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1 Executive Summary

The hpDIRC is the leading candidate for hadronic particle identification in the barrel of the
EPIC central detector. Its design is in an advanced state but several important aspects still
need to be studied and verified to ensure that the required performance can be achieved,
to minimize risks, and to realize opportunities. Key topics include: the usability of the
disassembled BaBar DIRC bars, the study of the PID performance of a cost-optimized design
in simulation, the commissioning of the Cosmic Ray Telescope (CRT) facility at SBU, and
the evaluation of the hpDIRC prototype with cosmic rays and particle beams.

The proposed R&D targets these issues in three phases, starting in 2022, to come to clear
decisions by the end of 2024, in time for the completion of the Technical Design Report. The
first phase focuses on the validation of the disassembly of the BaBar DIRC bars and the study
of the hpDIRC performance in the full detector simulation framework. The commissioning
of the Cosmic Ray Telescope (CRT) at SBU, in particular the Cherenkov tagger and the
tracking and timing detectors, using the initial hpDIRC prototype, will be at the core of the
second phase, together with a cost/performance optimization of the design in simulation.
Depending on the overall project requirements and schedules, as well as the outcome of
the first two phases, the third phase will feature the evaluation of the upgraded hpDIRC
prototype, with the final configuration of optics, sensors, and readout electronics, in the
CRT and/or particle beams at Fermilab to determine the key performance parameters and
confirm the final design.

∗Contacts: G. Kalicy (kalicy@cua.edu), J. Schwiening (J.Schwiening@gsi.de)
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2 R&D plan for 2023

2.1 Cosmic Ray Telescope

The initial goal of the new Cosmic Ray Telescope (CRT) setup at SBU, as described in
the 2022 proposal, is to provide a facility for evaluating key performance parameters of the
hpDIRC prototype over an extended period of time using cosmic rays, to help integrate new
sensors and readout electronics, test the 3D-tracking and reconstruction algorithms, and
prepare the setup and DAQ for test beams. The proposed secondary application is to use
the tracking and timing modules of the CRT as beam line instrumentation in a possible
future beam test at Fermilab.

The latest CRT design includes two GEM trackers, capable of measuring the particle
direction to better than 0.5mrad, and a PicoSec module to measure the event time to better
than 30 ps. A CO2 Cherenkov threshold counter will tag tracks with a momentum larger
than 3.5GeV/c and scintillator panels will provide trigger and shower veto information.

Over the past year, following the expression of interest from the SBU group to glue the
hpDIRC bars and assemble the bar boxes at SBU, a new and equally important use for the
CRT has emerged. By constructing the CRT in the same cleanroom where the bar gluing
is expected to take place, the CRT become a potential test bed for the hpDIRC modules.
Once the bar box assembly is complete, it will be mounted in the CRT and connected to a
readout box. Cosmic data can be taken for a few weeks, and the track acceptance window
scanned across the width of a bar box, to verify the quality of the glue joints as well as the
optical quality of the full assembly.

The SBU group has taken the lead on setting up the CRT setup with contributions from
the CUA, GSI, and ODU groups and the CRT is now under construction in a cleanroom
that was used until recently for the assembly of the SPHENIX TPC. The first two 2022 mile-
stones, completion of the initial mechanical CRT framework, and installation of the hpDIRC
prototype into the CRT, are expected to be completed before the end of 2022. Integration
of the tracker and timing detectors, as well as the Cherenkov tagger and scintillators, will
commence in 2023. The goal for 2023 is to commission the CRT with the initial hpDIRC
prototype.

Funds requested by SBU will be used to complete the readout and data acquisition of
the tracking and timing detectors, using a second 2k-channel readout system based on the
VMM3 chip and SRS, and the gas supply necessary for the CRT tracker system. Additional
funding is requested for a graduate student at SBU who will work on the CRT-hpDIRC
prototype integration and the commissioning of the setup.

2.2 hpDIRC Prototype

The initial hpDIRC prototype is based on the design of the PANDA Barrel DIRC prototype.
Its modular design is convenient for incremental upgrades of the components and simplifies
the evaluation of the hpDIRC performance using either a laser pulser or particles from
cosmic rays or test beams. The prototype reuses optical components (bars, plate, prism),
several Photonis XP85012 MCP-PMTs with a pixel pitch of 6.5mm, and matching readout
electronics from the PANDA R&D, as well as several 3-layer lens prototypes, produced as
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part of the eRD14 effort. The paperwork for the transfer of these prototype components from
GSI to CUA, as well as for the joint R&D effort of the CUA, GSI, ODU, and SBU groups in
the new DIRC lab at SBU, was completed in 2022 and the transport to the U.S. is expected
to be completed in November 2022, followed by the installation into the mechanical support
frame in the CRT. The modular design of this prototype will allow tests of the hpDIRC
readout using the PANDA MCP-PMTs to start immediately, while the work on the CRT
tagging, tracking, and timing detectors is ongoing.

