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

�μ²ÊÎ¥´μ ¢Ò· ¦¥´¨¥ ¤²Ö  ³¶²¨ÉÊ¤Ò μ¡· §μ¢ ´¨Ö ²¥¶Éμ´´ÒÌ ¶ · ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ
¢ É¥·³¨´ Ì  ³¶²¨ÉÊ¤ ²¥¶Éμ´-Ö¤¥·´μ£μ · ¸¸¥Ö´¨Ö. ˆ§ ´¥£μ ¢Ò¢¥¤¥´μ ¶·¨¡²¨¦¥´´μ¥ ±μ³¶ ±É´μ¥
¢Ò· ¦¥´¨¥ ¤²Ö ÔÉμ°  ³¶²¨ÉÊ¤Ò, ¸¶· ¢¥¤²¨¢μ¥ ¸ ÉμÎ´μ¸ÉÓÕ ¤μ ¸² £ ¥³ÒÌ ¶μ·Ö¤±  (Zα)5.

An expression for the amplitude of lepton pair production in the nucleusÄnucleus collisions in terms
of the amplitudes of leptonÄnuclear scattering is obtained. From it the approximate compact expression
for this amplitude valid with accuracy up to terms of order (Zα)5 is derived.

‚‚…„…�ˆ…

�·μÍ¥¸¸

Z1 + Z2 → Z1 + Z2 + e+ + e− (1)

¢´μ¸¨É ¤μ³¨´¨·ÊÕÐ¨° ¢±² ¤ ¢ ¶μ²´μ¥ ¸¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ÉÖ¦¥²ÒÌ Ö¤¥· ¶·¨ ¢Ò¸μ-
±¨Ì Ô´¥·£¨ÖÌ, Î¥³, ¢ Î ¸É´μ¸É¨, ¨ μ¶·¥¤¥²Ö¥É¸Ö ¢ ¦´μ¸ÉÓ ¥£μ  ´ ²¨§  ¢´¥ · ³μ± ¡μ·´μ¢-
¸±μ£μ ¶·¨¡²¨¦¥´¨Ö. �  ·¥Ï¥´¨¥ ÔÉμ° § ¤ Î¨ ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¡Ò²¨ ´ ¶· ¢²¥´Ò Ê¸¨²¨Ö
´¥¸±μ²Ó±¨Ì £·Ê¶¶  ¢Éμ·μ¢ [1Ä14].

�·¥¤¸É ¢²Ö¢Ï Ö¸Ö ¶μ´ Î ²Ê ´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´μ° ¨¤¥Ö ¶μ²´μ¸ÉÓÕ ´¥¶¥·ÉÊ·¡ É¨¢-
´μ£μ ·¥Ï¥´¨Ö ¶·μ¡²¥³Ò ¶ÊÉ¥³ ¢Ò¢μ¤  ¢Ò· ¦¥´¨Ö ¤²Ö  ³¶²¨ÉÊ¤Ò ¶·μÍ¥¸¸  (1) ¨§ ·¥Ï¥´¨Ö
Ê· ¢´¥´¨Ö „¨· ±  ¢ ¸Ê³³ ·´μ³ Ô²¥±É·μ³ £´¨É´μ³ ¶μ²¥ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¨μ´μ¢ [1Ä4], ±
¸μ¦ ²¥´¨Õ, μ± § ² ¸Ó É¥Ì´¨Î¥¸±¨ ´¥·¥ ²¨§Ê¥³μ° [10]. �Éμ ¶μ¡Ê¤¨²μ  ¢Éμ·μ¢ [12Ä14] ±
¸¨¸É¥³ É¨Î¥¸±μ³Ê ¨¸¸²¥¤μ¢ ´¨Õ ¸É·Ê±ÉÊ·Ò ¶μ¶· ¢μ± ± ·¥§Ê²ÓÉ ÉÊ ¡μ·´μ¢¸±μ£μ ¶·¨¡²¨-
¦¥´¨Ö ¢ · ³± Ì Š�„-É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°.

