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Recent results from Drell-Yan experiments and 
prospectives

Oleg Denisov, CERN / INFN-Turin



Outline
• Drell-Yan process
• DY as important probe to resolve:

– Spin Crisis 
– Mass Crisis  

• Recent results from Drell-Yan experiments (structure and spin)
– SeaQuest (FermiLab)
– STAR (RHIC)
– COMPASS

• Drell-Yan prospectives: (spin/mass crisis)
– SpinQuest (FermiLab)
– STAR, sPHENIX (RHIC)
– Jparc (Japan)
– COMPASS++/AMBER

• Some conclusions

Disclaimer: no LHC results reviewed, Drell-Yan at NICA – separate talk
Special thanks to Dustin K., Elke A., Wolfgang L., Vincent A. …..  for materials 
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Drell-Yan process
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Status of the theory: Pion-induced DY, DY Cross 
section calculations theoretical calculations  -

COMPASS
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Very big progress recently achieved: NLL threshold 
re-summation mechanism with non-perturbative term 
- good experimental data description – K-factors 
issue is not there anymore (M. Aicher, A. Sch¨afer 
and W. Vogelsang,  Phys.Rev.Lett. 105 (2010) 
252003)

The case of COMPASS (M. Aicher, A. 
Sch¨afer and . Vogelsang Phys.Rev. 

D83 (2011) 114023) 



Introduction to the Spin I
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On the one hand - Almost all visible matter of the universe we are able 
to observe consists of nucleons. 

On the other hand - SPIN is a fundamental quantum number (Pauli 
principle), to some extent define a rules on how the atomic/nuclear 
matter is constructed.

Thus we better understand well 
how the spin of the nucleon (and 

hadron in general) is “constructed”.



Introduction to the Spin II
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First two component were extensively studied in the 
SIDIS experiments with the longitudinally polarised 
target (collinear case approach): spin fraction carried 
by quarks and gluons is not sufficient to describe ½ 
nucleon spin (Spin Crisis, continued): 

In order to create Angular Momentum of partons spin-orbit correlation has to be taken 
into account  transverse momentum of the quark kT appears  3D structure of the 
Nucleon has to be studied

• Quark spin contribution ΔΣ=0.24 (Q2=10 (GeV/c)2 DSSV  
arXiv:0804.0422)
• COMPASS Open charm measurement and other direct 
measurements  ΔG/G is positive but small


Nucleon spin ½ = ½ ΔΣ + ΔG + L
quark    gluon orbital mom.



3D structure of nucleon II
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Leading Order (TMD) PDFs

04/09/2019 Oleg Denisov 8

Huge progress has been made over the part 20 years in a study of TMD PDF in SIDIS, 
pp collisions and in DY.  
IMPORTANT: modern TMD formalism still to be validated as TMD factorisation is not 
yet proven



T-odd TMDs (Sivers, Boer-Mulders) restricted 
universality SIDISDY
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1. In case sign change is not confirmed we have to rethink 
TMD PDF factorisation – major problem of the TMD 
approach

2. Sivers function is very important by itself as gives a model-
dependent access to Angular Momentum of partons



QCD Preamble (Mass crisis)
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What we are made from and how it happened?

• Striking Higgs-boson discovery even if extremely
important is NOT the origin of mass:

 Higgs-boson mechanism produce a little 
fraction of mass
 Higgs-generated mass-scales explain neither 
the “huge” proton mass nor the pion nearly masslessness
 So very little input on ORIGIN, NATURE and STRUCTURE 
of nearly all visible matter

• Strong Interaction Sector of the Standard Model (i.e. QCD) is 
a key to understanding the origin, existence and properties of almost all
visible matter.     



