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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

‚ · ³± Ì ´ ÊÎ´μ° ¶·μ£· ³³Ò ¶μ ¨§ÊÎ¥´¨Õ £μ·ÖÎ¥° ¨ ¶²μÉ´μ° Ö¤¥·´μ° ³ É¥-
·¨¨ ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° �ˆŸˆ ·¥ ²¨§Ê¥É¸Ö ³¥£ ¶·μ¥±É NICA
(Nuclotron-based Ion Collider fAcility) ´  ¡ §¥ Ê¸±μ·¨É¥²Ö ´Ê±²μÉ·μ´-Œ. �μ¢Ò° Ê¸±μ-
·¨É¥²Ó´Ò° ±μ³¶²¥±¸ ¶μ§¢μ²¨É ¨¸¸²¥¤μ¢ ÉÓ ¸¢μ°¸É¢  ¶²μÉ´μ° ¡ ·¨μ´´μ° ³ É¥·¨¨ ¶·¨
¸Éμ²±´μ¢¥´¨¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥  Éμ³´ÒÌ ³ ¸¸ Å μÉ pp-¸Éμ²±´μ¢¥-
´¨° ¢ ¤¨ ¶ §μ´¥ §´ Î¥´¨° Ô´¥·£¨¨

√
Spp = 12Ä27 ƒÔ‚/´Ê±²μ´ ¨ d + d ¶·¨

√
SNN =

4Ä13,8 ƒÔ‚/´Ê±²μ´ ¸μ ¸·¥¤´¥° ¸¢¥É¨³μ¸ÉÓÕ L = 1032 ¸³−2 · ¸−1 ¤μ ¸Éμ²±´μ¢¥´¨°
Au+79 + Au+79 ¢ ¤¨ ¶ §μ´¥ §´ Î¥´¨° Ô´¥·£¨¨

√
SNN = 4Ä11 ƒÔ‚/´Ê±²μ´ ¶·¨ ¸·¥¤-

´¥° ¸¢¥É¨³μ¸É¨ L = 1027 ¸³−2 · ¸−1 (Au+79). ‚ ±μ²² °¤¥·¥ ¶·¥¤Ê¸³μÉ·¥´Ò ¤¢¥ ÉμÎ±¨
¶¥·¥¸¥Î¥´¨Ö ¶ÊÎ±μ¢, ¢ μ¤´μ° ¨§ ±μÉμ·ÒÌ ¡Ê¤¥É · ¸¶μ² £ ÉÓ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É -
´μ¢±  ®Œ´μ£μÍ¥²¥¢μ° ¤¥É¥±Éμ·¯ (Multi-Purpose Detector Å MPD). ‚·¥³Ö¶·μ¥±Í¨μ´-
´ Ö £ §μ¢ Ö ± ³¥·  (Time-Projection Chamber Å TPC) Ö¢²Ö¥É¸Ö μ¸´μ¢´Ò³ É·¥±μ¢Ò³
¤¥É¥±Éμ·μ³ ¨ ¤¥É¥±Éμ·μ³ ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í Ê¸É ´μ¢±¨ MPD. ‚ ¸É ÉÓ¥ ¶·¥¤¸É ¢-
²¥´Ò ¸É·Ê±ÉÊ·  Ê¸É ´μ¢±¨ MPD, ±μ´¸É·Ê±Í¨Ö ¨ μ¸´μ¢´Ò¥ · ¡μÎ¨¥ ¶ · ³¥É·Ò TPC
¨ ¥¥ ¶μ¤¸¨¸É¥³, μ¶¨¸ ´  ¸¨¸É¥³  Ô²¥±É·μ´¨±¨ ¸Î¨ÉÒ¢ ´¨Ö (Front-End Electronics Å
FEE),   É ±¦¥ ¶·μÍ¥¤Ê·  ¸¡μ·±¨ ¨ ¨´É¥£·¨·μ¢ ´¨Ö TPC ¢ MPD.

In the framework of the JINR scientiˇc program on study of hot and dense baryonic
matter a new accelerator complex Ion Collider fAcility (NICA) based on the Nuclotron-M
is under realization. It will operate at luminosity up to 1027 cm−2 · s−1 for Au79+

ions. Two interaction points are foreseen at NICA for two detectors which will operate
simultaneously. One of these detectors, the Multi-Purpose Detector (MPD), is optimized
for investigations of heavy-ion collisions. The Time-Projection Chamber (TPC) is the main
tracking detector of the MPD central barrel. It is a well-known detector for 3-dimensional
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tracking and particle identiˇcation for high multiplicity events. The conceptual layout of
MPD and detailed description of the design and main working parameters of TPC, the
readout system based on MWPC and readout electronics as well as the TPC subsystems
and tooling for assembling and integration of TPC into MPD are presented.

PACS: 29.40.Gx

‚‚…„…�ˆ…

�±ÉÊ ²Ó´μ° § ¤ Î¥° ¢ ¨§ÊÎ¥´¨¨ ¸Éμ²±´μ¢¥´¨° ÉÖ¦¥²ÒÌ ¨μ´μ¢ Ö¢²Ö¥É¸Ö
¨¸¸²¥¤μ¢ ´¨¥ £μ·ÖÎ¥° ¨ ¶²μÉ´μ° Ö¤¥·´μ° ³ É¥·¨¨. ˆ´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É
¶¥·¥Ìμ¤  ¤·μ´´μ° ³ É¥·¨¨ ¢ ¸μ¸ÉμÖ´¨¥ ±¢ ·±-£²Õμ´´μ° ¶² §³Ò. „¨ ¶ -
§μ´ §´ Î¥´¨° Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨Ö (

√
SNN = 4Ä11 ƒÔ‚) ¨ · §´μμ¡· §¨¥

¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  NICA [1Ä3], ´  ±μÉμ·μ³
¡Ê¤¥É · ¸¶μ² £ ÉÓ¸Ö ³´μ£μÍ¥²¥¢μ° ¤¥É¥±Éμ· (MPD), ¶μ§¢μ²¨É ¨§ÊÎ¨ÉÓ ¤μ¸É -
ÉμÎ´μ ¡μ²ÓÏÊÕ μ¡² ¸ÉÓ Ë §μ¢μ° ¤¨ £· ³³Ò,   ¢Ò¸μ± Ö ¸¢¥É¨³μ¸ÉÓ ±μ²² °¤¥· 
(L = 1027 ¸³−2 · ¸−1) Å § ·¥£¨¸É·¨·μ¢ ÉÓ ´¥μ¡Ìμ¤¨³μ¥ ±μ²¨Î¥¸É¢μ ¸μ¡ÒÉ¨°
¤ ¦¥ ¤²Ö μÎ¥´Ó ·¥¤±¨Ì ¶·μÍ¥¸¸μ¢.

