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Models for the polarized parton distributions of the nucleon
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Polarized deep inelastic scatterifiglS) data are analyzed in leading and next-to-leading order of QCD
within the common “standard” scenario of polarized parton distributions with a flavor-symmetric light sea
(antiquark distribution 5q, and a completely S(3); broken ‘“valence” scenario with totally flavor-
asymmetric light sea densities{# sd# 8S). The latter flavor-broken light sea distributions are modeled with
the help of a Pauli-blocking ansatz at the low radiative or dynamical input scale&fg(NLo)
=0.26 (0.40) Ge¥which complies with predictions of the chiral quark-soliton model and expectations based
on the statistical parton model as well as with the corresponding, well established, flavor-broken unpolarized
sea H>U). Present semi-inclusive DIS data cannot yet uniquely discriminate between those two flavor-
symmetric and flavor-broken polarized light sea scenarios.
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I. INTRODUCTION =F /2xF;=(F,—2xF;)/2xF; and subdominant contribu-
tions have, as usual, been neglected.

The polarized parton distributions of the nucleon have We emphasize that, as in our original analygig, we
been intensively studied in recent yegts-14]. The conclu-  computeboth g, and F; entirely in leading-twist QCD. In
sion has been that the experimental data dictate a negativeparticular, in order to obtaiff;, we use the parton densities
polarized antiquark component, and show a tendency towargf Gliick, Reya, and VogtGRV98) [25] along with leading
a positive polarization of gluons. Presently we possess a Ig§rder (LO) (note thatR=0 at leading ordéror next-to-LO
of precise data15-24 on the polarized structure functions (\ o) coefficient functions foiF, andR in Eq. (1.1). An

of the nucleon, some of them very recd@B,24, which  pernative, frequently adoptd8,4,5,9,10,18approach is to
justify a renewed investigation of the aforementioned issueq F,(x,Q2) and R(x,Q?) from experimental measure-

This alone, however, does not provide the main motivationy,ens “which is motivated by the fact that leading-twist cal-
for this project, rather the improved understanding in recent ations ofF,(x,Q%) andR(x,Q?) do not agree very well

years Of. the _situation ir_' thanpolarizedparton sect(_)[25— with experimental determinations in the region of |&@¢
28] provides important insights for the correspondpuajar- andW?=Q2(1—x)/x. These regions are affected by power-

izgd parton den_sities. In pgrticglar, one notes that the UNPO3ppressed contributions and are therefore excluded from all
Ia_rlzed sea(antiquark distributions are flavor asymmetric unpolarized deep inelastic scatterifilS) analyses. The
(d>u), which can be understood in terms of flavor masspresently available data in the polarized case, however, do
asymmetries and Pauli-blocking effedi29,30). The main  not allow to impose similarly “safe” cutdQ?=4 Ge\?,
objective of the present paper is to transcribe these insighig?= 10 Ge\?) without losing too much information. On the
into the polarized parton sector as will be described in SeGgther hand, theQ? range accessed so far in polarized DIS
lIl. In Sec. Il we shall, for completeness, present an analysigjoes not allow for extracting the magnitude and shape of
within the framework of the simplified SB); symmetric  power-suppressed contributions reliably. To study the issue
“standard” scenario in which the flavor asymmetries in thefyrther, we performed fits to thé,; data in both possible
polarized antiquark sector are neglected. This is done in vieyays, i.e., with leading-twist calculations Bf, andR as well

of the fact that in many situations these flavor asymmetriegs with their experimental results, admitting at the same time
are unobservable as is the case(fopsb presently available g “effective higher-twist” contribution toA, in terms of a
data which cannot provide any reliable information concerntacior [1+A(x)/Q?] with A(x) to be determined by the

ing this issue. data. The outcome of this analysis was tAgk) is consis-

Measurements of polarized deep-inelastic lepton nucleogant with zero if we use leading-twist QCD f6t, andR, but
scattering yield direct informatiofi5—24 on the spin asym- ¢ it is sizeable and important in the fit i, and R are

metry taken from experiment. We take this as an indication that our
N ) N ) preferred approach is more consistent and less liable to
AN(x.Q%)= 9:(x,.Q%) _ 91(x,Q%) modifications by higher-twist terms. This view is also cor-
E FY(x,Q%)  FY(x,Q?)/{2x[1+RY(x,Q?) 1}’ roborated by the fact that the deep inelastic scatte(iig)
(1.1) A, data show only a very mil@®? dependence, even toward
low values ofQ?. The consistency of the polarized parton
N=p, nandd=(p+n)/2 where in the latter case we have densities as extracted from DIS data at comparatively low
used g°11=(gﬁ+ gD[1—-3wp/2]/2 with wp=0.058, R  values ofQ? with measurements of other hard processes at
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higher scales can be studied soon at RHIC and perhaps in the

future at a polarizeep collider. AZ(Q?)= 7%1 . [Aq(Q*) +AQ(Q%)]=Ads+3[As(Q?)
In NLO, g}'(x,Q?) is related to the polarizethntjquark o

and gluon distributionsf (x,Q?)=f_ —f_ in the following +AS(Q?)]. 1.9

way:

