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�. �¥²Ö¥¢, „. Š· ¸´μ¶¥¢Í¥¢ ∗, �. ‘³¨·´μ¢
� Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Ö¤¥·´Ò° Ê´¨¢¥·¸¨É¥É ®Œˆ”ˆ¯, Œμ¸±¢ 

’·¥±μ¢Ò° ¤¥É¥±Éμ· ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö (’„�ˆ) ¸μ¸Éμ¨É ¨§ ¡μ²¥¥ Î¥³ 350 ÉÒ-
¸ÖÎ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ¸Î¥ÉÎ¨±μ¢-É·Ê¡μ± ¨ Ö¢²Ö¥É¸Ö ¢´¥Ï´¥° ¨§ É·¥Ì ¶μ¤¸¨¸É¥³ ¢μ
¢´ÊÉ·¥´´¥³ ¤¥É¥±Éμ·¥ (‚„) Ô±¸¶¥·¨³¥´É  ATLAS. ’„�ˆ ¢´μ¸¨É §´ Î¨É¥²Ó´Ò° ¢±² ¤
¢ · §·¥Ï ÕÐÊÕ ¸¶μ¸μ¡´μ¸ÉÓ ‚„ ¤²Ö ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì É·¥±μ¢, μ¡¥¸¶¥Î¨¢ Ö μÉ-
²¨Î´ÊÕ ¨¤¥´É¨Ë¨± Í¨Õ É·¥±μ¢ Î ¸É¨Í ¨ · §¤¥²¥´¨¥ Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢. ‚ ¸É -
ÉÓ¥ μ¶¨¸ ´Ò μ¸´μ¢´Ò¥ É·¥±μ¢Ò¥ Ì · ±É¥·¨¸É¨±¨ ’„�ˆ. „ ´´Ò¥, ¨¸¶μ²Ó§μ¢ ´´Ò¥
¤²Ö ¨¸¸²¥¤μ¢ ´¨°, ¶μ²ÊÎ¥´Ò ¢μ ¢·¥³Ö ¶¥·¢μ£μ ¸¥ ´¸  · ¡μÉÒ 	μ²ÓÏμ£μ  ¤·μ´´μ£μ
±μ²² °¤¥·  (	�Š) ¢ 2012 £. ¶·¨ Ô´¥·£¨¨ ¶·μÉμ´´ÒÌ ¸Éμ²±´μ¢¥´¨° 8 ’Ô‚. ’·¥-
±μ¢Ò¥ Ì · ±É¥·¨¸É¨±¨ ¨§ÊÎ¥´Ò ¢ § ¢¨¸¨³μ¸É¨ μÉ § £·Ê§±¨ ¤¥É¥±Éμ·  ¨ ¤²Ö ¸²ÊÎ Ö
· ¡μÉÒ ’„�ˆ ¸ ±¸¥´μ´μ¢μ° ¸³¥¸ÓÕ ¢´ÊÉ·¨ ¤·¥°Ëμ¢ÒÌ É·Ê¡μ±. �É¤¥²Ó´μ¥ ¢´¨³ -
´¨¥ Ê¤¥²¥´μ ¨§ÊÎ¥´¨Õ É·¥±μ¢ÒÌ Ì · ±É¥·¨¸É¨± ¢´ÊÉ·¨  ¤·μ´´ÒÌ ¸É·Ê°. �¥§Ê²Ó-
É ÉÒ ¶μ± § ²¨ μ¦¨¤ ¥³μ¥ ¸μ£² ¸¨¥ ³¥¦¤Ê Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¨ ³μ¤¥-
²¨·μ¢ ´¨¥³ ¤ ¦¥ ¤²Ö ¸ ³ÒÌ Í¥´É· ²Ó´ÒÌ ·¥£¨μ´μ¢ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì  ¤·μ´-
´ÒÌ ¸É·Ê°.