„¥É¥±Éμ· MPD ¶μ§¢μ²Ö¥É ¨§³¥·ÖÉÓ É·¥±¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, μ¡· §ÊÕ-
Ð¨Ì¸Ö ¢ ¸μÊ¤ ·¥´¨ÖÌ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¢ Ï¨·μ±μ° μ¡² ¸É¨ ¶¸¥¢¤μ¡Ò¸É·μÉ

�¨¸. 1. “¸É ´μ¢±  MPD
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|η| < 3 ¨ Î ¸ÉμÉ¥ ¸Éμ²±´μ¢¥´¨° ¤μ 7 ±ƒÍ. ‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  MPD ¶μ± § ´ 
´  ·¨¸. 1. ‚ Í¥´É· ²Ó´μ° μ¡² ¸É¨ MPD · ¸¶μ² £ ¥É¸Ö ¢·¥³Ö¶·μ¥±Í¨μ´´ Ö
± ³¥·  ’�‘, ±μÉμ· Ö μ¡¥¸¶¥Î¨¢ ¥É ·¥£¨¸É· Í¨Õ É·¥±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í,
¨§³¥·¥´¨¥ ¨Ì ¨³¶Ê²Ó¸μ¢ ¨ ¨¤¥´É¨Ë¨± Í¨Õ ¶μ ¶μÉ¥·Ö³ Ô´¥·£¨¨ ¸μ¢³¥¸É´μ
¸ ¸¨¸É¥³μ° ¢·¥³¥´¨ ¶·μ²¥É  (TOF),   É ±¦¥ Ô²¥±É·μ³ £´¨É´Ò° ± ²μ·¨³¥É·
(ECaL) ¤²Ö ·¥£¨¸É· Í¨¨ ËμÉμ´μ¢ ¨ Ô²¥±É·μ´μ¢.

�¸´μ¢´Ò³ É·¥±μ¢Ò³ ¤¥É¥±Éμ·μ³ MPD Ö¢²Ö¥É¸Ö ¢·¥³Ö¶·μ¥±Í¨μ´´ Ö ± -
³¥· . �Éμ Ìμ·μÏμ ¨§¢¥¸É´Ò° ¤¥É¥±Éμ·, ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö ¨§³¥·¥´¨Ö É·¥-
±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ ¨Ì ¨¤¥´É¨Ë¨± Í¨¨ ¶·¨ ¢Ò¸μ±μ° Î ¸ÉμÉ¥ ¸μ¡ÒÉ¨°.
�´  ¤μ²¦´  μ¡¥¸¶¥Î¨¢ ÉÓ:

Å ÔËË¥±É¨¢´ÊÕ ·¥£¨¸É· Í¨Õ É·¥±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ μ¡² ¸É¨ ¶¸¥¢-
¤μ¡Ò¸É·μÉ |η| < 1,2;

Å ¨³¶Ê²Ó¸´μ¥ · §·¥Ï¥´¨¥ μ±μ²μ 3% ¤²Ö Î ¸É¨Í ¸ Ô´¥·£¨¥° ¢ ¶·¥¤¥² Ì
0,1 < pt < 1 ƒÔ‚/c;

Å ¤¢ÊÌÉ·¥±μ¢μ¥ · §·¥Ï¥´¨¥ μ±μ²μ 1 ¸³;
Å · §·¥Ï¥´¨¥ dE/dx ´¥ ÌÊ¦¥ 8%.
�É¨ É·¥¡μ¢ ´¨Ö ¤μ²¦´Ò ¢Ò¶μ²´ÖÉÓ¸Ö ¶·¨ ³´μ¦¥¸É¢¥´´μ¸É¨ ¤μ 1000 § -

·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ Í¥´É· ²Ó´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ ¨ Î ¸ÉμÉ¥ ¸μ¡ÒÉ¨° ∼ 7 ±ƒÍ.

1. ‚�…ŒŸ���…Š–ˆ����Ÿ Š�Œ…�� TPC

‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¢·¥³Ö¶·μ¥±Í¨μ´´μ° ± ³¥·Ò TPC ¶μ± § ´  ´  ·¨¸. 2.
�´  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸¨¸É¥³Ê ±μ ±¸¨ ²Ó´ÒÌ ¶μ²ÒÌ Í¨²¨´¤·μ¢, μ¸Ó ±μ-
Éμ·μ° ´ ¶· ¢²¥´  ¢¤μ²Ó ¶ÊÎ±  Ê¸±μ·¨É¥²Ö NICA ¶ · ²²¥²Ó´μ ´ ¶· ¢²¥´¨Õ

�¨¸. 2. ‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  TPC
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�¸´μ¢´Ò¥ ¶ · ³¥É·Ò TPC

� · ³¥É· ‚¥²¨Î¨´ 

„²¨´  TPC, ¸³ 340

� ¤¨Ê¸ ¢´¥Ï´¥° μ¡μ²μÎ±¨ TPC, ¸³ 140

� ¤¨Ê¸ ¢´ÊÉ·¥´´¥° μ¡μ²μÎ±¨ TPC, ¸³ 27

‚´¥Ï´¨° · ¤¨Ê¸ ¤·¥°Ëμ¢μ£μ μ¡Ñ¥³ , ¸³ 133

‚´ÊÉ·¥´´¨° · ¤¨Ê¸ ¤·¥°Ëμ¢μ£μ μ¡Ñ¥³ , ¸³ 34

„²¨´  ¤·¥°Ëμ¢μ£μ μ¡Ñ¥³ , ¸³ 163,1 (¤²Ö ± ¦¤μ° ¶μ²μ¢¨´Ò)

‚Ò¸μ±μ¢μ²ÓÉ´Ò° (HV) Ô²¥±É·μ¤ Œ¥³¡· ´  ¢ Í¥´É·¥ TPC

� ¶·Ö¦¥´´μ¸ÉÓ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, B/¸³ 140

Œ £´¨É´μ¥ ¶μ²¥, ’² 0,5

� ¡μÎ Ö £ §μ¢ Ö ¸³¥¸Ó 90%  ·£μ´ + 10% ³¥É ´ 

ŠμÔËË¨Í¨¥´É £ §μ¢μ£μ Ê¸¨²¥´¨Ö 104

‘±μ·μ¸ÉÓ ¤·¥°Ë , ¸³/³±¸ 5,45

‚·¥³Ö ¤·¥°Ë , ³±¸ � 30

’¥³¶¥· ÉÊ·´ Ö ¸É ¡¨²Ó´μ¸ÉÓ, ◦C < 0,5

—¨¸²μ ¸Î¨ÉÒ¢ ÕÐ¨Ì ± ³¥· 24 (¶μ 12 ´  ± ¦¤Ò° Éμ·¥Í)

‘¥£³¥´É Í¨Ö ¶μ ϕ, ◦ 30

� §³¥·Ò ¶Ô¤μ¢, ³³ 5× 12 ¨ 5× 18

—¨¸²μ ¶Ô¤μ¢ 95232

—¨¸²μ ·Ö¤μ¢ ¶Ô¤μ¢ 53

�μ¤ ¢²¥´¨¥ ´Ê²¥° (Zero suppression), % „μ 90

Œ ±¸¨³ ²Ó´ Ö ¸±μ·μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸μ¡ÒÉ¨°, ±ƒÍ ∼ 7 (¶·¨ ¸¢¥É¨³μ¸É¨ 1027)

‚·¥³Ö Ëμ·³¨·μ¢ ´¨Ö ¸¨£´ ² , ´¸ 180Ä190

�É´μÏ¥´¨¥ ¸¨£´ ²ÄÏÊ³ 30:1

„¨´ ³¨Î¥¸±¨° ¤¨ ¶ §μ´, ¡¨É 10

‘±μ·μ¸ÉÓ μÍ¨Ë·μ¢±¨, ŒƒÍ 10

‚·¥³¥´´ Ö £²Ê¡¨´  μÍ¨Ë·μ¢±¨ 310 ¢·¥³¥´´ÒÌ ³¥Éμ±

„¢ÊÌÉ·¥±μ¢μ¥ · §·¥Ï¥´¨¥, ¸³ 1

μ¤´μ·μ¤´μ£μ ³ £´¨É´μ£μ ¶μ²Ö (¸¢¥·Ì¶·μ¢μ¤ÖÐ¨° ¸μ²¥´μ¨¤) [4, 5]. ‚´ÊÉ·¥´-
´¨° ¤¨ ³¥É· ’�‘ ¸μ¸É ¢²Ö¥É 54 ¸³, ¢´¥Ï´¨° Å 280 ¸³,   ¶μ²´ Ö ¤²¨´  Å
340 ¸³. ‚ ¦´Ò³ É·¥¡μ¢ ´¨¥³ Ö¢²Ö¥É¸Ö Ê³¥´ÓÏ¥´¨¥ ±μ²¨Î¥¸É¢  ¢¥Ð¥¸É¢  ¨²¨
Ê¢¥²¨Î¥´¨¥ ®¶·μ§· Î´μ¸É¨¯ ¢ ±μ´¸É·Ê±Í¨¨ TPC. „μ¶Ê¸É¨³ Ö Éμ²Ð¨´  ¸É¥´μ±
¤μ²¦´  ¡ÒÉÓ ¶μ·Ö¤±  5 % X0.

