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LFU: origin and observable 

Experimental summary and implications for New Physics 

LFU violation in New Physics 

Summary
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Flavour Physics
‣Flavour universal 
‣couplings  in flavour space


‣example: strong and electromagnetic interactions


‣consequence of gauge invariance


‣Flavour diagonal 
‣couplings  (diagonal, but not necessarily universal)


‣example: Yukawa interactions


‣Flavour violation (changing) 
‣couplings involve different quarks


‣no flavour violation in lepton sector ( )


‣example:  interactions in quark section


‣Flavour Changing Neutral Current (FCNC) 
‣absent at the tree-level


‣arise at the one-loop, but suppressed by GIM mechanism


‣Why flavour physics 
‣New physics  events at BaBar and Belle


‣structure of CKM and mass


‣CP violation


‣strong interaction

∝ δij

∝ λiδij

mν = 0
W±

⟸ 𝒪(109) BB̄

flavour universal flavour diagonal flavour violation

   CKM matrix 
‣Cabibbo–Kobayashi–Maskawa matrix


‣3 mixing angules and 1 CP phase


‣CP violation in the Standard Model

not enough to explain the baryon asymmetry in our universe

new CP violation sources

penguin  
diagramno evidence of NP


but, anomalies

experimental status

> 5 σ
2 ∼ 4 σ 3



Origin of LFU
‣Flavour universality in lepton sector 

‣Flavour non-universality in quark sector 

ℓ̄′￼RγμZμYℓ′￼R ∝ [ē′￼R μ̄′￼R τ̄′￼R] [
−1 0 0
0 −1 0
0 0 −1]

e′￼R

μ′￼R

τ′￼R

= [ēR μ̄R τ̄R] U†
R [

−1 0 0
0 −1 0
0 0 −1] UR [

eR
μR
τR

] = [ēR μ̄R τ̄R] [
−1 0 0
0 −1 0
0 0 −1] [

eR
μR
τR

]
hypercharge of 
U(1)Y

YeR
= YμR

= YτR
= − 1



: complex  unitary matrix

ℓ′￼R = URℓR
UR 3 × 3

flavour universal

ℓ̄′￼LγμW−
μ ν′￼L ∝ [ē′￼L μ̄′￼L τ̄′￼L] [

1 0 0
0 1 0
0 0 1]

ν′￼e,L

ν′￼μ,L

ν′￼τ,L

= [ēL μ̄L τ̄L] U†
ℓ [

1 0 0
0 1 0
0 0 1] Uν

νe,L
νμ,L
ντ,L

= [ēL μ̄L τ̄L] [
1 0 0
0 1 0
0 0 1]

νe,L
νμ,L
ντ,L

ū′￼LγμW+
μ d′￼L ∝ [ū′￼L c̄′￼L t̄′￼L] [

1 0 0
0 1 0
0 0 1]

d′￼L

s′￼L

b′￼L

= [ūL c̄L t̄L] U†
u [

1 0 0
0 1 0
0 0 1] Ud

dL
sL

bL

= [ūL c̄L t̄L]
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

dL
sL

bL

flavour universal

flavour non-universal and non-diagonal

neglecting neutrino masses, one can always choose Uν = Uℓ
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interaction eigenbasis mass eigenbasis
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accidental symmetry
i.e. symmetry holds for operators of dim=4, but broken by dim>4 operators

4

interaction eigenbasis mass eigenbasis




LFU Observable

RLFU ≡
𝒪(H → ℓ1 (+ℓ1) + X)
𝒪(H → ℓ2 (+ℓ2) + X)

‣Definition 

‣General analysis within New Physics

RK =
ℬ(B → Kμ+μ−)
ℬ(B → Ke+e−)

R(D(*)) =
𝔅(B → D(*)τν)
𝔅(B → D(*)ℓν)

Experimental uncertainty largely cancelled.

examples:

    Rμ/e
LFU ≡

𝒪(H → μ (+μ) + X)
𝒪(H → e (+e) + X)

≈ 1 + c ⋅ h ⋅(gNP
μ − gNP

e )
SM

hadronic (decay constant, form factor, …) 

and parameter (CKM factor, …) 


uncertainty largely cancelled in the SM part

input parameter (mass, CKM, …)

hadronic parameter NP couplings

hadronic uncertainty 

remains in the NP part

ΔLFU ≡ 𝒪(H → ℓ1 (+ℓ1) + X) − 𝒪(H → ℓ2 (+ℓ2) + X)
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, K,  systemsπ τ
‣  decay  

