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 COMPASSCOMPASS--II phase I: test in 2012 and 2 II phase I: test in 2012 and 2 yearsyears  2015+16: 2015+16:   

                                                                        with  LH2 target + with Recoil Proton Detection 
 
 

 The tThe t--slopeslope  of the DVCS and HEMP cross sectionof the DVCS and HEMP cross section  
  transverse distribution of partonstransverse distribution of partons  

 

  The The BeamBeam  Charge and Spin Charge and Spin SumSum  and and DifferenceDifference  
ReRe  TTDVCSDVCS  and and ImIm  TTDVCS DVCS for the GPD H for the GPD H determinationdetermination  

  

  VectorVector  MesonMeson  00,, ++,, , , ΦΦ    production production   GPD HGPD H  
  

  PseudoPseudo--scalarscalar  00  productionproduction  GPDsGPDs  EtildeEtilde  and Eand ETT  

  

 

 UsingUsing  the 2007the 2007--10 data:  10 data:  transv. polarized NH3 target without RPD 

  In future  > 2016:  phase II: In future  > 2016:  phase II: transv.  polarised NH3 target with RPD 
   

  The Transverse Target Spin The Transverse Target Spin AsymmAsymm    GPD E and GPD E and angularangular  momentummomentum  of partonof parton 

  GPDsGPDs  studiesstudies  @ COMPASS @ COMPASS withwith  + , -  160 GeV    



Projections for Phase 1 in COMPASSProjections for Phase 1 in COMPASS--II II   
(test in (test in autumnautumn  2012 and 2 2012 and 2 yearsyears  20152015--16)16)  
  

with recoil proton detection and hydrogen target   
 
Transverse Imaging : d /dt  

 

Constrains on the GPD H 
     



 
 
 
 
 
 

mainly dominated by H(x,H(x,  =x, t)=x, t)  

                                          Transverse Transverse imaging at imaging at COMPASSCOMPASS  
    

   0.65 0.02 fm 
 

   H1  PLB659(2008)  
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COMPASSCOMPASS  

           BB(x(xBB))    =  ½ < r=  ½ < r 2 2 ((xxBB) >) >                                                    relatedrelated  to to   ½ < b½ < b 2 2 ((xxBB) >) >  

    
           distance between the active quark                                    distance between the active quark 
           and the center of momentum of spectators                    and the center of momentum of the nucleon 

 
Impact Impact ParameterParameter  RepresentationRepresentation  
  
  

     q(x, bq(x, b   ) <) <-->  >  H(x,H(x,  =0, t)=0, t)      
  

      

Transverse size of the Transverse size of the nucleonnucleon 

dd   DVCSDVCS
  //ddtt      ~~    exp(exp(--BB||tt||))  

 



2 2 yearsyears  of dataof data  
160 GeV muon beam 
2.5m LH2 target 
  global global = 10= 10%%  

B(xB) = b0 + 2 αα’’ ln(x0/xB) 

ansatz at small xB 

inspired by  
Regge Phenomenology: 

αα’’    slope of Regge traject 

                                          Transverse Transverse imaging at imaging at COMPASSCOMPASS  
    dd   DVCSDVCS

  //ddtt      ~~    exp(exp(--BB||tt||))  

 

              for valence quark for valence quark αα’’ ~ 1 ~ 1 GeVGeV--22  to to reproducereproduce  FF      FF          mesonmeson  ReggeRegge  trajtraj..  
               

       for gluon    for gluon    αα’’ ~ 0.164 ~ 0.164 GeVGeV--22  (J/(J/   atat  QQ22=0)      =0)        
            αα’’ ~ 0.02 ~ 0.02 GeVGeV--22  (J/(J/   atat  QQ22=2=2--80 GeV80 GeV22))  

   <<<<  αα’’ ~ 0.25 ~ 0.25 GeVGeV--2 2   

                        forfor    soft soft PomeronPomeron  



2 2 yearsyears  of dataof data  
160 GeV muon beam 
2.5m LH2 target 
  global global = 10= 10%%  

           without any model we can extract B(xB)  
B(xB)  =  ½ < r 2 (xB) >  

   r  is the transverse size of the nucleon  

AccuracyAccuracy  > 2.5 > 2.5   if if αα’ = 0.125 and full ECALS’ = 0.125 and full ECALS    

B(xB) = b0 + 2 αα’’ ln(x0/xB) 

ansatz at small xB 

inspired by  
Regge Phenomenology: 

αα’’    slope of Regge traject 

                                          Transverse Transverse imaging at imaging at COMPASSCOMPASS  
    dd   DVCSDVCS

  //ddtt      ~~    exp(exp(--BB||tt||))  

 



                                          Transverse Transverse imaging at imaging at COMPASSCOMPASS  
    

2 2 yearsyears  of dataof data  
160 GeV muon beam 
2.5m LH2 target 
  global global = 10= 10%%  

Exclusive Exclusive   

dd   exclexcl..
  //ddtt      ~~    exp(exp(--BB||tt||))  

 

model developed by Sandacz 
renormalised  according  
Goloskokov and Kroll  prediction 
 