�¤´μ·μ¤´μ¥ Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥, ´¥μ¡Ìμ¤¨³μ¥ ¤²Ö ¤·¥°Ë  Ô²¥±É·μ´μ¢,
¸μ§¤ ¥É¸Ö ¢ · ¡μÎ¥³ μ¡Ñ¥³¥ Í¥´É· ²Ó´Ò³ ¢Ò¸μ±μ¢μ²ÓÉ´Ò³ Ô²¥±É·μ¤μ³, ¸¨-



‘�‡„��ˆ… ‚�…ŒŸ���…Š–ˆ����‰ Š�Œ…�› 1317

¸É¥³μ° ¸É·¨¶μ¢ÒÌ Ô²¥±É·μ¤μ¢ ¨ ± Éμ¤´μ° ¶²μ¸±μ¸ÉÓÕ ¸Î¨ÉÒ¢ ÕÐ¨Ì ± ³¥·.
� ¤¨ ²Ó´Ò¥ ¸μ¸É ¢²ÖÕÐ¨¥ ³ £´¨É´μ£μ ¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²¥° ´¥ ¤μ²¦´Ò
¶·¥¢ÒÏ ÉÓ 5,2 · 10−4 [6], ÎÉμ¡Ò ¤μ¸É¨ÎÓ É·¥¡Ê¥³μ£μ · §·¥Ï¥´¨Ö ¶μ¶¥·¥Î´μ£μ
¨³¶Ê²Ó¸ .

‘Î¨ÉÒ¢ ÕÐ Ö ¸¨¸É¥³  TPC μ¸´μ¢ ´  ´  ³´μ£μ¶·μ¢μ²μÎ´μ° ¶·μ¶μ·Í¨μ-
´ ²Ó´μ° ± ³¥·¥ ¸ ¶Ô¤μ¢Ò³ ± Éμ¤´Ò³ ¸Î¨ÉÒ¢ ´¨¥³. ‘μ¡¨· ¥³Ò° § ·Ö¤ ´ ¢μ-
¤¨É¸Ö ´  ³ ¸¸¨¢ ¶Ô¤μ¢, Ê¸¨²¨¢ ¥É¸Ö, ¶·¥μ¡· §μ¢Ò¢ ¥É¸Ö ¢ ËÊ´±Í¨Õ μÉ ¢·¥³¥´¨
¨ ¤ ²¥¥ ¢ μÍ¨Ë·μ¢ ´´μ³ ¢¨¤¥ ¸Î¨ÉÒ¢ ¥É¸Ö.

Šμ´É·μ²Ó £ §μ¢μ£μ Ê¸¨²¥´¨Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ± ²¨¡·μ¢μÎ´Ò³ ¸¨£´ ²Ó´Ò³
μÉ±²¨±μ³, ¶μ²ÊÎ¥´´Ò³ ¶ÊÉ¥³ μ¡²ÊÎ¥´¨Ö £ §μ¢μ£μ μ¡Ñ¥³  · ¤¨μ ±É¨¢´Ò³ ¨§μ-
Éμ¶μ³ 83Kr. „ ´´Ò° ³¥Éμ¤ ¶·¨³¥´¥´ ¢ [7, 8], £¤¥ ¡Ò²μ ¶μ± § ´μ, ÎÉμ ·¥§Ê²Ó-
É¨·ÊÕÐ¥¥ ¢ ·Ó¨·μ¢ ´¨¥ £ §μ¢μ£μ Ê¸¨²¥´¨Ö ¶μ·Ö¤±  10 % ³μ¦¥É ¡ÒÉÓ ¸±μ·-
·¥±É¨·μ¢ ´μ ¸ ÉμÎ´μ¸ÉÓÕ 0,5 %.

‚ TPC ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö £ §μ¢ Ö ¸³¥¸Ó, ¸μ¸ÉμÖÐ Ö ¨§ 90%  ·£μ´  ¨
10 % ³¥É ´ . ˆ§¡ÒÉμÎ´μ¥ ¤ ¢²¥´¨¥ £ §  ¢ · ¡μÎ¥³ μ¡Ñ¥³¥ ’�‘ ´¥ ¤μ²¦´μ
¶·¥¢ÒÏ ÉÓ 2 ³¡ ·. �¶É¨³ ²Ó´ Ö ¸±μ·μ¸ÉÓ ¤·¥°Ë  ¸ ³¨´¨³ ²Ó´Ò³¨ Ë²Ê±ÉÊ-
 Í¨Ö³¨ ¶μ É¥³¶¥· ÉÊ·¥ ¨ ¤ ¢²¥´¨Õ ¤²Ö  ·£μ´-³¥É ´μ¢μ° ¸³¥¸¨ ¤μ¸É¨£ ¥É¸Ö
¶·¨ ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö E = 140 ‚/¸³. ’¥·³μ¨§μ²ÖÍ¨Ö TPC
¤μ²¦´  £ · ´É¨·μ¢ ÉÓ É¥³¶¥· ÉÊ·´ÊÕ ¸É ¡¨²Ó´μ¸ÉÓ μ±μ²μ 0,5 ◦C ¤²Ö ¢¸¥£μ
£ §μ¢μ£μ μ¡Ñ¥³  [7].

�¸´μ¢´Ò¥ ¶ · ³¥É·Ò TPC ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥.
Šμ··¥±É´ Ö · ¡μÉ  TPC μ¡¥¸¶¥Î¨¢ ¥É¸Ö ·Ö¤μ³ ¥¥ ¶μ¤¸¨¸É¥³:
Å ¸Î¨ÉÒ¢ ÕÐ¨³¨ ± ³¥· ³¨ (ROC);
Å ¤¥É¥±Éμ·´μ° Ô²¥±É·μ´¨±μ° (FEE);
Å ² §¥·´μ° ¸¨¸É¥³μ° ± ²¨¡·μ¢±¨ (Laser Calibration System);
Å ¸¨¸É¥³μ° μÌ² ¦¤¥´¨Ö (Cooling System);
Å £ §μ¢μ° ¸¨¸É¥³μ° (Gas System).

