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B physics at a hadron collider

Mass peaks Displaced vertices

2LHCb 2010New J.Phys. 15 (2013) 053021
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If no displacement or no mass peak: 
tough life + innovative methods
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45 fs lifetime ~ 0.1 mm (almost prompt)

2603.28456 LHCb-PAPER-2026-020

𝐵! → 𝜇!𝜈𝛾:	use y conversions to fight bkg

Preliminary

https://inspirehep.net/literature/3137138


Data collection optimization: signal-centric

 

 

SIGNAL BACKGROUND

wrong
extra π+

(isolated)

extra π+ from 
another B
(isolated)

signal
extra K+

(non-isolated)

signal
extra π+

(non-isolated)

4

EPJC 86 (2026) 241
More and more rely on storing only signal tracks to overcome bandwidth explosion

https://inspirehep.net/literature/3083461
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Discoveries with looking outside
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NobelPrize.org

51 Pegasi exoplanet

Do not observe the planet but infer it from the slight and 
regular velocity changes in the star's spectral lines of 
around 70 metres per second

https://www.nobelprize.org/prizes/physics/2019/summary/
https://www.nobelprize.org/prizes/physics/2019/summary/
https://en.wikipedia.org/wiki/51_Pegasi
https://en.wikipedia.org/wiki/51_Pegasi


Outside of the box in particle collisions?
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our focus: signal 

but: hadronization
 remnants ???

AIP Conf. Proc. 1348 (2011) 11

https://inspirehep.net/literature/879137
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Building upon existing types of flavor tagging

#1: jet flavor tagging #2: b quark charge tagging

3/20 Ulrich Eitschberger | Updates on Flavour Tagging | 72nd LHCb week | June 19th, 2014 

Flavour Tagging: Determine B production flavours 
SS Pion 
SS Kaon Signal Decay 

Same Side 

Opposite Side 

OS Vertex Charge OS Muon 
OS Electron 

OS Kaon 

PV 
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New #3: b hadron species tagging

• infer the type of quark with which 
b hadronized
• use only non-signal tracks

• response is independent of the B 
hadron decay mode
• can be calibrated in data with fully 

reconstructed decay modes
• from better to worse: 

• Bc, 𝛬b, Bs, (B+, B0)
• performance at LHCb is expected 

to be similar or worse
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FCC-ee, one hemisphere, non-signal tracks only

Bx identification for “hopeless” Bx decays



Use cases

• suppress background for non-
peaking final states:
• Bc→ℓ𝜈(𝛾), Bs→𝜙𝜈𝜈

• design inclusive measurements:
• b → sℓℓ (?)

• hadronization fraction 
measurement w/o external 
inputs
• ….?
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Bc hadronization at the FCC
The most developed use-case as of now,

by Xunwu Zuo and Vasilisa Guliaeva
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Presented at the Flavours at FCC Workshop by Xunwu:
“Hadron species tagger at FCC-ee”

https://indico.cern.ch/event/1644557/contributions/7113562/
https://indico.cern.ch/event/1644557/contributions/7113562/
https://indico.cern.ch/event/1644557/contributions/7113562/


Motivated by Patrick’s talk
   at the 1st FCC flavor workshop

11from the talk by Patrick Robbe

https://indico.cern.ch/event/1588013/contributions/6748172/


But: LHCb measurement with Bc→J/𝜓𝜇𝜈
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Phys. Rev. D 100 (2019) 112006

stat. hadronization of Bs and 𝛬b

syst. + theoretical BF of Bc→J/𝜓𝜇𝜈 24%

New lattice calculation 5% uncertainty in the BF: 

Thanks to Marcello!

Phys. Rev. D 112 (2025) 034503
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Training setup at the FCC
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Input information
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Several types of the tagger
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All-inclusive (+signal) tagger performance: Bd
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better



All-inclusive (+signal) tagger performance: Bc
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better



Partial summary (1/3)

• All b-hadrons can be well-separated from others
• Worst case is Bs vs Bd (10-2 bkg rejection for 50% signal eff)
• Great performance for Bc and 𝛬b (better than 10-4 bkg rejection for 

50% signal eff)
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Include vs Veto signal: Bc tag
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Include vs Veto signal: Bd tag
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Partial summary (2/3)

• All b-hadrons can be well-separated from others
• Worst case is Bs vs Bd (10-2 bkg rejection for 50% signal eff)
• Great performance for Bc and 𝛬b (better than 10-4 bkg rejection for 

50% signal eff)
• Tagging power comes from both signal decay itself and hadronization. 

Hadronization info is more useful in case of Bc than Bd 
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Why compare all these setups?

22



Let’s take a step back…
and think about why we wanted a tagger in the first place
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What kind of tagger?
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What kind of tagger?
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A solution to break the loop
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Explicit Bc decays

28by Vasilisa Guliaeva



Uncertainty estimate for a simple scenario
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• Each BR is allowed to vary independently by +100%/-50%, keeping total = 1
• Ensemble of toys to make envelope
• The min/max line is the one toy where all 14,197 chains fluctuate to their extreme in the same direction at once
• since the chains are independent (per-chain the whole basis of the scheme), the probability of this joint 

configuration is ~(tail)¹⁴⁰⁰⁰ ≈ 0



Estimate of the total uncertainty in fBc

• apply the same envelope 
estimate to other b-hadrons 
(likely conservative)
• consider other hadronization 

fractions are known up to 10% 
(1%) for syst scenarios
• a precision in fBc at percent level 

seems very achievable
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Informed BF variations for Bc decay chains
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Summary (3/3)

• All b-hadrons can be well-separated from others
• Worst case is Bs vs Bd (10-2 bkg rejection for 50% signal eff)
• Great performance for Bc and 𝛬b (better than 10-4 bkg rejection for 50% 

signal eff)
• Tagging power comes from both signal decay itself and hadronization. 

Hadronization info is more useful in case of Bc than Bd 
• A totally inclusive, theory-independent fBc measurement better than 2%
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Next (ongoing) steps

• Application/development of other use-cases
• Training and application to LEP data
• Training on LHCb MC and testing on LHCb data! 
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