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We analyze experimental data for the productionAobaryons ine*e™ annihilation in terms of scale-
dependent, QCD-evolved, fragmentation functions. Apart from the vast majority of the data for which the
polarization of an observed was not determined, we also consider the recent CERN LEP measurements of
the longitudinal polarization of\’'s produced on th& resonance. Such data correspond to spin-dependent
fragmentation functions for th&. We point out that the present data are insufficient to satisfactorily fix these.
We therefore suggest several different sets of fragmentation functions, all compatible with present data, and
study the prospects for conceivable future semi-inclusive deep-inelastic scattering experiments to discriminate
between them. We provide the complete next-to-leading order QCD framework for all the processes we
consider[S0556-282(198)03509-7

PACS numbgs): 13.87.Fh, 12.38.Bx, 13.65i, 13.88+e

I. INTRODUCTION The production ofA baryons appears to be particularly
interesting also from a different point of view. Contrary to
Measurements of rates for single-inclusiwée™ annihi-  spinless mesons such as pions and kaonsj tharyon offers
lation (SIA) into a specific hadroid, the rather unique possibility to study for the first time spin
transfer reactions. The self-analyzing properties of its domi-
ete —(y,2)—HX, (1) nant weak decay\ —pw~ and the particularly large asym-

metry of the angular distribution of the decay proton in the

o rest framd 5] allow an experimental reconstruction of the
play a similarly funda_lmental rol_e as those of the correspondspin_ Over the past years “spin physics” has attracted an
ing crossed “space-like” deep-inelastic scatterilyS) pro-  ayer growing interest, as experimental findirig have not
cess ep—e’'X. Their interpretation in terms of scale- gjways matched “naive” theoretical expectations, the
dependent fragmentation functioms{'(z,Q?), the “time-  Gourdin-Ellis-Jaffe sum rul§7] being the most prominent
like” counterparts of the parton distribution functions example here. Studies of polarization could provide a
fi(x,Q% of a hadronH, provides a further important, completely new insight into the field of spin physics, whose
complementary test of perturbative QCD. In analogy withtheoretical understanding is still far from being complete de-
the “space-like” caseD}'(z,Q?) is the probability at a mass spite recent progress, and they might also yield more infor-
scaleQ for finding a hadrorH carrying a fractiorz of the  mation on the hadronization mechanism.
parent parton’s momentum. QCD completely predicts@ie In [8] a strategy was proposed for extracting in SIA the
dependence of the process-independent fragmentation funfinctionsAD*(z,Q?) describing the fragmentation of a lon-
tions DY (z,Q?) via the Altarelli-Parisi evolution equations, gitudinally polarized parton into a longitudinally polarizad
once a suitable non-perturbative hadronic input at some inif9],
tial reference scalg has been determined from the data. So

far, only the fragmentation into the most copiously produced AD}Nz,Q)=D7)(z.Q5)-D{[)(z.Q?), 2
light mesons {r,K) has been the issue of a thorough QCD AG) ) ACS) oy N
analysis[1]. where D¢y(z,Q%) [D¢4)(z,Q%)] is the probability for

It is one of the purposes of this work to study, along linesfinding a A with positive [negativg helicity in a partonf
similar to those if 1], whether such a formalism also applies with positive helicity[by taking the sum instead of the dif-
to the production ofA baryons. These are also produced atference in Eq(2) one recovers the unpolarized fragmenta-
fairly large rates and, as for pions and kaons, @ferange  tion functionD{']. If the energy is far below th& resonance,
covered by present SIA experimeis3] allows a detailed one longitudinally polarized beam is required in order to
quantitative QCD analysis. Recently measunegroduction  create a non-vanishing net polarization of the outgdengr
rates in semi-inclusive DISSIDIS) [4] provide an important ti)quark that fragments into th&, and to obtain a non-zero
testing ground for the fragmentation functions extracted frontwist-2 spin asymmetry. At higher energies, such as at the
SIA data. CERN e"e™ Collider LEP, evenno beam polarization is
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required since the parity-violatinggZ coupling automati- |ADfA(z,Q2)|stA(z,Q2), 4
cally generates a net polarization of the quarks. Here,
ALEPH [10], DELPHI [11], and OPAL[12] have recently With the D?(Z,QZ) taken from the unpolarized analysis. As
reported first results for the polarization afs produced on the sparse data available from LEP are by far not sufficient to
the Z resonance. completely fix th%DfA(z,Qz), we will propose several dif-
Realistic models for tha D#(z,Q?) are also of particular ~ferent sets of polarized fragmentation functions, all compat-
relevance for reliable estimates of production rates and spitple with the LEP data. Some of the sets will be based on the
transfer asymmetries at present and future dedicated spin ekleas outlined in the previous paragraph. Our various pro-
periments. Here tha DfA(z,QZ) can be probed in SIDIS or posedADfA are particularly suited for estimating the physics
photoproduction in the current fragmentation regidp, Ppotential of future experiments to determine the polarized
—I"AX, where either a longitudinally polarized lepton beamfragmentation functions more precisely. We hence present
or a polarized nucleon target would be required. Such meadetailed predictions for future SIDIS measurements at HER-
surements can be carried out at HERMER] and are MES and the HERA collider. In this context we also provide
planned by the COMPAS$14] collaboration. After the the necessary framework to calculate helicity transfer cross
scheduled upgrade of the DESp collider HERA electron ~ sections in SIDIS at NLO.
ring with spin rotators in front of the H1 and ZEUS experi- ~ The remainder of the paper is organized as follows: in the
ments, longitudinally polarized electrons will be available n€xt section we develop the formalism for unpolarized SIA
also for high-energg p collisions, and similar measurements and discuss in detail our analysis of leading orded) and
with polarized A’s in the final state could be performed hext-to-leading orde(NLO) A fragmentation functions. In
there. Furthermore, having also a polarizeton beam  Sec. Ill we turn to the case of longitudinally polarized
available at HERA[15] would allow the measurement of Production and present our different conceivable scenarios
various different twist-2 asymmetries, depending on whethefor the AD{(z,Q?). In Sec. IV we compare our unpolarized
the e and/or thep beam and/or the\ are polarized, i.eep  distributions with recent\ production data in SIDIS and
study the potential of prese(HERMES and future(HERA)
spin physics experiments to discriminate between the differ-
. . . ent proposed sets of polarized fragmentation functions. Fi-
So far estimates for futura experiments have relied on nally our results are summarized in Sec. V. The appendixes

S|mple models{16] or on Monte Carlo sw_nulgﬂons tuned collect the required unpolarized and polarized NLO coeffi-
with several parameters and parametrizations of scale:

independenspin-transfer coefficient€? , which link longi- cient functions for SIA and SIDIS.
tudinally polarized and unpolarized fragmentation functions
by [17]

