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‚. �. Š ·¦ ¢¨´∗ μÉ ¨³¥´¨ ±μ²² ¡μ· Í¨¨ CMS

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

�·¥¤¸É ¢²¥´Ò ±μ´Ë¨£Ê· Í¨Ö ¨ ¸μ¸É ¢ ¤¥É¥±Éμ·μ¢ ³Õμ´´μ° ¸¨¸É¥³Ò CMS. ‚ Î ¸É-
´μ¸É¨, · ¸¸³μÉ·¥´Ò ¤¥É¥±Éμ·Ò Éμ·Í¥¢μ° Î ¸É¨ ³Õμ´´μ° ¸¨¸É¥³Ò Å ± Éμ¤´μ-¸É·¨¶μ-
¢Ò¥ ± ³¥·Ò, ¸Ëμ·³Ê²¨·μ¢ ´Ò Í¥²¨ ¨ § ¤ Î¨ ¨Ì ³μ¤¥·´¨§ Í¨¨. �·¥¤¸É ¢²¥´Ò μ¸´μ¢-
´Ò¥ ´ ¶· ¢²¥´¨Ö ¨ ·¥§Ê²ÓÉ ÉÒ · ¡μÉ ¶μ ³μ¤¥·´¨§ Í¨¨ ¤¥É¥±Éμ·μ¢ ³Õμ´´μ° ¸É ´Í¨¨
Œ…1/1 ¨ ¸μ§¤ ´¨Õ ´μ¢μ° ³Õμ´´μ° ¸É ´Í¨¨ Œ…4/2 ¢ ¶¥·¨μ¤ ¶¥·¢μ° ¤²¨É¥²Ó´μ° μ¸É -
´μ¢±¨ 	�Š (2013Ä2014 ££.). �  μ¸´μ¢¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶μ²ÊÎ¥´´ÒÌ ¶μ-
¸²¥ ³μ¤¥·´¨§ Í¨¨ ¤¥É¥±Éμ·μ¢ (¢Éμ·μ£μ ¶¥·¨μ¤  · ¡μÉÒ 	�Š), ¶μ± § ´μ Ê²ÊÎÏ¥´¨¥ ¨Ì
μ¸´μ¢´ÒÌ Ì · ±É¥·¨¸É¨±.

The conˇguration and composition of the CMS Muon System is presented. The
emphasis is placed on Endcap Muon System detectors Å cathode strip chambers (CSC).
The goals and tasks of the modernization of the Endcap Muon System are presented. The
main results of the upgrade of ME1/1 CSCs as well as construction of the new ME4/2
muon station during the LHC Long Shutdown-1 (2013Ä2014) are presented. The improved
performance of the Endcap Muon System obtained after upgrade (Run 2 data) is shown.

PACS: 95.55.Vj
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ˆ¤¥´É¨Ë¨± Í¨Ö ³Õμ´μ¢ ¶·¨ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ´  	μ²Ó-
Ïμ³  ¤·μ´´μ³ ±μ²² °¤¥·¥ (	�Š) ¶·¥¤μ¸É ¢²Ö¥É ¢μ§³μ¦´μ¸ÉÓ ¨§ÊÎ¥´¨Ö μ¡-
Ï¨·´μ° μ¡² ¸É¨ Ë¨§¨Î¥¸±¨Ì ¶·μÍ¥¸¸μ¢ ¨ Ö¢²Ö¥É¸Ö μ¸´μ¢´μ° § ¤ Î¥° ³Õμ´-
´μ° ¸¨¸É¥³Ò Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ®Šμ³¶ ±É´Ò° ³Õμ´´Ò° ¸μ²¥´μ-
¨¤¯ (CMS). ŒÕμ´´ Ö ¸¨¸É¥³  CMS ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ Î ¸É¥°:
Í¨²¨´¤·¨Î¥¸±μ° ¨ Éμ·Í¥¢μ° (·¨¸. 1), ± ¦¤ Ö ¨§ ±μÉμ·ÒÌ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö Î¥-
ÉÒ·¥ ¸²μÖ ³Õμ´´ÒÌ ¸É ´Í¨°, ¶·μ¸²μ¥´´ÒÌ ¤¨¸± ³¨ ¢μ§¢· É´μ£μ ¦¥²¥§´μ£μ
Ö·³  ³ £´¨É . ŒÕμ´´ Ö ¸¨¸É¥³  CMS ¶μ¸É·μ¥´  ´  μ¸´μ¢¥ ¤¥É¥±Éμ·μ¢ É·¥Ì
· §²¨Î´ÒÌ É¥Ì´μ²μ£¨°, É ±¨Ì ± ±: ¤·¥°Ëμ¢Ò¥ ± ³¥·Ò Å DT, · ¸¶μ²μ¦¥´´Ò¥
¢ Í¨²¨´¤·¨Î¥¸±μ° Î ¸É¨; ± ³¥·Ò ¸ ·¥§¨¸É¨¢´Ò³¨ ¶² ¸É¨´ ³¨ Å RPC, · ¸-
¶μ²μ¦¥´´Ò¥ ¢ Í¨²¨´¤·¨Î¥¸±μ° ¨ Éμ·Í¥¢μ° Î ¸ÉÖÌ; ± ³¥·Ò ¸μ ¸Î¨ÉÒ¢ ´¨¥³
¨´Ëμ·³ Í¨¨ ¸ ± Éμ¤´ÒÌ ¸É·¨¶μ¢ Å CSC, · ¸¶μ²μ¦¥´´Ò¥ ¢ Éμ·Í¥¢μ° Î ¸É¨.
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CMS detector
Total weight: 14.000 t

Overall diameter: 15.0 m

Overall length: 28.7 m

Magnetic field: 3.8 T

Steel return yoke
12.500 t

Silicon trackers
Pixel (100 50 m) 16 m 66M channels� � �� 2

Microstrips (80 180 m 200 m 9.6M channels� � � �� 2

Superconducting solenoid
Niobium titanium coil carrying 18.000 A�

Preshower
Silicon strips 16 m 137.00 channels� �2

Forward calorimeter
Steel quartz fibres 2.000 channels� �

Crystal
electromagnetic
calorimeter (ECAL)
� 76.000 scintillating PbWO crystals4

Hadron calorimeter (HCAL)
Brass Plastic scintillator 7.000 channels� �

Muon chambers
Barrel: 250 drift tube, 480 resistive plate chambers
Endcaps: 468 cathode strip, 432 resistive plate chambers

