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A polarization from unpolarized quark fragmentation
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The long-standing problem of explaining the observed polarizatioh bf/perons, inclusively produced in
the high-energy collisions afinpolarizedhadrons, is tackled by considering spin- anddependent quark-
fragmentation functions. The data a@vis and A's produced inp-N processes are used to determine simple
phenomenological expressions for these new “polarizing fragmentation functions,” which describe the experi-
ments remarkably well.
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[. INTRODUCTION tation of anunpolarizedquark into apolarized hadron: a
function describing this mechanism was first introduced in
It has been well known for a long time that hyperons  Ref.[23] and denoted b . This function is introduced in
produced wittkg=0.2 andpr=1 GeV/c in the collision of a frame defined by two lightlike four-vectors, andn_,
two unpolarized hadronsAB— A 'X, are polarized perpen- satisfyingn. -n_=1, and by the plane transverse to them.
dicularly to the production plane as allowed by parity invari- The four-momentunmP of the outgoing hadron—a\ hy-
ance; a huge amount of experimental information, for a widegyeron in the present investigation—is in the direction(up
energy range of the unpolarized beams, is available on sua a mass term correctipriThe functionD1; is then defined

single spin asymmetrigd], as(displayed in then, - A=0 gaugé
dO_ABﬂATX_ do_ABﬂALX
- efkiSt;
Pa doAB=ATX 4 g AB=AX @ ’ NTll 'D Dir(z.k,)
Similar effects have been observed for several other hyper- dy*d?y, iy
ons but we shall consider here omlys andA’s. = f 4z(27)°
Despite the wealth of data and the many years they have
been known, no convincing theoretical explanation or under- X THO|(y)|P, Sy X){(P,St: X[ (0) y~ [0}y —o,
standing of the phenomenon exi$®3]. The perturbative < A My-o
QCD dynamics forbids any sizable single spin asymmetry at 2

the partonic leve[4]; the polarization of hyperons resulting
from the strong interaction of unpolarized hadrons must themvhere the final state depends on the transverse Gaytdf
originate from nonperturbative features, presumably in théhe spin vectolS of the producedA only, i.e., one should
hadronization process. A number of models attempting sommterpret it as|P,S;; X)=(|P,S=S;;X)—|P,S= —S;; X))/
understanding of the data in this perspectf2-9] only 2, such that the contribution from unpolarized fragmentation
achieve partial explanations. cancels out. Furthermorés, =|k, | is the modulus of the

In the last years other single spin asymmetries observed ittansverse momentum of the hadron in a frame where the
p'p— 7X reactions[10] have attracted a lot of theoretical fragmenting quark has no transverse momentum. More de-
activity [11-20; a phenomenological description of such tails on this type of definition of fragmentatidior decay
asymmetries appears possible now with the introduction ofunctions can be found in Reff26,12,23.
new distribution [21,11,14,22 and/or fragmentation In the notations of Refl19] a similar function is defined
[12,19,23 functions that are spin- arkd -dependentk, de- as
notes either the transverse momentum of a quark inside a
nucleon or of a hadron with respect to the fragmenting quark. N A N

In particular, the effect first discussed by Collifi2]— A"Dhisa(z.K)=Dhnija(z.k,) = Dhira(zk,)
that is, the azimuthal angle dependence of the number of QA A _
hadrons produced in the fragmentation of a transversely po- Dhi/a(z,K, ) —Dnija(z ), (3
larized quark—has been recently obsenj@d,25; were
such results confirmed the role of these new fragmentatiognd denotes the difference between the density numbers
functions would be of great phenomenological importance. Dy1,2(z,k,) and Dhl,a(z k,) of spin 1/2 hadrond, with

We consider here an effect similar to that suggested byongitudinal momentum fractiorg, transverse momentum
Collins, namely, a spin anll, dependence in the fragmen- k,, and transverse polarizatignor |, inside a jet originated
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by the fragmentation of an unpolarized part@nFrom the
above definition it is clear that tHe integral of the function
vanishes.

