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û = 1 − 2q̂0 + q̂2 o
� ��� �� 
 ���� 

	�� � 
 � 	  F � > R >lk�K�> R � K LQ�,R > � B,L M F UJB,LQ����� >

δ
(
1 + q̂2 − 2q̂0

) � KMa�,L K B LNM
lnλ

FNK R
ln2 λ

S�� K�V X�� F ����B�� > SZo � C��cS F ���cL @ S L K�> B,L U FNK U > �O��B @ ��B�C B�C >U#LQ��� > S,�*L K Rq� K�V m ����B�X F ��B > � D o� � m�>JK F S D L�LQB�C MaX K UJB��cL K
G(q̂0, q̂

2)
B�C > ����X�S

��� > S�UJ������B��cL K �cS�S�X�U�CiB�C F BZY
∫ 1+q̂2

2

a
dq̂0

G(q̂0, q̂
2)

(1 + q̂2 − 2q̂0)+
=

1

2
G

(
1 + q̂2

2
, q̂2

)
ln

(
1 + q̂2 − 2a

)

+

∫ 1+q̂2

2

a
dq̂0

G(q̂0, q̂
2) − G

(
1+q̂2

2 , q̂2
)

1 + q̂2 − 2q̂0
[Pdq\_^

FNK R Y
∫ 1+q̂2

2

a
dq̂0 G(q̂0, q̂

2)

[
ln

(
1 + q̂2 − 2q̂0

)

1 + q̂2 − 2q̂0

]

+

=
1

4
G

(
1 + q̂2

2
, q̂2

)
ln2

(
1 + q̂2 − 2a

)

+

∫ 1+q̂2

2

a
dq̂0

[
G(q̂0, q̂

2) − G

(
1 + q̂2

2
, q̂2

)]
ln

(
1 + q̂2 − 2q̂0

)

1 + q̂2 − 2q̂0
[Pd 	 ^

����� � )�6,0r+�$&),��$-0r%;��6,� 02�7�&�/. � '2)�+�$
� C > Mg� FNDE>J@ LQ� � LNM B�C >i= ���cS,L K � FNK S,U F � > S > � F � F B��cL K �cS � F S > R L K B�C > �cR >ZF LNM� K UJ��X�Rq� K�V � K B,LiB�C >���> � K�DGFNK � K B >JV � F �cS�L K �	� V ��X�L K S @ ��B�C >JK�> � V � > S�� F � V�> ��B�C FNK

j



F UJX�B,L �
µ
F �,LQX K R \ � >�� o��OL K B����	��X�B��cL K S LNM V ��X�L K S � > �cL @ B�C��cS�S,U F � >�F � > � >ZF � �S�LQ� � > R � K B�C > R >lk�K ��B��cL K S LNM C >ZFZm � � X F � �&� F � FNDE> B > �,S_o � C��qS��cU F � � X FNK B���B�� > S F � > LNM4U#LQX��,S > r� K R > � >JK R >JK B LNM7B�C > UJX�B,L �:o � C��cS >JK S�X�� > S F � > B�B > �sU#L K m�> � V�>JK U >AFNK R� > ��� F ��������B � LNM
B�C > � > ��B�X�� � F B�� m�> S > ��� > S_ F S�Rq� m�> � V�>JK U > S�U#L D � K�V Ma�,L D S,LNMaB V ��X�L K S

F � > M F UJB,LQ����� > R o
=?> � > S,B����cUJB B�C > Rq�cS,S > ��B F B��cL K B,L O(αs)

U#LQ��� > UJB��cL K SZo � C >&> HqB >JK S��cL K B,L B�C >
� ��� U F S > �cS�S�B�� F � V C B]MPLQ� @OF �,R o

e K S > ��B�� K�ViF UJX�B,L � L K B�C >�V ��X�L K >JK�> � V � DE>ZFNK Ss� K B >JV � F B�� K�V L m�> �sB�C >�V ��X�L K
D L DE>JK B�X D�� @ ��B�C FNKb> HqB�� F M F UJB,LQ�

