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It is shown that unpolarized and polarizéd and A production in neutrino and antineutrino deep
inelastic scattering, can provide a clean separation of unpolarized and polarized fragmentation functions
of a quark into aA, for both light-flavor quarks and antiquarks and also for strange quarks. Combining
with A and A production in polarized electron deep inelastic scattering, one can systematically measure
or check the various flavor and spin dependent fragmentation functions. Such measurements can provide
crucial tests of different predictions concerning the spin structure of hadrons and the quark-antiquark
asymmetry of the nucleon sea. [S0031-9007(99)08684-6]

PACS numbers: 13.87.Fh, 13.15.+¢, 13.60.Hb, 13.88.+e

Spin physics is currently one of the most active re-Among the various produced hadroms hyperon is most
search directions of hadron physics due to the rich phesuitable to study the polarized fragmentation due to its self-
nomena, which are different from the naive theoreticalanalyzing property owing to the characteristic decay mode
expectations, and the large number of experimental faciliA — ps~ with a large branching ratio @%. The tech-
ties which can provide precision measurements of manyology to disentangle betweek and A, which relies on
physical quantities related to the underlying spin strucmagnetic spectrometers, is also mature for DIS processes
ture of hadrons. Among the various topics, the stranggs]. In fact, there are already some available dataAon
content of the proton is one of the most attractive dueandA productions in different DIS processes, and more to
to its close connections to the proton spin problem [1]Jcome in the near future [6—9]. Therefore it is meaningful
and to the quark-antiquark asymmetry of the nucleon seand urgent to exploit a systematic way to extract the vari-
[2]. Although there has been much progress and achievesus quark contributions t& fragmentation functions.
ment, both theoretically and experimentally, our current There have been many proposals concerning the mea-
knowledge of the strange quark content of the proton iSurements of the\ fragmentation functions in different
still very poor, since one is still unclear as to whether orprocesses, for different physical goals [2,10—21], and in
not [1,2] strange quarks are highly polarized inside thehis Letter we will focus our attention on the longitudi-
proton, and it is even more obscure whether or not [2,3hally polarized case. One promising method to obtain
the strange quark-antiquark distributions are symmetrica complete set of polarized fragmentation functions for
Thus a precision measurement of the strange-antistrangtifferent quark flavors is based on the measurement of
polarizations of the proton is one of the most challenginghe helicity asymmetry for semi-inclusive production of
and significant tasks for hadron quark structure. A hyperons ine*e™ annihilation on thez® resonance

From another point of view, the quark distribution of [12], but the existing data can only provide a poor con-
a quark inside a hadron is related to the fragmentatiostraint for different scenarios [19]. Measurements of the
function of the same flavor quark into the same hadronlight-flavor quark fragmentations intd have also been
by a simple reciprocity relation [4] suggested from the polarized electron DIS process [15]

h and the neutrino DIS process [17], based onkguark

qn(x) = Dylz), (D) dominance assumption. There is also a recent interest-
wherez = 2p - ¢/Q? is the momentum fraction of the ing suggestion to determine the polarized fragmentation
produced hadron from the quark jet in the fragmentatiorfunctions by measuring the helicity transfer asymmetry in
process, and = Q?/2p - q is the Bjorken scaling vari- the procesp p — AX [18]. From its dependence on the
able corresponding to the momentum fraction of the quarkapidity of the A, it is possible to discriminate between
from the hadron in the deep inelastic scattering (DIS)various parametrizations. In this Letter we will show that
process. Although such an approximate relation may bée neutrino and antineutrino deep inelastic scattering pro-
valid only at a specific scal@?, which deserves further cesses of unpolarized and polarizédand A productions
studies, it could provide reasonable connection betweecan provide a clean separation of unpolarized and polar-
different physical quantities and lead to different predic-ized fragmentation functions of a light-flavor quark into a
tions about the fragmentations based on our understanding, for both quarks and antiquarks, and also for strange
of the quark structure of a hadron [3]. Thus measurequarks. Combining with polarized electron beam DIS
ments of quark fragmentations into a hadron can also prgerocesses of unpolarized and polarizedind A produc-
vide new insights into the quark structure of the hadrontions, one can systematically measure or check the various
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flavor and spin dependent fragmentation tunctions. Thus,PA(x y.2) = _(1 _ y)zu(x)ADj}(z) _ EZ(x)ADL-/}(z)
in addition to the known process"e™ — AX [12], we p A I l) T Y ALY+ 7 A

have a different method: We measure a complete set B +gl YV ux)Dy(2) + dx)Di(z)

of quark to A unpolarized and polarized fragmentation for ’N — p"AX. (7)

functions for different quark flavors by the systematic ex- .
ploitation of unpolarized and polarizetl and A produc- Here we have neglected the Cabibbo suppressed pro-

tions in neutrino, antineutrino, and polarized electron DISCESSEs anq the smallhstrangemquark dlatrlbutlons inside
processes. the hadronic targetAD;(z) = D,;(z) — Dy(z) denotes