The exact relation betwedd;; andAND,,1/, is given by
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rem holds also wheR, s are included 12], one has, using
Eq. (5) instead ofD ,,.(2) in Egs.(1), (6), and(7)

E d30_AB~>AX
(notice that alsd7; should have labels anda, which are A3—|:>A
often omitted: d°pa
k, . dx,dx,dz
ANDya(zky) =25 pmsingDi(z k), (4) =2 f — o 0k fan(x) Tora(x0)
where ¢ is the angle betweek, and the transverse polar- oab—cd

ization vector of the hadron, which shows that the function Xsé(s+t+u)
ANDy1/a(2,k,) vanishes in case the transverse momentum
and transverse spin are parallel. (8)
In the following we shall refer taANDy,;,, and D77 as
polarizing fragmentation functions
In analogy to Collins’s suggestion for the fragmentation
of a transversely polarized quark we wrftg2,27]

T(Xaaxb K )AND y1ye(z,k))

wheres, t, andu are the Mandelstam variables for the el-
ementary process: for collinear configuratiorsss X,X;,S,

t=x,t/z, andu=x,u/z and the modifications due to intrin-
sic k, will be taken into account in the numerical evalua-
tions. E,d3c*B~**/d%p, is the unpolarized cross section

R 1.

Dhig(z,k )= EDh/q(kaL)

Ph- (PgxK.)
|pq><kL|

for an unpolarized quark with momentupgg that fragments
into a spin 1/2 hadrom with momentump,=zp,+k, and = 2 f
polarization vector along thé =P, direction; Dyq(z,k,) a,b.c.d
=Dhi/g(2,K ) +Dpijg(z,k,) is the k, -dependent unpolar-
ized fragmentation function. Notice that5h~(pq>< k)
=pq- (k. X Pp)~sing.

A QCD factorization theorem gives for the high-energy 9

and largepr processAB— A X at leading twist with collin-
ear parton configurations

EAdSO_ABHAX

1N
+§A Dhirg(z,ky)
d°p,

©)

dxadxpdz
Td K, fara(Xa) Foe(Xp)

~ ab—cd

><%5<é+f+a>T<xa,xb,kl)bA,cu,kL).

In Eq. (8) k, is considered only where its absence would
lead to zero polarization, that is, leading collinear configura-
tions are assumed for partomsand b inside unpolarized
hadronsA and B, while transverse motion is considered in
the fragmentation process. The final hadron, detected with
momentunp, , is generated by the hadronization of a parton
¢ whose momenturp.= (p, — k| )/z varies withk, ; also the
corresponding elementary process— cd depends ork, .

P, is a function of the hyperon momentupq =p, + pr
and is normally measured in tiheB c.m. frame as a function
of xe=2p, /\/s andpr.

Notice that, in principle, there might be another contribu-
tion to the polarization of a final hadron produced at lgoge

hiQ the high-energy collision of two unpolarized hadrons; in
analogy to Sivers’s effedtl1,14] one might introduce a new
spin- andk, -dependent distribution function

oAl
dgPB—A X2 2 faa(Xa) ® fpp(Xp)
a,b,c,d

®do?PQ Dy 10(2) (6)

and

Al
dgPB—A X2 2 faa(Xa) ® fpp(Xp)
a,b,c,d

®da?®7%9e D, ,.(2). 7)

Here and in the sequel we shall fix the scattering plane as t

x-z plane, with hadrom moving along+z and the detected
A produced in the firsk-z quadrant; the, | directions are
then respectivelyy and —y.

In the absence of intrinsik, (or rather when integrated
over the fragmentation functions D ,1,.(2)

=[d%k, D, 1,(z,k,) [or D,1,(2)] cannot depend on the

A'\‘faﬁ/A(xa akLa)EfaT/A(Xa vkLa) - ,f\al/A(XalkLa)

= faT/A(Xa Kia)— %aT/A(Xa y—Kia)s

hadron polarization, so that one hds'=da', which im- (10
pliesP,=0. ) . )
However, by taking into account intrinsic_in the had- 1-., the difference between the density numbers

ronization process and assuming that the factorization thed-,1a(Xa K, a) andf.ia(Xa.k, 5) of partonsa, with longitu-
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dinal momentum fractiorx,, transverse momenturk, ,, Both options restrict the accessibility of such functions and
and transverse polarization or |, inside anunpolarized ~Make them harder to be determined separately. On the other
hadronA. hand, the chiral-even fragmentation function can simply oc-

cur accompanied by the unpolarizéchiral-even distribu-
tion functions, which are the best determined quantities, al-
. ] . . lowing for a much cleaner extraction of the fragmentation
tehrlmg (28], the correspondm? function, related ~to function itself. Moreover, since chiral-even functions can ap-
Afa1a(Xa K a), was denoted by . In the present case of o4 in charged current mediated procesgssopposed to
transversely polarized production this function would en-  chiral-odd function more methods of extraction are avail-
ter the cross-section accompanied by the transversity frag;b|e[31]_

mentation functionH,(z) (or ADy/a1). We shall not con- As it was studied in Ref.32] the Collins functionH1 (or
sider this contribution here, not only because of the problemgNDh/aT) satisfies a sum rule arising from momentum con-

