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Lepton Flavour Universality
◦ Standard Model features Lepton Flavour Universality (LFU): accidental symmetry of  the SM

◦ Equal electroweak coupling of  gauge bosons to all charged leptons. 

◦ Difference in dynamics driven solely by the difference in the masses 𝒎𝒆 < 𝒎𝝁 ≪ 𝒎𝝉
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◦ In this presentation: intriguing hints of  anomalies in b-hadron decays observed by different experiments in 

Flavour-changing CHARGED current (𝑏 → 𝑐ℓ�̅�) Flavour-changing NEUTRAL current (𝑏 → 𝑠(𝑑)ℓ$ℓ%)



The experimental scenario

LHCb Run 3 + 4:  [LHCb Upgrade Physics Document] 

• Major upgrades of  all sub-detectors
• ℒ&'() = 2×10**cm%+s%,, # of  pp interactions ~5
• Fully software trigger, readout @40MHz, hadronic yield x10 relative to Run 2  [CERN-LHCC-2020-006]

First data @13.6 TeV registered the 5th of  July 2022! 
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Flavour physics @LHCb Run 1-2

◦ # of  Primary Vertices ~ 2

◦ Decay time res: ~45 fs

◦ IP res: ~20 μm for high pT

◦ Highly eff. Particle IDentification

◦ Excellent primary and secondary
vertex reconstruction
[INT.J.MOD.PHYS A30 (2015) 1530022]
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Single arm spectrometer designed for high precision flavour physics
measurements [J. INST. 3 (2008) S08005]

• Pseudorapidity range 𝜂 𝜖 [2,5]

Run 1, 3 fb-1
7&8 TeV

Run 2, 6 fb-1
13 TeV

Large number of  beauty hadrons within LHCb acceptance:
𝜎- .-(7 TeV) = 72.0 ± 0.3 ± 6.8 μb
𝜎- .-(13 TeV) = 154.3 ± 1.5 ± 14.3 μb
[PRL 118 (2017) 052002]



LEPTONS RECONSTRUCTION @LHCb
MUONS

◦ Dedicated muon chambers
◦ Clear trigger and PID

◦ Very efficient tracking system

◦ Very good di-muon resolution
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TAUS

◦ Missing energy from 𝜈
degrading the resolution

◦ 𝜏 vertex not easy to 
identify in prompt decays

◦ More background 
polluting the mass distr.

𝐽/𝜓

𝜓(2𝑆)

Υ(1𝑆)Υ(2𝑆)

Υ(3𝑆)

𝑍!

[INT.J.MOD.PHYS A30 (2015) 1530022]

ELECTRONS

◦ Higher occupancy in calorimeter
◦ Higher trigger thresholds than for 𝜇

◦ Bremsstrahlung emission:
◦ Degradation of  B mass resolution
◦ Large partially reconstructed bkg 
◦ Recovery not 100% efficient

[JINST 14 (2019) P11023]

𝝉 decay BR(%)

𝛕" → 𝛍"(𝐞")𝛎𝛎 17.39(.82) ± 0.04

𝜏" → 𝜋"𝜈 10.82 ± 0.05

𝜏" → 𝜋"𝜋!𝜈 25.49 ± 0.09

𝜏" → 𝜋"𝜋!𝜋!𝜈 9.26 ± 0.10

𝛕" → 𝛑"𝛑"𝛑#𝛎 9.31 ± 0.05

𝛕" → 𝛑"𝛑"𝛑#𝛑𝟎𝛎 4.62 ± 0.05



RARE 
DECAYS
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Rare decays as probe for NP
◦ Rare FCNC decays are loop-suppressed in the SM        

(ℬ~10%/ − 10%0 or less)

◦ New heavy particles (NP) can significantly contribute, affecting
decay rates and angular distributions

7

Standard Model New Physics

NP?

Intriguing tensions w.r.t. the SM, e.g.

◦ Angular analyses, e.g. 𝐵1 → 𝐾∗1𝜇$𝜇%
[PRL 125 011082 (2020)]

◦ Branching fractions, e.g. 𝐵31 → 𝜙𝜇$𝜇%
[PRL 127 151801 (2021)]

◦ Tensions at 1-3 𝜎

◦ But: sizeable hadronic theory uncertainties
of SM predictions, more data always welcome

[PRL 125 011082 (2020)] [PRL 127 151801 (2021)]

𝑞+ = 𝑚(ℓ$ℓ%)+

Less form-factor dependent observable



Tests of  LFU @LHCb
◦ Double ratio of  the rare to the 𝐽/𝜓 reduces syst. unc.    

