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Combining SDME measurements (may need “event base” analysis) 
at CLAS12 and HERMES/COMPASS will be important for model 
independent separation of longitudinal part

CLAS12 already collected data on proton  for 6.4,6.5,7.5.8.5.10.2,10.6 GeV

Complementarity of different experiments
Discussion session on VM data analysis   H.Avakian



Cuts on Invariant/Missing masses
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Solid line correspond to reconstructed set, 
using generated values in LUND-MC
Points correspond to reconstructed values
Width is wider than resolution effects

• With tight exclusivity cuts background is minor
• Wide rho peak makes problematic proper 

background subtraction

bin  0.275<x<0.325,0.05<-t<0.35 (RGA 10.2 GeV)

LUND-MC

With proton detected and exclusivity cuts 
applied no major background left

epe’p’



Studies of  0 impact with longitudinally polarized NH3 target

• Require the angle of negative pions is within a 
degree from calculated from e’,p,+ assuming 
exclusive e’,p,+- event.

• Measurements of ALL for 0 indicate very small 
values (with ~10-20% bck, likely negative ~    
-2-10% ), and can be one of the reasons for 
higher ALL with protons with a MX cuts above 
1.35 GeV (excluding exclusive 0 )

H. Avakian, EMMI, June 15

Separating exclusive dihadrons

Need clear separation of hydrogen from NH3

and diffractive exclusive 0s from exclusive 

CLAS12 Preliminary

cut on 1o beetween
measured and calculated 

measured
calculated

ep->e’p’

Request to theory evaluate the impact 
on g1(x,kT) with all ALLs increasing 10-20%
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CLAS12 Experiments involved: Exclusive rhos

Exclusivity condition  defined by the missing Energy: 

CLAS12 (width <0.1GeV) HERMES(width ~0.6GeV) COMPASS(width ~2GeV)

• Guarantying the “exclusivity” requires good resolutions (gets worse at higher energies)
• Subtraction procedure relays on normalization, based on exclusive limit of LUND-MC
• All distributions have  tails, indicating the RC may not be negligible
• Extraction of SDMEs, will require validation in the multi-D space (significant samples)

~20% of data

hep-ex/0004023

dominated by 
transverse photons

what  are cos distributions of those?



Exclusive : missing mass dependence
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• s dominate both exclusive dihadron samples, contributing differently depending on z
• SSA can be used as a tool to check dominance of different dynamical contributions

forward protons

forward rhos



L/T photons producing T/L VMs
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To separate L and T-photon contributions detailed 
measurements are needed for L/T interference observables, 
 practically impossible at higher energies and large x!!!

L/T separation Assuming SCHC SSA of rho should be 0clearly violated 

Beam SSA for exclusive states

0
L

0
T

G.Matousek (Duke) & N.Trotta (UCONN)

x=0.3

EIC 5x41

EIC 18x275

CLAS12
CLAS24



Structure functions: case of VMs
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Diehl: 0704.1565 More angles involved

beam SSA involves several dynamical contributions 

After integration over
two terms survive 

Detector has acceptances in angles, 
and integration should account that 
to be interpretable by theory

interference of transverse and 

longitudinal from transverse 
photons



SDMEs: different combinations in experiment
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Diehl: 0704.1565

Interference of T*L and  L*L

Interference of T*T and  L*T

sinusoidal modulations(~0 at COMPASS)

cosine modulations(huge at COMPASS)

Valuable source of info on 
longitudinal photon!!!

(>0 at COMPASS/HERMES)

(~0 at COMPASS/HERMES)



Using e+e- to estimate vector mesons
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The invariant mass of dihadrons is contaminated by other 
vector mesons, with shape not changing significantly with 
hadronization fraction to spin-1 vs spin-0 mesons

decays of and  are kinematically 
separeated from  and 

Vector meson per electron can be independently estimated from epe’e+e-X
Can check decay shapes changing for L-rho to cos2





 e+e-
 e+e- 
 e+e- 
 e+e- 
 e+e- 




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• Around rho0 mass the longitudinal photon contribution is maximized, 
can we claim that rho production dominates the longitudinal photon 
production? 

• The low MX is dominated by rho0s
• At low MX the ratio ~1/Q2 with week dependence on W and x

H. Avakian, EMMI, June 15

Measurements of exclusive rho at ZEUS



H. Avakian, EMMI, June 15
39

DDIS and rho from ZEUS

No major dependence on 
W for low M_X? 

SATRAPepe’pX
RHOPepe’pr
SANGepe’NX
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Impact of acceptances in cos 

ZEUS rho (0708.1478)

• Proper acceptance account requires fine multidimensional binning, high statistics
• ZEUS 7-bins with acceptance at |cos|>0.8 reducing ~2 times (integrated over t?)
• Situation even worse for electroproduction of -mesons

CLAS6 0803.3537

1/Q6 theory misses 
~70-80% at low Q2

epe’p’



Comparing 2 MCversions for CLAS12 
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Generated Reconstruction efficiencies



Comparing the MC  with CLAS12 data (epe’p’)
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use the rho-generator-gemc-reconstruction chain to compare with CLAS12 10.6 GeV data vs 2 MC models

10359 has additional terms in
from interference of transverse and longitudinal rho 
produced by transverse photons 

• With proton detected and exclusivity 
cuts applied no major background left

• Good agreement for distributions on 
relevant variables

filled circles RGA
open circles MC



Comparing the MC with CLAS12 data

MC in terms of Helicity Structure functions: Relative contributions from longitudinal 
and transverse described well with Longitudinal rhos dominating ~5-6 times for Q2~1.5

H. Avakian, EMMI, June 15
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CLAS12 10.6 data set vs MC
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COMPASS/HERMES Measurements

HERMES COMPASS

The normalized SDMEs (ratio to Total) seem to be independent on kinematics
While average values seem to be consistent,  the t-dependences of transverse 
dominated contributions inconsistent

transverse part decreasing with t’transverse part independent on t’
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Testing complementarity for different experiments using the accessible kinematics

A simple text files with 4 columns of generated Vertex and 3momentum, and 
reconstructed vertex and 3momentum (if available) for every relevant PID, can be 
used to study the potential for separation of longitudinal and transverse photon 
contributions
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Plans for future analysis of VMs

Development of realistic MC with reasonable kinematic dependences of Helicity 
Structure Functions (HSFs) tested in full kinematics covered by JLab,HERMES,
COMPASS

Development of the framework for AI inference of HSFs from exclusive VM data 
using unpolarized and polarized target data

Extraction of HSFs from CLAS12 data sets

Extraction of HSFs from combined CLAS12/COMPASS (possibly HERMES) data

Store the MC generated/reconstructed event files for the configuration of the
simulation/reconstruction chain used for the final analysis of VM

As a part of the preservation make public event samples for event based data 
analysis
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DDIS and rho from ZEUS

Is the M_X  invariant mass of the hadronic system X (γ*p → XN) with 
M_N<2.3 GeV?,     Why the peak at 0.9?

why 0.05, interval will have <50% of events?

SATRAPepe’pX
RHOPepe’pr
SANGepe’NX



0.1<PT<0.3, 0.4<z<0.6

“-free” SIDIS

Exclusive 0s: impact on SIDIS SSAs
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• Can change the pion SSAs, in particular at small PT

• The same sign and size of + and - SSA indicates the rho0 may be significant, 
subtraction will require detailed MC studies, which require proper SDMEs

• While VM contributions are ~20% in multiplicities in SSA they can be >100%
• Detection of the target proton allows to clean up the SIDIS sample from exclusive 

rho contributions


