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We study the production of longitudinally polarized baryons in single-spimp p collisions at BNL
RHIC and DESY HERAN as a means of determining the spin-dependeritagmentation functions.
It is shown that a measurement of the rapidity distribution of Afewould provide an excellent way of
clearly discriminating between various recently suggested sets of polakiZeagmentation functions
that are all compatible with preseat e~ data. We also address the main theoretical uncertainties,
which appear to be well under control. [S0031-9007(98)06651-4]

PACS numbers: 13.88.+e, 13.85.Ni, 13.87.Fh, 14.20.Jn

The understanding of spin-dependent deep-inelastiRather different, but all physically conceivable, scenarios
scattering (DIS) processes in terms of QCD-evolved polaradopted for the input valence distributions appear to de-
ized parton distributiond f(x, 0%) (f = ¢q,3,¢g) is still  scribe the data equally well, and for the “unfavored” sea
far from being satisfactory, despite significant experi-quark and gluon fragmentation functions one has to fully
mental and theoretical progress over the past few yearsely on mere assumptions. Clearly, further measurements
In particular, the angular momentum component of theof other helicity transfer processes are required to test the
proton’s spin and the polarized gluon density(x, 0?)  models proposed in [2].
remain almost completely unknown for the time being, With the advent of RHIC [3], spin transfer reactions
and more experimental results are required. can be studied for the first time also jpp scattering at

Studies of spin-transfer reactions could provide fur-center of mass system (c.m.s.) energies of up/to=
ther invaluable and completely new insight into the field500 GeV. In the following we will demonstrate that such
of “spin physics” and, in addition, might also yield a measurements would provide a particularly clean way of
better understanding of the hadronization process. Sucd#iscriminating between the various conceivable sets of
cross sections can be expressed as convolutions of pegpin-dependent fragmentation functions presented in [2],
turbatively calculable partonic spin-transfer cross sectiongnd are almost unaffected by theoretical uncertainties. For
with certain sets of parton distributions and fragmentathis purpose, onlpne polarized beam at RHIC would be
tion functions, whose scale dependence is completely préeeded. It should be noted here that similar (and almost
dicted by QCD once a suitable nonperturbative input agdually useful) measurements could be performed also in
some reference scale has been determined by data. To gbossibly forthcoming experiment at DESY, HERA-
tain a nonvanishing twist-2 spin-transfer asymmetry, thd4], utilizing the existing polarized “fixed” gas target of
measurement of the polarization of one outgoing particlélERMES and thainpolarized HERA proton beam.
is obviously required, in addition to having a polarized The process we are interested inpip — AX (the ar-
beam or target. This certainly provides a great experifows denoting a longitudinally polarized particle) at large
mental challenge. A-baryons are particularly suited for transverse momentumpr of the A, where perturbative
such studies due to the self-analyzing properties of thei@CD can be safely applied. For the time being, the re-
dominant weak decaj} — p7~, and recent results oh  quired partonic helicity transfer cross sections, igg.,—
production reported from large electron-positron collidergq,...,g¢ — gg, are calculated only to leading order
(LEP) [1] have demonstrated the experimental feasibilit(LO) accuracy and can be found, for example, in [5].
of successfully reconstructing the spin. Hence, we have to restrict our analysis to LO, implying

In [2] a first attempt was made to determine the spin.the use of LO-evolved\ fraqmentation functions,ﬁ con-
dependentA fragmentation functions by analyzing thesetrary to the case ot"e” — AX or SIDIS p — AX,

LEP data [1] in leading and next-to-leading order QCD,¢p — AX) where all relevant coefficient functions are
using the results of a preceding study of unpolarized now available at next-to-leading order (NLO) [2,6—8]. In
fragmentation functions. Unfortunately it turned out, how-various analyses of processes sensitive to polarized parton
ever, that the available LEP data, all obtained on Zhe distributions it has turned out to be particularly useful to
resonance and, hence, sensitive only to the flavor nonsistudy distributions differential in the rapidity of a produced
glet part of the cross section, cannot even sufficiently conparticle [9], on which we will therefore focus also in the
strain the valence fragmentation functions for all flavorspresent analysis.
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The relevant differential polarized cross section can be schematically written as (the subsetipts—" below
denote helicities)

dAGPP=AX gapp=AX gapp-—AX
dn dn dn

- f dpr Y. fdxl dxy dz fP (i, pP)AS'P (2, w?)ADM(z, 1)
Py Ff=ix

dA o T—iX

dn (1)