Our considerations rely on the fact that neutrinosthe polarized fragmentation functiorD'ﬂ(z) [Dfl’%(z)]
(antineutrinos) can be regarded as a purely polarizebeing the probability for finding a hadron with positive
lepton beam, due to the fact that neutrinos are lef{negative) helicity in a quarky with positive helicity,
handed (antineutrinos are right handed), therefore thegndy = v/E is the energy fraction of the incident neu-
only interact with quarks of specific helicities and flavors.trino carried by the charged intermediate bo$o# in the
For example, a neutrino (antineutrino) can only interaciaboratory frame. For any value afandz, we see that
with the d, &, ands (u, d, ands) light-flavor quarks with  the measurement of these four quantities in the region
left-handed quarks and with right-handed antiquarks of & = 1 leads directly to the two fragmentation asymme-
hadronic target, regardless if this target is polarized or notries ADqA(z)/DqA(z), whereg = u for processes (4) and
and the scattered quarks will keep the same helicities df7) andg = & for processes (5) and (6). Of course, here
their parent quarks before the collision [10]. Thus thewe have applied matter and antimatter symmetry, i.e.,
scattering of a neutrino (antineutrino) beam on a hadroni@éfq(z) = D,%q(z) and similarly for AD(/]\@(Z). We can
target provides aource of polarized quarks with specific also assume the andd symmetry for the fragmentation
flavor structure and this particular property makes the fnctions DM(7) = DY z) and DM(z) = Dé\’A(Z),
neutrino (antineutrino) DIS process an ideal laboratorgom the symmetry ofu andd inside A and A. Hence

to study the flavor-dependence quark fragmentation intQue have, for the unpolarized fragmentation functions,
hadrons in the current fragmentation region, especially in

the polarized case. DqA(z) = DXz) = D} (z) = Dé(z) = Df}(z),
From the charged current quark transitions, for neutrino A i
. q D}Mz) = D)Mz) = D(z) = D)Mz) = D} (2),

induced reactions,
and, for the polarized fragmentation functions,

(8)

