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Accidental Symmetries
At low energy, the SM reduces to QED x QCD

ACCIDENTAL SYMMETRY IN THE  IR: U(1)Nf

U(1)Nf is violated by weak interactions: “NP” @  ΛEW

At low energy, the SM features only 2 generations

ACCIDENTAL SYMMETRY IN THE  IR: CP

CP violation requires 3 generations & involves CKM hierarchy
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ACCIDENTAL / APPROX SYMMETRIES SERVE AS A LAMPPOST FOR NP
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Lepton Flavor Universality 

LFU NOT A FUNDAMENTAL SYMMETRY:

EXPECTED TO BE VIOLATED IN THE UV

credit to G.Isidori 

LFU <—> ACCIDENTAL in the SM gauge sector, broken by Yukawas



Flavor beyond the SM
 ci

[d]

Λd-4d,i
 ℒSM-EFT  =     ℒgauge     +    ℒHiggs       +     Σ              Oi

d³5  

In principle, we could expect many violations of the accidental symmetries from
heavy dynamics. However, no clear deviations observed so far → stringent
bounds on the effective scale of possible new flavor violating interactions

The flavor structure of the SMEFT
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Three identical replica of 
the basic fermion family

[U(3)5 symmetry] 

Large flavor symmetry Flavor-degeneracy broken 
by the Yukawa interaction

“Peculiar” breaking structure

Exact & approximate (accidental ?) symmetries

 ℒSM-EFT  =     ℒgauge      +   ℒHiggs              +     Σ             Oi
d³5  

 ci
[d]

Λd-4d,i

How are these symmetries broken in 
the whole SMEFT ?

→  mij
 ψL

i ψ'Rjyij
 ψL

i ψ'Rj
 H 

The flavor structure of the SMEFT
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There is no reason why accidental

symmetries should be respected 

in the UV —> stringent bounds



Flavor beyond the SM
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In principle, we could expect many violations of the accidental symmetries from
heavy dynamics. However, no clear deviations observed so far → stringent
bounds on the effective scale of possible new flavor violating interactions

The flavor structure of the SMEFT
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Results of BSM analysis: CKM parameters

CKM parameters from BSM analysis

CKM 
parameters 

known (even in 
presence of NP 

effects) with 
similar precision 
of pre-LHC SM 

analysis
2004

ρ̄ = 0.167 ± 0.025
η̄ = 0.361 ± 0.027

ρ̄ = 0.164 ± 0.028
η̄ = 0.340 ± 0.016

2007

Solution

ruled out

by Aq

SL
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Is Flavor speaking loud?
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Figure 8. Summary of individual lower bounds on the e↵ective NP scale in the U(2)5 flavour
symmetric SMEFT obtained for ⇤ = 3 TeV in the UP basis.
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Figure 9. Comparison of the individual lower bounds on the e↵ective NP scale in the U(2)5 flavour
symmetric SMEFT obtained for ⇤ = 3 TeV in the UP and DOWN basis. Only the operators
constrained mostly from flavour observables are shown. The numerical values are also shown in
Tab. 10.

Similar conclusions can be derived by looking at lepton-quark left-handed operators,

where the separation of the third and first two families in the U(2)5 also helps to iden-

tify the leading source of the bound in the U(3)5-symmetric case. (For both the C(1),(3)

lq

operators, this comes from the entries involving only the first two quark families, where

– 25 –

U(2)5  leaves room for NP in the Multi-TeV, not too far from the EW scale.
It is only approximate in the SM, but insightful for the SM flavor puzzle.

U(3)5  flavor symmetry Flavor-degeneracy broken 
by the Yukawa interaction

Breaking structure which is

confined to LR terms       
(by EW symm + d=4)

Highly non-generic

 ℒ
SM-EFT

  =     ℒ
gauge      

+   ℒ
Higgs              

+     Σ
             

O
i
d³5  

 c
i

[d]

Λd-4d,i

The flavor structure of the SM-EFT

    YU
  
~

1

0.04

0.003

    QL YU UR H + ... ℒ
Y
 =     

0.005

~ 10-5   ~10-4

YU  in the basis where YD is diagonal

Eg.: 
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U(3)5  flavor symmetry Flavor-degeneracy broken 
by the Yukawa interaction

“Peculiar” breaking structure:

approximate U(2)5 symmetry 
acting on the light families

 ℒ
SM-EFT

  =     ℒ
gauge      

+   ℒ
Higgs              

+     Σ
             

O
i
d³5  

 c
i

[d]

Λd-4d,i

The flavor structure of the SM-EFT

    YU
  
~

U(2)u

 

< 0.01 U(2)q

 

1

0.04

YU  in the basis where YD is diagonal

    QL YU UR H + ... ℒ
Y
 =     

Eg.: 

G. Isidori – Flavor Physics: open problems & recent developments                           Planck 2025 – Padova, 26st May 2025 arXiv:2507.06191 



w/ or w/o U(2) ?

3 gen. = “identical copies” 
up to high energies

Dvali & Shifman '00
Panico & Pomarol '16
Bordone et al. '17
Allwicher, GI, Thomsen '20
Barbieri  '21
Davighi & G.I. '23
Barbieri & GI  '24
  ⁞

   

Flavor non-universal interactions

Basic idea:

1st & 2nd  generations have small masses
(+ small coupling to NP) because these are
generated by new dynamics at heavier scales

A more efficient paradigm to address both flavor puzzles (I+II), & possibly the 
Higgs hierarchy, is a multi-scale UV with flavor non-universal interactions

ψ3 mass

ψ2 mass

ψ1 mass

Energy

ΛEW

ΛH

Λ2

Λ1

G. Isidori – Flavor Physics: open problems & recent developments                                                  LNF – 14 October 2025 

 U(2)5 can emerge as an accidental  

symmetry if  Λ1,2 ≫ Λ3 ≳ ΛEW

Extend the SM via a multi-scale UV 

w/ flavor non-universal interactions. 

3 layers of heavy dynamics, accounting for

fermion mass within a given generation.

In the low-energy limit of the SM (= QED×QCD) we observe perfect universality 
of LH and RH gauge couplings. However, we know this is a low-energy artifact:

High energies

U(1)Y

eL eRSU(2)L
eL eR

Low energies

U(1)Q

γ

Flavor non-universal interactions

In a similar fashion, the flavor universality of all SM gauge interactions could be a
low-energy artifact...

U(1)Q

SU(2)L SU(2)R
U(1)Y

To better appreciate the change of perspective, consider the following analogy:

G. Isidori – Flavor Physics: open problems & recent developments                                                  LNF – 14 October 2025 

B

O

N

U

S

EW

hierarchy

“natural”

See, e.g.: 
arXiv:2312.14004 
arXiv:2409.08657 
arXiv:2503.14042 

credit to G.Isidori 



I)  Lepton universality violations in  b→cτν  decaysE.g.:  

X = D or D*

Γ(B → X τν)

Γ(B → X lν )

 bL           cL

W

ℓL  νL

The idea of flavor non-universal interactions – with a 1st layer of new physics

already at the TeV scale –  has several interesting implications for various 

low-energy measurements (with different degree of model-dependence)

 bL

τL         νL

cL

R (X)  = 
 τ/l

A brief look to current data & future prospects

→ The vector LQ of 3rd gen. quark-lepton unification
is an ideal candidate to describe current data 

G. Isidori – Flavor Physics: open problems & recent developments                                                  LNF – 14 October 2025 

Figure 12: Schematic representation of the possible multi-scale construction at the origin of
the SM flavor hierarchies.

4.6 Present data and future prospects

As shown in [80], if the flavor-deconstruction idea presented above is implemented in mod-
els with a semi-simple embedding in the UV, addressing also the hypercharge quantisation
problem, the number of possible options is quite limited. Most important, all viable models
share common features. A notable common prediction is the expectation of a TeV-scale vector
leptoquark (U1 field), coupled mainly to the third generation, resulting from a unification à la
Pati and Salam for the third family.

