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Research on the kaon parton distribution functions
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(School of Physics and Materials Science, East China Normal University,

Shanghai 200241, China)

Abstract: The parton distribution functions of nucleons and mesons are basic physical

quantities, while different research groups have got different results. With a very simple

model that kaon is made up of only valence quarks at a low Q2 scale, the gluons and sea

quarks are generated completely through the quantum chromodynamics (QCD) radiations.

The modified dokshitzer-gribov-lipatov-altarelli-parisi (MD-DGLAP) equations is used as

the QCD dynamical evolution equations. It is shown that the results can fit the experiments

well. Compared the parton distributions and momentum distributions with the other

models, the differences are obvious. We hope that future experiments can check them.
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Ü©f©Ù¼êkwÍ��É, cÙ´� x!$ Q2 «��©Ù, �f©Ù��OcÙ²w[8].

ØÓ�|æ��ïÄ�{´aq�, §��m�É�Ì��Ï3uÀ��üzå: Q2
0 Ø�

�, ëê�L�/ª�Ø��. ��o�±ù�?¿Qº�©@�Ì�´Ï�ù
ëê��

{Ñ"yÔnã����â, ==´lê�þ�±���¢���.

@3 20­V 70 c� (1976—1977c), ÔnÆ[ Novikov[9]Ú Parisi[10]�Òl�Ä��Ø

f(��.ÑuïÄ
Ü©f©Ù¼ê. ·���, 3ÄþIÝ Q2 é��, Øf�±w¤

d 3 �|©§�|¤. NovikovÚ Parisi�Ò��3,�$Äþ Q2
0(0.06 ∼ 0.07 GeV2) e, Ø

f�±w¤��dd§�|¤, p Q2 «���fÚ°§���ÏLQCDË��). ¦�@

�d«�� αs(Q
2
0)/2π < 1 � Q0 > ΛQCD, ¤±�6�§�±·^. �ù���{ü�Ù�

ã�vk��¤õ, �Ï´d§�©Ùlùo$�Äþm©üz (�â DGLAP�§), =m

©Ë��fÚ§�, ��p Q2�, � x «��§�©Ù�¢��'�p
. Glück!Reya �

<[7]3d�.Ä:þ�
?U, ¦�� Q2
0 � 0.2 ∼ 0.3 GeV2, �Ð©©Ù¥Ø=�¹
d§

�, ��¹
ad©Ù/ª�°§�Ú�f, |^ DGLAP �§üz, 3 Q2 > 1 GeV2 «�U

éÐ/)º¢�. �´, ¦��Ð©©Ù®²vk
�Ð NovikovÚ Parisi�JÑ��Ù�

Ônã�.

É±þù
ó��éu, �©�ö�� (_ïù)9Ù¦Ü�ö[12-14]�Ä�, XJ3

$ Q2 «�Ü©f�üzØ=k DGLAPüz�§� QCDË��üz�ª, �k�E,�Ü

©fm�­|�A�3, KÜ©f�üz3� x«�Ò�ú�õ, NovikovÚ Parisi��Ð�

���.Ò�U¤õ. �(, 3ó�¥[12-14], ¦�æ^aq NovikovÚ Parisi��.éØf¥

4zÚ�4z�Ü©f©Ù¼ê?1
��¡�©Û. (JuyXJ�Ä
Ü©fm�­

|�A, Ò�±l$ Q2 e�{ü�d§��.Ñu��p Q2 «��Ü©f©Ù¼ê, l


;m
Lõ�éÜ©f©Ù/ª�ëêzb�. 3ó�¥[15], ¦�^aq��{é π 0f¥

�Ü©f©Ù¼ê?1
ïÄ¿�Ñ
Ð©d§��©Ù/ª.

�©¥é K0f¥�Ü©f©Ù¼ê?1
&?. 3,�$ÄþIÝe (�©� Q2
0 =

0.074 GeV2), �Ä K 0f=dd§�|¤, °§�Ú�fK��d�Ð�d§�üz�).

�â MD-DGLAP �§?1üz, �±��pÄþIÝe�Ü©f©Ù¼ê, 
�U
éÐ

/)º�'�¢�êâ. ,	, ��Ù¦?Ø K 0f¥Ü©f©Ù��.?1
©Û'�,

¿épÄþIÝe�Ü©f©Ù�Ñ
ýó. 8c, du� K 0f(�¼ê�'�¢�êâ

'��, F"ò5�pUÔn¢�U
u��©�(J.

