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'Nowak W D Srdorov A, V Tokarcv M V.
‘Ona Possrbtltty to- Determmc thc Slgn of thc Polarlzcd Gluon Dr\trlbutton

We mvcstlgatc thc posslblltty to draw conclusrons on the srgn ofthc spm dcpcndcnt gluon dntrtbutlon

kAG(x,QZ) from cxrstmg polanzcd DIS data The: ipm dcpcndent parton dt\tnbutrons Au M Ad Au, Ad

“Asy and AG are constructcd in the framework of a phcnomenologtcal proccdurc takmg mto account some’
assumptlons on- sxgns of  valence “and’:sea. parton distributions : motivated- by 't “Hooft’s. mcchamsm'
‘of quark quark interaction mduccd by mstantons “The axral gluon anomaly and data on mtegral quark
;contnbutlom to the proton spm, Au, AZI and AS,. arc also. taken into account. Pmdtctrons for the x-.

and Q -dcpcndcnctcs of thc poI..nzed proton and ncutron structurc functtons g” and gl, arc compared/

to cxpcr mcntal data It is shown that thc neutron structurc func lon gl, ls cspecrally sensmv to thc srgn‘

of AG(x 0. Thc rcsults of our analy s suppom the. concluslon that thl\ stgn‘should be posmv
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4"1 Intro'duction By

= Parton dlstrlbutlons in the nucleon are of umversal na.ture, hence thelr pa.ra.metrxzatlons o
- obtained from deep 1nela.st1c lepton-nucleon scattering can be utxhzed for. simulations, - "
" of processes. outside lepton nucleon scattering; -the polarized parton dlstrlbutrons .are’ o
: especrally useful to predict the behaviour of pp interactions with polarized proton beams‘ '

" - to facrlltate future resea.rch programs at the RHIC HERA and LHC colliders.

" ;- Recent’ results deep inelastic lepton-nucleon sca.ttermg experrments at, SLAC (15 2] and
- CERN {3] on spin- dependent structure functlons for proton and. deuteron targets, g7 and- -
7 g8, stlmulate the interest in determlnmg the spin-dependent: gluon and quark distribu-
. txons in'a polarized nucleon: Sirice a complete solutlon ‘of this problem is beyond the:'"f',
""" 5cope, of’ perturbatlve QCD ‘and there ‘are still ‘no- suﬁ‘iclently precise non-perturbatlve,‘ :
~ calculations available, ‘the usual procedure is. to fit numerous nara.metrlzatlons of both :
spm 1ndependent and spin? dependent parton d1str1but10ns to the data. Up to" now there PR

o s mo umque solutlon, the results depend in.one.or the other way on the method used

k Polarlzed parton dlstrlbutlons can be extracted in an 1nd1rect manner from doubly po-‘l" vl
larized deep. inelastic lepton-proton and lepton deuteron scatterlngl the measurable ob-,‘ \
“servables are’ the a.symmetrles A” a.nd Ad The structure functlon g1 can be extra.cted o

il from A” a.ccordm'r to o

-5 = T

l‘pk(" Qz) ‘ Vf‘\ 8
23:(1 + R(:c Q’) 5 f

‘éf,('z,é ) = A*'(z Q )

E where a.ddltlonal mformatlon on the unpolarlzed structure fll!lCthIl F” [4] a.nd on the ra.troi A
“of longltudmal to transverse photon cross sectlon R(z;QY) = aL/a;r [5] are requlred ‘The * .-
~deuteron s structure functlon Is dﬂterrmned ina s1m11a.r way takmg 1nto a.ccount a.pproprlate

" nuclear . correctlons S Sl -

R Since there is no practlcal way a.t present to dlrectly extra.ct pola.rrzed parton dlstnbutlons S
T from experlmental data it is: 1mportant to develop ﬂe‘uble procedures 0. construct - these »
distributions 1ncorpo'at1ng relevant features of the data as-well as rea.sona.ble constramts R

derxved from our present theoretrca.l understa,ndmg of the nucleon

Lk At present ‘there is no strong argument fa.vourmg a posmve or nega.trve srgn of the spln— o
- dependent gluon distribution, AG(:: Q?)." Several sets of. spm-dependent parton' distri- S

L bllthIlS were constructed utlhzmg rather different approaches (6,-7,8,9] mostly a.ssummg

a posxtlve sign of AG. Different - parameter choices ledding to a’ different behaviour of: S
CAGat z o1 (G G 4G T>> Gl,G T<< G 1) were studied in:[10]. Both pos:tlveﬂyl

