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TMD PDFs	
In the leading order QCD parton model nucleon spin-structure can be parametrized in 
terms of 8 quark transverse momentum (kT) dependent TMD PDFs.  
	

-  Quark transverse momentum vector 
-  Quark spin 
-  Nucleon spin 

Correlation between this three 
vectors gives these assymetries  

TMD PDFs can be accessed 
through measurement of target 
spin (in)dependent azimuthal 
asymmetries both in SIDIS 
and Drell-Yan  
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TMD PDFs	

Universality in the TMD-
QCD parton model 
approach. Sign change 
between SIDIS and DY 

The experimental test of this prediction is a major challenge in 
hadron pysics 



COMPASS Collaboration	
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COMPASS-I 
•  Data taking: 

2002-2011 
•  Muon and hadron 

beams 
•  Nucleon spin 

structure 
•  Spectroscopy 
COMPASS-II 
•  Data taking: 

2012-2018 
•  Primakoff 
•  DVCS 

(GPD+SIDIS) 
•  Polarised Drell-Yan 

Fixed target high-energy experiment at CERN SPS 
Wide physics programme 

24 institutions from 13 countries – nearly 250 physicists  



-  Target: polarised NH  (two cells of 55 cm each),  
 Al and W (2014, 2015) 

	

COMPASS spectrometer	
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COMPASS is a fixed-target experiment at a secondary beam of the Super Proton 
Synchrotron at CERN, started in 2002.  
The purpose of this experiment is the study of hadron structure and hadron 
spectroscopy with muon and hadron beams of high intensity.  
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π − c-   identification:  
calorimeters and muon filters; 
-              indentification 
(RICH thresholds) 

	

-  Beam:       at  190 GeV/    
-  Features: 

-  Two-stage spectrometer 
-  About 350 detector planes 
-  Angular acceptance: ±180 mrad 
-  Particle identification:  
     electromagnetic and hadronic  
     calorimeters, muon filters 
     and RICH detector. 



COMPASS targets	
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-  Data taking for the Drell-Yan process 
study with a negative pion beam of 190 
GeV/c (√s =18.9 GeV) was performed 
at COMPASS in 2014 and 2015. 

 
	- NH  target, W beam plug of 

hadron absorber and an 
additional Al target were used.  
	

Position of the interaction point along the beam.  

- In 2014 and 2015 Drell-Yan 
process studied with negative 
pion beam of 190 GeV/c  
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COMPASS results for the 
                          reaction	
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- Dimuon mass resolution for J/ψ peak is about 0.2 GeV/    for the ammonia 
while for the tungsten plug it is 0.33 GeV/  .  
	

- For the EMC effect study the mass range above 5 GeV/     can be used, which 
defines a lower limit of      range accessible by COMPASS to be 0.07.  
	

π − + p→ µ+ +µ− + X
Phys. Rev. Lett. 119, 112002 (2017) 

c2
c2
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COMPASS results for the 
                          reaction	π − + p→ µ+ +µ− + X

Phys. Rev. Lett. 119, 112002 (2017) DGLAP	(2016)	M.	Anselmino	et	al.,	JHEP	1704	
(2017)	046		
TMD-1	(2014)	M.G.	Echevarria	et	al.,	PRD	89	
074013		
TMD-2	(2013)	P.	Sun,	F.	Yuan,	PRD88,	114012		
	

The first measurement of the DY 
Sivers assymetry is consistent with 
the predicted sign change for 
Sivers function 



EMC effect	
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The EMC effect – a modification of quark and gluon distributions (PDFs) in bound nucleons 
by the nuclear environment was discovered by the European Muon Collaboration in 1983  
in the deep inelastic scattering (DIS) of muons.  

Depletion of valence-quark distributionAnti-shadowing Fermi motion
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Properties: 
 1. Universal shape; 
 2. "weak or no”       dependence  
 3. Size of the effect as well as   
 «shadowing» increases with A of 
 the nucleus 

	

Q2

R. G. Arnold et al. (SLAC-E139), PR L 52, 727 (1984) 

J.	J.	Aubert	et	al.	(EMC),	
Phys.	LeF.	B	123	(1983)	
275.		



M. Arneodo et al. (NMC), 
 Nucl. Phys. B 481 (1996) 3.	

EMC effect	
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R. G. Arnold et al. (SLAC-E139), PR L 52, 727 (1984) 
Properties: 

 1. Universal shape; 
 2. "weak or no”       dependence  
 3. Size of the effect as well as   
 «shadowing» increases with A of 
 the nucleus 

	

Q2



EMC effect: 
possible explanations	
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EMC effect (experiments)	

12	

Drell-Yan process: NA3, NA10, FNAL/E772, FNAL/E866, FNAL/E665 

The origin of the effect is still not fully understood. And there is  
no generally accepted model for the effect.  
	

