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Objective for today: highlight the highest-impact issues and provide a short, prioritized plan to
prevent repeats in the next run.




Summary

What worked, what hurt, and what to do next

[ Overall Outcome }

Detector operated successfully and produced data; several issues drove avoidable downtime and
forced reactive fixes which impacted overall efficiency.

Engineering

L HV distribution board layout
susceptible to shorts; in-place
rewiring became fragile

 HV connectors limited voltage
headroom; trips near ceiling

O PMT bases had rad-vulnerable
regulators + brittle connectors
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Operations & monitoring

O Temperature monitoring
(Keysight/cRIO) was unreliable;
interlocks amplified disruptions

O DAQ instability + “silent kill”
modes increased inefficiency

d Magnet/corrector configuration
& verification gaps created
avoidable debate/work

Space, logistics, safety

O Limited access inside detector
increased fatigue and risk of
hardware damage

L Cable routing and zip ties
slowed moves/teardown and
increased damage risk

O Shielding and platform needs
must be planned early; ePass
adds schedule overhead
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Detector engineering: HV & Bases + access

Design changes that reduce downtime and rewo

[ HV distribution & routing ]

O HV distribution board: HV plane adjacent to ground plane > frequent
shorts; required hand rewiring and fragile surface additions

= Suggestion: redesign board stackup/clearances; consider
separating PMT signal routing from HV distribution

O Working inside detector was cramped; servicing required shuffling HV
boards and working “blind”

= Suggestion: declutter cable routing and/or create more internal
space; consider modular side plating for access

[ HV connectors & bases ]

L Top-side HV connectors rated to ~800 V; operating near limit increased
trips and limited headroom after calibration

= Suggestion: use >1 kV rated connectors with margin for
radiation/aging and mechanical constraints
L PMT bases: two non—-rad-hard 3 V regulators failed, all were bypassed
by hand; brittle/lossy latching on HV/LV connectors
= Suggestion: redesign bases to exclude regulators (use stable LV +

filter) or adopt vetted rad-hard parts; use pigtail/soldered base-
side cabling
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Kl(ey point: There were many runtime repairs, \

however execution was complicated by component
access. Making the detector components more
accessible would allow for faster maintenance.
Proposed outcome: fewer HV trips, fewer base
interventions, and safer, faster service access.
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PMTs, radiation, and magnetic field

Preserve gain stability and lifetime

[ Radiation exposure & lifetime ]

O PMTs experienced significant radiation exposure; dose could be Design targets to lock in
quantified with reasonable uncertainty but requires additional work ™
Q Lifetime limited by accumulated charge at photocathode = expect Dynode-region B-field
gradual sensitivity loss < 0.5 Gauss
= Suggestion: Replace first few columns outright and long-term Goal: stable gain across kinematics
test a sample of used PMTs vs unused PMTs (LED pulser + HV + - J
periodic scope/picoammeter readout) 4 ] . N\
[ Magnetic field effects ] PMT health monitoring
L At 3 m position, sweep magnet field changed PMT effective gain Sample tests
(~4% measured on beam side) \Used vs hew; quantify degradation )
U Field mapping inside detector found ~2.3-3.7 G transverse field
near corner dynode region at 3m /Shielding decision h
J Operational mitigation: move to 3.5-4m depending on kinematics Before next run
= Suggestion: investigate added shielding and/or in situ mapping _
at next planned positions; target dynode-region field <0.5 G \Plan' model, and integrate early J

(lower is better)
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Monitorin

Make health signals reliable and actionable

[ Temperature & interlocks (Keysight/cRIO) ] / Keysight System diagram for NPS

O Keysight terminal blocks inside detector were
radiation-vulnerable - monitoring dropouts;
up to weeks of missing temperature data for
~1/3 of detector

L Failure modes produced unrealistic
temperatures which tripped HV (interlocked),
compounding downtime

_—
Wn

FrontZone O

L cRIO interface occasionally reset; cable
routing/management issues added fragility

= Suggestion: replace or sufficiently shield é
Keysight cards; reconsider interlock logic | 3
(avoid HV trips from flaky sensors) | .
~ - R
Takeaway: monitoring systems must be
. o : = Beam |
designed for the radiation environment,
thgn |n.tegralte(|i( into operations with \ sk
robust interlocks.
N /
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Operations: magnets + DAQ
VenP §

tion steps that prevent avoidable inefficiency

Beamline / magnets
[ : : ] . . . / Pre-run verification (proposed) \

O Sweep magnet installed in wrong location relative to beam line -
acceptance/shadowing complications

Survey-confirm sweep magnet position +

: . _ document reference points
= Suggestion: confirm placement with survey data and add an

alignment verification step in procedures = Corrector wiring/polarity check with field probe

=  DAQ “start-of-run” sanity: scalers updating,

O Corr r magnets: one wired with wron larity; other n : :
Corrector magnets: one wired wit ong pofarity; other not prescale GUI state, known scripts pinned

connected (not operational) until discovered mid-run _ _
= No unattended software updates during running