‣  decay 

‣  decay

π

K

τ

A. Pich, Prog. Part. Nucl. Phys. 75 (2014) 41
B. Bryman, Cirigliano, Crivellin, Inguglia, Annu. Rev. Nucl. Part. Sci. 2022. 72:69-91

recent updates

Belle II, 2405.14625

LFU holds @𝓞(0.1%)

6



Z and W boson

0.9 0.95 1 1.05 1.1
')ν l'→W(Β)/ν l→W(Β

)νµ→W(Β

)ντ→W(Β

)νe→W(Β

)ντ→W(Β

)νe→W(Β

)νµ→W(Β

ATLAS

CDF
D0

LEP
LHCb

ATLAS
CMS
PDG averages

J. Phys. G 34 (2007) 2457, PRL 68 (1992) 3398

PRL 75 (1995) 1456, PRL 84 (2000) 5710

Phys. Rept. 532 (2013) 119

JHEP 10 (2016) 030

EPJC 77 (2017) 367, Nat. Phys. 17 (2021) 7

Phys. Rev. D 105 (2022) 7

Prog. Theor. Exp. Phys. (2022) 083C01 + 2023 update

ATLAS - this result

-1 = 13 TeV, 140 fbs

Statistical Uncert.
Total Uncertainty

‣  boson decay Z ‣  boson decay W

diff. disappear

2403.02133
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Υ(1S)

Υ(2S)

Quarkonium

Υ(3S)

J/ψ

ψ(2S)

PDG PDG
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Evelina Gersabeck, Tests of lepton flavour universality with (semi-)leptonic decays of charmed mesons

LFU with semileptonic charm meson 
and baryon decays overview

34

Image credit Adam Davis

Belle, PRL127(2021)121803

Belle, Phys. Rev. D 105, L091101 (2022)

BESIII, Phys. Lett. B, 767 (2017) p 42

BESIII, Phys. Rev. Lett. 122, 011804 (2019)

BESIII, Phys. Rev. Lett. 121, 171803 (2018)

BESIII, Phys. Rev. Lett. 121, 171803 (2018)

SL charm baryon decays

SL charm meson decays

Charm sector: charged current









ℬ(D → μ+ν) = (3.74 ± 0.17) × 10−4

ℬ(D → τ+ν) = (1.20 ± 0.27) × 10−3

ℬ(Ds → μ+ν) = (5.35 ± 0.12) × 10−3

ℬ(Ds → τ+ν) = (5.36 ± 0.10) × 10−2
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Drell-Yan + b jets

310 m  [GeV]

0

0.5

1

1.5

2

2.5

/e
e

µ
µR

CMSPreliminary  (13 TeV)-1138 fb

BB + BE category
SM expectation
Observed flavor ratio 
DY MC flavor ratio 

310 m  [GeV]

0

0.5

1

1.5

2

2.5

/e
e

µ
µR

CMSPreliminary  (13 TeV)-1138 fb

BB + BE category
SM expectation
Observed flavor ratio 
DY MC flavor ratio 

pp → ℓℓ

CMS PAS EXO-23-010 (2024 July)

pp → ℓℓ + b (+b)

NP scenario: b̄sℓ̄ℓ

NP scenario: b̄bℓ̄ℓ
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0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction

L-QCD FLAG24 (Nf=2+1 for R(D*))

 0.004±R(D) = 0.296 
 0.005±R(D*) = 0.254 

 0.0054±R(D) = 0.2938 
 0.0051±R(D*) = 0.2582 

68% CL contours

total 0.024±R(D) = 0.358 
total 0.011±R(D*) = 0.281 

 = -0.374ρ
) = 27%2χP(

aLHCb
bLHCb

cLHCb

bBelle

cBelle

aBelle BaBar

aBelle II

bBelle II
Average

HFLAV

Prelim. CKM2025

HFLAV
CKM2025

 anomalies: expRD(*)

