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a�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
¡� ÊÎ´μ-¨¸¸²¥¤μ¢ É¥²Ó¸±μ¥ ÊÎ·¥¦¤¥´¨¥ ®ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¶·μ¡²¥³

	¥²μ·Ê¸¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É ¯, Œ¨´¸±

‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¸²¥¤μ¢ ´μ ¢§ ¨³μ¤¥°¸É¢¨¥ ¶μ§¨É·μ´¨Ö ¸ ³ £´¨É´Ò³ ¶μ²¥³. �μ²ÊÎ¥´Ò ¢Ò-
¸μ±μÉμÎ´Ò¥ Ëμ·³Ê²Ò ¤²Ö ¢¥·μÖÉ´μ¸É¥° μ¡´ ·Ê¦¥´¨Ö ¶μ§¨É·μ´¨Ö ¢ μ·Éμ- ¨ ¶ · ¸μ¸ÉμÖ´¨ÖÌ ¢ ³ £-
´¨É´μ³ ¶μ²¥ ¸ ÊÎ¥Éμ³ μÉ²¨Î¨Ö ³ £´¨É´ÒÌ ³μ³¥´Éμ¢ Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´  ¢  Éμ³¥ ¶μ§¨É·μ´¨Ö
μÉ ¨Ì §´ Î¥´¨° ¤²Ö ¸¢μ¡μ¤´ÒÌ Î ¸É¨Í. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶·¨ ¶μ¸É ´μ¢±¥
Ô±¸¶¥·¨³¥´É  ¶μ μ¶·¥¤¥²¥´¨Õ ¢·¥³¥´¨ ¦¨§´¨ ¶ · ¶μ§¨É·μ´¨Ö ¢ ¢ ±ÊÊ³¥ PALM.

In this article the interaction of the positronium with a magnetic ˇeld is investigated. The high-
precision formulae for probabilities of ortho- and parastates of the positronium in the magnetic ˇeld are
calculated with allowance for the difference between the magnetic moments of electron and positron
in positronium and those of free particles. Results of these calculations are used for setting up of the
experiment PALM dedicated to the parapositronium lifetime measurement in vacuum.

PACS: 36.10.Dr

„μ ¸¨Ì ¶μ· ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ¢μ¶·μ¸  ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ§¨É·μ´¨Ö ¸ ³ £´¨É´Ò³ ¶μ²¥³
´¥ ¢μ§´¨± ²  § ¤ Î  ¶μ²ÊÎ¥´¨Ö ÉμÎ´ÒÌ Ëμ·³Ê², μ¶¨¸Ò¢ ÕÐ¨Ì ¶·μÍ¥¸¸ ¨´É¥·Ë¥·¥´Í¨¨
¥£μ μ·Éμ- ¨ ¶ · ¸μ¸ÉμÖ´¨° ¶·¨ ¤¢¨¦¥´¨¨ ¢ ¶μ²¥. „²Ö μ¶¨¸ ´¨Ö ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¸· ¢´¨-
É¥²Ó´μ ¶·μ¸ÉÒ¥ ¶·¨¡²¨¦¥´´Ò¥ Ëμ·³Ê²Ò. �¤´ ±μ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶μ¢Ò¸¨²¸Ö ¨´É¥·¥¸
± Ô±¸¶¥·¨³¥´É ³ ¸ ¶μ§¨É·μ´¨¥³, ¢ Î ¸É´μ¸É¨, ± ¨´É¥·Ë¥·¥´Í¨¨ ¥£μ ¸μ¸ÉμÖ´¨° ¢ ³ £-
´¨É´μ³ ¶μ²¥, ¶μÔÉμ³Ê § ¤ Î  ¢Ò¢μ¤  ÉμÎ´ÒÌ Ëμ·³Ê² ¸É ²   ±ÉÊ ²Ó´μ°. Œ £´¨É´μ¥ ¶μ²¥
¸³¥Ï¨¢ ¥É ¸μ¸ÉμÖ´¨Ö ¶ · ¶μ§¨É·μ´¨Ö ¨ μ·Éμ¶μ§¨É·μ´¨Ö ¸ ´Ê²¥¢μ° ¶·μ¥±Í¨¥° ¸¶¨´  ´ 
´ ¶· ¢²¥´¨¥ ¶μ²Ö.