the sum running over all possible LO subprocesses, ankef. [13] throughout our calculations (using other recent
where we have integrated over, with p7™" denoting LO sets would not lead to any sizable differences here).
some suitable lower cutoff to be specified below. TheUnless otherwise stated we use for the corresponding
AfP (fP) are the usual (un)polarized parton distributionspolarized densities\ /¥ the LO Gluck-Reya-Stratmann-
of the proton, and Vogelsang (GRSV) “standard” scenario [14]. For the
A o AGH) ) A=) ) unpolarizedA fragmentation function®;* needed for cal-
AD}z, %) = Di1y (2, #7) = Dy (2, 47) - (2) culating do??=*X /dn we use the LO set presented in
[2], which provides an excellent description of all avail-
able, rather precise” ¢~ data. It should be emphasized,
however, that there are still sizable uncertainties for the
D}, mainly related to possible SB); breaking effects
not discernible from the presently available data. We note
that, in contrast to this, the assumption of(3}) symme-
try (D) = Df}) appears to have a far more solid founda-
tion. Clearly, further measurements of th@ are required
here. Nevertheless, the uncertainty in thé resulting
from SU3), breaking does not really affect our con-
i 3) clusions to be drawn below, since the contribution from
darr=AX /dn strange quark fragmentation to the unpolarized cross sec-
where the unpolarized cross sectiawr??~X/dy is  tion is only about 5%.
given by an expression similar to the one in (1), with all Figure 1(a) shows our predictions for the spin asymme-
A’s removed. try AM as a function of rapidity, calculated according to
To study the sensitivity of (3) to the poorly known Egs. (3) and (1) fok/s = 500 GeV andp7™ = 13 GeV.
A fragmentation functionsAD}', we use the three LO Note that we have counted positive rapidity in the forward
sets obtained in [2]. For the discussion below, the idedegion of thepolarizedproton. We have used the three
behind these very different models for spin-dependent
fragmentation should be briefly recalled here. 04 P e -
Scenario 1—is based on expectations from the non- A | Vs=500 GeV ]
relativistic naive quark model, where only strange quarks 03 [ Pr> 13 GeV ]
can contribute to the fragmentation processes that eventu- t ]

describes the fragmentation of a longitudinally polar-
ized partoni into a longitudinally polarizedA, where
Dy (2, ?) [D (2, u?)] is the probability for finding
a A at a mass scalg with positive (negative) helicity in
a partoni with positive helicity, carrying a fraction of
the parent parton’s momentum.

The directly observable quantity will be not the cross
section in (1) itself but the corresponding spin asymmetry
defined as usual by

A dAoPP=AX /dp

ally yield a polarizedA. 02 | scen.3 —_ -]

Scenario 2—is inspired by estimates of Burkardt and . R
Jaffe [10,11] for a fictitious DIS structure functiog(\, o1 | R
taking into account a similar breaking of the Gourdin- i con 1 ]
Ellis-Jaffe sum rule [12] forA’s as is observed for 0 f~--:;'.'.-__{s ]
nucleons. Assuming the same features also forAtDé\, [ scen 2‘;\\

a sizable negative contribution fromandd quarks toA 0.1 F a) 4 01F b) .

fragmentation is predicted here. Bl s - Bl i -
Scenario 3—is the most extreme counterpart of sce- ’

nario 1 since all of the polarized fragment_ation functiqns_FlG_ 1. (a) The asymmetra® as defined in Eq. (3) as a

are assumed to be equal here, which might be realistiginction of rapidity of theA at RHIC energies for the various

if, for instance, a sizable contribution to the productionsets of spin-dependent fragmentation functions. The error bars

of p0|arizedA’S results from decays of heavier hyperonshave been calculated according to (4) and as discussed in the

; ; it _ text. (b) same as for scenario 3 in (a), but using the “maximal”
\év:é)ega(\)ﬁg;i?qg?lgted the polarization efandd quarks pro AD) (see text), a hard scale — pr/2, Ag = 0, or the spin-

. o dependent parton distributions of the proton of set 1 of [15].
For the unpolarized parton distributions of the pro-For comparison the solid line repeats the original result for
ton, f7, appearing in (1) and (3) we use the LO set ofscenario 3 of (a).
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different scenarios for the\D} discussed above, em- easily understood from the fact that the process, in this par-
ploying the hard scalge = py. The “error bars” should ticular kinematical region, is dominated by contributions
give an impression of the achievable statistical accuracfrom u andd quarks, so that the differences between the
for such a measurement at RHIC. They have been estpredictions in Figs. 1(a) and 2(a) are driven by the differ-
mated via ences in the correspondingD’ and AD}. This imme-
diately implies that the asymmetry has to be close to zero
1 1 . . . o
= — , (4) for scenario 1, negative for scenario 2, and positive and
P \/bpyep L app—hX larger for scenario 3. The dependence is also readily

assuming a polarizatio® of the proton beam of about understood: At negativg, the parton densities of the po-
70%, a branching ratib, = B(A — pm) = 0.64, a con- larized proton are probed at small valuescgfi.e., in the
servative value for the\ detection efficiency ofey, =  “Sea region”), where the ratidg(x,)/q(x,) is also small.