The ATLAS Transition Radiation Tracker (TRT) contains more than 350,000 large
straw tubes and it is the outermost of the three subsystems of the ATLAS Inner Detec-
tor (ID). The TRT provides excellent particle identiˇcation capabilities and electronÄpion
separation, as well as contributing signiˇcantly an accuracy of a particle momentum mea-
surements and pattern recognition. Basic performance parameters of the TRT related to its
tracking function are described in this paper. The data used in these studies was collected
during the ˇrst period of the Large Hadron Collider (LHC) operation in 2012 with collision
energy of 8 TeV. The performance of the TRT, operating with Xe-based gas mixture and
as a function of straw occupancy, is presented. Studies include track characteristics inside
jet cores. Results show a reasonable agreement between data and simulation even within
the dense cores of the most energetic jets.

PACS: 29.40.Gx

∗E-mail: Dimitriy.Krasnopevtsev@cern.ch
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1. ’�…Š�‚›‰ „…’…Š’�� �…�…•�„��ƒ� ˆ‡‹“—…�ˆŸ

„¥É¥±Éμ· ATLAS [1] ´  	�Š Ö¢²Ö¥É¸Ö ¤¥É¥±Éμ·μ³ μ¡Ð¥£μ ´ §´ Î¥´¨Ö
¨ · §· ¡μÉ ´ ¤²Ö ÉμÎ´ÒÌ ¨§³¥·¥´¨° ¨§¢¥¸É´ÒÌ Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ¨ ¨¸-
¸²¥¤μ¢ ´¨° ´μ¢μ° Ë¨§¨±¨ ´  Ô´¥·£¥É¨Î¥¸±μ° Ï± ²¥ 	�Š. „¥É¥±É¨·ÊÕÐ Ö
É·¥±μ¢ Ö ¸¨¸É¥³  · ¸¶μ² £ ¥É¸Ö ¢ Í¥´É·¥ ¤¥É¥±Éμ·  ¨ ´ Ìμ¤¨É¸Ö ¢´ÊÉ·¨  ±-
¸¨ ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¢ 2 ’², ¸μ§¤ ¢ ¥³μ£μ ¸μ²¥´μ¨¤μ³. �´  ¶·¥¤´ §´ -
Î¥´  ¤²Ö Éμ£μ ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ÉμÎ´Ò¥ ¨§³¥·¥´¨Ö É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ
Î ¸É¨Í ¢ ¸·¥¤¥ ¸ ³´μ£μÎ¨¸²¥´´Ò³¨ É·¥± ³¨ ¨ ´ §Ò¢ ¥É¸Ö ¢´ÊÉ·¥´´¨³ ¤¥É¥±-
Éμ·μ³. ’·¥±μ¢Ò° ¤¥É¥±Éμ· ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö [2,3] ¸μ¸Éμ¨É ¨§ ¡μ²¥¥ Î¥³
350 ÉÒ¸ÖÎ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ Éμ´±μ¸É¥´´ÒÌ ¤·¥°Ëμ¢ÒÌ ¸Î¥ÉÎ¨±μ¢-É·Ê¡μ± ¨
Ö¢²Ö¥É¸Ö ¢´¥Ï´¥° ¨§ É·¥Ì ¶μ¤¸¨¸É¥³ ¢μ ¢´ÊÉ·¥´´¥³ ¤¥É¥±Éμ·¥ Ô±¸¶¥·¨³¥´É 
ATLAS. ’„�ˆ μ¸ÊÐ¥¸É¢²Ö¥É · ¸¶μ§´ ¢ ´¨¥ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í
¶·¨ ¶μ³μÐ¨ ¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  ¡²¨§±¨Ì μÉ¸Î¥Éμ¢ (¸¨£´ ²μ¢) ´  É·¥±¥ Î -
¸É¨ÍÒ (¢ ¸·¥¤´¥³ μ±μ²μ 30) ¨ ¢´μ¸¨É ¢±² ¤ ¢ ¨¤¥´É¨Ë¨± Í¨Õ Ô²¥±É·μ´μ¢.
�μ²ÊÎ¥´´ Ö μÉ ’„�ˆ ¨´Ëμ·³ Í¨Ö ¶μ§¢μ²Ö¥É Ê²ÊÎÏ¨ÉÓ ¨³¶Ê²Ó¸´μ¥ · §·¥-
Ï¥´¨¥ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ Ô±¸¶¥·¨³¥´É¥ ATLAS. ’μÎ´μ¥ ¨§³¥·¥´¨¥ É· -
¥±Éμ·¨° Î ¸É¨Í, ± ± ¨ μÉ¤¥²¥´¨¥ ¸¨£´ ²Ó´ÒÌ Ô²¥±É·μ´´ÒÌ ± ´¤¨¤ Éμ¢ μÉ
Ëμ´μ¢ÒÌ ¶¨μ´μ¢, Ö¢²Ö¥É¸Ö ËÊ´¤ ³¥´Éμ³ ¤²Ö ³´μ£¨Ì Ë¨§¨Î¥¸±¨Ì  ´ ²¨§μ¢
´  	�Š.