θ(k0 − µ) ^ o � � o [ 	 d�^ �cS D L�Rq� kr> RiB,L�Y

W pert
i (q0, q

2, µ) =
[
W TL

i (q̂2) + CF
αs

π
Vi(q̂

2, η)
]
δ(1 + q̂2 − 2q̂0)

+ CF
αs

π
Ri(q̂0, q̂

2, η) θ(1 + q̂2 − 2q̂0)

+ CF
αs

π
B1,i(q̂

2, η) δ′(1 + q̂2 − 2q̂0), [Pd�d�^
@ C > � > Y

η = µ/mb [PdNfh^FNK R @ > C F#m�>AF S,S�X DE> R
0 < η < 1/2

o � C >�> � > UJBsLNM4B�C > UJX�B,L �T�cS�B,L S,LNMaB >JK B�C >Rq� m�> � V�>JK U > LNMsB�C > MaLQ� D M F UJB,LQ�,S K�>ZF �AB�C > >JK Rq� LQ� K BZ > ��� D � KrF B�� K�V B�C > � K Ma� F � > RRq� m�> � V�>JK U > � K B�C > S,� > UJB���X D o � C > V �,L @ B�C S,LNMaB >JK S���X�B B�C > MaLQ� D M F UJB,LQ�,S F � >S,B������(Rq� m�> � V�>JK BsRqX > B,LEU#LQ����� K�>ZF � > � > UJB,SZo
=?>A@ > � >�F ��� > B,L � > �]MPLQ� D B�C > > H������cUJ��B�U F �cUJX�� F B��cL K � K B�C > ��� > S >JK U > LNM B�C >UJX�B,L � MPLQ�4B�C > � >ZF � V ��X�L K�>JD �cS,S,�cL K  k�K Rq� K�V B�C > FNKrF �	�hB��cU�� > S�X���B:MPLQ�

Ri(q̂0, q̂
2, η)

Y
Ri(q̂0, q̂

2, η) = R̃i(q̂0, q̂
2) θ (s − q̂0) + Rcut

i (q̂0, q̂
2, η) θ (q̂0 − s) [Pd�j�^

@ C > � >
s = s(q̂2, η) = 1/2−η+q̂2/(2−4η)

o e B
�cS >ZF S ��B,L S >#> B�C F B MaLQ� q̂2 ≥ 1−2ηB�C >�F �*L m�> � > � F B��cL K � > RqX�U > S�B,L�Y
Ri(q̂0, q̂

2, η) = R̃i(q̂0, q̂
2), [Pd�n�^

� K B�C > @ C�LQ� >iF ���cL @ > R
q̂0

R�L DGF � K o �7Hq��� > S,S��cL K SALNM
Rcut

i

F � > U#LQ��� > UJB > R � K ��� �� >JK Rq�IHi��o
� C > Rq��� > UJBsU F �cUJX�� F B��cL K LNM7B�C >

η � R > � >JK R >JK U > LNM [ S�LNMgB ^ m ����B�X F � MPLQ� D M F UJB,LQ�,S
@ LQX��cR � >�D X�U�C D LQ� > UJX D � > �,S,L DE>  ��X�B @O> U FNK S�B������O� K M > ��B�C > ��� > Hq��� > S,S��cL K SMa�,L D B�C > � >�� X���� >JDE>JK B B�C F B4��C��qS��cU F � � X FNK B���B�� > S FNK R �� K � F ��B��cUJX�� F �Z B�C > � K B >JV � F �
L m�> �

q0
LNM >ZF U,C MPLQ� D M F UJB,LQ� D X�S�B � > � K R > � >JK R >JK B LNM;B�C > UJX�B,L �:o � C F B��cS_Y

∫ +∞

−∞

dq0Wi(q0, q
2, 0) =

∫ +∞

−∞

dq0Wi(q0, q
2, µ) + O(α2

s), [Pd � ^
@ C > � >  F S F ��� >ZF R �iS�B F B > R Y

Wi(q0, q
2, µ) = mni

b

[
W pert

i (q̂0, q̂
2, η) + W power

i (q̂0, q̂
2, η)