. N -
concerningA™f,1/a(Xa K, a) discussed below, but also be- genation in the transverse directions. The same holds for the

cause the experimental evidence that the hyperon p°|ariz%1herkL-odd,T-odd fragmentation functiod; [33],

This idea was first applied to unpolarized lepto-
production[22] and to single spin asymmetries jxp! scat-

tion is somewhat independent of the nature of the hadronic
target suggests that the mechanism responsible for the polar- K2
ization is in the hadronization proce’s.ﬁ\ clean test of this > j dzf dkf—lDlT(z,kL)=O, (11)
should come from a measurementRf in unpolarized deep h zM
inelastic scatteringDIS) processes,p— A X [30].

The k,-dependent functions considered in Refs.or in terms of the functiod Dy,
[11,14,19,22,12,23 (ANf a1, ANfaija, ANDpar, and
ANDy1/, Or, respectivelyfir, hy, Hy, andDy;) have the B .
common feature that the transverse momentum direction isEh: Cth=§h: J dZJ d%k k, sinpANDy1/a(z,k, ) =0,
correlated with the direction of the transverse spin of either a (12)
quark or a hadron, via a sif dependence, as can be seen
from Eq. (2), for example. The reason for considering thesewhich is equivalent to Eqi11) via Eq. (4).
functions is that this “handedness” of the transverse mo- Notice that the above sum rule can be written as
mentum compared to the transverse spin is displayed by the
single spin asymmetry data in, for instangs' — 7X and R
pp— A'X. However, the problem of using such functions is E f dzf d?k, k, D1/a(z,k,)=0, (13
that naively they appear to be absent due to time reversal n
invariance. This conclusion would be valid if the hadronic R
state appearing in the definition of such functions is treate@nd the same holds independently [y ,,(z,k, ). Equation
as a plane-wave state. One can then show that the functio$3) has a clear nontrivial physical meaning: for each polar-
are odd under the application of time reversal invariancejzation direction ¢ or |) the total transverse momentum
whereas hermiticity requires them to be even. If, howevergarried by spin 1/2 hadrohss zero.
initial- or final-state interactions are present, then time rever- The sum over hadrons prevents a straightforward applica-
sal symmetry will not prevent the appearance of nonzerdion of the sum rule to the case of production alone. It
(naively) T-odd functions. In the case of a state like cannot be used as a constraint on the parametrization of the
|Ph,Sh;X), final-state interactions are certainly present andunction to be fitted to the data. However, we note that the
nonzero fragmentation functionsNDy,,1 and AND1,, are  integralC,M,, for each hadron typk is the same function of
expected. However, for distribution functions this issuethe energy scaléimplicit in all expressionsapart from as
poses severe problems and since we will only consider fragyet unknown normalization. In this sense it closely resembles
mentation functions here, we refer to Ref$2,14,23 for  the tensor charge. In other words, the running of the func-
more detailed discussions on this topic. tions are the same for any type of hadron and there is no

The main difference between the functiad'D,,,; as  mixing with other functions. The ratios for different types of
originally proposed by Collins and the function under hadrons are constants, which allow for checks of consistency
present investigatiolND, 1/, is that the former is a so- between sets of data obtained at different energies, without
called chiral-odd function, which means that it couplesthe need for evolution. These constants are universal, if in-
quarks with left- and right-handed chiralities, whereas thedeed theT-odd fragmentation functions are universal. This
latter function is chiral even. Since the perturbatip@CD)  universality is the main point of interest here: one wants to
interactions conserve chirality, chiral-odd functions must al-see if A polarization from unpolarized quark fragmentation
ways be accompanied by a mass term or appear in pairs independent of the initial state, as is implicit when writing

down the factorized cross sections E¢®. and (9). At the

This is not in contradiction with the observed spin transt2 ()
in pp'—A'X [29], which in the factorized approach can be de- 2Strictly speaking, the sum ovéris over all hadrons that carry
scribed in terms of the ordinary transversity distribution and frag-transverse polarization, which might be true also for higher spin
mentation functions, rather than in terms&¥Dy,1, . hadrons.

054029-3



M. ANSELMINO, D. BOER, U. D'ALESIO, AND F. MURGIA PHYSICAL REVIEW D63 054029

present time, this cannot be verified due to lack of data butll. NUMERICAL FITS OF DATAON P, FROM pN—AX
some predictions can be givg¢B0] that will allow tests of PROCESSES
this universality.

