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?@AG*T4R?NIG*H48*90857M U 23.1576f5N: 〈σ(yData

PV )〉 = 23.0µm .J6E,+?N2R?c?N6+, 〈σ(yMC
PV )〉 = 23.7µm .J6q23(+* ¤ 576]28*
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�)?N43M15�03.J[ U Mv?N23.1576�.10X?7SR(W.1*TAG*9,whWM)(+*l2R?N.JM10b285�n�?N48,W0-Mv?N43IG*\AK?NM U *90X5N: σ(yPV ) ?N48*z, U *l285f03(+57432
M U [c.J6+5K03.J2kBX4 U 6+0}.J6cnp(W.1S8(z?N6s?7S9S U 4R?N28*u,W*T28*T43[c.J6L?N23.1576z5N:g23(+*p4 U 6cAG*T4328*QPc.10�,/. � S U MJ2@h 7 *9080�23(L?N6
2% 5N:O23(+*H08*TM1*9ST28*9,E,+?N2R?c*TAG*T6]280u(L?@AG*>?N6E*T4348574u.J6 y np(W.1S8(E.10uMv?N43IG*T4u23(L?N6 25µm h
� (+*T48*@?70p23(+*^*T4348574~576q23(+*eVW43.J[l?N43BsAG*T4328*QPsVg5K03.J23.1576q.J6 x .10)n�*TMJM�[\5],W*TMJM1*9, Q Bz23(+*^08.J[ U Mv?N23.1576��
?X03[l?NMJMw03(W.Z:`2o285�n�?N48,W0uMv?N43IG*T4u*T434857480).10)5 Q 08*T43AG*9,Y.J6Y23(+*e03.J[ U Mv?N23.1576E5N: σ(yPV ) h'M)(W.10p*�
w*9ST2)S@?N6Q * U 6+,W*T4803285C5], Q BU23(+*l6+576�Vg*T4 :<*9ST2>03.J[ U Mv?N23.1576�5N:u23(+* Q *@?N[ 23.JMJ2X.J6�23(+* ¤ 576]28*Y�)?N43M15Wh@M)(+*Q *@?N[ 23.JMJ2pS9576r2343. Q.U 28*90u285b23(+*e*T4348574p576z23(+*=4 U 6YAG*T4328*QPY?N6+,z23( U 0p*T6]28*T480u?NM1085b23(+*eS@?NM1S U Mv?N23.1576q5N:
23(+*u*T4348574�576\23(+*p48*9S9576+03234 U ST28*9,lVW43.J[l?N43BcAG*T4328*QPgh 
 .J6+S9*u.J6 y 23(+*u23.JMJ2}.10�576+*u5748,W*T4o5N:w[l?NIK6W.J2 U ,W*
Mv?N43IG*T4�23(L?N6\.J6 x �K.J280o?7S9S U 4R?N28*~,W*908ST43.JVW23.1576l.J6\23(+*~03.J[ U Mv?N23.1576z(L?70}?e[\5748*pVW48576+5 U 6+S9*9,z*�
g*9ST2}576
23(+*e*T4348574uS@?NM1S U Mv?N23.1576q.J6 y h � 5@no*TAG*T4@�L, U *=285X23(+*e03[l?NMJMwnp.1,/23(q5N:£23(+* Q *@?N[�03V�572�.J6 y � σ(yPV )
.10p03[l?NMJM1*T4p23(L?N6 σ(xPV ) ?N6+,Y23(+*e6+576qV�*T4 :<*9ST2u,W*908ST43.JVW23.1576E5N: σ(yPV )

Q Bs23(+*^03.J[ U Mv?N23.1576E(L?70u?
6+*TIKMJ.JIK. Q M1*b*�
w*9ST2@h
M)(+*u,/.�
w*T48*T6+S9*u5N:g23(+*p48*9S9576+03234 U ST28*9,\VW43.J[l?N43B-AG*T4328*QPl?N6+,c23(+*)4 U 6\AG*T4328*QPc.10�,/.108VWMv?9BG*9,\.J6-�+I U 48*
y+h��HS P ?N6+,l, P hjik6\23(+* x O

y
P VW485 � *9ST23.1576l23(+*d,/.1032343. Q.U 23.1576z(L?70�? � ¤ 
 5N: 120µm

O
10µm

P np(W.1S8(
(L?70p285 Q *^S957[cVL?N48*9,Enp.J23(E23(+* Q *@?N[�03Vg572u03. �@*Kh � 5C5C,E?NIK48*9*T[\*T6r2=5N:O23(+*^,+?N2R?\?N6+,q23(+* ¤ 576r28*
�)?N43M15\03.J[ U Mv?N23.1576f.10u5 Q 0R*T43AG*9,wh