]
. [Pd�t�^

n



� >JK LQ� DGF ����� F B��cL K LNM K L K � > ��B�X�� � F B�� m�> � F � FNDE> B > �,S FNK R LNM
mb

�h� > �cR F UJX�B,L � �R > � >JK R >JK U > LNM;B�C > MPLQ� D Y

mb(0) = mb(η) +
[
Λ̄(η)

]
pert

+

[
µ2

π(η)
]
pert

2mb(η)
, [Pd ��^

µ2
π(0) = µ2

π(η) − [µ2
π(η)]pert [gf � ^

ρ3
D(0) = ρ3

D(η) − [ρ3
D(η)]pert, [gf�\_^@ ��B�C(Y

[
Λ̄(µ)

]
pert

=
4

3
CF

αs

π
η

[
µ2

π(η)
]
pert

= CF
αs

π
η2

[
ρ3

D(η)
]
pert

=
2

3
CF

αs

π
η3, [gf 	 ^

=?>s@ ����B > B�C > � > ��B�X�� � F B�� m�> U#L K B����	��X�B��cL K S�B,L MPLQ� D M F UJB,LQ�,SZ @ ��B�C B�C >�= ���cS,L K � FNKS�U F � > S > � F � F B��cL K �� K B�C > MPLQ���cL @ � K�V�@OF �*Y
Ri(q̂0, q̂

2, η) = R̃i(q̂0, q̂
2) + δRi(q̂0, q̂

2, η), [gf d�^
Vi(q̂

2, η) = Ṽi(q̂
2) + δVi(q̂

2, η). [gf�fh^
�/U#U#LQ�,Rq� K�V B,L R > M]o [Pd�j�^  δRi

�cS�S�� D ���	� Y

δRi(q̂0, q̂
2, η) =

[
Rcut

i (q̂0, q̂
2, η) − R̃i(q̂0, q̂

2)
]

θ (q̂0 − s) [gf j�^
e B/�cS�S�� D ��� > B,L m�> ���IM � B�C F B�B�C >�DGF B,U�C�� K�V U#L K Rq��B��cL K [Pd � ^ �cS/S F B��cS kr> Ri��:Y

δVi(q̂
2, η) = Si(q̂

2, η) − 2

∫ +∞

−∞

dq̂0 δRi(q̂0, q̂
2, η) θ(1 + q̂2 − 2q̂0), [gf n�^

@ C > � > Y
CFαs

π
Si(q̂

2, η) = 2 m−ni

b

{[
Λ̄(η)

]
pert

+

[
µ2

π(η)
]
pert

2mb(η)

}∂M
(0),TL
i (q2/m2

b)

∂mb

− 2 m−1−ni

b

{[
µ2

π(η)
]
pert

∂

∂µ2
π

+
[
ρ3

D(η)
]
pert

∂

∂ρ3
D

}
M

(0),power
i

(
q̂2

)

[gf � ^
� C > � > S�X���B�� K�V M F UJB,LQ�,S

Si
� >ZF R Y

S1(q̂
2, η) =

8

3
q̂2η +

q̂2 − 2

3
η2,

S2(q̂
2, η) = 0,

S3(q̂
2, η) = −8

3
η +

2

9
η3. [gf t�^

�



� C > � > �cS�L K�> � LQ� K B�� > MaB/B,L UJ� F ���IM � � Kb>�� o [ 	 d�^  KrFNDE> �	� B�C > ��� > S >JK U > LNM F δ′B > � D o � C��cS �cS � > � F B > R B,L&B�C > Rq�� > � >JK U > B�C F B/LhU#UJX��,S � > B @O>#>JK B�C > � � > S�B � >JK�> � V � ���� K�> B��cU DGF S,S7LNMrB�C > 	 � X F � � FNK R�B�C >ODGF S,S B�C F B7� >ZF ���	� >JK B > �,S7� K B�C > R > U F ��o ` X�U�C
F Rq�� > � >JK U > F ��� >ZF �,S F S F S�C��IMaB � K B�C > >JK Rq�*LQ� K BZ @ C��cU�Ci�cS B�C > � K B > ����� > B F B��cL K LNMB�C > R > ��� mQF B�� m�> LNM7B�C >�� ��� F U�R > ��B F Y

