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ˆ·±ÊÉ¸±¨° £μ¸Ê¤ ·¸É¢¥´´Ò° Ê´¨¢¥·¸¨É¥É, ˆ·±ÊÉ¸±, �μ¸¸¨Ö

ˆ§¢¥¸É´Ò° ³¥Ì ´¨§³ μ¶¨¸ ´¨Ö ¶·μ¸É· ´¸É¢¥´´ÒÌ Ì · ±É¥·¨¸É¨± Ê¶·Ê£¨Ì ¨ ±¢ §¨Ê¶·Ê£¨Ì ¶·μ-
Í¥¸¸μ¢ ¢ É¥·³¨´ Ì ´¥¶·¨¢μ¤¨³ÒÌ ¶·¥¤¸É ¢²¥´¨° £·Ê¶¶Ò SO(2, 1) ³μ¤¨Ë¨Í¨·Ê¥É¸Ö ¢ ¶¥·¥³¥´´ÒÌ
±μ´Ê¸  ¢ μ¡² ¸É¨, £¤¥ ¶μ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ ³ ² ¶μ ¸· ¢´¥´¨Õ ¸ ¶μ²´Ò³ ¨³¶Ê²Ó¸μ³. ‚ ·¥§Ê²Ó-
É É¥ ÔÉμ£μ Ö¤·μ ¶·¥μ¡· §μ¢ ´¨Ö μÉ ¶·μ¸É· ´¸É¢  ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ± ¶·μ¸É· ´¸É¢Ê ¶ · ³¥É· 
®¢Ò²¥É ¯ (ËÊ´±Í¨Ö ˜ ¶¨·μ) §´ Î¨É¥²Ó´μ Ê¶·μÐ ¥É¸Ö, ¶·¨´¨³ Ö Ô±¸¶μ´¥´Í¨ ²Ó´ÊÕ Ëμ·³Ê. �·¨
ÔÉμ³, ´¥¸³μÉ·Ö ´  μ¶·¥¤¥²¥´´Ò¥ ¶·¨¡²¨¦¥´¨Ö, ¶μ²´μ¸ÉÓÕ ¸μÌ· ´Ö¥É¸Ö Ë¨§¨Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö
±μÔËË¨Í¨¥´Éμ¢ · §²μ¦¥´¨Ö  ³¶²¨ÉÊ¤Ò ¨ £¥μ³¥É·¨Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö ¶·μ¸É· ´¸É¢  ¶ · ³¥É· 
®¢Ò²¥É ¯. ‚¸¥ ÔÉμ ¶μ§¢μ²Ö¥É ¢ ¶·μ¸Éμ°  ´ ²¨É¨Î¥¸±μ° Ëμ·³¥ ·¥Ï¨ÉÓ Ê· ¢´¥´¨¥ Ê´¨É ·´μ¸É¨ ¢
Ëμ·³¥, ¡²¨§±μ° ± Ô°±μ´ ²Ó´μ°, ´μ ¢Ò°É¨ §  · ³±¨ μ£· ´¨Î¥´¨Ö μ¡² ¸ÉÓÕ ¡μ²ÓÏ¨Ì ¶·¨Í¥²Ó´ÒÌ
¶ · ³¥É·μ¢, Ì · ±É¥·´μ° ¤²Ö Ô°±μ´ ²Ó´μ£μ ¶·¨¡²¨¦¥´¨Ö.

Known mechanism of description of spatial characteristics of elastic and quasi-elastic processes in
the terms of irreducible representations of the SO(2, 1) group is modiˇed in cone variables. It takes
place in the region where transverse momentum is small in comparison with the total momentum.
The transformation kernel from the transverse momentum space to the escape parameter space is a
Shapiro function. In the mentioned case, this kernel is essentially simpliˇed, assuming exponential
form. In spite of some approximations, physical interpretation of amplitude expansion coefˇcients and
geometrical interpretation of the escape parameter space are completely retained. It allows one to solve
the unitarity equation in a simple analytical form. At that we do not conˇne our solution by the region
of large impact parameters which is typical for the eiconal approximation.

