Great Britain . .
Journals Press London Journal of Research In Science: Natural and Formal

General Section

RESEARCH FINGERPRINT

IDENTIFIER Article Record

LJRS-226226

Possible Relationship Between Sea
o ind Quarks Distribution Functions and
gttty AL and iThenticat Valence Distribution Functions in
Proton

Open Access

LANGUAGE
English
PRINT ISSN _
2631-8490 CORRESPONDENCE —;+
ONLINE ISSN
2631-8504 AUTHORS & AFFILIATIONS
3RITION Teruo Kurai {*
ABBREVIATION
LIRS 1 Researcher, Tokyo
VOLUME
26
ISSUE
a ABSTRACT
YEAR We attempt to show a possible relationship between sea quarks distribution
2026 functions and valence quark distribution functions in proton by considering Atlas
experiment results, We obtain similar behavior of valence u quark and valence d
KBV DATEE quark distribution functions by considering that sea quarks is unbound state and by
RECENED assuming that its distribution functions is described as a close state of our unbound
2026-03- . .. . .
026-03-06 pion distribution functions.
ACCEPTED
2026-03-12

CATALOGING
CROSSMARK DOI

10.34257/LJIRS226226UK

DDC CLASS
539.721

PACS CLASS Index Terms: distribution amplitude « distribution functions « sea quarks « valence quark
12.38.Lg, 14.20.Dh

ARXIV CLASS
hep-ph
FUNDING CONFLICTS Al USAGE
No external funding was declared for this work. The authors declare no conflict of interest. No generative Al was used for analysis or
results.
HOW TO CITE

Kurai (2026). Possible Relationship Between Sea Quarks Distribution Functions and Valence Distribution Functions in
Proton. London Journal of Research In Science: Natural and Formal, 26(4), 1-7. DOI: 10.34257/LJRS226226UK

ACCESS
ONLINE




METADATA CONTINUATION

AUTHOR CONTACT QR LEDGER

Teruo Kuraiq*

ARCHIVAL RECORD
LIRS - Vol 26 - Issue 4 - 2026

Article ID LIRS-226226 - DOI 10.34257/LIJRS226226UK
Print ISSN 2631-8490 - Online ISSN 2631-8504



LJRS | Vol. 26 Issue 4 CROSSREF DOI 10.34257/LJRS226226UK

RESEARCH ARTICLE

Possible Relationship Between Sea Quarks Distribution
Functions and Valence Distribution Functions in Proton

Teruo Kurail”

9 Researcher, Tokyo

Abstract

We attempt to show a possible relationship between sea quarks distribution functions and valence quark distribution
functions in proton by considering Atlas experiment results, We obtain similar behavior of valence u quark and valence
d quark distribution functions by considering that sea quarks is unbound state and by assuming that its distribution
functions is described as a close state of our unbound pion distribution functions.
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1 Introduction

fter Gell-Mann succeeded to predict the existence of Q~ by estimating its mass by his eight-fold way model [1], people had believed that

baryons including nucleons are consisted by three quarks. However, New Muon Collaboration (NMC) [2], NA51 Collaboration [3] and E866
Collaboration [4] reported d % asymmetry in proton. These results has stimulated people’s concern for the structure of proton. As results, H1
and Zeus (DESY) [5] and Atlas (CERN) [6] have reported sea quarks (quark-antiquark system) distribution functions, valence quark distribution
functions and gluon distribution functions in proton. These results show that proton has more profound structure than that composed by simple
three quarks. H1 and Zeus results are obtained by electron-proton collision, while Atlas results are obtained by proton-proton collision. Especially,
Atlas results show the following very interesting properties. Besides they found ss sea quarks distribution functions denoted as x5, xd value at
x =1 x 1073 looks like equal to the peak value of xd and xii value at x = 1 x 1073 looks like one half of the peak value of xu. In addition, xd value
at x = 1 x 1073 looks like equal to xii value at x = 1 X 1073, Note that Atlas group denote each sea quarks distribution functions as xu, xd and xs,
respectively, and also denote valence u quark and valence d quark distribution functions as xu and xd, respectively [6]. These properties indicate that
it is possible or rather probable that there are some relationship between sea quarks distribution functions and valence quark distribution functions.
In Atlas experiment, there is no valence s quark distribution functions. We try to explain the possibility of existence of sea quark distribution
functions and valence u and d quark distribution functions. Pions are composed of ud, ui and dd only. Thus, we use pion distribution functions as
basis. In this paper, we attempt to show behavior of i and d sea quarks distribution functions and that of valence u quark and valence d quark
distribution functions starting from our charged pion distribution amplitude and functions shown in ref. [7] and ref. [8], respectively. Even in
Lattice QCD calculation, recently, Francis et al. shows asymptotic limit of charged pion distribution function is close to 1, ie, (1 — x)ﬁ, B=~1[9]
This supports our asymptotic form of charged pion distribution functions.

