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LHCb RICH upgrade ::. Jozef Stefan Institute

Outline of today’s presentation:

- Context and LHCb experiment upgrade

- FastRICH ASIC based electronics

- Photodetectors

- Prototypes and operation at the SPS beam tests
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(Schedule as of Nov 2025)
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RICH detectors at the LHCb experiment
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* Picosecond timestamps in electronics
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The upgrade II of the LHCb RICH System™
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RICH detectors at the LHCb experiment

RICH2 covering 15 to 100 GeV/c ‘
using ~100 m3volume of CF,.

RICH1 for PID from 3 GeV/c (veto mode)
to 40 GeV/c using ~4 m3 volume of C4F .
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full resolution
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Elementrary cell (5x5 cm) - Two frames, 12 columns each
(populated with elemtentary cells)

RICH2 photon

cletocs plans. half resolution

CLAROFEBs
8 CLARO ASICs per FEB

Carrier - 4 x64ch MA PMT
MaPMT - Baseboard (BB) - Each frame has: 2x12x8 (half resolution)
- Front end board (FEB) 24576 channels
- Backboard :
_ Carrier boards 1x12x8 (full resolution)
24576 channels

Total: around 100k channels
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Sensor Optical Link Back-end
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Photo detector candidates:

- Ma PMT : - No device with pixel smaller than 3mm pitch
- Signal sturation at high rates

- SiPM: - Small pixel — good for solving occupancy
- high hadron fluences damages the silicon lattice

- MCP PMT - Large area
- Requiers complex electronics to reach mm pixel
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FASTIC based electronics
Prototype: FastiC + picoTDC + IpGBT/VTRx+

Light-tight box

jSme\'lew
- Time reference

e | (Quartz + MCP-PMT)

o —

Coated borosilicate lens on beam:

Table 1. SPTR results for 1-inch and 2-inch MAPMTs, with a bias of -1000 V and a FastIC threshold of 2.45 1. generate Cherenkov photons, e
i: pA. The FWHM is converted to a gaussian o via 0 = FWHM/2V21n 2. (X) represents the mean of X over

'!a]l channels. 2. reflect |nterna”y and

i 3. focus into ring at photon detector.
MAPMT size | (r.m.s.) | (FWHM) [ps] (Omeas) [PS]  (Opixet) [PS]  Opixelomin [PS) gatp
DOI:10.1088/1748-0221/12/01/P01012 ,

1-inch 188 + 10 433 £ 50 184 + 21 181 + 21 138 +£2 DOI:10.1088/1748-0221/20/03/P03034
2-inch 178 +5 341 + 28 144 + 12 141 + 12 119+3

$§13361-3050 SiPM arrays

5x5 cm, 256 channels
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New FEBs:

- FASTRICH ASIC, 65 nm CMOS QFN 88 package, 12mW/channel
(16 channel, Front End, TDC and event driven transmission)
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Two versions: a‘”

Type R (1 inch MAPMT)
- 4 FASTRICH ASICs —64 channels/FEB

TypeH (2 inch MAPMT)
- 2 FASTRICH ASIC - 32 channel FEB
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FASTRich based electronics
Efectronics description

Use many spare contacts

New Backboards to use to heat transfer

- New design is improved respect the to the original CLARO backboard I
- We managed to obtain symmetricity (more clean and efficient routing, simp =, )
- Two versions for H (in development) and R (tested)

Christoph Frel, 16/02/2024, 6

EC+ architecture “_4HS”

EC+ assembled

Smooth surfaces without grooves

The FEB thermal plane and cooling

fins are only thermally coupled to
both the EC+ and FastRICH.

» The PCB of the FEB is the same
length as the fins

» Both contribute to heat transfer
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LHCb upgrade

RICH Front-end Run 4 prototype FastRICH module
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LHCb upgrade

Elementary Cell (EC+)
passive cooled chassis BackBoards Digital Carrier Board

1pDTM ™
IpDTNM

bPOLI2V - bPOL12V

JpICM

bPOLI2V * bPOLI2V

e |.bPOLIZV PCled40-based LHCb MiniDAQ
]

MaPMT sensors :
Front-end Boards

\ (FastRICH)

L A J

Ondetector' electronics Off-detector elec'tronlcs (Back-end side)

https://fastrich.docs.cern.ch/
vlad-mihai.placinta@cern.ch
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Outlook
Outlook of today’s Context and LHCb experiment upgrade:

FastRICH ASIC based electronics
Proven technology

Photodetectors
Mitigate SiPM radiation hardness isuess
LAPPD needs electronics development (new ASICs)

- Prototypes and operation at the SPS beam tests
Promising results, development continues
Integration into frame is challenging

- Future forecast:

This sytem will note work with pixel pitch below 3 mm, needed for high lumi.
Someting completly new needs to be tought for the future! Some ideas are emerging!



