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Detector Background

Goals:

O Electron/pion separation

O Improve electron resolution at large |n|
O Measure photons with good resolution
0 Separate 2-y from the w®at high energy

Electromagnetic
Requirements: calorimetry is key to any

Q Energy resolution: 2%/VE + (1-3%) EIC detector concept
O Pion suppression: 1:10%
O Minimum detection energy: >50MeV
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homogenous materials, such as crystals
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Detector Overview

0 Radiator consisting of scintillating
lead tungstate (PWO) crystals and
a thin reflector wrapping.

o Physics requirements for electron
identification and detection dictate
the main requirements for the
radiator.

O Photosensors consisting of SiPMs
grouped into an array to maximize
the surface coverage of the PWO
blocks.

O Mechanical structure, including
installation fixtures and a cooling
system providing thermal

stabilization.
o Important for crystal performance.

O Signal Processing/DAQ providing
the front-end electronics to
transmit the signals to the data
analysis modules.
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Internal Structure

Additional crystaleinthe comars

Clewance

2740 crystals

L-

Crystals:

* Material: PWO (PbWO,)

= Size= 20.579-95%20.5*%-95x200 mm?

* Mass=0,7 Kg (8,28 g.cm?3)

» Reflector: ESR® (3M) VM2000 = 0.65 um
" Lightinsulation: Tedlar® = 0.65 pm
® Carbon plate= 0.5 mm
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QA Background

dOur group has a long history of working with these crystals
o CRYTUR has delivered ~2190 PW O crystals continuously for projects at

JLab since 2017.

o Crystals used for both NPS in Hall C and FCal-2 upgrade (ECAL) in Hall D. .

o All 1100 crystals for NPS passed the quality assurance tests (similar for

ECAL)

dWe are capable of
ingesting CRYTUR's
deliveries (110/per
month) at the current
rate with our existing
level of QA onsite.

Length uniformity of CRYTUR crystals (2017 — present)
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QA Motivations

The crystal’s optical properties are susceptible to issues in the mechanical
features.

o Physical defects, scratches, chips, and others depending on their locations can have a large
Impact on properties like transmission and light yield.

dWe have observed physical defects that were serious considerations when
working with other vendors In the past and are aware of the potential impacts as
well as their visual cues.

dMechanical dimensions can have impact on the stacking tolerances in the full
detector assembly.
o These can be mitigated by design considerations in most cases.

Each of these crystals cost ~$3k per article which is a significant investment and
they are processed at a rapid rate thanks to CRYTUR's efficiency.
o This means we are receiving large batches of up to 110 articles (~$330k/per lot).
o We have an efficient process in place for ingesting at this rate to track the overall quality.
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Strategy/Goals

L Efficient & safe processing of the crystals in a timely manner.
o Acceptance sampling for the monthly batches after baselines determined from the 15t article.
o ANSI/ASQ Z1.4, AQL of 0.25% with expected sampling size of 20 per lot.

L Good communication with all the parties involved in the process, CRYTUR, BNL,
JLab, EEEMCal Consortium, and others.

o Direct email communications as well as persistent digital inspection spreadsheet on a google
drive for ease of access and cross-checking.

Accurate tracking and recording of pertinent metrics.

o Digital spreadsheetin use for all crystals accepted currently comprised of data from CRYTUR
and JLab inspections and measurements.

dSafe long term storage and testing of the crystals throughout the handling
process, minimizing contact is crucial.
o Experimental Equipment Lab (EEL) room 126 selected for storage.

Staging for the eventual next steps of the detector assembly.
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Routing Path
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Packaging

d CRYTUR Shipping Pck

Outer box white
chipboard (SBS)
with Case Wrap

EPE foam interleaf,
folded

Heat-sealed
bubble pouch

PbWO, Crystal

aging
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Multi piece Molded EPS
foam clamshellinsert

SMS (spunbond-
meltblown-spunbond)
medicalwrap around

crystal
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Visual Inspection Methods

O Our visual inspection
processes is keyed to looking

for physical defects
o Chips

o Scratches

o Bubbles

o Chamfer geometry

Deep Scratches Large region Scratches

O We have experienced
Issues with other
previous vendors.

1 Small bubbles are evaluated
by use of a green laser

which illuminates them.

o We look for large regions of
high density

O Each crystal has a picture
taken of it and saved to an
online storage location.