2 Formulation

We proposed for description of baryons as composition of bound and unbound state of sea quarks [10]. By following those descriptions, proton
is described as composition of a charged pion 7" (ud) and a neutral pion 7° (mix of us and dd ((uii — dd)/\/z))) besides s unbound sea quarks.
Important point is that 7+ and 7° can take either bound state or unbound state repeatedly. For an example of numerical calculation, we showed
proton and neutron electromagnetic form factors using pion pair consideration [11]. Note that we used 7+ wave function for 7° wave function in
proton case in that paper because we had not obtained 7° wave function yet at that paper’s publication date. In addition, we obtained a charged
pion distribution amplitude [7] and its distribution function [8]. Using those arguments, we attempt to explain the behavior of Atlas experiment
results [6].

Although we proposed that proton is composed as 7+ and 7° besides s5 in ref. [10], in reality, the distribution functions of ud , uu and dd
should be slightly different from those of 7+ and 7° because there is no evidence that shows to exist exact 7+ and 7° in proton. Thus, we use our
distribution amplitude and functions of charged pion as basic forms but we deviate slightly to describe the distribution amplitude and functions of
ud , uii and dd in proton. Here, we use our approximate forms for distribution amplitude and functions of charged pion. Note that, as we mentioned
in ref. [7], our approximate forms are sufficient to compare to other proposed distribution amplitude, thus, also to other proposed distribution
functions from the definition as shown in later. Our approximate form of distribution amplitude of charged pion is described as [7]
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F(x) = 1—Tx(1 - e_pﬁ<sin (p%) + cos (p%))) (@)

- =g
where p = W,|oc| =X € [0,1]
Note that F3(x) is actually |F3(x)] .
From Eq. (1), our approximate form of the charged pion distribution functions is described as [8]

f3(x) = const x| F3(x)]
= const (1 — x) <1 - e_pi (sin (p %) + cos (Plf_x))) )

We consider that sea quarks states correspond to unbound state. Here, we define unbound state as follows:
Definition:

X
Unbound state is a state corresponding to a distribution amplitude, that is, exponential e * i becomes negligibly small because the coupling
constant g2 is sufficiently small.

Thus, Eq. (1) gives our distribution amplitude of sea quarks d that come from 7+ as

1—-x

Fgeod(x) =

3

Thus, our distribution functions of d become

f;iad(x) = consthgead(x) = const(1 —x) 4)

Notation of f;ﬁi“d(x) means sea quarks d distribution functions come from 7+ .

The behavior of f;i”&(x) in Eq. (4) shows a little bit larger than that of sea quarks distribution functions xd shown in Atlas experiment results
[6]. Therefore, we deviate distribution amplitude slightly from Eq. (1). For this point, we compare above sea quarks distribution functions to our
view point of sea quarks distribution functions due to gluon splitting in Appendix A.

To achieve this purpose, we return to the exact form of our distribution amplitude shown in Eq. (40) in ref. [7] as:

ENE]

1
- AN U el ) 21 N2 (1,
R R dzesp (a1 ) et (32) " wy_o s (52
i\ iz 1 /"" ( lql ) 1,201 \3 1,
—T(1—=)e +— dzexp|— z(1+i)|es” (zz) W1 =z 5)
( 7r) Vlal Jo b 1/2|cx| (2 ) —% ;,—%(2 )

To evaluate the integral in Eq. (5), we again divide the integral as j£)°° dz = jz)u dz + j'u°° dz and use the argument for large |q| case shown in ref.
[7]. Then, our distribution amplitude is represented by following equation.

