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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 polapgedllisions, 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 th& * polarization in highp; direct photon production process, one can extract information on
the gluon helicity distribution; and by measuring the transverse polarization of hyperons witp;higlsingly
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 hard subprocess play the dominant role. In particular for
the region ofp>1.5 wherey is the pseudorapidity of pro-
The spin structure of nucleon is one of the important is-duced hyperons, such contributions are larger than 93% at
sues in high energy spin physics. Since the “spin crisis”"p;>13 GeV and\/s=500 GeV/(cf. Fig. 10 of[6]).
induced by the EMC data in 1988], the study of it has This characteristics & © production is remarkable, since
been an active area of both experimental and theoretical rén the limiting case that only this kind of contribution is
s_earch. Presently, the helicity distributions of q.uarks,.in Parconsidered, tha *
t!cular th_e valenc_e _quarks, hqve been determlned_ with .rel%‘ﬂ is the longitudinal polarization of tha quark after the
tively high precision experimentally through inclusive . Eo ) .
deeply inelastic lepton-nucleon scatterifiglS) processes. hard scattgnng ands ., is the spin transfer factor in the
However, little is known from experiment about the g|u0nfragm$ntat|on. process from thequark toX™ for the case
helicity distribution Ag(x,Q2), except some indirect esti- thatX" contains thai quark. There are two different mod-
mates from theQ? evolution of the quark distributionk]. els for the spin transfer in the.fragmentatlon processes, one is
For the transversely polarized case, i.e., the transversity di®ased on the S@) wave function of the hadrons, the other is
tribution of quarks in the nucleordq(x,Q?), the situation is Pased on the DIS data and those of hyperon decay. The spin
even worse. Due to its chiral-odd property, it cannot be mealransfer factor is different in t+he two pictures but is a con-
sured in inclusive DIS process and is up to now unmeasuregtant in both cases. HencB; s directly proportional to
[3]. It has to be accompanied by another chiral-odd quantityP;' . The fragmentation effects come in only through the pro-
Excitingly, many interesting ideas to measeg(x,Q?) and  portional constant;,u. In this case, measuring ™ polar-
59(x,Q?) in polarizede p scatterings ang@p collisions have ization provides a nice tool to study the polarization of the
been proposef2—4] and the related experiments are beingquarks before fragmentation. Since such quark polarization
undertaken or are underway. is determined by the polarized quark distribution functions in
Hyperon polarization, in particular fok, has been widely the nucleon and the calculable spin transfer factor in the hard
used to study various aspects of spin effects in different rescattering, we expect that we can use it to study the exotic
actions in particular the spin-dependent fragmentation funcdistributions, i.e., the gluon helicity distribution and the
tions for their self-analyzing decay. The spin-dependent fragguark transversity distribution in suitable processes.
mentation function is interesting in itself and also in serving In this paper, after a brief summary of the calculation
as filters for exotic parton distribution functions, such as poimethod and main conclusion for hyperon polarization in in-
larized antiquark distributions and the above-mentionedtlusive production processespip collisions, we present two
gluon helicity distribution and transversity of nuclefsi. examples in this direction, i.e., hyperon polarization in direct
In a recent publicatiof6], we made a detailed study of photon production process in longitudinally polarizggicol-
the longitudinal polarization of hyperons with high trans- lisions, and the transverse polarization of hyperons with high
verse moment@y in inclusive process ipp collisions with  p in transversely polarizepp collisions. We show that they
one beam longitudinally polarized. We found out in particu-can be used to study the gluon helicity distribution
lar that the origin ofA is usually very complicated and the Ag(x,Q?) and the quark transversity distributiafy(x,Q?)
contribution of decay of other hyperons is very large. On therespectively. We present the numerical results for the hy-
contrary, the origin o * is much cleaner. The contribution peron polarization in these two processes obtained by using
from decay of other hyperons is very small. In addition, theredifferent models forA g(x,Q?) and 8q(x,Q?). We show that
is a characteristic feature f&™ production with highp in  both of them can be measured at, e.g., BNL RHIC and such
pp collisions, i.e., the contributions from those which are measurements should provide important information for
directly produced and contain a fragmentingyuark from  Ag(x,Q?) and 5q(x,Q?).

polarization isPF(”m):t;’uPE (where
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Il. CALCULATION METHOD OF POLARIZATION fraction z of parent parton’s momenturdA o is defined for
OF HYPERONS WITH HIGH pr IN POLARIZED the hard scattering subprocess similarlyddso in Eq. (1),
pp COLLISIONS which can be calculated by PQCD.