—AX, ep—AX, andep—AX (as usual, an arrow denotes
a polarized particle

II. UNPOLARIZED A FRAGMENTATION FUNCTIONS

In the last few years several experimef2s3] have re-
ADfA(z)z CfA(z)DfA(z). 3) ported measurements of the unpolarized cross section for the
production of A baryons, which allows an extraction of the
unpolarized A fragmentation functions required for con-
Different phenomenological models for thi* exist. A first  structing the polarization asymmetries and as reference dis-
one is based on the naive non-relativistic quark model whergibutions in the positivity constraint4). We emphasize at
only strange quarks can contribute to the fragmentation prothis point that the wide range of c.m. systérmm.s) energies
cesses that eventually yield a polariz&dAnother approach covered by the dat2,3] (14<./s<91.2 GeV) makes a de-
goes back to estimates by Burkardt and J4B8el8 of a  tajled QCD analysis that includes ti@? evolution of the
fictitious DIS structure functiorgjl\ of the A, for which siz- fragmenta’[ion functions mandatory_
able negative contributions from andd quarks are pre- The cross section for the inclusive production of a hadron
dicted by analogy with the breaking of the Gourdin-Ellis- H with energyEH in SIA at a c.m.s. energ)dg, integrated
Jaffe sum rul¢7] for the proton’sgf . It is then assumed that over the production angle, can be written in the following
such features also carry over to the “time-like” cask8]  way[20,21]:
(see alsd17]). Of course, relations such as Eaéﬁc;nnot in L doH L
general hold true in QCD. Owing to the differeQt evolu- o H 2 H 2
tions of AD} andD#, it cannot be correct to assume scale ot AXg ﬁ[ZFl(XE’Q JFFLe. QDL )
independence of théfA in Eqg. (3), and therefore one has to 4
specify a scale at which one implements such an ansatz. wherexg=2py-q/Q?=2E/ /s (q being the momentum of
It is the main purpose of this paper to address the issue dhe intermediatey or Z boson,q?=Q?=s) and
fragmentation into polarized’s in a detailed QCD analysis. b 5
Here it will be possible for us to work even at next-to- _s é247m (Q%) 1+ as(Q)
leading order (NLO) accuracy, as the required spin- Ttot g s T
dependent “time-like” two-loop evolution kernels were de-
rived recently{19]. For the first time, we will provide some is the total cross section fae"e™ —hadrons including its
realistic sets of unpolarized and polarized fragmentatiofNLO O(as) correction. The sums in Eq$5) and (6) run
functions forA baryons. A useful restrictive constraint when over then; active quark flavors|, and thee, are the corre-
constructing models for thaD? is provided by the positiv- sponding appropriate electroweak char¢ese Appendix A
ity condition (similarly to the “space-like” casg i.e., for details.

©6)
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To NLO accuracy, the unpolarized “time-like” structure
functionsF! andF!' in Eq. (5) are given by

2FT(xE,Q2>=§ éé[[D:(xE,QZHDqﬂ(xE,QZ)]

as(Q?) H
+— [Cq@(Dg+ Dy)

+Cy® DQ](xE.Q2>], (7)

as(Q?)
2

Fl'(xe,Q%)= % e2[Che (DY +DY)

+Cyg®DY(Xe,QY), ®)

with the convolutions® being defined as usual by

5
y
The relevant NLO coefficient functior@g
be found in Appendix A.

To determine the&? evolution of theD}* in Egs.(7) and
(8) it is as usual convenient to decompose them into flavo

1 dy
(C®D)(xg,Q%)= ) 7C D(y,Q?). €)

[20,21 can also
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To NLO, all splitting functions[22,23 in Egs. (12)—(15)
have the perturbative expansion

as

Pl (z.a)=| 5

2
Fs | 5(M,D)
ﬁ) Pij " (2).

) P O(z)+
(16)

It should be noted that the evolution equations can be
straightforwardly solved analytically in Mellin-space along

the lines as described, e.g., [B1]. The desiredD}(z,Q?)

are then obtained by a standard numerical Mellin inversion.
Needless to mention, the corresponding LO expressions are
entailed in Eqs(6)—(8) by simply dropping allO(«s) con-
tributions and by evolving th®(z,Q?) in LO.

In our numerical analysis we cannot include data with
Xg<0.1, for two reasons: first of all, for smakg, finite-
mass corrections to Ed5), proportional to Mi/sxﬁ, be-
come more and more important, but are not accounted for in
the calculation. There is also a more severe limitation set by
the evolution equations outlined above: the NLO ‘“time-
like” splitting functions P{\Y(z) and P{)"(2) in Eq.
¢15) turn out to be much more singular than their corre-

singlet and non-singlet pieces by introducing the densitiesPonding “space-like” counterparts @s-0. While the lead-

D{ . and the vector

<y (D
D“E( E) (10
Dg
where
Df.=D§=D,, Dgsg (Df+Dy).  (11)

ing smallx terms in the “space-like” case are proportional
to 1k:

2C ag 9CC,—40CLT
im P&y s [EXF | Us PFeAT TURR
fim Poq(X) 277( x 2w ox )
(17
2C ag 12CET:—46CAT
. (S) :ﬁ A “s Flf Alf
)I(er:) Pog(¥) 277( X +27T 9x )’
(18

One then has the following non-singlet evolution equations

(9,9 being two different flavors

Tingz(Pa-—Dg )@Y

=[Pl.®(Dy.—DY )1(zQ?), (12

d
T o?Pa-(2Q%=[P-©Dq 1(zQ%). (13

The two evolution kemnel®{) . (z,(Q?)) become differ-
ent beyond LO as a result of the presence of transitions b
tween quarks and antiquarks. The singlet evolution equatio
reads

D"(z,0)=[PMeD"](z,Q?),

d
dIn Q2 (14)

where we write the singlet evolution matiX™ as

the “time-like” splitting functions show an even stronger
negative behavior foz—0 because of the dominant large
logarithmic piece=In? z/z in the NLO part,

a. [2C as 4CC
i Miz7)= —= F_Ts ZXF2AL2
er:) Pyq(2) 277( - P In z), (19
2C,  ag 4C3
. (T _ Qg A_ S Al o
m Pgg(2) —277(—2 o 7 In z) (20

