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The LHCb group at ICCUB
The LHCb analysis group: 
- Seniors: Lluis Garrido, Eugeni Graugés Pous, Carla Marín Benito, Ricardo 

Vázquez Gómez 
- Postdocs: Lukas Calefice, Alessandra Gioventù 
- Ph.D. students: Paula García Moreno, Paloma Laguarta Gonzalez, Aniol 

Lobo Salvia, Albert Lopez-Huertas, Alejandro Rodríguez Alvarez, Pol 
Vidrier Villalba 

Analysis topics: 

- Lepton Flavour Universality (LFU) tests in  and  
transitions 

- Electroweak penguin decays analyses,  transitions 
- Radiative decays studies 
- Electron reconstruction at LHCb

b → cℓνℓ b → sℓℓ

b → dℓℓ

2

This presentation
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Lepton Flavour Universality

3

‣ The SM predicts equal couplings between gauge bosons and the three lepton 
generations. This is called Lepton Flavour Universality (LFU) 

- Observation of LFU violation  sign of new physics (NP)⟶
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Lepton Flavour Universality tests
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‣ Tensions between measurements and SM predictions in  and 
 decays 

‣ Different observables to test LFU: 

- Integrated and differential branching fractions 

- Angular observables  need high statistics 

- Branching fractions of fully leptonic decays such as  

- Ratio observables  

b → c
b → s

→

BR(Bs → μ+μ−)

R(q2) =
dΓℓ

dq2 / dΓℓ′ 

dq2
- Very well predicted 

- Cancellation of theoretical 
and experimental 
uncertainties in the ratio

q2 = (pB − pD0)2

R(q2) =
dΓℓ

dq2 / dΓℓ′ 

dq2

RD*(q2) =
dΓ(B → D*−τ+ντ)

dq2 / dΓ(B → D*−ℓ+νℓ)
dq2
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Flavour Changing Charged 
Current (FCCC)

Flavour Changing Charged 
Current (FCCC) 

Main features of LFU tests

5

- Tree level processes. In the SM 
mediated by a  boson 

- Potential NP in different couplings 
between generations 

- At least one undetectable  in the 
final state

W

ν

- Only loop diagrams in SM  lower 
branching fractions 

- Sensitive to either tree or loop NP 
contributions 

- Electrons in the final state

⇒

B H

ν̄ℓ

ℓ−

b cOV ℓ

B H
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ℓ−

W
b c
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Flavour Changing Neutral 
Current (FCNC)

Flavour Changing Neutral 
Current (FCNC)

, ℓ = μ e ,  (  only  factories)ℓ = τ μ e B

b → cℓ−ν̄ℓ b → sℓ+ℓ−



FCNC processes

6

- LFU tests: definition of  
- Electron recovery at LHCb 
-  
-  measurements status

R(Hs)

R(pK)
R(Hs)
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Tests of LFU in  transitionsb → sℓ+ℓ−
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➡ Within a given range of di-lepton mass squared,  

 

q2

R(Hs)[q2
min, q2

max] =
∫ dq2 dΓ(Hb → Hsμ+μ−)

dq2

∫ dq2 dΓ(Hb → Hse+e−)
dq2

where Hb = B, Λ0
b and Hs = K, K*, K0

S , ϕ, pK

‣ SM expectation  

‣ Exploit   double ratio to reduce systematics: 

‣ Electrons and muons  different reconstruction 

R(Hs) = 1 ± 𝒪(1%)

rJ/ψ = 1 ⇒

→

[JHEP 12 040 (2007)] 
[EPJ C 1676 440 (2016)]

q2 = m2(ℓℓ)

R(Hs) =
BR(Hb → Hsμ+μ−)

BR(Hb → HsJ/ψ( → μ+μ−)) / BR(Hb → Hse+e−)
BR(Hb → HsJ/ψ( → e+e−))

https://iopscience.iop.org/article/10.1088/1126-6708/2007/12/040/meta
https://arxiv.org/abs/1605.07633
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Electron recovery procedure in LHCb
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19/04/16 M. Borsato - USC 6

● Large emission of bremsstrahlung radiation
(FSR included in MC using PHOTOS)

● Emission before the magnet needs recovery
● Di<cult 0 mass tail to lower masses
● Correction depends on ECAL resolution
0 additional term to mass resolution:
    ECAL =E > =p from tracking

● Signal gets mixed with background:
● Pure combinatorial
● Semileptonic cascade such as

 
● Partially reconstructed 
(mainly an additional ?)

