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Introduction

• LHCb is a precision frontier experiment at the 
Large Hadron Collider designed to study the 
flavour puzzle in the quark and charged 
leptons sector
• The second generation of the LHCb detector 

(LHCb Upgrade I) is functional and collected 
during 2024 an integrated luminosity that 
surpasses the one of Run 1+Run 2
• A further upgrade of the LHCb experiment, 

starting to be operational in 2036, is foreseen 
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Before LHCb

After I-gen LHCb



Inputs to the quark and charged lepton flavour sector ... 
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... and beyond
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Constraints to anti-proton productions cross-
section injecting gas in the beam pipe (SMOG) to 
study the excess seen in cosmic rays

EW measurements
Spectroscopy



LHCb Upgrade I (2022 – 2033)
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3 " 10!" b-hadrons 
5 " 10!#	c-hadrons
40 PB of data recorded

• ℒ = 2 $ 10!!cm"#s"$, triggerless readout at 40 MHz for all subdetectors
• 40 Tb/s input bandwidth to a first software trigger stage in GPUs followed by a 

second level of software trigger writing at 10 GB/s to storage

Up to x3 
efficiency in 
hadronic decays 

FE involved in the construction and operations of the 
upgraded experiment (RICH detectors, SMOG2 system, 
Run Coordination, Luminosity, Computing)



RICH detectors in LHCb Upgrade I
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Typical event in RICH1 
at pile-up ~ 1

Typical event in RICH1 
at pile-up ~ 5

RICH1

RICH2

Up to 100	MHz/cm! illumination rate and less than 
1 kHz/cm! dark count rate

FE involved in the design of the CLARO ASIC, 
FEB, Backboard, EC-QA, construction and 
commissioning of RICH1 and RICH2 arrays 
(~𝟒	m𝟐	photon detection area, ~ 200k 
channels), operations and performance (by 
design since day 1 of Run 3)
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The SMOG2 system in LHCb Upgrade I
• Innovative SMOG2 cell, 

allowing to operate the 
LHCb experiment in fixed-
target p-gas mode 
concurrently with pp (and 
PbPb) physics
• Probe high-x and 

moderate 𝑄# regions
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FE involved in the proposal and in the construction and installation of the cell



LHCb Upgrade II (2036 – 2041)
• Emphasis in flavour puzzle in the last ESPP 

update
• LHCb reaches full potential with Upgrade II 

thanks to the enormous heavy-flavour 
cross-sections at the LHC (unbeatable at 
any future lepton collider)
• Factor 2 in BSM mass scales with 300/fb of 

integrated luminosity reached with 6 years 
exploitation thanks to a seven-fold increase 
in the instantaneous luminosity with 
respect to Upgrade I 
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ESPP ‘20 update

https://cds.cern.ch/record/2691414/files/1910.11775.pdf


LHCb UII: challenges and technological innovations

November 6, 2024The future of LHCb                           Giovanni Cavallero 9

• Technological developments required to perform precision flavour physics 
measurements with a pile-up of order 40 at ℒ = 1 − 1.5 $ 10!%cm"#s"$

• Higher granularity (=> full exploitation of heavy ions LHC programme), 
introduction of timing, extreme radiation hardness
• Other challenges related to software and computing: data 

throughput/bandwidth/data distribution
• FE willing to contribute in various fields on-top of what is delivered for UI

30 ps cut



RICH detectors in LHCb Upgrade II
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RICH1 
simulation

• Keep excellent performance in a harsher environment, with 
illumination rates up to 𝟏𝟎	MHz/mm𝟐

• Introduction of timing to associate single photons to tracks 
from individual PVs
• Concept of ns-level hardware gate to remove non-Cherenkov 

signals already operational with Upgrade I RICH detectors



Development of RICH detectors for LHCb Upgrade II

• Sensors have to allow single-photon detection (=> PDE>40%) with time 
resolutions below 100 ps rms, high granularity (down to ~ 1 x 1 mm#), less 
than 100	kHz/mm#	dark count rate, radiation hardness for 2 Mrad TID, 2	 $
	10$!	1	MeV	neq/cm#