D. Higinbotham, G. Miller, O. Hen and K. Rith, CERN courier, 2013:  
 
“Thirty years on, CERN’s EMC effect still puzzles experimentalists 
and theorists.”  
 
	

CERN/NMC measured the ratio of the structure functions 



Drell-Yan process	
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d 2σ
dx1dx2

= K 4πα
2

9x1x2
1
s

eq
2 q(x1)q(x2 )+ q(x1)q(x2 )[ ]

q=u,d,s...
∑

σ DY
π −A

σ DY
π −D

≈
uA (x2 )
uD (x2 )

 
  It is possible to distinguish contributions of pion valence quarks: 
   For        beam: u-quark, for        beam: d-quark 

 
 
	

With pion beam on target with atomic 
mass A and D target, keeping only the 
dominant terms in the cross section  
		

where                and              are PDFs 
for u-quark in a nucleus with a mass A and 
deuteron, respectively  
	

uA (x2 ) uD (x2 )

π − π +

- quark and anti quark 
 from two hadrons   

l

- leptons,  

x1, x2 - part of hadron 
(A,B) momentum 
carrying by quark  
	

The pion-induced Drell-Yan 
process can provide a tool 
that is  
sensitive to flavor-dependent 
effects in the nuclear quark 
distributions.  
	

(hA + hB → l + l )
hA,B - hadrons,  - leptons 
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NA10 results	
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Ref:	NIM	223,	26	(1984)			
Ratio of the Drell-Yan cross sections 
for W and D using a π− beam of 
140 GeV/c (left)  and 286 GeV/c (right)  
	

Acceptance	vs		

Accuracy	in	this	experiment	is	sufficient	to	confirm	the	observa6on	of	the	
EMC	effect,	but	it	is	too	low	for	detailed	tests	of	various	theore6cal	models.		
	

«The     distribution indicates an effect 
(slope) quite similar in shape and 
magnitude to that reported by DIS 
experiment» 

x2



Phys. Rev. C 83, 042201 (2011); Phys. Rev. Lett. 102, 252301 (2009)			

The ration of Drell-Yan cross sections ration using the PDFs for deuterium and gold from 
the CBT (Cloet, Bentz, Thomas) model as a function of      for the fixed mass             GeV 
(left) and as a function of dimuon Mass for the fixed value                 (right) with       beam 
with momentum 160 GeV  
	

EMC effect: predictions for 
COMPASS	
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Cloet, Bentz, Thomas model. To generate the nuclear quark distributions 
nucleon quark distributions were convoluted with a nucleon momentum  
distribution in the nucleus. 
	

With flavour-dependence 

Without flavour-dependence 

The ratio of Drell-Yan cross section for deuterium and gold calculated using 
Cloet, Bentz, Thomas model. 
Here M is effective mass of lepton pair and negative pion beam of 160 GeV/c was 
used. 
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COMPASS possibilities	
Hadron absorber can 
be used as the second 
nuclear target 

COMPASS DY 2015 
data can be used for 
studies on nuclear 

effects: dependence of 
PDFs on atomic 

number of the target– 
EMC effect.  
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COMPASS results for the 
                          reaction	π − + p→ µ+ +µ− + X

- For the EMC effect study the mass range above 5 GeV/     can be used, which 
defines a lower limit of      range accessible by COMPASS to be 0.07.  
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Summary	
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3. The pion-induced Drell-Yan process allows to measure 
EMC effect separetly for u and d – quarks. 	

- Accuracy in NA-10 (pion induced Drell-Yan) experiment is 
enough to confirm the observation of the EMC effect, but it is too 
low for detailed tests of various theoretical models.  
	

2. After 30 years the origin of the EMC effect is still not fully 
understood. And there is no no model which describes the 
whole range of x.  
	- The COMPASS experiment at CERN will provide new results 

on the EMC effect originating from the Drell-Yan process  
covering wider range of x than other experiments. 

4. The COMPASS experiment at CERN in 2018 will 
provide new results on the EMC effect originating from the 
Drell-Yan process                                           (where A is 
proton, tungsten and aluminium) covering range of x 
bigger 0.07: wider than other experiments. 

(π − + A→ µ+ +µ− + X)

1. COMPASS collected DY data for the study of spin-
dependent PDFs and published an important result. And on 
the other hand this data can be used for the EMC-effect 
studies. 	



Thanks for your 
attention	
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Backup	
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SIDIS and DY cross-section	