� ��� ��. &�5 � 3 � 5 * 58.0(I36(+*;9;(j �
 7��B36,�
 1

M)(+* U 6+,W*T48032R?N6+,/.J6WI;?N6+,�,W*90RST43.JVW23.1576�5N:o23(+*-.J[cVL?7ST2HVL?N4R?N[\*T28*T4b48*90857M U 23.1576�.10^ST4 U ST.v?NMj:<574d23(W.10
?N6L?NMJB/03.10@hN�=6�23(+*z576+*z(L?N6+,U23(+*z48*90857M U 23.1576�(L?70b285 Q *lVW485@AG*T6�03[l?NMJM)*T6+5 U IK(�285;,/.108*T6r2R?N6WIKM1*
234R?7S8|/0)S957[c.J6WIb:`4857[ M1576WI>MJ.JAG*9,z(L?7,/48576+0o: 4857[ 234R?7S8|/0)5N:�23(+* �@*T485>MJ.Z:`*T23.J[\*dS957[ Q .J6L?N285743.v?NM Q ?7SR|rt
IK485 U 6+,whk�=6-23(+*o5723(+*T4O(L?N6+,X23(+*),W*908ST43.JVW23.1576c5N:L23(+*�.J[cVL?7ST2'VL?N4R?N[\*T28*T4j48*90R57M U 23.1576X[ U 032 Q *ono*TMJMU 6+,W*T4803285C5],s.J6E5748,W*T4p285X|G*9*TVq23(+*e03B/0328*T[l?N23.1Se*T4348574u03[l?NMJM¦h��+574u?X,/.108S U 0803.1576E5N:£23(+*^03BC0828*T[l?N23.1S
*T4348574~*T[\*T43IK.J6WIl: 4857[�23(+* U 6+S9*T432R?N.J6]2xBE5N:O23(+*^.J[cVL?7ST2uVL?N4R?N[\*T28*T4=48*90857M U 23.1576;08*9*^0R*9ST23.1576��ChJ{Kh
�'.JI U 48*^y+h��X.JMJM U 03234R?N28*90~23(+*eA7?N43.15 U 0u0R5 U 48S9*90pnp(W.1S8(_?7,W, U Vq285-23(+*^28572R?NM�.J[cVL?7ST2uVL?N4R?N[\*T28*T4u48*903t
57M U 23.1576�h��L574l234R?7S8|/0\np.J23( (W.J280c.J6 Q 5723( Mv?9BG*T480z5N:d23(+*;� 
 M 23(+* �����Ud ����e � � 48*90857M U 23.1576�, U *E285U 6+S9*T432R?N.J6r23.1*90)576z23(+*u.J6r28*T436L?NMw?NMJ.JIK6W[\*T6r2)5N:w23(+*d� 
 M�np.J23(z48*903Vg*9ST2}285^23(+*=5723(+*T4o,W*T28*9ST28574oS957[-t
Vg576+*T6r280o.10�[\*@?70 U 48*9,l285 Q * 33µm hO¥ 
g*9ST280}:`4857[ � �$^��:� � ^Uc�e � _ � �/c3d ����� np.J23(l23(+* Q *@?N[�VW.JVg*=?N6+,
23(+*e�+48032pMv?@BG*T4=5N:O23(+*b� 
 M ?N48*H032348576WIKMJB pt ,W*TVg*T6+,W*T6r2e?N6+,ES9576r2343. Q.U 28* Q B ≈ 90µm/pt[ GeV] h
� U 4323(+*T4)S9576r2343. Q.U 23.1576+0p?N48*=?NMJMF,W*TV�*T6+,W*T6]2�576z23(+*u48*Q:<*T48*T6+S9*uVg57.J6r2}285Hnp(W.1S8(s23(+*u.J[cVL?7ST2}VL?N4R?N[-t
*T28*T4^.10^[\*@?70 U 48*9,wh � (+*T6 U 03.J6WIq23(+*-4 U 6�AG*T4328*QP O � ��P ?70^48*Q:<*T48*T6+S9*c23(+*-.J[cVL?7ST2HVL?N4R?N[\*T28*T4>.10
,W*T6+5728*9,Y?70 dcaRV hk�=23(+*T43np.108*K�Cnp(+*T6l23(+*u.J[cVL?7ST2oVL?N4R?N[\*T28*T4).10�[\*@?70 U 48*9,lnp.J23(l48*903Vg*9ST2}285b23(+*
48*@?NM¦�]48*9S9576+03234 U ST28*9,lVW43.J[l?N43B\*TAG*T6]2oAG*T4328*QP O � ��P �r.J2}.10}S@?NMJM1*9, dcaPV 574�03.J[cVWMJB δ hj�pS9S95748,/.J6WIKMJBG�
23(+*eVW43.J[l?N43BYAG*T4328*QPq48*90857M U 23.1576��W23(+* Q *@?N[�03Vg572p?N6+, U 6+S9*T432R?N.J6r23.1*90d576q23(+*e4 U 6EAG*T4328*QPq?N6+,E23(+*Q *@?N[ 23.JMJ2uS@?N6fS9576r2343. Q.U 28*b285c23(+*^28572R?NM�.J[cVL?7ST2~VL?N4R?N[\*T28*T4~48*90857M U 23.1576�h
X ��
#V6Z � � 
�� H:? �
� ���
� ?9AC.J6WI�.1,W*T6r23.Z�L*9,�23(+*Y,/.�
w*T48*T6r2l085 U 48S9*90cS9576]2343. Q.U 23.J6WI�285�23(+*Y.J[cVL?7ST2cVL?N4R?N[\*T28*T4\48*90857M U 23.1576��
23(+*908*d[ U 082 Q *e,/.108S U 080R*9,Y.J6s[\5748*^,W*T2R?N.JM¦h}ix6q5748,W*T4p285XVW48*908*T43AG*H?X(W.JIK(q032R?N23.10323.1S90u,+?N2R?-0�?N[cVWM1*K�
.J6�23(+*Y�+6L?NM~0R*TM1*9ST23.1576�234R?7S8|/0l,W5@np6 285�?�234R?N6+03AG*T4808*Y[\57[\*T6]2 U [ 5N: 500MeV ?N48*f?N6L?NMJB/08*9,wh
ik6�23(+*sM15�n pt 48*TIK.1576�23(+*z.J[cVL?7ST2\5N:d[ U MJ23.JVWM1*E0RS@?N2328*T43.J6WIU*�
g*9ST280-.10-Mv?N43IG*E?N6+,�[ U 082 Q *sno*TMJM
S9576r234857MJM1*9,wh��+574l?�48*@?708576L? Q M1*E,W*908ST43.JVW23.1576�5N:=23(+*q,+?N2R? Q B�23(+*q03.J[ U Mv?N23.1576�?7, � U 0323[\*T6r280s?N48*
6+*9S9*9080R?N43BGh
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intrinsic ≈ 33 µm

multiple
scattering

≈
90 µm

pt

beam x: 145 µm

spot y: 25 µm

run vertex 4 − 20 µm

primary x: 51 µm

vertex y: 23 µm
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 M
234R?7SR|\MJ.J6W|].J6WI>VW485 Q ? Q .JMJ.J2xBG� Plink �rnp(W.1S8(s.10�?^,/.J48*9ST2�[\*@?70 U 48*d5N:w23(+*=?7S9S U 4R?7STBl5N:�23(+*=S95@AK?N43.v?N6+S9*
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∞
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Plink 48*QDL*9ST280�23(+*~VW485 Q ? Q .JMJ.J2kBs5N:'?>0 U S9S9*90803: U MF[l?N28S8(W.J6WI\5N:m23(+*^� 
 M (W.J280p?N6+,s23(+*^���]� 234R?7S8|/0@h

 2343.1ST23MJB�03Vg*@?N|].J6WI+� Plink .10e23(+*cVW485 Q ? Q .JMJ.J2xBU5N:)(L?9AC.J6WI�?sMv?N43IG*T4 χ2 AK?NM U *\?70b?7S8(W.1*TAG*9, Q B_23(+*
[c.J6W.J[c.10R?N23.1576 ?NMJIG5743.J23(W[ ?N6+, .10 Q ?708*9, 576�23(+* χ2 ,/.1082343. Q.U 23.1576 :<57MJM15@np.J6WI�* 8fU ?N23.1576�y+h y�?N6+,
23(+*l?@A7?N.JMv? Q M1*\6 U [ Q *T4>,W*TIK48*9*90b5N:o:`48*9*9,W57[E� N �wnp(W.1S8(�?N48*-23(+*-MJ.J6W|G*9,�� 
 M (W.J280^.J6�23(W.10HS@?70R*Kh
M)(+*YVW485 Q ? Q .JMJ.J2kB�,/.1082343. Q.U 23.1576 03(+5 U M1, Q *lDF?N2 Q *T2xn�*9*T6��_?N6+, {s.Z:=23(+*qS95@AK?N43.v?N6+S9*q[l?N2343.ZP�.10
?7S9S U 4R?N28*TMJBE,W*908ST43. Q *9,wh
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0R?N[\*^:<?7ST2857480p285z?7, � U 032p23(+*e234R?7SR|Y48*90857M U 23.1576f285-23(L?N2~5N:O23(+*H,+?N2R?/h
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?U48*TMv? P/*9, S U 2s576�23(+*f234R?N6+08AG*T4808*f[\57[\*T6]2 U [ O