’„�ˆ ¸μ¸Éμ¨É ¨§ Í¥´É· ²Ó´μ° ¨ Éμ·Í¥¢ÒÌ Î ¸É¥° ¨ ¶μ±·Ò¢ ¥É μ¡² ¸ÉÓ
¶¸¥¢¤μ¡Ò¸É·μÉ |η| < 2. „·¥°Ëμ¢Ò¥ É·Ê¡±¨ ¢ ¤¥É¥±Éμ·¥ · ¡μÉ ÕÉ ¢ ¶·μ¶μ·Í¨μ-
´ ²Ó´μ³ ·¥¦¨³¥ ¸ ¶μÉ¥´Í¨ ²μ³ 1,5 ±‚, μ¡· §μ¢ ´´Ò³ ³¥¦¤Ê ¸É¥´± ³¨ É·Ê¡±¨
¨  ´μ¤´μ° ´¨ÉÓÕ ¢ Í¥´É·¥. ‘²μ¨ · ¤¨ Éμ·  ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö · ¸¶μ-
² £ ÕÉ¸Ö ³¥¦¤Ê ¤·¥°Ëμ¢Ò³¨ É·Ê¡± ³¨. ”μÉμ´Ò, ¨¸¶Ê¸± ¥³Ò¥ ¢ · ¤¨ Éμ·¥,
¶μ£²μÐ ÕÉ¸Ö ¢´ÊÉ·¨ É·Ê¡μ± £ §μ¢μ° ¸³¥¸ÓÕ (70 % Xe, 27 % CO2, 3 % O2).

2. ����’� ’„�ˆ ‚ �…�‚�Œ ‘…��‘… ����’› ��Š:
’�…Š�‚›… ”“�Š–ˆˆ

‚ ¶¥·¢μ³ ¸¥ ´¸¥ · ¡μÉÒ 	�Š ’„�ˆ ¶μ± § ² ¢Ò¸μ±ÊÕ ¶·μ¨§¢μ¤¨É¥²Ó-
´μ¸ÉÓ. �ËË¥±É¨¢´μ¸ÉÓ ¸· ¡ ÉÒ¢ ´¨Ö ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± ¢ ¸·¥¤´¥³ ¸μ¸É -
¢¨²  96 %. �  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¤ ´´μ° ÔËË¥±É¨¢´μ¸É¨ μÉ
¶¸¥¢¤μ¡Ò¸É·μÉÒ ¤²Ö ·¥ ²Ó´ÒÌ ¤ ´´ÒÌ (É¥³´Ò¥ ÉμÎ±¨) ¨ ³μ¤¥²¨·μ¢ ´¨Ö (¸¢¥É-
²Ò¥ ÉμÎ±¨). �¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¤²Ö ³ ±¸¨³ ²Ó´μ£μ (25Ä30) ¸·¥¤´¥£μ
±μ²¨Î¥¸É¢  ¶·μÉμ´´ÒÌ ¸Éμ²±´μ¢¥´¨° 〈μ〉 ´  	�Š ¢ ¶¥·¢μ³ ¸¥ ´¸¥. ‚ ´¨¦´¥°
Î ¸É¨ £· Ë¨±  ¶·¨¢¥¤¥´μ μÉ´μÏ¥´¨¥ ·¥ ²Ó´ÒÌ ¤ ´´ÒÌ ¨ ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨-
·μ¢ ´¨Ö, ¤¥³μ´¸É·¨·ÊÕÐ¥¥ Ìμ·μÏ¥¥ ¨Ì ¸μ£² ¸¨¥ ´  ¢¸¥³ ¨´É¥·¢ ²¥ η.