20122015

2024

2017

2024
2023

2023

2.5 σ

2.3 σ
3.8 σ

‣ QCD and EW contributions factorized


‣ hadronic and exp uncertainties cancelled


‣ tiny theoretical uncertainties

universal couplings for  in the SMe, μ, τ

2025

2025

<latexit sha1_base64="wIo2pji7acKgogWZhgFjYeyVUK8="></latexit>

R(D(⇤)) =
B(B ! D(⇤)⌧⌫)

B(B ! D(⇤)`⌫)

<latexit sha1_base64="j6D0eI+jQAIinNq6tQ+QZBt7Mu0="></latexit>

(` = e, µ)

LFU Violation ratio   v.s. 
τ e, μ
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 anomalies: expRD(*)

‣ QCD and EW contributions factorized


‣ hadronic and exp uncertainties cancelled


‣ tiny theoretical uncertainties

universal couplings for  in the SMe, μ, τ

<latexit sha1_base64="wIo2pji7acKgogWZhgFjYeyVUK8="></latexit>

R(D(⇤)) =
B(B ! D(⇤)⌧⌫)

B(B ! D(⇤)`⌫)

<latexit sha1_base64="j6D0eI+jQAIinNq6tQ+QZBt7Mu0="></latexit>

(` = e, µ)

LFU Violation ratio   v.s. 
τ e, μ
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2 σ
1.5 σ

New BaBar results with semi-leptonic tag

see Lu Cao’s talk for more details.



 anomalies: expRD(*)

‣ QCD and EW contributions factorized


‣ hadronic and exp uncertainties cancelled


‣ tiny theoretical uncertainties

universal couplings for  in the SMe, μ, τ

LFU Violation ratio   v.s. 
τ μ
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New LHCb measurements on  R(J/ψ)

see Ji-Bo He’s talk for more details.

R(J/ψ) =
𝔅(Bc → J/ψτν)
𝔅(Bc → J/ψμν)

Bc

J/ψ
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 anomalies: NP explanationRD(*)
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) = 27%2χP(

aLHCb
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bBelle

cBelle

aBelle BaBar

aBelle II

bBelle II
Average

HFLAV

Prelim. CKM2025

HFLAV
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other measurements:  , , , …Pτ FL RΛc

LEFT
<latexit sha1_base64="z+jxyi3U6Q924jAp5UlkoCh0kQk="></latexit>

OVL = (c̄�µPLb)(¯̀�µPL⌫)
<latexit sha1_base64="bbeK2mT7aeLTe2PiYYkEfden/8o="></latexit>

OVR = (c̄�µPRb)(¯̀�µPL⌫)

<latexit sha1_base64="lJpZNN90UeyNfHZe+CMvJDALFwE="></latexit>

OSR = (c̄PRb)(¯̀PL⌫)

<latexit sha1_base64="AyEnBJWgR75GnmhuwaFFCREbhDU="></latexit>

OSL = (c̄PLb)(¯̀PL⌫)

<latexit sha1_base64="qWjXehvslDRleoBlB+mTRlFaKVA="></latexit>

OT = (c̄�µ⌫PLb)(¯̀�µ⌫PL⌫)

SMEFT

Model

<latexit sha1_base64="v2LDzuTbbr/hdhNpbLeURo/XwZA="></latexit>

CVR = +0.01± 0.41i
<latexit sha1_base64="J8htvi/74vjeYmnYgFm4qFzHUmQ="></latexit>

