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OUTLINE
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• Final HyCal Signal Cable Tests and 

Repairs

• LMS Functionality

• HyCal Pb-Glass LMS Signal

• HyCal Pb-Glass Cosmic Signal Second 

Pass

• HyCal Single Channel DAQ Test

• Remaining Work/Other Talks

• The PRad Logbook and the PRad Wiki

• Acknowledgements

https://logbooks.jlab.org/book/pradlog
https://wiki.jlab.org/pcrewiki/index.php/Main_Page


SIGNAL CABLE 

TESTS AND 

REPAIRS
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HYCAL SIGNAL CABLE TESTS AND 

REPAIRS

03/03/2025

 All 60 bundles have been converted to LEMO connectors use with 
the FADCs

 Since the previous PRad Collaboration meeting, the final 8 bundles 
were converted, tested, and re-bundled into their sub-groups 
(X.X.1 for cables 1-16 and X.X.2 for cables 17 – 25, 27,or 32)

 4 of the bundles also needed their 32-pin connectors to HyCal 
replaced due to having bent pins or cracking.

 After testing we did a second pass of any marked cables and if they 
still presented issues, we marked them for repairs.

 Bundle 5.4.2 cable 17 and bundle 6.6.1 cable 8 each needed repairs 
and were confirmed to work afterwards.

 The final boards being converted to LEMO ends and the repairs 
were done by Armen Stepanyan of the Fast Electronics Group.

 This work has been fully completed.
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32-Cable Bundles:

27-Cable Bundles:

25-Cable Bundles:



LIGHT 

MONITORING 

SYSTEM (LMS)
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• The LMS was successfully re-started on 

December 12, 2024



LMS PRIMARY COMPONENTS

 31 Nichia Super-Bright Blue LEDs - arranged in Series with one another and “avalanche” transistors that 

allow for pulsing HV signal to light them

 Integrating Sphere – removes angular dependence of LED Signal via mixing

 PIN Photodiodes – allows for direct LED measurement on Integrating Sphere

 Light Filter – 3 settings to block the LED signal from reaching the Optic Bundle, 3 open settings for 

different light intensities

 Optic Bundle – carries the LED pulse to all HyCal Modules and Reference PMTs

 3 Reference PMTs – allows for gain monitoring and signal stability monitoring using radioactive sources 

and LED fibers

E. WRIGHTSON                                                      03/03/2025 7



LMS SIDE PANEL AND VOLTAGES 

PROVIDED DURING TESTING

 1, 2 – Connected to Photodiodes (Electronically Connected; 
Port 2 is unused)

 3, 5, 7 – Reference PMT Dynodes (#1, #2, and #3 
respectively)

 4, 6, 8 – Reference PMT Anodes (#1, #2, and #3 respectively)

 9 – LED Pulse Input (5V, 20Hz, 100nS width)

 10 – LED ~1V Input (No Longer Needed)

 11, 12, 13 – Temperature Sensors for Reference PMTs

 14 – Ribbon Cable for Filter

 15, 16, 17 – HV Input for Reference PMTs (1000-1300V)

 18 - 𝑁2 Supply Input

 19 – HV Input for LED Array (125 V)
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LMS FILTER WHEEL

 Originally, the filter wheel allowed for 6 intensities of light to pass through 
(Left image).

 After modification, 3 settings were covered so that whether the HyCal 
modules received LMS light or not could be remotely controlled by just 
rotating the filter and it still allowed for 3 light intensities to be used.

 Images from the Master’s thesis of  Larray J. Benton from NC A&T
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PIN PHOTODIODE 

RESPONSE

 There are two electrically 

connected photodiodes attached 

directly to the integrating 

sphere.

 There is a center and lower 

diode on the sphere.

 The blue is just the pulse trigger 

to ensure the signal is from the 

LED pulse.
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REFERENCE PMTS – YAP (𝐴𝑚241) 
CRYSTAL 𝛼-SOURCE

03/03/2025
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Reference PMT #1 – YAP Response

Reference PMT #2 – YAP ResponseReference PMT #3 – YAP Response

▪ Allows for a randomly timed known signal for 

checking stability and calibration.

▪ Allows for a known signal to normalize to.



REFERENCE PMTS 

– LMS LED-

SOURCE
 Good linearity with HV supplied for the reference PMTs.

