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2 LHCb: health check to the Standard Model 

Keeping elephants healthy at Amsterdam Zoo
▪ How do we weigh Mook Uhm and Yuki?

Photos from Mark Waterlaat 
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How to weigh an elephant?
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Direct measurement

LHCb: health check to the Standard Model 
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Indirect measurement: Cao Chong weighs an elephant

LHCb: health check to the Standard Model 
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From weighing an elephant to particle physics
Weighing an elephant
health check to elephant

Search for potential new physics？
health check to the Standard Model

LHCb: health check to the Standard Model 
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From weighing an elephant to particle physics
Directly weighing an elephant Direct searches for new physics

Limited by the size of the scale Limited by collision energy

Atlas detector

LHCb: health check to the Standard Model 
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From weighing an elephant to particle physics
Indirectly weighing an elephant Indirect searches for new physics

Measure the waterline
Infer the weight

Measure precision observables
Infer new physics

LHCb detector

LHCb: health check to the Standard Model 
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The Nikhef LHCb group as Cao Chong

What is it made of?

LHCb: health check to the Standard Model 
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LHCb @ Nikhef: staff

not “bfys”, but valuable

Nikhef:

VU:

RUG:

UM:
KazuPatrick

Wouter Niels

Mara Gerhard

Ann-Kathrin Kristof

Antonio, 
ATLAS

Roel,
PDP

Marcel Chris

Maarten

Jacco Keri

LHCb: health check to the Standard Model 

NEWMartin, 
R&D
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LHCb @ Nikhef: postdocs and students

Joan Andrii Tim Zhihong

Davide Andrej Evridiki Marta Floris Wouter Daniel George Max

Daniel Xenofon Rens

Mark Lieke

LHCb: health check to the Standard Model 
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PhD defences

Beauty from 
every angle

The color of 
Flavour

Scintillatting 
beauty

Looking forward 
to 

Alice Carolina  Jan MD

LHCb: health check to the Standard Model 
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Departures

Postdoc at RUG Junior faculty at 
TU Dortmund

Mick New Mick 

LHCb: health check to the Standard Model 
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Our boat (LHCb)

LHCb: health check to the Standard Model 
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Our boat (LHCb)

Enormous haul of data from the new detector  

LHCb: health check to the Standard Model 
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Our boat (LHCb)

First discovery with new detector! 

LHCb: health check to the Standard Model 
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Our boat (LHCb): role of the Bfys group

RTA 
(trigger)

LHCb: health check to the Standard Model 
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VELO: current health

Bfys contributes to: 
● Detector operations 
● Studying radiation  

impact on efficiency and 
resolution

● Tomography and length 
scale calibration
…. 

● Future upgrades 

LHCb: health check to the Standard Model 
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VELO: on a less positive note
➔ Damage observed in some readout electronics (ASICs) starting in the heavy-ion run 

of 2025
➔ The good: 

◆ Still fully efficient over most of the 
angular coverage

◆ For now still enough spares to 
repair in the next long shutdown 
(end 2026)

➔ The bad:
◆ Loss in efficiency for    > 4.3
◆ Exact cause of damage still 

unknown

LHCb: health check to the Standard Model 
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VELO: one possible suspect

Fragment from lead nuclei interacting 
with the detector

LHCb: health check to the Standard Model 
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SciFi: current status

LHCb: health check to the Standard Model 
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SciFi: fibre cleaning campaign
➔ Outgassing from glues used in optical links degrades signals over time 

◆ A campaign to clean the fibres!   

Causes 

For details see 
https://indico.cern.ch/event/1099169/

LHCb: health check to the Standard Model 

https://indico.cern.ch/event/1099169/
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SciFi: fibre cleaning campaign

LHCb: health check to the Standard Model 
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SciFi: fibre cleaning campaign

May 2026

Success!
LHCb: health check to the Standard Model 
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RTA: a triggerless trigger 

LHCb: health check to the Standard Model 
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RTA: a triggerless trigger 

Reading out (and reconstructing) every BX of LHC one of the biggest challenges in HEP computing
● Now successfully demonstrated @ 40MHz, in many cases doubling efficiency w.r.t ‘classic’ LHCb
● And then there is the future…  

LHCb: health check to the Standard Model 
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What waterlines do we read?