The calculation method of the polarization of hyperons The unpolarized cross Seqim(ppﬁ_Hx)/d’?fS given by
with high py in longitudinally polarizedpp collisions has ~@n expression similar to_that in E_t?_), with aIIA_s_remov_ed.
been given in[6]. The method can be easily extended tolt can be calculated with considerable precision using the

other cases. In this section, we summarize the main points @fvailable parametriz_ations of the unpolarized parton distribu-
the method. tion and fragmentation functions.

For the polarized case, we see that from E), the un-
known parts in the formulas are the polarized fragmentation
function AD?(Z,MZ) and the polarized parton distribution

We consider inclusive hyperon production with highin Af (X0, 1d). If we know Af,(x,,x?), we can study
pp collisions with one beam longitudinally polarized. The AD"(z,42) through hyperon polarization. Similarly, if the
produced hyperons with highr are mainly from the frag-  iyfiyence fromAD(z, 12) can be determined, we can use it

mentation of a scattered highy parton in the hard subpro- 4 gdy the polarized parton distribution functions.
cess, in which one of the initial partons (®ngitudinally)

polarized. Since the polarization can be transferred to the
outgoing parton in the hard scattering, the scattered parton
can also be polarized and its polarization can further be We consider a general fragmentation proogss H; + X

transferred to the produced hyperons. Their polarizations cafsubscripts ‘f” and “i” denote the quark flavor and the type

be obtained as followg&he subscripts 4" and “ —" below of hyperong and calculateAD';i(z,Mz) in the following
denote helicities f

A. General formulas

B. The polarized fragmentation function ADE‘(z,pz)

way. We divide the produceHd;’s into four groups and con-

doPP—HX) _ g (pp—H_X) dAU(,gpﬁ,qx)/dn sit,je.r them separatelyA) directly p(oduced and conFain the
pH= = , gs's; (B) decay products of heavier hyperons which were
doP+P=HeX) 4 ggP+P=H-X)  gg(PP=HX)/q 4 polarized before their decay&Z) directly produced but do

(2) not contain theys's; (D) decay products of heavier hyperons

) o which were unpolarized before their decays. In this way, we
where 7 is the pseudorapidity of produced hyperah\ o have

anddo are polarized and unpolarized cross sections for in-
clusive hyperon production with highy. For sufficiently Y
i 2y _ Hi() 2
high pr, the factorization theorem can be applied and the Dy, (zn )_Ea: Dy, (Zm?), (4)
(polarized cross section can be expressed as a convolution
of perturbatively calculable partonic cross sections with cer-

tain sets of(polarized parton distribution and fragmentation ADZi(z,,uz):E AD;"(")(Z,,MZ), 5)
functions at a proper scale. In this case the relevant polarized ! @ !
cross section can be expressed 448 Hi(a) Hi(e) ) )
o wherquf' andAqu' are the unpolarized and polarized
dA o (PP=HX) fragmentation functions for hyperons of group)( and
T It is clear that hyperons frorfA) and(B) can be polarized
dA & (ab—cd) while those from(C) and (D) are not[8—11]. Hence, if we

, denotet;*} as the spin transfer factor for groupX in the

@ fragmentation process, i.e.,

where the sum runs over all possible subprocesses, and the
transverse momenta; of hyperons are integrated above a
lower limit pT'"; Af,(Xa,x?) andf,(x,,u?) are the longi-
tudinally polarized and unpolarized distribution functions of
partons in proton at the scale; x, andx, are the corre-
sponding momentum fractions carried by par@rand b.
ADY(z,u?) is the longitudinally polarized fragmentation
function,

X fp(Xp, ) ADE (2, 1) an

AD ) (z,u?)
thNzu®) = —m— (6)
H; . f m D;‘;(Q)(Z’MZ)

we have
th{(z.x?) =t (z.u?) =0. (7)

