ITow to Extract the Gluon Polarization using RHI1C Probes: a Critical Analysis.
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The total amount of the proton spin carried by gluons is of erucial importance Lo achieve a
precise understanding of the proton steueturs, This contribution is given by the first moment of
Lhe polarized gluon distribution AG(x, 7)., which is presently, very poorly known, This is due to
e fact that Deep Inclastie Scattering (DIS) experiments do not allow a direct delermination
ol the gluen properties, because of the absence of photon-gluon coupling. Moreover, unlike
unpularized DIS at HERA, polarized DIS experiments, so far, have given access to a ralher
limited €% ranpe. As a consequence, the numerous next-to-lesding order (NLO) analysis of the

data, on the spin-deperndent strueture function gy (x, Q?), leave A (2, QF) largely uneonstrained,

[ i the purpose of this talk te shew that polarized proton-proton collisions at RIIIC-BNT.
offer several new options, which will yield the gluan polarization in a rather broad kinematic
domain, in particular with very large @? values, The spin observable we will mainly consider is
the double helieity asymmetey A;;. vorresponding lo the case where the two initial profons are
lomgitndinally polarized, for single or double inclusive reactions. Considerations will be given to
the energy dependence of 47, as well as its pr and rapidity behaviours, We will exarmine in turn.
the different probes which have been proposed in the literature namely, direct photon production,
single-jet and dijet productions, charmoninm and heavy quark productions. We will discuss
in some cazes Lhe effects of NLO corrections and more generally the theoretical uncertainties
related to the choiee of Lhe set of polarized parton distributions. |n the case af double inclusive
production {i.e. direct photon + jet or dijet), since Ay, is directlv proportional to AL (e, 0%, 1L
is easier to extract it from the data and one can also study rapidity correlations. For charmonium
and heavy quark productions, the dynamicl mechanizm is still subject Lo discussions and the
NLO correclions remain to be completed, so the predictions appear to be less raliable. Finally,
e shonkd also keep in mind that in single particle inclusive production (i.e. # or A), zince Lhe
subprocess gluon-quark is important, these reactions might also be excellent and simple probes

far the determination of the gluon polarzation.
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FIG. 3. p, distribution, E_ vi py (a) for RHIC at
/% = 500 GeV (zolid line) and at /8 = 50 GeV (dot-dashed
line), and Aj; vs p,. for BHIC at +/3 = 50 GeV (b) and at
/& = 500 GeV (c) for large Aglz, Q%) (solid line) and for
moderately large Ag(z, Q%) (dashed line).
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#-Diependent Polarized Parbon Distributions for BRHIC
Guiden P. Ramsay, Lovela Uniwversity Chicage and Argonne Natlonal Lab
Talkx given at the BML/RIEEN Spin Workshop, April 27-29, 199§

Usidny gUD motivated constraints and polarized deep-inelastic scaltering (PDIS)
cata, we have constructed x-dependent peolarized parton dislributions for each
quark flavor. lThese satisfy positivity constraints and are evolved using the
NLC DELAP eguations. Three models of the polarized gluon are used to allow
Teprasentation in terms of different {aclorization prescriptions.

[Fee hep-ph/2303351 for details).

Ihe pelarized valence distributions are constructed using a modifled 5U(6)
model o with a spin dilution factor Lo medify the small-x bahavieor of the
polarized valence quarks. The one free parameter is fixed by the Bjorken Sum
Hule, The polarized sea i constructed using the following assumptions:

{11 che SU(3) pymmetry is broken by suppressing the strange sea poalarizarcion,
uaing informatioen [rom PDLS experiments |see Phvs. Rev. D55, 1244 (1957},

{2] the polacized ses is generated from the unpolarized flavors assuming Lhal
Yatal(x) = [(Ndalta qlxi)/[xqgix)] = a + bx"1l/2, where ¢ and b are frea
parameters, and <\eta> = «<\delta g>/<xg>. This ensures that the ovearall spin
carried by each constitueny, obtained from data, iz preserved.