(LFU established at ‰ level [PDG 2022]):

𝑅4 =
ℬ(𝐵 → 𝐻3𝜇$𝜇%)
ℬ(𝐵 → 𝐻3𝑒$𝑒%)

×
ℬ(𝐵 → 𝐻3 𝐽/𝜓(𝑒$𝑒%))
ℬ(𝐵 → 𝐻3𝐽/𝜓(𝜇$𝜇%))

= 1 ± 𝒪(1%) [Eur. Phys. J. C 76, 440 (2016)]

with 𝐻3 = 𝐾$, 𝐾∗1, 𝐾51, 𝐾∗$, …

◦ In order to remove long distance effects
(i.e. 𝑏 → 𝑐 ̅𝑐 → ℓ$ℓ% 𝑠) the narrow charm. resonances are 
vetoed and used to validate the analysis: 𝑟6/8 - 𝑅8(+5)

◦ Hadronic uncertainties cancel in the ratio

◦ Main complexity: muons and electrons behave very 
differently in the detector, but double ratio helps.

◦ Blind analyses
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i=1,2      Tree i=7   Photon penguin
i=S,P  (Pseudo)scalar penguin
i=3-6,8   Gluon Penguin     i=9,10   EW penguin

𝐶;
(‘)is the LH (RH)  Wilson coefficient with:

𝑞! = 𝑚(ℓ"ℓ#)2 , inv. mass of  di-lepton system



Analysis validation
◦ Validation using ratio of  resonant branching fractions

◦ Using the analysis of  𝑅= as an example [Nat. Phys. 18, 277-282 (2022)]
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Validation

𝑟6/8 =
ℬ(𝐵> → 𝐻3𝐽/𝜓(𝜇$𝜇%))
ℬ(𝐵> → 𝐻3𝐽/𝜓(𝑒$𝑒%))

and 𝑅8(+5) =
ℬ(𝐵> → 𝐻3𝜓(2𝑆)(𝜇$𝜇%))
ℬ(𝐵> → 𝐻3𝜓(2𝑆)(𝑒$𝑒%))

U 𝑟6/8%,

The ratio 𝒓𝑱/𝝍
Single ratio of  branching fractions

◦ Probe electrons directly versus muons

◦ Limited cancellation of  systematics⇒ Stringent validation

◦ 𝑟6/8 = 0.981 ± 0.020 (stat ⊕ syst)

◦ Independent of  kinematics



Analysis validation
◦ Validation using ratio of  resonant branching fractions

◦ Using the analysis of  𝑅= as an example [Nat. Phys. 18, 277-282 (2022)]
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Validation

𝑟6/8 =
ℬ(𝐵> → 𝐻3𝐽/𝜓(𝜇$𝜇%))
ℬ(𝐵> → 𝐻3𝐽/𝜓(𝑒$𝑒%))

and 𝑅8(+5) =
ℬ(𝐵> → 𝐻3𝜓(2𝑆)(𝜇$𝜇%))
ℬ(𝐵> → 𝐻3𝜓(2𝑆)(𝑒$𝑒%))

U 𝑟6/8%,

The ratio 𝑹𝝍(𝟐𝑺)
Double ratio of  branching fractions

◦ Measured like 𝑅4
◦ Same cancellation of  systematics

◦ 𝑅8(+5) = 0.997 ± 0.011 (stat ⊕ syst)



Measurement of  𝑅!!
◦ Decay used: 𝐵! → 𝐾!ℓ!ℓ"

◦ Measured in 𝑞# ∈ [1.1, 6.0 GeV#/𝑐$]
◦ Using Run1 + Run 2, but still statistically limited

◦ Biggest systematic: fit model ~1%
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Validation

◦ 𝑟6/8 = 0.981 ± 0.020 (stat ⊕ syst)

◦ 𝑅8(+5) = 0.997 ± 0.011 (stat ⊕ syst)

Result

◦ 𝑹=! = 𝟎. 𝟖𝟒𝟔%𝟎.𝟎𝟑𝟗$𝟎.𝟎𝟒𝟐(𝐬𝐭𝐚𝐭)%𝟎.𝟎𝟏𝟐$𝟎.𝟎𝟏𝟑 (𝐬𝐲𝐬𝐭)

◦ Tension of  3.1𝝈 wrt the SM
[Nat. Phys. 18, 277-282 (2022)]

resolution due to bremsstrahlung emission & recovery



Measurement of  𝑅!"#
◦ Decay used: 𝐵% → 𝐾&%ℓ!ℓ"