‚ · ¡μÉ Ì [12Ä14] ¶μ²ÊÎ¥´μ ´¥³ ²μ ¨´É¥·¥¸´ÒÌ ¨ ¢ ¦´ÒÌ ·¥§Ê²ÓÉ Éμ¢, μ¤´ ±μ μ´¨
¤μ¸É ÉμÎ´μ · §·μ§´¥´´Ò,   ³´μ£¨¥ ¨§ ´¨Ì ´Ê¦¤ ÕÉ¸Ö ¢ ¸ÊÐ¥¸É¢¥´´μ° ¤μ· ¡μÉ±¥ ¨ ¸¨¸É¥-
³ É¨§ Í¨¨.

�·¥¤² £ ¥³Ò° ´¨¦¥ ¶μ¤Ìμ¤ ± ·¥Ï¥´¨Õ μ¡¸Ê¦¤ ¥³μ° ¶·μ¡²¥³Ò Ö¢²Ö¥É¸Ö ¢ ¨§¢¥¸É´μ°
¸É¥¶¥´¨ ¶·μ³¥¦ÊÉμÎ´Ò³ ³¥¦¤Ê ¤¢Ê³Ö Ê¶μ³Ö´ÊÉÒ³¨ ¢ÒÏ¥, Éμ ¥¸ÉÓ ¶μ²Ê¶¥·ÉÊ·¡ É¨¢´Ò³.
�´ μ¶¨· ¥É¸Ö ´  μ¡μ¡Ð¥´¨¥ ¨§¢¥¸É´μ° É¥μ·¥³Ò ‚ É¸μ´  [15] ´  ¸²ÊÎ °  ´ ²¨§  ¶·μÍ¥¸¸ 
(1) ¨ ¶μ§¢μ²Ö¥É ¢Ò· §¨ÉÓ ¥£μ  ³¶²¨ÉÊ¤Ê ¢ É¥·³¨´ Ì  ³¶²¨ÉÊ¤ eZ1(2)-· ¸¸¥Ö´¨°.

1…·¥¢ ´¸±¨° Ë¨§¨Î¥¸±¨° ¨´¸É¨ÉÊÉ, �·³¥´¨Ö.
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‚�’‘���‚‘Š�… ��…„‘’�‚‹…�ˆ…
„‹Ÿ �Œ�‹ˆ’“„› ���–…‘‘� Z1Z2 → Z1Z2e

+e−

„¥°¸É¢¨É¥²Ó´μ, ´¥É·Ê¤´μ Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ  ³¶²¨ÉÊ¤  μ¡· §μ¢ ´¨Ö e+e−-¶ ·Ò ¢ ¶·μ¨§-
¢μ²Ó´μ³ ¢´¥Ï´¥³ Ô²¥±É·μ³ £´¨É´μ³ ¶μ²¥ Aμ(x) ¶·¥¤¸É ¢¨³  ¢ ¢¨¤¥

M = ū(p2)
∫

d4x1d
4x2 exp (ip1x1 + ip2x2)T (x2, x1)v(p1) , (2)

£¤¥ μ¶¥· Éμ· · ¸¸¥Ö´¨Ö T Ê¤μ¢²¥É¢μ·Ö¥É Ê· ¢´¥´¨Õ

T (x2, x1) = V (x2, x1) −
∫

d4x′
1d

4x′
2V (x2, x

′
2)G(x′

2 − x′
1)T (x′

1, x1) , (3)

¨²¨, ¢ ¸μ±· Ð¥´´μ° Ëμ·³¥,

T = V − V ⊗ G ⊗ T. (4)

‚ÒÏ¥

V (x2, x1) = eγμAμ(x1)δ(x2 − x1); (5)

u(p2), u(p2) Å ¡¨¸¶¨´μ·Ò, μ¶¨¸Ò¢ ÕÐ¨¥ ¸μ¸ÉμÖ´¨Ö ¸¢μ¡μ¤´ÒÌ Ô²¥±É·μ´  ¨ ¶μ§¨É·μ´ 
¸ 4-¨³¶Ê²Ó¸ ³¨ p2 ¨ p1 ¸μμÉ¢¥É¸É¢¥´´μ; G(x − x′) Å ¸¢μ¡μ¤´ Ö ¶·¨Î¨´´ Ö ËÊ´±Í¨Ö
· ¸¶·μ¸É· ´¥´¨Ö Ë¥·³¨μ´ .

