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�. Œ Î ¢ ·¨ ´¨ ∗

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

� ÊÎ´μ-¨¸¸²¥¤μ¢ É¥²Ó¸±¨° ¨´¸É¨ÉÊÉ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨°
’¡¨²¨¸¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É  ¨³. ˆ. „¦ ¢ Ì¨Ï¢¨²¨, ’¡¨²¨¸¨

�¡¸Ê¦¤ ¥É¸Ö ¸¢Ö§Ó É¥μ·¥É¨±μ-¶μ²¥¢ÒÌ Ê· ¢´¥´¨°, μ¸´μ¢ ´´ÒÌ ´  S-³ É·¨Î´ÒÌ
³¥Éμ¤ Ì 	μ£μ²Õ¡μ¢ ÄŒ¥¤¢¥¤¥¢ Ä�μ²¨¢ ´μ¢  ¨ ‹¥³ ´ Ä‘¨³ ´§¨± Ä–¨³³¥·³ ´ . �É¨
Ê· ¢´¥´¨Ö ¶·¨³¥´¥´Ò ¤²Ö ¢Ò¢μ¤  É·¥Ì³¥·´ÒÌ Ê¶μ·Ö¤μÎ¥´´ÒÌ ¶μ ¢·¥³¥´¨ ·¥²ÖÉ¨-
¢¨¸É¸±¨Ì Ê· ¢´¥´¨° É¨¶  ‹¨¶¶³ ´ Ä˜¢¨´£¥·  ¤²Ö  ³¶²¨ÉÊ¤  ¤·μ´´ÒÌ ¸Éμ²±´μ¢¥´¨°
¸ ÊÎ¥Éμ³ ¨ ¡¥§ ÊÎ¥É  ±¢ ·±μ¢ÒÌ ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò. Š¢ ·±μ¢Ò¥ ¸É¥¶¥´¨ ¸¢μ¡μ¤Ò ÊÎ¨ÉÒ-
¢ ÕÉ¸Ö ¸μμÉ¢¥É¸É¢¥´´μ ¶μ¤Ìμ¤Ê •Ê ´£ Ä‚¥²¤μ´ , £¤¥  ¤·μ´Ò · ¸¸³ É·¨¢ ÕÉ¸Ö ¢ ¢¨¤¥
¸¢Ö§ ´´ÒÌ ¸μ¸ÉμÖ´¨° ±¢ ·±μ¢. —¨¸²¥´´Ò¥ ·¥Ï¥´¨Ö ¶μ²ÊÎ¥´´ÒÌ Ê· ¢´¥´¨° ¶μ§¢μ²¨²¨
Ìμ·μÏμ μ¶¨¸ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ Ë §Ò Ê¶·Ê£μ£μ πN- ¨ NN-· ¸¸¥Ö´¨Ö ¢ ´¨§±μÔ´¥·-
£¥É¨Î¥¸±μ° μ¡² ¸É¨. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸¥¶ · ¡¥²Ó´μ°  ¶¶·μ±¸¨³ Í¨¨ ¢μ¸¶·μ¨§¢¥¤¥´ 
±¢ ·±-¶ ·Éμ´´ Ö ³μ¤¥²Ó ¤²Ö ¨´±²Õ§¨¢´μ£μ ·μ¦¤¥´¨Ö Î ¸É¨Í ¸ ¡μ²ÓÏ¨³ ¶μ¶¥·¥Î´Ò³
¨³¶Ê²Ó¸μ³. �Éμ ¶μ§¢μ²¨²μ μ¶¨¸ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨´±²Õ§¨¢´μ£μ ·μ¦¤¥-
´¨Ö ρ-³¥§μ´  ¸ ¡μ²ÓÏ¨³ ¶μ¶¥·¥Î´Ò³ ¨³¶Ê²Ó¸μ³ (� 1,5 ƒÔ‚/¸) ¢ ¶·μÉμ´-¶·μÉμ´´μ³
¸Éμ²±´μ¢¥´¨¨ ¢ μ¡² ¸É¨ Ô´¥·£¨° 2,9 � √

s � 64 ƒÔ‚.

Based on the S-matrix method relationship between the ˇeld theoretical Bogo-
lyubovÄMedvedevÄPolivanov and LehmannÄSymanzikÄZimmermann equations is con-
sidered. These equations were used for derivation of the three-dimensional (3D) rel-
ativistic LippmannÄSchwinger-type equations for the hadron scattering amplitudes with
and without quark degrees of freedom. Quark degrees of freedom were taken into ac-
count within HuangÄWeldon formulation, where hadrons are considered as the quark
bound states.

The numerical solution of the 3D relativistic equations was successfully applied for
description of the low-energy experimental data of the elastic πN and NN scattering.
The quarkÄparton model of the inclusive particle production with the large transverse

∗E-mail: machavar@jinr.ru
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momentum is exactly reproduced using the separable approximation. This enables one
to describe the experimental data of the inclusive ρ-meson production with the large
transverse momentum � 1.5 GeV/c for the protonÄproton collision in the energy region
2.9 � √

s � 64 GeV.