pt > 0.3GeV
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08S@?NMJ.J6WIl:<?7ST28574@� fMS = 1.22 h�M)(W.10p:¦?7ST28574=S9574348*903Vg576+,W0~*�
w*9ST23.JAG*TMJBq285l? Q *@?N[ VW.JVg*K�W23(W.1SR|G*T4 Q B
22% h
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�p?708*9,Y576q23(+*^S9576+STM U 03.1576+0pIK.JAG*T6q.J6 R �7� T 23(+*e48*9S9576+03234 U ST28*9,E,+?N2R?-0�?N[cVWM1*H?N6+,E?NMJM ¤ 576r28*b�)?N43M15
0R?N[cVWM1*90 U 0R*9,�.J6�23(W.10l?N6L?NMJB/03.10c(L?9AG* Q *9*T6�2348*@?N28*9,�np.J23( 23(+*f? Q 5�AG*E,/.108S U 080R*9,�08S@?NM1*s:<?7ST2857480�h� 5@no*TAG*T4@�e.J6 5748,W*T4q6+572Y285�5@AG*T48*90823.J[l?N28*�23(+*_.J6/D U *T6+S9*�5N:>23(+*_[ U MJ23.JVWM1*U08S@?N2328*T43.J6WI�VL?N432@�e?
48*9, U S9*9,z:<?7ST28574p5N: fMS = 1.09 .10)S8(+5K08*T6��/np(W.JM1*d|G*9*TVW.J6WI-23(+*=:<?7ST2857480 frφ = 1.35 ?N6+, frz = 1.0
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ik6c23(+*pVW48*908*T6]2o?N6L?NMJBC08.10j23(+*~?NMJIG5743.J23(W[�.10o?NVWVWMJ.1*9,c.J6c23(+*pMv? Q 574R?N285743B>:`4R?N[\* U 03.J6WIb? pt no*T.JIK(r28*9,
48*9S957[ Q .J6L?N23.1576$0RS8(+*T[\*Enp.J23(�,/.1032R?N6+S9*EVL?N4R?N[\*T28*T4 ���X{q.J6 23(+* ηφ t¦VWMv?N6+*Gh � [\5748*E,W*T2R?N.JM1*9,
,W*908ST43.JVW23.1576�5N:'23(+*e.J28*T4R?N23.JAG*bVW485]S9*9, U 48*^:`57MJM15�nu0 D

• �L574~*@?7S8(�5 Q�� *9ST2 i ?-08*TVL?N4R?N23.1576f285-23(+* Q *@?N[a? P/.10).10u,W*Q�+6+*9,
di = p2

t,i

O y+hJ{ � P

?N6+,Y:`574u*@?7SR(fVL?N.J4~5N:j5 Q�� *9ST280~?-08*TVL?N4R?N23.1576f285c*@?7SR(;5723(+*T4u.10~,W*Q�+6+*9,f?70
di,j = [c.J6 (p2

t,i, p
2
t,j)R

2
i,j/R ,

O y+hJ{K{ P

np(+*T48* Ri,j .10p23(+*H,/.1032R?N6+S9*b5N:'2kno5\5 Q�� *9ST280u.J6q23(+* η t φ VWMv?N6+*

Ri,j =
√

(ηi − ηj)2 + (φi − φj)2
O y+hJ{@� P

?N6+,���.10p23(+*b,/.1032R?N6+S9*^VL?N4R?N[\*T28*T4@h
• M)(+*b03[l?NMJM1*9032~,/.1032R?N6+S9*b5N:j?-03.J6WIKM1*b5 Q�� *9ST2 di 574uVL?N.J4 di,j .10uMv? Q *TM1*9, dmin h
• ix: dmin .10~?-03.J6WIKM1*HVL?N4323.1STM1*H,/.1032R?N6+S9*K�W48*T[\5�AG*b5 Q�� *9ST2 i ?N6+,f?7,W,q.J2p285c23(+*HMJ.1032u5N: � *T280@h
• ix: dmin .10~?XVL?N.J4~,/.1032R?N6+S9*H23(+*T6q23(+*^2xn�5l5 Q�� *9ST280 i ?N6+, j ?N48*H[\*T43IG*9,q285\?X6+*Tn 5 Q�� *9ST2 k
np.J23( D

pt,k = pt,i + pt,j

ηk = (pt,iηi + pt,jηj)/pt,k

φk = (pt,iφi + pt,jφj)/pt,k .
O y+hJ{@� P
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 &%("�%5 �1(�� &1 �0 &�!,8�&)�4b;5G

M)(W.10£VW485]S9*9, U 48*o.10£S9576]23.J6 U *9, U 6r23.JM/23(+*}MJ.1032£5N:L5 Q�� *9ST280m.10£*T[cVW2xBGh'M)(+*}48*90 U MJ23.J6WI � *T280£?N48*o[l?70803M1*90R0
?N6+,E5748,W*T48*9,f?70RS9*T6+,/.J6WIKMJBs.J6 pt h
ik6;�+I U 48*\y+hJ{K{-23(+*>AK?N43.15 U 0^M1*TAG*TM10H5N:�23(+*\?N6L?NMJBC08.10^S8(L?N.J6�?N48*-.JMJM U 03234R?N28*9,wh-ik6_23(W.10b?N6L?NMJBC08.10e23(+*
0R?N[\* � *T2O?NMJIG5743.J23(W[ .10�?NVWVWMJ.1*9,X285d23(+* a#c �/c � � �!d � f _ba0d ��� ?N6+, � _Dd�� ��� M1*TAG*TM10@hOix6X23(+* ¤ 576]28*p�)?N43M15
03.J[ U Mv?N23.1576+0 � *T280)S@?N6 Q *=48*9S9576+03234 U ST28*9,Y576Y23(+*~VL?N4328576YM1*TAG*TM U 03.J6WI-23(+*=VL?N4328576+0)VW485], U S9*9,z:`4857[
23(+*�(L?N48,>08S@?N2328*T43.J6WI~VW485CS9*9080'? : 28*T4£23(+*jVL?N4328576X08(+5@no*T4@h 
 .J[c.JMv?N43MJBG�7576+*}S@?N6>4 U 6b23(+* � *T2'?NMJIG5743.J23(W[
576�(L?7,/48576�M1*TAG*TM U 03.J6WI;23(+*z,W*9S@?9BG*9,�(L?7,/48576+0-5N:u23(+* ¤ 576r28*q�)?N43M15;*TAG*T6]280@h �=6�23(+*z,W*T28*9ST28574
M1*TAG*TM � *T280e?N48*H:<5 U 6+, Q ?708*9,f576�23(+*H�+6L?NMO032R?N28*>VL?N4323.1STM1*90d.J6 Q 5723(���,+?N2R?s?N6+,;23(+*H48*9S9576+03234 U ST28*9,¤ 576r28*>�)?N43M15\08.J[ U Mv?N23.1576�h
ik6-5748,W*T4}285^S957[cVL?N48*u*QPCVg*T43.J[\*T6r2R?NMF,+?N2R?^?N6+,c23(+*95743BG� Q 5723(c6+*9*9,c285 Q *�IK.JAG*T6l?N2j23(+*p0R?N[\*)M1*TAG*TM¦h? 0 U ?NMJMJB_23(+*c(L?7,/48576�M1*TAG*TMo.10HS8(+5K0R*T6�hAM)( U 0@�£23(+*l,+?N2R?;?N48*\S9574348*9ST28*9,U:<574b,W*T28*9ST28574XVW4857V�*T4323.1*90
0 U SR(f?70u?7S9S9*TVW2R?N6+S9*b?N6+,q* � ST.1*T6+STBGh4�d*QPC2 t¦285Nt¦M1*@?7,/.J6WIz5748,W*T4uS@?NM1S U Mv?N23.1576+0=?N48*^576WMJBs?@A7?N.JMv? Q M1*b576
VL?N4328576\M1*TAG*TM¦h'M)(+*u*�
w*9ST280�5N:g23(+*uS9574348*9ST23.1576l285e23(+*u(L?7,/48576lM1*TAG*TMF?N48*p,/.108S U 0R08*9,c.J6\08*9ST23.1576z�/h��/h yFh
� ��� ���X 6(+*6< 5�� 7/(j 

