Summary of NSF MidScale
R1 Proposal

Bruce Schumm
PIONEER Collaboration Meeting
1/10/25



Participating Institutions (alpha ordering)

e Cornell

Stony Brook

University of Hawaii

University of Kentucky

UCSC/SCIPP [chosen as lead largely due to MSI status]
UW/CENPA

Total requested budget: $1.78M

This is a Design (as opposed to Implementation) proposal
Funded period would be 10/25—-9/27

Implementation proposal due 2/8/27 (preliminary proposal due 9/1/26)



Proposal states two overarching goals

1. Assemble realistic, large-scale prototypes of critical subsystems into a
unified concept called the PIONEER Demonstrator and verify its
performance through engineering runs.

2. Develop each critical subsystem toward production readiness,
validating scalability and ensuring quality control, documented assembly,
commissioning protocols, and cost assessments.

Three subsystemes:

 Imager (ATAR + Tracker)

 Calorimeter (strictly LYSO)

* Electronics and DAQ

* Simulation not an explicit section, but interleaved throughout



Imager (ATAR + Tracker) Activities

* Acquisition and testing of TI-LGADs

* Acquisition and testing of FE Electronics (FAST3)

* Minimization of dead material / gaps

* Flex and FEL boards

* Mechanics (structural, thermal)

* Demonstrator system (16 layers, 32 channels/layer read out)
* Tracker development and characterization (uURGroove)

* Tracker demonstrator not yet well defined



LYSO Calorimeter Activities

* Construction of 16-crystal demonstrator system
* Procurement process
* Preparation (wrapping, optical coupling)
* Assembly and mechanics
* Calibration technique

* PMTs from ETH (in-kind)

* Characterization
* Spatial and timing resolution
* Confirmation of expected tail fraction



Electronics/DAQ Activities

* APOLLO module backbone
* t-wave modules + FPGA for Calo digitization and triggering
* Nalu HDSoC for ATAR digitization

* Tracker to be specified

* Demonstrator will validate full multi-system integration and
synchronization



System Characterization/Validation

Various test-beam campaigns are imagined during the design
phase

* Positrons (PSI) for LYSO high-energy reference point

* Late 2026: PSl beam test, possible as separate elements due to
compressed timeline

* Late 2027: Full system test at TRIUMF



List of Elements for Full NSF
Design Proposal

https://new.nsf.gov/funding/opportunities/mid-scale-ri-1-mid-

scale-research-infrastructure-1/nsf24-598/solicitation#prep



https://new.nsf.gov/funding/opportunities/mid-scale-ri-1-mid-scale-research-infrastructure-1/nsf24-598/solicitation#prep
https://new.nsf.gov/funding/opportunities/mid-scale-ri-1-mid-scale-research-infrastructure-1/nsf24-598/solicitation#prep

e Due March 19

* Will receive full support from UCSC research division; will need to
Initiate process by Feb 19

* Title/Cover/Key Personnel/Pl/co-Pis
* Project summary (looks like can be same as for pre-proposal

* Body of proposal

* 20 pp

* 10 required sections; see Call
* Rigorous budgets for all institutions
* DEP (Designh Execution Plan)

e Letter of commitment from UCSC

* Proposals for infrastructure to be located at an organization other than the
performing organization must provide an additional (one-page maximum)
supplementary document stating the host organization's commitment to house
the infrastructure

* Letters of support from unfunded collaborators
* Usual documents for senior personnel



BACKUP



Subsystem

This grant

Production Development Test Run Analysis
Tasks FY2025

FY2026 FY2027

Sensor

Front end
electronics

Demonstrator

Tracker

Milestone 1: Demonstrator

Development of sensor assembly procedure
Acquisition/test new TI-LGAD sensors
CENPA test beam
Acquisition/characterization of FAST3 chips
Characterization of current FEB
Development of rigid-flex FEB
Characterization old and development new flex
Assembly and commissioning

Run at PSI

Data analysis, scientific output

Rework/optimization
Run at TRIUMF
Development, production of Demonstrator

Test, run and analysis

Sensor

Front end
electronics

Stack

Tracker

Milestone 2: Production Readiness Final ATAR
Production/Test of custom PIONEER TI-LGADs
Closed packed LGADs

Custom modifications and production of FAST3

Characterization of FAST3 chips
Development/characterization final rigid-flex FEB
Full DAQ integration

Design ATAR mount and assembly

Stack mockup and assembly protocols

Final ATAR stack layout with several sensors
Design final tracker




Subsystem

Production Development Test Run Analysis

This

grant

Tasks | FY2023

FY2026

FY2027

Crystials

FMTs

Test Beams

Crystals

Test Beams

Milestone 1: LYSO 6-Array

Receipt & single crystal measurements (Pent + 5 HexA)
Mechanical support/light guide fabrication + assembly
Receipt/evaluation of initial PMTs/voltage dividers
Acquisition of 10 PMTs and dividers for 6-array

PSI student test beam with 6-array

CEMNPA p-Li test beam with 6-array

Milestone 2: Demonstrator 16-Armray

Purchase remaining crystals (5 HexB + 5 HexC)
Receive, test, prepare crystals

Full assembly of 16-array, including calibration

30 -100 MeV positron test run at PS1 PiM1 beamline

Data analysis and publication of 16-array performance
Demonstrator run at TRIUMF




Production Development Test Run Analysis

This

grant

Subsystem Electronics / DAQ Demonstrator FY2025 FY2026 Fy2027

Milestone 1: Component Development
Develop FPGA firmware, optimize trigger configuration and

HDSoC digitizer channel- chip-level operations

and DAQ HDSoC offline waveform fitting, data compression
HDSoC chip — MIDAS python FE
Integrate and characterize full readout chain of sensor,

HUSoL ATAR ﬂex{ges}, FAST3 FEB, HDSoC

integration . . .
Simulate analog channels occupancy, optimize routing map
4-channel design, production, firmware

wwave DAQ m-wave — ACM — MIDAS FE

TRKR DAG VMM3a / FEC — MIDAS C++ FE

Online monitor

ROOTtree event processing

Milestone 2: Demonstrator DAQ Integration

HDSoC 64-ch chip
and Demonstrator

HDSoC — ACM triggering / readout

HDSoC 64-ch and FPGA board receipt, qualification

T-wave 12-channel design, production, firmware
Integration ATAR, CALO, TRKR DAQ integration
Realtime MIDAS trigger handling, event building, compression

Optimization

DAQ rate, stability, optimization
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