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n ^ n Y�� � U�^�~!N�\]��� p z�U p�p$l*�	� RW[ longp \ p6v ^�~ n Y {qR�^ p \]~ n Y�U�[�\]R�^=£ k R p \]z � ST\ y � [ lon
U�^uU�S �op \ p �¥[ lon ~uU�[ZU n ¨ n ^¥[ p UWY n [wY n U�[ n ~ U p�l Ug¨o\]^o�$[ lon z n UW^ n ^ n Yw� � R y [ lon�n ^F�
n Yw� � Vu\]^�\T^*[ZR7� l \T{ l [ lon��<y n STS � p R;U�S]S n ¨ n ^¥[ p \T^<[ l U�[°Vu\]^ U�Y n [wY n U�[ n ~§[�R�� n [ lon Yq£
kmlon nqp [�\Tz�U�[ n ~ p \]��^uU�S�UW^�~@V U�{Z����YwR v ^�~ ~ n ^ p \�[�\ nqp U�[6[ lon n ¨ n ^¥[<UWY nav�prn ~

[�R s ^�~ l R©� z v { l z�R�Y n�� YwR�V UWVuS n [ lon¦n ¨ n ^¥[ \ p \ y [ lon p \��*^uU�S n�� \ p [ n ~=£ kmlon
v�prn R y U�ST\�� n S]\ l R�RF~ s [�[�R n�� [wY�U�{´[J[ lon Y ngp�v S�[ p z n U�^ p [ l U�[�Y n �*\TR�^ p ��\x[ l STR©�
p \]�*^uUWS �uv Yw\�[�\ ngp {qU�^�V n \T^�{eS v ~ n ~�\T^<[ lon�prn S n {�[ n ~�~uU�[ZUo�	U�^�~ n U�{ l \]z � YwR©¨ ngp [ lon
prnq� U�YZU�[Z\]R�^=£�LMR�R prn { v [ p � n Y n z�U�~ n R�^�[ lon ~�\ p {eYw\Tz<\T^uU�^*[�¨WUWYw\TUWVuS nqp �o��\x[ l [ lon
Y ngp�v Sx[�[ l U�[ y Y�R�z [ lon [�RW[ZU�S prn UWYw{ l R©¨ n Y�R�^ n�l�v ^�~oY n ~ n ¨ n ^¥[ p � n Y n§n��	��n {´[ n ~
y YwR�z V U�{Z����YwR v ^�~ � YwR�{ nqp�p�nqp � l \TS n Y n [ZU�\T^�\]^o�&z�U � \]z�U�S p�n ^ p \�[�\�¨	\�[ � [�R�U ���
N�\���� p�p \]�*^uU�S £ kml \ p�� Y�R�{ n ~ v Y n�l U p [ lon U�~�~�\�[�\TR�^uU�S�U�~	¨WUW^¥[ZUW� n [ l U�[�[ lon UW^uU�S �	p \ p
\ p S ngp�p ~ ne��n ^�~ n ^*[�R�^ Vu\¶U prnqp�y Y�R�z prn S n {�[�\]R�^ { v [ p £

����� #%��� & ! ���cj � ������  ! � & � �¯d������cb�h �"!�j*h  j �  h	d���� �cb
kmlon {qR�^ s ~ n ^�{ n S n ¨ n S p UWY n {gU�S]{ v STU�[ n ~ v�p \T^o�$U�z�R�~�\ sun ~ y Y n ª von ^¥[�\ p [ [ n { l ^�\]ª von
V U prn ~ R�^ [ lonJn�� [ n ^�~ n ~ z�U � \Tz v z ST\]� n S]\ l R�RF~�Y�U�[�\TR � o¤�� � l \T{ l l U p UWS p R6V nen ^
U�~�R � [ n ~ V � [ lon LM��
.N�\]��� p ��R�Y��F\T^o�6��YwR vo� £
kmlon V U p \ p R y [ lon {qU�ST{ v S¶U�[Z\]R�^¦\ p [ lon ST\�� n ST\ l R�R�~aY�U�[�\TR([ nqp [�� p [ZU�[�\ p [�\]{���� �

S]^�� � �	� ��

�
S]^ � � ����� �

� lon Y n [ lon � \ p [ lon [�RW[ZU�S p \]��^uU�S n��	��n {�[ n ~·U�^�~ � � U�^�~ ��� UWY n [ lon§p \��*^uU�S®U�^�~V U�{Z����YwR v ^�~J~ n ^ p \�[�\ nqpMy R�Y n ¨ n ^*[ � £ kmlonqprn ~ n ^ p \x[Z\ ngp UWY n {eR�^ p [wY v {´[ n ~ v�p \T^o��[���R��
~�\Tz n ^ p \TR�^uU�S�~�\ p {�Y�\]z�\T^uUW^¥[$\T^ y R�Ywz�U�[�\TR�^·\T^>U�STS�{ l U�^�^ n S p ��U p \T^!R v Y � Y n ¨o\]R v�p
�uv VuST\]{gU�[Z\]R�^ � ¤��«£ kmlon;s Y p [�¨WUWYw\TUWVuS n \ p [ lon Y n {qR�^ p [wY v {´[ n ~·N�\]��� p V�R p R�^�z�U p�p
� R�YQ[ lon7p�v z R y [ lon Y n {eR�^ p [wY v {�[ n ~ l U�^�~ � z�U pwprnqp \]^a[ lon7l � { l U�^�^ n S p � �F[ lon
prn {eR�^�~�R�^ n \ p { l U�^�^ n Sx�«~ nq� n ^�~ n ^¥[g��U pmpr� n {e\ sun ~�\T^a[ lonJy R�S]STR©��\T^o� prn {�[�\]R�^ p £
kmlon RWV p�n Yr¨ n ~a¨WU�S von R y � \ p {qU�S]{ v STU�[ n ~ v�p \T^o�§[ lon [¼��R���~�\]z n ^ p \]R�^uU�S 
tY�RWV	�

UWVu\]ST\�[ � K n ^ p \x[ � � v ^�{´[�\TR�^ p � 
 K � p � R y [ lon ¨WUWYw\TUWVuS nqp { l R prn ^ y R�Y n U�{ l { l U�^�^ n S £
kmlon 
 K � p y R�Y��$�W� l \T{ l \ p ^uU�[ v Y�U�STS � R�^ n ��~�\Tz n ^ p \TR�^uUWS �iUWY n V v \TSx[ v�p \]^o�µ��R�^*[ n
��UWYwSTR p UWz � ST\]^o�(z�U��	\]^o��[ lon U p�p�v z � [�\TR�^ [ l U�[QV UW{Z�F��Y�R v ^�~ � Y�R�{ ngp�prngp R�^�S � R�Y
[ l U�[ VXR�[ l6p \��*^uU�SFU�^�~$V U�{Z����YwR v ^�~$U�Y n�� Y ngprn ^¥[g��UW^�~([ lon {eR�^ s ~ n ^�{ n S n ¨ n S p ��L �U�^�~ ��L P � � UWY n [ lon \]Y�\T^*[ n ��Y�U�S p�y YwR�z ��� [ZR¦[ lon R�V prn Yr¨ n ~8¨WU�S von R y �6£ |¥�	p �
[ n z�U�[�\T{ v ^�{ n Yr[ZU�\T^*[�\ nqp \T^�[ lon Y�U�[ nqp R y�p \��*^uU�S R�Y°V U�{Z����YwR v ^�~ n ¨ n ^*[ p U�Y n [ZUW� n ^
\T^*[�RµU�{q{eR v ^*[°\T^;[ lon {qU�S]{ v STU�[�\TR�^6R y [ lon 
 K � p�y R�Y���V � YZUW^�~�R�z�S � ¨WUWY � \]^o�J[ lon
n��o� n {´[ n ~�Y�U�[ ngp � l \]S n � n ^ n Y�U�[�\T^o�;[ lon ~�\ p [�Yw\�V v [Z\]R�^ � ��� ��� l \]{ l�l U p [ lon(n �Xn {�[
R y V�YwR*UW~ n ^�\]^o��[ lon6n��	��n {�[ n ~�� ~�\ p [wYw\]V v [�\TR�^ UW^�~8[ lon Y ney R�Y n z�UW�F\T^o� n�� [�Y n z n
n ¨ n ^*[ p�prnqn z z�R�Y n�� YwR�V UWVuS n £
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��L � \ p [ lon�� � ¨WU�S von�y RWY�[ lon¦l¥�F� R�[ lonqp \ p [ l U�[$R�^�S � V U�{Z����YwR v ^�~ � YwR�{ nqp�prngpUWY n�� Y ngprn ^¥[g� \ £ n £�[ lon�� Y�RWV UWVu\TS]\�[ � R y RWVo[}UW\T^�\T^o�8U�Y ngp�v Sx[;U p V UW{Z�F��Y�R v ^�~F��ST\�� n
R�Y�z�RWY n7p R;[ l UW^ [ lon R�^ n R�V prn Yr¨ n ~ \ y [ lon V UW{Z�F��Y�R v ^�~ l*�	� RW[ longp \ p \ p {qRWYwY n {�[g£
O [J��\TSTSc[ n ^�~C[ZR©��UWYw~ R�^ n \ y [ lon Y n \ p U p \��*^uU�S � Y ngprn ^¥[g�MU�^�~�\ p [ �	� \]{gUWSTS � �o£ ¬�\ y
R�^�S � V U�{Z����YwR v ^�~§\ p [ lon Y n £ | \]z�\TSTUWYwS � ��[ lon {eR�^ s ~ n ^�{ n S n ¨ n S y R�Yt[ lon�l¥�F� RW[ lonqp \ p
[ l U�[�V�RW[ lHp \��*^uU�SmU�^�~>V U�{Z����YwR v ^�~GUWY n�� Y nqp�n ^*[©����L P � � ��\ p [ lon � Y�RWV UWVu\TS]\�[ � �\T^ [ l \ p�l*�	� RW[ longp \ p ��[�R¦R�Vo[ZU�\T^8z�R�Y n V U�{Z����YwR v ^�~F��ST\�� n Y nqp�v S�[ p [ l U�^�[ l R prn R�V	�
prn Yr¨ n ~=£ O [®\ p [ lon°� � ¨WU�S von�y RWY�[ lon°l¥�F� RW[ lonqp \ p [ l U�[�VXRW[ l(p \��*^uU�S¥U�^�~(V UW{Z�F��Y�R v ^�~
n ¨ n ^*[ p � n Y nJ� Y ngprn ^¥[g£ kmlon ª v U�^*[�\�[ � ��L P \ p ~ nes ^ n ~�U p [ lon Y�U�[�\TR;R y [ lonqprn [¼��R� YwR�V UWVu\]ST\�[�\ ngp �M��L P � � ����L � £<O [�\ p ^�RW[(Ua[wY von {qR�^ s ~ n ^�{ n S n ¨ n S �=V v [(U {qR�^ p�n Y �¨WU�[�\�¨ n§�uprnqv ~�R���{eR�^ s ~ n ^�{ n S n ¨ n S y RWY7[ lon�p \��*^uU�S l¥�F� RW[ lonqp \ p £ kmlon ~�\�¨	\ p \]R�^�V �
��L � z n U�^ p [ l U�[���L P \ p<p \Tz<\TS¶U�Y([�R9��L P � � � lon ^.��L � \ p {qS]R prn [�R·R�^ n �°V v [\T^�{�Y n U p�nqp [ lonPp \]��^uU�S {eR�^ s ~ n ^�{ n � lon ^¦U(Y nqp�v S�[�\]^<[ lon V U�{Z����YwR v ^�~F��S]\]� n Y n �*\]R�^
\ p R�Vo[ZU�\T^ n ~=£®O [�\ p UWS���U �	p S¶UWY�� n Y�[ l U�^ ��L P � � � p�v { l [ l U�[�\�[QY n � n {�[ p�l R©� z�U�^ �
[�\Tz nqp S ngp�p ST\�� n S � [ lon Y nqp�v S�[7\ p \ y [ lon§p \��*^uU�S \ pJ� Y ngprn ^¥[g�MU�^�~ p R �*\x¨ ngp Uaz�R�Y n
{eR�^ prn Yr¨WU�[�\�¨ n S]\Tz�\x[J� l \T{ l \ p ~ ngp \��*^ n ~·[�R Ug¨¥R�\T~C[ lon�� R p�p \]Vu\TS]\�[ � R y�n�� {eS v ~�\]^o�
[ lon N�\]��� p \]^&UW^ n��	��n Y�\]z n ^¥[m� l \]{ l�l U p ^�R p�n ^ p \�[�\�¨	\�[ � [ZR�\x[g£ kml U�[P\ p [�R p U � �
[ lon$v�prn R y ��L P \T^�{�Y n U prnqp [ lon(p \��*^uU�SM{qR�^ s ~ n ^�{ n \T^*[ n Yr¨WU�S�\T^�[ lon V U�{��F��YwR v ^�~F�ST\�� n Y n �*\TR�^�{qR�z � UWY n ~<[�R§��L P � � £�¤}� ��L P z n U p�v Y ngp [ lon {eR�^ s ~ n ^�{ n ��\x[ l � l \]{ l[ lon;p \]�*^uU�S l*�F� RW[ lonqp \ p {qU�^CV n Y n � n {´[ n ~&U�^�~=� V n {gU v�prn \�[�\ p {eR�^ prn Y�¨WU�[Z\x¨ n � ��\TSTS
V n U�[mS n U p [��¥¬� y R�Y�U�^ n�� {eS v�p \TR�^ {qR�^ s ~ n ^�{ n R y �¥¬�¦£