Backgrounds and mass shape

LHCb: JHEP 1504 (2015) 064

upstream brem

downstream brem

Alice Biolchini, b→sℓℓ decays at LHCb experiment - NePSi Workshop - 2023 Feb 16

γe

μ

LHCb detector, 
upper view

Electron vs muon efficiency

15

‣ Electrons lose a large fraction 
of their energy through 
Bremsstrahlung radiation 

‣ Improve electron energy 
resolution by using a 
recovery procedure: 

- Look for photon clusters in 
the calorimeter compatible 
with the electron direction 
before the magnet

VeLo

ECAL

T stations
Magnet

M1
M2

M3
M4
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 measurementR(pK)
‣ Test LFU in  decays by measuring the inverse of : 

‣ First test of LFU using  baryon 

‣ LHCb Run 1+2016 measurement ( )  Update with full sample 
( )

Λ0
b → pK−ℓ+ℓ− R(pK)

Λ0
b

4.7 fb−1 →
9 fb−1

9

Λ0
b → pK−γ

R−1(pK) =
BR(Λ0

b → pK−e+e−)
BR(Λ0

b → pK−μ+μ−)

R−1(pK ) =
BR(Λ0

b → pK−e+e−)
BR(Λ0

b → pK−J/ψ( → e+e−)) / BR(Λ0
b → pK−μ+μ−)

BR(Λ0
b → pK−J/ψ( → μ+μ−))

JHEP 05 (2020) 040

Run1+2016,   
JHEP 05 (2020) 040

4.7 fb−1

https://link.springer.com/content/pdf/10.1007/JHEP05(2020)040.pdf
https://link.springer.com/content/pdf/10.1007/JHEP05(2020)040.pdf
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 statusR(Hs)

10

Past Results
b→sμμ/b→see

7

- Electron mode more challenging at LHCb 
- Double ratio partially mitigate this (for the efficiency)
- Past measurements at LHCb hinted to a coherent discrepancy

RK low-q2 RK central-q2 RK§ low-q2 RK§ central-q2

0.6

0.8

1.0

1.2

1.4

R
K

,K
§

¬2 = 1.6, p = 0.812, æ = 0.2

RK low-q2 = 0.994+0.094
°0.087

RK central-q2 = 0.949+0.048
°0.047

RK§ low-q2 = 0.927+0.099
°0.093

RK§ central-q2 = 1.027+0.077
°0.073

LHCb
9 fb-1

Data
SM

PRD 108 (2023) 032002

‣ First measurements of  and  performed at  factories: Belle and 
BaBar 

‣ Several measurements considering different  and  hadrons 

‣ Currently all measurements in agreement with SM predictions

R(K) R(K*) B

b s

https://doi.org/10.1103/PhysRevD.108.032002


FCCC processes
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- Strategies for LFU tests: muonic vs hadronic  decays 
- LHCb measurements:  

-  with   
-  with  

-  and  experimental status

τ

R(D*−) τ+ → π+π−π+(π0)ν̄τ
R(D(*)) τ+ → μ+νμν̄τ

R(D*−) R(D)
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LFU tests with  transitionsb → cℓνℓ

12

‣ Test LFU by measuring   

‣ Clean theoretical prediction  

‣  deviates from unity due to different lepton masses 

‣ Missing momentum of neutrinos

R(Hc) =
BR(Hb → Hcτ+ντ)
BR(Hb → Hcℓ+νℓ)

R(Hc)

where … 
and ...

Hb = B0, B+
(c), Λ0

b, B0
s ,

Hc = D(*)±, D0, Ds, Λ+
c , J/ψ,

mτ ∼ {
17 ⋅ mμ

3500 ⋅ me

‣  factories (BaBar and Belle (II)): 

- Consider both  and 
 decays for the denominator 

‣ LHCb: 

- Muonic decay of the tau:  

- 3-prong decays:   

B

τ+ → e+νeν̄τ
τ+ → μ+νμν̄τ

τ+ → μ+νμν̄τ

τ+ → π+π−π+(π0)ν̄τ

3 Latest experimental results

Channel B (⇥10�3)

⌧
�

! µ
�
⌫µ⌫⌧ 17.39 ± 0.04

⌧
�

! e
�
⌫e⌫⌧ 17.82 ± 0.04

⌧
�

! ⇡
�
⇡

0
⌫⌧ 25.49 ± 0.09

⌧
�

! ⇡
�
⌫⌧ 10.82 ± 0.05

⌧
�

! ⇡
�
⇡

+
⇡

�
⌫⌧ 9.02 ± 0.05

⌧
�

! ⇡
�
⇡

+
⇡

�
⇡

0
⌫⌧ 4.49 ± 0.05

Table 3.2: Branching fraction measurements of ⌧ decays for the di↵erent modes [1].