1
iy o1 ™ lql N\ 1271 \7: 1,
F3(|q|)=F(1+—)e 4 f dzexp(— z(1—1i))es (—z) W_l_il(‘z)
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F<1 1) 71 /"d ( lq| (1+,)> 1271 %W 1, ®)
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T Vlal Jo 2|a| 2 itz a\2

Recalling that we obtained our approximate form of pion distribution amplitude using only the first term of M, ,,(z) to evaluate the integral

T(-24) T(2p)
=

considered by adding the first term of M, _,,(z) because actual form of W, ,,(z) in Eq. (6) is W, (%zz).
The definition of M, ,(z) is described as [12]

in the case of large |q| and also recalling that W, ,(z) is defined as W ,(z) = M, _,(2) [12], a slight deviation can be

1 z
M, (2) = Z#* 3672 F (u—x, 21 + 1;2)

where | F, is the confluent hypergeometric series defined as [12]

nm+1)---(m+n-1)z"
{C+1)(+n-1)

(o]

3 nm+1)--(+n-1)z"
L+ C+n-Dnl

FGn= 2
n=0

=1+

Thus, the first term of M, _, (izz) in the case of x = — and u = —i becomes 1. Thus, Eq. (6) becomes
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In Eq. (7), we use the facts that (1 1) = [z(Z)/sinh(z(Z))]

V7T (—%) =-2\m (F (—n + %) (znl)'g'"‘ \/_[11]) as shown in ref. [7].

Integral of fou dz exp(—u+z)z becomes

p=e 52t L [aren(~ 10 ) r(%>+—;((1: 34_;)@)32
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0 M= Hx

where u; = \/ﬂ(l Fi)

By following our definition of unbound state, sea quarks states (unbound state), are defined as follows.

Definition: \/|a| « /g2 is sufficiently small so that the exponential term becomes negligibly small in entire x domain.

Thus, this part gives @ — /]| (1;—:)2 term.

Important point is thaz the first term of Eq. (8) is the same order of |q| as the first terms of the first and the second terms of Eq. (7). However,
including terms that come from this integral breaks the constraint condition of our distribution amplitude, such as F;(|q|) — x when x — 0 as
shown in ref. [7] (We obtain this condition by using the integral representation of W, ,(z)) when coupling constant g? is not sufficiently small (\/_
is not smal) so that the exponential term remains. Breaking the constraint condition means that including only the first term of M, _, ( ) does
not describe the exact pion state. This is plausible because there is no evidence which shows to exist the exact pion in proton.

Recalling that our pion distribution amplitude and functions correspond to the charged pion 7% , we also need those of neutral pion 7° for
further consideration. Looking at Eq. (7) and Eq. (8) in ref. [7] and recalling that we are considering the chiral limit case (massless quark case), our
equation for y, , which corresponds to 7° , becomes

(B =B)xo=0 )

In rest frame, that is B, = 0, R becomes equal to W,, so that Eq. (8) becomes

Wixo =0 10

Thus, for the pion case, that is W, = 0, x, cannot be determined.

However, Dlamini et al. [13] shows, for the neutral pion 7°, that t dependence (t = (q — q')?, q is virtual photon momenta and q’ is 7°
momenta) usually parametrized by Regge-like functions is no longer valid when (—t) is larger than 1 GeV? and that cross section is represented as
do = constQ~® exp(—Bt') (t' = tp, — t) when Q? = 5.49 and 8.31 GeV? shown in Fig. 3 of ref. [13].