�¨¸. 1. �±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  ®Šμ³¶ ±É´Ò° ³Õμ´´Ò° ¸μ²¥´μ¨¤¯ (CMS)

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ³μ¤¥·´¨§ Í¨¨ ± Éμ¤´ÒÌ ¸É·¨-
¶μ¢ÒÌ ± ³¥· Éμ·Í¥¢μ° Î ¸É¨ ³Õμ´´μ° ¸¨¸É¥³Ò CMS ¢ ¶¥·¨μ¤ ¶¥·¢μ° ¤²¨-
É¥²Ó´μ° μ¸É ´μ¢±¨ 	�Š [1]. Š Éμ¤´Ò¥ ¸É·¨¶μ¢Ò¥ ± ³¥·Ò ·¥£¨¸É·¨·ÊÕÉ ³Õ-
μ´Ò ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¢ μ¡² ¸É¨ ¶¸¥¢¤μ¡Ò¸É·μÉ 1,2 < |η| < 2,4, · ¡μÉ Ö
¢ ´¥μ¤´μ·μ¤´μ³ ³ £´¨É´μ³ ¶μ²¥ ¨ ¢ Ê¸²μ¢¨ÖÌ ¢Ò¸μ±μ£μ Ê·μ¢´Ö · ¤¨ Í¨μ´-
´μ£μ Ëμ´ . ’μ·Í¥¢ Ö ³Õμ´´ Ö ¸¨¸É¥³  CMS ¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì ³Õμ´´ÒÌ
¸É ´Í¨° (Œ…1/1ÄŒ…4), ¢±²ÕÎ ÕÐ¨Ì 468 ± Éμ¤´ÒÌ ¸É·¨¶μ¢ÒÌ ± ³¥·. Š -
¦¤ Ö ± ³¥·  ¸μ¸Éμ¨É ¨§ ¸¥³¨ Ëμ²Ó£¨·μ¢ ´´ÒÌ ¶ ´¥²¥°, μ¡· §ÊÕÐ¨Ì Ï¥¸ÉÓ
£ §μ¢ÒÌ § §μ·μ¢, ¢ ±μÉμ·ÒÌ ´ ÉÖ´ÊÉÒ  ´μ¤´Ò¥ ¶·μ¢μ²μÎ±¨, ´ Ìμ¤ÖÐ¨¥¸Ö ¶μ¤
¶μÉ¥´Í¨ ²μ³ 2,9Ä3,6 ±‚. Šμμ·¤¨´ É  É·¥±  μ¶·¥¤¥²Ö¥É¸Ö · ¸¶·¥¤¥²¥´¨¥³
´ ¢¥¤¥´´μ£μ § ·Ö¤  ´  ¸É·¨¶ Ì ¨ Ô²¥±É·μ´´Ò³ ¸¨£´ ²μ³ ¸  ´μ¤´ÒÌ ¶·μ¢μ-
²μÎ¥±. ˆ´Ëμ·³ Í¨Ö, ¸Î¨ÉÒ¢ ¥³ Ö ¸ ± Éμ¤´ÒÌ ¸É·¨¶μ¢, ¨³¥ÕÐ¨Ì Ï¨·¨´Ê
3Ä16 ³³, μÉË·¥§¥·μ¢ ´´ÒÌ ´  ¶μ¢¥·Ì´μ¸É¨ Ëμ²Ó£¨·μ¢ ´´ÒÌ ¶ ´¥²¥°, ¶μ-
§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ  §¨³ÊÉ ²Ó´ÊÕ ±μμ·¤¨´ ÉÊ ³Õμ´ , ±μÉμ· Ö ¢ ¦´  ¤²Ö ¨§-
³¥·¥´¨Ö ¥£μ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ . ˆ´Ëμ·³ Í¨Ö, ¸Î¨ÉÒ¢ ¥³ Ö ¸  ´μ¤´ÒÌ
¶·μ¢μ²μÎ¥±, ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ · ¤¨ ²Ó´ÊÕ ±μμ·¤¨´ ÉÊ ³Õμ´  ¨ ÉμÎ´ÊÕ
¢·¥³¥´´ÊÕ μÉ³¥É±Ê ·¥£¨¸É· Í¨¨ ²μ± ²Ó´μ£μ ³Õμ´´μ£μ É·¥±  ¢ ± ¦¤μ° ¨§ Ï¥-
¸É¨ ¶²μ¸±μ¸É¥° ± ³¥·Ò. 3D-¸¥£³¥´ÉÒ, ¶μ²ÊÎ¥´´Ò¥ Ë¨É¨·μ¢ ´¨¥³ ²μ± ²Ó´ÒÌ
±μμ·¤¨´ É ³Õμ´  ¢ ± ¦¤μ° ¨§ Ï¥¸É¨ ¶²μ¸±μ¸É¥° ± ³¥·Ò, ´ §Ò¢ ¥³Ò¥ § ·Ö-
¦¥´´Ò³¨ É·¥± ³¨, μ¡· §ÊÕÉ ¶·¨³¨É¨¢Ò ¤²Ö ¢Ò· ¡μÉ±¨ É·¨££¥·  ¢ § ¤ ´´μ°
μ¡² ¸É¨ ¨´É¥·¥¸ .