‚ ¸²ÊÎ ¥ ¶·μÍ¥¸¸  (1)

Aμ(x) = Aμ1(x) + Aμ2(x) , (6)

£¤¥ Aμk
(x) Å Ô²¥±É·μ³ £´¨É´Ò° ¶μÉ¥´Í¨ ² ¨μ´  Zk (k = 1, 2),

V = V1 + V2 (7)

¨ ¤²Ö μ¶¥· Éμ·  T , ¸μ£² ¸´μ [15], ¸¶· ¢¥¤²¨¢μ ¶·¥¤¸É ¢²¥´¨¥

T = T1 + T2 − T1 ⊗ G ⊗ T2 − T2 ⊗ G ⊗ T1+
+ T1 ⊗ G ⊗ T2 ⊗ G ⊗ T1 + T2 ⊗ G ⊗ T1 ⊗ G ⊗ T2 . . . , (8)

¢ ±μÉμ·μ³ μ¶¥· Éμ·Ò eZk-· ¸¸¥Ö´¨° Tk Ö¢²ÖÕÉ¸Ö ·¥Ï¥´¨Ö³¨ Ê· ¢´¥´¨°

Tk = Vk − Vk ⊗ G ⊗ Tk , k = 1, 2. (9)

Š ¦¤ Ö ¨§ ¢¥²¨Î¨´ Tk ¸μ¤¥·¦¨É ¢±² ¤ ¡¥¸±μ´¥Î´μ° ¸μ¢μ±Ê¶´μ¸É¨ ¤¨ £· ³³ ”¥°´³ ´ 
²¥¸É´¨Î´μ£μ É¨¶  ¨, É ±¨³ μ¡· §μ³, ¶·¥¤¸É ¢²¥´¨¥ (8)  ¢Éμ³ É¨Î¥¸±¨ ·¥Ï ¥É ¶·μ¡²¥³Ê
·¥¸Ê³³¨·μ¢ ´¨Ö ·Ö¤  É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°, μ¡¸Ê¦¤ ¢ÏÊÕ¸Ö ¢ · ¡μÉ Ì [12Ä14].

‚¥²¨Î¨´Ò, ¶μ²ÊÎ ¥³Ò¥ ¶μ¤¸É ´μ¢±μ° ¢ ¶· ¢ÊÕ Î ¸ÉÓ ¸μμÉ´μÏ¥´¨Ö (2) μ¤´μ£μ ¨§ Î²¥-
´μ¢ ¥£μ ¢ É¸μ´μ¢¸±μ£μ · §²μ¦¥´¨Ö (8) ¢³¥¸Éμ μ¶¥· Éμ·  T , ¡Ê¤¥³ ¤²Ö ¶·μ¸ÉμÉÒ ¨³¥´μ¢ ÉÓ
¶ ·Í¨ ²Ó´Ò³¨  ³¶²¨ÉÊ¤ ³¨.

ˆÌ ¢ÒÎ¨¸²¥´¨¥, ± ± ¨ ¸²¥¤μ¢ ²μ μ¦¨¤ ÉÓ, § ³¥É´μ Ê¶·μÐ ¥É¸Ö ¢ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É-
¸±μ³ ¶·¥¤¥²¥ γ1,2 → ∞ (γ1,2 Å ²μ·¥´Í-Ë ±Éμ·Ò ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ¢ ¨Ì ¸¨¸É¥³¥
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Í¥´É·  ³ ¸¸, ¸. Í. ³.), É ± ± ± ¢ ÔÉμ³ ¶·¥¤¥²¥ μ¸μ¡¥´´μ ¶·μ¸Éμ° ¢¨¤ ¶·¨μ¡·¥É ÕÉ ·¥Ï¥-
´¨Ö Ê· ¢´¥´¨° (9):

T1(p, p′) =
∫

d4xd4x′ exp (ipx − ip′x′)T1(x, x′) =

= (2π)2δ(p+ − p′+)γ+

[
θ(p+)f (+)

