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�. ‚. �μ£μ³Ö£±μ¢, ‚. �.„·Ê¦¨´¨´, …. �. ‹¥¢¨Î¥¢,
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ˆ´¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. ƒ.ˆ. 	Ê¤±¥·  ‘� ���, �μ¢μ¸¨¡¨·¸±, �μ¸¸¨Ö

� ¸¸³ É·¨¢ ¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ·μ¦¤¥´¨Ö ¨ ¨¸¸²¥¤μ¢ ´¨Ö  Éμ³μ¢ ¤¨³Õμ´¨Ö (μ+μ−), ¤μ ¸¨Ì ¶μ·
´¥ ´ ¡²Õ¤ ¢Ï¨Ì¸Ö, ¸ ¶μ³μÐÓÕ ¢¸É·¥Î´ÒÌ e+e−-¶ÊÎ±μ¢ ¸· ¢´¨É¥²Ó´μ ´¨§±μ° Ô´¥·£¨¨. �¡¸Ê¦¤ -
ÕÉ¸Ö ¢μ§³μ¦´Ò¥ ¸Ì¥³Ò ·¥ ²¨§ Í¨¨ ±μ²² °¤¥· , ¨§ÊÎ ÕÉ¸Ö ¶·μÍ¥¸¸Ò, ¢²¨ÖÕÐ¨¥ ´  ÔËË¥±É¨¢´μ¸ÉÓ
¥£μ · ¡μÉÒ, ¶·¨¢μ¤ÖÉ¸Ö μÍ¥´±¨ ¶ · ³¥É·μ¢ Ê¸É ´μ¢±¨. �  ±μ²² °¤¥·¥ ¡Ê¤¥É ¢μ§³μ¦´μ É ±¦¥ ¶·μ-
¢¥¤¥´¨¥ Ô±¸¶¥·¨³¥´Éμ¢ ¸ ¢Ò¸μ±μ° ¸¢¥É¨³μ¸ÉÓÕ ¢ μ¡² ¸É¨ ·μ¦¤¥´¨Ö π±- ¨ η-³¥§μ´μ¢.

The paper discusses a low energy e+e− collider for production of the (μ+μ−) bound system
(dimuonium) which has not yet been observed. We use large crossing angle for e+e− beams intersection;
therefore, dimuonium carries non-zero momentum and its decay point is shifted from the beam collision
area providing effective suppression of the elastic e+e− scattering background. Discussion of the
experiment constraints deˇnes subsequent collider speciˇcations. We show preliminary layout of the
accelerator and obtained main parameters. Chosen beam energy range and high luminosity also allow
to study π± and η mesons.

PACS: 29.20.db; 13.66.De; 14.60.Ef

‚‚…„…�ˆ…

‹¥¶Éμ´´Ò°  Éμ³ (μ+μ−) 2 · ¸¸³ É·¨¢ ¥É¸Ö ± ± μ¡Ñ¥±É, ±μÉμ·Ò°, ¢μ§³μ¦´μ, ¶·μ²Ó¥É
¸¢¥É ´  ¶·¨Î¨´Ê · ¸Ìμ¦¤¥´¨Ö Ô±¸¶¥·¨³¥´Éμ¢ ¨ É¥μ·¨¨ ¢ ³Õμ´´μ³ ¸¥±Éμ·¥, ¢±²ÕÎ Ö ¨§³¥-
·¥´¨¥  ´μ³ ²Ó´μ£μ ³ £´¨É´μ£μ ³μ³¥´É  ³Õμ´ , § ·Ö¤μ¢μ£μ · ¤¨Ê¸  ¶·μÉμ´  ¢ ³Õμ´´μ³
¢μ¤μ·μ¤¥ ¨ ¤·. „ ¦¥ ¥¸²¨ ÔÉμ£μ ¨ ´¥ ¶·μ¨§μ°¤¥É, μÉ±·ÒÉ¨¥ · ´¥¥ ´¥ ´ ¡²Õ¤ ¢Ï¥£μ¸Ö
¸¢Ö§ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¨ ¥£μ ¨¸¸²¥¤μ¢ ´¨¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¦´μ° ¨ ¨´É¥·¥¸´μ° ´ ÊÎ´μ°
§ ¤ Î¥°. „¨³Õμ´¨° Ö¢²Ö¥É¸Ö ²¥¶Éμ´´Ò³  Éμ³μ³, ¶μÔÉμ³Ê ¥£μ ¸¶¥±É·μ¸±μ¶¨Ö ¨ ¶·¥Í¨§¨μ´-
´μ¥ ¨§³¥·¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ¶·¥¤¸É ¢²ÖÕÉ μ¸μ¡Ò° ¨´É¥·¥¸ ¤²Ö ¶·μ¢¥·±¨ ¶·¥¤¸± § ´¨°
±¢ ´Éμ¢μ° Ô²¥±É·μ¤¨´ ³¨±¨. ˆ§-§  ¡μ²ÓÏμ° ¶·¨¢¥¤¥´´μ° ³ ¸¸Ò ¢ É ±¨Ì É¥¸É Ì (μ+μ−)
¡μ²¥¥ ÎÊ¢¸É¢¨É¥²¥´ ± ´μ¢Ò³ Ö¢²¥´¨Ö³, Î¥³ ¤·Ê£¨¥ Ô±§μÉ¨Î¥¸±¨¥  Éμ³Ò.

