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Outline of the talk
Ø Introduction

Ø ePIC hadronic calorimeter subsystems
Ø Backward HCal
Ø Barrel HCal
Ø Forward HCal (LFHCal)

Ø Summary
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(4)

(5)

(6)

Charge items
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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
ØAdditional capability: muon ID

detector solenoid coil

All: sampling sandwich design with a SiPM readout
(well understood cost-efficient technology)

Charge question #3



Requirements
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ØThe layout and most of the requirements for 
hadronic calorimetry 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

Charge question #2



Hadron momentum spectra 
Ø  Yields for a 20 x 250 GeV configuration, -4 < h < 4

Ø  p/K/p spectra at a given h look similar, 
with a p/K ratio ~3

Ø  Barrel and e-endcap: up to ~10 GeV/c
Ø  h-endcap: up to ~100 GeV/c 
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On average at most a few particles 
per unit of pseudorapidity per event, 

even at h ~ 4

Ø  Multiplicities



7/26/2023

Backward Hadronic Calorimeter
by L. Kosarzewski (Ohio State University)
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Requirements
Ø Identification of neutral hadron jets – especially at low x
Ø A KLM–type tail catcher for e/m calorimeter for electron

identification

Charge question #2



ØDesign considerations
Ø High efficiency for neutron detection
Ø Good spatial resolution to distinguish

neutral/charged hadrons
ØStructure (2.4𝜆0 in total)

Ø 10 layers of alternating:
Ø 4 cm stainless steel
Ø 4 mm plastic scintillator Kuraray SCSN-81 tiles

ØSignal readout:
Ø Scintillator light guided by WLS fibers

Ø 0.83 mm Kuraray Y11-doped 200 ppm fiber

ØSiPM used for light collection
ØExtension of acceptance:

Ø By adding new tiles in the inner and outer parts

ØAbsorber decoupled from flux return steel
Ø Gives more flexibility with the design
Ø Located at z=-3.85 m from the IP
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Design based on STAR megatiles Charge questions #1,5



ØNew tiles added
Ø The sizes are kept around ~10 cm
Ø Tiles in φ are merged as they approach

the beampipe

ØTotal acceptance:
Ø −3.5 < 𝜂 < −1.27
Ø Requirement satisfied
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Acceptance Charge question #2

ØSTAR scintillator tile geometry:
Ø So that each covers the same η range
Ø The η coverage changes due to shift in z 

position
Ø STAR EEMC tiles cover −1.39 < 𝜂 < 

−2.195 when placed in the correct position



ØEnergy resolution investigated in GEANT
Ø Exceeds the requirements
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Energy resolution Charge question #2



Ø Services
Ø 50 V sensor bias cable

Ø 60x Multidrop flat ribbon cable
Ø Data signal cable

Ø 240x 2x1.28 LVDS cable

Ø Slow controls cable
Ø 600x 1.5 mm cable

Ø No need for cooling, but temperature
monitoring is necessary

Ø Absorber is stainless steel
Ø No interference with the solenoid flux return
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Services & interfaces
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ØThickness of the 
combined backward
Hcal and EMCal 3.4𝜆0 

Ø 2.4𝜆0 Hcal
Ø 1𝜆0 EMCal

12

Nuclear interaction length Charge question #2



7/26/2023

Barrel Hadronic Calorimeter
by J. Lajoie (Iowa State University)
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Requirements

ØMain goals for barrel HCAL in ePIC: 
Ø Precise reconstruction of jet energy

Ø Jets at the EIC are relatively soft
Ø Tracks will provide a better determination of momentum 

than hadronic calorimetry over most of the kinematic 
coverage. 