(see for exampld24]), with the usual QCD color factors

eC_A=3, Ceg=4/3, andT;=Tgn;=n;/2. This singular behav-

fpr of the “time-like” splitting functions is so strong that it
may, ultimately, lead even toegativeNLO fragmentation
functions in the course of th@®? evolution and hence to
unacceptablenegativecross sections at some value<<1,
even if the evolution starts with positive distributions at the
initial scale. Clearly, the description of fragmentation pro-
cesses by perturbative QCD without resummation of small-
logarithms breaks down for values xf where this happens;
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in order to avoid these severe problems we include as usual TABLE I. Optimal parameters for the unpolarized fragmenta-

(see e.g[1]) only data withxg>0.1 in our analysig. tion functions in Eq(23).
As pointed out in[8], the QCD formalism is, strictly —
speaking, applicable only to strongly produc&ts. A cer- Parameter LO NLO (MS)

tain fraction of the daté2,3] will, however, consist of sec-

ondary A’s resulting from(for instance e™e” —3.°X with Nq 0.63 0.55
the subsequent decay°— Ay, not to be included in the “q 0.23 0.22
fragmentation function$8]. For simplicity, we will ignore Ba 1.83 216
this problem andsuccessfully attempt to describe the full N 0.91 223
data samples by fragmentation functions that are evolved %g 1.36 1.86
according to the QCIR? evolution equations. If data of the By 3.14 3.48
same quality as foA production were available f&%'s, our %e -041 —035
analysis could be improved in principle by fitting those data, Be 5.66 6.06
thereby extracting®? fragmentation functions. The corre- ap —-0.29 —-0.32
sponding=? cross section, convoluted with the decay distri- Bo 5.01 .45

bution for 2°— Ay, could then be subtracted from the
cross section to isolate the truly strongly produckt.
However, no sufficiently accura®® data are available, and
we therefore have to refrain from going through this more
ggrsnsp;gﬁﬁl;eg) p;roolszdtlﬁ]rs .pf\(fblvgiws Op;o;r;tfgngggéﬂ ,fr:;rr\:t;gr sevgral other fits based on relaxing the condit(Aaﬁ). In
decays would be to experimentally vetoevents containing Particular, we have assumed g is related toD, 4 by a
a prompt photon. Again, this has not yet been achieved exfactor~(1-2)¢ (0§<0)- However, such fits do not seem to
perimentally. In any case, our extracted “effective” frag- ImProve the finaly“/Npe. Clearly, further data, for instance
mentation functions for the. should be fully sufficient for rom SIDIS, are needed to scrutinize 5g2). As we will
all further phenomenological applications. point out below, the assumption 8U;(3) symmetry in the
Unless otherwise stated, we will refer to bat and A°, unpolar!zed case will glso have consequences for the analysis
which are not usually distinguished in presefite™ experi- of polarlgedA prpduc‘uon. . .
ments[2,3], as simply “A.” As a result, the obtained frag- At variance with the_usual DI.S casm,scontmuquéwavy
mentation functions always correspond to the sum quark (HQ) fragmentation functions should be included at

to D2), and henc®’>D}) 4. Unfortunately, it is difficult to
model this effect, and the present dg2z3] do not allow an
extraction of the amount & U;(3) breaking. We have tried

_0 T
D (xe,Q)=D¢"(xe,Q%)+ D¢ (xe, Q7). (21) yfldo  j—wo  } ,
. s . . . . Oiot d'XE ---Lo
This also simplifies the analysis considerably, since no dis-  1ASSO ¥ Tasso ¥ Tasso 1
V

tinction between “favored” and “unfavored” distributions 10 2L 5= 14 Gev I omage I Go34Gev ]
is required. Since no precise SIDIS data are available yet, it : t f
is not possible to obtain individual distributions for all the 1 b \ i \" i \ ]
light flavors separately, and hence some sensible assump-

tions concerning them have to be made. Employing naive ' TASSO f TASSO ¥ TASSO

quark modelSU;(3) arguments and neglecting any mass 10 [ \=333Gev  § 6=348Gev  f-a21Gev

differences between the, d, ands quarks, weassumehat -
all the light flavors fragment equally inta, i.e.? 1 ! ]

r r 2 v X

DSZDQZDQZDUAZ Ddéz D%EDQ (22) _2rHRS 1 HRS \\" HRS !

10 | V§=29 GeV ¥ V5=29GeV ¥ V5=29GeV 1

This assumption is certainly expected to be only a rather ’ ' '
crude approximation, as one expef$ to be somewhat 1k ¥
larger thanDﬁ]d. This can be intuitively understood as fol- i I
lows: if the A originates from, say, a primarily produced 2f CELLO ALEPH
quark (represented bp2), anss and add pair have to be 0T ‘E=35,,(_"-ev_ ¥ %= 912 GeV

h 3
DELPHI
+ Vs=91.2GeV +

created in order to provide the constituent quarks needed to )

form the A. This should be suppressed with respect to the ] ¥ H 3

creation of only lightuu anddd pairs required if the\ stems ' OPAL LI ¥ suogrel) 3

from initial s quarks produced in thé decay(corresponding 10 [ V5291266V S L vs=912Gev L vs=912Gev 1
10?2 10! xg 0" xg 10! x 1

we do not include either data that have been averaged experi- FiG. 1. Comparison of our LO and NLO results for
mentally over a large bin ofg. (1/o4o)do/dxe according to Eq(5) with all available data on un-

°Needless to say that theand q fragmentation functions in Eq.  polarizedA production ine*e™ annihilation[2,3]. Note that only
(22) are equal thanks to E@21). data points wittxz=0.1 have been included in our fitee texk
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FIG. 2. z-dependence of our LO and NLO fragmentation functions as specified in(Aj.and Table | atQ?=100 and Q?
=10 Ge\2

each heavy flavor thresholdee alsd1]). Anyway, the in- able, demonstrating the perturbative stability of the process
clusion of the HQ contributions essentially leads only to aconsidered. Furthermore, there is an excellent agreement be-
change in the normalization of the light quark densities,tween the predictions of our fits and the data, even in the
which would just be larger if the HQ ones were not presentregion of “small” xg which has not been included in our
In our analysis we start the evolution of the HQ contributionsanalysis.
at the mass of the corresponding HQ, but the precise value Figure 2 shows our LO and NLO fragmentation functions
for this is anyhow irrelevant since all the data are in a regioras specified in E¢23) and Table |, evolved t@?= 100 and
of s> mﬁ (h=c,b). 10* GeV2. As can be seen, the heavy quark fragmentation
For our analysis, we choose to work in the framework offunctions turn out to be comparable to the light quark ones
the “radiative parton model,” which is characterized by afor small z, whereas they are suppressed wr0.3. It
rather low starting scalg for the Q2 evolution. The “radia- should also be noted that ogrand b fragmentation func-
tive parton model” has proved phenomenologically successtions are also in agreement with recent results from $8D
ful in the “space-like” case for both unpolarizd@5] and for the c/uds and b/uds ratios of A production rates in
polarized[26] parton densities, and also in the “time-like” flavor-taggedZ decays.