��������� #	��8;:�
�1[8;:2-=<�-���±:���8�6�:23��¨8;:2-=<���-���
�1����Ê1Â<��8�1����4146�:2143�.�� �

kmlon 
tY�RWV UWVu\TS]\�[ � K n ^ p \x[ � � v ^�{�[�\TR�^ p � 
 K � p � R y [ lon z�U p�p U�^�~C[ lon { l UW^�^ n S �
~ ne��n ^�~ n ^*[PN�\]��� p [ZUW���*\]^o�;¨WU�Y�\TUWVuS n U�Y n Y n ª v \]Y n ~a[�R�{ lon {Z��[ lon {eR�^ p \ p [ n ^�{ � R y
[ lon ~uU�[}U6��\�[ l [ lon V UW{Z�F��Y�R v ^�~�U�^�~ p \]��^uU�S � YwR�{ nqp�prngp £ kmlon�� � n Y n [wY n U�[ n ~�U p
l Ug¨o\]^o�8[���R8{eR�z � R�^ n ^*[ p � [ lon R©¨ n YZUWSTS ^�R�Ywz�UWST\ �gU�[�\TR�^�U�^�~9[ lon p�l U � n R y [ lon
~�\ p [wYw\]V v [�\TR�^=£
O�^ [ lon {qU prn R y U V U�{��F��YwR v ^�~ � YwR�{ nqp�p 
 K � ��[ lon ^�RWY�z�U�ST\��©U�[�\]R�^ ��U p {gU�S �

{ v S¶U�[ n ~ y YwR�z [ lon ^ v z6V n YaR y$p \Tz v STU�[ n ~ n ¨ n ^¥[ p R y(n U�{ l V U�{Z����YwR v ^�~�{eS¶U p�p
� U p�p \T^o��[ lon { v [ p £ � R�Y7[ lon�p \��*^uU�S [ lon z n U p�v Y n ~ n ��{e\ n ^�{q\ ngp7l U�~9U�S p R [�R�V n
\T^*[ n Y � R�S¶U�[ n ~§[�R nqp [�\]z�U�[ n�n ��{q\ n ^�{e\ nqp U�[�N�\]��� p V�R p R�^¦z�U p�prngp � l \T{ l � n Y n ^�RW[
p \Tz v S¶U�[ n ~=£JO«^�z�R p [J{qU prnqp [ l \ p ��U p ~�R�^ n;v�p \]^o� R�^ n;� R�S � ^�R�z�\TU�S=[�Ra~ ngp {�Yw\]V n
[ lon6p STR©� Yw\ prn � U�^�~CU prn {qR�^�~ [�R l U�^�~�S n [ lon �F\T^ n z�U�[�\T{7{ v [��«R � � � l \]{ l {gU�^�V n
z v { l z�RWY n U�V�Y vo� [g£ � R�Y [ lon {qU prngp � lon Y n [���R p \]�*^uU�S�z�U p�prnqp z v�p [ V n U�S]STR©� n ~=�
U;[���R���~�\Tz n ^ p \TR�^uUWS � U�YZUWz n [ n Yw\ �gU�[�\TR�^;�mU p�v�p�n ~=£
kmlon�p�l U ��nqp R y [ lon 
 K � p � n Y n ~ n Yw\�¨ n ~ v�p \T^o�J[¼��R���~�\]z n ^ p \]R�^uU�S l \ p [�R���Y�U�z p
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� l \T{ l UWY n [ZUW� n ^ y YwR�z [ lon�p \]z v S¶U�[ n ~ n ¨ n ^*[ p £ kmlon [¼��R<~�\]z n ^ p \]R�^ p � n Y n [ lon
N�\���� p V�R p R�^!z�U p�p$nqp [�\]z�U�[�R�Y6UW^�~GUC{ l U�^�^ n Sx��~ ne��n ^�~ n ^¥[§N�\]��� p [ZUW��£ kmlonqp�n
~�\ p [wYw\]V v [�\TR�^ p � n Y n°p z�R�RW[ lon ~ v�p \T^o��Um[���R���~�\Tz n ^ p \TR�^uUWS�� n Yw^ n S ��� l \]{ l {qR�^ p \ p [ p
R y U �JU v�p�p \TU�^�~�\ p [wYw\]V v [�\TR�^ ��\�[ l U p z�U�S]S {eR�z � R�^ n ^¥[µR y U�S]R�^o� n Y�[}UW\TS £ kmlon
�*S]R�V U�S�{eR©¨WUWYw\¶U�^�{ n R y [ lon ~�\ p [wYw\]V v [�\TR�^9�mU p<v�prn ~G[�R·~ n [ n Y�z<\T^ n [ lon Y n S¶U�[Z\x¨ n
p {gUWS nPy U�{´[�R�Y p R y [ lon [���R$U �onqp £ kmlon ��\]~	[ l R y [ lon � n Yw^ n S ¨WUWYw\ n ~ y YwR�z � R�\]^¥[°[�R
� R�\T^*[©� p�v { l [ l U�[c[ lon�p [}U�[Z\ p [Z\]{gUWS n Y�YwR�Y�R�^�[ lon°ngp [�\Tz�U�[ n ~JV U�{Z����YwR v ^�~ � YwR�{ nqp�prngp
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Efficiency, mh=115 GeV
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