PACS: 11.55.-m

‚‚…„…�ˆ…

� ¸¸³ É·¨¢ ÕÉ¸Ö μ¡Ð¨¥ É¥μ·¥É¨±μ-¶μ²¥¢Ò¥ Ê· ¢´¥´¨Ö 	μ£μ²Õ¡μ¢ ÄŒ¥¤-
¢¥¤¥¢ Ä�μ²¨¢ ´μ¢  (	Œ�) ¨ ‹¥³ ´ Ä‘¨³ ´§¨± Ä–¨³³¥·³ ´´  (LSZ) [1]. � 
μ¸´μ¢¥ ÔÉ¨Ì Ê· ¢´¥´¨° ¤ ´ ¢Ò¢μ¤ ·¥²ÖÉ¨¢¨¸É¸±¨Ì É·¥Ì³¥·´ÒÌ Ê· ¢´¥´¨° É¨¶ 
‹¨¶¶³ ´ Ä˜¢¨´£¥·  ¤²Ö Î¨¸²¥´´ÒÌ · ¸Î¥Éμ¢ ¶·μÍ¥¸¸μ¢  ¤·μ´´ÒÌ ¸Éμ²±´μ-
¢¥´¨°. ‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ É¥μ·¥É¨±μ-¶μ²¥¢μ£μ ¶μ¸É·μ¥´¨Ö  ¤·μ´´ÒÌ ¸μ¸ÉμÖ-
´¨° Î¥·¥§ ±¢ ·±¨ [4] ¶μ²ÊÎ¥´μ μ¡μ¡Ð¥´¨¥ ±¢ ·±-¶ ·Éμ´´μ° ³μ¤¥²¨ ¨´±²Õ-
§¨¢´ÒÌ ·¥ ±Í¨° ·μ¦¤¥´¨Ö Î ¸É¨Í ¸ ³ ²μ° ³ ¸¸μ° 0,5Ä1 ƒÔ‚ ¨ ¡μ²ÓÏ¨³¨ ¶μ-
¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨ � 1 ƒÔ‚ [6]. ‚ · §¤. 1 ¶·¨¢¥¤¥´Ò Ê· ¢´¥´¨Ö 	Œ� ¨
LSZ ¤²Ö  ³¶²¨ÉÊ¤  ¤·μ´- ¤·μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°. ‚ · §¤. 2 · ¸¸³ É·¨¢ ÕÉ¸Ö
³ É·¨Î´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö Ê· ¢´¥´¨° 	Œ� ¨ LSZ ¢ ¢¨¤¥ ¸¶¥±É· ²Ó´μ£μ · §²μ-
¦¥´¨Ö  ³¶²¨ÉÊ¤Ò  ¤·μ´- ¤·μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¶μ ¶μ²´μ° ¸¨¸É¥³¥  ¸¨³-
¶ÉμÉ¨Î¥¸±¨Ì ¸μ¸ÉμÖ´¨°. ˆ§ ÔÉμ£μ ¶·¥¤¸É ¢²¥´¨Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ¶μ²ÊÎ ÕÉ¸Ö
Ê¸²μ¢¨Ö Ê´¨É ·´μ¸É¨ ¨ É·¥Ì³¥·´Ò¥ ·¥²ÖÉ¨¢¨¸É¸±¨¥ Ê· ¢´¥´¨Ö ‹¨¶¶³ ´ Ä
˜¢¨´£¥·  ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¸¶μ¸μ¡μ³ ¶μ¸É·μ¥´¨Ö ¶μÉ¥´Í¨ ² . �¡μ¡Ð¥´¨¥
´  ¸²ÊÎ ° ÊÎ¥É  ¶·μ³¥¦ÊÉμÎ´ÒÌ ±¢ ·±μ¢ÒÌ ¸μ¸ÉμÖ´¨° ¤ ´μ ¢ · §¤. 3. ‚Ò¢μ¤
μ¡μ¡Ð¥´¨Ö ±¢ ·±-¶ ·Éμ´´μ° ³μ¤¥²¨ ¨§ ¶μ²ÊÎ¥´´ÒÌ ¢Ò· ¦¥´¨° ¸¥Î¥´¨° ¤²Ö
 ¤·μ´´ÒÌ  ³¶²¨ÉÊ¤ ¸ ÊÎ¥Éμ³ ±¢ ·±μ¢ÒÌ ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò ¶·¨¢¥¤¥´ ¢ · §¤. 4.

1. ”��Œ“‹› �…„“Š–ˆˆ S-Œ�’�ˆ–›

� ¸¸³μÉ·¨³ S-³ É·¨ÍÊ ·¥ ±Í¨¨ A+. . .+B → C+. . .+D ¢ Ëμ·³Ê²¨·μ¢±¥
	Œ�:

〈out; A . . . B|C . . . ; in〉 = 〈in; A . . .B|S|C . . . D; in〉 =

=
∫

d4xf∗
pB

(x)〈in; A . . . |JB(x)|C . . .D; in〉, (1 )

£¤¥ fpB (y) = exp (−ipBy) Å ¶²μ¸± Ö ¢μ²´  ¨

JB(x) = −iS∗ δS

δφin
B (x)

. (2)
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‚ LSZ-¶μ¤Ìμ¤¥

〈out; A . . .B|C . . . ; in〉 = 〈out; A . . . |JB(x)|C . . .D; in〉, (1¡)

£¤¥
JB(x) = (�x + m2

B)φB(x); lim
x0→−∞

φB(x) ⇒ φin
B (x). (3)

�·¨ ¸· ¢´¥´¨¨ (2) ¨ (3) ¢¨¤´μ, ÎÉμ JB(x) = −iδS/δφin
B(x). �·μ¤μ²¦ Ö

·¥¤Ê±Í¨Õ S-³ É·¨ÍÒ, ¶μ²ÊÎ¨³

〈out; A . . . B|C . . . D; in〉 =

= 〈out; A . . . |Y|D . . . ; in〉 +
∫

d4xd4y f∗
pB

(x)fpc(y)×

× 〈out; A . . . | − iθ(x0 − y0)[JB(x), JC(y)]| . . . D; in〉, (4)

£¤¥ θ(x − y) =
{

1 ¶·¨ x > y,
0 ¶·¨ x < y,

Y =
∫

d4x[JB(x), a+
pc

(x0)] (5)

¨ μ¶¥· Éμ·

a+
pc

(y0) = i

∫
d4yfpc(y)

←→
∂

∂y0
φ(y) (6)

μ¶·¥¤¥²Ö¥É  ¸¨³¶ÉμÉ¨Î¥¸±¨¥ μ¶¥· Éμ·Ò ·μ¦¤¥´¨Ö ¨ Ê´¨ÎÉμ¦¥´¨Ö

w

lim
y0→±∞

a+
pc

(y0) = a+
pc

(
out
in ). (7)

“· ¢´¥´¨Ö Œ¥¤¢¥¤¥¢ Ä�μ²¨¢ ´μ¢  [1] ¢ ³ É·¨Î´μ° Ëμ·³¥ ¨³¥ÕÉ ¢¨¤

〈out; A . . . B|C . . . D; in〉 =

=
∫

d4xd4yf∗
pB

(x)fpc(y)〈in; A . . . |δJB(x)
δφin

C (y)
| . . . D; in〉 =

= 〈in; A . . . |
{
−iθ(x0 − y0)θ(x2 − y2)[JB(x),JC(y)] + Λ(x, y)

}
| . . . D; in〉.

(8)

Š¢ §¨²μ± ²Ó´Ò° μ¶¥· Éμ· Λ(x, y) μ¶·¥¤¥²Ö¥É ¢Ò· ¦¥´¨¥ (8) ¶·¨ ¸μ¢¶ ¤ Õ-
Ð¨Ì ¢·¥³¥´ Ì Λ(x, y) = δ4(x−y)Λ(x),   θ(x2−y2) μ¡¥¸¶¥Î¨¢ ¥É ¢Ò¶μ²´¥´¨¥
Ê¸²μ¢¨Ö ¶·¨Î¨´´μ¸É¨.

�¥¸³μÉ·Ö ´  μ¤¨´ ±μ¢ÊÕ Ëμ·³Ê Ê· ¢´¥´¨Ö (8) ¨ (4) ¸ÊÐ¥¸É¢¥´´μ · §²¨-
Î ÕÉ¸Ö. ‚ Î ¸É´μ¸É¨, ¢ (8) ÊÎ¨ÉÒ¢ ¥É¸Ö ¶·¨Î¨´´μ¸ÉÓ. Š·μ³¥ Éμ£μ, ¢ (8) ±¢ -
§¨²μ± ²Ó´Ò° Î²¥´ Λ(x, y) É·¥¡Ê¥É ¤μ¶μ²´¨É¥²Ó´μ£μ μ¶·¥¤¥²¥´¨Ö ¶·¨ x = y,
´ ¶·¨³¥· Î¥·¥§ ¶¥·¥´μ·³¨·μ¢±Ê,   Y (5) ¢ (4) μ¶·¥¤¥²¥´ Î¥·¥§ μ¤´μ¢·¥³¥´´Ò¥
Ê¸²μ¢¨Ö ±¢ ´Éμ¢ ´¨Ö £¥°§¥´¡¥·£μ¢¸±¨Ì ¶μ²¥°.
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2. ��‘’��…�ˆ… �…‹Ÿ’ˆ‚ˆ‘’‘Šˆ• “��‚�…�ˆ‰
‹ˆ��Œ���Ä˜‚ˆ�ƒ…�� ˆ‡ (4) ˆ‹ˆ (8)