A U1 field coupled mainly to the third generation, respecting an approximate U(2)5 flavor
symmetry, can explain the persisting tension between data and SM predictions in the LFU
ratios RD and RD⇤ probing ⌧/µ universality in b ! c`⌫ transitions [92–94]. According to
HFLAV [89] (see also [95, 96]), the latest global fit indicate an enhancement over the SM
predictions of the ⌧ rates (over light leptons) of about 10%, with a significance of around 3�
(see Figure 13). The SM contribution to these processes appears already at the tree level,
and is suppressed only by |Vcb|. Hence a NP interpretation of this anomaly necessarily points
toward a sizeable amplitude, corresponding to an e↵ective scale of at most a few TeV.

As recently discussed in [90], TeV scale NP respecting an approximate U(2)5 flavor symme-
try and a↵ecting mainly semilptonic processes, is supported by two additional and independent
sets of observables. First, by the enhancement with respect to the SM of B+

! K+⌫⌫̄ [97] and
K+

! ⇡+⌫⌫̄ [98] rates, which are particularly interesting since they involve third-generation
neutrinos in the final state. Second, by the deficit observed in the (lepton-universal) value of
C9 determined from exclusive b ! sµµ̄ transitions. As discussed in the second lecture, this is
subject to non-negligible theoretical uncertainties; still, present data indicate a tension with
the SM of at least 2� (see [32, 33, 99]). None of these e↵ects are particularly convincing on
their own. However, when considered together, they form a coherent and interesting picture.

If the U1 hypothesis is correct, more particles and more signals should be accessible in the
short term at both low and high energies First of all, the U1 leptoquark cannot be alone [100].
The minimal consistent gauge group hosting this massive vector is SU(4)[3]⇥SU(3)[12]⇥SU(2)L⇥
U(1) [101]. Its breaking down to the SM implies the presence of three sets of massive vectors:

29

signatures

E.g.:      III) Potential large enhancement of b→sττ rates

The idea of flavor non-universal interactions – with a 1st layer of new physics
already at the TeV scale –  has several interesting implications for various 
low-energy measurements (with different degree of model-dependence)

 bL

τL         τL

sL

b→sττ are affected by the LQ already 
at the tree-level (contrary b→sνν)

● huge effect compared to SM in 
b→sττ (consistent with data)

● O(10%) effect in b→sll @ 1-loop 
could explain persisting tension(s)
in B → K(*)μμ & Bs → ϕμμ

A brief look to current data & future prospects

l

lτ

τbL

sL
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Bordone, GI, Macler, Tinari'24
GI, Tinari, Polonski, '24-'25 

Unambiguous prediction of magnitude  
& sign consistent with excess in R(D) 

Pheno driver: 

Leptoquark 


mainly coupled 

to 3rd gen.,


i.e. U(2)5 friendly


  LFU tests in semileptonic B decays may be the smoking gunI)  Lepton universality violations in  b→cτν  decaysE.g.:  

X = D or D*

Γ(B → X τν)

Γ(B → X lν )

 bL           cL

W

ℓL  νL

The idea of flavor non-universal interactions – with a 1st layer of new physics

already at the TeV scale –  has several interesting implications for various 

low-energy measurements (with different degree of model-dependence)

 bL

τL         νL

cL

R (X)  = 
 τ/l

A brief look to current data & future prospects

→ The vector LQ of 3rd gen. quark-lepton unification
is an ideal candidate to describe current data 
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LFU violation in b —> c, X = D,D* LFU effects in measured b —> s obs

Uμ
1 ∼ ( 3 , 1 )2/3



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(

BaBar

LHCb Belle II

Belle

Average

HFLAV
CKM 2025

82

Summary

• New results in both  
and   

• Tensions in  remain 
with new data + allowing for 
non-local affects  

• Further Run 2 results + Run 3 
will help resolve anomalies 

b → cℓν
b → sℓℓ

b → sℓℓ

Do we have 

any evidence for 


such NP ?



 ANATOMY  OF SEMILEPTONIC RARE  B DECAYS  
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S̃(q2)

(� = 0,±)

The amplitudes for the V channel, in the helicity basis, are proportional to

The main sources of uncertainties are coming from the form factors and from the hadronic parameters

The helicity amplitudes

2Marco Fedele,  Alex Marshall Does = 1 suggest new physics in the electrons?RK

Building blocks are helicity amplitudes, which generally read as:

The main sources of uncertainties stem from form factors & 
long-distance effects encoded in such hadronic correlators. 

Short-distance order-of-magnitude: CSM,7 ~ -1/3 , CSM,9 ~ 4 , CSM,10 ~ - 4
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polarizations: � = 0,±
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a È Èb s
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(b) (c)
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(2)

(1)

(a)

FIG. 1. Example of charming-penguin diagrams contributing to the B ! K(⇤)`+`� amplitude. Diagram (a) represents the
class of charming-penguin amplitudes related to c � c̄ state that subsequently goes into a virtual photon, see refs. [43, 45–48].
Diagram (b) and (c) represent the kind of contributions from rescattering of intermediate hadronic states, at the quark and
meson level respectively. The phenomenological relevance of rescattering for the SM prediction of the B ! K(⇤)`+`� decays
has been recently considered in ref. [38].

mental novelties discussed above. Adopting the model-
independent language of the Standard Model E↵ective
Theory (SMEFT) [82, 83], we present an updated anal-
ysis of |�B| = |�S| = 1 (semi)leptonic processes and
show that current data no longer provide strong hints for
NP. Indeed, updating the list of observables considered
in our previous global analysis [38] with the results in
eqs. (1) and (2), the only remaining measurements devi-
ating from SM expectations and not a↵ected by hadronic
uncertainties are the LUV ratios RKS and RK⇤+ [7], for
which a re-analysis by the LHCb collaboration is manda-
tory in view of what discussed in [54, 55].

The anatomy of the B ! K(⇤)`+`� decay can be char-
acterized in terms of helicity amplitudes [24, 84], that in
the SM at a scale close to the bottom quark mass mb can
be written as:

H�
V /

⇢
CSM
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B
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mB
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q2
CSM
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✓
eSL �

ms

mb

eSR

◆
,

with � = 0, ± and CSM
7,9,10 the SM Wilson coe�cients of

the semileptonic operators of the |�B| = |�S| = 1 weak
e↵ective Hamiltonian [85–87], normalized as in ref. [41].
The naively factorizable contributions to the above am-
plitudes can be expressed in terms of seven q2-dependent
form factors, eV0,±, eT0,± and eS [88, 89]. At the loop level,
non-local e↵ects parametrically not suppressed (neither
by small Wilson coe�cients nor by small CKM factors)
arise from the insertion of the following four-quark oper-
ator:

Qc
2 = (s̄L�µcL)(c̄L�µbL) , (3)

that yields non-factorizable power corrections in H�
V via

the hadronic correlator h�(q2) [26, 30, 90], receiving the
main contribution from the time-ordered product:

✏⇤µ(�)

m2
B

Z
d4x eiqxhK̄⇤

|T {jµem(x)Qc
2(0)}|B̄i , (4)

with jµem(x) the electromagnetic (quark) current.
This correlator receives two kinds of contributions.

The first corresponds to diagrams of the form of dia-
gram (a) in Fig. 1, where the initial B meson decays
to the K(⇤) plus a cc̄ state that subsequently goes into
a virtual photon. This contribution has been studied in
detail in the context of light-cone sum rules in the regime
q2 ⌧ 4m2

c in [43]; in the same reference, dispersion rela-
tions were used to extend the result to larger values of the
dilepton invariant mass. While the operator product ex-
pansion performed in ref. [43] was criticized in ref. [29],
and multiple soft-gluon emission may represent an ob-
stacle for the correct evaluation of this class of hadronic
contributions [30, 40, 91, 92], refs. [45, 46] have exploited
analyticity in a more refined way than [43]. In those
works the negative q2 region – where perturbative QCD
is supposed to be valid – has been used to further con-
strain the amplitude. Building on these works, together
with unitarity bounds [47], ref. [48] found a very small
e↵ect in the large-recoil region.