These quantities will be subject to various constrailis-
rived from hyperongB decay$ depending on the specific
2 2
8q™(x,Q%) + &q™N(x,Q%) model scenarios under consideration to which we shall turn
in the next two sections.
Finally, the fundamental helicity sum rule reads

1
N 2y _ = 2
06 Q=52 &

as(Q?) 1
+ S—( 8Cq* (5gN+ 5qM) + 7 6Cg* 59”

27 11
— 2 2 2
(1.2 5= 5 A%(Q)+Ag(Q) +Lq44(Q%), (1.9

with the convolutionsiC* f being defined in the usual way. \yherel_, . , refers to the total orbital contribution of &tn-

The modn‘led minimal subtraction sc.her(MS) coefficient  tj)quarks and gluons to the spin of the proton.

functions 6C;(x) can be also found in Refl], where all

necessary mgred!er_nts for tigg? e_volutlon have been formg- IIl. SU(3); SYMMETRIC “STANDARD” (UNBROKEN-SEA)

lated as well. A similar expression holds for the unpolarized SCENARIO

structure functionFT(x,QZ) with its spin-averaged parton

distributionsf(x,Q?)=f, +f_ and the unpolarized Wilson As stated in the Introduction, present data do not provide
coefficients can be found, for example, in Rgf1]. The LO sufficient information concerning the flavor asymmetries of
and NLO (I\/I_S) input scales, running coupling constants andthe polarlzgd sea d|s_tr|bl_Jt|ons. Thus present day studle_s
parton distributions, employed in the positivity constraintsMUst, as a first approximation, neglect this issue unless one is
|5f|<f, will be adopted from GRV9$25]. Furthermore we willing to adopt some models for the flavor asymmetries as
shall, as always, use the notationP=5q andqP=gq, and will be done in Sec. Ill. Here we follow the procedure pre-
neglect the marginal charm contribution &) stemming SENted by Glok, Reya, Stratmann, and Vogelsang

e o (GRSV95 [1]. The searched for polarized NL@s well as
from the subprocesg*g—cc[32]. The charm contribution | o) parton distributionssf(x,Q2), compatible with present

to FQ‘ is also small in the kinematic range covered by presen&ata[lS_zéﬂ on A'I‘(X,QZ), are constrained by the standard
polarization experiments. sum rules

The total helicity of a specific partoh=u, U, d, d, s,’S,
g is given by the first 1=1) moment Ag;=F+D=g,=1.2670 (35), (2.1
1 Aqg=3F—-D=0.58+0.15, 2.2
Af(QZ)sf dx 51(x,Q?). (1.3 s @2
0 where the updated values fBrandD have been taken into

Thus, according to Eq1.2), E\;:Ac“:]o%%t[uISSS]E%n&tgebirég;nzsglmate in E.2) is due to Ref.

2y — ! 2 :E 2 2 (02 1 5 1
r(Q )—fodxg1<x.Q )= 52 eAa(Q%) +AT(Q?)] Fg,n(Qz):[il_z(HDH3_6(3F_D)+§[AS(QZ)

2
(1_ as(Q ))1

™

(1.9

% ( 1 as(Qz))
T +AS(Q%)] 2.3

sinceAC,=—3Cg/2= —2 andAC,=0. Therefore we have o one needs here a finite sizeable strange sea polarization

in general As(Q?)<0 in order to achieve the experimentally required
P07 - +iA . iA N EAE(QZ) (1_ ay(Q?) reduction of the Ellis-Jaffe LO expectati$85]
1 T T12°% T 30T g - ;1 5
L5 Ier15(F+D)+ 55(3F—D)=0.186. (2.4
with the flavor-nonsinglet components Furthermore, in the standard scenario one assumes an unbro-
_ — ken SU3); symmetric sea,
Ags=Au+ATU—Ad—Ad, (1.6

_ 59(X,Q%)= 6U= SUgei= 6d= 8dee= 85= 5. (2.5
Agg=Au+Au+Ad+Ad—2(As+As) .7
For the determination of the NLQ.O) polarized parton dis-
being conserved, i.eQ? independent, and the flavor-singlet tributions &f(x,Q?) we follow our original analysi§1] by
component is given by relating the polarized input densities to the unpolarized ones,

094005-2



MODELS FOR THE POLARIZED PARTON.. .. PHYSICAL REVIEW B3 094005

TABLE I. The parameters of the LO and NLO input parton The differences between these two results are small, except
distributions, as defined in Ed2.6), at 1{0=0.26 GeV and  perhaps foA! in the largex region. Our new LO fit is simi-
KRLo=0.40 GeV, respectively, for the standard scenario as ob-|5y tg the NLO one shown in Fig. 1 by the solid curves. The
tained from fits to the data in Reff15-24. Q? dependence of our LO and NLO standard scenario fits at
various fixed values oKk is shown in Fig. 2 and compared
with all recent data omf(x,Q?), including the most recent
LO NLO E155 proton dat§24]. The main reason for our LO results
being larger than the NLO ones in the smallegion is due

Standard scenario

:“ %iil 10'.(;_9 to the vanishing oRP(x,Q?) in LO in Eq. (1.1). The corre-

B: 0 012 spondingx dependence of))(x,Q?=5 Ge\?) is shown in
NLO in Fig. 3 where the expected extrapolations into the yet

