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1 Introduction

The new data on deep inelastic spin-dependent proton ¢f and deuteron gP structure
functions from SLAC [1, 2] and CERN {[3] stimulate exiting interest to determine spin-
dependent quark and especially gluon distributions and quark contributions to the proton
spin. The decision of the problem is out of the pQCD. Therefore numerous parametriza-
tions both spin-independent and spin-dependent parton distributions are constructed and
used for the analysis of experimental data. As the parton distributions are of universal
nature the parametrizations can be used for simulation not only processes of deep-inelastic
scattering but, in particularly, p — p interaction with polarized proton beams for future
research programs at colliders RHIC, LHC and HERA.

The direct information on parton distributions are extracted from the deep-inelastic
lepton-proton and lepton-deuteron scattering. The measurable observables are asymme-
tries AP, AP. The structure function ¢§ can be expressed via A? as follows

F(z,Q%)

9i(z,Q%) = A?(2,Q%) - %01 + R(z,07)" (v

The additional information on the structure function F} and the ratio of longitudinal to
transverse photon cross section R(z, Q%) = or/oT are necessary [4] to determme g7- The
similar formula takes place for the deuteron structure function.

The extraction of the parton distributions from the experimental data (g%,9P) of deep
inelastic scattering is not direct and therefore it is very important to develop flexible -
procedures to construct the distributions taking into account features of experimental
data and theoretical constraints of proton model.

At present time there are not strong arguments on the sign of the spin-dependent gluon
distribution AG therefore one can suppose that the sign of AG may be both positive
and negative [5]. Therefore we shall-consider both possibilities in the paper. It is very
‘important from experimental point of view to find the observables which are sensitive to
sign of AG. As we shall show later the neutron structure function g7 can be one of such
observables.

The spin-dependent parton distributions were constructed, in pa.rtlcula.r in [6, 7, 10].

The Drell-Yan inclusive-exclusive connection relating the high Q?-behaviour of hadron
form-factors and the large z-limit of the quark distributions was used in [6]

F(Q*) — FéZ)T’ at @ = 00 Gyp — (1—z)™ M85 gtz 51, (2)
where AS = 0,1 for the parallel and anti-parallel quark and photon helicity, respec-
tively. Authors emphasized that this counting rule reflects the fact that the valence Fock
state with minimal number of constituents gives the leading contribution to the structure
function when one quark carries nearly all of the light cone momentum. The helicity
dependence of the rule reflects the helicity retention property of the gauge couplings: a
quark with a large momentum fraction of the hadron also tends to carry its helicity. The
anti-parallel helicity quark is suppresed by the relative factor (1 — z)2. The obtained
spin-dependent quark and gluon distributions were used to calculate the proton, neutron
and deuteron structure functions and to compare with experimental data.

The LO QCD fit of EMC, SMC and SLAC data for g¥ was performed in [7]. Polarized

parton distributions were constructed by using two scenario - "standard” and ”valence”
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one. First scenario assumed that the neutron and hyperon S-decay data fix the total
helicity both of valence and sea quarks Au+Ait~Ad—Ad= F+ D and Au+Au+Ad+
Ad—2({As+A38) = 3F + D , second one - only of the valence quarks Auy —Ady = F+D
and Auy + Ady = 3F + D. In the "standard” scenario it was needed As < @ in order
to obtain agreement with experiment data. In the ”valence” scenario Ag < 0 even for
the maximally SU;(3) broken polarized sea As = A3 = 0. It was found that results for
['? and I'? were in satisfactory agreement with SMC [12, 14] and E143 [2] data for both
scenario.

The global LO fit to proton data on g} to extract spin-dependent parton distributions
was performed in [8]. It was assumed that the intrinsic polarization of strange quark
was no significant. Non-zero polarization SU(3) symmetric sea quark distributions were
generated dynamically at higher Q? by the evolution of the singlet distribution AX. It
was found that A was sensitive to the initial shape of the gluon distribution and therefore

the measurement of polarization of sea quark distributions was proposed. The shape of

the parton distributions was used as follows :
zAgy ~ 2™ (1 — 2)P1 (1 + ~42). ) (3)

Additional theoretical constraints at large and small z based on dimensional counting
and Regge behaviour arguments were supposed. The different choices of 74 correspond
to different fits of AGat z = 1: GT~G |, GT> G |, G T« G | were studied. It was
found that quark distributions were almost independent of the gluon distribution and the
parameter oy had the value close to the corresponding unpolarise one [9].