�¥·¥¤´ÖÖ ³Õμ´´ Ö ¸É ´Í¨Ö ME1/1 Ö¢²Ö¥É¸Ö ¢ ¦´¥°Ï¨³ ¤¥É¥±Éμ·μ³ ¶¥-
·¥¤´¥° Éμ·Í¥¢μ° Î ¸É¨ Ê¸É ´μ¢±¨ CMS [2]. Œ…1/1 · ¸¶μ²μ¦¥´  ¢´ÊÉ·¨ ¸μ-
²¥´μ¨¤  ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ³ £´¨É  ¢ § §μ·¥ Ï¨·¨´μ° 70 ¸³ ³¥¦¤Ê  ¤·μ´´Ò³
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± ²μ·¨³¥É·μ³ �… (Hadron Endcap Calorimeter) ¨ ¦¥²¥§´Ò³ ¤¨¸±μ³ (·¨¸. 2).
�§¨³ÊÉ ²Ó´μ ¶¥·¥¤´ÖÖ ³Õμ´´ Ö ¸É ´Í¨Ö · §¤¥²¥´  ´  36 ¸¥±Éμ·μ¢ (± ³¥·
CSC). ‚¸¥£μ ´  ¤¢¥ Éμ·Í¥¢Ò¥ Î ¸É¨ Ê¸É ´μ¢²¥´μ 72 ± ³¥·Ò, ±μÉμ·Ò¥ · ¡μ-
É ÕÉ ¢ ¸¨²Ó´μ³  ±¸¨ ²Ó´μ³ ³ £´¨É´μ³ ¶μ²¥ (Bz ∼ 3 T²) ¶·¨ ¢Ò¸μ±μ³ Ê·μ¢´¥
Ëμ´μ¢ÒÌ § £·Ê§μ± ¸ ¶²μÉ´μ¸ÉÓÕ ¶μÉμ±  Î ¸É¨Í ¤μ 103 ¸³−2· ¸−1 (∼ 100 ±ƒÍ
´  ± ´ ² ¸Î¨ÉÒ¢ ´¨Ö) ¨ ¶·¨ ÔÉμ³ μ¡² ¤ ÕÉ ²ÊÎÏ¨³ ¢ Éμ·Í¥¢μ° ³Õμ´´μ° ¸¨-
¸É¥³¥ ¶·μ¸É· ´¸É¢¥´´Ò³ · §·¥Ï¥´¨¥³: σx � 75 ³±³, ÎÉμ μ¡¥¸¶¥Î¨¢ ¥É ÉμÎ-
´ÊÕ ¶·¨¢Ö§±Ê ¶·μ¸É· ´¸É¢¥´´μ° ±μμ·¤¨´ ÉÒ ³Õμ´ , μ¶·¥¤¥²Ö¥³μ° ³Õμ´´μ°
¸¨¸É¥³μ°, ± ±μμ·¤¨´ É¥ ¢´ÊÉ·¥´´¥£μ É·¥±¥·  ¤¥É¥±Éμ·  CMS.
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�¨¸. 2. �·μ¤μ²Ó´μ¥ ¸¥Î¥´¨¥ ¤¥É¥±Éμ·  CMS. � ¸¶μ²μ¦¥´¨¥ ³Õμ´´ÒÌ ¸É ´Í¨° Éμ·Í¥-
¢μ° ³Õμ´´μ° ¸¨¸É¥³Ò

Š Éμ¤´Ò¥ ¸É·¨¶μ¢Ò¥ ± ³¥·Ò μ¸´ Ð¥´Ò ¡Ò¸É·μ° ¨ ´ ¤¥¦´μ° Ô²¥±É·μ´¨-
±μ°, μ¡¥¸¶¥Î¨¢ ÕÐ¥° ¸¶μ¸μ¡´μ¸ÉÓ · ¡μÉÒ ¢ ·¥¦¨³¥ ¸ ³μÉ·¨££¨·μ¢ ´¨Ö. ‚ ´ -
Î ²Ó´Ò° ¶¥·¨μ¤ · ¡μÉÒ 	�Š, ¶·¨ ´¨§±μ° ¸¢¥É¨³μ¸É¨, ³Õμ´´ Ö ¸¨¸É¥³  ‘ŒS
μ¡¥¸¶¥Î¨²  ´ ¤¥¦´Ò° ¨ ÔËË¥±É¨¢´Ò° ´ ¡μ· Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

Œ�„…��ˆ‡�–ˆŸ ’��–…‚�‰ Œ�����‰ ‘ˆ‘’…Œ›
‚ �…�ˆ�„ �…�‚�‰ „‹ˆ’…‹œ��‰ �‘’���‚Šˆ ��Š

�¸´μ¢´μ° § ¤ Î¥° ³μ¤¥·´¨§ Í¨¨ Ê¸É ´μ¢±¨ CMS Ö¢²Ö¥É¸Ö μ¡¥¸¶¥Î¥´¨¥
ÔËË¥±É¨¢´μ° · ¡μÉÒ ¢¸¥Ì ¸¨¸É¥³ ¢ Ê¸²μ¢¨ÖÌ ¶μ¢ÒÏ¥´´μ° ¸¢¥É¨³μ¸É¨
	�Š > 1034 ¸³−2 · ¸−1 ¶·¨ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ.
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�² ´ ¶¥·¢μ£μ ÔÉ ¶  ³μ¤¥·´¨§ Í¨¨ Éμ·Í¥¢μ° ³Õμ´´μ° ¸¨¸É¥³Ò CMS ¢ ¶¥-
·¨μ¤ ¶¥·¢μ° ¤²¨É¥²Ó´μ° μ¸É ´μ¢±¨ 	�Š, ¸Ëμ·³Ê²¨·μ¢ ´´Ò° ¢ É¥Ì´¨Î¥¸±μ³
¶·μ¥±É¥ CMS (CMS U1 TDR 2011/06/01) [3], ¢±²ÕÎ ¥É ¸²¥¤ÊÕÐ¨¥ μ¸´μ¢-
´Ò¥ ´ ¶· ¢²¥´¨Ö: ¸É·μ¨É¥²Ó¸É¢μ ´μ¢μ° ³Õμ´´μ° ¸É ´Í¨¨ ME4/2 (¸³. ·¨¸. 2),
³μ¤¥·´¨§ Í¨Õ ¤¥É¥±Éμ·μ¢ ¶¥·¥¤´¥° ¸É ´Í¨¨ ME1/1 ¨ μ¸´ Ð¥´¨¥ ¨Ì ´μ¢μ°
¡Ò¸É·μ¤¥°¸É¢ÊÕÐ¥° Ô²¥±É·μ´¨±μ° ¸Î¨ÉÒ¢ ´¨Ö.