Ø HCAL provides a measurement of neutral hadrons. 
Ø Secondary determination of scattered electron 

kinematics from hadronic remnants
Ø Additional capability: Muon identification (MIP)

Charge question #2
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Outer HCAL

Ø HCAL steel and scintillating tiles with 
wavelength shifting fiber 
Ø Outer HCal  (outside the solenoid)
Ø Δη x Δφ ≈ 0.1 x 0.1 (sPHENIX towers)
Ø 1,536 readout channels

Ø SiPM Readout
Ø Repurpose of sPHENIX barrel HCAL

HCAL performance requirements driven by jet physics in ePIC
Ø Uniform fiducial acceptance -1<h<1 and 0<φ<2π

Ø  Extended coverage -1.1<h<1.1 to account for jet cone
Ø Hadronic energy resolution requirement:

Ø               
Ø  Gaussian response (limited tails)

Ø Barrel HCAL created by instrumenting barrel magnetic flux return

𝜎
𝐸
<
100%
𝐸

sPHENIX Barrel Hadronic Calorimeter Charge questions #1,5
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32 sectors - 1.8m inner 
radius, 2.7m outer radius

Titled-tile design: 
10 rows of 7mm scint. tiles 
(24 tiles per row), 12o tilt 
angle 

Tapered 1020 steel plates 
~26.1mm - ~42.4mm

Completed sector is 
6.3m long, 13.5 tons

Assembly Detail:
5 scintillators/tower
48 towers per sector
32 sectors; 
1536 channels (7680 SiPMs) 

tiles in sector gap:

Tower 
preamplifiers

LV/Bias and slow 
controls. 

sPHENIX Barrel Hadronic Calorimeter Charge questions #1,5
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Scintillating Tile
(shown unwrapped)

Tile Retainer
Clip

Light block, 
SiPM mount 
and SiPM

Calibration
Fiber

Scintillating tiles are integrated units manufactured by Uniplast.
Detailed cosmic ray response maps from MEPHI (Urugan 

telescope), integrated into sPHENIX simulations  
Tile B29.2794.7967 
(Light Leak)

•Tested tw
ice for confirm

ation
•PRs: 0.66 and 0.66
•Shipped to BNL w

ith notes:
•

It has been unw
rapped

•
Low

 perform
ing

•
DO NOT USE
•

These notes added to shipm
ent 

list and to the database.

9/29/20
Saif Ali (GSU) -HCal M

eeting
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Global Plot

• Outer HCal Tile Progress:                          
6,218/6,218 tiles tested (100%)
• 6,220 tiles received, two used for B25 ref. tiles

• 87/6,218 tiles (1.4%) w/ PR < 0.8
• B21 – 5 tiles
• B22 – 2 tiles
• B23 – 22 tiles
• B24 – 2 tiles
• B25 – 1 tile
• B26 – 6 tiles
• B27 – 18 tiles
• B28 – 7 tiles
• B29 – 13 tiles
• B30 – 2 tiles
• B31 – 1 tile
• B32 – 8 tile
• ~2% of pre-pro tiles had PR < 0.8
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Saif Ali (GSU)

Extensive testing of produced tiles for unform 
response, results used to sort tiles into a tower 

with variation <5%

sPHENIX Barrel Hadronic Calorimeter Charge questions #1,5



ØDo not anticipate significant radiation damage to scintillator
ØPlan to replace SiPMs and readout electronics

ØWill require removal of scintillating tiles.
ØPotential to re-measure tile cosmics PR (we should do this) 
ØOpportunity to replace / repair scintillating tiles
ØPiggy-back on H2GCROC development for forward HCAL

Ø Dual-range ADC/TOT very helpful for MIPs 
ØReplace slow control / monitoring boards as well (LED)

ØRepeat sector-level cosmics calibration 
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Refurbishment plans Charge question #6

Ø sPHENIX barrel HCAL currently has 100% live towers (!!)

December 2022 Review

Address by reading out each tile 
individually rather by summing five 
tile signals together as in sPHENIX
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Detailed studies of performance and comparison with simulations done in test beam (T-1044). 

Performance of full device will be measured in sPHENIX.  We should achieve a reduced constant 
term due to tighter control on the scintillator variation in a tower for production sectors. 

