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Probing gluon helicity distribution and quark transversity through hyperon polarization
in singly polarized pp collisions
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We study the polarization of hyperon in different processes in singly polarizedpp collisions, in particular its
relation to the polarized parton distributions. We show that by measuring hyperon polarization in particularly
chosen processes, one can extract useful information on these parton distributions. We show in particular that,
by measuring theS1 polarization in highpT direct photon production process, one can extract information on
the gluon helicity distribution; and by measuring the transverse polarization of hyperons with highpT in singly
polarized reactions, one can obtain useful information on the transversity distribution. We present the numeri-
cal results obtained for those hyperon polarizations using different models for parton distribution function and
those for the spin transfer in fragmentation processes.
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I. INTRODUCTION

The spin structure of nucleon is one of the important
sues in high energy spin physics. Since the ‘‘spin cris
induced by the EMC data in 1988@1#, the study of it has
been an active area of both experimental and theoretica
search. Presently, the helicity distributions of quarks, in p
ticular the valence quarks, have been determined with r
tively high precision experimentally through inclusiv
deeply inelastic lepton-nucleon scattering~DIS! processes.
However, little is known from experiment about the gluo
helicity distribution Dg(x,Q2), except some indirect esti
mates from theQ2 evolution of the quark distributions@2#.
For the transversely polarized case, i.e., the transversity
tribution of quarks in the nucleon,dq(x,Q2), the situation is
even worse. Due to its chiral-odd property, it cannot be m
sured in inclusive DIS process and is up to now unmeasu
@3#. It has to be accompanied by another chiral-odd quan
Excitingly, many interesting ideas to measureDg(x,Q2) and
dq(x,Q2) in polarizedep scatterings andpp collisions have
been proposed@2–4# and the related experiments are bei
undertaken or are underway.

Hyperon polarization, in particular forL, has been widely
used to study various aspects of spin effects in different
actions in particular the spin-dependent fragmentation fu
tions for their self-analyzing decay. The spin-dependent fr
mentation function is interesting in itself and also in servi
as filters for exotic parton distribution functions, such as p
larized antiquark distributions and the above-mention
gluon helicity distribution and transversity of nucleon@5#.

In a recent publication@6#, we made a detailed study o
the longitudinal polarization of hyperons with high tran
verse momentapT in inclusive process inpp collisions with
one beam longitudinally polarized. We found out in partic
lar that the origin ofL is usually very complicated and th
contribution of decay of other hyperons is very large. On
contrary, the origin ofS1 is much cleaner. The contributio
from decay of other hyperons is very small. In addition, th
is a characteristic feature forS1 production with highpT in
pp collisions, i.e., the contributions from those which a
directly produced and contain a fragmentingu quark from
1550-7998/2004/70~3!/034015~9!/$22.50 70 0340
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the hard subprocess play the dominant role. In particular
the region ofh.1.5 whereh is the pseudorapidity of pro
duced hyperons, such contributions are larger than 93%
pT.13 GeV andAs5500 GeV~cf. Fig. 10 of @6#!.

This characteristics ofS1 production is remarkable, sinc
in the limiting case that only this kind of contribution i

considered, theS1 polarization isPL
S1( l im)5tS1,u

F PL
u ~where

PL
u is the longitudinal polarization of theu quark after the

hard scattering andtS1,u
F is the spin transfer factor in the

fragmentation process from theu quark toS1 for the case
that S1 contains theu quark!. There are two different mod
els for the spin transfer in the fragmentation processes, on
based on the SU~6! wave function of the hadrons, the other
based on the DIS data and those of hyperon decay. The
transfer factor is different in the two pictures but is a co

stant in both cases. Hence,PL
S1

is directly proportional to
PL

u . The fragmentation effects come in only through the p
portional constanttS1,u

F . In this case, measuringS1 polar-
ization provides a nice tool to study the polarization of t
quarks before fragmentation. Since such quark polariza
is determined by the polarized quark distribution functions
the nucleon and the calculable spin transfer factor in the h
scattering, we expect that we can use it to study the ex
distributions, i.e., the gluon helicity distribution and th
quark transversity distribution in suitable processes.

