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Motivations to physics beyond the SM 
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Flavour anomalies

 Successes
• All predicted particles have been 

discovered
• The features of fundamental 

interactions correctly described

The Standard Model
Unsolved issues

• Gravity not included
• No dark matter explanation
• Neutrino masses
• CP asymmetry not sufficient to explain the 

observed universe
• Instability of the Higgs mass under radiative 

correction
• Hierarchy among the fermion masses

Furthermore, several anomalies 
in the flavour sector

Two procedures

Top-down
Predictions in a defined NP 
extension of the SM-check 

the experimental 
consequences 

Bottom-up
From experiments 

finding hints towards 
new physics   

Introduction

Dipartimento di Fisica, Università di Bari, INFN Bari
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Semileptonic Decays: A Window into Flavor Physics

Introduction

Dipartimento di Fisica, Università di Bari, INFN Bari

Involve both hadronic
and leptonic currents

clean probe of weak
interactions and 
hadron dynamics

Examples: 𝐵 → 𝐷∗ℓ𝜈, 𝐵" → 𝐽/𝜓(𝜂")ℓ𝜈, 𝐷#$
(∗)→ 𝐷#

(∗)ℓ'ℓ(

Why they matter:

• direct access to CKM matrix elements

• Combine perturbative electroweak physics and non-
perturbative QCD effects

• Test the Standard Model and search for New Physics
in flavor anomalies.
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Standard Model as an Effective Field Theory

Λ!"#

Fermi

SM

𝑚) (𝑊 mass)

𝑣 (EW breaking)

Λ (new physics)

BSM

SM as low energy theory of a 
more fundamental one

Unknown BSM theory

Extention of the SM Lagrangian with higher 
dimensional operators weighted by Λ(*  

LνSMEFT = LSM +
∑

d>4

∑
i

C
(d)
i

Λd−4 O
(d)
i

Dimensionless Wilson Coefficients

𝑑 dimension operators 
only SM fields

Invariant under
 𝒢+, = 𝑆𝑈 3 -× 𝑆𝑈 2 .×𝑈 1 /

For 𝜇 ≪ Λ

Dipartimento di Fisica, Università di Bari, INFN Bari
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Tensions in the flavour sector

• Angular distribution function in <𝐵 → 𝐷∗ 𝐷	𝜋 	ℓ	𝜈̅ℓ 
process

• Semileptonic 𝐵" meson decay to charmonium states

Interplay between flavour physics and hadron spectroscopy

• Dalitz decays of positive parity charmed mesons

Overview

Dipartimento di Fisica, Università di Bari, INFN Bari
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Overview

Dipartimento di Fisica, Università di Bari, INFN Bari
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process
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B(B̄→D
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τ
−
ν̄τ)

B(B̄→D(∗) #−ν̄")

Lepton Flavour Universality (LFU) 

Determinations of |𝑉"1| and 
|𝑉21| from inclusive and 

exclusive B decays

Anomalies in 𝑏 → 𝑐 ℓ 𝜈 transitions

Possibility to investigate NP that can explain both anomalies

Dipartimento di Fisica, Università di Bari, INFN Bari
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Hb→U!ν
eff =

GF
√
2
VUb×

{

(1 + ε!V )
(

Ūγµ(1− γ5)b
) (

#̄γµ(1− γ5)ν!
)

+ ε!R
(

Ūγµ(1 + γ5)b
) (

#̄γµ(1− γ5)ν!
)

+ ε!S
(

Ūb
) (

#̄(1− γ5)ν!
)

+ ε!P
(

Ūγ5b
) (

#̄(1− γ5)ν!
)

+ ε!T
(

Ūσµν(1− γ5)b
) (

#̄σµν(1− γ5)ν!
)

}

+ h.c.

𝜖3ℓ ≠ 0 new physics lepton flavour dependent couplings

Generalized effective Hamiltonian

For 𝑉 = 𝐷∗

&𝑩 → 𝑫∗ 𝑫	𝝅 	ℓ	+𝝂ℓ process

Dipartimento di Fisica, Università di Bari, INFN Bari

Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy Conclusions
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𝑝⃗! three momentum of the 
V meson in B rest frame 

Only in presence of NP 

Angular decomposition

Dipartimento di Fisica, Università di Bari, INFN Bari

Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy Conclusions
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Full set of angular coefficient functions 
measured by Belle Collaboration

M. T. Prim et al. (Belle), Phys. Rev. Lett. 133 (2024)

Experimental results presented in terms of
 E𝐽3 𝑤 = 456! 7

8
= 𝐽3 𝑤 /𝑁

𝑤 =
𝑚!
" +	𝑚#∗

" − 𝑞"

2	𝑚! 	𝑚#∗
𝐹 =

3 𝑝⃗#∗
2$% 𝑚!