�·¨¡²¨¦¥´´Ò¥ Ëμ·³Ê²Ò ¤²Ö ¢¥·μÖÉ´μ¸É¥° μ¡´ ·Ê¦¥´¨Ö ¶μ§¨É·μ´¨Ö ¢ μ·Éμ- ¨ ¶ · -
¸μ¸ÉμÖ´¨ÖÌ ¶·¨ ¤¢¨¦¥´¨¨ ¢ ³ £´¨É´μ³ ¶μ²¥ ¢Ò¢μ¤¨²¨¸Ó ¢ ¶·¨¡²¨¦¥´¨¨

Γ1, Γ2 � ω0, (1)

£¤¥ Γ1,2 Å ¶μ¸ÉμÖ´´Ò¥ · ¸¶ ¤  μ·Éμ- ¨ ¶ · ¶μ§¨É·μ´¨Ö ¢ ¸¢μ¡μ¤´μ³ ¸μ¸ÉμÖ´¨¨ ¸μμÉ-
¢¥É¸É¢¥´´μ; ω0 = ΔεHFS/� = 1, 28 · 1012 c−1 Å Î ¸ÉμÉ , Ì · ±É¥·¨§ÊÕÐ Ö ¸¢¥·ÌÉμ´±μ¥
· ¸Ð¥¶²¥´¨¥ ΔεHFS μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¶μ§¨É·μ´¨Ö. ‚ ¶·¨¡²¨¦¥´¨¨ (1) ¶μ¸ÉμÖ´´Ò¥
· ¸¶ ¤  ¢ μ¤´μ·μ¤´μ³ ³ £´¨É´μ³ ¶μ²¥ B0 ¨³¥ÕÉ ¢¨¤ [1, 2]:

Γ∗
1 =

1
2

(Γ1 + Γ2) −
1

2
√

1 + x2
(Γ2 − Γ1) =

Γ1 + Γ2y
2

1 + y2
,

Γ∗
2 =

1
2

(Γ1 + Γ2) +
1

2
√

1 + x2
(Γ2 − Γ1) =

Γ1y
2 + Γ2

1 + y2
,

y =
x√

1 + x2 + 1
, x =

B0

BΔ
, BΔ =

ΔεHFS

4μ
≈ 3,62 T²,

(2)
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£¤¥ μ Å ³ £´¨É´Ò° ³μ³¥´É Ô²¥±É·μ´  (¶μ§¨É·μ´ ),   ¢¥·μÖÉ´μ¸ÉÓ μ¡´ ·Ê¦¥´¨Ö  Éμ³ 
¶μ§¨É·μ´¨Ö ¢ μ·Éμ¸μ¸ÉμÖ´¨¨ ´  ¢ÒÌμ¤¥ ¨§ μ¡² ¸É¨ ¸ ¶μ²¥³ § ¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³ [3]

w1(B0) =
2
3

exp (−Γ1τ ) +
1

3(1 + y2)
[
exp (−Γ∗

1τ) + y2 exp (−Γ∗
2τ)

]
, (3)

£¤¥ τ = L/γv; L Å ¤²¨´  μ¡² ¸É¨ ¸ μ¤´μ·μ¤´Ò³ ³ £´¨É´Ò³ ¶μ²¥³; v Å ¸±μ·μ¸ÉÓ  Éμ³ 
¶μ§¨É·μ´¨Ö; γ Å ²μ·¥´Í-Ë ±Éμ·.

Œμ¦´μ ¶μ± § ÉÓ [4], ÎÉμ ËÊ´±Í¨Ö (3) ¤²Ö § ¤ ´´μ£μ τ ¢ μ¶·¥¤¥²¥´´μ³ ¨´É¥·¢ ²¥
§´ Î¥´¨° ³ £´¨É´μ£μ ¶μ²Ö ¨§ ¢¸¥Ì ¢Ìμ¤ÖÐ¨Ì ¢ ´¥¥ ±μ´¸É ´É ´ ¨¡μ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´  ±
¶μ¸ÉμÖ´´μ° · ¸¶ ¤  ¶ · ¶μ§¨É·μ´¨Ö. �ÉμÉ Ë ±É ²¥£ ¢ μ¸´μ¢Ê ¶·μ¥±É  Ô±¸¶¥·¨³¥´É 
PALM (PArapositronium Lifetime Measurement Å ¨§³¥·¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ¶ · ¶μ§¨-
É·μ´¨Ö ¢ ¢ ±ÊÊ³¥) [4] ´  Ê¸É ´μ¢±¥ LEPTA [5] ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³.
‚.�. „¦¥²¥¶μ¢  �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ .

‘μ£² ¸´μ ¨¤¥¥ Ô±¸¶¥·¨³¥´É , ¶ÊÎμ± ¶μ§¨É·μ´¨Ö ¢ ¢ ±ÊÊ³¥ ¸ Ô´¥·£¨¥° Eps = 20 ±Ô‚
(¶μ 10 ±Ô‚ ´  Î ¸É¨ÍÊ Å Ô²¥±É·μ´ ¨ ¶μ§¨É·μ´) ¢ μ·Éμ¸μ¸ÉμÖ´¨¨ ¢Ìμ¤¨É ¢ ¸μ²¥´μ¨¤ ¸
¶μ¸ÉμÖ´´Ò³ ¶·μ¤μ²Ó´Ò³ ³ £´¨É´Ò³ ¶μ²¥³ B0 (μÉ³¥É¨³, ÎÉμ ´ ¶· ¢²¥´¨¥ ¶μ²Ö ¢Ò¡· ´μ
¶ · ²²¥²Ó´Ò³ ´ ¶· ¢²¥´¨Õ ¸·¥¤´¥° ¸±μ·μ¸É¨ ¶ÊÎ±  ¶μ§¨É·μ´¨Ö ¢μ ¨§¡¥¦ ´¨¥ ¢²¨Ö´¨Ö
ÔËË¥±É  ˜É ·± ). �·μ°¤Ö Î¥·¥§ ¸μ²¥´μ¨¤, ¶ÊÎμ± ²¥É¨É ¢ ¸¢μ¡μ¤´μ³ μÉ ¶μ²¥° ¶·μ³¥-
¦ÊÉ±¥, ¤μ¸É ÉμÎ´μ ¤²¨´´μ³ ¤²Ö · ¸¶ ¤  ¢¸¥£μ μ¡· §μ¢ ´´μ£μ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ ³ £-
´¨É´Ò³ ¶μ²¥³ ¶ · ¶μ§¨É·μ´¨Ö (¤²¨´  · ¸¶ ¤  ¢ ¢ ±ÊÊ³¥ ¶·¨ ¤ ´´μ° Ô´¥·£¨¨ ∼ 7 ³³),
¨ ¢ μ·Éμ¸μ¸ÉμÖ´¨¨ ·¥£¨¸É·¨·Ê¥É¸Ö ¤¥É¥±Éμ·μ³. ’ ± Ö ¶·μÍ¥¤Ê·  ¶·μ¢μ¤¨É¸Ö ¶μ¸²¥¤μ¢ -
É¥²Ó´μ ¸ ¢±²ÕÎ¥´´Ò³ ¨ ¢Ò±²ÕÎ¥´´Ò³ ³ £´¨É´Ò³ ¶μ²¥³, É ± ÎÉμ Ë ±É¨Î¥¸±¨ ¨§³¥·Ö¥É¸Ö
ËÊ´±Í¨Ö (3), ´μ·³¨·μ¢ ´´ Ö ´  ¥¥ §´ Î¥´¨¥ ¶·¨ B0 = 0. �·¨ · §· ¡μÉ±¥ Ô±¸¶¥·¨³¥´É 
¢ÒÖ¸´¨²μ¸Ó, ÎÉμ ¤²Ö ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ¶ · ¶μ§¨É·μ´¨Ö ¸ μÉ´μ¸¨É¥²Ó´μ° ÉμÎ-
´μ¸ÉÓÕ 10−4, ÎÉμ ¢¤¢μ¥ ²ÊÎÏ¥ ¨³¥ÕÐ¥£μ¸Ö ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö §´ Î¥´¨Ö, ´¥μ¡Ìμ¤¨³μ
¨§³¥·¨ÉÓ ¢¥·μÖÉ´μ¸ÉÓ (3) ¸ ÉμÎ´μ¸ÉÓÕ 10−5. �Î¥¢¨¤´μ, ¨¸¶μ²Ó§μ¢ ÉÓ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¶·¨-
¡²¨¦¥´´ÊÕ Ëμ·³Ê²Ê (3) ´¥²Ó§Ö, ¨ É·¥¡Ê¥É¸Ö ¡μ²¥¥ ÉμÎ´μ¥ ·¥Ï¥´¨¥ § ¤ Î¨ ¢§ ¨³μ¤¥°¸É¢¨Ö
¶μ§¨É·μ´¨Ö ¸ ³ £´¨É´Ò³ ¶μ²¥³.