The second kind of contribution to the correlator in
eq. (4) originates from the triangle diagrams depicted in
Fig. 1 (b), in which the photon can be attached both
to the quark and antiquark lines and we have not drawn
explicitly the gluons exchanged between quark-antiquark
pairs. An example of an explicit hadronic contribution
of this kind is depicted in Fig. 1 (c).1 The DsD⇤ pair
is produced by the weak decay of the initial B meson
with low momentum, so that no color transparency ar-
gument holds and rescattering can easily take place. Fur-
thermore, the recent observation of tetraquark states in
e+e� ! K(DsD⇤ + D⇤

sD) by the BESIII collaboration
[94] confirms the presence of nontrivial nonperturbative
dynamics of the intermediate state.

One could think of applying dispersive methods also

1
See ref. [93] for a very recent estimate of similar diagrams with

up quarks, rather than charm quarks, in the internal loop.

Rescattering complicates analytic study of these amplitudes by A LOT.

HADRONIC EFFECTS ABOVE DO NOT CAPTURE ALL THAT IS AT STAKE 
[ arXiv:2212.10516 ]  
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FIG. 1. Example of charming-penguin diagrams contributing to the B ! K(⇤)`+`� amplitude. Diagram (a) represents the
class of charming-penguin amplitudes related to c � c̄ state that subsequently goes into a virtual photon, see refs. [43, 45–48].
Diagram (b) and (c) represent the kind of contributions from rescattering of intermediate hadronic states, at the quark and
meson level respectively. The phenomenological relevance of rescattering for the SM prediction of the B ! K(⇤)`+`� decays
has been recently considered in ref. [38].

mental novelties discussed above. Adopting the model-
independent language of the Standard Model E↵ective
Theory (SMEFT) [82, 83], we present an updated anal-
ysis of |�B| = |�S| = 1 (semi)leptonic processes and
show that current data no longer provide strong hints for
NP. Indeed, updating the list of observables considered
in our previous global analysis [38] with the results in
eqs. (1) and (2), the only remaining measurements devi-
ating from SM expectations and not a↵ected by hadronic
uncertainties are the LUV ratios RKS and RK⇤+ [7], for
which a re-analysis by the LHCb collaboration is manda-
tory in view of what discussed in [54, 55].

The anatomy of the B ! K(⇤)`+`� decay can be char-
acterized in terms of helicity amplitudes [24, 84], that in
the SM at a scale close to the bottom quark mass mb can
be written as:
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with � = 0, ± and CSM
7,9,10 the SM Wilson coe�cients of

the semileptonic operators of the |�B| = |�S| = 1 weak
e↵ective Hamiltonian [85–87], normalized as in ref. [41].
The naively factorizable contributions to the above am-
plitudes can be expressed in terms of seven q2-dependent
form factors, eV0,±, eT0,± and eS [88, 89]. At the loop level,
non-local e↵ects parametrically not suppressed (neither
by small Wilson coe�cients nor by small CKM factors)
arise from the insertion of the following four-quark oper-
ator:

Qc
2 = (s̄L�µcL)(c̄L�µbL) , (3)

that yields non-factorizable power corrections in H�
V via

the hadronic correlator h�(q2) [26, 30, 90], receiving the
main contribution from the time-ordered product:

✏⇤µ(�)

m2
B

Z
d4x eiqxhK̄⇤

|T {jµem(x)Qc
2(0)}|B̄i , (4)

with jµem(x) the electromagnetic (quark) current.
This correlator receives two kinds of contributions.

The first corresponds to diagrams of the form of dia-
gram (a) in Fig. 1, where the initial B meson decays
to the K(⇤) plus a cc̄ state that subsequently goes into
a virtual photon. This contribution has been studied in
detail in the context of light-cone sum rules in the regime
q2 ⌧ 4m2

c in [43]; in the same reference, dispersion rela-
tions were used to extend the result to larger values of the
dilepton invariant mass. While the operator product ex-
pansion performed in ref. [43] was criticized in ref. [29],
and multiple soft-gluon emission may represent an ob-
stacle for the correct evaluation of this class of hadronic
contributions [30, 40, 91, 92], refs. [45, 46] have exploited
analyticity in a more refined way than [43]. In those
works the negative q2 region – where perturbative QCD
is supposed to be valid – has been used to further con-
strain the amplitude. Building on these works, together
with unitarity bounds [47], ref. [48] found a very small
e↵ect in the large-recoil region.

The second kind of contribution to the correlator in
eq. (4) originates from the triangle diagrams depicted in
Fig. 1 (b), in which the photon can be attached both
to the quark and antiquark lines and we have not drawn
explicitly the gluons exchanged between quark-antiquark
pairs. An example of an explicit hadronic contribution
of this kind is depicted in Fig. 1 (c).1 The DsD⇤ pair
is produced by the weak decay of the initial B meson
with low momentum, so that no color transparency ar-
gument holds and rescattering can easily take place. Fur-
thermore, the recent observation of tetraquark states in
e+e� ! K(DsD⇤ + D⇤

sD) by the BESIII collaboration
[94] confirms the presence of nontrivial nonperturbative
dynamics of the intermediate state.

One could think of applying dispersive methods also

1
See ref. [93] for a very recent estimate of similar diagrams with

up quarks, rather than charm quarks, in the internal loop.

[ arXiv:2206.03797 ]

In 2022, non-local effects 

— charming penguins —

have been found to be


a negligible contribution.

1)  LCSR at q2 ≤ 0
2)    - expansion w/


        data
z
B → M J/ψ

3)  dispersive bounds

      based on cuts in q2

LHCb likewise, via an unbinned likelihood analysis [ arXiv:2312.09115 ]. 

See yesterday’s talks on charming penguins

Long-distance contributions

Calculating the contribution of certain operators (O(c)
1,2, O3≠6 and O8) on the lattice

is significantly more di�cult than for others...

• In this talk I will focus on the (allegedly dominant) contributions from O
(c)
1,2,

which contain charm loops...

For simplicity I will discuss the main
issues associated to the charming-penguin
contribution, together with the proposed
solution, in the case of B æ K¸+¸≠.

However the strategy we developed allows
for first-principles determinations of all
contributions to B æ K¸+¸≠ and
Bs æ ¸+¸≠“.
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A data-driven approach to hadronic contributions

We decide to use a simple Taylor-expansion for  and fit it from datahλ
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Can be interpreted as LFU NP!

8Marco Fedele,  Alex Marshall Does = 1 suggest new physics in the electrons?RK

 <—> Lepton Flavor Universal  h(1)
− CNP

9,U

Taylor-expand hadronic correlators


  and fit coefficients to data. hλ(q2)

 b-> s ll : A DATA DRIVEN APPROACH
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 b-> s ll : WHERE WE ARE NOW

QCD ~ LEPTON UNIVERSAL NP
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Update of arXiv:2212.10516

LHCb 2025 

thinner binning
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NO EVIDENCE X NEW PHYSICS

 probes direction ⟂ to  
—> LFU in the fit respected well within . 
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9,U

2σ

To possibly disentangle genuine NP effects 

  in  one needs more data / TH progressCNP

9,U

Update of  
arXiv:2212.10516

arXiv:2401.18007
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Wilson coe�cient Form Factors 68% HPDI 95% HPDI

CNP
9,e

DM [�1.69, �0.97] [�2.08, �0.63]

DM + LCSR [�1.63, �1.00] [�1.94, �0.64]

CNP
10,e

DM [�0.56, �0.08] [�0.79, 0.17]

DM + LCSR [�0.47, �0.02] [�0.67, 0.25]

CNP
9,µ

DM [�1.23, �0.89] [�1.40, �0.71]

DM + LCSR [�1.17, �0.88] [�1.30, �0.73]

CNP
10,µ

DM [�0.17, 0.14] [�0.33, 0.30]

DM + LCSR [�0.07, 0.19] [�0.22, 0.32]

TABLE VI. 68% and 95% HPDI of the posterior distribution of the Wilson coe�cients CNP
9,e , CNP

10,e, CNP
9,µ and CNP

10,µ obtained
from a fit employing the Model Dependent approach concerning non-local hadronic e↵ects (see text for details). These results
have been obtained employing either the FFs based on Lattice results only (DM), or the ones obtained when also LCSR input
are included in the FF determination (DM+LCSR).
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FIG. 9. Two- and one-dimensional marginalized joint p.d.f. for the set of 4 Wilson coe�cients CNP
i,j with i = 9, 10 and j = e, µ

obtained from a fit employing the Model Dependent approach concerning non-local hadronic e↵ects (see text for details). The
results obtained employing FF based on Lattice results only are shown in blue, while the ones obtained when also LCSR input
are included in the FF determination are shown in green. For both scenarios, we show the 68% and 95% probability regions
and we quote 95% probability regions numbers.

constraints on the unprimed coe�cients C
NP
9,e and C

NP
9,µ remain stable and closely resemble those obtained in the

corresponding 4WC fits. This stability indicates that the dominant sensitivity of the data continues to reside in
lepton-flavour dependent modifications of the vector semileptonic operator. At the same time, the primed coe�cients
are generally found to be compatible with zero within uncertainties, with no statistically significant preference for
right-handed NP contributions. The inclusion of additional degrees of freedom therefore does not qualitatively alter
the interpretation of the fit, but rather confirms that present anomalies can be e↵ectively captured by a minimal set
of NP contributions.

