµUsD¢aK:E;M=�ng¾²Vu:]S5:ED2@�U`D|D2@�LRF�DIH�:ED2@G:<B2;$@�LRVrYWF]a�of:EDKVrUWV�;$@�Dj;C[%U`;$=�:<D2@GNKF]LM;�UWo�Ys@
of:EAµUsD2P²ShLM:EA ;$=2@G;QF]LMP<@d;�x��%=2@pHkUlº¨@dLM@�DKo^@O:�S�F�L$L�Us³EFZYv;4UsA®@]VCF]DKH£F]A®NjYtUs;$BKH?@]V®:]S5;$=2@²VªUsP<DKF�Y´V
ShLM:EA�ng¾²V5Y`:X:E¥kUsD2Pw;M:p;M=2@bVMF]A®@bVrYWF]a¢N|LM:]³kUWH?@RU`DjSh:<LMAbF�;4Us:<D£:ED(;M=|@µYs:<D|P�Us;MBKHXU`DIFZY�of:X:<L�HkUsDKF�;$@
[%Us;M=bF5N2LM@]oQU´VªUs:<D�:]S 
�� »jx� EofA{Sh:EL¸UsD2D|@�LgF�DIH®»jx��<o^A{Sh:<Lg:EB2;M@�L*Y´F�_X@�L�VÅLM@ZV�NK@]of;4U`³X@^Y`_yx8�%=2@";�UsAR@/:�S
Æ2UsP<=j;5L$@]V�:]Y`B|;�Us:<DOUWV 
 � � »<�E~�NKV^x/z±;"FCN2L$:<;M:EDOAR:<AR@�Dj;MB2A :]Sg»E�<~�¾O@ 
��]o<>|of:<L$LM@]V4NK:<DKHkUsD2PG;$:

�d <~



Electromagnetic 
calorimeterHydrogen

Honeycomb 
   chamber       Microstrips

Target

Hadron 
calorimeterRich 1MSGC

Recoil proton
 Detector

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

;M=|@CA�F��?UsACB2A�UsDw;M=2@�A®:EA®@dD?;$B2A�V�NK@]o^;MLMB|A :�S¸;M=2@RVªY`:][�N2L$:<;M:ED�UsD²;$=2@Cof@dD?;$LQFZYTN2L$:jH?BKof;4U`:ED�>
AR:<AR@�D?;$B2A LM@]V4:�YsB2;�Us:ED�UWV/ac@d;M;M@dL/;M=KF];"�<V�@dNKF�L�F�;�Us:ED(o�F]DGac@�FEo�=?Us@�³X@ZHJB|N�;$:��E~<~R¾O@�
��Zo<x

 "!�
"!�� ���"'�� � # � +�)��/."' 7|1 � 0 ��' �¨7|62-±+�'�72'*6
�%=2@�mj¾(�^=²A�F]P<D2@d;�UWo®V4NK@]of;ML$:<AR@�;M@dL¦[%UlYlYgaK@Ca2B?UlYs;�F�LM:EB2DKH²A�F]P<D2@d;v¾²Çgn¸}y�?>�N2L$@�³kUs:EBKVrYs_²BKV4@]H
UsD�@f�|Nc@dL�UsA®@dD?;Rn%mK�]Á]~�F�;bÄ�Çgz5È F]DKH¢D2:][�F�;Gmjzg� �5È"§5Ç FEV®NKF]LM;�:]Sv;M=2@ �¦ÉQmj� ��V�@d;®B2N x
É4;CN2LM:]³XUWH?@]VCF�eK@fYWH(:�Sq�<x¼�²��UsD�F²of_XYlU`DIH?L�UWo�F�Y5³X:]Y`B|A®@G:�S��<~²o^A L�F<HkUsBKVRF�DKH�} � ofA�=2@fUsPE=?;dx
Àg_XYtUsDKHjL�UWo�FZYqÀ'�ªV4=KF�NK@OAbF�PED2@�;�VCV�B?º¹@�LCShLM:EA YWF�LMPE@�ShL4U`D|P<@�eK@fYWH2VuYs@]F<HkUsD2P�;M:wF�D�@fº¹@]of;4U`³X@ReK@fYWH
UsD?;$@�P<L�FZY\:�S±F�aK:<B|;��<x¼���%Apx �"D�;$=2@C:<;$=2@�L5=KF]DKH¨>*;M=2@Rof_XYlUsDKH?L�UWo�F�YgSh:<LMA L$@]H?BKo^@]V±;$=2@Rac@dDKHkUsD2P
Sh:<L/Ys:][ A®:EA®@dD?;$B2A�;$LQFEo�¥|V/F�DKHG;M=jBKV%;M=|@uFEof;�Us³X@�F�L$@]FC:�ST;M=2@v;ML�F<oQ¥kUsD2PbH?@�;$@]of;$:<LQV/Hj:�[/DIV�;ML$@]F�A
:�Sq;M=2@²AbF�PED2@�;dx �"@]V�N?Us;$@�AbF�PED2@�;�UWowV�=?Us@fYWHkUsD2P�;M=2@w;QF]LMPE@�;pof@�Dj;MLM@p=KF<V�;$:¢aK@wN?YWF<of@ZH¬F]ac:EB2;

�d ?�



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 20 40 60 80 100

P (GeV/c)

σP
/P

 (p
er

ce
nt

s)

������1�/'� � ���
	�� � (�!#�"$�%'1�! /0�"&'(���1�% ��(�$ (�)�%'�*��) 1�� � &'. �"+"%'/0(,!#�"%0�"/ � $�%0���	��� &'�"%01�. �

�d < 
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RECIEVER

OPTICAL LINK

/1MBod/

OPTICAL LINK

PEDESTAL 

2x128x16

FIFO

COMPARATOR

MEMORY

Analog Pipe Line

1-2us depth

Analog FIFO

8 event depth

40MHz

CLOCK

1-st LEVEL

TRIGGER

/100kHz/

THE READ OUT OF ONE PLANE OF HIGH DENSITY TRACKER(silicon & MSGC)

8...20chips

MULTIPLEXER MULTIPLEXER

COMPARATOR

FIFO

2x128x16

PEDESTAL 

MEMORY

FADC FADC

FELIX chip FELIX chip

OPTICAL LINK

OPTICAL LINK

TRANSEIVER

/400MBaud/
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Two-slope
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5
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SPARSIFICATION
MULTIPL. MULTIPL.
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MEM.
CELL

HIGH DENSITY TRACKER
 SILICON & MSGC
200.000 CHANNELS

ECAL1,ECAL2,HCAL1,HCAL1
DRIFT CHAMBERS

THE ELECTRONICS
CLOSE TO

THE DETECTORS

FELIX CHIP

10.000 CHANNELS
36.000 CHANNELS

CALORIMETER

(DAQ & Online Filter)

Multiprocessor System
DEC AlphaServer 8400

FWD SCSI-2
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