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Using QCD motivated and phenomenological considerations, we constrdependent polarized parton
distributions, which evolve under GLAP evolution, satisfy DIS data and are within positivity constraints. Each
flavor is done separately and the overall set can be used to predict polarization asymmetries for various
processes. We perform our NLO analysis strictlkiapace. Smalbk results and other physical considerations
are discussed S0556-282(198)05819-9
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[. INTRODUCTION in many aspects. The distributions begin with information
from the integrated distributions and impose normalization
In light of recent polarized deep-inelastic-scattering dataand positivity constraintgall flavors, valence and spdo
there has been considerable interest in generatingnsure that all of the spin information extracted from data is
x-dependent parton distributions for the spin-dependent caséXplicitly contained in thex-dependent results. We generate
Physics results have been extracted from the integrated strugolarized parton distributions from the unpolarized distribu-
ture functions[1—3]. The results indicate that there is still tions and well defined suitable assumptions, derived from the

considerable uncertainty in the fraction of spin carried by the"0St recent polarized deep-inelastic-scatteriR@IS) data
gluons and sea quarks. Each of the analyses rely on certaifttS av?lllablﬁlo.—lﬂ. . I
assumptions to model the polarized distributions. One impor: For the polarized sea, we assume a brokef3pthodel,
tant way to test these assumptions is to generate thi9 account for mass effects in polarizing the sea. Our models
gt : . %eparate out all flavors in the valence and sea for a complete
x-dependent distributions and predict spin observables, suc . . . ;
as the structure function for the broton. neutron and analysis of the flavor dependence of the spin fractions in
deut hard tteri 91 tI_O f, larized h hadrons. We include charm via the evolution equatidg (
euteron, hard scattering Cross sections lor polanzed hagg y,q appropriat®? of charm production, to avoid any non-
ronic collisions and hadronic production of pions, kaons an

) mpirical assumptions about its size. The entire LO and
heavy quark flavors. The struct.ure' fur'1ct|on measuremgnts Lo analysis is done inx-space. Physically, the smadl-
g; have been made, but the distributions at smadre still  pepavior is of the Regge type, consistent with data and other
quite uncertain. theoretical approachd]. The largex behavior is compat-

There are various sets afdependent polarized distribu- jple with the appropriate counting rul§s6).
tions which extract the unknown parameters from assump- We consider three distinct models for the polarized glu-
tions about the datg8—9]. Most of these are consistent with ons, which have a moderately wide range. Our choice effec-
the x-dependent data, but do not adequately address thively includes two separate factorization schemes: gauge in-
physical questions of compatibility with the integrated datavariant (Gl) and chiral invariant (Cl). These are all
(and hence the spin fractions of the parjoasd the positiv-  physically motivated models, whose overall size not large.
ity constraints for each flavor. The usual approach is to fit theThe final parametrizations are easy to use, both in form and
polarized data directly with a given parametrization, and therformat. They are also in excellent agreement with the most
check the integrals for agreement with the extracted fractiongecent data.
of spin carried by the quark flavofsr set normalizations to
fit the spin fractions Often, either the valence is not consid-
ered separately or the flavor dependence of the sea is not Il. THEORETICAL BACKGROUND
considered.

Our approach is to establish a reasonable set of flavor-
dependent distributions at an initi@lﬁ, motivated by physi-
cal constraints and data, then evolve to arbitr@4/for use Any distributions that are to be used to predict physical
in predicting polarized observables. This approach is uniquebservables must be consistent with both existing, related

A. Polarized quark distributions
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data and certain fundamental theoretical assumptions. In the XU, (X) =1.3440-50 1 — x)3:689
case of the polarized distributions, the spin information as it

applies to hadronic structure must be implicitly included, and X[1+6.40%°87,
the appropriate kinematic behavior must be explicit, so that

they satisfy the fundamental constraints. This major require- xd, (x)=0.640¢0Y 1—x)*247

ment covers both the theoretical and experimental consider-
ations which are important. Thus, we wish to construct the
x-dependent polarized valence and sea quark distributiong, equivalent.

subject to the following physical constraints: If we assume a model of the sea obtaining its polarization
The integration ovex should reproduce the values ex- from gluon bremsstrahlung, then the polarized distributions
tracted from_PDIS d_ata, SO that the_ fragtlpn of spin carried b3haively would have a formhq;=xg; [22,23. However, the
each constituent is contained implicitly in the flavor- y5jarized deep-inelastic scattering data appear to imply a
dependent distributions. negatively polarized sed]. If the integrated structure func-
~ The distributions should reproduce thalependent polar-  ijons are 'to agree with data, then the normalization defined
ized structure functiong)}, i=p, n and d at the averagg? by 7.,=(Aq)/(xq) must be a part of the proportionality
values of the data. _ between the polarized and unpolarized distributions. Mean-
The smallx behavior ofg,(x) should fall between a \yhjle, the positivity constraint, which requirédg|<q for
Regge quark-like power of and a gluon-dominated loga- g x, implies a functional form for the functiom(x). The
rithmic behavior. o basic idea of the bremsstrahlung model, coupled with the
The Q? behavior of the quark distributions should be con-implications of the data motivate the following form for the

sistent with the non-singlet and singlet next leading ordefjayor dependent polarized sea distributions:
(NLO) evolution equations, for the number of flavors appro-

