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Collaboration Meeting JLab Hall A
Shower-max Update

Outline
• Review baseline design and ring concept

• Prototypes constructed for testbeam

• Some results from Testbeam

• Summary and Future Work
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Shower-max Motivation & Requirements.
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Shower-max phi-segmentation, rates and energies.
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Baseline Design Stack and Light Guide Concepts.

Dustin McNulty Shower-max Update (2020May14-15) 5



Collaboration Meeting JLab Hall A
Full-Scale Prototype (1A) for Testbeam.
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Full-scale-1A 5.5 GeV Testbeam results.
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Summary and future work

• Showermax baseline prototypes constructed and tested
– Results for benchmarking prototypes in good agreement

with simulations
– Full-scale results show significant difference between data

and sims–PE yields ∼3x lower than expected

• Possible culprit for disagreement is the light guide but could
also include unexpected broken TIR–due to excessive pressure
on Kapton quartz wrapping during assembly

• Summer plans include using cosmic-rays to further test the
full-scale prototypes (why discrepency with simulations?)

• Updates to the size (active area) of the stack and lightguide
length are underway guided by new remol simulations
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Backup Slides
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Plans for MOLLER pmt Linearity Measurements

• Apparatus and technique validated for PREX pmts at 240 Hz ff
– Conclusion: want pmt IC . 15nA and IA ∼20 - 30 µA
– Anticipate < 0.5% non-linearity systematic for PREX-II

and even better for CREX
– Measurements routinely find HV and preamp settings with

non-linearity deviations at 0.1 - 0.2% level

• While 30, 120, and 240 Hz ff data give very similar/same
results, we see differences at 480 Hz ff–possibly a result of
thermal or other instabilities in the flashing LED

• To address expected problems at 960 Hz ff, we plan to
implement a chopper wheel setup with phase-locked controller
to shutter the LED instead of flash it (M. Gericke’s idea)
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Plans for MOLLER pmt Linearity Measurements

• ISU group has two ET 9305KQB pmts with factory bases in
hand to start testing this fall
– Anticipated light levels or PE (IC) currents for central-open

ring5 pmts at ∼16 nA (∼4 GHz, ∼25 PEs/e−)
– Will require custom tuned base divider to achieve desired

0.1% non-linearity
– M. Gericke and group will design bases for future tests; for

now, two different factory bases were purchased: one
standard circuit and one tapered (for high pulsed linearity)

• A non-trivial complication for precision measurements is
calibrating the incident light level or photocathode current. We
use special unity gain bases for PREX/CREX; need this for
MOLLER
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Quartz and Tungsten Ordered in Nov 2017

.
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Prototype Designs for Testbeam

.
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Shower-max Benchmarking Prototype concept.
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Benchmarking Stack Configurations

.
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1A - 4A Mean PE and Resolution versus Energy.
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Simulation results for B configs (6mm quartz)

.
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Prototype Construction and SLAC Testbeam Run

.
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1A Full-scale Stack Assembly at SBU, June 2018

.
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Assembled 1A Full-scale ShowerMax Prototype

.
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Testbeam and MC benchmarking strategy

• Engineer benchmarking prototype capable of operation with
systematically more stack layers added and with no light guide

• Basic strategy outline:
– First take data with only one piece of quartz

– Then add the front tungsten plate and take data, then the next
layer of tungsten and quartz, then next, then next

– This will facilitate benchmarking of optical quartz properties and
G4’s showering process without light guide complication

• Also construct and test full scale prototypes (with same exact
stack configuration as benchmarking prototype) and with full
light guide; this will be constructed with machined aluminum
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Benchmarking Prototype (1A) Expectations.
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Simulated Yields from Photons (1A Full-scale)
.
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Simulated Yields from Pions (1A & 1B Full-scale)
.
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Simulated MIP signal for cosmic-ray tests

(Full-scale).
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Uniformity Studies: 1A PE means along φ and r
.
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Uniformity Studies: 1A Resolutions along φ and r
.
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Candidate Design for Stack Prototype: Config #2.
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Candidate Design for Stack Prototype: Config #3.
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Candidate Design for Stack Prototype: Config #4.
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Simulation Results for new Stack Configs.

Dustin McNulty Shower-max Update (2020May14-15) 55



Collaboration Meeting JLab Hall A
Unity Gain operation with Baseline design?.
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Teatbeam Apparatus under construction.
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