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Outline

m Transversity in general

m Collins Mechanism

m Collins asymmetry in Hadronic reactions
m Universality of the Collins function

m Conclusion
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Parton distributions

mIn DIS,
— Quark distribution matr
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Leading order quark distribution

m O, expands at leading order,

1
P p(P k) = E[CI(CU)WP“ “—— Unpolarized
+Aqr(x) A5y PH helicity

+og7(x)vs P B1] «— transversity

m Although a leading-twist distribution,
transversity is chiral-odd, and doesn't
contribute to the DIS structure
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Probability representation
(helicity basis)
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Measuring transversity is
difficult

m Have to multiply another chiral-odd
object (distribution or fragmentation)

Drell-Yan and other processes in hadronic
collisions

Two-hadron production in DIS

Semi-inclusive single hadron production in
DIS
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Drell-Yan is an ideal place

m Combining two transversity
distributions in Drell-Yan lepton pair

production
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Angular distribution of the lepton
pair

lepton plane

m Double transverse spin asymmetry

ADY _ do(S11,S21) — do(S11,—S21)
Apr do(S11,S21) + do(S11,S21)

sin® 0 cos(2¢ — ¢s, — ¢s,)

= 1811|524 |

1 + cos? @
L Za€aArfo(z1)Arfa(es) +[1 ¢ 2]
o Tn et fu(e)Tolea) +1 6 2
_ ‘y TR T



Predictions at RHIC
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Dedicated Drell-Yan study at
RHIC IT

Double Spin Asymmetry A [Percent]

Drell Yan
L 8fb-", large acceptance projections for 10 weeks of running,
j detector for Drell Yan 5-10% higher polarization, with RHIC II
0.5 luminosities and large acceptance
0 b Matthias Grosse-Perdekamp
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Two-hadron interference frag.
fun.

mIn DIS

Seidl’'s talk

Collins,Heppelmann,Ladinsky, 94
Jaffe,Jin,Tang, 97

—~ Bacchetta,Radici, 04,06
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Semi-inclusive DIS

m Collins fragmentation function is chiral-
odd

(k,s,) (zk+p,)

| p£ S,

m Combining with the quark ftransversity
leads to single transverse-spin
asymmetry in SIDIS

m Opening a whole window of SSAs in
SIDIS
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Semi-Inclusive DIS at Low P+

m Transverse Momentum Dependent
(TMD) Parton Distributions

m Novel Single Spin Asymmetries

Interested kinematics:
Q*A P,
Forward xz>0.1

Seidl’ talk
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e*e” collisions play important roles
in This game

m Reliable place to extract the information on
the Collins function and the interference
(two-hadron) fragmentation function

P
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Collins asymmetry in pp collisions

m Collins-Heppelmann effect
Collins-Heppelmann-Ladinsky, 94

m Transverse-spin transfer in hard
partonic scattering

Stratmann-Vogelsang, 92
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B
Azimuthal distribution of hadrons
inside a jet (large P+)

- ——— Collins Fragmentation function
1

¥HU:> Quark transversity distribution
le:! SJ_

- Vogelsang,Yuan, to appear
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Differential cross section

do(S , , X €*P 5«
d?:()_;.) _ ; 2 fy(2')281(2)84(2n, Par) {hl
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dP.S. = dy,dy,dP?d=d? Py

oq+ --- quark transversity

0q --- Collins fragmentation function

P, --- Jet's momentum

P+ --- hadron’s momentum relative to the jet
Hp->qp 2" --- Hard partonic cross sections
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Azimuthal dependence

€295 | Pfy — 2B | = |5, || Py sin(6y — os).

Fgp-Fj

¢s: azimuthal angle of S, relative to the reaction plane
¢,,: azimuthal angle of hadron’s transverse momentum
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Predictions for RHIC

m Quark transversity distribution
Martin-Schafer-Stratmann-Vogelsang, 98
Anselmino et al., 07

m Collins fragmentation function
HERMES measurements
Vogelsang-Yuan extraction
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One more thing ...

m Universality of the Collins fragmentation
function
Metz, 02
Boer-Mulders-Pijlman, 03
Collins-Metz, 04
Gamberg-Goldstein, 02-05
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Simple model a la Collins 93

Pr
------------ .- @@ mEmmd> Phase information in the vertex
Collins-93
k,s

| T @{3

- k,SJ_ -

Q:SJ-
e*e- annihilation Semi-inclusive DIS Hadron in a jet in pp

Universality of the Collins Function!!

21



" S
One-gluon exchange (gauge link)?

Metz 02, Collins-Metz 02:
Universality of the Collins function!!
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Similar arguments for pp
collisions

Ps :
By using the Ward
B Identity:
s
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Predictions at RHIC
do o< 1 4+ Ay sin(ép — ¢g)
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Quark transversity: Martin-Schafer-Stratmann-Vogelsang, 98
Collins function: fit to the HERMES data, Vogelsang-Yuan, 05
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Conclusion

m We propose to study quark transversity
from the hadron azimuthal distribution
ina jet in pp collisions

m We argue that the Collins function is

the same as that ine"+e” - and DIS
processes

m Measurements at RHIC will provide a
crucial test for this Universality
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Model for Collins Functions

m Two sets of parameterizations
Set1:  6q5 /2 (2) = Cra(1—2)a™ " ()

favor

57 M2 () = Oyl — 2)a™ (2)

un favor

JOoT

G0 H2 (2) = Cga(1—2)d™ (2)

un favor

SetIl: 375 /2(2) = Cpz(1—2)a (2)

Collins function vanishes at z-2>0
(1-z) comes from Collins 93’

m Transversity functions use the

parameterization of Martin, Schafer,
Stratmann, and Vogelsang, PRD 57(1998)
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Set | Fit to HERMES
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Collins A
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Set Il Fit

0.1

[ Collins A

Users Meeting, BNL

C~= 0.298 0.02
C,=-0.568 0.07
v?/d.o.f ¥4 0.7
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Fitted Collins Functions

— Favored — Favored
Collin F.F.
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Transversity functions in the fit

1
[ Transversity quark distributions  [—Uu quark
0.8 —d quark
0.6_

: Unpolarized quark
0.4: ] distributions

0.2

0 I I I

If we get Collins functions from other processes, e.g., e +e”-,
we can constrain the transversity functions !!
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