Ng -0.734 —0.669 unmeasured smak-region down tox=10"2 are shown as

ay 0.49 0.43 well. The solid curves refer to our optimal NLO fiwith the

By 0.03 0 input given in Table ) and allowing our optimal tota}? in
Table | to vary by one unitgy?==*1, gives rise to the

Ng —0.587 —0.272 shaded areas due to different choices of the polarized gluon

g 0.68 0.38 input at Q%= w2, in Eq. (2.6) such aség=*+xg, etc. In

Pa 0 0 particular, a vanishing polarized gluon inpﬁg(x,,uﬁu_o)

N 1 1 =0, is for the time being entirely compatible with all present
data as shown by the dashed curves. On the other hand, fully

Ng 1.669 1.419 saturated (via the positivity constraint gluon inputs

ag 1.79 1.43 89(x, 2, 0) = =g appear to be disfavored by present data as

Bq 0.15 0.15 shown by the dotted curves in Fig. 3. It should be further-

21209 data pts. 174.9 169.8 more noted that the shaded bands in Fig. 3 contain polarized

gluon densities which correspond to first momenig(Q?

=5 Ge\?) between—0.81 and 1.73, according to input mo-
using some intuitive theoretical argumeri@6] as guide- Mments betweerg(uf o)=—0.45 and 0.7, respectively,
lines. We employ the following ansatz for the LO andi.e., even negative total gluon polarizations are compatible
NLO(M_S) polarized parton distributions at an input scaleWith present data. The same results hold of course also in

Q%= u? [37]: LO. Future dedicated polarized smallmeasurements and
upcoming determinations ofg(x,Q?) should be useful in
Su(x, w?)=Nyx®(1—x)Puu(x, u?) gy, removing such extrapolation ambiguities caused by our
present poor knowledge @fg(x,Q?).
Sd(x, w?) =Ngx@d(1—x)Pad(X, u?) Ry Our corresponding LO and NLO parton distributions at
the respective input scal€¥= Mfo,NLo in Eq. (2.6) with the
55()(”“2):Naxaa(1_x)ﬁﬁ(x,,u2)GRV, standard scenario fit parameters given in Table | are shown

in Fig. 4. The main differences between our new input den-
89(x, u2) = Ngx“s(1—x)Pog(x, 4?) crv, (2.69  sities and our old GRSV95 ongs] are somewhat hardeid
(due to the new neutron datand &g distributions although,
with the LO and NLO unp0|arized input densities referring as discussed above, the polarized gluon distribution in Flg 4

to the ones of GRV9825] andq= (U+E)/2 should be con- is o_nly slightly preferred.by our “optime}Ij’ ﬁt. to presently
sidered as the reference light sea distribution for the standa ailable data. The pqlarlzed input densities in Fl@&) dnd
unbroken-sea scenario in E(.5). The parameters of our ) aré compared with our reference unpolarized valence-
optimal LO densities a,afo=0.26 GeVf and the ones of the like LO and NLO dynamical input densities of Rq25]

NLO(M_S) densities awﬁ,Lc,:OﬁGe\? are given in Table which satisfy, of course, the positivity requiremeaf|< f

i ) 5 as is obvious from Eq(2.6). It should be nevertheless em-
. These optimal LO and NLO/S) fits correspond t0 &°  phasized that the parameters, resulting from our rather gen-

per degree of freedom x§r) of xpr 0=0.84 and to eral LO and NLO fits, are always such that these positivity
X5FnLo=0.81. The polarized gluon density in E@.6) is, as  conditions are automatically satisfied, i.e., there is practically
usual, rather weakly constrained by present data. Although Ao need to impose them separately. The distributions at
fully saturated(via the positivity constraintgluon input  Q2=5 Ge\?, as obtained from these LO and NLO inputs at
89(x,u?)=+g(x,u?) is disfavored, a less saturated Q2= 42, are shown in Fig. 5 where they are also compared
89(x, u?) = £xg(x,u?) input or even a vanishingpurely  with our old NLO GRSV95[1] results. It should be noted
dynamical input 8g(x,u?) =0 are fully compatible with that the substantially harder input polarized gluon density
present data. The latter choice, however, seems to be ursg(x,u?), in particular in LO, in Fig. 4a) as compared
likely in view of 8q(x,u?)#0. to our old GRSV 95 fit, causes the sea densifg(x,Q?) to

In Fig. 1 our NLO results are compared with the data onoscillate(slightly) in the largex region atQ?> u? as shown
AT(X,QZ) as well as with our old original NLOVS) fit [1]. in Fig. 5[38].
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Next let us turn to the first momentsotal polarizations
Af(Q?) of our polarized parton distributions, as defined in Q%) -T1(Q% = GQA(]-_
Eq. (1.3), and the resulting’)""(Q?) in Eq. (1.5). It should
be recalled that, in contrast to the LO, the first moments of |t is also interesting to observe that at our low input scales
the NLO (antjquark densities do renormalize in thdS Q2= pu?Zj, \ o=0.26,0.40 Ge¥ the nucleon’s spin carried by
scheme, i.e., ar®? dependenfsee, e.g., Ref1]), whereas the total helicities of quarks and gluons amounts only to
the gluon polarizatiomMg(Q?) renormalizes in both cases.
Our LO standard fit implies

ag( QZ))