�·μ¸É· ´¸É¢¥´´ Ö ±μ··¥±É¨·μ¢±  ’„�ˆ ¢ ¤¥É¥±Éμ·¥ ATLAS ¢ ¶¥·¢μ³
¸¥ ´¸¥ · ¡μÉÒ 	�Š ¡Ò²  ¢Ò¶μ²´¥´  ¸ ÉμÎ´μ¸ÉÓÕ ¤μ 1 ³±³. „μ¶μ²´¨É¥²Ó´Ò¥
± ²¨¡·μ¢±¨ É ± ´ §Ò¢ ¥³ÒÌ ±·¨¢ÒÌ rÄt (§ ¢¨¸¨³μ¸É¥°, ¶μ§¢μ²ÖÕÐ¨Ì ¨§ ¨§³¥-
·¥´´μ£μ ¢·¥³¥´¨ ¤·¥°Ë  ¸¨£´ ²  ¢ ¶·μ¶μ·Í¨μ´ ²Ó´μ° É·Ê¡±¥ ¶μ²ÊÎ¨ÉÓ · ¤¨Ê¸
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�¨¸. 2. �·μ¸É· ´¸É¢¥´´ Ö ÉμÎ´μ¸ÉÓ ’„�ˆ

¤·¥°Ë  ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ±μμ·¤¨´ ÉÊ É·¥±  § ·Ö¦¥´´μ° Î ¸É¨ÍÒ) μ¡¥¸¶¥Î¨²¨
±μ´¥Î´ÊÕ ¶·μ¸É· ´¸É¢¥´´ÊÕ ÉμÎ´μ¸ÉÓ ’„�ˆ ¢ ¸·¥¤´¥³ ¢ 110 ³±³. �  ·¨¸. 2
¶·¥¤¸É ¢²¥´  ¸² ¡ Ö § ¢¨¸¨³μ¸ÉÓ ¶·μ¸É· ´¸É¢¥´´μ° ÉμÎ´μ¸É¨ ’„�ˆ μÉ ¸·¥¤-
´¥£μ ±μ²¨Î¥¸É¢  ¶·μÉμ´´ÒÌ ¸Éμ²±´μ¢¥´¨° ´  	�Š ¢ ¶¥·¢μ³ ¸¥ ´¸¥ · ¡μÉÒ.

‡ £·Ê§±  ’„�ˆ ¢ ¤ ´´μ³ ¨¸¸²¥¤μ¢ ´¨¨ μ¶·¥¤¥²Ö² ¸Ó ± ± μÉ´μÏ¥´¨¥ ¸· -
¡μÉ ¢Ï¨Ì ¤·¥°Ëμ¢ÒÌ É·Ê¡μ± ¢ ¸μ¡ÒÉ¨¨ ± μ¡Ð¥³Ê ±μ²¨Î¥¸É¢Ê ¤·¥°Ëμ¢ÒÌ
É·Ê¡μ±. ‚ μÉ¤¥²Ó´ÒÌ ¸¥ ´¸ Ì ¶·μÉμ´´ÒÌ ¸Éμ²±´μ¢¥´¨° § £·Ê§±  ’„�ˆ ¤μ-
¸É¨£ ²  50 %. ‚ ± Î¥¸É¢¥ μ¸´μ¢´ÒÌ É·¥±μ¢ÒÌ Ì · ±É¥·¨¸É¨± ¢ ’„�ˆ ¨¸-
¸²¥¤μ¢ ´Ò: ¤μ²Ö É·¥±μ¢, ¸μ¤¥·¦ Ð¨Ì ¡μ²¥¥ 18 μÉ¸Î¥Éμ¢ ¢ ’„�ˆ (exten-
sion fraction), ¨ ¤μ²Ö ÉμÎ´ÒÌ μÉ¸Î¥Éμ¢ ´  É·¥± Ì Î ¸É¨Í ¢ ’„�ˆ (precision
hit fraction). ˆ¸¸²¥¤μ¢ ² ¸Ó § ¢¨¸¨³μ¸ÉÓ ¤ ´´ÒÌ ¶ · ³¥É·μ¢ μÉ § £·Ê§±¨
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’„�ˆ. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¤μ²¨ É·¥±μ¢, ¸μ¤¥·¦ Ð¨Ì μÉ-
¸Î¥ÉÒ ¢ ’„�ˆ, μÉ § £·Ê§±¨ ’„�ˆ ¤²Ö ¤ ´´ÒÌ (É¥³´Ò¥ ÉμÎ±¨) ¨ ³μ¤¥²¨·μ-
¢ ´¨Ö (¸¢¥É²Ò¥ ÉμÎ±¨). Š ± ¢¨¤´μ ¨§ £· Ë¨± , ¤μ²Ö É·¥±μ¢ ¸ μÉ¸Î¥É ³¨ ¢
’„�ˆ μ¸É ¥É¸Ö ´  Ê·μ¢´¥ 85 % ¢¶²μÉÓ ¤μ § £·Ê§μ± ’„�ˆ ¢ 50 %. �  ·¨¸. 4
¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¤μ²¨ ÉμÎ´ÒÌ μÉ¸Î¥Éμ¢ ´  É·¥± Ì Î ¸É¨Í ¢ ’„�ˆ μÉ
§ £·Ê§±¨ ’„�ˆ. � ¡²Õ¤ ¥É¸Ö ¡μ²¥¥ 70 % ÉμÎ´ÒÌ μÉ¸Î¥Éμ¢ ´  É·¥± Ì Î ¸É¨Í
¢¶²μÉÓ ¤μ § £·Ê§μ± ’„�ˆ ¢ 50 %.