2. Š��‘’�“Š–ˆŸ TPC

„²Ö ¸μ§¤ ´¨Ö TPC ¨¸¶μ²Ó§μ¢ ´Ò ¶μ²Ò¥ Éμ´±μ¸É¥´´Ò¥ ³μ´μ²¨É´Ò¥ ¶μ²´μ-
³ ¸ÏÉ ¡´Ò¥ Í¨²¨´¤·Ò (¸³. ·¨¸. 2), ¨§£μÉμ¢²¥´´Ò¥ ¨§ ±μ³¶μ§¨É´μ£μ ¶² ¸É¨± 
(Éμ²Ð¨´  ¸É¥´μ± C1 ¨ C2 Å 3 ³³, C3 Å 4 ³³ ¨ C4 Å 6 ³³), ¨ Éμ·Í¥¢Ò¥
 ²Õ³¨´¨¥¢Ò¥ Ë² ´ÍÒ. ‡ §μ· ³¥¦¤Ê C1ÄC2 ¨ C3ÄC4 § ¶μ²´¥´  §μÉμ³ N2 ¤²Ö
§ Ð¨ÉÒ μÉ ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ · §·Ö¤  ¨ ¶·¥¤μÉ¢· Ð¥´¨Ö ¤¨ËËÊ§¨¨ O2 ¨ H2O
¢ ¤·¥°Ëμ¢Ò° μ¡Ñ¥³ TPC. „²Ö μ¡¥¸¶¥Î¥´¨Ö É·¥¡Ê¥³μ° ¢¥²¨Î¨´Ò ´ ¶·Ö¦¥´´μ-
¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ ¤·¥°Ëμ¢μ³ μ¡Ñ¥³¥ ´  Í¥´É· ²Ó´Ò° Ô²¥±É·μ¤ ’�‘
¶μ¤ ¥É¸Ö 23 ±‚. ‚¥²¨Î¨´  § §μ·  ³¥¦¤Ê Í¨²¨´¤· ³¨ 30 ³³.

–¨²¨´¤·¨Î¥¸±¨¥ μ¡μ²μÎ±¨ ¤²Ö TPC, ¨§£μÉμ¢²¥´´Ò¥ ´  ·μ¸¸¨°¸±μ³ ¶·μ-
¨§¢μ¤¸É¢¥, ¸μ¸ÉμÖÉ ¨§ μ¤´μ£μ ¸²μÖ ¸É¥±²μ¢μ²μ±´  Éμ²Ð¨´μ° 0,5 ³³, ¤¢ÊÌ ¸²μ¥¢
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�¨¸. 3. �É ¶Ò ¸¡μ·±¨ TPC

É¥¤² ·  Éμ²Ð¨´μ° 25 ³±³, 3-³³ ¸²μÖ ±¥¢² ·  ¨ ¥Ð¥ ¤¢ÊÌ ¸²μ¥¢ É¥¤² ·  ¸μ-
μÉ¢¥É¸É¢¥´´μ. ‘²μ¨ ¨§ É¥¤² ·  ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö μ¡¥¸¶¥Î¥´¨Ö £ §μ¢μ° ´¥¶·μ-
´¨Í ¥³μ¸É¨,   ±¥¢² ·μ¢Ò¥ ¸²μ¨ Å ¤²Ö ¦¥¸É±μ¸É¨. �¡μ²μÎ±¨ C1 ¨ C4 ¨³¥ÕÉ
 ²Õ³¨´¨¥¢Ò° ¸²μ° Éμ²Ð¨´μ° 50 ³±³ ¤²Ö Ô²¥±É·μ³ £´¨É´μ° § Ð¨ÉÒ,   μ¡μ-
²μÎ±¨ C2 ¨ C3, ¨³¥ÕÐ¨¥  ²Õ³¨´¨¥¢Ò¥ ¶μ²μ¸±¨ Éμ²Ð¨´μ° 50 ³±³, Ï¨·¨´μ°
30 ³³ ¨ Ï £μ³ 100 ³³, Å ¤²Ö ±μ··¥±Í¨¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö. „μ¶μ²´¨É¥²Ó-
´Ò¥ Ê£μ²±¨ ¢ ±μ´¸É·Ê±Í¨¨ μ¡μ²μÎ¥± C1, C2 ¨ C3 ¸¤¥² ´Ò ¤²Ö Ê¤μ¡¸É¢  ¸¡μ·±¨
TPC. “£μ² ¢ ¸¥·¥¤¨´¥ C2 ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö Ë¨±¸ Í¨¨ ¢Ò¸μ±μ¢μ²ÓÉ-
´μ£μ Ô²¥±É·μ¤ . ‘μ¥¤¨´¥´¨¥ ¶μ²μ¸μ± μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î¥·¥§ · §¤¥²¨É¥²Ó´Ò¥
·¥§¨¸Éμ·Ò 500 Œ�³. �¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¶μ± § ²¨, ÎÉμ ¤¥Ëμ·³ Í¨Ö,
± ¶·¨³¥·Ê, μ¡μ²μÎ±¨ C2 ¸μ¸É ¢²Ö¥É ³¥´ÓÏ¥ 100 ³±³.

‘ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ μ¡μ²μÎ±¨, ¸μ¸É ¢²ÖÕÐ¨¥ ±μ´¸É·Ê±Í¨Õ TPC, ´¥¸Ê-
Ð¥¸É¢¥´´μ μÉ²¨Î ÕÉ¸Ö ¤·Ê£ μÉ ¤·Ê£  ¶μ · §³¥· ³, ¢±²ÕÎ Ö · §· ¢´¨¢ ÕÐÊÕ
¸¥É±Ê, ¡Ò²  ¢Ò¡· ´  ±μ´Í¥¶Í¨Ö £μ·¨§μ´É ²Ó´μ° ¸¡μ·±¨ ¶μ ± ¦¤μ³Ê Ô²¥³¥´ÉÊ.
‘É ¤¨¨ ¸¡μ·±¨ TPC ¸Ì¥³ É¨Î´μ ¶μ± § ´Ò ´  ·¨¸. 3. �¥²Ó¸Ò, ¸ ¢Ò¸μ±μ° ÉμÎ-
´μ¸ÉÓÕ · ¸¶μ²μ¦¥´´Ò¥ ´  ¶²μ¸±μ° ¶μ¢¥·Ì´μ¸É¨, ¸ ·ÊÎ´Ò³ ¸¨²μ¢Ò³ ¢Ò· ¢-
´¨¢ ÕÐ¨³ ³μ¤Ê²¥³ ¢¤μ²Ó μ¸¨ ¨ ¸¨¸É¥³  ¨§ É·¥Ì ³μ¡¨²Ó´ÒÌ ¶·¨¸¶μ¸μ¡²¥´¨°
¶μ§¢μ²ÖÕÉ ¸μ§¤ ÉÓ ³¥Ì ´¨Î¥¸±ÊÕ ±μ´¸É·Ê±Í¨Õ ¤²Ö ¶μÏ £μ¢μ° ¸¡μ·±¨ Ô²¥-
³¥´Éμ¢ ’�‘.
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�¨¸. 4. ‘¶¥Í¨ ²Ó´Ò¥ ¶·¨¸¶μ¸μ¡²¥´¨Ö ¤²Ö ¸¡μ·±¨ TPC

�  ·¨¸. 4 ¶μ± § ´Ò ¸¶¥Í¨ ²Ó´Ò¥ ³μ¤Ê²¨ μ¸´ ¸É±¨ ¤²Ö ¸¡μ·±¨ ’�‘, ¸μ-
§¤ ´´Ò¥ ´  § ¢μ¤¥ ³¥Ì ´¨Î¥¸±¨Ì ¨ ¨´¦¥´¥·´ÒÌ ±μ´¸É·Ê±Í¨° ¢ 	·Ö´¸±¥ (�”)
¨ ¤μ¸É ¢²¥´´Ò¥ ¢ ‹”‚�.

