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Single polarized Drell-Yan at COMPASS

DY vs SIDIS at COMPASS

Experimental setup
 
    
Spin-dependent measurements
 

Spin-independent measurements

What about the future? 

Outline



  

Accessing TMDs @ COMPASS
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Single polarized DY

At LO:

Target rest frame Collins-Soper frame

Measure magnitude of 
azimuthal modulations in 
cross section:
“Single-Spin Asymmetries” 



  

Meson induced DY process

Flavor sensitive: meson is specific qqbar compound

pi-minus on proton: selectively probes u-quark Sivers distribution   
of the proton

no cancellation effects by opposite-sign u- and d-quark Sivers 
contributions

Creation of large-mass di-lepton from valence quarks: large x
Proton-induced DY generates di-lepton from sea-quark: small x

test meson structure and nuclear models
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DY-SIDIS Bridge
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DY-SIDIS Bridge



  

Universality: these naïve time-reversal-odd TMDs are expected to have the same 
magnitude but opposite sign in Drell Yan.

DY-SIDIS Bridge



  

COMPASS SIDIS 2010 proton Data Sivers in DY- Q2 range: z > 0.2

DY-SIDIS Bridge



  

COMPASS for DY

Large-acceptance trigger 
system for the detection of
multi-muon events

    

DY Runs
2009: test beam for feasibility study
2014: pilot run
2015: main run
(transversely polarized NH3 target)

A high momentum resolution for
charged particles provided by a 
two-stage magnetic spectrometer 

SM1SM1

SM2

MW1

MW2

c

c

Most important features:

Solid state transversely  polarised target (NH3) as well 
as nuclear targets

Hadron absorber

Vertex Detector

Powerful tracking system:
350 planes

Muon identification – Muon walls



  

COMPASS for DY: hadron beam

50-280 GeV/c hadron beam

    

negative hadron beam (π/K/p 97/2/1%)
(from 400 GeV/c SPS protons onto conversion target)
Average Beam Intensity 2015: 108 particles / sec
Average Beam Intensity 2014: 7.3X107 particles / sec

Two CEDARs designed to provide fast beam 
particle identification at high rates for particle 
momenta up to 300 GeV/c 

190 GeV/c π- beam



  

COMPASS for DY: target region



  

COMPASS for DY: targets

Vertex position: Mµ+µ- > 4GeV/c2



  

Existing COMPASS DY data

2014: unpolarized proton (mass 1),
unpolarized aluminum (mass 27),
unpolarized tungsten (mass ~183)

2015: transversely polarized proton,
unpolarized aluminum,
unpolarized tungsten

Scatter off different targets and record data at the same time

Mµ+µ- > 4GeV/c2

NH3

W

Al



  

2014 DY data (preliminary)

6 October – 15 December 2014

~ 3 weeks of stable data taking

> 80 million opposite sign muon pairs were analysed which associate to a 
primary vertex with beam track

Average beam intensity: 7.3X107 particles / sec
(up to nominal 108/s)

No target polarization

Statistics: 
DY events (M µ+µ- > 4GeV/c2): ~ 7k 
J/ψ events: ~ 200k

Reconstructed primary vertices with 2 
opposite charge muons and a beam, 
originated in the NH3 target region: 

transverse centering with the target cells 



  

2014 DY: dimuon invariant mass spectrum 
NH3 target only



  

NH3 target only

2014 DY: dimuon invariant mass spectrum 



  

NH3 target only

2014 DY: dimuon invariant mass spectrum 



  

x 

Continuum:
sum of different physics 
contributions, namely Drell–Yan 
and a small amount
of semi-leptonic open charm 
decays and the combinatorial 
background 

NH3 target only

2014 DY: dimuon invariant mass spectrum 



  

combinatorial of uncorrelated 
opposite-sign muon pairs 
obtained from the like-sign 
samples, after symmetrization
on charges acceptance:

negligible for M > 4.5 GeV/c2

NH3 target only

2014 DY: dimuon invariant mass spectrum 



  

2014 DY: phase space coverage

phase-space accessed is the proton and pion valence 
quarks one, where Sivers PDF is expected to be of 
large magnitude



  

2015 DY data 

4.5 months of physics data-taking

~ 116 days (excluded MD)

Transverse target polarization ~80%

Beam intensity ~10⁸/second

~ 740 TB of recorded data

9 periods

Estimated Statistics: 
DY events (Mµ+µ- > 4GeV/c2): ~ 80.000 
J/ψ events: ~ 2.000.000

          
Proposal
       



  

COMPASS DY projections (NH3)

Projections: from Mµ+µ- > 4GeV/c2    240 days of data taking

Analysis ongoing on first 
produced 2015 DY data



  

What about unpolarized data?