1 (pT − p ′
T ) − θ(−p+)f (−)

1 (pT − p ′
T )

]
, (10)

T2(p, p′) =
∫

d4xd4x′ exp (ipx − ip′x′)T2(x, x′) =

= (2π)2δ(p− − p′−)γ−
[
θ(p−)f (+)

2 (pT − p ′
T ) − θ(−p−)f (−)

2 (pT − p ′
T )

]
, (11)

f (±)(q) =
i

2π

∫
d2x exp

[
(iqx)

(
1 − S

(±)
k (x)

)]
, k = 1, 2, (12)

S
(±)
k (x) = exp [±iχk(x − bk)] , (13)

χk(b) = e

∞∫
−∞

Φk

(√
b2 + z2

)
dz , e =

√
α . (14)

‚ÒÏ¥ bk Å ¶·¨Í¥²Ó´Ò¥ ¶ · ³¥É·Ò ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¨μ´μ¢ ¢ ¨Ì ¸. Í. ³.; Φk(r) Å
¨Ì ±Ê²μ´μ¢¸±¨¥ ¶μÉ¥´Í¨ ²Ò ¢ ¨Ì ¸¨¸É¥³¥ ¶μ±μÖ. ‘¢¥Éμ¢Ò¥ ±μ³¶μ´¥´ÉÒ a± 4-¢¥±Éμ· 
aμ = (a0, az,aT ) (a = γ, p, p′) μ¶·¥¤¥²¥´Ò μ¡ÒÎ´Ò³ μ¡· §μ³ (a± = a0 ± az), μ¸Ó z
¢Ò¡· ´  ¢ ´ ¶· ¢²¥´¨¨ ¤¢¨¦¥´¨Ö Ö¤·  Z2.

����‹…Œ� ˆ�”��Š��‘��‰ ‘’��ˆ‹œ��‘’ˆ

�μ¤μ¡´μ Éμ³Ê, ± ± ¶·¨ ¶¥·ÉÊ·¡ É¨¢´ÒÌ · ¸Î¥É Ì ¶·¨Ìμ¤¨É¸Ö ¶·μ¨§¢μ¤¨ÉÓ ¨´Ë· -
±· ¸´ÊÕ ·¥£Ê²Ö·¨§ Í¨Õ ËμÉμ´´ÒÌ ¶·μ¶ £ Éμ·μ¢ (¶ÊÉ¥³ ¢¢¥¤¥´¨Ö Ë¨±É¨¢´μ° ¡¥¸±μ´¥Î´μ
³ ²μ° ³ ¸¸Ò ËμÉμ´  λ) ¸ Í¥²ÓÕ μ¡¥¸¶¥Î¥´¨Ö ±μ´¥Î´μ¸É¨ ¢±² ¤μ¢ ¶¥É²¥¢ÒÌ ¤¨ £· ³³,
¢ · ³± Ì · ¸¸³ É·¨¢ ¥³μ£μ ¶μ¤Ìμ¤  ´¥μ¡Ìμ¤¨³μ ¢¢¥¸É¨ ®¨´Ë· ±· ¸´ÊÕ ·¥£Ê²Ö·¨§ Í¨Õ¯
±Ê²μ´μ¢¸±¨Ì ¶μÉ¥´Í¨ ²μ¢ Φk(r)

Φk(r) = lim
λk→0

Zke exp (λk · r)/r (15)

¤²Ö μ¡¥¸¶¥Î¥´¨Ö ±μ´¥Î´μ¸É¨ §´ Î¥´¨° Ë §μ¢ÒÌ ¸¤¢¨£μ¢

χk(b) = 2ZkαK0(λk · b) λk→0−−−−→ −2Zkα [ln (λkb) + C] (16)

¨ ¶·¨¤ ´¨Ö ¸³Ò¸²  ¢¥²¨Î¨´ ³ (10)Ä(13) ´  ¶·μ³¥¦ÊÉμÎ´μ³ ÔÉ ¶¥ · ¸¸³μÉ·¥´¨Ö.
�·¨ λ → 0 ¢±² ¤Ò μÉ¤¥²Ó´ÒÌ ¶¥É²¥¢ÒÌ ¤¨ £· ³³ ¢  ³¶²¨ÉÊ¤Ê (1) ¸É ´μ¢ÖÉ¸Ö ²μ£ -