◦ Measured in 𝑞# ∈ [1.1, 6.0 GeV#/𝑐$]
◦ Using Run1 + Run 2, but still statistically limited

◦ Biggest systematic: simulation size ~2-3%
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Validation

◦ 𝑟6/8%, = 0.977 ± 0.008 stat ± 0.027 (syst)

◦ 𝑅8(+5)%, = 1.014 ± 0.030 stat ± 0.020 (syst)

Result

◦ 𝑹𝑲𝑺𝟎 = 𝟎. 𝟔𝟔%𝟎.𝟏𝟒$𝟎.𝟐𝟎(𝐬𝐭𝐚𝐭)%𝟎.𝟎𝟒$𝟎.𝟎𝟐 (𝐬𝐲𝐬𝐭)

◦ Agreement with SM at 1.5𝝈 level [PRL 128, 19 (2022)]

First observation of  rare electron mode



Measurement of  𝑅!∗!
◦ Decay used: 𝐵! → 𝐾∗!ℓ!ℓ"

◦ Measured in 𝑞# ∈ [0.045, 6.0 GeV#/𝑐$]
◦ Using Run 1 + Run 2, but still statistically limited

◦ Biggest systematic: simulation size ~2-3%
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Validation

◦ 𝑟6/8%, = 0.965 ± 0.011 stat ± 0.032 (syst)

◦ 𝑅8(+5)%, = 1.017 ± 0.045 stat ± 0.023 (syst)

Result

◦ 𝑹𝑲∗! = 𝟎. 𝟕𝟎%𝟎.𝟏𝟑$𝟎.𝟏𝟖(𝐬𝐭𝐚𝐭)%𝟎.𝟎𝟒$𝟎.𝟎𝟑 (𝐬𝐲𝐬𝐭)

◦ Agreement with SM at 1.4𝝈 level [PRL 128, 19 (2022)]

First observation of  rare electron mode



Measurement of  𝑅"!
◦ Decay used: Λ( → 𝑝𝐾"ℓ!ℓ"

◦ Measured in 𝑞# ∈ [0.1, 6.0 GeV#/𝑐$] and 

𝑚 𝑝𝐾" < 2600 MeV/𝑐#

◦ Using Run 1+2016, still statistically limited

◦ Biggest systematic: fit model ~5%
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Validation

◦ 𝑟6/8%, = 0.96 ± 0.05 (stat ⊕ syst)

◦ 𝑅8(+5) compatible with unity whitin 1𝜎

Result

◦ 𝑹𝒑𝑲 = 𝟎. 𝟖𝟔%𝟎.𝟏𝟏$𝟎.𝟏𝟒 𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟓(𝐬𝐲𝐬𝐭)

◦ Agreement with SM at <1𝝈 level
[JHEP 05, 040 (2020)]



Measurement of  𝑅!∗#
◦ Decay used: 𝐵% → 𝐾∗%ℓ!ℓ"

◦ Two separate 𝑞#-regions:   
◦ 𝑞+ ∈ [0.045, 1.1] GeV+/𝑐L : low 𝒒𝟐

◦ 𝑞+ ∈ [1.1, 6.0] GeV+/𝑐L: central 𝒒𝟐

◦ Using Run 1, still statistically limited

◦ Biggest systematic: 
◦ low 𝒒𝟐: simulation calibration (2-5)%
◦ central 𝒒𝟐: residual backgrounds 5%
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Validation

◦ 𝑟6/8 = 1.043 ± 0.006 stat ± 0.045 syst

◦ 𝑅8(+5) compatible with unity whitin 1𝜎

Results for 𝑹=∗%
𝐥𝐨𝐰 𝒒𝟐: 𝟎. 𝟔𝟔%𝟎.𝟎𝟕$𝟎.𝟏𝟏 𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟑 𝐬𝐲𝐬𝐭
𝐜𝐞𝐧𝐭𝐫𝐚𝐥 𝒒𝟐: 𝟎. 𝟔𝟗%𝟎.𝟎𝟕$𝟎.𝟏𝟏 𝐬𝐭𝐚𝐭 ± 𝟎. 𝟎𝟓(𝐬𝐲𝐬𝐭)
◦ Tension with SM at 2.1𝝈 and 2.4𝝈 level

[JHEP 08, 055 (2017)]



𝑏 → 𝑠ℓ#ℓ$summary
◦ Intriguing tensions observed in some channels

◦ Most results from partial LHCb dataset

◦ In particular, LHCb is currently focused on a 
combined measurement of  𝑹𝑲$ and 𝑹𝑲∗𝟎 with 
the Run 1+2 legacy dataset
◦ This leads to a deeper understanding of  systematic

effects which will be reflected in the final result.
◦ Please be patient for the final results!