‘É·μ¨É¥²Ó¸É¢μ ´μ¢μ° ³Õμ´´μ° ¸É ´Í¨¨ ME4/2, ¸μ¸ÉμÖÐ¥° ¨§ 72 ± Éμ¤-
´ÒÌ ¸É·¨¶μ¢ÒÌ ± ³¥·, · ¸Ï¨·Ö¥É ³Õμ´´ÊÕ ¸¨¸É¥³Ê ´  μ¤´Ê ¤μ¶μ²´¨É¥²Ó´ÊÕ
³Õμ´´ÊÕ ¸É ´Í¨Õ, ÎÉμ ¶μ¢ÒÏ ¥É ´ ¤¥¦´μ¸ÉÓ ¨ ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨
³Õμ´μ¢ ¢ ¤¨ ¶ §μ´¥ ¶¸¥¢¤μ¡Ò¸É·μÉ 1,2 < η < 1,8. “³¥´ÓÏ¥´¨¥ ±μ²¨Î¥¸É¢ 
²μ¦´ÒÌ ¸μ¡ÒÉ¨° ¶·¨ É·¨££¨·μ¢ ´¨¨ ¨ ·¥±μ´¸É·Ê±Í¨¨ É·¥±  (·¨¸. 3) ¶μ§¢μ²Ö¥É
¸´¨§¨ÉÓ ¶μ·μ£ ¨§³¥·¥´¨Ö ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ³Õμ´ . „¥É¥±Éμ·Ò ³Õμ´´μ°
¸É ´Í¨¨ ME4/2 μ¸´ Ð¥´Ò Ô²¥±É·μ´¨±μ°, ¤¥³μ´É¨·μ¢ ´´μ° ¸μ ¸É ´Í¨¨ ME1/1
(¢μ¸¸É ´μ¢²¥´´μ° ¶μ¸²¥ § ³¥´Ò). � ´¥²¨ ¤²Ö 72 ± ³¥· ¸É ´Í¨¨ ME4/2 ¨§-
£μÉμ¢²¥´Ò ¢μ FNAL. ‚ –…�� ¶μ¸É·μ¥´  Ë ¡·¨±  ¶·μ¨§¢μ¤¸É¢  ± ³¥· ¤²Ö
¸É ´Í¨¨ ME4/2, £¤¥ ¶·μ¢μ¤¨²¨¸Ó ¸¡μ·±  ¨ É¥¸É¨·μ¢ ´¨¥ ± ³¥· (·¨¸. 4).

�¸´μ¢´Ò¥ § ¤ Î¨ ³μ¤¥·´¨§ Í¨¨ ¶¥·¥¤´¥° ³Õμ´´μ° ¸É ´Í¨¨ ME1/1: ¶μ-
¢ÒÏ¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ ¨ ÉμÎ´μ¸É¨ ¨§³¥·¥´¨Ö ±μμ·¤¨´ ÉÒ ³Õμ´ ,   É ±¦¥
¶μ¢ÒÏ¥´¨¥ ÔËË¥±É¨¢´μ¸É¨ ¢Ò· ¡μÉ±¨ É·¨££¥· . �¸μ¡¥´´μ¸ÉÓ ¤¥É¥±Éμ·μ¢ ³Õ-
μ´´μ° ¸É ´Í¨¨ ME1/1 ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ ¤²Ö Ê³¥´ÓÏ¥´¨Ö § £·Ê§μ± ¢ μ¡² ¸É¨
¡μ²ÓÏ¨Ì §´ Î¥´¨° ¶¸¥¢¤μ¡Ò¸É·μÉ 1,6 < η < 2,4 (¸Ê¡± ³¥·  ME1/1a) ± Éμ¤-
´Ò¥ ¶²μ¸±μ¸É¨ · §¤¥²¥´Ò ¶μ¶¥·¥Î´Ò³ § §μ·μ³ ´  ¤¢¥ ¸Ê¡± ³¥·Ò Å ME1/1a
¨ ME1/1b. �  ÔÉ ¶¥ ¸É·μ¨É¥²Ó¸É¢  CMS ¤²Ö Ê³¥´ÓÏ¥´¨Ö ±μ²¨Î¥¸É¢  ± ´ ²μ¢
Ô²¥±É·μ´¨±¨ ¸Î¨ÉÒ¢ ´¨Ö ¸É·¨¶Ò ¢ ´¨¦´¥° ¸Ê¡± ³¥·¥ ME1/1a μ¡Ñ¥¤¨´¥´Ò