·¨Ë³¨Î¥¸±¨ · ¸Ìμ¤ÖÐ¨³¨¸Ö, μ¤´ ±μ ¢ ¸Ê³³¥ ¢¸¥Ì É ±¨Ì ¢±² ¤μ¢ ÔÉ¨ ¨´Ë· ±· ¸´Ò¥ · ¸-
Ìμ¤¨³μ¸É¨ ¶μ²´μ¸ÉÓÕ ¢§ ¨³´μ ¸μ±· Ð ÕÉ¸Ö, ¶·¨¢μ¤Ö ± ±μ´¥Î´μ³Ê ¨ μ¤´μ§´ Î´μ³Ê Å
¨´Ë· ±· ¸´μ-¸É ¡¨²Ó´μ³Ê (ˆŠ‘) ·¥§Ê²ÓÉ ÉÊ ¤²Ö  ³¶²¨ÉÊ¤Ò (1) [14].
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‚ μ¡¸Ê¦¤ ¥³μ³ ´ ³¨ ¶μ¤Ìμ¤¥  ´ ²μ£μ³ ¶¥É²¥¢ÒÌ ¤¨ £· ³³ Ö¢²ÖÕÉ¸Ö ¶ ·Í¨ ²Ó´Ò¥
 ³¶²¨ÉÊ¤Ò. �·¨ λk → 0 ¨Ì §´ Î¥´¨Ö ÌμÉÖ ¨ μ¸É ÕÉ¸Ö ±μ´¥Î´Ò³¨ ¶μ ¢¥²¨Î¨´¥, ´μ ´¥
¸É·¥³ÖÉ¸Ö ± μ¶·¥¤¥²¥´´Ò³ ¶·¥¤¥²Ó´Ò³ §´ Î¥´¨Ö³,   ¸É ´μ¢ÖÉ¸Ö ¡¥¸±μ´¥Î´μμ¸Í¨²²¨·ÊÕ-
Ð¨³¨ ËÊ´±Í¨Ö³¨ ¸¢μ¨Ì  ·£Ê³¥´Éμ¢.

‚¥²¨Î¨´Ò É ±μ£μ ·μ¤  ¡Ê¤¥³ ´ §Ò¢ ÉÓ ¨´Ë· ±· ¸´μ-´¥¸É ¡¨²Ó´Ò³¨ (ˆŠ�‘). �·μ-

¸É¥°Ï¨¥ ¨§ ´¨Ì Å ÔÉμ S-μ¶¥· Éμ·Ò e±Zk-· ¸¸¥Ö´¨° S
(±)
k (x), Ö¢²ÖÕÐ¨¥¸Ö, ´ ·Ö¤Ê ¸

ËÊ´±Í¨Ö³¨ · ¸¶·μ¸É· ´¥´¨Ö G(x− x′), μ¸´μ¢´Ò³¨ ¸É·Ê±ÉÊ·´Ò³¨ Ô²¥³¥´É ³¨ ¶ ·Í¨ ²Ó-
´ÒÌ  ³¶²¨ÉÊ¤. �Î¥¢¨¤´μ, ÎÉμ ²Õ¡ Ö ¶ ·Í¨ ²Ó´ Ö  ³¶²¨ÉÊ¤  ¶·¥¤¸É ¢¨³  ¢ ¢¨¤¥ ¸Ê¶¥·-

¶μ§¨Í¨¨ ¶·μ¨§¢¥¤¥´¨° ˆŠ�‘ ¢¥²¨Î¨´ S
(±)
k (x).