The comparison between the 4WC and 8WC scenarios further highlights the limitations imposed by current ex-
perimental precision and theoretical uncertainties. While extended operator bases provide a useful consistency check,
they do not lead to a more informative NP picture unless accompanied by improved control over hadronic e↵ects or

New Physics at  
more than  level 

in    (  in  ) 

fully compatible


with a LFU scenario

5σ
CNP

9,μ 3σ CNP
9,e

WHAT IF

CHARMING 
PENGUINS 
WERE ALL 
SMALL?
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FIG. 3. Predictions for the CP-averaged angular observables S5 (top left), AFB (top right), S7

(center left), S8 (center right), and S9 (bottom) in the low q2 region below the J/ resonance. Our

fit predictions (blue) are compared to the default flavio predictions (orange) and the LHCb data

(black).

imaginary part of a hadronic parameters shows strong evidence for a non-zero value, but the

fit “dilutes” the required imaginary contributions across many of them. If the downward

shift of S7 observed in the data is not a statistical fluctuation, we expect that future exper-

20

 b-> s ll : S7,8 ≠ 0 <—> HADRONICS

S7 measurements point to hadronic effects of ~ same size as required by S5 & AFB 
arXiv:2603.27753
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Extract the FFs behaviour in the whole kinematic region

7

Our goal: to extract the FFs behaviour in the low-q2 , starting from the available LQCD 
computations of the FFs in the high-q2 regime! How ??

L. Vittorio (LAPTh & CNRS, Annecy)

1. Boyd-Grinstein-Lebed (BGL) parametrization: the idea is to expand the FFs around z = 0. For the generic FF f(w) 

Real parameters to be determined

DISPERSION RELATIONS:

Various options to implement BGL fits in order to deal with unitarity and truncation uncertainties
[Jung, Schact, Gambino, PLB ’19 (1905.08209) ; Flynn, Juttner, Tsang, JHEP ’23 (2303.11285); 

Bernlochner et al, PRD ‘19 (1902.09553)].

In this presentation we’ll use the unitary BGL fit described in Simula, LV, PRD ’23 (2309.02135)

Kinematical function * B-factors for resonances

PLB ’95 [hep-ph/9504235]
NPB ‘96 [hep-ph/9508211]
PRD ‘97 [hep-ph/9705252] 
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Extract the FFs behaviour in the whole kinematic region

8

Our goal: to extract the FFs behaviour in the low-q2 , starting from the available LQCD 
computations of the FFs in the high-q2 regime! How ??

L. Vittorio (LAPTh & CNRS, Annecy)

- inner product

- auxialiary function

We build up the matrix M 
of the scalar products
of !f, gt, gt1, ..., gtN : 

A lot of pioneering works in the past by Okubo, Bourrely, Machet, de Rafael: 
NPB 479 (1996) 353 ; NPB 189 (1981) 157 ; PRD 50 (1994) 373

New developments in M. Di Carlo et al, PRD ’21 (2105.02497)  

2. Dispersive Matrix (DM) method: let us suppose to know a generic FF f(q2) at positions q2
i (i=1, …, N). We define (here t = q2)
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Extract the FFs behaviour in the whole kinematic region
Our goal: to extract the FFs behaviour in the low-q2 , starting from the available LQCD 

computations of the FFs in the high-q2 regime! How ??

L. Vittorio (LAPTh & CNRS, Annecy)

We build up the matrix M 
of the scalar products
of !f, gt, gt1, ..., gtN : 

DISPERSION RELATIONS:

CENTRAL ISSUE: since M contains only inner products, 
by construction its determinant is semipositive definite

A lot of pioneering works in the past by Okubo, Bourrely, Machet, de Rafael: 
NPB 479 (1996) 353 ; NPB 189 (1981) 157 ; PRD 50 (1994) 373

New developments in M. Di Carlo et al, PRD ’21 (2105.02497)  8
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Our goal: to extract the FFs behaviour in the low-q2 , starting from the available LQCD 
computations of the FFs in the high-q2 regime! How ??

L. Vittorio (LAPTh & CNRS, Annecy)

- inner product

- auxialiary function

We build up the matrix M 
of the scalar products
of !f, gt, gt1, ..., gtN : 

A lot of pioneering works in the past by Okubo, Bourrely, Machet, de Rafael: 
NPB 479 (1996) 353 ; NPB 189 (1981) 157 ; PRD 50 (1994) 373

New developments in M. Di Carlo et al, PRD ’21 (2105.02497)  

2. Dispersive Matrix (DM) method: let us suppose to know a generic FF f(q2) at positions q2
i (i=1, …, N). We define (here t = q2)

KEY POINT :

 b-> s ll : ARE LOCAL FORM FACTORS OK?

No rigorous error budget — uncertainties estimated by naive parameter variation, no rock solid stat

Quark-hadron duality — assumption that OPE matches hadronic spectral function, not first principles

3) Continuum threshold s₀ — effective duality threshold fitted, not predicted; major systematic

1) Light-cone OPE truncation — series cut at twist-3 or twist-4; convergence assumed, not guaranteed

2) Borel parameter M² — results should be stable in a "window"; residual dependence is an error

In particular:

        QCD
   Light-Cone 
   Sum Rules

low q2 region

 A
 N
 A
 L
 I
 T
 I
 C
 I
 T
 Y
+
U 
N 
I 
T 
A 
R 
I 
T 
Y

See Nico’s talk yesterday



FORM FACTORS  FOR  B —> V(P) 𝓁+𝓁-

—  QCD Light-Cone Sum Rules (LCSR)  —>  available @  q2 << 1, not first-principle

—  Lattice QCD —>  typically reliable @ high q2 with ~ stable mesons (i.e.  ? )K* , ϕs

Méril Reboud - 23/03/2025 10

Form Factor Properties

q20 (mB - mM)2

Region of Interest

(mB + mM)2

BM branch cutBs* pole

Analy�c proper�es of the form factors:

● Pole due to bs bound state

● Branch cut due to on-shell BM 
produc(on

q2 < 0: “Bℓ → Mℓ” q2 > 0: “B → Mℓℓ” q2 > m
BM

2: “ℓℓ → BM”
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 b-> s ll : WERE WE DRIVEN BY LCSR?

