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• Transversity distribution h1

• Why at PAX

• First estimate of h1                                   Anselmino et al. 
PRD75(2007)054032

• Measuring the transverse sea

• About single spin asymmetries



  

The three leading twist (and transverse 
momentum integrated) quark distributions



  

Transversity in Drell-Yan processesTransversity in Drell-Yan processes
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PAX: Polarized antiproton beam  → polarized proton target (both transverse)

)M,x(q)M,x(qe

)M,x(h)M,x(he

â
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PAX: M2~10-100 GeV2, s~45-200 GeV2, =x1x2=M2/s~0.05-0.6
→ Exploration of valence quarks (h1

q(x,Q2) large)

AATTTT for PAX kinematic conditions for PAX kinematic conditions

RHIC: τ=x1x2=M2/s~10-3 
 → Exploration of the sea quark content at very small x

   ATT very small (~ 1 %)

ATT/aTT > 0.2
Models predict |h1

u|>>|h1
d| 
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âA

2
1

2
1

2
1

u
1

2
1

u
1

TTTT =

)qqqwhere( pp ==



  

Kinematics and cross sectionKinematics and cross section
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M (GeV/c2)

22 GeV
collider

2 k events/day



  

Energy for Drell-Yan processes

"safe region": Ψ≥ /JMM

s
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2

τ

QCD corrections might be very 
large at smaller values of M:

yes, for cross-sections, not for ATT 
K-factor almost spin-independent 

Fermilab E866 
800 GeV/c

H. Shimizu, G. Sterman, W. Vogelsang and H. Yokoya, hep-ph/0503270



  

s=30 GeV2 s=45 GeV2

s=210 GeV2
s=900 GeV2



  

J/ψ
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all vector couplings, same spinor structure

and, at large x1, x2

measure ATT also in J/ψ resonance region 
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Estimated signal for hEstimated signal for h1 1 (phase II)(phase II)

1 year of data taking

Collider:

L=2x1030 cm-2s-1

Fixed target:

L=2.7x1031 cm-2s-1



  

Transversity in various quark models
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Transversity and Collins from SIDIS

Collins from e+e-        h1 h2 X



  

Parametrizations for transversity distribution and Collins function
Anselmino et al. 2007



  

Asymmetries in Hermes and Compass
from Anselmino et al. 2007



  

Asymmetries from Belle
from Anselmino et al. 2007



  

Transversity and Collins function
Anselmino et al. 2007

Soffer inequality



  

Vector, axial and tensor charges



  

Tensor charges

Anselmino et al.
central values

Extremely small 



  

Comparing Anselmino et al. to CQSM
Wakamatsu 2007



  

Transverse seaTransverse sea

M. Wakamatsu and T. Kubota
Phys. Rev. D 63 (1999) 034020 

V. Barone, T. Calarco and A. Drago
Phys. Lett. B 390 (1997) 287 
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High energy p-p machineHigh energy p-p machine
GeVs 100=

V. Barone, T. Calarco and A. Drago
Phys. Rev. D 56 (1997) 527 

Small asymmetries



  

Drell-Yan asymmetries in pp
at moderate energies



  

Extraction of h1u for 

0.05 < x < 0.2

DY events distributionDY events distribution

 complete mapping of transversity

x1=x2 ATT h1u
2

Measurement of h1u for 
0.15<x<0.5

M2/s=x1x2~0.01-0.3
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Sivers function usual parton distribution 

Direct access to Sivers 
function

test QCD basic result: DIS1Y-D1 )()( ⊥⊥ −= TT ff J. Collins

qqT
DXpp

N DfA ⊗∝ ⊥→ )( 1

usual fragmentation function 

process dominated by 
no Collins contribution 

ccqq →

same process at RHIC is dominated by ccgg →

Measuring the Sivers function

Sivers function non-vanishing in gauge theories.
Chiral models with vector mesons as gauge bosons can be used  A.D. PRD71(2005)057501.
  
                     (Sivers)u = -(Sivers)d   in chiral models at leading order in 1/Nc .



  

Extending PAX project on transversity

• Extract the transversity distribution of quarks in 
the valence region from Drell-Yan production in 
transversely polarized p - (anti p)

• Extract the transversity distribution of anti-quarks 
in the valence region from Drell-Yan production in 
transversely polarized p – p

• Flavor separation by (anti p)-deuterium scattering


