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Á� ©Û�f�§�ó����¼ê¦^¥, ØÓÄþ©êz�½Â¤�5�Ø(½5, ^ê��

{O�
~^���Cz½Â¤�Ñ�k��fÄþeg→ J/ψ�Ð©��¼êDg→J/ψ(z,Q0), uy

��C½Â�Ñ���¼êé�fÄþkk����65. � |k|→∞�, �A��¼êªu1I½Â

e���¼ê; �k��� (X3\�ìTevatronÚLHCþ�)�f�;.UÄþ��S), U��C

/ª½ÂÚ¦^��¼ê¬�O��5���Ø(½5.

'�c �f��¼ê §�ó� Ø(½5

��´�3,L§¥äk��îÄþ�Ü©f/

¤¹kA½rf�5�L§. �f��¤§�ó�

�L§�,/ªþáuαs �p�L§, �´3�îÄ

þ�¬åÌ��^, Ïd��´rféEÅþ§�

ó��)��Å�
[1—3]

. ��ù, §�ó�H�

���)L§A+B→H(pT)+X��©�¡�±L

«�

dσ (A+B→H(pT)+X) =

∑

a,b,c

∫1

0

dxa

∫1

0

dxb

∫1

0

dzfa/A(xa,Q)×

fb/B(xb,Q)dσ̂(a+b→ c+X)Dc→H(z,Q) , (1)

Ù¥a, b´\�rfA, B¥�Ü©f; fa/A Úfb/B

´�AUIQ2 e�Ü©f©Ù¼ê; Dc→H(z,Q)´

3UI�Q2 �Ü©fc���H���¼ê. UI

Q2 ?���¼ê�dÐ©UIQ2
0 ���¼êÏL

Altarelli-Parisi�§

Q
∂

∂Q
Di→H(z,Q) =

∑

j

∫1

z

dy

y
Pij(z/y,Q)Dj→H(y,Q) ,

(2)

üz��. Ù¥Pij ´Ü©f i�Ü©f j�3� (split-

ting)¼ê. �f�Ð©��¼êDg→H(z,Q0)´3�

fÃ¡�ÄþX¥ÏLÏfz�{�����Ê·¼

ê. §��±3k�Äþ�IXe^�6QCD��

{ÏLO�A½ÔnL§��
[3]

. 3¢SO�L§

¥, ±²Ä (boost)ØC�/ª [Xª(3),(4)]½Â�C

þz, ¤��(J�Ã¡�ÄþXe�(J��, ¿Ø

�6u���f�Äþ.

z =
EH +pH

z

Eg +pg
z

, (3)

z =
pg

•pH

(pg)2
, (4)

þª¥����f�Äþ���Z ��. EH, pH
z ©O

´"�§�ó�UÄþ�Z ©þ; Eg, pg
z ´���

f�Uþ9Äþ�Z ©þ. Ù¥ª (3)�1IXez �

½Â/ª.

3¦^��¼ê�, duª (3), (4)�/ª�9"

�§�ó��î� (=R�u���fÄþ��)Ä

þ3äN¦^�ö�å5Ø´é�B, �~Cq�

æ^±eA«��C/ª�½Â

z =

√

M 2
H+(pH

z )2

Eg
, (5)

z =

√

M 2
H+(pH

z )2 +pH
z

Eg +pg
z

, (6)

z =
pH

z

pg
z

. (7)
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� |k| → ∞�, ù
��C½Â�1IX½Â (3)�

d. ���f�Äþk��, ±þ���C½Â¬�

O��5Ø(½5. ,	, ª (5)�±L«¤

|pH
z |=

√

(zEg)2−M 2
H, (8)

éu�½�z �, éA���Ó�����ü«"�

§�ó�Äþ, ¦^ù«½Â�A�Ä�ö�Ó�

½�AÇ. ª (6)�,éu�½�z, §�ó��

ÄþpH
z ´��(½�, ��z ����, pH

z �U��

��f��, ù«�¹���¼ê�g�ØÎ. Ïd

�ª (7)/ª�½Â�', ª (5), (6)/ª�½ÂØ�

Bu��¼ê�A^. e¡ÏL�6QCD��{, ^

±þ3«'uz ���C½Â5O�k��fÄþe

g → J/ψ�Ð©��¼êDg→J/ψ(z,MJ/ψ), ¿ò§�

�^1IX½Â (3)ªO�¤���¼ê?1'�,

l©Ûù
��C½Â�¦^¤�5�Ø(½5.