X[1+2.690%3%, (2.3

priate to theQ? range to be covered. Ags(X)= 7:(X)Xgs(X), (2.9
The positivity constraints are satisfied for all of the fla-
VOrs. whereq(x) is the x-dependent unpolarized distribution for

The first two constraints build in compatibility with both flavor f. The functionz(x) is chosen to satisfy the normal-
the integrated and the-dependent polarized deep-inelastic- ization constraint
scattering(PDIS) data. The third and fourth conditions sat- .
isfy sound theoretical assumptions about bothxrend Q2 _ f — _
kinematical dependence of the distributions. Finally, the last (Aqp) 0 7OOXAO)AX=(7XGr) = 7au(X 0,
constraint is fundamental to our physical understanding of (2.5

polarization.
where 7,, is extracted from data for each flavid]. Physi-

Valence and sea quark assumptions cally, n(x) may be interpreted as a modification &f| due

We construct the polarized valence distributions from thet0 unknown effects of soft physics at low This motivates a

unpolarized distributions by imposing a modified BV form for #(x), which will be discussed later.
model[17.18: Positivity constraint
For the purposes of this analysis, we are assuming that the
' sea quarks are effectively massless, so each quark has a defi-
nite helicity state. In essence, this ignores higher twist trans-
verse spin effects in the entire kinematic range considered.
, (2.)  Thus, there is a probabilistic interpretation of the parton den-
sities, g, and the net parton distribution is given gy qT
+ql. The total polarization is given as the difference of
probabilities of finding polarized] and | partons in the
nucleon:Aq=qT—q|. In a polarized| proton, this prob-

2
U, ()~ 56,0

Au,(x)=cos 0p(Xx)

Ad,(x)=cos 0p(x)| — %dv(x)

where the spin dilution factor is given by: cés=[1+Ry(1
—x)%x]~1. The R, term is chosen to satisfy the Bjorken
sum rule(BSR), including the appropriate QCD corrections apijity for sea quarks should be less than that of the total

2 H .
[19]. In theQ* region of the present PDIS data, we find that,nglarized sea distribution, since every quark is in a given
Ry~2a/3. We may choose the unpolarized valence distripgjicity state. This is the positivity constraint: i.e,

butions u, and d, as either the Martin-Roberts-Stirling

(MRS) set[20], |[Ag(x)|=<q(x) (2.6
XU, (X) = 2.43%8(1—x)369 1—1.18/x+6.1&], for all x.
This is valid for the leading ordgtO) x-dependent dis-
xd, (x)=0.14%241—x)**J 1+ 5.63X + 25.5], tributions which have a clear probabilistic interpretation, be-

(2.2) cause there is no intrinsic scheme dependence at this level.
The results in the next-to-leading-ord®&LO) treatment de-
or the CTEQ[21] set, pend only upon the Gribov-Lipatov-Altarelli-Pari€GLAP)

094017-2



x-DEPENDENT POLARIZED PARTON DISTRIBUTIONS PHYSICAL REVIEW D 58 094017

evolution, so there is no problem with constraining the seajauge-invariant30] [or modified minimal subtractiotMS)]
quarks using positivity aQ% in either case. The valence and the chiral invarianf31] (or Adler-Bardeeh schemes
guarks satisfy the positivity constraint by construction. Al-[32]. In the chiral-invariant(AB) scheme, the axial gluon
though the probabilistic meaning gives rise to the positivityanomaly tern{33], which depends upon the polarized gluon
constraint, it is not clear what role the chiral and gauge indistribution, is separated out from the chiral invariant polar-
variant schemes have on this interpretation. In our treatmenized quark distributions. Since the measured distributions

the polarized gluon distribution is assumed small at thesenust be gauge invariant, the relation between the two
low Q? values, so the schemes are close enough so thatheme dependent distributions is

positivity is unaffected. This provides a motivation to choose

a zeroAG model—to investigate the gauge invariant factor- Nas
ization. Aq(x)G,=Aq(x)C,—?AG, 2.7

Evolution . .
where the Gl refers to the gauge-invariant scheme and CI to

The polarized partons are grouped in a linear combinatiogne chiral-invariant scheme. Thus, the size\@ is relevant
which is a singlet of flavoSU;(3) group and a nonsinglet i, the ¢| scheme. This, in turn, affects the averagealues

I(;near c?mbination Off It?at dgrlt_)up.t_The si[nglet/noln;_singlet xtracted for each flavor. ThuA,G has an indirect bearing
esignations are useful for delineating certain evolution andl: " oo e sea distributiofs)].

factorization properties of the quarks. These combinations There exists no empirical evidence that the polarized

can be related to the usual flavor decomposition, inCIUdin%luon distribution is very large at the relatively smaP
the valence, sea and gluons. The nonsinglet t& is a . .
g 9 s values of the data. In fact, even in the NLO evolution, the

linear combination of the tripled; axial charge and an octet . N L
ag axial charge of th&U,(3) symmetry. The singlet\3, is polarized gluon distribution does not evolve significantly be-

related to the axial charga, and is normally associated tweenQ?=1 andQ?=10 GeV, regardless of which model

with the axial anomaly, which includes a gluonic contribu- IS chosen. Data from Fermilgl34] indicate that it is likely

tion. This depends upon the factorization scheme, which wilsmall at theQ< values of existing data. In addition, a theo-

be discussed shortly. retical model of the polarized glue, based on counting rules,
The non-singlet term is dominated by the valence distriimplies thatAG~ 3 [16]. Other theoretical models substan-

bution, under polarizedXus, Ads) symmetry. Its first mo- tiate this claim, as well35,3¢. However, since we do not

ment is scale ©?) independent in LO. The singlet term has know the explicit size of thd G in this kinematic region, we

a definite physical interpretation in the gauge invariantperform our analysis using three distinct physical models.