�¥²ÖÉ¨¢¨¸É¸±¨¥ Ê· ¢´¥´¨Ö É¨¶  ‹¨¶¶³ ´ Ä˜¢¨´£¥·  ¶μ²ÊÎ ÕÉ¸Ö
¶μ¸²¥ ¶μ¤¸É ´μ¢±¨ Ê¸²μ¢¨Ö ¶μ²´μÉÒ  ¸¨³¶ÉμÉ¨Î¥¸±¨Ì Î ¸É¨Í

∑
n
|in(out)〉

〈in(out)| = 1 ³¥¦¤Ê JB(x) ¨ Jc(y) ¢ (4). ’μ£¤  ¶μ¸²¥ ¨´É¥£·¨·μ¢ ´¨Ö ¶μ x
¨ y ¤²Ö  ³¶²¨ÉÊ¤Ò ·¥ ±Í¨¨ A + B =⇒ C + D ¶μ²ÊÎ¨³

〈out; A|JB(0)|C, D; in〉 = 〈out; A|Y|D; in〉+ (9 )

+
∑

n

〈out; A|JB(0)|n; in〉 (2π)3δ3(pC + pD − pn)
p0

C + p0
D − P 0

n − iε
〈in; n|JC(0)|D; in〉, (9¡)

∑
l

〈out; A|JB(0)|D, l; in〉 (2π)3δ3(pC − pl)
p0

C − P 0
l

〈in; l|JC(0)|0〉, (9¢)

∑
l

〈0|JB(0)|l; in〉 (2π)3δ3(pC + pD − pl − pA)
p0

C + p0
D − P 0

l − p0
A

〈in; l, A|JC(0)|D; in〉, (9£)

∑
l

〈0|JB(0)|D, l; in〉 (2π)3δ3(−pA + pC − Pl)
−p0

A + p0
C − P 0

l

〈in; l, A|JC(0)|0〉, (9¤)

∑
m

〈out; A|JC(0)|m; in〉 (2π)3δ3(−pC + pA − Pm)
−p0

C + p0
A − P 0

l

〈in; m|JB(0)|D; in〉, (9¥)

∑
l

〈out; A|JC(0)|D, l; in〉 (2π)3δ3(−pC + pA − pD − Pl)
−p0

C − p0
D + p0

A − P 0
l

〈in; l|JB(0)|0〉, (9¦)

∑
m

〈0|JC(0)|l; in〉 (2π)3δ3(−pC − Pm)
−p0

C − P 0
l

〈in; l, A|JB(0)|D; in〉, (9§)

∑
n

〈0|JC(0)|D, n; in〉 (2π)3δ3(−pC − pD − Pn)
−p0

C − p0
D − P 0

n

〈in; n, A|JB(0)|D; in〉. (9¨)

�Éμ ¸μμÉ´μÏ¥´¨¥ Ö¢²Ö¥É¸Ö · §²μ¦¥´¨¥³ 〈out; A|JB(0)|C, D; in〉 ¶μ ¶μ²-
´μ° ¸¨¸É¥³¥  ¸¨³¶ÉμÉ¨Î¥¸±¨Ì ¸μ¸ÉμÖ´¨° ¢ ¶·μ¸É· ´¸É¢¥ ”μ± . ‚ Î ¸É´μ¸É¨,
¸² £ ¥³Ò¥ (9¡) ¨ (9¨) ¸μμÉ¢¥É¸É¢ÊÕÉ s- ¨ s-± ´ ²Ó´Ò³ ¢±² ¤ ³ ¢ 〈out; A|JB(0)|
C, D; in〉. Š·μ¸¸¨´£-¶¥·¥¸É ´μ¢±  Î ¸É¨Í C ¨ B ¢ (9¡) ¨ (9¨) ¤ ¥É u- ¨ u-
± ´ ²Ó´Ò¥ ¸² £ ¥³Ò¥ (9¤) ¨ (9¥) ¸μμÉ¢¥É¸É¢¥´´μ. “Î¥É ´¥c¢Ö§ ´´ÒÌ ¤¨ £· ³³
(É ± ´ §Ò¢ ¥³μ¥ ±² ¸É¥·´μ¥ · §²μ¦¥´¨¥) ¶·¨¢μ¤¨É ± ¶μÖ¢²¥´¨Õ ¸² £ ¥-
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³ÒÌ (9¢)Ä(9¨) (É. ¥. ±·μ¸¸¨´£-¶¥·¥¸É ´μ¢±¥  ¸¨³¶ÉμÉ¨Î¥¸±¨Ì ¸μ¸ÉμÖ´¨° D
¨²¨ A ³¥¦¤Ê μ¶¥· Éμ· ³¨ JC(0) ¨ JB(0)).

〈out; A|Y|D; in〉 ¢ (9 ) μ¶·¥¤¥²Ö¥É¸Ö μ¤´μ¢·¥³¥´´Ò³¨ ±μ³³ÊÉ Í¨μ´´Ò³¨
¸μμÉ´μÏ¥´¨Ö³¨ (5) ¨ μ¶¨¸Ò¢ ¥É¸Ö μ¡³¥´μ³ μ¤´μ° ¢´¥³ ¸¸μ¢μ° Î ¸É¨Í¥°
¢ t-± ´ ²¥ ¨ ±μ´É ±É´Ò³¨ (¶¥·¥±·Ò¢ ÕÐ¨³¨¸Ö) ¤¨ £· ³³ ³¨ [2,3].

�  μ¸´μ¢¥ (9 )Ä(9¨) ²¥£±μ Ê¡¥¤¨ÉÓ¸Ö, ÎÉμ · §´¨Í  ³¥¦¤Ê 〈out; A|JB(0)|
C, D; in〉 ¨ 〈in; C, D|JB(0)|A; out〉∗ ¶·¨¢μ¤¨É ± Ê¸²μ¢¨Õ Ê´¨É ·´μ¸É¨, ¢ ±μÉμ-
·μ¥ ¢´μ¸¨É ¢±² ¤ ²¨ÏÓ ¸² £ ¥³μ¥ (9¡). Š·μ³¥ Éμ£μ, ¨§ (9 )Ä(9¨) ³μ¦´μ ¢Ò¢¥-
¸É¨ Ô±¢¨¢ ²¥´É´Ò¥ É·¥Ì³¥·´Ò¥ Ê· ¢´¥´¨Ö É¨¶  ‹¨¶¶³ ´ Ä˜¢¨´£¥·  [2,3].