QCD ~ LEPTON UNIVERSAL NP
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In preparation !
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Hadronic parameter Form Factors 68% HPDI 95% HPDI

Re (h(0)
0 ) ⇥ 104

LQCD DM [�0.56, 9.31] [�4.37, 15.80]

LQCD+LCSR DM [�3.70, 0.64] [�5.86, 2.87]

Im (h(0)
0 ) ⇥ 104

LQCD DM [�8.19, 1.39] [�13.47, 5.62]

LQCD+LCSR DM [�7.83, �0.76] [�11.26, 2.38]

Re (h(0)
+ ) ⇥ 104

LQCD DM [�0.94, 0.01] [�1.47, 0.52]

LQCD+LCSR DM [�1.02, �0.05] [�1.51, 0.47]

Im (h(0)
+ ) ⇥ 104

LQCD DM [�0.77, 0.23] [�1.26, 0.73]

LQCD+LCSR DM [�0.70, 0.34] [�1.23, 0.87]

Re (h(0)
� ) ⌘ Re (�C7) ⇥ 10

LQCD DM [0.12, 4.47] [�0.83, 6.67]

LQCD+LCSR DM [�0.12, 0.47] [�0.36, 0.84]

Im (h(0)
� ) ⇥ 10

LQCD DM [0.35, 2.82] [�0.40, 5.44]

LQCD+LCSR DM [0.21, 1.35] [�0.43, 1.81]

Re (h(1)
0 ) ⇥ 105

LQCD DM [3.23, 14.36] [�0.93, 21.09]

LQCD+LCSR DM [2.35, 8.46] [�0.60, 11.88]

Im (h(1)
0 ) ⇥ 105

LQCD DM [�9.04, 3.63] [�13.62, 11.09]

LQCD+LCSR DM [�8.92, 3.76] [�14.54, 9.68]

Re (h(1)
+ ) ⇥ 104

LQCD DM [0.71, 2.31] [�0.11, 3.18]

LQCD+LCSR DM [�0.24, 1.11] [�0.94, 1.81]

Im (h(1)
+ ) ⇥ 104

LQCD DM [�2.43, �0.46] [�3.34, 0.42]

LQCD+LCSR DM [�2.12, �0.13] [�3.04, 0.82]

Re (h(1)
� ) ⌘ Re (�C9)

LQCD DM [�4.15, �0.33] [�6.34, 1.32]

LQCD+LCSR DM [�0.13, 1.33] [�0.82, 2.08]

Im (h(1)
� )

LQCD DM [�1.53, 3.64] [�3.99, 6.56]

LQCD+LCSR DM [0.33, 3.65] [�1.29, 5.33]

Re (h(2)
+ ) ⇥ 105

LQCD DM [�1.45, 1.13] [�2.80, 2.29]

LCQD+LCSR DM [�1.26, 1.14] [�2.44, 2.42]

Im (h(2)
+ ) ⇥ 105

LQCD DM [�0.26, 3.64] [�1.99, 5.29]

LQCD+LCSR DM [�0.74, 2.89] [�2.51, 4.50]

Re (h(2)
� ) ⇥ 105

LQCD DM [1.20, 3.73] [0.01, 5.30]

LQCD+LCSR DM [0.24, 1.97] [�0.65, 2.80]

Im (h(2)
� ) ⇥ 105

LQCD DM [�5.31, 0.36] [�7.67, 3.19]

LQCD+LCSR DM [�4.86, �0.52] [�6.85, 1.45]

TABLE II. 68% and 95% HPDI of the posterior distribution of the hadronic parameters h(i)
� . The red color highlights ranges

not including 0. Genuine hadronic e↵ects encoded in h(2)
� are found to be non-vanishing at the 2� level when LCSR are not

included in the FF likelihood.

finer binning schemes—despite increasing the number of data points—does not lead to a significant improvement in
the determination of the hadronic parameters, due to the correspondingly larger uncertainties.

Overall, these results confirm that a careful treatment of hadronic uncertainties, together with an improved deter-
mination of form factors, plays a crucial role in the interpretation of rare b ! s`

+
`
� observables. They also highlight

the importance of controlling higher-order hadronic contributions before attributing tensions in the data to possible
short-distance new physics e↵ects.
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Hadronic parameter Form Factors 68% HPDI 95% HPDI

Re (h(0)
0 ) ⇥ 104

LQCD DM [�0.56, 9.31] [�4.37, 15.80]

LQCD+LCSR DM [�3.70, 0.64] [�5.86, 2.87]

Im (h(0)
0 ) ⇥ 104

LQCD DM [�8.19, 1.39] [�13.47, 5.62]

LQCD+LCSR DM [�7.83, �0.76] [�11.26, 2.38]

Re (h(0)
+ ) ⇥ 104

LQCD DM [�0.94, 0.01] [�1.47, 0.52]

LQCD+LCSR DM [�1.02, �0.05] [�1.51, 0.47]

Im (h(0)
+ ) ⇥ 104

LQCD DM [�0.77, 0.23] [�1.26, 0.73]

LQCD+LCSR DM [�0.70, 0.34] [�1.23, 0.87]

Re (h(0)
� ) ⌘ Re (�C7) ⇥ 10

LQCD DM [0.12, 4.47] [�0.83, 6.67]

LQCD+LCSR DM [�0.12, 0.47] [�0.36, 0.84]

Im (h(0)
� ) ⇥ 10

LQCD DM [0.35, 2.82] [�0.40, 5.44]

LQCD+LCSR DM [0.21, 1.35] [�0.43, 1.81]

Re (h(1)
0 ) ⇥ 105

LQCD DM [3.23, 14.36] [�0.93, 21.09]

LQCD+LCSR DM [2.35, 8.46] [�0.60, 11.88]

Im (h(1)
0 ) ⇥ 105

LQCD DM [�9.04, 3.63] [�13.62, 11.09]

LQCD+LCSR DM [�8.92, 3.76] [�14.54, 9.68]

Re (h(1)
+ ) ⇥ 104

LQCD DM [0.71, 2.31] [�0.11, 3.18]

LQCD+LCSR DM [�0.24, 1.11] [�0.94, 1.81]

Im (h(1)
+ ) ⇥ 104

LQCD DM [�2.43, �0.46] [�3.34, 0.42]

LQCD+LCSR DM [�2.12, �0.13] [�3.04, 0.82]

Re (h(1)
� ) ⌘ Re (�C9)

LQCD DM [�4.15, �0.33] [�6.34, 1.32]

LQCD+LCSR DM [�0.13, 1.33] [�0.82, 2.08]

Im (h(1)
� )

LQCD DM [�1.53, 3.64] [�3.99, 6.56]

LQCD+LCSR DM [0.33, 3.65] [�1.29, 5.33]

Re (h(2)
+ ) ⇥ 105

LQCD DM [�1.45, 1.13] [�2.80, 2.29]

LCQD+LCSR DM [�1.26, 1.14] [�2.44, 2.42]

Im (h(2)
+ ) ⇥ 105

LQCD DM [�0.26, 3.64] [�1.99, 5.29]

LQCD+LCSR DM [�0.74, 2.89] [�2.51, 4.50]

Re (h(2)
� ) ⇥ 105

LQCD DM [1.20, 3.73] [0.01, 5.30]

LQCD+LCSR DM [0.24, 1.97] [�0.65, 2.80]

Im (h(2)
� ) ⇥ 105

LQCD DM [�5.31, 0.36] [�7.67, 3.19]

LQCD+LCSR DM [�4.86, �0.52] [�6.85, 1.45]

TABLE II. 68% and 95% HPDI of the posterior distribution of the hadronic parameters h(i)
� . The red color highlights ranges

not including 0. Genuine hadronic e↵ects encoded in h(2)
� are found to be non-vanishing at the 2� level when LCSR are not

included in the FF likelihood.

finer binning schemes—despite increasing the number of data points—does not lead to a significant improvement in
the determination of the hadronic parameters, due to the correspondingly larger uncertainties.

Overall, these results confirm that a careful treatment of hadronic uncertainties, together with an improved deter-
mination of form factors, plays a crucial role in the interpretation of rare b ! s`

+
`
� observables. They also highlight

the importance of controlling higher-order hadronic contributions before attributing tensions in the data to possible
short-distance new physics e↵ects.
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Channel B w/ LQCD DM FFs B w/ LQCD+LCSR DM FFs

B+ ! K+⌫⌫̄ (3.96 ± 0.22) ⇥10�6 (3.96 ± 0.22) ⇥10�6

B+ ! K⇤+⌫⌫̄ (9.9 ± 1.8) ⇥10�6 (9.5 ± 0.9) ⇥10�6

B0 ! K⇤0⌫⌫̄ (9.3 ± 1.7) ⇥10�6 (8.9 ± 0.8) ⇥10�6

TABLE I. Updated SM predictions for the branching fractions of the rare invisible decays B ! K(⇤)⌫⌫̄. The first column
corresponds to the results obtained employing FFs determined using the DM approach outlined in Sec. II based solely on
Lattice QCD, while the results of the second column are obtained including in the B ! K⇤ FFs determination inputs from
LCSR taken from Ref. [64] as well.

