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�¥±μ´¸É·Ê±Í¨Ö É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í
¢ ¸¨¸É¥³¥ ³´μ£μ¶·μ¢μ²μÎ´ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥·
Ô±¸¶¥·¨³¥´É  BM@N

‚ · ¡μÉ¥ μ¶¨¸Ò¢ ¥É¸Ö  ²£μ·¨É³ ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¢ ¸¨¸É¥³¥ ³´μ£μ¶·μ-
¢μ²μÎ´ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥· ¢ Ô±¸¶¥·¨³¥´É¥ BM@N (Baryonic Matter at
Nuclotron) ´  ´Ê±²μÉ·μ´¥. ‘ ¥£μ ¶μ³μÐÓÕ ´  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸ ¡μ³-
¡ ·¤¨·μ¢±μ° ¤¥°É·μ´´Ò³¨ ¨ Ê£²¥·μ¤´Ò³¨ ¶ÊÎ± ³¨ Ê£²¥·μ¤´μ° ¨ ³¥¤´μ° ³¨Ï¥-
´¥° ·¥±μ´¸É·Ê¨·μ¢ ²¨¸Ó ¶ÊÎ±μ¢Ò¥ É·¥±¨ ¤μ ³¨Ï¥´¨ ¨ É· ¥±Éμ·¨¨ § ·Ö¦¥´´ÒÌ
Î ¸É¨Í ¶μ¸²¥ ³¨Ï¥´¨. �μ²ÊÎ¥´  μÍ¥´±  ÔËË¥±É¨¢´μ¸É¨ · ¡μÉÒ ³´μ£μ¶·μ¢μ²μÎ-
´ÒÌ ± ³¥·. ˆ§³¥·¥´Ò ¶ · ³¥É·Ò ¶ÊÎ±  (¶μ¶¥·¥Î´Ò¥ · §³¥·Ò, Ê£²μ¢μ° · §¡·μ¸).
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Reconstruction of Charged Particle Trajectories
in Multiwire Proportional Chambers at the BM@N Experiment

The algorithm for track reconstruction in the multiwire proportional chambers
(MWPC) of the BM@N experiment is described. Beam tracks before the interaction
with the target and trajectories of charged particles after the interaction are recon-
structed using Nuclotron experimental data with deuteron and carbon beams colliding
with the carbon and copper targets. Trajectories are extrapolated to the interaction
point and to the drift chambers. Efˇciencies of MWPCs have been obtained. Beam
parameters (transverse dimensions, the angular spread) have been measured.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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‚‚…„…�ˆ…

‚ ´ Î ²¥ 2015 £. ´  ´Ê±²μÉ·μ´¥ �ˆŸˆ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¸É ·Éμ¢Ò¥ É¥Ì´¨-
Î¥¸±¨¥ ¸¥ ´¸Ò Ô±¸¶¥·¨³¥´É  BM@N. ‚μ ¢Éμ·μ³ (Run2) ¨ É·¥ÉÓ¥³ (Run3) ¸¥-
 ´¸ Ì ¨¸¶μ²Ó§μ¢ ²¨¸Ó É·¨ Ï¥¸É¨¸²μ°´Ò¥ ³´μ£μ¶·μ¢μ²μÎ´Ò¥ ¶·μ¶μ·Í¨μ´ ²Ó-
´Ò¥ ± ³¥·Ò (MWPC) [2]. ‚ ± ¦¤μ° ¨§ ± ³¥· ¸É·μ¨²¨¸Ó ¶·μ¸É· ´¸É¢¥´´Ò¥
É·¥±-¸¥£³¥´ÉÒ, ¸ ¶μ³μÐÓÕ ±μÉμ·ÒÌ ·¥±μ´¸É·Ê¨·μ¢ ²¨¸Ó ¶·Ö³μ²¨´¥°´Ò¥ É· -
¥±Éμ·¨¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. �·μ¶μ·Í¨μ´ ²Ó´Ò¥ ± ³¥·Ò ¢Ò· ¢´¨¢ ²¨¸Ó μÉ-
´μ¸¨É¥²Ó´μ μ¸¨ ¶ÊÎ± , £¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ¶·Ö³μ²¨´¥°´ÒÌ É·¥±μ¢ ¤μ
¨ ¶μ¸²¥ ³ £´¨É  μÍ¥´¨¢ ²¨¸Ó ³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢.

1. ƒ…�Œ…’�ˆŸ MWPC ‚ ‘…��‘�• �Š‘�…�ˆŒ…�’�

‚ Run2 (¡¥§ ³¨Ï¥´¨) ¤¢¥ ± ³¥·Ò · ¸¶μ² £ ²¨¸Ó ¶μ μ¸¨ Z ¤μ ³ £´¨É , É·¥-
ÉÓÖ ¶μ¸²¥ ´¥£μ, ¸ ±μμ·¤¨´ É ³¨ μÉ´μ¸¨É¥²Ó´μ ¶¥·¥¤´¥£μ ±· Ö ¶μ²Õ¸  ³ £´¨É 
¤²Ö MWPC1 z = −317, ¤²Ö MWPC2 z = −180 ¨ ¤²Ö MWPC3 z = 436 ¸³
¸μμÉ¢¥É¸É¢¥´´μ (·¨¸. 1). ‚ Run3 (¸ Ê£²¥·μ¤´μ° ¨ ³¥¤´μ° ³¨Ï¥´Ö³¨) ± -
³¥·Ò · ¸¶μ² £ ²¨¸Ó ¢¤μ²Ó μ¸¨ Z ¸ ±μμ·¤¨´ É ³¨ μÉ´μ¸¨É¥²Ó´μ ³¨Ï¥´¨ ¤²Ö
MWPC1 z = −150, MWPC2 z = 453 ¨ MWPC3 z = 486 ¸³ ¸μμÉ¢¥É¸É¢¥´´μ
(·¨¸. 2).

�¨¸. 1. ƒ¥μ³¥É·¨Ö ¸¨¸É¥³Ò ¤¥É¥±Éμ·μ¢ MWPC ¢ Run2
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�¨¸. 2. ƒ¥μ³¥É·¨Ö ¸¨¸É¥³Ò ¤¥É¥±Éμ·μ¢ MWPC ¢ Run3

�μ £μ·¨§μ´É ²Ó´μ° μ¸¨ X ± ³¥·Ò, ¸ÉμÖÐ¨¥ ¶μ¸²¥ ³ £´¨É  ¢ Run3, ¡Ò²¨
¸¤¢¨´ÊÉÒ ´  73 ¸³,   ¢ Run2 Å ´  15 ¸³ ¤²Ö ´ ¨²ÊÎÏ¥£μ ¸μ¢³¥Ð¥´¨Ö MWPC-
É·¥±μ¢ ¸ · ¡μÎ¥° μ¡² ¸ÉÓÕ ¤·¥°Ëμ¢ÒÌ ± ³¥· (DCH).