For those hyperons from groyp), the spin transfer fac-
_ F(A) PAE i i i
ADCH(Z,/_LZ)EDCH((:))(Z,MZ)—DCH((+))(Z,M2), 3) tor tHi t(z,p9) |s. tc.alken as the fraction of spin carried by the
f-flavor quark divided by the number of valence quark of
whereD!()(z,u?) andD}{)(z,u?) are the probabilities to flavorfin H; . In different pictures, such as the 8 picture
produce aH with positive and negative helicity in the frag- and DIS picture used ie" e~ andep reactiong8—11], the

mentation of a partoc with positive helicity, carrying off a  contributions to the hyperon spin from different flavors are
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different. In the SW6) picture, these contributions can be places to test this model are, e.g@fe” annihilation or
obtained from the S(6) wave functions of the hyperons. In deeply inelastie p scattering, where fragmentation of a po-
the DIS picture, for thed”=(1/2)" octet hyperons, they are larized quark with a given energy can be studied. The model
obtained from the DIS data on the spin dependent structureas been applied to these proced®esli]. Presently, data
functions and those on hyperon decay. In both pictulféég on A polarization ine*e™ annihilation are available. It is

is a constant independent ngearly’tF(A) is the probabil- encouraging to see that the obtained results under botB)SU

and DIS pictures give a good description of theependence
ity for the polarization ofj to be transferred to the produced of the data. Further tests can be made by future experiments
hyperonH; in the case thatl; containsg; . It is called “frag-

) . y f in other reactions such as lepton nucleon deep-inelastic scat-
mentation spin transfer factor” and is usually denoted a%ering andpp collisions.
th 1. e, thY=th (. Alistof tf,  for different hyperons
can be found in Table | of Ref10].

For those from groufB), hyperonH;’s are from the de- _ _ ] o
cay of the heavier hyperoH;’s which are from groupg(A) As mentioned earlier, the different contributions
and polarized before their decays Here, an additional deca@q (9)(z,4%)'s are determined by the hadronization mecha-

polarization transfer factortH H, is needed to obtain nism, and are independent of the polarization properties and

C. Different contributions to hyperon production in pp—H;X

tF( )(z,%) and we have can be obtained from a hadronization model. Presently, the
most convenient way to do this is to employ a Monte Carlo
F(B) _:D F event generator. In practice, we calculate hyperon polariza-
tHE,f)_tHi HEH 8 9 P yp p

tion by rewriting P in Eq. (1) as

wheretﬂi H, is the probability for the polarization dfl; to

as F(B)pd
be transferred té1; in the decay proceds;—H;+ X and the " > tH PL <”H f>+E ty ( P f<nH Hj 1)
superscript D” stands for decay. It is determined by the P =
decay process and is independent of the process in vihich <nHi>+<nHi>+<nHi>+<nHi>

is produced. For the octet hyperon decays, they are extracted (10)
from the materials in Review of Particle Propertj@g]. For g ] N
the decuplet hyperons, we have to use an estimation based ¢Re quantities® " and the differentn{ )’s are related to the
the SU6) quark mode[8]. Thus, as we pointed out [6], to  parton distribution and the fragmentation functions in the
reduce the uncertainty of calculations, it is important to con<ollowing way. qu is the polarization of the fragmenting
sider the hyperons to which decay contributions are small. qyarkq;, i.e., the polarization of the outgoing quark in the
Obtaining the spin transfer factors for different groups ofjyarqg scattering, which can be calculated by PQCD and suit-
hyperons, we can geAD, '(Z w?) if we know the corre-  aple parton distributiong(ny} ) is the average number of

sponding unpolarized fragmentanon functld?n§ Cy)(z,,u ). Hi’s which are directly produced and contaiy, and
The result is given by : (nH H, 1) is the average number df; coming from the
’ e decay of H; which contains a polarizedq; . (nH>
i 2y _+F i 2
AD g (zp%) =ty (Do (%) (EEKnﬁi,f)), <nai>(52j,f<nai,Hj,f>)v (ng), and <nHi>
are the average numbers of hyperons of gréAip (B), (C),
+2 tH HtH fDH(BH)( zu?), (9 and (D) in pp—HX, respectively. They are related to

Hj Dg(“ in pp—H;X by

where DH i(B.H )(z,,uz) is the contribution toH; production

from group(B) throughg¢—H;+X andH;—H;+ X'. (N ) ;d f dXa0XodZ fa(Xa , 42) Fio(Xp 1%
Using Eqgs.(4) and(9), we can obtain thél; polarization abe
in the general fragmentation procegs—H;+ X. We note XDCHi(O‘)(Z’MZ)da-(abHCd)' (11)

that, one of the characteristics of the model is that, the

z—depend.enc.e dP*L;_((;())meszfrom Fhe interplay OT the differ- We use Lund modgl13] implemented by the event generator
ent contributiond , *(z, %), which are determined by the pyriya [14] to obtain them in our calculations fqp colli-
hadronization mechanism. These different contributions casions.