                                          Transverse Transverse imaging at imaging at COMPASSCOMPASS  
    

2 2 yearsyears  of dataof data  
160 GeV muon beam 
2.5m LH2 target 
  global global = 10= 10%%  

      We are sensitive  
      to the nucleon transverse size 
   + to the meson transverse size       

Exclusive Exclusive   

B~8 @ QB~8 @ Q22=2 =2   

  

B~5.5 B~5.5 afterafter  QQ22=10 =10   

 

dd   exclexcl..
  //ddtt      ~~    exp(exp(--BB||tt||))  

 



Constrains on the GPD E 
 

    on transversely polarized protons (NH3 target) 
     

1) without recoil detection (2007 & 2010) 

 
2) with recoil detection Phase 2 (in a future addendum)Phase 2 (in a future addendum) 

 

  the GPD  E  allows nucleon helicity flip  
   so it is related to the angular momentum 
 

Ji sum rule:  2Jz
q

 =  x (Hq (x,ξ,0) +Eq (x,ξ,0) ) dx 
 

       
 

      
The GPD E is the ‘Holy-Grail’ of the GPD quest 

t 

p  p 

q q 

E 



Hard Exclusive Hard Exclusive VectorVector  MesonMeson  Production Production   

AUT( 0
L)  |-t’| Im( E* H )  / |H|2  sin(  - S) 

ST target spin vector / * direction 
PT target transverse polarization / the  beam direction  

*  mainly smaller than 60mrad at COMPASS 
Diehl, Sapeta, EPJC41 (2005) 
              Diehl, JHEP09 (2007) 
 



0 

and with quark transverse degrees of freedom 
 

the asymptotically dominant (longitudinal) amplitude for LL* p * p   LL  pp  
but also the one for transversely polarized photons and vector mesons TT* p * p   TTpp  

Eρ0  2/3 Eu + 1/3 Ed + 3/8 Eg 
 
Eω  2/3 Eu – 1/3 Ed + 1/8 Eg 
 
Eρ+         Eu –  Ed    - 3/8 Hg 

q =  eq (x)  dx 

           Eu ~ -Ed  

GoloskokovGoloskokov--Kroll: the Kroll: the mostmost  completecomplete  model (Qmodel (Q22>3GeV>3GeV22  x<0.2) x<0.2)   
                                                                  with H and E for quarks and gluons  

Hard Exclusive Hard Exclusive VectorVector  MesonMeson  Production Production   

AUT( 0
L)  |-t’| Im( E* H )  / |H|2 



SelectionSelection  of Exclusive of Exclusive   Production: Production: μμ    p p     μμ’ ’   pp  

                

      1-  Assuming    both hadrons are 
            0.5 < M < 1.1 GeV 
           To maximize the purity of the sample of ° / 
     non resonant + - 

2- Incoherent production on quasi-free protons in  NH3                     
                polarized target 
      0.05 < pt²< 0.5 GeV²  
     Contamination of about   a 5% coherent production 

    3- Exclusivity of the reaction 
     
 
 

           -2.5 < Emiss < 2.5 GeV 

 Background correction in every bin in: 
xBj, Q

2, pT
2,  - S and cell state and polar. state 

   Diffractive dissociation ~12% 
    Does not change the asymmetry  (confirmed by HERA)  

1< Q2 < 10 GeV2     0.1 < y < 0.9      W>4 GeV    E > 15 GeV  

withoutwithout  RPDRPD 



CompassCompass  2007 2007 preliminarypreliminary  HermesHermes  

W=5 GeV 
Q2=3 GeV2 

AUT( ) and AUT( +) should be more promising 
To be completed with the analysis of 2010 data  

2007 2007 resultsresults  for the Transverse Target for the Transverse Target AsymmetryAsymmetry  

AUT( 0
L)  |-t’| Im( E* H )  / |H|2 



What could come in the future? 

If If sufficientsufficient  manpowermanpower    
  
StudyStudy  of of otherother  vectorvector  mesonsmesons: : 00,, ++,, , , ΦΦ, (J/, (J/ΨΨ))  

  

StudyStudy  of all the of all the asymmetriesasymmetries, , crosscross--section, L / T section, L / T , , SDMESDME, , slopeslope  in tin t  
  

          For For transverselytransversely  polarizedpolarized  proton (NHproton (NH33  targettarget:2007:2007--10)10)  
          For For unpolarizedunpolarized  proton (LHproton (LH2 2 2012 + …)2012 + …)  
  
          For For transverselytransversely  polarizedpolarized  deuterondeuteron  ((66LiD LiD targettarget: 2002: 2002--33--44--6)6)  
  





Hard Exclusive Hard Exclusive VectorVector  MesonMeson  Production Production   



PT = 0.5  2% 
 
  f =0.25  2% (from 0.27 at Q2=1 to 0.18 at Q2 =10)  
calculated for  the material composition and the  nuclear 
dependence of the cross section of this exclusive reaction 

quasi-free protons in  NH3 polarized target 

μμ    p p     μμ’ ’     p   p      



 -2.5 < Emiss < 0 GeV  and 1< Q2 < 1.4 