1E-mail: S.V.Sinyatkin@npi.nsk.ru
2ˆ¸¶μ²Ó§ÊÕÉ¸Ö ´ §¢ ´¨Ö ®¤¨³Õμ´¨°¯, ®¡¨³Õμ´¨°¯, ®¨¸É¨´´Ò° ³Õμ´¨°¯ (true muonium).
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� ´¥¥ ¶·¥¤² £ ²¨¸Ó · §²¨Î´Ò¥ ¸¶μ¸μ¡Ò ·μ¦¤¥´¨Ö ¤¨³Õμ´¨Ö, ¢ Éμ³ Î¨¸²¥ ¸ ¶μ³μÐÓÕ
¢¸É·¥Î´ÒÌ Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ¶ÊÎ±μ¢. �ÉμÉ ³¥Éμ¤ ·μ¦¤¥´¨Ö (μ+μ−) ¨³¥¥É ·Ö¤ ¶·¥-
¨³ÊÐ¥¸É¢, ¸¢Ö§ ´´ÒÌ ¸ μÉ¸ÊÉ¸É¢¨¥³  ¤·μ´´ÒÌ ¸μ¡ÒÉ¨°, ±μÉμ·Ò¥ ¶·¨Ï²μ¸Ó ¡Ò ÊÎ¨ÉÒ¢ ÉÓ
¢ ¶·μÍ¥¸¸¥ ·¥±μ´¸É·Ê±Í¨¨ ¶·¨ ¤·Ê£¨Ì ¸¶μ¸μ¡ Ì ·μ¦¤¥´¨Ö (μ+μ−). ‡¤¥¸Ó ³Ò μ¡¸Ê¦-
¤ ¥³ ¢μ§³μ¦´μ¸ÉÓ ¸μ§¤ ´¨Ö e+e−-±μ²² °¤¥·  ¸μ ¸· ¢´¨É¥²Ó´μ ´¨§±μ° Ô´¥·£¨¥° ¶ÊÎ±μ¢,
Eb ≈ 400 ŒÔ‚, ÎÉμ μ¡¥¸¶¥Î¨É ³ ²Ò¥ · §³¥·Ò Ê¸É ´μ¢±¨ ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¤¥Ï¥¢¨§´Ê ¥¥
¨§£μÉμ¢²¥´¨Ö ¨ Ô±¸¶²Ê É Í¨¨. �É²¨Î¨É¥²Ó´μ° Î¥·Éμ° ±μ²² °¤¥·  Ö¢²Ö¥É¸Ö ¶¥·¥¸¥Î¥´¨¥
¶ÊÎ±μ¢ ¶μ¤ ¡μ²ÓÏ¨³ Ê£²μ³, ± ± ÔÉμ ¶·¥¤²μ¦¥´μ ¢ [3]. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¤¨³Õμ´¨° ·μ¦¤ -
¥É¸Ö ¸ ´¥´Ê²¥¢Ò³ ¨³¶Ê²Ó¸μ³, ÎÉμ ¶μ§¢μ²Ö¥É  Éμ³Ê μÉ²¥É¥ÉÓ ¤μ¸É ÉμÎ´μ ¤ ²¥±μ μÉ ÉμÎ±¨
·μ¦¤¥´¨Ö, ¢ ·¥§Ê²ÓÉ É¥ Î¥£μ Ëμ´ μÉ Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö e+e− μ± §Ò¢ ¥É¸Ö ¸¨²Ó´μ ¶μ¤ ¢-
²¥´´Ò³. �´¥·£¨Ö ¶ÊÎ±μ¢ ¨ ±μ´Ë¨£Ê· Í¨Ö ³¥¸É ¢¸É·¥Î¨ ±μ²² °¤¥·  ¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ
¨¸¸²¥¤μ¢ ÉÓ É ±¦¥ ¶·μÍ¥¸¸Ò e+e− → ¶¨μ´Ò ¨ e+e− → η, η′, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ · ¸Ï¨-
·Ö¥É ´ ÊÎ´ÊÕ ¶·μ£· ³³Ê ¶·¥¤² £ ¥³μ° Ê¸É ´μ¢±¨. 	μ²¥¥ ¶μ¤·μ¡´μ¥ μ¡¸Ê¦¤¥´¨¥ ¶·μ¥±É 
³μ¦´μ ´ °É¨ ¢ [2].

1. „ˆŒ���ˆ‰

Š· É±μ ¶¥·¥Î¨¸²¨³ μ¸´μ¢´Ò¥ ¸¢μ°¸É¢  ¤¨³Õμ´¨Ö (¤²Ö ¶μ¤·μ¡´μ¸É¥° ¸³., ´ ¶·¨-
³¥·, [3] ¨ ¸¸Ò²±¨ É ³). (μ+μ−) Å ¢μ¤μ·μ¤μ¶μ¤μ¡´Ò°  Éμ³, ¸μ¸ÉμÖÐ¨° ¨§ ³Õμ´  ¨
 ´É¨³Õμ´ . ‚ ¶¥·¢μ³ ¶·¨¡²¨¦¥´¨¨ ¸¶¥±É· ¤¨³Õμ´¨Ö ´ ¶μ³¨´ ¥É ¸¶¥±É· ¶μ§¨É·μ´¨Ö ¸
ÊÎ¥Éμ³ · §´¨ÍÒ ³ ¸¸. �¤´ ±μ ¢ Éμ ¢·¥³Ö ± ± ¶μ§¨É·μ´¨° ´¥ ³μ¦¥É · ¸¶ ¸ÉÓ¸Ö ´  e+e−,
¤¨³Õμ´¨° ³μ¦¥É, ÎÉμ ¤¥² ¥É ¢¥·μÖÉ´μ¸ÉÓ ¥£μ ·μ¦¤¥´¨Ö ¨ ¸¶¥±É· ¡μ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´Ò³¨
±μ ¢±² ¤Ê ¶μ²Ö·¨§ Í¨¨ ¢ ±ÊÊ³  §  ¸Î¥É ¢¨·ÉÊ ²Ó´ÒÌ e+e−-¶ ·. ‘Ì¥³  Ê·μ¢´¥° (μ+μ−)
¶·¨¢¥¤¥´  ´  ·¨¸. 1, a.