= Suggestion: verify wiring and polarity with direct field _
, = Logbook: record every reset + symptom (build
measurements before operational use . .
reproducible failure cases)

L Sweep magnet performance helpful but not quantitatively inspected;
consider dedicated study using existing data or future runs

[ DAQ reliability ]

O Intermittent DAQ issues (scripts, scaler server errors, background updates)
produced junk runs and 10—-30 min recovery cycles

O Special note: prescale GUI “death switch” silently stopped data flow (took
~18 hrs to diagnose)

= Suggestion: fix root causes early (avoid “DAQ rest” mindset) and
document known failure modes + checks
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Infrastructure & logistics

Reduce move/maintenance friction and physical risk

Cable routing to SHMS hut
O Heavy floor-routed bundle required crane + 3 people to move; created weak
points and technician scheduling constraints

= Suggestion: movable cable tray / managed routing so a single operator can
reposition detector; had initiated discussion with Hall C engineering, follow
up needed

Water chillers
L One major leak (nylon T-junction) caused ~3 days disruption in temperature,
multiple 30min accesses and temperature instability

= Suggestion: stage spare portable chillers and critical components to minimize
downtime

Cabling practices (zip ties)
O Thousands of zip ties were used, they were effective but slowed de-
installation, broke tools, and risked insulation damage

= Suggestion: use reusable ties/Velcro; consider soft-shackle binding for large
bundles
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Safety & programmatic constraints

Plan early: shielding, platforms, and approvals

[ Shielding & access platforms ]

O Shielding (lead + borated polyethylene) was added during running;
solutions were effective but rushed and hard to evaluate quantitatively

= Suggestion: integrate shielding into initial layout; assess  Future work falls under ePass safety

weight/space impacts and background reduction restrictions - formal review/approval
before modifications

ePass and schedule reality

O Limited outside platform space forced scissors-lift use; access

constraints increased time and risk e Suggestion: build ePass lead-time into

= Suggestion: design in permanent platform clearance on both project schedules; train personnel

sides; reduce tripping hazards from floor cable bundles early
— e Define owners for: shielding, access
[ Railing & workspace ] platforms, and interlocks
L Hand railing adequacy/placement raised concerns (detector + SHMS -
hut roof) If we treat shielding/platforms/approvals
= Suggestion: ES&H review before running; ensure railings are as “late add-ons,” they will land during
installed at start beam time. Treat them as first-order
 Reassembly space in ESB was constrained; recommends larger \de5|gn e -

dedicated workspace and removing side panels for visibility and

assistance
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Prioritized action plan

Categorizations of the potential actions

[ Critical (must-fix) J [ Moderate } [ Opportunistic J
Phase 1: Design decisions Phase 2: Build & test Phase 3: Installation readiness
(now - before hardware work) (procure/assemble/verify) (procedures, spares, ops)
HV distribution board redesign\ " PMT base plan & spares A e e R
e stackup/clearances * Remove V reg or rad-hard e survey magnet position
e separate signal routing * Improve latching / pigtails e corrector polarity checks
\_ ) \‘ Procure PMT replacements VRN )
s ) e ot
HV connectors >1 kV f Magnetic shielding study h Logistics + spares b
e radiation/aging margin * mapping + modeling e cable tray solution
_ ) \_ e decide added shielding ) e spare chillers/parts staged )
f Monitoring architecture N ( PMT/crystal health tests h Documentation & governance
e shield/replace Keysight e sample PMT aging e ePass plan + owners

e interlock redesign ) {_*quantify crystal darkening

-
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Near term critical action items

What we need to close out next

[ Priority List (near term)}

Redesign and qualify the HV distribution board

2. Rebuild PMT bases for regulators; convert to pigtail wiring
3. Replace the PMT columns closest to the beamline
4. Upgrade HV connectors in detector to match full operational voltage rating +

margin
5. Implement improved cable-bundle management with Hall C Engineering

4 Project cadence and planning )
O We will hold quarterly project meetings going forward to:

= track closure of the priority action items

\ = align engineering, installation, and run readiness schedules )
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Closeout

Key takeaways and asks for the collaboration

Three takeaways

O Design for maintainability: HV distribution boards , connectors, and base interfaces must survive the
environment and servicing cycles and meet experiment requirements

O Ensure reliable monitoring hardware: temperature/LED/DAQ checks should prevent, not create,
downtime

1 Need to plan the “externals”: shielding, platforms, cable routing, and spare components; ePass
approvals need to be on the critical path to prevent delays

/Asks (to hit before the next run) \
O Confirm ownership and schedule for: HV board redesign, base/connector plan, monitoring, and cable

management
O Allocate funding for the replacement of the columns of PMT closest to beamline as preventative maintenance.

O Schedule engineering time for cable routing, shielding + platform integration and pre-install verification

k procedures /
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Thank you for your time,

Questions?