M)(+*>[\*@?70 U 48*T[\*T6r2H5N:o,/. � *T2e*TAG*T6r280eIK.JAG*90d23(+*bVg5K0803. Q .JMJ.J2kBE285z28*9032d0R*TAG*T4R?NM 8BU ?N6r23.J23.1*90enp(W.1SR(U?N48*
48*TMv?N28*9,s285b23(+*=(+*@?9ACB 8BU ?N43|cVW485], U ST23.1576Y[\*9SR(L?N6W.103[Eh�M)(+*=:`57MJM15�np.J6WIcS9576+03.1,W*T4R?N23.1576+0u?N48* Q ?70R*9,
576E23(+*b?70R0 U [cVW23.1576f23(L?N2=23(+*^2xn�5\(W.JIK(+*9032=234R?N6+03AG*T4808*^[\57[\*T6]2 U [ � *T280=?NVWVW485@PC.J[l?N28*>23(+*^|C.J6+*Qt
[l?N23.1S90e5N:}23(+*X5 U 23IG57.J6WIs(+*@?@A]B 8fU ?N43|EVL?N.J4d.J6_S@?708*>5N:�23(+* Q 5K08576;IKM U 576�: U 03.1576fVW485CS9*9080e574e576+*
(+*@?9ACB 8fU ?N43|q?N6+,f?N6+5723(+*T4uVL?N4328576��+.¦h *Kh}?XMJ.JIK(r2 8fU ?N43|Y574=?XIKM U 576E.J6q48*90857MJAG*9,EVW485]S9*9080R*90@h
� 6L?N2 U 4R?NM'SR(+57.1S9*>5N:�5 Q 08*T43AK? Q M1*90=285 Q *bS9576+03.1,W*T48*9,f.J6;,/. � *T2~VW(+572857VW485C, U ST23.1576�VW(]BC08.1S90d?N48*b23(+*� *T2X234R?N6+08AG*T4808*q[\57[\*T6r2 U [ pt ��23(+* � *T2-V+08* U ,W5Nt¦4R?NVW.1,/.J2xB η ?N6+, 23(+*E? �9.J[ U 23(L?NM=?N6WIKM1*90 φ h�ix6
5748,W*T4^285E?9AG57.1,�,/.JAG*T43IG*T6+ST.1*90b.J6�23(+*-6+*QPC2 t¦285Nt¦M1*@?7,/.J6WI;5748,W*T4HS@?NM1S U Mv?N23.1576+0>?NMJM�5 Q 08*T43AK? Q M1*90e[ U 032Q *-.J6/: 4R? t¦48*9,�0R? :`* R � Y T h 
 .J6+S9*c23(+* � *T280b?N48*\5748,W*T48*9,�?7S9S95748,/.J6WIf285E,W*9ST48*@?703.J6WI pt ��23(+*-V+08* U ,W5Nt
4R?NVW.1,/.J23.1*90}5N:�23(+*pM1*@?7,/.J6WIb574�08*9S9576+, � *T2}?N48* Q 5723(c6+572j.J6/: 4R? t¦48*9,\0�? :`*)5 Q 08*T43AK? Q M1*90 R �
� T h � 5�no*TAG*T4@�
23(+*^[\*@?N6EV+0R* U ,W5Nt¦4R?NVW.1,/.J2xB

η̄ =
1

2
(ηjet1 + ηjet2) ,

O y+hJ{Ty P

.10s.J6/: 4R? t¦48*9, 0�? :`*_?N6+, 23( U 0qS9576rAG*T43IG*90E.J6�23(+*�Vg*T432 U 4 Q ?N23.JAG*�S@?NM1S U Mv?N23.1576+0q285�6+*QPC2 t¦285Nt¦M1*@?7,/.J6WI
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kt 6= 0
)�+ ,8.0%2�&4b1()�?j�C4b:,�b�!78,8)D4b;	�&4Q,8.0%2.F�!7��l;/1(�!, ,/%(7/�C40:\@� C%(+h,�E	)D7k:� �0)D4l7����0�&�!,8�&)�4[@ 7/�C:D.6,�E 1(��4Q C% ���l,8)

�<40)D4 �F��1�9 � ,/) � �b��1�9<,/) �
)� &)�:�=�)�+�,/.0%�) ��,/:�)D�C40:)�b��7 ,/)�4b;5G � .0% �0��1B, �b78% ��; ,/��9�%(4L+ 7/)�? � �
�
�UG

5748,W*T4@hnM)(+*-0R?N[\*>.10d234 U *>:`574e23(+*c? Q 0857M U 28*XA7?NM U *X5N:}23(+*-,/.�
w*T48*T6+S9*-.J6;V+08* U ,W5Nt¦4R?NVW.1,/.J2kB�5N:}23(+*
2kno5 � *T280�� |ηjet1 − ηjet2 | �g?N6+,;23(+*X? Q 0857M U 28*>AK?NM U *>5N:�23(+*X,/.�
g*T48*T6+S9*>.J6�? �9.J[ U 23(L?NM}?N6WIKM1*X5N:�23(+*
2kno5 � *T280

(∆φ)jj =

{

|φjet1 − φjet2 | for |φjet1 − φjet2 | < 180◦

360◦ − |φjet1 − φjet2 | for |φjet1 − φjet2 | > 180◦ .

O y+hJ{@� P

M)(+*�08S@?N2328*T43.J6WI ?N6WIKM1* θ∗ 5N:b23(+* � *T280z.J6 23(+*T.J4sS9*T6]2348*Qtx5N: t¦[l?7080q08BC0328*T[ .10Y?7S9S9*90803. Q M1*;A].v?�23(+*
[\*@?70 U 48*T[\*T6]2d5N: |ηjet1 − ηjet2 | D

