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Comparison of the fits to data on polarized structure functions and spin asymmetries
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In order to obtain polarized parton densities we make a next to leading order QCD fit using experimental
data on the deep inelastic structure functigmmeasured on different nucleon targets. This fit is compared with
the updated fit to the corresponding spin asymmetries. We get very similar results for all fits and also for
different data samples. The integrated gluon contributid?at 1 Ge\? is, as in our previous fits, very small.

It seems that only polarized parton densities for the nonstrange qaarksd Ad are relatively well deter-
mined from the present polarized deep inelastic experiments.
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In order to get polarized partofi.e., quark and gluon smaller andQ? dependence is smeared puh most of the
densities one uses data on deep inelastic scattering of poldits to experimental data only second sam@iiamely with
ized lepton on polarized nucleon targets. Quite a lot of dataveragedQ? dependendewas used. Our fits use both the
exist for such scattering. The data come from experimentsets of data. The data for polarized structure functions are
made at SLAC1-10, CERN[11-16 and DESY[17,18.  usually given only for averaged sample of détlae excep-
Recently the data from the E155 experimgh®] at SLAC tion is E155 experiment for deuteron and proton fata
on protons has been published. The experimental groups Experiments on unpolarized targets provide information
present data for spin asymmetries as well as for polarize@n the unpolarized quark densitiegx,Q?) and G(x,Q?)
structure functions. inside the nucleon. These densities can be expressed in terms
The analysis of the European Muon Collaborati&VMC)  of g~ (x,Q?) and G*(x,Q?), i.e. densities of quarks and
group result11] started an interest in studying such data.gluons with helicity along or opposite to the helicity of the
Many next to leadingNLO) order QCD analysi$19—26  parent nucleon:
were performed and polarized parton distributions were de-
termined. The main purpose of this paper is to use data for g=9"+q°, G=G'+G". (8]
the polarized structure functiorg,(x,Q?) on proton, neu-
tron and deuteron targets in order to determine polarized pag stands for sum of quark and antiquark contributions.
ton distributions. This fit will be compared with our updated ~ The polarized parton densities, i.e., the differenceg fof
(in which we take into account recently published data ong~ andG*,G~ are given by
protons from E15510] experiment in SLAQ fits to spin
as_ymmet_ries. It was a_dvocated by[@F] and ir_1[19] that by_ Aq=q*—q~, AG=G*'—G". )
using spin asymmetries for the determination of polarized
parton densities one avoids the problem with the higher twist . N . o
contributions. On the other hand, it is the polarized structure We will try to d_etermmeq—(x,QZ) and G_—(x,QZ), n
functions and polarized parton distributions that we want tof)ther words, we will try to connect unpolarized and polar-
determine. ized data._ . . .
We compare these two ways of making fits using similar In our fits we will use functions for t.he poIanzed. parton
technical assumptions and the same parton functions. ensities Fhat are suggestgd by th? fit to unpolanzeq d'ata
will see that both methods give very similar results for par- 8]. We risk that asymptotic behavior of our parton distri-

ton distributions. Our previoug25,2€ conclusion that the ,?Utloni Is not ?.u't.f corre<|:t bUtt It tsheems to usdnot SO |m|:;or-
integrated gluon contribution is rather small a2 ant wnen we limit ourselves to hé measured regiorx.o

—1 Ge\2 does not change. Most of the groups used experi-US'ng the functional form of unpolarized parton distributions

