
dRICH R&D Status

Detector R&D Day, 25th Marh 2023



dRICH Collaboration
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BA, BO, CS, CT, FE , 
GE, LNS,  RM1,
RM2, SA, TO, TS

EPIC

Compact cost-effective solution for particle identification in the high-energy endcap at EIC 

EIC RICH Consortium

…..

dRICH

Forward particle detection 

  Hadron ID in the extended 3-50 GeV/c interval

  Support electron ID up to 15 GeV/c

Main challenges:

Cover wide momentum range  3 - 60 GeV/c    -> dual radiator
Work in high (~ 1T) magneJc field                    -> SiPM
Fit in a quite limited (for a gas RICH) space     -> curved detector
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ePIC dRICH
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Interferences: material budget concentrated beheind the barrel ecal and its support ring
  readout electronics design in order to minimize the detector box volume

Acceptance:  defined by pipe and barrel ecal
                        minimize material budget with the use of composite materials
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dRICH Photo-Detector
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Photon Detector Unit (PDU):

    Compact to minimize space

    4x    Hamamatsu S13361-3050HS SiPM arrays

    4x    Front-End Boards (FEB) 

    4x    ALCOR chip (ToT discriminaJon)

    4 x   Annealing Circuitry

    1x    Read-Out Board (RDO)

    1x    Cooling plate (< -30 C) 

Active area is shaped to resemble the focal 
surface and best exploits the focalization

Detector box:

         Shaped to fit the space

    Quartz window

    Cooling for sensors and electronics

    Power distributing patch panel

    Heat insulation

Heat exchanger
Cold plate

SiPM array

Back-side
connectors

FEB
(ALCOR)

Service 
 connectionsRDO

Flex PCB

SiPM array ALCOR chip

14 cm
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ALCOR Front-End Chip
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ALCOR v2.0 – v2.1: 32ch chip available or produced

ALCOR Board: 2x32 ch rou3nely used (lab and beam tests)

Irradia.on: no evident issue  

ALCORv3 64: 64 ch being designed (AC vs DC)

BGA Packaging: being inves3gated

ALCOR64 Board: to be evolved from exis3ng one

ALCOR features
ToT architecture, streaming mode ready
Ø 50 ps time bin 
Ø 500 kHz rate per channel
Ø cryogenic compatible

8x8 
pixel 

matrix

BGA 
pinout
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dRICH Sensor

SiPM LLP Review  September 2023 

6Mee5ng with INFN referees -  31st August 2023 6M. Contalbrigo Detector R&D Day -  25th March 2024

Optimization on:
    Size of µ-cell
     Protective layer
     Signal shape



SiPM CharacterizaFon
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Time resolution measured with 
ALCOR readout chain

Neutron irradiaRon campaign



SiPM Annealing
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Study of the protocol for on-board annealing in conjunction with sensor irradiation cycles
and consequence for the  electronics layout (current sustainability & MOSFET protection)



Photon Detector Unit (PDU)
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SiPM carrier board with 256 channels and flex connector circuits.

2x ALCOR front-end card and the adapter board

MasterLogic card to control SiPM bias 
voltage & monitoring service



dRICH Prototype
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Dual radiator prototype is operative. 
Performance with reference readout (MAPMT+MAROC) in line with expectations (gas + n=1.026 aerogel).
EIC-driven PDU commissioned at the last test-beam in October 2023

EIC_NET Mee5ng -  22nd November 2023

<N> = 9 p.e. per aerogel ring



Particle ID
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Particle identification tests with beam gas Cherenkov tagging

Gas radiator & MAPMT readout
50 GeV/c mixed hadron beam

Aerogel radiator & SiPM readout
8 GeV/c mixed hadron beam

SelecWng events with large
number of photons
(aka complete ring)
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Test-beam
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sR, 1g = 2 mm

2024 Test-beam: May 22th – June 5th at PS T10 beam line of CERN 
Goal: detailed study of the performance (timing, background, photon yield, resolution, particle ID)

eRD102



Cooling & Insulation
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Cooling and insulation tests started with the
existing dRICH prototype & SiPM detector box

Plan to optimize humidity control and verify the induced
temperature gradients in the gas volume by the cool SiPM plane

Box Humidity 
(~ 2 %)

Box Temperature
(~ 10 C)
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SiPM setpoint at  -30 C



Induced Gradients
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Gas volume with termocoupes Temperature profile

5 @ 5 cm steps

3 mm lucite 
window



dRICH Photon-Detector
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PID Review July 5-6, 2023
PDU: baseline basically validated
          moving to performance optimization
          
Carrier board: baseline is fine

SiPM specs: largely defined with LLP review

Irradiation: now intrumental to annealing study 

Online annealing protocol and materials: ongoing

Cooling & Insulation: test with dRICH prototype in March

dRICH Office Meeting -  17th January 2024

Quartz windows has been procured
(various type, dimension, thickness

eRD102



Data-Acquisition
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4992      4992      1248                               1248  28                          6

up to 1.8 Tbps up to 18 Gbps 

PDU

I level DAM II level DAM

Experiment                Electronic trailer

Goals: Maximise modularity (detector shaping) and capability (data stream)

