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The ``proton spin crisis'':

ΔΣ → {

Static quark model ∶ ΔΣ = 1

Weak baryon decays ∶ ΔΣ ≃ 0.58

Experiments ∶ ΔΣ ≃ 0.3

ΔG = ?? Lq,g = ??

Our experimental tools:Deep inelastic scattering
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``GPDs are non-perturbative

objects entering the description of

hard exclusive electroproduction''

P P’P

H, E, . . .

q q ’

t

Definition of variables:

x: average long. momentum - NOT ACCESSIBLE

􀑁: long. mom. difference ≃ xB/(2 􀍫 xB)

t: four-momentum transfer

related to b􀑨 via Fourier transform
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``GPDs are non-perturbative

objects entering the description of

hard exclusive electroproduction''

They encode CORRELATIONS between the

long. mom. 𝐱 and the transv. position 𝐛􀍰
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Experimentally accessible through
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COMPASS:  Versatile facility  to study QCD 
 with hadron (, K, p …) and lepton (polarized ) beams 
of 200 GeV for hadron spectroscopy and  
         hadron structure studies  using SIDIS, DY, DVCS, DVMP… 
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• Reconstruction of the full event kinematics

• Recoil proton momentum from target TOF detector

• Photon energy and angle from ECALs
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The GPD Physics Program at COMPASS
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2008: Very short test run, short LH2 target

Observation of exclusive photon production

Estimation of global efficiency: 𝜖global ≃ 10%

2009: 10 days, short LH2 target

Coarse binning in xB
First hint of DVCS at large xB

2004-10: Exclusive vector meson production on a

transv. pol. target and no recoil detector

2012: 4 weeks, full-scale LH2 target and recoil detector

2016-7: 2 years of dedicated data taking

>2018: DVCS with transv. pol. target and

recoil detector→ GPD 𝐄

Future addendum to COMPASS-II proposal
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Contributions of DVCS and BH at E=160 GeV 

 

θ μ’ 
μ 

*  

p 
Deep VCS Bethe-Heitler 

 BH dominates          study of Interference          DVCS dominates 

excellent                               Re TDVCS                                 study of dDVCS/dt  

reference yield                     or  Im TDVCS                                 Transverse Imaging 

d   |TBH|2 + Interference Term + |TDVCS|2  

Monte-Carlo 
Simulation 
for COMPASS 
set-up with  
only ECAL1+2 

Missing 
DVCS acceptance 
without ECAL0 
 

          0.005 < xB < 0.01                 0.01 < xB < 0.03                      0.03 < xB  

 54 evts  =  20  BH       
+   a significant DVCS contri. 
     which can be polluted  
     by   from 0  decay 

        ε p  ’ p  35% 
 

 (0.8)4 for SPS + COMPASS avail. + trigger eff + dead time 
 

    εglobal  0.14      confirmed   εglobal = 0.1 
                         as assumed for  COMPASS II predictions 

2009 DVCS test run (10 days, short RPD + target) 

          0.005 < xB < 0.01                 0.01 < xB < 0.03                      0.03 < xB  

2009 test data

𝜀global ≈ 0.14



Measurements of DVCS and BH Cross-sections
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dσ(μpμp) = dσBH   + dσDVCS
unpol 

   + Pμ dσDVCS
pol 

 
 

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

 

Deeply Virtual Compton Scattering 

cross-sections on proton for +, - beam  with opposite charge & spin (eμ& Pμ) 

Charge & Spin Difference  and Sum: 

           and    F1 Im H 

                                and        F1 Re H Int
c

1,0

SCS,U  d( +)  + d( -)    
Int

s1

DCS,U 
 d( +)  - d( -)    cos10

IntInt cc 

 sin. 10
IntDVCSBH

sKcd 

  

Note:   dominance of H  with a proton target  

                  at COMPASS kinematics  
             only leading twist and LO 

Intc1   Re  (F1 H  + ( F1 + F2 ) H   t/4m2 F2E ) 
 

 



Transverse Nucleon Imaging at COMPASS
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expected statistical and systematic uncertainties are shown

2 years of data

2.5 m LH2 target

𝜀global = 10%

Ansatz at small 𝐱𝐁:

𝐁(𝐱𝐁) ≃ 𝐁𝟎 􀍪 𝟐𝜶􀥑𝐥𝐧(𝐱𝟎/𝐱𝐁)

Beam Charge and Spin SUM:

𝐒𝐂𝐒,𝐔 ≡ 𝐝𝝈(𝝁􀍪←) + 𝐝𝝈(𝝁􀍫→) ∝ 𝐝𝝈𝐁𝐇 + 𝐝𝝈𝐃𝐕𝐂𝐒𝐮𝐧𝐩𝐨𝐥 + 𝐊𝐬𝐈𝐧𝐭𝟏 sin𝝓

Integration over 𝜙 and BH subtraction→ 𝐝𝝈𝐃𝐕𝐂𝐒/𝐝𝐭 ∼ 𝐞𝐱𝐩(−𝐁|𝐭|)
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Beam Charge and Spin DIFFERENCE
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 

