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The LHCb detector
So far
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Le single-arm forward spectrometer

Many beauty quarks are produced 
with a strong forward boost

beamline
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Reconstruction and typical selection steps

1. Hardware trigger

2. High-level trigger: reconstruction of tracks, 
vertices, decay topology

3. Full reconstruction of the event 
(incl. particle identification + flavour tagging)

4. PID selections and multivariate classifiers

5. Fit to the final-state invariant-mass



Measurements
Using Run 1 and Run 2 data
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Constraints on the photon polarisation in ￼B0
s → ϕ( → K+K−)e+e−
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Using  
(ca. 100 signal candidates)

0.0009 < q2 < 0.2615 GeV2/c4

4D fit

• Four-body invariant-mass determines 
magnitude of signal and backgrounds

• 3D angular distribution gives 
observables related to the polarisation

Agreement with the SM in all observables

Statistically limited
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Extract angular moments in bins 
(instead of fitting an angular pdf)

Statistically limited

Difficult interpretation 
No SM prediction available

Lots of interference

Enhancement at low ￼q2
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Up and coming: rare charm and strange decays

￼12

Search for  
=> no significant signal is observed

Λ+
c → pμ+μ−

First observation of D0 → π+π−e+e−

 
In preparation!

Angular analysis of  around Λ+
c → pμ+μ− ϕ → μ+μ−

Search for Σ+ → pμ+μ−

PRD 110 (2024) 052007

LHCb-PAPER-2024-047

PRD 110 (2024) 052007

Veto ￼
 resonance

ϕ → μ +μ −
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                Collected 9 fb  in six years−1

Most rare decay measurements 
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Run 3 and beyond
Run 1+2: ~1 visible pp interaction / bunch crossing at 30 MHz  
                Hardware trigger limited to 1 MHz (saturates on many modes) 
                Collected 9 fb  in six years−1

LHCb Upgrade I 
=> Remove hardware trigger (increase in efficiency) 
=> All new electronics to read the detector at 30 MHz

Run 3+4: ~5 visible pp interactions / bunch crossing at 30 MHz  
                Collected 9.5 fb  in 2024−1

Most rare decay measurements 
to-date are statistically limited
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Run 3 and beyond
Run 1+2: ~1 visible pp interaction / bunch crossing at 30 MHz  
                Hardware trigger limited to 1 MHz (saturates on many modes) 
                Collected 9 fb  in six years−1

LHCb Upgrade I 
=> Remove hardware trigger (increase in efficiency) 
=> All new electronics to read the detector at 30 MHz

Run 3+4: ~5 visible pp interactions / bunch crossing at 30 MHz  
                Collected 9.5 fb  in 2024−1

LHCb Upgrade II 
=> Add timing 
=> Higher granularity 
=> Improved radiation hardness

Most rare decay measurements 
to-date are statistically limited
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Run 3 and beyond
Run 1+2: ~1 visible pp interaction / bunch crossing at 30 MHz  
                Hardware trigger limited to 1 MHz (saturates on many modes) 
                Collected 9 fb  in six years−1

LHCb Upgrade I 
=> Remove hardware trigger (increase in efficiency) 
=> All new electronics to read the detector at 30 MHz

Run 3+4: ~5 visible pp interactions / bunch crossing at 30 MHz  
                Collected 9.5 fb  in 2024−1

LHCb Upgrade II 
=> Add timing 
=> Higher granularity 
=> Improved radiation hardness

Run 5+: ~40 visible pp interactions / bunch crossing at 30 MHz  
              Expect 50 fb  per year−1

Most rare decay measurements 
to-date are statistically limited
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Run 3 and beyond
Run 1+2: ~1 visible pp interaction / bunch crossing at 30 MHz  
                Hardware trigger limited to 1 MHz (saturates on many modes) 
                Collected 9 fb  in six years−1

LHCb Upgrade I 
=> Remove hardware trigger (increase in efficiency) 
=> All new electronics to read the detector at 30 MHz

Run 3+4: ~5 visible pp interactions / bunch crossing at 30 MHz  
                Collected 9.5 fb  in 2024−1

LHCb Upgrade II 
=> Add timing 
=> Higher granularity 
=> Improved radiation hardness

Run 5+: ~40 visible pp interactions / bunch crossing at 30 MHz  
              Expect 50 fb  per year−1

Most rare decay measurements 
to-date are statistically limited

Expect large increase in sensitivity
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Rare decays and why QCD is hard

Measurements:

1. Photon polarisation from B0
s → ϕe+e−

2. Lepton-universality in B0
s → ϕℓ+ℓ−

3. Analysis of Λ0
b → pK−μ+μ−

4. Charm and strange decays

LHCb Upgrades

￼15

Summary b s

µ+

µ−

t

γ, Z0

W−

More data more good
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Flavour anomalies in rare decays
Sometimes maybe a little tension with the SM
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Flavour anomalies in rare decays
Sometimes maybe a little tension with the SM

￼ℬ(Bs/d → μ+μ−)

 LFU ratios 

￼RX =
ℬ(Hb → Xsμ+μ−)
ℬ(Hb → Xse+e−)

Angular observables

Branching fractions
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Angular observables

One baryon measurement 
with reliable prediction!
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 LFU ratios 
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