be calculated using a hadronization model that are well In Ref.[6], with the aid of generatopYTHIA, we calcu-
tested in unpolarized reactions. This means that the shape laited the different contributions to the inclusive high hy-
the zdependence of the hyperon polarization from the fragperon production irpp collisions. We found out that, foA
mentation procesg;— H; + X in this model can be fixed to a production(cf. Fig. 7 of Ref.[6]), the contribution of group
very large extent by the results of an unpolarized hadronizafA) is relatively small. The contribution of decay of other
tion model without any new free parameter. It is thereforehyperons is considerably large. Hence, the uncertainties in
very crucial to test the model by looking at the shape of thehe calculations of\ polarization are relatively large. In con-
z-dependence of hyperon polarization. In this sense, the bestast, we found out also that, f&* production(cf. Fig. 10
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DL L L but it is a constant and can in principle be determined in
corresponding experiments by one data point. Hexck,
polarization provides a nice tool to study the polarization of
the quarks. In this way, we can study the polarized parton
distributions, such as the gluon helicity distribution and the
quark transversity distribution, by measuridg™ polariza-
tion in suitable process gip collisions. In next two sections,
we give two of such examples.

dN/dz

600

400 [

lIl. POLARIZATION OF X* IN DIRECT PHOTON
PRODUCTION PROCESS AND GLUON HELICITY

200
[ DISTRIBUTION

S I Among different methods to probe gluon helicity distribu-
0 0.2 0.4 0.6 0.8 1 tion in nucleon, highp direct photon production ipp col-
z lisions is one of the most direct process since the cross sec-
tion is directly related to the gluon distribution. The idea to
FIG. 1. The distribution of fraction of 3 *'s that are directly measure gluon helicity distribution through the double spin
produced and contain a fragmentingjuark inpp collisions atys asymmetryA, | in direct photon production process is one of
=500 GeV andpy"=13 GeV. the most promising methods in this connectiet. Here,

o ) . both beams need to be polarized. In this section, we show
of Ref.[6]), the decay contribution from heavier hyperons isiat yseful information can also be extracted on the gluon
\\//e_ryscr)‘;ag- |\t/t6_1||_<r$3 0”'{_;‘ ftf_fw p(farcents fg;? 13 Ge;]/.z?]t helicity distribution by measuring polarization &f* with

s= eV. The contributions from groyp.), i.e., whic : . Sy o ;
are directly produced and contain a fragmentirguark play high pr in pp—y2 "X with one beam polarized.
the dominant role. In fact, they give more than 75% of the
whole produced *’s at pr>13 GeV. In particular for the R -
region of >1.5, they take more than 93%. The reason for in pp—yHX

this result is simple: Th& ™’s of group(A) are usually the We consider the polarization of hyperons with high
leading particles of quark fragmentation. They take the largassociated with a single large: direct photon inpp colli-
est fractions of the momenta of the fragmenting quark. Tosions with one proton longitudinally polarized. We recall that
produce a nonleadmgl+ with the samepr, one needs a ihree kinds of hard scattering, i.€g— ya, EQ—W’E and
quark of much highep;, whose production is much sup- — ntribute t HX at high BuL. for
pressed. Sinc& " has twou valence quarks, and-quark qq—>3;g, co ute opp—_>y_ at highpr. but, forpp
contributes much to the highy quark jet, the contributionto  — > X, the latter two, i.e.qg—yq, andqg—yg, are
S+ from u dominates at larger . significantly sup_presse_d_. Using the event generatgmHiA,
If we neglect all other contributions, i.e., consider only W& can study this explicitly. The results show that their con-
the contribution of typgA), we obtain thePE+ in this lim- tr:]E)th_lons are Ies_s _than 4% totally afs=200 GeV and
iy ) s+ - pT'"=4 GeV. This implies that, the hard procesg— yq
iting case, i.e. thé for those only from the origitA) as play the dominant role ipp— y3 X at high py and the
S*(im)_ o5 H(A)_F " contributions of other two subprocesses can be neglected. In
PL =PL W=ty PL. (12)  this case, the polarized cross sectiongpr— yS * X is given
by

A. Calculation formulas for hyperon polarization

It is directly proportional to the polarization of thequark, o
P|', after the hard scattering and the proportional constant is dA g(PP=727X) )
just the fragmentation spin transfer factgr, . T dy fp¢ind DTZ f dxadx,dZAg(Xa, %)