. : : . introduce too many parameters and some of them
mental data for spin asymmetries to determine polarized palrc ¢a@n N . -
P y b P cannot be well determined from the fit. Hence, we use the

ton distributions. In addition to spin asymmetries one has™. . .
also experimental data for polarized structure functions calSPIting between valence quarks and sea ones and we in-
culated from the spin asymmetries in a specific way choseflude the difference ini andd densities what could seem
by an experimental group. There were also several fits to thartificial when.we cqns!der the polarized deep mglastlc data
data on polarized structure functiof20,21. As in [25,26] only. Our sta}rtlr_]g p_omt is the_ formulas for unpolarized quark
we will make fits to two samples of the data. In the firstand gluon distributions obtaind@dt Q?=1 Ge\?) from the
group we will have data for the samestrictly speaking for ~ fit performed by Martin, Roberts, Stirling, and Thorne
the near valuesand differentQ? and in the second the “av- (MRST) [28] [they USEA?&EQDM—f 0.3 GeV andas(M?)
eraged” data where one averages o@ (the errors are =0.120.
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We will not use small and higk behavior of unpolarized =1 Ge\?) for measured values @? and make a fit to the
parton distributions as fitted parameters as some other grougsperimental data on spin asymmetries for proton, neutron,
do. We will splitq andG, as was already discussed in Refs.and deuteron targets. The spin asymmetfyx,Q?) can be
[25,26], into two parts in such a manner that the distributionsexpressed via the polarized structure functigix,Q?) as
g~ (x,Q%) and G*(x,Q% remain positive. Our polarized

densities for quarks and gluons are parametrized as follows: , (14 v2)91(x,Q?)
Aq(x,Q%)=
Auy(x)=x"959%1—x)33% a; +a,\X+ayx), F1(x,Q?%)
2
Ad,(x)=x" "1 —x)387{ b, + b, \/x+byx), _ 9:(6Q9 [2x(1+R(x,Q2))] )
Fa(x,Q%) o

2AU(X)=0.4AM(X) — A 8(X),
(3 where R=[F,(1+ v?) — 2xF;]/2xF, whereasF; and F,

2Ad(x)=0.4AM(X) + A 8(X), are the unpolarized structure functions ayet 2Mx/Q (M
stands for proton magsWe will use the new value oR

2AS(x)=0.2AM(X), determined ir{29]. The factor (1 y?) plays non-negligible
role for x andQ? values measured in SLAC experiments. In

AG(x)=x 00829 1 _)6587 (. + X+ dgX), calculatingg,(x,Q?) and F,(x,Q?) in the next to leading

order we use procedure described 25| which follows the

where in the above formulas for antiquaend sea quarks ~ method described 119,30 (one calculates Mellin trans-
forms and then Mellin inverse

AM(X)=x"277131—x)78% ¢, +c,\X), Having calculated the asymmetries according to &Q.
for the value ofQ? obtained in experiments we can make a
AM=x"277131 - x)78% ¢, -+ Coev/X), (4)  fit to asymmetries on proton, neutron, and deuteron targets.
The other possibility is to use directly the data for the polar-
A S8(x)=x91831—x)%8%,(1+9.98% ized structure functiorg;(x,Q?) (the values ofg, were

33.34¢ given for the averaged values @f) on proton, neutron, and
o ), deuteron targets to determine unknown coefficients in ex-
where the functional form of the last distribution is the sameP'€SSIons for polan_zed parton distributions. The problem_ IS
as in the unpolarized ca$2g]. that different ex_perlmental groups u;ed their own speqﬁc
We also have methods to obtain the values of polarized structure functions
9:1(x,Q?) from the measured asymmetries. At the end we
Au=Au +2A0. want to know polarized structure functions and polarized
v ' parton distributions. In order to calculate them from spin
asymmetries we have to choose what we shall take for

Ad=Ad,+2Ad, 5) F1(x,Q?) or F»(x,Q?) andR(x,Q?). As was already men-
— tioned we calculate® ,(x,Q?) in NLO for actual values ok
As=2As, and Q? using quark and gluon contributions fo®?
and =1 Ge\? given by MRST[28]. The values oR were in the
earlier fits taken from Whitlow[31] and later from E143
as=Au—Ad, group[29]. We have treated all experiments in the same way.
There is also a problem of higher twist correctiqp®wer
ag=Au+Ad—2As, (6)  low corrections taR were includedl We will not include the
higher twist corrections because of still big experimental er-
AS =Au+Ad+As. rors. The spread of the results could be a measure of uncer-