The phenomenologically relevant observables are obtained by integrating the above expressions over the full kine-
matic range 0  q

2  (mB �mK(⇤))2. Since neutrinos are not experimentally identified, the decay rates have already
been implicitly summed over all light neutrino flavours, ⌫` = ⌫e, ⌫µ, ⌫⌧ , as dictated by lepton flavour universality in
the SM. As a consequence, the branching fractions receive an overall multiplicative contribution from the three active
neutrino species. In the SM, all B ! K

(⇤)
⌫⌫̄ observables depend quadratically on the single Wilson coe�cient C

⌫
L,

rendering these modes particularly sensitive to the normalization and shape of the hadronic FFs, which therefore
constitute the dominant source of theoretical uncertainty.

Our updated SM predictions for the integrated branching fractions of B+ ! K
+
⌫⌫̄, B+ ! K

⇤+
⌫⌫̄, and B

0 !
K

⇤0
⌫⌫̄ are summarized in Table I. We report results obtained using the LQCD DM approach and compare them

with predictions obtained when also LCSR results are taken into account in the B ! K
⇤ decays, see Sec. II for

further details. The quoted uncertainties correspond to one standard deviation and include the full propagation of
FF uncertainties and correlations, as well as parametric inputs.

Starting from the pseudoscalar channel B+ ! K
+
⌫⌫̄, we observe that the predictions based on the DM FFs are

lower than the ones obtained in Refs. [61, 62]. This behaviour is consistent with the di↵erences observed in the
determination of the f+(q2) FF, as illustrated in the central panel of Fig. 1, mildly increasing the excess to a level of
2.8�. The study of the vector channels B

+ ! K
⇤+

⌫⌫̄ and B
0 ! K

⇤0
⌫⌫̄ allows us instead to inspect the impact of

LCSR inputs: indeed, when LCSR constraints are included, the central values of the branching fractions are shifted
to slightly lower values and the associated uncertainties are significantly reduced. This behaviour can be traced back
to the tighter constraints over the B ! K

⇤ FFs at low and intermediate values of q2, which are not directly accessible
in current lattice simulations, as shown in Fig. 2. As a result, the LQCD+LCSR DM predictions for the vectorial
channels are more precise, while the LQCD DM one can be considered more conservative.

The updated SM predictions presented in this section provide an essential theoretical benchmark for ongoing and
future searches for B ! K

(⇤)
⌫⌫̄ decays at Belle II and hadron collider experiments. Moreover, improved control over

hadronic uncertainties in these modes strengthens their complementarity with b ! s`
+
`
� decays in global analyses

of potential new physics e↵ects.

B. b ! s`+`� transitions

The dynamics of the decays B ! K
(⇤)

`
+
`
� and Bs ! �`

+
`
� can be conveniently described in terms of helicity

amplitudes [2, 84]. In the Standard Model and at a renormalization scale of order the bottom-quark mass µ ' mb,
these amplitudes can be written schematically as

H
�
V /


C

SM
9

eVL�(q
2) +

m
2
B

q2

✓
2mb

mB
C

SM
7

eTL�(q
2) � 16⇡2

h�(q
2)

◆�
,

H
�
A / C

SM
10

eVL�(q
2) , HP / m` mb

q2
C

SM
10

✓
eSL(q

2) � ms

mb

eSR(q
2)

◆
, (20)

where � = 0,± (0) denotes the helicity of the final state vector (pseudoscalar) meson and C
SM
7,9,10 are the Wilson

coe�cients of the |�B| = |�S| = 1 weak e↵ective Hamiltonian normalized as in Ref. [13] (see Refs. [85–87] for
reviews).

The factorizable contributions to the helicity amplitudes are expressed in terms of seven q
2-dependent FFs, eV0,±,

eT0,± and eS, which can be related to the ones defined in Sec. II, see Ref. [2]. Beyond factorization, non-local contribu-
tions arise at loop level from the insertion of four-quark operators that are neither CKM-suppressed nor multiplied
by small Wilson coe�cients. The dominant e↵ect is induced by the current–current operator

Q
c
2 = (s̄L�µcL)(c̄L�

µ
bL) , (21)
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Wilson coe�cient Form Factors 68% HPDI 95% HPDI

Left-handed NP only: �C⌫
L 6= 0, �C⌫

R = 0

�C⌫
L

DM [�5.29, �1.24] [ [14.45, 17.93] [�6.56, 3.44] [ [9.58, 19.51]

DM + LCSR [�4.84, �1.85] [ [14.50, 17.49] [�5.55, 2.96] [ [9.59, 18.20]

Right-handed NP only: �C⌫
R 6= 0, �C⌫

L = 0

�C⌫
R

DM [�11.34, �6.54] [�13.32, �2.99]

DM + LCSR [�11.39, �6.49] [�13.44, �2.98]

General NP: �C⌫
L 6= 0, �C⌫

R 6= 0

�C⌫
L + �C⌫

R

DM [�11.68, �5.70] [ [19.46, 23.48] [�13.74, �1.89] [ [15.55, 26.12]

DM + LCSR [�11.50, �6.00] [ [19.01, 23.67] [�13.74, �2.17] [ [15.09, 26.10]

�C⌫
L � �C⌫

R

DM [�0.59, 12.50] [�3.58, 16.18]

DM + LCSR [�1.43, 11.69] [�3.29, 15.92]

TABLE III. 68% and 95% HPDI of the posterior distributions of the NP Wilson coe�cients �C⌫
L and �C⌫

R obtained from fits to
B ! K(⇤)⌫⌫̄ observables under di↵erent assumptions on the chiral structure of NP contributions. Results are shown for both
the DM FFs and the DM+LCSR FFs. All fits assume flavour-diagonal and flavour-universal NP.

where ⌘K = 0 for B ! K⌫⌫̄ and ⌘K⇤ = 3.33(7) for B ! K
⇤
⌫⌫̄. The first two terms correspond to purely left-handed

and purely right-handed contributions, while the last term accounts for the interference between left- and right-handed
quark currents, which is present only in the vector final state.

In this work we restrict ourselves to the flavour-diagonal and flavour-universal NP scenario, in which NP e↵ects
do not induce lepton-flavour violation and are identical for the three light neutrino flavours. In this limit the Wilson
coe�cients satisfy �C

⌫i⌫j

L,R = �ij �C
⌫
L,R, and Eq. (27) simplifies to [JS: We can skip Eq.20 and give the restriction

directly after Eq. 19 and just cite [25,26] and give Eq. 21] [MF: It’s a fair point, but I kinda prefer starting from the
most generic case and then go to our specific scenario. Have no strong feelings about it, though.]

�B⌫⌫̄
K(⇤) =

2Re
⇥
C

SM
L (�C⌫

L + �C
⌫
R)

⇤

|CSM
L |2

+
|�C⌫

L + �C
⌫
R|2

|CSM
L |2

� ⌘K(⇤)
Re

⇥
�C

⌫
R

�
C

SM
L + �C

⌫
L

�⇤

|CSM
L |2

. (28)

The full branching fractions in the presence of NP are then obtained as

B(B ! K
(⇤)

⌫⌫̄) = B(B ! K
(⇤)

⌫⌫̄)SM
�
1 + �B⌫⌫̄

K(⇤)

�
. (29)

In the SM limit, �C
⌫
L = �C

⌫
R = 0, one recovers the predictions discussed in the previous subsection. A notable

feature of the NP parametrization in Eq. (28) is the di↵erent sensitivity of pseudoscalar and vector final states to
right-handed quark currents. For B ! K⌫⌫̄ decays, corresponding to ⌘K = 0, NP e↵ects enter only through the
incoherent combination �C

⌫
L+ �C

⌫
R, and the decay rate is insensitive to the chirality of the quark current. In contrast,

for B ! K
⇤
⌫⌫̄ decays the presence of ⌘K⇤ 6= 0 gives rise to an additional interference term between left- and right-

handed contributions. As a consequence, vector final states provide enhanced sensitivity to right-handed currents
and allow, in principle, to disentangle di↵erent NP chiral structures. This complementarity between B ! K⌫⌫̄ and
B ! K