�ËË¥±É ¸³¥Ï¨¢ ´¨Ö ¶ · - ¨ μ·Éμ¸μ¸ÉμÖ´¨° ¢ ³ £´¨É´μ³ ¶μ²¥ B0, μ¶·¥¤¥²ÖÕÐ¨°
¤¨´ ³¨±Ê · ¸¶ ¤  ¶μ§¨É·μ´¨Ö1, Ì · ±É¥·¨§Ê¥É¸Ö ³ É·¨Î´Ò³ Ô²¥³¥´Éμ³

〈10|Hint|00〉 = 〈00|Hint|10〉 = E = 2μB0, (4)

£¤¥ Hint = μ(σ− − σ+)B0 Å £ ³¨²ÓÉμ´¨ ´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ§¨É·μ´¨Ö ¸ ³ £´¨É´Ò³
¶μ²¥³; σ− ¨ σ+ Å ³ É·¨ÍÒ � Ê²¨ ¤²Ö Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´ ; μ Å ³ £´¨É´Ò¥ ³μ-
³¥´ÉÒ Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´  ¸ ÊÎ¥Éμ³ ¶μ¶· ¢μ± ´  ¨Ì ¢§ ¨³μ¤¥°¸É¢¨¥ ¢ ¶μ§¨É·μ´¨¨ ¨
¤¢¨¦¥´¨¥ Í¥´É·  ³ ¸¸ ¶μ§¨É·μ´¨Ö (¸³. ´¨¦¥). �¸´μ¢´Ò¥ Ê· ¢´¥´¨Ö, Ì · ±É¥·¨§ÊÕÐ¨¥
¤¨´ ³¨±Ê  ´´¨£¨²ÖÍ¨¨ ¶μ§¨É·μ´¨Ö ¸ ÊÎ¥Éμ³ ¢¸¥Ì ¢²¨ÖÕÐ¨Ì ´  ´¥¥ Ë ±Éμ·μ¢, ¡Ò²¨ ¶μ-
²ÊÎ¥´Ò ¢ · ¡μÉ¥ [3]. �¤´ ±μ ÉμÎ´μ¥ ·¥Ï¥´¨¥ ÔÉ¨Ì Ê· ¢´¥´¨° ¢ ÔÉμ° · ¡μÉ¥ ¶μ²ÊÎ¥´μ
´¥ ¡Ò²μ. ’μÎ´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö ¶μ¸ÉμÖ´´ÒÌ · ¸¶ ¤  ±¢ §¨-μ·Éμ¶μ§¨É·μ´¨Ö ¨ ±¢ §¨-

1‚ ²¨É¥· ÉÊ·¥ ¶·μÍ¥¸¸  ´´¨£¨²ÖÍ¨¨ ¶μ§¨É·μ´¨Ö Î ¸Éμ ´ §Ò¢ ÕÉ ¥£μ ®· ¸¶ ¤μ³¯.
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¶ · ¶μ§¨É·μ´¨Ö ´ °¤¥´Ò ¢ · ¡μÉ¥ [6]:

Γ∗
1 =

1
2

(Γ1 + Γ2) −
B

�
, Γ∗

2 =
1
2

(Γ1 + Γ2) +
B

�
,

B =

√√√√√
a2 + �4ω2

0 (Γ2 − Γ1)
2 − a

2
, a = �

2

[
ω2

0 − (Γ2 − Γ1)
2

4

]
+ 4E2.

(5)

”μ·³Ê²Ò (5) ¸μ¢¶ ¤ ÕÉ ¸ ·¥§Ê²ÓÉ Éμ³, ´ °¤¥´´Ò³ ¢ [7] ¸ ¶μ³μÐÓÕ ³ É·¨ÍÒ ¶²μÉ´μ¸É¨.
�·¨ ÔÉμ³ ´¨ ¢ μ¤´μ° ¨§ · ¡μÉ ´¥ ·¥Ï ² ¸Ó § ¤ Î  μ ¢¥·μÖÉ´μ¸É¨ ´ Ìμ¦¤¥´¨Ö  Éμ³  ¢
μ·Éμ- ¨ ¶ · ¸μ¸ÉμÖ´¨¨.