	μ·μ¢¸±¨° · ¤¨Ê¸ ¤¨³Õμ´¨Ö Rμμ = 512 Ë³ (¤²Ö ¶μ§¨É·μ´¨Ö Ree = 0,106 ´³). ‚ § -
¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò ¸Ê³³ ·´μ£μ ¸¶¨´  ³Õμ´  ¨  ´É¨³Õμ´  · §²¨Î ÕÉ ¶ · ¤¨³Õμ´¨°
(¸Ê³³ ·´Ò° ¸¶¨´ S = 0) ¨ μ·Éμ¤¨³Õμ´¨° (¸Ê³³ ·´Ò° ¸¶¨´ S = 1).

�¨¸. 1. a) ’¥·³Ò ¤¨³Õμ´¨Ö ¨§ [2]. ¡) ‘Ì¥³  ¶¥·¥¸¥Î¥´¨Ö ¶μ¤ ¡μ²ÓÏ¨³ Ê£²μ³. �Éμ³Ò ¤¨³Õμ´¨Ö

¢Ò²¥É ÕÉ ¢ ´ ¶· ¢²¥´¨¨ ��
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�¥§μ´ ´¸´μ¥ (¤²Ö Ô´¥·£¨¨ Eb = mμ − Δμμ/2, £¤¥ mμ Å ³ ¸¸  ³Õμ´ ,   Δμμ ≈
1,41 ±Ô‚ Å Ô´¥·£¨Ö ¸¢Ö§¨ ¤¨³Õμ´¨Ö ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨) ¸¥Î¥´¨¥ ·μ¦¤¥´¨Ö ¤¨³Õμ´¨Ö
¢ Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ ¡Ò²μ ¶μ²ÊÎ¥´μ ¢ [1]:

σμμn = 3,3 · 10−25n−3 ¸³−2. (1)

2. ‚‘’�…—� �“—Š�‚ ��„ �…�“‹…‚›Œ “ƒ‹�Œ

„²Ö ¸Éμ²±´μ¢¥´¨Ö Î ¸É¨Í ¸ · ¢´Ò³¨ Ô´¥·£¨Ö³¨ E0 ¶μ¤ ¶·μ¨§¢μ²Ó´Ò³ Ê£²μ³ θ (·¨¸. 1, ¡)
¨´¢ ·¨ ´É´ Ö ³ ¸¸  · ¢´  [4]

M =
√

2E0

√
1 + cos 2θ = 2E0 cos θ. (2)

�´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò σM (¤²Ö ·¥§μ´ ´¸μ¢ ¸±μ·μ¸ÉÓ ¶μ²¥§´ÒÌ
¸μ¡ÒÉ¨° Ṅ ∝ L/σM , £¤¥ L Å ¸¢¥É¨³μ¸ÉÓ) · ¢¥´

σ2
M = 〈M2〉x′,y′,δ1,δ2 − 〈M〉2x′,y′,δ1,δ2

= 2E2
0 [(σδ cos θ)2 + (σx′ sin θ)2], (3)

£¤¥ σδ = σE/E0 Å μÉ´μ¸¨É¥²Ó´Ò° · §¡·μ¸ Ô´¥·£¨° ¢ ¶ÊÎ±¥,   σx′ Å £μ·¨§μ´É ²Ó´Ò°
Ê£²μ¢μ° · §¡·μ¸, ±μÉμ·Ò° μ± §Ò¢ ¥É¸Ö ¸ÊÐ¥¸É¢¥´´Ò³ ¶·¨ ¡μ²ÓÏ¨Ì Ê£² Ì ¶¥·¥¸¥Î¥´¨Ö.

�¨±μ¢ Ö ¸¢¥É¨³μ¸ÉÓ ¤²Ö ±μ·μÉ±¨Ì (hour glass-ÔËË¥±É ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö) ¶ÊÎ±μ¢, ¶¥·¥-
¸¥± ÕÐ¨Ì¸Ö ¶μ¤ ¶·μ¨§¢μ²Ó´Ò³ Ê£²μ³ θ, · ¢´ 

L0 =
N1N2

4πσ∗
xσ∗

y

√
1 + φ2

f0, (4)

£¤¥ N1,2 Å Î¨¸²μ Î ¸É¨Í ¢ ¸£Ê¸É±¥; f0 Å Î ¸ÉμÉ  μ¡· Ð¥´¨Ö; σ∗
x,y Å ¶μ¶¥·¥Î´Ò¥ · §³¥·Ò

¶ÊÎ±μ¢ ¢ ÉμÎ±¥ ¶¥·¥¸¥Î¥´¨Ö (¶·¥¤¶μ² £ ÕÉ¸Ö μ¤¨´ ±μ¢Ò³¨),   φ = σ∗
z tg θ/σ∗

x Å Ê£μ²
�¨¢¨´¸±μ£μ (σ∗

z Å ¶·μ¤μ²Ó´Ò° · §³¥· ¶ÊÎ± ). …¸²¨ Ê£μ² �¨¢¨´¸±μ£μ ¡μ²ÓÏμ°, φ � 1,
Éμ ¶¨±μ¢ Ö ¸¢¥É¨³μ¸ÉÓ

L0 ≈ N1N2

4πσ∗
yσ∗

z tg θ
f0 (5)