⇤
⌫⌫̄ decays plays an important role in constraining NP scenarios that modify the chiral structure of b ! s⌫⌫̄

transitions [100, 101].
The impact of this complementarity is further sharpened by the current experimental situation. For the B ! K

⇤
⌫⌫̄

modes, only upper limits are available at present, which can be conveniently expressed in terms of the ratio to the
SM prediction as [102]

B(B ! K
⇤
⌫⌫̄)/B(B ! K

⇤
⌫⌫̄)SM < 2.7 (90% C.L.) , (30)

thereby constraining the allowed size of NP contributions, in particular those involving right-handed currents that
are more e�ciently probed by vector final states. In contrast, for the pseudoscalar channel B ! K⌫⌫̄ not only upper
limits but also an experimental measurement are available, which after being combined yield a value corresponding
to

B(B+ ! K
+
⌫⌫̄) = (2.3 ± 0.7) ⇥ 10�5

, (31)

above the SM expectation at the 2.7� level [59].
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FIG. 6. Two-dimensional marginalized posterior distribution in the (�C⌫
L + �C⌫

R, �C⌫
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R) plane obtained in the general NP
scenario. Results are shown for the DM FFs (left) and for the DM+LCSR FFs (right). Darker (lighter) regions correspond to
the 68% (95%) probability contours.
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scenario. Results are shown for the DM FFs (left) and for the DM+LCSR FFs (right). Darker (lighter) regions correspond to
the 68% (95%) probability contours.

In our numerical analysis, the parameters �C⌫
L and �C

⌫
R are treated as real and flavour-universal NP coe�cients and

are constrained using the combined experimental information on B ! K
(⇤)

⌫⌫̄ decays. In order to quantify the impact
of new physics contributions to b ! s⌫⌫̄ transitions, we consider three benchmark NP scenarios, defined by di↵erent
assumptions on the chiral structure of the e↵ective interaction. Specifically, we perform separate fits assuming: (i) a
purely left-handed NP contribution, �C⌫

L 6= 0 and �C
⌫
R = 0; (ii) a purely right-handed NP contribution, �C⌫

R 6= 0 and
�C

⌫
L = 0; and (iii) a general scenario in which both �C

⌫
L and �C

⌫
R are allowed to vary simultaneously. In all cases,

we work under the assumption of flavour-diagonal and flavour-universal NP, as discussed above. For each scenario,
we perform fits using both sets of hadronic inputs, namely the DM FFs and the DM+LCSR FFs, and we report the
corresponding posterior constraints in terms of 68% and 95% highest posterior density intervals (HPDI).

Our results are summarized in Table III. In the general NP scenario in which both �C
⌫
L and �C

⌫
R are allowed to vary

simultaneously, correlations between the two Wilson coe�cients play an important role in determining the allowed

±C∫
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2.7 σ from SM



No tension in current LFU tests, not even in b-> c l 𝛎.

 b-> c l 𝛎 : NEW SOURCES OF LFU VIOLATION ? 



No serious tension arises even when one leaves BaBar out !

 b-> c l 𝛎 : NEW SOURCES OF LFU VIOLATION ? 



Precision program with flavor physics is exciting:  
only a naive reading points to very high scales for NP.

Accidental symmetries such as LFU offer a unique way 
to stress-test the SM and serve as a lamppost for NP.

TH + EXP progress can lead to new paradigm shifts. 

No 🔥 tension in B decays, w/ more data I am confident

that global analyses will clear out the nature of ΔC9,U

If a mass gap lies above the EW scale, SM EFT is our most 

powerful tool & flavor remains one of the key probes for NP.

LFU looks “good”(as of today): WHO ORDERED THAT?



Backup



Can we take Flavor apart?

Bounds on flavor universal NP — U(3)5 — in the LHC era point to ~ 30 TeV.
Flavor from SM RGE ✅   SM flavor puzzle postponed 😌   Higgs tuned 🤯 
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Figure 2. Summary of individual lower bounds on the e↵ective NP scale in the U(3)5 flavour
symmetric SMEFT, obtained for ⇤ = 3 TeV.

we can mention a few examples of highly correlated coe�cients. We observe a correlation of

0.97 between C�B and C�WB, of 0.90 between C�WB and C�D, of �0.88 between C�B and

C�D, and of �0.83 between C�W and C�WB. Those correlations are induced by EW and

Higgs observables. Moreover, we observe a strong correlation of �0.998 between C [aabb]

ll
and

Cee, of 0.84 between C [aabb]

ll
and C [abba]

ll
, and of �0.87 between C [abba]

ll
and Cee, all induced by

EW observables, in particular, two-to-two fermion processes from LEP2. We also observe

a correlation of 0.88 between C�G and CG, due to Higgs observables, and of �0.83 between

C(1)

qu and C(8)

qu , which is reasonably aligned with the expected RGE contributions from these

two operators to O
[33]

u�
, whose coe�cient modifies the top-quark Yukawa coupling. Finally,

we mention a correlation of �0.80 between C(1)

lq
and Ceu, due to DY observables. In spite

of the dilution of the constraints due to interference between the coe�cients, as can be

seen from Figure 3 and Table 8, we still obtain ⇤/
p

|C| & 11 TeV for C�G, ⇤/
p

|C| & 5

TeV for C(3)

lq
, and ⇤/

p
|C| & 4 TeV for C(3)

�q
, while several other coe�cients give bounds of

the order of 2-3 TeV. Therefore, for a generic strongly-interacting U(3)5 flavour symmetric

theory, current data constrain NP to be well above the TeV scale, making the SMEFT

approach fully consistent, while weakly-interacting U(3)5 flavour symmetric theories are

still allowed at the TeV scale, where however the SMEFT approach might not be fully

consistent for high-pT observables, and direct searches could be more e↵ective.

Finally, regarding the relaxation of the bounds in going from the individual fits to the

global one due to mutual strong correlations, we would like to emphasise that this implies

that a lower e↵ective NP scale ⇤/
p

|C| with respect to the one indicated by individual fits

is viable only for those UV completions that incorporate the phenomenologically required

correlations. Conversely, we note that taking into account the theory prior imposing per-

turbativity on the Wilson coe�cients actually tightens many bounds. Table 8 shows that

several limits on ⇤/
p

|C| at 10 TeV now exceed those at 3 TeV. In particular, although

correlations with other operators substantially weaken the global-fit constraints on C�B

and C(3)

lq
, restricting the allowed ranges of the correlated C/⇤2 coe�cients ensures that the

bounds on ⇤/
p

|C�B| and ⇤/
q

|C(3)

lq
| remain comparably strong at 10 TeV.
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Let me emphasize that is not a problem 
of consistency but of naturalness

Example:

Fine-tune system

The SM Higgs

arXiv:2507.06191 

credit to P.Meade



… LFU & B DECAYS :

NOT JUST A


FCNC BUSINESS

Charged-current semileptonic decays do not suffer from the 

non-local effects plaguing the study of some rare B decays.

