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DVCS of 4He at the EIC 



History of DVCS and DIS

❖ Measurements of F2
Fe/F2

D2 in DIS at 
CERN, 1982

❖ Binding Energy of Nucleus << Typical 
momentum transfer

❖ Expect almost constant plot with minor 
corrections

❖ Instead, see clear downward gradient!

❖ Dubbed: ‘EMC Effect’
EMC Data, CERN Courier 1982.

https://cds.cern.ch/record/1734943/files/vol53-issue4-p035-e.pdf

https://cds.cern.ch/record/1734943/files/vol53-issue4-p035-e.pdf


Q2 = -q2 = -(k’- k)2, the virtuality of 𝛾*

xB = Q2/2M𝜈

t = -𝚫 = -(p-p’)2

𝜙h = angle between leptonic and hadronic 
scattering planes.

Handbag approximation of coherent DVCS of 4He
https://arxiv.org/pdf/1910.07458.pdf

DVCS of 4He

❖ Process which can give understanding of 
EMC effect, and tomographic view of 
nucleons.

❖ Pure DVCS reaction illustrated by 
‘Handbag Mechanism’.

❖ At leading twist order full picture DVCS + 
Bethe-Heitler: 

https://arxiv.org/pdf/1910.07458.pdf


Generalized Parton 
Distributions
❖ FFs describe 1D transverse distribution, 

PDFs describe 1D longitudinal 
momentum, but no correlation!

❖ GPDs directly correlate longitudinal 
momentum and transverse position of 
partons.
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Generalized Parton Distributions

❖ DVCS / TCS allow access to 1+2D GPDs 
through CFFS.

❖ Many ep studies and experiments so far.

❖ Recent publication of 12 GeV e-p results, 
en (e`,d)  approved at PAC50

❖ However only current e-4He data from 
CLAS6!

Combine differently depending on 
polarization of beam and target (BSA, ITSA, 
BITSA, tTSA).

Only 1 Chiral even GPD needed to parameterize 
structure of spinless nuclei:

HA(𝒙,𝝃,𝒕)



DVCS-eA at EIC with ECCE 

The (DVCS) Orsay-Perugia Event Generator : 
TOPEG

https://gitlab.in2p3.fr/dupre/nopeg 

- Raphael Dupre, Sara Fucini

DVCS-eA events generated using 
Goloskokov-Kroll GPD parameterisation: 
https://doi.org/10.1140/epjc/s2005-02298-5

and Fucini helicity model: 
https://arxiv.org/pdf/2008.11437.pdf

Neglects real part of H GPD to optimize CPU 
time.

Fun4All (F4A) Software Stack:

Full Geant4 simulation with complete ECCE 
detector implementation.  

https://github.com/ECCE-EIC/macros

bHCAL

EEMC

eHCAL

FEMC

fHCAL

SVTX 
Tracker

BEMC

https://gitlab.in2p3.fr/dupre/nopeg
https://doi.org/10.1140/epjc/s2005-02298-5
https://arxiv.org/pdf/2008.11437.pdf
https://github.com/ECCE-EIC/macros


Electron Selection: Internal Tracker

F4A outputs ‘containers’ (c++ classes containing 
objects that represent hits in each detector, and 
variables, momentum energy etc).

Truth Container includes all info input to 
simulation before detector effects.

To select electron we choose number of tracks 
in internal Si tracker == 1.

Resulting acceptance 883608 / 1M = 88.3%

Generated e’
Tracker e’



nElectronTracks == 1
&&
nCalorimeterHits > 0
&&
Calorimeter photon with max energy per event 
per cluster: Pmax
&&
Pmax > 250 MeV

EEMC (blue): 668757
BEMC (green): 192606
-> 861363/ 106 = 86.1%

Currently all photon hits detected in EEMC or 
BEMC.

Photon Selection: Calorimeters

Generated 𝜸
EEMC 𝜸
BEMC 𝜸



Calibration:

❖ Fit Pmax to Truth energy for calibration 
coefficients.

❖ Done separately for CEMC and EEMC 
responses.

❖ Calibrated photon energy mean increases 
+.72 GeV.

Photon Selection: Calorimeters



Layer 1 Hit

Layer 2 Hit

Layer 3 Hit

Layer 4 Hit

Hit, Px, Py, Pz, x, y,  z

❖ Layer 1 ID = 1
❖ Layer 2 ID = 4294967297
❖ Layer 3 ID = 8589934593
❖ Layer 4 ID = 12884901889

Helium Selection: Far Forward Detectors

Other hits with tiny z-momenta values are clearly not 
Helium Hits!

Select Helium with Hit ID equal to the 4 numbers.

Intrinsic Geant4 Tracking integers - the basis of 
tracking algorithm!
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❖ No FF momentum reconstruction - use 
truth values with 1% smearing.

❖ Second roman pot catches small subset of 
particles which miss the first. Acceptance 
in 6 ⩽ 𝜂 ⩽ 8.5

❖ Observe spillover of events in higher 𝜂 
bins (i.e. non-physical acceptance). 
Postulate detector + simulation effects + 
bin migration phenomena.

❖ Overall ion acceptance 8% -> 60% with 
‘high acceptance ‘ beam parameterisation. 

Generated He’
RP 1 
RP2

Helium Selection: Far Forward Detectors



Beam Parameterisations 

High Divergence (HD) setting used in detector 
proposal.

High Acceptance Setting (HA) improves results 
in DVCS eA channel

HA results reported in ECCE EDT publication.

10𝞂 cut on roman pot based on beam spot 
width:
Hi Acceptance

● xcut = 2.082 cm
● ycut = 0.3417 cm

Hi Divergence

● xcut = 4.25 cm
● ycut = 0.8041 cm
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Beam Parameterisations - RP Occupancy
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High Divergence High Acceptance



2D Phase Space Coverage (Gen / Reconstructed)



Detector Acceptance for Physics Quantities (5x41/u)

ECCE
2.0 ≤ Q2 ≤ 5.0 GeV2

0.002 ≤ xB ≤ 0.01
0.01 ≤ -t ≤ 0.1 GeV2

0 ≤ 𝜙 ≤ 2𝜋 

𝝈 = 0.71 nb
(MC Integral)



Differential Cross Section Measurements (5x41/u)



Future Work

❖ Asymmetry study

❖ Begin to look at files in new software framework for Detector-1

❖ 10x100 GeV/u and 18x137 GeV/u kinematics studied

❖ Continue optimization of generator and integrated cross section extraction



Conclusions

❖ DVCS Interesting and powerful process for extracting 3D images of nucleons.

❖ EIC will be a fantastic tool for probing at new energies

❖ ECCE (Now Det1) detector (IP6) High Acceptance implementation ~60% 
acceptance in exclusive channel - large improvement on initial study!



Special thanks to PhD supervisor (and WG convenor) R. Montgomery; all of the EDT working group; 
EICUG/ECW organisers and convenors; staff and colleagues within EIC.
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Thank You For Listening!
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Backup
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Example EIC Critical Decision Timeline
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ECCE Consortium Overview[4]
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More ECCE Details[4]
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Track Resolution