vd — u u, vd — u c, ) )
vi— pd,  vi— s, (2) ADJ() = AD}G) = AD}(:) = AD;(z) = AD;(2),
vs — uc, Vs — U u, ADQQ)Z:ADQQ)==AD§@)::AD$&)::AD£Q25
and, for antineutrino induced reactions i i
Equations (4)—(7) thus reduce to equations of the four
u— ptd,  vu— pts, fragmentation functionsD/*(z), D2(z), AD(z), and
_ - _ _ 5 _ ADX(z). The cross sections of the corresponding unpo-
d— uta, d— ute, 3 °q _ . )
g po g moe @) larized A and A productions can be written as
75 — p'te, s — pta, A\
- 1 do  >[aiqi(x) + bigi(x)]D;"" (z) (10)
the expressions for th& and A longitudinal polarizations oo dz Slaigi(x) + bigi(x)]
in the beam direction are, fok and A produced in the _
current fragmentation, where i implies all quark (antiquark) flavors |nvc_)Ived
N N in the corresponding process € d,i for neutrino
PA( ) = _dx)ADMz) — (1 = y)*u(x)AD; (z) beams andi = u,d for antineutrino beams, neglecting
AR d()DA ) + (1 — y)2a()D(2) the Cabibbo mixings and the strange distributions of the
for yN ~ix @) target in the formula), and; andb; are two factors with
K ’ a; =1andb; =0 (a; = 1/3 and b; = 0) for relevant
PA( ) (1 — y)u(x)AD}(z) — d(x)AD(z) quarks andi; = 0 andb; = 1/3 (a; = 0 andb; = 1) for
p X Y,2) = = A 5 A antiquarks for neutrino (antineutrino) induced processes.
1 — y)2u(x)D + d(x)D} :
) +£ yPulx)Da (@) ()Di(2) [We can replace in the numerator the factbf3 by
for ’N — u"AX, (3) (1 — y)* for y dependent cross sections, and the fagtor
5 d(x)ADMz) — (1 — y)a(x)ADS(z) by /;' dy and the factorl/3 by [}' dy (1 — y)* to take
P, (x,y,z) = — 1 - 1 into account the experimental cuts for< y < yj,.]
f(x)Du (2) + (1 = y)yux)Dg (z) In principle, Egs. (4)—(7) are sufficient to determine all
forvN — u™ AX, (6) four independent fragmentation functiofs'(z), D2 (z),
q
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ADé‘(z), andADgA(z), at specifiedc andy, or integrating  but only their polarizations. Needless to say, the strange
both the numerators and denominators oyesind/orx  (antistrange) quark distributions of the hadronic target in
within the experimental cuts. However, in practice wethe polarized electron DIS processes must be taken into
must be careful, since the contribution from the Cabibbaaccount due to the large fragmentation process s —
suppressed process of— s — A (1 — 5 — A) is by A (5 — 5 — A), aswe have mentioned. Itis interesting to
no means negligible in process (3V — w"AX [(6) note that the use of different nuclear targets, with different
vN — u~ AX]. By measuring both the unpolarized and isospin properties, can also help us to gain additional
polarizedA and A productions, using the relatively clean information on the flavor dependence for the fragmentation
processes (4) and (7), it seems enough to determine tHenctions.
four independent fragmentation functions. Nevertheless, Clearly, the above analysis can also be extended to
as already mentioned above, by varyingnd/orx, if data  the production of other hadrons, such Bs =, etc., or
allow it, one may make a clean flavor separation (evereven to heavier flavor hadrons such As. Although
without the assumption af andd flavor symmetry) by such studies might be tedious theoretically and difficult
only the polarized processes (4) and (7). The antiquarkxperimentally, they are meaningful not only for their
contribution of the target can be safely neglected only abwn purpose but also for the physics purpose of this
largey for process (4), not for processes (5) and (7) (whergaper. The reason is that the final and A hyperons
it dominates). might come from decays of these hadrons which generate
There are many possible ways to obtain the stranga background to be studied and removed for a precise
fragmentation functions from the neutrino, antineutrinounderstanding of the quark t& fragmentation. Notice
and polarized electron DIS processes. The first way ishat some progress has already been achieved along
to use processes (4) and (%),and/orx dependent (or this direction [10,11,17,20], as well on the quantum
varying the cuts for andy), or polarized combined with chromodynamics (QCD) evolution of the fragmentation
unpolarized ones within all the cuts, to extract the fourfunctions [19] and on higher order corrections [16].
light-flavor quark fragmentation functions. Then, by sub-It should be pointed out that the presented results in
stituting these four quantities in polarized (5) and (6) (orEgs. (4)—(7) hold only in leading order. In next-to-
a y and/orx dependent single process), one can deterleading order thex/z factorization does not hold any
mine the strange fragmentation function' and AD2. longer, which complicates the analysis considerably. Also
[The fragmentation process— A (s — A) is expected processes induced by gluons and the fragmentation of
to be much smaller compared to— A (5 — A), since gluons into A and A become relevant. All of these
the former is from the see&s pairs in A, whereas the lat- effects, including also the contributions from Cabibbo
ter is from the dominant valence configuration in which mixings, will have to be further taken into account
provides the spin of\.] Besides, with an unpolarized  with increasing statistical accuracy of the data. (To
production of process (5) one can also, in principle, ex-our knowledge, the highest statistics data Anand A
tract the strange fragmentation functiér*(z), provided production separately comes from the NOMAD neutrino
D,?(z) anquA(z) are known and then check this quantity beam experiment [7].)
by using (6). [One can also use the unpolarized processeslt is known that the original proposal [13] for measuring
(4)-(7) to determine/, D}, D®, andD2, if one thinks  the strange quark polarization of a protan(x) from the
that D2 is not negligib?e, and then, by extending the samesemi-inclusiveA polarization of an unpolarized electron
analysis to the polarized processes, mea: , ADé‘, beam on the polarized proton target DIS process suffers
AD?, andAD2?.] Then, by extending the same analysisfrom the contributions of« and d quark fragmentations
to the polarized cases, one can also first meaddé(;)  due to the nonzeroADqA(z) [15,17,19]. With a better
in process (5) and then check this quantity by procesknowledge of the flavor and spin dependent quark to
(6). Thus the measurements of unpolarized and polarized fragmentation functions, one can try to remove the
A and A productions in neutrino and antineutrino can, inbackground from contributions of the polarizedand d
principle, provide a full determination of the flavor depen-quarks of the proton to the polarizedl, to allow the
dent unpolarized and polarized fragmentation functions. measurement ofAs(x). As also mentioned in Ref. [2],
Another way is to combine the polarizel and A a complementary measurement Afpolarization in the
productions in neutrino and antineutrino DIS processesame process can also help to pin down the antistrange
with those of polarized electron DIS processes [15] andjuark polarization inside the proton. [Remember that
determine the four light-flavor fragmentation functions andthe neutrino (antineutrino) DIS process cannot be done
two strange fragmentation functions from six independenbn a polarized target and therefore cannot provide any
equations of A (A) polarizations of the six processes. information concerning the spin structure of the nucleon
(New high statistics data are expected soon from severghrget.] Such measurements can provide crucial tests
experiments [8,9].) This method has the advantage thaif different predictions concerning the spin structure of
one does not need to take care of the magnitudes or theadrons [1,2] and the quark-antiquark asymmetry of the
y and/or x dependences of thd and A productions, nucleon sea [2,3]. Besides, the and d polarizations
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inside aA are closely related to the physical mechanismby National Natural Science Foundation of China under
for the s polarization inside a proton. Measurement of Grant No. 19605006.
ADqA is also helpful to understand the mechanism for the
s polarization of the proton.
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