´¥ § ¢¨¸¨É μÉ £μ·¨§μ´É ²Ó´μ£μ · §³¥·  ¶ÊÎ±  ¢ ÉμÎ±¥ ¢¸É·¥Î¨.
�·μ¸ÉÊÕ μÍ¥´±Ê ¸±μ·μ¸É¨ ·μ¦¤¥´¨Ö  Éμ³μ¢ ¤¨³Õμ´¨Ö ³μ¦´μ ¶μ²ÊÎ¨ÉÓ, ¢μ¸¶μ²Ó§μ¢ ¢-

Ï¨¸Ó ¶·¥¤¸É ¢²¥´¨¥³ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¢ ¢¨¤¥ ¤¥²ÓÉ -ËÊ´±Í¨¨ (¶μ¸±μ²Ó±Ê Ô´¥·£¨Ö ¸¢Ö§¨
¤¨³Õμ´¨Ö 1,41 ±Ô‚ ³´μ£μ ³¥´ÓÏ¥ · §¡·μ¸  Ô´¥·£¨° ¢ ¶ÊÎ±¥):

σ
(
x′

1,2, y
′
1,2, δ1,2

)
= Γμμσμμδ

(
M(x′

1,2, y
′
1,2, δ1,2) − mμμ

)
, (6)

£¤¥ M Å ¨´¢ ·¨ ´É´ Ö ³ ¸¸  (2),   mμμ, Γμμ = 0,37·10−6 ±Ô‚ ¨ σμμ Å ³ ¸¸ , ²¥¶Éμ´´ Ö
Ï¨·¨´  ¨ ¶¨±μ¢μ¥ ¸¥Î¥´¨¥ (1) ¤¨³Õμ´¨Ö. ‘¢μ· Î¨¢ Ö ¸¥Î¥´¨¥ (6) ¸ ¤¨ËË¥·¥´Í¨ ²Ó´μ°
¸¢¥É¨³μ¸ÉÓÕ, ÊÎ¨ÉÒ¢ ÕÐ¥° Ê£²μ¢μ° ¨ Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸Ò ¢ ¶ÊÎ± Ì, ¶μ²ÊÎ ¥³ ¸±μ-
·μ¸ÉÓ ·μ¦¤¥´¨Ö  Éμ³μ¢ ¤¨³Õμ´¨Ö ¢ ³ ±¸¨³Ê³¥ ¸¥Î¥´¨Ö

Ṅμμ =
L0Γμμσμμ

2
√

πMσM
. (7)
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�·¨ ´¥´Ê²¥¢μ³ Ê£²¥ ¢¸É·¥Î¨ e+ ¨ e− ¶μ²´Ò° ¨³¶Ê²Ó¸ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨¨ ´¥ · ¢¥´
´Ê²Õ, �p = �p+ + �p− 	= 0, É ± ÎÉμ ¤¨³Õμ´¨° ¡Ê¤¥É ¤¢¨£ ÉÓ¸Ö ¶μ ¡¨¸¸¥±É·¨¸¥ ¶·¨ · ¢´ÒÌ
Ô´¥·£¨ÖÌ ¶ÊÎ±μ¢ (·¨¸. 1, ¡). �·¨ ÔÉμ³ ¢·¥³¥´¨ ¦¨§´¨ ¤¨³Õμ´¨Ö ¢ ¶μ±μ¥ τ0μμ = �/Γμμ

¡Ê¤¥É μÉ¢¥Î ÉÓ μÉ²¥É μÉ ÉμÎ±¨ ·μ¦¤¥´¨Ö ´  · ¸¸ÉμÖ´¨¥

l = cτ0μμβμμγμμ = cτ0μμ tg θ =
cη

Γμμ
tg θ. (8)

3. �””…Š’› ‚‘’�…—ˆ

�¸μ¡¥´´μ¸É¨ ÔËË¥±Éμ¢ ¢¸É·¥Î¨ ¸ ´¥´Ê²¥¢Ò³ Ê£²μ³ ¶¥·¥¸¥Î¥´¨Ö ¶ÊÎ±μ¢ · ¸¸³ É·¨¢ -
²¨¸Ó ³´μ£¨³¨  ¢Éμ· ³¨ (¸³., ´ ¶·¨³¥·, [5]). �É³¥Î ²μ¸Ó, ÎÉμ ¶·¨ ¡μ²ÓÏμ³ Ê£²¥ ¶μ¶¥-
·¥Î´Ò¥ ÔËË¥±ÉÒ ¢¸É·¥Î¨ μ¸² ¡²ÖÕÉ¸Ö,   ¶·μ¤μ²Ó´Ò¥ Å  ±Í¥´É¨·ÊÕÉ¸Ö. �μ  ´ ²μ£¨¨ ¸
¶μ¶¥·¥Î´Ò³ ¶ · ³¥É·μ³ ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ³μ¦´μ ¢¢¥¸É¨ ¶·μ¤μ²Ó´Ò° ± ± ¸¤¢¨£
Î ¸ÉμÉÒ ¸¨´Ì·μÉ·μ´´ÒÌ ±μ²¥¡ ´¨° Î ¸É¨ÍÒ ¶μ¤ ¤¥°¸É¢¨¥³ ¶μ²Ö ¢¸É·¥Î´μ£μ ¸£Ê¸É± :

ξz = −Nre

2πγ

σ∗
z0 tg2θ

σδ0

(
σ∗2

x + σ∗2
z tg2θ

)
α

|α| , (9)