charm hadron, in addition to a µ or an e. In this way, R(Hc) is extracted from a sin-
gle dataset containing both the signal and normalisation channels. The main back-
ground contributions are due to inclusive B ! HcD(X) decays with D ! `

0+
⌫`⌫⌧

and B ! H
⇤⇤
c
`⌫` decays, with H

⇤⇤
c

! Hc(X), where X represents any possible un-
reconstructed particle. This reconstruction method has been used for the R(D⇤),
R(D) and R(J/ ) measurements [44–52].

• Hadronic decays contain two neutrinos in the final state. Signal events can have
one or three pions and are called 1-prong and 3-prong, respectively. Three 3-prong
⌧

�
! ⇡

�
⇡

+
⇡

�
⌫⌧ and ⌧�

! ⇡
�
⇡

+
⇡

�
⇡

0
⌫⌧ modes enable the ⌧ vertex reconstruction,

therefore are preferred to the 1-prong ones. One of the biggest source of background
is due to B hadrons decaying into doubly-charmed final states Hb ! HcD(X),
where the D meson decay inclusively into three pions. Besides, one of the main
di↵erences from the reconstruction with leptonic decays is that the Hb ! Hcµ⌫µ

and Hb ! Hce⌫e channels are not measured simultaneously with the ⌧ final state.
Therefore, the branching fraction values are taken from external measurements.
This reconstruction method has been used for the R(D⇤), R(D) and R(⇤+

c
) mea-

surements [53–55].

R(Hc) has been measured both at B Factories, by Belle and BaBar, and at the LHC by
LHCb. In particular, LHCb measured R(J/ ) and R(⇤+

c
) using LHC Run 1 data sample,

corresponding to an integrated luminosity of 3 fb�1 [52, 55]. A value of R(J/ ) equal to
0.71±0.17±0.18, where the first term of the uncertainty is due to statistics and the second
to the systematics, is found. This lies within 2 standard deviations above the SM predicted
range of (0.25, 0.30) [56–59]. Concerning R(⇤+

c
), the result is 0.242±0.026±0.040±0.059,

with the third uncertainty term due to external measurements, in agreement with the SM
expectations.

Concerning the R(D) and R(D⇤) observables, these are predicted to be R(D) =
0.298 ± 0.004 and R(D⇤) = 0.254 ± 0.005, respectively, by di↵erent groups [38,60–68]. In
Figs. 3.3 and 3.4 these values are compared with the experimental measurements published

29
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 decays at LHCbτ

13

‣ Different final state for signal and 
normalisation 

‣  vertex reconstruction 

‣ Background contributions: 

- Prompt  decays 

- Doubly charmed inclusive decays, 
with 

τ

B → D(*)
s 3π(X)

Hc → 3π(X)

Hadronic τ

‣ Same final states for signal and 
normalisation 

‣ No  vertex reconstruction 

‣ -frame approximation
 

‣ Large partially-reconstructed 𝐵 
backgrounds

τ

B
→ (pz)B =

mB

mD*μ
(pz)D*μ

Muonic τ
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 measurement, hadronic  R(D*) τ
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‣  reconstructed with 3-prong  decays  

‣ Measure  w.r.t. the normalisation mode : 

➡  

➡

τ τ τ+ → π+π−π+(π0)ν̄τ

BR(B0 → D*−τ+ντ) B0 → D*−π+π−π+

K(D*) =
Nsig

Nnorm
⋅

εnorm

εsig
⋅

1
BR(τ+ → π+π−π+(π0)ν̄τ)

R(D*) = K(D*) ⋅
BR(B0 → D*−π+π−π+)

BR(B0 → D*−μ+νμ)

Run 1, : PRD 97 072013 
(2018), PRL 120 171802 (2018) 
15+16, : PRD108 (2023) 
012018

3 fb−1

2 fb−1

‣ Approximations to estimate  and  
momenta 

‣ Largest background channels: 

- Prompt  
background suppressed by  

- Doubly charmed , 
treated with multivariate analysis (BDT)

B τ

B0 → D*−π+π−π+(X)
Δz > 4σΔz

B → D*−D+
s ( → 3π)(X)