&𝑘 = .−1 for 𝑖 = 4,6𝑠, 6𝑐, 8
1 all the others

4 bins Δ𝑤(9) of 𝑤 

𝑁 =
8
9
𝜋&
"#$

%

(3 ̅𝐽$&" + 6 ̅𝐽$'" − ̅𝐽(&" − 2 ̅𝐽('" )
Δ𝑤(:) = [1, 1.15]
Δ𝑤(;) = [1.15, 1.25]

Δ𝑤(<) = [1.25, 1.35]
Δ𝑤(=) = [1.35, 1.5]

Integrated width 
modulo a constant

NP contribution 
NOT considered

Evaluation of the hadronic form 
factors and improvement on |𝑉"1|

NP contribution 
considered

Constraints on NP 
parameters 𝜖3ℓ

2 possible uses

P. Colangelo, F. De Fazio, F. Loparco, N.L., Phys. Rev. D 109 (2024)

Experiment

Dipartimento di Fisica, Università di Bari, INFN Bari
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From the theoretical expression of 
𝐼3  fixing 𝑁 from the measured 𝐵𝑅 

E𝐽39 3>?
?@ = ∫A7 ) E𝐽3?@ w dw

From the experimental value of E𝐽3
E𝐽39 3>?

BCD = E𝐽3 ⋅ Δ𝑤 9 	

𝑤 dependence of the 
form factors needed

Caprini-Lellouch-Neubert parametrization
P. Colangelo, F. De Fazio, JHEP 06, 082 (2018) 

E𝐽39 3>?
?@ ∈ [ E𝐽39 3>?

BCD − 𝑘 𝜎39 , E𝐽39 3>?
BCD + 𝑘 𝜎39]1° constraint

Set 1 𝜖E
F , 𝜖G

F, 𝜖D
F, 𝜖H

F

𝜒IBJ; =
1
𝜈Y
3,9

E𝐽39 3>?
?@ − E𝐽39 3>?

BCD ;
/ 𝜎39 ; ≤ 1.8752° constraint

Set 2 𝜖E
F , 𝜖G

F, 𝜖D
F, 𝜖H

F

Found to be 2.5

𝜎' ⋅ Δ𝑤 (

Results

Dipartimento di Fisica, Università di Bari, INFN Bari
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12Nicola Losacco

•  
Set 1 •  

Set 2

No SM

Dipartimento di Fisica, Università di Bari, INFN Bari
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ϵT
μ≠0

ϵT
μ=0

Belle

1.0 1.1 1.2 1.3 1.4 1.5

-1.0

-0.5

0.0

0.5

1.0

w

R 2
1
s

Do NOT depend on 𝜖)

𝜖H = 0  
Insensitive to 
𝜖E  and 𝜖G

Different behaviours 
imply presence of 
tensor operator

Observables

Dipartimento di Fisica, Università di Bari, INFN Bari
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Overview

Dipartimento di Fisica, Università di Bari, INFN Bari
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Tensions in the flavour sector

• Semileptonic 𝐵" meson decay to charmonium states
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𝐵# meson

Relativistic quark model predictions

Heavy quarkonium 
with open flavour 

𝑐<𝑏 system

Only decays weakly

NO annihilation into gluons

Stable with widths less
than a hundred keV

Dipartimento di Fisica, Università di Bari, INFN Bari

Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy Conclusions
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The matrix elements of these operators parametrized through hadronic form factors

Example I: 𝑉 𝑝L, 𝜖 <𝑄′𝛾F𝑄 𝐵" 𝑝 = −
2𝑉M*→E 𝑞;

𝑚M* +𝑚E
𝑖 𝜖FOPQ𝜖∗O𝑝P𝑝LQ

Example II: 𝑉 𝑝L, 𝜖 <𝑄′𝜎FO𝑄 𝐵" 𝑝 = 𝑇R
M*→E 𝑞;

𝜖∗ ⋅ 𝑞

𝑚M* +𝑚E
; 𝜖FOPQ𝑝

P𝑝LQ

+𝑇:
M*→E 𝑞; 𝜖FOPQ𝑝P𝜖∗Q + 𝑇;