£¤¥ σδ0 ¨ σz0 Å μÉ´μ¸¨É¥²Ó´Ò° Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ ¨ ¤²¨´  ®¸¨²Ó´μ£μ¯ ¸£Ê¸É±  (´ 
±μÉμ·Ò° ´ ²¥É ¥É É¥¸Éμ¢ Ö Î ¸É¨Í ); Î¨¸²μ Î ¸É¨Í N , γ, σx, σz μÉ´μ¸¨É¸Ö ± ®¸¨²Ó´μ³Ê¯
¸£Ê¸É±Ê, ³´μ¦¨É¥²Ó α/|α| μ¶·¥¤¥²Ö¥É §´ ± ±μÔËË¨Í¨¥´É  Ê¶²μÉ´¥´¨Ö μ·¡¨ÉÒ. …¸²¨ θ
´¥ μÎ¥´Ó ³ ², Éμ ¶μ¶¥·¥Î´Ò¥ ÔËË¥±ÉÒ μ± §Ò¢ ÕÉ¸Ö ¶μ¤ ¢²¥´´Ò³¨, μ¤´ ±μ ¶·μ¤μ²Ó´Ò¥
Ê¸¨²¨¢ ÕÉ¸Ö, ¨ ¸¤¢¨£ ¸¨´Ì·μÉ·μ´´μ° Î ¸ÉμÉÒ

Δνs = ξz ≈ −Nre

2πγ

1
σδ0σ∗

z

α

|α| , (10)

£¤¥ ¶·¨´ÖÉμ σz0 = σz , ³μ¦¥É ¸É ÉÓ ¸· ¢´¨³Ò³ ¸ ¸¨´Ì·μÉ·μ´´μ° Î ¸ÉμÉμ° νs, É ± ÎÉμ
Î ¸É¨Í  É¥·Ö¥É Ë §μ¢ÊÕ Ê¸Éμ°Î¨¢μ¸ÉÓ. „²Ö ¶μ¤ ¢²¥´¨Ö ¶·μ¤μ²Ó´ÒÌ ÔËË¥±Éμ¢ ¢¸É·¥Î¨
´Ê¦´μ ²¨¡μ Ê¢¥²¨Î¨¢ ÉÓ ´¥¢μ§³ÊÐ¥´´ÊÕ ¸¨´Ì·μÉ·μ´´ÊÕ Î ¸ÉμÉÊ, ²¨¡μ Ê³¥´ÓÏ ÉÓ ¶ · -
³¥É· ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  (10), É ± ÎÉμ¡Ò ¶μ²ÊÎ¨ÉÓ ξz 
 νs/2. �μ¸²¥¤´¥¥ Ê¸²μ¢¨¥
¶·¨¢μ¤¨É ± μ£· ´¨Î¥´¨Õ ¨´É¥´¸¨¢´μ¸É¨ ¸£Ê¸É± , ¤¥°¸É¢ÊÕÐ¥£μ ´  É¥¸Éμ¢ÊÕ Î ¸É¨ÍÊ:

N <
2πRγ

re

ασ2
δ

2
. (11)

4. ‚›	�� ����Œ…’��‚

�´¥·£¨Ö μμ-É·μ´ , Ê£μ² ¶¥·¥¸¥Î¥´¨Ö ¶ÊÎ±μ¢ ¨ · §³¥·Ò ±μ²² °¤¥·  μ¶·¥¤¥²¨²¨¸Ó
¶ÊÉ¥³ ±μ³¶·μ³¨¸¸ . �¥³ ²μ¢ ¦´Ò³ μ¡¸ÉμÖÉ¥²Ó¸É¢μ³ ¸É ²μ ´ ²¨Î¨¥ ¢ ˆŸ” ‘� ���
¨´¦¥±Í¨μ´´μ£μ ±μ³¶²¥±¸  [6] ¸ ¶·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ ∼ (0,5Ä1) · 1010 e+/e−/c ¢ ¤¨ -
¶ §μ´¥ Ô´¥·£¨° Einj ≈ 350Ä450 ŒÔ‚. � ¡¨· Ö ¸É É¨¸É¨±Ê ´  Ô´¥·£¨¨ ¨´¦¥±Í¨¨ (top
up-¨´¦¥±Í¨Ö), ³μ¦´μ μ¡¥¸¶¥Î¨ÉÓ ¸·¥¤´ÕÕ ¸¢¥É¨³μ¸ÉÓ, ¡²¨§±ÊÕ ± ³ ±¸¨³ ²Ó´μ°. �¸´μ¢-
´Ò¥ ¸¶¥Í¨Ë¨± Í¨¨ ±μ²² °¤¥·  ¤²Ö ·μ¦¤¥´¨Ö ¨ ¨§ÊÎ¥´¨Ö ¤¨³Õμ´¨Ö ¢Ò£²Ö¤ÖÉ ¸²¥¤ÊÕÐ¨³
μ¡· §μ³.



658 �μ£μ³Ö£±μ¢ �. ‚. ¨ ¤·.

1) “£μ² ¶¥·¥¸¥Î¥´¨Ö 75◦ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ (μ+μ−) ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±μ¢ Eb =
408 ŒÔ‚ (mμ = 105,7 ŒÔ‚). ˆ§³¥´¥´¨¥ Ê£²  ´  70◦ (¨§³¥´ÖÖ ±μ´Ë¨£Ê· Í¨Õ ³¥¸É 
¢¸É·¥Î¨ ¨²¨ ¨¸¶μ²Ó§ÊÖ ±μ··¥±É¨·ÊÕÐ¨¥ ³ £´¨ÉÒ) ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¶·¨ ÔÉμ° Ô´¥·£¨¨
¨ π+π− (mπ± = 139,6 ŒÔ‚).