�É¤¥²Ó´ÊÕ ¸²μ¦´μ¸ÉÓ ¤²Ö É·¥±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ³μ¦¥É ¶·¥¤¸É ¢²ÖÉÓ μ¶·¥-
¤¥²¥´¨¥ É·¥±μ¢ Î ¸É¨Í ¢ ¶²μÉ´μ° ¸·¥¤¥, ´ ¶·¨³¥· ¢´ÊÉ·¨  ¤·μ´´μ° ¸É·Ê¨
(jet). ‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¸²¥¤μ¢ ² ¸Ó § ¢¨¸¨³μ¸ÉÓ É·¥±μ¢ÒÌ Ì · ±É¥·¨¸É¨±
¢ ’„�ˆ μÉ · ¸¸ÉμÖ´¨Ö ΔR(track, jet) =

√
η2 + φ2 ¢ ¶²μ¸±μ¸É¨ ηÄφ ³¥¦¤Ê

É·¥±μ³ Î ¸É¨ÍÒ ¨ Í¥´É·μ³  ¤·μ´´μ° ¸É·Ê¨. � ¸¸³μÉ·¥´Ò É·¨ ¤¨ ¶ §μ´  Ô´¥·-
£¨°  ¤·μ´´ÒÌ ¸É·Ê°. �¨¸. 5 ¨ 6 ¤¥³μ´¸É·¨·ÊÕÉ, ÎÉμ ¤μ²Ö É·¥±μ¢ ¸ μÉ¸Î¥É ³¨
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¢ ’„�ˆ ¶· ±É¨Î¥¸±¨ ¶μ¸ÉμÖ´´  ¨ ¤μ²Ö ÉμÎ´ÒÌ μÉ¸Î¥Éμ¢ ¸μÌ· ´Ö¥É ¢Ò¸μ±μ¥
§´ Î¥´¨¥ ¤μ ¸ ³μ£μ Í¥´É·  ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì  ¤·μ´´ÒÌ ¸É·Ê°. „²Ö ¢¸¥Ì
· ¸¶·¥¤¥²¥´¨° ·¥ ²Ó´Ò¥ ¤ ´´Ò¥ ¤¥³μ´¸É·¨·ÊÕÉ ¸μ£² ¸¨¥ ¸ ³μ¤¥²¨·μ¢ ´¨¥³
¢ ¶·¥¤¥² Ì ¶μ£·¥Ï´μ¸É¨ ¶· ±É¨Î¥¸±¨ ´  ¢¸¥³ ¤¨ ¶ §μ´¥ ΔR.
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