tainties in both methods. We will compare fits using deter-

We use additional independent parametas did before  mination of parameters from polarized structure functions
[25,26) for the strange sea contribution with the same as foand from spin asymmetries. As will be seen later the results
nonstrange sea functional dependence. Maybe not all pararmbtained by two methods are very similar.
eters are important in the fit and it could happen that some of We have shown in our previous pag&6] thatg,(x,Q?)
the coefficients in Eq€3),(4) taken as free parameters in the calculated from spin asymmetries fits not bad the data points
fit are small or in some sense superfluous. Putting them téor this structure function. Data points for polarized structure
zero(or eliminating themincreasey? only a little but makes  functions were given for averaged data set so it is natural to
this quantity smaller per degree of freedom. We will see thatompare fit tog; (called by us fitg) with the fit to spin
that is the case with some parameters introduced in Eqasymmetrieqfit A;) with the same number of points. We
(3),(4). will take into account in this case 197 data poifige will

In order to get the unknown parameters in the expressiontake E155 proton and deuteron data without averaging
for polarized quark and gluon distributiofSgs. (3),(4)] we  These fits will be compared with the ffit A,) to spin asym-
calculate the spin asymmetrigstarting from initial Q2 metries for nonaveraged data where we take into account 441
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TABLE |. The parameters of our three fits calculated Gt
=1 Ge\? together withy? per degree of freedom.

Fit g A A,
a; 0.61+0.0 0.56-0.13 0.49-0.13
a, —7.05+0.23  —550+1.22 —5.34+1.20
a, 17.1+0.23 14.7-1.66 14.661.63
b, —2.02+0.0 —1.67+0.03 —2.02+0.0
b, 0.34+0.24 —0.17+0.26 0.35-0.25
c, —0.34-0.03 —0.34t0.10 —0.32+0.10
c, 4.15+0.0 3.23-0.80 3.69-0.79
Cos 4.15+0.0 4.15-0.22 4.15-0.20
C3 —1.05+0.56  —0.62r0.58  —0.39+0.48
d, —29.0+8.6 —15.4+0.22  —14.0+0.04
ds 87.1+36.1 42.2-15.0 27.0-11.4
X2/Npr 0.87 0.81 0.84

experimental data points. At the beginning we will not put

any constrains which follow from hyperon decay data. Late
we will present the fits wherag value (from hyperon de-
cay9 will be taken into consideration by adding an experi-
mental pointag=0.58+ 0.1 (the error enhanced tos3. That
means we will simply add tg? corresponding to experimen-

tal points for spin asymmetries the term connected with e\>/\<,—gion fromx=0.003 tox=1 (it is practically integration over

perimental point from hyperon decays. We will discuss ho
this additional experimental point influences our results.

PHYSICAL REVIEW B5 034002

quarks and a positively polarized sea for strange quarks. The
gluon polarization is small. The value af=1.36 was not
assumed as an input in the (#s is the case in nearly all fits
[22]) and comes out slightly higher than the experimental
value. The value ofg=—0.01 is completely different from
the experimental figure. Taking into account that fits to po-
larized structure functions and spin asymmetries use differ-
ent methods to calculate,(x,Q?) andR(x,Q?) there is no
reason to expect that they give exactly the same results. The
obtained values of parameters are very close and practically
agree within experimental errors. The parameters calculated
in fits to spin asymmetries are closer in comparison to the
ones from the fit tay; (but are not identical to each other
The spread of parameters measures small differences in the
Q? evolution, differences in experimental errors and influ-
ence of our specific functions used in fits.

As was already mentioned j@25] the asymptotic behavior
at smallx of our polarized quark distributions is determined
by the unpolarized ones and hence do not have the expected

I1heoretically Regge type behavior. Some of the quantities

specially integrated sea contributions and also some valence
contributions in our fit change rapidly for<0.003. That is

not something that we expect from Regge behavior with
small exponent.