‘and. negatlve ‘values of the sign of AG.over a wide kmematrcal range 103 < z <1 were

TRe considered in [9] A detailed NLO QCD: ana.lysrs of the proton and deuteron data. .on g
;" -was performed in [8§] concludlng that the size of the - gluon dlstnbutron dI‘lVCS the ‘pertur--.
- bative evolution and, due to the fact that the SMC and E143 da.ta were taken at dlfferent i

values of Q3 ‘the polarrzed gluon dlstrlbutlon turned out to be large and p0s1t1ve

- ..;The ‘alm’ of the present paper is to separate experlmenta.l observa.bles belng Sufﬁc1ently\;ﬂf‘ R
* sensitive to allow a- determlna.tron of the sign of AG. As we shall show' la.ter, the neutron ST

R ’structure functlon . seerns to be one of those observables

i
|
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To construct the spin-dependent parton distributions a phenomenological method pro-
posed in [9] is used. This method incorporates some constraints on shape and sign of
parton distributions, it utilizes results on the quark contributions to the nucleon spin
obtained in other analyses, and the effect of the axial anomaly is taken into account. We
study the z and Q? dependence of g}(z,@?) for two different scenarios: AG > 0 and
AG < 0. The calculated predictions are compared to experimental data; a x? criterion
is chosen to judge in which of the two scenarios theoretical curves are better describing
the experimental data on g}(z,@?). Eventually, the choice for a positive sign of AG will
turn out to be the more likely one, i.e. the polarized structure function of the neutron
will be shown to be sensitive to the sign of AG.

2 Method

The spin-dependent proton structure function g} is expressed through spin-dependent
parton distributions in a simple way

(e, @°) = § - (5A0(, Q) + 50d(z, Q%) + 5A3(,Q7), @)

where Agqy = qf - g7, and the qji are the probability distributions to find a quark having
positive (+) or negative (—) helicity relatively to positive proton helicity. The neu- .
tron structure function g} (x,@?) can be written in a similar form using the replacement
A# — Ad. The valence distributions Ag,, Ag, are then obtained from Ag, = Ag— 2Aq.
Since in this paper we shall use the spin-dependent parton distributions constructed in
(9] we briefly describe in the following sections the main features of the applied method.

2.1 Shape of Parton Distributions

For the general form of a spin-dependent parton distribution Ag; we use -

Agy = sign(qy) - o1 . (1-2)%-q;, ¢ =uydy,,d,s,G. (3)

Here ¢y is the spin-independent parton distribution, ay, 8y are free parameters which are
to be found by comparison with experimental data. From the restriction

|Agy| < g5 \ (4)

follows that both probability distributions q}', g; as well as their sum ¢5 = q}L + g5
need to be positive; moreover By should not be negative. To avoid the latter constraint
we introduce a renormalised parton distribution ¢f = (1 — z)Pr - g;. This leads to the
following general form of a spin-dependent parton distribution

Agy = sign(gy) - = - ¢} - (5)

We note that since all presently available procedures to construct both spin-independent
and spin-dependent distributions do imply fitting procedures and have consequently no
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unique solution. Hence we believe that at present it is recommended to incorporate gen-
eral restrictions on Agy like the one above; this makes it easier to develop flexible schemes
to construct the helicity parton distributions q? and 9, separately.

2.2 Signs of Parton Distributions

Up to now there exists neither a running experiment to directly measure the polarized
gluon distribution nor does the variety of indirect analyses give a unique result. Hence

there exist no strong arguments on the sign of AG. Our approach will be to allow for -

both signs of AG and compare the quality of our model -dependent predictions to the
experimental data.

We note that a direct access to AG will be possible in future experlments Utilizing
polarized protons at RHIC for the (approved) experiments STAR and PHENIX [11] and,
possibly, for the suggested internal polarized target experiment HERA-N [12] at HERA,
the measurement of AG seems feasible in the range 0.1 < Zgpyon £ 0.35. Also new doubly
polarized lepton-nucleon scattering experiments proposed at CERN [13] and suggested
at SLAC [14, 15] might contribute very valuable information on AG.

For valence quark distributions the situation is much better defined; we take the sign of
Au, as positive and that of Ad, as negative, respectively. This chome is motivated by the
fact that the dominant configuration in the proton wave function is u(7)u(1)d (1), here
the arrow denotes the quark spin direction. The same choice is made in most analyses of
experimental data on quark contributions to the proton spin [1, 2, 3], [16]- [19].