{3) kthe free parameters ave detormined from gix scets of g 1l duta, btwe epch of

proton,. neutron and deuteron, then averaged for sach sea flavear of light cuarks.

Lhe Lhres polarized gluon models ssed to determine the anomaly Lerm in the
factorization nreseription are shown in the following Lransparencies. The
distributions are generated aL ¢ 072 of 1 GeV*2 and then evalved using the NLO
LGLAl evolublen egquations with 3 flavars, until reaching the charm threshold,
wiere Lhe [ourlh flaver is included. The overall parametrization is shown ln
rhe fallowing transparencies aleng with a plot of g 1°p, showing the SMO data
and the distributions using the three polarized gluon models.
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SEA Parametrizations:

1.. Polarized to unpolarized sea ratio (Q? = 1 Gev?):

Agi(z)

z¢i(z)
for each quark flavor, i:. Here a; and b; are free
parameters, fixed by theoretical arguments or data.

Th‘(il?) = = a; + b;x

2. Broken SU(3) Sea flavors
A = Au, = Ad = Ad, = (1+€)A3 = (1+¢)As

3. 75 anomaly: (p | ¢v*vsq | p)
For each quark flavor: Ags = Ag. — 27 AG

Refs: Efremov and Teryaev; Altarelli and Ross
Carlitz, Collins and Mueller; Berger and Qiu

4 1s convention dependent
physical observables are related to Ags
Ag. do not evolve with Q5 in LO

s((ad) - (agh) = 2L ac(gn) = r(@d)

3
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Polarized Gluon Models:

1. Moderate:
AG(z,Q?%) = zG(z,Q?)

2. Zero (GI factorization):
AG(z,Q?) =0

3. Instanton Induced (negative):
AG(z,Q%) =7(1 — z)"[1 + 0.474 In(z)]
All at Q2 = 1 GeV2.
CTEQ parametrization for the unpolarized gluon

Gauge invariant factorization equivalent to
results obtained for model 2

Lios
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"he resulling functions n(z) for each gluon model are:

Quantity Mud(T) 1s(z)

AG =zG —2.49+28\F —167+2.1yz
AG=0 -303+30yz —-271+29/2
AG <3 -325+3.1,/ -331+33/z

Agi(z) = —Az™*"(1 - 2)**'(1 - By/z)[1 + 6.112z + P(z)). (4.1)

Flaver || AG “ A | B P(z)
< Au S, || zG [|0.317 | 1.124 | —0.27820-644 _ 1 6822997(] — £)~3:368(] 1 4 26921508

< Ad >,.. | G | 0.317 | 1.124 | +0.2782064¢ — 1.6822%%7(1 — £)~35%(1 + 4.2692"-3%)

<As> || zG [ 0107 [1.257 ~3.3512957(] — 2)~2388(] 4 4.26921-5%8)
< Au>,, | 0 [ 0.386 |0.990 —0.27829544

<Ad>.a| 0 [0.386]0.990 +0.27820844

<As> || 0 (0173|1070 0

< Au >, || Neg || 0.414 | 0.954 | —0.2782%54 — 10.4921143(1 — 2)~"1(1 + 0.474 In 2)

Lo H f

< Ad >, || Neg || 0.414 | 0.954 | +0.2782%54 — 10.49z'9(1 — z)~1%!(1 + 0.474Inz)

< As> | Neg|[0.212 | 0.997 —20.89z1143(1 — )~ 1™1(1 + 0.474In )

T e
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Key Elements:

1.

2.

8.

9.

Separate sea and valence

BSR is Basis for valence

. Include NLO QCD corr. to BSR
. Separate strange sea (mass effect, ¢)
. Separate parametrization for each flavor

. Different factorizations included

. 3 Different Gluon Models

NLO DGLAP evolution

All evolution in z-space

10. Positivity holds

11. Excellent agreement with data

12. Results Compared with others
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