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γ(q)N(p) → γ∗(q′)N(p′) → l−(k)l+(k′)N(p′)
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dσBH

dQ′2 dt d(cos θ) dϕ
≈ α3

em

2πs2
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−t
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)� � � � � / � ���
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x � ξ � η
��� 
 ��� ��� � ��� � ����� ��
*� ���������	� � �������$� ��� 1

2
(p + p′)

/

x =
(k + k′)+

(p+ p′)+
, ξ ≈ − (q + q′)+

(p+ p′)+
, η ≈ (p− p′)+

(p+ p′)+
.

k(W>n K4T]��\aV7�
��u�X�\ Y�u1T]L4L]oSeT]L8QOWmV]K M7T]Y
ξ = −η = −τ/(2 − τ)

c�XpM]K
e+K
τ = Q′2/s
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H1(ξ, η, t) =
X

q

e2q

Z 1

−1

dx
“ 1

ξ − x− iε
− 1

ξ + x− iε

”

Hq(x, η, t),

E1(ξ, η, t) =
X

q

e2q

Z 1

−1

dx
“ 1

ξ − x− iε
− 1

ξ + x− iε

”

Eq(x, η, t),

H̃1(ξ, η, t) =
X

q

e2q

Z 1

−1

dx
“ 1

ξ − x− iε
+

1

ξ + x− iε

”

H̃q(x, η, t),

Ẽ1(ξ, η, t) =
X

q

e2q

Z 1

−1

dx
“ 1

ξ − x− iε
+

1

ξ + x− iε

”

.Ẽq(x, η, t)
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Mλ′ λγ∗

,λ λγ

M+−,+−
˛

˛

˛

TCS
=

p

1 − η2(H1(−η, η, t) + H̃1(−η, η, t) −
η2

1 − η2
(E1(−η, η, t) + Ẽ1(−η, η, t)))
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Hu(x, η, t) = hu(x, η)
1

2
Fu

1 (t)

Hd(x, η, t) = hd(x, η)F d
1 (t)

Hs(x, η, t) = hs(x, η)FD(t)

�zW�oStSn K���\ Y|u8e \atSo#u \ WmVrT3V7Y:T#u|P 8W3e
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hq(x, η) =

Z 1

0

dx′
Z 1−x′

−1+x′

dy′

»

δ(x− x′ − ηy′)q(x′) − δ(x+ x′ − ηy′)q̄(x′)

–

π(x′, y′)

π(x′, y′) =
3

4

(1 − x′)2 − y
′2

(1 − x′)3
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u(x) + ū(x)
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µ2

F = 4
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+(x, η) = hu(x, η) − hu(−x, η)
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 �� t = −0.2 GeV2 � Q′2 = 5 GeV2�*��,'� �$����
	���$����,)� �����
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s = 107 GeV2 	�� � �

s = 105 GeV2 	 � � � s = 103 GeV2 	 # ��� � � �
µ2

F = 5 GeV2 /�� ���� ! � ,.� ! � � ��� � ���
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σpp = 2

Z

dn(k)

dk
σγp(k)dk

σγp(k)
\ Y~u�M]KwL
e.W
Y�YpY�K4L8u \ WmV"8 WSe_u�M]K

γp→ pl+l−
�
e.W�L�K�Y�YpTSV]�

k
\ Y~u�M]K

γ �
YlK
V]K
e.�
Q4y

dn(k)
dk

\ Y�TSVOK��Io%\ �]TSn K
V#up�SM7W]u�WmV��Eo�=

dn(k)

dk
=

α

2πk

»

1 + (1 − 2k√
spp

)2
– „

lnA− 11

6
+

3

A
− 3

2A2
+

1

3A3

«

A = 1 + 0.71 GeV2

Q2

min

c
Q2

min ≈ 4M2

pk2

spp

\ Y~u8M]K Rr\sV%\aRUT3n −t
spp

\ Y~u�M7K �%e.W
u|WmV#� �%e.W]u�WmVOK
V]K]e+�]Q Y��Io]T%e+K4� { √
spp = 14TeV

}��
s ≈ 2

√
sppk

k�M]K �SoSe+K x�K8u8M]K�� ?bK7\ u8n K
e_L�W�V#u�e \atSo#u \ WmV�u�W
σpp

c(\aV#u�K���eT#u:K�� W
�]K]e
θ = [π/4, 3π/4]

c
φ = [0, 2π]

c
t = [−0.05 GeV2,−0.25 GeV2]

c
Q′2 = [4.5 GeV2, 5.5 GeV2]

cmT3V]�
��M7W
u�W�VOK
V]K
e.�3\ K�Y

k = [20, 900] GeV
�3\ �]K�Y��

σBH
pp = 2.9

�St
.

k�M]KOgEWmR@�#u�W�V L�W�V#u�e \atSo#u \ WmV {�L4TSn L
oSn T#u�K4�OXl\ u8M `1J%q �~� :
���S���
�%�
�!h�� ]Y4cmT3V]�
µ2

F = 5 GeV2 }1�3\ �]K�Y4�
σTCS

pp = 1.9
�St
.J�?igz��e+T7u�K ∼ 105 K8�]K
V#u|Y f7Q4K4T%ejX�\ u8MDV7WmRw\aV]TSnIn oSRw\aV7W%Yv\ u�Q { 1034 L]R −2 Y −1 }
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xF��?<�%WmRw\aV]TSV#u��3k1g_N ��WmRw\aV]T#u�K4�,t�Q �Io]T%e�[ �~h��zY
gbM]T%e.��KrT7Y|QSR@RUK8u�eaQ ∼ \aV#u:K]e�8 K
e+K
V]L4K�W	8�xE��? T3V]�Dk~g_N
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`~J�q L8WSe�e+K4Lvuv\ W�V7YrV]K4L�K�Y�Y:T%eaQ3�
R =

R

dφ cos(φ)dσ
R

dφ dσ
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γ∗(qin)N → γ∗(qout)N
′

� :Zg_N �]K
e.Y�o7Ypk~g_N,�]K
e.Y�o7Y@�l�;:ig_N_�

• �;:Zg�N_�
q2in < 0 , q2out = 0

• k1g�N_� q2in = 0 , q2out > 0

• �l�;:Zg_N��
q2in < 0 , q2out > 0

d M#Q `1J�q L8WSe�e+K4Lvuv\ W�V7YlW 8ik~g_N T%e+KO\aV#u:K]eK8Y|u:K4�I�

• T7uUM%\ �mM@K
V]K
e.�3\ K8Y��mn o7W�V7YU\sRO�
WSeau:TSV#u4cSu8M]K8Q K]V#u:K
ejT#uw`1J%q

• �l^ N �]K
e.Y�o7Y@��eK]n n ����TSV3�Zt%\ ������8�T]L8u�WSe.Y
log −Q2

µ2

F

→ log Q2

µ2

F

± iπ

• �SK
�%K
V]�SK
V]L4KO{�Y|u�e.W�V7���	� WSe_XiK4TS[
�	�7} WmV@u8M]K 8�T]L8u|W3e \ P�T#uv\ W�VOY�L4T3n K
µF

• �;:Zg�N
unphysicalregion ξ → ξ − iε

� :Zg_N
physicalregion

\sVOk~g_N T3V]�>�l�;:ig_N>\ ul\ Y�V7W
u�K]V7Wmo7�mM
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\sV]L�WmRw\aV7� �SM7W]u�W�V
qin = (q − ξp)

W�o#u��
W3\aV7�,�SM7W
u|WmV
(qout = q + ξp)\sV]L�WmRw\aV7� �
e.W
u|WmV

P = (1 + ξ)p
Wmo#u��
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