0.1, and an integrated luminosity of = 800 pb~! [3].  On the contrary, at large positive, typical values ofx,

The cross sectiom?”?—X is the unpolarized one, inte- correspond to the valence region where the quarks are po-
grated over suitable bins af. A typical value for the !anzed much more strongly, resulting in an asymmetry that
bin —0.5 = 5 = 0.5iso”??~AX(p; > 13 GeV) =~ 3 np.  increases withy. _ _ _

It should be mentioned that results almost identical to Information on the polarized fragmentation functions
the ones in Fig. 1(a) can be obtained also for a lowefS &/S0 expected to be revealed by thedependence of the

c.m.s. energy of/s = 200 GeV and a correspondingly 2SymmetryA™. From Figs. 1 and 2 one sees that the re-
min gionn = 1 should be considered here in order to discrimi-

loweredp7™ and luminosity of 8 GeV an@40 pb™!, re- k A
spectively. Figure 2(a) shows our results for a conceivabl@ate between the scenarios. Indeed/,\we foundhépr)
3 also shows strong sensitivity to tleD;", the asymmetries

future measurement at HER&X-at a much lower energy for the th ; v b ! q
J5 = 40 GeV and forp™™ = 4 GeVandL = 240 pb™! dq1[ft e tt rgﬁl scenarios chtua y et(r:]omlngblmore and more
[4]. Here, one findgr’?—*X(p; > 4 GeV) =~ 1.8 nb for Irerent with rising py. However, the probiem concern-

the bin—0.5 = 5 = 0.5. It should be stressed that the ing the pr dependence is the sharp decrease of the cross

cuts we have introduced do not only guarantee the ('slpplicr:f'—e‘:tIOnS withpr, reSL.”t'.ng In a strongnerease in the size .
bility of perturbative QCD [the hard scaje in (1) should of the expecteg statistical error bars. For instance, while
be O (py)], but also ensure that finite-mass corrections tg©f the HERAN situation the expected error ot (pr)

the cross section, which would becomeincreasinglyimpor%Or a bin g_roundphT =4 GTV \(/jvould be_aboutl%, It
tant for z = 0.05, remain small [2]. Furthermore, small Pecomes bigger thad5% already atpr =7 GeV. It

values ofz also have to be excluded in order to make Suréherefore seemi much more promising to stick to the
dependence of* as we did in Figs. 1 and 2.

that there are no unreasonably large NLO contributions: L
y 1arg The results in Figs. 1(a) and 2(a) clearly demonstrate

as was noticed for the DIS case in [2], the (unpolarized}h ol £ th d kind of
NLO kernels for the evolution of the fragmentation func- e usefuiness of the proposed kind of measurements to
determine the polarized fragmentation functions more

tions have an extremely singular behavior at smablthich . .
eventually must lead to a complete breakdown of the “perpreusely. 'The expegted_statlstlcal errors are much smaller
than the differences in* induced by the various models.

turbative” formalism we use. . A .
The behavior ofA* in Figs. 1(a) and 2(a) for the dif- Thus an analysis oA* would provide an excellent way

ferent sets of polarized fragmentation functions can be of_rulmg out some of the_ presentl_y aIIowgd sets of
spin-dependeni\ fragmentation functionsprovided the

observed differences i* are not obscured or washed out

oA

] 01 e by the theoretical uncertainties inherent in this calculation.
AN [ V=40 Gev a)] :ZXAAD.%A b) ] We will therefore finally address this important point in
04 | Pr>4Gev dooskl g . some detail to demonstrate that the uncertainties appear

to be well under control for this particular process and do
not impose any severe limitations.
There are three major sources of uncertainties: the

2 n3 —.’ -
epoee {oosk dependence ofi* on variations of the hard scale in
] [ (1), which is of particular importance since we are limited
o b oot b to a LO calculation, our present inaccurate knowledge
LCE”"Z"; N of the precisex shape and the flavor decomposition of
T sk f[he polarized densmgﬁfﬂ, espeC|aIIy_ong, and our
2 4 0 1 272 4 o 1 o2 ignorance ofADgA which is not constrained at all by the

n n presently available™ e~ data [2]. Figure 1(b) gives an

FIG. 2. (a) Same as Fig. 1(a), but for HERAkinematics. €xample of the scale dependenceAdf by changing the

(b) Same as Fig. 1(b), but for HERA- kinematics and Scale fromu = pr to u = pr/2 for scenario 3. The
scenario 2. same is shown in Fig. 2(b) for the HERMX- situation
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