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1   Beam pipe and beam magnets
2   Central track detectors
3   Forward track detectors
4   Electromagnetic LAr calorimeter
5   Hadronic LAr calorimeter
6   Superconducting coil (1.15 T)
7   Compensating magnet

  8   Helium supply for  7   
  9   Muon chambers
10   Instrumented iron yoke
11   Forward muon toroid
12   SPACAL and Backward DC
13   Plug calorimeter
14   Concrete shielding
15   Liquid argon cryostat
16   H1 coordinate system

X

Y

Z

ϕθ
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( H F/D 6M8 HCF*A 794I4I794QL H 7 AC= L H L A 6'7 HC? � 7 ON5 W L J 7 J 7 HIN W 4 A L/R^7 ?BJ 6 = 7 F/HCO 7 HQF/D 6 = 7 = L O2HIFKJ 4 ? � 7O @QP�RTS <e=�?BAC= 8Z79L J 4 6 = L�6U= $> L J�O 6 = 7|4 ¬ S@L H 7 F/D 6 = 7|8 F 8f7 J 6IS�8 6 H L J 4 D 7 H L H 7 N 7 J 7 H L/RBR^W4C8ZL/RBRWV @XP v O $ <e=@?BA�=�? 4 ?BJ 6 = 7 F/HCO 7 H F/D L D 7 <�= S J@O2H 7 O 4EYUZ#[�X]\ HIF 8 L]6 = 7 F/H 7�6 ?BA L/R�8 FK?BJ 6
F/D P ? 7 < ; 6 = 748 H 794'7 J�A 7 F/D 6 = 7�RBL HIN 7�4 A L/R^7�8ZL_^/7
6 = 7 A L/R A S@RBL�6 ?^FKJ 4 F/D 6 = 794I748 HCF*A 794I4I794 J@FKJ`A8 7 H 6IS Ha5 L�6 ? P/7b;@L J@O 8 7 H 6IS Ha5 L�6 ? P/7+c*S@L J 6IS@8 A�=2HIF 8 F�O W J L/8 ?BA 4 Fedgf9h I ? 4 J@F 6eL_8U8�R ?_A L 5 R^7/X2 = 7 L_8?8 HIF L AC=Y<e=�?BAC=Y= L/4 5 7�7 J L O2F 8�6'7 O 4 ?BJ@A 7�6 = 7Di_j x 4;6 F�O 794 A{H�?L5 7�4 F/D 6k8 HCF*A 794I4I794 ? 4l 7 N/N 7 6 = 7 F/H W�y f im;onbKp; f_q zUX

( & L HCO 8 HIF�A 794I4'794
L H 7 AC= L H L A 6'7 HC?Lr 7 Os5 WoL = L HCO 7 J 7 HIN W�4 A L/RB7/X>k J 6 =�? 4t8 HIF*A 794C4'794
6 = 7[8 F_A8Z7 J 6IS@8 6 H L J 4 D 7 H L J@O = $> L H 7 RBL HIN 7 F@u Pgv Z][UI�XU2 =@? 4�L/RBR F�< 4i6 F S�4'7M8 7 H 6IS Ha5 L�6 ? P/7 dgf9h X
( 2 = 7g8 =2F 6 F 8 HIF*O S A 6 ?^FKJ 8 HIF�A 794I4'794>L H 7 A�= L H L A 6'7 HC?Lr 7 O P ? LZL J 7 J 7 HIN Wa4 A L/R^7 O 7B: J 7 O�5 W # $

