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COMPASS-II  

Approved by CERN RB in December 2010 

• DVCS (GPD) and simultaneously  

SIDIS on proton (FF, TMDs)   2016/17, ... 

• TMDs in π─ + p   Drell-Yan:   2014/15, ... 

• Pion (and kaon) polarizabilities   2012 

wwwcompass.cern.ch/compass/proposal/compass-II_proposal/compass-II_proposal.pdf 

II 
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GPDs 
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GPD program at COMPASS 

 

• Transverse target asymmetry for exclusive ρ0 production  

              with polarized NH3 target 
2007, 2010 data 
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)sin( S

UTA


  Im( E* H ) 

 Im( E* E  -  H *H  ) 
T              T 

could be not small 

NEW RESULTS 

)sin( S

UTA


Transverse spin asymetry for exclusive ρ0 production  

            with polarized NH3 target 

HT
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• DVCS and Hard Exclusive Meson Production 

  with proton (NH3) target + RPD  and +, - 160 GeV beams  

        to constrain GPD E 

GPD program at COMPASS 

 

• Transverse target asymmetry for exclusive ρ0 production  

              with polarized NH3 target 

• DVCS and Hard Exclusive Meson Production 

      with LH2 target + RPD  and +, - 160 GeV beams 

 to constrain GPD H 

 to study the transverse proton size        
COMPASS II 

2016/17 

2007, 2010 data 

future 

test runs 

2009,2012 
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Kinematic domain (Q2, xB) for GPDs 

                fixed target 
 

collider 

 

explore the  

 intermediate xBj region 

      uncovered region between 

      ZEUS+H1 & HERMES + Jlab 

      before new colliders may be 

      available 

COMPASS unique for GPDs 

CERN muon beam  

• 100 - 190 GeV 
 

• μ+ and μ- available 
 

• 80% Polarisation 

• 4.6 108 + 

 

Lumi= 1032 cm-2 s-1  

       with 2.5m LH2 target 
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experimental apparatus 

SM1 

SM2 

ECAL1 

ECAL2 

ECAL0  

CAMERA 

new equipements 

• 2.5m LH2 target 

• 4m ToF Barrel CAMERA 

• ECAL0  
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CAMERA recoil proton detector  

       surrounding the 2.5m long   

                           LH2 target 

 

     

ECAL0 

ECAL2 

 

ECAL1 

       DVCS test run 2012 
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SIDIS 
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SIDIS 

i.e.    hadron multiplicities vs z and pt
2 

         dihadron multiplicities 

 and 

         azimuthal asymmetries 
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SIDIS 

i.e.    hadron multiplicities vs z and pt
2 

         dihadron multiplicities 

 and 

         azimuthal asymmetries 

on the 2.5 m long LH2 target 
 

taking advantage of the spectrometer consolidation 

and upgrades which are ongoing 

                               trackers, RICH 
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SIDIS 

160 GeV/c, 2.5 m long LH2 target 
 

1 week of data taking 
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polarised Drell - Yan 

test run in 2009 
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polarised Drell - Yan 

complementary to SIDIS: 

 

     cross-sections: 

     SIDIS: convolution of a TMD PDFs with FFs 

     DY:      convolution of 2 TMD PDFs                        

𝝅−𝒑↑ → 𝝁+𝝁−𝑿 ‘  



polarised Drell - Yan 
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Test of universality 

     the T-odd Boer-Mulders and Sivers functions  

 are process dependent  

)()( 11 DYfSIDISf TT
 

)()( 1 1 DYhSIDISh
 Boer-Mulders 

Sivers 

SIDIS 

and are expected to change sign 
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polarised Drell - Yan 

acceptance 

statistical errors 

24 9 /M GeV c  
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polarised Drell - Yan 

the phase spaces of the two processes overlap  

  consistent extraction of TMD DPFs in the same region 

Q2 vs x phase space at COMPASS  

190 GeV π 

and many ideas for  

other measurements  

in 2015 and after 
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COMPASS-II 

 

  a lot of interesting results 

  are expected in few years !! 

