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Outline

Å The GlueXdetector in Hall D at JefffersonLab

Å The Jefferson lab Eta Factory (JEF) experiment

Å Upgrade of the GlueX forward  electromagnetic calorimeter

Å Construction of the PbWO4 - based calorimeter

Å Detector installation in Hall D 

Å Electronics

Å Detector Commissioning 
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The GlueX Detector in Hall D 

Å A beam of tagged photons with energies up to 12GeV is directed onto a fixed target

ÅThe forward spectrometer is optimized for detecting multi-particle final states  

ÅNearly uniform acceptance for both neutral and charged particles

ÅThe detector was commissioned in 2016. Several experiments have been carried out since then

Nucl. Instrum. Meth. A  987, 164807 (2021)
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Physics Program in Hall D  (Recent Experiments)

Experiment Name PAC Days Target

GlueXI Mapping the spectrum of light quark mesons and gluonic
excitations with Linearly polarized photons

120 LH2

PrimEx-h A precision measurement of the hradiative decay width 
via the Primakoffeffect

79 LHe4, Be

CPP/NPP Measuringthe pion polarizability in the gg­ppreaction 25 Pb

SRC/CT Studying short-range correlations with real photon 
beams at GlueX

15 LH2  LHe4
12C

GlueXII A study of meson and bariondecays to strange final 
states with GlueXin Hall D

220 LH2

JEF Eta decays with emphasis on rare neural modes:
The JLabEta Factory (JEF) experiment

100* LH2

Å The PrimEx-hexperiment required the installation a new  Compton calorimeter

Å The JEF experiment required an upgrade of the forward calorimeter in the GlueXdetector 

* the JEF will run in parallel with the GlueXII
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Physics Program of the Jefferson Lab Eta Factory (JEF) Experiment 

Main physics topics:

1.   Test of low-energy QCD 

2. Search for  dark matter 
mediators

3.    Directly constrain 
CVPC  new physics

4.   Constrain the light 
quark mass ratio 

A. Somov,  JLUO meeting
5

ÅPrecision tests of fundamental physics witheta and eta' mesons,Phys. Rept. 945, 1-105 (2022),arXiv:2007.00664

ÅWorkshop "Beyond Standard Model Physics at Eta-CŀŎǘƻǊƛŜǎάΣ [ǳƴŘ {ǿŜŘŜƴΣ  aŀȅ моς мсΣ нлнр 

Å Small branching ratios

Å Require good reconstruction of photons in the 

forward direction



JEF Experiment with the GlueX Detector

ü Upgrade the inner part of the lead glass Forward Calorimeter with high-granularity high-

resolution   PbWO4 crystals  to improve reconstruction of multi-photon final states

ü Produce h/ h¡using a beam of tagged photons with the energy between  8.4 - 11.7 GeV

ü Reconstruct h/ h¡in exclusive reactions: 

ü Run in parallel with other GlueXexperiments: collect large data set of h/ h¡mesons

ɔ+pŸ ɖ/ɖ+ p     ɖ/ɖ­gg, p0gg, . . .   

Upgrade Forward Calorimeter 
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a project worth of approximately 
$5.5 million 



JEF Experiment: Upgrade of the Forward Calorimeter

Å2800 lead glass modules
- lead glass block  size:    4 cm x 4 cm x 45 cm 
- taken from E852 experiment at BNL

ÅPhotodetectors: FEU 84-3 PMTs with  Cockroft-Walton 
bases

Å The energy resolution: 

ÅReplace lead glass modules in the inner 
part of the detector with high-granularity 
high-resolution lead tungstate scintillating 
crystals

Eta Calorimeter (ECAL)

ECAL     

Nucl. Instrum. Meth. A  987, 164807 (2021)
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https://halldweb.jlab.org/wiki/index.php/FCAL_Insert

FCAL    

Hybrid calorimeter:  FCAL2  =  ECAL+ original FCAL   
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Lead Tungstate Eta Calorimeter (ECAL)

ÅECAL consists of an array of 40 x 40 PbWO4 (1596) 
modules

- 2 cm x 2 cm x 20 cm    PbWO4  crystal
- 4 cm x 4 cm x 45 cm    lead glass block

ÅA factor of 4 better detector granularity 
- significantly improve shower separation

ÅImproves the energy and position resolutions by 
about a factor of 2

- removing all lead glass blocks
- modifying the detector mounting frame, installing cooling blocks 
- installing lead glass and lead tungstate modules
- the construction of the ECAL has started in 2022, the installation was  completed in June 2024