2) “£μ² ¢¸É·¥Î¨ 75◦ μ¡¥¸¶¥Î¨¢ ¥É μÉ²¥É 13S1 (μ+μ−) ´  l = 2 ³³ μÉ ÉμÎ±¨ ·μ¦¤¥-
´¨Ö, ÎÉμ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¶μ²´¥ ¤μ¸É ÉμÎ´Ò³ ¤²Ö ·¥£¨¸É· Í¨¨  ´´¨£¨²ÖÍ¨¨  Éμ³  ¢ ¶ ·Ê
e+e−. ‚·¥³Ö ¦¨§´¨ ± ¦¤μ£μ ¸²¥¤ÊÕÐ¥£μ É¥·³  n (  ¸²¥¤μ¢ É¥²Ó´μ, ¤²¨´  ¢Ò²¥É ) · ¸É¥É,
¸μ£² ¸´μ ·¨¸. 1, ± ± n3, μ¤´ ±μ É ± ¦¥ ¶ ¤ ¥É ¨ Î¨¸²μ ·μ¦¤ ÕÐ¨Ì¸Ö ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨
 Éμ³μ¢.

3) „²Ö μ¡¥¸¶¥Î¥´¨Ö ¡μ²ÓÏμ£μ μÉ´μÏ¥´¨Ö ®¸¨£´ ²/Ëμ´¯ ´¥μ¡Ìμ¤¨³ ³ ²Ò° £μ·¨§μ´-
É ²Ó´Ò° · §³¥· ¶ÊÎ±  ¢ ³¥¸É¥ ¢¸É·¥Î¨ σ∗

x 
 cτ0μμ = 0,54 ³³, ¨ ³Ò ¶·¨´¨³ ¥³ σ∗
x �

0,15 ³³.
4) �Ê¦´μ Ê³¥´ÓÏ ÉÓ £μ·¨§μ´É ²Ó´Ò° Ê£²μ¢μ° · §¡·μ¸, ±μÉμ·Ò° ¢´μ¸¨É ¸ÊÐ¥¸É¢¥´´Ò°

¢±² ¤ ¢ · §¡·μ¸ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò. �ÉμÉ ¨ ¶·¥¤Ò¤ÊÐ¨° ¶Ê´±ÉÒ É·¥¡ÊÕÉ ³ ²μ¸É¨
£μ·¨§μ´É ²Ó´μ£μ Ô³¨ÉÉ ´¸ .

5) �·μ¤μ²Ó´Ò¥ ÔËË¥±ÉÒ ¢¸É·¥Î¨ μ£· ´¨Î¨¢ ÕÉ Î¨¸²μ Î ¸É¨Í ¸μ£² ¸´μ (11), ¨ ³Ò
¶·¨´Ö²¨ N0 � 3,5 · 1010 e+/e−. ’ ± ± ± ´¥μ¡Ìμ¤¨³ ³´μ£μ¸£Ê¸É±μ¢Ò° ·¥¦¨³ · ¡μÉÒ,
±μ²² °¤¥· ¤μ²¦¥´ ¨³¥ÉÓ ¤¢  · §¤¥²Ó´ÒÌ ±μ²ÓÍ . ‚ ÉμÎ±¥ ¢¸É·¥Î¨ β∗

y = 2 ³³; ³¥´ÓÏ¨¥
¢¥²¨Î¨´Ò É·¥¡ÊÕÉ ¶·¨³¥´¥´¨Ö ¸¶¥Í¨ ²Ó´ÒÌ ¸Ì¥³ ±μ··¥±Í¨¨ Ì·μ³ É¨§³ , ÎÉμ É·¥¡Ê¥É
¤μ¶μ²´¨É¥²Ó´μ£μ ³¥¸É .

6) …¸²¨ ¶·¥¤Ê¸³μÉ·¥ÉÓ ¢μ§³μ¦´μ¸ÉÓ ¸³¥´Ò ´ ¶· ¢²¥´¨Ö ¨´¦¥±Í¨¨ ¢ μ¤´μ³ ¨§ ±μ²¥Í,
Éμ Ê£μ² ¶¥·¥¸¥Î¥´¨Ö ³μ¦´μ ¸¤¥² ÉÓ μ¸É·Ò³ (15◦), ¨ ¶μÖ¢²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¨¸¸²¥¤μ¢ ÉÓ
¸ ¤μ¸É ÉμÎ´μ ¢Ò¸μ±μ° ¸¢¥É¨³μ¸ÉÓÕ Î ¸É¨ÍÒ μÉ η-³¥§μ´  (mη = 547,8 ŒÔ‚, Eb ≈ 284 ŒÔ‚
¶·¨ θ = 15◦) ¤μ η′-³¥§μ´  (mη′ = 957,7 ŒÔ‚, Eb ≈ 496 ŒÔ‚).

5. Š�‹‹�‰„…�

�·μ¸É Ö ¨ ¸¨³³¥É·¨Î´ Ö ±μ´Ë¨£Ê· Í¨Ö ±μ²² °¤¥·  ¸ ¡μ²ÓÏ¨³ Ê£²μ³ ¶¥·¥¸¥Î¥´¨Ö
¶ÊÎ±μ¢ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤¢  ´ ±μ¶¨É¥²Ó´ÒÌ ±μ²ÓÍ  ¸ ¤¢Ê³Ö ³¥¸É ³¨ ¢¸É·¥Î¨, ± ± ÔÉμ
¸Ì¥³ É¨Î´μ ¨§μ¡· ¦¥´μ ´  ·¨¸. 2, a. Š ¦¤μ¥ ±μ²ÓÍμ ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ¶·Ö³μ²¨´¥°´ÒÌ
¶·μ³¥¦ÊÉ±μ¢ ¨ ¤¢ÊÌ § ³Ò± ÕÐ¨Ì  ·μ± Å ³ ²μ° (¢´ÊÉ·¥´´¥°) ¨ ¡μ²ÓÏμ° (´ ·Ê¦´μ°).
„²¨´  μ·¡¨ÉÒ ± ¦¤μ£μ ´ ±μ¶¨É¥²Ö Å 23 ³.

