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¥Ï¥Ìµ´µ¢

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

‹ ¡µ· Éµ·¨Ö Ë¨§¨±¨ Î ¸É¨Í

�¡¸Ê¦¤ ÕÉ¸Ö µ¸´µ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ · §· ¡µÉ±¥ Éµ´±µ¶²¥´µÎ´ÒÌ ¤·¥°Ëµ¢ÒÌ É·Ê¡µ±, ¸É ¢-
Ï¨Ì µ¸´µ¢µ° ¤²Ö ¸µ§¤ ´¨Ö ¶·¥Í¨§¨µ´´ÒÌ É·¥±µ¢ÒÌ ¤¥É¥±Éµ·µ¢ ¢ Ê¸É ´µ¢± Ì ATLAS ¨ COMPASS
(CERN).

The main results on the development of straw drift tubes are discussed which are the basic
elements of the precision tracking detectors designed for the ATLAS and COMPASS set-ups at
CERN.


 Î ²µ³ · ¡µÉ ¶µ ¸µ§¤ ´¨Õ ±µµ·¤¨´ É´ÒÌ ®straw¯-¤¥É¥±Éµ·µ¢ ³µ¦´µ
¸Î¨É ÉÓ ±µ´¥Í ¢µ¸Ó³¨¤¥¸ÖÉÒÌ £µ¤µ¢ [1]. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ÔÉµÉ É¨¶ ±µ-
µ·¤¨´ É´ÒÌ £ §µ´ ¶µ²´¥´´ÒÌ ¶·µ¢µ²µÎ´ÒÌ ¤¥É¥±Éµ·µ¢ Ê¸¶¥Ï´µ ±µ´±Ê·¨·Ê¥É
¸ É ±¨³¨ É· ¤¨Í¨µ´´Ò³¨ ¤¥É¥±Éµ· ³¨, ± ± ³´µ£µ¶·µ¢µ²µÎ´Ò¥ ¶·µ¶µ·Í¨µ-
´ ²Ó´Ò¥ ¨ ¤·¥°Ëµ¢Ò¥ ± ³¥·Ò. ®Straw¯-± ³¥·Ò µ¡² ¤ ÕÉ ¸²¥¤ÊÕÐ¨³¨ ¶·¥-
¨³ÊÐ¥¸É¢ ³¨:

Å ³ ² Ö · ¤¨ Í¨µ´´ Ö Éµ²Ð¨´  ¤¥É¥±Éµ· ;
Å Í¨²¨´¤·¨Î¥¸± Ö £¥µ³¥É·¨Ö ¤²Ö ± ¦¤µ£µ ± ´ ²  ·¥£¨¸É· Í¨¨ µ¡¥¸¶¥Î¨-

¢ ¥É µ¶É¨³ ²Ó´Ò° ¢·¥³¥´´o° ¸¡µ· ¤·¥°ËÊÕÐ¨Ì ±  ´µ¤ ³ ¶¥·¢ÒÌ Ô²¥±É·µ´µ¢
¨µ´¨§ Í¨¨;

Å É·Ê¡Î É Ö ±µ´Ë¨£Ê· Í¨Ö ± ¦¤µ£µ ± ´ ²  ·¥£¨¸É· Í¨¨ ¸¶µ¸µ¡¸É¢Ê¥É
Ê³¥´ÓÏ¥´¨Õ ´ ¢¥¤¥´´ÒÌ ¸¨£´ ²µ¢ ³¥¦¤Ê ¸µ¸¥¤´¨³¨ ± ´ ² ³¨ ¨ Ê¢¥²¨Î¥´¨Õ
§ £·Ê§µÎ´ÒÌ ¸¶µ¸µ¡´µ¸É¥° ¤¥É¥±Éµ· ;

Å ¶·µ¸É Ö ±µ´¸É·Ê±Í¨Ö ± ³¥· ¶µ§¢µ²Ö¥É ¨Ì Ê´¨Ë¨Í¨·µ¢ ÉÓ ¨ Ï¨·µ±µ
¨¸¶µ²Ó§µ¢ ÉÓ ¢µ§³µ¦´µ¸É¨ ¶·µ³ÒÏ²¥´´µ¸É¨ ¤²Ö ¨§£µÉµ¢²¥´¨Ö Í¥²µ£µ ·Ö¤ 
Ô²¥³¥´Éµ¢ ¤¥É¥±Éµ·µ¢;