‘μμÉ´μÏ¥´¨Ö (9 )Ä(9¨) ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ê· ¢´¥´¨Ö É¨¶  ‹¨¶¶³ ´ Ä
˜¢¨´£¥·  ¶μ²ÊÎ¥´Ò ¡¥§ ± ±¨Ì-²¨¡μ ¶·¨¡²¨¦¥´¨° ¨²¨ ¤μ¶ÊÐ¥´¨° ¨§ (4).
〈out; A|JB(0)|C, D; in〉 ¨ μ¸É ²Ó´Ò¥  ³¶²¨ÉÊ¤Ò ¢ (9 )Ä(9¨) Ö¢²ÖÕÉ¸Ö ËÊ´±Í¨-
Ö³¨ ¶¥·¥³¥´´ÒÌ Î ¸É¨Í ´  ³ ¸¸μ¢μ° ¶μ¢¥·Ì´μ¸É¨, É. ¥. ¢ ÔÉμ° Ëμ·³Ê²¨·μ¢±¥
μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ³¨´¨³ ²Ó´Ò° ¢ÒÌμ¤ ´  ¢´¥³ ¸¸μ¢ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ. �μÔÉμ³Ê
ÔÉ¨ Ê· ¢´¥´¨Ö ¶·μÐ¥, Î¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Î¥ÉÒ·¥Ì³¥·´Ò¥ Ê· ¢´¥´¨Ö 	¥É¥Ä
‘μ²¶¨É¥· . Š·μ³¥ Éμ£μ, ¤²Ö ¢Ò¢μ¤  (9 )Ä(9¨) ´  μ¸´μ¢¥ Ê· ¢´¥´¨° (4) ¨²¨ (8) ¢
Ëμ·³ ²¨§³¥ LSZ ¨²¨ 	Œ� ´¥ É·¥¡Ê¥É¸Ö ¶·μÍ¥¤Ê·  ¶¥·¥´μ·³¨·μ¢±¨, ´¥É ¶·μ-
¡²¥³, μ¶·¥¤¥²Ö¥³ÒÌ É¥μ·¥³μ° •  £ , ¨ ´¥ ¢μ§´¨± ÕÉ ´¥μ¤´μ§´ Î´μ¸É¨, ¸¢Ö-
§ ´´Ò¥ ¸ É·¥Ì³¥·´μ° ·¥¤Ê±Í¨¥° Î¥ÉÒ·¥Ì³¥·´ÒÌ Ê· ¢´¥´¨° 	¥É¥Ä‘μ²¶¨É¥· .
‘²¥¤μ¢ É¥²Ó´μ, ¤²Ö Î¨¸²¥´´μ£μ · ¸Î¥É   ³¶²¨ÉÊ¤ ¨ ¸¥Î¥´¨° ¶·μÍ¥¸¸μ¢ ´ 
μ¸´μ¢¥ Ê· ¢´¥´¨° (9 )Ä(9¨) É·¥¡Ê¥É¸Ö §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥ ¤μ¶ÊÐ¥´¨° ¨ ¶·¨-
¡²¨¦¥´¨°, Î¥³ ¶·¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì · ¸Î¥É Ì ´  μ¸´μ¢¥ Ê· ¢´¥´¨Ö 	¥É¥Ä
‘μ²¶¨É¥· . �É³¥É¨³, ÎÉμ (9 )Ä(9¨) ¨ Ê· ¢´¥´¨Ö 	¥É¥Ä‘μ²¶¨É¥·  ¢Ò¢μ¤ÖÉ¸Ö
¨§ μ¤´¨Ì ¨ É¥Ì ¦¥ Ê· ¢´¥´¨° (4) ¢ Ëμ·³ ²¨§³¥ LSZ ¨²¨ ¨§ Ê· ¢´¥´¨Ö (8) ¢
Ëμ·³ ²¨§³¥ 	Œ�.

3. Š‚��Š�‚›… ‘’…�…�ˆ ‘‚���„›
‚ S-Œ�’�ˆ—��Œ ��„•�„… •“��ƒ�Ä‚…‹„���

�¸´μ¢´Ò³ ¤μ¸É¨¦¥´¨¥³ ´¥²μ± ²Ó´μ° S-³ É·¨Î´μ° Ëμ·³Ê²¨·μ¢±¨
•Ê ´£ Ä‚¥²¤μ´  Ö¢²Ö¥É¸Ö ¶μ¸É·μ¥´¨¥  ¸¨³¶ÉμÉ¨Î¥¸±¨Ì μ¶¥· Éμ·μ¢ ·μ¦¤¥´¨Ö
¨ Ê´¨ÎÉμ¦¥´¨Ö ¸μ¸É ¢´ÒÌ Î ¸É¨Í Î¥·¥§ £¥°§¥´¡¥·£μ¢¸±¨¥ μ¶¥· Éμ·Ò ¸μ¸É -
¢²ÖÕÐ¨Ì ²μ± ²Ó´ÒÌ Î ¸É¨Í. �μ²ÊÎ¥´´Ò° ¢ ÔÉμ³ ¶μ¤Ìμ¤¥ μ¶¥· Éμ· ·μ¦¤¥´¨Ö
¨²¨ Ê´¨ÎÉμ¦¥´¨Ö  ¸¨³¶ÉμÉ¨Î¥¸±¨Ì ¸μ¸É ¢´ÒÌ Î ¸É¨Í Ê¤μ¢²¥É¢μ·Ö¥É É ±¨³ ¦¥
Ê¸²μ¢¨Ö³ ±¢ ´Éμ¢ ´¨Ö, ÎÉμ ¨ μ¡Ò±´μ¢¥´´Ò° μ¤´μÎ ¸É¨Î´Ò° μ¶¥· Éμ· ·μ¦¤¥-
´¨Ö ¨ Ê´¨ÎÉμ¦¥´¨Ö. �Éμ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ S-³ É·¨ÍÊ · ¸¸¥Ö´¨Ö  ¤·μ´μ¢
Î¥·¥§ ËÊ´±Í¨Õ ƒ·¨´  ±¢ ·±μ¢. ‚ Î ¸É´μ¸É¨, · ¸¸³μÉ·¨³ £¥°§¥´¡¥·£μ¢¸±¨°
μ¶¥· Éμ· ¶μ²Ö ³¥§μ´  A ¸ Î¥ÉÒ·¥Ì¨³¶Ê²Ó¸μ³ PA ≡ (

√
m2

A + P2
A,PA)

APA(X0) = i

∫
d3X d4ρ UA(x)

←→
∂

∂X0
A([x]), (10)
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£¤¥ A([x]) μ¡μ§´ Î ¥É T -¶·μ¨§¢¥¤¥´¨¥ ¸μ¸É ¢²ÖÕÐ¨Ì ³¥§μ´ A ±¢ ·±μ¢ÒÌ ¶μ-
²¥° q1 ¨ q2:

A([x]) ≡ T (q1(x1), q2(x2)), (12)

UA(x) Å ¢μ²´μ¢ Ö ËÊ´±Í¨Ö 	¥É¥Ä‘μ²¶¨É¥· 

UA(x) ≡ 〈PA||T (q1(x1), q2(x2)) |0〉 =

= eiPAX〈PA|T
(

q1

(
m2ρ

m1 + m2

)
, q2

(
− m1ρ

m1 + m2

))
|0〉, (13)

  ρ ¨ X Å ±μμ·¤¨´ ÉÒ Ÿ±μ¡¨ ρ = x1 − x2; X = (m1x1 + m2x2)/(m1 + m2).
•Ê ´£ ¨ ‚¥²¤μ´ ¶μ± § ²¨, ÎÉμ ¢  ¸¨³¶ÉμÉ¨Î¥¸±μ° μ¡² ¸É¨ X0 =⇒ ±∞
APA(X0) (10) ¶¥·¥Ìμ¤¨É ¢ μ¶¥· Éμ· ·μ¦¤¥´¨Ö ¨²¨ Ê´¨ÎÉμ¦¥´¨Ö ¸μ¸É ¢´μ°