Hence, we will present quantities integrated over the re-

the region which is covered by the experimental data, except

Not all parameters are important in the fits. It seems that

some of the parameters of the most singular terms are supe

fluous and we can eliminate them. We will piif=0 (such
assumption gives tha8G/G~ x? for smallx), b;=0 (the
most singular term imAd,) and assumes=c; (i.e., the

0.4

most singular terms for strange and nonstrange sea contribt
tions are equal Fixing these four parameters in the fit prac- xay 0.2}
tically does not change the value of?> but improves
X?INpg . We also have to make some remarks about param:
etersc; andd,. Specially with the parameteg the situation
is a bit complicated. In the first fit fog, parametercs is
formally essential, i.e., when we eliminate it the valueydf

per degree of freedom increases on the other hand in th
second fit forg, (called laterg") this parameter is formally
superfluous. That is not the case in fits for spin asymmetries

In this case parameter; is unimportant(i.e. splittingu—d
can not be well determined by data to spin asymmétries
The parameted, is significant in both fits tay,. We will
leave parameters; andd, for comparison with fits t@, (do
not eliminate thembut they could be not well determined
and cause some artificial shifts in other parameters.

In Table | we present the values of parameters from the fit
to the data on polarized structure functions and spin asym:
metries for averaged and nonaveraged data together witl
x*INpg values.

0
-0.025
-0.05
-0.075

xAd
-0.1
-0.125
-0.15

-0.175

For the fit to polarized structure functions the obtained
quark and gluon distributions ledébr Q?=1 Ge\?) to the
following integrated(over x) quantities:Au=0.72, Ad=
—0.64, As=0.05, Au,=0.54, Ad,=—0.65, 2Au=0.18,
2Ad=0.01.

(b)

0.0050.01

FIG. 1. The quark densities %=1 Ge\? (a) for up quark
xAu(x) and(b) for down quarkxAd(x) versusx obtained from the

We have a positively polarized sea for up and downfit g (solid line) andA; (dashed ling
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E143

E143 FIG. 2. The comparison of our

predictions forg)'(x,Q?) versusx
with the measured structure func-
tions in experiments on proton tar-
get: (8) SMC [16], (b) E143[8],
on deuteron targefc) SMC [16],
(d) E143[8] and neutron targee)
E142[3], (f) E154[6]. Solid curve

ab af
0. 0.
0. 0.
0.01 0.02 0.05 0.1 0.2 0.5
(a) x
SMC
0.2 +
0
-0.2
af
-0.4
-0.6
-0.8
0.01 0.02 0.05 0.1 0.2 0.5
(c) x

E142

is obtained from fitg; the dashed
one is calculated using the param-
eters of fitA;.

E154

of noncontroversial extrapolation for highegt The values
of integrated quantities in the measured region we consider 9 .36 comparing with the second fit to averaged spin asym-

as more reliable than those in the whole region.

The corresponding quantities for three of our fits are pre

sented in Table II.
From the Table Il we see that there are changes in valen
and sea contributions in different fits but the valuesAaf

andAd practically do not differ. We use the parametrization
where the most singular term in sea contribution is verya

C

=1 GeV?) I'!=0.124, I''=-0.052, a;=1.23 and AX

metries where we havE}=0.125,T']=—0.051, a;=1.24

andAZX =0.38. These results are very close. The valuaof

in the measured region without any assumption comes out
Sose to the value measured in hyperon decays.

For illustration we present in Fig. 1 the distributioAs
ndAd for our sets of parameters calculated from polarized

similar to valence quark terms and that maybe this is thetructure functions and the sample of averaged spin asymme-

reason why splitting into valence and sea contribution i
fragile and changes for different fits but in the caseAaf
and Ad do not differ much. In the first fit we gefat Q?

TABLE II. The values of quark and gluon polarizations @f
=1 Ge\? for our three fits.