106

105

104

103

102

10

pT , GeVcut

102

Hardware (Level 1) trigger rate

vs. muon threshold (2010 simulation)pT

R
at

e,
 H

z

L1 CSC trigger rates,

L 2 10� � 34

W
ithout M

E 4/2
W

ith M
E

4/2

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉÒ É·¨££¥·  ¶¥·¢μ£μ Ê·μ¢´Ö μÉ ¶μ·μ£  ·¥£¨¸É· Í¨¨ ¶μ¶¥·¥Î-
´μ£μ ¨³¶Ê²Ó¸ 
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¢ £·Ê¶¶Ò ¶μ É·¨ ¨ ¢³¥¸Éμ É·¥Ì ± ·É ¸Î¨ÉÒ¢ ´¨Ö ¨´Ëμ·³ Í¨¨ ¸μ ¸É·¨¶μ¢
(CFEB) ¡Ò²  Ê¸É ´μ¢²¥´  μ¤´ , ÎÉμ ¶·¨¢¥²μ ± É·¥Ì±· É´μ° ´¥μ¤´μ§´ Î´μ-
¸É¨ ¢ É·¨££¨·μ¢ ´¨¨ ¨ ·¥±μ´¸É·Ê±Í¨¨ É·¥± . ‡ ´ÖÉμ¸ÉÓ ± ´ ²μ¢ ¸Î¨ÉÒ¢ ´¨Ö
¢ ME1/1a ¢μ§·μ¸²  ¶·¨³¥·´μ ¢ É·¨ · §  (·¨¸. 5), ÎÉμ ¶·¨¢¥²μ ± ¤¥£· ¤ -
Í¨¨ ÔËË¥±É¨¢´μ¸É¨ É·¨££¨·μ¢ ´¨Ö. ‚ ·¥§Ê²ÓÉ É¥ ³μ¤¥·´¨§ Í¨¨ μ¡Ñ¥¤¨´¥´¨¥
¸É·¨¶μ¢ ¡Ò²μ Ê¸É· ´¥´μ, ¡² £μ¤ ·Ö Î¥³Ê ¢μ¸¸É ´μ¢²¥´ ¶μ·Ö¤μ± ¸Î¨ÉÒ¢ ´¨Ö,
¶·¨ ±μÉμ·μ³ ± ¦¤μ³Ê ¸É·¨¶Ê ¸μμÉ¢¥É¸É¢Ê¥É ¸¢μ° ± ´ ² ·¥£¨¸É· Í¨¨ ¨´Ëμ·-
³ Í¨¨. „²Ö ÔÉμ£μ ¢ ¸Ê¡± ³¥·¥ ME1/1a Ê¸É ´μ¢²¥´Ò ¤¢¥ ¤μ¶μ²´¨É¥²Ó´Ò¥ ± ·ÉÒ
¸Î¨ÉÒ¢ ´¨Ö ¨´Ëμ·³ Í¨¨ ¸μ ¸É·¨¶μ¢. ‚¸¥£μ ´  ± ¦¤μ° ± ³¥·¥ Œ…1/1 ¶μ¸²¥
³μ¤¥·´¨§ Í¨¨ Ê¸É ´μ¢²¥´μ ¸¥³Ó 96-± ´ ²Ó´ÒÌ Í¨Ë·μ¢ÒÌ ± ·É ¸Î¨ÉÒ¢ ´¨Ö
¨´Ëμ·³ Í¨¨ ¸ ± Éμ¤´ÒÌ ¸É·¨¶μ¢ (DCFEB). �É²¨Î¨¥ DCFEB μÉ ¶·¥¤Ò¤Ê-
Ð¥°  ´ ²μ£μ¢μ° ¢¥·¸¨¨ ± ·ÉÒ CFEB ¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³:  ´ ²μ£μ¢ Ö ¶ -
³ÖÉÓ § ³¥´¥´  ´  Í¨Ë·μ¢ÊÕ ±μ´¢¥°¥·´ÊÕ ¶ ³ÖÉÓ, ¶μ§¢μ²ÖÕÐÊÕ · ¡μÉ ÉÓ ¡¥§

�¨¸. 4. “Î ¸Éμ± ¸¡μ·±¨ ¨ É¥¸É¨·μ¢ ´¨Ö ± ³¥· ³Õμ´´μ° ¸É ´Í¨¨ ME4/2 ¢ –…��
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� 3 of CSC coincidence stations, with ME1/1a:

Ganged (current)

Un-ganged (upgraded)