M*→E 𝑞; 𝜖FOPQ𝑝LP𝜖∗Q

Effective Hamiltonian for the process 𝑏 → 𝑐 ℓ 𝜈̅ℓ (same as in previous study)  

𝐻BSS
1→" ℓ TOℓ = U,

;
𝑉"1[(1 + 𝜖Eℓ)( ̅𝑐𝛾F 1 − 𝛾V 𝑏)(<ℓ𝛾F 1 − 𝛾V 𝜈ℓ)

+𝜖Gℓ ̅𝑐𝛾F 1 + 𝛾V 𝑏 <ℓ𝛾F 1 − 𝛾V 𝜈ℓ + 𝜖+ℓ ̅𝑐𝑏 <ℓ 1 − 𝛾V 𝜈ℓ

+𝜖Wℓ( ̅𝑐𝛾V𝑏)(<ℓ 1 − 𝛾V 𝜈ℓ) + 𝜖Hℓ( ̅𝑐𝜎FO 1 − 𝛾V 𝑏)(<ℓ𝜎FO 1 − 𝛾V 𝜈ℓ)]

SM

BSM

16Nicola Losacco

Semileptonic 𝐵# meson decays

Dipartimento di Fisica, Università di Bari, INFN Bari

Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy Conclusions
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𝑣  4-velocity of the meson containing the heavy quark

𝑝L = 𝑚$/Y(Z*)𝑣
L𝑝 = 𝑚M*𝑣

Q(x) = e−imQv·x

(

1 +
∑∞

n=0

(

−

iv·D

2mQ

)n

i /D⊥

)

ψ+(x)

Two energy scales: 
𝑚1 and 𝑚"

Expansion of the heavy 
quark field in 1/𝑚[

Heavy quark expansion Positive energy 
component of the field

NRQCD suitable for the 
description of the dynamic of 
mesons with two heavy quaks

Power counting using g𝑣, relative 
velocity of the heavy quarks

𝐷 ∼ g𝑣;
𝐷\ ∼ g𝑣

A.F. Falk and M. Neubert, Phys. Rev. D 47 (1993) 2965

G.P. Lepage, L. Magnea, C. Nakhleh, U. Magnea and 
K. Hornbostel, Phys. Rev. D 46 (1992) 4052

17Nicola Losacco

Semileptonic 𝐵# decays

The Standard Model as an Effective Field Theory       Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy

Dipartimento di Fisica, Università di Bari, INFN Bari
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The heavy quark spin symmetry allows us to parametrize the current matrix elements using 
universal functions near the zero recoil point 

〈M ′(v′)| J0 |M(v)〉 = −∆(w)Tr
[

H̄ ′(v′)ΓH(v)
]

w = v · v
′
=

m
2

M
+m

2

M′−q
2

2mMmM′

and            4×4 matrix describing the mesons that 
differ only by the quark spins orientation

H ′(v′) H(v)

w = 1

18Nicola Losacco

H(v) = 1+/v
2

[B∗µ
c γµ−Bcγ5]

1−/v
2

H ′(v′) = 1+/v′

2
[Ψ∗µ

c γµ − ηcγ5]
1−/v′

2

(𝐵" , 𝐵"∗)

(𝜂" , 𝐽/𝜓)

Leading order term of the 
current expansion

Semileptonic 𝐵# decays
Spin interaction terms suppressed 

by powers of 1/𝑚[
Heavy quark spin symmetry manifests

Dipartimento di Fisica, Università di Bari, INFN Bari
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• Relations between form factors          

• Universal functions

Form factors evaluation from known 
ones, e.g. from lattice QCD

HPQCD collaboration, Phys. Rev. D 102 (2020) 094518

Form factors validity test

§ 𝑩𝒄 → 𝑱/𝝍
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19Nicola Losacco

𝑩𝒄 → 𝑱/𝝍 𝜼𝒄 ℓ +𝝂
P. Colangelo, F. De Fazio, F. Loparco, M. Novoa-Brunet, N. L, JHEP 09 (2022) 028

Dipartimento di Fisica, Università di Bari, INFN Bari

Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy Conclusions
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𝑩𝒄 → 𝑱/𝝍 𝜼𝒄 ℓ +𝝂

Dipartimento di Fisica, Università di Bari, INFN Bari
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§ 𝑩𝒄 → 𝜂(
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Vector operator form factor