Fit Au Ad Au, Ad, 2Au 2Ad 2As AG

g 0.74 —-049 044 -063 030 0.14 0.11 0.15
A, 075 -—-048 057 -057 0.18 0.09 0.11 o0.01
A, 076 —-047 054 -0.63 0.22 0.16 0.12 -0.19

dJries data. The corresponding values fow, andAd, differ

much stronger. In our previous pape6] we already pre-
sented how the values of polarized structure functions for
proton, deuteron, and neutron calculated from the fits to spin
asymmetries compare with the experimental data. To see
what is the difference in the values fitted directly to the po-
larized structure functions and the values calculated from the
fit to spin asymmetries we present in Fig. 2 the correspond-
ing curves in comparison with experimental points €,

g‘f, andg] at the values o? in corresponding experiment.
As an example we show comparison with experimental
points for polarized structure functiorgﬁ,g‘f from SMC
from CERN and E143 from SLAC angd] from E142 and
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TABLE Ill. The parameters of three new fits calculated@t=1 Ge\~.

Fit a; a, ay b, bs C1 Cy Cos C3 d, ds  x%Npe

g’ 061 -6.84 1683 —186 0.13 -031 4.15 —-054 —-1.04 -—-345 1022 0.88

A; 056 —-551 1473 —-165 —-0.21 -0.34 3.67 —0.63 —-0.64 —158 435 0.80

A, 050 —-539 1472 -198 0.29 -0.33 415 -056 -044 —-142 276 0.84

E154 from SLAC. There are some differences but they areind gluons folQ?=1 Ge\? are presented in Fig. Gve do
not big in comparison with experimental errors. The com-not present valence and sea contributions sepajafEhey
parisons for other experimental sets look very similar. have been gotten from fif’. We do not present comparison
As we already pointed out before we have not made anyyith the densities obtained in fi because they are very
assumptions aboutg. We obtained from the fits that the (|ose to those obtained in fif’ (like in Fig. 1). The only
value ofag is near zero very far from the experimental value gjfference is for gluons where the shape of the curve is the
and we got positive values fars. The value ofa; that also  same but the maximum and minimum of gluon distribution
was not constrained in the fit is close to experimental valugy e shifted, gluon distribution coming from #] is more
(in the measured region of). In order to make more direct fjat We can also compare our present fits to spin asymme-
comparison with other fits as before we will also notdix  tries to our previous fits frorf26]. Taking into account in the
value but we will add experimental poiag=0.58+0.1 with  present fits additional data points from E155 proton experi-
enhancedto 30) error. That means we will simply add ¢ ment introduces only not significant changes in quark and

corresponding to experimental points for spin asymmetriegyon distributions calculated from spin asymmetries in com-
the term connected with experimental point from hyperonparison with those froni26].

decays. The parameters of our three new(titdledg’, Aj, However it is not clear whether the general conclusion
and A;) are now presented in Table Ill and results in thethat the sea contributions for quarkisoth nonstrange and
region 0.00%xx=<1 in Table IV. strange are very big(in the measured region is correct. It

There are some small changes in the parameters in cons specific for our model that the leading singularity for po-
parison to the fitg, A;,A, and the biggest change is@®s larized quark valence and sea contributions are comparable.
the parameter responsible for the strange sea. Strange quarkat means that splitting into valence and sea contributions
contribution is not well determined by the polarized deepcould be not well determined in our fits. That of course could
inelastic data alone and it is easy by additional experimentabe connected with the functional form of polarized parton
point on ag from hyperon decays to shift the value af  densities used by us. That means that anlyandAd values
from nearly zero to correct experimental value with only can be well determined using our parametrization from the
small changes in nonstrange parton parameters. Comparim@larized deep inelastic data and not valence and sea contri-
Table 1l and Table IV we can see what is the influence of thishutions separately. The value dfs is determined only by
additional experimental poirdig on integrated parton densi- taking into accounsg value from hyperon decays. The inte-
ties for our three fits. This additional experimental pointgrated valuesAu=0.80, Ad=—0.44 are expected since
causes shifts of integrated parton values. As is seen fromimilar values follow from other models. In other fjtk9,32]
Table IV the valence nonstrange quark distributions nearlyvith completely different assumptions for example when one
cancel and the value @fg=0.58 is built up from relatively assumes the values af andag by fixing the parameters of
high sea contributions. The valuesi®f, I'], anda; do not the fitted parton distributiongnormalization constantsand
change in comparison to previous fits. One can easily calcuwith the assumption o§U(3) symmetry for quark sea one
late from Table 1V that one has> =0.24 in the fitsg’ and  gets (using completely different parametrization from that