We note that, as can be seen from Hj, the factort;’u . )
can in general be-dependent. But, since thE*’s from o p, o dAQ{O YA
group (A) are usually the leading particles in the jet, its X Q¢(Xp,u7)ADF(Z, 1 )T
z-distribution is expected to be very narrow. To get a feeling
of it, we calculate the distribution of for such2 *’s using +(g<0ay), (13
the MC event generataYTHIA and the results are shown in ] ]
Fig. 1. We see that, the distribution is indeed very narrowvhere the sum runs over the different quark flavors. '[he first
with a peak az=0.8. In this region, the fragmentation func- term corresponds to the contribution from subproocggs
tion do not change very fast with Hence, we expect that _>yﬁf while the second termg—qs) corresponds to the
the zdependence ofy . ,, if any, should not have much contribution fromd;g— yd; , which has a similar expression
influence on the& ™ polarization. In this paper, we only dis- as the first term with an exchange @fndg; in the parton
cuss the case that suchzalependence is neglected. In this distributions and the hard scattering cross section. We see
case, the factot;’u can be different for different pictures that the first term is related tdg(x), while the second one
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is related toAq;(x). In our following calculations, we
choose the positive axis of pseudorapidityas the moving
direction of the polarized proton. We expect that the first
term dominates at the region g0, while the second one
contributes mainly at the region af>0, since the probabil-
ity for a forward scattering is usually much larger than that
for a backward scattering. This will be further illustrated in

next subsection using the results from Monte Carlo calcula-

tions.
For the first term of Eq(13), the hard scattering igds
—q;. The integrand can be rewritten as

AQ(Xa, ) 0s(Xp, u?)ADY (z, u?)dA o

—2 PItEg(Xa, 1) 05Xy, 2D (z, u?)dor,
(14)

where P‘Ef is the polarization of outgoing quark in the hard

subprocesséqfa yﬁf and is directly related tAg(x,,u?)

by
dAo Ag(Xa,u?)

Plfl= — —————.
do g(Xa,,u,Z)

: (15

dAo/do is the spin transfer frong to gy in the hard scatter-
ing gg;— vqs. To the leading order, it is given by

dAo
do

1-(1-y)?
C1+(1-y)?

D (y)= (16)

wherey=K,- (kg—K,)/Kq- kg andky, kq andk,, are the four-
momenta of incoming gluog, quarkqg; and the produceg
respectively.

For the second term of E@13), the integrand is

AQi(Xa, 42)9(Xp , ?) ADY (2, u?)dA o

—Z PItE O ae(Xa, 129Xy, #2)D N (z, u?)dor,

(17)
where
Agi(X,, u?
PEf: qf( a /J; ), (18)
qs(Xa,u%)
since the spin transfer faf;g— yq; is equal to 1.
We further note that the product on the right-
hand side (RHS of Eq. (14 or Eq. (17,

9(Xa ) q(Xp, £2) DH@(z, u?)d e, corresponds to the un-

polarized hyperon production from groupa) in pp

— yHX. They are proportional to the average number$)

of hyperon production ipp— yHX, which can also be ob-

tained by the generat®yTHIA. Hence, if we can determine
the constant{# using a few data points, we will be able to

PHYSICAL REVIEW D70, 034015 (2004

No. of events
8
8

2000

FIG. 2. Different contributions to3* production at \/s
=200 GeV andpT'"=4 GeV in the direct photon production in
singly polarizedpp collisions. Dotted line denotes the contribution
from the hard procesg*qayd, the dashed line denotes that from
ag—vy(i, and the solid one is the total of them.

extract information from hyperon polarization on the gluon
helicity distribution in direct photon production procespin
collisions.