Pull = 4.4

<latexit sha1_base64="adwiMoXp6XcuwLoy5J9TN5mMLoQ="></latexit>

CSL = �0.79± 0.86i

<latexit sha1_base64="ki/+jdHeFIqh597AFwv0UVk098Q="></latexit>

CT = +0.02± 0.13i

<latexit sha1_base64="0QoGfLHmf7Wai7dWlgIDmN+aFcI="></latexit>

CVL = +0.08
<latexit sha1_base64="dJnV7bK61rbofe904wYltdlTbdE="></latexit>

Pull = 4.8

<latexit sha1_base64="RakJJpm/h6SEAAnvcTwhNFzXThQ="></latexit>

Pull = 3.8

<latexit sha1_base64="/ALUo8/0qKVQMQ8jFulpJrn1HFA="></latexit>

Pull = 4.3

<latexit sha1_base64="Py+0bXiK2TXSg+Ag84aPv9oJPDQ="></latexit>

Pull = 3.9
<latexit sha1_base64="cz/xvALz+ABLKUWa2G2EvAehets="></latexit>

CSR = +0.18

highly constrained by  lifetimeBc

best fit

<latexit sha1_base64="kW+rZDZf4Nd9/VQdhJ/dcZDvewc="></latexit>

B(Bc ! ⌧⌫) < 60% assumed

<latexit sha1_base64="muWF9B0u/Rzx4KLvLa750Ayb6uc="></latexit>

Q(3)
lq = (l̄�µ⌧

I l)(q̄�µ⌧ Iq)
<latexit sha1_base64="Ias1qu9WB+/FRQMvp8sBHRs753Q="></latexit>

Qledq = (l̄ie)(d̄qi)
<latexit sha1_base64="hsGhLWyOKuvcUBmAgEeOxCqAtSY="></latexit>

Q(1)
ledu = (l̄ie)✏ij(q̄ju)

<latexit sha1_base64="5DpwdEWP+6PsowmZ2PLqfR7InRw="></latexit>

Q(3)
ledu = (l̄i�µ⌫e)✏ij(q̄j�

µ⌫u)

0.994

0.993

0.9920.991

⨯
⨯

-2 -1 0 1 2

-2

-1

0

1

2

2405.06062, Iguro, Kitahara, Watanabe

1811.07920, Greljo, Camalich, Ruiz-A ́lvarez 

1810.04939, Q. Y. Hu, X. Q. Li, Y. D. Yang, 

LHC provides important constraints. (btw, they can be derived by ColliderAgent 2603.14553 )
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 anomalies: correlationRD(*)

sum rules for semi-leptonic decays

<latexit sha1_base64="ch+eMcOPIbLu4mLsX27FG2Xtk50="></latexit>

RSR
Xc

= 0.247± 0.008
<latexit sha1_base64="X4o9qBQV9b8UfXWfxyU14B1EDnQ="></latexit>

RBelle II
Xc

= 0.228± 0.039

<latexit sha1_base64="g2M210QQj7l23p2HTULhjWR3CpI="></latexit>

RLHCb

⇤c
= 0.242± 0.076

<latexit sha1_base64="k1BbJgyasJfmw/eFoxM8NE8J3Xw="></latexit>

RSR
⇤c

= 0.372± 0.017
 deviation2 σ

<latexit sha1_base64="i1z9i+On917ClitMMLXN4Y1gI8g="></latexit>

RSM
⇤c

= 0.324± 0.004

<latexit sha1_base64="lSJfcPHc2FtfR5HP6yOLhhgx9vU="></latexit>

|1 + CVL |2
<latexit sha1_base64="UXcZ1iaSgSOh1/x7c/16Z+eNJQg="></latexit>

Re[(1 + CVL)C
⇤
SL

]eliminate                  ,

1811.09603, Blanke, Crivellin, de Boer, Kitahara, Moscati, Nierste, Nišandžić

1905.08253, Blanke, Crivellin, Kitahara, Moscati, Nierste, Nišandžić

2211.14172, Fedele, Blanke, Crivellin, Iguro, Kitahara, Nierste, Watanabe

2410.21384, 段⽂烽, Iguro, 李新强, Watanabe, 杨亚东 
2501.09382, Endo, Iguro, Mishima, Watanabe, heavy quark symmetry 
2506.16027, Endo, Iguro, Kretz, Mishima, Watanabe, angular observable 
2508.06322, Endo, Iguro, Mishima, Watanabe,

2509.02006, Endo, Iguro, Mishima, Watanabe,

more precise measurements are needed !

‣ based on LEFT, model-independent


‣ for any tau-philic NP

‣  


‣  


‣   

other modes

… …
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 anomalies: correlationRD(*)

LHCb，2510.13716

Capdevila, Crivellin, Descotes-Genon, Hofer, Matias, 1712.01919

SM ∼ 10−7

down basis with C(1) = C(3)

