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The GlueX Detector in Hall D

Nucl. Instrum. Meth. A 987, 164807 (2021)
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A A beam of tagged photons with energies up tG2¥ is directed onto a fixe@drget
A The forward spectrometer is optimized for detecting apatiicle finalstates
A Nearlyuniform acceptance for both neutral and charged particles

A The detector was commissioned in 2016. Several experiments have been carried out since
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Physics Program in Hall D (Recent Experiments)

Experiment Name PAC Dayy Target

GlueX Mapping the spectrum of light quark mesons agidonic 120 LH,
excitations with Linearly polarized photons

PrimEx /1 | A precision measurement of tHeradiative decay width 79 LHe, Be
via the Primakoffeffect

CPP/NPP | Measuringthe pion polarizability in thg g p peaction 25 Pb

SRC/CT Studying shorrange correlations with real photon 15 LH LHe
beams aiGlueX 12C

GlueXil A study of meson andariondecays to strange final 220 LH,
states withGlueXin Hall D

JEF Eta decays with emphasis on rare neural modes: 100* LH

TheJLabkEta Factory (JEF) experiment

A ThePrimExA experiment required the installation a new Compton calorimeter

A The JEF experiment required an upgrade of the forward calorimeter iGlineXdetector

* the JEF will run in parallel with th@&lueXlI




Physics Program of the Jefferson Lab Eta Factory (JEFEXperiment

Mode Branching Ratio| Physics Highlight (Photons
priority:
w2y (2.7+0.5) x 10~* x¥PTh at O(p") 4
v+ B beyond SM leptophobic dark boson 4
3" (32.6 £ 0.2)% My — Mg 6
atr—a? (22.7+£0.3)% My — mg, CV 2
3y < 1.6 x 10~° CvV, CPV 3
ancillary:
dry < 2.8 x 104 < 10-11[112] 4
27" <35 x107* CPV, PV 4
270~ < 5x 1074 CV, CPV 5
3y < 6% 1073 CV, CPV 6
4m? < 6.9 x10°7 CPV, PV 8
0y < 0x 10 CV, 3
Ang. Mom. viol.
normalization:
2+ (39.3x0.2)% anomaly, -’ mixing
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Main physics topics:

. Test of lowenergy QCD

SearcHor dark matter
mediators

Directly constrain

CVPC new physics

. Constrain the light
guark mass ratio

A Small branching ratios

A Requir

e good reconstruction of photons in the

forward direction

A Precision tests of fundamental physics wétta and eta’ mesonsPhys. Rept. 945-105 (2022)arXiv:2007.00664

A Workshop "Beyond Standard Model PhysicE@C | O 2 NA S & G Za || &zg'NRe c{Z¢ HRISHypZ



JEF Experiment with the GlueX Detector
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Upgrade the inner part of the lead glass Forward Calorimeter witkhghagiularity high
resolution PbWO, crystals to improve reconstruction of mujghoton final states
Produceh / h j using a beam of tagged photons with the energy betvetnll.7 GeV
Reconstruch / h jin exclusive reactions:

o+pY d/d +p dd - g.®°gg,...
Run in parallel with otheGlueX experiments: collect large data sehofh j mesons
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JEF Experiment: Upgrade of the Forward Calorimeter

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

FCAL

e e L
- | PHWO Tnsert
H { ]

A 2800 lead glassiodules
- lead glass block size4 cm x 4 cm x 45 cm A Replace lead glass modules in the inner
- takenfrom E852 experiment @&NL part of the detector withhigh-granularity
high-resolutionlead tungstate scintillating
A Photodetectors: FEU 83 PMTs withCockroftWalton crystals
bases

Eta Calorimeter (ECAL)

. . ( ) 8 .
A The energy resolution: (P) v A 4T Hybrid calorimeter: FCAL2 ECAlt+ original FCAL
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Lead Tungstate Eta Calorimeter (ECAL)

A ECAL consists of an array46fx 40 PbW({1596)

modules
_ B -2cmx2cmx20cm  Pbyvystal
- g -4cmx4cmx45cm lead glass block
ii{ir ‘ Lead Glass & Pbwgnodules