B. Numerical results for % polarization in |5p—>yf+x

As can be seen from the above mentioned discussions, to
get information orAg(x 1?), hyperon product|on from the

subprocesgqeyq is useful while that frorrqg—>yq is a
background. Fortunately, the former dominates at the region
of #<<0 while the latter dominates at the regionpf0. To

see this explicitly, with the aid of generatevTHIA, we cal-
culate these two contributions separately fop— y2 "X

and the results for/s=200 GeV andpy'"=4 GeV are
shown in Fig. 2. Here, the cutoff gf; means that the trans-
verse momenta of the produced photon and hyperon are both
larger than 4 GeV. We see that although there are some in-

fluences fromgg— yq in the region ofy<0, they are very

small and less than 40%. It is possible to use hyperon polar-

izations in this region to study the gluon helicity distribution.
Figure 3 shows the different contributionsXo™ produc-

tion in pp— ¥ * X for \'s=200 GeV andh""=4 GeV. We
see that, the contribution from grou@\), i.e., which are
directly produced and contain a fragmentinguark is larger
than 80%, even in the smdllj| region. This percentage is
even larger than that fo£ ™ production at highpy in pp
—3"X. In particular in the largd 7| region, theu quark
fragmentation plays the dominant role. Sincquark carries
most of the hypero *’s spin, the resultind * polarization

in 5p—>7§*x should be much larger and more sensitive to
Ag(x) than that ofA. Furthermore, also due to the domi-
nance of theu quark fragmentation, the production rate of
3" should be comparable with that &f, which implies that
the statistics for studying * should be similar to that of.

We first calculatePE+ in region of — 1< %<0 as a function

of pr at \'s=200 GeV under the S() and DIS pictures. We
use three different sets &g(x) parametrization as inputs
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FIG. 5. Polarization ofs™* for different sets ofAg(x,x?) in
FIG. 3. Different contributions toX* production in pp  pp—y3*X as a function of » at \s=200 GeV and p]'"
—y%*X as a function ofy at \'s=200 GeV andp{""=4 GeV. =8 GeV under(a) SU6 picture andb) DIS picture for the spin
The solid line denotes the contribution of grogf), i.e., those transfer factor.
which are directly produced and contain a fragmenting quark in the
hard scattering; the dash-dotted line corresponds to the contribution . ) . ) .
of decay of other hyperons; the dotted and the dashed lines denote AS We mentioned in Sec. |1 C, the origin &f inclusively
those which contain a fragmenting quark in the subprocesQrOdqceq Inpp collisions is very complicated and th? decay
Ja— G andgg— yq respectively. contribution is very large. Also, because of the dominance of
u quark fragmentation, the obtainetl polarization is ex-

and the results are shown in Fig. 4. The obtained results fror€Ctéd to be very small and contain a large uncertainty. We
different Ag parametrizations differ significantly from each do similar calculations and find that the obtaineg is

other. We also show the results Qﬁ* in Fig. 5 for pmin smaller than 3% in all cases and thus it cannot be used to
‘ ‘ i study gluon helicity distribution.

=8 GeV at/s=200 GeV as a function ofy. We see that,
+

PE increases with increasing to the order of 0.3 aty

1. X" can select among different sets&i(x, 42) in the IV. TRANSVERSE POLARIZATION OF HYPERONS

region of »<0. Such differences could be distinguished at WITH HIGH  pr
RHIC or other future experiments. Therefore, by measuring

PE* in high p; direct photon production process, one can get When one of the proton beam is transversely polarized,

useful information{15] to distinguish between different sets 1€ Nyperons with higlpr can also be transversely polarized.
of Ag(x, u?). In this section, we show that by measuring the polarization

of = with high py in transversely polarizedp collisions,
——— one can get useful information on the quark transversity dis-

BB02 ] tributions in nucleon.
AAC00
GRSV00

Ao 03—
o

025

A. Calculation formulas for hyperon polarization

02} ] R -
C 1] inp;p—H,; X
015 ] . o
The calculation formulas for hyperon polarization in the
transversely polarized case are completely similar to those in
the longitudinally polarized case. We summarize them in the

following. Similar to Eq.(1), the polarization of hyperon in

0.1 f:

0.05 (a) SUB 0.05T
| PR

(b) DIS ] N N
i s 1I24$1I216 p.p—H, X is given by
Pt o
—H,X —H X —H, X
FIG. 4. Polarization ofS™ for different sets ofAg(x,u?) in P;':dg(mp PO—do PPt )E dATU(pr - )/dn
pp— 3 *X as a function oy in the region of— 1< <0 at/s dgP1P=HX) 4 dg(PrP=HX) doPP=HX)/d 5
=200 GeV undefa) SU6 picture andb) DIS picture for the spin (19

transfer factor. “GRSV2000” denotes the standard LO GRSV2000

[23] parametrization of gluon distribution; “BB02" denotes the LO

BB02 parametrizatiofi24]; “AAC00” denotes the LO AAC00 pa- Here, as well as in the following, the subscripts™and “ | ”
rametrization25]. GRV98[26] for unpolarized parton distribution denote the transverse polarization of the particle. The polar-
is used in all the calculations. ized cross section has a similar expression as(Byg.
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dATO-(F;Lp—”:'LX) [;5|—0.6_""|""|""I""I""I""_
_ 2 o [

dy - J mind pT%d f dxad%,d26F4(Xa, 1) ¥ SU(6), Soffer inequality 5

or 05 Eooeeeeee SU(6), light-cone model g

dA - (a‘lL b—c, d) :_ . - DIS, Soffer inequality ]

