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Outline of the talk
Ø Goals of this review and charge to the Committee
Ø  Requirements

Ø  Cost and Schedule
Ø  ES&H and QA

Ø  Summary
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Hadronic Calorimetry of ePIC detector

Barrel HCal Refurbished sPHENIX barrel calorimeter
Backward HCal Scintillator recycled from STAR endcap EmCal
Forward HCal Brand new design

ØJet energy measurement
Ø Tag jets with a neutral component

ØDIS kinematics reconstruction
Ø Hadronic method

ØSolenoid flux return



Overall requirements
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ØThe layout and most of the requirements for the  
forward hadronic calorimeter did not change much 
since the Yellow Report times
Ø Energy resolution is driven by the needs of Particle 

Flow reconstruction, given a full tracker and e/m 
calorimetry coverage in the same h acceptance 

Ø Granularity is driven by the needs of neutral cluster 
isolation and jet substructure measurements

Backward Barrel Forward

h
Acceptable configuration“Ideal” configuration
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Ø Typically, few towers hit per event, few GeV energy deposit per tower 
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Occupancy and rates

On average at most a few particles 
per unit of pseudorapidity per event, 

even at h ~ 4



Reference Detector
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Accumulated dose
Ø Expected dose is very small



Reference Detector
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Neutron fluence
1.2 < h < 3.5

3.5 < h < 4.4



Requirements hierarchy
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Design overview
Ø Inspired by CALICE AHCal
Ø W/Fe-Sc calorimeter with SiPM-on-tile readout

Ø Two main parts: LFHCal & Insert

Ø PDR was completed in December 2022
Ø Full set of engineering drawings exists
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Design Overview

Ø LFHCal: 

Ø Mostly built out of 10 x 20 x140 
cm3 8M modules

Ø 4 layers of tungsten + 61 layers 
of steel interleaved with 
scintillator material

Ø Transverse tower size 5 x 5 cm2

Ø Multiple consecutive tiles 
analogously summed to 7 
longitudinal segments per tower
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Design Overview

Ø Insert at high h:

Ø 2 halves surrounding the beam pipe

Ø 10 layers of tungsten + 54 layers of steel 
interleaved with scintillator

Ø Hexagonal tiles of 8 cm2 each read-out 
separately

Ø Maximum h coverage with minimum 
dead area in combination with LFHCal

Forward rapidities: higher energy 
and higher particle density 

 require increased granularity and depth  
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Ø Geometry fully implemented in ePIC 
software stack

Ø Standalone resolution for both 
LFHCal and insert surpasses Yellow 
Report requirement

Energy resolution
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Ø Depth: LFHCal ~6.5 λ/ λ0  & insert ~7.5 λ/ λ0

Ø Transverse tower size: square tiles 5x5 cm2 
for LFHCal & hexagonal tiles of 8cm2 for insert

Ø Longitudinal segmentation: 7 segments for 
LFHCal & 65 layers for insert

Granularity & nuclear interaction length

LFHCal
Insert
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Ø Absorber structure consisting of:
Ø  LFHCal: 4 cm steel + 4 layers of 1.52 cm tungsten 

+ 60 layers of 1.52 cm steel
Ø  Insert: 4 cm steel + 10 layers of 1.52 cm tungsten + 

55 layers of 1.52 cm steel

Ø 1045 Carbon steel used as main flux return 

Flux return requirement

These are all Long Lead Procurement items, 
as well as the SiPMs

Steel
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Integration



18

December 2022 review recommendations
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December 2022 review recommendations



20

Long Lead Procurement items
Ø  Forward hadronic calorimeter must be available for the solenoid magnet acceptance test in Fall 2029

LLP Category LLP Item
EXPECTED 

AWARD 
DATE

CAM / 
ESTIMAT

OR
LAB PMC REP

DIRECT 
MATERIA

L COST

Total Cost 
(Burd&Es

c)
HCal SiPMs Forward HCal SiPMs 7/12/2024 A. Kiselev BNL T. Lewis 2,218,970 2,302,584

Forward HCal Absorber Plates Steel 8/9/2024 A. Kiselev BNL T. Lewis 1,075,750 1,116,813
Forward HCal Module Casing Steel 7/26/2024 A. Kiselev BNL T. Lewis 271,483 282,166
Forward HCal Absorber Plates Tungsten 7/26/2024 A. Kiselev BNL T. Lewis 1,690,000 1,752,997

5,256,203 5,454,560

Forward HCal Steel and Tungsten

Basis of Estimates:
Ø Steel & tungsten absorber and casing steel:
Ø June 2023 quote, production time less than two years

Ø SiPMs:
Ø June 2023 quote from Hamamatsu
Ø ~340k pieces @ a production rate ~30k/month
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ES&H and QA considerations
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Summary

More details in the follow up talks

Ø Technical performance parameters are taken from the EIC community Yellow 
Report, adjusted via subsequent studies by the proto-collaborations 

Ø Technological challenges for this ePIC subsystem are solved
Ø Proposed LFHCal + Insert solution meets the known requirements
Ø Fabrication and assembly plans are consistent with the overall project schedule
Ø Integration plans and procedures are being defined 
Ø Design is mature enough to meet the 90% readiness requirement at CD-3 and 

to initiate the procurement of LLP items
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Backup
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Template
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ØAn adaptation of CMS H2GCROC
Ø Will be used for all three ePIC HCal subsystems

Electronics Charge questions #1,5


