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EIC Forward RICH

Forward par)cle detec)on 

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

  Support electron ID up to 15 GeV/c
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Main cover wide momentum range  3 - 60 GeV/c
features work in high (~ 1T) magneAc field
                     fit in a quite limited (for a gas RICH) space

Dual-radiator RICH



R. Preghenella, INFN-BO, INFN-FE, INFN-CS, INFN-SA, INFN-LNF, INFN-CT, NISER 

F. Cossio,  INFN-TO, INFN-BO

P. Antonioli, INFN-BO, INFN-FE

A. SapuA, INFN-FE, INFN-CT, INFN-GE, JLAB, BNL

F. TessaroOo, INFN-TS, BNL

A. Vossen, DUKE, INFN-FE                             
 
G. Volpe, INFN-BA, INFN-FE, RICH Consor)um

C. ChaOerjee, INFN-TS, DUKE, INFN-FE, RICH Consort.

Cooling                      Level-5

Online AI/ML             Level-5

Detector box             Level-5

Alignment                 Level-5

dRICH Organization
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6.10.04 Par)cle Iden)fica)on   Level-3

6.10.04.03  dRICH           Level-4

CAM from Project

CAM from Project + DSTC from EPIC (M. Contalbrigo)

Photo-Detector            Level-5

Work packages lead from EPIC

Front-end Asics            Level-5

Data-acquisi)on           Level-5

Mechanics                     Level-5

Gas radiator                   Level-5

Mirror                             Level-5

Aerogel Radiator             Level-5

Simula)on

Slow Control            Level-5

Work packages not yet active

Interlock                   Level-5

Power Supply             Level-5
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dRICH Recent Events
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July:  EIC Project Review: Par2cle-Iden2fica2on Detectors

    August:  dRICH test-beam: Radiators 
           (op.cs with reference detector)

                                    Targeted R&D DAC Review – eRD102

    September: EIC Project Review: SiPM Design Specifica2ons 
                                   (long lead procurement)

  
    October:  dRICH test-beam: Readout
   (EIC-driven photo detector SiPM-ALCOR)

                         Generic R&D Review – Pressurized RICH
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dRICH Layout
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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 SimulaFon
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Preliminary op)miza)on of the dRICH op)cs inside EPIC  
Magne)c field and track resolu)on accounted for, results averaged over azimuthal angle (f)

With single mirror, best focaliza)on in the most demandig 2.5-3.5 pseudo-rapidity range to get ~ 0.3 mrad resolu)on 

> 3s separa)on in the wanted momentum range (i.e. at maximum momentum)
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Next: model refinements, interplay with other detectors (PID and tracking)



PID Review
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July 5-6,  2023

Window

SiPM

EIC_NET Mee7ng - 20th October 2023



DAC Review 
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eRD102 - dRICH

eRD109 - Readout Electronics

INFN request fully funded 

August 28-31,  2023

eRD110 – Photosensors (HRPPD)

To be complemented by a PED request for SiPM



Aerogel Radiator

9

Aerogel Factory (BELLE-II)
Ini)al evalua)on  & Reproducibility
on small samples in sinergy with ALICE

Touch Probe: planarity and thickness 10x10x2 cm3 (le  

(from ALICE)

Laser spot broadening: Y profile

No aerogel 3 x 2 cm aerogel

Density & refractive index

Transmigance & Transflectance

0.3 mm 5 mm pass

Test-sta2on under development @ Temple University
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Simone’s talk



Radiator Gas
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CERN  surface & coa.ng group laboratoryCOMPASS monochromator system

Inves&ga&on of gas quality analysis procedures ongoing

Jamin Interferometer from Liberec U.



Mirrors
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CMA Carbon fiber mirrors (HERMES, AMS, LHCb, CLAS12)

cost-effective light & stiff solution:

     roughness driven by mandrel 1-2 nm rms

     surface accuracy better than 0.2 mrad

     radius reproducibility better than 1 % 

QA laboratory being refurnished @ JLab 
being developed @ DUKE University

3.5 m
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Nego2a2on with CMA for mirror demonstrators ongoing 

Core structure and s8ffness



Photodetector

MPPC  arrays     selected with irradia8on campaign

Front-end re-design    completed

ALCOR v2 (bweHer dynamic range and rate)
ToT architecture, streaming mode ready
Ø 50 ps 8me bin 
Ø 500 kHz rate per channel
Ø cryogenic compa8ble

Hamamatsu S13361-3050 ALCOR chip

New EIC-driven readout unit

Realiza'on of a suitable detector plane for the dRICH prototype (23/10): Design ready, procurement aligned to 2023 test-beam campaign.