situation for photon fragmentation functiofa3,27. In Fig. 3 we show our fragmentation functions for light
At the initial scale(,ufo=0.23 GeV, ,uﬁLOI 0.34 GeV) quarks and gluons as functions@f for several fixed values
we choose the following simple ansatz: of z. One can observe the importance of the QCD evolution

of the fragmentation functions which we will use for making

predictions for SIDIS aQ? values much lower than the ones

at which the fragmentation functions were extracted.
Finally, we investigate the contribution of our [more

wheref =q,c,b,g and, as stated, in the case of heavy quarkgrecisely A+A; see Eg.(21)] fragmentation functions
u2=mZ. Utilizing Eq. (22) and assuming for simplicity that Df(z,Q?) to the momentum sum rule

N.=N,=Ng, a total of 10 free parameters remains to be

fixed from a fit to the available 103 data poiis3] (after 1 5

applying thexg cut mentioned aboye The total y? values ; fo dzzd'(z,Q%)=1. (24)
are 103.55 and 104.29 in NLO and LO, respectively, and the

optimal parameters in E423) can be found in Table I. It i _

should be noted that by taking into account an additional 494=9uation(24) expresses the conservation of the momentum
normalization uncertainty for the LEP ddl, the y2 can be of the fragmenting partofiin the fragmentation process; i.e.,
further reduced, but without any noticeable changes in the

distributions.

A comparison of our LO and NLO results with the data is 3The available data sef&,3] are presented in terms of three dif-
presented in Fig. 1, where all the existing da23] have ferent variables:xg, Xx,, and & These variables are simply
been convertetto the “format” of Eq. (5). One should note related to one another by, = Bxe with B=\1-m?/EZ, and
that the LO and NLO results are almost indistinguish-&=In(1/x,).

D (z,u?)=Nsz*(1-2)", (29
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FIG. 3. Q2-dependence of our LO and NLandg fragmentation functions at fixez=0.05, 0.1, 0.5.

each partorf will fragment with 100% probability into some which corresponds to theA-polarization” observable mea-
hadronH. Of course the sum rul@4) should be dominated, sured at LEP. The polarized structure funct@’j‘a g3 and
even almost saturated, by the fragmentation into the lighteg' in Egs.(25) and(26) are given in NLO by the following
hadrons such as andK mesons. Hence the contribution to expressions:

Eq. (24) due tonA is expected to be rather small. Indeed we

find that in LO and NLO the contribution of our light quark  g(xg ,Qz):z g;{[ADE(xE ,Q2)+ADqﬂ(xE ,Q9)]
(gluon A+ A fragmentation functions to the momentum

sum rule(24) only amounts to about 2—3 ¥4.—2 %. N s(Q )[Acl (AD;'+ADqﬂ)

[ll. POLARIZED FRAGMENTATION FUNCTIONS

+ACé®AD5‘](xE,Q2) (27)

Having obtained a reliable set of unpolarized fragmenta-
tion functions, we now turn to the polarized case where un- 9 (xe,Q?)
fortunately only scarce and far less precise data are available. 3VIE
In fact, no data at all have been obtained so far using polar- " 5 H )
ized beams. The only available information comes fram =2 g} [ADq(xg,Q%) —AD(Xe, Q)]
polarized LEP measurement§l0-12 profiting from the
parity-violating electroweakjqZ coupling. s(Q )
For such measurements, doestethe mass of th& boson +
(Z resonancg the cross section for the production of polar-
ized hadrons can be written £8,28]

[ACS®(ADY—AD)](Xe.Q )]
(28)
H 2
. Z(Qz) 9 (xe.Q%)

=3 [g5(xe,Q3)(1+cog 6)
dQdxe i - S(Q)E gl AC5®(ADE-AD™) J(xe,Q2),

— gT(xE ,Q?)cos 6+g}'(xg,Q%)(1—cogh)].

25) (29
_ with the convolutions as already defined in E@). The ap-
If, as for the quoted experimental resyli0—12, the cross  propriate effective chargeg, andg;, as well as the required

section is integrated over the production angléhe charge-  gpin-dependent coefﬂmem:scl 3L in Egs. (27)-(29) in the
suppressed contribution fromT, which is small anyway,

drops out. One can then define the asymmetry modified minimal subtraction schemM(S) can be found in

Appendix B.
H H
93+9L/2 . Note that bothg; apd g, in Egs.(27) and(29) arenon-
e — (26) singlet structure functions, and hence only thalencepart
Fi+F/2° of the polarized fragmentation functions can be obtained
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from the available LEP datfl0—17. In addition, theA®'s ' ' ' ' '
and A%s give contributions of opposite signs to the mea-
sured polarization and thus ggL. Unfortunately, it is clear
that the available LEP dafd0-12, all obtainedon the Z
resonance, cannot even sufficiently constrain the valence dis-
tributions for all the flavors, so that some assumptions have
to be made here. Obviously, even further assumptions are
needed for the polarized gluon and sea fragmentation func-
tions in order to have a complete set of fragmentation func-
tions suitable for predictions for other processes, in particular
for SIDIS (see Sec. V.

In the present analysis the heavy-flavor contributions to
polarizedA production are neglected, amdandd fragmen-
tation functions are taken to be equal. Furthermore, polarized

o ik
“unfavored” distributions, i.e.ADﬁf =ADAO etc., and the

u s
gluon fragmentation functio Dé‘ areassumedo be negli-

gible at the initial scaleu, an assumption that deserves, of FIG. 4. Comparison of LEP dafd0-12 and our LO and NLO
course, further scrutingwe will discuss the impact of choos- results for the asymmetr* in Eq. (26), using the three different
ing a different boundary condition for the gluon fragmenta-scenarios described in the text.

tion function latey. The remaining spin-dependent quark
fragmentation functions are then related to the correspondin
unpolarized ones taken from Sec. Il in the following simple

way:

02 ¢ ALEPH
o DELPHI

4 OPAL

'''''

0.2

scenario 1

04

NLO

scenario 2

scenario 3

_0.6 1 1 1 1 1
0.1 02 0.3

A, predicting sizable negative contributions fraimand d
auarks togf by analogy with the breaking of the Gourdin-
Ellis-Jaffe sum rulg7] for the proton’sg}. Assuming that
such features also carry over to the “time-like” cass],
we simply imposeN,= —0.20 (see alsd17)).