DAM Hierarchy:   Maximum data rate capability Gll DAM-L1 
                               Big data reducGon at DAM-L1 with external input (2 µs latency interacGon tagger)
                               DAM-L2 data aggregaGon per sector allows for effecGve data-reducGon algorithms 

INFN experts started collabora6on and are studying AI/ML solu6ons for L2     (building upon APEIRON & NA62)

Sensor                           FEB                                RDO                             

shutter interaction tagger dRICH data filter

3à 300 kHz DCR/ch

to EPIC



dRICH DAQ
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General layout outlined

RDO Board: being designed

RDO FPGA: ARTIX Ultrascale+ & Polarscale scrubber

RDO Transceiver: VTRX+ (secured)

Fake-FEB: adapeter to ALCORv2-FEB being designed

L1-filter: interaction tagger or dRICH tagger

L2-filter: ML patter recognition study (test-beam data)

Target: RDO demo before the end of the year
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Aerogel Radiator
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Aerogel Factory (BELLE-II)
IniWal evaluaWon  & Reproducibility
on small samples in sinergy with ALICE

Touch Probe: planarity and thickness 10x10x2 cm3 (le  

(from ALICE)

Laser spot broadening with 3 x 2 cm aerogel

Density & refractive index

Transmittance & Transflectance

0.3 mm 5 mm pass

Test-sta6on under development @ Temple University
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dRICH Aerogel
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Test-beam data analysis: preliminary result available

Characterization: preliminary study done 
               transmittance, forward scattering, planarity, chromaticity

Reproducibility: under study
                               new n=1.020 samples close to delivery
          new n=1.026 sample being ordered

Optimization: unders study with test & simulation

Real-scale sample: under negotiationwith Aerogel Factory

Long-term tests with C2F6

DAC Review August 28-31, 2023

Laboratory

Beam
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C2F6 Radiator
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99-100% Transparency measured
with instrumentation at CERN  



Gas Purging System
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Developing the gas purging concepts from C4F10 experience @ COMPASS



dRICH Gas
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Test-beam data analysis: preliminary result available

Characterization: Preliminary measurement done
               being extended to the visible range

Purging system: basic scheme to define services

Fast-recirculation system: basic scheme to define services

Long-term tests with composite materials: in preparation
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dRICH Mirrros
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Specs: derived from CLAS12 / LHCB

Samples: ordered

Small demo:  compa3ble with present prototype
                         suitable for long-term test with gas

Medium-size proto: core structure op3mized

Characteriza.on (JLab, DUKE)

Alignment/Support: aka NA62, piezo-motor acquired

Delivered at 
JLab
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eRD102



dRICH Simulations
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dRICH simulation is already 
performed within ePIC framework

Implements measured features

LUTs being generated for PID
simulaRon and physics analysis

Obtained with dRICH prototype



dRICH Simulations
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Optimization study ongoing 
for aerogel refractive index

fit parameters
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Entries  29300

Mean    189.2

Std Dev      63.1

 / ndf 2χ  68.03 / 61

Prob   0.2503

p0        8.3± 535.4 

p1        0.0±   204 

p2        0.037± 3.262 

p3        10.46± 10.67 

p4        0.05128± 0.04898 

Cherenkov Angle distribution at p=01.5GeV/c injecting n.r.=300kHz

Study of “worse case” DCR 
background impact on resolution



dRICH Envelope
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News: +3 cm downstream shift with respect the IP, O(10 cm) tolerance in aerogel disk radius
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dRICH Bore
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The hadron beam angle forces an expanding pipe and a off-axis dRICH bore
dRICH bore should be big enough to provide clearance for the beam pipe during maintenance operations
Working with the Project to find the best compromise 
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dRICH Basic Module
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Smoothing for 
inner services

dRICH
services

Baseline for the real-scale prototypeScalable to the wanted shape
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eRD102

- mechanical properties of a realistic composite structure  
       - assembling and gas/light tightness
       - mount of component demonstrators (aerogel, mirrors)
       - evolving detector boxes (reference, EIC-driven … full-scale)
       - realistic off-axis optics
       - thermal model



dRICH Mechanics
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General layout outlined

dRICH Shell: integration & maintenance under discussion 

Real-scale prototype: being refind (production already negotiated)

Thermal tests: inititated with existing prototype/detector box

Services: gas and cooling lines

Detector box prototype: may be needed for a good modeling

DAC Review August 28-31, 2023
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Milestones
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Preliminary definition of the technical specifications of all the dRICH components (April ’24); 

Complete mechanical design of the dRICH structure (June ’24); 

Integration of the readout and optical component developments in a real-scale prototype (October ’24)

EIC_NET Mee5ng -  22nd November 2023

2024:

2025:

 Real scale prototype completion & performance assessment

 Aeorgel mass production specifications

 SiPM thermal treatment protocols & on-board implementation
Anticipated at the PID review