Lead Glass & PbWO4 modules

ECAL installation required:
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PbWO4 Calorimeters 

Facility Date # crystals Type Vendor Photosensor

CMS CERN 2005 75848 1 BTCP, 
SICCAS

APD, VTP

ALICE CERN 2005 12544 1 BTCP APD

PANDA RAIR under constr. 16000 2 BTCP APD, VTTP

HyCal JLab, Hall B 2004 1152
576 Pb-glass

1 SICCAS PMT(H4125)

CLAS IC JLab, Hall B 424 1 BTCP APD 

HPS Jlab, Hall B 2015 442 1 BTCP APD

Forward Tagger JLab, Hall B 2017 332 2 SICCAS APD

Compton
Calorimeter

JLab, Hall D 2018 140 2 SICCAS PMT(H4125)

NPS JLab, HallC 2022 1080 2 CRYTUR PMT(H4125)

ECAL JLab, Hall D 2024 1596
2360 Pb-glass

2 SICCAS,
CRYTUR

PMT(H4125)

ElectronEndcap EIC,BNL 2030 3256 2 CRYTUR SiPM

Jefferson
Lab

Å The ECAL is the largest PbW04 calorimeter at Jefferson Lab  
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Manpower for ECAL Construction and Installation

Hall D A. Somov,  I. Jaegle,  S. Taylor, A. Smith, H. Egiyan, T. Whitlatch,        

Tech Group 

UNCW A. Assaturyan, L. Puthiya,  L.  Gan

JLab Detector Imaging Group        V. Berdnikov

JLab Detector Support Group G. Jacobs,  M.  Leffel,  A. Brown

RadCon Group                                  V. Popov

JLab FE Group                                 F. Barbosa , C. Stanislav, S. Fiedler 

GWU O. Cortes 

ErPhy H. Voskanyan

Wuhan University A. Liu, Z. Xi,  B. Liu

Summer Students 28 summer students 

over last 3 years 

from 11 universities 

(FIU, GWU, Lamar, NCAT, Nova, Regina, UMass, UNCW, Union College, W&M, Wuhan)             
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ECAL Construction & Installation Milestones
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Milestones Date

Fabricate1620 ECAL modules Jan 2022 ςJune 2023

Disassemble theFCAL, Modify FCAL frame April ςJune, 2023

InstallECAL and FCAL modules JulyςOct 2023

InstallVXS, Caen, and Wien crates and electronics NovςDec 2023

InstallECAL LMS Jan ςMay 2024

Install ECAL PMT dividersand Cables April ςSep 2024

Initial ECALtesting Oct 2024 ςJan 2025

Commissioning and initial HV settingsusing
cosmic rays and LMS 

Jan ςApril 2025

Commissioningof the ECAL trigger 1 week, April 2025

Setting HV on the detector 2 weeks, April 2025

preparing ECAL
modules

detector installation

Commissioning with 
beam

The project to upgrade the calorimeter took around three years to complete !



ECAL Module Design

Å PbWO4 crystal (2 cm x 2 cm x 20 cm) wrapped with the 65 mm thick ESR reflective foil and light-tight Tedlar

ÅHamamatsu R4125 PMT placed inside the 350 mm and 50 mm mu-metal cylinders and soft iron housing

Å 3.5 cm long light guide (18.5 mm diameter) is glued to the PMT and coupled to the crystal using a silicon cookie

Å PMT divider attached to the socket

Brazed brass strips

PMT with light guide and 
silicon cookie

Wrapped PbWO4 module 

PMT housing

mu-metal cylinder

50 mm mu-metal foil



JEF Calorimeter Prototype

ÅConsists of an array of 12 x 12 modules  made of SICCAS crystals
- beam hole: 2 x 2 modules

Å Used in PrimExhexperiment  in Hall D in 2019, 2021, 2022 
to reconstruct Compton scattering events 

Å Positioned on a movable platform 
- each module was inserted into the photon beam for energy calibration

Å Temperature stabilization (17̄°0.2̄ during run) 

Å Beam tests were used to optimize design of the PMT active base

Å Instrumented with a light monitoring system, prototype of the ECAL

Nucl. Inst. Meth. A 1013 (2021) 165683

Cooling Plates PMT 
housing
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Compton Calorimeter (CCAL)



CCAL Performance during PrimEx hExperiment

Energy resolution
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Elasticity distribution (Compton candidates)

s(E) = 125 MeV  
( 6 GeV < E beam < 7 GeV)