, mU1
= 2 TeV κL

33 = 1.5

correlation with  in SMEFTb → sτ+τ− correlations in  leptoquarkU1

Crivellin, Iguro, Kitahara, 2505.05552



 decaysb → sℓ+ℓ−

‣  

‣  

‣  

‣  

‣  

‣

Bs → ℓ+ℓ−

B → Xsℓ+ℓ−

B → Kℓ+ℓ−

B → K*ℓ+ℓ−

Bs → ϕℓ+ℓ−

Λb → Λℓ+ℓ−

‣Flavour-Changing Neutral Current (FCNC) 
‣Tree-level: forbidden


‣Loop-level: suppressed by GIM, 


‣Many observables: branching ratio, angular distribution, LFV ratio 

‣NP effects can be sizable compared to the SM amplitude 

‣This transition is LFU in the SM

ℬ ≲ 𝒪(10−6)
 Sensitive to New Physics⟹

17



: observablesb → sℓ+ℓ−

‣  

‣  

‣  

‣  

‣  

‣

Bs → ℓ+ℓ−

B → Xsℓ+ℓ−

B → Kℓ+ℓ−

B → K*ℓ+ℓ−

Bs → ϕℓ+ℓ−

Λb → Λℓ+ℓ−

‣Branching Ratio


‣Angular Distribution


‣Lepton Flavour Universality (LFU) ratio

function of (C7γ, C9, C10)

Angular distribution of 

B → K*( → Kπ)μ+μ−

RK =
ℬ(B → Kμ+μ−)
ℬ(B → Ke+e−)

LFU ratio in B → Kℓ+ℓ−

th
eo

re
tic

al
 c

le
an

ne
ss

‣  

‣Hadronic uncertainties cancel 

‣  QED correction

RSM
K ≈ 1

𝓞(10−2)

deviation from unity 

Physics beyond the SM

18



Sara Celani Moriond QCD 2025 - Flavour changing neutral currents decay at LHCb

[PRL 128 (2022) 191802]

[PRL 128 (2022) 191802]

[JHEP 05 (2020) 040]

[arXiv 2410.13748]

[arXiv 2412.11645]

[PRD 108 (2023) 032002]

[PRD 108 (2023) 032002]

LHCb-PAPER-2024-056

LFU status

20

}Shown today

0 0.5 1 1.5 2
R(K)

BaBar 
2 [0.1, 8.12] GeV∈ 2q  

PRD 86 (2012) 032012  
Belle 

2 [1.0, 6.0] GeV∈ 2q  
JHEP 03 (2021) 105  

-1LHCb 3 fb 
2 [1.0, 6.0] GeV∈ 2q  

PRL 113 (2014) 151601  
-1LHCb 5 fb 

2 [1.1, 6.0] GeV∈ 2q  
PRL 122 (2019) 19180  

-1LHCb 9 fb 
2 [1.1, 6.0] GeV∈ 2q  

PRD 108 (2023) 032002  
CMS (this work) 

2 [1.1, 6.0] GeV∈ 2q  
  

0.32−
+0.40.74

0.24−
+0.281.03

0.082−
+0.0970.745

0.056−
+0.0620.846

0.046−
+0.0470.949

0.23−
+0.460.78

CMS, Rep.Prog.Phys.87(2024)077802

: LFUb → sℓ+ℓ−

   New             

QFL Q1 Q4 Q5 Q2 Q6 Q8 Q3

�0.4

�0.2

0.0

0.2

0.4

O
bs

er
va

bl
ev

al
ue LHCb

9 fb�1 [4.7 fb�1]
ABCDMN
Data

LHCb, arXiv: 2502.10291
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Flavour anomalies: New Physics interpretation

μb

μEW

μNP

LEFT: Low Energy Effective Field Theory

SMEFT: SM Effective Field Theory

𝓗eff = (CSM
i +CNP

i )OSM
i +CNP

j ONP
j

O9 = (b̄γμPLs)(ℓ̄γμℓ) O10 = (b̄γμPLs)(ℓ̄γμγ5ℓ)

OVLL = (c̄γμPLb)(τ̄γμPLν)

OVRL = (c̄γμPRb)(τ̄γμPLν)

𝓛SMEFT = 𝓛SM+CNP
i ONP

i

O(1)
ℓq = (L̄pγμLr)(Q̄sγμQt)

O(1)
ed = (ēpγμer)(d̄sγμdt)

SU(3)C ⊗ SU(2)L ⊗ U(1)Y

SU(3)C ⊗ U(1)em

… …

???
?