ASNUDOSAN

A A factor of 4 better detector granularity
- significantly improve shower separation
A Improves the energy and position resolutions by
about a factor of 2

ECAL installation required:

- 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 installatasm completedn June2024
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PbWOQO, Calorimeters

_ Facilty | Date | #aystals

CERN 2005 75848 BTCP, APD, VTP
SICCAS

ALICE CERN 2005 12544 1 BTCP APD

PANDA RAIR under constr. 16000 2 BTCP APD, VTTP

HyCal JLabHallB 2004 1152 1 SICCAS PMT(H4125) 7
576Pb-glass

CLASIC JLabHall B 424 1 BTCP APD

HPS Jlah Hall B 2015 442 1 BTCP APD

Forward Tagger JLabHall B 2017 332 2 SICCAS APD Jefferson

Compton JLabHallD 2018 140 2 SICCAS PMT(H4125) ~ Lab

Calorimeter

NPS JLabHallC 2022 1080 2 CRYTUR  PMT(H4125)

ECAL JLabHallD 2024 1596 2 SICCAS, PMT(H4125)
2360Pbglass CRYTUR

ElectronEndcap EICBNL 2030 3256 2 CRYTUR  SiPM

A The ECAL the largestPbW0, calorimeter at Jefferson Lab
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Manpower for ECAL Construction and Installation

Hall D

UNCW

JLab Detector Imaging Group
JLab Detector Support Group
RadCon Group

JLab FE Group

GwuU

ErPhy

Wuhan University

Summer Sudents

A. Somov, |Jaegle S. Taylor, A. Smith, HEgiyan T. Whitlatch,
TechGroup

A. Assaturyan L. Puthiyg L. Gan
V. Berdnikov

G. Jacobs, MLeffel, A. Brown

V. Popov

F. Barbosag C. Stanislav, S. Fiedler

O. Cortes
H. Voskanyan

A. Liu, Z. Xi, B. Liu

28 summer students
over last 3 years
from 11 universities

(FIU, GWU, Lamar, NCAT, Nova, Regina, UMass, UNCW, Un@ollege, W&M, Wuhan)
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ECAL Construction & Installation Milestones

Milestones Date

Fabricate1620 ECAL modules Jan 2022¢ June 2023 preparing ECAL
modules

Disassemble theCAL, Modify FCAL frame April¢ June, 2023

InstallECAL and FCAL modules Julyg Oct 2023

InstallVXS, Caen, and Wien crates and electro Nov¢ Dec 2023

InstallECAL LMS Jan¢ May 2024 detector installation

Install ECAL PMT dividensd Cables April¢ Sep 2024

Initial ECALkesting Oct 2024¢ Jan 2025

Commissioning anuhitial HV settingsising Janc April 2025

cosmic rays and LMS

Commissioningf the ECAL trigger 1 week, April 2025 | Commissioning with

Setting HV on the detector 2 weeks, April 2025 beam

The project to upgrade the calorimeter took around three yearsamplete !

11
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ECAL Module Design

PMT divider PMT houSIng .
’ & amp|lfier r=- =

‘_ PbWO4 crystal
i AR Brazed brass strips

PMT with light guide and
silicon cookie

Wrapped PbW@module
PMT housing

e e

mu-metal cylinder

50 mMm mu-metal foil

A PbWQcrystal (2 cm x 2 cm x 20 cmjapped with the 65vm thick ESR reflective foil and ligtight Tedlar
A Hamamatsu R4125 PMT placed inside the @®0and 50mm mu-metal cylinders and soft iron housing
A 3.5 cm long light guide (18.5 mm diameter) is glued to the PMT and coupled to the crystal using a silicon coo

A PMT divider attached to the socket



JEF Calorimeter Prototype

Nucl Inst. Meth. A 1013 (2021) 165683

Compton Calorimeter (CCAL)

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

A Used inPrimExh experiment in Hall D in 2019, 2021, 2022
to reconstruct Compton scatteringvents