Å ¢Ò¸µ± Ö Ô±¸¶²Ê É Í¨µ´´ Ö ´ ¤¥¦´µ¸ÉÓ ¤¥É¥±Éµ· .
®Straw¯ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° £¥·³¥É¨Î´ÊÕ Éµ´±µ¸É¥´´ÊÕ ¶²¥´µÎ´ÊÕ ¤·¥°-

Ëµ¢ÊÕ É·Ê¡±Ê, ¶·µ¢µ¤ÖÐ¥¥ ¶µ±·ÒÉ¨¥ ¢´ÊÉ·¥´´¥° ¶µ¢¥·Ì´µ¸É¨ ±µÉµ·µ° ¸²Ê-
¦¨É ± Éµ¤µ³. ‚ ± Î¥¸É¢¥  ´µ¤  µ¡ÒÎ´µ ¨¸¶µ²Ó§Ê¥É¸Ö ¶·µ¢µ²µ±  ¤¨ ³¥É·µ³
30 ÷ 50 ³±³, Ê¸É ´ ¢²¨¢ ¥³ Ö ¶µ µ¸¨ ®straw¯. ’µ²Ð¨´  ¸É¥´µ± 30 ÷ 80 ³±³.
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‚ ¸²ÊÎ ¥ ¨¸¶µ²Ó§µ¢ ´¨Ö ¶·µ¢µ¤ÖÐ¥£µ ¶µ±·ÒÉ¨Ö ¸É¥´µ± ®straw¯, ¶µ§¢µ²ÖÕ-
Ð¥£µ ¨´¤ÊÍ¨·µ¢ ÉÓ  ´µ¤´Ò° § ·Ö¤ ´  ¢´¥Ï´¨Ì ¸É·¨¶µ¢ÒÌ Ô²¥±É·µ¤ Ì, ¢µ§-
³µ¦´Ò ·¥ ²¨§ Í¨Ö ± Éµ¤´µ£µ ¸Î¨ÉÒ¢ ´¨Ö ±µµ·¤¨´ É´µ° ¨´Ëµ·³ Í¨¨ ¨ ¸µ-
§¤ ´¨¥ ¤¢ÊÌ±µµ·¤¨´ É´ÒÌ ®straw¯-¤¥É¥±Éµ·µ¢. �·µ¸É· ´¸É¢¥´´ Ö ±µµ·¤¨´ É 
·¥£¨¸É·¨·Ê¥³µ° Î ¸É¨ÍÒ ¢ µ·Éµ£µ´ ²Ó´µ³ ±  ´µ¤Ê ´ ¶· ¢²¥´¨¨ µ¶·¥¤¥²Ö-
¥É¸Ö ³¥Éµ¤µ³ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¤·¥°Ë  Ô²¥±É·µ´µ¢ ¨µ´¨§ Í¨¨. Šµµ·¤¨´ É 
¢ ¸µ¢¶ ¤ ÕÐ¥³ ¸ µ·¨¥´É Í¨e° ¶·µ¢µ²µ±¨ ´ ¶· ¢²¥´¨¨ µ¶·¥¤¥²Ö¥É¸Ö ¶ÊÉ¥³
 ´ ²¨§  § ·Ö¤µ¢, ´ ¢µ¤¨³ÒÌ ´  ¸µ¸¥¤´¨¥ ¸É·¨¶Ò ¢´¥Ï´¥£µ ± Éµ¤ . �¥ ²¨-
§ Í¨Ö ³¥Éµ¤  ± Éµ¤´µ£µ ¸Î¨ÉÒ¢ ´¨Ö ¶µ§¢µ²¨²  ¶µ²ÊÎ¨ÉÓ ¶·µ¸É· ´¸É¢¥´´µ¥
· §·¥Ï¥´¨¥ ∼ 100 ³±³ ¤²Ö ¶² ´ ·´µ° ®straw¯-± ³¥·Ò [2] ¨ ∼ 70 ³±³ ¤²Ö
µ¤´µ³¥·´µ£µ ®straw¯-¸Î¥ÉÎ¨±  [3]. ’ ±¨³ µ¡· §µ³, ¢µ§³µ¦´µ ¸µ§¤ ´¨¥ ¤¢ÊÌ-
±µµ·¤¨´ É´ÒÌ · ¢´µÉµÎ´ÒÌ ¤¥É¥±Éµ·µ¢ ± ± ¤²Ö ¨¸¸²¥¤µ¢ ´¨° ´  Ê¸±µ·¨É¥²ÖÌ,
É ± ¨ ¤²Ö ¶·¨±² ¤´ÒÌ ¨¸¸²¥¤µ¢ ´¨° [4].

