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Motivation

➢On Nov. 21st, we showed studies 
(here) of t reconstruction for Deep 
Exclusive Meson Production (DEMP) 
events.

➢We were asked to investigate two 
things in more detail:

1. Different t reconstruction methods that 
had been used in prior studies

2. Influence of the beam effects 
afterburner on the truth t calculation
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e- + p+ -> e- + pi+ + n

https://indico.bnl.gov/event/21264/#14-demp-with-the-zdc


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


Comment on neutron reconstruction

➢Previously, we performed the 
neutron reconstruction by 
running the HEXPLIT algorithm in 
our analysis code on the 
ZDCRecHits collection.

➢Now we can use the 
ZDC_HEXPLITClusters collection 
directly.
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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

➢Continued studies of t reconstruction for DEMP events. Studied 
additional methods guided by prior work.

➢Began comparison of DEMP events before and after application of 
the beam-effects afterburner. 
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