<>=@?BAC=f? 4 ?BJ 6 = 7 F/HCO 7 H F/D 6 = 7 = L O2HIFKJ 4 ?Lr 7 OxwXP�R_S X�k J 6 = 7�8 =2F 6 F 8 HIF*O S A 6 ?^FKJ[H 7 NK? 8f7i6 = 78 =2F 6 FKJ P ?BH 6IS@L/R ? 6jW F/D 6 = 7y8 =2F 6 FKJ # $kz P|{M}T~ $ L J@O 6 = 7�8 =2F 6 FKJ 4Q8ZL W 5 7 A{FKJ 4 ?BO 7 H 7 OL/4 H 79L/R�X
( 2 = 7 H 7 NK? 8f7 F/D # $ u P�v Z#[ $ ? 4 H 7 D 7 HIH 7 O 6 F L/4 O 7�7B8 ?BJ 79RBL/4'6 ?BA 4 A L�6'6'7 HC?_J2N�F�h k
H?I�X ( P ?^H 6IS@L/R8 =2F 6 FKJp?BJ�h kaH�8 HIF�A 794I4'794 ? 4 A L_8�L 5 R^7o6 F\H 794 F R^P/7a6 = 7�8�L H 6 FKJ 4 ?_J 4 ?BO 7 6 = 7�8 HCF 6 FKJ ; L J�O6 = 7 H 7 D!F/H 7 h kaH ? 4
S@4'7 O 8ZL ?BJ RBWa6 F}?_J P/794'6 ?BN L�6'7f6 = 7�8 HIF 6 FKJ 4'6 H S A 6IS H 7/X���79L/4IS H 798f7 J 6I4 F/D6 = 7]4'6 H S A 6IS H 7 D S J@A 6 ?^FKJ�A L J�5 7 DGF S J@OoD!F/H 7���L/8�8�R^7 ?BJ y f_� ; q jU; q`P z <e? 6 = 6 = 7]6 = 7 F/H 7�6 ?BA L/R8 F*O 79R_4 ?BJ y qb� zUX



KbK ���������	��

������������
���������������� ��
 ���!��"

�������	��

������������������������ !�#"%$&�('����)�!*+���-,�.0/�12���3��45���6"7�8 9��$;:<�>=@?�$;:<�A:<�
*� !�<�(�B�6$6���C'ED

FHG5IKJ<L>J<MONQPSR@P%T>USIVP8IVLCW8IVX+G>IYUSIKR7PZT�IYUS[�\<U&]�IVX�R7L^WSG5IKT_G5\<W8\<T>U&\`X>a_b�WSRO\�L^USIYc�R7]�I0d�G>IYUSI0WSG5IKIVMOIVb�W8US\�LR@P�PSbYJ#W8W8IYUSIVX
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­ L�WSG5I^R@LCW8IYU&J<b�WSRO\�L�\<[®IVMOIVb�W8U&\�L>PHJ<L>X�T_US\<W8\�L>PHJ#W�¯�°0±�²³IVL>IYUSc�ROIVP�WSG5I^X>\�]hR@L>J<LCW�T>US\Qb�IVPSP8IVPHJ#U&Id�G5IVLpWSG>IHIVMOIVb�W8US\�LhJ<P´JkP8\�a5U&b�I�\<[�eQROUSWSa>J<MQT�G5\<W8\�L>P