LHCb: health check to the Standard Model 
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What waterlines do we read?
▪ LHCb extracts precision observables from reconstructed beauty and 

charm decays
• Invariant mass • Decay time

• Angular distribution

• Matter-antimatter asymmetry 

• Branching fraction • CKM unitarity-triangle angles

…

LHCb: health check to the Standard Model 
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What physics do these observables measure?

Flavour observables

Rare decays

Lifetimes & 
Mixing

CP violation

Exotic particles

LHCb: health check to the Standard Model 

Flavour observables

Lepton 
universality

Spectroscopy

…
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Nikhef LHCb physics contributions

Rare decays

Spectroscopy

Lepton 
universality

…

Lifetimes & 
Mixing

CP violation

Exotic particles

LHCb: health check to the Standard Model 

Flavour observables
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Why rare decays?
▪ Tree-level diagrams suppressed, new physics (NP) can arise at the 

same level as standard model (SM)

LHCb: health check to the Standard Model 



▪ Tree-level diagrams suppressed, new physics (NP) can arise at the 
same level as standard model (SM)

32

Why rare decays?

light mom
⇒low energy scale

LHCb: health check to the Standard Model 

heavy son
⇒high energy scale



▪ Tree-level diagrams suppressed, new physics(NP) can arise at the 
same level of standard model(SM)
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Why rare decays?

light mom
⇒low energy scale

LHCb: health check to the Standard Model 

heavy son
⇒high energy scale

heavier son
⇒higher energy 

scale
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Observables that probe the “big elephant”

LHCb: health check to the Standard Model 

• Invariant mass • Decay time

• Angular distribution

• Matter-antimatter asymmetry 

• Branching fraction 

…
• CKM unitarity-triangle angles
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Search for                       decays with Run 1 + Run 2 data  
▪ Sensitive to new physics

• SM prediction:
• Current limit set by LHCb: 

LHCb: health check to the Standard Model 

JHEP 05 (2017) 156

Observed!

▪ We are updating this 
measurement using 
        data with many 
improvements

https://inspirehep.net/literature/1519997
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Connecting rare leptonic decays

LHCb: health check to the Standard Model 
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Nikhef: add the                      
▪ Current knowledge on                          is limited  

by the uncertainty in      

Phys.Rev.D 93 (2016) 7, 074501

▪ Three goals of                    studies: 
• Precisely measure
• First limit on 
• First lepton universality test on 

LHCb: health check to the Standard Model 

system

https://inspirehep.net/literature/1419250
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Nikhef: add the                      

LHCb: health check to the Standard Model 

system 

using Run 2 data

decay before the magnet decay after the magnet

▪ Precise measurement of branching fraction                                                        
• Experimentally challenging,      decays travel through detector 

Reduce uncertainty by 
a factor of 3 

▪ Result: 

JHEP 01 (2026) 159

https://arxiv.org/abs/2509.12805
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Observables that probe the “big elephant”

LHCb: health check to the Standard Model 

• Invariant mass • Decay time

• Angular distribution

• Matter-antimatter asymmetry 

• Branching fraction 

…
• CKM unitarity-triangle angles
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Angular analysis of  

▪ Angular distributions are good probes for NP

▪ First LHCb measurement recently published                         

▪ Ongoing effort to increase phase space and 
update with improvements 

▪ Run3 analysis started, expected a 5-6 times 
increase in signal yields    

LHCb: health check to the Standard Model 

JHEP 06 (2025) 140

https://arxiv.org/abs/2502.10291
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Making                    visible with VELO hits                      
▪ Why so difficult?

     two neutrinos  ⇒ no full reconstruction       

▪ Key idea
VELO hits between primary vertex (PV) and       vertex

 ⇒ approximate flight direction 
 ⇒ build corrected mass

▪ Feasibility study

BDT score

• Pseudo-experiments
• 2D template fit to extract yields      

▪ Looking forward to Run 3
• Trigger line running since 2024
• Aim: first observation of 

LHCb: health check to the Standard Model 
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Nikhef LHCb physics contributions

Rare decays

Spectroscopy

Lepton 
universality

…

Lifetimes & Mixing

CP violation

Exotic particles

LHCb: health check to the Standard Model 

Flavour observables
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Exotic particles: unusual signatures, new opportunities                      
▪ Sexaquark search

• Stable six-quark candidate
• Look for    annihilation in detector material
• Using all 2024–2026 Run 3 data

      