We assume for signs of Az (Ad) to be positive (negative). This is motivated by 't Hooft’s
mechanism [20] for the spin configuration u(T)u(T)d(]) which determines the dynamics of
quark helicity flips. The incoming left helicity quark gz, = (14 ~s)q/2 scattered from zero
modes in the instanton field leads to an outgoing right helicity quark ¢z = (1~ s)q/2.
Effective Lagrangians are constructed in [21); in the particular case of Ny = 2 favours it
can be written as

L= [ dp () Ge s a1 + (1 - Soz0l )i + (R 1)), ()
Here p is the size of instanton, n(p) is the instanton density, o,, = 7/4- (7aYv —7Yu), and
A* are matrixes for SU,(3) group. Once the left helicity quark scatters off an instanton
it becomes a right helicity one and a qadr pair is created; the helicity of the sea quarks
being opposite to that of the initial quark. In other words, the spin flip of the valence
quarks ut and d~ determines the sign of the corresponding sea quark distributions -
negative for Ad and positive for Ad. A negative sign of As is in agreement with the
arguments mentioned above and is supported by the results of several analyses of gt data
(1, 2, 3], [16]-[19].

2.3 Inclusion of Axial Anomaly

It was shown in [22] that the flavour-singlet axial current

E T Yu59s (7)

f=u,d,s

oo, e e 3 Py

diverges at the quark level due to the one-loop triangle anomaly
A, = 2. Ny tr{F,, ™}, ' (8)
7r N .

where F,, = €,,5,F?", Fu, = 0,A, — 0,A, +[A,A), A, = A% - A% a, is the strong
coupling constant, and Ny is the number of flavours. The anomaly induces a mixing
between the gluon and the flavour singlet axial current of quarks. For this reason, the
helicity carried by each flavour undergoes a renormalization

iy, @) = Agy(z, @) — L&) s(Q)  AG(z, Q7). ©

It was suggested in [22] that the axial anomaly m]ght play a key role and modify the
naive quark model predictions; hence parton distributions will presumably become much
more sensitive to the sign of the polarized gluon distribution. Consequently, the spin-
dependent structure functions ¢} and g} would become more sensitive to AG, as well.

2.4 Integral Parton Contributions to the Proton Spin

A further input required to our analysis is the total contribution of each quark species to

the proton spin. We utilize the results of a recent analysis [23] of the structure functions

g and g¢ from SMC and SLAC data incorporating 37 order pQCD corrections to the -

Bjorken sum rule. The relative quark contributions to the proton spin were determined

as At = 0.83 £ 0.03, Ad = —0.43 £0.03,A5 = —0.10 + 0.03 at a renormahzatlon scale
= 10 (GeV/c)?. Using these values and the definition

/1 Aiflz, @)dz = Af, f=uds (o0

the free parameters ay, By in the parametrization of our spm-dependent parton distribu-
tions Auy, Ady, A, Ad, As, AG were determmed in [9].

1

3 Results and Discussion

Infig. 1 (a,b) and 2 (a,b) the z-dependence of ¢} and g7} is shown for different parametriza-
tions of parton distributions constructed with AG > 0 (a) and AG < 0 (b). The dashed,
solid and dotted lines correspond to the parameters ay, 8y taken from Table 1-3 and 4-6
of Ref. {9], respectively.

From fig. 1 (a,b) is seen that all theoretical curves for the proton structure function g}
are in reasonable agreement with experimental data [1, 16, 19}, i.e. there seems to be
no apparent sensitivity to the sign of AG. In contrast, from fig. 2 (a,b), displaying
experimental data and theoretical curves for the neutron structure function zg}, one can
deduce a certain dependence of the theoretical curves on the sign of AG in the range
0.1 < z < 0.3. Hence there is some hope that zg} exhibits a certain sensitivity to the
sign of AG



Fig. 3 (a,b) shows the z-dependence of the proton structure function zg¢?(z,Q?) at dif-
ferent values of four-momentum transfer, Q% = 1,10,100 (GeV/c)?>. The @? behaviour
of zg} appears qualitatively different for AG > 0 and AG < 0, respectively. In the first
case the maximum of the curve is moved to lower z with increasing @2, in the second one
the position of the maximum is not affected. If AG > 0 the prediction increases with Q2
for z < 0.01. If AG < 0, the prediction decreases with @? over the full z-range.

Fig. 4 (a,b) displays the z-dependence of the neutron structure function z¢?(z,Q?) in
the same fashion, i.e. for Q% = 1,10 (GeV/c)2 If AG > 0 the differences for different (?
appear mainly at very low z-values and, in addition, at moderate z ~ 0.3. This sensitivity
to the sign of AG is to weak for present experimental errors, however, it might be used
later when more precise data on ¢7(z,@?) should become available. For AG < 0 one
observes a rather strong Q*-dependence at lower z-values and a somewhat characteristic
dip at higher z, its position being almost independent on Q2.

