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WHAT IS AN  
ANOMALY ?



Semileptonic Rare B decays  

The status of  anomaliesb → sℓℓ

19

Anomalies

+ …

Admir Greljo | Rare b decays meet high-mass Drell-Yan

cf. Renato Quagliani

cf. Renato Quagliani, CERN seminar 20.12.2022.

• Lepton Flavor Universality 
ratios are SM-like

The latest news!

LHCb, 2212.09153, 2212.09152

“in-depth revision and understanding of electron misidentification”

might

B(B0 ! µ+µ�) = (1.03± 0.05)⇥ 10�10.

The heavy and light B0

s
mass eigenstates are linear combinations of the flavor

eigenstates. The lifetimes of the heavy and light mass eigenstates are ⌧H =
1.624 ± 0.009 ps and ⌧L = 1.429 ± 0.007 ps, respectively [5]. In absence of CP
violation in the mixing, the B0

s
! µ+µ� decay is only accessible by the B0

s
heavy

mass eigenstate, as it coincides with the CP-odd eigenstate. Thus, measuring an
e↵ective lifetime of the B0

s
! µ+µ� which is not in accordance with a pure heavy

mass eigenstate lifetime would be a hint of NP.
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Figure 1: Evolution with time of the 95% CL upper limit on B0 ! µ+µ� (red)
and B0

s
! µ+µ� (blue) branching fraction. B0

s
! µ+µ� branching fraction

measurements (black). Results by several experiments [6, 7, 8, 14].

2 Branching fraction measurements

The ATLAS [3], CMS [2], and LHCb [4] collaborations have leveraged data from
proton-proton collisions to measure the B0

(s)
! µ+µ� BFs. ATLAS utilised

proton-proton collision data from 2015 to 2016 (partial Run2), amounting to
26.3 fb�1 at a centre-of-mass energy of 13 TeV, which was combined with Run1
results at the likelihood level [8]. CMS employed data from 2016 to 2018 (Run2),

2



SHOULD WE STILL BE EXCITED TODAY?
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FIG. 3. Di↵erential branching fraction for B+
! K+`+`�,

with our result in blue, compared with experimental re-
sults [15, 16, 18, 19, 21, 23]. Note that Belle ’19, and LHCb
’14C and ’21 have ` = e, whilst otherwise ` = µ. Horizontal
error bars indicate bin widths.

FIG. 4. Di↵erential branching fraction for B0
! K0`+`�,

with our result in blue, compared with experimental re-
sults [16, 17, 19]. All experimental results take ` = µ. Hori-
zontal error bars indicate bin widths.

FIG. 5. Di↵erential branching fraction for B ! K`+`�, with
our result in blue, compared with experimental results [12,
14, 16]. CDF ’11 takes ` = µ, whilst Belle ’09 and Babar ’12
do not di↵erentiate e from µ. Horizontal error bars indicate
bin widths.

FIG. 6. Comparison of branching fractions with recent exper-
imental results [15, 19, 23] in low and high regions of q2 away
from the charmonium resonance region. Here we show the
ratio of the experimental branching fraction to our results,
compared to the black vertical line at the value 1. The error
bars are 5� long, with markers at 1, 3 and 5�. Note that the
� here are for the ratio, so not the same as those calculated
for the di↵erence in Table III. On the right, labels indicate
the colours of the q2 bins in units of GeV2. No uncertainty
from QED is included in this plot.

tions to Ce↵,0
9 detailed in Appendix B. The black ver-

tical bands indicate regions vetoed because of the J/ 
and  (2S) resonances, not included in our calculation.
As discussed in Section IIA 3, our result is interpolated
across these regions and the gap between them.
Experimental results for decays to electrons, muons or

both (averaged) are displayed in each case as coloured
points, with the results shown for each experimental q2

bin. The horizontal error bars on the experimental re-
sults reflect the width of the bin. Some of the experi-
mental results are for ` = e and some for ` = µ; our
results are insensitive to the di↵erence. The experiments
ignore data taken in the black vetoed regions, but there
are results in between these regions. However, we cannot
make a reliable comparison between our short-distance
SM results and the experimental results between the ve-
toed regions.
Figures 3, 4 and 5 show that our results are somewhat

higher than experiment in most cases, particularly in the
region 4  q2/GeV2

 8.68. This is most clearly visible
in Figure 3, where the tension between our result and the
most precise data from LHCb is obvious.
To examine this tension in more detail, we integrate

over two well-behaved q2 regions, one above and one be-
low the cc resonances, as discussed in Section IIA 3. For
these regions we can make a reliable comparison with ex-
periment. We show the results in Table III; these consti-
tute our main numerical results. In Table III, we compare
our branching fractions with the most recent experimen-
tal results available for B ! Ke+e� and B ! Kµ+µ�.
Note that our relative uncertainties are comparable to
those from the experiments for most of the values. We
have larger uncertainties than those for LHCb ’14A for
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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
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Angular observables OFF (?)Several BRs OFF (?)

