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Outline

• Drell-Yan@COMPASS – physics case
– TMDs universality test SIDIS DY
– TMD PDF sign change SIDIS DY 
– Polarised J/Psi production and J/Psi  DY duality

• DY@COMPASS - kinematic range
– Valence quark contribution is dominant
– ‘Pure’ u-ubar channel 
– <PT> ~ 1GeV – TMDs induced effects expected to be dominant

• DY@COMPASS – set-up
• DY@COMPASS - feasibility
• Projections
• Conclusions
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Drell-Yan Kinematics (collinear case)
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Drell-Yan Kinematics (transverse motion)
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In other words is dominated by the 
contribution from TMD PDFs



Unpolarised Drell-Yan angular distributions:
NA10(CERN)  and  E615 (Fermilab) –

Lam-Tung sum rule violation
FIRST TMD INDUCED EFFECT OBSERVATION

Boer-Mulders function (cos(2ϕ) modulations)
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DY mechanism is very sensitive to kT -induced effects 



DY cross-section: Leading order QCD parton
model, TMD PDFs universality
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At LO the general expression of the DY cross-section simplifies to: 

Thus the measurement of 4 asymmetries (modulations in 
the DY cross-section): 



Single polarised Drell-Yan: SSA
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N.B.: ϕS1 angle in D.Boer, Phys.Rev. D60, 014012 is 
not exactly equivalent to ϕS used by us so far (Arnold, 
Metz and Schlegel arXiv:0809.2262) but similar



8

J.C. Collins, Phys. Lett. B536 (2002) 43

J. Collins, talk at LIGHT CONE 2008

Sivers, Boer-Mulders functions SIDIS  DY 
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J/Ψ – Drell-Yan duality   

• J/Ψ – DY duality  close analogy between Drell-Yan and J/Ψ production 
mechanism:
– Occurs when the gluon-gluon fusion mechanism of the J/Ψ production is 

dominated by the quark-quark fusion mechanism
– We can expect that the duality is valid in the COMPASS kinematic range

• Key issue for the applicability of the J/Ψ signal for the study of hadron spin 
structure

• J/Ψ production mechanism by itself is an important issue   

γ  J/Ψ substitution



DY@COMPASS kinematics - Indication 
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Sivers effect in Drell-Yan processes. M. 
Anselmino, M. Boglione U. D'Alesio,  S. 
Melis, F. Murgia, A. Prokudin   Published 
in Phys.Rev.D79:054010, 2009

TMD PDFs – ALL are sizable in the valence quark region



DY@COMPASS – kinematics - valence quark range
π- p μ- μ X
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• In our case (π- p μ- μ X)
contribution from valence 
quarks is dominant 

• In COMPASS kinematics u-
ubar dominance

• <PT> ~ 1GeV – TMDs
induced effects expected to 
be dominant with respect to 
the higher QCD corrections



DY@COMPASS - set-up
π- p μ- μ X

Key elements:
1. COMPASS PT
2. Tracking system (both LAS abs SAS) and beam telescope in front of PT
3. Muon trigger (in LAS is of particular importance - 60% of the DY acceptance)
4. RICH1, Calorimetry – also important to reduce the background (the hadron flux 

downstream of the hadron absorber ~ 10 higher then muon flux)
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π-



DY@COMPASS - feasibility

• Small cross section - High luminosity experiment
• Polarised target is the key instrument of the program
• Radioprotection issue – experiment similar to NA3
• Detector occupancies
• Trigger rates
• DY event rate (J/Psi as a monitoring signal)
• Physics background study:

– D-Dbar semi-leptonic decays
– Combinatorial background from π and K 

• COMPASS spectrometer kinematic range

10/05/2010 Oleg Denisov 13



DY@COMPASS - feasibility - PT

• Beam of the intensity up to 108 s-1 normally not a problem
• Expected heat input ~ 2 mW will not affect relaxation time,  

refrigerator cooling power is sufficient (~ 5 mW)
• Beam spot has to stay large (~ 1 cm  HWHM) – implemented in MC
• The radiation dose is simulated with FLUKA (cross-checked with 

Radio-Protection group) – the results are communicated to PT group
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DY Feasibility@COMPASS
Beam Test 2009 – very important results
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DY Feasibility@COMPASS 
Beam Test 2009 (with hadron absorber III)
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DY@COMPASS - feasibility - Signal