PACS: 11.55.-m; 03.65.Nk; 11.30.-j

� ¸¸³μÉ·¨³ Ê¶·Ê£¨° ¶·μÍ¥¸¸ A+B → A+B ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¸É ²±¨¢ ÕÐ¨Ì¸Ö
Î ¸É¨Í. �¸´μ¢´Ò³ É·¥¡μ¢ ´¨¥³ ±  ³¶²¨ÉÊ¤¥ É ±μ£μ ¶·μÍ¥¸¸  Ö¢²Ö¥É¸Ö ¢Ò¶μ²´¥´¨¥ Ê¸²μ-
¢¨Ö Ê´¨É ·´μ¸É¨ S-³ É·¨ÍÒ S+S = I:

i(F+ − F ) = F+F, iF = S − I. (1)

‘Ì¥³ É¨Î¥¸±¨ ÔÉμ Ê¸²μ¢¨¥ ¨§μ¡· ¦¥´μ ´  ·¨¸. 1.
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�¨¸. 1. “¸²μ¢¨¥ Ê´¨É ·´μ¸É¨

‚ É¥·³¨´ Ì ³ É·¨Î´ÒÌ Ô²¥³¥´Éμ¢ ÔÉμ Ô±¢¨¢ ²¥´É´μ ¸²¥¤ÊÕÐ¥³Ê ´¥²¨´¥°´μ³Ê Ê· ¢-
´¥´¨Õ (Ê· ¢´¥´¨Õ Ê´¨É ·´μ¸É¨):

2Imf (+)(q⊥;p) = p2λ(p)
∑

ε=±1

∫
dΩkf̄ (ε)(k⊥;q)f (ε)(k⊥;p) + Ginel(q⊥;p), (2)

£¤¥ Ginel(q⊥;p) μ¶¨¸Ò¢ ¥É ´¥Ê¶·Ê£¨¥ ¢±² ¤Ò ¢  ³¶²¨ÉÊ¤Ê:

Ginel(q⊥;p) =
∑

s

∫ s∏
i=1

dkiδ
4
(
Pin −

∑
i

ki

)
〈{ki}|A|q;−q〉∗ 〈{ki}|A|p;−p〉. (3)

‚  ³¶²¨ÉÊ¤¥ f (ε)(k⊥;q) ¢Éμ·μ°  ·£Ê³¥´É ¸μμÉ¢¥É¸É¢Ê¥É ¨³¶Ê²Ó¸Ê ´ Î ²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö,
¶¥·¢Ò°  ·£Ê³¥´É Å ¨³¶Ê²Ó¸Ê ±μ´¥Î´μ£μ ¸μ¸ÉμÖ´¨Ö,   ¨´¤¥±¸ ε = ±1 ¸μμÉ¢¥É¸É¢Ê¥É
· ¸¸¥Ö´¨Õ ¢ ¶¥·¥¤´ÕÕ ¨²¨ § ¤´ÕÕ ¶μ²Ê¸Ë¥·Ê. �μ·³¨·μ¢±  ÔÉμ°  ³¶²¨ÉÊ¤Ò ¢Ò¡· ´ 
É ±¨³ μ¡· §μ³, ÎÉμ Ê¶·Ê£μ¥ ¸¥Î¥´¨¥ ¨³¥¥É ¢¨¤

σ
(±)
el (p) = (2π)2p2λ2(p)

∫
dΩk |f (±)(k⊥;p)|2. (4)

�³¶²¨ÉÊ¤  f (ε)(k⊥;q) ¸¢Ö§ ´  ¸ ³ É·¨Î´Ò³ Ô²¥³¥´Éμ³ μ¶¥· Éμ·  A ¸μμÉ´μÏ¥´¨¥³

f (ε)(k⊥;q) ≡
〈
k⊥, ε

√
q2 − k2

⊥;−k |A|q;−q
〉

,

  ³ É·¨Î´Ò° Ô²¥³¥´É μ¶¥· Éμ·  A ¸¢Ö§ ´ ¸ ³ É·¨Î´Ò³ Ô²¥³¥´Éμ³ μ¶¥· Éμ·  F ¸²¥¤ÊÕ-
Ð¨³ μ¡· §μ³:

〈f |F |in〉 = δ(4)(Pin − Pf )〈f |A|in〉.
‚ (4) μ¶·¥¤¥²¥´Ò

λ(p) =
EAEB

p(EA + EB)
¨ dΩq =

1
q
√

q2 − q2
⊥

dq⊥.

�¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (2) ¨§¢¥¸É´μ ¢ É¥·³¨´ Ì ¶ ·Í¨ ²Ó´ÒÌ ¢μ²´ al ¨ ¢ É¥·³¨´ Ì
¶·μË¨²Ó´ÒÌ ËÊ´±Í¨° ´  £·Ê¶¶¥ SO(2, 1) ¸ Ö¤·μ³ ˜ ¶¨·μ [1]. –¥²Ó ´ ¸ÉμÖÐ¥° · -
¡μÉÒ Å ´ Ìμ¦¤¥´¨¥ ·¥Ï¥´¨Ö ÔÉμ£μ Ê· ¢´¥´¨Ö ¢ É¥·³¨´ Ì ±μÔËË¨Í¨¥´Éμ¢ · §²μ¦¥´¨Ö
´  £·Ê¶¶¥ SO(2, 1), ´μ ¸ ³μ¤¨Ë¨Í¨·μ¢ ´´Ò³ Ö¤·μ³. �É  ³μ¤¨Ë¨± Í¨Ö ¨³¥¥É Ô±¸¶μ-
´¥´Í¨ ²Ó´Ò° Ì · ±É¥· ¨ ¸ÊÐ¥¸É¢¥´´μ Ê¶·μÐ ¥É Ö¤·μ, ÎÉμ ¶μ§¢μ²Ö¥É ¶·μ¢¥¸É¨ ³´μ£¨¥
· ¸Î¥ÉÒ ¢  ´ ²¨É¨Î¥¸±μ³ ¢¨¤¥. ‚ Éμ ¦¥ ¢·¥³Ö μ´  ¸μÌ· ´Ö¥É Ë¨§¨Î¥¸±ÊÕ ¨´É¥·¶·¥É Í¨Õ
±μÔËË¨Í¨¥´Éμ¢ · §²μ¦¥´¨Ö  ³¶²¨ÉÊ¤Ò ¨ £¥μ³¥É·¨Î¥¸±ÊÕ ¨´É¥·¶·¥É Í¨Õ ¶·μ¸É· ´¸É¢ 
¶ · ³¥É·  ®¢Ò²¥É ¯. �Éμ ¸É ´μ¢¨É¸Ö ¢μ§³μ¦´Ò³ ¶·¨ ¶¥·¥Ìμ¤¥ ± ¶¥·¥³¥´´Ò³ ±μ´Ê¸ .
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�¨¸. 2. �¶·¥¤¥²¥´¨¥ ´ ¶· ¢²¥´¨° ¨³¶Ê²Ó¸μ¢

q, k ¨ p

‚ Ê· ¢´¥´¨¨ Ê´¨É ·´μ¸É¨ (2) Ë¨£Ê·¨·ÊÕÉ É·¨
¨³¶Ê²Ó¸  Å q, k ¨ p (·¨¸. 2). �¥·¥Ìμ¤ ± ¶¥-
·¥³¥´´Ò³ ±μ´Ê¸  ¸μμÉ¢¥É¸É¢Ê¥É ¶·¥μ¡· §μ¢ -
´¨Ö³

q → u =
(

u0 =
q

q3
, u =

q⊥
q3

)
,

k → v =
(

v0 =
k

k3
, v =

k⊥
k3

)
,

p → ξ =
(

ξ0 =
p

p3
, ξ =

p⊥
p3

)
.