A1 . In our fits the gluon polarizatioA G is small. we use for polarized parton densities
In our fitting procedure we actually determire and —
helicity components of parton densities. Polarized quark dis- Au,—Ad,=1.26,
tributions for up and down quarks as well as strange quarks (8)

Au,+Ad,=0.58.
TABLE IV. The values of quark and gluon polarizationsQt
=1 Ge\? for three new fits(where one includes experimental It follows that Au.=0.92 Ad. =—0.34 and in order to
v . 1 v .

point from hyperon decays get AY=0.20[32] we get 2u=2Ad=2As=-0.13 and
following valuesAu=0.79,Ad= —0.47(the values not very
different from our values In such models sea contribution is
g’ 0.79 —0.44 047 —0.60 0.32 0.16 —0.11 0.16 relatively big and negative contrary to our model where
A; 0.80 —0.44 057 —057 023 0.13 —-0.12 0.01 we have at least in the measured region big and positive
A, 080 —043 054 —062 026 0.19 —0.11 —0.19 sea contribution. This type of splitting into big valence and
relatively big negative sea contribution is caused by the

Fit Au Ad Au, Ad, 2AuU 2Ad 2As AG
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xu*, xu”, xAu

FIG. 3. Our predictions for
spin densities versug for quark
and gluons atQ?=1 Ge\? ob-
tained from the fitg’. We present
distributions for u quark (a), d
quark(b), seas quark(c) and glu-
ons (d). For each figure we have
densities for partons polarized
along [xq*(x),xG*(x), dashed
lines] and opposite [xq (x),
XxG™ (x), dotted line$to the helic-
ity of parent proton as well as to-
tal polarization of such partons
(i.e., the differences of above
mentioned quantities, solid lings

0,0050.01 51 0.0050.01 0.05 0.1 0.5 1
(c) x (d) x

assumptions of the model. We have not made such assumpmetries for all(nonaveraged ifQ?) data on spin asymme-
tions takingag as additional experimental point. Our solution tries. These fits lead to very similar results with small inte-
with relatively small valence contribution and relatively grated gluon contribution. The fits were made without
large positive sea contributions is different but the values ofnclusion of information ora; andag from hyperon decays
Au andAd in both models are very close. It seems that ourand then repeated with additional experimental poinaign
assumptions are less restrictive. The fact that we can ggh the first caseyg is close to zero ands is positive. In the
completely different splitting into valence and sea contribu-second case additional experimental point @ changes

tions using the same experimental data shows that this spliacically only parameters of strange quark and causes small
ting is not well determined by experimental data what ISshifts in other parameters. The value @f at least in the

more reliable are distributions &u andAd and their inte- measured region of without any assumptions comes out

grated values. . . i
We have made fits to data on polarized structure functiongc"Y cl.ose' to experimental value. It seems that with the pa
metrization used by us onlxu(x) and Ad(x) are well

on proton, neutron, and deuteron targets and we have deter—t : i th litting int I d 20
mined polarized parton distributions. These fits are compare e_ermlneo[no € SpItling Into valence and sea p}_lr i
with our previous fits for corresponding asymmetrigs- arlzgj strange quark distributions, gluon distributions and
proved by usage of recent data from E155 proton experimer@tlsou—d splitting are not well determined by polarized deep
in SLAC). As a check we also have made fits to spin asymdnelastic experimental data.
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