2. ��ˆ�–ˆ� ����’› Š�Œ…� MWPC

Š ³¥·  § ¶μ²´¥´  £ §μ¢μ° ¸³¥¸ÓÕ (Ar Å 70 %, CO2 Å 30 %) É ±¨³ μ¡· -
§μ³, ÎÉμ¡Ò § ·Ö¦¥´´ Ö Î ¸É¨Í , ¶·μÌμ¤ÖÐ Ö Î¥·¥§ · ¡μÎÊÕ μ¡² ¸ÉÓ, ¢Ò§Ò¢ ² 
¨μ´¨§ Í¨Õ  Éμ³μ¢ £ § . Šμμ·¤¨´ É´ Ö ¨´Ëμ·³ Í¨Ö ¢ ± ³¥· Ì MWPC ¸Î¨ÉÒ-
¢ ¥É¸Ö ¸ Ô±¢¨¤¨¸É ´É´ÒÌ  ´μ¤´ÒÌ ¶·μ¢μ²μ± ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö, · §¤¥²¥´-
´ÒÌ ¶μÉ¥´Í¨ ²Ó´Ò³¨ ¸¥É± ³¨. Œ¥¦¤Ê ¸Î¨ÉÒ¢ ÕÐ¨³¨ ¶²μ¸±μ¸ÉÖ³¨ · ¸¶μ² -

�¨¸. 3. “¸É·μ°¸É¢μ ³´μ£μ¶·μ¢μ²μÎ´μ° ± -
³¥·Ò

£ ÕÉ¸Ö ± Éμ¤´Ò¥ ¶²μ¸±μ¸É¨, ´  ±μ-
Éμ·Ò¥ ¶·¨Ìμ¤ÖÉ ¶μ²μ¦¨É¥²Ó´μ § ·Ö-
¦¥´´Ò¥ ¨μ´Ò £ §  [3] (·¨¸. 3).

�μ¦¤¥´´Ò¥ Ô²¥±É·μ´Ò Ê¸±μ·Ö-
ÕÉ¸Ö ¢ Ô²¥±É·¨Î¥¸±μ³ ¶μ²¥ ± ³¥·Ò,
¢ ·¥§Ê²ÓÉ É¥ Î¥£μ ¢μ±·Ê£ ¶·μ¢μ²μ±
¢μ§´¨± ¥É ± ¸± ¤ ¨μ´¨§ Í¨¨. �Éμ
¶·¨¢μ¤¨É ± ¸· ¡ ÉÒ¢ ´¨Õ ¶·μ¢μ-
²μ±¨, ¡²¨¦ °Ï¥° ± É· ¥±Éμ·¨¨ ¶·μ-
²¥É¥¢Ï¥° § ·Ö¦¥´´μ° Î ¸É¨ÍÒ.

Š ¦¤ Ö ± ³¥·  MWPC ¸μ¸Éμ¨É
¨§ Ï¥¸É¨ ¶²μ¸±μ¸É¥°, · ¸¶μ² £ Õ-
Ð¨Ì¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ ¤·Ê£ §  ¤·Ê-

£μ³ ´  · ¸¸ÉμÖ´¨¨ 1 ¸³ ¢¤μ²Ó μ¸¨ Z ¶¥·¶¥´¤¨±Ê²Ö·´μ ± ´¥° [4]. Šμμ·¤¨-
´ É´Ò¥ μ¸¨ X , U , V · ¸¶μ²μ¦¥´Ò ¶μ¤ Ê£²μ³ 60 ◦ ¤·Ê£ μÉ´μ¸¨É¥²Ó´μ ¤·Ê£ 
(·¨¸. 4).
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�¨¸. 4. � ¸¶μ²μ¦¥´¨¥ ±μμ·¤¨´ É´ÒÌ μ¸¥° ± ³¥· MWPC ¨ ¶μ·Ö¤μ± ¸Î¨ÉÒ¢ ´¨Ö ¶·μ-
¢μ²μ±

‚ § ¢¨¸¨³μ¸É¨ μÉ ¶μ·Ö¤±  ¸Î¨ÉÒ¢ ´¨Ö ¶·μ¢μ²μ± ¶²μ¸±μ¸É¨ ¨³¥ÕÉ §´ ±
®+¯ (¢μ§· ¸É ´¨¥ ´μ³¥·μ¢ ¶·μ¢μ²μ± ¨¤¥É ¢¤μ²Ó μ¸¨ ±μμ·¤¨´ É) ¨²¨ ®−¯
(¢μ§· ¸É ´¨¥ ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ³ ´ ¶· ¢²¥´¨¨). Š ¦¤ Ö ¶²μ¸±μ¸ÉÓ ¸μ¤¥·¦¨É
96 ¶·μ¢μ²μ± (μÉ 0-° ¤μ 95-°) ¸ Ï £μ³ dw = 0,25 ¸³ [5]. Šμμ·¤¨´ ÉÒ ¸¢Ö§ ´Ò
³¥¦¤Ê ¸μ¡μ° ¸²¥¤ÊÕÐ¨³¨ ¸μμÉ´μÏ¥´¨Ö³¨

u =
x +

√
3y

2
,

(1)

v =
x −

√
3y

2
,

μÉ±Ê¤  ¸²¥¤Ê¥É
x = u + v. (2)

3. ��‘’��…�ˆ… ’�…Š-‘…ƒŒ…�’�‚ ‚ MWPC

�μ ¸μ¢μ±Ê¶´μ¸É¨ ¸· ¡μÉ ¢Ï¨Ì ¶·μ¢μ²μ± (¨§³¥·¥´¨°) ¢ ± ³¥·¥ ¨ÐÊÉ¸Ö
¸¥£³¥´ÉÒ É·¥±μ¢ ¶·μÏ¥¤Ï¨Ì Î¥·¥§ ´¥¥ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. „²Ö ¶μ¸É·μ¥´¨Ö
¸¥£³¥´É  ¢´ Î ²¥ ¨Ð¥É¸Ö ¶·μ¸É· ´¸É¢¥´´ Ö ÉμÎ± , £¤¥ ´¥μ¡Ìμ¤¨³Ò³ Ê¸²μ¢¨¥³
Ö¢²Ö¥É¸Ö ¸· ¡ ÉÒ¢ ´¨¥ É·¥Ì ±μμ·¤¨´ É (x1, u1, v1) ¢ É·¥Ì ¨§ Ï¥¸É¨ ¶²μ¸±μ-
¸É¥°, Ê¤μ¢²¥É¢μ·ÖÕÐ¨Ì Ê¸²μ¢¨Õ (2) Å ¢μ§³μ¦´Ò° ± ´¤¨¤ É ¢ ¸¥£³¥´É (·¨¸. 5).