The results of Dlamini et al. means that when Q? is smaller than those values and 7° momenta is small, 7° behaves as Regge-like function
(cross section is described by omitting form of exponential term). In addition, Horn [14] shows, for the charged pion 7%, that cross section is
represented as do = constQ~%. Considering the results of Dlamini et al. together with the results of Horn leads to the fact that cross section of
7° becomes same description of that of 7+ when Q? or 7° momenta is small. Recalling that Q? of Atlas experiment is Q> = 1.9 GeV? and Q? of
H1 and Zeus experiment is Q> = 10 GeV? and that main range of the distribution functions of sea quarks is less than x = 0.4, we can consider
that 7° (actually close state of 7°) behaves as Regge-like function in both experiment cases. Therefore, we assume that the distribution amplitude
and functions of 7° in Atlas experiment case are represented as the similar forms that described by our charged pion distribution amplitude and
functions. From Eq. (7) and Eq. (8) and using our definition of sea quarks, distribution amplitude of sea quarks is described as:

|F5¢%(x)| = const

1—x 24cosh(1)\/—(1—x) an
x 7/ sinh(1)
Recalling that the distribution functions is proportional to X times the distribution amplitude. Thus, our sea quarks distribution functions
f5€%(x) are described as

fsea(x) = const [(1 — x) _ ﬁ\/m(l —xx)z (12)
2% cosh(1)

7r4/sinh(1)

where § =
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Recalling that our definition of sea quarks is that the coupling constant g? is sufficiently small so that the exponential term becomes negligibly
small for entire X domain, \/m is sufficiently small for entire x domain because || is proportional to g? as shown in Eq. (1). Here, we use the
following ansatz to satisfy this condition.

Ansatz:

Coupling constant g* depends on momentum. The property of the coupling constant g2 is that g2 becomes smaller as momentum is larger and
also g2 becomes smaller when momentum is smaller.

The first part of property is not so peculiar but the second part is technical. However, the exponential term is multiplied by (sin p 4 cos I =)
when calculating integral in Eq. (7) (refer to ref. [7]). Thus, the second term of Eq. (8) becomes const when x goes to 0 so that, for the distribution
functions, this term becomes const when x goes to 0. Therefore, in the case of using only the first part of property in the ansatz, the second term of
Eq. (8) goes to 0 when x goes to 0 even though g2 becomes constant when x goes to 0. Actually, we need only this property for the adding term
(deviation term). In addition, the first term of Eq. (8) becomes constant for the distribution functions when x goes to 0 because of multiplication of x.
Thus, the adding term changes only constant value when x goes to 0 because constant term in parenthesis of the integral in Eq. (7) becomes 0 when
x goes to 0. In Sec. 4, we check the magnitude of the exponential in the case of using ansatz. According to the argument in Sec.4, the exponential is
sufficiently small in most of all region of x except for the region that X is very close to 0 even though +/|a[ is constant. The previous paragraphs
indicate that the behavior of sea quarks distribution functions would be different form, that is not uniquely decreasing, in the neighbor of x = 0 in
spite of starting from constant value at - if we use only the first part of property in the ansatz. Recalling that x domain of Atlas experiment results is
_, itis possible that x domain of Atlas experiment results is outside of the region in which possible improper behavior occurs. Thus, it is meaningful
to remove this possible improper behavior simply, by adding the second part of property in the ansatz. Thus, we use the ansatz here.

Using this ansatz, \/W is represented as

Vial = yx*Pi(1 — x)P2 (13)

where y, p; and p, are positive constant.
The reason we use this representation is as follows.
Exponent of exponential is, — —— ——, thus, to satisfy the condition that this becomes —oo when x goes to 0, 1/]a] must be a function of x!*+P

1-x W
(p, is positive) and to satisfy the condition that \/m becomes smaller when x goes to 1, \/m must also be a function of (1 — x)P2(p, is positive) and
this keeps the condition that exponent becomes —oo when x goes to 1.
This representation satisfies the condition that the exponential term becomes negligibly small in the entire x domain because we later show that
the value of the constant y is less than 4 and @ (i = %) value in p for 7z case is larger than 10 because a pion (actually close state of pion) in the

proton must be considered as a state after evolution. We define valence quark distribution functions of proton (valence u quark and valence d
quark) as

fve(x) = upper value — our defined sea quarks

where x € [0,1],

the upper value = 0.4 (0 < x < x value of the first extrema of our sea quarks)

= our u or d quark distribution functions (one half of our pion distribution functions) of which the x value of peak is the same as the x value of
the first extrema of our sea quarks (x value of the first extrema of our sea quarks < x < 1)

We consider that valence u quark distribution functions of proton are the sum of valence u quark distribution functions come from charged
pion 7+ (close state of 7+ )and that come from neutral pion 7° (close state of 77° ) and also consider that valence d quark distribution functions is
the same as valence u quark distribution functions come from neutral pion 7° (close state of 7° ).