�©�SüXe: 1 1 !0�MD-DGLAP üz�§; 1 2 !´é K 0fÜ©f©Ù¼

ê�ïÄ; 1 3 !´o(.

1 MD-DGLAP üz�§

IO� QCD ÄåÆüz�§´DGLAP�§, �§/ª�

Q2 dxV (x, Q2)

dQ2
=

αs(Q
2)

2π

[

∫1

x

dy

y
Pqq(z)xV (y, Q2) − xV (x, Q2)

∫1

0

dzPqq(z)
]

, (1a)

Q2 dxS(x, Q2)

dQ2
=

αs(Q
2)

2π

[

∫1

x

dy

y
Pqq(z)xS(y, Q2)

+

∫ 1

x

dy

y
Pqg(z)xG(y, Q2) − xS(x, Q2)

∫1

0

dzPqq(z)
]

, (1b)
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Q2 dxG(x, Q2)

dQ2
=

αs(Q
2)

2π

[

∫1

x

dy

y
Pgq(z)xΣ(y, Q2) +

∫1

x

dy

y
PggxG(y, Q2)

]

−
1

2

αs(Q
2)

2π

[

2nfxG(x, Q2)

∫1

0

dzPqg(z)

+ xG(x, Q2)

∫1

0

dzPgg(z)
]

, (1c)

Ù¥, xV (x, Q2)´d§��©Ù¼ê, xS(x, Q2)´°§��©Ù¼ê, xG(x, Q2)´�f�

©Ù¼ê, αs(Q
2) =

4π

β0 ln(Q2/Λ)
´�ÄÍÜ~ê (Ù¥, β0 = 11 − 2nf/3, Λ �­�zIÝ),

nf´¤�Ä�§���ê8, Pgg!Pgq!Pqg!Pqq ©O´�füz��f!§�üz��

f!�füz�§�±9§�üz�§��üz¼ê, äN´

Pgg(z) = 2C2(G)
[

z(1 − z) +
1 − z

z
+

z

(1 − z)+

]

, (2a)

Pgq(z) = C2(R)
1 + (1 − z)2

z
, (2b)

Pqg(z) =
1

2

[

z2 + (1 − z)2
]

, (2c)

Pqq(z) = C2(R)
1 + z2

(1 − z)+
, (2d)

Ù¥, C2(G) = NC = 3, C2(R) = (N2
C − 1)/2NC = 4/3. DGLAP üz�§£��´��Ü©

füz�ü�Ü©f�L§. Uìù�ÄåÆüzÅ�, �Äþ�Ü©fØäË��Ä

þ�Ü©f, ¤± x ���«�, Ü©fê8Ò�õ, �ª¬»�Ñ��¡�N�5. Ï

d Gribov!Levin!RyskinÚ Mueller!Qiu(GLR!MQ)�<é DGLAP üz�§?1
­

|?�, ïá
 GLR-MQ�§[16-17]. �ïÄuy, GLR-MQ �§éÛÝ -4L§�¤ùã�

O�Ø��, ¿K
�
­����z, �T�§Ø÷vÄþÅð. u´Ñy
#��ÄÜ

©f­|�A�üz�§——MD-DGLAPüz�§[18-21].

MD-DGLAP �§¥d§��üz� DGLAP �§¥���, 
�fÚ°§��üz�

§K´3 DGLAP �§�Ä:þ, O\
ñ-Ú�ñ-�. Ù/ª�

Q2 dxS(x, Q2)

dQ2
=DGLAP −

α2
s(Q

2)

4πR2Q2

∫1/2

x

dy

y
xPgg→q(x, y)[yG(y, Q2)]2

+
α2

s(Q
2)

4πR2Q2

∫x

x/2

dy

y
xPgg→q(x, y)[yG(y, Q2)]2, (3a)

Q2 dxG(x, Q2)

dQ2
=DGLAP −

α2
s(Q

2)

4πR2Q2

∫1/2

x

dy

y
xPgg→g(x, y)[yG(y, Q2)]2

+
α2

s(Q
2)