• Expected according to the proposal J/Psi and Drell-Yan yields:  
3600±600 and 110±23 (normalized to 2009 beam flux ~3.7 x
1011) 

• Measured in 2009 beam test J/Psi yield is 3170±70, and DY yield 
is 84±10
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DY@COMPASS - feasibility – Background –
D-Dbar

• Calculated by MC 
• Negligible in both HM and IM ranges (~15% contribution in IM)
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DY@COMPASS - feasibility – Background –
Combinatorial

• 2009 beam test id very important 
• Combinatorial background suppressed by ~10 at 2.0 GeV/c

dimuon invariant mass 
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DY@COMPASS - feasibility – Kinematics I

• Valence quark range for both J/Psi and DY
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DY@COMPASS - feasibility – Kinematics II

• xF and qT ranges
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DY@COMPASS projections I
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DY@COMPASS projections II
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DY@COMPASS projections III
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DY@COMPASS uncertainty coming from the pion PDFs
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DY@COMPASS upgrades: Absorber
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• The absorber geometry and composition 
is optimized taking into account the 
experience of past DY experiments
• The MC (FLUKA) simulation of the 
stopping power as well as particle fluxes 
downstream of the absorber is performed
• The recommendations on the RP 
shielding is worked out (cross-check by 
CERN RP group is in progress)



DT@COMPASS: Summary

• Can be first ever polarised Drell-Yan experiment, sensitive to TMD PDFs
induced effects

• DY@COMPASS process dominated by the contribution from the valence 
quarks (τ = x1x2 = Q2/s ≅ 0.05÷0.3), it is pure u-dominance channel 
because of the π- beam

• Key measurement:
– TMD PDF universality test  SIDIS  DY
– Fundamental test of QCD - T-odd TMD (Sivers and Boer-Mulders) sign change from SIDIS to 

DY

• Now we can say (after series of beam tests) that the feasibility is proven
• Statistical error on single spin asymmetries is on the level 1÷2% in two 

years of data taking (useful event yield is confirmed by the results of 2009 
beam test)  

• In case we successful the DY measurement with antiproton beam can be 
considered as a continuation of the program 
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• Spares
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Drell-Yan Workshop at CERN, April 26-27
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Drell-Yan Workshop at CERN, April 26-27
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Drell-Yan Workshop at CERN, April 26-27
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DY@COMPASS - feasibility - RP

• Very important 2009 beam test
• At 1.5x108 /spill stays below 0.5 uSv (allowed 3 uSv)
• Conclusion by CERN RP group – well under control
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DY@COMPASS - feasibility - occupancies

• Very important 2009 beam test
• Occupancies are ~ factor 10 lower with respect to standard muon

or hadron spectroscopy running

10/05/2010 Oleg Denisov 33



DY@COMPASS - feasibility - trigger

• Very important 2009 beam test
• Sort of muon trigger was implemented in LAS based on HCal1
• Trigger rate < 50 kEvents/spill 
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UPGRADES:
DY@COMPASS upgrades: Trigger
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Competition and complementarity
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DY@COMPASS upgrades: beam telescope and 
additional tracking station downstream of PT

• Beam telescope upstream of the COMPASS PT
– Radiation hardness (beam intensity ~ 6x107 s-1), 280 days in total
– Good time resolution (~ few ns)
– Moderate space resolution (50-100 um)

• Most probable, the additional tracking station will help to vertex 
resolution, further MC required. NA50 experience is not positive, but 
with ~ 10 higher intensity

• The issue will be discussed on one of the forthcoming TB meetings
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L.Gatignon, 17-10-2006 Preliminary rate estimates for RF 
separated antiproton beams
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WHAT ABOUT A RF SEPARATED pbar BEAM ???

RF2RF1

DUMP

Choose e.g. ∆Φπp

∆Φ = 2π (L f / c) (β1
-1 – β2

-1) with β1
-1 – β2

-1 = (m1
2-m2

2)/2p2

L

DUMP

Momentum
selection

First and very preliminary thoughts, guided by
• recent studies for P326

• CKM studies by J.Doornbos/TRIUMF, e.g.
http://trshare.triumf.ca/~trjd/rfbeam.ps.gz

E.g. a system with two cavities:
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