Following our definition and consideration, we show how to obtain valence u and d quark distribution functions denoted as f*®*(x) and
fvald(x), respectively, as follows.

From Eq. (11) and Eq. (12), and recalling that upper vale is 0.4 at x=0, our sea quarks distribution functions is described as

F5e8(x) = 0.4[(1 = x) — pxP1(1 — x)**P2] (14)

For p; and p,, we set p; = 0.55, p, = 0.43 for all our sea quarks distribution functions, i.e., xd come from 7+ denoted as f,ﬁiad(x), xd come
from 70 denoted as f;gad(x) and xi come from 7° denoted as f55%%(x). From now on, we call those as temporal sea quarks distribution functions.
First, we show the process to obtain valence u quark distribution functions come from 7+. As we recall sea quarks f;i“d(x) come from 7. For
this case, we set ¥ = 2.57 in Eq. (14). The reason for choosing this 7 value is as follows. We consider that temporal sea quarks distribution functions
xd denoted as £5¢%d(x) is mean value of temporal sea quarks distribution functions f;i“a(x) come from 7 and neutral pion f;gaﬁ(x) come from 7°
and also consider that temporal sea quarks distribution functions f;ga&(x) come from 7° is same as temporal sea quarks distribution functions
f;g“a(x) come from 7°. According to Atlas experiment results, the value of sea quarks distribution functions xi at x = 0.1 is a little bit larger than
0. Thus, f55%%(x) = f;gaa(x) at x = 0.1 must be around 0.1. Then, recalling that fseaa(x) is the mean value of f;i”d(x) and f;gaa(x), f,ﬁi“&(x) at
x = 0.1 must be around 0.13 because the value of sea quarks distribution functions xd at x = 0.1 of Atlas experiment results is around 0.12 and 0.13.

To satisfy this condition, we choose 7 = 2.57.

nl LJRS JOURNALS PRESS
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0.001 0.01 0.1 1

X

Figure 1. Temporal sea quarks distribution functions f;ﬁ“a(x).

Fig. 1 shows temporal sea quarks distribution functions f,ﬁi“d(x).
Note that f,ﬁiad(x) has two extrema but that important one is extrema of which x value is smaller one. In this case, x=0.32 .
Our pion distribution functions of which the x value of the peak point is x=0.32 can be obtained by taking - value as p = 5 in Eq. (2). Fig. 2

shows our u quark distribution functions in the case of p = 5, that is one half of our pion distribution functions of which p valueisp = 5.

0.45

0.001 0.01 0.1 1

Figure 2. u(d) quark distribution functions in the case of p = 5.

Note that we adjust the constant of Eq. (2) so that peak value becomes 0.4. Using the adjustment of the constant means removing the
requirement of normalization condition that is necessary to obtain the distribution functions of pion as shown in ref. [8]. The fact that we need to
remove the requirement of normalization condition may also reflect the situation that ud system in proton is not exact pion but only close state.
However, this adjustment is not so large as shown in the following paragraph.

London Journal of Research In Science: Natural and Formal VOL. 26 - ISSUE 4 - 2026 n
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Actual peak value of pion distribution functions in the case of p = 5is 0.6217 and peak value of pion distribution functions in the case of p = 3
is 0.7359 as shown in Fig. 1 of ref. [8]. Recalling that u quark distribution functions is obtained by multiplying % to pion distribution functions as
shown in ref. [8], actual peak value of u quark distribution functions in the case of p = 5 is 0.31085.

Recalling that our definition of valence quark distribution functions, for this case, upper value is 0.4 when range of X is x € [0,0.32] , and
upper value corresponds to down slope of u quark distribution functions in the case of p = 5 when range of x is - . Then, we obtain the following
figure for valence u quark distribution functions fvl( come from 7+ .

0.001 0.01 0.1 1

Figure 3. Valence quark distribution functions f,;’fl“(x) come from 7+.