„²Ö ÔÉ¨Ì ¶¥·¥³¥´´ÒÌ ¢Ò¶μ²´Ö¥É¸Ö ¸μμÉ´μÏ¥-
´¨¥

u2 = v2 = ξ2 = 1,

£¤¥ u2 = u2
0−u2 ¥¸ÉÓ ¸± ²Ö·´μ¥ ¶·μ¨§¢¥¤¥´¨¥

´  ±μ´Ê¸¥.
‚ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¤²Ö · ¸¸³ É·¨¢ ¥³μ£μ Ê¶·Ê£μ£μ ¶·μÍ¥¸¸  |q| = |k| = |p| = p,

¶μÔÉμ³Ê É·¥ÉÓ¨ ±μ³¶μ´¥´ÉÒ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¨³¶Ê²Ó¸μ¢ · ¢´Ò

q3 =
√

p2 − q2
⊥, k3 =

√
p2 − k2

⊥, p3 =
√

p2 − p2
⊥.

�²¥³¥´É Ë §μ¢μ£μ μ¡Ñ¥³  dΩk ¢ É¥·³¨´ Ì ±μ´¨Î¥¸±¨Ì ¶¥·¥³¥´´ÒÌ ¨³¥¥É ¢¨¤

dΩk =
1
v3
0

dv, v0 =
√

1 + v2.

�¥·¥Ìμ¤Ö ¢ Ê· ¢´¥´¨¨ (2) ± ¶¥·¥³¥´´Ò³ u, v ¨ ξ, ¶μ²ÊÎ ¥³

2Im
[
(ξ0u0)−3/2f (+)(u; ξ)

]
=

= p2λ(p)
∑

ε=±1

∫
dv

[
(u0v0)−3/2f̄ (ε)(v;u)

]
·
[
(v0ξ0)−3/2f (ε)(v; ξ)

]
+ Ginel(u; ξ).

(5)

�μ²μ¦¨³ ¢ (5) Ginel(u; ξ) = 0, ¶μ¸±μ²Ó±Ê μ¸´μ¢´ Ö É·Ê¤´μ¸ÉÓ ·¥Ï¥´¨Ö ÔÉμ£μ Ê· ¢´¥´¨Ö
¸¢Ö§ ´  ¸ Ê¶·Ê£¨³¨ ¢±² ¤ ³¨.

�¥·¥°¤¥³ μÉ  ³¶²¨ÉÊ¤Ò f(v;u) ±  ³¶²¨ÉÊ¤¥ F (v;u) = (u0v0)−3/2f(v;u). ’μ£¤ 
Ê· ¢´¥´¨¥ Ê´¨É ·´μ¸É¨ ¶·¨³¥É ¢¨¤

Im F (+)(u; ξ) =
p2

2
λ(p)

∑
ε=±1

∫
dv F̄ (ε)(v;u) · F (ε)(v; ξ). (6)

	Ê¤¥³ ¨¸± ÉÓ ·¥Ï¥´¨¥ ÔÉμ£μ Ê· ¢´¥´¨Ö ¢ ¢¨¤¥

F (±)(v;u) =
∫

dμ eiμ(v−u)u(±)(μ), (7)
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£¤¥ ¤¢Ê³¥·´Ò° ¢¥±Éμ· μ = μ(sin ψ, cos ψ), 0 � μ < ∞, 0 � ψ � 2π. Ÿ¤·μ ÔÉμ£μ ¶·¥¤-
¸É ¢²¥´¨Ö eiμu ¶·μ ´ ²¨§¨·μ¢ ´μ ¢ · ¡μÉ¥ [2], £¤¥ ¶μ± § ´μ, ÎÉμ ¢ ¶·¨¡²¨¦¥´¨¨ ³ ²ÒÌ
¶μ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸μ¢ μ´μ ¸μμÉ¢¥É¸É¢Ê¥É ËÊ´±Í¨¨ ˜ ¶¨·μ. �Éμ μ¶·¥¤¥²Ö¥É Ë¨§¨Î¥¸±ÊÕ
¨´É¥·¶·¥É Í¨Õ ¶ · ³¥É·  μ ± ± ¶ · ³¥É·  ®¢Ò²¥É ¯. �μ± ¦¥³, ÎÉμ É ±μ¥ ¶·¥¤¸É ¢²¥-
´¨¥ ¥¸ÉÓ ¸²¥¤¸É¢¨¥ Ê· ¢´¥´¨Ö Ê´¨É ·´μ¸É¨. „¥°¸É¢¨É¥²Ó´μ, ¶μ¤¸É ¢²ÖÖ ÔÉμ ¶·¥¤¸É ¢²¥´¨¥
¢ (6), ¶μ²ÊÎ ¥³