Î ¸É¨ÍÒ AP (
out
in ), É. ¥.

lim
X0=⇒±∞

APA(X0) = APA(
out
in ) (14)

Ê¤μ¢²¥É¢μ·ÖÕÉ μ¡ÒÎ´Ò³ Ê¸²μ¢¨Ö³ ±¢ ´Éμ¢ ´¨Ö  ¸¨³¶ÉμÉ¨Î¥¸±¨Ì μ¶¥· Éμ·μ¢[
AP (

out
in ), A∗

P ′(
out
in )

]
−

= δ3(P′ − P). (15)

�¤´ ±μ ¢ μÉ²¨Î¨¥ μÉ ²μ± ²Ó´ÒÌ ¶μ²¥° £¥°§¥´¡¥·£μ¢¸±¨¥ μ¶¥· Éμ·Ò ¸μ¸É ¢´ÒÌ
Î ¸É¨Í A (1) ´¥ Ê¤μ¢²¥É¢μ·ÖÕÉ Ê¸²μ¢¨Õ μ¤´μ¢·¥³¥´´μ£μ ±¢ ´Éμ¢ ´¨Ö:[

AP (0), A∗
P ′(0)

]
−
�= δ3(P′ − P). (16)

�¸¨³¶ÉμÉ¨Î¥¸±¨¥ μ¶¥· Éμ·Ò ¸μ¸É ¢´ÒÌ Î ¸É¨Í (14) ¶μ§¢μ²ÖÕÉ ¶μ¸É·μ¨ÉÓ
S-³ É·¨ÍÊ · ¸¸¥Ö´¨Ö Î ¸É¨Í ¸ ÊÎ¥Éμ³ ¨Ì ¸É·Ê±ÉÊ·Ò

SA...B,C...D =
∫

d[x] . . . d[y]d[z] . . . d[v]U+
A(x)

KA

i
. . .

. . . U+
B(y)

KB

i
GKC

i
UC(z) . . .

KD

i
UD(v), (17 )

£¤¥ KA ≡ �XA +m2
A; d[x] ≡ d4Xd4ρ = d4x1d

4x2, UA(x) Å ¢μ²´μ¢ Ö ËÊ´±Í¨Ö
	¥É¥Ä‘μ²¶¨É¥·  (13) ¨ G Å ËÊ´±Í¨Ö ƒ·¨´ 

G = 〈0|T (A(x) . . . B(y)C(z) . . .D(v)) |0〉. (17¡)

…¸²¨ UA(x) ¢ (17a) § ³¥´¨ÉÓ ´  e−ipAX ,   A([x]) = (q1(x1), q2(x2)) § ³¥-
´¨ÉÓ ´  ²μ± ²Ó´μ¥ ¶μ²¥ Φ(x), Éμ ¶μ²ÊÎ¨³ ·¥¤Ê±Í¨μ´´ÊÕ Ëμ·³Ê²Ê S-³ É·¨ÍÒ
· ¸¸¥Ö´¨Ö Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. — ¸É´Ò¥ ¸²ÊÎ ¨ (17 ), (17¡) ¡Ò²¨ ´¥§ -
¢¨¸¨³μ ¶·¨³¥´¥´Ò ¢ ´¥·¥²ÖÉ¨¢¨¸É¸±μ° É¥μ·¨¨ · ¸¸¥Ö´¨Ö ¨ ¢ Ö¤¥·´μ° Ë¨-
§¨±¥.
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�μ± ¦¥³, ÎÉμ (17 ), (17¡) ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ Ô±¢¨¢ ²¥´É´μ³ ¢¨¤¥ [6]

SA...B,C...D =
∫

d3[qA] . . . d3[qB]d3[qC ] . . . d3[qD
1 ]〈PA|qA

1 qA
2 ; out〉 . . .

. . . 〈PB|qB
1 qB

2 ; out〉Squark〈in;qC
1 qC

2 |PC〉 . . . 〈in;qD
1 qD

2 |PD〉, (18)

£¤¥ d3[q] =
d3q1

2q0
1

d3q2

2q0
2

; q0
1,2 =

√
q2

1,2 + m2
1,2 ¨ Squark μ¡μ§´ Î ¥É S-³ É·¨ÍÊ

· ¸¸¥Ö´¨Ö ±¢ ·±μ¢

Squark = 〈out;qA
1 qA

2 . . .qB
1 qB

2 |qC
1 qC

2 . . .qD
1 qD

2 ; in〉. (19)

‘²¥¤μ¢ É¥²Ó´μ, S-³ É·¨ÍÊ (17 ), (17¡) ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ (18) Î¥·¥§
Ê¸·¥¤´¥´¨¥ ±¢ ·±μ¢μ° S-³ É·¨ÍÒ (19) ¶μ  ³¶²¨ÉÊ¤ ³  ¤·μ´¨§ Í¨¨, ±μÉμ·Ò¥
¨³¥ÕÉ ¢¨¤ ¢¥·Ï¨´´ÒÌ ËÊ´±Í¨° ±¢ ·±- ¤·μ´´ÒÌ ¸¨¸É¥³

〈in;q1q2|PM 〉 = (2π)4δ4(q1 + q2 − PM )〈in;q1|J2(0)v(q2)|PM 〉, (20)

£¤¥ J2(x) = (iγμ∂/∂xμ − m2)q2(x) ¨ v(q2) Å ¸¶¨´μ· „¨· ± .
�É³¥É¨³, ÎÉμ Ê¸²μ¢¨Õ ¶·¨Î¨´´μ¸É¨ ³μ£ÊÉ Ê¤μ¢²¥É¢μ·ÖÉÓ ²¨ÏÓ ²μ± ²Ó´Ò¥

±¢ ·±μ¢Ò¥ ¶μ²Ö q(x) ¢ S-³ É·¨Íe (19), É ± ± ± q(x) Ö¢²ÖÕÉ¸Ö μ¡ÒÎ´Ò³¨ ²μ-
± ²Ó´Ò³¨ £¥°§¥´¡¥·£μ¢¸±¨³¨ ¶μ²Ö³¨. � ¤²Ö ´¥²μ± ²Ó´ÒÌ  ¤·μ´´ÒÌ (¸μ¸É ¢-
´ÒÌ) ¶μ²¥° Ê¸²μ¢¨¥ ¶·¨Î¨´´μ¸É¨ ¨ Ê¸²μ¢¨¥ μ¤´μ¢·¥³¥´´μ£μ ±¢ ´Éμ¢ ´¨Ö (16)
´ ·ÊÏ ÕÉ¸Ö.