„²Ö Éμ£μ ÎÉμ¡Ò μÉ¸¥ÖÉÓ ®²μ¦´Ò¥¯ É·¥Ì±μμ·¤¨´ É´Ò¥ ±μ³¡¨´ Í¨¨ ¨ ¢Ò-
¡· ÉÓ ¶μ¤Ìμ¤ÖÐ¨¥ ± ´¤¨¤ ÉÒ ¢ ÉμÎ¥Î´Ò¥ ¸¥£³¥´ÉÒ, ´¥μ¡Ìμ¤¨³μ, ÎÉμ¡Ò ¢ ¸μ-
μÉ¢¥É¸É¢¨¨ ¸ ¸μμÉ´μÏ¥´¨¥³ (2) ¢Ò¶μ²´Ö²¨¸Ó Ê¸²μ¢¨Ö

|u1 + v1 − x1| < 3 dw (3)
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Å ¤²Ö ± ³¥· ¤μ ³ £´¨É ,

|u1 + v1 − x1| < 5 dw (4)

Å ¤²Ö ± ³¥· ¶μ¸²¥ ³ £´¨É , £¤¥ É·¥±¨ μÉ±²μ´ÖÕÉ¸Ö ´  ¡μ²ÓÏ¨¥ Ê£²Ò ³ £´¨É-
´Ò³ ¶μ²¥³.

�¨¸. 5. �·¨³¥· ¸· ¡ ÉÒ¢ ´¨Ö ¶·μ¢μ²μ± ¸ ±μμ·¤¨´ É ³¨ x1, u1, v1, ¸μ¸É ¢²ÖÕÐ¨Ì
¶·μ¸É· ´¸É¢¥´´ÊÕ ÉμÎ±Ê ¢ MWPC

�¨¸. 6. —¨¸²μ ÉμÎ¥± ´  ¸¥£³¥´É¥ ¢ MWPC ´  ¤ ´´ÒÌ Run3 ¸ ³ £´¨É´Ò³ ¶μ²¥³ (¤²Ö
± ³¥·Ò ¤μ ³¨Ï¥´¨ ¸É·μ¨²¨¸Ó ¶ÖÉ¨- ¨ Ï¥¸É¨ÉμÎ¥Î´Ò³¨ ¸¥£³¥´É ³¨)
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„ ²¥¥, ± ± ¦¤μ° ¨§ ´ °¤¥´´ÒÌ É·¥Ì ±μ³¡¨´ Í¨° ±μμ·¤¨´ É (x1, u1, v1)
¶μ¤¡¨· ¥É¸Ö ¸μ¶·Ö¦¥´´μ¥ ¨§³¥·¥´¨¥ ¶μ ±μμ·¤¨´ É¥ ¢ ¤·Ê£¨Ì ¶²μ¸±μ¸ÉÖÌ.

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ·¨¸. 5 ¸Ê³³  ´μ³¥·μ¢ ¸· ¡μÉ ¢Ï¨Ì ¶·μ¢μ²μ± wi ¢ ¸μ¶·Ö-
¦¥´´ÒÌ ¶²μ¸±μ¸ÉÖÌ μ¤´μ° ±μμ·¤¨´ ÉÒ ¶·μ¢¥·Ö¥É¸Ö ´  ¢Ò¶μ²´¥´¨¥ Ê¸²μ¢¨Ö:

93 < w+ + w− < 97. (5)

�·¨ ÔÉμ³ ¤²Ö ± ³¥· ¶μ¸²¥ ³ £´¨É  ¶·μ¢¥·±  ¶μ x-±μμ·¤¨´ É¥ ¶·μ¨§¢μ¤¨É¸Ö
¢ ¡μ²¥¥ Ï¨·μ±¨Ì ¶·¥¤¥² Ì ¸ ÊÎ¥Éμ³ μÉ±²μ´¥´¨Ö É·¥±μ¢ Î ¸É¨Í ¢ ³ £´¨É´μ³
¶μ²¥ (B �= 0):

93 < wx+ + wx− < 99. (6)

’ ±¨³ μ¡· §μ³ ¸μ¡¨· ÕÉ¸Ö ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´Ò¥ Ï¥¸É¨ÉμÎ¥Î´Ò¥ ¸¥£³¥´ÉÒ,
¶μ¸²¥ Î¥£μ ¨§ μ¸É ¢Ï¨Ì¸Ö ± ´¤¨¤ Éμ¢ ¸μ¡¨· ÕÉ¸Ö ¶ÖÉ¨-, § É¥³ ¨ Î¥ÉÒ·¥ÌÉμ-
Î¥Î´Ò¥ ¸¥£³¥´ÉÒ (·¨¸. 6).

…¸²¨ ´  ÔÉ ¶¥ ¶μ¸É·μ¥´¨Ö, ´ ¶·¨³¥·, Ï¥¸É¨ÉμÎ¥Î´ÒÌ ¸¥£³¥´Éμ¢, ¨³¥ÕÉ¸Ö
μ¡Ð¨¥ ÉμÎ±¨, Éμ μÉ¡¨· ¥É¸Ö ²ÊÎÏ¨° ¨§ ´¨Ì ¶μ ±·¨É¥·¨Õ χ2 (¸³. ´¨¦¥).
�·¨´ ¤²¥¦ Ð¨¥ ¸¥£³¥´ÉÊ ÉμÎ±¨ ¨¸±²ÕÎ ÕÉ¸Ö ¨§ ¤ ²Ó´¥°Ï¥£μ · ¸¸³μÉ·¥´¨Ö.

4. Š‹�‘’…�ˆ‡�–ˆŸ ƒ�“�� ‘Œ…†�›• ‘ˆƒ��‹�‚

�·¨ ¶·μÌμ¦¤¥´¨¨ § ·Ö¦¥´´μ° Î ¸É¨ÍÒ Î¥·¥§ ± ³¥·Ê ¸¢μ¡μ¤´Ò¥ Ô²¥±-
É·μ´Ò, μ¡· §μ¢ ¢Ï¨¥¸Ö ¢¤μ²Ó ¸²¥¤  Î ¸É¨ÍÒ, ¤ ÕÉ ´ Î ²μ ² ¢¨´ ³, ¶·¨Ìμ¤Ö-
Ð¨³ ´   ´μ¤´Ò¥ ¶·μ¢μ²μ±¨, ¡²¨¦ °Ï¨¥ ± ¶·μ²¥É¥¢Ï¥° Î ¸É¨Í¥. �²¥±É·μ´¨± 
·¥£¨¸É·¨·Ê¥É ¸¨£´ ² ¸ ± ¦¤μ° ¶·μ¢μ²μ±¨. ’ ±¨³ μ¡· §μ³, ¶·¨Ìμ¤ÖÐ¨¥ ¸¨£-
´ ²Ò Ê± §Ò¢ ÕÉ ¶μ²μ¦¥´¨¥ (±μμ·¤¨´ ÉÊ) Î ¸É¨ÍÒ ¢ ± ³¥·¥. �μ ² ¢¨´Ò ³μ£ÊÉ
¶·¨Ìμ¤¨ÉÓ ´¥ Éμ²Ó±μ ´  ¡²¨¦ °ÏÊÕ, ´μ ¨ ´  ¸μ¸¥¤´¨¥ ¶·μ¢μ²μ±¨. „²Ö ¡μ²¥¥
ÉμÎ´μ£μ μ¶·¥¤¥²¥´¨Ö ±μμ·¤¨´ ÉÒ É·¥±  ¢  ²£μ·¨É³¥ § ²μ¦¥´  ¢μ§³μ¦´μ¸ÉÓ
±² ¸É¥·¨§ Í¨¨ £·Ê¶¶ ¸³¥¦´ÒÌ ¸¨£´ ²μ¢ ¸ ¶·μ¢μ²μ±.