Fig. 3 shows valence u quark distribution functions fY#“(x) come from 7*. Note that the shape of down slope becomes similar to that of
valence u quark distribution functions of Atlas experiment results. Comparing the shape of down slope of f;’fl"(x) in Fig. 3 to that of u quark
distribution functions in the case of p = 5 in Fig. 2, this point is very clear. Although we need to add up valence u quark distribution functions
f,%"“(x) come from 7° to obtain our final valence u quark distribution functions fY®#(x), the shape of down slope changes only slightly. Thus, over
all shape of fU%(x) becomes similar to that of Atlas experiment results using subtraction of the temporal sea quarks distribution functions in
entire x domain. Therefore, the temporal sea quarks distribution functions must have some meaning which we have not figured out yet. Using the

same procedure, we show valence quark distribution functions f;fl“(x) come from 7° in Fig. 4. f;(?l“(x) has peak at x = 0.243.

n LJRS JOURNALS PRESS
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04

0.001 0.01 0.1 .

Figure 4. Valence quark distribution functions f;é”“(x) come from 7°.

Note that, in our consideration, valence d quark distribution functions f¥#4(x) is same as f*(x) as mentioned before. Thus, Fig. 4 shows

s
valence d quark distribution functions f;’é”d(x).

To obtain £%(x), we use temporal sea quarks distribution functions £%%%(x) as shown in Fig. 5.

0.001 0.01 0.1 1

Figure 5. Temporal sea quarks distribution functions f;g‘m(x),

Note again that, in our consideration, temporal sea quarks distribution functions f;Sad(x) is same as that of f¥**(x).

To obtain f75¢ () we take 7 as 7 = 2.8 to satisfy the condition tht f35¢ “U(x) at X = 0.1 must be around 0.1. This 7 value gives that f35¢ (y)
atx = 0.1 is 0.1156, actually little bit larger, and generates that the X value of the first extrema point is x = 0.243 . Thus, the X value of peak point of
f;é’“‘(x) is x = 0.243 We do not show the figure of u quark distribution functions of which the x value of peak point is x = 0.243 here, however,

corresponding u quark distribution functions is obtained by setting p value as p = 7.8 .

London Journal of Research In Science: Natural and Formal VOL. 26 - ISSUE 4 - 2026
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Recalling that valence u quark distribution functions in proton, f*a%(x), are the sum of £*#%(x) and f;g‘l”(x), we show fY4*(x) in Fig. 6.

0.8

0.7

0.6

0.5

0.001 0.01 0.1 1

Figure 6. Valence u quark distribution functions fY®%(x).

Note that the x value of peak point of fV*(x)is x = 0.258 This X value of peak point is a little bit larger than that of Atlas experiment results (x
is around 0.24).

For actual sea quarks distribution functions corresponding to xi and xd denoted as f*¢%%(x) and f' sead (), we simply use the shape of down
slope of f;(?l”(x) when x is larger than the x value of the first extrema of f5%%(x) (x = 0.243) for f5¢%%(x), and use the shape of down slope of
f,%"“(x) for f;g“d(x) and f;fl“(x) for f,?iad(x) when x is larger than each x value that represents the first extrema point (x = 0.243 for f;:g“‘i(x) and
x = 0.32 for f;i”&(x)), respectively. Then, Fig. 7 and Fig. 8 show our actual sea quarks distribution functions f*¢**(x) and f sead(x), respectively.

Note that f sead(x) js the mean value of f,fg“d(x) and £5¢99(x).

0.001 0.01 0.l .

Figure 7. Sea quarks distribution functions f$¢#%(x).
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0.001 0.01 0.1 1

Figure 8. Sea quarks distribution functions f sead(x).

Because y in Eq. (13) is represented as y = §/8,y = 3.373 for #* and y = 3.675 for n° . Thus, we can use the form of /|« as

V]al = 4x155(1 — x)%43 for checking the magnitude of the exponential term. For the 7+ case, form of exponent becomes —Wu)“s where
x0-55(1—x)1+

= u/\/z when considering sea quark distribution functions.