�³¶²¨ÉÊ¤Ò ±¢ ·±-³¥§μ´´ÒÌ ¸¢Ö§ ´´ÒÌ ¸μ¸ÉμÖ´¨° (20) ¸μ¤¥·¦ É δ4(q1 +
q2 − PM ), ±μÉμ· Ö Ê± §Ò¢ ¥É ´  ³¥Ì ´¨§³ ¸²¨Ö´¨Ö ( ´´¨£¨²ÖÍ¨¨) ±¢ ·±μ¢
¶·¨ μ¡· §μ¢ ´¨¨ ³¥§μ´μ¢. ‚ · ¡μÉ¥ [6] ¶μ± § ´μ, ÎÉμ ¶·μ¤μ²Ó´Ò¥ ¨³¶Ê²Ó¸Ò
±¢ ·±μ¢ q1Z ¨ q2Z , ¶μ²ÊÎ¥´´Ò¥ ¶μ¸²¥ ¨´É¥£· Í¨¨ δ4(q1 +q2−PM ), ¶¥·¥Ìμ¤ÖÉ
¢ ¨³¶Ê²Ó¸Ò ¶ ·Éμ´μ¢ q1Z = (k0 + kZ)/2 ¨ q1Z = (k0 − kZ)/2 ¢ μ¡² ¸É¨
¡μ²ÓÏ¨Ì P ¨ ¡μ²ÓÏ¨Ì ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸μ¢ Q2 ∗.

�³¶²¨ÉÊ¤  ¸¢Ö§ ´´ÒÌ ±¢ ·±μ¢ÒÌ ¸μ¸ÉμÖ´¨° 〈in;q1|J2(0)v(q2)|PM 〉 (20)
Ê¤μ¢²¥É¢μ·Ö¥É É·¥Ì³¥·´Ò³ Ê¶μ·Ö¤μÎ¥´´Ò³ ¶μ ¢·¥³¥´¨ Ê· ¢´¥´¨Ö³ É¨¶ 
‹¨¶¶³ ´ Ä˜¢¨´£¥· 

(k0 − q0
1 − q0∗

2 )〈q|ΨV 〉 =

=
∫

dq̃′1

∫
dq̃′2(2π)3δ3(k − q′

1 − q′
2)〈q1,q2|V|q′

1,q
′
2〉〈q′

1q
′
2|ΨV 〉, (21)

∗�É  μ¡² ¸ÉÓ μ¶·¥¤¥²Ö¥É¸Ö Ê¸²μ¢¨Ö³¨ P �
√

Q2 ¨ Q2 � k2
T , £¤¥ k =(√

m2
V + k2, k

)
, kZ ¨ kT μ¡μ§´ Î ÕÉ Î¥ÉÒ·¥Ì¨³¶Ê²Ó¸, ¶·μ¤μ²Ó´Ò° ¨ ¶μ¶¥·¥Î´Ò¥ ¨³¶Ê²Ó¸Ò

³¥§μ´  ¸μμÉ¢¥É¸É¢¥´´μ.
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£¤¥ δ(k0 − q0
1
′ − q0

2
′) ¨¸Î¥§ ¥É ¨§-§  ¶·μÍ¥¤Ê·Ò Ê¶μ·Ö¤μÎ¨¢ ´¨Ö ¶μ ¢·¥³¥´¨.

�μÉ¥´Í¨ ² V ¢ (21) ¸É·μ¨É¸Ö ´  μ¸´μ¢¥ ¢¸¥Ì ±¢ ·±-³¥§μ´´ÒÌ ¸² £ ¥³ÒÌ
¢ ¢¨¤¥ (9 )Ä(9¨), ±·μ³¥ s-± ´ ²Ó´μ£μ Î²¥´ , ¸ μ¡³¥´μ³ ±¢ ·±- ´É¨±¢ ·±μ¢μ°
¶ ·μ° ¢ (9¡).

�É³¥É¨³, ÎÉμ ¤²Ö ÊÎ¥É  ³¥Ì ´¨§³  Ë· £³¥´É Í¨¨ ¢ ±¢ ·±-¶ ·Éμ´´ÒÌ
³μ¤¥²ÖÌ ¢ · ¸¸³ É·¨¢ ¥³μ³ ¶μ¤Ìμ¤¥ ¸²¥¤Ê¥É ¢¢¥¸É¨ ¢¥·Ï¨´´ÊÕ ËÊ´±Í¨Õ
〈q1||q2,k; in〉, £¤¥ ³ ¸¸  ±¢ ·±  1 ¡μ²ÓÏ¥ ¸Ê³³Ò ³ ¸¸ ±¢ ·±  2 ¨ ³¥§μ´ ,
¨ q1 = q2 + k.

4. ’�…•Œ…���… ��…„‘’�‚‹…�ˆ… S-Œ�’�ˆ–› (18)
ˆ ���’����Ÿ Œ�„…‹œ

‚Ò· ¦¥´¨¥ ¤²Ö S-³ É·¨ÍÒ (18) ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ  ²ÓÉ¥·´ É¨¢´Ò° ¢Ò-
¢μ¤ ¶ ·Éμ´´μ° ³μ¤¥²¨, μ¸´μ¢Ò¢ Ö¸Ó ´  ¸¥¶ · ¡¥²Ó´μ³ ¶·¨¡²¨¦¥´¨¨ ∗. „²Ö
ÔÉμ£μ · ¸¸³μÉ·¨³ ·¥ ±Í¨Õ ¨´±²Õ§¨¢´μ£μ ·μ¦¤¥´¨Ö ρ-³¥§μ´  ¢ ·¥ ±Í¨¨
¶·μÉμ´-¶·μÉμ´´μ£μ · ¸¸¥Ö´¨Ö

pA(PASA) + pB(PBSB) → ρ(kM) + X,

£¤¥ k ¨ M μ¡μ§´ Î ÕÉ ¨³¶Ê²Ó¸ ¨ ³ £´¨É´μ¥ ±¢ ´Éμ¢μ¥ Î¨¸²μ ρ-³¥§μ´ ; PASA

¨ PBSB Å ¨³¶Ê²Ó¸ ¨ ³ £´¨É´μ¥ ±¢ ´Éμ¢μ¥ Î¨¸²μ ¶·μÉμ´  A ¨ B. ‚ ¸. Í. ³.
P = (PA)Z = −(PB)Z .

“Î¨ÉÒ¢ Ö μ¡Ð¨¥ ¶· ¢¨²  ¶μ¸É·μ¥´¨Ö ¸¥Î¥´¨°, ¶μ²ÊÎ¨³

dσMM ′

AB→V X

dk̃
=

m2
N

4Ps1/2

∑
s1,s2

∑
s′
1,s′

2

∫
dq̃1

∫
dq̃2(2π)4δ4(k − q1 − q2)×

×
∫

dq̃′1

∫
dq̃′2(2π)4δ4(k − q′1 − q′2)

1
2

∑
n,n′=u,d

σMM ′

n,n′ (qq − V )×

× 〈q′
1s

′
1, n

′;q′
2s

′
2, n

′|K(P, k)|q1s1, n;q2s2, n〉, (22 )

σMM ′

n,n′ (qq − V ) = ξμ(k, M)ξν∗(k, M ′)×
× 〈q1s1, n;q2s2, n|Jμ(0)|0〉〈0|Jν(0)|q′

1s
′
1, n

′;q′
2s

′
2, n

′〉, (22¡)