Difference between tensor and vector form factorDifference between tensor and scalar form factor

21Nicola Losacco Dipartimento di Fisica, Università di Bari, INFN Bari
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𝜒": 2𝑃 : radial
excitation of the 𝑃-
wave charmonium

2222Nicola Losacco

𝑩𝒄 → 𝝌𝒄𝑱 𝒉𝒄 ℓ +𝝂
The formalism can be applied to the transition

𝐵" → 𝜒"$ ℎ" ℓ𝜈̅

𝑃-wave charmonium 𝜒"R , 𝜒":, 𝜒";, ℎ" fields

Mµ(v′) = 1+/v′

2

[

χµν
c2 γν + 1√

2
χc1,γε

µαβγv′αγβ + 1√
3
χc0(γµ − v′µ) + hµ

c γ5

]

1−/v′

2

The obtained relations can be 
applied to the radial excitations

Useful to obtain information on the 
structure of 𝜒": 3872 	𝐽W- = 1''

𝑋(3872): 
tetraquark, 

molecular state

R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F. Feruglio, and G. Nardulli, Phys. Lett. B 309, 163 (1993)

Positive parity orbitally 
excited charmonium system

P. Colangelo, F. De Fazio, F. Loparco, M. Novoa-Brunet,  N.L., Phys. Rev. D 106 (2022), no. 9 094005

Dipartimento di Fisica, Università di Bari, INFN Bari
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The charming case of X(3872) and χ"#(2𝑃)
Giuseppe Roselli
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Ratios J] ^-→_*.ℓTO /J7
J] ^-→_*/ℓTO /J7

and J] ^-→_*0ℓTO /J7
J] ^-→_*.ℓTO /J7

in the hypothesis that 𝜒":(3872) is the 2𝑃 state

χ��(��)

ℓ=μ-

1.00 1.02 1.04 1.06 1.08 1.10

0

1
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�

χ��(��)

ℓ=τ-
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3.0

�
Deviations Exotic structure of the 𝜒":(3872) state?

23Nicola Losacco

𝑩𝒄 → 𝝌𝒄𝑱 𝒉𝒄 ℓ +𝝂

HQ symmetry inaccurate? Check the other predictions

Dipartimento di Fisica, Università di Bari, INFN Bari
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Overview

Dipartimento di Fisica, Università di Bari, INFN Bari
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Interplay between flavour physics and hadron spectroscopy

• Dalitz decays of positive parity charmed mesons
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Dalitz decays of positive parity charmed mesons
complement the information from 
the electric dipole radiative decays

𝐷#R∗ → 𝐷#∗𝛾, 𝐷#:L → 𝐷#
(∗)𝛾

𝑐𝑠̅ system composed 
of heavy-light quarks

Heavy degrees of freedom decouple 
Heavy quark spin 𝑠[ and total angular 

momentum of the light degrees of 
freedom 𝑠ℓ separately conserved

heavy quark spin symmetry

𝑫𝒔 , 𝑫𝒔∗

𝑫𝒔𝟎∗ , 𝑫𝒔𝟏L

𝑫𝒔𝟏 , 𝑫𝒔𝟐∗

States classified in doublets

Use Dalitz decays 𝑫𝒔𝑱
(∗) → 𝑫𝒔

(∗)ℓ'ℓ( 
to probe the nature of 𝑫𝒔𝟎∗  and 𝑫𝒔𝟏L

Dipartimento di Fisica, Università di Bari, INFN Bari
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Long distance contribution 
Vector Meson Dominance 

(VMD)

26Nicola Losacco

Charm Strange

Computed using heavy quark 
spin symmetry

Effective Lagrangian constructed using

Hidden Gauge Invariance
HQS + CS + HGI

Heavy Quark Symmetry
Chiral Symmetry

𝑔:+, 𝑔;+,ℎH  strong couplings𝜏:/; , 𝜏</; universal functions

Dalitz decays of positive parity charmed mesons

Dipartimento di Fisica, Università di Bari, INFN Bari
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Case A
POSITIVE

Case B
NEGATIVE

Sign of interference not known Two extreme cases depending on the 
product between 𝜏:/; , 𝜏</; and 𝑔:+, 𝑔;+,ℎH  

Uncertainties from 𝜏:/; , 𝜏</; and 𝑔:+, 𝑔;+,ℎH  

𝑔:+: from the semileptonic 𝐷 → 𝐾∗ form factor

𝑔;+: from light-cone QCD sum rule computation of the decay 
amplitude of the positive parity charmed mesons to real photons 