3. ‘—ˆ’›‚��™�Ÿ Š�Œ…�� ROC

‘Î¨ÉÒ¢ ÕÐ Ö ± ³¥·  (ReadOut Chamber Å ROC), ¢Ò¶μ²´¥´´ Ö ´  μ¸´μ¢¥
³´μ£μ¶·μ¢μ²μÎ´μ° ¶·μ¶μ·Í¨μ´ ²Ó´μ° ± ³¥·Ò (MWPC), ¸μ¸Éμ¨É ¨§ É·¥Ì ¶·μ-
¢μ²μÎ´ÒÌ ¶²μ¸±μ¸É¥°, ¶Ô¤μ¢μ° ¨ ¨§μ²¨·ÊÕÐ¥° ¶²μ¸±μ¸É¥° ¨ É· ¶¥Í¨¥¢¨¤´μ°
 ²Õ³¨´¨¥¢μ° · ³±¨. ‘¥Î¥´¨¥ ¸É·Ê±ÉÊ·Ò ± ³¥·Ò ¶μ± § ´μ ´  ·¨¸. 5.
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�¨¸. 5. ‘¥Î¥´¨¥ ± ³¥·Ò ROC

�¨¸. 6. ‘Ì¥³  · ¸¶μ²μ¦¥´¨Ö ¶·μ¢μ²μÎ´ÒÌ ¶²μ¸±μ¸É¥° ± ³¥·Ò ROC

‡ §μ· ³¥¦¤Ê  ´μ¤´μ° ¨ ¶Ô¤μ¢μ° ¶²μ¸±μ¸ÉÖ³¨ É ±μ° ¦¥, ± ± ¨ § §μ· ³¥¦¤Ê
 ´μ¤´μ° ¨ ± Éμ¤´μ° ¶·μ¢μ²μÎ´Ò³¨ ¶²μ¸±μ¸ÉÖ³¨, ¨ ¸μ¸É ¢²Ö¥É 3,0 ³³ (·¨¸. 6).
„²Ö Éμ£μ ÎÉμ¡Ò Ê³¥´ÓÏ¨ÉÓ ¸μ¡· ´´Ò° § ·Ö¤ ´  ¥¤¨´¨ÍÊ ¤²¨´Ò ¨, ¸²¥¤μ-
¢ É¥²Ó´μ, ¢ ·Ó¨·μ¢ ´¨¥ ±μÔËË¨Í¨¥´É  £ §μ¢μ£μ Ê¸¨²¥´¨Ö ¶·¨ ¶·μÌμ¦¤¥´¨¨
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í, Ï £  ´μ¤´μ° ¶·μ¢μ²μÎ±¨ ¤μ²¦¥´ ¡ÒÉÓ ¤μ¸É ÉμÎ´μ ³ -
²Ò³. �´ ¸μμÉ¢¥É¸É¢Ê¥É ¤²¨´¥ ¶Ô¤  ¨ · ¢¥´ 3 ³³. ˜ £ ± Éμ¤´μ° ¶·μ¢μ²μ±¨
· ¢¥´ 1,5 ³³. ‡ ¶¨· ÕÐ Ö ¸¥É±  · ¸¶μ² £ ¥É¸Ö ´  3 ³³ ¢ÒÏ¥ ± Éμ¤´ÒÌ ¶·μ-
¢μ²μÎ¥±, ÎÉμ Ö¢²Ö¥É¸Ö ¤μ¸É ÉμÎ´Ò³, ÎÉμ¡Ò ¶·¨μ¸É ´μ¢¨ÉÓ ¶μÉμ± ¨μ´μ¢ ¢´ÊÉ·¨
· §·¥Ï¥´´μ£μ ¢·¥³¥´´μ£μ ¨´É¥·¢ ² . ˜ £ ¶·μ¢μ²μÎ¥± § ¶¨· ÕÐ¥° ¸¥É±¨ ¸μ-
¸É ¢²Ö¥É 1,25 ³³.
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‚¸¥ ¶·μ¢μ²μÎ±¨ ¨ ¶Ô¤μ¢Ò¥ ·Ö¤Ò · ¸¶μ² £ ÕÉ¸Ö ¶μ  §¨³ÊÉÊ. �  É· ¶¥Í¨¥-
¢¨¤´μ° ¶Ô¤μ¢μ° ¶²μ¸±μ¸É¨ ¤²¨´  ¶·μ¢μ²μÎ¥± ¢ ·Ó¨·Ê¥É¸Ö μÉ 190 ³³ ¢´¨§Ê ¤μ
620 ³³ ¢¢¥·ÌÊ. ‘ Í¥²ÓÕ μ¡¥¸¶¥Î¥´¨Ö £ §μ¢μ£μ Ê¸¨²¥´¨Ö ´  Ê·μ¢´¥ G = 104

¶·¨ Ê³¥·¥´´μ³  ´μ¤´μ³ ¶μÉ¥´Í¨ ²¥ ¤²Ö  ´μ¤´μ° ¶²μ¸±μ¸É¨ ¡Ò²  ¢Ò¡· ´  ¶μ-
§μ²μÎ¥´´ Ö ¢μ²ÓË· ³-·ÊÉ¥´¨¥¢ Ö ¶·μ¢μ²μ±  ¤¨ ³¥É·μ³ 20 ³±³, ´ ³μÉ ´´ Ö
¶μ¤ Ê¸¨²¨¥³ 50 £. „²Ö ± Éμ¤´μ° ¶²μ¸±μ¸É¨ ¨¸¶μ²Ó§Ê¥É¸Ö ³¥¤´μ-¡¥·¨²²¨¥¢ Ö
¶·μ¢μ²μ±  ¤¨ ³¥É·μ³ 75 ³±³, ´ ³μÉ ´´ Ö ¶·¨ Ê¸¨²¨¨ 80 £.

�Ô¤μ¢ Ö ¶²μ¸±μ¸ÉÓ ¨³¥¥É Éμ²Ð¨´Ê 3 ³³ ¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Î¥ÉÒ·¥Ì-
¸²μ°´ÊÕ ¶¥Î É´ÊÕ ¶² ÉÊ ¸ μ¶É¨³ ²Ó´μ° É· ¸¸¨·μ¢±μ° ¶¥Î É´ÒÌ Ô²¥³¥´Éμ¢.
‘μ¥¤¨´¥´¨¥ ¶Ô¤μ¢ÒÌ ±μ´´¥±Éμ·μ¢ c ¤¥É¥±Éμ·´μ° Ô²¥±É·μ´¨±μ° FEE μ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ £¨¡±¨Ì ± ¶Éμ´μ¢ÒÌ ± ¡¥²¥°. �  ¢´ÊÉ·¥´´¥° μ¡² ¸É¨
¶Ô¤μ¢μ° ¶²μ¸±μ¸É¨ · ¸¶μ²μ¦¥´Ò 27 ·Ö¤μ¢ ¶Ô¤μ¢ ¸ · §³¥· ³¨ 5 × 12 ³³ ¨ ´ 
¢´¥Ï´¥° Å 26 ·Ö¤μ¢ ¶Ô¤μ¢ ¸ · §³¥· ³¨ 5 × 18 ³³, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É Î¨¸²Ê
± ´ ²μ¢ ·¥£¨¸É· Í¨¨ TPC, · ¢´μ³Ê 95232.