IV]hR@WSP-JkµCa_J<PSR·¶AUSIVJ<MQT_G>\<W8\�Lz¸{mfn�¹ºu�»	d�G>R@b!GPSa5¼�P8IVµCa>IVLEWSMONhR7LEW8IYU&J<b�WSPHd�ROWSG�WSG5IfT>US\<W8\�Lwj-F�G5I�X>\�]hR@L>J<L>b�I�\<[%WSG>I�T�G5\<W8\<T>US\QX>a>b�WSRO\�L)T>US\Qb�IVPSP8IVPR@PkIYeQR@X5IVLCW^[�US\�]½IVµ`a>J#WSRO\�L¾�`j@uV}�[�US\�]½d�G>R@b&G¿J|X5IYT�IVL>X5IVL>b�I<À�u�Á<m�Âh[�\�M@MO\�d�PYj ­ L3WSG>I¬[�\�M@MO\9d�R@L5cWSG5IkW8U&J<L_PSROWSRO\�L�[�US\�]ÃWSG5I^Ä;�gb�U&\�PSPHP8IVb�WSRO\�LÅW8\¬WSG5IfT_G5\<W8\<T>US\QX>a>b�WSR@\�L�b�U&\�PSPHP8IVb�WSRO\�L�R7P�X>R@PSbYa>P&P8IVXwj
Æ IYc�MOIVb�WSR@L5c+WSG5I�b�\�LCW8U&RO¼_a>WSRO\�L>P®[�US\�]ÇWSG5I�I�ÈQb!G>J<L5c<I�\<[	É³ÊlJ<L_XÅËÌ¼�\�P8\�L>P d�G>R@b&G¬J#USI�PSR@c�L>RO�_bYJ<LCW\�L>MON�[�\<U�m n¬ÍÃÎÏnÐ_Ñ Ò¬ÓiÔ WSG5I)b�US\�P&P�P8IVb�WSRO\�LÕbYJ<L
¼�Ih[�J<b�W8\<U&ROÖYIVXÕR@LEW8\gW8IYU&]hP^b!G>J#U&J<b�W8IYU&R@ÖVR@L5czWSG>I× aQÈ�\<[-T�G5\<W8\�L>P�IV]hROW8W8IVX�¼CN�WSG>I+IVMOIVb�W8U&\�L�J<L_XgJ¬W8IYU&]ØUSIYT>USIVP8IVLCWSR@L5c)WSG5I�T_G5\<W8\�LQ¶AT>U&\<W8\�LgPSbYJ#W;¶W8IYU&R@L>c5j�FHG>I�T�G5\<W8\�LQ¶AT>US\<W8\�L¿PSbYJ#W8W8IYU&R@L5c|R7PkJ�PSa>]Ù\<[KWSG5Ihb�US\�PSPkP8IVb�WSR@\�L>Pk[�\<UkW8U&J<L>P8e<IYU&PSIVMON�J<L_XMO\�L5c�R@WSa>X>R@L>J<M7MONpT�\�M7J#U&ROÖYIVXÅT_G5\<W8\�L_PYÀ
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6 = 7yc*S@L/4 ?lH 79L/R
8 =2F 6 FKJ 4 = L9P/7 FKJ RBW�L}6 H L J 4'P/7 H 4'7�8 F R_L HC?Lr 7 OEA{F 8y8 FKJ 7 J 6 <>=@?BAC=EA{FKJ 6 HC?L5 S@6'794>6 F6 = 7 A{HIF 4I4 4'7 A 6 ?^FKJ Xx\ F/H 6 = 7 A{FKJ@J 7 A 6 ?BFKJ 5 7�6 < 7�7 J 8 =2F 6 F 8 HCF*O S A 6 ?^FKJ L J@Or?BJ@A RBS�4 ? P/7 } = A{HIF 4I44'7 A 6 ?^FKJ�FKJ 7 Fb5 6IL ?BJ 4BV