In this paper, after a brief summary of the calculati
method and main conclusion for hyperon polarization in
clusive production processes inpp collisions, we present two
examples in this direction, i.e., hyperon polarization in dire
photon production process in longitudinally polarizedpp col-
lisions, and the transverse polarization of hyperons with h
pT in transversely polarizedpp collisions. We show that they
can be used to study the gluon helicity distributio
Dg(x,Q2) and the quark transversity distributiondq(x,Q2)
respectively. We present the numerical results for the
peron polarization in these two processes obtained by u
different models forDg(x,Q2) anddq(x,Q2). We show that
both of them can be measured at, e.g., BNL RHIC and s
measurements should provide important information
Dg(x,Q2) anddq(x,Q2).
©2004 The American Physical Society15-1
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II. CALCULATION METHOD OF POLARIZATION
OF HYPERONS WITH HIGH pT IN POLARIZED

pp COLLISIONS

The calculation method of the polarization of hypero
with high pT in longitudinally polarizedpp collisions has
been given in@6#. The method can be easily extended
other cases. In this section, we summarize the main poin
the method.

A. General formulas

We consider inclusive hyperon production with highpT in
pp collisions with one beam longitudinally polarized. Th
produced hyperons with highpT are mainly from the frag-
mentation of a scattered highpT parton in the hard subpro
cess, in which one of the initial partons is~longitudinally!
polarized. Since the polarization can be transferred to
outgoing parton in the hard scattering, the scattered pa
can also be polarized and its polarization can further
transferred to the produced hyperons. Their polarizations
be obtained as follows~the subscripts ‘‘1’’ and ‘‘ 2 ’’ below
denote helicities!:

PL
H5

ds (p1p→H1X)2ds (p1p→H2X)

ds (p1p→H1X)1ds (p1p→H2X)
[

dDs (pW p→HW X)/dh

ds (pp→HX)/dh
,

~1!

where h is the pseudorapidity of produced hyperon,dDs
andds are polarized and unpolarized cross sections for
clusive hyperon production with highpT . For sufficiently
high pT , the factorization theorem can be applied and
~polarized! cross section can be expressed as a convolu
of perturbatively calculable partonic cross sections with c
tain sets of~polarized! parton distribution and fragmentatio
functions at a proper scale. In this case the relevant polar
cross section can be expressed as@7,18#

dDs (pW p→HW X)

dh
5E

pT
min

dpT (
abcd

E dxadxbdzD f a~xa ,m2!

3 f b~xb ,m2!DDc
H~z,m2!

dDŝ (aW b→cWd)

dh
,

~2!

where the sum runs over all possible subprocesses, an
transverse momentapT of hyperons are integrated above
lower limit pT

min ; D f a(xa ,m2) and f b(xb ,m2) are the longi-
tudinally polarized and unpolarized distribution functions
partons in proton at the scalem; xa and xb are the corre-
sponding momentum fractions carried by partona and b.
DDc

H(z,m2) is the longitudinally polarized fragmentatio
function,

DDc
H~z,m2![Dc(1)

H(1)~z,m2!2Dc(1)
H(2)~z,m2!, ~3!

whereDc(1)
H(1)(z,m2) andDc(1)

H(2)(z,m2) are the probabilities to
produce aH with positive and negative helicity in the frag
mentation of a partonc with positive helicity, carrying off a
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fraction z of parent parton’s momentum.dDŝ is defined for
the hard scattering subprocess similarly asdDs in Eq. ~1!,
which can be calculated by PQCD.

The unpolarized cross sectionds (pp→HX)/dh is given by
an expression similar to that in Eq.~2!, with all D ’s removed.
It can be calculated with considerable precision using
available parametrizations of the unpolarized parton distri
tion and fragmentation functions.

For the polarized case, we see that from Eq.~2!, the un-
known parts in the formulas are the polarized fragmentat
function DDc

H(z,m2) and the polarized parton distributio
D f a(xa ,m2). If we know D f a(xa ,m2), we can study
DDc

H(z,m2) through hyperon polarization. Similarly, if th
influence fromDDc

H(z,m2) can be determined, we can use
to study the polarized parton distribution functions.

B. The polarized fragmentation function DDc
H
„z,µ2

…

We consider a general fragmentation processqf→Hi1X
~subscripts ‘‘f ’’ and ‘‘ i ’’ denote the quark flavor and the typ
of hyperons! and calculateDDqf

Hi(z,m2) in the following

way. We divide the producedHi ’s into four groups and con-
sider them separately:~A! directly produced and contain th
qf ’s; ~B! decay products of heavier hyperons which we
polarized before their decays;~C! directly produced but do
not contain theqf ’s; ~D! decay products of heavier hyperon
which were unpolarized before their decays. In this way,
have

Dqf

Hi~z,m2!5(
a

Dqf

Hi (a)
~z,m2!, ~4!