 BR(B0 → D*−π+π−π+) = (7.21 ± 0.29) ⋅ 10−3

BR(B0 → D*−μ+νμ) = (5.05 ± 0.14) %
BR(τ+ → π+π−π+ντ) = (9.02 ± 0.05) %
BR(τ+ → π+π−π+ντ) = (4.49 ± 0.05) %

External inputs

https://arxiv.org/abs/1711.02505
https://arxiv.org/abs/1711.02505
https://arxiv.org/abs/1708.08856
http://arxiv.org/abs/2305.01463
http://arxiv.org/abs/2305.01463
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‣ Normalisation yield  invariant mass fit to 
 

‣ Signal yield  3D template fit in  decay 
time,  and BDT  

‣ Including Run 1 result: 

‣ Agreement with 

→
m(D*−3π)

→ τ
q2

R(D*)SM = 0.254 ± 0.005

 measurement, hadronic  R(D*) τ
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http://arxiv.org/abs/2305.01463
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 and  measurement R(D*) R(D) τ+ → μ+νμν̄τ

16

‣ Muonic  decay  Same final state for signal and control channel 

‣  boost along  axis  boost of decay products in  rest frame  
 

‣ Main background partially reconstructed muons 

‣  measurement (ICCUB)  Analogue strategy with  decays

τ →

B0 z ≫ B0 →
(pz)B =

mB

mD*μ
(pz)D*μ

R(D*−
s ) → B0

s → D*−
s τ+ντ

Signal Normalisation

R(D(*)) =
BR(B0 → D(*)τ+ντ)
BR(B0 → D(*)μ+νμ)

=
Nsig

Nnorm

εnorm

εsig

Study  decays using the muonic  decayB → D(*)τ+ντ τ

Run 1  
PRL131 (2023)111802

3 fb−1

https://arxiv.org/abs/2302.02886
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 and  measurement R(D*) R(D) τ+ → μ+νμν̄τ

17

‣ Separation of  and  channels via a 3D binned template fit to data: 

-  
-  

-   energy in the  rest frame,  

τ μ

q2 = (pB − pD*)2

m2
miss = (pB − pD* − pμ)2

μ B E*μ
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Global picture

18
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R
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HFLAV SM Prediction
 0.004±R(D) = 0.298 
 0.005±R(D*) = 0.254 

 = 1.0 contours2χ∆

World Average
total 0.029±R(D) = 0.356 

total 0.013±R(D*) = 0.284 
 = -0.37ρ

) = 25%2χP(

HFLAV

PRELIMINARY

σ3

LHCb22LHCb23

Belle17

Belle19

Belle15
BaBar12

Average

PRD 94 (2016) 094008
PRD 95 (2017) 115008
JHEP 1712 (2017) 060
PLB 795 (2019) 386
PRL 123 (2019) 091801
EPJC 80 (2020) 2, 74
PRD 105 (2022) 034503

HFLAV

2021

HFLAV
Prelim. 2023

[HFLAV]

‣ Combined  and  measurement in tensions with SM 
predictions by 

R(D) R(D*)
3.2σ

R(D(*)) =
BR(B → D(*)τ+ντ)
BR(B → D(*)ℓ+νℓ)

https://hflav-eos.web.cern.ch/hflav-eos/semi/fall22/html/RDsDsstar/RDRDs.html


PROSPECTS AND 
CONCLUSIONS

19
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Future prospects
‣ Several analyses ongoing with larger data 

samples 
- Reduce data-driven systematics and 

statistical uncertainties 

‣ Expect new results from Belle II 

‣ LHCb Upgrade I detector started Run 3 in 2022 

‣ Starting new projects at ICCUB on  
transitions related to the ERC-CLIMB

b → dℓℓ

20

[P
R

D
 9

4 
(2

02
2)

 0
15

00
3]

 transitionsb → cℓ+ν̄ℓ transitionsb → cℓ−ν̄ℓ

 transitionsb → sℓ+ℓ− transitionsb → sℓ+ℓ−
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Conclusions

‣ Perform Lepton Flavour Universality tests to probe the SM  

‣ Several measurements considering both  and  
transitions 

- No observation of LFU violation at 5 standard deviations 

‣ The global average of -  combination is in tension with the 
SM by  

‣ New measurements  more hints on the LFU puzzle 

‣ The LHCb group of ICCUB has a central role in LFU tests 

b → sℓ+ℓ− b → cℓ−ν̄ℓ

R(D) R(D*)
3.2σ

→

21

THANK YOUTHANK YOU



BACKUP
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The LHCb detector

23

[JINST 3 S080005 (2008)]  
[Int. J. Mod Phys. A30 1530022  (2015)] 
[PRL 118 052002 (2017)] 