∆2q0 =
[
−mkin

b (µ) + m0
b(µ)

] (
1 − q2

m2
b

)
−

m2
q

mb
[gf���^

� V F � K  @O> U FNK � K M > ��B�C > > Hq��� > S,S��cL K S�LNM
B1,i

@ ��B�C�LQX�B FNK > Hq�����cUJ��B�U F �cUJX�� F B��cL K 
��X�B�� >�� X������ K�V UJX�B,L � � � K R > � >JK R >JK U > LNM/B�C >Gk �,S�B q0

U >JK B�� F � D L DE>JK B [ @ C��cU,C �cS
UJ� >ZF ���	� B�C > L K �	� L K�>WF � > UJB > R ��� B�C > ��� > S >JK U > LNM F

δ′ ^ o �5���,L�U > RqX�� > m�> � �S,� D ��� F ��B,LAB�C > L K�> R > S,UJ���	� > R MPLQ��B�C > m ����B�X F �
U#LQ��� > UJB��cL K S ��� > �cR�S/� K B�C > >JK R Y

CF αs

π
B1,i(q̂

2, η) = 2 m−1−ni

b (1 − q̂2)
{[

Λ̄(η)
]
pert

+

[
µ2

π(η)
]
pert

2mb(η)

}
M

(0),TL
i (q̂2)

− 4 m−2−ni

b

{[
µ2

π(η)
]
pert

∂

∂µ2
π

+
[
ρ3

D(η)
]
pert

∂

∂ρ3
D

}
I
(1),

�����
i (q̂2)

− 4
CF αs

π

∫ +∞

−∞

dq̂0

(
q̂0 −

1 + q̂2

2

)
δRi(q̂0, q̂

2, η) θ(1 + q̂2 − 2q̂0) [Pj � ^
� >JK U > Y

B1,1(q̂
2, η) =

1

3
(1 − q̂2)2 η + (1 − q̂2) η2 +

1

9
(1 − q̂2)(−7 + 5q̂2) η3,

B1,2(q̂
2, η) =

4

3
(1 − q̂2) η + 4 η2 +

4

9
(1 + 5q̂2) η3,

B1,3(q̂
2, η) =

2

3
(1 − q̂2) η + 2 η2 +

2

9
(−7 + 5q̂2) η3. [Pjq\_^

����� � +�$ 
�+�6�" '2)�+�$�� )]'2� '*��� 0r�&�/� �  #"&$�% '2),+�$
=?>sK L @ @OFNK B B,L�U#L K m LQ��X�B > B�C > S�C F � > MaX K UJB��cL K S @ ��B�C B�C > � > ��B�X�� � F B�� m�> � > � K�> � � K UJ��X�Rq� K�V U#LQ��� > UJB��cL K S X��?B,LbS > U#L K R LQ�,R > � � ��� o e B��cS � K S�B���X�UJB�� m�> B,LiS >#> C�L @B�C > U#L K m LQ��X�B��cL K �cS4� > �]MPLQ� DE> RG� K B�C > S�� D ��� > �OU F S > LNM

B̄ → Xsγ
�� > MaLQ� >�D L m � K�VB,L S >JD ��� > ��B,L K �cU�R > U F �qSZo

�	��
	��
B̄ → Xsγ

� C > > Hq��� > S,S��cL K LNMrB�C > U#L K m LQ��X�B��cL K MPLQ�
B�C > � F Rq� F B�� m�> R > U F �&U FNK � > R > ��� m�> R�Ma�,L D
>�� o []\Zd�^  ���iB F �h� K�V B�C > q2 → 0