ℎH: from strong decay width of excited charmed mesons

Phys. Rept. 281 (1997) 145{238}

Phys. Rev. D 72 (2005) 074004

Phys. Rev. D 98 (2018) 114028

𝜏:/; , 𝜏</;: from semileptonic 𝐵 decays to positive parity charmed mesons
Phys. Rev. D 58 (1998) 116005

Dalitz decays of positive parity charmed mesons

Dipartimento di Fisica, Università di Bari, INFN Bari
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§ 𝑫𝒔𝟏L → 𝑫𝒔
(∗) 𝝁' 𝝁(

Case A Case B

Dalitz decays of positive parity charmed mesons
P. Colangelo, F. De Fazio, F. Loparco, and N. L., Phys. Rev. D 108 (2023), no. 7 074027
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Case A Case B
§ 𝑫𝒔𝟏 → 𝑫𝒔

(∗) 𝝁' 𝝁(
Dalitz decays of positive parity charmed mesons
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Dalitz decays of positive parity charmed mesons

Case A Case B
§ 𝑫𝒔𝟐∗ → 𝑫𝒔

(∗) 𝝁' 𝝁(
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Dalitz decays of positive parity charmed mesons

Case A Case B

§ 𝑫𝒔𝟏L → 𝑫𝒔
(∗) 𝝁' 𝝁( Angular Distribu.on cos 𝜃 =

𝑝⃗: ⋅ 𝑝⃗
𝑝⃗: |𝑝⃗|

𝑝⃗: = lepton momentum
𝑝⃗ = 𝐷#

(∗) momentum
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Dalitz decays of positive parity charmed mesons

Case A Case B

§ 𝑫𝒔𝟏 → 𝑫𝒔
(∗) 𝝁' 𝝁( Angular Distribu.on
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Dalitz decays of positive parity charmed mesons

Case A Case B

§ 𝑫𝒔𝟐∗ → 𝑫𝒔
(∗) 𝝁' 𝝁( Angular Distribu.on
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Dalitz decays of positive parity charmed mesons
amplitudes of different modes related 

through the hadronic parameters Correlations between decay widths

• BR of <
;

'
and width of :

;

'
 small

• Processes investigated by the LHCb collaboration
Dipartimento di Fisica, Università di Bari, INFN Bari
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Conclusions and perspectives
Many anomalies 

in the heavy 
flavour sector

Reduce Theoretical 
uncertainties to 

confirm/disprove them 

Use of HQET for the 
non-perturbative part 

HQET analysis and 
HQ symmetry 

Tools to identify 
debated hadron states

Results to be tested in current and future experiments

Necessity to continue the investigation for a deeper understanding of nature

Dipartimento di Fisica, Università di Bari, INFN Bari
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Use of semileptonic 
decay to test them 
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Relations from the gauge group structure

[

Cψ1ψ2

]

ijkp
= ±2

√

[

Cψ1ψ1

]

ijij

[

Cψ2ψ2

]

kpkp

[

Cψψ
]

ijkp
=

[

Cϕψ
]

ij

[

Cϕψ
]

kp

CϕD

[

Cψ1ψ2

]

ijkp
= 2

[

Cϕψ1

]

ij

[

Cϕψ2

]

kp

CϕD

Few parameters to express 
all Wilson coefficients Relations among them

Generation indices

Wilson coefficient ≠ 0 only if 𝑖 = 𝑗 and k = 𝑝 
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Example: 
𝑍L universal and only coupled to the third generation

zψ3
= zψ

zψ1
= zψ2

= 0
zψ1

= zψ2
= zψ3

= zψ

Universal coupling
Only third 

generation coupling:

[

Cϕψ
]

3
= C̄ϕψ

[

Cϕψ
]

1
=

[

Cϕψ
]

2
= 0

[

Cϕψ
]

1
=

[

Cϕψ
]

2
=

=
[

Cϕψ
]

3
= C̄ϕψ

C̃
(n)
ϕψ =

(

C̄ϕψ
)n

C̃
(n)
ϕψ = 3

(

C̄ϕψ
)n

Same constraints 
from the linear ACE 

6 coefficients and 4 linear relations

Correlation plots varying 
C̄ϕd, C̄ϕe ∈ [−1, 1]
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Angular Coefficient Functions

The Standard Model as an Effective Field Theory       Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy

𝐼3  functions  properties:
• depend only on 𝑞; 
• expressed in terms of SM and NP 

contributions

𝑖 = 1, … , 6

𝑖 = 8, 9
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𝑞; dependence through Helicity 
Amplitudes parametrizing the matrix 

elements of different operators

V-A current 

Tensor current 

𝐴R,:,;, 𝑉 and 𝑇R,:,; parametrize respectively:
•  
•  
  

〈V (p′, ε)|Ūγµ(1− γ5)b|B(p)〉
〈V (p′, ε)|Ūσµνb|B(p)〉
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Angular Coefficient Functions
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•  Measurement

Obtained band 
using Set 2
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w0 (J

2 s)

w0 (J

2 c)

1.0 1.1 1.2 1.3 1.4 1.5
0.0

0.2

0.4

0.6

0.8

w0

|ϵ
Tμ
|
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𝑤R	( E𝐽3) =
Zero of the 𝐽3  angular 
coefficient function

cannot both have 
a zero for same 𝜖H

Belle results compatible with 
the presence of a zero in E𝐽;# 

0.25

𝜖E = 𝜖G = 0 

Observables

The Standard Model as an Effective Field Theory       Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy



Only ϵT
μ≠0

-0.10 -0.05 0.00 0.05 0.10
1.0

1.1

1.2

1.3

1.4

1.5

��[ϵ�
μ]

�
�(
� �

�
)
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𝜖E = 𝜖G = 𝜖W = 0 
𝐽e"

Range compatible with Belle results

Small values of 𝑅𝑒[𝜖H]

Compatible with E𝐽;# zeros 

Observables

The Standard Model as an Effective Field Theory       Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy
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Semileptonic 𝐵# decays

The Standard Model as an Effective Field Theory       Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy

Expansion for the current up to  𝒪( g𝑣<) and 𝒪(1/𝑚[
; )

Q̄′(x)ΓQ(x) = J0 +
(

J1,0

2mQ
+ J0,1

2mQ′

)

+

(

−

J2,0

4m2

Q

−

J0,2

4m2

Q′

+ J1,1

4mQmQ′

)

J0 = ψ̄′

+Γψ+

J1,0 = ψ̄′
+Γ i

−→

/D⊥ψ+

J0,1 = ψ̄′
+

(

−i
←−

/D ′
⊥

)

Γψ+

J0,2 = ψ̄′
+ i
←−

/D ′
⊥

(

i v′ ·
←−
D
)

Γψ+

J2,0 = ψ̄′
+Γ

(

iv ·
−→
D
)

i
−→

/D⊥ψ+

J1,1 = ψ̄′
+

(

−i
←−

/D ′
⊥

)

Γ

(

i
−→

/D⊥

)

ψ+
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Overview

Dipartimento di Fisica, Università di Bari, INFN Bari

Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy Conclusions

Tensions in the flavour sector

• Nonleptonic 𝐵" meson decay to orbitally excited
charmonium states
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Nonleptonic 𝐵# decays to P-wave charmonia

𝐵"' 𝜒"$ , ℎ"

𝑀W(E)

F𝑏

𝑐

̅𝑐

𝑐

𝑢

F𝑞

After Fierz transformation and discarding color-octect operator

Positive parity charmonium states

Focus on 𝐵"' → 𝜒"$ ℎ" 𝑀W E
further probe of the 

structure of 𝜒":(3872)
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Application of QCD factorization to 
nonleptonic decays

Decay amplitude depends on form 
factors and decay constants  

Pseudoscalar case (𝜋$, 𝐾$):

Vector case (𝜌$, 𝐾∗$):
𝐵" → 𝜒"$ ℎ" 	𝑀 

𝑀 light pseudoscalar or 
vector meson 
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Nonleptonic 𝐵# decays to P-wave charmonia
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Predictions on ratios of branching fractions

Nonleptonic 𝐵# decays to P-wave charmonia

N. L., Mod. Phys. Lett. A 38 (2023), no. 04 2350027
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𝜒": state suppressed If 𝜒":(3872) is NOT a pure 
charmonium state different hierarchy

Predictions on ratios of branching fractions

Nonleptonic 𝐵# decays to P-wave charmonia

N. L., Mod. Phys. Lett. A 38 (2023), no. 04 2350027

Search for the 𝐵"$ → 𝜒"# 3872 𝜋$ decay LHCb Collaboration Roel Aaij (Nikhef, Amsterdam) et al.: 2503.20039 [hep-ex]
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