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The Drell-Yan Process
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Success and difficulties of the “naïve” Drell-Yan

• Scaling of the cross sections (depends on x1 

and x2 only)

• Nuclear dependence (cross section depends 

linearly on the mass A)

• Angular distributions (1+cos2Ɵ distributions)

Success:

Difficulties:

• Absolute cross sections (K-factor is needed)

• Transverse momentum distributions (much 

larger <pT> than expected)

(T.M. Yan, hep-ph/9810268)
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Lepton Angular Distribution of “naïve” Drell-Yan:

Drell-Yan angular distribution

Data from Fermilab 

E772

(Ann. Rev. Nucl. Part. 

Sci. 49 (1999) 217-253)
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Drell-Yan lepton angular distributions

Collins-Soper frame

Θ and Φ are the decay polar 

and azimuthal angles of the μ-

in the dilepton rest-frame
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A general expression for Drell-Yan decay angular distributions:

Reflect the spin-1/2 nature of quarks

     (analog of the Callan-Gross relation in DI
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Decay angular distributions in pion-induced Drell-Yan
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Z. Phys.

37 (1988) 545

T0  and  increases with p 

Dashed curves 

are from pQCD 

calculations

NA10  π- +W
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Decay angular distributions in pion-induced Drell-Yan

Data from NA10  (Z. Phys. 37 (1988) 545)

Is the Lam-Tung relation violated?
140 GeV/c 194 GeV/c 286 GeV/c

Violation of the Lam-Tung relation suggests interesting new origins 

(Brandenburg, Nachtmann, Mirkes, Brodsky, Khoze, Muller, Eskolar, 

Hoyer,Vantinnen, Vogt, etc.)
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Boer-Mulders function h1
┴

1=0.47, MC=2.3 GeV
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Boer pointed out that the cos2  dependence can be caused by

    the presence of the Boer-M

   can lead to an azimuthal dependence wi
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Boer, PRD 60 (1999) 014012

ν>0 implies valence BM functions for pion and 

nucleon have same signs

ν
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With Boer-Mulders function h1
┴: 

ν(π-Wµ+µ-X)~ [valence h1
┴(π)] * [valence h1

┴(p)]

ν(pdµ+µ-X)~ [valence h1
┴(p)] * [sea h1

┴(p)] 

Azimuthal cos2Φ Distribution in p+d Drell-Yan
Lingyan Zhu et al., PRL 99 (2007) 082301; 

PRL 102 (2009) 182001

Sea-quark BM function is much smaller than valence BM function

Fermilab E866
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Lam-Tung relation from CDF Z-production

TeV 1.96sat     Xeepp

 1 2  

• Strong pT (qT) dependence of λ and ν

• Lam-Tung relation (1-λ = 2ν) is satisfied 

within experimental uncertainties

arXiv:1103.5699 



Recent CMS data for Z-boson production 

in p+p collision at 8 TeV

• Striking qT dependencies for λ and ν were 

observed at two rapidity regions

• Is Lam-Tung relation violated? 11

(arXiv:1504.03512)

λ ν
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Recent data from CMS for Z-boson production 

in p+p collision at 8 TeV

• Yes, the Lam-Tung relation is violated (1-λ > 2ν)!

• Can one understand the origin of the violation of 

the Lam-Tung relation?
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Interpretation of the CMS Z-production results
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7 Can one express  in terms of some quantities

 How is the above expression derived?

 Can one understand the  depndence of , , ,etc?

?
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How is the angular distribution expression derived?

Define three planes in the Collins-Soper frame
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How is the angular distribution expression derived?

Define three planes in the Collins-Soper frame

 

frame S-C  thein  and  angles has axis ˆ 

axis ˆ  thealong collision on-head have  and  
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How is the angular distribution expression derived?

Define three planes in the Collins-Soper frame

 

frame S-C  thein  and  angleat  emitted is  

|| equal back with-to-back emitted are  and  
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How is the angular distribution expression derived?
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How is the angular distribution expression derived?
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How is the angular distribution expression derived?
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Angular distribution coefficients A0 – A7
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Some implications of the angular distribution 

coefficients A0 – A7
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Compare with CMS data on λ
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For both processes
λ = 1 at qT = 0  (θ1=0⁰)
λ = -1/3 at qT = ∞ (θ1=90⁰)

(Z production in p+p collision at 8 TeV)



Compare with CMS data on ν
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(Z production in p+p collision at 8 TeV)
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Origins of the non-coplanarity
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Compare with CMS data on Lam-Tung relation
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Compare with CDF data
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relation is not ruled out
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Summary