Contributions of DVCS and BH at E=160 GeV 

θ μ’ 
μ 

*  

p 
Deep VCS Bethe-Heitler 

d  |TDVCS|2 + |TBH|2 + Interference Term 

33 

0.005 < xB < 0.01           0.01 < xB < 0.03                0.03 < xB  

BH dominates            study of interference term       DVCS dominates 
                                     with +   and - 

Test in 2009 
Marie Boer’s thesis 
 
DVCS not flat ar large x 
 Necessity of  ECAL0 

Beam Charge and Spin Difference (using          ) DCS,U 

ZO
O

M
 

Kroll, Moutarde, Sabatié 
EPJC 73 (2013) 2278 
 

2 years of data = 40 weeks 
160 GeV muon beam 
2.5m LH2 target 
 global = 10% 

Comparison to different models 

α’= 0.8 

α’= 0.05 

Predictions for 2 years of data taking (2016-17)

𝐃𝐂𝐒,𝐔 ≡ 𝐝𝝈(𝝁􀍪←) − 𝐝𝝈(𝝁􀍫→) ∝ 𝐜𝐈𝐧𝐭𝟎 + 𝐜𝐈𝐧𝐭𝟏 𝐜𝐨𝐬(𝝓)

𝐜𝐈𝐧𝐭𝟎,𝟏 ∝ 𝐑𝐞(𝐅𝟏ℋ)

CFFsℋ accessed through 𝜙 modulation of 𝐃𝐂𝐒,𝐔



Cross-section Difference - All Bins
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Cross-section Asymmetry
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Predictions with 
VGG and D.Mueller 

2 years of data 

Re H   > 0  at H1 

             < 0  at HERMES/JLab  
       Value of xB for the node? 

E= 160 GeV        1 <  Q2 < 8 GeV2 

HERMES JLab 

COMPASS 

Int
UCS

cA 1
cos

,   torelated 


                               and        F1 Re H  cos10

IntInt cc  Intc 1,0DCS,U 
  d( +)  - d( -)    
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Detector efficiency:

𝜀det ≈ 30%

Global efficiency:

𝜀global ≈ 10%

- Detector efficiency

- SPS and COMPASS availability

- Dead times + trigger efficiency
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18 -10- 2012

ECAL2

µ±

ECAL1

2012 Pilot Run - 4 weeks

Partially equipped ECAL0
Full-scale CAMERA

recoil detector

and liquid H2 target



DVCS 2012 Test Run
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< r2􀍰(xB) > ≈ 2𝐁(𝐱𝐁)

← 4 weeks in 2012

𝐒𝐂𝐒,𝐔 ≡ 𝐝𝝈(𝝁􀍪←) + 𝐝𝝈(𝝁􀍫→) → 𝐝𝝈𝐃𝐕𝐂𝐒/𝐝𝐭 ∼ 𝐞𝐱𝐩(−𝐁|𝐭|)

2012: we can expect one mean value of B

in the COMPASS kinematic range



The Recoil TOF Detector CAMERA

A. Ferrero (CEA-Saclay/IRFU/SPhN) On behalf of the COMPASS collaborationCOMPASS II 16/24

Ring A: {

24 slabs

4mm thick

2.75m long Ring B: {

24 slabs

50mm thick

3.6m long



CAMERA Readout
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CAMERA Readout

Freiburg and Saclay teams CAMERA calibration and studies 23.04.2014 5 / 43



Recoil particle Measurement in CAMERA
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Hard Exclusive Meson Production (HEMP)
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Hard Exclusive Meson Production 

 Vector meson production from  

    transversely polarized target asymmetry 

   E/H 

ρ : ω :        9 :  1 : 2   

  (at large Q2 ) Eρ0 = 1/2 (2/3 Eu + 1/3 Ed + 3/8 Eg) 
 
Eω  = 1/2 (2/3 Eu – 1/3 Ed + 1/8 Eg) 
 
E   =           -1/3 Es  – 1/8 Eg 

Allows for flavor separation: 

Cross section measurements: 

 Pseudo-scalar: p, η, …    H  &  E 

 Vector meson: ρ, ω, … H  &  E 

 ~  ~ 



Exclusive 𝜌0 Prod. on a Transv. Pol. Target
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Beyond 2018: DVCS on a Transversely Polarized Target
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Plan for DVCS after 2018 with Transv. Polarized target 

related to H and E CS,T 

With ECAL2 + ECAL1  

 

θ μ’ 
μ 

*  

p 

 with +, - beam and transversely polarized  NH3 (proton) target 

  

 

             Im(F2 H – F1 E)  sin(- S) cos  
DCS,T  dT ( +)  –  dT ( -)   

related to H and E  
(only stat .error) CS,T 

2 years of data   160 GeV muon beam 
1.2 m polarised NH3  target    global = 10% 

Possible addendum to the COMPASS-II Program
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COMPASS
JLab

Futur 2016-17: DVCS with CAMERA + LH2  GPD H
After LS2 (~2020): DVCS with a modified CAMERA + polarized target  GPD E

In the future Collider e-p to reach high luminosity and high energy (gluon dominance…)

          Gluons             Sea quarks        Valence quarks
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