‘¨¸É¥³  Ê· ¢´¥´¨°, μ¶·¥¤¥²ÖÕÐ¨Ì Ô¢μ²ÕÍ¨Õ  ³¶²¨ÉÊ¤ ¢μ²´μ¢ÒÌ ËÊ´±Í¨° ¶μ§¨É·μ-
´¨Ö (C1,2 ¤²Ö μ·Éμ- ¨ ¶ · ¶μ§¨É·μ´¨Ö ¸μμÉ¢¥É¸É¢¥´´μ), ¨³¥¥É ¢¨¤

i�
dC1

dt
= H11C1 + EC2,

i�
dC2

dt
= EC1 + H22C2,

(6)

£¤¥

H11 = E0 +
�

2
(ω0 − iΓ1) , H22 = E0 −

�

2
(ω0 − iΓ2) , E = 2μ B0, (7)

  E0 Å Ô´¥·£¨Ö μ¸´μ¢´μ£μ ¸μ¸ÉμÖ´¨Ö ¶μ§¨É·μ´¨Ö ¡¥§ ÊÎ¥É  ¸¢¥·ÌÉμ´±μ£μ · ¸Ð¥¶²¥´¨Ö.
‚ ·¥§Ê²ÓÉ É¥ · ¸Î¥Éμ¢, ¢Ò¶μ²´¥´´ÒÌ ¸ ¶μ³μÐÓÕ ¶μ¤Ìμ¤ ,  ´ ²μ£¨Î´μ£μ ¨¸¶μ²Ó§μ¢ ´´μ³Ê
¢ · ¡μÉ¥ [6], ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ´ °¤¥´μ ÉμÎ´μ¥ ·¥Ï¥´¨¥ ¸¨¸É¥³Ò (6):

C1(t) =
1

2(A + iB)

{[(
�

(
ω0 + i

Γ2 − Γ1

2

)
+ A + iB

)
C1(0) + 2EC2(0)

]
exp

(
− i

�
E1t

)
+

+
[(

A + iB − �

(
ω0 + i

Γ2 − Γ1

2

))
C1(0) − 2EC2(0)

]
exp

(
− i

�
E2t

)}
,

C2(t) =
1

2(A + iB)

{[
2EC1(0) +

(
A + iB − �

(
ω0 + i

Γ2 − Γ1

2

))
C2(0)

]
exp

(
− i

�
E1t

)
+

+
[
−2EC1(0) +

(
�

(
ω0 + i

Γ2 − Γ1

2

)
+ A + iB

)
C2(0)

]
exp

(
− i

�
E2t

)}
. (8)

‡¤¥¸Ó C1(0), C2(0) Å §´ Î¥´¨Ö  ³¶²¨ÉÊ¤ C1,2(t) ¶·¨ t = 0,

A =

√√√√√
a2 + �4ω2

0 (Γ2 − Γ1)
2 + a

2
, (9)

±μ´¸É ´ÉÒ a ¨ B μ¶·¥¤¥²¥´Ò ¢ (5), E1,2 Å ´¥¨§¢¥¸É´Ò¥ ¢¥²¨Î¨´Ò, §´ Î¥´¨Ö ±μÉμ·ÒÌ
´ Ìμ¤¨³ ¶μ¤¸É ´μ¢±μ° ·¥Ï¥´¨Ö (8) ¢ Ê· ¢´¥´¨¥ (6), ÎÉμ ¤ ¥É

E1 =
H11 + H22

2
+

√
(H11 − H22)2

4
+ E2 = E0 − i

�

4
(Γ1 + Γ2) +

1
2

(A + iB) ,

E2 =
H11 + H22

2
−

√
(H11 − H22)2

4
+ E2 = E0 − i

�

4
(Γ1 + Γ2) −

1
2

(A + iB) .

(10)
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„¥°¸É¢¨É¥²Ó´Ò¥ Î ¸É¨ E1, E2 μ¶·¥¤¥²ÖÕÉ §´ Î¥´¨Ö Ô´¥·£¨° μ·Éμ- ¨ ¶ · ¸μ¸ÉμÖ´¨° ¶μ-
§¨É·μ´¨Ö ¢ ³ £´¨É´μ³ ¶μ²¥,   ³´¨³Ò¥ Î ¸É¨ Å ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¶μ¸ÉμÖ´´Ò¥ · ¸¶ ¤ .