scheme, even though it is scale dependent. Since we are gbhe evolution ofAG is then done both in LO and NLO to

ing to assume a smal G in all of our models, this interpre- investigate any possible NLO effects.

tation will be essentially valid, even in the chiral invariant  The first set ofy(x) functions, quoted in Table |, assumes

(Adler-Bardeen scheme, which separates out the anomalya moderately polarized glue:

In both cases, our distributions are constructed within the

positivity constraint. In the NLO analysis, the initial distri- A G(x)=xG(x) = 31.34(1—x)®5{ 1— 4.64/x+ 6.55],

butions are constructed Q§= 1.0 GeV, where they satisfy 28

the constraints that we have set. We assume that higher-twist 28

effects are negligible compared to the quantities used to daising an unpolarized MRS glue, normalized to 0.50 or

termine our distributions at this value Q‘S [24]. The distri-

butions are then evolved in NLO, completely independent ofA G(x) =xG(x)

any further considerations. In the evolution, the separation of _

sin)élet and non-singlet is faithfully maintained. Thups, we can = 1123 *2q1-x)**7] 1+ 4.26%°%), 29

satisfy all of the important physical constraints. o . . .
Our parton distributions are evolved directly saspace for the CTEQ gluon distribution, consistent with the analysis

using an iteration technique first suggested2s] and we !N [1]. _

use the splitting functions recently calculated[&6]. This For the second polarized gluon model, we A&=0 to

method requires less computer time than the “brute force"determiner,, and parametrize thg(x) accordingly. This is

technique recently used [27] and it eliminates the need to €quivalent to the gauge-invariant scheme, since the anomaly

invert from n-moment space using the conventional evolu-term vanishes. Any analysis which requires a gauge-

tion techniques. One advantage of our technique is that #idependent set of flavor dependent distributitgich as on

over the wholex-region, i.e., fromx=0 to x=1, which is  Q§, evolved to the appropria@? values. The corresponding

necessary if one is to extract Mellin moments from the datan(X) functions are listed in Table II.

[28]. Details of the technique can be found[29]. The third gluon model is motivated by an instanton-
induced polarized gluon distribution, which gives a nega-
B. The role of polarized gluons tively polarized glue at smak-[37]. This modified distribu-

tion (normalized toAG= —0.23) is given by the best fit to

the curve in[37]:
In PDIS, there are two factorization schemes which can

be used to represent the polarized sea distributions: the AG(X)=7(1—-x)"[14+0.474 Inx)]. (2.10

Factorization
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This would allow for instanton based non-perturbative ef-smallx is important to understanding the mechanisms which
fects at smallQ?. underlie the physics in this region. There are various models
that attempt to explain the contributions to b&thandg; at
low-x. The data appear to exhibit growth of these quantities,
but since the error bars are somewhat large, most of the
The valence polarizations are rather well established fronpredicted types of behavior cannot be ruled (34].
the BSR and the polarized DIS experiments. The valence At largex, the valence distributions dominafe andg,
guarks are dominant at largeand they give their polariza- and these are more well determined than the sea distribu-
tion to the gluons through bremsstrahlung, which in turntions, which are more prevalent at small-Thus, one must
creates sea polarization via pair-production. But the segake suitable assumptions about the behavior of the polar-
quarks share the momentum from the gluon which createged sea at lovx. Experimental analysd44,12 have tended
the pair, and thus, each constituent is at lowethan the {5 assume a relatively constant behavior and extrapgate
original valence “parent.” This is consistent with the polar- f.om its value at about~ 102 down tox=0. A model by
ized sea being dominant at lower The PDIS data imply ponnachie and Landshofi40] assumes that the Pomeron

that the sea is polari.zed opposite to that of the. Va!enc.%ouples via vectoty, so thatg,; exhibits a logarithmic be-
qguarks. The relative size of the negative sea polarization IR avior: g;~In(1/x). Bass and Landshoff41] analyze a
an indication as to whether gluon polarization is moderately s :

positive (such asAG=xG, implying that polarization of G model (.)f a two-gluon .Pomeron which leads to a slightly
carries most of the spin of the protomil, or negative. We more _dlverge.nt behavior at smad- 917[1+2 In@)]. 1t .
expect a larger negatively polarized sea for the last two Cas%egatlve parity Pom_eron Cl.Jts contribute . to the spin-
as it must offset the positive anomaly term proportional to ependent cross section, a divergent behaviag,ofesults

gluons in the chiral-invariant scheme and the=% sum rule  [42}; corresponding to the singular forrg; ~ 1/x In*(x).
in either scheme. If the polarized sea is smalless nega- We make no presumptions about the forms of the flavor

tive) or the polarized gluon is large, tiyg curve will exhibit dependent distributions at smaill-other than their relation

a sharper rise at small When future data are available with to the unpolarized distributions. The parametrization of

smaller error bars, these scenarios can be better defined ﬂi()_() In Eq.(2.4)_w|ll be deter_mmed primarily frO”_‘ normal-
yield the correct sign and size &fG. There may be a pos- ization and positivity constraints. Once the polarized sea fla-

sibility to argue a positive proportionality of spin and mo- \éorhs are g](::‘neratgd, we can_ttiet(terzmlnetr:esul'il_ngIthe dSﬂI]a”_
mentum of the sea iAG is very large. A much larger po- P€NavIor 0ig; and compare it to these theoretical models.