(2.9

1
SAZ+ Ag(u?y)=0.32,
Au=0.871, Ad=—0.396, AG=As=As= —0.054,

1
Ag(u?s)=0.190, Ag(5 Ge\?)=0.684, EAE(Mﬁ,LO)JrAg;(Mﬁ,Lo)zo.eﬁ, (2.10
Ag(10 GeV’)=0.802, 2.7 which implies for the helicity sum rul€l.9) already a size-
which result inAS = 0.259 and able orbital contributionLq+g(,ufoyNLo)20.18,0.15 at the
low input scales. Although this is in contrast to our some-
I'?=0.151, I'}=-0.061. (2.9 what more intuitive previous GRSV95 resulfl],

Lq+g(1“EO,NLO):O1 it should be kept in mind that, for the
Our NLO results are summarized in Table Il at some typicakime being,Ag(Q?) is rather weakly constrained by present
values ofQ?. Both our LO and NLO results fdr?"(Q?) are  data as was discussed above.
in satisfactory agreement with recent experimental determi- Finally, for completeness we have also performed a NLO
nations[17—24. Furthermore, due to the constrai@itl), the  analysis in a different factorization scheme, the so-called
Bjorken sum ruld39] holds manifestly in LO and, according chirally invariant (Cl) or JET schemd8,40,41, but any
to Eq.(1.5), the NLO a4-corrected sum rule reads other choice would do as well for studying the scheme de-

094005-4



MODELS FOR THE POLARIZED PARTON.. .. PHYSICAL REVIEW [B3 094005

----------------- L T 2 2
03k x=0008 (<2048)  Standard scen. _| g‘f C : Q' =5GeV" 4
E E 1F . ]
gP Foammemommopomon it x=0.015 (x1024) —— NLO ]
1 x=0025 (<512) ___.. LO
____________________ x=0.035 (x256)
........ x=0.05 (x128)
-T_-
sozococpeasas: x=0.08 (x64) L I
4 4
10 b ommeeszeesseeseseoses | S x=0.125 (:32) ]
E b4 ]
----------------------- 4 ganse x=0.175(x16) ] *+L $orsopPoaPCollodeamannage |
’ - -
paanndh — x=025(x8) 1 .
1 = NLO std. scen. —
——— 7 ‘ A 4 x=0.35(x4) 7 E
E r ] 4 . - - - — 0g=0input ]
. wﬂ@ 0 S A
0 F . miss 3 gt B :
F o E143 af e « EI55 7
[+ SMC ] : - = E154
oL 4 EMC f 2L N o E143
E = HERMES waﬂs g .+ Bg = ginput s SMC 1
Lot Y| R R 3 . * HERMES
1 10 2 2y 10° a ]
Q" (GeV)) 4 i TR
107 10?2 10" X 1

FIG. 2. Comparing theQ? dependence of our LO and NLO
standard scenario results with recent ddft6-18,21,24 on FIG. 3. Thex dependence o@? at Q2=5 Ge\? in the NLO
g?(x,Q?). To ease the graphical representation we have mump"e%tandard scenario. Different choices of the gluon inﬁlj(b(,/iﬁm)
gll results at the various fixed values»oby the numbers indicated in Eq. (2.6) are shown by the dashed and dotted curves as indicated.
in parentheses. Allowing our optimal totaly? to change by one unitdy?=+1,

- results in the shaded areas shown. The data are taken from Refs.
pendence of ouMS fit results. Here, among other things [17], [18], [20], and[22-24.
[8,40,41], the total helicity of quarksAX¢,, is conserved,
i.e., Q% independent, and is related to oA in the MS Sq(X, 2= 8U= 6d = SUge= 6oy
scheme via

8s(X, u?) = &3(x, u?)=0. (3.1

Furthermore, the full S(B); flavor symmetry, giving rise to
o ) o the constraint$2.1) and(2.2), is broken in the valence sce-
Similarly agreeable fits as the ones in Figs. 1-3 can be Obyarip to the exten{44] that the flavor-changing hyperon
tained in this scheme, e.g., by choosing a large positives jecay data fixonly the total helicity ofvalencequarks
gluon density with a total(input) helicity Ag(ui o)c Ag,=Aq- AT

=0.6—0.7 being about three times larger than in Table Il and

2
AE(QZ):AEC|_3C(S;3 )Ag(QZ)CI- (2.1

the sea densitysqc(Adc) turns out to be roughly 50% Auy(u?)—Ad,(u?)=F+D (3.2
smaller than the one of our best fit in tMS standard sce-
nario; here the total quark helicity increasesAt® ;=0.4. Au,(u?)+Ad,(u?)=3F-D, (3.3

i.e., Agz=Au,—Ad, and Agqg=3F —D+4Aq at Q?=p?

