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Abstract The difference between the strange and antistrange quark distributions, 8s(z) = s(z) —8(z), and

the combination of light quark sea and strange quark sea, A(z) = d(z)+t(z) —s(x) —5(x), are originated

from non-perturbative processes and can be calculated using non-perturbative models of the nucleon. We

report calculations of ds(z) and A(x) using the meson cloud model. Combining our calculations of A(x) with

relatively well known light antiquark distributions obtained from global analysis of available experimental data,

we estimate the total strange sea distributions of the nucleon.
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1 Introduction

The strange and antistrange quark distributions of
the nucleon are of great interest. It has been known
for some time that non-perturbative processes involv-
ing the meson cloud of the nucleon may break the
symmetry between the strange and antistrange quark
distributions. This asymmetry affects the extraction
of sin®fy from neutrino DIS processes [1]. A pre-
cise understanding on the cross-secrion for W produc-
tion at the Large Hadron Collider (LHC) depends on
the strange sea distributions at small x region. How-
ever, the strange sea distributions are not well deter-
mined compared with those for the light quark sea.
The HERMES Collaboration recently presents their
measurement of helicity averaged and helicity depen-
dent parton distributions of the strange quark sea
in the nucleon from charge kaon production in deep-
inelastic scattering on the deuteron [2]. The severest
constrain on the strange and antistrange distributions
before the HERMES measurement comes from the
neutrino(antineutrino)-nucleon deep inelastic scatter-
ing (DIS) in which two muons are produced in the
final state, i.e. v(¥)+N — ut(=) + =) 4+ X, Most
data for such processes are provided by the CCFR [3]
and NuTeV [4] Collaborations.

There are two dominant mechanisms for the quark
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sea production in the nucleon: (I) gluons splitting
into quak-antiquark pairs, and (II) contributions
from the meson-baryond components in the nucleon.
While the sea distributions generated through mech-
anism (1) can be assumed to be flavour indepen-
dent (SU(3) flavour symmetric), i.e. d =1 =5 and
dgea = Ugen = Ssea and quark-antiquark symmetric, i.e.
q=q, the sea distributions generated through mecha-
nism (II) violate these symmetries. Mechanism (1I)
provides a natural explanation for the observed SU(2)
flavour asymmetry among the sea distributions, i.e.
d#1 [5], and predicts a strange-antistrange asymme-
try [6, 7].

Assuming SU(3) flavour symmetry and quark-
antiquark symmetry for the sea distributions gener-
ated via mechanism (1), we can construct a quantity

A(r) = d(z) +1(z) —s(@) —5(2), (1)
which has a leading contribution from mechanism
(IT), and can be calculated using non-perturbative
models describing that mechanism. We present a cal-
culation of A(x) in the meson cloud model (MCM)
[8] by considering Fock states involving mesons in the
pseudoscalar and vector octets and baryons in the
octet and decuplet.
A(z) with results for the light antiquark sea distri-
butions from global PDF fits we can calculate the

Combining our calculation for
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s(xz)+5(x) and the
S*(x)/[d(=) +

total strange distribution S*(z) =
strange sea suppression factor r(z) =

a(z)).
2 Formalism

The wave function for the physical nucleon can be
written as

|N>physioal = \/Z<|N>bare+ZZJ'dyd2kJ_ X

BM AN

o (0 K1) [ B (g, Ko ): MY
(1—ya—ku)>>- (2)

In Eq. (2) the first term is for a “bare” nucleon, Z

is the wave function renormalization constant, and
Mi(y, k%) is the wave function of the Fock state
containing a baryon (B) with longitudinal momen-
tum fraction y, transverse momentum k,, and he-
licity A, and a meson (M) with momentum fraction
1 —y, transverse momentum —k,, and helicity A’.
The probability of finding a baryon with momentum
fraction y (also known as fluctuation function in the
literature) can be calculated from the wave function

(k).
=2 | Rk W) 3)
0

AN

fBM/N

The probability of finding a meson with momentum
fraction y is given by

Jue/n(Y) = femyn(1—9). (4)

The wave functions and thereby the fluctuation func-
tions can be derived from effective meson-nucleon La-
grangians employing time-order perturbation theory
in the infinite momentum frame [9].

The mesons and baryons could contribute to the
hard scattering processes such as the deep inelas-
tic scattering, provided that the lifetime of a virtual
baryon-meson Fock state is much longer than the in-
teraction time in the hard process. The Fock states
we consider include |Nm),|Np),|wN),|Am),|Ap),
|[AK), |AK*), |XK), and |[ZK*),

28(z) = Z[(far/n+ farcew) @™+ (for/n +
fer ) ® s7— (fxa/n+ fusn+

Jicean + froesyn) @55, (5)

zA(x) = Z{(frxn+ fran+ foxn + foan+

forn/n) @ Ve — (fax/n+ fars /w) ®st

+ (fZK/N +f2K*/N) ®s*— (,fKA/N +

Jrs/n+ froan + froesn) @55} (6)

In Egs. (5) and (6) ® denotes the convolution of
two functions, i.e.

f®g=£dyf(y)§g (g) -

The calculation details can be found in Refs. [7, 9-13].
The light quark sea distributions are well decided
by the global PDF fits to all available experimental
data. Combining the global fit results for d(z)+1(z)
and our calculation for the A(x) we could have an
estimation on the strange sea distributions

z[s(z)+8(x)] =z [d(z)+u(z)] ., —zA(x).  (7)
3 Results

In Fig. 1 we show our calculated difference be-
tween strange and anti-strange quark distributions
with and without the contributions from Fock states
The solid and dashed curves
are the results without and with K* contributions,

involving K* mesons.

respectively. We can see that the contributions from
AK* and YK* are of similar magnitude to those from
the lower mass Fock states. The calculated results for
xA(z) together with the HERMES measurement [2]
and the results from MSTW2008 [14], CTEQ6.6 [15],
CTEQG6.5 [16] and CTEQS6L [17] are shown in Fig. 2
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Fig. 1.
calculated in the meson cloud model.
16 GeV2.