▪ Long-lived particles in Run 3
• Increase long-lived particle acceptance using 

SciFi-only tracks (T track)
• Search for dark scalars in 
• Search for heavy neutral leptons in   -decay

LHCb: health check to the Standard Model 

arXiv:2510.05257

https://arxiv.org/abs/2510.05257
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Nikhef LHCb physics contributions

Rare decays

Spectroscopy

Lepton 
universality

…

Lifetimes & Mixing

CP violation

Exotic particles

LHCb: health check to the Standard Model 

Flavour observables
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Observables that probe the lifetime and mixing

LHCb: health check to the Standard Model 

• Invariant mass • Decay time

• Angular distribution

• Matter-antimatter asymmetry 

• Branching fraction 

…
• CKM unitarity-triangle angles
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Decay width difference in       system using Run 2 data 
▪  Experimental precision is worse than theory prediction

LHCb: health check to the Standard Model 

▪ Simultaneous fit to                      and                        decays
▪ Preliminary results: reduce uncertainty ～ by a factor of two
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Nikhef LHCb physics contributions

Rare decays

Spectroscopy

Lepton 
universality

…

Lifetimes & Mixing

CP violation

Exotic particles

LHCb: health check to the Standard Model 

Flavour observables
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Observables that probe CP violation

LHCb: health check to the Standard Model 

• Invariant mass • Decay time

• Angular distribution

• Matter-antimatter asymmetry 

• Branching fraction 

…
• CKM unitarity-triangle angles
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Run 3 search for                       decays 
▪ ‘Charming beauty’:       is a heavy ‘stable’ state produced at LHC
▪ ‘Beauty ⇒ Beauty’ transition:                    Cabbibo favoured, branching ratio ～10% 

(discovered @ Nikhef/LHCb)

▪ Now search for the suppressed mode                          [CP violation possible!]
• No signal observed in first attempt 

LHCb: health check to the Standard Model 

*Unofficial, very preliminary

Run2 Run3

Run3
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Observables that probe CP violation

LHCb: health check to the Standard Model 

• Invariant mass • Decay time

• Angular distribution

• Matter-antimatter asymmetry 

• Branching fraction 

…

• CKM unitarity-triangle angles
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Fitting CKM   , charm mixing and CP violation together
▪ CKM   : CP-violating phase in CKM matrix

• Good probe of CP violation in the SM
• Direct measurements are less precise than 

indirect constraints

▪ Many existing direct measurements to be 
combined

▪ This update:
• Add three new/updated inputs
• Combination result:

 
• Consistent with indirect constraints

LHCb: health check to the Standard Model 

CKM Fitter

UTfit

LHCb-CONF-2025-003 

http://ckmfitter.in2p3.fr/
http://utfit.org/UTfit/
https://cds.cern.ch/record/2948394?ln=en
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Measurement of      with                          using Run 3 data                     
▪ Golden channel for       mixing-induced CP violation

• LHCb leads in precision
▪ Time-dependent angular analysis

• Mass fit 
• Time resolution
• Flavour tagging 
• Angular fit
• …

LHCb: health check to the Standard Model 
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Synergy between physics analysis and detector work

LHCb: health check to the Standard Model 

Time-dependent analysis

Long-lived particle search

Sexaquark search

…

VELO

SciFi

Detector performance 
enables better physics

(Most LHCb 
analysis)

Physics drives detector 
performance 
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SU(3) flavour analysis of    
▪ Many experimental measurements exist, yet 

theoretical predictions remain challenging 
▪ Exact SU(3) flavour symmetry cannot describe data

▪ [NEW!] Add factorizable SU(3) flavour breaking to
• describe the existing data (branching fractions, CP asymmetries)

• test QCD predictions

JHEP 03 (2026) 227

LHCb: health check to the Standard Model 

▪ Bridging theory and experiment
• Improves theoretical predictions within frameworks 

such as QCD factorization
• Identifying modes that could be experimentally 

improved (e.g.                   )

https://inspirehep.net/literature/2908711
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Building the next boat

LHCb: health check to the Standard Model 
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Building the next boat
Aim for a five-fold increase in collisions/time to exploit later HL-LHC runs 

LHCb: health check to the Standard Model 
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Building the next boat
Aim for a five-fold increase in collisions/time to exploit later HL-LHC runs 

LHCb: health check to the Standard Model 
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Building the next boat
Aim for a five-fold increase in collisions/time to exploit later HL-LHC runs 