•µ·µÏ¨³ ¶·¨³¥·µ³ Ï¨·µ±µ£µ ¶·¨³¥´¥´¨Ö ®straw¯ ¤²Ö ´µ¢ÒÌ Ê¸É ´µ¢µ±
Ö¢²Ö¥É¸Ö ¤¥É¥±Éµ· ¶¥·¥Ìµ¤´µ£µ ¨§²ÊÎ¥´¨Ö Å É·¥±¥· (TRT) Ê¸É ´µ¢±¨ ATLAS
(LHC), ¸µ¸ÉµÖÐ¨° ¨§ ´¥¸±µ²Ó±¨Ì ¸µÉ¥´ ÉÒ¸ÖÎ É·Ê¡µ±. �´ ¸µ§¤ ¥É¸Ö Ë¨§¨± ³¨
‘˜� (¡ ··¥²Ó´ Ö Î ¸ÉÓ) ¨ …¢·µ¶Ò (Éµ·Í¥¢ Ö Î ¸ÉÓ), ¢ Éµ³ Î¨¸²¥ �ˆŸˆ, £¤¥
¨§£µÉ ¢²¨¢ ¥É¸Ö Î ¸ÉÓ ¤¥É¥±Éµ·µ¢, ¸µ¤¥·¦ Ð¨Ì µ±µ²µ 100000 É·Ê¡µ±. ‚Ò¶µ²-
´¥´´Ò¥ ³¥Éµ¤¨Î¥¸±¨¥ · §· ¡µÉ±¨ ¨ ¨¸¸²¥¤µ¢ ´¨Ö ¶µ± § ²¨ Ìµ·µÏ¨¥ ¨¤¥´É¨-
Ë¨± Í¨µ´´Ò¥ ¨ É·¥±µ¢Ò¥ ¸¢µ°¸É¢  TRT. ’ ±, ¸µ¡¸É¢¥´´µ¥ ¶·µ¸É· ´¸É¢¥´´µ¥
· §·¥Ï¥´¨¥ µÉ¤¥²Ó´µ° É·Ê¡±¨ ¤¨ ³¥É·µ³ 4 ³³ ¸µ¸É ¢²Ö¥É ∼ 120 ³±³ [5]. �·¨
ÔÉµ³ ¤¥É¥±Éµ· ¸µÌ· ´Ö¥É · ¡µÉµ¸¶µ¸µ¡´µ¸ÉÓ ¶·¨ § £·Ê§± Ì ¤µ 18 ŒƒÍ [6].

‡ ¢¨¸¨³µ¸ÉÓ ¢¥²¨Î¨´Ò £ §µ¢µ£µ Ê¸¨²¥´¨Ö ¤²Ö É·Ê¡µ± · §²¨Î´µ£µ ¤¨ ³¥É·  ( ) ¨ É¨-
¶¨Î´µ¥ ¨§³¥´¥´¨¥ ¢¥²¨Î¨´Ò ¸¨£´ ²  µÉ ¨¸ÉµÎ´¨±  55Fe ¢¤µ²Ó µ¤´µ° É·Ê¡±¨ ¤²¨´µ°
3 ³ (¡). ‘¶²µÏ´ Ö ²¨´¨Ö ¶µ± §Ò¢ ¥É ¨§³¥´¥´¨¥  ³¶²¨ÉÊ¤Ò ¶·¨ ´ ²¨Î¨¨ ¸µ£² ¸µ¢ -
´¨Ö  ´µ¤  ´  ¶·µÉ¨¢µ¶µ²µ¦´µ³ ±µ´Í¥ ®straw¯ (R = 230 �³); ÏÉ·¨Ìµ¢ Ö ²¨´¨Ö Å
¡¥§ ¸µ£² ¸µ¢ ´¨Ö
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ˆ¸¸²¥¤µ¢ ´¨Ö ¶µ± § ²¨ ¢µ§³µ¦´µ¸ÉÓ ¸µ§¤ ´¨Ö É·¥±µ¢ÒÌ ®straw¯-¤¥É¥±Éµ-
·µ¢ ¡µ²ÓÏµ° ¶²µÐ ¤¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ É·Ê¡µ± ¤¨ ³¥É·µ³ µÉ 4 ¤µ 15 ³³. 
 