X fb(xb ,/VLZ)ATD?(Z,,LLZ)TUT, 0.4 [ DIS, light-cone model 1

03Ff ]

(20 C 1

where A;D(z,u?)=DY()(z,4?) D (z.u?) is the o2 ]

transversely polarized fragmentation functican& is de- 01 . ]

fined for the hard subprocess in case of transverse polariza- o ]

tion, which can also be calculated by PQCD. Now, similarly L =

-3 3

-2 -1

to Eq. (14), the integrand of Eq(20) can be rewritten as

Sta(Xa,u®) fo(Xo,u?) ArDE (2, p?) dA 1o nin_

FIG. 6.3 polarization withpT
function of 7 at \/s=500 GeV.

13 GeVinp, p—3/Xasa
=2 PETH O a(Xa, 1?) F(Xp . 13 DH O (z,u?)d0

verse spin transfer factor for the quarkto hyperonH; . So,

in experiments, if we can determifig{} using a few data

The only differences are that P$C and Tﬁfg) points, we can extract information afg(x) by measuring

= A;DH)(z, 42) /D@ (z,u2) are the transverse polariza- P3  in pp collisions.

tion of the scattering quarkand the transverse spin transfer 1o get a feeling of how |argep$* can be and how
(@) in the longitu-  strongly it depends on the different choicesof(x, Q2), we

factor, which take the place (ﬁfc andty'c
dinally polarized caseP{ is related to the transversity dis- make some numerical estimations by using different inputs

(21)

tribution by for T} and 6q(x,Q?) in the following. In general, the
st ) transverse spin transfer factd(} can be different from
p$c= DT""(X—a”“Z), (22 tfﬁ“f) , the spin transfer factor in the longitudinally polarized
fa(Xa,u) <

where Dr=dA+o/do is the transverse spin transfer in the
hard subproces&ib—wid from the incoming partora to

case. This is similar to the difference between the helicity
and the transversity distributions of the quarks in nucleon
[3]. Because of the relativistic effects, the magnitudes and/or
shapes of them are in general different from each other. On

the outgoing partoe. To the leading order, it is only a func- the other hand, it seems that the qualitative features, in par-
tion of y defined in last section, and the results for differentticular the signs of them, are the same, especially in the large
hard subprocesses can be found in different publicationtnhomentum fraction regiof8]. Similarly, we may expect that
[16,17. i Ti{“) has the same qualitative behaviortaS . Hence, we

The productf,(Xa,u?) fo(Xp #?) D¢ (z,u?)do in the  se the same results as thosetfdf) obtained in the S(6)
RHS of Eq.(21), is again proportional to the average num- nd DIS pictures in the followin Y timations. Eor the trans-
bers of hyperons from different groups), (B), (C) and(D) and pictures € 020 g estimations. =0r the trans
in pp—HX, which can be calculated by using, eByTHIA versity distributionsq(x,Q<), we use the simple form ob-

’ RN tained in the light-cone S8) quark-spectator modg20,21],

[14]. The unkn%\&? factors left t‘; obtaiRy are the spin and for comparison, the upper limit 8tj(x,Q?) in Soffer’s
transfer factorT,'c” and of 4(x,,4%). Hence, if we know inequality[22]

one of them, one can study the other by measuﬂlﬁg

1
|5Q(X,Q2)|<E[AQ(X,QZHQ(X,QZ)]- (23

B. Numerical estimation of transverse polarization
of hyperons with high p+

As we emphasized in Sec. Il, the relative weights of the We first calculate the transverse polarization3of as a
different contributions to hyperons in the final states are defunction of » at \'s=500 GeV andp'"=13 GeV inpp col-
termined by the hadronization mechanism and are indepenisions with one beam transversely polarized. Here,tH€
dent of the polarization properties. This means that, if weye have chosen not only guarantees the applicability of
considerﬁip—ijx, we have the same conclusion that PQCD[18], but also ensures that the quark involved partonic
> *'s of origin (A), i.e., those are directly produced and con-subprocesses dominate othg8sl9] in pp—=*X. The re-
tain a scattered quark, play the dominant role. In this case, sults are shown in Fig. 6. We see that, the magnitudé%;f
for the X polarization, the fragmentation effects come in can be quite large. It increases to about 0.5 with increasing
mainly through the transverse spin transfer factfe’, 7. Though not very large, the difference between the results
which is a constant. Similarly, we deno‘féf‘ff) as the trans-  of Soffer inequality and the light-cone model is obvious. In
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- 0.35 T T T T T T T 0.15