�·μ¨§¢¥¤¥´¨Ö ÔÉ¨Ì ¢¥²¨Î¨´ ¢¨¤ 

∏
i

S
(+)
1 (xi)S

(−)
1 (x′

i)
∏
j

S
(+)
2 (xj)S

(−)
2 (x′

j) (17)

Ö¢²ÖÕÉ¸Ö ˆŠ‘-¢¥²¨Î¨´ ³¨ ¢ ¸¨²Ê ¸μμÉ´μÏ¥´¨°

lim
λk→0

S
(+)
k (x)S(−)

k (x′) = exp
[
2iZkα ln

(
| x′ − bk |
| x− bk |

)]
= const (λk). (18)

�É²¨Î ÕÐ¨¥¸Ö ¦¥ μÉ ´¨Ì ¶·μ¨§¢¥¤¥´¨Ö ¢¥²¨Î¨´ S
(±)
k (x) ¥¸ÉÓ ˆŠ�‘.

‘¢μ°¸É¢μ ˆŠ‘- ³¶²¨ÉÊ¤Ò (1) ¢ Í¥²μ³ μ§´ Î ¥É, ÎÉμ ¶·¨ ¸Ê³³¨·μ¢ ´¨¨ ¢¸¥Ì ¶ ·Í¨ ²Ó-
´ÒÌ  ³¶²¨ÉÊ¤ ¨Ì ˆŠ�‘-±μ³¶μ´¥´ÉÒ ¤μ²¦´Ò ¢§ ¨³´μ ¸μ±· Ð ÉÓ¸Ö. —Éμ¡Ò ¶·μ¸²¥¤¨ÉÓ
ÔÉμ ¸μ±· Ð¥´¨¥, ´¥μ¡Ìμ¤¨³μ ¶·¥¤¢ ·¨É¥²Ó´μ Ö¢´μ ¢Ò¶μ²´¨ÉÓ ¨´É¥£·¨·μ¢ ´¨e ¶μ ¸¢¥-
Éμ¢Ò³ ±μ³¶μ´¥´É ³ ¢¸¥Ì ¶·μ³¥¦ÊÉμÎ´ÒÌ 4-¨³¶Ê²Ó¸μ¢ ¢ ¢Ò· ¦¥´¨ÖÌ ¤²Ö ¶ ·Í¨ ²Ó´ÒÌ
 ³¶²¨ÉÊ¤.

�μ¸²¥¤ÊÕÐ¨°  ´ ²¨§ ¶·¨¢μ¤¨É ± ¸²¥¤ÊÕÐ¥³Ê μ±μ´Î É¥²Ó´μ³Ê ·¥§Ê²ÓÉ ÉÊ:  ³¶²¨-
ÉÊ¤  (2) Ö¢²Ö¥É¸Ö ËÊ´±Í¨μ´ ²μ³ ¸²¥¤ÊÕÐ¥° ¸¨³³¥É·¨Î´μ° ˆŠ‘-±μ³¡¨´ Í¨¨ ¢¥²¨Î¨´

S
(±)
k (x):

Ω12(x1,x′
1;x2,x′

2) = Ω1(x1,x′
1)Ω2(x2,x′

2),

Ωk(x,x′) = 1 − S
(+)
k (x)S(−)

k (x′), k = 1, 2
(19)

¨ ¶·¥¤¸É ¢¨³  ¢ ¢¨¤¥ ¡¥¸±μ´¥Î´μ° ¸Ê³³Ò

M =
∞∑

n=1

Mn {Ω12} , (20)

¶μ¸²¥¤μ¢ É¥²Ó´Ò¥ ¸² £ ¥³Ò¥ ±μÉμ·μ° ¶·¨ Z1α → 0, Z2α → 0 Å ¢¥²¨Î¨´Ò ¶μ·Ö¤± (
Z1Z2α

2
)2n−1

.
�·¨ ÔÉμ³ M1 {Ω12} Ö¢²Ö¥É¸Ö ²¨´¥°´Ò³ ËÊ´±Í¨μ´ ²μ³ Ω12, M2 {Ω12} Å ¸Ê¶¥·¶μ§¨-

Í¨¥° ²¨´¥°´μ£μ ¨ ¡¨²¨´¥°´μ£μ ¶μ Ω12 ËÊ´±Í¨μ´ ²μ¢, ¨ É ± ¤ ²¥¥ (Éμ ¥¸ÉÓ Mn {Ω12} Å
®¶μ²¨´μ³¯ n-° ¸É¥¶¥´¨ μÉ Ω12).