� ¸¸³μÉ·¨³ ± ¦¤ÊÕ ¨§ Ï¥¸É¨ ¶²μ¸±μ¸É¥° ¶μ μÉ¤¥²Ó´μ¸É¨.
‹ ¢¨´  Ô²¥±É·μ´μ¢ ³μ¦¥É ¢Ò§¢ ÉÓ ¸· ¡ ÉÒ¢ ´¨¥ ¢ ¶²μ¸±μ¸É¨ μ¤´μ° ¨²¨

¤¢ÊÌ ¸μ¸¥¤´¨Ì ¶·μ¢μ²μ± (·¨¸. 7). ‚  ²£μ·¨É³¥ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ¤ ¦¥ ³ ²μ¢¥·μ-
ÖÉ´Ò¥ ¶·μÍ¥¸¸Ò ¸· ¡ ÉÒ¢ ´¨Ö É·¥Ì ¶·μ¢μ²μ± ¶μ¤·Ö¤ ¤²Ö É·¥±μ¢ ¸ ¡μ²ÓÏ¨³
´ ±²μ´μ³.

�¨¸. 7. �·¨³¥· ¶·μÌμ¦¤¥´¨Ö § ·Ö¦¥´´ÒÌ Î -
¸É¨Í (Particles) Î¥·¥§ £ §μ¢Ò° μ¡Ñ¥³ MWPC.
�´μ¤´Ò¥ ¶·μ¢μ²μ±¨ (Anode wires) ´ ¶· ¢²¥´Ò
¶¥·¶¥´¤¨±Ê²Ö·´μ ¶²μ¸±μ¸É¨ ·¨¸Ê´±  ¨ · §¤¥-
²¥´Ò ³¥¦¤Ê ¸μ¡μ° ¶μÉ¥´Í¨ ²Ó´μ° ¸¥É±μ° (Po-
tential grid)
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� ²¨Î¨¥ ±² ¸É¥·μ¢ ¢ ± ³¥·¥ ¤μ ³¨Ï¥´¨ μ¡ÑÖ¸´Ö¥É¸Ö ¶·¨¸ÊÉ¸É¢¨¥³ £ ²μ
¢μ±·Ê£ ¶ÊÎ± . ˜¨·¨´  ±² ¸É¥·μ¢ · §²¨Î´  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸¥ ´¸  ¨ ± Î¥¸É¢ 
· ¡μÉÒ ± ³¥·Ò, μ´  ¸μ¸É ¢¨²  ¢ ¸·¥¤´¥³ ¢¥²¨Î¨´Ê, Ê± § ´´ÊÕ ´  ·¨¸. 8.

� ²¨Î¨¥ ±² ¸É¥·μ¢ ¢ ¸μ¡¨· ¥³μ³ ± ´¤¨¤ É¥ É·¥±-¸¥£³¥´É  Ê¢¥²¨Î¨¢ ¥É
¢·¥³Ö · ¡μÉÒ  ²£μ·¨É³  ¨ É·¥¡Ê¥É ¸¶¥Í¨ ²Ó´ÒÌ Ê¸²μ¢¨° ¶·μ¢¥·±¨. …¸²¨ ¢
± ±μ°-Éμ ¨§ ¶²μ¸±μ¸É¥° ¢ ± ´¤¨¤ ÉÒ É·¥±-¸¥£³¥´É  ¸μ¡· ²μ¸Ó ¤¢¥ ¶·μ¢μ²μ±¨,
· ¸¸³ É·¨¢ ¥É¸Ö É·¨ ¢μ§³μ¦´Ò¥ ±μ³¡¨´ Í¨¨: ¸ ¶¥·¢μ° ¨²¨ ¸μ ¢Éμ·μ° ¨§ ¶·μ-
¢μ²μ± ¨²¨ ¸ ±² ¸É¥·μ³ ¨§ ¤¢ÊÌ ¶·μ¢μ²μ±; ¢ ¶μ¸²¥¤´¥³ ¸²ÊÎ ¥ ¨¸¶μ²Ó§Ê¥É¸Ö
±μμ·¤¨´ É  ³¥¦¤Ê ´¨³¨. ‹ÊÎÏ¨° ¸¥£³¥´É μÉ¡¨· ¥É¸Ö ¶μ ±·¨É¥·¨Õ χ2.

�¨¸. 8. ˜¨·¨´  ±² ¸É¥·μ¢ ¢ MWPC1, 2, 3 ´  ¤ ´´ÒÌ Run3: ¸²¥¢  Å ¡¥§ ³ £´¨É´μ£μ
¶μ²Ö, ¸¶· ¢  Å ¢ ¶μ²¥
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5. �’��� ’�…Š-‘…ƒŒ…�’�‚ �� Š�ˆ’…�ˆ	 χ2

Œ´μ¦¥¸É¢μ ¸μ¡· ´´ÒÌ ± ´¤¨¤ Éμ¢ ¢ ¸¥£³¥´ÉÒ ³μ¦¥É ¸μ¤¥·¦ ÉÓ · §²¨Î-
´μ¥ Î¨¸²μ ¨§³¥·¥´¨° (μÉ Ï¥¸É¨ ¤μ Î¥ÉÒ·¥Ì), ¶·¨Î¥³ ¤μ¶Ê¸± ¥É¸Ö ¢μ§³μ¦-
´μ¸ÉÓ ¨Ì ¶¥·¥¸¥Î¥´¨Ö ¶μ μ¡Ð¨³ ÉμÎ± ³. �μÔÉμ³Ê ¢Ò¤¥²Ö¥É¸Ö ¶μ¤³´μ¦¥¸É¢μ
¸¥£³¥´Éμ¢ ¸ ³ ±¸¨³ ²Ó´Ò³ Î¨¸²μ³ ÉμÎ¥±, ±μÉμ·Ò¥ Ë¨É¨·ÊÕÉ¸Ö ¶·Ö³μ° ²¨-
´¨¥° ³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢ (Œ�Š),   § É¥³ μÉ¡¨· ¥É¸Ö ®²ÊÎÏ¨°¯
¸¥£³¥´É ¶μ ±·¨É¥·¨Õ χ2 [6]. �μ¸²¥ ÔÉμ£μ μ¡Ð¨¥ ÉμÎ±¨ ¢ μ¸É ²Ó´ÒÌ ¸¥£³¥´É Ì
¢ÒÎ¥·±¨¢ ÕÉ¸Ö. ‚ Œ�Š ¶ · ³¥É·Ò ¶μ²μ¦¥´¨Ö (bx, by) ¨ ´ ±²μ´  (ax, ay)