Because p = 5 for 7+ distribution functions case, that is, 10 times larger than p = 0.5 corresponding to initial scale (rest frame) distribution
functions as shown in ref. [8]. That the - value is 10 times larger means the @ value in p is 10 times larger. Thus, for sea quarks distribution of 7+
we can take # as # = 10 when we take & = 1 for initial scale (rest frame) and for example x = 1/2. In this case, the exponential almost becomes
maximum of about exp(—10) = 4.54 X 107> . Actually, even in rest frame (initial scale), proton has sea quarks state. The reason is as follows.
The initial scale (rest frame) distribution functions corresponds to the distribution functions before evolution. The distribution functions before
evolution must be non-zero, otherwise, sea quarks distribution functions become zero by considering evolution equation, for an example, DGLAP
evolution equation [15]. Because we consider that sea quarks state is unbound state, the exponential must be sufficiently small even in rest frame
because of our definition of unbound state so that the @ value for initial scale (rest frame) is not 1 but much larger value. For the 7° case, 7°
distribution functions corresponds to the distribution functions in the case of p = 7.8, that is, 15.6 times larger. Thus, we can confirm that the

magnitude of exponential term, of which exponent is — ,is negligibly small in entire x domain for both cases.

4x0-55(1—x)143
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3  Results

‘We obtain valence u quark distribution functions and valence d quark distribution functions as follows.

0.8

0.001 0.01 0.1 1

0.001 0.01 0.1 1

Figure 9. Comparison of valence u distribution functions f*(x) and valence d distribution functions f¥#4(x); upper panel is f**(x) of which the x value of the
peak is x = 0.258 and lower panel is f2%4(x) of which the x value of the peak is x = 0.243

We also obtain sea quarks distribution functions as follows.
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0.001 0.01 0.1 1

0.4

0.001 0.01 0.1 1

Figure 10. Comparison of sea quarks distribution functions of f* sead( ) and f5€at(x); upper panel is fsead(x), and lower panel is f5¢%%(x)
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1.2
0.1

0.01

0.001

0.0001

112
0.1

0.01

0.001

0.0001 L]

Figure 11. Comparison of valence u distribution functions fY(x) and valence d distribution functions f¥#4(x) in logarithmic vertical axis (horizontal axis is
linear); upper panel is f%%(x), lower panel is £Y@d(x)
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Comparing Y% (x) and f'*4(x), described in Fig. 9 to Fig. 11, to those of Atlas experiment results, over all shape are similar for both cases
and Fig. 11 shows that even value itself is close up to x = 0.6 for f*%*(x) and up to x = 0.7 for f*%4(x), respectively.
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Figure 12. Comparison of sea quarks distribution functions of f* sea‘i(x) and f5¢%%(x) in logarithmic vertical axis (horizontal axis is linear); upper panel is f S"’“‘i(x),
and lower panel is f5¢%%(x)

Comparing f sead () to that of Atlas experiment results, over all shape is similar and even value itself is close if we compare it to upper limit
of that of Atlas experiment results. Comparing f¢%#(x) to that of Atlas experiment results, f%¢*#(x) is similar only up to the x value of the first
extrema point. In the range of larger than the x value of the first extrema point, Atlas experiment results decrease much faster than f5¢%(x).
However, recalling that we adopt the shape of down slope of valence quark distribution functions corresponding to that in the range larger than the
x value of the first extrema point, we can compare f* sead () and F5¢4%(x) to those of Atlas results only up to the x value of the first extrema.
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4 Conclusion and Discussion