?
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Flavour anomalies: New Physics interpretation
‣  anomalies 

‣  anomalies

b → sℓ+ℓ−

b → cτν

μb

μEW

μNP

LEFT: Low Energy Effective Field Theory

SMEFT: SM Effective Field Theory

𝓗eff = (CSM
i +CNP

i )OSM
i +CNP

j ONP
j

O9 = (b̄γμPLs)(ℓ̄γμℓ) O10 = (b̄γμPLs)(ℓ̄γμγ5ℓ)

OVLL = (c̄γμPLb)(τ̄γμPLν)

OVRL = (c̄γμPRb)(τ̄γμPLν)

𝓛SMEFT = 𝓛SM+CNP
i ONP

i

O(1)
ℓq = (L̄pγμLr)(Q̄sγμQt)

O(1)
ed = (ēpγμer)(d̄sγμdt)

SU(3)C ⊗ SU(2)L ⊗ U(1)Y

SU(3)C ⊗ U(1)em

… …

???
?

?

Ying Li, Cai-Dian Lu, 1808.02990

c

X.Q.Li, Y.D.Yang, XBY, et al, 2112.14215, 2205.02205, 2307.05290  
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Charm-loop contribution 
‣Global fit prefer to    is consistent with SM 

‣Charm-loop could mimic  

‣Charm-loop contribution is expected to be , but not  

C9e = C9μ ≠ CSM
9 ⟸ 𝓑(Bs → μ+μ−)exp

C9e = C9μ

ΔCU
9 (q2) ΔCU

9

C9e = C9μ = CSM
9 +ΔCU, charm loop

9 +ΔCU, NP
9

O9 = (b̄γμPLs)(ℓ̄γμℓ)

O10 = (b̄γμPLs)(ℓ̄γμγ5ℓ)

vector current 
LFU

0 5 10 15 20
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�2 �1 0
Re(CBSM

9 )

0.0
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R
e(
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10

)

LHCb 4.7 fb�1 q2 > 0 only
q2 < 0 constr.
fix FFs
SM

�1.0

�0.5

0.0

0.5

1.0

P0 5

LHCb 4.7 fb�1

(2020) 011802

DHMV
GRvDV
q2 > 0 only
q2 < 0 constr.
LHCb PRL 125

�0.2

0.0

0.2

0.4

0.6

�
P0 5

0.0 2.5 5.0 7.5 10.0 12.5
q2 [GeV2/c4]

�0.2

�0.1

0.0

0.1S
7

0 2 4 6 8 10 12 14 16 18
q2 [GeV2/c4]

°1.0

°0.5

0.0

0.5

1.0

1.5

P
0 5

LHCb 8.4 fb°1 Total

Total, SM WCs

SM from GRvDV

LHCb, PRL132(2024)131801 

LHCb, PRD109(2024)052009

LHCb, 2405.17347 (charmonium region is open)
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: exp & theoryb → sνν̄

23

Belle II, 2104.12624 (PRL)

Ganiev@EPS-HEP, 23 Aug 2023/Belle II, 2311.14647

‣2021 Apr 
xx 

‣2023 Aug

150+ theory papers !



: exp & theoryb → sνν̄

24

theoretically, simple and clean 
one of the cleanest channels in 
flavour physics

Belle II, 2104.12624 (PRL)

Ganiev@EPS-HEP, 23 Aug 2023/Belle II, 2311.14647

 

 

 (  lower bound)

ℬ(B+ → K+νν̄)SM = 4.16 ± 0.57
ℬ(B+ → K+νν̄)exp = 23 ± 7

ℬ(B+ → K+νν̄)exp ≳ 10 2σ

[10−6]‣2021 Apr 
xx 

‣2023 Aug

‣Exp vs SM 

‣Theoretical prediction 

 difference2.7σ

𝒜 ∝ CL ⋅ ⟨K | s̄γμb | B̄⟩ ⋅ ν̄γμν
Factorization

}

quark current neutrino currentWilson coef

 𝒪L = (s̄γμPLb)(ν̄γμPLν)

𝒪R = (s̄γμPRb)(ν̄γμPLν) possible in BSM

 in the SM  

 

 

𝒪L = (s̄PLb)(ν̄PLν)
𝒪R = (s̄PRb)(ν̄PRν)
𝒪T = (s̄σμνb)(ν̄σμνν)