➡ Run 1 (2010 - 2012)  
➡ Run 2 (2015 - 2018) 

s = 7 TeV(8 TeV)
s = 13 TeV

‣ Large amount of  and  hadrons produced,  at  

‣ Forward spectrometer for  and hadron decays  ( ) 

- Good vertex and impact parameter resolution ( ) 

- Excellent momentum resolution (  ) 

- Excellent charged particle identification (  ID 97% for ( ) misID of 1-3%) 

- Capability for neutral identification

b c σb = (144 ± 1 ± 21) μb 13 TeV

b− c− 2 < η < 5

σ(IP) ∼ 20 μm

δp/p = [0.5 − 1] % p < 200 GeV

μ μ → π

Run 1 + Run2 9 fb−1

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/10.1142/S0217751X15300227
https://arxiv.org/abs/1612.05140
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 vs  reconstructione μ

24

ψ(2S)

B+

Part. reco

J/ψ(1S)
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Angular observables in B0 → K*0μ−μ+

‣ The decay is governed by the angles  (angular analysis) and the 
squared momentum transfer to the dilepton system  

‣ At  the two leptons are at rest. 

‣ Usually lower values of  have less uncertainties from the theory  
many observables are measured on the low region.

θl, ϕ, θK
q2

q2 = 0

q2 ⇒
q2

25

q2 = (pB0 − pK*)2
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Differential branching fractions
‣ Measurements of differential branching fractions of  transitions 

‣ Below SM predictions 

b → sμ+μ−

26

PhysRev(2022)127 CIAOOOOO
CIAOOOOO

CIAOOOOO CIAOOOOO CIAOOOOO

Pattern of anomalies - differential B 

JHEP06(2014)133

PhysRev(2021)127

JHEP06(2014)133JHEP06(2014)133

Phys.Rev.(2016)93

Alice Biolchini, b→sℓℓ decays at LHCb experiment - NePSi Workshop - 2023 Feb 16

JHEP04(2017)142

3 fb−1 

3 fb−1 3 fb−1 3 fb−1 

25

https://link.springer.com/article/10.1007/JHEP06(2014)133
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.074501
https://link.springer.com/article/10.1007/JHEP06(2014)133
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151801
https://link.springer.com/article/10.1007/JHEP06(2014)133
https://spiral.imperial.ac.uk/bitstream/10044/1/48678/4/JHEP04(2017)142.pdf
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 and  statusR(D) R(D*)

0.2 0.4
R(D)

BaBar 2012, had. tag
 0.042± 0.058 ±0.440 

Belle 2015, had. tag
 0.026± 0.064 ±0.375 

Belle 2019, sl. tag
 0.016± 0.037 ±0.307 

LHCb 2022
 0.066± 0.060 ±0.441 

Average 
 0.029±0.356 

SM Average 
 0.004±0.298 

PRD 94 (2016) 094008 
 0.003±0.299 

PRD 95 (2017) 115008 
 0.003±0.299 

JHEP 1712 (2017) 060 
 0.004±0.299 

EPJC 80 (2020) 2, 74  
 0.003±0.297 

PRD 105 (2022) 034503  
 0.008±0.296 

FNAL/MILC (2015) 
 0.011±0.299 

HPQCD (2015) 
 0.008±0.300 HFLAV

Prelim. 2023

0.2 0.3
R(D*)

BaBar 2012, had. tag
 0.018± 0.024 ±0.332 

Belle 2015, had. tag
 0.015± 0.038 ±0.293 

Belle 2017, (hadronic tau)
 0.027± 0.035 ±0.270 

LHCb 2023, (hadronic tau)
 0.018± 0.012 ±0.257 

Belle 2019, sl.tag
 0.014± 0.018 ±0.283 

LHCb 2022 
 0.024± 0.018 ±0.281 

Average 
 0.013±0.284 

SM Average 
 0.005±0.254 

PRD 95 (2017) 115008 
 0.003±0.257 

JHEP 1712 (2017) 060 
 0.005±0.257 

PLB 795 (2019) 386 
 0.007±0.254 

PRL 123 (2019) 9,091801 
 0.005±0.253 

EPJC 80 (2020) 2, 74 
 0.006±0.247 

EPJC 82(2022) 12,1141 
 0.013±0.265 HFLAV

Prelim. 2023
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 and  measurementsR(J/ψ) R(Λ+
c )

