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Position Resolution Study

Objective : Use truth clusters to 
investigate the angular resolution for 
neutron shower reconstruction

Particle Gun

EMcal

Hcal

q Neutrons are generated     
using the particle gun of 
ddsim

q 1 neutron/event, 1mill     
events and p=5 GeV

q θ = 170◦ and ϕ = 45◦
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Subhadip Pal nHCal of the ePIC detector at EIC

1. Sampling Fraction of nHCal

Detector Calibration
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NHcal-hit energy per event

q nHCal is calibrated using  𝜋-

q 1 𝜋- /event, 1mill events 
and p = 5 GeV

q θ = 170◦ and ϕ = 45◦

Hit Energy Sum Distribution
𝜋- in nHCal+Vacuum

NAME VALUE ERROR

Const. 1.84670e+04 3.06670e+01 
Mean 5.07752e-02 3.21477e-05 
Sigma 1.72697e-02 3.89786e-05 

Sampling Fraction (f) 
= 5.07752e-02/5.05
= 0.010054495
~ 0.01 +/- 6.36e-06
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2. nECal+nHCal response to 𝜋-

Detector Calibration

Ereco = 1.49*EEMCal  +  EHCal

*  EHcal/f ≡ E𝐻𝐶𝑎𝑙
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EMCal vs. E
HCal

Sum of hit energies E

slope ~ 1.49

5 GeV 𝜋-
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Mean ~ 5.03
FWHM ~ 3.0 

Fitted a linear function to E𝐻𝐶𝑎𝑙 vs. EEMCal histogram 
to extract the energy sharing parameters 5



Angular Coordinate Study

Θreco = (wEMCal* ΘEMCal) + (wHCal* ΘHCal)
ϕ reco = (wEMCal* ϕ EMCal) + (wHCal* ϕ HCal)  

wEMCal = !.#$∗&!"#$%&&'#( ; wHCal = &)#$%&&'#(

q Reconstructed Θ and ϕ Coordinates  

Ereco = 1.49*EEMCal  +  EHCal

Used reconstructed energy fractions as weights to 
combine truth cluster positions 6



Cluster Angular Coordinates

q 1 neutron/event, p=5 GeV

q θ = 170◦ (2.967 rad) and ϕ = 45◦ (0.785 rad)
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Angular Coordinate Study

q Resolution 
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Resolutions (nHCal+nEMCal)
h_Ncal_cluster_recothetaresol
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o Gaussian fits work only in a narrow range

o Much worse resolution in the 𝜙 direction - may 
be due to proximity to beam 9



Cluster and Hit Positions
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Another attempt at θ = 150◦

𝜂 = -1.317

Distance between 1st hit and other hits in the Event
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Missing some part of the original 
E ( 5.05 GeV )

Energy Sharing b/w nHcal and EcalBarrel
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EMCalBarrel vs. E
HCal

Sum of hit energies E

Slope ~ 0.85
Intercept ~ 2.678
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EcalBarrel Energy
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Generated 𝜋- endpoints

Missing 
Energy 
Deposition 
(not stored 
in hits)

Missing Energy Deposition

nHCal

Barrel support wedge

ECalBarrel
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Mean ~ 2.58
FWHM ~ 1.4

Emissing = Esim – (0.85*EEMCal  +  EHCal )
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Reconstructed Energy

Ereco+miss = 0.85*EEMCal  +  EHCal +  2.58 GeV

Slope of EHCal VS. EEMCal

< Emissing >

Mean ~ 5.05
FWHM ~ 1.4

Adding missing 
energy recovers 
the incident 
energy - OK!
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Reconstructed Θ and ϕ Coordinates 

Θreco = (wEMCal* ΘEMCal) + (wHCal* ΘHCal)
ϕ reco = (wEMCal* ϕ EMCal) + (wHCal* ϕ HCal)  

wEMCal = '.()∗&!"#$%&&'#( ; wHCal = &)#$%&&'#*

Ereco = 0.85*EEMCal  +  EHCal
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Angular Coordinate Study

q 1 neutron/event, p=5 GeV

q θ = 150◦ (2.618 rad) and ϕ = 45◦ (0.785 rad)
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Angular Coordinate Resolutions  
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Resolutions (nHCal+EMCalBarrel)

Mean ~ 0.015
FWHM ~ 0.0133 

Mean ~ 0.0005
FWHM ~ 0.25 

Away from the beam, resolution in the 
𝜑 direction improved 18



Cluster and Hit Positions
EcalBarrel cluster position x,y

EcalBarrel hit position x,y
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Summary
q Test of angular resolution study performed with nHCal

and both endcap and barrel EMcals

q Resolution is worse in the 𝜙 direction than 𝜂 direction

Next Steps
Update geometry to reflect 30deg sector arrangement

- Perform a full of detector scan vs. 𝜂 and 𝜙

- Use reconstructed (island) clusters to study the resolution

- Merge the geometry with the main branch to be ready for the 
simulation campaign (can skip above steps if needed)
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HcalEndcapN Solenoid HcalBarrel

EcalBarrel EcalEndcapN 1
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The ePIC Detector

https://wiki.bnl.gov/EPIC/

Backward Hadronic Calorimeter

3
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Schedule till a week ago

CD-0
12/2019

CD-1
06/2021

CD-2/3A
01/2024

CD-3
04/2025

early
CD-4A

04/2031

early CD-4
CD-4A

04/2032
CD-4

04/2034

Conceptual
Design

Preliminary
Design Final

Design
Construction

Define Baseline:
Subdetector technologies, 
Scope, Cost  & Schedule
Design Maturity: 50% – 60%
Long Lead Procurement items
Design Maturity: ~90%
Plan is tracked through EVMS
& Change control process
Need Pre-TDR

Approve final design
for all subdetectors
Design Maturity: ~90%
Need TDR

January 2023:
start change control 
process for detector
April 2023:
train EVMS process

Transition into 
Operations

Start of
Operations

&
Science

Final Design LLPs

Schedule Now

CD-3A
01/2024

Preliminary
Design

Define Baseline:
Subdetector technologies, 
Scope, Cost  & Schedule
Long Lead Procurement items
Design Maturity: ~90%
Plan is tracked through EVMS
& Change control process
Need TDR for LLPs

CD-2
01/2025

Approve preliminary design
for all subdetectors
Design Maturity: >60%
Need “pre-”TDR

Conclusion of
RHIC Operations

06/2025

No Impact on experimental program
time to full design remains short

Elke Aschenauer and Rolf Ent, ePIC Collaboration Meeting January 9th 2023

https://indico.bnl.gov/event/17621/
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