‚ ¶· ±É¨Î¥¸±¨ ¢ ¦´μ³ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢¨Ö ¶ · ¶μ§¨É·μ´¨Ö ¢ ´ Î ²Ó´Ò° ³μ³¥´É ¢·¥-
³¥´¨ (´ ¶·¨³¥·, ¢ÒÏ¥Ê¶μ³Ö´ÊÉÒ° Ô±¸¶¥·¨³¥´É PALM)  ³¶²¨ÉÊ¤Ò ¨³¥ÕÉ §´ Î¥´¨Ö
C1(0) = 1, C2(0) = 0. �·¨ ÔÉμ³ ±¢ ¤· ÉÒ ³μ¤Ê²¥°  ³¶²¨ÉÊ¤, Ì · ±É¥·¨§ÊÕÐ¨Ì ¢¥·μ-
ÖÉ´μ¸É¨ ´ Ìμ¦¤¥´¨Ö ¶μ§¨É·μ´¨Ö ¢ μ·Éμ- ¨ ¶ · ¸μ¸ÉμÖ´¨ÖÌ, μ¶¨¸Ò¢ ÕÉ¸Ö ¢Ò· ¦¥´¨Ö³¨

F (B0, t) = |C1 (t)|2 =
1

4Ω2

{
B2

1 exp (−Γ∗
1t) + B2

2 exp (−Γ∗
2t)+

+2B1B2 exp
(
−Γ∗

1 + Γ∗
2

2
t

)
cos [(ω1 − ω2) t − (φ1 − φ2)]

}
,

G (B0, t) = |C2 (t)|2 =
E2

Ω2

{
exp (−Γ∗

1t) + exp (−Γ∗
2t)−

−2 exp
(
−Γ∗

1 + Γ∗
2

2
t

)
cos [(ω1 − ω2) t]

}
, (11)

£¤¥

B1,2 =

√
(A ± �ω0)

2 +
(

B ± �
Γ2 − Γ1

2

)2

, φ1,2 = arctg
2B ± � (Γ2 − Γ1)

2 (A ± �ω0)
,

ω1,2 =
E0 ± A/2

�
, Ω =

√
A2 + B2,

(12)

  Γ∗
1,2 μ¶·¥¤¥²ÖÕÉ¸Ö Ëμ·³Ê²μ° (5).
Š ± ¨§¢¥¸É´μ, ¢ ³ £´¨É´μ³ ¶μ²¥ ¶ · ¸μ¸ÉμÖ´¨¥ ¸³¥Ï¨¢ ¥É¸Ö Éμ²Ó±μ ¸ μ·Éμ¸μ¸ÉμÖ´¨¥³,

¨³¥ÕÐ¨³ ´Ê²¥¢ÊÕ ¶·μ¥±Í¨Õ ¸¶¨´  ´  ´ ¶· ¢²¥´¨¥ ¶μ²Ö (m = 0). �·¥¤¶μ² £ Ö, ÎÉμ
´  ¢Ìμ¤¥ ¢ μ¡² ¸ÉÓ ¸ μ¤´μ·μ¤´Ò³ ³ £´¨É´Ò³ ¶μ²¥³ ¸μ¸ÉμÖ´¨Ö  Éμ³μ¢ μ·Éμ¶μ§¨É·μ´¨Ö
¸ m = 0,±1 · ¢´μ¢¥·μÖÉ´Ò, É. ¥. ¸μ¸É ¢²ÖÕÉ ¶μ 1/3 ¸μμÉ¢¥É¸É¢¥´´μ, ¶μ²ÊÎ ¥³ Ëμ·³Ê²Ò
¢¥·μÖÉ´μ¸É¨ μ¡´ ·Ê¦¥´¨Ö  Éμ³  ¢ μ·Éμ- ¨ ¶ · ¸μ¸ÉμÖ´¨¨ ´  ¢ÒÌμ¤¥ μ¡² ¸É¨ ¸ ³ £´¨É´Ò³
¶μ²¥³:

w1 (B0, τ) =
2
3

exp (−Γ1τ ) +
1
3
F (B0, τ ) , w2 (B0, τ ) =

1
3
G (B0, τ) , τ =

L

γv
. (13)