At present it is unclear up to what extent is factorization
in Egs.(8) and(9) valid and how large nonfactorizable con-
tributions could be in the kinematical range of the available
data. However, extension of factorization theorems with in-
clusion ofk, is a natural ansafZl2] and further corrections dp,
might be small for ratios of cross sections. We are attempting . . 1R
a description ofA polarization in unpolarized hadronic pro- _ J dsz[J dz dx,— XpS
cesses, based on perturbative QCD factorized elementary dy- abed J(+k)) Zumin wz (—tdy)
namics and nonperturbative spin- akd-dependent frag-
mentation functions: even qualitative agreement could be
considered as substantial progress and as a starting point for
further refinements and developments. Use of the same
methods and the same results obtained here for proton-
nucleon processes to predittpolarization in other reactions —{ki——ki}
will provide a clear and crucial test of our approach: it will

reveal whether or not we have taken into account the maihich deserves several comments and some explanation of
source of the observed polarization. notations

_We only consider the quaark fragmenting into\aand not In deriving Eq.(14) from Eq. (8) we have used the fact
|nto_ othgr hyperons like th&"”. The Iatter,actl_JaIIy produces that AND ,+/o(z,k, ), Eq. (3), is an odd function ok, ; the
a significant amount20-30% of the A’s via the decay (i y integration region ok, runs over one half plane of
39— Ay. The reason we do not introduce a sepatate its components.
fragmentatipn function at this stage is that the factoriz_ed aP- The x, integration has been performed by exploiting the
proach by itself does not address such a separdttois
about a generic spin-1/2 hadron of tyljpg unless one intro-
duces some additional input like a model basedif3) or td
unless one applies it to separate sets of data for each hyperon ;b: — L, (15)
(which are not available ygf34]. Apart from that, for each XaZStUud,
quark flavor such &° fragmentation function would evolve
in the same way as thd fragmentation function, which Wwhere®; and®, are defined below.
implies that their relative fractions stay constant. In this way K, could have any direction in the plane perpendicular to
we can view theA fragmentation function as an effective Pc; however, due to parity conservation in the hadronization
fragmentation function that includes the contamination dudProcess, Eq(5), the onlyk, component contributing to the
to 3%s. Indeed, the fragmentation functions we shall use inpolarizing fragmentation function is that perpendicular to
the next section have been obtained from fits to inclugive P, i.€., the component lying in the production plane, the
productions ine" e~ processes independently of their origin. X-z plane in our conventions. To simplify the kinematics we
In this respect the sum ovérthat appears in Eq$11)—(13) shall then consider only the leading contributionskofvec-
should exclude hadrons already taken into account in théors in thex-z plane.
effective A polarizing fragmentation function. s, t, and u are the Mandelstam variables for theN

At a later stage, one might make the distinction that the— A X process; in the simple planar configuration discussed
39 fragmentation is a different fraction of the effective = above @, and k, both lying in thex-z production plang
fragmentation function for different quark flavors. One canthey are related to the corresponding variables for the el-
insert all this information with hindsight and correct for it, ementary processes by
but the present approach cannot be used to acquire this in-

Equation(8) for proton-nucleon processes can be rewrit-
ten as

E,d3gPN-AX
- PA

Xamin

o d&ab—»cd o
X fa/p(xa)fb/N(Xb)T(Xa Xp Ky )

AND \1/6(z,k, ), (14)

S(s+t+u) function; the resulting value of, is given by

formation unless the data could clearly distinguish s é:zpa. Pp=XaXpS,

coming from3%s. Our approach of using an effective

fragmentation function would be more problematic if the i — 2P, po= (X4 /Z)tD( K, ) (16)
- "M (Aa t\="R1/»

would decay into final states other thahy (where the
branching ratio happens to be 100%en only a part of the

total 3° fragmentation function would be included into the U=—2pp- Pe=(Xp/2)ud (=K, ),
effective A fragmentation function and this would be energy
dependent. B with

We shall now consider botkh and A production and Ne .
attempt a determination of the polarizing fragmentation func- _ _ stu —u
tions AND 1/, by comparing results foP, and Py from t@(=k)=g(k,) t+2|(it+u [1=gk)] 2
Egs.(8) and(9) with data from[35-39. (17)
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Jstu

ud,(=k,)=g(k,)jux2k

Lt+u

t—u
+[l_g(ki)]7}
(18

whereg(k,)=1—(k, /p,)? and where+k, refer respec-
tively to the configuration in whick, points to the left or to

the right ofp.. Up to the leading order ik, /p, one has

ok, )=1 ki\ﬁ ®,(k —1+ki\f 19
(k)=1= T k) =1+ L (19

The lower integration limits in Eq.14) are given by

ud,(*k, )
zs+td(*xk,)’