O $�� F } = � }�¥ I
O�� O # $ \�������� �
� b���� � F K*X P n#I

<e= 7 H 7 ������� ? 4�6 = 7g8 =2F 6 FKJ�� S`� D L A 6 F/H
?BJ 6 = 7 ��7 ?�r 4�!L A ^/7 H
A � ? RBR ? L/8Z4 A L_8U8 HIF � ? 8ZL�6 ?^FKJ V���"��� F#� � # $ I \ $ _�&,(K " # $ � P : F P�� � I $� � K F P�� � I� $ # $( -&%
# $�'  � F K*X P i#I

<e? 6 = # $( -&% \ � $_ � $ v F P(� � I ? 4�6 = 7`R F < 7 H R ? 8 ? 6 F/D # $ DGF/H 6 = 7 NK? P/7 JZ?BJ 79RBL/4I6 ?BA�? 6	W � XE2 = 7 ?BJ 6'7 N/H L/R
F P/7 H 6 = 7�^ ?BJ 798ZL�6 ?_A R ? 8 ? 6I4 O 7B: J 7 O�DGF/H 6 =@? 4QL J L/R^W�4 ? 4 F j*) �,+ � + j*))ibnaL J@O # $ + j*),j P�v Z#[ $ I
NK? P/794e6 = 7M8 =2F 6 FKJ`A-� S`� ?_J 6 = 7Q79R^7 A 6 HIFKJ V/. _10 � \�2 r43 576r43 � 2 r43 r X8:9;=<?> ���"��� F #Q$ � � I O #%$ O@� \ j*),j P<� K*X
2 FeO 794 A{HC?�5 7E8 =2F 6 F 8 HIF�O S A 6 ?^FKJ 6 = 7|8 F�O 79R F/D 6 = 7 8 =@F 6 FKJ 4'6 H S A 6IS H 7 DGHIF 8 y � i�z = L/4 5 7�7 J L O2F 8@6'7 O Xk J : H 4'6QL_8U8 HIF � ? 8ZL�6 ?^FKJ 6 = 7�8 =2F 6 FKJnA L J 5 7f6 H 79L�6'7 O L/4 L 8 FK?_J 6 A R ? ^/7�8�L H 6 ?BA R^7/X;k J 6 = 7Z4'7 A{FKJ@OL_8U8 HCF L AC= ;�c*S@L J 6IS�8�8f7 A�= L J@?BA 4
L/RBR F�< 4 D!F/HA� S A 6IS@L�6 ?BFKJ 4 F/D 8 =2F 6 FKJ 4 ?BJ 6 F c*S@L H ^ A L J 6 ? c*S@L H ^ F/HR^7B8@6 FKJmA L J 6 ? RB7B8@6 FKJ 8�L ?^H 4�X 2 = 7kc*S@L H ^ A L J 6 ? c S�L H ^ 8�L ?^H
A L Js5 S ? R OD5�F S J@OoF/HQJ2FKJ`Ae5 F S J�O 4'6IL�6'794�X2 = 7 = L O@HIFKJ@?BA"� S A 6IS@L�6 ?BFKJ 4;L H 7o4
8�R ? 6 ?BJ 6 F Ls8�L H 6 F/D R F < L J@Os=@?BNK= P ?^H 6IS�L/R ? 6 ? 794 $ X & F < 7�P/7 H ;6 = 7Dc S�L J 6IS@8 J S@8 5 7 H 4 F/D 6 =@? 4 = L O@HIFKJ@?BA5A{F 8y8 FKJ 7 J 6;8[S@4'6;8ZL�6 AC= 6 = 7 H 794
8 7 A 6 ? P/7Dc*S@L J 6IS�8
J S@8 5 7 H 4 F/D 6 = 7C8 =2F 6 FKJ F #!\CB�\ED�\ j �(F:G:H \ PJI(I I�X�2 = 7 H 7 D!F/H 7 D!F/H 6 = 7 5 F S J@O 4'6IL�6'794
FKJ R^W 6 = 7]P/7 A 6 F/H 8Z794 FKJ 4 F ~LK \�M r �7N��POQ�RF vTS �PU I>L H 7]L/R_R F < 7 O X92 = 7 R F�< P ?^H 6IS@L/R ? 6	W 8�L H 6 A L J5 7a6 = 7 H 7 DGF/H 7oL_8U8 HCF � ? 8ZL�6'7 O�5 W�6 = 7o4IS@8 F/D P/7 A 6 F/H 8Z794 FKJ 4�X h S27o6 F 6 = 7 =@?^NK= =?>�6 = 7 =�?^NK=P ?^H 6IS@L/R ? 6	W 8�L H 6 A L JN5 7 A L/R A S@RBL�6'7 O 8 7 H 6IS Ha5 L�6 ? P/79R^W/XV� ? 6 = 6 =�? 4 A RBL/4I4 ? : A L�6 ?^FKJ 6 = 7y8 =2F 6 FKJ�A L J5 7Q7��p8 H 794I4'7 O�5 W�VW n(X8\ZY4[]\_^ _ W n*[]\`^ _ X : abQc(b:d Y b W ~eX :fahgiY g W c=jckX : al c _`m nhm o Y l W prqsp I X � F K*X P f I
<e= 7 H 7f6 = 7 A{F 7rt A�? 7 J 6I4 Y - ? 4 H 79RBL�6'7 O 6 F 6 = 7 A{F SU8�R ?BJ2N 49X ( RBR
8 =2F 6 FKJ\A{F 8y8 FKJ 7 J 6I4 8ZL9W�4IS 5 4'7 Ac*S27 J 6IRBW ?BJ 6'7 H L A 6 <e? 6 = 6 = 7�8 HCF 6 FKJ 4�X 2 = 7 A{FKJ 6 HC?L5 S26 ?^FKJYD!HCF 8�R^7B8@6 FKJ`A L J 6 ? R^7B8@6 FKJs?BJ 6'7 H L A 6 ?^FKJ
<e? 6 = 6 = 7�8 HIF 6 FKJ ? 4 O S27`6 F 6 = 7 H 79RBL�6 ? P/7
4I8ZL/RBR J 794I4 F/D 6 = 7e79RB7 A 6 HIF 8ZL NKJ 7�6 ?BA�u�< 79L_^ A{F SU8�R ?BJ2N%J 7 N_AR ?^NK?�5 R^7/X
2 = 7�L 5�F P/7M8 =2F 6 FKJ}< L9P/7 D S J@A 6 ?BFKJ5A{F/HIH 794
8 FKJ@O 4 6 F 6 = 7�7�� ? 4'6'7 J@A 7 F/D 6 =@H 7�7Q8ZL ?BJ 7�P/7 J 6
A RBL/4I4I794 y �bq zeV
P X`k D 6 = 7 5 L H 7 8 =2F 6 FKJ W n*[]\`^ _ X ?BJ 6'7 H L A 6I4 <e? 6 = 8�L H 6 FKJ 4 ?_J 4 ?BO 7i6 = 7 8 HIF 6 FKJ}O@?^H 7 A 6IR^W FKJ 7 O 79L/R_4