larized gluon distribution can imply either a smaller
negatively polarized sea or even a slightly positive polarized

Relation between the sea and glue in g

sea. However, this would require a prohibitively large polar- Iil. PHENOMENOLOGY
ized glue at these small€@? values. We argue that this is
not likely for the following reasons: A. Polarized quark flavors

(1) When the light-cone wave functions at smallare ) )
analyzed, they implicate a negatively polarized Eg%1. In the work of[1], the mtegratgd polarized structure func-

(2) In order for the sea to be entirely positiveG would tions were compar_ed to the spin averaged distributions, to
have to be prohibitively large to satisfy the data. The orbita/©Stablish & comparison between the spin and momentum car-
angular momentum would have to be correspondingly Iargé'ed _by _each flavor of quark. The results_ indicate that the
to satisfy the & 1/2 sum rule. This would also disagree with rglatlon IS flavor dependent, but the magnitudes of these ra-
the implications of the E704 dafa4]. tios [7,, in .Eq. (2.5)] are of the same order of ma.gnltU(.je.

(3) Our highly successful fits to the-dependent data not Althqugh this does not necessarlly |mplly that th?fe ISa d'r?Ct
only indicate thatAG is likely moderate aQ?=10 Ge\?, relatlon between_the two, it d_oes pr_ow_de a suitable starting
but that the data at lowe? is fit somewhat better with even point fo_r gener atl_ng Fhe polar!zed d|§tr|but|ons from k”OV.V”
smallerAG. This is consistent with the evolution of the po- unpolarized dls_tr|but|ons, which _sa'qsfy the d_ata. on spin-
larized gluon distribution. We also show in Sec. IV that the"’“’(:"raged physical Processes. This is the mot|vat|on fpr the
growth of AG presented by ABFR4] is not likely, even in fprm in Eq._(2.4) for the polarized flgvpr—dependent'dlstrlbu—
NLO. Thus, our present analysis further strengthens the poi ons. The_ integrated Qata are satisfied by ch(_)(_)s_lng the pa-
of a smallerAG at these loweQ? values. rameters iny(x) to satisfy Eq.(2.5 and the positivity con-

(4) Most all other independent analyses agree with the‘straints. We also wish to stay consistent with counting rules
negatively polarized sea at largex [16]. The smallx behavior can be controlled by

We conclude that a positively polarized sea and a ver)}he fun<_:t|onal form that we choose foy(x). All of these
large AG seem unlikely, given present data. constraints are to bg satlsf_|ed at some low vangﬁf and
the evolution equations will ensure that positivity and the
kinematical behavior stay consistent at @f.
_ A possible form forn(x), which gives flexibility in sat-
Extrapolation ofg} (i=p,n,d) to smallx is important isfying the constraint$2.5) and(2.6) is 7(x)=a+bx". We
experimentally for determination of the integrated values ofexpect the function to be decreasing withsince the prob-
these structure functions. Theoretically, the behavior at lems with positivity (for |7,,|>1) occur at largex. We

C. Extrapolation of data to small-x
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chose not to modify the (2x) dependence in order to keep
the counting rule powers in tainsofar as the unpolarized

distributions do thisfor the largex behavior. We were able

to satisfy the positivity constraint at allusing this form for

7(x).

In the following analysis, we assume the unpolarized dis

tributions in the CTEQ form: q(x)=Agx"1(1—x)"2(1
+Agx?4). Then, using Eq.2.4), we generate the corre-
sponding polarized distributions for each flavor. An analysi
with the MRS distributions yields similar results.

For the CTEQ distributions, we have

— 1
Xq(x)= z[0.255(0-143(1—x)8-°41(1+ 6.11X)

F0.07X%59%1—x)804Y, (3.1

where the(—) holds foru and the(+) for thed flavors. The
strange sea has the parametrization

XS(X) =[0.064 01431 —x)8041

X(146.11)]. (3.2

Both of these sets account for the Easymmetry in the
unpolarized sea.

%

PHYSICAL REVIEW D 58 094017

|[Aq(x)]

n+1
ey lax+bx"" <1,

(3.5

for all xe[0,1]. In the following discussion, we will show
how 7(x) is generated for the zero polarized gluon case. The

procedure is virtually identical to the other two gluon models
where the anomaly term is present.

When we choosa to satisfy the normalization constraint
2.5 and b to satisfy the positivity constrain(2.6), the
x-dependent polarized distribution for each flavor is deter-
mined from(2.4). These conditions are independent of the
set of unpolarized distributions that is used. However, one
must be consistent by using the appropriate set of unpolar-
ized distributions which were used to determine the function
n(X). Therefore, we seek the form

7(X)= (172, —bN) +bX", (3.9
where bothb andn are chosen to satisfy the positivity con-
straint(3.5). This form of (x) is motivated by(1) associat-
ing this function with modifications oA q by smallx phys-
ics and (2) keeping the (1 x) dependence in tact to be
consistent with counting rule behavior at lasgéo the extent
that the unpolarized distributions have this desired ft6].
We can then both satisfy positivitieven at largex) and

The corresponding integrated polarized distributions carfontrol the smalk behavior, where the sea and glue are most

be written in terms of beta functiong(m,n), as

(Agy=aAB(A;+2A,+1)
+aAAsB(A; +A,+2A,+1)

—bAAB(A;+A4+Nn+2A,+1) (3.3
for the CTEQ distributions. The integrékq) can be simi-
larly written and thus the restriction anandb, correspond-
ing to the normalization constrain®.5 is a= 74, — b\,
where

‘o B(A;+N+2A,+1)+A;B(A;+As+n+2A,+1)
 B(A+2A,+1)+ABAL+A+2A,+1)

prominent.