Lattice QCD provides non-perturbative determinations of the 

relevant matrix elements well beyond the zero-recoil limit.

arXiv:1505.03925 arXiv:2105.08674

down to 1% w/ HQET, 
see arXiv:2507.03569



Strategy A: Bayesian Inference vs 
Dispersive Matrix

Bordone, AJ, Eur.Phys.J.C 85 (2025) 
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Martinelli, Simula, LV, EPJC 84 (2024) 4, 400

• Excellent agreement between methods 

• unitarity and kinematic constraints both 
relevant and acting in the same way  
in both approaches, reducing stat. error


• model-independent parameterisation of  
form factors successful 
(insignificant difference probably due  
to data selection (HPQCD 23))

Fits to  
experimental and lattice data

B → D*ℓν̄

Ludovico Vittorio & Andreas Jüttner

9-11 Apr 2025 
Centro Congressi Sapienza

agenda.infn.it/event/44057/

2 APPROACHES

IN VERY GOOD


AGREEMENT HERE

      1) Filtering analysis

        of lattice QCD 
       via dispersive  

         matrix method

Fits to  
experimental and lattice data

B → D*ℓν̄

Ludovico Vittorio & Andreas Jüttner

9-11 Apr 2025 
Centro Congressi Sapienza

 b-> c l 𝛎 : FORM FACTORS FOR RD*

2) Bayesian fit

        to lattice QCD 

           via BGL params 
           w/ unitarity prior

See yesterday’s 
talk by Simula, 
by Gubernari  

and by Vaquero 
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Reconstruction requirements

• 𝐷𝐷+ → 𝐾𝐾−𝜋𝜋+𝜋𝜋+, 𝐾𝐾𝑆𝑆𝐾𝐾+, 𝐾𝐾𝑆𝑆𝜋𝜋+, 𝐾𝐾𝑆𝑆𝜋𝜋+𝜋𝜋0, 𝐾𝐾𝑆𝑆𝜋𝜋+𝜋𝜋−𝜋𝜋+, 𝐾𝐾−𝐾𝐾+𝜋𝜋+

• 𝐷𝐷0 → 𝐾𝐾−𝜋𝜋+,𝐾𝐾−𝜋𝜋+𝜋𝜋0, 𝐾𝐾−𝜋𝜋+𝜋𝜋−𝜋𝜋+,𝐾𝐾𝑆𝑆𝜋𝜋+𝜋𝜋−,𝐾𝐾𝑆𝑆𝜋𝜋0,𝐾𝐾−𝐾𝐾+

• 𝐷𝐷∗0 → 𝐷𝐷0𝜋𝜋0,𝐷𝐷∗+ → 𝐷𝐷0𝜋𝜋+,𝐷𝐷+𝜋𝜋0

~ 20%
~ 30%

• 𝑚𝑚(𝐷𝐷): If final state has a  𝜋𝜋0 require 𝑚𝑚(𝐷𝐷0) 𝑤𝑤𝑖𝑖𝑡𝑡ℎ𝑖𝑖𝑛𝑛 [−45, 30] MeV of nominal 𝐷𝐷0 mass
require 𝑚𝑚(𝐷𝐷+) 𝑤𝑤𝑖𝑖𝑡𝑡ℎ𝑖𝑖𝑛𝑛 [−36, 24]MeV of nominal 𝐷𝐷+ mass

If final state does not have a 𝜋𝜋0 require 𝑚𝑚(𝐷𝐷0, D+) within [−15, +15] MeV of nominal mass

December 15, 2025David Hitlin

• 𝑚𝑚(𝐷𝐷∗)− 𝑚𝑚(𝐷𝐷) : For 𝐷𝐷∗+ → 𝐷𝐷0𝜋𝜋+ within 2.5 MeV
For 𝐷𝐷∗+ → 𝐷𝐷+𝜋𝜋0 and 𝐷𝐷∗0 → 𝐷𝐷0𝜋𝜋0 within 2.0 MeV

Υ(4𝑆𝑆) 𝐵𝐵sig𝐵𝐵tag

𝐷𝐷(∗)

𝜏𝜏

𝑒𝑒+

𝑒𝑒−

𝑙𝑙

𝜈𝜈𝑙𝑙

𝜈𝜈

𝑙𝑙

lν
τν

𝐷𝐷(∗)

indico.fnal.gov/event/71119/
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These results motivate a new BABAR measurement

• The data sample is 426 fb-1 at the resonance, taken with BABAR at PEP-II
• Semileptonic tags are used instead of hadronic tags that were employed in the 

2012 measurement
• R

Samples of the measurements with hadronic and semileptonic tags are
essentially independent, so results can be individually included in world averages

This blinded analysis employs PDFs in a likelihood fit to data

David Hitlin December 15, 2025

(4 )Sϒ

6
Babar and © L. De Brunhoff

Reconstruction requirements

• 𝐷𝐷+ → 𝐾𝐾−𝜋𝜋+𝜋𝜋+, 𝐾𝐾𝑆𝑆𝐾𝐾+, 𝐾𝐾𝑆𝑆𝜋𝜋+, 𝐾𝐾𝑆𝑆𝜋𝜋+𝜋𝜋0, 𝐾𝐾𝑆𝑆𝜋𝜋+𝜋𝜋−𝜋𝜋+, 𝐾𝐾−𝐾𝐾+𝜋𝜋+

• 𝐷𝐷0 → 𝐾𝐾−𝜋𝜋+,𝐾𝐾−𝜋𝜋+𝜋𝜋0, 𝐾𝐾−𝜋𝜋+𝜋𝜋−𝜋𝜋+,𝐾𝐾𝑆𝑆𝜋𝜋+𝜋𝜋−,𝐾𝐾𝑆𝑆𝜋𝜋0,𝐾𝐾−𝐾𝐾+

• 𝐷𝐷∗0 → 𝐷𝐷0𝜋𝜋0,𝐷𝐷∗+ → 𝐷𝐷0𝜋𝜋+,𝐷𝐷+𝜋𝜋0

~ 20%
~ 30%

• 𝑚𝑚(𝐷𝐷): If final state has a  𝜋𝜋0 require 𝑚𝑚(𝐷𝐷0) 𝑤𝑤𝑖𝑖𝑡𝑡ℎ𝑖𝑖𝑛𝑛 [−45, 30] MeV of nominal 𝐷𝐷0 mass
require 𝑚𝑚(𝐷𝐷+) 𝑤𝑤𝑖𝑖𝑡𝑡ℎ𝑖𝑖𝑛𝑛 [−36, 24]MeV of nominal 𝐷𝐷+ mass

If final state does not have a 𝜋𝜋0 require 𝑚𝑚(𝐷𝐷0, D+) within [−15, +15] MeV of nominal mass

December 15, 2025David Hitlin

• 𝑚𝑚(𝐷𝐷∗)− 𝑚𝑚(𝐷𝐷) : For 𝐷𝐷∗+ → 𝐷𝐷0𝜋𝜋+ within 2.5 MeV
For 𝐷𝐷∗+ → 𝐷𝐷+𝜋𝜋0 and 𝐷𝐷∗0 → 𝐷𝐷0𝜋𝜋0 within 2.0 MeV

Υ(4𝑆𝑆) 𝐵𝐵sig𝐵𝐵tag

𝐷𝐷(∗)

𝜏𝜏

𝑒𝑒+

𝑒𝑒−

𝑙𝑙

𝜈𝜈𝑙𝑙

𝜈𝜈

𝑙𝑙

lν
τν

𝐷𝐷(∗)

5
Babar and © L. De Brunhoff

• are identified in mass range: 𝑚𝑚𝛾𝛾𝛾𝛾 ∈ [115, 150] MeV

Reconstruction

• Charged tracks (𝑒𝑒, 𝜇𝜇, 𝜋𝜋±, 𝐾𝐾±) are identified using loose particle ID criteria
• Photons are identified in the CsI(Tl) calorimeter with a lateral shower size restriction: 0.01≤𝐿𝐿𝑎𝑎𝑡𝑡≤0.6

Photons are required to have energy greater than 30 MeV
𝜋𝜋0

• 𝐾𝐾S are identified using with default requirements

December 15, 2025David Hitlin

Particle identification requirements (usual BABAR criteria), adapted to these final states 

Υ(4𝑆𝑆) 𝐵𝐵sig𝐵𝐵tag

𝐷𝐷(∗)

𝜏𝜏

𝑒𝑒+

𝑒𝑒−

𝑙𝑙

𝜈𝜈𝑙𝑙

𝜈𝜈

𝑙𝑙

lν
τν

𝐷𝐷(∗)
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December 15, 2025David Hitlin

Experiment

This average 
does not include 
the BABAR 25 
preliminary result

Experiment R(D) R(D*) Correlation

BABAR 12 (hadronic tag) 0.440 ± 0.058 ± 0.042 0.332 ± 0.024 ± 0.018 -0.27

HFLAV (CKM 2025 average) 0.281 ± 0.011 0.358 ± 0.024 -0.374

BABAR 25 (leptonic tag)  
PRELIMINARY

0.316 ± 0.062 ± 0.019 0.226 ± 0.022 ± 0.012 -0.82

BABAR 12

BABAR 25
PRELIMINARY
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