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

A Temperature stabilization (I7 0.2 during run)
A Beam tests were used to optimize design of the PMT active base

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

&8 Cooling Plates i PMT
o i (@ housing i
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CCAL Performance during PrimEx h Experiment

Nucl Inst. Meth. A 1013 (2021) 165683

Energy resolution Elasticity distribution (Compton candidates)
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éFirstMeasurement of the Total Compton Scattering Cross Section between 6 Bnfl 5 Xiv:2505.0799

(submitted to Phys. Let. B) »
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Preparation of Componentsfor ECAL Modules at Jefferson Lab

A The preparatiorof parts and fabrication of ECAL modules weaeried out at Jefferson Lab
with involvement from several groups

Brazing brass assemblies (holding module assembly) Checking PMTs

Flange [
Brass strap

PreshapindeSR foils

| Light guide | =
__ii
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Fabrication of ECAL Modules at Jefferson Lab

A A total of 1,620 calorimeter modules were fabricated at Jefferabmwith the projectbeganin 2022

Wrapping modules with the ESR aretllar Installation of PMT

A. Somov, JLUO meeting 16



Students in the ECAL Project

28 studentsfrom 11 universities and colleges worked on the project durtimg summerf 2022 to 2024

https:// halldweb.jlab.org/detectors/fcal2/installation/students



Active Base for Hamamatsu 4125 PMT

Active Base for PMT
Hamamatsu R4125 PMT I

K-Dy10 I low voltage

A Designed afLab presented at IEEE NSS MIC, Tampa, FL, 2024

A Modified the original Hamamatsu voltage divider hglding two bipolar transistor to the last
two dynodes
- gain stabilization at high rate

A Added an amplifier positioned on the same PCB \liig divider
- lower the PMT operating voltage and redubel y 2 RS OdzZNNBYy (i @ t NP
- requires to supply 5V

A Switches on the PCB allow to-pgss the amplifier
- enable amplifier on layers around the beam

A Three cables are connected to each dividsignal LV, andHV



Disassembling Lead Glass Calorimeter

All modules removed

Removing lead glass modules

R

A The original detector frame was removed agqlaced witha new one

A Thenew framewith thecoolingblocks was installed



Detector Installation in Hall D

Detector installation: July 120ct 6, 2023 (3 months)

First module installed

1279 =2

Installing PMT active
bases

b

A Installed2360 lead glass and 1596 lead tungstaiedules !
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Detector Installation

October 6, 2023

September 20, 2023

Lead tungstate Calorimeter of the Jefferson Lab Eta Factory Experime
EPJVeb Conf320 (2025) 00058
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Light Monitoring System (LMS) for the ECAL

Integrating Sphere

A Light source:
25blue and_EDs at the input of the integratingphere (to mix light)

A 500mm acrylic opticaloptical fibers (Edmund optics) glued to the face
of eachmodule

optical fibers insidethe plastic cap

;‘

-

A Light stability is controlled by two reference PMTs, which receive light from two sources:
- a single fiber from LED and
- aYAP:Cescintillating crystal glued to the PMT activated3¥Am a source

A The LMSwas integrateihto the detector trigger systesnd runsduring dataaking

A The system was successfully tested a sswlle prototype during tHerimExh experiment
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LMS Installation

Optical fibers ready for installation ECAL LMS installed

Optical fibers installed

ilst

| Fﬂ!”

M
rr
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ECAL Electronics

ADCs, ROCs, and trigger electronics
modules

A Installed 7 VXS crates with 100 flash .

A Three SY4527 CAEN HV mainframes}

- 36 48channel A7030 modules —
A WIENER crates | ;
- Two MPOD modules oA e
supply® 5V for PMT active base
amplifiers

- one MPOD module
power lightmonitoring system

A Ethernetswitch and optical patch
panels

A Installedoptical fibers to connect A Installed modules in the trigger crates
modulesto the trigger crates



Installation of ECAL PMT Dividers and Cables

A Installed approximatelg,500ECAL cables
A All cables had to be checked and label&8,@00labels)

_ o Installing ECAL PMT dividers and cables
Installing ECAL PMT dividers