CSC TF 10 GeVpT 	 
c

�¨¸. 5. ‚μ§· ¸É ´¨¥ ¢·¥³¥´¨ § ´ÖÉμ¸É¨ ± ´ ²  ¸Î¨ÉÒ¢ ´¨Ö ¨´Ëμ·³ Í¨¨ ¶·¨ μ¡Ñ¥¤¨-
´¥´¨¨ É·¥Ì ¸É·¨¶μ¢
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³¥·É¢μ£μ ¢·¥³¥´¨, ÎÉμ ¶μ¢Ò¸¨²μ ÔËË¥±É¨¢´μ¸ÉÓ ¤¥É¥±Éμ·  ¶·¨ ¡μ²ÓÏ¨Ì § -
£·Ê§± Ì. �  Í¨Ë·μ¢μ° ± ·É¥ DCFEB Ê¸É ´μ¢²¥´  ¸μ¢·¥³¥´´ Ö ²μ£¨Î¥¸± Ö
³ É·¨Í  Virtex-6 ¨ μ·£ ´¨§μ¢ ´ μ¶É¨Î¥¸±¨° ¸Ñ¥³ ¨´Ëμ·³ Í¨¨. �² ÉÒ CFEB,
¤¥³μ´É¨·μ¢ ´´Ò¥ ¸ ¤¥É¥±Éμ·μ¢ ME1/1, ¡Ò²¨ ¶·μ¢¥·¥´Ò ¨ Ê¸É ´μ¢²¥´Ò ´  ± -
³¥·Ò ´μ¢μ° ³Õμ´´μ° ¸É ´Í¨¨ ME4/2. �² É  ¢Ò· ¡μÉ±¨  ´μ¤´μ£μ ²μ± ²Ó´μ£μ
É·¥±  ALCT ¸´ ¡¦¥´  ´μ¢μ° ¶·μ£· ³³¨·Ê¥³μ° ¸Ì¥³μ° Spartan-6, ¶μ§¢μ²Ö-
ÕÐ¥° · ¡μÉ ÉÓ ¸ ¡μ²ÓÏ¨³¨ § £·Ê§± ³¨. Œμ¤¥·´¨§ Í¨Ö ´ ± ³¥·´μ° Ô²¥±É·μ-
´¨±¨ ¢ ¸¢μÕ μÎ¥·¥¤Ó ¶μÉ·¥¡μ¢ ²  § ³¥´Ò É·¨££¥·´ÒÌ ³μ¤Ê²¥° TMB ¨ ³μ¤Ê²¥°
¸Î¨ÉÒ¢ ´¨Ö ¨´Ëμ³ Í¨¨ DMB ¢ ¶¥·¨Ë¥·¨°´ÒÌ ±·¥°É Ì. � §· ¡μÉ ´Ò, ¨§£μ-
Éμ¢²¥´Ò ¨ Ê¸É ´μ¢²¥´Ò ´μ¢Ò¥ ³μ¤Ê²¨ �TMB ¨ �DMB, ¸¶μ¸μ¡´Ò¥ ¶·¨´¨³ ÉÓ
μ¶É¨Î¥¸±ÊÕ ¨´Ëμ·³ Í¨Õ ¸ ¸¥³¨ Í¨Ë·μ¢ÒÌ ± ·É DCFEB. “¢¥²¨Î¥´¨¥ ±μ²¨-
Î¥¸É¢  Ô²¥±É·μ´¨±¨ ¶μ¢²¥±²μ §  ¸μ¡μ° ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¢ ´μ¢μ°, ¡μ²¥¥ ³μÐ´μ°
¸¨¸É¥³¥ ´¨§±μ¢μ²ÓÉ´μ£μ ¶¨É ´¨Ö, ¢±²ÕÎ ÕÐ¥° Î¥ÉÒ·¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶¥·-
¢¨Î´ÒÌ ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö Œaraton ³μÐ´μ¸ÉÓÕ 3,6 ±‚É, ±μ³³ÊÉ Í¨μ´´Ò¥ ¶ -
´¥²¨ ¨ ¸¥³¨± ´ ²Ó´Ò¥ ¶² ÉÒ · ¸¶·¥¤¥²¥´¨Ö ¶¨É ´¨Ö ´  ¤¥É¥±Éμ· Ì LVDB-7.
	²μ±-¸Ì¥³  ³μ¤¥·´¨§¨·μ¢ ´´μ° Ô²¥±É·μ´¨±¨ ¸Î¨ÉÒ¢ ´¨Ö ³Õμ´´μ° ¸É ´Í¨¨
ME1/1, · ¸¶μ²μ¦¥´´μ° ´  ± ³¥· Ì ¨ ¢ ¶¥·¨Ë¥·¨°´ÒÌ ±·¥°É Ì [4], ¶·¥¤-
¸É ¢²¥´  ´  ·¨¸. 6. ‚ · ³± Ì μÉ³¥Î¥´Ò Ô²¥±É·μ´´Ò¥ ³μ¤Ê²¨, · §· ¡μÉ ´´Ò¥
¨ ¨§£μÉμ¢²¥´´Ò¥ ¤²Ö ³μ¤¥·´¨§ Í¨¨ ³Õμ´´μ° ¸É ´Í¨¨ Œ…1/1. ‚¸¥ ¤¥É¥±Éμ·Ò
³Õμ´´ÒÌ ¸É ´Í¨° ME1/1 ¨ ME4/2 ¡Ò²¨ ³´μ£μ±· É´μ ¶·μ¢¥·¥´Ò ¤μ ¨ ¶μ¸²¥
³μ´É ¦  ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÊÕ Ê¸É ´μ¢±Ê CMS. �μ²´Ò° ´ ¡μ· É¥¸Éμ¢ ¢±²ÕÎ ²
¶·μ¢¥·±Ê μ¡Ð¥£μ ËÊ´±Í¨μ´¨·μ¢ ´¨Ö, ¶·μ¢¥·±Ê ¸μ¥¤¨´¥´¨°, É¥¸ÉÒ É·¨££¥·´μ°
²μ£¨±¨, ¶·μ¢¥·±Ê ± Î¥¸É¢  ¶¥·¥¤ ¢ ¥³ÒÌ ¤ ´´ÒÌ ¨ ¨§³¥·¥´¨¥ Ê·μ¢´Ö ÏÊ³μ¢.

Clock & control board OTMB (trigger)

ODMB (data)

Peripheral crate
on iron disk

DCFEBs (cathodes)

S6 (new FPGA)

ALCT (anodes) with

Anode front-end boards

CSC

ALCT

Slow control

Muon sector receiver
L1 trigger

Trigger-timing-control

� 2.5 m patch panels to
chambers on Ye1 nose

New board acronyms:

OTMB (Optical Trigger
Mother Board)

ODMB (Optical Data
Mother Board)

PPIB (Path Panel Interface
Board)

DCFEB (Digital Cathode
Front-End Board)

LVDB7 (Low Voltage Distribution
Board (7 DCFEB version))

LVMB7 (Low Voltage Monitor
Board (7 DCFEB version))

S6 (Spartan-6 mezzanin
board)

Patch panel
(PPIB)

� 15 m peripheral crates
to patch panels

LVDB7 (LV distrib.)

LVMB7 (LV monitor)

�¨¸. 6. 	²μ±-¸Ì¥³  ³μ¤¥·´¨§¨·μ¢ ´´μ° Ô²¥±É·μ´¨±¨ ¸Î¨ÉÒ¢ ´¨Ö ³Õμ´´μ° ¸É ´Í¨¨
ME1/1
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„²Ö ¶·μ¢¥·±¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ¢Ìμ¤´μ° ¸¨£´ ² ± ± μÉ £¥´¥· Éμ·  ¨³¶Ê²Ó¸μ¢,
É ± ¨ μÉ ±μ¸³¨Î¥¸±¨Ì Î ¸É¨Í. Š ¦¤ Ö ± ³¥·  ¶·μÌμ¤¨²  Î¥ÉÒ·¥Ì´¥¤¥²Ó´Ò°
É¥¸É ¸ ¢Ò¸μ±¨³ ´ ¶·Ö¦¥´¨¥³ ¨ ¸ ±μ´É·μ²¥³ ÊÉ¥Î±¨ £ § . Š ³¥·Ò, ¶·μÏ¥¤Ï¨¥

a

CFEB: SCA Active strips occupancy crate ID 38. DMB ID 03� �
Run#: online_00221796 Time: Fri Jun 6 14:39:34 2014
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�¨¸. 7.  ) ‘É¥´¤ ¤²Ö ¶·μ¢¥·±¨ ± ³¥· ¶μ¸²¥ ¸¡μ·±¨. ¡) �·¨³¥· £¨¸Éμ£· ³³Ò ± Î¥¸É¢ 
¤ ´´ÒÌ Å § £·Ê§±  ¶μ ¸É·¨¶ ³
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¢¸¥ ÔÉ ¶Ò É¥¸É¨·μ¢ ´¨Ö, ¸Î¨É ²¨¸Ó £μÉμ¢Ò³¨ ± Ê¸É ´μ¢±¥. �  ·¨¸. 7 ¶μ± -
§ ´Ò ¸É¥´¤ ¤²Ö ¶·μ¢¥·±¨ ± ³¥· ¶μ¸²¥ ¸¡μ·±¨ ¨ ¶·¨³¥· ¶·μ¢¥·±¨ ± Î¥¸É¢ 
¤ ´´ÒÌ Å £¨¸Éμ£· ³³Ò § £·Ê§±¨ ¸²μ¥¢ ± ³¥·Ò ¶μ ¸É·¨¶ ³. ’¥¸ÉÒ ¶·μ¢¥·±¨
¸μ¥¤¨´¥´¨° ¨ ± Î¥¸É¢  ¤ ´´ÒÌ ¶μ¢Éμ·¥´Ò ¶μ¸²¥ ³μ´É ¦  ± ³¥· ¢ CMS.