Xamin™ —

td( =k, )+ud,(+k,)
S

=

. (20

Notice that the integration limits are slightly different for
+k, and —k, ; when replacingk, with —k, inside the

square bracket of Eq14), one should not forget to change
accordingly also the andx, integration limits and the value

of;b Eq. (15), although the results are only marginally af-
fected by this.
Equation(14) can be schematically written as

doPN-AXp

_ deNHATx_ do.pNﬂAlX

=ab2c | farp(Xa) @ Foyn(Xp) @ [da® (x4, Xp K, )

—da?®%(x, %y, — Kk ) J®AND y1/(z.k, ), (2D)

which shows clearly thaP, is a higher twist effect, despite
the fact that the polarizing fragmentation functidfD 1, is

a leading twist function: this is due to the difference in the

square bracketdo(+k,)—do(—k,)]~k, /py similar to
what happens for the single spin asymmetriep ip— 7X
[14,19.

In the computation of the unpolarized cross section

Ed3aPN=A%/dp, intrinsic-transverse motion is significant

PHYSICAL REVIEW D 63 054029

We have checked that different ways of taking into account
nuclear effects leave results foP,—a ratio of cross
sections—almost unchanged. The partonic distribution func-
tions in a neutron are obtained from the usual proton distri-
bution functions by applying isospin invariance.

Equation(14) holds for any spin 1/2 baryon; we shall use
it also for A’s using charge conjugation invariance to obtain
g—A fragmentation properties frong— A properties,
which impliesDjg=D x/q and AND 11/a=AND 4 1/4.

We now use Eq(14) in order to see whether or not it can
reproduce the data and in order to obtain information on the
new polarizing fragmentation functions. To do so we intro-
duce a simple parametrization for these functions and fix the
parameters by fitting the existing data B and Py [35—

39].

We assume that "D ,1,.(z,k, ) is strongly peaked around
an average valulef lying in the production plane, so that we
can expect

f( ) )dszANDAT/c(ZrkL)F(kL)ZAB‘DATIC(ZlkE)F(kE)-
+
) (23

Consistently, since in this cas€k, ) depends weakly ok,
whenk, <p+, in the computation of the unpolarized cross
section we use

. 1
JM %, D2k JF (k)= 5D e(@F (D). (24

The averagekf value depends omand we parametrize this
dependence in a most natural way,

k?(2)

Y Kz3(1-2)",

(25

whereM is a momentum scaleM =1 GeV/c); in perform-
ing the fit we demand tha€, a andb are constrained so that
they satisfy the kinematical bounpf= (p} —k?)/z*=p3
from whichk?<(1—2z%)p3% and

K2 (2)=<(py)minV1—z=(1GeVl)\y1-z, (26

only in limited phase space regions: we have checked tha¥hich impliesa=0 andb=0.5. The values oK, a, andb
the values obtained in most of the kinematical regions of€sulting from our best fit will have a clear physical meaning.

. . Y 0y : R .
available data do not vary whether or not we take into ac- We parametrize\qD ,1,c(z,K}) in a similar simple form:

countk, . Notice that when taking into accoukt , the ex-
pression foiE ,d3aPN~4%/d%p, is the same as E¢14) with
the — inside the square brackets replaced by+aand

AND \1/(z.k, ) replaced byD 4,c(z.k,).

we know that it has to be zero whén =0 andz=1; in
addition, the positivity of the fragmentation functions, Eg.
(5), requires, at any k, value, [ANDyj4(z.k,)|
sf)h,q(z,kl). However, according to Eq§23) and(24) and

When computing the cross sections for scattering off nuf0 take into account the mention¢see comment after Eq.

clei pA—A'X for which plenty of data are available, we

(20)] difference of the integration regions+k,) and

have adopted the most simple incoherent sum neglecting~K.), which is significant at the boundaries of the kine-
nuclear effects. That is, for the scattering off a nucleus withmatical rangeswhenpr=Kk, and whemr=pr may, we pre-

A nucleons an& protons we use

da_pAHAX:Zdo_ppﬁAX_’_(A_Z)do.pnﬂAX. (22)

fer to impose the more stringent boud{D ,1,c(z,k?)|
<D ,,.(2)/2. Following Ref.[40], this is automatically sat-
isfied by taking
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ABIDAT/C{(ZIKS) 0 T T T T T T
- K (2) z%(1—z)Pa D A/q(2) 01
! Cqqd d
M cqadg¥ (cq+dg)®a*da) 2 wl
o z%(1-2)%  Dyg(2) P,
a cqugq/(chrdq)cq*dq 2 03
Dasg(2) 04 e =[0.2-0.3] bkt
=Ngz(1-2)%—2—, 27 X2 10.405] o
05 . Xe=[06-07) +---e-x
where we have used E@25), and we requirec,=a+ aq 05 1 15 2 25 3 35 4
>0, dqg=b+B4>0, and|N(’1|Ks1. p; (GeV)