£¤¥ q1s1, n ¨ q2s2, n μ¡μ§´ Î ÕÉ ¨³¶Ê²Ó¸, ³ £´¨É´Ò° ³μ³¥´É ¨ μ¸É ²Ó´Ò¥
±¢ ´Éμ¢Ò¥ Î¨¸²  ±¢ ·±  ¨  ´É¨±¢ ·± , ±μÉμ·Ò¥ μ¡· §ÊÕÉ ρ-³¥§μ´, ξμ(k, M) Å

∗‚ ¸¥¶ · ¡¥²Ó´μ³ ¶·¨¡²¨¦¥´¨¨ ± ¦¤ÊÕ ¤μ¸É ÉμÎ´μ £² ¤±ÊÕ ËÊ´±Í¨Õ f(x, y) ³μ¦´μ ¶·¥¤-
¸É ¢¨ÉÓ ¢ ¢¨¤¥ f(x, y) =

∑
m

gm(x)g̃m(y) ¸ ²Õ¡μ° § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ. ‚ ¶· ±É¨Î¥¸±¨Ì · ¸Î¥É Ì

μ¡ÒÎ´μ m = 1 ¨²¨ 2.
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¢¥±Éμ· ¶μ²Ö·¨§ Í¨¨ ρ-³¥§μ´ . σMM ′

n,n′ (qq−V ) § ¤ ´ Î¥·¥§ ±¢ ·±-³¥§μ´´ÊÕ ¢¥·-
Ï¨´´ÊÕ ËÊ´±Í¨Õ 〈q1s1, n;q2s2, n|Jμ(0)|0〉. ‚Ò· ¦¥´¨¥ (22 ) μ¶·¥¤¥²Ö¥É ¸¥-
Î¥´¨¥ ·¥ ±Í¨¨ ¸²¨Ö´¨Ö ±¢ ·±- ´É¨±¢ ·±μ¢μ° ¶ ·Ò q1−q2 ¢ ρ-³¥§μ´,   K(P, k)
μ¶·¥¤¥²¥´ Î¥·¥§  ³¶²¨ÉÊ¤Ò ¨´±²Õ§¨¢´μ° ·¥ ±Í¨¨ ·μ¦¤¥´¨Ö ±¢ ·±  q1 ¨  ´-
É¨±¢ ·±  q2 A+B =⇒ X+q1+q2, ±μÉμ· Ö ¨³¥¥É ¢¨¤ 〈PAsA,PBsB|T |q1s1, n;
q2s2, n : X〉

〈q′
1s

′
1, n

′;q′
2s

′
2, n

′|K(P, k)|q1s1, n;q2s2, n〉 =

=
∑

sA,sB

∑
[sX ]

X∏
i

∫
dp̃i(2π)4δ4(PA + PB − k − PX)×

× 〈PAsA,PBsB|T |q1s1, n;q2s2, n : X〉×
× 〈PAsA,PBsB|T |q′

1s
′
1, n

′;q′
2s

′
2, n

′ : X〉∗. (23)

„²Ö Ê¶·μÐ¥´¨Ö ¢Ò±² ¤μ± ¢ K(P, k) μ£· ´¨Î¨³¸Ö ´¥ § ¢¨¸ÖÐ¨³ μÉ ¸¶¨´μ¢
±¢ ·±μ¢ ¢Ò· ¦¥´¨¥³ K1(P, k)

〈q′
1s

′
1, n

′;q′
2s

′
2, n

′|K(P, k)|q1s1, n;q2s2, n〉 =
= 〈q′

1, n
′;q′

2, n
′|K1(P, k)|q1, n;q2, n〉δs1,s′

1
δs2,s′

2
+ . . . (24)

ˆ ¤²Ö K1(P, k) ¢μ¸¶μ²Ó§Ê¥³¸Ö ¸¥¶ · ¡¥²Ó´μ°  ¶¶·μ±¸¨³ Í¨¥°

〈q′
1, n

′;q′
2, n

′|K1(P, k)|q1, n;q2, n〉 =

= f
(n′)
P,k (q′

1)f
(n′)
P,k (q′

2)f
(n)
P,k(q1)f

(n)
P,k(q2)+

+ (¶¥·¥¸É ´μ¢±¨ (1 ←→ 2) ¨ (1′ ←→ 2′)) . (25)

‘²¥¤ÊÕÐ¨³ ¶·¨´Í¨¶¨ ²Ó´Ò³ ¤μ¶ÊÐ¥´¨¥³ ¢ (25) Ö¢²Ö¥É¸Ö § ³¥´  ¶¥·¥-
³¥´´ÒÌ qZ ´  ¸±¥°²¨´£μ¢Ò¥ ¶¥·¥³¥´´Ò¥

qZ ,qT =⇒ x,qT , (26 )

£¤¥ ¢¢¥¤¥´Ò ¶·¨´ÖÉÒ¥ ¢ ¶ ·Éμ´´μ° ³μ¤¥²¨ μ¡μ§´ Î¥´¨Ö

x1 =
q1Z

P
, x2 =

q2Z

P
, x′

1 =
q′1Z

P
, x′

2 =
q′2Z

P
. (26¡)

�·¨ ÔÉμ³ ¢ μ¡ÒÎ´μ° ¶ ·Éμ´´μ° ³μ¤¥²¨ x1 = x′
1 ¨ x2 = x′

2.
�´ ²μ£¨Î´μ TMD PDF ³μ¤¥²¨ ¢Ò¤¥²¨³ ¶μ¶¥·¥Î´ÊÕ Î ¸ÉÓ ¨³¶Ê²Ó¸  ±¢ ·-

±μ¢ qT Î¥·¥§ £ Ê¸¸μ¢¸±¨¥ ËÊ´±Í¨¨

f
(n)
P,k(x,qT ) = F

(n)
P,k (x)

e−q2
T /2b2

2b2
; f

(n)
P,k(x,qT ) = F

(n)
P,k (x)

e−q2
T /2b2

2b2
. (27 )
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‡ ³¥´  ¶¥·¥³¥´´ÒÌ (26 ), (26¡) ¨ ¸¥¶ · ¡¥²¨§ Í¨Ö qZ (27 ) μ¡Ê¸²μ¢²¥´ 
³ ¸ÏÉ ¡´μ° ¨´¢ ·¨ ´É´μ¸ÉÓÕ ¢¤μ²Ó μ¸¨ ¸Éμ²±´μ¢¥´¨Ö Z ¨ ¥¥ ´ ·ÊÏ¥´¨¥³
¶μ¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨ qT . �μ¸²¥¤μ¢ É¥²Ó´ Ö Ëμ·³Ê²¨·μ¢±  ¶μ¤μ¡´ÒÌ
¶·¥μ¡· §μ¢ ´¨° ¤ ´  ¢ É¥μ·¨¨  ¢Éμ³μ¤¥²Ó´μ¸É¨. �¡¸Ê¦¤¥´¨¥ ÔÉ¨Ì Ëμ·³Ê²¨-
·μ¢μ± ¢ÒÌμ¤¨É §  · ³±¨ ¤ ´´μ° ¸É ÉÓ¨.