◦ Measurements of  𝑅*+, 𝑅,, 𝑅+-- and more with 
full 9 fb−1 dataset ongoing
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[S. Schmitt talk @ICHEP 2022] Inputs from independent
experiments are also crucial!

Needs confirmation with a larger dataset!
LHCb private compilation



Future prospects
◦ Precision on 𝑹𝑲 and 𝑹𝑲∗𝟎 will be ~2.5% 

and 2% with ~23 𝐟𝐛"𝟏 and ~50 𝐟𝐛"𝟏

◦ Projected sensitivity with the LHCb
Upgrade II detector, with ~300 ?b"/

◦ Huge samples of  rare electron modes
available in Upgrade II 𝑁+$0$0'∼46 000, 
𝑁+∗(0$0'∼20 000

◦ Ultimate precision on 𝑹𝑲 and 𝑹𝑲∗𝟎 will 
be better than 1%
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[LHCb Upgrade II TDR]

[LHCb Upgrade Physics Document]
PUB-2018-009
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Tests of  LFU @LHCb
◦ LFU probed using the ratio:

𝑅(𝐻N) =
ℬ(𝐻- → 𝐻N𝜏�̅�O)
ℬ(𝐻- → 𝐻Nℓ�̅�ℓ)

with 𝐻N = 𝑫∗$, 𝐷1, 𝐷$, 𝐷5$, 𝜦𝒄$, 𝑱/𝝍… and 
𝐻- = 𝑩𝟎, 𝐵31, 𝑩(𝒄)$ , 𝜦𝒃 , but LHCb could also
exploit Ξ- , Ω- , etc

◦ 𝐵31, 𝐵(N)$ , 𝛬- , 𝛯- , 𝛺- only at LHCb

◦ ℓ = 𝜇 LHCb, ℓ = 𝑒/𝜇 B-factories

◦ Neutrinos not detected, approximations
used for signal reconstruction and large 
MCs needed for template shapes

◦ Semileptonic decays theoretical predictions 
are precise (% level)

◦ Large BR
19

[PRL 116, 081801, PRD 94, 115201]

Ratios sensitive to possible NP coupling mainly to the 3rd 
generation (e.g. Leptoquarks):



Current experimental status 𝑅 𝐷 − 𝑅(𝐷∗)
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• All measurements are above SM predictions.
• Deviation of  𝑅(𝐷) and 𝑅(𝐷∗) combination from SM predictions ∼3.3σ

LHCb has performed analysis of  𝑅(𝐷∗) only

𝑅(𝐷∗) =
ℬ(𝐵1 → 𝐷∗𝜏$𝜈O)
ℬ(𝐵1 → 𝐷∗𝜇$𝜈S)

• with muonic 𝜏$ → 𝜇$𝜈S�̅�O using Run 1:
𝑹 𝑫∗ = 𝟎. 𝟑𝟑𝟔 ± 𝟎. 𝟎𝟐𝟕 ± 𝟎. 𝟎𝟑𝟎
[PRL 115, 111803 (2015)]
2.1σ above SM

• With 3-prong hadronic 𝜏$ → 𝜋$𝜋%𝜋$(𝜋1) �̅�O using Run 1:
𝑹 𝑫∗ = 𝟎. 𝟐𝟖𝟎 ± 𝟎. 𝟎𝟏𝟖 ± 𝟎. 𝟎𝟐𝟔 ± 𝟎. 𝟎𝟏𝟑
[PRL 120, 171802 (2018)] [PRD 97, 072013 (2018)]
1σ above SM                 

Belle and BaBar saw hints since ‘12. LHCb now a major player.
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Current experimental status 𝑅(Λ!")
LHCb has performed analysis of

𝑅(ΛN$) =
ℬ(Λ-1 → ΛN$𝜏%�̅�O)
ℬ(Λ-1 → ΛN$𝜇%�̅�S)

• First LFU test in a baryonic 𝑏 → 𝑐ℓ𝜈 decay
• Initial state spin ½ à could couple to different physics beyond the SM