Goals for 2023 include the development of a common DAQ system for the CRT detectors
and the hpDIRC sensors as well as the design of tracking algorithms using cosmic event data.
Funds requested by CUA will go towards the procurement of hpDIRC lab power supplies,
computing hardware, and alignment components.

Note that the 2023 proposal does not include a funding request for sensors and/or read-
out for the hpDIRC prototype, which were major elements of the eRD103 2022 proposal.
Although the need for the development and validation of a cost-effective small-pixel sensor
with matching fast high-density readout is urgent and crucial to the success of the hpDIRC,
we removed the requests from the eRD103 proposal based on the guidance we received from
the committee in May 2022. The choice of sensor and readout remains one of the main open
technical challenges for the hpDIRC and needs to be resolved in time for the pre-TDR and
the TDR. Therefore, we encourage support for the sensor and readout activities proposed
by eRD109 and eRD110, and in particular for the development of the waveform-sampling
readout for small-pixel commercial MCP-PMTs by U. Hawaii and Nalu Scientific, which has
been shown to work well for the Belle II TOP counter with similar signal properties and
timing precision requirements as the hpDIRC.

2.3 Quality Assurance of Disassembled BaBar DIRC Bars

Reuse of legacy detector components is an important aspect of the EIC project detector
plans. If the DIRC bars from the BaBar experiment can be extracted from the bar boxes
without compromising the high optical and mechanical quality, use of these bars for the EIC
hpDIRC could reduce the hpDIRC cost by 30% or more, depending on the details of the
design. Measurements of the mechanical and optical quality of the surfaces are of critical
importance to decide if the disassembly results in bars of a sufficiently high quality. SLAC
and JLab are working on a contract to disassemble the BaBar DIRC bar boxes at SLAC,
extract the bars and to transport them to JLab. An optical DIRC lab for the evaluation
of the quality of the bars after disassembly is under construction at JLab and expected to
be ready for operation in November 2022. The DIRC lab will include a cleaning station to
remove residual pollution from the disassembled bar, long-term storage for the bars, and
a laser setup in a darkroom, where the bar surfaces will be scanned with an internally
reflected HeCd laser beam (325 nm or 442 nm), using methods developed at SLAC and GSI,
to determine the optical quality. Two reference bars, never used in the BaBar DIRC, were
shipped from SLAC to JLab in July 2022 and are available for the commissioning of the setup
and measurement protocol. Note that this setup is required, independent of the ultimate
choice to use reused BaBar DIRC bars or to buy new bars, since newly produced bars will
need the same type of QA scan procedures to validate the fabrication process. Funding for
the disassembly of the BaBar DIRC bar boxes and the transportation of the bars, as well
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as for the construction of the DIRC lab, which is supported by the JLab Detector Support
Group, is being provided by JLab.

CUA is providing expert support, help with the alignment of the laser setup, as well with
as the commissioning and initial measurements of the reference BaBar DIRC bars. However,
the currently available hpDIRC workforce is not sufficient to support the QA effort beyond
providing the initial training of a new person, who will be put in charge of the measurements.
Therefore, we request funds for 2023 for 50% FTE labor from an ODU technician who will be
tasked with performing these complex measurements on more than 380 disassembled BaBar
DIRC bars.

2.4 Software Development

The full implementation of the hpDIRC geometry and reconstruction algorithms into the
Fun4All frame was achieved in the fall of 2022. This paved the way for several important
studies, including the impact of different magnetic field options, backgrounds, and nearby
tracks on the hpDIRC performance, which we expect to be concluded in early 2023. The
highest priority for the software development in 2023 is establishing a cost-effective hpDIRC
design in time for the pre-TDR. Examples of open design questions are: (a) how many
sensors are required to cover the detector plane and how should they be arranged, (b) what
is the optimum geometry for the BaBar DIRC bars and newly fabricated bar pieces, and (c)
how can a track point outside the DIRC radius be used to mitigate the effect of multiple
scattering in the bar. Both (a) and (b) will have a significant impact on the cost of the
hpDIRC and a decision needs to be made for the pre-TDR by the end of 2023 and the final
prototype tests in time for the TDR by the end of 2024. Other important software tasks
in 2023 include the development of 3D tracking and event timing algorithms for the CRT,
tuning of the CRT prototype simulation in Geant/CRY, and the analysis of the cosmic ray
data1. We request funding for a 50% PostDoc from CUA to continue the targeted hpDIRC
simulation studies.