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝐿𝐸𝐷 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 #1 ∗  𝑌𝐴𝑃 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 #3

𝑌𝐴𝑃 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 #1 ∗ 𝐿𝐸𝐷 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 #3

𝐸 = 𝐸𝑒− 

𝑖=1

𝑛
𝑄𝑖

𝛼𝑖

𝑔𝑖(𝑡0)

𝑔𝑖(𝑡)
= 𝐸𝑒− 

𝑖=1

𝑛
𝑄𝑖

𝛼𝑖
𝑔𝑖

𝐿𝑀𝑆

 If the response in the LMS is stable and the calibration constants (𝛼𝑖) are well known for each HyCal module via 
periodic calibration, then we can get the energy deposited with very good resolution.

 Equations are originally from the master’s theses of Jarreas C. Underwood, and Larray J. Benton from NC A&T

 For more detailed information please see the LMS Overview document that I will send out soon prior to putting 
it up on the Wiki.
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Reference PMT #1 – LED Response Reference PMT #3 – LED Response



TESTING 

HYCAL
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HYCAL HIGH 

VOLTAGE PMT TESTS

 Each module must be individually 
tested using both cosmic information 
and our Light Monitoring System 
(LMS) using the black box (see right 
image)

 I will primarily discuss the Pb-Glass 
testing. For the crystal tests, please 
see Aruni’s talk.

 Hall B techs (and Ashot) removed 
the HyCal fan system, so we had 
room to work.

 HyCal Consists of:

 1152 𝑃𝑏𝑊𝑂4 crystals in the center 
region (2.05x2.05 𝑐𝑚2 face, 18 cm 
long)

 576 Pb-glass blocks (3.82x3.82 
𝑐𝑚2 face, 45 cm long)
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TESTING HYCAL PB-

GLASS WITH THE LMS

03/03/2025

 No LMS responses in the Pb-
Glass modules so far.

 We have cycled through the 
various filter settings with no 
luck.

 Modules have been tested using 
cosmic signal information.

 We intend to fix this soon.
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TESTING HYCAL 

PB-GLASS WITH 

COSMIC DATA

 With Bo’s help we were able to do a second pass of the marked modules 
from the last collaboration meeting.

 7 previously marked modules ended up being moved to “Good”

 17 modules marked “Bad” for lack of response

 3 modules marked “Issue” for oddly low response



DAQ SINGLE CHANNEL TEST

 With the guidance of Chao Peng, we took a 20-

minute LMS run, and a day long cosmic run on 

01/28-01/29.

 Used module W445 which is on VPC board 09 and 

in channel 81.

 The signals were also captured on the oscilloscope 

to ensure check the signals prior to the run.

 Chao was able to confirm the results and well-

characterizable behavior.
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Channel W445 Cosmic Response Sample #1

Channel W445 Cosmic Response Sample #2

Channel W445 LMS Response



REMAINING WORK/OTHER TALKS

 Finish work on Veto Scintillator (see Buddhiman’s talk)

 Finish work on 𝑃𝑏𝑊𝑂4 Crystal Section Repairs (14 total modules) (see 

Aruni’s Talk)

 Get Pb-Glass responses to LMS signals.

 Do chiller tests with old chiller

 Electronics have been set up in ESB for this test to occur when ready

 Test 16 channels at once to be able to more thoroughly test DAQ

 Overall, we have been making steady progress with some hiccups 

throughout, but we will continue prepping everything as we are able
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AS ALWAYS, FIND 
DAILY UPDATES ON 

THE PRAD 
LOGBOOK .

 I UPDATE THE PRAD 
MODULE TEST MAPS 
EACH DAY ON THE 

PRAD WIKI.
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https://logbooks.jlab.org/book/pradlog
https://logbooks.jlab.org/book/pradlog
https://wiki.jlab.org/pcrewiki/index.php/Main_Page
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QUESTIONS?
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HYCAL TESTS AND STATES
BY: ARUNI NADEESHANI
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OUTLINE

 Introduction to HyCal Calorimeter

 Experimental setup

 Design of HyCal

 HyCal tests

 HyCal cabling.-Erik

 Hycal optical fiber and connection repair 
(summary)

 HyCal HV test with cosmics and LMS

 Summary  and future work
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INTRODUCTION : 

EXPERIMENTAL SETUP

 GEMs- A pair of GEM detector planes, 

separated by about 40 cm.( From UVA group)

 Target: Windowless hydrogen gas flow target 

(reduced backgrounds) 