�É³¥É¨³, ÎÉμ μÉ²¨Î¨¥ ³ £´¨É´ÒÌ ³μ³¥´Éμ¢ Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´  ¢  Éμ³¥ ¶μ§¨É·μ-
´¨Ö μÉ ³ £´¨É´ÒÌ ³μ³¥´Éμ¢ ¸¢μ¡μ¤´ÒÌ Î ¸É¨Í ¢²¨Ö¥É ´  Ì · ±É¥· ¸³¥Ï¨¢ ´¨Ö μ·Éμ- ¨
¶ · ¸μ¸ÉμÖ´¨° ¶μ§¨É·μ´¨Ö ¢ ³ £´¨É´μ³ ¶μ²¥. ‚ ¶μ§¨É·μ´¨¨ ¢¥²¨Î¨´  ³ £´¨É´μ£μ ³μ-
³¥´É  Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´  μ, ¢Ìμ¤ÖÐ Ö ¢ Ëμ·³Ê²Ê (3), μ¶·¥¤¥²Ö¥É¸Ö ¤¢Ê³Ö Ë ±Éμ· ³¨:
¢§ ¨³μ¤¥°¸É¢¨¥³ Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´  ¢  Éμ³¥ ¶μ§¨É·μ´¨Ö ¨ ¤¢¨¦¥´¨¥³  Éμ³  ¶μ-
§¨É·μ´¨Ö ± ± Í¥²μ£μ ¢ ³ £´¨É´μ³ ¶μ²¥. �Éμ° ¶·μ¡²¥³¥ Ê¤¥²Ö²μ¸Ó ¸¥·Ó¥§´μ¥ ¢´¨³ ´¨¥
(¸³. [8Ä10] ¨ Í¨É¨·μ¢ ´´ÊÕ É ³ ²¨É¥· ÉÊ·Ê).

„²Ö ¶μ§¨É·μ´¨Ö ´¨§±¨Ì Ô´¥·£¨° (∼ 20 ±Ô‚) ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¢²¨Ö´¨¥ ¤¢¨¦¥´¨Ö
 Éμ³μ¢ ¶μ§¨É·μ´¨Ö ´  ¢¥²¨Î¨´Ê μ, É. ¥. ¢¢μ¤¨ÉÓ ·¥²ÖÉ¨¢¨¸É¸±¨¥ ¶μ¶· ¢±¨. �·μ¤¥² ´´Ò°
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 ´ ²¨§ ¶μ± §Ò¢ ¥É, ÎÉμ ¤²Ö ¶μ§¨É·μ´¨Ö ¢ μ¸´μ¢´μ³ ¸μ¸ÉμÖ´¨¨ §´ Î¥´¨¥ μ μ¶¨¸Ò¢ ¥É¸Ö
Ëμ·³Ê²μ° [8Ä10]:

μ = μ0

(
ge

2γ
− 5α2

24
− α2

24
ae

)
, ae =

ge − 2
2

≈ α

2π
, μ0 =

e

2me
, (14)

£¤¥ ge Å g-Ë ±Éμ· ¸¢μ¡μ¤´μ£μ Ô²¥±É·μ´  (¶μ§¨É·μ´ ). ”μ·³Ê²  (14) ´¥ ÊÎ¨ÉÒ¢ ¥É
 ) ¢²¨Ö´¨¥ ¤¢¨¦¥´¨Ö  Éμ³  ¶μ§¨É·μ´¨Ö ± ± Í¥²μ£μ ´  ¢¥²¨Î¨´Ê ¶μ¶· ¢μ±, ¶·μ¶μ·Í¨-

μ´ ²Ó´ÒÌ α2;
¡) · §´¨ÍÊ ³¥¦¤Ê ³ ¸¸μ°  Éμ³  ¶μ§¨É·μ´¨Ö ¨ ¸Ê³³μ° ³ ¸¸ Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´ .
�μ¶· ¢±¨, ¢´μ¸¨³Ò¥ ± ¦¤Ò³ ¨§ ÔÉ¨Ì Ë ±Éμ·μ¢, ¨³¥ÕÉ ¶·¨ Eps = 20 ±Ô‚ ¶μ·Ö¤μ±

¢¥²¨Î¨´Ò α2Eps/me ∼ 10−6, ÎÉμ ¨ Ì · ±É¥·¨§Ê¥É ÉμÎ´μ¸ÉÓ Ëμ·³Ê²Ò (14). ‘μμÉ¢¥É¸É¢Ê-
ÕÐ Ö μÉ´μ¸¨É¥²Ó´ Ö ¶μ¶· ¢±  ± Ëμ·³Ê²¥ (13) ¤²Ö μ·Éμ¸μ¸ÉμÖ´¨Ö ¶μ·Ö¤±  10−7, ¨ ÔÉμ°
¶μ¶· ¢±μ° ³μ¦´μ ¶·¥´¥¡·¥ÎÓ.

