
t reconstruction studies for DEMP events 
with LYSO+SiPM-on-tile ZDC

Barak Schmookler

1/22/2024 1



Motivation

➢We want to identify some physics processes which we can use to 
study the performance of the SiPM-on-tile ZDC.

➢We then would like to put the performance studies into the official 
ePIC physics benchmarks repository: 
https://github.com/eic/physics_benchmarks. This will allow the 
results to be easily reproducible for the TDR, as well as allow them to 
be run as part of the monthly simulation campaign.
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https://github.com/eic/physics_benchmarks


Deep Exclusive Meson Production (DEMP)

There are some good reasons to use this 
process for the first set of physics studies:

1. Simple 3-particle final state. Electron 
and positive pion go into the main 
detector. The neutron goes into the 
ZDC.

2. Good reconstruction of the neutron 
angle may be needed for accurate t
reconstruction. 

3. Generated events from the DEMPgen
event generator exist on S3 in HepMC3 
format. These events have the IP6 
crossing angle and beam smearing 
effects already applied 

1/22/2024 3

e- + p+ -> e- + pi+ + n

https://github.com/JeffersonLab/DEMPgen


LYSO+SiPM-on-tile ZDC in the ePIC geometry

➢The SiPM-on-tile ZDC detector 
geometry exists in the ePIC
repository and is now the 
default ZDC configuration. ePIC
PR #610, #611.

➢Reconstruction has been 
implemented in an EICRecon
branch. Pull request is under 
review.
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In ePIC far-forward configuration. 
Forward beampipe removed for 
clarity in this picture.

https://github.com/eic/epic/pull/610
https://github.com/eic/epic/pull/611
https://github.com/eic/EICrecon/tree/sipmzdc
https://github.com/eic/EICrecon/pull/1221


Results with DEMP simulation – truth level
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Neutron centered around 25 mRad 
(1.4 degrees), which is the proton 

beam direction

5x100 GeV – 10k events simulated



Results with DEMP simulation – reconstructed level
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Electron and pion are reconstructed 
using the central detector tracker (i.e. 

ReconstructedChargedParticles)

The neutron is reconstructed in the 
ZDC using the HEXPLIT algorithm: 

https://arxiv.org/pdf/2308.06939.pdf

5x100 GeV – 10k events simulated



t reconstruction

Electron+Pion 4-vector:
𝑡 = ( 𝑝𝑒 − 𝑝𝑒′ − 𝑝𝜋 )2

𝑝𝑒 = 0,0, −5,5 GeV/c

Method 2 in Probing short-range 
correlations in the deuteron via 
incoherent diffractive J/ψ production 
with spectator tagging at the EIC

Method E in On the Calculation of t 
in Diffractive VM production and 
DVCS
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5x100 GeV – 10k events simulated

Weighted

https://arxiv.org/pdf/2005.14706.pdf
https://arxiv.org/pdf/2005.14706.pdf
https://arxiv.org/pdf/2005.14706.pdf
https://arxiv.org/pdf/2005.14706.pdf
https://indico.bnl.gov/event/21264/attachments/51170/87486/Calculate_t_TU.pdf
https://indico.bnl.gov/event/21264/attachments/51170/87486/Calculate_t_TU.pdf
https://indico.bnl.gov/event/21264/attachments/51170/87486/Calculate_t_TU.pdf


t reconstruction

Neutron only:
𝑡 = ( 𝑝𝑝 − 𝑝𝑛 )2

𝑝𝑝 = 100 × sin θ , 0, cos(θ , 1) GeV/c

Method 1 in Probing short-range 
correlations in the deuteron via 
incoherent diffractive J/ψ production 
with spectator tagging at the EIC

Method shown on slide 3 in On the 
Calculation of t in Diffractive VM 
production and DVCS
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5x100 GeV – 10k events simulated

Weighted

https://arxiv.org/pdf/2005.14706.pdf
https://arxiv.org/pdf/2005.14706.pdf
https://arxiv.org/pdf/2005.14706.pdf
https://arxiv.org/pdf/2005.14706.pdf
https://indico.bnl.gov/event/21264/attachments/51170/87486/Calculate_t_TU.pdf
https://indico.bnl.gov/event/21264/attachments/51170/87486/Calculate_t_TU.pdf
https://indico.bnl.gov/event/21264/attachments/51170/87486/Calculate_t_TU.pdf


t reconstruction

Electron+Pion PT-based:
𝑡 = −(𝑝𝑇,𝑒′ + 𝑝𝑇,𝜋 )2

We use transverse momenta defined in lab 
frame with respect to proton beam 
direction. Is this correct?