‚ μ¡² ¸É¨ ¡μ²ÓÏ¨Ì P ¨ ¡μ²ÓÏ¨Ì ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸μ¢ Q2, P 

√

Q2

¨ Q2 
 k2
T ËÊ´±Í¨¨ F

(n)
P,k (x) ¶¥·¥Ìμ¤ÖÉ ¢ μ¡ÒÎ´Ò¥ PDF f(n)(x),

F
(n)
P,k (x) =⇒ f(n)(x). (27¡)

„²Ö ²¥£±¨Ì ¢¥±Éμ·´ÒÌ ³¥§μ´μ¢ Ê¸²μ¢¨Ö P 

√

Q2 ¨ Q2 
 k2
T ´ ·ÊÏ¥´Ò.

�μÔÉμ³Ê ¸²¥¤Ê¥É ¨³¥ÉÓ ¢ ¢¨¤Ê ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö F
(n)
P,k (x) ¢³¥¸Éμ

f(n)(x).
�μ¸²¥ ÔÉμ£μ ¤²Ö ¸¥Î¥´¨Ö (22 ), (22¡) ¶μ²ÊÎ¨³ ¡²¨§±μ¥ ± ¶ ·Éμ´´Ò³ ¸¥-

Î¥´¨Ö³ ¢Ò· ¦¥´¨¥

dσMM ′

AB→V X

dk̃
=

m2
N

4Ps1/2

1
2

∑
n,n′=u,d

∫
dq̃i×

×
∫

dq̃2(2π)4δ4(k − q1 − q2)f(n)(x1,q1T )f(n)(x2,q2T )×

×
∫

dq̃′i

∫
dq̃′2(2π)4δ4(k − q′1 − q′2)f

(n′)(x′
1,q

′
1T )f(n

′)(x′
2,q

′
2T )σMM ′

n,n′ +

+ (1 ←→ 2) ¨ (1′ ←→ 2′), (28 )

σMM ′

n,n′ (qq − V ) = ξμ(k, M)ξν∗(k, M ′)Tr×
× (〈q1s1, n;q2s2, n|Jμ(0)|0〉〈0|Jν(0)|q′

1s1, n
′;q′

2s2, n
′〉). (28¡)

�É²¨Î¨¥ (28 ) μÉ ¸¥Î¥´¨° ¢ ¶ ·Éμ´´μ° ³μ¤¥²¨ § ±²ÕÎ ¥É¸Ö ¢ ¤¢μ°´μ³
¨´É¥£·¨·μ¢ ´¨¨ ¶μ ¨³¶Ê²Ó¸ ³ ±¢ ·±μ¢ q1, q2 ¨ q′1, q

′
2 ¨ ¢ ¤¢μ°´μ³ ¸Ê³³¨·μ-

¢ ´¨¨ ¶μ
∑
n

¨
∑
n′

. ‘ÊÐ¥¸É¢Ê¥É ³´μ¦¥¸É¢μ ¸¶μ¸μ¡μ¢ ¸¢¥¸É¨ (28 ), (28¡) ±

¢Ò· ¦¥´¨Ö³ ¤²Ö ¸¥Î¥´¨° ¢ ¶ ·Éμ´´μ° ³μ¤¥²¨. ‡¤¥¸Ó ³Ò ´¥ ¡Ê¤¥³ μ¡¸Ê¦¤ ÉÓ
ÔÉ¨ ¶·¨¡²¨¦¥´¨Ö.

‡�Š‹�—…�ˆ…

ŒÒ ¶μ± § ²¨, ÎÉμ μ¡Ð¨¥ É¥μ·¥É¨±μ-¶μ²¥¢Ò¥ Ê· ¢´¥´¨Ö 	μ£μ²Õ¡μ¢ ÄŒ¥¤-
¢¥¤¥¢ Ä�μ²¨¢ ´μ¢  ¨²¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ê· ¢´¥´¨Ö ¢ S-³ É·¨Î´μ³ Ëμ·³ -
²¨§³¥ ‹¥³ ´ Ä‘¨³ ´§¨± Ä–¨³³¥·³ ´  [1] ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ É·¥Ì-
³¥·´ÒÌ Ê¶μ·Ö¤μÎ¥´´ÒÌ ¶μ ¢·¥³¥´¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ê· ¢´¥´¨° É¨¶  ‹¨¶¶-
³ ´ Ä˜¢¨´£¥·  ¤²Ö  ³¶²¨ÉÊ¤  ¤·μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°. ’ ±¨¥ Ê· ¢´¥´¨Ö
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‹¨¶¶³ ´ Ä˜¢¨´£¥·  ¨³¥ÕÉ μ¤¨´ ±μ¢ÊÕ Ëμ·³Ê ¢ Ëμ·³Ê²¨·μ¢± Ì ¸ ±¢ ·±μ-
¢Ò³¨ ¸É¥¶¥´Ö³¨ ¸¢μ¡μ¤Ò ¨ ¡¥§ ´¨Ì [2, 3]. � ¸¸³ É·¨¢ ¥³Ò° ¢Ò¢μ¤ ·¥²ÖÉ¨-
¢¨¸É¸±¨Ì Ê· ¢´¥´¨° ‹¨¶¶³ ´ Ä˜¢¨´£¥·  ¶μ§¢μ²Ö¥É μ¡μ°É¨¸Ó ¡¥§ ¶·¥μ¡· §μ-
¢ ´¨°, ¸¢Ö§ ´´ÒÌ ¸ ¶¥·¥´μ·³¨·μ¢±μ° ¨ É·¥Ì³¥·´Ò³¨ ·¥¤Ê±Í¨Ö³¨ Ê· ¢´¥´¨°
	¥É¥Ä‘μ²¶¨É¥· , ÎÉμ ¸ÊÐ¥¸É¢¥´´μ ¸μ±· Ð ¥É Î¨¸²μ ´¥μ¡Ìμ¤¨³ÒÌ ¶·¨¡²¨-
¦¥´¨° ¨ ¤μ¶ÊÐ¥´¨° ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ë¥´μ³¥´μ²μ£¨Î¥¸±¨Ì ³μ¤¥²¥° ¤²Ö
Î¨¸²¥´´μ£μ μ¶¨¸ ´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

‚ ¤ ´´μ³ ¶μ¤Ìμ¤¥ ¶μ²ÊÎ¥´μ Ìμ·μÏ¥¥ μ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ë §
πN - ¨ NN -· ¸¸¥Ö´¨Ö ¢ ´¨§±μÔ´¥·£¥É¨Î¥¸±μ° μ¡² ¸É¨ [2]. Š·μ³¥ Éμ£μ, ¢μ¸-
¶·μ¨§¢¥¤¥´  ±¢ ·±-¶ ·Éμ´´ Ö ³μ¤¥²Ó ¨´±²Õ§¨¢´μ£μ ·μ¦¤¥´¨Ö Î ¸É¨Í ¸ ¶μ-
¶¥·¥Î´Ò³ ¨³¶Ê²Ó¸μ³, ÎÉμ ¶μ§¢μ²¨²μ μ¶¨¸ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨´-
±²Õ§¨¢´μ£μ ·μ¦¤¥´¨Ö ρ-³¥§μ´  ¢ ¶·μÉμ´-¶·μÉμ´´μ³ ¸Éμ²±´μ¢¥´¨¨ ¢ μ¡² ¸É¨
2,9 � √

s � 64 ƒÔ‚ [5].
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