4πR2Q2

∫x

x/2

dy

y
xPgg→g(x, y)[yG(y, Q2)]2. (3b)

ª (3a)Úª (3b) ¥, �ªm>1��~ÒÜ©��´ñ-�A��z, 1n�\ÒÜ©

��´�ñ-�A��z, 1��“DGLAP”©O��´úª (1b)Ú (1c) ¥�ªm>�Ü©,

=�Äþ�Ü©fË��Äþ�Ü©f�L§. úª¥ R ��´Ü©f­|�k��». ,

Pgg→g(x, y) =
9

64
·
2y − x

xy5
(72y4 − 48xy3 + 140x2y2 − 116x3y + 29x4), (4a)

Pgg→q(x, y) =
1

96
·
(2y − x)2

y5
(18y2 − 21xy + 14x2). (4b)
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	du�f�ê8���u°§��ê8, �©@�3� x«��f�­|�A´Ì��,

¤±, 3 MD-DGLAP �§¥, ��Äd�f­|Úå�ñ-Ú�ñ-�A.

2 K 0f¥�Ü©f©Ù¼ê

� π 0f�', 3¢�þ, K 0f�Ü©f©Ù¼ê�J(½, cÙ´ s§��©Ù¼

ê. ~X, K+ 0f¥� s d§�3¢�¥7L�qâf¥� s§��«âéÑ��¡k�z,


¢�¥�qâfÏ~dØf|¤, s §�áu°§�, ¤± ss��«L§éo�¡�z�

�. NA3 �|[22]ÏL Drell-Yan¢�ÿÑ
 K0f� π 0f¥ u§��'�, du¢�^�

���ÚO�¥��
�.b�,¢�(Jäké��Ø(½5.

�©z [8,15]ïÄØfÚ π 0f��{aq, b�3üzå: Q2 = 0.074 GeV2, K 0f

==d u §� (�§�) Ú s �§� (§�)|¤. ± K+ �~, d§�©ÙA÷v¦Ú5K

∫1

0

uK+

v (x, Q2
0)dx =

∫1

0

sK
+

v (x, Q2
0)dx = 1, (5)

∫1

0

x(uK+

v (x, Q2
0) + sK

+

v (x, Q2
0))dx = 1. (6)

du u §�Ú s§��þØÓ, 3 K 0f¥§�Ø2äké¡5, ¤±�©O� u§�Ú s§

�ØÓ�ëêª. �

xuK(x, Q2
0) = axb(1 − x)c(1 − d

√
x + ex). (7)

�
~�ëê, �©z [1-2]aq, b½ K 0f¥ u Ú s §��©Ù´3 π 0f¥ü«d

§�é¡©Ù�Ä:þ�
�� £, � s §��Ñ\/ª�

sK
+

v (x, Q2
0) = 2uπ

v (x, Q2
0) − uK+

v (x, Q2
0), (8)

Ù¥[15]

xuπ
v (x, Q2

0) = 0.1x0.26(1 − x)0.13(1 − 6.5
√

x + 20x). (9)

du s §�' u §�­, §�¤���ÄþØÓ, s §�¤Ó�Äþ©ê��[23]

∫ 1

0

xsK(x, Q2
0)dx = 51.8%, (10)

∫1

0

xuK(x, Q2
0)dx = 48.2%. (11)

3ù
�å^�e, 2�âé¢�êâ�[Ü, ��� u §��Ð©©Ù¼ê�

xuK(x, Q2
0) = 0.118x0.26(1 − x)0.25(1 − 6.5

√
x + 19.9x). (12)

K 0f¥ü«d§��Ð©Ñ\Xã 1¤«, �±w�, Ð©�d§�©ÙÌ�8¥3

� x «�.
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ã 1 Q2 = 0.074 GeV2�K 0f¥d§��©Ù

Fig. 1 The valence-quark distributions at Q2 = 0.074 GeV2 in kaon

� K 0fÜ©f©Ù���'�¢�êâ�~�, ã 2 ¥´NA3 �|[22]ÿÑ� K 0f

� π 0f¥ u§��'�,¢�´�©�O�(J, J�´Holt�<[24]é¢���Z[Ü­

�, :y�´�½�Ã�§� (Non-local Chiral Quark, {P� NLChQM) �.[25]�Ñ�(

J, 3 x < 0.5 �«�¦��êâ�¢��O��, �©�êâ�¢�(JÑ'���. ,	,

3 x → 1 � :
uK(x)

uπ(x)