• With 3-prong hadronic 𝜏% → 𝜋$𝜋%𝜋%(𝜋1)𝜈O using Run 1:
𝑹 𝜦𝒄$ = 𝟎. 𝟐𝟒𝟐 ± 𝟎. 𝟎𝟐𝟔(𝐬𝐭𝐚𝐭) ± 𝟎. 𝟎𝟒𝟎(𝐬𝐲𝐬𝐭) ± 𝟎. 𝟎𝟓𝟗(𝐞𝐱𝐭)* 
[PRL 128, 191803 (2022)]

• To be compared with the SM prediction: 𝑅 ΛN$ = 0.324 ± 0.004
[PRD 99, 055008 (2019)]

First observation of Λ-1 → ΛN$𝜏%�̅�O
with 6σ significance

Λ-1 → ΛN$𝜏%�̅�O
= 346 ± 40

Agreement with SM 
within 1σ

* Measured relative to Λ-1 → ΛN$3𝜋
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Current experimental status 𝑅(𝐽/𝜓)
LHCb has performed analysis of

𝑅(𝐽/𝜓) =
ℬ(𝐵N$ → 𝐽/𝜓𝜏$𝜈O)
ℬ(𝐵N$ → 𝐽/𝜓𝜇$𝜈S)

• With muonic 𝜏$ → 𝜇$𝜈S�̅�O using Run 1:
𝑹 𝑱/𝝍 = 𝟎. 𝟕𝟏 ± 𝟎. 𝟏𝟕(𝐬𝐭𝐚𝐭) ± 𝟎. 𝟏𝟖(𝐬𝐲𝐬𝐭)
[PRL 120, 121801 (2018)]

• To be compared with the SM prediction: 𝑅 𝐽/𝜓 = 0.2582 ± 0.0038
[PRL 125, 222003 (2020)]

Observation of 𝐵N$ → 𝐽/𝜓𝜏$𝜈O with 3σ 
significance accounting also for 

systematics

2σ above the SM

𝑩𝒄$ → 𝑱/𝝍𝝉$𝝂𝝉 = 𝟏𝟒𝟎𝟎 ± 𝟑𝟎𝟎



Prospects
LHCb plans to include also:

◦ 𝑅(𝐷$)

◦ 𝑅 𝐷∗ − 𝑒 − 𝜇

◦ Combined 𝑅 𝐷∗ − 𝑅 𝐷1

◦ 𝑅(𝐷∗∗)
◦ 𝑅(𝐷3∗)

◦ 𝑅(ΛN∗∗)
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[Rev. Mod. Phys. 94, 015003][arXiv:1808.08865]

• Exploring new observables beyond the branching fraction ratios, e.g. angular observables to determine spin 
structure of  potential new physics

*

* Irreducible systematic uncertainty of  0.5% on 𝑅(𝐷(∗)) and 2% on the other ratios



Conclusions
◦ LHCb has measured several LFU observables.

◦ Intriguing hints of  anomalies in some b-hadron decays, powerful probes of  the SM!

◦ More measurements using full Run 1+2 dataset in preparation and using new channels.

◦ Most analyses are statistically dominated: data from the LHCb upgrade will further improve these measurements, 
helping clarifying the picture.

◦ Run 3 just started, hopefully exciting news soon!!

◦ If true, hugely important for the future development of  high-energy particle physics, providing a clear target for 
future searches at energy frontier… exactly what’s missing right now!

24

… but even if not confirmed, they serve as a good example of  the potential of  
Flavour Physics at Upgrade II to probe beyond the energy frontier.



Thanks for your
attention!
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BACKUP
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B-anomalies and neutrino interplay

◦ Impact of  lepton flavour universality violation on CP violation sensitivity of  long baseline neutrino 
oscillation experiments [https://arxiv.org/abs/1701.00327]

◦ Combined explanations of  B-physics anomalies: the sterile neutrino solution
[https://arxiv.org/abs/1807.10745]

◦ Anomalies in (semi)-leptonic B decays and possible resolution with sterile neutrino 
[https://arxiv.org/abs/1702.04335]

◦ Leptoquarks in Flavour Physics and the anomalous magnetic moment of  the muon
[https://arxiv.org/abs/1801.03380]

◦ Synergy and complementarity between neutrino physics and low-energy intensity frontiers
[https://arxiv.org/abs/1712.05947]

◦ B-physics anomalies: a guide to combined explanations [https://arxiv.org/abs/1706.07808]
◦ And many more!
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Upgrade II expectations for 𝑅(𝐾(∗))

◦ Huge samples of  rare electron modes available in Upgrade II 𝑁=!T!T&∼46 000, 𝑁=∗%T!T&∼20 000

◦ Ultimate precision on 𝑅=,=∗ will be better than 1%

◦ Different 𝑅V allow to probe different combinations of  Wilson coefficients, separation of  NP scenarios possible!