The detailed NLO QCD analysis of the proton and deuteron data on ¢, were performed
in [10]. The singlet AX, nonsinglet Agys and gluon AG distributions were determined.
The parton distributions were parametrized according to

Agy(z,QF) = N(ay, By, a5z (1 - 2)” (1 + as), (4)

where N(ay, By, as) is the normalization coefficient. The various parameters in (4) were
found by fitting ¢1(x, @?) to proton and deuteron experimental data. The data constrain
the size of polarized parton distributions. It was emphasized that the main NLO effect
is the direct gluon contribution to the first moment of g; and effects which are formally
next-to leading order may lead to significant evolution because of the large contribution of
polarized gluons to g, driven by the axial anomaly. The size of the gluon distribution drives
perturbative evolution and due to the fact that the SMC and E143 data were obtained
at the different value of Q? turns out to require the parameter 7, and consequently the
polarized gluon distribution to be large and positive. :

In present paper the phenomenological method to construct spin-dependent parton
distributions is developed. Some constraints (a shape and sign of distributions) on parton
distribution are used. The method takes into account the effect of axial anomaly to
include under consideration the gluon distribution AG. The possibility of the positive
and negative sign of the gluon distribution is studied. The new spin-dependent parton
distributions are constructed: The dependence of Ag; and structure functions g7, g7 and

gP on z and Q? are investigated.and the obtained results are compared with experimental
data.

2 Method

The spin-dependent proton g% structure function is expressed via spin-dependent par-

ton distributions as follows
1 4 1 1 5
d(2,Q) = 5~ {ghu+ gAd + 5Ash, 5)

where Ag; = qf — ¢; and q}t are proba.bilii':y distributi.m.ls to find the qua’I.flll( withtthe
positive (+) and negative (=) helicity rela:tlvely 1io Posmve proton onel. e x:ez r<‘)i1,
g7 (z, Q?) structure function can be written in the similar form by the replacemen \u I
Ad. The valence distributions Auy,Ady are expressed as fo.llow_s Auy = Au—2A4. In
the paper we shall construct the spin-dependent parton distributions. Let us now sho?tly
describe the main items of the method used.

2.1 Shape of parton distributions . ‘ ‘
The form of the spin-dependent parton distribution Aqy is taken as

Aqf = szgn(qf) -z (1 - I)pJK “qf 4= uy,dy, i, J,S,G (6)

Here g; is the spin-independent parton distribution, ay, By are free pa.r.a.meters which
should be found from the comparison with experimental data. We would like to note that

there is the additional restriction for Agy
|Agy] < g5 (M

It means that both the distributions q}“, q and g5 =‘q; +4q; are to bf: pQS}tlve. Accordm(gi
to the equation the parameter By should be not negative. However 1.f gy is not cpnflecte
with the parton distribution the parameter can be chosen as n.ega.tlve one. In this casg
the form of the spin-dependent parton distribution can be rewritten as

Ag; = sign(gys) - = - q?. ‘ (8)

. . ‘ )y ‘ . ’ . d
The equation (7) is satisfied and =0~ )Pt - g5 can be considered as the renormalise
arton distribution. o
g We would like to emphasize that numerous procedures to construct both spin - 11‘1de-
pendent and spin - dependent distributions are ambiguously and thereforfa the restrictions
on Agy can give the additional constraints on spin-independent distributions and develop
flexible scheme to construct helicity parton distributions qj{ and ¢y, separately.

