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Action items from 2019 NPS collaboration meeting

Specify expected number of crystals from each vendor and when will have them
Finalize layout with final number of CRYTUR and SICCAS crystals

Quantify shower leakage — make photon energy spectrum for crystals next to the one hit
Send 10 crystals to IPN for irradiation

Characterize 400 crystal

Further investigate glass scintillator option

Test divider with bypassed amplifier



NPS requirements




PbWO4 crystal properties and performance tests

 Primary quality assurance of the crystals:
* Precise dimension measurements and visual inspections
* Optical transmittance measurements
» Light yield measured using a radioactive source Na-22
and 2in PMT inside of thermo-controlled darkbox

e Crystal/glass beam test program in HallD:

* Installed the 3x3 prototype behind the PS
(2018,2019,2020)

* Installed 12x12 prototype/CCAL

* Energy resolution measurement

e Readout chain optimization

* (Glass-ceramic scintillator tests

e Streaming readout

e Crystal test stand 12 crystal measured at the same time
(2020)

» Studies of crystal defects, light guides, cookies and etc.
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SICCAS vs CRYTUR
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Only two PbWO  crystals vendors available worldwide

SICCAS 460 Bridgeman 20.54+0.02 (70% crystals) * Medium dispersion doping in bulkup  3()9,
. * Long,deep scratches and to 50% of crystal volume
(Chlna) 20.54+0.02 cracks * Excessive number of doping (>50%
200.10£0.02 . Excessive number of small volume) in bulk
chips along edges * Chemical film on surface

* Large chips on corners * Traces of old labels or markings on
* Pits, old Labels, chemical surface
film



SICCAS and CRYTUR crystals delivery/order status
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Beam tests with 3x3 prototype

Installed a 3x3 prototype behind the PS with SICCAS and CRYTUR

crystals

Energy resolution at 4.7 GeV is about 1.5 %, bypassed bases
Light yield of SICCAS crystals is about 6 % larger than CRYTUR
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Beam test program with 12x12 NPS prototype

GlueX detector
Solenoid no field

Tagger magnet Concrete shielding
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tagger hodoscope \ LH2 Target

tagger microscope

* Built a 12x12 detector for more detailed studies compared
to quick checks with the 3x3 prototype

* Allows for studies of energy resolution in wide energy
range, stability, rate dependence, etc.

* But, not as flexible as 3x3 since cannot run in parasitic
mode and has to be installed in the beamline - requires
scheduling, crane installation, alignment, slow controls,
integration to data stream...

. FCAL

Detector design major components:
* 12x12 Matrix (140 crystals)

* NPS HV divider

250 fADC readout

Environment control:

* Temperature, humidity, light sensors
Monitoring system consisting of LED
and a-source
Moving platform




Update Timer (sec): | 1 =

Start | Stop

12x12 NPS prototype beam test results
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* Beam test program completed in 2019

* Initial results show energy resolution:

~2.83%/E+2.23%/VE+0.73%
* Ongoing studies to improve linearity
* Preparing publication on beam test
results — to be submitted to NIMA in
next few months
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Shower leakage for 3x3 cluster
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Non linearity studies
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e The linearity can be improved by reducing the
amplifier gain and increasing HV.
e Some tuning of the PMT base are required
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Non linearity studies summary

Bypassed ~1000V ~(1-2)% 9 (installed)
9 (3x3 prot)
12 (test stand)

Reduced gain_v2 ~800V ~(2-3)%

Vlad_P_modified 2 ~6 ~850V ~(1-2)%




New measurement setups: Light Yield in NPS cleanroom

New setup with SIPM+LY SO trigger arm, Na-22 source, fast 2in PMT Hamamatsu
Good for quick QA of Crytur crystals, no need to move offsite

Temperature not controlled

Useful for R&D projects (glass ceramic studies, SiPM calorimeter readout and etc. )

PMT_2
Entries 28380
Mean 5.654e+04
RMS  2.035e+04 140

120

e 120}

[IIIlII]]

100
60

40

[I[Ill]l]

20

FRPR I ML i 1. L% 0 K Ty, (O Te AR I RTI M 13
0 1000 2000 3000 4000 5000



New measurement setups: Crystal test stand behind PS in HallD

Installed 12x1 crystal test stand

Quick tests of questionable crystals

Readout optimization tests

Different kinematic points

Tests of light guides, cookies, crystal wrapping methods
Different scintillation materials test (PWO, glass and etc.)

Module 3 (with LG)
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Prospects with glass scintillators

STTR Phase 1 was awarded! \\sc: NTILEX

2cm x 2cm x 20cm (large size)

* Unpolished, Bubbles on surface only —

Example: SC1 glass will be removed during cutting and
lcmx lem x 0.5cm 2cm x 2cm x 4cm (medium size) polishing

(test size) i - 1
| - a e

fem x Tem x 0.Scm = Up o 4em x dom x 40cm
2019 2023
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Summary

Continue working with PWO crystals vendors:

e Continue receiving crystals from CRYTUR (up to 30-40 crystals/month) — no rejection
so far

* Working with collaborators from HallD and China trying to optimize QA procedures at
SICCAS site, preselection before shipping at the lab

714 CRYTUR and 300 SICCAS crystals expected to be ready for assembly in fall 2020
Preparing to send 10 CRYTUR crystals to IPN-Orsay for irradiation check

Based on nonlinearity studies detector became more linear when amplifier gain is
reduced and voltage increased, run conditions (anode current) need additional studies

before making final choose of the preamp gain

Glass scintillator development ongoing - progress promising, SBIR/STTR awarded
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