�¨¸. 9. � ¸¶·¥¤¥²¥´¨Ö · §´¨ÍÒ ³¥¦¤Ê ¨§³¥·¥´´Ò³¨ ¨ Ë¨É¨·μ¢ ´´Ò³¨ ±μμ·¤¨´ É ³¨
¢ ± ¦¤μ° ¶²μ¸±μ¸É¨ ± ³¥·Ò MWPC2 ´  ¤ ´´ÒÌ Run2
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¸¥£³¥´É  ¢ ¶·μ¸É· ´¸É¢¥ ¢ÒÎ¨¸²ÖÕÉ¸Ö ³¨´¨³¨§ Í¨¥° ËÊ´±Í¨μ´ ² 

Σ
d2

i

σ2
i

→ min, (7)

£¤¥ di Å · §´μ¸ÉÓ ³¥¦¤Ê ¨§³¥·¥´¨Ö³¨ (xi, ui, vi) ¨ Ë¨É¨·μ¢ ´´Ò³¨ ¶μ Œ�Š
±μμ·¤¨´ É ³¨ ¢ i-° ¶²μ¸±μ¸É¨:

di = xi − axzx − bx,

di = ui −
(ax +

√
3ay)

2
zu − (bx +

√
3by)

2
,

di = vi −
(ax −

√
3ay)

2
zv − (bx −

√
3by)

2
, (7′)

σi =
dw√
12

= 0,072 c³ Å ¸É ´¤ ·É´Ò¥ μÉ±²μ´¥´¨Ö.

�¥§Ê²ÓÉ ÉÒ μ¶·¥¤¥²¥´¨Ö · §´¨ÍÒ ³¥¦¤Ê ·¥ ²Ó´Ò³¨ ¨§³¥·¥´¨Ö³¨ ¨ Ë¨É¨·μ-
¢ ´´Ò³¨ ±μμ·¤¨´ É ³¨ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 9 ¤²Ö ± ¦¤μ° ¶²μ¸±μ¸É¨.

‹ÊÎÏ¨° É·¥±-¸¥£³¥´É μÉ¡¨· ¥É¸Ö ¶μ ±·¨É¥·¨Õ χ2 ¸ ÊÎ¥Éμ³ Î¨¸²  ¸É¥¶¥-
´¥° ¸¢μ¡μ¤Ò (N − 4) ¤²Ö Ï¥¸É¨- ¨ ¶ÖÉ¨ÉμÎ¥Î´ÒÌ ¸¥£³¥´Éμ¢:

χ2 =
1

N − 4
Σ

d2
i

σ2
i

, (8)

£¤¥ N Å Î¨¸²μ ¨§³¥·¥´¨° ¢ ¸¥£³¥´É¥.
„²Ö Î¥ÉÒ·¥ÌÉμÎ¥Î´ÒÌ ¸¥£³¥´Éμ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ¢Ò· ¦¥´¨¥

χ2
4 = Σ

d2
i

σ2
i

. (9)

6. ‘˜ˆ‚Š� ’�…Š-‘…ƒŒ…�’�‚ ‚ ‘ˆ‘’…Œ… Š�Œ…� MWPC

�μ¸²¥ Éμ£μ ± ± ¸¥£³¥´ÉÒ ·¥±μ´¸É·Ê¨·μ¢ ´Ò ¢ ± ¦¤μ° ¨§ ± ³¥·, ´¥μ¡Ìμ-
¤¨³μ ¸μ¥¤¨´¨ÉÓ ¨Ì ³¥¦¤Ê ¸μ¡μ°. „²Ö ÔÉμ£μ ²ÊÎÏ¨¥ É·¥±-¸¥£³¥´ÉÒ ¸ÉμÖÐ¨Ì

¡²¨§±μ ± ³¥· Ô±¸É· ¶μ²¨·ÊÕÉ¸Ö ¢ ¸·¥¤´ÕÕ ¶²μ¸±μ¸ÉÓ zmid =
zch1 + zch2

2
³¥¦¤Ê ÔÉ¨³¨ ± ³¥· ³¨. �Í¥´±μ° ¸Ï¨¢±¨ É·¥±-¸¥£³¥´Éμ¢ ³¥¦¤Ê ± ³¥· ³¨ ³μ-
¦¥É ¸²Ê¦¨ÉÓ · §´¨Í  ³¥¦¤Ê ±μμ·¤¨´ É ³¨ ¨Ì ¶·μ¥±Í¨° ¢ ¸·¥¤´¥° ¶²μ¸±μ¸É¨
¨ ³¥¦¤Ê ¶ · ³¥É· ³¨ ´ ±²μ´  ¸μ¥¤¨´Ö¥³ÒÌ ¸¥£³¥´Éμ¢ (·¨¸. 10).

‹ÊÎÏ¨¥ ¸Ï¨¢±¨ ¶ · É·¥±-¸¥£³¥´Éμ¢ μÉ¡¨· ÕÉ¸Ö ¸ ¶μ³μÐÓÕ ±·¨É¥·¨Ö
χ2

match (·¨¸. 11):

χ2
match =

min Dist x2

σ2
x

+
min Dist y2

σ2
y

+
da2

x

σ2
dax

+
da2

y

σ2
day

, (10)
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�¨¸. 10. � §´¨Í  ³¥¦¤Ê ±μμ·¤¨´ É ³¨ Ô±¸É· ¶μ²¨·μ¢ ´´ÒÌ ¢ ¸·¥¤´ÕÕ ¶²μ¸±μ¸ÉÓ
zmid ¸¥£³¥´Éμ¢ (¢¢¥·ÌÊ) ¨ ¶ · ³¥É· ³¨ Ê£²μ¢ ¸¥£³¥´Éμ¢ (¢´¨§Ê) ¤²Ö ± ³¥· MWPC2
¨ MWPC3 ´  ¤ ´´ÒÌ Run3 ¸ ³ £´¨É´Ò³ ¶μ²¥³

�¨¸. 11. � ¸¶·¥¤¥²¥´¨¥ χ2
match ´  ¤ ´´ÒÌ

Run3 ¸ ³ £´¨É´Ò³ ¶μ²¥³ (B = 0)

£¤¥ min Distx Å ³¨´¨³ ²Ó´μ¥ · ¸-
¸ÉμÖ´¨¥ ³¥¦¤Ê É·¥± ³¨ ¶μ ±μμ·¤¨-
´ É¥ x, min Dist y Å ³¨´¨³ ²Ó´μ¥
· ¸¸ÉμÖ´¨¥ ³¥¦¤Ê É·¥± ³¨ ¶μ ±μ-
μ·¤¨´ É¥ y, dax Å ³¨´¨³ ²Ó´ Ö
· §´¨Í  ´ ±²μ´μ¢ ³¥¦¤Ê É·¥± ³¨ ¢
¶²μ¸±μ¸É¨ XOZ, day Å ³¨´¨³ ²Ó-
´ Ö · §´¨Í  ´ ±²μ´μ¢ ³¥¦¤Ê É·¥± ³¨
¢ ¶²μ¸±μ¸É¨ YOZ, σ Å ¸·¥¤´¥±¢ -
¤· É¨Î´Ò¥ μÉ±²μ´¥´¨Ö (RMS) ÔÉ¨Ì
¢¥²¨Î¨´, ¢§ÖÉÒ¥ ¨§ · ¸¶·¥¤¥²¥´¨°
´  ·¨¸. 10.