��� D ��B FNK Rb� > ��� F UJ� K�V B�C > MaLQ� D M F UJB,LQ� @ ��B�CWB�C >��C�LQB,L KW>JK�> � V � S,� > UJB���X D Y

dΓ (Eγ)

dEγ
=

∫ +∞

−∞

dk+ F (k+)
dΓ � ert

(
Eγ − k+

2

)

dEγ
[Pj 	 ^

t



= C��cU,C(N� K B > � D S
LNM F � Rq� DE>JK S��cL KrF � m�F ��� F ��� > S [ ξ = 2Eγ/mb

κ = k+/mb ^  � >ZF R�SZY

dΓ(ξ)

dξ
= mb

∫ +∞

−∞

dκ F (κ)
dΓ � ert(ξ − κ)

dξ
[Pj�d�^

� L DE>JK B,SsLNM;B�C > S�C F � > MaX K UJB��cL KWF � > B�C >JK U#L K S�B�� F � K�> RiB,L � > Y
∫

dκ κn F (κ) =

∫
dξ (ξ − 1)n 1

Γ � � �
dΓ � � �

dξ
, [PjNfh^

@ C > � > Y
1

Γ � � �
dΓ � � �

dξ
= δ(1 − ξ) + A1δ

′(1 − ξ) + A2δ
′′(1 − ξ), [Pj�j�^

A1 =
µ2

π − µ2
G

2m2
b

− 5ρ3
D − 7ρ3

LS

6m3
b

[Pj�n�^
A2 =

µ2
π

6m2
b

− 2ρ3
D − ρ3

LS

6m3
b

[Pj � ^
p LQB > B�C F B >�� o [PjNfh^ �cS L K �	� mQF ���cR�MPLQ� n ≥ 1

 F SO� K B�C��cSOU#L K B > H�BZ�LQ��� L�S���B > B,L�B�C >U F S > LNMsS >JD ��� > ��B,L K �cUiR > U F �qSZ @ > R�L K�� B K�>#> R B�C >�> H F UJB K LQ� DGF ����� F B��cL K LNM�B�C >S,C F � > MaX K UJB��cL K [ KrFNDE> �	� n = 0 ^ o =?> @ �����(S�� D ���	� K LQ� DGF ����� > B,LAB�C > U#L K m LQ��X�B > RS,� > UJB���X D B,LA��B,S�� K B >JV � F �
L m�> ��B�C > @ C�LQ� > R�L DGF � K o
� � o [Pj�j�^ � D ����� > S_Y

∫
dκ κ F (κ) = A1 [Pj�t�^

∫
dκ κ2 F (κ) = 2A2 [Pj ��^

� K U > B�C > S�C F � > MaX K UJB��cL K �cS�R > B > � D � K�> R 7L K�> U FNK ���,LhU >#> RT� K B @ L >�� X�� mQF � >JK B
@ F �qS�B,LWL ��B F � K B�C > C F Rq�,L K �cU�S,� > UJB���X D o � C > U#L D D L K S,B F ��B�� K�V � LQ� K B&�cS B�C >� > ��B�X�� � F B�� m�> � > � K�> � :B�C F B @ > @ ����� K L @ B�� >ZF BA� K B�C > L K � S�C > ��� S,U�C >JDE> o � m�>JK �B�X F ���	�� D L�Rq� k U F B��cL K S RqX > B,LbB�C > � K B��,L�RqX�UJB��cL K LNM F = ���cS,L K � FNK UJX�B,L � @ ����� � >� LQ� K B > R LQX�BZo4� B p � � B�C > � > ��B�X�� � F B�� m�> S�� > UJB���X D C F S B�C > V�>JK�> � F � > Hq��� > S,S��cL K Y