28

 with  decaysR(J/ψ) =
BR(B+

c → J/ψτ+ντ)
BR(B+

c → J/ψμ+νμ)
τ+ → μ+νμν̄τ

[PLB 452 129 (1999)]  
[arXiv:hep-ph/0211021] 
[PRD 73 054024 (2006)] 

[PRD 74 074008 (2006)]  
[PRL 115 111803 (2015)] 
[HFLAV]

 with 3-prong  decaysR(Λ+
c ) =

BR(Λ0
b → Λ+

c τ−ν̄τ)
BR(Λ0

b → Λ+
c μ−ν̄μ)

τ

q2 E*μ
R(J/ψ) = 0.71 ± 0.17 (stat) ± 0.18 (syst)
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BDT output

500

1000

1500

2000

2500

C
an

di
da

te
s /

 (0
.1

7)
  Data

Total model

τν
−τ+cΛ→0bΛ

(X)−
sD+cΛ→0bΛ

(X)−D+cΛ→0bΛ

(X)0D+cΛ→0bΛ

Combinatorial

LHCb

 -1  3 fb

0 0.5 1.0 1.5 2.0
 [ps]τt

200
400
600
800

1000
1200
1400
1600

C
an

di
da

te
s /

 (0
.3

3 
ps

)  LHCb

 -1  3 fb

0 5 10
]4c/2 [GeV2q

200

400

600

800

1000

1200

1400)4 c/2
C

an
di

da
te

s /
 (1

.8
3 

G
eV

LHCb
 -1  3 fb

∼ 2σ
R(J/ψ) ∈ [0.25,0.28]

R(Λ+
c ) = 0.242 ± 0.026 (stat) ± 0.040 (syst) ± 0.0597 (ext)

[arXiv:2201.03497]

Run 1  
3 fb−1

∼ 1σ
R(Λ+

c ) = 0.324 ± 0.004

[ PRD99 (2019) 055008]

https://www.sciencedirect.com/science/article/pii/S0370269399002737?via=ihub
arXiv:hep-ph/0211021
http://dx.doi.org/10.1103/PhysRevD.73.054024
http://dx.doi.org/10.1103/PhysRevD.74.074008
https://arxiv.org/abs/1506.08614
https://hflav-eos.web.cern.ch/hflav-eos/semi/fall22/html/RDsDsstar/RDRDs.html
http://arxiv.org/abs/2201.03497
https://doi.org/10.1103/PhysRevD.99.055008
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 FF measurement at LHCbBs → D*+
s μ+νμ

‣ Analysis of the  hadronic form factors and 
measurement of .

Bs → D*+
s μ+νμ

R(D*+
s )

29

[Phys. Rev. D101 (2020) 072004]

https://doi.org/#NAME?
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LFU tests in charm sector

30

‣ Measurements of  and  transitions  

‣ BESIII results are compatible with the SM predictions within  

‣ Lattice prediction: 

c → sℓ+νℓ c → dℓ+νℓ →Rμ/e =
BR(D0 → K−μ+νμ)
BR(D0 → K−e+νe)

2σ

Rμ/e = 0.9779 ± 0.0002(latt) ± 0.0050(EM)

0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00

Rº
µ/e

RK
µ/e

HPQCD, PRD 104, 034505 (2021)

PDG 2020

BESIII, PRL122, 011804 (2018)

BESIII, PRL121, 171803 (2018)

0.0 0.5 1.0 1.5
q2[GeV2]

0.8 0.8

1.0 1.0

1.2 1.2

1.4 1.4

1.6 1.6
R≥S=0

µ/e (SM)

R≥S=0.1
µ/e

R≥S=°0.1
µ/e

BES ’19

[PRD104 (2021) 034505]

q2 = (pD0 − pK)2
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 measurementR(K(*))
‣ Mass fit. Muon mode

31

Alice Biolchini, b→sℓℓ decays at LHCb experiment - NePSi Workshop - 2023 Feb 16

Simultaneous mass fits - muons LHCb-PAPER-2022-045

LHCb-PAPER-2022-046PRD 108 (2023) 032002

https://doi.org/10.1103/PhysRevD.108.032002
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 measurementR(K(*))
‣ Mass fit. Electron mode

32
Alice Biolchini, b→sℓℓ decays at LHCb experiment - NePSi Workshop - 2023 Feb 16

Simultaneous mass fits - electrons LHCb-PAPER-2022-045

LHCb-PAPER-2022-046

PRD 108 (2023) 032002

https://doi.org/10.1103/PhysRevD.108.032002