Unpolarized asymmetries: acceptance corrections needed Acc(θCS; φCS)

Collins-Soper frame

At NLO:

Lam-Tung relation



  

Lam-Tung in proton and pion induced DY



  

Lam -Tung in proton and pion induced DY

Analysis ongoing on first 
produced 2015 DY data
and 2014 DY data



  

    

2018 
second year (un-)polarized Drell-Yan measurements with NH3 target 

TMD opportunities with hadron beams beyond 2020

pion beam and the transversely polarised deuteron (6LiD)
target → perform complete flavour separated TMDs analysis

With Radio Frequency separated beam
DY on liquid hydrogen and liquid deuteron targets: 

Improve significantly our knowledge of pion and kaon PDFs

nucleon strange quark structure 

detailed study of the fundamental Lam-Tung
relation violation 

Drell Yan extraction of proton transversity

What about the near and the far future?



  

    

What about the near and the far future?

Polarized 6LiD target 

Very Long LH2/LD2 target 

Many nuclei targets 

High-intensity pion beam 

High-intensity kaon beam 

High-intensity antiproton 
beam 

WISH LIST



  

    

Measure Sivers Asymmetry at Higher Q2 in Drell-Yan 
with 6LiD target 

Combine with COMPASS NH3  measurement to determine 
flavor dependent Sivers  

Additional data at higher Q2 for testing evolution

Flavor Separation

with pion-BM from DY on proton target:
extract proton transversity using NH3 and 6LiD runs

Provides important cross check for Collins based extraction of
proton transversity (magnitude of flavor contributions)

6LiD targetpion beam



  

    

Radio-Frequency separated beam?

Possibility of Radio-Frequency separated beam 
pion, kaon and antiproton
increase by a factor of two the maximum kaon/antiproton flux actually 
achievable

kaon and anti-protons flux possibly reaching 107p/s

possibility to measure proton TMDs and transversity function in completely 
model-independent way and to collect unique kaon-induced 
DY data in order to study with high accuracy the kaon PDFs

with p-BM from SIDIS solve for pion and kaon beam BM
Use anti—protons and proton target to get p-BM and compare!

Combination of unpolarized pion and kaon-PDF and pion- and 
kaon-BM will provide greatly increased knowledge of meson 
structure
Eg. comparison of Meson and
Baryon BM and first comparison
of BM for different mass mesons

LH2 and LD2 targetπ/k/antip beam



  

    

What about the future?

https://indico.cern.ch/event/502879/

COMPASS 
BEYOND2020 

Workshop

21 – 22 March 2016
CERN

      

http://www.epj-conferences.org/articles/epjconf/pdf/2015/04/epjconf_tv2014_02006.pdf

Gluon contribution to the Sivers effect. COMPASS results on deuteron target.
Adam Szabelski
on behalf of the COMPASS Collaboration

Gluon TMDs ?



  

DY Run 2015 just ended... 

 

 

     

   
 

    
 

    
 

Looking forward to present first ever polarized DY
data...analysis is ongoing

Stay tuned!

  End of Run...
Party!

      



  

End of Run 2015...

 

 

     

   
 

    
 

    
  

 

     

   
 

    
 

    
 

 

 

     

   
 

    
 

    
  

 

     

   
 

    
 

    
  

 

     

   
 

    
 

    
 

 

 

     

   
 

    
 

    
 

To be continued...

To be continued...



  

Spare Slides

Michela Chiosso, University of Torino and INFN



  

                                              

Test fundamental predictions by measuring TMDs in Drell Yan.

    

TMDs in DY processes



  

TMDs in DY processes



  

TMDs in DY processes



  

TMDs in DY processes



  

TMDs in DY processes



  

TMDs in DY processes



  

EMC effect



  

TMDs in DY processes



  

Proton tagging with CEDARs

    

Nominal Beam intensity: of 5 x 106 s-1 (2009) 
If one assume 70% efficiency of the CEDARs proton tagging 
we can expect up to ≈ 2.5 x 106 p s-1



  

M2 beam line secondary beams

Particle production at 0 mrad
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