Scenario 3s where all the polarized fragmentation func-
tions are assumed to be equal, i,=1, contrary to the
expectation of the non-relativistic quark model used in sce-
nario 1. This rather “extreme” scenario might be realistic if,
for instance, there are sizable contributions to polarized

ply imply >0 and|N,/<1. These input distributions are production from decays of heavier hyperons who would have
- 2 - . ._ . .
then evolved to highe®“ via the appropriate Altarelli-Parisi inherited the polarization af andd guarks produced origi-

equations which are completely similar to the ones presenterqa”
in Eqs.(l(?)—(lG), with just all unpolarized quantitiggs, for Our results for the asymmets® in Eq. (26) within the
instance,P(") replaced by their appropriate polarized coun-three different scenarios are compared with the available
terparts. For the NLO evolution one has to use for this pur{ EP data10-12 in Fig. 4. The optimal parameters in Egs.
pose the spin-dependent “time-like” two-loop splitting (30) for the three models can be found in Table Il. As can be
functions as derived if19] in the MS scheme. Because of seen, the best agreement with the data is obtained within the
the rather limited amount of available data, it does not seeninaively) most unlikely scenario 3. The differences occur
reasonable for the time being to introduce more free parammainly in the region of largeg, where scenarios 1 and 2
eters than the two in Eq30). cannot fully account for the rather large polarization ob-
Within this framework we try three different scenarios for served. It turns out that this is a consequence of the assumed
the polarized fragmentation functions at our low initial scaleSU(3)¢ symmetry for theunpolarizedfragmentation func-
u, to cover a rather wide range of plausible models: tions and of the positivity constraint&): for instance,
Scenario Icorresponds to the expectations from the non-SU(3); symmetry of thquA implies, in the case of scenario
relativistic naive quark model, where only strange quarks cad, that the asymmetry at large: behaves asymptotically
contribute to the fragmentation processes that eventuallyoughly like —AD2/3D2 . Thus, even when saturating the
yield a polarizedA, even if theA is formed in the decay of positivity constraint(4) at aroundxg=0.5, it is not possible

AD{(z,4%)=2"Dg(z,u?),
AD(z,4%)=ADg(z,u*)=N,AD(z,4%). (30

They are subject to the positivity constraiidg, which sim-

a heavier hyperon. We hence haMg=0 in (30) for this
case.

to obtain a polarization as large as the one required by the
ALEPH and OPAL dat410,12. We have already discussed

Scenario 2is based on estimates by Burkardt and Jaffein Sec. Il that the assume®lU(3); symmetry for the unpo-

[8,18] for the “space-like” DIS structure functiogf of the

larized fragmentation functions could of course be broken,

TABLE Il. Resulting optimal LO and NLO fit parameters as introduced in E8@). for the three different

scenarios described in the text.

Parameter LO NLO (MS)

Scenario 1 Scenario 2 Scenario 3 Scenario 1 Scenario 2 Scenario 3
N, 0 -0.2 1.0 0 -0.2 1.0
a 0.62 0.27 1.66 0.44 0.13 1.33
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cross section is proportional to a combination of both the
parton distributions of the nucledd and the fragmentation
functions for the hadrorH. The latter thus automatically
appear in a constellation different from the one probed in
e*e” annihilation.

In the particular case where both the nucleon and hadron
are unpolarized, the cross section can be written in a way
similar to the fully inclusive DIS casg20,21,30Q:

do"  2ma®[1+(1-y)?
dx dy dz; Q7 y

+ 207 ey 2,02, (31

| - - - - scenario2 < y
L e scenario 3

2F?IH(X!ZH vQZ)

" rana st with x and y denoting the usual DIS scaling variables
10" z 1 10" z 1 (Q%=sxy), and where[20,21 z,=py-pn/Pn-d, With an
obvious notation of the four-momenta, and withg?= Q2.
Strictly speaking, Eq(31) and the variable,, only apply to

we also showdot-dashed lineghe effect of assuming a maximally hqdron productl_on in the curr_enF fragmentation region. In
) S I ; this work, we will effectively eliminate the target fragmen-
polarized gluon distribution at the initial scale for scenario 1. The

NLO results in this case are very similar to the LO ones and aréat'pn region by |m_plementlng a cul->0 on the Feynman-
therefore not shown. variable representing the fractional longitudinal c.m.s. mo-
mentum. Target fragmentation could be accounted for by
transforming to the variablg29-32

FIG. 5. LO and NLO partonic fragmentation asymmetrigs
=AD}/D% for f=s, u=d, andg at Q=10 Ge\?. In the LO plot

Di> Du ¢» In which case it would be possible to improve
the description of the large: data in Fig. 4 also within E
scenarios 1 and 2. As we also pointed out in the previous ZHHZE—H
section, it appears impossible at the moment to determine the En(1=x)
amount ofSU(3); breaking in the unpolarized fragmentation
functions from the data. It is clear at this point that further
information on the polarizedndthe unpolarized\ fragmen-
tation functions is needed, which could be provided by future
precise SIDIS measurements.

Finally, in Fig. 5 we show the LO and NLO partonic
fragmentation asymmetries for each flavor distribution sepa
rately, |.e.Af—ADA/DA. A positive polarized gluon frag-
mentation function has built up in th@? evolution in spite
of the vanishing input at.2. In order to analyze the effect of
imposing a different boundary condition for the polarized
gluon fragmentation function, we include in Fig. 5 also the
results of a LO fit similar to the one performed within sce-
nario 1, but now using the maximally allowed polarized # is straightforward 2933, N/H N/H
gluon inputADg(,uz)zDg(,uz) instead OfADg(,uZ)ZO. Be- The structure function&;' " and F'" in Eq. (31) are
sides the expected result of now having a larger gluon pola/@iven at NLO by
ization atQ?=10 Ge\?, an important enhancement of the
and d distributions(which are practically vanishing in the 2FYM(x,2,4,Q%) = 2 e Q(X,QZ)DS(ZH ,Q3?)

(32

the energiesE,, Ey defined in the c.m.s. frame of the

nucleon and the virtual photon, and by introducing the so-

called “fracture functions”[29]. The inclusion of the latter

is beyond the scope of this analy$3], and anyway not

relevant numerically due to the cut ap. The variablez in

Eq. (32 is also better suited for dealing with corrections due
to the finite target maddl . As will be demonstrated below,

it is not always justified to neglect these. Our predictions for

A production in SIDIS will therefore be made using the vari-

ablez. The NLO corrections td=)'" andF\"" in Eq. (31)
can, however, be expressed much more conveniently in

terms ofz, (see Appendix € The transformation froma,, to

original scenario 1 can be observed, which is due to the a.q
perturbative generation of sea by polarized gluons in the 2
1 aS(Q ) 1 H
course of the evolution. In fact, at small valueszofthe u +—5 [q®C «DH H+qecCleDl
T

andd distributions become even larger than the ones of sce-
nario 3. Obviously, only different combined further measure-
ments, as ine“e” annihilation and SIDIS with polarized +9®Cgy®Dg1(x,24,Q?) (33
beams, will be capable of determining the glu@md also
the seafragmentation function more precisely.