7. �Š‘’����‹Ÿ–ˆŸ MWPC-’�…Š�‚ ‚ Œˆ˜…�œ (zGlob = 0)

…Ð¥ μ¤´μ° μÍ¥´±μ° ± Î¥¸É¢  ·¥±μ´¸É·Ê±Í¨¨ É·¥±  ³μ¦¥É ¡ÒÉÓ ¥£μ Ô±¸-
É· ¶μ²ÖÍ¨Ö ¢ ³¨Ï¥´Ó (´ Î ²μ ±μμ·¤¨´ É). ‚ ÔÉμ³ ¸²ÊÎ ¥ ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ-
¢ ÉÓ ¢²¨Ö´¨¥ ´ ±²μ´  É·¥±  ´  ¡μ²ÓÏμ³ · ¸¸ÉμÖ´¨¨ μÉ ³¨Ï¥´¨ ¤μ ± ³¥·Ò.
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‡´ Ö ¶ · ³¥É·Ò ¢μ¸¸É ´μ¢²¥´´μ£μ É·¥±  ¢ ± ¦¤μ° i-° ± ³¥·¥ MWPC,
É·¥± Ô±¸É· ¶μ²¨·ÊÕÉ ¢ ¥£μ ´ Î ²μ, É. ¥. ¢ ³¨Ï¥´Ó ¶·¨ zGlob = 0:

xi0 = axi(zGlob − zi) + bxi, yi0 = ayi(zGlob − zi) + byi, (11)

£¤¥ xi0 ¨ yi0 Å ±μμ·¤¨´ ÉÒ É·¥±  ¢ ³¨Ï¥´¨, zi Å ±μμ·¤¨´ É  i-° ± ³¥·Ò
¢¤μ²Ó μ¸¨ Z, axi, ayi Å ¶ · ³¥É·Ò ´ ±²μ´  É·¥±  ¢ i-° ± ³¥·¥, bxi, byi Å
¶ · ³¥É·Ò ±μμ·¤¨´ ÉÒ É·¥±  ¢ i-° ± ³¥·¥, i = 1, 2, 3.

„ ´´ Ö Ô±¸É· ¶μ²ÖÍ¨Ö ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¢Ò· ¢´¨¢ ´¨Ö ± ³¥· μÉ´μ¸¨É¥²Ó´μ
¶ÊÎ±  ¨ ³¨Ï¥´¨ ´  ¤ ´´ÒÌ ¡¥§ ³ £´¨É´μ£μ ¶μ²Ö.

8. ƒ…�Œ…’�ˆ—…‘Š�… ‚›��‚�ˆ‚��ˆ… Š�Œ…� MWPC
‚ ƒ‹���‹œ��‰ ‘ˆ‘’…Œ… Š���„ˆ��’

’ ± ± ± Ô±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  Ö¢²Ö¥É¸Ö ¸¨¸É¥³μ° ³´μ£¨Ì ¤¥É¥±-
Éμ·μ¢, ¨Ì ¢§ ¨³´μ¥ · ¸¶μ²μ¦¥´¨¥ ³μ¦¥É ¡ÒÉÓ ´ ·ÊÏ¥´μ ¶·¨ ¸¡μ·±¥ ¨ Ê¸É -
´μ¢±¥, ÎÉμ ³μ¦¥É ¶·¨¢μ¤¨ÉÓ ± ¸¨¸É¥³ É¨Î¥¸±μ³Ê ¸¤¢¨£Ê ·¥£¨¸É·¨·Ê¥³ÒÌ ¤ ´-
´ÒÌ. �¶·¥¤¥²¥´¨¥ ¨ ±μ³¶¥´¸ Í¨Ö ÔÉ¨Ì ¸¤¢¨£μ¢ ³ É¥³ É¨Î¥¸±¨³ ¶ÊÉ¥³ (®¢Ò-
· ¢´¨¢ ´¨¥¯) Å μ¡Ö§ É¥²Ó´μ¥ Ê¸²μ¢¨¥ ± Î¥¸É¢¥´´μ° ·¥±μ´¸É·Ê±Í¨¨ É·¥± .
�·¨ ·¥±μ´¸É·Ê±Í¨¨ É·¥±  ´¥μ¡Ìμ¤¨³μ ÊÎ¥¸ÉÓ ¢μ§³μ¦´Ò¥ ¸¤¢¨£¨ ¶μ ±μμ·¤¨-
´ É ³ ¨ Ê£² ³ ± ¦¤μ° ± ³¥·Ò ¨§ ¸¨¸É¥³Ò ¤¥É¥±Éμ·μ¢.

„²Ö Run3 ± ¦¤ÊÕ ± ³¥·Ê ´¥μ¡Ìμ¤¨³μ ¸¤¢¨´ÊÉÓ ¶μ ±μμ·¤¨´ É ³ x ¨ y
¨ ¶μ¢¥·´ÊÉÓ ¢ ¶²μ¸±μ¸ÉÖÌ XOZ ¨ YOZ ¢ £²μ¡ ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É ´ 
¢¥²¨Î¨´Ò, Ê± § ´´Ò¥ ¢ É ¡². 1.

�´ ²μ£¨Î´μ ¤²Ö Run2 ¤ ´´Ò¥ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2.

’ ¡²¨Í  1. ‘¤¢¨£ ± ³¥· MWPC ¢ Run3

MWPC xsh, ¸³ ysh, ¸³ xslope sh yslope sh

Ch1 0 8,5 0,04 0

Ch2 73,9 0 Ä0,1055 Ä0,01

Ch3 Ä75,15 0,1 Ä0,097 Ä0,01

’ ¡²¨Í  2. ‘¤¢¨£ ± ³¥· MWPC ¢ Run2

MWPC xsh, ¸³ ysh, ¸³ xslope sh yslope sh

Ch1 Ä0,6 8,0 0 0

Ch2 0 7,9 0 0

Ch3 Ä15,0 0,2 0 0
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‘¤¢¨£ ± ³¥· MWPC2 ¨ MWPC3 ¶μ¸²¥ ³ £´¨É  ´  73 ¸³ ¢ Run3 ´¥μ¡-
Ìμ¤¨³ ¤²Ö ¶μ¢ÒÏ¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ · ¡μÉÒ ± ³¥·, É ± ± ± Î ¸É¨ÍÒ, ¢Ò-
²¥É¥¢Ï¨¥ ¶μ¸²¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶ÊÎ±  ¸ ³¨Ï¥´ÓÕ, μÉ±²μ´ÖÕÉ¸Ö ³ £´¨É´Ò³
¶μ²¥³ ¶·μÉ¨¢μ¶μ²μ¦´μ ´ ¶· ¢²¥´¨Õ μ¸¨ x. ‚ ¶·μ¢¥¤¥´´ÒÌ É¥Ì´¨Î¥¸±¨Ì
Ô±¸¶¥·¨³¥´É Ì · ¡μÎ Ö μ¡² ¸ÉÓ DCH, ¸ÉμÖÐ¨Ì ¶μ¸²¥ ± ³¥· MWPC, ¡Ò² 
¶μ¤±²ÕÎ¥´  ´¥ ¶μ²´μ¸ÉÓÕ, ¨ ¸¤¢¨£¨ ´¥μ¡Ìμ¤¨³Ò ¤²Ö ²ÊÎÏ¥° ¸Ï¨¢±¨ É·¥±μ¢
³¥¦¤Ê ¤¥É¥±Éμ· ³¨.