𝒪T5 = (s̄σμνγ5b)(ν̄σμνν)operator structure highly 

constrained by LH neutrino

NP/SM  ≳ 2

simple interaction but complicated flavour



: exp & theoryb → sνν̄

25

theoretically, simple and clean 
one of the cleanest channels in 
flavour physics

 

 

 (  lower bound)

ℬ(B+ → K+νν̄)SM = 4.16 ± 0.57
ℬ(B+ → K+νν̄)exp = 23 ± 7

ℬ(B+ → K+νν̄)exp ≳ 10 2σ

[10−6]‣Exp vs SM 

‣Theoretical prediction 

 difference2.7σ

𝒜 ∝ CL ⋅ ⟨K | s̄γμb | B̄⟩ ⋅ ν̄γμν
Factorization

}

quark current neutrino currentWilson coef

b → s

b → d

s → d

NP/SM  ≳ 2

 𝒪L = (s̄γμPLb)(ν̄γμPLν)

𝒪R = (s̄γμPRb)(ν̄γμPLν) possible in BSM

 in the SM  

 

 

𝒪L = (s̄PLb)(ν̄PLν)
𝒪R = (s̄PRb)(ν̄PRν)
𝒪T = (s̄σμνb)(ν̄σμνν)

𝒪T5 = (s̄σμνγ5b)(ν̄σμνν)operator structure highly 

constrained by LH neutrino

simple interaction but complicated flavour
 can put strong constraints on related 

BSM effects.
B0 → K*0νν̄



: SMEFTb → sνν̄

26

SMEFT

LEFT

induce  interaction,

Thus, universally affect  

s̄bZ

b → se+e−, μ+μ−, τ+τ−

‣Prediction 

‣prediction 

‣Only  is relevant with  𝓞(3)
lq RD(*)

μEW

μb

 

 

ℬ(B0 → K*0νν̄)SM = (9.00 ± 0.87) × 10−6

ℬ(B0 → K*0νν̄)SMEFT = (50+17
−16) × 10−6

ℬ(B0 → K*0νν̄)exp < 18 × 10−6
conflict

‣  can explain the  data 

‣  also induce  and  

‣They can’t improve the  fit 

𝓞ld B+ → K+νν̄
𝓞ld O′￼9,ij O′￼10,ij

b → sℓℓ
‣  and  worsen the fit.


‣  and  with  has no effect.


‣  and  with  (i.e. LFV) has no effect.


O′￼9e O′￼10μ

O′￼9,ij O′￼10,ij i = j = τ
O′￼9,ij O′￼10,ij i ≠ j

(LFUV,  , )ττ ≫ee μμ

O′￼9, ij = (b̄γμPRs)(ℓ̄iγμℓj)

O′￼10, ij = (b̄γμPRs)(ℓ̄iγμγ5ℓj)

SMEFT notation: , , l = (ν
e)L

q = (u
d)L

d = dR

B.F.Hou, X.Q.Li, M.Shen, Y.D.Yang, XBY, 2402.19208 



 : resonance effectsB → K(*)ττ Baltà, Crivellin, Escribano, Matias, Novoa-Brunet, 2605.21291

correlation in SMEFT



LFU violation in NP
‣LFU in SM 

‣LFU violation in NP 

‣We learn that 

ℓ̄′￼RγμZμYℓ′￼R ∝ [ē′￼R μ̄′￼R τ̄′￼R] [
−1 0 0
0 −1 0
0 0 −1]

e′￼R

μ′￼R

τ′￼R

= [ēR μ̄R τ̄R] U†
R [

−1 0 0
0 −1 0
0 0 −1] UR [

eR
μR
τR

] = [ēR μ̄R τ̄R] [
−1 0 0
0 −1 0
0 0 −1] [

eR
μR
τR

]
hypercharge of 
U(1)Y

YeR
= YμR

= YτR
= − 1



: complex  unitary matrix

ℓ′￼R = URℓR
UR 3 × 3

interaction eigenbasis mass eigenbasis


flavour universal

ℓ̄′￼RγμZ′￼μY′￼ℓ′￼R ∝ [ē′￼R μ̄′￼R τ̄′￼R]
Y′￼eR

0 0
0 Y′￼μR

0
0 0 Y′￼τR

e′￼R

μ′￼R

τ′￼R

= [ēR μ̄R τ̄R] U†
R

Y′￼eR
0 0

0 Y′￼μR
0

0 0 Y′￼τR

UR [
eR
μR
τR

] = [ēR μ̄R τ̄R]
ϵ11 ϵ12 ϵ13
ϵ21 ϵ22 ϵ23
ϵ31 ϵ32 ϵ33

[
eR
μR
τR

]
hypercharge of 
U(1)′￼

Y′￼eR
≠ Y′￼μR

≠ Y′￼τR

flavour non-universality is generated,

but flavour violation usually can’t be avoided.