see also D.Provenzano’s talk
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The effective Hamiltonian

A ⇠ h`+`�|Jlep|0ihV (P )|Jhad|Bi

Matrix elements of quark currents from Q7,9,10,S,P naively factorize: 

h̃�(q
2) ⇠ ✏�,µ

Z
d4x eiqxhV (P )|T{Jµ,e.m.

had (x)Heff
had(0)}|Bi

Not possible for the hadronic Hamiltonian!

 1

V = K*, ϕ
P = K

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

Proce

Méril Reboud - 23/03/2025 3

Weak E1ective Theory

● These processes take place at a scale mb < mW, mt

● Allows for a model independent interpreta(on of the anomalies

● Avoids the appearance of large logarithm in the calcula(ons of observables

Process energy scale is  —>  EFT à la Fermi𝒪(mb) ≪ 𝒪(vEW)
SM matching & QED+QCD RG effects @ NNLO [arXiv:1102.5650]
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V = K*, ϕ
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Marco Fedele,  Alex Marshall Does  = 1 suggest new physics in the electrons?RK

Matrix elements of semi-leptonic & EM dipole

operators naively factorize —> form factors# 1

Low-energy physics from two sets of contributions:
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Matrix elements of four-quark and QCD dipole

 operators —> non-local hadronic correlators  hλ

# 2
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Low-energy physics from two sets of contributions:
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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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FORM FACTORS  FOR  B —> V(P) 𝓁+𝓁-

—  QCD Light-Cone Sum Rules (LCSR)  —>   feasible @ low  q2, not first-principle
—  Lattice QCD —>   feasible @ high q2, difficulties with unstable mesons (e.g., K*)
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KNOWN UNKNOWNS IN  B —> V(P) 𝓁+𝓁-

≈
ESTIMATED IN  JHEP 09 (2010) 089 ACCORDING TO: 

i)   Light-cone sum rules (LCSR)  

ii)   Single soft gluon approximation

iii)   Extrapolation to cc resonances
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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.

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


        data
z
B → M J/ψ

3)  dispersive bounds

      based on cuts in q2

LHCb extracted non-local effects from data  [PRL132 (2024) 13] likewise. 

[ JHEP 09 (2022) 133 ]

In 2022, this class 

of charming penguins

has been re-estimated 

—> tiny contribution  ! 
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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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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:
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|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.

2



























ci và

a È Èb s

r

(b) (c)

(2)


 (1)

(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:
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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:
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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 from intermediate on-shell hadronic states. 
These effects are  NOT captured by analytic cuts solely in q2.

HOWEVER, WHAT ABOUT THOSE CHARMING PENGUINS ?
[ see discussion in EPJC 83 (2023) 1 ]  

[ i.e., anomalous thresholds, see JHEP 07 (2024) 276 ]
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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].
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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,
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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
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See ref. [93] for a very recent estimate of similar diagrams with

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

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

      based on cuts in q2

LHCb extracted non-local effects from data  [PRL132 (2024) 13] likewise. 
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In 2022, this class 
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has been re-estimated 

—> tiny contribution  ! 



TRIANGLES & ANOMALOUS THRESHOLDS

Indeed, anomalous thresholds can yield O(10%) (and maybe more?)

PRD 111 (2025) 9

—  distortion of the analytic structure implies “new” dispersion relations
challenging for pheno analyses — 

see JHEP 07 (2024) 276

Pheno estimates extrapolating Heavy Hadron ChiPT to region of low q2

point to O(1%) effect at amplitude level, but could be larger, 2507.17824 !



Just Taylor-expand hadronic correlators    and fit coeffs to data!hλ(q2)

A data-driven approach to hadronic contributions
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− − Ṽ L+(q2)
16π2m2

B
h(1)

− q2 + h(0)
+ + h(1)

+ q2 + h(2)
+ q4 + "(q6)

h0(q2) = − mb

8π2mB
T̃L0(q2)h(0)
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Can be interpreted as LFU NP!
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… and where we are now
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New data from CMS ( ) and LHCb ( ) start to point towards hadronic interpretation…B → K * μμ B → K * ee

Fore more fits including 
generic NP effects, see 
talk tomorrow by Nazila!