9. �–…�Š� �””…Š’ˆ‚��‘’ˆ ����’› Š�Œ…� MWPC

‚Ò¡¨· ²¨¸Ó ²ÊÎÏ¨¥ ¸¥£³¥´ÉÒ ¶μ ±·¨É¥·¨Õ χ2 ¢ ± ¦¤μ° ± ³¥·¥, ¤²Ö ´¨Ì
μÍ¥´¨¢ ² ¸Ó ÔËË¥±É¨¢´μ¸ÉÓ ¤²Ö ¶²μ¸±μ¸É¨. „²Ö ÔÉμ£μ ¨¸¶μ²Ó§μ¢ ²¸Ö ¶·μ¸Éμ°
 ²£μ·¨É³. �·¨¸ÊÉ¸É¢¨¥ ¨²¨ μÉ¸ÊÉ¸É¢¨¥ ¸· ¡ ÉÒ¢ ´¨Ö ¢ ¶²μ¸±μ¸É¨ ¤ ¥É ¢±² ¤
¢ ÔËË¥±É¨¢´μ¸ÉÓ ¨²¨ ´¥ÔËË¥±É¨¢´μ¸ÉÓ ÔÉμ° ¶²μ¸±μ¸É¨. �·¨ ÔÉμ³ ¤²Ö ¶μ²Ê-
Î¥´¨Ö ´¥¸³¥Ð¥´´ÒÌ μÍ¥´μ± ¤²Ö É·¥±-¸¥£³¥´Éμ¢ ¸ ³¨´¨³ ²Ó´Ò³ Î¨¸²μ³ ÉμÎ¥±
(Î¥ÉÒ·¥) ÊÎ¨ÉÒ¢ ²¸Ö Éμ²Ó±μ ¢±² ¤ ¢ ´¥ÔËË¥±É¨¢´μ¸ÉÓ.

�Ê¸ÉÓ ¢¥·μÖÉ´μ¸ÉÓ ¸· ¡ ÉÒ¢ ´¨Ö ¶²μ¸±μ¸É¨ p Å μ¤¨´ ±μ¢ Ö ¤²Ö ¢¸¥Ì
¶²μ¸±μ¸É¥° ± ³¥·Ò. ’μ£¤  ¸¶· ¢¥¤²¨¢  ¸É É¨¸É¨Î¥¸± Ö ¡¨´μ³¨ ²Ó´ Ö Ëμ·-
³Ê²  · ¸Î¥É  ÔËË¥±É¨¢´μ¸É¨ ·¥±μ´¸É·Ê±Í¨¨ ¸¥£³¥´É  ¢ ± ³¥·¥ ¸ ³¨´¨³Ê³
Î¥ÉÒ·Ó³Ö ÉμÎ± ³¨ [6]:

εch(4/6) = p6 + C1
6p5(1 − p) + C2

6p4(1 − p)2, (12)

£¤¥ p6 Å ¢¥·μÖÉ´μ¸ÉÓ ¸μ¡· ´´ÒÌ Ï¥¸É¨ÉμÎ¥Î´ÒÌ ¸¥£³¥´Éμ¢; C1
6p5(1 − p) Å

¶ÖÉ¨ÉμÎ¥Î´ÒÌ ¸¥£³¥´Éμ¢; C2
6p4(1 − p)2 Å Î¥ÉÒ·¥ÌÉμÎ¥Î´ÒÌ ¸¥£³¥´Éμ¢.

�Í¥´±¨ ÔËË¥±É¨¢´μ¸É¨ · ¡μÉÒ ± ¦¤μ° ± ³¥·Ò ¢ É¥Ì´¨Î¥¸±μ³ ¸¥ ´¸¥-
2015 ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 12. ‚ Run2 ± ³¥·  MWPC3 ¨³¥²  ¶²μÌμ · ¡μ-
É ÕÐ¨¥ (®ÏÊ³ÖÐ¨¥¯) ¶²μ¸±μ¸É¨ V +, U−, V −. �μÔÉμ³Ê ¢ ÔÉμ° ± ³¥·¥ ¶·¨
·¥±μ´¸É·Ê±Í¨¨ É·¥¡μ¢ ²¨ Ê¸²μ¢¨¥ ³¨´¨³Ê³ ¶ÖÉ¨ ÉμÎ¥± ¢ ¸¥£³¥´É¥,   ¢ ¸²¥-
¤ÊÕÐ¥³ ¸¥ ´¸¥ Run3 ÔÉ  ± ³¥·  ¡Ò²  ¶¥·¥¸É ¢²¥´  ¢ ¤·Ê£ÊÕ μ¡² ¸ÉÓ ¤²Ö
¨¸¸²¥¤μ¢ ´¨Ö ¸¢μ°¸É¢ ¶ÊÎ±  ¤μ ³¨Ï¥´¨.

10. ˆ‡Œ…�…�ˆ… ����Œ…’��‚ �“—Š�

Š ± ¸± § ´μ ¢ÒÏ¥, ¤¢¥ ± ³¥·Ò MWPC ¢ Run2 · ¸¶μ² £ ²¨¸Ó ¤μ ³ £´¨É .
�μÔÉμ³Ê ¸ ¨Ì ¶μ³μÐÓÕ ¡Ò²¨ ¨§³¥·¥´Ò ¶ · ³¥É·Ò ¶ÊÎ±  Å ¶μ¶¥·¥Î´Ò¥ · §-
³¥·Ò ¨ ¥£μ Ê£²μ¢μ° · §¡·μ¸.

„²Ö ¢Ò¶μ²´¥´¨Ö ¶μ¸É ¢²¥´´μ° § ¤ Î¨ ¨§ ¸¥£³¥´Éμ¢ ¢ ± ¦¤μ° ¨§ ¤¢ÊÌ
± ³¥· ¡Ò²¨ ¢Ò¡· ´Ò ²ÊÎÏ¨¥ ¶ ·Ò ¸ ³¨´¨³ ²Ó´μ° ¸Ï¨¢±μ° (10), ¢±²ÕÎ ÕÐ¥°
Ê¸²μ¢¨¥ ´  ³¨´¨³ ²Ó´μ¥ · ¸¸ÉμÖ´¨¥ ¨ · §¡·μ¸ ¶μ Ê£² ³ ³¥¦¤Ê ¸¥£³¥´É ³¨.
�μ¸²¥ Î¥£μ ¶·μ¨§¢μ¤¨²μ¸Ó Ë¨É¨·μ¢ ´¨¥ ¶·Ö³μ° ²¨´¨¥° ¶μ ¢¸¥³ ¨§³¥·¥´¨Ö³
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�¨¸. 12. �Í¥´±  ÔËË¥±É¨¢´μ¸É¨ · ¡μÉÒ ¤²Ö ± ¦¤μ° ¶²μ¸±μ¸É¨ ¨ ¤²Ö ± ¦¤μ° ± ³¥·Ò
MWPC ¢ É¥Ì´¨Î¥¸±¨Ì ¸¥ ´¸ Ì Run2 ¨ Run3 ¸ · §²¨Î´Ò³ ³ £´¨É´Ò³ ¶μ²¥³ ¨ ¡¥§ ´¥£μ

(³¨´¨³Ê³ 8 ¨§ 12 ¢μ§³μ¦´ÒÌ ÉμÎ¥± ´  É·¥±) ¶μ ¤¢Ê³ ± ³¥· ³. ‹ÊÎÏ¨° É·¥±
¡Ò² μÉμ¡· ´ ¶μ · ¸¶·¥¤¥²¥´¨Õ χ2 (8), ¶·¥¤¸É ¢²¥´´μ³Ê ´  ·¨¸. 13.