Choice of »(x) at small-x

The polarized sea and the gluon distributions are expected
to dominate in the smalkt-region. If we assume a strongly
polarized negative sea, withy,,<<—1 then this defines a
range ofb values which satisfy the positivity constraint. The
behavior of our ansatz(x)=a+bx" for 0<n<1 is suited
for smallx dependence. When a certain smalbehavior is
desired, a series of values can be tried for the best fits to
data. In fact, when 02n<1.0, it is easier to satisfy both
constraints with appropriate choices afandb. These val-
ues ofn allow a wider range of andb values. However,
when 0<n<0.2, the range of possibleandb values which
satisfy the constraints gets very small and will not be the
same for all experimental yields of,,. Thus, it makes it

(3.9 impossible to find a uniform fit forp(x) for each flavor.
Since n(x) should be only flavor dependent to have any
for the CTEQ unpolarized distributions. physical connection, we must choaseso thata andb will
The positivity constraint in terms @& andb is be comparable for all experimental results.

TABLE I. 5 Values from data andy(x): AG=xG. TABLE Il. % values from data ang(x): AG=0.
Quantity Mud s 7u(X) 7s(X) Quantity Tud s 7u(X) 75(X)
SMQ(IP) —20 —-16 —-284+28J)x —223+2.1Lx SMQIP) —24 —22 -330+3.0/x —3.09+2.9x
E143(17) -1.8 -12 -2.64+28J/x —1.83+21/x E143(P) —22 -2.0 -310+3.0x —2.87+2.9/X
E154(") -15 —0.6 -—234+28/x -123+2.1)x E154(") -18 —13 -270+3.0/x —217+2.9Jx
HERMESI") -13 -0.3 -214+28/Xx -0093+21/x HERMESI") -17 —-1.0 -2.60+3.0/x —1.90+2.9/X
E143(9) -1.6 —08 —2.44+28Jx —143+21/x E143(9 —2.0 —-16 —290+3.0x —247+2.9/X
sM(19 —24 —23 —324+28J)x —293+21/x SMCY) —27 —29 -360+3.0/x —3.77+2.9/x
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TABLE lll. 7 values from data angj(x): Neg.AG. given the experimental errors and the range of values which

satisfy positivity, so that all constraints are still satisfied.

Quantity Tud s 7u(X) 75(X) Note from the tables that the range @fvalues is not con-
MC(P 25 _25 _3 ' _3 . siderable, even when the yaluesboa(e fp(gd. Our ch0|c§a. of
;142(0 p)) _22 —ZZ _2 gzig ﬂ—; _2 gig 2\/\@ the averaging procedure is further justified by our ability to
E154(" 2'0 3 1'7 ' ' \/5 ' ' \/5 reproduce the data from all of the experiments. The resulting

) & 1 72933.4yx —2.99F3.3VX g nctions y(x) for each gluon model are
HERMESI") —-19 -15 -283+3.1/x —2.89+3.3/x
E143(9) —22 -20 -313+31yx -319%33\Xx  Quantity 7u.a(X) 7e(X)
sMQ(19) -29 -3.2 -383+3.1/x —3.89+3.3/x '
AG=xG —2.49+2.8\/x —1.67+2.1JX
AG=0 —3.03+3.0yx —2.71+2.9Yx
Positivity of n is, in principle, not essential. If we choose AG<0 —3.25+3.1yx —3.31+3.3/x

a small negativen, we enhance the divergence @f as x
—0. This favors strong anti-polarization of sea at small-
and could give the sea some positive polarization for large
However, it is virtually impossible to satisfy both the nor-
malization and positivity constraints simultaneously with
negativen and such a simple parametrization qf Thus, it

does not appear to be advantageous to chadsebe nega-  The polarized valence quark distributions are constructed
tlve,1 especially since we have fit the data successfully withyith the assumptions made in Eq8.1) and (2.3), with R,
n=s. ) ] . _ determined by the BSR. The overall parametrization for each

The ranges for possibley(x) functions are given in  f the polarized sea flavors, including théx) functions, the
Tables | through Ill. The corresponding polarized d'St”bU'anomaIy terms and the up-down unpolarized asymmetry
tions satisfy the DIS data and the positivity constraint. term can be writterfwith the CTEQ basisin the form:

IV. RESULTS AND DISCUSSION

A. Results for the polarized distributions

Agi(x)=—Ax 0M(1-x)89%(1-B/x)
X[1+6.11%+ P(x)].