ã 1 qg→ qg∗ → J/ψgg �Feynmanã

�ÄXã1¤«�qg → qg∗ → J/ψggL§. TL

§�Ý
��±¤�üÜ©: (1) Äþ�k, ØC�þ

�
√

s�J�fg∗ ��); (2) J�fg∗ PC�J/ψÚ

ü�¢�f, =

M = Mµ
1

(gµν

k2

)

Mν
2 =−

∑

λ

Mµ
1 εµ(λ)

1

k2
Mν

2 ε∗

ν(λ),

(9)

Ù¥Mµ
1 εµ(λ)�J�f�)Ü©, M ν

2 ε∗

ν(λ)�J�f

PCÜ©. þª¥¦^


gµν = −
∑

λ

εµ(λ)ε∗

ν(λ), (10)

Ù¥ εµ(λ)L«�f�4z¥þ, λ�4z�I. K

ã1¤«L§��©�¡�L«�

dσ = |M |2[dφ] =

∫
d3k

dσ̂(qg→ qg∗)

d3k
×

∫
∞

M2

J/ψ

ds
dΓ (g∗ → J/ψgg)

πs
√

s
, (11)

Ù¥

dσ̂(qg→ qg∗) = δ4(p1 +p2−k−p6)×
∑

λ

|M1|2λλ[dφ1]
d3k

(2π)32Eg
, (12)

dΓ (g∗ → J/ψgg) =
(2π)4

2
√

s
δ4(k−p3−p4−p5)×

(

1

2

∑

λ

|M2|2λλ [dφ2]

)

, (13)

[dφ] = [dφ1] [dφ2] , (14)

[dφ1] =
d3p6

(2π)32E6

, (15)

[dφ2] =
∏

i=3,4,5

d3pi

(2π)32Ei

. (16)

3úª (12), (13)�4z¦Ú¥�w«/�Ñ
é�

f�4z¦Ú, Û�
éÙ¦"�âf�4z¦Ú

9éÐ�âf�4z¦²þ. �f�Ð©��¼ê�

L«�

∫1

0

dzDg→J/ψ(z,MJ/ψ) =

∫
dp4z

∫
∞

M2

J/ψ

ds

πs
√

s

∫
dΓ (g∗ → J/ψgg)

dp4z

. (17)

ÏL�\z �ØÓ½Â, dþª�±�Ñ�A�k�

Äþe���¼ê. Uìª (3)Ú (4)�½Â, �A�

��¼ê�J�fÄþÃ'; Uª (5), (6)Ú (7)�

½Â, ¤éA���¼êò�6uJ�fÄþ. 3�

��f�Ã¡�ÄþX, �±)Û/���f�§

�ó����¼ê. 3k�Äþ�, ¦^ê�O�

��{��±�Ñ�½J�fÄþe, ��¼ê3�

Az ½Âe�©Ù.

ã2´¦^FDC(Feynman Diagram Calculation)

XÚ
[4]

, ÏLê��{O�Ñ�, ²ÄØC½Â (3)ª

ÚâÔ[�C½Â (4)ªe�A�Ð©UI��¼ê.

§�Ø�6uJ�f�Äþ, ¤±3ê�O�¥J�

fÄþ�?¿�¤�(J�Ó. ã¥1IX½Â(3)ª

�Ñ���¼ê�Braaten����(J��
[3]

; ª

(4)éA��¼ê�©z [5]�Ñ�(J��. ã3, 4

´�Ó�{e�Ñ�, ��C½Â (5), (6)ªéA�Ð

©��¼ê. lãþ�±wÑ, ��¼ê�6uJ�

f�Äþ |k|. �J�fÄþ |k| →∞�, ��¼êª

u1IX��¼ê. �J�fÄþk��, �3�½

�AÇ¦"�J/ψ�Äþ�J�fÄþ��, �TA

Ç�J�fÄþ��¤�', Ïd3ã3, 4¥z ��

�?�3���¸, lò���¼ê�A^�5�

��Ø(½5. ã5´ª (7)éA�ØÓJ�fÄþe

���¼ê. ã¥�Ñ�´3−1 6 z 6 2��S��
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�¼ê©Ù. Ï~·�ù��âf�Äþ©êz ��

���A� [0,1], @´3Ã¡�ÄþXe�����.