[1] according to Eq(3.1). Therefore a light polarized sea
Aq< 0 suffices here to account for the reduction of the Ellis-
The assumption of the flavor symmetric standard scenaridaffe estimatg2.4). This is the reason for our simplifying

with its unbroken sea density in E(R.5) is expected to be assumption of a maximally broken &); strange sea input
unrealistic, following our experience in the unpolarized casen Eq. (3.1) in order to reduce the number of input distribu-
where a suppression of the strange sea component is réens to be fitted to the rather scarce available polarization
quired, as accomplished by the vanishing in(k,u?) data, which are now sufficient for fixing these input distribu-
=35(x,#?)=0 in GRV98[25], in order to comply with ex- tions.[Future high-statistics data should allow us, at least in
perimental indication$42,43 of an SU3); broken sea, and principle, to extract the total strange sea polarization without
the positivity constrainfs<s. Thus in GRSV941] we also employing any simplifying assumption, as, for example,
considered a valence scenario where, in contrast t¢Z5), from Eq.(1.8), A(s+5s)=(AX—Aqg)/3]. The quality of the

Ill. SU (3)f BROKEN “VALENCE” (BROKEN-SEA)
SCENARIO
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(a) 10 10 10 X 1 10 10 10 x 1
| FIG. 5. The polarized LO and NL@D’I_S) distributions atQ?
T NLO ] =5 GeV in the standard scenario, as obtained from the input den-
ok "'...’.xu ] sities atQ2.= MEO,NLO in Fig. 4. Our old NLO result§1] are shown
- ] for comparison.
0.4 :.: '.'.. -
§ x8u i
02F E that some model assumptions are needed for the correspond-
- e f . ing input distributions. The analysis of the unpolarized struc-
02 sdadscen. 3 b T 1 ture functions yields
- -~ oldfit P 1
0.15 XEl ....... unpol. GRV [ _: J— 2 2 2 2
b EIR N ] d(X, w)u(x, w%) =u(x, u)/d(x, u%), (3.4
005 E 5 ™ £ ] . -
Fa N which holds to a rather good accuracy for the GRV98 distri-
0 N 1

3 butions[25]. This proportionality relation is expected to hold
approximately at least for 0.64x=0.3 where the breaking
of the light sead>u is directly tested experimentally via
FIG. 4. (2) Comparison of our fitted standard LO input distribu- Drell-Yan dilepton production irpp and pd collisions [45]
tions in Eq.(2.6) and Table | afu’,=0.26 Ge\? with our previous ~and semi-inclusiver™ production inep and ed reactions
old GRSV95 fit[1] and with the unpolarized dynamical GRv98 [46]. The relation(3.4) may be considerefB0] as a mani-
input densities of Ref.25]. (b) The same as ifa) but for the NLO  festation of the Pauli-blocking effe¢#7] which should be
input densities a3, o=0.40 Ge\f. relevant also in the polarized parton sector. We therefore
estimate the flavor-symmetry breaking of the polarized sea to
fits obtained is comparable to that of the standard flavorbe given in a first approximation H0]
symmetric scenario discussed and presented in the previous
section, cf. Fig. 1. We refrain, however, from presenting 5E(X,M2)/5U(X-,U«2):5U(X-,U«2)/5d(X:,U«2) (3.5
these results here explicitly because the assumed remaining
flavor-isospin symmetry of the light sea components in Eqtogether with the previously advocated
(3.1) appears to be somewhat artificial and unnatural in view
of the flavor-asymmetric unpolarized light sea distributions 5s(x, u?) = 8s(x, u?)=0. (3.6)
d(x,Q%)>U(x,Q?) [25-28.
Turning now to the presumably more realistic scenarioAccording to the unpolarized case above, we expect the pro-
where also thdlavor-isospin symmetry of the polarized seaportionality relation(3.5) to hold approximately at least for
is broken we note, as already pointed out in the Introduction,0.01<x=<0.3.

(b)

TABLE II. First moments(total polarizations Af of polarized NLO parton densitiesf(x,Q?) and
g?"(x,Q?), defined in Egs(1.3) and(1.4), as obtained in the standard scenario. The marginal differences

betweenAU andAd at Q?> u?, generated dynamically by the NLO evolution, are not displayed.

Q? (GeV?) Au Ad AqQ Ag A3 rp r;
“ao 0.863 —0.404 -0.062 0.240 0.211 0.119 -0.054
1 0.861 —0.405 —0.063 0.420 0.204 0.127 —0.058
5 0.859 —0.406 —-0.064 0.708 0.197 0.132 —0.062
10 0.859 —0.406 —-0.064 0.828 0.197 0.133  -0.063
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It should be re-emphasized that, in complete analogy to TABLE Ill. The parameters of the LO and NLO input distribu-
unpolarized DIS, data on inclusive polarized DIS in kine-tions, as defined in Eq2.6), with q to be identified withu, at
matical regimes where only photon exchange is relevant giveto=0.26 GeV and uf,,=0.40 GeV, respectively, for the va-
information only on the sums of quark and antiquark polar-lence scenario. We have fit the broken light-sea input density
izations for each flavordq(x,Q?) + 5q(x,Q?), appearing in ~ du(x,x%) and fixedsd(x, %) via Egs.(3.5) and(3.4) [51].