Integrated Cooling/ In-situ annealing
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✓ ✓

✓
Cooling plate

Pel8er cells

Annealing circuitry

Mul8-wafer run done

Version2:
32 channels
Extended dynamic range
Improved digital 8me

8x8 array
50 µm cell
Excellent fill factor
Best DCR

S14160 alterna8ve
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Roberto’s talk



ALCOR Chip
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ALCOR Layout & I/O ALCOR Packaging



Data-AcquisiFon
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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 .ll DAM-L1 
Big data reduc.on at DAM-L1 with external input (2 µs latency interac.on tagger)
DAM-L2 data aggrega.on per sector allows for effec.ve data-reduc.on algorithms 

RM1 & RM2 experts started collabora2on and are studying AI/ML solu2ons    (building upon APEIRON & NA62)

Sensor                           FEB                                RDO                       

shuger interac)on tagger dRICH data filter

3à 300 kHz DCR/ch

to EPIC
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Mechanics
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Carbon fiber 1:10 mockup 

Gas .ghtness

Pressurized RICH

Preliminary test @ ACS done in water with +50 mbar air over-pressure    ✓

New tests @ LNS: pressurized helium (up to 2 bar) and leak check sta.on      ✓ 

To be done: Study deforma.ons with over-pressure for modeling

              Air & Argon long-term .ghtness tests (pressure staibility)
 

               Detailed FEM analysis:      Collabora2on with Pardue University, US        

Demonstrator realized by Advanced Composite Soliu.ons, Tortoreto (TE)

Approximate scale for laminate and honeycomb sec.on (exit face)
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Mechanics
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Strategy:   Inves)gate the high-pressure (2-3 bar) Ar case as risk mi)ga)on 
                   on a less )ght )me scale (as due before construc)on)

Plan: Test joint solu)ons with small 1:10 demonstrators

              Adapt the exis)ng dRICH prototype to high pressure capability

Strategy:   Secure a solu.on for the baseline dRICH configura.on (C2F6) assumed 
in the current EIC Project planning (as due by end of 2024 for CD3)

Program: Study tremperature gradients and quartz window performance

                   Move to a real scale prototype (por.on of dRICH) to study

       - mechanical proper)es of a realis)c composite structure  
       - assembling and gas/light )ghtness
       - mount of component demonstrators (aerogel, mirrors)
       - evolving detector boxes (reference, EIC-driven … full-scale)
       - realis)c off-axis op)cs
       - thermal model
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Nego2a2on with ACS + new components purchase ongoing



HRPPD
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2023 2nd half

2024



2024 R&D AcFvity towards TDR
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OpXmizaXon of opXcal quality vs refracXve index  (to match the gas radiator and support paHern recogniXon)
 Development of large area shaped Xles                   (to minimize edge effects towards real experiment)Aerogel:

Characterize gas transparency and refracXve index (to monitor quality and stability)Gas:

OpXmizaXon of the SiPM temperature specs & treatments vs radiaXon tolerance and producXon process
     (to cope with the EIC radiaXon environment)

SiPM:

Develop the 64-channel version of the ALCOR chip + packaging
Complete an EIC driven readout chain (to fulfill ePIC requirements in space, power, temperature treatments, DAQ)

Readout:

Study specificaXons with real-scale demonstrators    

Mechanics:

Risk mi2ga2on:

Mee7ng with INFN referees - 31st August 2023

Mirror:

Study real-scale structure with composite materials (to minimize material budget into the acceptance)
Study thermal gradients and opXcal septa

Progress in the LAPPD development
Progress in the pressurized RICH study

Simula2on: Complete dRICH model & reconstrucXon chain
Interplay with other detectors (PID, tracking, calorimeters)