2.2 Signs of parton distributions N o

We shall suppose that the sign of AG may be both. positive and negative in the
framework of our model-dependent investigation of the l:;1gn of AG because at present
i are no experiments to measure the AG directly. -
tlm;‘;:l filraelence qua.ris distributions the situation is more fieﬁnite. Tlllerefore the signs
of Auy and Ady are considered to be positive and negative, respec_tlye}y. The choice
is argued that the dominant configuration in the proton wave function is }I(T)U(T)d(l)
(the arrow denotes the quark spin direction). Numerous z.a.na.lyses of experimental data
on quark contributions to proton spin also confirm the choice [1, 2, 3], [11}-[14].
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We shall suppose that the positive sign of A@ and negative one of Ad, for the spin
configuration u(T)u(T)d(l) of proton wave function are motivated by ’t Hooft mechanism
[16]. The mechanism determines the dynamics of quark helicity flips. The incoming left
helicity quark ¢z = (1 + 75)g/2 scattered from a zero modes in the instanton field is to be
outgoing right helicity quark gn = (1 — 7s)q/2. Effective Lagrangians were constructed in
[17). In the particular case Ny = 2 flavour it can be presented as follows:

4 _ . 3 3
L= /dp . n(p)(gﬂzpa)z{uRuLde[,[l + —35(1 — ZO’L,G’:V)/\Z/\;] + (R - L)} (9)

Here p is the size of instanton, n(p) is the instanton density, o, = i/4 - (77, — 1. 70),
A® are the matrices for SU.(3) group. If the left helicity quark scatters off instanton,
then it becomes right helicity one and grgr pair is created. The helicity of sea quarks is
opposite to the initial quark. Therefore the spin flips of the valence quarks u* and d-
determine the signs of the sea quark distributions - negative for d and positive for #. The
negative sign of As is in agreement with the arguments mentioned above and is supported
by the results of analysis of the determination of quark content to proton spin from the
experimental data on ¢7 {1, 2, 3}, [11]-[14].

2.3 Axial anomaly
It was shown in [18] that the flavour-singlet axial current

AL= 3 Urrsts (10)
J=u,d,s .

diverges at the quark level due to the one-loop triangle anomaly
0= 22 Ny tr{Fu B, (1)

where F,, = em,ﬁ.,Fﬂ Fu = 8,A, - 0,4, + [AA), Ay, = A2 - X%, a, is a coupling
constant, Ny is number of ﬂa.vours The a,noma.ly 1nduced a mixing between gluon and
the flavour singlet axial current of quarks. For this reason, the helicity carries by each
flavour undergo renormalization

A3j(2,Q% = Mgy~ 22 - Gz, QY. (12)

It was suggested in [18] that the axial anoma.ly mlght play a key role, which would
modify the naive quark model predictions and makes parton distributions more sensitive
to sign of gluon distribution. So the axial anomaly allows one to include the AG under
consideration structure functions gf, g>..

Note that the direct measurement of AG is possible in the experiments with polarized
proton beams. That is why the measure of the asymmetry of direct photon production is
planned in future polarization program at RHIC, LHC and HERA.

2.4 Relative parton contributions to proton spin

The results of analysis [19] of SMC and SLAC data on the structure functions g° and
gP and Bjorken sum. rule with pQCD corrections up to O((a,/7)3) for singlet combina-
tion have shown that the relative quark contributions to proton spin were Ay = 0.83 +

4

0.03, Ad = —0.43£0.03, As = —0.1010.03 at a renormalization scale Q3 = 10 (GeV/c)?
We shall use the values of the contributions and equation

[ diste @iz = AF, f=wds (13)
0

to determine the free parameters ay, f; for spin-dependent parton distributions Auy,
Ady, Au, Ad, As, AG.

.

3 Results and Discussion

Tables 1-6 present the results for coefficients ay, §y obtained by the procedure de-
scribed above. The unpolarized parton distributions g5 are taken from [20].

Figure 1(a,b) and 2(a,b) show the dependence of ¢f and g7 on x for parametrizations
of parton distribution constructed with positive (a) and negative (b) AG. The dashed.
solid and dotted lines correspond to the parameters ay, J; taken from Tables 1-3 and 4-6.
respectively. .

Figure 1(a,b) shows that all theoretical curves g} are in reasonable dgr( ement with
experimental data [1, 11, 14].

Figure 2(a,b) shows the qualitative difference for gy in the range 0.1 < r < 0.3
between curves with positive and negative AG.

Figure 3(a,b) shows the z-dependence of zg}(x, Q%) for @* = 1,10,100 (GelV/c)?. The
behaviour of zg}(x, @?) is qualitatively different for positive and negative AG. In the first
case the maximum of the curve displaces to the low x with increasing (2, in the second
one the maximum practically does not displace. For # < 0.01 the curve for AG > 0
with Q2 = 1.0 {GeV/c)? lies lower than the curve with Q% = 10 (GeV/c)?:. The curve for
AG < 0 with @? = 1.0 (GeV/c)? lies upper than the curve with Q% = 10 {GeV/c)? in the
range 1073 <z < 1.