cos(θ∗) = | tanh((ηjet1 − ηjet2)/2)| . O y+hJ{@� P

M)(+*\?N6WIKM1* θ∗ .10^08*T6+03.J23.JAG*-285s23(+*c,/BC6L?N[c.1S90^5N:o23(+* � *T2eVW485C, U ST23.1576���.¦h *Khb285Y23(+*>6L?N2 U 48*c5N:�23(+*
VW4857VL?NIr?N28574b5N:�23(+*X.J6rAG57MJAG*9,�[l?N2343.ZP_*TM1*T[\*T6r2@h3M)(+*c5 Q 08*T43A7? Q M1*X.10^*QP/V�*9ST28*9,�285Y03(+5�n�,/.�
g*T48*T6]2
,/.1032343. Q.U 23.1576+0o:<574o,/.J48*9ST2p?N6+,\48*90857MJAG*9,s*TAG*T6r280�hjix6s,/.J48*9ST2�*TAG*T6]280o23(+* 8fU ?N43| O 08VW.J6;{ � � P VW4857VL?NIr? t
28574oB].1*TM1,W0�? (1−| cos θ∗|)−1 Q *T(L?@A].15 U 4onp(W.JM1*u.J6z48*90857MJAG*9,l*TAG*T6]280}VW485CS9*90808*90}np.J23(s?eIKM U 576 O 03VW.J6
{ P VW4857VL?NIr?N28574eS9576]2343. Q.U 28*K��B].1*TM1,/.J6WIq?\032348576WIG*T4=43.108*HMJ.J|G* (1− | cos θ∗|)−2 hpix2=(L?70 Q *9*T6;03(+5�np6
.J6�?q48*9S9*T6]23MJB�V U.Q MJ.103(+*9,�?N6L?NMJBC08.10X5N:~SR(L?N43[\*9,�,/. � *T2-*TAG*T6r280 R Y T 23(L?N2>23(+*z,+?N2R?;?N48*sS9576+03.10328*T6]2
np.J23(U23(+* Q *T(L?@A].15 U 4b*QP/Vg*9ST28*9,_: 4857[�?sIKM U 576UVW4857VL?NIr?N28574@�'.¦h *Khc.J2^.10H, U *c285ESR(L?N43[ *QPWST.J2R?N23.1576
VW485CS9*90808*90@h
� U 280).J6 � *T2�234R?N6+03AG*T4808*d[\57[\*T6]2 U [�?N6+,zV+0R* U ,W5Nt¦4R?NVW.1,/.J2xBsM1*@?7,z285-?>,/.10328574323.1576E5N:�23(+*e*QPCVg*9ST28*9,
cos θ∗ ,/.1032343. Q.U 23.1576�h��d.�
w*T48*T6r23.v?NMmST485K080~08*9ST23.1576+0u[\*@?70 U 48*9,;?70~?>: U 6+ST23.1576;5N: cos(θ∗) ?N48*e23(+*T48*Qt
:<5748*)*TA7?NM U ?N28*9,cnp.J23(\?7,W,/.J23.1576L?NM+48*9082343.1ST23.1576+0�576-23(+*).J6rAK?N43.v?N6r2},/. � *T2O[l?7080 Mjj ?N6+,c576-23(+*)[\*@?N6
V+08* U ,W5Nt¦4R?NVW.1,/.J2kB η̄ ?70~*QPCVWMv?N.J6+*9,q.J6�?NVWV�*T6+,/.ZP;�dh
��B-[\*@?70 U 43.J6WI (∆φ)jj 23(+*~? �9.J[ U 23(L?NMgS9574348*TMv?N23.1576s5N:w23(+*p2kno5>(L?N48,\VL?N4328576+0}.10�.J6rAG*90823.JIr?N28*9,wh��)2
M1*@?7,/.J6WI-5748,W*T4o23(+*d,/.J48*9ST2�VW(+5728576zIKM U 576sVW485]S9*90R0}M1*@?7,W0o285HVW485C, U ST23.1576q5N:g23(+*=(+*@?9ACB 8BU ?N43|cVL?N.J480Q ?7SR|rt¦285Nt Q ?7SR|l.J6l23(+*T.J4�S9*T6r2348*Qtx5N: t¦[l?7080p03B/0328*T[E�G.¦h *Kh'np.J23( (∆φ)jj = 180◦ h'M)(W.10}48*T[l?N.J6+0o234 U *~.J6
23(+*>Mv? Q 574R?N285743Bf: 4R?N[\*K�g03.J6+S9*b23(+*-5 Q 08*T43A7? Q M1* (∆φ)jj .10=.J6rAK?N43.v?N6r2 U 6+,W*T4H?\M1576WIK.J2 U ,/.J6L?NM Q 5C5K032
?NM1576WI\23(+* � � ? PC.10@h

 [l?NMJM1*T4=A7?NM U *90=5N: (∆φ)jj ?N48*>, U *^285\(W.JIK(+*T4d5748,W*T4uVW485CS9*90808*90~0 U S8(�?70uIKM U 576f4R?7,/.v?N23.1576_574~, U *
285E?z6+576 �@*T485Y.J6W.J23.v?NMj234R?N6+03AG*T4808*-[\57[\*T6]2 U [ 5N:�23(+*-.J6+S957[c.J6WIEVL?N4328576+0@h ��5723(U08.J2 U ?N23.1576+0b?N48*
.JMJM U 03234R?N28*9,f.J6Y�+I U 48*^y+hJ{@�Wh



�K� y+h��/h � Q 08*T43A7? Q M1*90

M)(+*Y5 Q 08*T43AK? Q M1* xobs
γ 48*TVW48*90R*T6r280c23(+*l: 4R?7ST23.1576�5N:~23(+*sVW(+5728576�[\57[\*T6r2 U [ *T6]28*T43.J6WI�23(+*s(L?N48,

.J6r28*T4R?7ST23.1576�h �+574u23(+*e48*9S9576+08234 U ST23.1576;5N: xobs
γ 23(+*^,W*Q�+6W.J23.1576

xobs
γ =

∑

h∈ ����� 1(E − pz) +
∑

h∈ ����� 2(E − pz)
∑

h(E − pz)

O y+hJ{�� P

.10 U 08*9,w�pnp(+*T48* Q 5723( 0 U [\0z.J6 23(+*;6 U [\*T4R?N28574q4 U 6 5�AG*T4Y23(+*fVL?N4323.1STM1*90E?7080R5]ST.v?N28*9,�np.J23($23(+*
2xn�5 � *T280@��48*908V�*9ST23.JAG*TMJBG�p?N6+,�23(+*E0 U [�.J6�23(+*f,W*T6+57[c.J6L?N28574l4 U 6+0l5�AG*T4z?NMJMu,W*T28*9ST28*9, (L?7,/48576W.1S
�+6L?NM�032R?N28*XVL?N4323.1STM1*90@h��+574 2 → 2 VW485]S9*90R08*90dnp.J23(�[l?70803M1*9080eVL?N4328576+0 xobs

γ .10^* 8BU ?NMO285Y23(+*-234 U *
[\57[\*T6r2 U [a:`4R?7ST23.1576 xγ

O * 8 ho�/hJ{ � P h �~*TMv?N23.1576Ey+hJ{��cS@?N6f*@?703.JMJB Q *^,W*T43.JAG*9,E: 4857[a* 8fU ?N23.1576_�/hJ{ �
:<574^M1*@?7,/.J6WIf5748,W*T4HVW485CS9*90808*90 O SQ:3hc*Kh I+h R y�� TWP h � .J23(U23(+*\? Q 5�AG*\,W*Q�+6W.J23.1576 xobs

γ .10^48*9032343.1ST28*9,U285
23(+*>4R?N6WIG* 0 < xobs

γ < 1 h �+574^,/.J48*9ST2dVW(+5728576�IKM U 576_VW485CS9*90808*90 xobs
γ ∼ 1 �w?70=23(+*b(L?7,/48576W.1SX�+6L?NM

032R?N28*qS9576+03.108280c576WMJB�5N:=23(+*Y2kno5�(L?N48, � *T280\?N6+,�23(+*YVW485728576 48*T[c6L?N6r2lnp(W.1S8(�.10X:<5748S9*9,�285_23(+*
AG*T43BY:<5743n�?N48,�48*TIK.1576_?N6+,;S9576r2343. Q.U 28*90^576WMJBqMJ.J2323M1*>285 ∑h(E − pz) h � 5�no*TAG*T4@�w, U *>285\4R?7,/.v?N28*9,
VL?N4328576+0^?N6+,_0 U.Q 08* 8BU *T6r2d(L?7,/48576W.10R?N23.1576�VW485]S9*90R08*90~23(+*>Vg*@?N|;?N2X{>.10d03[\*@?N48*9,�285lM15�no*T4eA7?NM U *90
5N: xobs

γ hjik6q48*90857MJAG*9,YVW(+5728576EVW485CS9*90808*90 xobs
γ S@?N6 Q *e03[l?NMJM�, U *e285\23(+*eVW48*908*T6+S9*^5N:'23(+*eVW(+5728576