DDqf

Hi~z,m2!5(
a

DDqf

Hi (a)
~z,m2!, ~5!

whereDqf

Hi (a) andDDqf

Hi (a) are the unpolarized and polarize

fragmentation functions for hyperons of group (a), and a
5A,B,C or D.

It is clear that hyperons from~A! and~B! can be polarized
while those from~C! and ~D! are not@8–11#. Hence, if we
denotetHi , f

F(a) as the spin transfer factor for group (a) in the

fragmentation process, i.e.,

tHi , f
F(a)~z,m2!5

DDqf

Hi (a)
~z,m2!

Dqf

Hi (a)
~z,m2!

, ~6!

we have

tHi , f
F(C)~z,m2!5tHi , f

F(D)~z,m2!50. ~7!

For those hyperons from group~A!, the spin transfer fac-
tor tHi , f

F(A)(z,m2) is taken as the fraction of spin carried by th

f-flavor quark divided by the number of valence quark
flavor f in Hi . In different pictures, such as the SU~6! picture
and DIS picture used ine1e2 andep reactions@8–11#, the
contributions to the hyperon spin from different flavors a
5-2
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different. In the SU~6! picture, these contributions can b
obtained from the SU~6! wave functions of the hyperons. I
the DIS picture, for theJP5(1/2)1 octet hyperons, they ar
obtained from the DIS data on the spin dependent struc
functions and those on hyperon decay. In both pictures,tHi , f

F(A)

is a constant independent ofz. Clearly, tHi , f
F(A) is the probabil-

ity for the polarization ofqf to be transferred to the produce
hyperonHi in the case thatHi containsqf . It is called ‘‘frag-
mentation spin transfer factor’’ and is usually denoted
tHi , f
F , i.e., tHi , f

F(A)[tHi , f
F . A list of tHi , f

F for different hyperons

can be found in Table I of Ref.@10#.
For those from group~B!, hyperonHi ’s are from the de-

cay of the heavier hyperonH j ’s which are from group~A!
and polarized before their decays. Here, an additional de
polarization transfer factortHi ,H j

D is needed to obtain

tHi , f
F(B)(z,m2) and we have

tHi , f
F(B)5tHi ,H j

D tH j , f
F , ~8!

where tHi ,H j

D is the probability for the polarization ofH j to

be transferred toHi in the decay processH j→Hi1X and the
superscript ‘‘D ’’ stands for decay. It is determined by th
decay process and is independent of the process in whicH j
is produced. For the octet hyperon decays, they are extra
from the materials in Review of Particle Properties@12#. For
the decuplet hyperons, we have to use an estimation base
the SU~6! quark model@8#. Thus, as we pointed out in@6#, to
reduce the uncertainty of calculations, it is important to co
sider the hyperons to which decay contributions are sma

Obtaining the spin transfer factors for different groups
hyperons, we can getDDqf

Hi(z,m2) if we know the corre-

sponding unpolarized fragmentation functionsDqf

Hi (a)(z,m2).

The result is given by

DDqf

Hi~z,m2!5tHi , f
F Dqf

Hi (A)
~z,m2!

1(
H j

tHi ,H j

D tH j , f
F Dqf

Hi (B,H j )~z,m2!, ~9!

whereDqf

Hi (B,H j )(z,m2) is the contribution toHi production

from group~B! throughqf→H j1X andH j→Hi1X8.
Using Eqs.~4! and~9!, we can obtain theHi polarization

in the general fragmentation processqf→Hi1X. We note
that, one of the characteristics of the model is that,
z-dependence ofPHi comes from the interplay of the differ
ent contributionsDqf

Hi (a)(z,m2), which are determined by th

hadronization mechanism. These different contributions
be calculated using a hadronization model that are w
tested in unpolarized reactions. This means that the shap
the z-dependence of the hyperon polarization from the fr
mentation processqf→Hi1X in this model can be fixed to a
very large extent by the results of an unpolarized hadron
tion model without any new free parameter. It is therefo
very crucial to test the model by looking at the shape of
z-dependence of hyperon polarization. In this sense, the
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places to test this model are, e.g.,e1e2 annihilation or
deeply inelasticep scattering, where fragmentation of a p
larized quark with a given energy can be studied. The mo
has been applied to these processes@9–11#. Presently, data
on L polarization ine1e2 annihilation are available. It is
encouraging to see that the obtained results under both S~6!
and DIS pictures give a good description of thez-dependence
of the data. Further tests can be made by future experim
in other reactions such as lepton nucleon deep-inelastic s
tering andpp collisions.