4. „…’…Š’����Ÿ 	‹…Š’���ˆŠ�

Šμ²¨Î¥¸É¢μ ± ´ ²μ¢ ·¥£¨¸É· Í¨¨ TPC ¸μ¸É ¢¨É ¡μ²¥¥ 95 ÉÒ¸., ÎÉμ ¶·¨-
¢¥¤¥É ± ¡μ²ÓÏμ³Ê ¶μÉμ±Ê ¤ ´´ÒÌ: ¤²Ö ± ¦¤μ£μ ¨§ ± ´ ²μ¢ § ·Ö¤, ¨´¤ÊÍ¨·Ê¥-
³Ò° ´  ¶Ô¤ Ì, ¸¢Ö§ ´´ÒÌ ¸ ± ´ ² ³¨ ·¥£¨¸É· Í¨¨ ¤¥É¥±Éμ·´ÒÌ ± ·É FEC,
¸μ¡¨· ¥É¸Ö ¢ É¥Î¥´¨¥ ¢·¥³¥´¨ ¤·¥°Ë  31,2 ³±¸, Ê¸¨²¨¢ ¥É¸Ö, Ëμ·³¨·Ê¥É¸Ö ¨
μÍ¨Ë·μ¢Ò¢ ¥É¸Ö 10-¡¨É´Ò³ �–� ¸ Î ¸ÉμÉμ° 10 ŒƒÍ. ‚ ¶μÉμ±¥ ¢ÒÌμ¤ÖÐ¨Ì
¨§ �–� ¤ ´´ÒÌ ¶·¥μ¡² ¤ ÕÉ ÏÊ³μ¢Ò¥ μÉ¸Î¥ÉÒ, ¶μ¸±μ²Ó±Ê ¸¨£´ ²Ó´Ò° μÉ-
¸Î¥É ¢ ± ´ ²¥ ¶μÖ¢²Ö¥É¸Ö Éμ²Ó±μ Éμ£¤ , ±μ£¤  É· ¥±Éμ·¨Ö Î ¸É¨ÍÒ ¶¥·¥¸¥± ¥É
Î ¸ÉÓ · ¡μÎ¥£μ μ¡Ñ¥³  ¤¥É¥±Éμ· , ¶·μ¥±Í¨Ö ±μÉμ·μ£μ ¶μ¶ ¤ ¥É ´  ¶Ô¤ ¤ ´-
´μ£μ ± ´ ²  ¢ ¶¥·¨μ¤ μÍ¨Ë·μ¢±¨. „²Ö Ê¤ ²¥´¨Ö ÏÊ³μ¢ÒÌ ¤ ´´ÒÌ ¢ ± ·É Ì
Ô²¥±É·μ´¨±¨ ¨¸¶μ²Ó§Ê¥É¸Ö  ¶¶ · É´μ-·¥ ²¨§μ¢ ´´Ò° Í¨Ë·μ¢μ° Ë¨²ÓÉ·.

„²Ö Éμ£μ ÎÉμ¡Ò Ê¤μ¢²¥É¢μ·¨ÉÓ É·¥¡μ¢ ´¨Ö ± TPC ¢ · ³± Ì ¶·μ¥±É  NICA,
¸Î¨ÉÒ¢ ÕÐ Ö ¸¨¸É¥³  ¤μ²¦´  μ¡¥¸¶¥Î¨¢ ÉÓ ¢¥²¨Î¨´Ê ¶·μ¶Ê¸±´μ° ¸¶μ¸μ¡´μ-
¸É¨ ¤μ 7 ƒ¡ °É/¸ ¶·¨ ¸·¥¤´¥° ³´μ¦¥¸É¢¥´´μ¸É¨ ∼ 300 É·¥±μ¢ ¨ ³ ±¸¨³ ²Ó´μ°
¤μ 1000 É·¥±μ¢. ‚ · §· ¡μÉ ´´μ° ¤¥É¥±Éμ·´μ° ± ·É¥ FEC ¡Ò²¨ ¨¸¶μ²Ó§μ-
¢ ´Ò ¶·¨³¥´Ö¥³Ò¥ ¢ ALICE TPC (PASA ¨ ALTRO [9]) ¸¶¥Í¨ ²¨§¨·μ¢ ´´Ò¥
³¨±·μ¸Ì¥³Ò, μ¡¥¸¶¥Î¨¢ ÕÐ¨¥ ´¥μ¡Ìμ¤¨³μ¥ μÉ´μÏ¥´¨¥ ¸¨£´ ²ÄÏÊ³, Í¨Ë·μ-
¢ÊÕ μ¡· ¡μÉ±Ê ¨ ¸¦ É¨¥ ¤ ´´ÒÌ ´   ¶¶ · É´μ³ Ê·μ¢´¥ ¢ ·¥ ²Ó´μ³ ¢·¥³¥´¨.
‚ ¦´Ò³ ±μ³¶μ´¥´Éμ³ ± ·É ¨ ±μ´É·μ²²¥·μ¢ Ö¢²ÖÕÉ¸Ö ¶·μ£· ³³¨·Ê¥³Ò¥ ²μ-
£¨Î¥¸±¨¥ ¨´É¥£· ²Ó´Ò¥ ¸Ì¥³Ò (Field Programmable Gate Array Å FPGA), ¢Ò-
¶μ²´ÖÕÐ¨¥ ±μ´É·μ²Ó´Ò¥ ¨ ±μ³³Ê´¨± Í¨μ´´Ò¥ ËÊ´±Í¨¨.

‘μ¡· ´´Ò¥ ¸ 1488 ± ·É ¤ ´´Ò¥ ¢ Ê¶ ±μ¢ ´´μ³ ¢¨¤¥ ¶¥·¥¤ ÕÉ¸Ö ¢ ¸Î¨ÉÒ-
¢ ÕÐ¨¥ ±μ´É·μ²²¥·Ò RCU ¶μ £¨£ ¡¨É´Ò³ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³ ²¨´¨Ö³ ¸¢Ö§¨.
Šμ´É·μ²²¥· RCU ¢Ò¶μ²´Ö¥É ¢¸¥ ±²ÕÎ¥¢Ò¥ ËÊ´±Í¨¨ ¸¨¸É¥³´μ£μ Ê·μ¢´Ö: ¸¨´-
Ì·μ´¨§ Í¨Õ · ¡μÉÒ ± ·É FEC, ±μ´Ë¨£Ê·¨·μ¢ ´¨¥ ± ´ ²μ¢ ·¥£¨¸É· Í¨¨, ¸Î¨-
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ÉÒ¢ ´¨¥ Ê¶ ±μ¢ ´´ÒÌ ¤ ´´ÒÌ ¨ ¨Ì ¶¥·¥¤ ÎÊ ¢ ¸¨¸É¥³Ê ¸¡μ·  ¤ ´´ÒÌ MPD ¶μ
μ¶É¨Î¥¸±¨³ ²¨´¨Ö³ ¸¢Ö§¨. RCU É ±¦¥ ¢Ò¶μ²´Ö¥É ±μ´É·μ²Ó · ¡μÎ¨Ì ´ ¶·Ö-
¦¥´¨°, Éμ±μ¢, É¥³¶¥· ÉÊ· ¨ ¸μ¸ÉμÖ´¨¥ ± ´ ²μ¢ ·¥£¨¸É· Í¨¨.