2
FVH(x,zy,Q%) = a{Q )2 e[q®Cy®Dg +a®Cy,
IV. A PRODUCTION IN SIDIS 2T
Equipped with various sets of polarized fragmentation ®Dg+g®C;g® D;'](x,zH,QZ), (39
functions, let us now turn to the SIDIS procesN
—e'HX, which should be very well suited to give further with the NLO coefficient functlonQ [20,21,3Q collected
information on fragmentation functions. In this case, thein Appendix C.
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FIG. 6. (a) Compilation of the original SIDIS datat] in terms ofxg . (b) Comparison of our LO predictions with the data converted to
the variablez (see texk

As already mentioned in the Introduction, three other postainties that are still rather large. It is nevertheless worth
sible cross sections can be defined when the polarizations @bmparing our predictions with the available data in order to
the lepton, the initial nucleon and the hadron are taken inteest our proposed fragmentation functions in a process other
account. If both nucleon and hadron are polarized and thehan SIA.
lepton is unpolarized, the expression is similar to E§4)— The original experimental resulfd] are compiled in Fig.

(34) above with, however, the unpolarized parton distribu-65, where the data are plotted in terms of the Feynman vari-
tionsandthe fragmentation functions to be replaced by theirapiex_ . As can be observed, differences between results at
polarized counterparts. Obviously, one also has to adapt thgferent values of the/* p c.m.s. energyV are much larger

- - ; 1L 1,L,NH '

coefficient functions to this cas&j;"—AC;="". The rel-  han expected from the scale dependence, especially at small
evant ﬁxprﬁssllons can gg?'rr]' behfound Im Aﬁp?‘n‘gx C.Inthg_ The reason for this is simple and is related to the fact
case that the lepton and either the nucieoitne hadron are 54 e variable is not the scaling variable of this process,

polarized, the expression for the cross section is given, as s the argument of the fragmentation functions in E4)
the fully inclusive case, by a single structure functlonAS already mentioned, E€31) should be expressed in terms

N/H 2y.
91 (X.24,Q%: of z in Eqg. (32 [30]. At LO, z coincides withxg and also
dA ot A with the variablezy introduced in Eq.(31) [20,21], if the
=—(2-y)g¥"(x,z4,Q%. (35  mass of the\ is neglected. However, it again turns out that,
dxdydz  Q as in the case of SIA, finite-mass effects introduced by the

: — _ 2
To NLO, g\'" can be written a$31,32,34 function g=+/1 4MA2_/(ZV\0 become relevant afc smadl
for the lowW experiments. The other two variables are

given, at LO, in terms ofg and z by xg=8z and
20Y"(x,z4,QH) =2, eé( (A)a(x,Q%)(A)Dg(z4,Q?) z4=(1+B)/2z. In Fig. 6b we show the same data as in Fig.
a.9 6a, but converted to the varialite a much better agreement
as(Q?) i y between different experimental data and also with our LO
+ = [(A)g®AC,®(A)Dy predictions, plotted for three different typical scales, can now

be observed. It should be noted that the H1 ddfawere
+(A)q®ACigq®(A)Dg+(A)g@)Aciqg obtained with an integrated luminosity of only 1.3 gpband

so a more dedicated measurement in the future will be very

helpful in determining the unpolarizet fragmentation func-
®(A)Dg1(x, 24 'Qz)}’ (38 tions more precisely.

The most interesting observable with respect to the deter-
the position of theA and the indexi=N,H depending on mination of thepolarized A fragmentation functions is of
which particle(N or H) is polarized. Again, all NLOMS  course the asymmetry for the production of polarizet
coefficient functionsA C}, are collected in Appendix C. from anunpolarizedproton, defined bya*=g?'*/F§'* [18],

Let us first turn to the entirely unpolarized case as defineavith gﬁ’“‘ given by Eq.(36) with i=H. In Fig. 7a, we show
in Eq. (31, which could prove invaluable for obtaining a our LO and NLO predictions for HERA with polarized elec-
flavor separation of fragmentation functions not provided bytrons andunpolarizedprotons using the Ghk-Reya-Vogt
the SIA data. Unfortunately, only three measurements of thi$sGRV) parton distribution$25], integrated over the measur-
cross section exist up to nof], with experimental uncer- able range 0&z<1. The values foQ? that correspond to
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FIG. 7. LO and NLO predictions for the SIDIS asymmetry for ~ FIG. 8. The same as in Fig. 7, but now for HERMES kinemat-
unpolarized protons and polarizéds and leptongsee text for our ics.
three distinct scenarios of polarized fragmentation functionga)in
we also show thg expecteq stgtistical errors for such a mgasgremqﬂes predicted by scenarios 1 and 2 change quite a bit when
at HERA, assuming a luminosity of 500 pb a beam polarization going from the HERA collider to the fixed target energies,
of 70%, and a\ detection efficiency of 0.1. Ift) we include the 4,0 14 the fact that the contributions from the valence distri-
expectation for scenario 1 with a maximal gluon polarization at thebutions dominate for the values af probed at HERMES.
initial scale. Thus more weiaht is qi A . i

ght is given to thB, 4 fragmentation func

eachx-bin have been chosen as [i85]. Good perturbative tions, and the cqntrlputlons involvin g are suppressed, in
ontrast to the situation for the smallregion to be explored

stability of the process is found. As can be seen, the result% : o
obtained using the three distinct scenarios for polarized frag?y HERA. Again, we show in Fig. 8b also the results for
mentation functions turn out to be completely different, SCENario 1 with a maximally saturated gluon fragmentation
Since the asymmetry at smalis determined by the proton’s function at the input scale whlch_ leads to results he_lrdly dIfT
sea quarks, its behavior can be easily understood: in scenarip€Nt from the standard one since the sea contribution is
1, only s quarks fragment into polarized’s, giving an  negligible at largez.

