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​​Belle II Aerogel Ring-Imaging Cherenkov (ARICH) detector will require new photosensors 
for the upgrade in the early 2030’s. We propose to use High Rate Picosecond Photo- 
Detectors (HRPPD) (12x12cm2) and Large Area Picosecond PhotoDetectors (LAPPD) 
(20x20cm2) to augment the ARICH with time-of-flight (TOF) capability. 

The HRPPD and LAPPD have achieved 17 ps and 30 ps time resolution for single photons. 
Improvement in time resolution (currently 125 ns) will also reduce random beam 
backgrounds for RICH-based PID.

We will quantitatively evaluate key performance of an upgraded ARICH (RICH + TOF) using 
a prototype containing an HRPPD or LAPPD with the NSRL proton beam.

We will investigate the Cherenkov photon yield and angular and temporal resolution for 
charged particles traversing the radiator and extrapolate these results to compare to 
the current ARICH. We will also evaluate the timing resolution provided by Cherenkov 
light produced by charged particles traversing the glass window of HRPPD or LAPPD. 
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Timeline and deliverables:

FY27

• Fabrication of prototype assembly with HRPPD. 

• Commissioning of prototype and DAQ with cosmic ray muons. 

• Development of Geant4 simulation.

• Measurements at NSRL to characterize HRPPD performance in terms of time 
resolution, Cherenkov photon yield and angular resolution.

• Development of combined RICH and TOF reconstruction software.

• Contribute to both the Technical Design Report (2027) for the Belle II upgrade and a 
proposal to DOE HEP for the US contribution to the Belle II upgrade. 

• Technical publication on HRPPD results.

FY28

• Rent an LAPPD and incorporate into prototype assembly

• Measurements at NSRL to characterize LAPPD performance.

• Use simulation and combined RICH+TOF reconstruction to extrapolate to the 
performance of the upgraded ARICH.

• Technical publication on LAPPD performance.

Almost all components, including electronics and DAQ, are in hand, except an LAPPD.

We intend to first commission at NSRL using parasitic running (Martin Purschke has 
recent experience) to ensure efficient operation during dedicated NSRL beam time. 
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Assuming a 30 ps time resolution per track for an 
HRPPD or LAPPD with readout electronics and 14 
ps time resolution of the Belle II event start time, we 
expect 5𝜎 separation between kaons and pions up 
to about 2 GeV/c, kaons and protons up to 3.3 
GeV/c using just TOF.

The performance of Belle II ARICH on PID could be 
significantly enhanced. We project that an upgraded 
ARICH would be equivalent to an increase of 5% 
to 10% statistics for heavy flavor measurements at 
Belle II.
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• Initiate relevant and complementary proposals to U.S.-
Japan Science and Technology Cooperation Program in 
HEP (fall 2026). 

• Participate in the proposal to DOE HEP by the US Belle II 
institutions for the planned upgrade of the Belle II 
detector. It is anticipated that funding from DOE HEP 
would be available in FY2029.  
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• This proposal will further US leadership in scientific 
discovery with the current Belle II experiment. BNL is the 
lead laboratory for Belle II. We expect the successful 
results of this proposal allow BNL to assume a prominent 
role in the upgrade of the Belle II detector which is 
planned for 2032-3.  

• HRPPD is also chosen as photosensor for pfRICH at 
ePIC. Synergistic with EIC PID efforts would facilitate this 
beam test project and contribute to both experiments. 
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Using protons with 2 GeV kinetic energy, for a 5-mm thick radiator with n=1.2, if the 

separation between radiator and HRPPD is 8 cm, the ring on HRPPD has outer radius 5.6 

cm and inner radius 5.1 cm. Number of generated Cherenkov photons is 86. 

At Belle II ARICH, ring dimension is ~6 cm.
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Backup
NSRL Beam Dump

This is the actual setup by one of the participants (M. Purschke). We already 

have the expertise to run test beams at the NSRL.
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