We obtain similar behaviors of valence u quark and valence d quark distribution functions to those of Atlas experiment results using the close states
described by starting from our charged pion distribution functions with evolution and together with using the ansatz. Actually, this ansatz is technical,
however, in reality, systems of uii and dd are not exact 7+ or 7° but only close states of these. We think that this ansatz reflects this situation.In
addition, this ansatz generates two extrema in each temporal sea quarks states. In addition, x value of the first extrema f Se“d(x) (x = 0.243) is very
close to x value of peak of valence d quark of Atlas experiment results (x is around 0.2) and for valence u quark distribution functions, x value
of the first extrema of f3%*(x) (same as f3 sead(3)) (x = 0.243) and x value of the first extrema of s sead( ) (x = 0.32) which are same x values of
peak points of f2 valu(x) and fU%*(x), respectively, and x value of peak point of sum of these, i.e., f*#(x) (x = 0.258) is also very close to valence u
quark distribution functions of Atlas experiment results (x is around 0.24).Thus, this ansatz is meaningful. However, as mentioned in Sec. 2, we
have not figured out its real meaning yet. Using the shape of down slope of valence u quark or that of d quark distribution functions to obtain
sea quarks distribution functions is really technical because we do not know how to estimate this part. Except for this process, we think that our
process is reasonable. As a final comment, we consider behavior of ud, uii and dd inside proton as following way. Exact pions decay very quickly so
that inside proton pions must be unbound state, however, when x is very small that corresponds to very surface of proton ( r is large), by absorbing
gluons, quark and antiquark pair becomes bound state so that confinement potential reappears. Thus, free quarks or antiquarks cannot be observed
from proton.

Actually, gluon distribution functions becomes decreasing when x is smaller than 0.003. we think this behavior is reflection of above mentioned
mechanism.

5 AppendixA

According to standard QCD, sea quarks appears by gluon splitting. In this case, quarks is described as qq state that corresponds to exactly coupling
constant g2 = 0 case of our definition of [7]. In our case, these are obtained from following two parts.

One is from our solution y;(r) (o; component) [7] which gives to Eq. (1) and Eq. (2). The other one comes from vacuum expectation value
S(r) = iPrl(io3 component)[7]. To obtain wave function, we use NJR’s Word Identity, especially, in our case, as shown in Appendix A in ref. [16].
This gives this part represents y,(r) (Unit component). For distribution amplitude, we use one dimensional Fourier transform that becomes

q f " drnan) = q ( / drJs (qn) + / " drn, <qr>) 15)
0 2 0 2 u 2

Again we consider only First term integral because of considering large q case [7]. Then the first term integral becomes [17]
“ 1
@ [ s = ~gaus (@) + 5, () = qul_y @S, 1 (@) + 1 a6)
o 2 2 ’ 2 2 2
where S, ,,(z) denotes Lommel function defined as [18]

1B (1; %(/.t —v+3), %QA +v+3); %zz)
Sun(2) = W+ 1212
2¢=172 cse(nv)

FG(—/.L —-v+ 1))1“(%(—/.4 +v+ 1))
—5(2) sec(%ﬂ(/x —v)))

ZH+1

<J_7,(z) sec (%n’(u + v)) 17)

Recalling that domain of above q is [0, co], g becomes é x € [0,1]. In addition, these terms are for distribution amplitude so that this part of

distribution functions is obtained by multiplication of x. In our case, u = 0,v = % explicit description of this term becomes for small x

St (%) & x(l +ay/ L ; X b) 18)

1 2 1 2
h = ——, =4 _
where a r(Hre2) 2/u b=a+ rHré) vz

Recalling that, chiral limit case, m, — 0 and that Renner relation such as ﬁ — P constant, we can consider fip as parameter [C]. Therefore,

we can choose this parameter to cancel out —x term of Eq. (2) obtained by con51der1ng x3(r). In addition, we can also use u as parameter. Thus, for
small x case, sea quarks distribution functions by gluon splitting up to x = 0.07 is described as

S () =2 (1 —aVx(1—x) + bx) (19)

(0.001 < x < 0.07)

For 0.07 < x < 1, we use the shape of down slope of sum of valence u and valence d quark distribution functions. We choose the shape of
down slope to satisfy the condition both curves are smoothly connected at x = 0.07.

This gives following figure for sea quarks distribution functions splitting by gluons (Fig. 1).
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Figure 13. Gluon distribution functions of xg

Fig. 1 gluon distribution functions of xg.

This is similar to gluon distribution functions of Atlas experiment except range x = [0.001,0.003]. This is understood by considering that
distribution functions of qg corresponds to that of gluons because we can consider that just after splitting momentum keeps that of just before
splitting.

From this consideration, we think sea quarks described in Atlas experiment are not generated by gluon splitting. We cannot really clarify the
boundary of coupling constant g2 value, however, definitely not exactly zero. This also gives why we use our ansatz besides our argument in Sec. 2.
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