Time resolution Separation of beam bunches
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Nucl. Inst. Meth. A 1013 (2021) 165683

άFirst Measurement of the Total Compton Scattering Cross Section between 6 and 11 DŜ±έΣarXiv:2505.0799
(submitted to Phys. Let. B)



Preparation of Components for ECAL Modules at Jefferson Lab 

PMT 

Light guide 

Flange Flange
Brass strap

Heat elements

Brazing brass assemblies (holding module assembly) 

Wrapping crystals

Checking PMTs

Gluing Light guidesPreshapingESR foils
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ÅThe preparation of parts and fabrication of ECAL modules were carried out  at Jefferson Lab 
with involvement from several groups



Fabrication of ECAL Modules at Jefferson Lab 

Final quality check

Installation of PMT

Module fabrication

Wrapping modules with the ESR and Tedlar

Å A total of 1,620 calorimeter modules were fabricated at Jefferson Lab with the project began in 2022
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Students in the ECAL Project

28 students from 11 universities and colleges worked on the project during the  summers of 2022  to 2024 

https:// halldweb.jlab.org/detectors/fcal2/installation/students
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Active Base for Hamamatsu 4125 PMT

Signal  

HV 

low voltage 

ÅDesigned at JLab

ÅModified the original Hamamatsu voltage divider by adding two bipolar transistor to the last 
two dynodes 

- gain stabilization at high rate

ÅAdded an amplifier positioned on the same  PCB with the divider 
- lower the PMT operating voltage and reduce the ŀƴƻŘŜ ŎǳǊǊŜƴǘΦ tǊƻƭƻƴƎǎ ǘƘŜ ta¢Ωǎ ƭƛŦŜ      
- requires to supply °5 V

Å Switches on the PCB allow to by-pass the amplifier 
- enable amplifier on layers around the beam 

ÅThree cables are connected to each divider:  signal, LV, and HV

Hamamatsu R4125 PMT

Active Base for PMT
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presented at IEEE NSS MIC, Tampa, FL, 2024 



Disassembling Lead Glass Calorimeter 

Removing lead glass modules

All modules removed
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Å The original detector frame was removed and replaced with a new one

Å The new frame with the cooling blocks was installed



Detector Installation in Hall D

Detector installation:  July 12 ςOct 6, 2023  (3 months) 
First module installed 

Installing PbWO4 modules 

Installing PMT active 
bases 
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Å Installed 2360 lead glass and 1596 lead tungstate modules !



Detector Installation 
October 6, 2023

September 20, 2023 

Å Completed installation of the whole detector by October 6, 2024
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Lead tungstate Calorimeter of the Jefferson Lab Eta Factory Experiment 
EPJ Web Conf.320 (2025) 00058



ÅLight source: 

25 blue and LEDs at the input of the integrating sphere (to mix light)

Å500 mm acrylic optical optical fibers (Edmund optics) glued to the face 

of each module

Light Monitoring System (LMS)  for the ECAL 

ÅLight stability is controlled by two reference PMTs, which receive light from two sources: 

- a single fiber from LED and 

- a YAP:Cescintillating crystal glued to the PMT activated by 241Am asource

ÅThe LMS was integrated into the detector trigger system and runs during data taking 

ÅThe system was successfully tested  a small-scale prototype during the PrimExhexperiment

optical fibers  inside the plastic cap optical cap  glued  to the crystal 
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Crystal

Optical Fiber

Integrating Sphere 



LMS Installation

Optical fibers ready for installation

Gluing optical fibers to crystals (UV curing) 

Optical fibers installed 

ECAL LMS installed 
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ECAL Electronics 
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Å Installed 7 VXS crates with 100 flash 

ADCs, ROCs, and trigger electronics

modules

Å Three SY4527 CAEN HV mainframes

- 36  48-channel A7030 modules

Å WIENER crates 

- Two MPOD modules 

supply °5V for PMT active base 

amplifiers

- one MPOD module 

power light-monitoring system

Å Ethernet switch and optical patch 

panels 

Å Installed optical fibers to connect 

modules to the trigger crates 

Å Installed modules in the trigger crates

VXS crates

SY 4527 CAEN HV

Wiener
LV crate



Installation of  ECAL PMT Dividers and Cables
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Å Installed approximately 6,500 ECAL cables 

Å All cables had to be checked and labeled (13,000 labels)

Installing ECAL PMT dividers
Installing ECAL PMT dividers and cables
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