  SM b → sμμ/b → see ≠ ⟹ , , 

, , , …

b → seμ b → seτ b → sμτ
b → dμμ/b → dee s → dμμ/s → dee bb̄ → μμ/bb̄ → ee{

  SM b → cτν/b → cμν ≠ ⟹ , , …b → uτν/b → uμν c → sτν/c → sμν

What’s the magnitude of NP effects in these related channels? Can they satisfy the current exp bound? Flavour structure !
28



Lepton flavour specific SMEFT fit

flavour observables collider observables

Grunwald, Hiller, Kröninger, Nollen, 2511.07089



30

A Possible UV Picture from EFT AnalysisThe open questions: the NP flavour puzzle

NP with small couplings to 
the light families 

NP that “badly violates” flavor

Energy

EW scale

Few TeV

Low-energy imprint of flavour non-
universality in the Yukawa couplings Y ~

1

< 0.1< 0.01

Non-universality among 
1st & 2nd generations

NP coupled mainly to the 3rd generation
“stabilization” of the Higgs sector 

12

A possible multi-scale UV completion of the SM

>  100 TeV

Kaon 2025 (Mainz, September 2025) G. Isidori – Overview on present and future Flavour Physics
G. Isidori’s talk@Kaon2025
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Flavour DeconstructionFlavour-deconstructed gauge theories

What if the generations are genuinely different 
particles above some scale?

At very high scales, each generation is charged under its own copy of  
gauge group  G

At lower scales, light generations are both charged under the same 
subgroup, but 3rd generation still has its own group 

Energy 

At the electroweak scale, all generations are charged under 
the same subgroup, which is part of the SM group

Full catalogue of semisimple extensions of the SM: Allanach, Gripaios, Tooby-Smith 2104.14555

 TeV≳

100 TeV≳

ψ1 ψ2 ψ3

G1 × G2 × G3

G1+2
ψ1 ψ2

× G3
ψ3

symmetry           breaking

symmetry           breaking
G1+2+3 ⊂ GSM
ψ1 ψ2 ψ3

see talks by J. Lizana, S. Covone

12
Renner’s talk@EPS 2025

Covone, Davighi, Isidori, Pesut/2407.10950

Fuentes-Martín, Lizana/2402.09507

Davighi, Gosnay, Miller, Renner/2312.13346

Barbieri, Isidori/2312.14004

Isidori/2308.11612

Navarro, King/2305.07690

Davighi, Stefanek/2305.16280

Davighi, Isidori/2303.01520

active research field

each generation charged 
 under different copy of G

1&2 generation charged  
under the same subgroup

all generations charged  
under the same subgroup

Arkani-Hamed, Cohen, Georgi, hep-th/0104005

Craig, Green, Katz, 1103.3708

‣Flavour non-universal interactions already at the TeV scale. 

‣NP flavour problem and Higgs hierarchy problem is connected.

symmetry  
breaking

symmetry  
breaking

 just above EW scaleU(2)5



Summary

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction
 0.004±R(D) = 0.298 

 0.005±R(D*) = 0.254 

68% CL contours

total 0.026±R(D) = 0.342 
total 0.012±R(D*) = 0.287 

 = -0.39ρ
) = 35%2χP(

aLHCb
bLHCb

cLHCb

bBelle

cBelle

aBelle BaBar

BelleII

Average

HFLAV
Moriond 2024

LEFT/WET

SMEFT

QCD corrections

form factor


non-local matrix element

Grand Unified Theory

flavour structure in the SM

EW hierarchy problem

Neutrino mass

… …

exp measurement

RGE

(well understood ! )

NP model

non-universal

gauge interaction

leptoquark

…

…

…

inverse problem

(e.g., Fermi theory to SM)

Dark matter

Strong CP

big question

more precise data needed !
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