<>? 6 =�O�?^H 7 A 6t8 HIF*A 794C4'794�X ( 6	Wp8 ?BA L/R 8 HIF�A 794I4 F/D 6 =@? 44^ ?BJ@O�? 4 5 F 4 FKJ`AUN R_S FKJoD S@4 ?^FKJ�<e=@?_AC=�? 44 =2F <eJ�?BJ : N XJK*X � 5 I�XK*Xt2 = 7 < L P/7 D S J@A 6 ?^FKJ W ~LX A{F/HIH 794
8 FKJ@O 4 6 F 6 = 7EP/7 A 6 F/H 8f794 FKJ O2F 8 ?BJ L J�A 7 F#v � h I�y i q z8 HIF*A 794C4'794 ?BJ <e=@?BA�= 6 = 7+8 =2F 6 FKJ 6IS HCJ 4 ?_J 6 F L[P/7 A 6 F/H 8f794 FKJD5 7 DGF/H 7�6 = 7 ?BJ 6'7 H L A 6 ?^FKJ ;@L J�O6 = S@4
L/RBR�8 HCF*A 794I4I794>L/RBR F < 7 O�?BJ�= L O2HIFKJ@?_A 8 = W�4 ?BA 4e8ZL9W F�A�A S H X 2 = 7%794I4'7 J@A 7 F/D 6 = 7 v � h8 F*O 79R ? 4
R F < P ?^H 6IS@L/R ? 6	W F/D 6 = 7�c*S@L H ^ A L J 6 ? c*S@L H ^�8�L ?^H 4�X 2 =@? 4t8�L H 6 F/D 6 = 7 A{HIF 4I4�4'7 A 6 ?^FKJ
A L J�5 7Q7��p8 H 794I4'7 O P ? L[6 = 7 v � h 8 F*O 79R L/4`LZ4IS@8 F/D 8f794 FKJ`A 8 HIF 6 FKJoA{HCF 4I4e4'7 A 6 ?BFKJ 4BV

� � bw=x�y \ a b{z "%$ _�&,(| $b � b b}�~�} � F K*X P<q I
<>= 7 H 7 | b ? 4f6 = 7 H 794a8�7 A 6 ? P/7 A{F Sm8�R ?_J2NEF/D 6 = 7�8f794 FKJ 6 F 6 = 7 8 =2F 6 FKJ X 2 = 7 8 HIF�A 794I4 ? 44 =2F <eJ�?BJ : N XJK*X � L]I�X91� «­¬:ªe¬½¹e»��#��µÅ¹�ªeÁ�À1±³µÅª�Æ��#«·¬½¹e¬:¹e¬º®°¬½¹e¿<ªe¯cªe«·¬ ÀM»C¯�Á­©�ª�¯1®���¯P��� ¿�«­¬�±³±²©­¬�¿�¿]�Iªe«·ÀMª>¼�¯1»C¬�¿>µ³©¾À1Â·Â µ³ªeµ³¯1©@ªe¯8ªe«·¬���µÅ¹�ªeÁT�À1±³µÅª�Æ�� 9 ¯1®kªe«·¬:Ä·«·¯Mªe¯�© Ç
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� X`k J 6 = 7[4 F A L/RBRB7 O L J2F 8�L/R F S@448 HIF�A 794I4 FKJ 7 F/D 6 = 7 J@FKJ`Ae5 F S J@O c*S@L H ^�4 u L J 6 ? c S�L H ^*4
4IS 5 4'7 Ac*S27 J 6IR^W ?BJ 6'7 H L A 6I4 <e? 6 = L�8�L H 6 FKJ F/D 6 = 7�8 HIF 6 FKJ�<e=@?_AC=�? 4 O 798 FKJ 4'6 H L�6'7 OG5 W : N X4K*X � A I�X( A�= L H L A 6'7 HC? 4I6 ?BAQF/D 6 = 794'7g8 HCF*A 794I4I794 ? 4 =@?BNK= P ?^H 6IS@L/R ? 6jW F/D 6 = 7�c*S@L H ^ A L J 6 ? c*S@L H ^�8�L ?^H 49X
�

�
���

�

�
� �

�

�
���

y	��
 z
���¦|<~��L���H���{�^�1�����k�^�����k�[�e�[nJ£¦�o�J������� ���^�����k��� �����{�6���e�������Y�Y��� �m���O���{���{���
���!�"�#�@£����������1�%$&�'�,�����¡�M���($����{� �)�,�����O�������	�� °�*� �)£{�¡���1�Y�M� �½�g�M�1���¡���o�����e��+-,/.102��¤

q�L/4'7 OoFKJ 6 =@? 4 A RBL/4I4 ? : A L�6 ?^FKJ ;26 = 7%6 F 6IL/R%8 =@F 6 FKJ`A 8 HIF 6 FKJoA{HCF 4I4e4'7 A 6 ?BFKJoA L J 5 7 <`HC? 6'6'7 J L/4BV� � b}�~�} \ � � bw(x�y : � � b3�465�7�8 } : � � b9): ~<; 9)= ~<>�? ) F K*X P<� I
-/.-@ A%K<B ;>GC7:9<KM=@?
2 = 7 J2F 6IL�6 ?^FKJ � O@? * H L A 6 ?^FKJbx = L/4 5 7�7 J\?BJ 6 HIF�O S A 7 On?_J 6 = 7 P f A 6 =�A 7 J 6IS H W 5 W h HC? 8�L/R O@? y � j�z�L�6
6 = 7 F*A�A L/4 ?BFKJ�F/D�F 8�6 ?BA L/R Fb5 4'7 H P�L�6 ?^FKJ 4�X H ?BJ@A 7%6 = 7yn_j x 4fy z � ; z�z ze;�6 = 7 F 8@6 ?BA L/RlL J L/R F/N W�8�RBL9W�4eL J
? 8y8 F/H 6IL J 6 H�CF R^7%L/RB4 F�?BJa=@?^NK= 7 J 7 HIN W�8 = W�4 ?BA 4�X 2 = 7Q6'7 H 8 ? 4 ?_J 4'6 HC?BA 6`L J L/R F/N W <>? 6 = 6 = 7 F 8@6 ?_A L/R8 = 7 J@F 8f7 J2FKJ 6 = L�6 F*A�A S H 4 <e= 7 J L 5 79L/8 F/D R ?BNK= 6e8Z7�7�6I4>L J�Fb5 4'6IL A R^7 F/H>A{HIF 4I4I794>L =2F R^7 <e=2F 4I7
O@? 8Z7 J 4 ?^FKJ 4�L H 7 A{F 8�8�L H L 5 R^7 6 F�? 6I4 < L9P/79R^7 J2N 6 = X

h 7B: J@?BJ@N�O@? * H L A 6 ?^FKJ�?BJ L�S J@? c*S27 < L W ? 4 O@? t A S@RB6B; 5 S26 N 7 J 7 H L/RBR^W}6 < F}O 7B: J@? 6 ?BFKJ 4 F/D = L O2HCFKJ@?BA
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E�E�CFJ�5M:#IAE�G�H�IAJ = 8I	<�J�EL:#CFE�%?JQCL>A5=G�E+J�5 5=<OE","FX5 [ EL:B5=< J�:#8
E�E�CFJ�5M:B@ . 8;:BE�R?I½'�:#8MCFJBI�6ME / H = IS>AExJ = Ea%Y:B56CFE�G#G�E�G`IS<?R?T?CFE�R )6@
J�:#8
E�E�CFJ�5M:#IAE�G1H)IAJ = 8 I	<�J�EL:#CFE�%?J1>A5]HQEL: J = 8M</5=<OE 8;:BE <O5=<GC R?I½'�:#8MCFJBI�6MEh, EMU KOU [ E�G�5=< 8M<YRs)Y8;:B@M5=<
J�:#8
E�E�CFJ�5M:#IAE�G . U
���IH JLK#'�*32NM��PO "RQ �TSVU���� � !B"XW "YQ^��*[Z]\3�.M��T^PO �`_\�30$MBKB��*
W�< J = I	G�GBE�CFJBIA5=< / J = E I	<+6ME�G�JBIAK=8;J�E�R�%?:B5DCFE�GBG�8M<YR IAJBG�G#IAK=<?8;JBTO:BE�G 8;:BE I	<�J�:B5DR?T?CFE�R J�5MKMELJ = EL:1H�IAJ =J = E�:#E�CF5=<?G�J�:#T?CFJBI	5=< 5M7 J = E`a6IS<OE [ 8;JBI	C�6;8;:#I	8 )Y>AE�GxR?E�!Y<?I	<OK3J = EO%Y:B56CFE�G#G�E�GLU
b<c"d$cfe gihkj&lkmVn<oqp	lYr@mtsYutj
# = ISGX8M<Y8M>A@6G#I	G I	G ROE�6M5MJ�E�R J�5�J = E)G�E�8;:_C = 5M7�E�°OCL>	T?GBI�6MExRO5=T�)Y>AE [ E�G�5=< % = 5MJ�5�%?:B5DR?T?CFJBIA5=< / <?8 [ E�>A@�±