B. Input from DIS data

In Tables | through Ill, we summarize the integrated re-
sults for each considered experiment, with the values;fgr
in each gluon model. The corresponding functional form for
eachz(x) is shown, which satisfies the constraints discussed he values for the variables in EGt.1) are given for each
in the text. We chose two sets of data each, for the protofiavor and each gluon model @=1.0 Ge\? in Table IV.
[10,14), neutron[11,13 and deuteroni10,14]. These repre- We have used these to calculate the polarized structure
sent the latest published data and are representative of thenctions, xg,(x), for the proton, neutron and deuteron.
groups at SLAC, CERN and DESY. These are all compared with the corresponding data at the

Since our ultimate goal is to find a suitable set of flavor-averageQ? value for that data set. These plots are shown in
dependentp(x) functions, which do not depend upon a spe-Figs. 1 through 4. In these figures, the solid line corresponds
cific experimental result, we take a suitable average(of) to the small polarized gluon model, the dashed line to the
for each flavor to generate the polarized sea quark distribuzero polarized glue and the dotted lines to the instanton mo-
tions. There is enough flexibility in the choice afandb, tivated gluon model.

4.9

TABLE IV. Parametrizations for polarized sea flavors@g=1.0 Ge\~.

Flavor AG A B P(x)

(AU)geq xG 0.317 1.124 —0.27&%64— 1 68X 1 —x) 33641
+4.26%15%9

(Ad)gean xG 0.317 1.124 +0.2789-64- 1 68x°2%71—x) ~336§1
+4.26%*5%

(As) xG 0.107 1.257 —3.35x%%%71 — x) ~33q 1+ 4.26 %509

(AU)geq 0 0.386 0.990 —0.2780-644

(Ad)geq 0 0.386 0.990 +0.2780-644

(As) 0 0.173 1.070 0

(AU)gea Neg 0.414 0.954 —0.27&%84— 10,41 1441 —x) " 1041
+0.474 Inx)

(Ad)sea Neg 0.414 0.954 +0.27&064—10.4%1 1441 —x) ~ 1941
+0.474 Inx)

(As) Neg 0.212 0.997 —20.8%* 41— x) 1941+ 0.474 Inx)
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C T T T T 17T || T T ||||||| T T T T 1r1rT) 0‘03 [ T T T T Ill T T T T T T ||_
08 - —
[ | 0.02 =]
[ AG = x G Q* = 10 GeV? ] i ]
06 [~ . 0.01 [ -
| AG =0 R 1 I ]
o - Tt 1 & 0.00 —
@ 04 | ~. — < ]
) - " . ) i
n.b_a [ instantoilflﬁA__G___,,_. N . ::?;E 001 _:
0.2 —
[ ] -002 — T -
0.0 i 1 L l""'l L | —0.03 : ! L1 ||| I ! ! Lo ||:
107% 101 ' 0.1 0.2
X X
. F|G-21- The polarized proton structugd as a function o at FIG. 3. The polarized neutron distributiong] as a function ok
fixed Q° for three models oA G compared to data, and highlight- at Q2=10 Ge\? compared to data. The three curves are for three
ing smallx behavior. different gluon modelgsee text

In order to verify that our models fohG were reason- favorably with other models. There seems to be a general
able, considering that the evolution governs @febehavior — agreement about the shape of these distributions. Differences
of the distributions, we evoIvedAG(x,Q§=1) to Q? arise in the actual numerical values of the integrated distri-
=1000 Ge\f for each model using both LO and NLO sin- butions. Both ourx-dependent and our integrated distribu-
glet evolution. Thex-behavior of the gluon distributions is tions have been constructed to satisfy all of the present data.
shown in Figs. 5 through 7 at the appropriate orders of mag-
nitude of Q2. The corresponding integrated values for these
evolved distributions are shown in Tables V and VI. Physics implications

For comparison with other models of the polarized (1) Al comparisons of our distributions with existing data

guarks, we show the-dependent distributions of the valence are excellent, including Fig. 1, which shogs, as opposed

and sea for each flavor in Figs. 8—11. The sea flavors arg, xg,, accentuating the smati-behavior. The best overall

shown for each gluon model. Note that our results COMParéis occur with the moderate gluenodel 1. The zero glue
model results are somewhat better for the neutron, where the

0,10 T T T IIIII| T T T IIIII| T T T T TTTIT
L 4 [ T T T T T 1T I| T T T T T 1T I_
0.08 — — 0.04 - —
- k‘\'«‘ - r 1
0.06 — ]
—~ - / - 0.02
N + d |
O: - S M —~
1] N
-~ 004 — : — <
a I / 1 =
I ] "
0.02 { /i B 0.00
0.00 — r’_; —|1 C N L _
10 10 —0.02 | L
X 0.01 0.02 0.1 02
X
FIG. 2. Same as Fig. 1 but forg) highlighting mediumx
behavior. FIG. 4. Same as Fig. 3 fa?.
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AG = xG input aboutx~0.3 and then turn slightly positive. This is hidden
0.30 I I I by the dominance of the valence quarks in this kinematic
! range, but indicates a consistency with physical expectations
of the polarized sea.