o SU(), Soffer inequality

03l T SU(6), light-cone model ] SU(6), Soffer Inequallty
- e DIS, Soffer inequality 0.10[...... SU(), light-cone model T

weaneneenn- DIS,  Soffer inequality

EEERE RN DIS, light-cone model

2

-------- DIS, light-cone model

0.25

0.2

0.15 “...l' "--.--.m:m:‘“:u.r""'""""m - e .
0.1 e ' 1
0056~ 2 14 16 18 20 22 24 26
Pr
FIG. 7. 37 polarization at 6 7<1.5 as a function opy in
p.p—3 1 X at/s=500 GeV. FIG. 8. Polarizations forA, ==, E° and 2~ with p'"

=13 GeV inp, p—H, X as a function ofy at \/s=500 GeV.
addition, for the convenience of comparison with future ex-

perimental data, we also calcula‘ﬁ%+ for the region of 0
<7<1.5 as a function op; at \'s=500 GeV. The results

are shown in Fig. 7. We see thét,?’s in different cases V. SUMMARY
increase withpr and the differences among different models

picture and it is righti andd quark fragmentation that domi-
nate the highps hyperon production impp collisions.

s+ In this paper, we study the polarization of hyperon in
are clear.P7 could be measured at RHIC or other future ifferent processes in polarizemp collisions and its relation
experiments and can be used as a complementary method9 the polarized parton distributions, in particular the gluon
obtain su(x,Q?). helicity distribution and the quark transversity distribution.
produced hyperons discussed above is defined with respegfrect photon production in singly polarize collisions at
to the direction of motion of the quark before fragmentation,nigh energy, one can extract the gluon helicity distribution;

or the jet axis in the final state. It refers to the transversgng present the numerical results & polarization in

polarization direction of the quark after the hard subprocess; 2 . . . .
This polarization direction is determined by the poIarizationpp_> v X at RHIC energy obtained using different inputs

o F . . . of Ag(x,Q?). The results show that * polarization is in
direction of the incoming quark and the scattering process eneral large and sensitive tog(x,Q?) in the region of

which is calculable by using PQCD. The PQCD calculations? :
show that the direction of transverse polarization of the in-_2< 7<0. _We, also f|r+1d O,Ut th.at the r'nezzsureme+nt of trans-
coming and that of the outgoing quark are related to eacerse polarization ok ™ with high pr in lep—>_§L.X can
other by a rotation around the normal of the scattering manegrowde useful information for the transversity dlstr|_but|on qf
which changes the moving direction of the quark from thenucleon, and present the numerical results obtained using
incoming to the outgoing directiofcf. Fig. 2 of Ref.[16]). different inputs f_or the transve_r3|ty distributions and the spin
In practise, since the hyperons that we consider are maimyansfer factor in fragmentation of transversely polarized
the leading particles in the jet, the jet axis can approximatelfluark. Such measurements can be carried out, e.g., at RHIC
be replaced by the direction of motion of the hyperons. a_nd .sho.uld provide useful mforr_nauqn on t_he gluon helicity
As a comparison, we also calculate the transverse po|a{dIStrlbUtI0n and quark transversity distribution in nucleon.
izations forA, 37, 2% andE~ with p;>13 GeV in polar-
ized pp—HX as a function ofy at \/s=500 GeV. The re-
sults are shown in Fig. 8. We can see that, they are also \We thank X.N. Wang for suggesting that we look at the
transversely polarized with different sigry is very small  direct photon production and for stimulating discussions.
either for light-cone model or Soffer inequality. This is be- This work was supported in part by the National Science
cause, the spin transfer from tlieandd quark to the pro- Foundation of ChindNSFQO with grant No. 10347116 and
duced A is zero in SW6) picture and very small in DIS No. 10175037 and the Education Ministry of China.
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