48*T[c6L?N6r2o.J6\23(+*p(L?7,/48576W.1Su�+6L?NMF032R?N28*Kh+�+574�6+*QP/2 t¦285Nt¦M1*@?7,/.J6WI-5748,W*T4�VW485]S9*90R08*90 xobs
γ .10}?NM1085H08[l?NMJM1*T4

23(L?N6 U 6W.J2xBG�W03.J6+S9*d23(+*^?7,W,/.J23.1576L?NMw(L?N48,Y5 U 23IG57.J6WIcVL?N4328576YVW485], U S9*90u?>23(W.J48, � *T2@hjik6sIG*T6+*T4R?NM¦�/23(+*
5 Q 08*T43AK? Q M1* xobs

γ .10u08*T6+03.J23.JAG*^285-23(+*H48*90857MJAG*9,qVW(+5728576f03234 U ST2 U 48*X?N6+,Y(W.JIK(+*T4=5748,W*T4uVW485CS9*90808*90�h
ik6c23(W.10�?N6L?NMJBC03.10},/.�
g*T48*T6]23.v?NMFS8(L?N43[ ?N6+, Q *@? U 2kB-ST485K0R0j08*9ST23.1576\[\*@?70 U 48*T[\*T6]280}np.JMJM Q *)VW48*908*T6r28*9,
?70£?p: U 6+ST23.1576X5N:W23(+*�234R?N6+03AG*T4808*}[\57[\*T6r2 U [ 5N:W23(+*�M1*@?7,/.J6WI � *T2 pjet1

t ��23(+*}[\*@?N6bV+08* U ,W5Nt¦4R?NVW.1,/.J2kB
η̄ 5N:�23(+*>2xno5 � *T280@�F23(+*X? Q 0857M U 28*-,/.�
w*T48*T6+S9*-5N:�23(+*X? �9.J[ U 23(L?NM}?N6WIKM1*90 (∆φ)jj 5N: Q 5723( � *T280@�F23(+*
AK?N43.v? Q M1* cos θ∗ ?N6+,q23(+*HA7?N43.v? Q M1* xobs

γ h�� U 4323(+*T43[\5748*K�F,/.�
w*T48*T6r23.v?NM'ST485K080u08*9ST23.1576+0~np.JMJM Q *eIK.JAG*T6
:<574�Mv?N43IG*uAK?NM U *90}5N: xobs

γ > 0.85 np(+*T48*~,/.J48*9ST2}VW485C, U ST23.1576lVW485CS9*90808*90�?N48*u*QP/V�*9ST28*9,c285>,W57[c.J6L?N28*Kh
M)(+*c.J6]AG*90323.JIr?N23.1576�5N:p,/.�
g*T48*T6]23.v?NMoST485K080>08*9ST23.1576+0^.J6U23(+*-48*TIK.1576�5N:)08[l?NMJM xobs

γ .10H6+572^V�5K0808. Q M1*KhM)(+*Y48*@?708576�.10-2kno5N:<57M1,wh �=6�23(+*q576+*Y(L?N6+,�23(+*q,+?N2R?_0�?N[cVWM1*Y.10c032R?N23.10323.1S@?NMJMJB�MJ.J[c.J28*9,�.J6�23(+*
48*TIK.1576q5N:m03[l?NMJM xobs

γ hk�=6Y23(+*d5723(+*T4�(L?N6+,z(L?N48,sIKM U 576 � *T280)?N48*=*QP/Vg*9ST28*9,z285>VWMv?9Bs?N6s.J[cVg57432R?N6r2
4857M1*\.J6�23(L?N2b48*TIK.1576�5N:)VW(L?708*z03VL?7S9*Kh 
 .J6+S9*lIKM U 576 � *T280HS@?N4343B�6+5qMJ.Z:<*T23.J[\*\.J6/:<5743[l?N23.1576�23(+*\�+2U 08*9,Y285\,/.10823.J6WI U .103(EMJ.JIK(r2@�FS8(L?N43[a?N6+, Q *@? U 2kBY*TAG*T6]280~,W5C*90p6+572~S9576]AG*T43IG* O SQ:3hj08*9ST23.1576;�/h�� P h
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ik6f23(W.10=S8(L?NVW28*T4e23(+*H.J6+STM U 03.JAG*bVW(+572857VW485], U ST23.1576�,/. � *T2=0R?N[cVWM1*>.10uVW48*90R*T6r28*9,;np(W.1S8(�.10~23(+* Q ?703.10
:<574u23(+*^[\*@?70 U 48*T[\*T6]2=5N:O23(+*HS8(L?N43[ ?N6+, Q *@? U 2xBqST485K080~0R*9ST23.1576+0@h�M)(+*HSR(L?NVW28*T4=032R?N43280~np.J23(E23(+*
,W*908ST43.JVW23.1576�5N:£23(+*H0R*TM1*9ST23.1576fST43.J28*T43.v?\?N6+,ES9576]23.J6 U *90=np.J23(;?-,+?N2R?-285 ¤ 576r28*>�)?N43M15\S957[cVL?N43.10R576
.J6+STM U ,/.J6WIq23(+*X,/.108S U 0803.1576�5N:o0R57[\*X?703Vg*9ST280d48*TMv?N28*9,�285l23(+*X2857VW.1S-5N: � *T2d03234 U ST2 U 48*Kh^�)2d23(+*-*T6+,
23(+*u,+?N2R? U 6/:`57M1,/.J6WI>[\*9S8(L?N6W.103[ .10j.J6r23485C, U S9*9,Y?N6+,c23(+*u,W*Q�+6W.J23.1576Y5N:�23(+*uST485K0R0}08*9ST23.1576\.10�IK.JAG*T6�h
� ��� � * (j �(27=(�� 36,�
81