Increased granularity from Si pixel detectors (MAPS)

LHCb: health check to the Standard Model 
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Building the next boat
Aim for a five-fold increase in collisions/time to exploit later HL-LHC runs 

Detectors with timing (~20ps resolution)

LHCb: health check to the Standard Model 
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Building the next VELO

Collaborations between technical departments and Bfys 
lead many aspects of design
● Module mechanics & cooling
● Readout electronics (ASICs)
● Sensor development
● Global detector design 
● Reconstruction

(Max Majoor, art by Yutaro)

@Nikhef these activities will be 
under the FASTTRACK grant 

LHCb: health check to the Standard Model 
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Building the next VELO: 3D printed cooling substrates

Prototypes of 3D printed cooling substrates, in various materials and patterns.
● Already tested for leak tightness and heat exchange.   

LHCb: health check to the Standard Model 



62

Building the next VELO: LAPicopix 
Large area particle detector ASIC targeting many 
use cases, including the next VELO
● 384x256 50μm² pixels
● Targets ~30ps time resolution 

LHCb: health check to the Standard Model 
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Building the next VELO: LAPicopix 
Large area particle detector ASIC targeting many 
use cases, including the next VELO
● 384x256 50μm² pixels
● Targets ~30ps time resolution 

Submission expected in the next few months! 

LHCb: health check to the Standard Model 
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Building the next VELO: 4D vertexing  

▪ First GPU vertex reconstruction 
algorithm for Upgrade II

▪ MaskFormer-based algorithm in collaboration 
with Sebastien from ATLAS 

LHCb: health check to the Standard Model 
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Building the next boat: RTA

What might the architecture of LHCb’s 
trigger look like in the 2030s? 
● Build on the proven successes of 

triggerless readout 
● Likely use more GPUs, more ML

➢ First efforts towards 4D 
reconstruction algorithms on 
realistic hardware 

?

LHCb: health check to the Standard Model 



66

To the further future: quantum tracking

● Simulated tracks reconstructed with a simplified VELO with real quantum computer
● For details see Nature Comm. Physics

LHCb: health check to the Standard Model 

https://www.nature.com/collections/ghgfeehcea
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Getting cleverer with our current boat:
Flavour tagging
❖ Modern transformer-based inclusive flavour tagger performs 

excellently in simulation
➢ Doubling tagging power ~ factor 4 in statistics

Ta
gg

in
g 

P
ow

er

Training Step

Data

MC

LHCb: health check to the Standard Model 
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Getting cleverer with our current boat:
Flavour tagging
❖ Modern transformer-based inclusive flavour tagger performs 

excellently in simulation
➢ Doubling tagging power ~ factor 4 in statistics

Ta
gg

in
g 

P
ow

er

Training Step

Data

MC

LHCb: health check to the Standard Model 

Solvable with domain adaptation?
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Getting cleverer with our current boat:
AI agents

LHCb: health check to the Standard Model 
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Conclusions

LHCb is recording data more rapidly than 
ever before
● Likely on track for > 70fb⁻¹ by the end 

of Run 4
● First publications (and discoveries!) 

with the new detector are out
● Detector is mostly in good health and 

has a promising future upgrade 
programme (FASTTRACK!)

● And we find new ways to improve 
measurements constantly

LHCb: health check to the Standard Model 



Thanks for your attention!
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VELO : suspects

Suspected fragment from lead nuclei 
interacting with the detector

Fragment from lead nuclei interacting 
with the detector

Highly charged beam fragments in this 
region now confirmed by LHC at ~ Hz rate 
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Angular analysis of  
▪ Angular distributions are good probe for NP
▪ First LHCb measurement recently published                         

• Angular distribution consistent with                     
slightly deviate from SM

•
▪ Ongoing effort to increase phase space and 

updating with improvements 

▪ Run3 analysis started, expected 5-6 times signal yields increase     
SM

JHEP 06 (2025) 140

LHCb: health check to the Standard Model 

https://arxiv.org/abs/2502.10291
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From mesons to baryons:                     (cont.)   

using Run2 data

decay before magnet decay after magnet
Reduce uncertainty by factor 3 

▪ Precise measurement of                                                        
• Experimentally challenging,      decays 

traveling through detector 

• Use improved detection 
of           production rate

• Results: 