∣

∣

∣

∣

x→1

≈ 0.6. (13)

NJL (Nam and Jona-Lasinio)�.[23]�Ñ, 3nØþ� x → 1�, uK/uπ ∼ (Mu/Ms)
2 ∼ 0.5;


3 NLChQM �.¥ù�'�� 0.52 ∼ 0.53, �©�(J���
.

ã 2 uK(x)/uπ(x) �¢�êâ9Ù¦�.�'�

Fig. 2 Comparison of our results with NA3 experiment data and other models

ã 3´Q2 = 20 GeV2��d§��©Ù¼ê, ¢�´�©�(J, � GRS �. (J�)

Ú NLChQM(:y�) '�, �©�d§��©Ù?3ü�.��m, � GRS �.'��C,


 NLChQM �.�d§�©Ù�²w��õ.
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ã 3 Q2 = 20 GeV2�ØÓ�.�d§�©Ù�'�

Fig. 3 Comparison of the valence quark distributions with other models at Q2 = 20 GeV2

�â�©��., K 0f¥�°§�Ú�f�©Ù� π 0f¥��Ó, Ù� GRS �.�

'�Xã 4¤«. �±w�, 3� x «� GRS �°§�©Ù'�©���, 
3� x«�, �

©�©Ù���
, �Ï´GRS �
°§���aqd©Ù�Ð©Ñ\, 
�©�°§��

�dË��). ü«�¹e�f©Ù��OØ´AO²w.

ã 4 °§�Ú�f©Ù�ýó (¢�) � GRS �. (J�) �'�

Fig. 4 The predicted parton distributions comparing with GRS model

3ØÓ��.¥, �«Ü©f¤Ó�0f�Äþ´ØÓ�. 3l$ Q2 üz�p Q2 �

L§¥, d§�ØäË��f, �fØä©�¤§�Ú�§�é, ¤±Äþ¬×�=£��

fÚ°§�. ã 5 �Ñ
 K 0f¥�Ü©f¤ÓÄþ� Q2 �Cz. ¢�´�©�(J, J�

´GRS �.O��(J. �±wÑ, �X Q2 �O�, d§�ÄþÅì~�, 
�fÚ°§�

�ÄþÅìO�. 3üzm©�ãÄþCz'�¯, �XÄþIÝ�O�, Äþ=£C��



1 2 Ï pCC, �: K 0fÜ©f©Ù¼ê�ïÄ 87

ú. � GRS �', �©�d§�Ú�f¤��Äþ��, 
°§�¤��Äþ��. 3ò5

�0f−ØfÑ�¢�¥, d§��ÄþATU�O(/ÿþÑ5.

ã 5 K 0f¥Ü©fÄþ�Q2 �Cz

Fig. 5 The predicted parton momentum fractions in kaon

3 ( Ø

ØfÚ0f¥�Ü©f©Ù¼ê´<�ïÄÙë�pU¢�L§�Ä:. �ù
¼

êØU���*ÿ�, 
����|�ïÄ¤�Ñ�(Ø¿Ø��, k���Oé�. �

©Áãl�{ü�d§�ã�Ñu, (½Ñ K 0f¥�Ü©f©Ù¼ê, �üzå: Q2 =

0.074 GeV2, ¿@�3ù�$ÄþIÝe, 0f�±w¤��dd§�|¤, pÄþIÝe�

�fÚ°§�K�Üd QCDÄåÆ�). |^�Ä
ñ-�A�üz�§ MD-DGLAP�

§?1üzO�, ��
pÄþe�Ü©f©Ù¼ê, ¿U��A¢�(JéÐ/��. �

©�é�fÚ§��©Ù�Ñ
ýó¿�Ù¦�.?1
'�. �8c�A�Ì��.�

', d§�©Ù��OÑ'�²w, ò5�pU0fÑ�¢��±�O�©�.��(5.

a�: uÀ���ÆÁ��Ç���©éÐ�ïÆ¿ë��©>��?Ø.
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