v w ? x]y ¼ 9 H)IAJ = x ? v�v y ?{z ¾ z}| ³
v w ? z ¼ y ¼ 9 H)IAJ = z ¼ ? v�v y ?{z ¾ z}| ³ ,FE6U »�E .

G = 5hH)<3I	<S!?KOU�E6U À�UZ# = E x 8M<?R z ¼ [ E�G�5=<?G�H�I	>	>
)�ExI	ROE�<�JBI�!?E�RN6DI	8�I	JBG RO5 [ I	<?8M<�JK% = 5MJ�5=<?I	CQROE�CL8]@6G�±x , z ¼ . ? v�v 8M<?R
J = E y [ E�G�5=<(66I	8 I	JBG4RO5 [ I	<Y8M< J4ROE�CL8]@ I	< J�5 C = 8;:BKME�R$%YIA5=<8%Y8MI	:#G�± y"?~z ¾ z | U
� EL:BE�8M<?R IS< J = E�7 5=>	>A5hH)I	<OK�J = E�6;8;:#I	8 ) >AE�G ² /�� / ²
J / ² L / ´0JQ8M<YR[´ L 8;:#E�TYG�E�R J�5 C = 8;:#8MCFJ�EL:#I�¥LE�J = EI	<+6ME�G�JBIAK=8;J�E�R$%?:B5DCFE�GBG�E�G�±

� ² I	GxJ = E�CFE�< J�:BE 5M7 [ 8MGBGxE�<OEL:BKM@ GRQ6T?8;:BE�RN5M7 J = E � A w GB@6G�J�E [ ±
² � ,"!$��:'!&� .

L ³ ,FE6U »D� .
� � I	GdJ = EPCFE�< J�:#E�5M7 [ 8MGBGxE�<OEL:#KM@ 5M7XJ = E v A w G�@DG�J�E [ ±

�
L
� ,"!k�7:�!@� .

L ³ ,FE6U »�¸ .



�����¤���G�½�{���>���8� ���a�	�K�	�
��
����������0����
 �@� � �:�*���
�������
����� �D�

� e ] � c�����i���� b

� c���� i
� ���! g
"$# � � "�g

j g � c	���\i�c%��&('*),+.-�i
�0/ � �0132 �54 g
"6# / � � "6# 1	2 � g

� � c���7 + i
�0892 �! g
"6# 892 � g

u g cVv g i;:< �>=�?�@BA(C

u } cVv } i :< D �
e�c��FEZi

j }
b c���G=i

�B�����o���s�M�IH@�7�N���������KJU�ML�� �ON�¡���P��QNSRP�UT �� UP�VF� � ¢�PBW0X �ZYK[\P�¡��" 0���]P�RP¢ �^JU�ML�� �  0¢ ��0�_NSRP�UT �� 0�9T �MV�P�¡��MR`V��;¢Ka0�bL�V¯� ��NSRP�¤  ��L9LG�caOI J ¢ ��T[IML�P�Rf¢cd¤�R eP��3R�VF�ML8�3R[��RQV���V��@¢�P �MLa�RP�3J ¡.V�� ¡fJU��L����gV¯ hLMP�¢�P �hiY¡.V¯ �¡�L ����L��9j������SP¯�lkFT{�� �¢3k	LmV��]P��nP�i �FJU��L�� �oL[�3RpL�P �qJpLa�RP�3JrP�¡W�saQRP¢¤��JU���]P�¢�P�VF� ���ca�P�¡W�N�@� �gtR�R� ���STuj¤��¢3R9v	tf¢��]P�V�j¤��¢3R9vwLMP�¢�P ��L�£