Energy resolution

Data vs. Monte-Carlo comparison

Charge question #2



ØThe sPHENIX tower readout (5 scintillating tiles) was designed 
with Δη x Δφ ≈ 0.1 x 0.1, smaller than the typical hadronic 
shower transverse size. 

ØIn ePIC will upgrade the electronics to read out each tile 
individually. 
ØImproved cluster location resolution
ØPossibility to take advantage to depth information. 
ØRequires a revised clustering algorithm to incorporate additional 

information, under development. 
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Granularity Charge question #2
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A material scan from 
the latest ePIC 
geometry shows that 
the barrel HCAL 
provides > 4*lint over 
the depth provided by 
the barrel EMCal and 
solenoid. 

Nuclear interaction length Charge question #2
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Forward Hadronic Calorimeter
by F. Bock (Oak Ridge National Lab)



Requirements
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Charge question #2



CALICE AHCal inspired W/Fe-Scintillator calorimeter with SiPM on-tile-readout
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Design Overview

Two main parts:

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

Ø Insert:
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
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Ø Acceptance: 2.7 < η < 3.8
Ø Interaction length: 7.5 λ/λ0

Ø Similar sampling structure as LFHCal
Ø 10 layers of tungsten, 55 layers of steel
Ø 360 hexagonal tiles with SiPMs per layer, 

staggered positions in different layers
Ø Maximum η coverage with minimum dead area 

in combination with LFHCal

Insert at high h
Higher energy and higher particle density 
 require increased granularity and depth  



• A full set of mechanical drawings exists
• 1050 8M + 76 4M modules stacked to 

create half shells of LFHCal with insert in 
the middle

26

LFHCal module and assembly Charge questions #1,5
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ØFull LFHCal geometry implemented 
in ePIC software stack

ØFirst version of full reconstruction 
chain & cluster finding algorithm 
implemented

ØStandalone detector performance 
shows very mild η dependence in very 
forward acceptance where insert is 
going to be installed

Charge question #2Energy resolution
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ØStandalone resolution for both LFHCal and insert surpasses 
Yellow Report requirement for the respective region 

Charge question #2Energy resolution
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ØInteraction length: LFHCal 6.5 λ/ λ0  & insert 
7.5 λ/ λ0

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

ØLongitudinal segmentation: 7 segments for 
LFHCal & 65 layers for insert

Charge question #2Granularity & nuclear interaction length
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ØAbsorber structure consistent of:
ØLFHCal: 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

Ø1045 Carbon steel used as main flux return 

Charge question #2Flux return requirement

These are all Long Lead Procurement items, 
as well as the SiPMs
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ØAn adaptation of CMS H2GCROC
Ø Will be used for all three ePIC HCal subsystems

Electronics Charge questions #1,5
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Schedule
ØAll three should be installation ready on time:

Ø Barrel: early 2029 for solenoid installation and low current tests

Ø Forward: Fall 2029 for a full field test
Ø Backward: later in 2030

ØPDR and FDR dates are defined for 
all HCal subsystems

Charge question #6



(1) Technological challenges for all three HCal subsystems are solved
(2) Detector requirements are fully defined

(3) The barrel HCal schedule is driven by the low current test of the detector solenoid, and the forward 
HCal provides a flux return for the magnet
(4) Detector design is sufficiently advanced to fully define specifications of the SiPMs for all three HCal 
subsystems, and detailed drawings exist for the forward HCal
(5) Design has evolved sufficiently to project a 90% maturity in 1.5 years (by CD-3)

Ø e-endcap HCal is of a “simple” design with rather modest requirements
Ø barrel HCal will be a proven to work sPHENIX calorimeter
Ø h-endcap HCal design and assembly procedure are at the design drawing stage

(6) Schedule has a sufficient float to have both barrel and forward HCal subsystems installed in 2029 
when they are needed to perform the solenoid installation & magnetic field tests. Backward HCal can be 
installed later in 2030.
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Summary
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Backup



Occupancy
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• Typically, few towers hit per event, few GeV energy deposit per 
tower, except for the rare high energy jets in the forward endcap 

barrel forward endcap
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Accumulated dose