We are now almost fully equipped to compu®g and

P+ ; let us briefly discuss the remaining quantities appearing F!CG- 1. Our bestfit t®®, data fromp-Be reactions as a function
in Eq. (14). of pr and for differentxg bins as indicated in the figure. Only some

We sum over all possible elementary interactions Com-Of the bins are shown, see Fig. 2 for complementary bins. The
experimental results37—39 are collected at two different c.m. en-

puted at lowest order in pQCD. The polarizing fragmentation ™", - N .
functions—parametrized as in E(R7)—are supposed to be ergies,/5=82 GeV andys=116 GeV. For eachig-bin, the cor-

nonvanishing onlv forA valence quarksu. d. ands simi- responding theoretical curve is evaluated at the mgawmalue in
9 y q S, d, ! the bin, and ak/§= 80 GeV; the results change very little with the

larly for A valence antiquarks, d, ands. All contributions  energy. See the text for further details.
to the unpolarized fragmentation functions—from quarks,
antiquarks, and gluons—are taken into account. Let us comment in some details on our results.

We adopt the unpolarized distribution functions of In Figs. 1 and 2 we present our best fitsRg as a func-
Martin-Roberts-Stirling-Thorne[41]. We have explicitly tion of py for differentxg values as indicated in the figures:
checked that a different choice makes no difference in outhe famous approximately flgt: dependence, fop; greater
conclusions. We fix the QCD hard scale of distributiamd  than 1 GeVt, is well reproduced. Such a behavior, as ex-
fragmentatioh functions at 2 (GeW)?, corresponding to pected, does not continue indefinitely wiph and we have

an average valupr=1.5 GeVk. Since the range gi; val-  explicitly checked that at larger values p{ the values of
ues of the data is rather limited, no evolution effect would beP, drop to zero: the shape of such a decrease, contrary to
visible anyway. what happens in the; region of the data shown here,

We use the set of unpolarized fragmentation functions oktrongly depends on the assumptions about the nuclear cor-
Ref.[42], which allows a separate determinationdf,, and  rections. It may be interesting to note that this falloff has not
Da/q. and which includes\’s both directly and indirectly yet been observed experimentally, but is expected to be seen
produced; it also differentiates between thguark contribu-  in the near-future BNL Relativistic Heavy lon Collider data.
tion and theu andd contributions: the nonstrange fragmen-

tation functionsD ,,=D,,q are suppressed by a®U(3) 0 T
symmetry breaking factax=0.07 as compared tD ;5. In

our parametrization oAB‘DAT,q(z,kE), Eq. (27), we use the 0.1 F ]
sameD , 4 as given in Ref[42] keeping the same parameters ,
aqandBy (cq andd,) for all quark flavors but allowing for 02 F ]
different values oN,=Ng4 andNy. P,

We can now use pQCD dynamics together with the cho- 03 | AT 8
sen distribution and fragmentation functions and the param- JEAN
etrized expressions of the polarizing fragmentation functions 04l 7 xp=[03-04] + a1 1
in Eq. (14) to computeP, and Py ; by comparing with data Xp = [0.5-0.6] +-ims
we obtain the best fit values of the parametérs, b, N, 05 , K =[07-08] i-—-e-—
=Ng, Ng, cq andd, introduced in Egs(25) and (27). 05 1 15 2 25 3 35 4
Notice that we remain with seven free parametegsandd,, p, (GeV)
being the same for all flavors.

Our best fit result§ y?/degree of freedoniDOF)=1.57], FIG. 2. Our best fit td®, data fromp-Be reactions as a function
taking into account all date85—39, are shown in Figs. 1 —5. of p; and for differentx: bins as indicated in the figure. Only some
They correspond to the best fit parameter values of the bins are shown, see Fig. 1 for complementary bins. The

experimental results37—39 are collected at two different c.m. en-
K=0.69, a=0.36, b=0.53, (28)  ergies,\/s=82 GeV andys=116 GeV. For each-bin, the cor-
responding theoretical curve is evaluated at the mgawalue in

N,=—4.30, Ng=1.13, c,=6.58, d;=0.67. the bin and at/s=80 GeV; the results change very little with the