Figure 4(a,b) shows the z-dependence of zg}(r,@?) at Q% = 1,10 (GeV/e):. The
strong Q?%-dependence for AG < 0 for z < 0.1 and the deep at & =~ 0.1 — 0.2 are obscrved.

Figure 5(a,b) shows the z-dependence of the deuteron structure function rgP(r, Q?) at
Q* =1,10,100 (GeV/c)? and experimental data [2, 3, 12]. The dependences of xgP(r.Q?)
on Q% for AG > 0 and AG < 0 are qualitatively different from each other and similar to
the proton ones.

Figure 6 shows the z-dependence of zg}(z, Q%) for @* = 1,3.5,10 (Gel'/e)? and ox-
perimental data. The behaviour of zg?(z, Q?) is qualitatively and quantitatively different
for AG > 0 and AG < 0, especially for low @?. In the range x < 0.1 the cxperimental
data on g7 for Q? < 10 (GeV/c)? can be used to discriminate the parton distributions
with different sign of AG. )

The x? criterium may be used as a quantitative characteristic to compare the theoret-
ical results for zg} with experimental data (2, 3, 13]. The obtained results are presented
in Table 7. The references for experimental data on g}, the values for average )? and the
number of experimental points are shown in column 1, 2 and 3, respectively. The mark
all’ denotes that the data are taken for different Q* and the value of \2 takes into account
the Q% dependence of spin-dependent parton distributions. The value of Q7 changes in
the kinematic ranges 1.1 — 5.2 {(GeV/c)® and 1.3 — 48.7 (GeV/c)? for E142 and SMC
experiments, respectively. One can see from Table 7 that the x? for AG > 0 is smaller
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than for AG < 0 for all group of data. The choice of the parton parametrizations with
positive AG is even more preferable when ’all’ Q? data are used.

Tables 1-6. The parameters ay, 8y and signs of spin-dependent parton distributions
Agy = sign(gs)- 2%/ - (1 —z)P1 . ¢; for positive and negative AG. The quark contributions
to proton spin is denoted by I

Table 1 Table 4

L f [sign] o [ B [ L | [ f [sign] o [ B [ Iy |
AG + 1 0.62790 | 0.000 AG — 10.45000 | 0.000
Auy + 1 0.43763 | —0.450 | 0.83 Auy + [0.60176 | —0.900 | 0.83
A + {0.54637 | 0.000 Au + 1.0780 { 0.000
Ady — 10.71597 { —0.450 | —-0.43 Ady — ]0.34310 | —0.900 ; —0.43
Ad — 10.57590 | 0.000 Ad — ] 0.56901 | 0.000
As — 10.96418 } 0.000 -0.1 As — 10.31036 | 0.000 —-0.1
Table 2 Table 5

L f [sign| o [ B [ L | [ f [siga] o [ 8 [ I ]
AG + 1 0.62790 | 0.000 AG — 1 0.50000 ] 0.000
Auy + 1 0.43763 | —0.450 ) 0.83 | .. Auy + | 0.57443 | —0.900 [ 0.83
Au + | 0.54637 | 0.000 An + 1.0088 0.000
Ady — 1 0.71597 | —0.450 | —0.43 Ady — | 0.54871 | —0.900 | —0.43
Ad — 10.57590 | 0.000 Ad — 10.45256 | 0.000
As — 10.96418 | 0.000 —-0.1 As — 10.34023 | 0.000 —0.1
Table 3 Table 6

[T lsign] o [ B [ Iy | (£ [sigm[ o [ B [ I ]
AG + | 0.62076 | 0.000 AG — 1 0.60000 | 0.000

Auy + |0.50424 { —-0.500 | 0.83 Auy + | 0.53379 | —0.900 [ 0.83
Au + |0.46710 ; 0.000 Au + | 0.98175 | 0.000
Ady — 10.70556 | —0.500 | —0.43 Ady — 10.53722 | —0.900 | —0.43
Ad — 10.58863 | 0.000 Ad — 1 0.50235 | 0.000
As - 1.00280 | 0.000 —-0.1 As — 10.39092 | 0.000 —0.1

The x? for positive and negative AG are equal to 11.6 and 18.4 for the E142 data [13]
and 16.2 and 28.9 for the SMC data [3]. The results can be considered as a quantitative
evidence that the case with AG > 0 is more preferable than AG < 0 one.