C. Different contributions to hyperon production in pp\H iX

As mentioned earlier, the different contribution
Dqf

Hi (a)(z,m2)’s are determined by the hadronization mech

nism, and are independent of the polarization properties
can be obtained from a hadronization model. Presently,
most convenient way to do this is to employ a Monte Ca
event generator. In practice, we calculate hyperon polar
tion by rewritingPL

Hi in Eq. ~1! as

PL
Hi5

( f tHi , f
F PL

qf^nHi , f
A &1(

j , f
tHi , f
F(B)PL

qf^nHi ,H j , f
B &

^nHi

A &1^nHi

B &1^nHi

C &1^nHi

D &
.

~10!

The quantitiesPL
qf and the different̂nHi

a & ’s are related to the

parton distribution and the fragmentation functions in t
following way. PL

qf is the polarization of the fragmentin
quarkqf , i.e., the polarization of the outgoing quark in th
hard scattering, which can be calculated by PQCD and s
able parton distributions.̂nHi , f

A & is the average number o

Hi ’s which are directly produced and containqf , and
^nHi ,H j , f

B & is the average number ofHi coming from the

decay of H j which contains a polarizedqf . ^nHi

A &
([( f^nHi , f

A &), ^nHi

B &([( j , f^nHi ,H j , f
B &), ^nHi

C &, and ^nHi

D &
are the average numbers of hyperons of group~A!, ~B!, ~C!,
and ~D! in pp→HiX, respectively. They are related t
Dqf

Hi (a) in pp→HiX by

^nHi

a &} (
abcd

E dxadxbdz fa~xa ,m2! f b~xb ,m2!

3Dc
Hi (a)

~z,m2!dŝ (ab→cd). ~11!

We use Lund model@13# implemented by the event generat
PYTHIA @14# to obtain them in our calculations forpp colli-
sions.

In Ref. @6#, with the aid of generatorPYTHIA, we calcu-
lated the different contributions to the inclusive highpT hy-
peron production inpp collisions. We found out that, forL
production~cf. Fig. 7 of Ref.@6#!, the contribution of group
~A! is relatively small. The contribution of decay of othe
hyperons is considerably large. Hence, the uncertaintie
the calculations ofL polarization are relatively large. In con
trast, we found out also that, forS1 production~cf. Fig. 10
5-3
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of Ref. @6#!, the decay contribution from heavier hyperons
very small. It takes only a few percents forpT.13 GeV at
As5500 GeV. The contributions from group~A!, i.e., which
are directly produced and contain a fragmentingu quark play
the dominant role. In fact, they give more than 75% of t
whole producedS1’s at pT.13 GeV. In particular for the
region ofh.1.5, they take more than 93%. The reason
this result is simple: TheS1’s of group ~A! are usually the
leading particles of quark fragmentation. They take the la
est fractions of the momenta of the fragmenting quark.
produce a nonleadingS1 with the samepT , one needs a
quark of much higherpT , whose production is much sup
pressed. SinceS1 has twou valence quarks, andu-quark
contributes much to the highpT quark jet, the contribution to
S1 from u dominates at largepT .

If we neglect all other contributions, i.e., consider on

the contribution of type~A!, we obtain thePL
S1

in this lim-

iting case, i.e. thePL
S1

for those only from the origin~A! as

PL
S1( l im)5PL

S1(A)5tS1,u
F PL

u . ~12!

It is directly proportional to the polarization of theu-quark,
PL

u , after the hard scattering and the proportional constan
just the fragmentation spin transfer factortS1,u

F .
We note that, as can be seen from Eq.~6!, the factortS1,u

F

can in general bez-dependent. But, since theS1’s from
group ~A! are usually the leading particles in the jet,
z-distribution is expected to be very narrow. To get a feel
of it, we calculate the distribution ofz for suchS1’s using
the MC event generatorPYTHIA and the results are shown i
Fig. 1. We see that, the distribution is indeed very narr
with a peak atz.0.8. In this region, the fragmentation func
tion do not change very fast withz. Hence, we expect tha
the z-dependence oftS1,u

F , if any, should not have much
influence on theS1 polarization. In this paper, we only dis
cuss the case that such az-dependence is neglected. In th
case, the factortS1,u

F can be different for different picture

FIG. 1. The distribution ofz fraction of S1’s that are directly
produced and contain a fragmentingu quark inpp collisions atAs
5500 GeV andpT

min513 GeV.
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but it is a constant and can in principle be determined
corresponding experiments by one data point. Hence,S1

polarization provides a nice tool to study the polarization
the quarks. In this way, we can study the polarized par
distributions, such as the gluon helicity distribution and t
quark transversity distribution, by measuringS1 polariza-
tion in suitable process ofpp collisions. In next two sections
we give two of such examples.