The strange sea asymmetry x[s(z)—5(z)]

Q* =

In this figure, the data points, the the thick solid,
the solid, the dashed and the thick dashed curves,
and the shaded area denote the results obtained by
using the HERMES’ z(s+5) and CTEQ6L’s z(d +1)
data, calculated in MCM, obtained by analyzing the
NuTeV’s z(s+5) data and the CTEQ6M’s x(d+q) data
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in the NLO, global fitted results from MSTW2008,
CTEQ6.6 and CTEQ6.5, respectively. The HERMES
data for xA(x) are obtained by using parton distri-
bution functions (PDFs) of ST (z) from HERMES
and PDFs of z(d+1) from CTEQ (CTEQS6L), both
of which are in a leading-oder (LO) analysis. The
shaded area represents the allowed range for the xS+
distribution estimated by the CTEQ group [16] by
applying the 90% confidence criteria on the dimuon
production data sets, i.e. by requiring the momen-
tum fraction carried by the strange sea to be in the
range of 0.018 < (x) < 0.040. It can be seen that our
calculations are much smaller that that given in the
MSTW2008, CTEQ6L and the central values of the
CTEQG6.5 for the region of x < 0.2 while the agree-
ment with the HERMES results are reasonably well
except for the region around x ~ 0.10. The calculation
results agree with that obtained using the CTEQ6.6
PDF set. It is noticed that our calculations for zA(z)
are independent of any global PDF sets for the pro-
ton. The agreement between our calculations and the
CTEQ6.6 results is remarkable.

Fig. 2. A comparison of zA(z). Q% =2.5 GeV>.

The results for the total strange and antistrange
distributions are given in Fig. 3. In the figure, the
data points, the thick solid, the thick dashed and
the dashed curves, the shaded area and the solid
curve represent the HERMES’ measurements, the
calculated result in MCM, the global fitted results
from CTEQ6.6M, MSTW2008 and CTEQ6.5, and

References

1 Zeller G P et al (NuTeV collaboration). Phys. Rev. Lett.,
2002, 88: 091802

2 Airapetian A et al (HERMES collaboration). Phys. Lett.
B, 2008, 666: 446

3 Bazarko A O et al (CCFR collaboration). Z. Phys. C, 1995,
65: 189

4 Goncharov M et al (NuTeV collaboration). Phys. Rev. D,
2001, 64: 112006

5 For recent reviews, see e.g., Kumano S. Phys. Rep., 1998,
303: 103; Speth J, Thomas A W. Adv. Nucl. Phys., 1998,
24: 83

6 Signal A I, Thomas A W. Phys. Lett. B, 1987, 191: 205

7 CAO F G, Signal A I. Phys. Rev. D, 1999, 60: 074021

the NLO analysis of NuTeV dimuon data, respec-
tively.

5)

x(s+

Fig. 3. The total strange sea distributions x(s+
5). Q>=2.5 GeV>.

In this study the d+ distribution from the CTEQ6.6
set is used. It can be found that our calculations
agree with the HERMES data and the results from
CTEQ6.6 very well for the region of x < 0.07, but are
larger that that from the MSTW2008 and CTEQ6.5.
Our calculations for S* becomes negative for = >
0.25 which is unreasonable. The reason for this could
be that the model calculations over estimate zA(z)
or z (d(z)+1(z)) is under estimated in the CTEQ6.6
set, or both.

4 Summary

We calculated the difference between the strange
and antistrange quark distributions and the differ-
ence between the light antiquark distributions and
the strange and anstistrange distributions using the
meson cloud model. We estimated the total strange
and antistrange distributions by combining our cal-
culations for the difference with the light antiquark
distributions determined from global parton distribu-
tion functions fits. Our calculations for the strange
sea distributions agree with the HERMES measure-
ments and CTEQG6.6 set but larger than that given
in CTEQG6.5 and MSTW2008.

8 Thomas A W. Phys. Lett., 1983, 126B: 97

9 Holtmann H, Szczurek A, Speth J. Nucl. Phys. A, 1996,
569: 631

10 CAO F G, Signal A L. Eur. Phys. J., 2001, C 21: 105

11 CAO F G, Signal A I. Phys. Lett. B, 2003, 559: 229

12 Bissey F, CAO F G, Signal A I. Phys. Rev. D, 2006, 73:
074008

13 CHEN H, CAO F G, Signal A I. in preparation

14 Martin A D, Stirling W J, Thorne R S, Watt G. arXiv:
0901.0002 [hep-ph]

15 Nadolsky P M et al. Phys. Rev. D, 2008, 78: 013004 arXi:
0802.00007 [hep-ph]

16 LAI H L et al. J. High Energy Phys., 2007, 0704: 089

17 Tung W K et al. J. High Energy Phys., 2007, 02: 053