� ² J I	GdJ�xoy GRQ�T]z3{�y}|�~^��xgy��MyU�.��{9y_|�~,�mz�����yU�oyq{9���O|�~(��xoy x , z ¼ . A y ¼ ���W)]���
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�����s��xoy0yU��yU�M��{�|%�u���®�wyUz����g{�yU�`z��]�`��xgyq{�yq~�|�{9y��xoy;: yU��yU�M��{�|%�h�wyq��xg|b�+<����\yU�w¢]��|���yU�h���m§¹xg���Qx���xoy a
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 / ndf 2χ  16.74 / 9

Const     18.9± 291.7 

Mean      0.0023± 0.5263 

Sigma     0.00191± 0.03525 

p0        41.94± 13.07 

p1        247.6± 253.6 

p2        426.2± -268.8 

p3        225.90± 23.72 
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 / ndf 2χ  16.74 / 9

Const     18.9± 291.7 

Mean      0.0023± 0.5263 

Sigma     0.00191± 0.03525 

p0        41.94± 13.07 

p1        247.6± 253.6 

p2        426.2± -268.8 

p3        225.90± 23.72 

 / ndf 2χ  17.65 / 16

Const     3.87± 16.39 

 ρm  0.0140± 0.7484 

 ρ
0Γ  0.0395± 0.1468 

p0        68.9±  1223 

p1        0.060± 2.174 
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Const     3.87± 16.39 
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 / ndf 2χ  35.83 / 18

Const     37.8±  1337 

Mean      0.0006± 0.5288 

Sigma     0.00047± 0.02594 
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Const     37.8±  1337 

Mean      0.0006± 0.5288 

Sigma     0.00047± 0.02594 

 / ndf 2χ  20.43 / 18

Const     8.9±   445 

 ρm  0.0021± 0.7744 

 ρ
0Γ  0.0045± 0.1639 
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Const     8.9±   445 

 ρm  0.0021± 0.7744 
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 / ndf 2χ  3.896 / 8

 signalN  12.78± 38.03 

p0        17.40± -31.38 

p1        100.6± 194.1 

p2        171.1± -321.1 

p3        90.3± 163.2 
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 / ndf 2χ  3.896 / 8
 signalN  12.78± 38.03 

p0        17.40± -31.38 

p1        100.6± 194.1 

p2        171.1± -321.1 

p3        90.3± 163.2 
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PythiaMod
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 / ndf 2χ  5.187 / 9
 signalN  13.4±    46 

p0        19.85± -29.28 

p1        111.4± 190.4 

p2        185.8± -319.8 

p3        96.8± 163.3 
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p0        19.85± -29.28 

p1        111.4± 190.4 

p2        185.8± -319.8 

p3        96.8± 163.3 

data

PythiaMod

RapGap
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 / ndf 2χ  5.519 / 10

 signalN  13.65± 49.39 

p0        19.91± -30.97 

p1        111.7± 199.1 

p2        185.9± -331.1 

p3        96.7± 167.5 

 [GeV]γγm
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

N 
/ (

0.
05

 G
eV

)

0

20

40

60

80

100

120

 / ndf 2χ  5.519 / 10
 signalN  13.65± 49.39 

p0        19.91± -30.97 

p1        111.7± 199.1 

p2        185.9± -331.1 

p3        96.7± 167.5 

data

PythiaMod
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 / ndf 2χ  6.372 / 10
 signalN  13.81± 51.64 

p0        20.07± -32.96 

p1        112.6± 210.4 

p2        187.4± -349.1 

p3        97.4± 176.2 
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 / ndf 2χ  6.372 / 10
 signalN  13.81± 51.64 

p0        20.07± -32.96 

p1        112.6± 210.4 

p2        187.4± -349.1 

p3        97.4± 176.2 

data

PythiaMod

RapGap
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¥ _JhCLbB�Rd@�(FLC_TIK�g>d]^>d_n`DS?>�]^L	]J<?>eIK_+(FLU,�>eBD>d_JhCE :

� ;�<?>[RQLbB�]^_}IFrOS?]JIFLbB�]^Lt]J<?>�GJIFhbBO@�(s\D_JLHRQ>eGJG=V X ZuUHIK@F&+*-, (10920G353H( Z X V X IKG!BD>dh8(KIFhbIFr	(K> :
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