O
[
1

0.25

O
[
I

B. Small-x behavior

For the SMC proton data with the CTEQ unpolarized dis-
tributions and the positive gluon model, we find at small

0.20 —
- that: g°~x"%1° Phenomenologically, this is due to the in-

D
1\:
]

terplay between the sea distributions, withAg;~x~ %143
behavior in Eq(3.1) and the gluons in the model, dominated
by xG~x"%2% at smallx in Eq. (2.9). Physically, this is
consistent with Regge behavior, characteristic of the iso-
triplet contributions tog,. It does not have the steep rise
characteristic of the singlet behavior due to gluon exchange,
but is slightly steeper than the quoted Regge interf4pk
0.00 Ll el Lo NN This could either be due to the uncertainty in the value of the
1077 101 Regge intercepf44] or to an interplay between the quarks
X and the logarithmic gluon exchan@#l]. This gluon-sea in-
terplay is also seen in the other polarized gluon models,
where the smallefand negative AG moderate the rise is
g5
data are at lower averag@? values. This is consistent with Extrapolating our results in Fig. 1 ®®=0.002, we can
the Q? evolution of the polarized gluon distribution. compare to some of the models of smalbehavior dis-

(2) At small, the instanton gluon model predicts tligt  cussed in Sec. Il. Our moderate gluon model would gye
decreases slightly. However, considering the latitude in thi& value of about 0.75 here, which is steeper than Ahe
distribution, it is consistent with a constant behavior. Theintercept of—0.14 for the isotriplet piece, but not as steep as
data appear to be rising in this region, contrary to this the two-gluon model of the Pomeron. It is, however, consis-
implication. Since the data are at averagé of 10 Ge\?, tent with the vector coupling model of Donnachie and Land-
this seems to indicate that the gluons are not negatively pashoff. The zero polarized gluon model givg$ a slightly
larized at such a relatively larg@?. This is consistent with |ess steep slope, but is also consistent with this model. Here,
the assumption that instantons are dominant at smeklerd  the polarized sea dominatgg at smallx. The instanton-

Q? values and are likely not a major contributor to the po-motivated gluon model creates a relatively constant behavior
larized glue at highe®? [37]. for g?.

(3) The polarized gluon distribution does not evolve as n oyr treatment, the polarized sea dominates the quark
large as BFR predic{4], even with the moderate gluon contribution at smalk. Since our basic assumption is
model. Assumption of such large polarization at these lowen q/q~x it follows that A,(x)~x. Therefore, the relation
Q? values is unfounded. In fact, data from E704 at Fermilaby (x)~F,(x)A,(x)/2x(1+R) implies thatF, andg, have
indicate that it is likely more on the order of the moderate Orihe same behavior at small The instanton motivated gluon

zero distribution. Even the NLO integrated polarized gluonsy,qqe| gives a constagt behavior, which seems to disagree
do not evolve significantly different from the LO distribu- with the apparent rise iF, and, correspondinglyg, . Thus
tions. : ‘ '

xAG(x,Q%)

0.10

0.05

O
™
1

FIG. 5. Polarized gluon distribution as a functionxoét differ-
ent Q? values for theAG=xG input.

to others. Ours is motivated from the physical (8JUmodel
with the BSR fixing the lone free parameter. It is compatible
with the u-valence domination at largeand has the appro-
priate x-dependent behavior at all othervalues.

(5) The u and d polarized sea distributions are not highly
dependent on the gluon model used to generate them. How,
ever, the polarized strange sea is quite sensitive to the glugrmin
model and hence the anomaly term. This is discussed iE)z(GeVZ)

negativeA G at theseQ? values if the error bars ogy can be
reduced in future PDIS experiments. This does not address
the possibility for negative\G at smallerQ?, where non-

TABLE V. Leading order polarized gluon evolution:
AGdx.

- AG=xG AG=0 Instanton
more detail in[1].

(6) The shape of th&-dependent polarized sea distribu- 1 0.387 0.071 —-0.076
tions agrees with the analysis of Antonuceipal.[38]. They 10 0.651 0.107 +0.045
exhibit Regge-like behavior at smadland become slightly 100 0.736 0.167 +0.118
positive at moderate. Although it is not completely obvious 1000 0.794 0.211 +0.182

from the figures, our sea distributions remain negative until
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Xx-DEPENDENT POLARIZED PARTON DISTRIBUTIONS

TABLE VI. Next-to-leading order polarized gluon evolution:

f;mAde

Q*(GeV?)

AG=xG AG=0

Instanton

0.2

PHYSICAL REVIEW D 58 094017

instanton AG

Q% = 1000 GeV?

e Q% = 100 GeV?

1

10
100
1000

0.424
0.653
0.751
0.811

0.080
0.119
0.183
0.229

—0.082
+0.047
+0.130
+0.190

0.1

perturbative effects are present.

2

~
(e
~—

X

= 10 deV?
= 1GeV®

f@)

0.0

The neutron and deuteron structure functions appear tcg -
have more moderate behavior at smallsee Figs. 3 and)4 i
In fact, g‘f asymptotically approaches zero, to within experi- -
mental errors. Since it is not clear whethgr is negatively
increasing or tending to zero, we cannot conclude whethel
there are cancellations @f] and g} at smallx to give this
moderate behavior tg¢ or whether other nuclear effects N
could be present. Similarly, we cannot distinguish between 107°
the gluon models with these data, as readily as the protor. X
case. All of the moderate gluon models seem to fit the data
fairly well. A much larger AG would not provide good
agreement at low= More precise data at smalleould yield
more exact conclusions.

-0.1

-0.2 !
10-1

FIG. 7. Same as Fig. 5 and Fig. 6 for the instanton gluon input.