Im
∫

dμ eiμ(u−ξ)u(+)(μ) = K(p)
∑

ε=±1

∫
dμ |u(ε)(μ)|2 eiμ(u−ξ), (8)

£¤¥ K(p) = (p2/2)(2π)2λ(p). ‚ ¸¨²Ê ²¨´¥°´μ° ´¥§ ¢¨¸¨³μ¸É¨ Ô±¸¶μ´¥´É ¶μ²ÊÎ ¥³ ²μ-
± ²Ó´μ¥ ¶μ μ ¸μμÉ´μÏ¥´¨¥ ´  ¶·μË¨²Ó´ÊÕ ËÊ´±Í¨Õ u(ε)(μ):

Im u(+)(μ) = K(p)
∑

ε=±1

|u(ε)(μ)|2. (9)

�¥Ï¥´¨¥ ÔÉμ£μ Ê· ¢´¥´¨Ö Ìμ·μÏμ ¨§¢¥¸É´μ ¨§ · §²μ¦¥´¨Ö  ³¶²¨ÉÊ¤Ò ´  ¶ ·Í¨ ²Ó´Ò¥
¢μ²´Ò.

‡ ³¥Î É¥²Ó´Ò³ Ë ±Éμ³ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¶·¥¤¸É ¢²¥´¨¥ (7) ¢´¥Ï´¥ ¨³¥¥É Ëμ·³Ê Ô°-
±μ´ ²Ó´μ£μ ¶·¥¤¸É ¢²¥´¨Ö, μ¤´ ±μ Ë¨§¨Î¥¸± Ö μ¡² ¸ÉÓ §´ Î¥´¨° ±μ´Ê¸´μ° ¶¥·¥³¥´´μ° v
¸ÊÐ¥¸É¢¥´´μ ¨´ Ö. ˆ³¥´´μ ÔÉμÉ Ë ±É ¶μ§¢μ²¨² ¶μ²ÊÎ¨ÉÓ ²μ± ²Ó´μ¥ ¸μμÉ´μÏ¥´¨¥ ´ 
¶·μË¨²Ó´ÊÕ ËÊ´±Í¨Õ (9).

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ¤. Ë.-³. ´. ¶·μË¥¸¸μ·Ê ‚ ²²Ê �²¥±¸ ´¤·Ê �¨±μ² ¥-
¢¨ÎÊ §  ¶μ¸ÉμÖ´´Ò° ¨´É¥·¥¸ ± · ¡μÉ¥ ¨ ±μ´¸Ê²ÓÉ Í¨¨. � ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Î ¸É¨Î-
´μ° Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ £· ´É  �·¥§¨¤¥´É  �” �˜-3810.2010.2, �‚–� ®� §¢¨É¨¥
´ ÊÎ´μ£μ ¶μÉ¥´Í¨ ²  ¢Ò¸Ï¥° Ï±μ²Ò¯: ¶·μ¥±ÉÒ ���.2.2.1.1/1483, 2.1.1/1539; ”–�
®� ÊÎ´Ò¥ ¨ ´ ÊÎ´μ-¶¥¤ £μ£¨Î¥¸±¨¥ ± ¤·Ò ¨´´μ¢ Í¨μ´´μ° �μ¸¸¨¨¯ ´  2009Ä2013 ££.:
ƒŠ 02.740.11.5154, ƒŠ �1197, ƒŠ 16.740.11.0154.
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