• Started vigorous R&D phase to select the photon sensor (coordinated by FE)
• Next phase of R&D driven by FE is the design of new high-density Front-End 

Modules for fast-signal transmission with efficient heat dissipation and 
thermal decoupling of photon sensors, ASICs and digital components 
• FE is also currently designing a new FEB that will host the new FastRICH ASIC, 

anticipating some of the features needed for UII (to be possibly installed during LS3)

• Both R&D programmes have a strong synergy with DRD4 activities
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R&D on photon detectors for RICH Upgrade II
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• Characterise commercially 
available and customised 
SiPMs at different 
temperatures before and 
after irradiation
• Setup including amplifier 

working at cold 
temperatures well 
advanced in FE 
• Steer developments with 

vendors to find a suitable 
photon sensor tailored to 
the LHCb RICH Upgrade II 
application



The LHCspin project
The LHCspin project aims to perform spin physics 
measurements at the LHC through the implementation 
of a new-generation HERMES-like polarized gaseous 
fixed target in the LHCb spectrometer. 

ü unique kinematic conditions
ü polarized gas target technology well established 
ü marginal impact on LHC and LHCb performances
ü can run in parallel with collider mode
ü can benefit from both protons and heavy-ion beams
ü allows also injection of non-polarized gases (a-la SMOG2)

Motivations and points of strenght

The Ferrara group:
(V. Carassiti, G. Ciullo, P. Lenisa, L. Pappalardo, A. Piccoli, R. Shankar,…)
ü World-recognized expertise in polarized gaseous targets
ü Long-term experties in high-energy spin physics

(HERMES, PAX, JLAB, COSY)
ü Experties in cryogenics, SC magnets, vacuum tecnologies

• Study of multi-dimensional nucleon structure
• Experimental observables sensitive to quarks and gluons TMDs
•

• Make use of new probes (charmed and beauty mesons)
• Complement present and future SIDIS results 
• Polarized physics with heavy-ions

Broad and unique physics program



Timeline of the project

Installation at IR4 (LHC):
- ABS + Breit-Rabi polarimeter
- Absolute polarimeter
- minimal spectrometer

- Calibration of absolute polarimeter
- First physics measurements (SSAs)

V.Carassiti - Ferrara

Implementation at IR4

Move apparatus from 
IR4 to LHCb

Data taking with LHCb 

VELO 
vessel

Implementation at LHCb

-to develop a new generation target system

27

IR4 is a great opportunity to perform R&D and physics on beam:

-to study the beam-polarised target mutual interactions (Beam Induced Depolarisation, 
Impedance, Coating, Recombination, SEY, …)

-to develop a new polarimeter

requires also R&D for silicon detectors in the LHC 
vacuum, interesting for many other projects 

e.g. similar to the RHIC/EIC hadronic polarimeter
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Absolute 
polarimeter

Basic spectrometer at IR4



Conclusions and inputs for the ESPP update
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• Mid-term: LHCb Upgrade II is the only way 
to achieve European Strategy of full HL-LHC 
exploitation
• Long-term: for the best exploitation of a 

future lepton collider a dedicated flavour 
physics experiment should be envisaged to 
enrich the physics motivations of the 
project
• Precision studies in b- and c-hadron decays 

involving neutrals and 𝝉-leptons at the 𝑍 pole, 
top decays at higher centre-of-mass energies
• improved vertex resolution and hadron 

identification with respect to the current CLD 
and IDEA concepts

UT after LHCb-UII
and lattice QCD 
improvements

Sensitivity to NP in 𝐵($)&  mixing

After LHCb-UI After FCC-ee

Eur.Phys.J.Plus 136 (2021) 8, 837

https://inspirehep.net/files/a8f2462730f62a6a157a13bfcff334c6