Method 3 in Probing short-range 
correlations in the deuteron via incoherent 
diffractive J/ψ production with spectator 
tagging at the EIC

Method A in On the Calculation of t in 
Diffractive VM production and DVCS
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5x100 GeV – 10k events simulated

Weighted

https://arxiv.org/pdf/2005.14706.pdf
https://arxiv.org/pdf/2005.14706.pdf
https://arxiv.org/pdf/2005.14706.pdf
https://arxiv.org/pdf/2005.14706.pdf
https://indico.bnl.gov/event/21264/attachments/51170/87486/Calculate_t_TU.pdf
https://indico.bnl.gov/event/21264/attachments/51170/87486/Calculate_t_TU.pdf


t reconstruction

ECCE paper (here) method:
𝑝𝑚𝑖𝑠𝑠 = 𝑝𝑒 + 𝑝𝑝 − 𝑝𝑒′ − 𝑝𝜋

𝑝𝑒 = 0,0, −5,5 GeV/c

𝑝𝑝 = 100 × sin θ , 0, cos(θ , 1) GeV/c

Replace the angles in 𝑝𝑚𝑖𝑠𝑠 by the reconstructed neutron 
angles and set the mass of the 4-momentum to the 
neutron mass → 𝑝𝑛𝑒𝑢𝑡

𝑜𝑝𝑡

𝑡 = ( 𝑝𝑝 − 𝑝𝑛𝑒𝑢𝑡
𝑜𝑝𝑡

)2

Some conceptual similarity to method L in On the 
Calculation of t in Diffractive VM production and DVCS
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5x100 GeV – 10k events simulated

Weighted

https://www.sciencedirect.com/science/article/pii/S0168900223002280
https://indico.bnl.gov/event/21264/attachments/51170/87486/Calculate_t_TU.pdf
https://indico.bnl.gov/event/21264/attachments/51170/87486/Calculate_t_TU.pdf


HepMC files on S3
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S3/eictest/EPIC/EVGEN/EXCLUSIVE/DEMP/5on100/eic_DEMPGen_5on100_ip6_pi+_1B_1.hepmc



HepMC files on S3
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S3/eictest/EPIC/EVGEN/EXCLUSIVE/DEMP/5on100/eic_DEMPGen_5on100_ip6_pi+_1B_1.hepmc

Incoming electron and proton beam 
with crossing angle plus energy and 
angle smearing applied.



HepMC files on S3
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S3/eictest/EPIC/EVGEN/EXCLUSIVE/DEMP/5on100/eic_DEMPGen_5on100_ip6_pi+_1B_1.hepmc

Scattered electron, positive 
pion, and neutron



HepMC files on S3
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S3/eictest/EPIC/EVGEN/EXCLUSIVE/DEMP/5on100/eic_DEMPGen_5on100_ip6_pi+_1B_1.hepmc

Truth t distribution is above plots calculated 
using lines below:

𝒕𝒕𝒓𝒖𝒆 = ( 𝒑𝒑 − 𝒑𝒏 )𝟐

Weight is applied for each event



HepMC files before afterburner 
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S3/eictest/EPIC/EVGEN/EXCLUSIVE/DEMP/eic_DEMPGen_5on100_1B_1_100.hepmc

Boost

Rotation



HepMC files before afterburner 
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S3/eictest/EPIC/EVGEN/EXCLUSIVE/DEMP/eic_DEMPGen_5on100_1B_1_100.hepmc

Two issues:
1. Events don’t seem to match the events in the post-afterburner file. For example, the 

scattered electron momentum in event 1 is very different in the two files.
2. Trying to run the beam effects afterburner on this file causes a crash on the first event 

(due to no defined vertices). Can contact exclusive/diffractive/tagging group about this.



Summary

➢Studies of t reconstruction for DEMP events with LYSO+SiPM-on-tile
ZDC. Studied various reconstruction methods guided by prior work.

➢Began comparison of DEMP events before and after application of 
the beam-effects afterburner. Some thought is needed on how beam 
effects are applied, and ‘truth’ quantities are calculated.
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