2.5 Summary of Proposed Activities

Software:

• Compare the performance of different hpDIRC geometries (radiator bar positioning,
focusing, prism shape, MCP-PMT arrangement).

• Complete study of the hpDIRC performance with background in the full EIC project
detector implementation.

• Develop tracking and event timing software for Cosmic Ray setup.

• Complete the prototype simulation, evaluate the expected performance with cosmic
rays and particle beams, and determine the requirements for supplemental beamline
instrumentation.

1Note that the study of the possible bar-plate hybrid optics solution, which was planned to take place in
2023 in the original eRD103 proposal, has since then been moved to the synergetic hpDIRC generic R&D
proposal, submitted in July 2022 [1].
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Hardware:

• Complete the CRT setup with tagging, tracking, and timing detectors.

• Commission detectors, electronics, and DAQ with cosmic rays.

• Evaluate the optical and mechanical quality of the disassembled BaBar DIRC bars.

3 Personnel Required and Available for 2023

The proposed R&D program is synergetic with the generic R&D hpDIRC proposal [1] and
will be carried out in a collaborative effort of CUA, Erlangen University, GSI, JLab, ODU,
SBU, and USC, and includes all the hpDIRC experts from the former eRD14 consortium.

Significant in-kind workforce contributions from: Dr. Klaus Dehmelt (SBU) Dr. Roman
Dzhygadlo (GSI), Thomas Hartlove (ODU), Dr. Charles Hyde (ODU), Dr. Greg Kalicy
(CUA), Dr. Albert Lehmann, (EU), Dr. Maria Patsyuk (JINR), Dr. Carsten Schwartz
(GSI), Dr. Jochen Schwiening (GSI).

Dr. Nilanga Wickramaarachchi was hired as a Postdoctoral researcher at CUA with 50%
support from the generic R&D program. Maintaining the support of his position will be
crucial for success of the proposed hpDIRC R&D program, in particular the simulation and
reconstruction tasks.

Funding is requested for

• Dr. Nilanga Wickramaarachchi to continue his work on the hpDIRC simulation and
reconstruction.

• A technician from ODU to perform the QA of the disassembled BaBar DIRC bars in
the DIRC lab at JLab. A qualified and experienced candidate is available at ODU.

• A graduate student from SBU to work on the installation and commissioning of the
CRT.

4 Milestones for 2023

• Commissioning of the DIRC lab at JLab with reference bars complete (JLab/ODU,
Q1/2023)

• Integration of hpDIRC prototype into Cosmic Ray Telescope complete (CUA/GSI/SBU,
Q2/2023)

• Complete QA of bars from first disassembled BaBar DIRC bar box, decision about
further disassembly strategy (JLab/ODU, Q3/2023)

• Initial DAQ and CRT track reconstruction software ready and tested (CUA/SBU,
Q3/2023)

• Completed evaluation of cost/performance optimized EIC DIRC design options in sim-
ulation (CUA/GSI, Q4/2023)

• Commissioning of CRT setup completed (CUA/ODU/SBU, Q4/2023)
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5 Preview of the Remaining R&D for 2024

Following the completion of the pre-TDR in late 2023, the R&D focus will be on any remain-
ing technical, schedule, and cost risks, as well as on production readiness. Depending on
the need for further performance validation with cosmic rays or particle beams, the hpDIRC
prototype may need to be upgraded. The construction of a realistic readout box, comprising
a full set of the sensors and readout that were identified in the pre-TDR, covering a full-size
prism in the optimized arrangement, would enable a “vertical slice” prototype test in the
CRT or with particle beams. This readout box would also be required for the evaluation
of the the quality of the fully finished hpDIRC bar boxes in the CRT after the gluing and
assembly and for a possible synergetic beam test with the generic hpDIRC R&D proposal to
test the bar/plate hybrid geometry or alternative focusing/sensor options. Based on com-
mittee recommendations, funds for this procurement of the prism, sensors, and electronics
could be requested for 2024.

6 Funding request for 2023

Item Institution Requested

Postdoc (50%) hpDIRC software CUA $80k
Prototype Equipment CUA $20k
Travel to DIRC lab at SBU CUA/GSI $30k
Manpower for QA of BaBar DIRC bars ODU $45k
CRT Graduate student SBU $61.5k
CRT VMM-SRS system SBU $23.5k
CRT materials SBU $15k
Total $275k

2023 Budget Request Per Institution

Institution CUA ODU SBU Total

Requested $130 $45k $100k $275k
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