III. POLARIZATION OF S¿ IN DIRECT PHOTON
PRODUCTION PROCESS AND GLUON HELICITY

DISTRIBUTION

Among different methods to probe gluon helicity distrib
tion in nucleon, highpT direct photon production inpp col-
lisions is one of the most direct process since the cross
tion is directly related to the gluon distribution. The idea
measure gluon helicity distribution through the double s
asymmetryALL in direct photon production process is one
the most promising methods in this connection@4#. Here,
both beams need to be polarized. In this section, we sh
that useful information can also be extracted on the glu
helicity distribution by measuring polarization ofS1 with
high pT in pW p→gSW 1X with one beam polarized.

A. Calculation formulas for hyperon polarization
in p¢ p\gH¢ X

We consider the polarization of hyperons with highpT
associated with a single largepT direct photon inpp colli-
sions with one proton longitudinally polarized. We recall th
three kinds of hard scattering, i.e.,qg→gq, q̄g→gq̄, and
qq̄→gg, contribute topp→gHX at high pT . But, for pp

→gS1X, the latter two, i.e.,q̄g→gq̄, and qq̄→gg, are
significantly suppressed. Using the event generatorPYTHIA,
we can study this explicitly. The results show that their co
tributions are less than 4% totally atAs5200 GeV and
pT

min54 GeV. This implies that, the hard processqg→gq
play the dominant role inpp→gS1X at high pT and the
contributions of other two subprocesses can be neglecte
this case, the polarized cross section forpp→gS1X is given
by

dDs (pW p→gSW 1X)

dh
5E

pT
min

dpT(
f
E dxadxbdzDg~xa ,m2!

3qf~xb ,m2!DD f
H~z,m2!

dDŝ (gW qf→gqW f )

dh

1~g↔qf !, ~13!

where the sum runs over the different quark flavors. The fi
term corresponds to the contribution from subprocessgW qf

→gqW f while the second term (g↔qf) corresponds to the
contribution fromqW fg→gqW f , which has a similar expressio
as the first term with an exchange ofg andqf in the parton
distributions and the hard scattering cross section. We
that the first term is related toDg(x), while the second one
5-4
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is related to Dqf(x). In our following calculations, we
choose the positive axis of pseudorapidityh as the moving
direction of the polarized proton. We expect that the fi
term dominates at the region ofh,0, while the second one
contributes mainly at the region ofh.0, since the probabil-
ity for a forward scattering is usually much larger than th
for a backward scattering. This will be further illustrated
next subsection using the results from Monte Carlo calcu
tions.

For the first term of Eq.~13!, the hard scattering isgW qf

→gqW f . The integrand can be rewritten as

Dg~xa ,m2!qf~xb ,m2!DD f
H~z,m2!dDŝ

5(
a

PL
qftH, f

F(a)g~xa ,m2!qf~xb ,m2!D f
H(a)~z,m2!dŝ,

~14!

wherePL
qf is the polarization of outgoing quark in the ha

subprocessgW qf→gqW f and is directly related toDg(xa ,m2)
by

PL
qf5

dDŝ

dŝ

Dg~xa ,m2!

g~xa ,m2!
. ~15!

dDŝ/dŝ is the spin transfer fromg to qf in the hard scatter-
ing gW qf→gqW f . To the leading order, it is given by

DL~y![
dDŝ

dŝ
5

12~12y!2

11~12y!2
, ~16!

wherey[kq•(kg2kg)/kg•kq andkg , kq andkg are the four-
momenta of incoming gluong, quarkqf and the producedg
respectively.

For the second term of Eq.~13!, the integrand is

Dqf~xa ,m2!g~xb ,m2!DD f
H~z,m2!dDŝ

5(
a

PL
qftH, f

F(a)qf~xa ,m2!g~xb ,m2!D f
H(a)~z,m2!dŝ,

~17!

where

PL
qf5

Dqf~xa ,m2!

qf~xa ,m2!
, ~18!

since the spin transfer forqW fg→gqW f is equal to 1.
We further note that the product on the righ

hand side ~RHS! of Eq. ~14! or Eq. ~17!,
g(xa,m2)qf(xb,m2)D f

H(a)(z,m2)dŝ, corresponds to the un
polarized hyperon production from group (a) in pp
→gHX. They are proportional to the average numbers^nH

a &
of hyperon production inpp→gHX, which can also be ob
tained by the generatorPYTHIA. Hence, if we can determin
the constanttH, f

F(a) using a few data points, we will be able t
03401
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extract information from hyperon polarization on the glu
helicity distribution in direct photon production process inpp
collisions.