‚ · §· ¡μÉ ´´μ° ¸¨¸É¥³¥ ¸Î¨ÉÒ¢ ÕÐ¨Ì ±μ´É·μ²²¥·μ¢ ¨ FEC-± ·É ¶·¥-
¤Ê¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ´μ¢μ° ¶¥·¸¶¥±É¨¢´μ° ³¨±·μ¸Ì¥³Ò
SAMPA [10, 11] ¢³¥¸Éμ ¶ ·Ò PASA ¨ ALTRO. Œ¨±·μ¸Ì¥³  SAMPA ¸μ¤¥·-
¦¨É 32 ± ´ ²  ·¥£¨¸É· Í¨¨ ¨  ¶¶ · É´μ-¨´É¥£·¨·μ¢ ´´Ò¥ Î ¸É¨:  ´ ²μ£μ¢ÊÕ,
�–� ¨ Í¨Ë·μ¢μ° ¶·μÍ¥¸¸μ·. “¢¥²¨Î¥´¨¥ ¨´É¥£· Í¨¨ ¢ SAMPA ¶μ§¢μ²¨É
Ê³¥´ÓÏ¨ÉÓ ±μ²¨Î¥¸É¢μ ³ É¥·¨ ²  ¢ Éμ·Í¥ TPC,   ¥¥ ¸¶μ¸μ¡´μ¸ÉÓ ± ·¥£¨-
¸É· Í¨¨ ¸¨£´ ²μ¢ ± ± ¶μ²μ¦¨É¥²Ó´μ°, É ± ¨ μÉ·¨Í É¥²Ó´μ° ¶μ²Ö·´μ¸É¨ ¤ ¸É
¢μ§³μ¦´μ¸ÉÓ ¢ ¤ ²Ó´¥°Ï¥³ § ³¥´¨ÉÓ ¸Î¨ÉÒ¢ ÕÐ¨¥ ± ³¥·Ò ´  μ¸´μ¢¥ MWPC
´  ROC ´  μ¸´μ¢¥ GEM. �¥¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ¶¥·¢ÒÌ μ¡· §Íμ¢ ³¨±·μ-
¸Ì¥³ SAMPA ¡Ò²¨ ¨¸¶ÒÉ ´Ò, ¨ ·¥§Ê²ÓÉ ÉÒ ¶μ± § ²¨, ÎÉμ ¶·¨³¥´¥´¨¥ ¤ ´-
´ÒÌ ³¨±·μ¸Ì¥³ ¢ FEC ¨³¥¥É ¶¥·¸¶¥±É¨¢Ê. 	μ²¥¥ ¤¥É ²Ó´ Ö ¨´Ëμ·³ Í¨Ö ¶μ
FE-Ô²¥±É·μ´¨±¥ TPC/NICA ¶·¥¤¸É ¢²¥´  ¢ [12].

5. ‘ˆ‘’…Œ� ‹�‡…���‰ Š�‹ˆ
��‚Šˆ

‘ ÊÎ¥Éμ³ μ¶ÒÉ  Ô±¸¶¥·¨³¥´Éμ¢ STAR [7] ¨ ALICE [8] ¶·¥¤¶μ² £ ¥É¸Ö
¤²Ö ± ²¨¡·μ¢±¨ TPC ¨¸¶μ²Ó§μ¢ ÉÓ ¸¨¸É¥³Ê ´  μ¸´μ¢¥ UV-² §¥·  (266 ´³).

—¥·¥§ ¸¨¸É¥³Ê ¶μ²Ê¶·μ§· Î´ÒÌ §¥·± ² ¨ ¶·¨§³ ² §¥·´Ò¥ ²ÊÎ¨ ¤¨ ³¥É·μ³
1 ³³ ¨´¦¥±É¨·ÊÕÉ¸Ö ¢ ¤·¥°Ëμ¢Ò° μ¡Ñ¥³ ’�‘, ± ± ¶μ± § ´μ ´  ·¨¸. 7, ¨ ¸μ-

�¨¸. 7. ‘Ì¥³  ¢¢μ¤  ² §¥·´ÒÌ ²ÊÎ¥° ¢ TPC
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�¨¸. 8. ‘Ì¥³  28 ®É·¥±μ¢¯ ¢ TPC

§¤ ÕÉ ®É·¥±¨¯ ¢ ·Ö¤¥ ¶μ¸²¥¤μ¢ É¥²Ó-
´ÒÌ ¶²μ¸±μ¸É¥°, ¶¥·¶¥´¤¨±Ê²Ö·´ÒÌ
μ¸¨ ’�‘. ‘Ì¥³  μ¤´μ° ¨§ ¶²μ¸±μ-
¸É¥° ¸ 28 ®É·¥± ³¨¯ ¤¨ ³¥É·μ³ 1 ³³
¶μ± § ´  ´  ·¨¸. 8. ‚¸¥£μ É ±¨Ì
¶²μ¸±μ¸É¥° ¢ ’�‘ ¶·¥¤Ê¸³μÉ·¥´μ
8, ¢ ·¥§Ê²ÓÉ É¥ 224 É·¥± , ¸μ§¤ ´-
´ÒÌ ² §¥·´Ò³¨ ²ÊÎ ³¨, ¤μ¸É ÉμÎ´μ
· ¢´μ³¥·´μ § ¶μ²´ÖÕÉ μ¡Ñ¥³ ’�‘,
ÎÉμ¡Ò ¢Ò¶μ²´¨ÉÓ ¢¸¥ § ¤ Î¨ ± ²¨-
¡·μ¢±¨ (¨§³¥·¥´¨¥ ¸±μ·μ¸É¨ ¤·¥°Ë 
¨ μÍ¥´±¨ ¨¸± ¦¥´¨° Ô²¥±É·¨Î¥¸±μ£μ
¶μ²Ö). ‘¨¸É¥³  ± ²¨¡·μ¢±¨ ¡Ê-
¤¥É ¸μ¸ÉμÖÉÓ ¨§ ¤¢ÊÌ ¨³¶Ê²Ó¸´ÒÌ
² §¥·μ¢ (¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  5Ä
7 ´¸, ³μÐ´μ¸ÉÓ ¶μ·Ö¤±  130 ³„¦)
Nd:YAGÄNL303HT-10-FH.

6. ‘ˆ‘’…Œ� �•‹�†„…�ˆŸ

‘¨¸É¥³  μÌ² ¦¤¥´¨Ö TPC ¸μ¸Éμ¨É ¨§ ¢´¥Ï´¥£μ ¨ ¢´ÊÉ·¥´´¥£μ É¥¶²μ¢μ£μ
Ô±· ´μ¢, ¤¢ÊÌ Éμ·Í¥¢ÒÌ Ô±· ´μ¢ ¨ μÌ² ¦¤ ÕÐ¥° ¸¨¸É¥³Ò FEC-± ·É, ´¨§±μ-
¢μ²ÓÉ´ÒÌ (Low Voltage Å LV) Ï¨´ ¨ ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ (High Voltage Å HV)
¤¥²¨É¥²Ö. ‘¨¸É¥³  μÌ² ¦¤¥´¨Ö μ¡¥¸¶¥Î¨¢ ¥É É¥³¶¥· ÉÊ·´ÊÕ ¸É ¡¨²Ó´μ¸ÉÓ ¨
μ¤´μ·μ¤´μ¸ÉÓ ¢´ÊÉ·¨ ¤·¥°Ëμ¢μ£μ μ¡Ñ¥³  ¸ ÉμÎ´μ¸ÉÓÕ ΔT < 0,5 ◦C. �¸´μ¢-
´Ò³ ¨¸ÉμÎ´¨±μ³ É¥¶²  Ö¢²Ö¥É¸Ö FEC-Ô²¥±É·μ´¨± . Š ¦¤ Ö FEC · ¸¸¥¨¢ ¥É

�¨¸. 9. „¨§ °´ Ë·μ´É ²Ó´μ£μ ¨ ¢´¥Ï´¥£μ É¥·³ ²Ó´ÒÌ Ô±· ´μ¢ (¸²¥¢ ) ¨ ¸¨¸É¥³  μÌ² -
¦¤¥´¨Ö 62 FEC-± ·É (¸¶· ¢ )
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μ±μ²μ 6,4 ‚É, μ¤´  ¸Î¨ÉÒ¢ ÕÐ Ö ± ³¥·  ROC Å μ±μ²μ 330 ‚É ¨ LV-Ï¨-
´  Å 20 ‚É. ‘¨¸É¥³  μÌ² ¦¤¥´¨Ö, ¶μ± § ´´ Ö ´  ·¨¸. 9, ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö
´ Ìμ¤¨É¸Ö ¢ ¶·μÍ¥¸¸¥ ·¥ ²¨§ Í¨¨.