To be closer to the presently available @?-values we show in fig. 5 the z-dependence of
zgi(z, Q%) at @* = 1,3,5,10 (GeV/c)? together with the presently available experimental
data. (Due to the experimental errors the different ordinate is.choosed in fig. 5(d) than
in fig. 5(a,b,c).) The behaviour of zg} on Q? is qualitatively and quantitatively different
for the two scenarios AG > 0 and AG < 0, especially at low Q% Apparently, in the
range z < 0.1 the experimental data on g} at @* < 10 (GeV/c)? should be able to
discriminate between positive and negative sign of the polarized gluon distribution.

We apply a x? criterion to quantitatively distinguish between the two scenarios by com-
paring our constructed parton distributions to the experimental data sets from SLAC and
CERN (2, 3, 18]. The obtained resulis are summarized in Table 1. There the references
for experimental data on ¢}, the average ()* values, and the number of experimental
points are shown in column 1, 2, and 3, respectively. The ’all’ in col. 2 takes into account
that each individual experimental point was measured at another average @2, i.e. here
the x? is calculated using in the theoretical calculation the correct average Q*-value at
each z-point. The corresponding kinematically accessible ranges are 1.1 + 5.2 (GeV/c)?
for E142 and 1.3 + 48.7 (GeV/c)? for SMC. This method seems to us the closest pos-
sible description of the data by a theoretical calculation, hence we expect the x? values
obtained for the ’all’ comparison to yield the best possible separation.

Experiment <@*> | data [x? /ndf]x%/ ndf

(GeV/c)* | points | AG>0 | AG <D
E142 {18] 2 8 1.20 - 2.05
E143 [2 3 9 0.89 1.41
SMC [3 - 10 12 1.28 1.63
HERMES [24] 3 8 0.86 1.20
E142 [18] - all 8 1.45 2.30
SMC 3] all 12 | 135 5.41

Table 1. x? compdrison between theoretical predictions, calculated for the two scenarios
AG > 0 and AG <0, and ezperimental data on g7(z,Q?).

Q} m;_...\;”mmm*

From table 1 one can see that for every data set the x* per degree of freedomn is signif-
icantly better in the case AG > 0 compared to the case AG < 0. These results can be
considered as clear quantitative evidence that the case AG > 0 is the more likely scenario
compared to the case AG < 0.

We note that our result supports the conclusion on a positive sign of AG > 0 obtained
recently by a NLO QCD fit to g; proton and deuteron data [8].

Finally we present in table 2 our results for the integral quark -~ AX. - and gluon - Ag -
contributions to the proton spin calculated with the low limit zpin = 10-3. Whereas in
the more likely scenario AG > 0 the quark contribution AX appears to be almost stable
with Q2 it drops by almost a factor of 2 when increasing Q* from 3 to 10 (GeV/c)? in
the less likely case AG < 0. In both scenarios Ag rises by about 10% within the same
Q? range.

)

Q2 AY Ag
(GeV/e) [AG>0[AG<O[[AG>0]AG <0
3 0290 | 0.520 178 | -3.01
5 0.293 | 0.420 1.86 | -3.20
10 0.208 | 0.296 1.95 | -341

Table 2. Integral quark — AY — and gluon — Ag - contributions to the proton spin. cal-
culated from the constructed polarized parton distribution functions for the two scenarios
AG >0 and AG < 0.

4 Conclusions

The possibility to draw conclusions on a positive or negative sign of the polarized gluon
distribution AG(z, Q?) was studied using a phenomenological procedure to construct
spin-dependent parton distributions. The method includes some constraints on the signs
of valence and sea quark distributions, takes into account the axial gluon anomaly and
utilizes results on integral contributions to the nucleon bpm A, Ad, Ai lvestigating
the z- and Q*-dependencies of the structure functions g{ and gi constructe *d by this
method we introduce a f criterion to discriminate between the two scenarios obtained
for AG > 0and AG < 0, respectively. The neutron structure function turned out to be
sufficiently sensitive to the sign of AG(z,Q?), even at the present level of only mnoderate
experimental errors. The results of our analysis strongly support the conclusion that the
sign of AG(z,Q?) is positive. New data on the neutron structure function ¢} from the
latest SLAC experiments and from HERMES at DESY will undoubtedly allow to draw
a more definite conclusion on the sign of the polarized gluou distribution.
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