M)(+*u,+?N2R?e0�?N[cVWM1*u5N:F23(W.10}?N6L?NMJB/03.10jn)?70�S957MJM1*9ST28*9,cnp.J23(\23(+* � {p,W*T28*9ST28574�.J6c23(+*pBG*@?N480~{ Y�Y�Y tk�
�
�
�/�
np(+*T6YVW485728576+0u5N: Y �
� � * � *T6+*T43IKBln�*T48*^S957MJMJ.1,W*9,snp.J23(qV�5K03.J2348576+0)5N:'�G�Ch�� � * � *T6+*T43IKBG�/BC.1*TM1,/.J6WI
?cS9*T6]2348*Qtx5N: t¦[l?70R0~*T6+*T43IKBq5N: ≈ �/{ Y � * � h
� ?N43.15 U 0e032R?NIG*90=5N:}S U 280~(L?@AG* Q *9*T6 U 08*9,f285\48*9, U S9*b23(+*>*T6+5743[\5 U 0=6 U [ Q *T4^5N:�*TAG*T6r280d285z?\48*@? t
08576L? Q M1*�03. �@*9,�0R?N[cVWM1*f5N:bS@?N6+,/.1,+?N28*�*TAG*T6r280@h ix6$?_�+48032l0828*TV �5� �Fa ?N6+, � c�a ��� � 4 U 6+0ln�*T48*
08*TM1*9ST28*9,whAM)(W.10b[\*@?N6+0b23(L?N2X576WMJBU,+?N2R?q2R?N|C.J6WIEVg*T43.15],W0bnp.J23(�23(+*\[l?N.J6�,W*T28*9ST28574XS957[cVg576+*T6r280
57Vg*T4R?N23.1576L?NM�?N6+,_np.J23(�082R? Q M1*c4 U 6W6W.J6WIfS9576+,/.J23.1576+0>no*T48*c|G*TVW2^:<574^np(W.1S8(�23(+*-.J6r28*TIK4R?N28*9,�M U [c.Zt
6+5K03.J2kB\n�?70)[\*@?70 U 48*9,whjix6q?b0R*9S9576+,z0328*TVs.J2�n�?70�48* 8fU .J48*9,s23(L?N2o:`574)*@?7S8(q*TAG*T6]2�23(+*=(W.JIK(sAG57MJ2R?NIG*
5N:d23(+*l:<57MJM15@np.J6WIU0 U.Q ,W*T28*9ST2857480-.J[cVg57432R?N6r2-:<574-23(W.10-[\*@?70 U 48*T[\*T6r2cn�*T48*E?N2X6+57[c.J6L?NMu0R*T2323.J6WIG0 D
��� d	��
 � _
�	_D^�������������������������
��������������! ���� �#" �%$ ���'&)( h]ik6Y?b6+*QP/2�0328*TVYS9*T432R?N.J6Y4 U 6Y4R?N6WIG*90
(L?@AG* Q *9*T6�*QP/STM U ,W*9,U: 4857[
23(+*s?N6L?NMJBC08.10@hNM)(+*908*l?N48*\23(+*c4 U 6+0Hnp(+*T48*l23(+*z��*]� (L?7,�? Q 4857|G*T6
np.J48*s?N6+,U23(+*l0R5NtxS@?NMJM1*9,,+ 03(W.Z:`28*9,UAG*T4328*QP�4 U 6+0-+ §X?N2>23(+*l*T6+,U5N:u23(+*l,+?N2R?q2R?N|C.J6WIfVg*T43.15],�.J6�23(+*
BG*@?N4=�
�
�
�/h. 6$23(+* Q ?703.10Y5N:b23(+*�? Q 5�AG*_S9576+,/.J23.1576+0q2857IG*T23(+*T4Ynp.J23( 23(+*�2343.JIKIG*T4Y48*0/ U .J48*T[\*T6r280E,/.108S U 0R08*9,
.J6�08*9ST23.1576 �/h y+�j23(+*s28572R?NM).J6r28*TIK4R?N28*9,�M U [c.J6+5K03.J2kB�5N:=23(+*Y?N6L?NMJB/08*9,�*TAG*T6r2c0R?N[cVWM1*q?N[\5 U 6]280c285
56.8 pb−1 h
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ik6�23(W.10\08*9ST23.1576�23(+*q[l?N.J6 S U 280��}np(W.1SR(�?NM1085�,W*Q�+6+*q23(+*E?7S9S9*90808. Q M1*YVW(L?708*E03VL?7S9*q5N:d23(+*q[\*@? t
0 U 48*T[\*T6]2@�jnp.JMJM Q *z,/.108S U 0808*9,whGFC57[\*Y5N:~23(+*s08*TM1*9ST23.1576�S U 280X?N48*s[\5723.JAK?N28*9, Q B��!F>M ,W*T28*9ST28574
?7S9S9*TVW2R?N6+S9*b48*0/ U .J48*T[\*T6]280@�+np(W.1SR(�?N48*^6+*9*9,W*9,q285-Vg*T4 :<5743[ 23(+*^MJ.Z:<*T23.J[\*b?N6L?NMJBC08.10@h
¨IH ���KJ & � «ML � ()& � <�(ON ª�/m©�( � (ON ª�/�8 ��� ( � & ��� -PNNª�� ��� /�©�( � ª���& � � $%$%� « � ª�#u©0& & ��� ª��"! � ª7© $ � ª & � (x©"�'& � ��ª + � � ª &3°

�G�



� � �/h��/h � ?7,/48576W.1S��'.J6L?NM�F]2R?N28*>�)?NMJ. Q 4R?N23.1576

�d576���� � Q ?7S8|CIK485 U 6+,X.10�48*��3*9ST28*9,H285~?)Mv?N43IG*o*QPC28*T6]2 Q B^48*0/ U .J43.J6WI=23(+*�VW43.J[l?N43B^AG*T4328*QPH5N:W23(+*}*TAG*T6r2
285 Q *-48*9S9576+03234 U ST28*9,�np.J23(W.J6�?YS9*T432R?N.J6U4R?N6WIG*l5N:�23(+* �cVg5K03.J23.1576U5N:)23(+*-6+57[c.J6L?NM�AG*T4328*QPghOM)(W.10
S9576+,/.J23.1576f*QPWSTM U ,W*90p*TAG*T6r280uS957[c.J6WI\: 4857[�S957MJMJ.103.1576+0u5N:£23(+*^0R?N28*TMJMJ.J28* Q.U 6+S8(+*90pnp.J23(q23(+*e6+57[c.J6L?NMQ.U 6+S8(+*90�h�� U *�285=23(+*oMJ.J[c.J28*9,\�!F>M�?7S9S9*TVW2R?N6+S9*K�K23(+* z tx,/.1032R?N6+S9*)5N:L23(+*oAG*T4328*QPb:`4857[�23(+*�6+57[c.J6L?NM
.J6r28*T4R?7ST23.1576�Vg57.J6r2@�W23(+* z t	��*T4328*QPw�+.10p48*9082343.1ST28*9,Y: U 4323(+*T4~285-23(+*^4R?N6WIG* |zVertex| < 20 cm h
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��������������������������	� 


ik6Y5748,W*T4p285c0R*TM1*9ST2�VW(+572857VW485C, U ST23.1576;*TAG*T6]280@�W.J2).10)6+*9S9*9080R?N43Bz285\?N6r23.Zt¦2R?NIl*TM1*9ST2348576+0u.J6q23(+*=[l?N.J6
S@?NM15743.J[\*T28*T480@h�M)(+*q08S@?N2328*T48*9, *TM1*9ST2348576�.10c0R*@?N48S8(+*9,�:<574 Q B�*TM1*9ST2348576��+6+,W*T480c.J6�23(+*"!��=4l?N6+,
F]VL?G�)?NMOS@?NM15743.J[\*T28*T480@h#�L574=23(+*X085NtxS@?NMJM1*9, U 6r2R?NIKIG*9,_VW(+572857VW485C, U ST23.1576_*TAG*T6]280 U 6+,W*T4e082 U ,/Bq23(+*
VW(+5728576EAC.J432 U ?NMJ.J2xBq.10p48*9082343.1ST28*9, Q Bs23(+* F]VL?G�)?NM£?7S9S9*TVW2R?N6+S9*>285 Q2 < 1GeV2 h
M)(+*e|C.J6+*T[l?N23.1SeA7?N43.v? Q M1*90)[ U 032 Q *dS@?NM1S U Mv?N28*9, U 03.J6WI-23(+*e(L?7,/48576+0p03.J6+S9*e23(+*e08S@?N2328*T48*9,q*TM1*9ST2348576
.10p6+572=[\*@?70 U 48*9,wh�M)(+*b.J6+*TMv?70323.1ST.J2xB yJB �+S@?NM1S U Mv?N28*9,;np.J23(E23(+* *r?7S0/ U *T2 t�$�M1576+,W*TM£[\*T23(+5C,&% �/{ '£.10
48*9032343.1ST28*9,_285Y23(+*-4R?N6WIG* 0.15 < yJB < 0.8 heM)(+* U VWVg*T4HS U 2^48*T[\5@AG*90 Q ?7SR|]IK485 U 6+,�: 4857[ ,W*9*TV
.J6+*TMv?70323.1Sp08S@?N2328*T43.J6WI)( �ei F+*�*TAG*T6]280@�Gnp(W.1SR(c[c.JIK(r2 Q *)0323.JMJM].J6-23(+*p0R?N[cVWM1* Q *9S@? U 08*)5N:F.J6+*-,lST.1*T6+ST.1*90
5N:b23(+*_*TM1*9ST2348576$�+6+,W*T4&(`SQ: h�?NM10R5�08*9ST23.1576��/h��.*Qh �ei F Q ?7SR|]IK485 U 6+, *TAG*T6]280E?N48*_S8(L?N4R?7ST28*T43.108*9,Q B AK?NM U *90E5N: E − Pz 5N:>2xBCVW.1S@?NMJMJB$2xnp.1S9*�23(+* Q *@?N[ *T6+*T43IKBG�e.¦h *Kh��K�/h��0/e*��XhCF].J6+S9* yJB =
(E−Pz)/(2Ee) 0 U SR(X*TAG*T6]280�?N48*o:`5 U 6+,-?N2O(W.JIK(>.J6+*TMv?70323.1ST.J23.1*90 yJB h�M)(+*�M15@n�*T4�S U 2£48*��3*9ST280O*TAG*T6r280
.J6f23(+*>*QPC2348*T[\*H:`5743n)?N48,f48*TIK.1576�5N:j23(+*b,W*T28*9ST28574@�F23( U 0d*T6+0 U 43.J6WIY?\S957[cVWM1*T28*b48*9S9576+03234 U ST23.1576_5N:
23(+*e�+6L?NMm082R?N28*Kh
12�+��32���	�������	�4


