
1 

Interpretation of Angular Distributions of Z-boson 
Production at Colliders 

 
 
 

 

Jen-Chieh Peng  

PHENO 2018 Symposium                                 
University of Pittsburgh                    

May 7-9, 2018 
 

University of Illinois at Urbana-Champaign  

Based on the paper of JCP, Wen-Chen Chang, Evan McClellan, Oleg 
Teryaev, Phys. Lett. B758 (2016) 384, PRD 96 (2017) 054020, and preprints  



2 

Angular Distribution in the “Naïve” Drell-Yan 
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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 

2 21 3 1 cos sin 2 cos sin cos 2
4 2

d
d
σ νλ θ µ θ φ θ φ

σ π
      = + + +      Ω      

A general expression for Drell-Yan decay angular distributions: 

Reflect the spin-1/2 nature of quarks
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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 pν ν≠

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 (1-λ-2ν=0) 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
┴                    

κ1=0.47, MC=2.3 GeV 

1 1
1

1 1
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Boer, PRD 60 (1999) 014012 

ν>0 implies valence BM functions for pion and 
nucleon have same signs 
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Lam-Tung relation from CDF Z-production 
TeV 1.96sat   =++→+ −+ Xeepp

λ 1 2λ ν− −ν

• Strong pT (qT) dependence of λ and ν 
• Lam-Tung relation (1-λ = 2ν) is satisfied within 

experimental uncertainties (TMD is not expected 
to be important at large pT) 

arXiv:1103.5699 (PRL 106 (2011) 241801)  



Recent CMS (ATLAS) 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? 9 

(arXiv:1504.03512, PL B 750 (2015) 154) 

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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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? 
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How to express the angular 
distribution in terms of θ and φ? 

Azimuthally symmetric ! 

Use the following relation: 
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How is the angular distribution expression derived? 
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All eight angular distribution terms are obtained! 
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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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Some implications of the angular distribution 
coefficients A0 – A7 
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Some bounds on the 
coefficients can be obtained 
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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 Lam-Tung relation 
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relation is well described 



Compare with CDF data 
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relation is not ruled out 



Compare with CMS data on A1, A3 and A4  
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Future prospects 

• Extend this study to W-boson production 
– Preliminary results show that the data can be well 

described 
• Extend this study to fixed-target Drell-Yan data 

– Extraction of Boer-Mulders functions must take into 
account the QCD effects 

• Extend this study to dihadron production in      
e- e+ collision (inverse of the Drell-Yan) 
– Analogous angular distribution coefficients and 

analogous Lam-Tung relation 
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