asymmetry that is positive but about 3 times smaller than the Finally, the particular case of both target and hadron be-

one of scenario 3 where all the flavors contribute. In the casi'9 Polarized was originally proposed as a very good way to
of scenario 2 the positive contribution from theuark frag- obtain theAs distribution[38]. The underlying assumption

mentation is cancelled by a negative one frarandd, re- here was that only the fragmentation functmﬁ is sizable
sulting in an almost vanishing asymmetry. The interpretatiod@S realized, e.g., in our scenarig, and that therefore the
is similar for the region of large, where only the contriby- 0Nl contribution to Rhe polarized cross section has to be
tion involving u, is sizable and the asymmetry asymptoti- proportional toAs;ADS . In order to analyze the sensitivity
cally goes tofdzADﬁ/fdzDﬁ for each scenario. of the cor'respondllng asymmetry A, we compute it using
We have included in Fig. 7a also the expected statisticain® two different Glgk-Reya-Stratmann-VogelsatGRSV)
errors for HERA, computed assuming an integrated luminosSets Of polarized parton densities of the prof@], which
ity of 500 pb * and a realistic value 0é=0.1 for the effi- mainly differ in the strange distribution: the so-called “stan-
ciency of A detection[36]. Comparing the asymmetries and dard” set assumes an”unbrok.éﬁlU(S)f symmetric sea,
the error bars in Fig. 7a, one concludes that a measuremelff€reas in the “valence” scenario the sea is maximally bro-
of AM at smallx would allow a discrimination between dif- K€n and the resulting strange quark density is quite small.
ferent conceivable scenarios for polarized fragmentation '€ results for HERA —are shown in Fig. 9.
functions. Figure 7b shows our results as a functiom tr ~ Unfortunately—and not unexpectedly—it turns out that the
fixed x=5.6x 10", Again, very different asymmetries are differences in the asymmetry resulting from our different

found for the three scenarios. In this plot we also include thdndels for polarized\ fragmentation are far larger than the
expectation from scenario 1 with a maximal gluon polariza-0N€s due to employing different polarized proton strange

tion (see Sec. Illwhich, as expected, predicts a larger asym_densities. Ir_1 additjon, a digtinction. between differévg’s
metry at smallz (comparable to the one of scenarip 3 WO_UId remain elusive even if the spin-dependarfragmen-
mainly due to the contribution of the radiated sea. tation functions were known to good accuracy, as can be

In Fig. 8 we show the same observable for the case opeen from the error bars in Fig. 9 which were obtained using

HERMES, where theQ? values were chosen as for the in- ("€ Same parameters as before.

clusive DIS measurements by HERMHES7]. This fixed-

target experiment analyzes a different kinematical region of V. SUMMARY AND CONCLUSIONS

both largerx and z (z>0.3) and could therefore provide

complementary information. As can be seen by comparing We have performed a detailed QCD analysis of the pro-
Figs. 7b and 8b, the asymmetry for scenario 3 shows a simduction of A baryons ine*e™ annihilation and semi-

lar behavior for both experiments, which is expected sincénclusive deep-inelastic scattering.

all the fragmentation functions are equal and the parton dis- Working within the framework of the radiative parton
tributions cancel in the ratitat LO). However, the asymme- model, our starting point has been a fit to unpolarized data
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ol K B IR B B M I s AR I APPENDIX A: UNPOLARIZED SIA
1S | LA T .A -
r A NLO 1 A LO 1 —
p* pol. proton soen.3 1 "pol. proton The NLO (MS) coefficientsCg'g in Egs.(7) and (8) are
o1 | given by[20,21:
[ —— GRSV ' Standard’
f - GRSV ' Valence '
0os | ol ol 1422 In(1-2) 3 1 +21+22|
o(2)=Cr| A+ 2| —— ) 2(1-2), 1—z ¢
0 ==c=-==
X 3 2 ’ 9
05 | +§(1—z)+ 375 8(1-2) (A1)
01 2
1+(1-2) 1-z
1 d 1 al 1 1 1 1 1 _ 2
z)=2 In(z°(1-2))—2——
10* 10?107 10wt 10t 10° 10? w0? Cg(2)=2Cr (z(1-2)) z }
X X (A2)
FIG. 9. LO and NLO predictions for the SIDIS asymmetry for
polarized protons but unpolarized leptons for two different sets OtL(z):CF (A3)
polarized parton distributions taken frgi26]. Also shown are the a
expected statistical errors for such a measurement at HERA, calcu- (1-2)
i -z
lated for the parameters already used for Fig. 7. C;(Z)=4C,: _ (Ad)

for A production taken ire*e™ annihilation, yielding a set
of realistic unpolarized fragmentation functions for the

We have then made simple assumptions for the relation pavith Cp=

4/3. Note that in the expressions f@é’g we have

taken the factorization scales for the final-state mass singu-
tion functions at the input scale for ti@? evolution. Taking larities to be equal to the hard sc&eof the process, as we
into account the sparse LEP data on the polarization'sf  did in all our numerical applications. The+"-prescription
produced on th& resonance, we were able to set up threeis defined as usual by

tween the spin-dependent and the unpolarizeflagmenta-

distinct “toy scenarios” for the spin-dependentfragmen-
tation functions, to be used for predictions for future experi-

ments. We emphasize that our proposed sets can by no

means cover all the allowed possibilities for the polarized

fragmentation functions, the main reason being that the LEP
data are sensitive only to the valence part of the polarized
fragmentation functions. Thus, there are still large uncertain-
ties related to the “unfavored” quark and gluon fragmenta-

tion functions, making further measurements in other pro-
cesses indispensable.

Under these premises, we have studiegroduction in

1 1
JO dzf(2)(9(2))+= fo dZf(z)-f(1)]g(z). (A5)

The electroweak charges in Eq5)—(8) are given by

é§=e§—Zeqxl<Q2>vevq+xZ<Q2><1+V§><1+V§>(A6)

semi-inclusive deep-inelastic scattering. Existing data for th&vhere

production of unpolarized\’'s are well described by our
fragmentation functions determined from thée~ annihila-

tion data. Turning to spin transfer asymmetries sensitive to
the longitudinal polarization of the produceds, we have

considered botlep— AX andep—AX scattering. It turns
out that in the first case SIDIS measurements at HERifh
spin-rotators in front of the H1 and ZEUS detecjoasd at

1 s(s—M2)
X1(8) = 16 570 wCoZ 01y (5— M2)2+ T2M2

S2

Xo(9)= 356 S0, cofBy (5 MZ)Z+ TZM2’

HERMES should be particularly well suited to yield further (A7)
information on theAD? : differences between the asymme-
tries obtained when using different setsA)IDfA are usually Heree, is the fractional electromagnetic quark charge, and
larger than the expected statistical errors. In contrast to thisyl ; andI'; are the mass and the decay width of thiboson,
having a polarized proton targéir beam does not appear respectively. The other electroweak couplings are given in
beneficial, as far ad production is concerned. terms of the Weinberg angl®y by

A FORTRAN package containing our unpolarized and po-
larized LO and NLOA fragmentation functions can be ob-
tained by electronic mail from Daniel.Deflorian@cern.ch,
Marco.Stratmann@durham.ac.uk, or
Werner.Vogelsang@cern.ch upon request.