(29 energy. See the text for further details.
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0 T T T T T T T 0.1 T T T T T T
0.1 | ]
005 | .
-02 + y ]
Py P, 0} d
03 | ] J J
04 L oo o 1L ] 005 b .
04 R 1‘3:{1,;:3} X = [0.1-0.2] -t
et o2 % =[02-03] —v—
0.5 1 LT 1 1 1 | | )I(F: [0]3_0‘4]| }»-»».;»--:
0.1 02 03 04 05 0.6 0.7 0.8 09 0.1

05 1 15 2 25 3 35 4
F p (GeV)

FIG. 3. P, data forp-Be reactions as a function of- and for o . .
differentpy bins as indicated in the figure. The data are collected at FIG. 5. Our pest fit t(PA_data frc_)mp_)-Be re_actlons_as afunction
wo different c.m. energies/s=82 GeV andys=116 GeV[37— of P and for differentxg bins as indicated in the figure. The ex-
39]. The two theoretical curves evaluated\a=80 GeV, corre- perimental result§36,3d are collected at the c.m. energle/f:

. =82 GeV. For eaclxg-bin, the corresponding theoretical curve is
=1. V [ = \Y -dash F
spond topr=1.5 GeVk (solid) andpr=3 GeVic (dot-dashef evaluated at the meaft value in the bin and a’s=80 GeV; the

results change very little with the energy.

X

Also the increase ofP 4| with xg at fixed p; values can

be well described as shown in Fig. 3; the two curves corre- . . .
spond to py=15 GeVt (solid and pr=3 GeVic =1.1 GeVk. In Fig. 4 we show these data and the linear fit

(dashed-dotted (central ling, the upper and lower lines show the fit error

; ; band. The solid line is our computation pt=1.1 GeVkt
The best fits of Figs. 1 and 2 are compare@tBe data
! '9 pared with all parameters fixed as in Eq&8) and (29); our fit

[36—39, these are collected at two different energies in the )
p-Be cm. frame, s=82 GeV [36-3§ and s reproduces the data with good accuracy.
~116 GeV [39] Ol,,lr calculations are performed afs In Fig. 5 we show our best fit results fé, as a function

. . . of py for different xg values, as indicated in the figure: in
=80 GeV; we have explicitly checked that by varying the . . . X
energy between 80 and 120 GeV, our resultsAgrvary in this case all datf36,38 are compatible with zero, with large

the kinematical range considered here at most by 10%, i o, and the measurag range is not as wide as fér, as

agreement with the observed energy independence of tHgkPected from the lack of overlapping betweén and
data. nucleon valence quarks.

The resulting values of the parameters, Eg8) and(29),
are very realistic; notice, in particular, that essentially
reaches its kinematical limit 0.5 and the whole functi@b)
giving the averagé&, value of aA inside a jet turns out to be
very reasonable.

Mostly u and d quarks contribute td®,, resulting in a

Some data fronp-p collisions are also available; in Ref.
[35] a linear fit toP(xg) is performed collecting all data
with p;y=0.96 GeVEt for an average value(pt)

10! ; . .

0.5 1 ! 1 ! 1 1 D‘\
0.1 02 03 04 05 06 0.7 0.8 09

X

F

FIG. 4. Experimental results fd?, in p-p reactions as a func-
tion of xg from Ref.[36]. All data with p;=0.96 GeVEt are col-
lected and pr)=1.1 GeVk. Also shown is a linear fit to the data
taken from Ref[36] (central ling; the upper and lower dot-dashed ~ FIG. 6. Plot of|A)D 1,4 (= |A}D z1/4]) andAdD 1< as given
lines show the corresponding fit error band. The solid curve show$y Eq.(27) with the best fit parametef28) and(29). For compari-
the theoretical computation at;=1.1 GeVkt with all parameters son we also show the unpolarized fragmentation functions
fixed as in Eqs(28) and(29). Dau (=Dypjg) andD s [42].
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negative value oN, ; insteadu, d, ands quarks all contrib- ~ set are available, although at a rather too low energy scale

2_ . .
ute significantly toP and opposite signs fo¥, andN are  (#°=0.25 GeV)). Nevertheless, we have also tried using
found, inducing cancellations. these sets in our scheme to fit the dataPopand Py : once

In Fig. 6 we p|0t|A’8'DAT/u,d| and AB‘DAT/S as given by ~more we can fit the data better with the symmetric than with