B. Numerical results for S¿ polarization in p¢ p\gS¢ ¿X

As can be seen from the above mentioned discussion
get information onDg(x,m2), hyperon production from the
subprocessgW q→gqW is useful while that fromqW g→gqW is a
background. Fortunately, the former dominates at the reg
of h,0 while the latter dominates at the region ofh.0. To
see this explicitly, with the aid of generatorPYTHIA, we cal-
culate these two contributions separately forpp→gS1X
and the results forAs5200 GeV andpT

min54 GeV are
shown in Fig. 2. Here, the cutoff ofpT means that the trans
verse momenta of the produced photon and hyperon are
larger than 4 GeV. We see that although there are some
fluences fromqW g→gqW in the region ofh,0, they are very
small and less than 40%. It is possible to use hyperon po
izations in this region to study the gluon helicity distributio

Figure 3 shows the different contributions toS1 produc-
tion in pW p→gSW 1X for As5200 GeV andpT

min54 GeV. We
see that, the contribution from group~A!, i.e., which are
directly produced and contain a fragmentingu quark is larger
than 80%, even in the smalluhu region. This percentage i
even larger than that forS1 production at highpT in pp
→S1X. In particular in the largeuhu region, theu quark
fragmentation plays the dominant role. Sinceu quark carries
most of the hyperonS1’s spin, the resultingS1 polarization
in pW p→gSW 1X should be much larger and more sensitive
Dg(x) than that ofL. Furthermore, also due to the dom
nance of theu quark fragmentation, the production rate
S1 should be comparable with that ofL, which implies that
the statistics for studyingS1 should be similar to that ofL.

We first calculatePL
S1

in region of21,h,0 as a function
of pT atAs5200 GeV under the SU~6! and DIS pictures. We
use three different sets ofDg(x) parametrization as input

FIG. 2. Different contributions toS1 production at As
5200 GeV andpT

min54 GeV in the direct photon production in
singly polarizedpp collisions. Dotted line denotes the contributio

from the hard processgW q→gqW , the dashed line denotes that fro

qW g→gqW , and the solid one is the total of them.
5-5
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and the results are shown in Fig. 4. The obtained results f
different Dg parametrizations differ significantly from eac

other. We also show the results ofPL
S1

in Fig. 5 for pT
min

58 GeV atAs5200 GeV as a function ofh. We see that,

PL
S1

increases with increasingh to the order of 0.3 ath

51. PL
S1

can select among different sets ofDg(x,m2) in the
region of h,0. Such differences could be distinguished
RHIC or other future experiments. Therefore, by measur

PL
S1

in high pT direct photon production process, one can
useful information@15# to distinguish between different se
of Dg(x,m2).

FIG. 3. Different contributions toS1 production in pp
→gS1X as a function ofh at As5200 GeV andpT

min54 GeV.
The solid line denotes the contribution of group~A!, i.e., those
which are directly produced and contain a fragmenting quark in
hard scattering; the dash-dotted line corresponds to the contribu
of decay of other hyperons; the dotted and the dashed lines de
those which contain a fragmenting quark in the subproc

gW q→gqW andqW g→gqW respectively.

FIG. 4. Polarization ofS1 for different sets ofDg(x,m2) in

pW p→gSW 1X as a function ofpT in the region of21,h,0 at As
5200 GeV under~a! SU6 picture and~b! DIS picture for the spin
transfer factor. ‘‘GRSV2000’’ denotes the standard LO GRSV20
@23# parametrization of gluon distribution; ‘‘BB02’’ denotes the L
BB02 parametrization@24#; ‘‘AAC00’’ denotes the LO AAC00 pa-
rametrization@25#. GRV98 @26# for unpolarized parton distribution
is used in all the calculations.
03401
m

t
g

t

As we mentioned in Sec. II C, the origin ofL inclusively
produced inpp collisions is very complicated and the deca
contribution is very large. Also, because of the dominance
u quark fragmentation, the obtainedL polarization is ex-
pected to be very small and contain a large uncertainty.
do similar calculations and find that the obtainedPL

L is
smaller than 3% in all cases and thus it cannot be use
study gluon helicity distribution.