�¨¦¥ ¶·¨¢μ¤¨É¸Ö Ö¢´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö M1 {Ω12}:

M1 =
i

(4π)3
ū(p2)

[∫
d2k1d

2k2d
2k3 R

]
v(p1) , (21)
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R = γ+ν1γ−ν2γ+ν3γ−Ω1(q1, q3)Ω2(q2, q4)
[
ln

(a

b
+ iπ

)]
(a + b)−1+

+ γ−ν1γ+ν2γ−ν3γ+Ω2(q1, q3)Ω1(q2, q4)
[
ln

(a

c
+ iπ

)]
(a + c)−1, (22)

a = μ1μ3, b = μ2p2+p1−, c = μ2p2−p1+,

νi = m − γTki, μi = m2 + k2
i , i = 1, 2, 3,

(23)

Ωj(q,q′) =
1

(2π)2

∫
d2xd2x′ exp (iqx + iq ′x′)Ωj(x,x′), j = 1, 2, (24)

q1 = p2T − k1, q2 = k1 − k2, q3 = k2 − k3, q4 = k3 + p1T , (25)

£¤¥ m Å ³ ¸¸  Ô²¥±É·μ´ .
�Éμ ¢Ò· ¦¥´¨¥ ¸μ¤¥·¦¨É ¢ ¸¥¡¥, ´ ·Ö¤Ê ¸ ·¥§Ê²ÓÉ Éμ³ ¡μ·´μ¢¸±μ£μ ¶·¨¡²¨¦¥´¨Ö,

É ±¦¥ ¢¸¥ ¶μ¶· ¢±¨ ± ´¥³Ê, ¶μ²ÊÎ¥´´Ò¥ ¢ · ¡μÉ Ì [12Ä14].

‡�Š‹�—…�ˆ…

Ÿ¸´μ, ÎÉμ ¢¸²¥¤¸É¢¨¥ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ μÍ¥´μ± ¶μ·Ö¤±  ¢¥²¨Î¨´Ò ¸² £ ¥³ÒÌ Mn ¢
¢Ò· ¦¥´¨¨ (20) ¶· ±É¨Î¥¸±¨° ¨´É¥·¥¸ ³μ¦¥É ¶·¥¤¸É ¢²ÖÉÓ ²¨ÏÓ Ö¢´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö
¢¥²¨Î¨´Ò M2. Ÿ¢´Ò° ¢¨¤ ¤²Ö ´¥¥, ¸μ¢³¥¸É´μ ¸ ¤¥É ²Ö³¨ ¢Ò¢μ¤ , ¡Ê¤¥É ¤ ´ μÉ¤¥²Ó´μ.

’ ±¨³ μ¡· §μ³, ÌμÉÖ ´ ³ ¨ ´¥ Ê¤ ²μ¸Ó ¶μ²ÊÎ¨ÉÓ § ³±´ÊÉμ¥ ¢Ò· ¦¥´¨¥ ¤²Ö  ³¶²¨-
ÉÊ¤Ò (2) (¥¸²¨ É ±μ¢μ¥ ¸ÊÐ¥¸É¢Ê¥É), ³Ò ¸³μ£²¨ ¶·¥¤¸É ¢¨ÉÓ ¢ ¤μ¸É ÉμÎ´μ ±μ³¶ ±É´μ°
Ëμ·³¥ ·¥§Ê²ÓÉ É ¡μ·´μ¢¸±μ£μ ¶·¨¡²¨¦¥´¨Ö ¢³¥¸É¥ ¸ ´ ¨¡μ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò³¨ ¶μ¶· ¢-
± ³¨ ± ´¥³Ê.

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¡² £μ¤ ·ÖÉ §  μ¡¸Ê¦¤¥´¨e ¢μ¶·μ¸μ¢, § É·μ´ÊÉÒÌ ¢ · ¡μÉ¥,
�.�.ŠÊ· ¥¢  ¨ ‘. �. ƒ¥¢μ·±Ö´ .
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