1

Γ � �����
dΓ � �����

dξ
=

CF αs

π
f1(ξ) θ(1 − ξ) θ(ξ) + A δ(1 − ξ), [Pn � ^

@ C > � >
A = 1+(CF αs/π)V1

FNK R�U FNK � >7k H > R F MgB > �
� >JV X�� F ����� F B��cL KAFNK R�U FNK U > ��� F �B��cL K LNM(� K Mg� F � > R FNK RGU#LQ����� K�>ZF �/Rq� m�> � V�>JK U > S [ � �
	��4� K B��,L�RqX�UJ� K�V�� � � �� � 
 ���� 

	�� � 
 �
	�
F S�R�L K�> � K B�C > ��� >Jm �cLQX�S�U,C F ��B > � ^ o S�� K�VE>�� o [Pj�d�^ L K�> � D DE> Rq� F B > �	� k�K R�S�B�C > U#L K m LQ��X�B > RWS�� > UJB���X D B,L � > Y

1

mb

dΓ

dξ
= A F (ξ − 1) +

CFαs

π

∫ min(Λ̂,ξ)

ξ−1
dκ G(κ) f1(ξ − κ), [Pnq\_^

�



@ C > � > @ > C FZm�>�> Hq�����cUJ��B > RiB�C >
θ � MaX K UJB��cL K U#L K B F � K�> R � K F (κ)

o p FNDE> �	�*Y
F (κ) = G(κ) θ(Λ̂ − κ). [Pn 	 ^

� C > � F B�B > � >�� X F B��cL K � >�� X���� > S > Hq�����cUJ��B � K L @ � > R V�> LNM
A
2B�C X�S B�C > � K B��,L�RqX�UJB��cL KLNM F S,X���B�� F UJB��cL K � S,U,C >JDE> MPLQ��Rq� m�> � V�>JK U > SZo � C >EDE> B�C�L�R @O>�F � >EK L @ S�C�L @ � K�V

F ���cL @ S�L K�> B,L����h� F S�S�B�C > Rq��� > UJB�U F �cUJX�� F B��cL K LNM
A
o

=?> R >lk�K�> qMPLQ�
x ≤ 1

Y

φ(x) =

∫
∞

x
dξ

dΓ � � � � (ξ)
dξ

= Γ � � � �
[
1 − CFαs

π

∫ x

0
dξ f1(ξ)θ(1 − ξ)

]
, [Pn�d�^

@ C��cU�C( ��� R >lk�K ��B��cL K r�cS�S�X�U,CbB�C F BZY

−dφ(x)

dx
=

dΓ � � � � (x)

dx
. [PnNfh^

��MaB > � F S�C��IMaB7LNM2B�C > � K B >JV � F B��cL K�mQF ��� F ��� > [ κ = ξ−t ^  >�� o [Pj�d�^ U FNK � > � > � @ ����B�B >JKF S_Y
1

mb

dΓ

dξ
= −

∫ +∞

−∞

dt F (ξ − t)
dφ(t)

dt
. [Pn�j�^

=?> B�C >JK � K B >JV � F B > B�C > � F B�B > � ���E� F ��B,SZo7�s���*S�X��]M F U > B > � D S m�FNK �cS�C FNK RGB�C >�k�KrF �
> Hq��� > S,S��cL K MPLQ�/B�C > U#L Khm LQ��X�B��cL K � >ZF R�SZY

1

mbΓ � �����
dΓ

dξ
= −

∫ +∞

ξ−Λ̂
dt G′(ξ − t)

[
1 − CFαs

π

∫ t

0
dz f1(z)θ(1 − z)

]
, [Pn�n�^

� C > �cL @O> � ��� D ��B LNM4� K B >JV � F B��cL K L m�> � � �cS k H > R ���iB�C >
θ � MaX K UJB��cL K � K [Pn 	 ^ o � C >��� > � M F UJB,LQ� 1/mbΓ �

��� � U FNK U > �cS�� K B�C > K LQ� DGF ����� F B��cL K Y
∫ 1+Λ̂

−∞

dξ
1

Γ

dΓ

dξ
= 1. [Pn � ^

p LQB > B�C F B�B�C > R�L DGF � K �cS K L @1> H�B >JK R > RiB,LAB�C > C F Rq�,L K �cU ��� K�>JDGF B��cU#SZo
�	��
	���

B̄ → Xue
−ν̄e

�����	��
����������
�����������
���


� C >&FNKrF �cL V LNM >�� o [Pnq\_^ MPLQ� >ZF U,CWMPLQ� D M F UJB,LQ� LNM4B�C >
b → u

R > U F � �cS�L ��B F � K�> R � K B�C > L K � S�C > ��� S,U�C >JDE> �Ma�,L D >�� SZo []\Zd�^ FNK R [ 	 d�^ o e B/� >ZF R�S_Y

Wi(q0, q
2) =

m1+ni

b

∆

[
W TL

i (q̂2) +
CF αs

π
Ṽi(q̂

2)
]
Gi

(
2q̂0 − 1 − q̂2

∆
, q̂2

)

+ m1+ni

b

CF αs

π

∫ Λ̂

2q̂0−1−q̂2

∆

dκ Gi(κ, q̂2) R̃i

(
q̂0 −

∆

2
κ, q̂2

)
,

[Pn�t�^
@ C > � >

∆ = ∆(q̂2) = (1 + Λ̂ − q̂2)/(1 + Λ̂)
 F S�R >lk�K�> R � K []\Zn�^ o

\ �



� � X�� m�F � >JK B��	��rL K�> U FNK >JD ���cL � B�C > S > U#L K R DE> B�C�LhRiLNM7U#L K m LQ��X�B��cL K  KrFNDE> �	�B�C > L K�> � K m LQ� m � K�V B�C > R > ��� m�F B�� m�> LNM7B�C > S�C F � > MgX K UJB��cL K  @ C��cU�C ��� > �cR�SZY

Wi(q0, q
2) = −4m1+ni

b

∆2

∫ +∞

q̂0−
∆Λ̂

2

dr G′

i

[
2(q̂0 − r)

∆
, q̂2

]

×
[
Ki(q̂

2) − CF αs

π

∫ r

√
q̂2

dz R̃i(z, q̂2) θ(1 + q̂2 − 2z)

]
,

[Pn ��^
@ C > � >

r = q̂0 − ∆ κ/2
FNK R Y

Ki(q̂
2) =

∫ +∞

√
q̂2

dz W � ��� �
i (z, q̂2). [ �Q� ^

p LQB > B�C F B4B�C > S�X����*LQ��B4LNM B�C > MPLQ� D M F UJB,LQ�,S V L > S R�L @/K B,L −∞  ��X�B4� KG>�� SZo [Pn ��^FNK R [ �Q� ^ @O> U�C�L�S > ;MPLQ��U#L K m�>JK � >JK U >  √
q̂2

F S�B�C > �cL @O> �A��� D ��B&LNM�� K B >JV � F B��cL K o
� C��cSOS >#>JD S B,L � > B�C >sD L�S�B � >ZF S�L KrF ��� >�m�F ��X >  F S ��BO�cS4B�C >sD � K � DGF � ��� K�>JDGF B��cU F �
m�F ��X > F ���cL @ > R&MPLQ� B�C >O>JK�> � V ��LNMrB�C > = � L�S,L K  ��X�B;��B
�cS;� D �*LQ��B FNK B;B,L S�B�� > S,S
B�C F B
��B��cS��]X�S�B F � > M > � >JK U >Em�F ��X > 
X K S�� V�K � k U FNK BA� K B�C > S�X���B�� F UJB��cL K LNM [Pn ��^ o  S�� K�VB�C > K LQ� DGF ����� F B��cL K LNM >�� o [ 	 \_^ Y
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√
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∆
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∆
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∆
, q̂2

)

+ m1+ni

b

CFαs

π
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∆
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∆
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∆
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∆
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∆
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+
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+
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