Marco Fedele,  Alex Marshall Does = 1 suggest new physics in the electrons?RKQCD ~ LEPTON UNIVERSAL NP
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B ANOMALIES : WHERE WE ARE !
2025 update of PRD 107 (2023) 5
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B ANOMALIES : “EVIDENCE” FOR NEW PHYSICS

2025 update of PRD 107 (2023) 5
If hadronic effects are actually sizable,


a 2025 global analysis of  shows

there is no evidence for New Physics. 

 probes direction orthogonal to 


—> compatible with 0 well within . 

b → sℓℓ

CNP
9,μ−e CNP

9,U

2σ

In preparation !



B ANOMALIES : A ZOOM ON CMS
Figure 2: The 1 and 2� confidence level (C.L.) of the {C9, C10} fit to angular B ! K⇤µ+µ�

observables (without [6, 8] and [6., 8.68] GeV2 bins), using the measurements from LHCb [7] and
CMS [47] separately. The fits lead to PullSM of 2.3 and 1.8�, respectively.

.

Figure 3: The 1� and 2� C.L. regions for the {C9, C10} fit to angular observables in B !
K⇤µ+µ�, when a fit to the LHCb measurements [7] with and without CMS data [47] (excluding
the q2 2 [6, 8.68] GeV2 bins in both cases) is made, with PullSM of 2.3 and 2.8�, respectively.

Finally, we test whether the choice of the normalised P
(0)
i observables instead of the

Si observables makes a di↵erence. Figure 5 shows that although the central value shifts,

6

arXiv: 2508.09986

~ 10% uncertainty wrt leading amplitude due to unknown power corrections

to QCD factorization (valid at low q2) —> New Physics at ~ 3σ w/ CMS data.



B ANOMALIES : WHERE TO GO
TAME HADRONIC EFFECTS FROM FIRST PRINCIPLES# 1

MORE DATA , NEW OBSERVABLES (see E.Lunghi’s talk)# 2

Anomalous branch cuts
Non-local FFs may present have anomalous branch cuts that extend into the complex plane
Example 𝐵 → 𝐷𝐷𝑠

∗ → 𝐾ℓ+ℓ− rescattering

𝑠+ = 𝑚𝐵 + 𝑚𝐾
2 𝑠Γ = 2𝑚𝐷

2 𝑠𝐴 = 24.1 −  3.5𝑖

Apply the same procedure as for the subthreshold branch cuts, but: 

• Ƹ𝑧 map is very hard to obtain (existence guaranteed by the Riemann Mapping Theorem)

• Δ𝜒 calculation extremely challenging

24

[Mutke et al. 2024]

[Gopal/NG 2024]

Extrapolation to low q2 region 

requires generalization of


current dispersive bounds.

— see PRD 111 (2025) 3 —

Test  dependence on 

q2 binning, polarization of final

state, for different channels.

— see EPJC 84 (2024) 5 —

ΔC9

Charming penguins may be computed on the lattice at large q2 via Spectral  

Function Reconstruction — arXiv: 2508.03655 — see D.Becirevic’s talk 



B ANOMALIES : A ☀ FUTURE
LHCb upgrade(s) will allow us to probe precisely 


the q2 dependence in the angular analysis …

—> pin down effects from hadronic physics


Belle II is delivering interesting results as well !

CMS & ATLAS are also going to play a role here!

MAYBE A NEW ANOMALY (see R.Volpe’s talk)



Take Home

16

Unitarity triangle beyond the SM

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)

V,

V

Λ > 4.9 x 105 TeV
(the bound has increased of 
a factor of 2 with respect to 
the first UTfit NP analysis in 
JHEP ‘ 08 [0707.0636])

see U
Tfit (L.Vittorio) @

 EPS25
I

II

https://indico.in2p3.fr/event/33627/contributions/155084/


BACKUP
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ARE THESE (INTERESTING)

 ANOMALIES ? …

 Eur.Phys.J.C 84 (2024) 4



ANOMALIES  IN  B —> K * 𝜇𝜇 ?

Phenomenological 

Data Driven (PDD)

Phenomenological 

Model Driven (PMD)

IC = 125

IC = 102
P 0
5 =

S5p
FL(1� FL)

Descotes-Genon et al. 2013

[ JHEP 06 (2016) 116  ]  

Enforce outcome of LCSR +  dispersion

relations in the entire range of q2

Apply LCSR results only for q2 ≲ GeV2

h0,±
�
q2
�
=

X

k=0,1,2

h(k)
0,±

✓
q2

GeV2

◆k

<latexit sha1_base64="iv34SL9LJqKrOQSY3fbeTrbmMk8="></latexit>



B ANOMALIES : P5’
[ EPJC 83 (2023) 1 ]



EXTRACTION OF HADRONIC EFFECTS
[ EPJC 83 (2023) 1 ]
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PROJECTIONS @ 50 fb-1

Scaling LHCb stat
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(Hurth et al.`17 + Albrecht et al.`17) 
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