�  ·¨¸. 2, ¡ ¶μ± § ´  ³ £´¨É´ Ö ¸É·Ê±ÉÊ·  ¨ ¶μ¢¥¤¥´¨¥ μ¶É¨Î¥¸±¨Ì ËÊ´±Í¨° ´ ±μ¶¨-
É¥²Ó´μ£μ ±μ²ÓÍ . ‘É·Ê±ÉÊ·  ³ ²μ° ¶μ¢μ·μÉ´μ°  ·±¨ (IP1ÄIP2) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°  Ì·μ-
³ É¨Î¥¸±¨° ¶μ¢μ·μÉ É¨¶  DBA (Double Bend Achromat). 	¥É É·μ´´Ò¥ ËÊ´±Í¨¨ ¢ ³¥¸É¥
¢¸É·¥Î¨ Å β∗

y = 2 ³³ ¨ β∗
x = 15 ¸³. ‘É·Ê±ÉÊ·  ¡μ²ÓÏμ°  ·±¨ (IP2ÄIP1) Å MBA

(Multi-Bend Achromat) ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ³ ²Ò° · ¤¨ Í¨μ´´Ò° Ô³¨ÉÉ ´¸. �¸´μ¢´Ò¥
¶ · ³¥É·Ò ±μ²² °¤¥·  ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

ŠμÔËË¨Í¨¥´É Ê¶²μÉ´¥´¨Ö μ·¡¨É ¡μ²ÓÏμ°, α = 0,064,   Ê¸²μ¢¨¥ ξz 
 νs/2 Ìμ·μÏμ
¢Ò¶μ²´Ö¥É¸Ö. ‘μ£² ¸´μ (11) ¤μ¶Ê¸É¨³μ¥ ¶μ ¶·μ¤μ²Ó´Ò³ ÔËË¥±É ³ ¢¸É·¥Î¨ Î¨¸²μ Î ¸É¨Í
¢ ¶ÊÎ± Ì Nmax = 1,5 · 1011; ¶μÔÉμ³Ê ¢Ò¡· ´´μ¥ ´ ³¨ N = 3,5 · 1010 ¶·¥¤¸É ¢²Ö¥É¸Ö
μ¡μ¸´μ¢ ´´Ò³. Œ £´¨É´ Ö ¸É·Ê±ÉÊ·  μ¡¥¸¶¥Î¨¢ ¥É · ¤¨ Í¨μ´´Ò° Ô³¨ÉÉ ´¸ εx = 26 ´³;
¢´ÊÉ·¨¸£Ê¸É±μ¢μ¥ · ¸¸¥Ö´¨¥ (IBS) Ê¢¥²¨Î¨¢ ¥É ¥£μ ¢ ≈ 4 · § . „²¨´  ¸£Ê¸É±  Ê¢¥²¨Î¨-
¢ ¥É¸Ö IBS ¸ 5,4 ¤μ 11,6 ³³. ‚·¥³Ö ¦¨§´¨ ¶ÊÎ±  μ¶·¥¤¥²Ö¥É¸Ö ÔËË¥±Éμ³ ’ÊÏ¥±  ¨ ¤²Ö
¶·¨¢¥¤¥´´ÒÌ ¢ É ¡². 1 ¶ · ³¥É·μ¢ ¸μ¸É ¢²Ö¥É μ±μ²μ 1300 ¸.

‚ É ¡². 2 ¶·¨¢¥¤¥´  μÍ¥´±  ¶·μ¨§¢μ¤¨É¥²Ó´μ¸É¨ ±μ²² °¤¥· .
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�¨¸. 2. a) �·¡¨ÉÒ Ô²¥±É·μ´´μ£μ ¨ ¶μ§¨É·μ´´μ£μ ±μ²¥Í; ¡) μ¶É¨Î¥¸±¨¥ ËÊ´±Í¨¨

’ ¡²¨Í  1. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò μμ-É·μ´ 

�´¥·£¨Ö ¶ÊÎ± , ŒÔ‚ 408

—¨¸²μ Î ¸É¨Í/Éμ± ¸£Ê¸É± , ³� 3,5 · 1010/73

�μÉ¥·¨ Ô´¥·£¨¨ §  μ¡μ·μÉ, ±Ô‚ 2,3

‘¨´Ì·μÉ·μ´´ Ö Î ¸ÉμÉ  1,71 · 10−2

‚·¥³Ö § ÉÊÌ ´¨Ö £μ·¨§μ´É ²Ó´μ¥/¢¥·É¨± ²Ó´μ¥/¶·μ¤μ²Ó´μ¥, ³¸ 17,3/27,3/22,1

ƒμ·¨§μ´É ²Ó´Ò° Ô³¨ÉÉ ´¸ (¡¥§/¸ IBS) 26/90

�´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ (¡¥§/¸ IBS), 104 4/8,4

�·μ¤μ²Ó´Ò° · §³¥· (¡¥§/¸ IBS), ³³ 5,4/11,6

� §·¥Ï¥´¨¥ ¨´¢ ·¨ ´É´μ° ³ ¸¸Ò, ±Ô‚ 390

ƒμ·¨§μ´É ²Ó´ Ö/¢¥·É¨± ²Ó´ Ö ¡¥É -ËÊ´±Í¨Ö IP, ³³ 200/2

ƒμ·¨§μ´É ²Ó´Ò°/¢¥·É¨± ²Ó´Ò° ¶ · ³¥É· ¢¸É·¥Î¨ ξx/ξy 2 · 10−6/1,2 · 10−3

�·μ¤μ²Ó´Ò° ¶ · ³¥É· ¢¸É·¥Î¨ ξz −2 · 10−3

‘¢¥É¨³μ¸ÉÓ (20 ¸£Ê¸É±μ¢), ¸³−2 · ¸−1 8 · 1031

’ ¡²¨Í  2. �Í¥´±  ¶·μ¨§¢μ¤¸É¢  ¤¨³Õμ´¨Ö

� · ³¥É·
—¨¸²μ ¸μ¡ÒÉ¨° (μ+μ−)