�¶¨¸ ´´Ò¥ ÔËË¥±ÉÒ ¸μ§¤ ÕÉ É¥μ·¥É¨Î¥¸±ÊÕ μ¸´μ¢Ê ¤²Ö ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É 
PALM ¶μ ¨§³¥·¥´¨Õ ¢·¥³¥´¨ ¦¨§´¨ ¶ · ¶μ§¨É·μ´¨Ö ´  Ê¸É ´μ¢±¥ LEPTA ¸ μÉ´μ¸¨É¥²Ó-
´μ° ÉμÎ´μ¸ÉÓÕ 1·10−4, ÎÉμ ¢¤¢μ¥ ¶·¥¢ÒÏ ¥É ¤μ¸É¨£´ÊÉÒ° ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö [11] Ê·μ¢¥´Ó
ÉμÎ´μ¸É¨. �±¸¶¥·¨³¥´É ¡Ê¤¥É μ¸ÊÐ¥¸É¢²¥´ ¢ ¶·¨´Í¨¶¨ ²Ó´μ ´μ¢μ° ¶μ¸É ´μ¢±¥ Å ¸ ´ -
¶· ¢²¥´´Ò³ ¶ÊÎ±μ³  Éμ³μ¢ ¶μ§¨É·μ´¨Ö. ’ ±μ° ¶ÊÎμ± ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¨ ¤²Ö ¤·Ê£¨Ì
Í¥²¥°, ´ ¶·¨³¥·, ¤²Ö ¶μ¨¸±  §¥·± ²Ó´μ° ³ É¥·¨¨ (¸³. [12] ¨ Í¨É¨·μ¢ ´´ÊÕ É ³ ²¨É¥-
· ÉÊ·Ê). ‚Ò¢¥¤¥´´Ò¥ Ëμ·³Ê²Ò ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö ²Õ¡ÒÌ Ô±¸¶¥·¨³¥´Éμ¢, ¢
±μÉμ·ÒÌ ¶μ§¨É·μ´¨° ´ Ìμ¤¨É¸Ö ¢ ³ £´¨É´μ³ ¶μ²¥.

ˆ§³¥·Ö¥³μ¥ §´ Î¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ μ·Éμ¶μ§¨É·μ´¨Ö ÎÊ¢¸É¢¨É¥²Ó´μ ± ·¥²ÖÉ¨¢¨¸É-
¸±μ° ¶μ¶· ¢±¥ ± ¤¨· ±μ¢¸±μ³Ê ³ £´¨É´μ³Ê ³μ³¥´ÉÊ Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´ . �¤´ ±μ ÎÊ¢-
¸É¢¨É¥²Ó´μ¸ÉÓ Ô±¸¶¥·¨³¥´É  PALM ´¥ ¶μ§¢μ²Ö¥É ¨§³¥·¨ÉÓ ¶μ¶· ¢±Ê ´  ¢§ ¨³μ¤¥°¸É¢¨¥
Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´  ¢  Éμ³¥ ¶μ§¨É·μ´¨Ö. �É  ¶μ¶· ¢±  Ì · ±É¥·¨§Ê¥É¸Ö ¢Éμ·Ò³ ¨ É·¥-
ÉÓ¨³ ¸² £ ¥³Ò³¨ ¢ Ëμ·³Ê²¥ ¤²Ö μ ¢ (14). ˆÌ ¸Ê³³  ¶·¨¡²¨§¨É¥²Ó´μ · ¢´  −1,1 · 10−5.

’ ±¨³ μ¡· §μ³, ¶μ²ÊÎ¥´Ò Ëμ·³Ê²Ò, ±μÉμ·Ò¥ μ¶¨¸Ò¢ ÕÉ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ, ¶μ-
·Ö¤±  10−6−10−7, ¨´É¥·Ë¥·¥´Í¨Õ ¸μ¸ÉμÖ´¨° ¶μ§¨É·μ´¨Ö ¢ ³ £´¨É´μ³ ¶μ²¥. �¥§Ê²ÓÉ ÉÒ
¤ ´´μ° · ¡μÉÒ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶·¨ ¶μ¸É ´μ¢±¥ Ô±¸¶¥·¨³¥´É  PALM ¶μ μ¶·¥¤¥²¥´¨Õ ¢·¥-
³¥´¨ ¦¨§´¨ ¶ · ¶μ§¨É·μ´¨Ö.
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