We would like to note that our result supports the conclusion of positive sign of AG
based on the NLO QCD fit of proton and deuteron data on g; made in [10]

Table 7. The value of x? comptuted for g7(z, @?) for two choices of the parton distri-
butions with the parameters ay, 85 taken from Tables 2 and 5

Experiment Q* data [AG>0]AG<0.
(GeV/c)? | points
E142 [13] P 8 956 | 164
E143 |2 3 9 8.02 12.7
SMC [3 : 10 12 15.4 19.5.
HERMES [15] 3 8 6.87 9.56
E142 [13] all 3 116 | 184
SMC [3] al o | 162 | 289

Figures 7-9 and 10-12 show the dependences of the parton distributions Auy, Ady,
Ai, Ad, As and AG on z and @ for positive and negative AG, respectively. As one
can see from Figures 7 and 10 the distributions of the valence quarks Auy and Ady
for AG > 0 and AG < 0 are qualitatively similar to each other. The distributions for
negative AG are larger than those for positive AG.

Figures 8(b,d) and 11(b,d) show that the sea distribution zA# for AG > 0 is larger
than that for AG < 0 in contrast to the zAd distribution.

We would like to note that the signs for zA# and zAd are different from each other.
The symmetry violation of the equation A% = Ad for negative AG is more stronger than
for positive AG.

Figures 9(a,b) and 12(a,b) show the z- and Q*-dependences of distributions for strange
quark zAs. The value of zAs for positive AG is less than 0.008 for Q% = 51600 (GeV/c)?
in the range z = 1073 — 1. The distribution zAs for negative AG grows up to —0.05 at
z o~ 1072 for Q2 = 5,10 (GeV/c)? and up to —0.15 for Q% = 1600 {GeV/c).

We would like to emphasize that the flavour violation for sea distributions A&, Ad and
As for negative AG is more stronger than for positive one.

Figures 9(d) and 12(d) show that the "positive” gluon distribution AG is five times
less than ”positive” one in the range z = 1073— 1 and Q* =10 (GeV/c)?.



[ o EMC

I o sMC }
E « SUC(E1) 4]
3

L

t

r

t o EMC
[ o SMC i
« SLAC(E143)

b)

0.10 0.10
b [ e Ene
008 ; 'éﬂ% 008 F o SMC r
» SLAC(E143) ~ [« SLAC(E143)
& 006 | %5 06 f
x 0%(Gev/c)? \x; v QN (Gev/e)
a7 al 004 b !
> o
x
* 002 f
0.00 r AG< 0
4
—0.02 Lo saaisul EFUETUIT S W RV |
102 107 10" '
X x
a) b)

Figure 1. Deep- ‘inelastic proton structure function zg}(z,@*). Experimental data:
* - {1}, o - [11}, 0 - [14). Theoretical curves: (a) - AG >0 and (b) - AG < 0 at
Q@ =10 (GeV/e)? — - - ", — — are obtained with parameters ay, f; of parton
“distributions taken from Ta.bles (1,4), (2,5) and (3,6), respectively.
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Tables 2, 5.
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4 Conclusions

The method to construct spin-dependent parton distributions is considered. It bases
on theoretical constraints (the shape, sign of Aq) and experimental data on quark con-
tributions Au, Ad, As to proton spin. The new spin-dependent parton distributions
Auy,Ady, A, Ad, As, AG are founded. The z- and Q*-dependences of Agy for posi-
tive and negative AG are studied. The obtained results are compared with experimental
data on structure functions gf, ¢? and g}. It is found that g7 is sensitive to sign of AG and
can be used to investigate the sign of gluon distribution in the range z < 0.1. The avail-
able experimental data on g} give evidence that the sign of AG should be positive. The
constructed parton distributions Auy,Ady, A, Ad, As, AG can be widely used to ana-
lyze both deep-inelastic (inclusive, semi-inclusive) and proton-proton interactions planed
at RHIC. LHC and HERA.
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