There are a number of basic physical assumptions under-
lying these distributions. First, the valence distributions are
SU(6) motivated and theAq, parametrizations are deter-
mined using the Bjorken sum rule. The &YJsea symmetry

We have constructed a set of flavor-dependent polarizelf Proken due to mass effects in polarizing the heavier
parton distributions using QCD motivated assumptions andtrange quarks. Then, we generaiq from q under well
recent PDIS data. The main advantages of our approach af¢fined phenomenological assumptions. Our choice(a)
that: both the gauge-invariatGl) and chiral-invarian(Cl) ~ Yields a smalx behavior which is Regge-like and a large
factorization are included, the positivity constraint holds forPehavior satisfying the counting rules. We have assumed no
all flavors and the parametrizations include valence quarkdnpPhysical largeAG andL,, but have allowed an explicit

and all light flavors of the sea, in a form is easy to implementnterplay betweem\S and AG via the anomaly in the CI
for predicting polarized processes. factorization. The three different polarized gluon models

have different physical bases and provide a reasonable range

V. CONCLUDING REMARKS

AG = 0 input

0_5 [ T T T 171 III| T T T 7T IIII| T T LI IIII_
0,08 T T T 1T III| T T T IIII| T T T T TTTIT - -
i . 1 04 [ Q2 = 1 GeV? -
L Q% = 1000 GeV?" ; i ]
008 |- o 1 esf :
o | ././ \\ ] C\éy“ 0.2 __ __
< L K4 v ] % r ]
§ 004 K o ] % : ]
(e} ’ 4 i - B
2 i K // N5 . ¥ 01 | —
- - L/ v ] C 1
[ Q% = 100 GeV?,” ) . [ ]
0.02 — P N . ]
I e y 1 0.0 [~ ]
L -7 [} J L ]
2 g Gev? \ i ]
i = \% A 7 I .
[ Q®=10¢Ce v S Y Y B

0.00 ] . P . Y 10 10

1072 10~1 x
X
FIG. 8. Polarized valence up quark,( distribution at lowQ?
FIG. 6. Same as Fig. 5 for th&#G=0 input. for the different gluon models.
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0,050 | T T T 7T IIII| T T T 7T IIII| T T LI IIII_ 0.01 T T T T T1T1TT T T T IIIII| T T T rrrrr
[ ] - 2 _ 2
0.025 |- QG =1 GeV® I i %= 1ol
C ] 0.00 |-
- - - N -
i ' - A = x@ B
0.000 |- 1 I ]
i ] o I iy ]
—~ I 1 & —0.01 - P
&-0.025 - — o i : T
» I T ~— B R b
= L i o - ;) _
2 I T + i ’.\\ I 1
#-0.050 [ — 2 —0.02 - a6 = 0 - i —
L B <1 L \ : i
B i 5] \ 7
- 4 r N 4 E
—-0.075 [~ - F ilnstanton AG., l 1
i ] —0.03 L ||||.|_2 I .|||||1_~~’1 AW
L J 10 10
000 el el ] x

1072 101

< FIG. 11. Polarized strange seE) (distribution at lowQ? for the

different gluon models.
FIG. 9. Polarized valence down quare,j distribution at low
Q? for the different gluon models. allowable values ob, with the most flexibility for about
=<n<1. The corresponding possible variationbiis compa-
of possibilities, which can be narrowed down by future ex-rable to the range od seen in Tables | through IlI for fixed
periments. These gluon models are consistent with theoreticalues ofb. The variation ina is primarily due to the dif-
cal calculations involving quark models and assumptionderentz,, values, characteristic of the different experimental
about the orbital angular momentyr6,35,34. results. This range is not significantly large, and since the
The distributions exhibit success in fittiw'”*d both inx polarized sea is only a small part gf, except perhaps at
dependence and the integral valuﬁé;]ﬁ’”'ddx, since these smallx, the differences are not significant to the overall re-
are built into the parametrizations. Evolution has been persults we present here.
formed in LO and NLO, with little significant difference in ~ The results ofj} at smallx imply that it may be possible
the range 1 Ge¥<Q?<10 Ge\~. Differences start becom- to narrow down the gluon size with more precise PDIS ex-
ing apparent at th€? values of other experimentaround  periments at smak- Such experiments are planned at SLAC
40-50 GeV). This will be discussed in more detail [29].  (E153 and DESY(HERMES. These would also refine the
In Sec. Ill, we discussed the allowable rangeandb in parametrizations by indicating the behaviorgjfat smallx.
7(X), subject to the positivity constraint, wita fixed by =~ Comparisons of th&-dependent deuteron structure function
normalization to data. These two parameters are tightly corwith the corresponding proton and neutron structure func-
strained together. Thus any variation rin will restrict the  tions could provide insight into possible nuclear effects, if
they are significant. There are various possible experiments
0.005 e which would provide a better indication of the size of the
Q2 = 1 QeV? polarized gluon distribution. These includ® one and two
jet production ine—p andp— p collisions[45,46,47,48 (2)
prompt photon productiofl18,49,50,51,5R (3) charm pro-
duction [53] and (4) pion production[47]. Groups at the
BNL Relativistic Heavy lon Collider (RHIC) (STAR),

SLAC (E156, CERN (COMPASS and DESY (HERA-N)

are planning to perform these experiments in the near future.
For detailed explanations of these experiments[Sédk We

are presently calculating the appropriate processes using the
distributions and gluon models presented H@@.

0.000

-0.005

xAs(x,Qg)

-0.015
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