LHCb: health check to the Standard Model 
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Fitting CKM   , charm mixing and CP violation together
▪ What is    ？

• A CP-violating phase in CKM matrix
• Good probe of CP violation in the SM
• Direct measurements are less precise than 

indirect constraints
▪ Many existing measurements from
▪ Since 2021, simultaneous determination of    

with charm measurement
▪ This update:

• Add three new/update inputs
• Improvement on     and charm

mixing and CPV  
 

• Consistent with indirect constraints

LHCb: health check to the Standard Model 

CKM Fitter

UTfit

LHCb-CONF-2025-003 

http://ckmfitter.in2p3.fr/
http://utfit.org/UTfit/
https://cds.cern.ch/record/2948394?ln=en


Search for                       decays in Run 1 + 2

● FCNC (b → s l l) → Very suppressed
○ Only loop diagrams in SM
○ Helicity suppressed → 40 000 more rare than Bs → mumu

● Current limits set by LHCb

● We are updating it with ~ double the 
data



Electron reconstruction

● Electrons are harder to reconstruct
○ Multiple scattering → worse tracking
○ Bremstrahlung

■ Brem after the magnet → Photon in
same ECAL Cell

■ Brem before the magnet → Brem recovery
● Brem-dependent signal shape, efficiencies, resolutions

Upstream Downstream

0 BREM 2 BREM



Improvements from previous analysis

● Data-driven trigger efficiencies
○ Improved systematics

● Brem-dependent PID working point
○ Reject dangerous B→hh’ background

Dominant in the signal region
○ Hadrons do not brem
○ Tight PID on electrons without a Brem photon

● Improved Background modeling

● Improved BDT
○ Better signal vs bkg separation

L0Electron
ET Threshold

Tighter
PID

Looser
PID



● The measurement is currently blinded
● Statistical uncertainty reduced 

compare to current global average
● Systematics are currently being 

studied

Fit results

80



Sexaquark (uuddss)

 

LHCb unofficial
2024 data



SU(3)Flavor analysis of B to HH, H = pi, K

Under full SU(3) Flavor symmetry (u=d=s) we can not 
describe experimental data

By taking into account factorizable effects, 
we are able to:

- Describe data 
- Make branching ratio and CP asymmetry 
predictions
- Test whether QCD factorization works as 
expected

Plenty of experimental data, theoretically still governed 
by uncertainties
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Searching for Bc -> Bs K in LHCb run 3
   Bachelor Thesis of Clotilde Papot (UM)

- ‘Charming Beauty’: heavy ‘stable’ state produced at LHC
- ‘Beauty -> Beauty’ transition: large, Cabbibo favoured (c -> s): ~10%

  (discovered @ Nikhef/LHCb)
- Now search for the suppressed kaon mode → CP-violation possible, ‘Mesogenesis’ candidate

→ first attempt still elusive, BR < 3 x 10-3 *

Bs π, Run 2

Bs K, Run 3

Bs π, Run 3

*Unofficial, very preliminary



● New method using global matrix 
inversion (HHL) and spectral filtering

● Can reconstruct realistic LHCb MC 
(using noiseless simulators)

● Can reconstruct Toy events up to 2000 
particles, based on LHCb Velo geometry

● Test on quantum hardware: 
- IBM QPUs (SC qubits) via CERN QTI,
- access to Quantinuum QPUs  
  (trapped-ions) via GWFP/UM

● Submission to Nature Comm. Physics

Particle Tracking Using Quantum Computers

LHCb
simulation

Real QC
hardware

Toy with
2000 particles

https://www.nature.com/collections/ghgfeehcea
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Set Transformer for Flavour Tagging: 
Closing the Gap with Domain Adaptation 

Tagging Loss + Adaptation Loss

Data Performance

Monte Carlo Performance
Data 
MC
Gap

● Data and MC see large differences in tagging performance 
with inclusive taggers

● We benchmark using self tagging modes: 

● Ideally will standardize tagger response accross domains

Ta
gg

in
g 

P
ow

er

Training Step
(Trained on Limited data as a benchmark)





LHCb hackathon on AI agents

● LHCb hackathon dedicated to 
prototype LLM and agent use 
cases 

Analysis code assistance

Automatic CI pipeline analysis

Indico event chatbot



LHCb hackathon on AI agents

● LHCb hackathon dedicated to prototype 
LLM and agent use cases 