01(x,Q?) in Eq. (1.2. This implies, in particular, that the
amount of flavor-S(R) breaking in the polarized sea cannot Valence scenario
be determined from such data since one can always change

the parton densities byq— 69— d¢4 and 69— 89+ d¢q — NLO
for any arbitrary functionsS¢,(x) and d¢y4(x) withoutaf- N, 1.297 2.043
fecting at all the measured structure functigfs"?(x,Q?).  a, 0.79 0.97
Restrictions ond¢4(x) occur only in our valence scenario gy 0.27 0.64
whereA bg= A¢u.f.or the_flrstﬂwoments, asin gerTeraI im- N, 5496 5709
plied by our modified Au#Ad) valence scenario con- o 117 1.26
straints(3.7) and(3.8) below, and which have to even vanish Bd 131 1.06
for the “unbroken” (Au=Ad) constraints(3.2) and (3.3). ‘

Therefore, for the time being, one has to resort to some, al¥u 2.005 1.727
far as possible, general and not too restrictive model assumpa 0.79 0.73
tions concerning the breaking of the flavor- symmetry of thegy 1.93 2.00
polarized light sea §u# &d), such as the proportionality N, 0 0
(3.5). Only future polarizeddp and pd Drell-Yan u* u~

pair and weak vector boson production experim¢agj as N 6.637 20.45
well as polarized semi-inclusive DI&(d)—e(7,K)X ex- %9 2.00 2.92
periments[49,50 can provide us with direct measurements Ag 1.50 1.68
of the individual 5u(x,Q?) and 5d(x,Q?) distributions. ¥2/209 data pts. 172.0 170.5

We now have, instead of E3.2),

_ 2\ _ 2 T2y AA 2\ —
Adz=Au, (1)~ Ady (w9 +2[Au(w®) —Ad(w)]=F+D,  yhich are constrained by E¢3.5 [51], together with the

.7 respective flavor-broken unpolarized input densitiés, u?)
and on account of Eq$3.3) and (3.6) and d(x,x?) taken from Ref[25]. The parameters of our
_ optimal LO densities at.’,=0.26 Ge\f and the ones of the
Ads(u?)=Au,(u?) +Ad,(u?) +2[AU(K?) +Ad(p?)], NLO(MS) densities afu?, o= 0.40 Ge\? are given in Table
o — lll. These optimal fits correspond tq3q, o=0.823 and
=3F—D+2[AU(x?) +Ad(k?)], X5k nLo=0.816 similarly to the standard scenario in Sec. II.
_AS(u2), 3.9 The quality of these LO and NLO fits taY(x,Q?) in the

broken valence scenario is practically identical to our new fit
where the imposed constrain®.7) guarantees that the in the standard scenario shown in Fig. 1 by the solid curves.

n,d 2 ——
Bjorken sum rule(2.9) holds manifestly. Thus Eq1.5) be- '€ same holds true also fgf™“(x,Q?) shown in Figs. 2
comes and 3. The corresponding LO and NLO parton distributions

at the respective input scal@aufov,\u_o in Eq. (2.6) [51]
BN/ 2 1 5 0 _ with the valence scenario fit parameters given in Table Il are
F1(QY =] £35(F+D)+ 55(3F =D)+ - [AU(Q%) shown in Fig. 6, which are also compared with our reference
, unpolarized valencelike dynamical input densities of Ref.
as(Q ))

[25] which satisfy the positivity constrain$f|<f. The po-
i larized gluon densities turn out to be somewhat larger here,
in particular in NLO, than the ones in the standard scenario
apart from a marginal contributiohs(Q?)=As(Q?)<0  shown in Fig. 4. It should be furthermore emphasized that
which is generated dynamically via the NLO evolution to we always expect for the broken light-sea input densities to
Q2> pd o even for the vanishing input in E¢3.6). Thus, in  have apositive U and anegativesd with |5d|> 8, i.e.,
this case, only theotal light-quark sea contribution in Eq. sg— sd>0 andSu+ sd<0.

+AE(QZ>]M1— (3.9

(3.9 has to benegative AU(Q2)+AE(Q2)<O, in order to In Fig. 7 we present the flavor asymmetmy(Su
achieve the experimentally required reduction of the Ellis-_ sq)(x 42) separately, as obtained from Fig. 6, which com-
Jaffe expectatior2.4). pares favorably with predictions of the relativistic field the-

Our resulting input distributions can be parametrized as iyretical chiral quark-soliton modd52,50. Similar results
Eqg. (2.6) where now, instead of the unbrokeiy sea, we have been obtained by a recent analys3] based on the
have a similar parametrization fa@fu(x,«?) and 6d(x,u?) statistical parton model which are supposed to hold at a
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FIG. 6. (@) Comparison of our fitted fully broken valence sce-
nario LO input distributions in Eq2.6) [51] and Table Il atu?,
=0.26 Ge\f with the unpolarized GRV98 input densities of Ref.
[25]. (b) The same as irfa) but for the NLO input densities at
wio=0.40 GeV..

somewhat larger input scal@j=M;=0.9 Ge\%. We note
furthermore that the predictioh‘g(x,MS)zO of this latter

model is consistent with the results of the present analysis

which donot exclude this possibility, cf. Fig. 3. The result-
ing NLO distributions atQ?=5 Ge\? are shown in Fig. 8