◦ Projections don't include improved ECAL for Upgrade II 28
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Upgrade II sensitivity with 𝐵" → 𝐾∗"𝜇#𝜇$

◦ Expect ∼440 000 𝐵1 → 𝐾∗1𝜇$𝜇% candidates in Upgrade II (roughly Run 1 statistics for tree-level charmonia modes)

◦ Allows for determination of  angular observables with unprecedented precision

◦ Different NP scenarios can be cleanly separated

◦ q2-unbinned approaches allow to better exploit the data [JHEP 11 (2017) 176]
29
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Upgrade II prospects
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Upgrade II: new observables beyond the BF ratio
• Kinematics of  �𝐵 → 𝐷 ∗ 𝜏�̅� fully described by dilepton mass, 

and three angles, 𝜒, 𝜃W and 𝜃X(better resolution)

?𝐵 → 𝐷∗𝜏�̅�
?𝐵 → 𝐷∗𝜇�̅�

• 𝐵31 → 𝐷3
(∗)$𝜏%�̅�: 6% (2.5%) relat. unc. after Run 3 (Upgrade II)

• Semitauonic decays of  b-baryons and of  𝐵N$ mesons
• 𝑅 ΛN$ 4% (2.5%) relat. unc. after Run 3 (Upgrade II)

◦ Expect O(10 M) �𝐵 → 𝐷 ∗ 𝜏�̅� candidates

◦ Sensitivity Upgr. II: σ(𝑅Y∗)/ 𝑅Y∗∼1%

◦ Angular analysis would allow to determine
spin structure of  potential NP contribution

Upgrade II: exploit other b-hadron species



Lepton flavour (number) violation
◦ LFV branching fractions enhanced to 10-11 in certain models of  leptoquarks, Z’ [Medeiros Varzielas, Hiller, JHEP 06 (2015) 072]

◦ LHCb was the first experiment to search for LFV τ decays in a hadron collider
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Searches for 𝐵 → 𝐾𝑒𝜇, 𝐵 → 𝐾∗1𝜏(→ 𝜋𝜋𝜋𝜈)𝜇, B
→ 𝐾𝜏(→ 𝜋𝜋𝜋𝜈)𝜇 and Λ-1 → Λ1𝑒𝜇 are ongoing
• Using Run1 + Run2 data expects limits 𝒪(10-9) 

and 𝒪(10-6) for 𝐵 → 𝐾𝑒𝜇 𝑎𝑛𝑑 𝐵 → 𝐾∗1𝜏𝜇, 
respectively

• Complementary as charged lepton FV couplings
among different families are expected to be 
different

• Multi-body final states: allow the measurement of  
more observables



Prospects for selected flavour observables
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Based on extrapolations from
current measurements, and
take no account of detector
improvements apart from an
approximate factor two
increase in efficiency for
hadronic modes, coming
from the full software trigger
that will be deployed from
Run 3 onwards.



FCNC transitions
◦ LFU will play a large role in Upgrade II physics case

◦ Improvements: Reduce the material (e.g. RF-foil), improve
ECAL granularity, better Brem recovery algorithms

◦ Upgrade II: 440k fully reconstructed 𝐵1 → 𝐾∗1𝜇$𝜇% will
allow a q2-unbinned approach ⇒ probe the SM
contributions, NP expected to have no q2 dependence

◦ Compare angular distr. 𝐵1 → 𝐾∗1𝑒$𝑒%/ 𝐵1 → 𝐾∗1𝜇$𝜇%

◦ Upgrade will provide thousands of  𝑏 → 𝑑ℓ$ℓ% decays
(e.g. 4300 𝐵31 → 𝐾∗1𝜇$𝜇% ), angular analysis possible

◦ 45k 𝐵$ → 𝐾$𝑒$𝑒% and 20k 𝐵1 → 𝐾∗1𝑒$𝑒% in the 
Upgrade II → Ultimate precision on 𝑹𝑲(∗)<1%

◦ 𝑅Z, 𝑅[= , 𝑅\, … will be possible un Upgrade II
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Run 3 Upgrade II

All four NP 
scenarios could be
distinguished at
more than 5𝜎 in 
Upgrade II!



LHCb Upgrade I (Runs 3 + 4)
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