M)(+*_,W*Q�+6W.J23.1576�5N:H23(+*�(L?7,/48576W.1S��+6L?NMd032R?N28*�?N6+, 23(+*)� *T2s48*9S9576+03234 U ST23.1576 no*T48*�,/.10RS U 0808*9,�.J6
08*9ST23.1576+0by+h��q?N6+,�y+h��/h � U *c285q2343.JIKIG*T4bS9576+,/.J23.1576+05(`SQ: hl08*9ST23.1576��/h y6*d23(+*7�3*T2H08*TM1*9ST23.1576�ST43.J28*T43.v?
48*0/ U .J48*e? pt 5N:£23(+*d(W.JIK(+*9032p234R?N6+08AG*T4808*d[\57[\*T6r2 U [8�3*T2p5N: pjet1

t > 11GeV �W?N6+,s23(+*e234R?N6+03AG*T4808*
[\57[\*T6r2 U [ 5N:£23(+*b08*9S9576+,q(W.JIK(+*9032u234R?N6+08AG*T4808*^[\57[\*T6r2 U [9� *T2p285 Q * pjet2

t > 8GeV h
M)(+*\6+*9*9,�:`574>?N6�?703BC[c[\*T2343.1SlS U 2b576�23(+*c234R?N6+03AG*T4808*l[\57[\*T6r2 U [�5N:�23(+*l2xn�5fM1*@?7,/.J6WI)� *T280b.10
[\5723.JAK?N28*9, Q BE23(+*95743B;?N43I U [\*T6]280�% � Y 'xh~ik6f23(W.10dn�?@Bf48*TIK.1576+0e5N:�VW(L?708*X03VL?7S9*-? 
g*9ST28*9, Q BqMv?N43IG*U 6+S9*T432R?N.J6r23.1*90=.J6E23(+* �:! . S@?NM1S U Mv?N23.1576_?N48*b?9AG57.1,W*9,wh
F].J6+S9*�no*TMJM/[\*@?70 U 48*9,\�!F>M�234R?7S8|/0;(`SQ: h£08*9ST23.1576-y+h���*wVWMv?@BX?=03.JIK6W.Z�LS@?N6r2O4857M1*o:`574'23(+*o[\*@?70 U 48*T[\*T6r2
5N:wS8(L?N43[ ?N6+, Q *@? U 2kB7� *T280@�r576WMJB<�3*T280�.J6c23(+*uS9*T6]234R?NMF48*TIK.1576z5N:�23(+*=,W*T28*9ST28574o?N48*uS9576+03.1,W*T48*9,wh=�+574Q 5723(>� *T280d23(+*-V+08* U ,W5Nt¦4R?NVW.1,/.J2kB�.10e23( U 0e48*9032343.1ST28*9,�285s23(+*-4R?N6WIG* −0.9 < η < 1.3 heM)(+* U VWV�*T4
S U 2�S957.J6+ST.1,W*90}*QP+?7ST23MJBbnp.J23(l23(+*~�!F>M ?7S9S9*TVW2R?N6+S9*pnp(+*T48*@?70�23(+*)M15�no*T4}S U 2j.10jSR(+5K08*T6z? Q .J2j23.JIK(r28*T4
285c*QPWSTM U ,W*^48*T[l?N.J6W.J6WI Q ?7SR|]IK485 U 6+,E: 4857[�,W*9*TVf.J6+*TMv?70323.1SH08S@?N2328*T43.J6WIl*TAG*T6]280@h
�21�? �A@ � 8�
=<9:�� � :E<B@=D�¡ 5�@65�B �0@=DE: � 8C@65�:�
C<

M)(+*b?NMJIG5743.J23(W[ 285c48*9S9576+03234 U ST2=23(+*^(L?7,/48576W.1SH�+6L?NM£032R?N28*^n�?70d?NMJ48*@?7,/BE03Vg*9ST.Z�L*9,q.J6f08*9ST23.1576;y+h��/h
�=6s?7,W,/.J23.1576L?NM�� *T2)S@?NMJ. Q 4R?N23.1576Y.10�?NVWVWMJ.1*9,s285>23(+*~.J6+,/.JAC.1, U ?NM6� *T280o285H: U 4323(+*T4�.J[cVW485@AG*d23(+*~48*9S9576/t
03234 U ST23.1576U5N:)23(+*:� *T2 / U ?N6r23.J23.1*90@heM)(+*-VW43.J6+ST.JVWM1*\5N:�23(W.10HS@?NMJ. Q 4R?N23.1576��£?YST485K0R0 txS8(+*9SR|�Vg*T4 :<5743[\*9,
np.J23(�? �di Fs6+* U 234R?NM'S U 4348*T6r2e,/. � *T2~0�?N[cVWM1*>?N6+,q23(+*>S9576+08*0/ U *T6+S9*90u:`574~23(+*b03B/0328*T[l?N23.1SH*T4348574d576
23(+*^(L?7,/48576W.1SH*T6+*T43IKBq08S@?NM1*K�+np.JMJM Q *H,/.10RS U 0808*9,Y.J6q23(W.10~0R*9ST23.1576�h
F].J6+S9*-23(+*c234R?7SR|C0b?N48*\?NMJ48*@?7,/B_S@?NMJ. Q 4R?N28*9,�23(+*l?N.J[ 5N:�23(+*cS@?NMJ. Q 4R?N23.1576�VW485CS9*9, U 48*-.10^285qS8(L?N6WIG*
23(+*c*T6+*T43IKB�5N:o23(+*cS@?NM15743.J[\*T28*T4XSTM U 0328*T480H576WMJBGhc�d0H? Q ?703.1S-VW43.J6+ST.JVWM1*c.J2^[l?N|G*90 U 0R*X5N:)23(+*X:¦?7ST2
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