Ve=—1+4sirf Oy

8
Vy=+1- 3 Sir? Oy
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APPENDIX B: POLARIZED SIA tractions that are required when using theprescription of

— 39] h b fi d al the i di d i
The NLOMS coefficientsACé;zL in Egs.(27)—(29) read %40]19]?% een periormed along the lines discussed in

ACé(z)=Cé(z)—CF[1—z] (B1) Coefficients foreN—e'HX [21]:
ACY(2)=2C{(2-2)In[ZX(1~2)]-4+3Z} (B2) _ 2
Caq=Cr| ~88(1-X)8(1-2)+8(1-x)| Peg(2)In &7
AC¥(2)=Ck(2) (B3) ]
2
ACy(2)=Cq(2), (B4) +L1(2)+Lo(2)+(1-2) |+ 8(1—2)| Pyo(X)In M2
where the effective charges the Z-resonance are given by 1
(8] +L1(X)—Ly(x)+(1—x) +2(1_X)+ e
9g=x2(M2)AV(1+VE) (B5) 1z 1ex )} .
- - +2(1+xz
9q=2x2(MHVe(1+V2), (B6) (1-x)+ (1-2)4

whereA,=—Aq=1 andV,, Vg, x2(s) have aIready been )
deflned in Eqs(A7), (A8). The structure functlong3 and Céq:CF[~gq(Z) 5(1_)()'”(%2(1_2) "
gL in Egs.(28) and(29) are purely non-singlet and therefore Mg

receive no gluonic correction. ]

(1=x)
One should note that the NLO quark corrections for the +28(1—X)+2(1+Xx—x2)— 1tx
unpolarized casgsee Egs(Al) and(A3)] and those for the
spin-dependent parity-violating structure functioglp and
g,_ in Egs.(B3), (B4) are identical, which results from iden- 1 Q? 1-x
tical tensorial structures at the parton level. The expressionsct — [5(1_2) ﬁqg(x)m(_z - -
for AC! q(2) and AC ¢(2) in the MS scheme were already M= X
denved in[32,19. The differenceAC} (2 — ct o(2) in Eq. _
(B1) is independent of the regulanzatlon prescrlptlon chosen +Pag(X)| 77—
and coincides with the one found j&8] by using off-shell
gluons to regularize the collinear singularities.

(C3

+2X(1—Xx)

1 1
12, "ZH (©9

Cqq=4Cexz (C5)
APPENDIX C: UNPOLARIZED AND POLARIZED

SIDIS COEFFICIENT FUNCTIONS

N L _
Here we list all unpolarized and polarized NLO1E) Cgq=4Cex(1-2) (C6)

coefficients A)C. . for SIDIS as introduced in Sec. IV. To
keep the expressions as short as possible, it is convenient tq;L g=4x(1—x). (C7)
define the following abbreviations:

B 1+¢° Coefficients foreN—e’HX:
Paq(é) = a=e. + 5 o(1-8),
— 1+(1-¢§)2 — 1-(1-¢)2 ACN =Cl —2Cr(1-x)(1-2) (C8)
Pod( €)= ——5—— APgd)=——F——=2-¢ "o
~ ~ ACN =Cl —2Crz(1—x) (C9)
Pog(£)= £+ (1= 6%, ABqg(£)= £~ (1-£/2=26-1, o~ Caq™ 202
|n(1—§)) 52 1 2q_
Ly(&)=(1+ 2( , In N Q" 1-x
(0= T L L= gogne sl | a1-2)| aByyoom| 22 2"
(CY
Note that in what follows we always suppress the argument +2(1-x) +A5qg(x)
(x,z) of the coefficient functionsM and M denote the
factorization scales for initial- and final-state mass singulari- 1
ties, respectively. Note that for all our numerical calculations X (1-2), + 2_2 : (C10

we have chosen as usudl=Mg=Q. All results presented
here are given in thélS scheme, and in the case of the R R
spin-dependent coeﬂ‘icient!sc'qcI the additional finite sub- Coefficients foreN—e’HX:
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ACH =ACN +2C(1-2)8(1—x) (C11  tion was already defined in EGA5) in Appendix A. In prac-
a9 4 tice, however, the lower limit of the integration in E@\5)
9y _ Q? is different from zero, and hence the distributions have to be

Ang:CF{ APy4(2) 5(1—X)|H(WZ(1—Z)> modified according t¢41]:

F
! ! +In(1-A)8(1—¢)
= n — — ,
g, 217 28(1-X) (-8, (1-0n
14x (Inl—g) (Inl—g 1,
—2(1+x—2)+ — C1 = +5In%(1-A)8(1-§),
( ) 7 ] (C12 1-¢ . 1-¢ A 2
(C20
— 1-z
ACH,=Cay—Pgg(X) ——. (C13  where ( ) is defined as in Eq(A5), but with the lower

z integration limit replaced byA. In addition, in the coeffi-

cients (A)Ciqq listed above also double +" distributions

Coefficients foreN—e’HX: appear, which can be defined in analogy with E&6) by

ACHNH=CL +2C¢(1-2)5(1-x) (C14

1 1 f(x,2)
1,NH H J dxf dz(l—X) (1-2)
ACLy ' =ACH—2CFz(1-X) (C15 0 0 + +
1-7 Jlj'ld d f(x,z2)—f(1,z2)—f(x,D)+1f(1,D)
~ = Xaz
ACqy "= ACqe=APqgq(x) —— (C16 0Jo (1-x)(1-2)
(C2)
ACgM=Cy, (C17)
Again, in practice the lower integration limits are both dif-
ACIédNH: —4Cex(1-2) (c19  ferent from zero, sayA for thex integration andB for thez
integration, and the distribution defined above can be rewrit-
LNH_
ACqy "=0. (C19 tenas
We note that all our results for the spin-dependent coef- 1 1

ficients in Eqs(C8)—(C19 coincide with the ones presented (1-x).(1-2), (1—-x)a(1—2)g

in [34] and also fully agree with the results [&1,32 if one

carefully disentangles in these papers the contributions from n 1 In(1-B)&(1—2)
the current and the target fragmentation regipnghe same (1—X)a

way as our unpolarized results in Eq€2)—(C7) are in
agreement with those of Reff30]). In addition, one has to

. . o + In(1-A)8(1—x)
account for the slightly different factorization scheme used (1-2)g
in Ref. [31]. +In(1—A)In(1-B)8(1—x)8(1-2)
Finally let us show how to deal with the+" distribu- '
tions appearing in the above expressions. The' ‘distribu- (C22
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