•���Š’…�ˆ‘’ˆŠ� ����’› CSC ‚ ��—�‹œ�›‰ �…�ˆ�„
‚’���ƒ� 	’��� ����’› ��Š (Run 2)

�¥·¢Ò¥ ¶·μÉμ´-¶·μÉμ´´Ò¥ ¸μÊ¤ ·¥´¨Ö ¸ Ô´¥·£¨¥°
√

s = 13 ’Ô‚ ¶μ²ÊÎ¥´Ò
´  	�Š 13 ¨Õ´Ö 2015 £. ‘ É¥Ì ¶μ· ³μ¤¥·´¨§¨·μ¢ ´´Ò¥ ± ³¥·Ò Éμ·Í¥¢μ° ³Õ-
μ´´μ° ¸¨¸É¥³Ò ¸É ¡¨²Ó´μ · ¡μÉ ÕÉ, ¶μ± §Ò¢ Ö ²ÊÎÏ¨¥, ¶μ ¸· ¢´¥´¨Õ ¸ ¶¥·-
¢Ò³ ¶¥·¨μ¤μ³ ´ ¡μ·  ¤ ´´ÒÌ, Ì · ±É¥·¨¸É¨±¨. ‡ £·Ê§±  ·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ
¸μ¡ÒÉ¨° μ¤´μ·μ¤´  ¤²Ö ± ¦¤μ£μ μÉ¤¥²Ó´μ£μ ±μ²ÓÍ  (·¨¸. 8). �Éμ ´ £²Ö¤´Ò°
É¥¸É · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ ± ³¥·. �¥¶· ¢¨²Ó´μ · ¡μÉ ÕÐ¨¥ ¤¥É¥±Éμ·Ò ¶μ± §Ò-
¢ ÕÉ ²¨¡μ ¸² ¡ÊÕ, ²¨¡μ ¢Ò¸μ±ÊÕ § £·Ê§±Ê. ‘· ¢´¨É¥²Ó´ Ö Ì · ±É¥·¨¸É¨±  § -
£·Ê§±¨ ·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ ¸μ¡ÒÉ¨°, ¶μ²ÊÎ¥´´ÒÌ ¢μ ¢·¥³Ö ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ
¶¥·¨μ¤μ¢ ´ ¡μ·  ¤ ´´ÒÌ, ¶μ± §Ò¢ ¥É Ê²ÊÎÏ¥´¨¥ ¢μ ¢Éμ·μ³ ¶¥·¨μ¤¥ §  ¸Î¥É
§ ³¥´Ò ¨ ·¥³μ´É  ´¥¸±μ²Ó±¨Ì ¶·μ¡²¥³´ÒÌ ± ³¥· Œ…1/1. �·μ¸É· ´¸É¢¥´´μ¥
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�¨¸. 8. ‘· ¢´¨É¥²Ó´ Ö Ì · ±É¥·¨¸É¨±  · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ ³Õμ´´ÒÌ ± ³¥· ¢μ ¢·¥³Ö
¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ¶¥·¨μ¤μ¢ ´ ¡μ·  ¤ ´´ÒÌ
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· §·¥Ï¥´¨¥ ³μ¤¥·´¨§¨·μ¢ ´´ÒÌ ¤¥É¥±Éμ·μ¢ Œ…1/1 , ¶¥·¥±·Ò¢ ÕÐ¨Ì ±¨´¥-
³ É¨Î¥¸±ÊÕ μ¡² ¸ÉÓ ¸ ¶¸¥¢¤μ¡Ò¸É·μÉ ³¨ 2,1 < |η| < 2,5, Ê²ÊÎÏ¨²μ¸Ó ´ 
20 %. ‚μ ¢Éμ·μ³ ¶¥·¨μ¤¥ ´ ¡μ·  ¤ ´´ÒÌ §´ Î¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ · §-
·¥Ï¥´¨Ö ME1/1a ¸μ¸É ¢¨²μ σ = 51 ³±³, ¢ Éμ ¢·¥³Ö ± ± ¢ ¶¥·¢μ³ ¶¥·¨μ¤¥
· §·¥Ï¥´¨¥ ¡Ò²μ σ = 64 ³±³ (·¨¸. 9). �·¨Î¨´  ¶μ¢ÒÏ¥´¨Ö ÉμÎ´μ¸É¨ ¢μ¸-
¸É ´μ¢²¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ° ±μμ·¤¨´ ÉÒ ¢ ME1/1a μ¶·¥¤¥²Ö¥É¸Ö É¥³, ÎÉμ
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�¨¸. 9. �·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ³μ¤¥·´¨§¨·μ¢ ´´ÒÌ ± ³¥· ME1/1a Ê³¥´ÓÏ¨²μ¸Ó
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�¨¸. 10.  ) ”· ±Í¨¨ ²μ± ²Ó´ÒÌ É·¥±μ¢, ¶·¨Ï¥¤Ï¨Ì ¢μ¢·¥³Ö, · ´ÓÏ¥ ¨ ¸ μ¶μ§¤ ´¨¥³.
¡) � ¸¶·¥¤¥²¥´¨¥ ¢·¥³¥´¨ ¨¤¥´É¨Ë¨± Í¨¨ ¸μ¡ÒÉ¨Ö ¢ ÉμÎ±¥ ¢§ ¨³μ¤¥°¸É¢¨Ö
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¶·¨ ¨¸¶· ¢²¥´¨¨ Ê¶μ³Ö´ÊÉμ£μ ¢ÒÏ¥ É·¥Ì¸É·¨¶μ¢μ£μ μ¡Ñ¥¤¨´¥´¨Ö ¶·μ¨§μÏ²μ
Ê³¥´ÓÏ¥´¨¥ ¢Ìμ¤´μ° ¥³±μ¸É¨ ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¸´¨§¨²¨¸Ó ÏÊ³Ò ¢ ± ´ ²¥
¸Î¨ÉÒ¢ ´¨Ö. �·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ¢¸¥Ì ± ³¥· Éμ·Í¥¢μ° ³Õμ´´μ°
¸¨¸É¥³Ò ¢ ·Ó¨·Ê¥É¸Ö ¢ ¶·¥¤¥² Ì 50Ä140 ³±³ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸É ´Í¨¨, ÎÉμ
¸μμÉ¢¥É¸É¢Ê¥É  §¨³ÊÉ ²Ó´μ³Ê · §·¥Ï¥´¨Õ Φ ∼ 0,1 ³· ¤.

