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Pro-memoria: motivazioni
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OVERVIEW  dei sensori di singolo fotone per PID a ePIC 
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Backward: mRICH
Proximity focusing 
aerogel RICH with
Extended proximity gap

Barrel: high-performance DIRC
Focusing DIRC with lenses

dRICH 
2 radiators:
Aerogel & gas 

pfRICH: fotosensori
• HRPPD (campo B, aspetti generali relative 

a prestazioni e ingegnerizzazione )
• Offre in parallelo misure di TOF

• Backup: MCP-PMT commerciali 
riducendo la superficie instrumentata a 
scapito di minor risoluzione)

hpDIRC: fotosensori
• MCP-PMT, Photonis (come in 

PANDA, allineamento campo B, 
costo!)

• Alternativa: HRPPD, se validati !

dRICH: fotosensori
• SiPM (validazione del principio, hit 

rate in streaming read-out)
• Backup: LAPPD (sfavorevole 

allineamento del campo magnetico), 
se validati !31/8/2023 S. Dalla Torre
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Pro-memoria: stato settembre 2022
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LAPPD – 2022 activity
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2022

• collaboration within the EIC NET between TS and GE groups to 
perform this R&D in collaboration is operative:

• Task distribution organized;
• Periodic meetings in zoom;
• 2 periods of common lab activity (second one on next 

week) 

• Equipment: 
• dark box equipped according to needs (initially an 

existing one, non optimized; then a dedicated one 
adequate also for test beam and future studies in mag. 
Field); 

• digital scope (initially: LeCroy6200A, 2 GHz; when 
delivered: LeCroy OSCILLOSCOPE WAVERUNNER 9254, 
2.5 GHz)

• PICOQUANT pulsed laser source; device existing, 
equipped with a new head providing visible light (405 
nm)

• Pulser: AGILENT: 33220A 

• Equipment, cont.: 
• Operation of the read-out chain consisting in the 32-

channel V1742 by CAEN based on the front-end ASIC 
DRS4; basic acquisition/reconstruction software 
developed

• Amplifier (single channel) developed and test  8-ch 
boards being produced for the October test beam

• LAPPD characterization
• Study of the dark count rate at different voltage/gain
• Study of the charge spectrum 
• Contributing to the analysis of an LAPPD-dedicated test 

beam by US colleagues at Fermilab
• Time resolution [presently w/o including the transit time 

spread] estimated
• Time resolution including transit time:  test beam to 

study timing properties (parasitic dRICH/SiPM test beam) 
in Oct. 2022

• Building-up world-wide synergies:
• First LAPPD workshop on 21 March 2022, organized by 

INFN TS, BNL and ANL 
(https://indico.bnl.gov/event/15059/)

• A following-up workshop at the end of October

https://indico.bnl.gov/event/15059/
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Attivita’ 
Settembre 2022 – Agosto 2023
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Characterization of LAPPD timing at CERN PS testbeam

Preparatory and complementary exercises :

• LAPPD characterization in the lab   (FY2022 activity)

• Complete simulation  by Geant4

• Construction of dedicated amplifiers (~ x 10)

• development of a beam monitor counter by scintillating fibers 
and SiPM R-O with 5x5 mm2 cross-section

• Calibration of the digitizer (V1742 by CAEN using DRS4 ASICs) 

Geant4  
simulation

radiator:
quartz lens 

LAPPD
quartz window 

Timing reference, σ <10 ps 
(6 ps in literature)

digitizer 
calibration

With 
calibration:

σ < 5 ps

IX 2022 – VIII 2023 
LAPPD activity, highlights
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Characterization of LAPPD timing at CERN PS testbeam, cont.

Only 32 r-o ch.s available 

A large fraction of the beam spot p.e. absorbed applying locally on the LAPPD window a 

piece of black tape couple with optical grease

“Ring” image

Conferming the single p.e. mode in the ring pads

Amplitude spectra with 
pulse LED in single p.e. mode 

Amplitude spectra 
in “ring” pads

Accurate check of the 
systematics: 
• correct for the 

“CFD” effect 
• estimation of  the 

residual 
uncertainty

σ = 74 ps σ = 73 ps

Time resolution: here for 2 different pads 

IX 2022 – VIII 2023 
LAPPD activity, highlights
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Characterization of LAPPD timing at CERN PS testbeam, cont.
Correct powering of LAPPDs
• Scheme: HV stacking connection scheme 

(daisy chain)
• Power supply : no common grounding of 

the HV channels !
Used: CAEN power supply, 
model DT1415ET
(developed for GEMs)

Observed at 
the test beam

Detected in 
laboratory exercises

LAPPD (resistive anode) 
Cross-Talk 

• Dumping oscillations 
generated by parge 
signals 

• Long-range effect 
(propagated in the 
whole sensor)

• Effect cross-check in 
the lab

Test beam, summarizing:

• First ever performed measurement 
of LAPPD TTS with Cherenkov light !