‡  1 Î ‡  4 ³¥¸

‚¸¥£μ (1S/2S/3S) 65/8/2,4 124000/16000/4600
ΔL > 2 ³³ 19/5/1,6 55000/14000/4500

Š ± Ê¦¥ £μ¢μ·¨²μ¸Ó, ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  408 ŒÔ‚ ¨ Ê£²¥ ¶¥·¥¸¥Î¥´¨Ö 70◦ ¡Ê¤ÊÉ
·μ¦¤ ÉÓ¸Ö ¶ ·Ò π+π−. ˆ§³¥´¥´¨¥ Ê£²  ³ ²μ, ¨ ¶ · ³¥É·Ò ±μ²² °¤¥·  ´¥ ³¥´ÖÕÉ¸Ö.
“£μ² ³μ¦´μ ³¥´ÖÉÓ ´¥¡μ²ÓÏμ° ¶¥·¥¤¥²±μ° ³¥¸É ¢¸É·¥Î¨ ²¨¡μ ¸· §Ê μ¤´μ ³¥¸Éμ ¸ Ê£²μ³
75◦ μÉ¢¥¸É¨ ¶μ¤ Ô±¸¶¥·¨³¥´ÉÒ ¸ μ+μ−,   ¢Éμ·μ¥, ¸ Ê£²μ³ 70◦, ¶μ¤ ¨¸¸²¥¤μ¢ ´¨Ö ¸ π+π−.

‡�Š‹�—…�ˆ…

� ¸¸³μÉ·¥´ ¶·¥¤¢ ·¨É¥²Ó´Ò° ¶·μ¥±É Ô²¥±É·μ´-¶μ§¨É·μ´´μ£μ ±μ²² °¤¥·  ¤²Ö ·μ¦¤¥-
´¨Ö ¨ ¨§ÊÎ¥´¨Ö  Éμ³μ¢ (μ+μ−) ¸ ¢μ§³μ¦´μ¸ÉÓÕ ·¥ ²¨§ Í¨¨ ¨ ¤·Ê£¨Ì ¨¸¸²¥¤μ¢ É¥²Ó¸±¨Ì
¶·μ£· ³³ ¢ μ¡² ¸É¨ Ô´¥·£¨° Ecm ≈ 500−1000 ŒÔ‚ ¸ ¢Ò¸μ±μ° ¸¢¥É¨³μ¸ÉÓÕ. Šμ²² °¤¥·
¤μ¸É ÉμÎ´μ ±μ³¶ ±É¥´ ¨, ¸²¥¤μ¢ É¥²Ó´μ, ´¥¤μ·μ£ ¢ ¶·μ¨§¢μ¤¸É¢¥ ¨ Ô±¸¶²Ê É Í¨¨.
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�·μ¨§¢μ¤¨É¥²Ó´μ¸ÉÓ ±μ²² °¤¥·  ¶μ ¤¨³Õμ´¨Õ ¶μ§¢μ²¨É ´¥ Éμ²Ó±μ § ·¥£¨¸É·¨·μ¢ ÉÓ
ÔÉμÉ, ¥Ð¥ ´¥ μÉ±·ÒÉÒ°, Ô±§μÉ¨Î¥¸±¨°  Éμ³, ´μ ¨ ¶·μ¢¥¸É¨ ¥£μ ¨§ÊÎ¥´¨¥, ´ ¶·¨³¥·, ¢μ§-
¡Ê¦¤ Ö ¶¥·¥Ìμ¤Ò ³¥¦¤Ê Ê·μ¢´Ö³¨ ¸ ¶μ³μÐÓÕ ² §¥·´μ£μ ¨§²ÊÎ¥´¨Ö ¨²¨ ¨μ´¨§ Í¨μ´´Ò³
¸¶μ¸μ¡μ³ ¶·¨ ¶·μ²¥É¥ (μ+μ−) ¸±¢μ§Ó Éμ´±ÊÕ Ëμ²Ó£Ê.

	² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¡² £μ¤ ·´Ò 
. �.�Ê¶±μ¢Ê, �.�. ‚¨´μ±Ê·μ¢Ê, ‘.ˆ. ‘¥·¥¤´Ö-
±μ¢Ê, …. �. ‘μ²μ¤μ¢Ê, …. �.�¥·¥¢¥¤¥´Í¥¢Ê, „. �.˜ É¨²μ¢Ê ¨ ‚.�.Š¨¸¥²¥¢Ê §  ³´μ£μÎ¨-
¸²¥´´Ò¥ ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö ¨ ¸μ¢¥ÉÒ. ˆ¸¸²¥¤μ¢ ´¨¥ ¢Ò¶μ²´¥´μ §  ¸Î¥É £· ´É  �μ¸-
¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤  (¶·μ¥±É º14-50-00080) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê´¨± ²Ó´μ° ´ ÊÎ-
´μ° Ê¸É ´μ¢±¨ ®Šμ³¶²¥±¸ ‚���-4 Ä‚���-2000¯, ¶μ²ÊÎ¨¢Ï¥° Ë¨´ ´¸μ¢ÊÕ ¶μ¤¤¥·¦±Ê
£μ¸Ê¤ ·¸É¢  ¢ ²¨Í¥ Œ¨´μ¡·´ Ê±¨ �μ¸¸¨¨ (Ê´¨± ²Ó´Ò° ¨¤¥´É¨Ë¨± Éμ· ¶·μ¥±É 
RFMEFI61917X0008).
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