Large Bubbles

M. Lajos inspecting crystals
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Mechanical Dimension Checks

W e measure the dimensions of the
crystals, both the short and long
dimensions and record them in the
spreadsheet.

o Our hardware setup is different from theirs as:™’|
well as the techniques. ”

o The numbers we measure are compared to ;|
the numbers that CRYTUR obtained for the <o
batch in order to understand the systematic

20.44 20.45 2046 2047 20.48 20.49 20.50 20.51 20.52 =
Width [mm]

differences and cross-calibrate. Crystal 1¢'Article Dimensions CRYTUR
QOur technique determines the height of the | |i

crystals against a flat slab in all

dimensions whereas CRYTUR profiles the ¢ |

crystal geometry digitally in 3D using £ y

surface planes. | A. Parameswaran

o Using both methods we determined that all crystals 22 measuring crystal
from the first article pass the mechanical 2040 2042 20 oy 2048 2050 dimensions
dimensions. Specification: 20.570 Y™™ \yidth
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Transmission Measurements

At JLab we have access to a transmission measurement setu (E)
the ARC building which is in the Detector Support Group (DSG) lab
spaces.

o Each crystal's transmission profile is measured individually.

o The detectorsetup utilizes a collimated light source which is delivered from a
monochrometer though the sample into an integrating sphere coupledto a
photomultiplier.

o This setup has a resolutionof 1% and is monitored for repeatability via
calibration samples.

d There are three wavelengths of interest that we use as indicators of
the crystal's overall quality

o 360nm correspondsto 100
the midpoint of the 360nm
cutoff wavelength.

o 420nmis the point | et
after the shoulder fg :
where the profile 60

- w £
begins to flatten out. l/ Passin Re Uirements:
o 620is within the w0 \ g REq

plateau region of the ;’I %I @ 360 nm >35%
transmission curve ;‘ o6T @ 420 nm >60%

QA All articles that have ; %T @ 620 nm >70%
been checked to j

date passed. 0 e

300 400 500 600 700 800

Transmission [%)]

Wavelength [nm]
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Long Term Storage Solution

ULong term storage of the crystals will take place at JLab in the Experimental Equipment
Lab (EEL) in room 126.

UdShelving was selected specifically for this project and has been approved for the JLab

EIC group use.

o Shelving unit is large enough ‘ e Ny
to hold the entire detector e e
supply

Previously the shelving was
being utilized for the
storage of Lead Glass
blocks which we cleared
and consolidated into
another shelving unit in the
same room.

WUFront and side screens are
on order from the
manufacturer.
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Status

A1t article of 140 crystals arrived in JLab on April 2" 2025 and have passed QA
visual inspections as well as dimension measurements.

o 20 crystals have been processed for transmission values and show expected good values
across the board.

dThree more lots of 110 each have also arrived.
o Lots two and three have all passed visual inspection.
o Lot four is in process for visual inspection, with all passing so far.

dIn our current sampling plan we are going to have a sample size of 20 crystals
per lot to be tested with the full procedure, including mechanical dimensions and
transmission. We have an escalation plan in place if issues are observed.
o This number has been arrived at in the spirit of ANSI/ASQ Z1.4.
o All crystals will be given visual inspection as well.

dWe are working with the QA group here at JLab to facilitate the Umbrella QC plan
(see section 2.7).

o Keeping in mind that we have limited resources/time to develop these procedures with no FTE
designated.
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Summary/Outlook

dWe have a long history of working with these crystals across several different
experiments and detectors.

o CRYTUR has a excellent record of providing good product.
Our testing methods are well established and have been used on previous
shipments shipments from the same vendor.

o Mechanical dimensions check of 1st article shows reasonable agreement considering the
different methods used, and pass spec.

o Transmission measurements reported from the 1st article are in agreement with our
measurements, all measured passing spec.

Long term storage location is designated and prepared.

Total of 470 crystals of the initial order of 1000 have arrived on site and are being
processed.
o Workingto incorporate into the Umbrella QC plan.

dLooking towards the next steps there are two paths being considered.:

1. Complete/partial detector assembly at JLab with the resulting detector being shipped to BNL.
2. Individual wrapping of the crystals at JLab then shipping to BNL and the detector will be
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Questions?
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