„¥É¥±Éμ·Ò Éμ·Í¥¢μ° ³Õμ´´μ° ¸¨¸É¥³Ò ¡Ò²¨ ¸É °³¨·μ¢ ´Ò ¸ ¶μ³μÐÓÕ
¶μ¤¸É·μ°±¨ § ¤¥·¦±¨ ¶·¨¢Ö§±¨ Î ¸ÉμÉÒ ¸¨´Ì·μ´¨§ Í¨¨ ³Õμ´´ÒÌ ± ³¥· μÉ-
´μ¸¨É¥²Ó´μ ¸¨´Ì·μ´¨§ Í¨¨ 	�Š. ‡ ¤¥·¦±  ¶μ¤¡¨· ² ¸Ó ¶μ ±·¨É¥·¨Õ ´ Ìμ-
¦¤¥´¨Ö ³ ±¸¨³ ²Ó´μ£μ Î¨¸²  ²μ± ²Ó´ÒÌ É·¥±μ¢ ¢ ¢Ò¡· ´´μ³ ¢·¥³¥´´μ³ ¤¨ -
¶ §μ´¥. �  ·¨¸. 10 ¶μ± § ´Ò Ë· ±Í¨¨ ²μ± ²Ó´ÒÌ É·¥±μ¢, ¶·¨Ï¥¤Ï¨Ì ¢μ¢·¥³Ö,
· ´ÓÏ¥ ¨ ¸ μ¶μ§¤ ´¨¥³. ‚¨¤´μ, ÎÉμ ¢·¥³Ö ÉμÎ±¨ ¢§ ¨³μ¤¥°¸É¢¨Ö, ¨§³¥·¥´´μ¥
¸ ¶μ³μÐÓÕ ¨´Ëμ·³ Í¨¨ ¸  ´μ¤´ÒÌ ¶·μ¢μ²μÎ¥± ¤²Ö μÉ¤¥²Ó´ÒÌ ¢μ¸¸É ´μ¢²¥´-
´ÒÌ ¸μ¡ÒÉ¨°, £·Ê¶¶¨·Ê¥É¸Ö ¢ Í¥´É·¥ μ±μ²μ ´Ê²Ö, ÎÉμ Ö¢²Ö¥É¸Ö ±·¨É¥·¨¥³
É °³¨·μ¢ ´¨Ö ¤¥É¥±Éμ·μ¢. ’μÎ´μ¸ÉÓ É °³¨·μ¢ ´¨Ö ¨ ¸¨´Ì·μ´¨§ Í¨¨ ± ³¥·
Ô±¢¨¢ ²¥´É´  §´ Î¥´¨Õ, ¶μ²ÊÎ¥´´μ³Ê ¤μ ³μ¤¥·´¨§ Í¨¨ ¤¥É¥±Éμ·μ¢, ¨ ¸μμÉ-
¢¥É¸É¢Ê¥É É·¥¡μ¢ ´¨Ö³ ³Õμ´´μ° ¸¨¸É¥³Ò.

‡�Š‹�—…�ˆ…

Œμ¤¥·´¨§ Í¨Ö Éμ·Í¥¢μ° ³Õμ´´μ° ¸¨¸É¥³Ò, ¢Ò¶μ²´¥´´ Ö ¢ ¶¥·¨μ¤ ¶¥·¢μ°
¤²¨É¥²Ó´μ° μ¸É ´μ¢±¨ 	�Š, Ê¸¶¥Ï´μ § ¢¥·Ï¥´  ¡² £μ¤ ·Ö Ê¸¨²¨Ö³ ³´μ£¨Ì
²Õ¤¥°. Œμ¤¥·´¨§ Í¨Ö ³Õμ´´μ° ¸É ´Í¨¨ ME1/1 ¶μ§¢μ²¨²  Ê¸É· ´¨ÉÓ ´¥μ¤´μ-
§´ Î´μ¸ÉÓ ¢ μ¶·¥¤¥²¥´¨¨ ±μμ·¤¨´ ÉÒ ¢ μ¡² ¸É¨ ¡μ²ÓÏ¨Ì §´ Î¥´¨° ¶¸¥¢¤μ¡Ò-
¸É·μÉ 2 < η < 2,4 ¨ Ê³¥´ÓÏ¨ÉÓ ³¥·É¢μ¥ ¢·¥³Ö. �·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥
¸Ê¡¤¥É¥±Éμ·  ME1/1a Ê²ÊÎÏ¥´μ ´  20 %. ‘μ§¤ ´¨¥ ¤μ¶μ²´¨É¥²Ó´μ° ³Õμ´´μ°
¸É ´Í¨¨ ME4/2 μ¡¥¸¶¥Î¨²μ ¶μ¢ÒÏ¥´¨¥ ´ ¤¥¦´μ¸É¨ ¨ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨-
¸É· Í¨¨ ¸μ¡ÒÉ¨°.
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