QCD Preamble (Mass crisis
Higgs-generated mass .vs. emergent mass)
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Higgs generated masses:  
M(u+d) ~ 7 MeV                   M(u+s) ~ 100 MeV               M(u+u+d) ~ 10 MeV  

Higgs mechanism produce ~few percent of the mass of 
almost all visible matter QCD



QCD Preamble (Mass crisis
Higgs-generated mass .vs. emergent mass)
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Questions to be answered:

• Mass difference pion/proton/kaon 
• Mass generation mechanism (emergent mass .vs. Higgs)
• Gluon content, especially important pion/kaon striking difference

Methods:

As well J/Psi production and pi/K diffractive scattering at very low t.



Recent results from Drell-Yan experiments 
(structure and spin): SeaQuest (FermiLab) I
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Recent results from Drell-Yan experiments 
(structure and spin): SeaQuest (FermiLab) II
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Striking preliminary results: disagreement 
with E866 at large x??? (800 GeV proton 

beam) 



Recent results from Drell-Yan experiments 
(structure and spin): STAR (RHIC) I
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Recent results from Drell-Yan experiments 
(structure and spin): STAR (RHIC) II
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COMPASS facility at CERN (SPS) 
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DY@COMPASS 2015 and 2018  Run

• First ever polarised Drell-Yan experiment was successfully 
performed in 2015 at COMPASS
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DY@COMPASS 2015 Run
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DY@COMPASS 2015/2018 Run
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COMPASS-II preliminary
2015 + 50% 2018 results



Drell-Yan prospectives: (spin crisis)
SpinQuest (FermiLab) I
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Drell-Yan prospectives: (spin crisis)
SpinQuest (FermiLab) II
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Drell-Yan prospectives: (spin crisis)
SpinQuest (FermiLab) III
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Expected uncertainties from 2017 Transverse Run (500 GeV)

Drell-Yan prospectives: (spin/mass crisis)
STAR (RHIC) I
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STAR Forward Detector upgrade  & DY

Drell-Yan prospectives: (spin crisis)
STAR (RHIC) II
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Further STAR Forward Detector upgrade

Drell-Yan prospectives: (spin crisis)
STAR (RHIC) III
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Drell-Yan prospectives: (spin/mass crisis)
J-PARC I



04/09/2019 Oleg Denisov 28

Drell-Yan prospectives: (spin/mass crisis)
J-PARC II
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Drell-Yan prospectives: (spin/mass crisis)
J-PARC III
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Drell-Yan prospectives: (spin/mass crisis)
COMPASS++/AMBER I

http://arxiv.org/abs/1808.00848
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Drell-Yan prospectives: (spin/mass crisis)
COMPASS++/AMBER II



04/09/2019 Oleg Denisov 32

Drell-Yan prospectives: (spin/mass crisis)
COMPASS++/AMBER III

Shorter term 2021/22 ÷~ 2026/28  (N.B. 2019/20 and 2025/26 – LS2 and LS3) :

a.) Standard muon beam:
- 1. DVCS with trans. polarised proton target
- 2. Proton radius measurement in elastic muon proton scattering 

b.) Standard hadron beam:
- 1. Unpolarised DY with various targets   
- 2. Absolute cross-section measurements p + He -> pbar X   
- 3. Hadron spectroscopy with antiproton

Longer term (New RF-separated beam will be ready ≥ 2026 ):

- 1. Hadron spectroscopy            
- 2. Drell-Yan physics                  
- 3. Primakoff with kaon beam
- 4. Direct Photons with kaon      

Two stages program:
First stage (shorter term) – existing extracted beams

Second stage (longer term) – RF-separated extracted kaon and antiproton beams
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Drell-Yan prospectives: (spin crisis)
COMPASS++/AMBER IV - GPD

+



QCD Preamble (Mass crisis
Higgs-generated mass .vs. emergent mass)
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Questions to be answered:

• Mass difference pion/proton/kaon 
• Mass generation mechanism (emergent mass .vs. Higgs)
• Gluon content, especially important pion/kaon striking difference

Methods:

As well J/Psi production and pi/K diffractive scattering at very low t.