3½Â (7)ªez ���Ñd��´Ï�3J�f

Äþk��, J/ψ�Äþ���U÷J�fÄþ��

��, ��3z < 0��¹; ,	duJ�fäk�þ,

�kz > 1��¹. dã��, �J�fÄþ |k| →∞
�, ��¼êªu1IX��¼ê. �J�fÄþ�

5, 10, 20, 80Ú1280GeV�, 3 [0,1]«mSª (7)éA

��¼ê�È©��1IX��¼ê�È©��'©

O��0.49, 0.65, 0.77, 0.91, 0.97. ��J�fÄþ�

�, J/ψ�Äþ�J�fÄþ���AÇ��. Ïd,

3�fÄþ���, Ud½Â¦^��¼ê¬�5�

�Ø(½5. ��f�Uþ�u80GeV�, U (7)½Â

�Ñ�ê�(J�Ø(½5ò�u10%.

ã 2 z �²ÄØC/ª�½Âª (3) [¢�]Úª (4)

[J�]éA���¼ê

ã 3 ØÓ�J�fÄþe, z ���C½Âª (5)

éA���¼ê

nþ¤ã, �,z �²ÄØC/ª�½Âª (3)Ú

âÔ[�C/ª�½Âª (4)éA��¼ê��fÃ

¡�Äþ�IXe���¼ê�dØ�6u�fÄ

þ, �duù
½Â�9�f�î�Äþ, Ïd3¢

S¦^��¼ê�ù��½Â/ªØBuö�, ~

Cq/æ^Xª (5), (6), (7)¤«���C/ª�½

Â. ��fÄþ |k| →∞�, §��1IX½Âª (3)

�d. �´��fÄþ���, l±þO���, ù


��C½Â¬���¼ê�¦^�5���Ø(

½5. ,	, duUª (5), (6)�½Â, J/ψÄþ��

fÄþ����¹��¹3«m0 6 z 6 1S, Ïd�

Ø�BA^; ª (7)�/ª, �,30 6 z 6 1«mS

J/ψ�Äþ��fÄþ©ªÓ�, BuA^, �3y

k\�ì (XTevatron9LHC)�)�f�;.UÄ

þ��S (�4—20GeV�m), §éA���¼ê�

1IX��¼êk���É, �Uù«½ÂA^��

¼ê¤�)�Ø(½5´é��. nÜ±þ?Ø��,

3yk\�ì�)�f�;.UÄþ��S, ^z �

��C½Â5A^��¼ê, 7L�Ä�U�)��

�Ø(½5.

ã 4 ØÓ�J�fÄþe, z ���C½Âª (6)

éA���¼ê

ã 5 ØÓ�J�fÄþe, z ���C½Âª (7)

éA���¼ê
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On the Application of Gluon to Heavy Quarkonium

Fragmentation Function *

QI Wei1,2 QIAO Cong-Feng1 WANG Jian-Xiong2

1 (Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

2 (Institute of High Energy Physics, CAS, Beijing 100049, China)

Abstract We analyze the uncertainties induced by different definitions of the momentum fraction z in the application

of gluon to heavy quarkonium fragmentation function. We numerically calculate the initial g → J/ψ fragmentation

functions by using the non-covariant definitions of z with finite gluon momentum and find that these fragmentation

functions have strong dependence on the gluon momentum k. As |k| →∞, these fragmentation functions approach to

the fragmentation function in the light-cone definition. We find that when |k| is small (for instance in the typical energy

scale (about 4—20GeV) of the gluon production at the hadron colliders, such as Tevatron and LHC), large uncertainty

remains while the in-covariant definitions of z are employed in the application of the fragmentation functions.

Key words gluon fragmentation function, heavy quarkonium, uncertainty
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