Reference Detector
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Proton and neutron fluence

Reference Detector
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Replacement SiPM Specifications

7/29/2023 ePIC Barrel HCAL Requirements38
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nHCal Calibration – energy sharing

Study by Subhadip Pal



ØCandidate SiPM:
Ø S14160-1315PS 1.3x1.3 mm2 15 μm pixel by Hamamatsu

Ø https://www.hamamatsu.com/eu/en/product/optical-
sensors/mppc/mppc_mppc-array/S14160-1315PS.html

ØFibers to be glued to the SiPMs
ØSpecifications:
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SiPMs

https://www.hamamatsu.com/eu/en/product/optical-sensors/mppc/mppc_mppc-array/S14160-1315PS.html
https://www.hamamatsu.com/eu/en/product/optical-sensors/mppc/mppc_mppc-array/S14160-1315PS.html


Muons in Simulation

7/29/2023 ePIC Barrel HCAL Requirements41

Single muon peak in simulations is at 0.01 GeV/tile

This corresponds to: 

0.01 GeV * 3200 pixels/GeV * (0.32/0.25) = 41 pixels

(The conversion comes from sPHENIX test beam results 
and a correction for the improved photon efficiency of 
the new SiPM.)

Will need to be careful with noise to make sure the MIP 
peak is not swamped. With a lower limit of 20 pixels 
(5MeV per tower) we should still be substantially above 
the SiPM noise. 

(May be able to add additional incoherent noise 
mitigation by adding scintillators.) 



This is the distribution of energy deposited in the 
scintillating tiles (*visible* energy) in an ePIC simulation of 
18x275 GeV DIS events.  The regions are split in rapidity, 
and the higher overall energy deposition at positive 
rapidity is visible. 

Readout Requirements – Dynamic Range

7/29/2023 ePIC Barrel HCAL Requirements42

0.5 (1.0) GeV of energy deposited in the tile corresponds to ~2050 (4100) 
SiPM pixels firing. Single muon requirement sets lower limit at ~20 pixels

ePIC plans to use the Hamamatsu S14160-3015PS SiPM, operated at ~3.6x105 
gain (about 4V over breakdown, or ~42V). The terminal capacitance of the 
S14160-3015PS is 530pF at Vop. Therefore, the junction capacitance is 
𝐶! =

"!
#"#$

= $%&'(
%))*+

= 13fF 

This gives a single pixel charge output of 𝑄 = 𝐶!Δ𝑉= 13fF x 4V = 52fC 

Combined with the dynamic range of fired pixels (20-4100) this means the 
charge range we would see is 1.0 – 213 pC. Of course, we would want more 
resolution in the lower range from the HGCROC ADC and then resolution at 
higher amplitudes from the TOT.  

The H2GCROC3 expected range is 1-16pC (ADC), 16-320pC (TOT) 

The barrel HCAL will have sufficient dynamic range to cover MIPs up through
full energy jets. 



LFHCal in Numbers
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• Acceptance: 1.2 < η < 2.8
• Interaction length: 6.5 λ/ λ0

• Inner modules (R < 1m) equipped with 
machined scintillator tiles & 3mm SiPMs

• Outer modules equipped with injection 
molded tiles & 1.3mm SiPMs

• 565,760 SiPMs, 60,928 read-out 
channels 



Next test beam plans for LFHCal & insert
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• LFHCal:
• Sept 23’ CERN-SPS: Tile testing w/o 

absorber structure to measure light yield of 
machined tiles

• Oct 23’ CERN-PS: Mini-8M-module test for 
conceptual test of individual components and 
first shower profile measurements  

• Insert:
• Oct 23’: SiPM radiation tests
• Spring 24’ Jlab: Validation of 

refined construction methods for 
insert 
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Long Lead Procurement specifications
ØSiPM models defined for all three HCal subsystems & quotes are actual
ØQuotes for LFHCAL steel and tungsten are available and match the design drawings 


