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The birth of the LHCb experiment
• When the constructions of the BaBar and Belle detectors were being 

scrutinised for approval, three distinct proposals for a dedicated b-physics 
experiment at the LHC were put forward, so-called COBEX, GAJET, and LHB
• GAJET and LHB were both based on fixed targets, the former working with a gas target 

placed inside the LHC beam pipe and the latter exploiting an extracted LHC beam
• COBEX was instead proposed to work in proton-proton collider mode

• The three groups of proponents were asked to merge and submit to the LHC 
Experiments Committee (LHCC) a proposal for a single collider-mode 
experiment, then called LHCb

• LHCb was designed to exploit the potential for heavy-flavour physics at the LHC 
by instrumenting the forward region of proton-proton collisions, to take 
advantage of the large beauty cross section in the forward (or backward) LHC 
beam direction

• The LHCb experiment was approved in 1998 and started taking data with the 
start-up of LHC in 2009
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• The LHCb (LHC-B at the time) Letter 
of Intent dates back to August 1995

•We are now in our postdoctoral age 
range!

The LHCb collaboration turned 30!
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LHCb phases 

First LHCb detector

LHCb Upgrade I detector



LHCb collaboration today
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• As of today, 1844 members from 108 institutes 
in 27 countries (+ CERN)

• Countries of participating institutes
• Australia, Brazil, CERN, Chile, China, Colombia, Costa 

Rica, Czech Republic, France, Georgia, Germany, 
Hungary, Ireland, Italy, Kazakhstan, Lithuania, 
Mongolia, Netherlands, Peru, Poland, Romania, 
Slovenia, Spain, Sweden, Switzerland, Ukraine, United 
Kingdom, United States



Growth vs time since 2010
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• There has been 
linear growth 
throughout the 
last 15 years
• An average of 

around 68 
new members 
have joined 
each year



LHCb publication rate
•811 physics papers 

produced by LHCb 
as of today

•The number of 
papers continues to 
increase in a linear 
fashion over time, 
and we have just 
started to publish 
with Run-3 data
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The pillars of the LHCb physics

Rare decays in 
beauty, charm
(and strange)

CP Violation
in charm

Heavy flavour 
production and 

spectroscopy

CP Violation
in beauty
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Rare decays in 
beauty, charm
(and strange)

CP Violation
in charm

Heavy flavour 
production and 

spectroscopy

CP Violation
in beauty

Semileptonics in 
beauty and charm

Heavy ions and 
fixed target

Electroweak 
physics

The pillars of the LHCb physics

Exotica
searches
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2025 data taking
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2025 data-taking efficiency
•Reached very high efficiency in average fills

• Normally operating at about 95%, with minor isolated issues

11

• The LHCb detector has been 
operated very stably 
throughout the year

•Very uniform dataset → ideal 
conditions to ease data analysis
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• Target exceeded: more than
11 fb-1 on tape (actually 11.8 fb-1)
• New record luminosity in a single 

year!

• Very good growth of the 
luminosity profile, thanks to the 
LHC performance, high data-
taking efficiency and to the 
higher instantaneous luminosity 
with respect to 2024
• Running steadily at

2.1 x 1033 cm-2 s-1, 5% beyond the 
design value

Recorded luminosity
in the 2025 pp run



Where we are with data harvest
• Recorded luminosity in Run-3 more 

than doubled that available from
Run-1 and Run-2
• Furthermore, for a fair comparison one 

has to consider that Run-1 data were 
taken at lower LHC energies, implying 
lower heavy quark production cross 
sections

• Not only larger luminosity recorded 
in Run-3, but also higher trigger 
efficiency for hadronic charm and 
beauty decay modes, thanks to the 
GPU-based first level trigger
• x2-3 with respect to Run-2, depending 

on the decays
• Trigger performances exceeding 

expectations 13



2025 improvements in
reconstruction and trigger
• Upstream Tracker (UT) efficiencies reached 

design level, stably at about 99%
• In 2024 the efficiency was limited by the 

processing power of TELL40 readout boards → 
TELL40 firmware improvements in 2025 resulting 
in 2.6% improvement in UT efficiency per 
reconstructed track at the design luminosity

• Also, significant improvement in first level 
trigger mass resolution, thanks to the 
implementation of Kalman filter with all 
tracking subdetectors

• In general, all subdetectors showing better 
performances in 2025 with respect to 2024
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SMOG2 in 2025
• LHCb is the only 

simultaneous pp and fixed-
target experiment at the LHC, 
thanks to its SMOG2 storage 
cell placed before the VELO 
detector
•Very stable operations with 