7. ƒ�‡�‚�Ÿ ‘ˆ‘’…Œ�

�·¨ ¨§£μÉμ¢²¥´¨¨ £ §μ¢μ° ¸¨¸É¥³Ò ¨¸¶μ²Ó§μ¢ ²¸Ö μ¶ÒÉ ¸μ§¤ ´¨Ö ¶μ¤μ¡-
´ÒÌ ¸¨¸É¥³ ¢ Ô±¸¶¥·¨³¥´É Ì STAR ¨ PHENIX [7] (BNL, ‘˜�) ¨ £ §μ¢μ°
¸¨¸É¥³Ò ¢ Ô±¸¶¥·¨³¥´É¥ CBM („ ·³ÏÉ ¤É, ƒ¥·³ ´¨Ö) [13].

ƒ §μ¢ Ö ¸¨¸É¥³  ³μ¦¥É · ¡μÉ ÉÓ ± ± ¢ ·¥¦¨³¥ ·¥Í¨·±Ê²ÖÍ¨¨ ¢μ ¢·¥³Ö
Ô±¸¶¥·¨³¥´Éμ¢, É ± ¨ ¢ μÉ±·ÒÉμ³ ·¥¦¨³¥ ¤²Ö ®¶·μ¤Ê¢±¨¯ TPC. �μ¸±μ²Ó±Ê
· ¸¸ÉμÖ´¨¥ ³¥¦¤Ê TPC ¨ £ §μ¢μ° ¸¨¸É¥³μ° ¶μ·Ö¤±  70 ³, ¸¨¸É¥³  ¢±²ÕÎ ¥É
¢ ¸¥¡Ö ¤¢  ±μ´ÉÊ·  Í¨·±Ê²ÖÍ¨¨: ³ ²Ò° ¢´ÊÉ·¥´´¨° ¨ ¡μ²ÓÏμ° ¢´¥Ï´¨°. �É¨
±μ´ÉÊ·Ò Ê¶· ¢²ÖÕÉ¸Ö ¤¢Ê³Ö  ¶¶ · É´Ò³¨ ¸Éμ°± ³¨, ¶μ± § ´´Ò³¨ ´  ·¨¸. 10.
‘Éμ°±  ³ ²μ£μ ±μ´ÉÊ·  · ¸¶μ² £ ¥É¸Ö ´  ¶² ÉËμ·³¥ ¢ Ô±¸¶¥·¨³¥´É ²Ó´μ³
§ ²¥ ´¥¶μ¸·¥¤¸É¢¥´´μ ¢¡²¨§¨ ¤¥É¥±Éμ·  MPD. ˆ¸¶μ²Ó§μ¢ ´¨¥ ¤¢ÊÌ ±μ´ÉÊ·μ¢
Í¨·±Ê²ÖÍ¨¨ £ §  ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ ¥É § É· É´ÊÕ ¸Éμ¨³μ¸ÉÓ ¸μ¥¤¨´¨É¥²Ó-
´ÒÌ É·Ê¡μ± ¡μ²ÓÏμ£μ ¤¨ ³¥É· ,   ¢´¥Ï´¨° ±μ´ÉÊ· ³μ¦¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¡¥§
¢´ÊÉ·¥´´¥£μ ¨ ¤²Ö ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´Éμ¢, ´ ¶·¨³¥·, ¤²Ö É¥¸É¨·μ¢ ´¨Ö ¶·μÉμ-
É¨¶  TPC. ‚ ·¥¦¨³¥ ¤²¨É¥²Ó´μ£μ Ô±¸¶¥·¨³¥´É  ¢´¥Ï´¨° ±μ´ÉÊ· ¨¸¶μ²Ó§Ê¥É¸Ö

�¨¸. 10. ‘Éμ°±¨ Ê¶· ¢²¥´¨Ö £ §μ¢μ° ¸¨¸É¥³μ° TPC
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¤²Ö  ´ ²¨§  £ §μ¢μ° ¸³¥¸¨ ¢ · §´ÒÌ ÉμÎ± Ì ¸¨¸É¥³Ò,   ¨³¥´´μ: ¤²Ö ¸¢¥¦¥-
¶·¨£μÉμ¢²¥´´μ° ¸³¥¸¨, ¤²Ö ¸³¥¸¨ ¢´ÊÉ·¨ ¤¥É¥±Éμ· , ¤²Ö ¸³¥¸¨ ´  ¢ÒÌμ¤¥ ¨§
³μ¤Ê²Ö μÎ¨¸É±¨ ¢´ÊÉ·¥´´¥£μ ±μ´ÉÊ· . ƒ §μ¢ Ö ¸¨¸É¥³  μÉ¸²¥¦¨¢ ¥É ¨§³¥´¥´¨Ö
¢´¥Ï´¥£μ  É³μ¸Ë¥·´μ£μ ¤ ¢²¥´¨Ö ¨ ¶μ¤¤¥·¦¨¢ ¥É ¤¨ËË¥·¥´Í¨ ²Ó´μ¥ ¤ ¢²¥-
´¨¥ £ §μ¢μ° ¸³¥¸¨ ¢´ÊÉ·¨ · ¡μÎ¥£μ μ¡Ñ¥³  ’�‘ ´  Ê·μ¢´¥ (2,0 ± 0,1) ³¡ ·.

‡�Š‹�—…�ˆ…

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶·μ¥±É TPC/NICA ´ Ìμ¤¨É¸Ö ¢ ¶·μÍ¥¸¸¥ ·¥ ²¨§ Í¨¨,
¨¸¶μ²Ó§ÊÕÉ¸Ö ´μ¢Ò¥ É¥Ì´μ²μ£¨¨ ¤²Ö μÉ¤¥²Ó´ÒÌ ±μ´¸É·Ê±É¨¢´ÒÌ Ô²¥³¥´Éμ¢ ¨
¸Î¨ÉÒ¢ ÕÐ¥° Ô²¥±É·μ´¨±¨. C±μ´¸É·Ê¨·μ¢ ´ ¨ ¨§£μÉμ¢²¥´ ·Ö¤ ¸¶¥Í¨ ²Ó´ÒÌ
¶·¨¸¶μ¸μ¡²¥´¨° ¨ ¨´¸É·Ê³¥´Éμ¢ ¤²Ö ¸¡μ·±¨ ¨ ¨´É¥£· Í¨¨ TPC ¢ Ê¸É ´μ¢±Ê
MPD. �É ¶ ®‘¡μ·±  TPC¯ ¡Ê¤¥É μ±μ´Î¥´ ¢ ±μ´Í¥ 2018 £.


² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¶·¨§´ É¥²Ó´Ò C.Lippman, D.Vranic, C.Garaba-
tos, L. Musa, A. ‹¥¡¥¤¥¢Ê ¨ A.Kluge §  ¨´É¥·¥¸ ± ´ Ï¥° · ¡μÉ¥ ¨ ¶μ¤¤¥·¦±Ê.
ŒÒ É ±¦¥ ¡² £μ¤ ·´Ò ±μ²²¥£ ³ ±μ²² ¡μ· Í¨¨ SAMPA, ¢ Î ¸É´μ¸É¨ M.Bre-
gant, A.Velure, A.Oskarsson ¨ K. Tun-Lanoe, §  ¶μ³μÐÓ ¢ · ¡μÉ Ì ¶μ É¥¸É¨-
·μ¢ ´¨Õ ³¨±·μ¸Ì¥³Ò SAMPA.
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