·¨¸Ê´±¥ ¶µ± § ´Ò § ¢¨¸¨³µ¸É¨ ¢¥²¨Î¨´ £ §µ¢µ£µ Ê¸¨²¥´¨Ö ¤²Ö ®straw¯ · §-
²¨Î´µ£µ ¤¨ ³¥É·  ¨ É¨¶¨Î´µ¥ ¨§³¥´¥´¨¥ ¢¥²¨Î¨´Ò ¸¨£´ ²  ¢¤µ²Ó µ¤´µ£µ ¨§
É¨¶µ¢ ®straw¯ ¤²¨´µ° 3 ³ ¶·¨ ´ ²¨Î¨¨ ¸µ£² ¸µ¢ ´¨Ö  ´µ¤  ´  ¶·µÉ¨¢µ¶µ²µ¦-
´µ³ ±µ´Í¥ É·Ê¡±¨ ¨ ¡¥§ ´¥£µ.

‘µ§¤ ´´Ò° ¢ ‹”— ¶·µÉµÉ¨¶ ®straw¯-± ³¥·Ò · §³¥·µ³ 2, 4 × 1, 2 ³ [7]
¡Ò² ¨¸¸²¥¤µ¢ ´ ´  ¶ÊÎ±¥ ¢ CERN. �µ²ÊÎ¥´µ ¶·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥
∼ 150 ³±³ ¶·¨ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ 98%. �·µÉµÉ¨¶ ¨³¥² ¤¢  ¸²µÖ,
¶·¨Î¥³ ± ¦¤Ò° ¸²µ° ¡Ò² ¢Ò¶µ²´¥´ ¨§ É·Ê¡µ± ¤¨ ³¥É·µ³ 9 ¨ 6 ³³. –¥´É-
·Ò É·Ê¡µ± µ¤´µ£µ ¸²µÖ ¡Ò²¨ ¸¤¢¨´ÊÉÒ µÉ´µ¸¨É¥²Ó´µ Í¥´É·µ¢ É·Ê¡µ± ¢Éµ·µ£µ
¸²µÖ ´  ¢¥²¨Î¨´Ê · ¤¨Ê¸ . „ ´´Ò° ¶·µÉµÉ¨¶ ²¥£ ¢ µ¸´µ¢Ê ¸µ§¤ ¢ ¥³µ£µ ¢
´ ¸ÉµÖÐ¥¥ ¢·¥³Ö É·¥±¥·  Ê¸É ´µ¢±¨ COMPASS, ¸µ¤¥·¦ Ð¥£µ 18 ¤¢ÊÌ¸²µ°´ÒÌ
®straw¯-± ³¥· · §³¥·µ³ 2, 4 × 3, 25 ¨ 2, 72 × 3, 2 ³ ¤²Ö ¸Î¨ÉÒ¢ ´¨Ö Y -, X- ¨
V -±µµ·¤¨´ É ¸µµÉ¢¥É¸É¢¥´´µ.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Ash W. et al. // Nucl. Instr. Meth. A. 1987. V. 261. P. 399.

2. Bychkov V. et al. // Nucl. Instr. Meth. A. 1993. V. 325. P. 158.

3. Bychkov V. et al. // Nucl. Exper. Techn. 1998. V. 41. P. 315.

4. Bychkov V. et al. // Nucl. Instr. Meth. 1995. V. 367. P. 276;
Bychkov V. et al. JINR Commun. …13-98-209. Dubna, 1998;
‹µ¡ ¸Éµ¢ ‘.
. ¨ ¤·. // †’”. 2000. ’. 70, ¢Ò¶. 8. ‘. 114.

5. Akesson T. et al. // Nucl. Instr. Meth. A. 1996. V. 372. P. 70.

6. Akesson T. et al. // Nucl. Instr. Meth. A. 1995. V. 367. P. 143.

7. Bychkov V. et al. JINR Commun. …13-98-269. Dubna, 1998.