• Testbeam Data analysis and 
complementary investigation now 
completed

• A manuscript ~ready for submission 
to NIMA

IX 2022 – VIII 2023 
LAPPD activity, highlights
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Planning 
• Measurements at 2 field intensities:

• 0.5 T – September 2023
• 1.5 T – October 2023

• Measurements at different inclinations 
respect to the field lines

• Measured parameters:
• Single PE pulse height distribution 

(gain)
• Transit Time Spread
• Effective efficiency 
• After pulse characterization

Electronics equipment for data collection:
• digitizer V1742 by CAEN using DRS4 

ASICs
• oscilloscope LeCroy OSCILLOSCOPE 

WAVERUNNER 9254, 2.5 GHz

Designing and building the dedicated darkbox

IX 2022 – VIII 2023 
LAPPD activity, highlights
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https://indico.bnl.gov/event/17475/

https://indico.bnl.gov/event/15059/

https://indico.bnl.gov/event/18642/

LAPPD WORKSHOPs, one every 6 months
Building-up world-wide synergies:
• Sensor, performance
• Sensor engineering
• R-O electronics
• Photocathodes
• …
• Up to 80 participants 
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Attivita’ 2024
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LAPPD –2024 activity
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HRPPD response in magnetic field
• capitalizing on the tools and experience 

gained in 2023  travelling resources 
requested

HRPPD ageing
• Motivations:

• Fundamental study before equipping a 
detector that has to run > 10 y

• Event more urgent, due to the very 
short lifetime of 2 preliminary HRPPD 
prototypes (QE failure)

• Strategy (inspired by various past 
measurements described in literature):
• Test only a small portion of the HRPPD 

(not to compromise the whole sensor, 
repeated meas.s at different spots 
possible)

• Collect large integrated charge by 
illuminating with a lamp with stable 
intensity and measuring the anode current

• Strategy, cont.
• Periodically, pause the illumination, use the 

pulsed laser source at low rate in single PE 
mode and check the performance parameters 
(same as for the test in magnetic field)
Single PE pulse height distribution (gain)
Transit Time Spread
Effective efficiency 
After pulse characterization

• Setup as for previous studies, apart:
• SUPER-QUIET MERCURY-XENON LAMP 

L2422 by Hamamatsu (requested within 
AMBER)

• Keithley picoammiter 6485/E (available)
• Both for studies in magnetic field and ageing 

studies, HV power supply unit requested 
(borrowed for 2022 test beam)  resources 
requested



LAPPD –2024 activity

31/8/2023             S. Dalla Torre 15

HRPPD response in magnetic field
• capitalizing on the tools and experience 

gained in 2023  travelling resources 
requested

HRPPD ageing
• Motivations:

• Fundamental study before equipping a 
detector that has to run > 10 y

• Event more urgent, due to the very 
short lifetime of 2 preliminary HEPPD 
prototypes (QE failure)

• Strategy (inspired by various past 
measurements described in literature):
• Test only a small portion of the HRPPD 

(not to compromise the whole sensor, 
repeated meas.s at different spots 
possible)

• Collect large integrated charge by 
illuminating with a lamp with stable 
intensity and measuring the anode current

• Strategy, cont.
• Periodically, pause the illumination, use the 

pulsed laser source at low rate in single PE 
mode and check the performance parameters 
(same as for the test in magnetic field)
Single PE pulse height distribution (gain)
Transit Time Spread
Effective efficiency 
After pulse characterization

• Setup as for previous studies, apart:
• SUPER-QUIET MERCURY-XENON LAMP 

L2422 by Hamamatsu (requested within 
AMBER)

• Keithley picoammiter 6485/E (available)
• Both for studies in magnetic field and ageing 

studies, HV power supply unit requested 
(borrowed for 2022 test beam)  resources 
requested



16

RICHIESTE 2024
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INFORMAZIONI COMPLEMENTARI
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Contesto R&D LAPPD per applicazioni CERENKOV
Sinergie di vari progetti e gruppi

• EIC
• Rivelatore per il PID (aerogel, hpDIRC, dRICH backup)
• Gruppi USA (Argonne, U. of Chicago, BNL)
• Gruppi INFN (TS, GE)

• AMBER
• Necessita’ RICH 0 per il programma di fisica di AMBER
• Richieste 2024

• Complemento missioni, consumi lab., noleggio 
LAPPD

• Acquisto 1 unita’ HRPPD
• Acquisto lampada mercurio/xenon 

• AIDAinnova
• Concetto dei RICH compatti per collider (EIC, circular 

e+e-)
• Il supporto e’ usato per personale

eRD110 – EIC photon detectors

• Studi LAPPD inclusi

• FY 2023: 70 k$ assegnati alle attivita’ INFN 
in questo settore (le usiamo prevalentemente 
per personale)

• Richieste FY2024: 46 k$ (per personale)

31/8/2023 S. Dalla Torre
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OFFERTE ALLEGATE

31/8/2023 S. Dalla Torre



21

N
ol

eg
gi

o 
LA

PP
D

31/8/2023 S. Dalla Torre



22

HV
 p

ow
er

 su
pp

ly

31/8/2023 S. Dalla Torre



23

BACKUP
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