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Outline

• Longitudinally polarized 𝛾∗toward 𝑥𝐹=1

• Theoretical interpretation: higher-twist effect

• A new QCD factorization at large 𝑥𝐹 limit

• Summary & Questions
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The Drell-Yan Process
S.D. Drell and T.M. Yan, PRL 25 (1970) 316
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PRL 25 (1970) 1523
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Angular Distribution in the “Naïve” Drell-Yan



Angular Distributions of Lepton Pairs
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Lam-Tung Relation [PRD 18 (1978) 2447]
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Angular Distribution
I.R. Kenyon, Rep. Prog. Phys. 45 (1982) 1261
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CIP (PRL 43, 1219 (1979)) 
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Youngquist et al.
(PLB 95, 457 (1980))
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1.4<M<2.7 GeV

22 GeV pion-

GJ frame



NA3 (ZPC 11, 195 (1981))
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If higher-twist effect exists, H=  when 1.

3
x 

GJ frame



CIP (PRL 55, 2649 (1985))
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E615 (PRD 34, 315 (1986)) 
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NA10 (ZPC 31, 513 (1986))
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NA10 (ZPC 37, 545 (1988))
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pion- M> 4 GeV

GJ frame

No statistically significant evidence
to support the change of polarization
at large x1.



E615 (PRD 39, 92 (1989))
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E615 (PRD 44, 1909 (1989)) 
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Observation of longitudinally 
polarized 𝛾∗toward 𝑥𝐹=1

Year Exp 𝑬𝝅 (GeV) 𝑴𝒎𝒊𝒏 (GeV) Observation

1979 CIP 225 4 YES

1980 Youngquist et al. 22 1.4 NO

1981 NA3 150 4.5 NO

1985 CIP 80 4 YES

1986 E615 252 4 YES

1986 NA10 194 4 YES

1988 NA10 140, 194, 286 4 NO

1989 E615 252 4 YES

1989 E615 252 3 YES
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Berger and Brodsky (PRL 42, 940, (1979)) : 
Higher-twist Effect at large 𝑥𝜋
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Brandenburg et al. (PRL 73, 939 (1994))
Higher-twist Effect & Pion Distribution 
Amplitude
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Pion distribution amplitude: distribution of LC momentum fractions 
in the lowest-particle number valence Fock state.
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P. Hoyer, M. Jrvinen and S. Kurki, JHEP 0810 (2008) 086, arXiv: 0808.0626
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P. Hoyer, M. Jrvinen and S. Kurki, JHEP 0810 (2008) 086, arXiv: 0808.0626
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P. Hoyer, M. Jrvinen and S. Kurki, JHEP 0810 (2008) 086, arXiv: 0808.0626
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Muller et al., PRD 86 031502(R) (2012)

Extraction of GPDs
Space-like vs. Time-like Processes

Deeply Virtual Meson Production (DVMP) Exclusive meson-induced DY
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Factorization at fixed 𝑄2 1 − 𝑥
(P. Hoyer, et al, JHEP 10, 086 (2008))
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Large xF limit

• Bj limit (𝑸𝟐 → ∞, at fixed 𝒙𝟏), 
cross sections = pion PDF * nucleon PDF * hard 
kernel

• BB limit (𝑸𝟐 → ∞, at fixed 𝐐𝟐(𝟏 − 𝒙𝑭)), 
cross sections = |pion DA|2 * nucleon multi-parton 
distribution * hard kernel

• Exclusive DY, 
cross sections = |pion DA * nucleon GPD * hard kernel |2
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𝜆(𝑥𝐹)
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𝜆(𝑄2(1 − 𝑥𝐹))
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Data scale well!
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Summary

• A change of virtual photon polarization at large-xF
regions was observed in the pion-induced Drell-Yan 
process. It is interpreted by the “higher-twist” 
effect where the whole pion is scattered.

• A new QCD factorization scheme at fixed 𝑄2 1 − 𝑥
is proposed and E615 data seems to support the 
claim.
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Questions (I)

• What we can learn from the “higher-twist” effect? 
Pion DA & multi-partion distributions? 

• Is such “higher-twist” effect specific to the DY 
process with the pion beam? How about proton, 
kaon and anti-proton beams?

• Is there such “higher-twist” effect for the J/psi 
production with the pion beam?
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Questions (II)

• What will be the conclusive experimental evidence 
of the new QCD factorization? We might need DY 
data at low-mass and large xF.

• If this new QCD factorization scheme is true, will it 
work as a bridge to connect the inclusive DY 
process at large xF to the exclusive one?
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