Drell-Yan prospectives: (mass crisis)
COMPASS++/AMBER V
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Pion structure in pion induce DY
Expected accuracy as compared to NA3
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Drell-Yan prospectives: (mass crisis)
COMPASS++/AMBER VI

Extremely important to compare the gluon content of kaon 
and pion (emergent mass)



Pythia-based MC simulation for prompt photons
production was used for preliminary estimation of
kinematic range accessible at COMPASS. It was
compared with corresponding ranges accessible by
previous experiments with pion beams.

Full MC simulation for prompt photons and minimum
bias events was performed for K+ beam of 100
GeV/c and the COMPASS setup configuration of
2017 DVCS run. Possibilities to identify signal and
reject background were tested. Some optimization
of the setup from point of the material budget was
tested.

Drell-Yan prospectives: (mass crisis)
COMPASS++/AMBER V

NO competitors

At the moment there is no experimental information about gluon contribution in kaon.
Calculations based on Dyson-Schwinger equations predict 6 times smaller contribution
at hadronic scale in respect to pion (Phys. Rev. D93 (7) (2016) 074021)



Summary

• After quite a while several Drell-Yan experiments providing data

• Drell-Yan as probe will provide an unique input in order to finally resolve the 
spin and may be mass crisises  as fundamental issues to be addressed:

– TMD factorisation
– Pion and kaon structure, gluon content, other properties

• Running Drell-Yan experiments is a beginning of the story, new facilities are 
under construction, SPD at NICA one of them
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THANKS!
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• Spares
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Running/planed Drell-Yan experiments
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Experiment Particles Energy
(GeV) xb or  xt

Luminosity
(cm-2 s-1) Pb or  Pt (f) rFOM# Timeline

COMPASS
(CERN) π± + p↑ 190  GeV

√s = 19 xt = 0.1 – 0.3 2 x 1032 0.14 Pt = 80%
f = 0.22

1.0 x 10-3 2014-2015,  
2018

PANDA
(GSI)

pbar + 
p↑

15 GeV
√s = 5.5 xt = 0.2 – 0.4 2 x 1032 0.07 Pt =  90%

f = 0.22
1.1 x 10-4 >2025

AFTER p↑+ p 7 TeV
√s = 120 xb = 0.1 – 0.9 2 x 1032 0.06 Pb =  100%? 2.3 x 10-5 >2020

NICA
(JINR) p↑+ p collider

√s = 26 xb = 0.1 – 0.8 1 x 1032 0.04 Pb =  70% 6.8 x 10-5 >2023

PHENIX/STAR
(RHIC) p↑+ p↑ collider

√s = 510
xb = 0.05 –

0.1 2 x 1032 0.08 Pb = 60% 1.0 x 10-3 >2018

sPHENIX
(RHIC) p↑+ p↑ √s = 200

√s = 510

xb = 0.1 – 0.5
xb = 0.05 –

0.6

8 x 1031

6 x 1032 0.08 Pb = 60%
Pb = 50% 

4.0 x 10-4

2.1 x 10-3 >2021

SeaQuest 
(FNAL: E-906) p + p 120 GeV

√s = 15

xb = 0.35 –
0.9

xt = 0.1 – 0.45
3.4 x 1035 --- --- --- 2012 - 2017

Pol tgt DY‡

(FNAL: E-1039) p + p↑ 120 GeV
√s = 15 xt = 0.1 – 0.45 4.4 x 1035 0 –

0.2*
Pt = 85%
f = 0.176

0.15 2018-2019

Pol beam 
DY§

(FNAL: E-1027)
p↑ + p 120 GeV

√s = 15
xb = 0.35 –

0.9 2 x 1035 0.04 Pb = 60% 1 2020

‡ 8 cm NH3 target      / § L= 1 x 1036 cm-2 s-1 (LH2 tgt limited)   /  L= 2 x 1035 cm-2 s-1 (10% of MI beam limited)   
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Coordinate systems

TF

Collins-
Soper
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