II 





                                  Transversity correlates 

                            quark spin  and  nucleon spin (transv. pol. N) 

 

                    Sivers  correlates 

            quark kT and nucleon spin (transv. pol. N) 

          Boer-Mulders  correlates  

quark kT  and quark transverse spin (unpol N) 

 

 H       q  

AUT 
 

sin( - S) E    f1T  
 

AUT 
 

sin(S) HT   h1  

2HT +ET  h1  
~    

ET = 

Chiral-even GPDs 

Chiral-odd GPDs 

With DVCS and  exclusive  production  



DVCS 
  

can be separated from BH and 

constrain the GPD H  

e.g. using cross-sections for  different 

lepton (μ) beam charge & spin (eμ& Pμ) Deep VCS Bethe-Heitler 

Charge & Spin difference and sum: Im and Re related to: 

 

 



DVCS & transverse proton size 

distance r
2

  between struck quark and spectator c.m.  

given by t-slope of DVCS  cross-section 0 (as function of xBj, LO) 

 

 
 

 

• Reminder 

• Subtract BH from     , integrate over ϕ    0 

• H1  found 0.65  0.02 fm at xBj  10-3 
 

 

Parametrisation 
 

 

 

 

 

 

Transverse size as function of xBj 

Reminder 
 



DVCS & transverse proton size 

• COMPASS-II projection, 2 years of data taking      , pilot run 2012  

• xB region unique to COMPASS 

• transition from HERA  HERMES/JLab 



dσ(μpμp) = dσBH   + dσDVCS
unpol 

   + Pμ dσDVCS
pol 

  

 

                   + eμ aBH Re ADVCS        + eμ Pμ a
BH Im ADVCS 

 

                  Im(F1 H) 

 Re(F1 H) Int
c

1,0

SCS,U  d( +)  + d( -)    
Int

s
1

DCS,U 
 d( +)  - d( -)    

Deeply Virtual Compton Scattering 

cos10

IntInt cc 

 sin.
10
IntDVCSBH

sKcd 

  

 Re H (,t)= P  dx H(x,,t) /(x-) 

 Im H (,t)=  H(x= ,,t)  

   xB / (2-xB) 
Note: dominance of H at COMPASS kinematics 



dσ(μpμp) = dσBH   + dσDVCS
unpol 

   + Pμ dσDVCS
pol 

  

 

                   + eμ aBH Re ADVCS        + eμ Pμ a
BH Im ADVCS 

 

                  Im(F1 H) 

 Re(F1 H) Int
c

1,0

SCS,U  d( +)  + d( -)    
Int

s
1

DCS,U 
 d( +)  - d( -)    

Deeply Virtual Compton Scattering 

cos10

IntInt cc 

 sin.
10
IntDVCSBH

sKcd 

  

 Re H (,t)= P  dx H(x,,t) /(x-) 

 Im H (,t)=  H(x= ,,t)  

   xB / (2-xB) 
Note: dominance of H at COMPASS kinematics 

Angular decomposition of sum and diff of the DVCS cross 

section 

will provide umambiguous way to separate  

the Re and Im of the Compton Form Factors  

from higher twist contributions 
 



      Beam Charge and Spin Difference (using DCS ,U)  
 
 

Comparison to different models 

2 years of data 

160 GeV muon beam 

2.5m LH2 target 

 global = 10% 

  

 

High precision beam flux and acceptance determination 

Systematic error bands assuming a 3% charge-dependent effect  

between + and -   (control with inclusive evts, BH…) 

 

θ μ’ 
μ 

*  

p 

’=0.8 

’=0.05 

(asymmetries +cross section) 
 

      (only asymmetries) 

0.06 <  |t| < 0.64 GeV2 



Beam Charge and Spin Difference over the kinematic domain 

Statistics and Systematics 
 

Diff = (NBH+NDVCS)+ /a+  - ( NBH+NDVCS)-/a-  

 

             a= lumiacceptance  
 

Diff Syst = a/acharge dependent    Sum 

                3% (hypothesis) 
 

Diff Stat= 1/(NBH+NDVCS)  Sum 

 

 

 

 

 

E= 160 GeV        0.06 <  |t| < 0.64 GeV2 