SMOG2 during regular pp 
runs → being injected almost 
continuously
• Largest datasets ever with a 

variety of injected gases 
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2025 special runs
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• Excellent data-taking performance also during special runs with 
oxygen and neon circulating in the LHC



pO, OO and NeNe datasets
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•Target luminosities 
exceeded by a factor 
10!
• In addition, gases 

were injected into 
SMOG2 also during 
the special runs, 
collecting unique 
data samples with 
fixed-target OH2 and 
NeNe collisions



Future upgrades
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The future: LHCb Upgrade II

19

• European Strategy Update 2020: “The full physics potential of the LHC and the 
HL-LHC, including the study of flavour physics, ... should be exploited”

• Upgrade I was designed to collect
50 fb-1 by end of Run 4, but there is
the opportunity to operate the
experiment until the end of HL-LHC
• With this in mind, the Upgrade II

detector is being designed to 
accumulate the maximum possible
integrated luminosity

• The proposed baseline is to achieve 50 fb-1 per year and reach at least 300 fb-1 at 
the end of Run-5

• That will allow for unprecedented samples and a compelling physics programme



The LHCb Upgrade II detector 
• Targeting the same performance, or even better in certain areas, as in 

Run 3, but with an increased pile-up of a factor 7

• Same footprint of the spectrometer, but with
innovative technology for sub-detectors and
data processing 

• Key ingredients
• High granularity 

• Fast timing (few tens of ps)

• Radiation hardness (up to few 1016 neq/cm2) 
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The importance of precision timing 
• Timing capability with a resolution of a few tens of picoseconds is a key to 

reduce background and associate signal decays to correct p-p primary vertices 
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The programme requires strong R&D on 
sensors, already ongoing, and dedicated 
efforts for the design of new FEE ASICs 

Example: interactions happening are at 
same z but separated by 300 ps in time



Unitarity Triangle improvements after Upgrade II
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• Permit tree-level observables (SM benchmarks) to be assessed 
against loop contributions (new physics sensitive)



LHCb Upgrade II
Scoping Document

• Following the Expression of Interest 
(LHCC-2017-003), the Physics Case 
Document (LHCC-2018-027) and the 
Framework TDR (LHCC-2021-012), the 
last document being approved is the 
Scoping Document
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Intermediate step: LS3 enhancements
•Both TDRs on LS3 enhancements for

ECAL, RICH, the PCIe400 readout
board, and the Downstream Tracker
on FPGAs have been approved
• These enhancements will enable

improved performances for neutral
particle reconstruction in the ECAL,
for particle identification in the ECAL
and RICH, and higher efficiency in
long-lived particle reconstruction during Run-4
•Very importantly, we will also test precision timing, to be 

ready for measuring timestamps with O(10) ps precision in 
the LHCb Upgrade II  24

CERN-LHCC-2024-001CERN-LHCC-2023-005



Status of LS3 enhancements
• ECAL

• Engineering design reviews for infrastructure and SpaCal modules completed, prototype 
front-end board produced

• Candidates for PMTs found, R&D ongoing (e.g. optimisation of voltage dividers) till 2026

• Development of simulation / reconstruction software in parallel

• RICH
• All the new constituents of the enhanced opto-electronic chain are at hand, and system 

tests are planned for the coming 12 months to test and characterize it in all details

• A critical element, the FastRICH ASIC, delivered in May and functional tests are successful 
so far

• Online
• Straightforward roadmap towards Run-4 with minimal architectural changes to enable 

LS3 enhancements to succeed

• Preparing infrastructure for Run-5

• No showstoppers so far → Activity will intensify during LS3 25



Conclusion
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• The collaboration keeps growing at the usual pace

• Excellent physics productivity this year
• Also, started to publish with last year’s data, more Run-3 publications to 

come in the coming months

• Unprecedented performance of data taking in 2025
• 11.8 fb-1 of 2025 data on tape → New record of integrated luminosity in a 

single year
• Running pp simultaneously with SMOG2 fixed-target collisions
• Excellent harvest also with pO, OO and NeNe (+ SMOG2) special runs
• PbPb run ongoing 

• LS3 enhancements progressing well
• Many thanks to the involved funding agencies which started to provide the 

necessary funds!

• LHCb Upgrade II put on the rails 27

Summary



Lots to do!
•Very exciting period ahead →

we have now a large data
sample from Run-3 to be
analysed for the first time
• Lots of work to do on
• Data Analysis
• Operations
• Detector R&D
• Software development
• …

•Many thanks to the organisers of this StarterKit, to the 
volunteers and the participants! 28
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