IV. TRANSVERSE POLARIZATION OF HYPERONS
WITH HIGH pT

When one of the proton beam is transversely polariz
the hyperons with highpT can also be transversely polarize
In this section, we show that by measuring the polarizat
of S1 with high pT in transversely polarizedpp collisions,
one can get useful information on the quark transversity d
tributions in nucleon.

A. Calculation formulas for hyperon polarization

in p¢�p\H¢ �X

The calculation formulas for hyperon polarization in th
transversely polarized case are completely similar to thos
the longitudinally polarized case. We summarize them in
following. Similar to Eq.~1!, the polarization of hyperon in
pW'p→HW 'X is given by

PT
H5

ds (p↑p→H↑X)2ds (p↑p→H↓X)

ds (p↑p→H↑X)1ds (p↑p→H↓X)
[

dDTs (pW'p→HW 'X)/dh

ds (pp→HX)/dh
.

~19!

Here, as well as in the following, the subscripts ‘‘↑ ’’ and ‘‘ ↓ ’’
denote the transverse polarization of the particle. The po
ized cross section has a similar expression as Eq.~2!,

e
on
ote
s

0

FIG. 5. Polarization ofS1 for different sets ofDg(x,m2) in

pW p→gSW 1X as a function of h at As5200 GeV and pT
min

58 GeV under~a! SU6 picture and~b! DIS picture for the spin
transfer factor.
5-6
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dDTs (pW'p→HW 'X)

dh
5E

pT
min

dpT (
abcd

E dxadxbdzd f a~xa ,m2!

3 f b~xb ,m2!DTDc
H~z,m2!

dDTŝ (aW'b→cW'd)

dh
,

~20!

where DTDc
H(z,m2)[Dc(↑)

H(↑)(z,m2)2Dc(↑)
H(↓)(z,m2) is the

transversely polarized fragmentation function;dDTŝ is de-
fined for the hard subprocess in case of transverse pola
tion, which can also be calculated by PQCD. Now, simila
to Eq. ~14!, the integrand of Eq.~20! can be rewritten as

d f a~xa ,m2! f b~xb ,m2!DTDc
H~z,m2!dDTŝ

5(
a

PT
qcTH,c

F(a) f a~xa ,m2! f b~xb ,m2!Dc
H(a)~z,m2!dŝ.

~21!

The only differences are that PT
qc and TH,c

F(a)

5DTDc
H(a)(z,m2)/Dc

H(a)(z,m2) are the transverse polariza
tion of the scattering quarkc and the transverse spin transf
factor, which take the place ofPL

qc and tH,c
F(a) in the longitu-

dinally polarized case.PT
qc is related to the transversity dis

tribution by

PT
qc5DT

d f a~xa ,m2!

f a~xa ,m2!
, ~22!

whereDT[dDTŝ/dŝ is the transverse spin transfer in th
hard subprocessaW'b→cW'd from the incoming partona to
the outgoing partonc. To the leading order, it is only a func
tion of y defined in last section, and the results for differe
hard subprocesses can be found in different publicati
@16,17#.

The productf a(xa ,m2) f b(xb ,m2)Dc
H(a)(z,m2)dŝ in the

RHS of Eq.~21!, is again proportional to the average num
bers of hyperons from different groups~A!, ~B!, ~C! and~D!
in pp→HX, which can be calculated by using, e.g.,PYTHIA

@14#. The unknown factors left to obtainPT
H are the spin

transfer factorTH,c
F(a) and d f a(xa ,m2). Hence, if we know

one of them, one can study the other by measuringPT
H .

B. Numerical estimation of transverse polarization
of hyperons with high pT

As we emphasized in Sec. II, the relative weights of
different contributions to hyperons in the final states are
termined by the hadronization mechanism and are indep
dent of the polarization properties. This means that, if
consider pW'p→SW '

1X, we have the same conclusion th
S1’s of origin ~A!, i.e., those are directly produced and co
tain a scatteredu quark, play the dominant role. In this cas
for the S1 polarization, the fragmentation effects come
mainly through the transverse spin transfer factorTH,c

F(a) ,
which is a constant. Similarly, we denoteTHi , f

F(a) as the trans-
03401
a-

t
s

e
-
n-
e

-

verse spin transfer factor for the quarkqf to hyperonHi . So,
in experiments, if we can determineTHi , f

F(a) using a few data

points, we can extract information ondq(x) by measuring

PT
S1

in pp collisions.