Eq. (27) with the best fit parameter&8) and(29). We show, the asymmetric set, and again negath§fD 1/, ¢ and posi-

for comparison, alsd,,, 4 and D,/s: notice how a tiny tive ApD 15 are found withAgD 176> [A5D x1yy,ql-

value of the polarizing fragmentation functions in a limited

large z region is enough to allow a good description of the IIl. CONCLUSIONS

data. This also shows that taking into account only valence a phenomenological approach has been developed to-

quark contributions ta\"D,,1/q, as we have done, is a jus- wards a consistent explanation and predictions of transverse

tified assumption. _ _ _ single spin effects in processes with inclusively produced
A different set of unpolarized fragmentation functions Cannhadrons; we work in a kinematical region where pQCD and

be found in the literaturg43]: it holds for the quark frag- the factorization scheme can be used, butis not much

mentation intoA + A and givesD (5 , 1)/q rather than a sepa- larger than intrinsid, so that higher twist contributions are

rate expression dD ,,, andDy;q; it would be appropriate to  still important. This applies to several processes for which

compute theA + A single spin asymmetry, data are available, likg@'p— 7X [16,19 and pN—ATX.
_ _ The single spin effect originates in the fragmentation pro-
o do +dor —de —do! cess, either of a transversely polarized quark into an unpo-
A+AT T T T T larized hadron—Collins’s effedtl2]—or of an unpolarized
do* +do +do? +do? quark into a transversely polarized hadron—the polarizing
do doM) 7t fragmentation function$23]. Single spin effects in quark
=| P+ _APX 1+ — - (30 distribution functiong 11] have also been discussgit,17].
do do We have considered here the well-known and long-

. ) standing problem of the polarization & hyperons, pro-
However, since one knows from experiments i reac- g ced at large- in the collision of two unpolarized hadrons.
tions that in the kinematical range of interadtr*<do"  \We have assumed a generalized factorization scheme, with
(and this is confirmed in our scheme, simply due to thethe inclusion of intrinsic transverse motion, with pQCD dy-
dominance ofj overq in a nucleon, one can safely assume namics; the new spin- arid -dependent polarizing fragmen-
tation functionsA’\'DA“q have been parametrized in a simple
way and data orp Be—A'X, pBe—A'X andpp—A'X
have been used to determine the values of the parameters that
give a best fit to the experimental measurements.

The data can be described with remarkable accuracy in all

I,rt'r)eir features: the large negative values of thpolarization,
the increase of its magnitude witty , the puzzling flatp
=1 GeV/c dependence, and th¢s independence; data

Pr+a=Pa. (31

This set—differently from the one of Ref42]—assumes
SU(3) symmetry and takeB ,;,=D;q=D/s-

We have also computeld, with this second set of frag-
mentation functions; as in the previous case we have para
etrizedANDAT,Q| according to Eq(27) with the same values
of ¢4 andd,, for each flavor but different values of, 4 and ¢ . X
N. We can equally well ¢2/DOF=1.85) fit the data ot fom p-p processes are in agreement with data fiprBe
obtaining fits almost indistinguishable from those of Figs.interactions and also the tiny or zero values\opolarization

1—4, with the best fit values are well reproduced. The resulting functioﬁé\‘DAT,q are
very reasonable and realistic.

K=0.66, a=0.37, b=0.50, (32 Different sets of unpolarized fragmentation functions—
eitherSU(3) symmetric or not—lead to very similar conclu-

N,=—28.13, Ng=57.53, c,=11.64, d,=1.23. sions about these new polarizing fragmentation functions de-

(33 scribing the hadronization process of an unpolarized quark

) o ) into a polarizedA: they have opposite signs far and d
Notice that also in this case &U(3) symmetric fragmenta- quarks as compared withquarks and their magnitudes are
tion functionsD 4, and using only data oR, , one reaches |arger for s quarks. They are sizeable with respect to the
similar conclusions about the polarizing fragmentation funcynpolarized fragmentation functions only in limitedre-
tions AND y1/q: Ny q#Ns and not only is there a difference gions, yet they can describe the experiments remarkably
in magnitude, but once more one finds negative values fopg||.
ApD y 17y, @nd positive ones foAyD /5. This seems to be  These polarizing fragmentation functions have a partonic
a well-established general trend. Plots analogous to those @iterpretation and a formal definition, E(R); they are free
Fig. 6, would show also in this case, Eq27) and (33),  from the ambiguities related to initial-state interactions that
AYDA1s>|AYD A1/ dl- might affect analogous distribution functions and we expect

Very recently, new sets of quark and antiquark fragmenthem to be universal, process-independent functions. Our pa-
tation functions into a\ based on a bag model calculation rametrization ofANDAT,q should allow us to give a predic-
and a fit toe"e” data have been publishdd4]. Both a tion for A polarization in other processes; a study |pf
SU(3) flavor symmetric and &U(3) symmetry breaking —A'X, Ip—I'A'X andete”—A'X is in progresg30].
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