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Transversity measurements

1. Collinear formalism

o p!pl — 171~ X (Ralston, Soper, 1979)
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2. ppr-dependent formalism
o Ipl — 7 X (Collins, 1992)
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Transversity in Drell-Yan

1. Tree level
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e Kinematics
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o Results
A7 small at RHIC (y/s = 200 GeV)

A7V, moderate at JPARC (1/s = 10 GeV)
App large at GSI (6 GeV < /s < 15 GeV)
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2. One-loop level
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3. Summation of large (threshold-) logarithms

— summation of leading logarithmic contributions to all orders in a

e Origin of logarithms

L Q* o Q* = 1 at tree level
8 <1 at O(as) and beyond

— effect large if z — 1 (threshold for emission of real gluons)



e Unpolarized cross section and A
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Factorization of pr-dependent correlators

Processes: [N — | H X Hi H, - 171" X ete” — H Hy X

1. Tree level
(Ralston, Soper, 1979)
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2. Tree level (gauge invariant)
(Belitsky, Ji, Yuan, 2002; Boer, Mulders, Pijlman, 2003)
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3. Asymptotics of Sudakov form factor

PB
Q° = (pa+pp) ~2pip5
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e leading regions

Soft: [ = (m, m, m)
pa-collinear: [ = (Q, %2, m)
pp-collinear: [ = (%2, Q, m)
Hard: [ = (Q, Q, Q)

e Soft approximation
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e Complications

(1) Soft and collinear factors show (light-cone) divergence
— e.g., non-light-like Wilson lines, drop out in final result

(2) In general, leading regions overlap
— subtraction formalism (Collins, Hautmann, 1999)

S = Tlsoft appr.

A = (T =5) |collA appr.

B = (T =5)|collB appr.

H = (I'=S—A-=B)|pad appr.

e Result

1
F:S—l—A—l—B—|—H—|—O(5)



4. Beyond tree level
(Collins, Soper, 1981; Collins, Soper, Sterman, 1985;
Ji, Ma, Yuan, 2004; Collins, Metz, 2004)
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e compatible with tree level result

e checked explicitly to O () (Ji, Ma, Yuan, 2004)

e independent check through matching with collinear factorization at high Pjr
(Ji, Qiu, Vogelsang, Yuan, 2006)

e arguments for consistency to all orders



Universality of pr-dependent correlators

1. Parton densities

/ de~d*Ep /T TP (| B(0) T £(0, 073 &, Er) (€, Er) | )

e Different links for semi-inclusive DIS and Drell-Yan

&r &r

SIDIS Drell-Yan

e — Universality?

Time-reversal: flLT|DY = —flLT{DIS hi by = —hy (Collins, 2002)

DIS

2. Fragmentation functions
e Fragmentation functions in DIS and e"e™ a priori have different links,
time-reversal cannot be applied because of structure

Z |H, X, out) (H, X, out|
X



® One-loop calculation for transverse SSA in fragmentation provides universality
(Metz, 2002)

e Discussion for fragmentation functions

Comparison of two processes:

n 1 1
e € — SIDIS : B ——
15 —l=41e

— difference o< 6(17)

— [ dIT ... vanishes

Kinematical argument valid for all fragmentation functions,
generalizes to higher orders



3. Summary of full problem

e Semi-inclusive DIS
ol X Gpart @ pdf @ ff ® soft

® Drell-Yan
0|DY X Opart @ pdf ® pdf ® soft

e e"e” — H Hy X
0|e+e_ X Opart @ I @ ff ® soft

pdf| g = pdf]
?
Hlprs = H|e+e_
?
soft| 5,6 = soft| Dy soft| , _



4. Results
(Collins, Metz, 2004)

e Parton densities:

: : i _ i i L
Time-reversal: flT|DY = _f1T|DIS hilpy = —h1|prg
6 T-even pdfs are universal

e Fragmentation functions:

Time-reversal gives no constraint

Analytical structure: ff|DIS = ff|e+€_ (for all 8 fragmentation functions)
e Soft factor:

Time-reversal and analytical structure:  soft| ,,, = soft| ,,, = soft| , _



pr-dependent correlators beyond leading twist

Relevant, e.g., for

Target spin asymmetry Ay data from HERMES
Beam spin asymmetry Apy: data from CLAS

1. Classification

(Mulders, Tangerman, 1995)

(Goeke, Metz, Pobylitsa, Polyakov, 2003; Afanasev, Carlson, 2003;
Metz, Schlegel, 2004; Bacchetta, Mulders, Pijiman, 2004;

Goeke, Metz, Schlegel, 2005)

Parameterization of
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e Twist-2 (8 functions, 2 T-odd)
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2. Calculation of g= in spectator model
(Gamberg, Hwang, Metz, Schlegel, 2006)

Wilson line specified by
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o Light-like limit
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oo l_
for IT=0 — / dl () —  (logarithmic) divergence

e Explicit calculation
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® |Interpretation

Light-cone divergence known from twist-2 calculations
— non-light-like lines
dependence on these lines, in fixed order calculation of observables,
(1) either fully drops out
(2) or is suppressed
: + + +
Al o fip(— =0) fir(=) = fir (@) + 0 (=)

v
v—

Gauge invariant tree level formalism for twist-3:

. +
v
A*]Leg X gL (— = O)

v

g~ (0) undefined, g~ (v) arbitrary for arbitrary vector v
— no established factorization formalism for twist-3 pp-dependent observables like

Avr, Aru, etc.



Summary

1. Transversity in Drell-Yan

e App-measurement promising, in particular for pp-collisions
e Higher order corrections to cross sections can be significant
e Higher order corrections hardly influence App

2. Factorization of pp-dependent correlators

e All-order factorization formula exists
® Survives all available checks

3. Universality of pp-dependent correlators

e T-odd parton densities in DIS and Drell-Yan have reversed sign
e Everything else is universal

e Situation more complicated in processes like pp — H1 Ho X

4. pp-dependent correlators beyond leading twist

e Full classification of ppr-dependent correlators available
e Status of factorization unclear