To get a feeling of how largePT
S1

can be and how
strongly it depends on the different choices ofdq(x,Q2), we
make some numerical estimations by using different inp
for THi , f

F(a) and dq(x,Q2) in the following. In general, the

transverse spin transfer factorTHi , f
F(a) can be different from

tHi , f
F(a) , the spin transfer factor in the longitudinally polarize

case. This is similar to the difference between the helic
and the transversity distributions of the quarks in nucle
@3#. Because of the relativistic effects, the magnitudes and
shapes of them are in general different from each other.
the other hand, it seems that the qualitative features, in
ticular the signs of them, are the same, especially in the la
momentum fraction region@3#. Similarly, we may expect tha
THi , f

F(a) has the same qualitative behavior astHi , f
F(a) . Hence, we

use the same results as those fortHi , f
F(a) obtained in the SU~6!

and DIS pictures in the following estimations. For the tran
versity distributiondq(x,Q2), we use the simple form ob
tained in the light-cone SU~6! quark-spectator model@20,21#,
and for comparison, the upper limit ofdq(x,Q2) in Soffer’s
inequality @22#,

udq~x,Q2!u<
1

2
@Dq~x,Q2!1q~x,Q2!#. ~23!

We first calculate the transverse polarization ofS1 as a
function ofh at As5500 GeV andpT

min513 GeV inpp col-
lisions with one beam transversely polarized. Here, thepT

min

we have chosen not only guarantees the applicability
PQCD@18#, but also ensures that the quark involved parto
subprocesses dominate others@6,19# in pp→S1X. The re-

sults are shown in Fig. 6. We see that, the magnitude ofPT
S1

can be quite large. It increases to about 0.5 with increas
h. Though not very large, the difference between the res
of Soffer inequality and the light-cone model is obvious.

FIG. 6. S1 polarization withpT
min513 GeV inpW'p→SW '

1X as a
function of h at As5500 GeV.
5-7
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addition, for the convenience of comparison with future e

perimental data, we also calculatePT
S1

for the region of 0
,h,1.5 as a function ofpT at As5500 GeV. The results

are shown in Fig. 7. We see that,PT
S1

’s in different cases
increase withpT and the differences among different mode

are clear.PT
S1

could be measured at RHIC or other futu
experiments and can be used as a complementary meth
obtaindu(x,Q2).

We should note that, the transverse polarization of
produced hyperons discussed above is defined with res
to the direction of motion of the quark before fragmentatio
or the jet axis in the final state. It refers to the transve
polarization direction of the quark after the hard subproce
This polarization direction is determined by the polarizati
direction of the incoming quark and the scattering proc
which is calculable by using PQCD. The PQCD calculatio
show that the direction of transverse polarization of the
coming and that of the outgoing quark are related to e
other by a rotation around the normal of the scattering pla
which changes the moving direction of the quark from t
incoming to the outgoing direction~cf. Fig. 2 of Ref.@16#!.
In practise, since the hyperons that we consider are ma
the leading particles in the jet, the jet axis can approxima
be replaced by the direction of motion of the hyperons.

As a comparison, we also calculate the transverse po
izations forL, S2, J0 andJ2 with pT.13 GeV in polar-
ized pp→HX as a function ofh at As5500 GeV. The re-
sults are shown in Fig. 8. We can see that, they are
transversely polarized with different signs.PT

L is very small
either for light-cone model or Soffer inequality. This is b
cause, the spin transfer from theu and d quark to the pro-
duced L is zero in SU~6! picture and very small in DIS

FIG. 7. S1 polarization at 0,h,1.5 as a function ofpT in

pW'p→SW '
1X at As5500 GeV.
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picture and it is rightu andd quark fragmentation that domi
nate the highpT hyperon production inpp collisions.

V. SUMMARY

In this paper, we study the polarization of hyperon
different processes in polarizedpp collisions and its relation
to the polarized parton distributions, in particular the glu
helicity distribution and the quark transversity distributio
We show that by measuring theS1 polarization in highpT
direct photon production in singly polarizedpp collisions at
high energy, one can extract the gluon helicity distributio
and present the numerical results forS1 polarization in
pW p→gSW 1X at RHIC energy obtained using different inpu
of Dg(x,Q2). The results show thatS1 polarization is in
general large and sensitive toDg(x,Q2) in the region of
22,h,0. We also find out that the measurement of tra
verse polarization ofS1 with high pT in pW'p→SW '

1X can
provide useful information for the transversity distribution
nucleon, and present the numerical results obtained u
different inputs for the transversity distributions and the s
transfer factor in fragmentation of transversely polariz
quark. Such measurements can be carried out, e.g., at R
and should provide useful information on the gluon helic
distribution and quark transversity distribution in nucleon
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