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Outline :

2 Nea-term prospectsfor measuring¢ g at RHIC

a highpt jet/ hadronproduction
a signof ¢g ?

2 Singletransverse-spimsymmetries



Near-term prospects for measuring ¢ g

— High-pt jets and hadrons —
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2 nucleonspinstructure ¢ f 5.

2 for hadrons: fragmentationfunctions D ; e"e annihilation



2 NLO = state of the art

v el

LO NLO

2 lowest order : good for qualitative descriptions

2 however, precisepredictionsa®ad higher-ader NLO calculations:
- may be sizeable, in particular in polarized case

- reduction in scale dependence

% (0 in truncated perturbation theory

e NLO corrections now known for all relevant reactions

Gadon,WV; Contogouriset al.; de Florian,Fixione, Signer,WV;Stratmann,Bojak;
de Florian; JAger,Sclafer,Stratmann,WV;. . .



2 Jet and hadroncaclulationsshae many features

2 however:

N
/

2 nal-state singulaities. . .

N\

. .. cancelfor jets

... Imply additional non-perturbative input for incl. hadrons
I fragmentationfunctions
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2 fragm. fct. analyses: Kniehl,Kramer Potter
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Unpolarized cross section



pp! YX by
PHENIX

(Why sogood . . . ?)
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Data/Theory
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| NLO Theory
- H=DPy /2
- CTEQA4M parton distributions

| Stat and sys uncertainties combined

WA70 Rs=23.0 GeV
* NA24 Rs=23.8 GeV
A UAG6 Rs=24.3 GeV
e E/06 Rs=31.6 GeV
o E706 Rs=38.8 GeV
R806 Rs=30.6 GeV
R806 Rs=44.8 GeV )((

e production
by proton beams
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Apanasevich et al. (seealso: Aurencheet al.)
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2 contributionsby partonic scatterings: pions
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2 contributionsby partonic scatterings: jets
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2 contributionsby partonic scatterings:.
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2 averagex andz .
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2 averagex andz in forward region: Kretzer
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Spin asymmetry



1O | ]

Ag /g QF=10 GeV?
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Polarized gluon densities.  Gliick,Reya,Stratmann, WV
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2 latest development rst preliminay data from PHENIX!
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2) can A/ benegative? How negativecanit be ?
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1
A lower bound on AI/J4L JAger,Kretzer,Stratmann, WV

e integrate LO cross section over all rapidities |" | < cosh' *(x1),

and take mellin moments in X% = 4p§ =S

Z .
AYH(N) = 1dx% IX% Cni1 ps dAYS
0 dp;
e obtain X
A34/4(N) = Af;\Hl Aftlg\lﬂ Ag/é:l;bN D(l:/4;2N +3
a;b;c
e in terms of moments of AgQ :
N 2

A%A(N) — Ag AN 4+ 2AgN+1 BN + CN

| I

gg scatt. ag qg; 9o qg; :::



e a parabola — with a minimum given by

AN AgN*L = N
_ iBN ¢,
A%/“(N)_mm = =t cN
e Mellin inverse :
p%dA?/lE | - i &GN L, =
i~ o idN X7 A%“(N)mm

min

e resulting asymmetry : negative, but tiny

p> = 1.5GeV: | A/} %1004

p> = 45GeV: | A/ Y 10 °




2 the polarized gluonthat minimizesA/: :
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2 anode{ helpsby allowing ¢ g(x;) £ ¢g(xp) < O

2 a full \global analysis"con rms:
pQCD at leadingpower predictsthat a negative A7} is small
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pp! JetX, S = 200GeV, O - 1 de Florian,Fixione,Signer, WV
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pp! X, °s

S = 200GeVv, = = 33
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2 dominanceof qg!
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mtand 7~

positive Ag: AT, > AT,

positive Ag: AT, < AT,

I . 7T+ 7T0 T . m 7r0
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...onlyatpr > 5 GeV, good

statisticsrequired



Single-transverse spin asymmetry Ay



2 carelation » |5t ¢(Ppeam £ T70)

o large Ay seenin xed-target experimentsat

BNL,ANL,Fermilab,Serpukhov

o E704('96) :
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STAR 0.5

0.3[... Jnitial state twist-3

@ 1 mesons (3.3LnL4.1) Assuming

. 41 O Total energy (3.3LnL4.R) A" =0.013

[ — Collins
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o higherpr : seeexpected1=p; behaviag ?



£ - %M}T : ATM}T

S,

asymmetry G (X; K1) 6 O (X;i K7)

mechanisms

An 1 Tir(xarks) q(xp) 9% %(k-) D(2)

however Collins'93 : for distribution functions carrelation
St ¢(P £ RKy) ruledout by T invaianceof QCD

recentdevelopment gaugelinks that make pdfs gaugeinvariant
allow the \T-o dd" structure
(BrodskyHwang,Schmidt;Collins; BelitskyJi,Yuan; Boer,Mulders,Pijiman)



2 Ay for a single-inclusivenbservable
o Interpretation complicated: Sivers vs Collins vs Qiu/Sterman, Koike
o pp! °X,pp! 1TLiX, pp! jetX ...

o factorization with k, an assumption

2 thereis a classof observableshat dependdirectly on a measuredkr
o azimuthalasymmetriedn ep | %X
o azimuthalasymmetriesn e el | Y&/X
o p p scattering?

2 for these,k, e®ectsare not power-suppessed,
and more experiencewith factorization is available



2 example: ep | eWX Collins

sin(A+ As) € 19(x) H] °(2)

€2 f 19(x) Dq(2)

g

. . P
sin(Ai As)

2 HERMES

2 only moderate Q?



What's a simila observablan pp ?

2 example: nea back-to-backjetsin pp! jetjetX Boer, WV

Ap=0.- 9,




e Opposite sign A same sign
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P2 — 1 = T+ AP




2 A simpleestimate: Boer, WV

2 (GGaussiark, distribution for partons in unpolarized proton :

a (ko )2=hk? i
YIKZ |

f(ky) = (mostly gluons)

2 leadsto distribution
/| @ @ (1i cos(¢ A))

2 t to STAR back-to-backdata :

q_—_—
k2i 14 1:3GeV
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2 Siverstype carelation:

Fir(ko) | ko @ (K721

2 |leadsto spinasymmetry

3

An < |P7|sinAc + |PJ | sin Ag

o [PS+Pq 12=(hr Zi+ ki)

2 for P, k S5
| sin(¢ A) g @ (X cos® A)

2 usepaametersof Anselmino,D’'Alesio,Murgia
2 very sensitiveto gluon Siversfunction

2 future : perturbativetail, Sudalov e®ects



2 d'Alesio,Murgia
p'p O T X: Sivers effect
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p§: 200GeV, 8 - p-rl;2 - 12GeV,; 1 - '1;2 -1 Boer,WV
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Conclusions :

¢g
2 alot canbe leanedfrom jets and hadrons

2 signof ¢ g from forward region?

2 most thearetical tools in place{ somechallengegemain

AN
2 look for 1=pr behavio of p p! ¥X

2 large potential for back-to-backobservables



2 physicsimportance of Siversfunction :

o interferenceof J, = +2 and J, = |

| orbital angula momentum

amplitudes

N

o Burkardt : connectionq(x; k) $ q(x;Br)$ H; E \GPD's"

o universaliy ?

fijDY = fijDIS Collins; Brodsky,Hwang,Schmidt;

Belitsky,Ji,Yuan; Boer,Mulders,Pijlman; Anselmino,D"Alesio,Murgia