„²Ö ÔÉμ£μ ¡Ò²  ¢Ò¡· ´  ´μ¢ Ö ²μ± ²Ó´ Ö ¸¨¸É¥³  ±μμ·¤¨´ É ¸ £¥μ³¥-
É·¨Î¥¸±¨³ Í¥´É·μ³ ³¥¦¤Ê ± ³¥· ³¨ Å ´μ¢Ò° ²μ± ²Ó´Ò° ´μ²Ó ¸¨¸É¥³Ò ± -
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�¨¸. 13. � ¸¶·¥¤¥²¥´¨¥ χ2 ´  ¤ ´´ÒÌ
Run2 ¡¥§ ³ £´¨É´μ£μ ¶μ²Ö (B = 0)
¤²Ö Ë¨É¨·μ¢ ´´ÒÌ É·¥±μ¢ ²μ± ²Ó´μ°
¸¨¸É¥³Ò ¶μ ± ³¥· ³ ¤μ ³ £´¨É 

�¨¸. 14. �μ²μ¦¥´¨¥ £²μ¡ ²Ó´μ° ¸¨¸É¥³Ò ±μμ·¤¨´ É ¸ zGlob ¨ ²μ± ²Ó´μ° ¸¨¸É¥³Ò
±μμ·¤¨´ É ± ³¥· MWPC ¸ zloc = 0

�¨¸. 15. “£²μ¢Ò¥ ¶ · ³¥É·Ò ¶ÊÎ±  ¢ ¶²μ¸±μ¸ÉÖÌ XOZ ¨ Y OZ ´  ¤ ´´ÒÌ MWPC

³¥· (zloc = 0). �É  ±μμ·¤¨´ É , ¢ £²μ¡ ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É ¸ Í¥´É·μ³
zGlob = 0 ¢ ³¨Ï¥´¨, μ¡μ§´ Î¥´  z12 (¸³. ·¨¸. 14).

� °¤Ö ²ÊÎÏ¨° É·¥±, ³μ¦´μ μÍ¥´¨ÉÓ Ê£²μ¢Ò¥ ¶ · ³¥É·Ò ¶ÊÎ±  (·¨¸. 15).

‘ ¨§¢¥¸É´Ò³¨ ¶ · ³¥É· ³¨ ¢μ¸¸É ´μ¢²¥´´μ£μ É·¥±  ¢ ¸¨¸É¥³¥ ± ³¥·
MWPC É·¥± ¡Ò² Ô±¸É· ¶μ²¨·μ¢ ´ ¢ ´ Î ²μ £²μ¡ ²Ó´μ° ¸¨¸É¥³Ò ±μμ·¤¨´ É,
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�¨¸. 16. �μ¶¥·¥Î´Ò¥ · §³¥·Ò ¶ÊÎ±  ¢ μ¡² ¸É¨ ³¨Ï¥´¨ ¶·¨ zGlob = 0

É. ¥. ¢ ³¨Ï¥´Ó ¶·¨ zGlob = 0:

X0 = ax(zGlob − z12) + bx, Y0 = ay(zGlob − z12) + by, (13)

£¤¥ X0 ¨ Y0 Å ±μμ·¤¨´ ÉÒ É·¥±  ¢ ³¨Ï¥´¨, ax, ay Å ¶ · ³¥É·Ò ´ ±²μ´ 
É·¥± , bx, by Å ¶ · ³¥É·Ò ¶μ²μ¦¥´¨Ö É·¥±  ¢ ²μ± ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É
(zloc = 0).

� ¸¶·¥¤¥²¥´¨Ö ¶μ¶¥·¥Î´ÒÌ · §³¥·μ¢ ¶ÊÎ±  ¢ μ¡² ¸É¨ ³¨Ï¥´¨ ¶·¥¤¸É -
¢²¥´Ò ´  ·¨¸. 16.

‡�Š‹	—…�ˆ…

� §· ¡μÉ ´  ²£μ·¨É³ ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ¸¨-
¸É¥³¥ ³´μ£μ¶·μ¢μ²μÎ´ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥· ¢ Ô±¸¶¥·¨³¥´É¥ BM@N.
‘ ¶μ³μÐÓÕ ·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ É· ¥±Éμ·¨° ¢Ò¶μ²´¥´μ £¥μ³¥É·¨Î¥¸±μ¥ ¢Ò-
· ¢´¨¢ ´¨¥ ± ³¥· ¢ £²μ¡ ²Ó´μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É. � ¸¸Î¨É ´  ÔËË¥±É¨¢-
´μ¸ÉÓ ·¥£¨¸É· Í¨¨ É·¥±μ¢ ¤²Ö ± ¦¤μ° ¶²μ¸±μ¸É¨ ± ³¥· MWPC. ‘ ¶μ³μÐÓÕ
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· §· ¡μÉ ´´μ£μ  ²£μ·¨É³  ´  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¢μ ¢§ -
¨³μ¤¥°¸É¢¨ÖÌ ¤¥°É·μ´μ¢ ¨ ¨μ´μ¢ Ê£²¥·μ¤  ¸ Ê£²¥·μ¤´μ° ¨ ³¥¤´μ° ³¨Ï¥´Ö³¨,
·¥±μ´¸É·Ê¨·μ¢ ´Ò É·¥±¨ ¶ÊÎ±  ¤μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ³¨Ï¥´¨ ¨ É· ¥±Éμ·¨¨
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶μ¸²¥ ¢§ ¨³μ¤¥°¸É¢¨Ö.

ˆ§³¥·¥´Ò ¶ · ³¥É·Ò ¶ÊÎ±  (¶μ¶¥·¥Î´Ò¥ · §³¥·Ò ¨ Ê£²μ¢μ° · §¡·μ¸).
�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ¸μÉ·Ê¤´¨± ³ ‹”‚� �ˆŸˆ Œ.Š ¶¨Ï¨-

´Ê, ‘.Œ¥·ÍÊ ¨ ‚. 	 ¡±¨´Ê §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö ¢ ¶·μÍ¥¸¸¥ ¢Ò¶μ²´¥´¨Ö
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