PHYSICAL REVIEW D63 094005

r’=0.140, I'=-0.071. (3.11
Our NLO results are summarized in Table IV at some typical
values ofQ2. The nucleon’s spin is carried almost entirely
by the total helicities of quarks and gluons at the LO and
NLO input scales

1
EAE(,LLEO‘NLO)+Ag(,U,EO'NLO)20.42, 0.48 (3.12

which is larger than the standard scenario req@$0, and
thus a very small orbital contribution_q+g(MEO,NLo)
=0.08,0.02 is required at the low input scales in order to
comply with the sum rul€1.9). This is somewhat similar to
our previous result§l], but againAg(Q?) is not strongly
constrained by present data. Nevertheless it is intuitively ap-
pealing that this nonperturbative orbitahgular momentuin
contribution to the helicity sum rulél.9) vanishes at our low
input scalesng(,uz)zO. This is in contrast to larger scales
Q%> u? where hard radiative effects give rise to sizeable
orbital components due to the increasikgof the partons,
which eventually have to compensate in Ed.9 the
strongly increasing gluon polarizatiohg(Q?) ~ ag 1(Q?):

in both scenarios we obtain, for exampleg(10 Ge\?)
=1.

Finally let us conclude with a few remarks concerning the
flavor-symmetry breaking which was implemented in our
broken valence scenario via the entirely empirical relation
(3.5. On rather general grounds one expects the product

89(x, u?) 8q(x, u?)=P(x) (3.13

to be a universal flavordependentfunction P(x), since

the effect of Pauli blocking is only related to the spin
(helicities of quarks and antiquarks irrespective of their
flavor degree of freedom. This impliesu(x, u?) su(x, u?)

= 8d(x, n?) 8d(x, 1?), i.e., EQ.(3.5). Furthermore, we have
seen that the data select, within our valence scenario with its

where they are also compared with our new NLO results
obtained in the standard scenario as shown by the solid
curves in Fig. 5.

The first momentstotal polarizations A f(Q?) of the po-
larized parton distributions of our fully flavor-broken valence
scenario and the resulting""(Q?) are in LO given by

Au=0.664, Ad=—0.248, AU=0.093,
Ad=—0.261, As=AS=0,

Ag(u?o)=0.300, Ag(5 Ge\?)=0.963,

0-15 T T Illllll T T IIIIII| L L LA
L x(Su - 8d) Q*=? |

- val. scen. NLO L

0.1 I _ _ _ val scen. LO 7
soliton model J

0.05 -
0 ceemetit it - Lol 1 C N
10 10° 10° 1

Ag(10GeV?)=1.122

which result inA> =0.248 and

(3.10

FIG. 7. LO and NLO results for the difference of the broken
light-sea input densitiesu(x,u«?) and &d(x,x?) in the valence
scenario as obtained from Fig. 6. The prediction of the chiral quark-
soliton model is taken from K. Goeket al.[52].
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broken valence scenario, as obtained from the in-
put densities atQ?=puZo o in Fig. 6. For
comparison the new NLO results of the standard
(unbroken seascenario are shown as well by the
dashed curvegwhich coincide with the solid
curves of Fig. 5.
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totally flavor-broken polarized light sea densities in Egs. It is interesting to mention that some of these expecta-
(3.5 and (3.6), the solution of Eq.(3.5 which satisfies tions, which derive mainly from our light-sea flavor breaking
P(x)>0 in Eq.(3.13 for g=u,d as can be seen in Fig. 6. relation (3.5, have been already confirmed by a recent en-
This can be understoo[B0] as a consequence of the ex- tirely independent simultaneous analy$ist] of polarized
pected predominanpseudoscalarconfiguration[29,54 of  DIS and semi-inclusive deep inelastic scatteri(®DIS)

the quark-antiquark pairs in the nucleon sea. In fact, the tw@symmetry data. In particular the more recent high precision
relationsuu=dd and susu= 6déd at the input scaléQ?  SIDIS HERA-HERMES data[55] on h* production (h

= u? can be rewritten as = ,K dominantly off a proton targeEp—eh*X, seem to
- - _ _ play a decisive role in favoring flavor-broken light sea den-
Pp(¥)=u,u,+u u =d,d,+d d_, sities su(x,Q?) # 8d(x,Q?), despite the fact that these

asymmetry data orA'l‘; refer to rather small scale®?

=1 Ge\2. The reason for this discriminative power is, when
with P=P,— P, in Eq. (3.13 and the common helicity den- combined with the data from inclusive DIS, due to the fact
sities being given bi(_] i=(((_1)i 5(61))/2 where for brevity we that A*l‘; is proportional[14]_, besides to the dominant va-
have dropped the dependence. A predominant pseudoscalatence contribution, also t@d—446u, multiplied by a “fa-
configuration of @) pairs in the nucleon sea implies, via vored” fragmentation finction, which is significantly more
Pauli blocking, that the aligned quark-quark configurationssensitive tosu than tosd. A clear preference for positive
g+(9+9-) andq-(q-q;) are suppressed relatively to the Su has been observgd4], which is very similar to our NLO
antialignedq. (q-q,) andq_(g.qg_) “cloud” configura-  &u shown in Fig. €b), and a flavor symmetric standard light
tions, i.e., P,(X)>P4(x) which implies P(x)>0 in Eq. sea scenario seems to be strongly disfavored.