 High resolution HyBrid PbWO4 crystal and Pb-

Glass calorimeter (the PbWO4 crystals) with 

fADC based readout. (HyCal repairs: MSU , NC 

A&T State University and JLab)

 Vaccum chamber, one thin window, large area 

GEM chambers (better resolution)
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PRIMEX HYCAL CALORIMETER 

03/03/2025

 Combination of PbWO4 and Pb-glass 
detectors (118 *118 cm2)

 34 *34 matrix of 2.05 x 2.05 x 18 cm3 
PbWO4

 576 Pb-glass detectors 3.82 x 3.82 cm2 
x 45 cm.

 Allows coverage of extreme forward 
angle (0.7º -7.5º) in a single setting and 
complete azimuthal angle coverage.

 HyCal reused for PRAD experiment.

 The first experiment to use a magnetic 
spectrometer free method to measure 
rp.
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PbWO4 crystal 

2.05 cm x2.05 cm x18 cm



HYCAL TESTS
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 HyCal optical fiber and 

connection repairs

 HyCal cabling- Erik W.

 HyCal HV  test with cosmics

 HyCal HV test with LMS
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HYCAL OPTICAL FIBER AND 
CONNECTION REPAIR

 The optical fibers, plexiglass connectors, and 
light blocking coverings necessary for the 
Light Monitoring System (LMS) to send control 
signals to the HyCal modules required repairs 
to have all ~2000 modules in proper working 
order. 

 These fibers can be used to test the various 
modules as well as be used as a control 
signal during experiment and calibration. 

 HyCal is in the ESB at JLab where an ePAS 
approval needed to be filed for the work as it 
involved clear UV-activated glue for securing 
the optical components to each module.
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HyCal optical fiber repair mapping 

spreadsheet for Pb-glass   



HYCAL HV  TEST WITH COSMICS

03/03/2025

 Checked all PbWO4 modules and Pb-
glass modules.

  Average responses: 5-20 mV, ~40ns 
width

 Most signals are good.

 This was done in 2 passes.

 Two have been labeled with PbWO4 

bad so far.

-One module was unresponsive completely.

-One module was continually giving 2 wide 
signals for every 1 good signal at any 
voltage.
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SUMMARY OF THE PbWO4 MODULE RESPONSE MAPPING FOR 

COSMIC RUNS

03/03/2025ARUNI NADEESHANI.                                                               PRAD COLLABORATION MEETING  10/15



E. WRIGHTSON                                                      03/03/2025 11/15

 Checked all PbWO4 modules.

 Average responses : 300 mV-1200 mV,~100ns width

 Most signals are good.

 This was done by two passes.

 The blue signal: from the pulse generator used to capture 
any signal from the PMT that are in coincidence with the 
pulse.

 Yellow signal: the PMT’s response to the LED pulse.

 3 modules did not give any signal (mark as bad) and 10 
channels identified as still having low voltage signal.

HYCAL HV TEST WITH LMS



HYCAL MODULE RESPONSE MAPPING SPREADSHEET FOR PbWO4  
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HYCAL REAPARS AFTER LMS 

AND COSMIC RUNS

 There are few conclusions from the LMS and cosmic runs. They are: 

-If cosmic signal present and not LMS signal : fiber disconnections.

-If cosmic signal and LMS  signal both are not working, either there is a PMT base 
disconnection or the PMT need to be replaced

-If cosmic works great with lower signal for LMS : Need to connect fiber properly 
to the surface.

 Repairs: W392 (c05#062) which is giving consistently good cosmic responses 
but would not respond to LMS signal. 

-conclude that as fiber disconnection and start repair the fiber entrance. 

-After attached the fiber using new optical donuts we were able to get LMS signal.  
For 1000  V supply output 300 mV,100ns and for 1150 V output is  ~800 mV.
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SUMMARY AND FUTURE WORK 

 HyCal HV Testing:

 All PbWO4 modules checked with cosmics and just two module identified as bad modules (later corrected to 1).

 Pb-Glass module checked with cosmics; identified 17 bad modules and 3 modules with some issues..

 All PbWO4 modules checked with cosmics; identified 3 bad modules and 10 modules need to repair fiber entrance due to low response . 

 HyCal optical fiber and connection repairs:

 All fibers identified from mechanical test were repaired.  After HV test with LMS, we have more fibers which need to be repaired. Now we 
are working on these repairs.

 Finish Veto scintillator tests within this week .
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QUESTIONS?

03/03/2025
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