(3.13. The result forP,/P,, corresponding to our optimal We have calculated at NLO the spin asymmetries for
fit, is shown in Fig. 9: clearly, this ratio will be maximal semi-inclusive DIS using the well-known theoretical SIDIS
where xq(x,u?) and xd8q(x,u?) are maximal atx  framework[56,14 together with our results for the polarized
=0.2-0.4, cf. Fig. 6, i.e., where the Pauli blocking, Eq.parton distributions of the standard and valence scenario
(3.13), is most effective which is nicely exhibited in Fig. 9 in with their flavor-symmetric and flavor-broken light sea den-
LO and NLO. sities, respectively, employing the fragmentation functions of

P.X)=u,U_+u_t,=~d,d_+d_d, (3.19

TABLE V. First moments (total polarizations Af of polarized parton densitie$f(x,Q%) and
g?"(x,Q?), defined in Egs(1.3) and (1.4), as obtained in the fully flavor-broken valence scenario. The
marginal finiteAs=AS{Q?> ,uﬁ,_o) are generated dynamically by the NLO evolution.

Q?(GeV?) Au Ad AU Ad As=As Ag AS ry r
“ao 0.693 -0.255 0.087 —0.232 0 0.330 0.293 0.119 —0.053
1 0.691 —0.257 0.086 —0.234 —1.95x10% 0.579 0.282 0.127 —0.058
5 0.689 —0.258 0.085 —0.235 —3.31x10°% 0.974 0.273 0.132 —0.062
10 0.688 -0.258 0.085 —0.236 —3.64<10°° 1.140 0.272 0.133 —0.062
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FIG. 9. The ratio ofP,(x) andP4(x), defined in Eq(3.14), at FIG. 10. NLO predictions for the semi-inclusive DIS asymmetry

the LO and NLO input scales{o,n o Which demonstrates the Pauli Al for h* production off a proton target within the valence and
blocking of the disfavored antiparallgl. - configurations relative  gtandard scenario. The HERMES data are taken from [B6}.
to the favored paralled-.q.- configurations as discussed in the text.

gluon input 8g(x,x?)=0 is equally compatible with all
Ref.[57]. (We did not use the alternative set of recent frag-present measurements 8f(x,Q? or g\(x,Q?). Only a
mentation zfunct|ons suggested in RES8], since they refer 11y saturated (via the positivity constraintgluon input
to scalexQ” larger tE?n 2 Ge¥) Th.e re§ults for the relevant 59(x, w2 = +g(x,u?) appears to be disfavored by present
SIDIS asymmetryA;, are shown in Fig. 10. Although the data.
high precision HERMES dat&5] seem to favor slightly the The presumably more realistic valence scenario with its
valence scenario with its flavor-broken light sea, the result§ayor-broken light sea quark distributionsu# 5d(# &s
of the standard scenario with its flavor-symmetric light sea— 5s~0) leads to apositive Su(x,Q?) density and a size-
cannot yet be ruled out. Both scenarios in Fig. 10 give rise t
a comparabley?/(9 data pointsof 7.6 and 8.5 for the va-
lence and standard scenario, respectively.

%bly larger negativeSd(x,Q?). These results are supported
by a recent combined analysi44]| of polarized DIS and
semi-inclusive DIS data and agree with predictions of the
relativistic field theoretical chiral quark-soliton model
IV. SUMMARY AND CONCLUSIONS [52,50 and of the statistical parton modé&3]. Present high

. . . istics HERA-HERME i-inclusi
All recent polarized DIS data, including the most recentSta“StICS S datg55] on semi-inclusive

SLAC-E155 proton datf24], have been analyzed and stud- asymmetriesAl, for hi prodgctiqn .off nucleon targets can-
ied within the standard and valence scenario in LO and NL@0t, however, yet uniquely discriminate between our valence
of QCD. The standard scenario, characterized by Ej3) scenario with flavor-broken p(_)lari_zed light sea densiti_es _and
and(2.2), refers to the common simplified, but probably un- the common stgndgrd scenario with a flavor-symmetric light
realistic, assumption of an $8); flavor-symmetric polar- Sé&-quark distribution. . . _

ized light sea. The original valence scendrd, character- A FORTRAN package containing our optimally fitted stan-
ized by Eqs(3.2) and(3.3), is now modified by employing a dard and fully flavor-broken valence NIWS) as well as
totally SU(3); asymmetric polarized light sedi+ 5d+ 65 LO distributions can be obtained by electronic mail.

which leads to the modified constrairi&7) and(3.8). Since

inclusive polarized DIS data cannot fix the flavor-broken sea ACKNOWLEDGMENTS

densities, we have modeled the flavor-asymmetric light sea We are grateful to Greg Mitchell for useful information

densitiessu# od using a Pauli-blocking ansaf80] in Ed.  concerning the recent E155 proton data. This work has been
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