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Motivations to physics beyond the SM

Successes

* All predicte
discovered
* The feature

d particles have been

s of fundamental

interactions correctly described

Flavour anomalies
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The Standard Model

Unsolved issues

*  Gravity not included

* No dark matter explanation

* Neutrino masses

* CPasymmetry 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
conseguences

Bottom-up
From experiments
finding hints towards
new physics
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Introduction

Semileptonic Decays: A Window into Flavor Physics

clean probe of weak
- interactions and
hadron dynamics

Involve both hadronic
and leptonic currents

Examples: B —» D*¢v, B, — /Y (n.)fv, DS(;)—> Dg*)fJ’f'
Why they matter:
* direct access to CKM matrix elements

 Combine perturbative electroweak physics and non-
perturbative QCD effects

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

SM 4

Nicola Losacco

BSM

t SM as low energy theory of a

A (new physics) more fundamental one

Unknown BSM theory

¢

Extention of the SM Lagrangian with higher
dimensional operators weighted by A™"

v (EW breaking)

Dimensionless Wilson Coefficients

my, (W mass) Foru <A C(/d) "
Losmerr = Lsm + D geyq 2 na=z O,

\

Agep Invariant under
Gsm = SUB)cx SU2), xU(1)y

d dimension operators
only SM fields

Dipartimento di Fisica, Universita di Bari, INFN Bari




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

Overview

Tensions in the flavour sector

«  Angular distribution function in B - D*(D ) £ v,
process

Semileptonic B, meson decay to charmonium states
Interplay between flavour physics and hadron spectroscopy

« Dalitz decays of positive parity charmed mesons
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Overview

Tensions in the flavour sector

«  Angular distribution function in B - D*(D ) £ v,
process
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Anomalies in b — ¢ £ v transitions

*A 04 T I T T T I T T T I T T
Determinations of |V, | and a HFLAV 68% CL contours
) ) . [ ciwozs | Belle® BaBar

|Vup| from inclusive and 0.35

exclusive B decays
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Possibility to investigate NP that can explain both anomalies
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B - D*(D i) £ v, process
Generalized effective Hamiltonian

Hé’f—}Uéu _ @Vbe {(1 + e€/) ((_]7“(1 — 75)b) @y“(l — ’}/5)Vg) + e%(U’yu(l + 75)[;) <nyu<1 _ 75),%)

V2
+ LA OREE=TT) + ¢y (050) (81 = 35)) + € (T (1= 36)8) (f0 (1= 15)w0) | + e
ForV = D"

ef # 0 new physics lepton flavour dependent couplings
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Angular decomposition

N 3GEVus’B(V = P1Py) 5, three momentum of the

128(2m)*m% V meson in B rest frame
PT(B 5 VAP ) _ (1 :
dg2dcos@dpdcosty bV g

X {113 sin? Oy + I,.cos? by

+ (IQS sin? By + I, cos? GV) cos 26

+13sin? By sin? @ cos 2¢ + 1, sin 26ysin 26 cos ¢

+ 15 sin 20ysin 0 cos ¢
+ (I 6s8in2 Oy + T4, cos? OV) cos

(I 9sin 20ysin 0 sin ¢ 4 (gsin 20y sin 26 sin ¢
1

. D W Only in presence of NP
+H{Jsin fysim oS 26 i yine
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Experiment

Full set of angular coefficient functions Experimental results presented in terms of
Bell |l [ —) > KFI;(w)
measured by Belle Collaboration J.w) = zi/ = J.(w)/N

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

o MBt Mo —a® (1 fori=46s6c8 ,_ 3Pl
2 mg mp- 1 all the others 210 m3

Integrated width
modulo a constant 4 bins Aw (@) of w

Aw® =11,1.15] Aw® =[1.25,1.35]

4
8 ja ja ja ja
N = §n;(3hc +6J1s = J2c — 2 J25) Aw @) = [1_15’ 1.25] Aw@) = [1.35’ 1_5]

2 possible uses

NP contribution NP contribution
considered NOT considered
Constraints on NP Evaluation of the hadronic form
parameters El?’ factors and improvement on |V |

P. Colangelo, F. De Fazio, F. Loparco, N.L., Phys. Rev. D 109 (2024)
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Results
w dependence of the — Caprini-Lellouch-Neubert parametrization
form factors needed P. Colangelo, F. De Fazio, JHEP 06, 082 (2018)
Fro.m.the theoretical expression of From the experimental value of ;
I; fixing N from the measured BR ~\EXD s a
rath _ Pth U) e =1Ji - (w)
° . sa\th s\ XD a (sa)\exp a
1° constraint U, elUd), , —ka,(F), . +kofl
l \/ Found to be 2.5
o; - (Aw)*

Setl €,,€p, €y, €

1 ) ) 2
2° constraint  Yieq = ;Z ((]f‘):ﬁt - (]f‘):ff) /(6{)? < 1.875

lL,a

Set2 €y, €p, €, €
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Observables S ()
Ro1s(w) = jQS—> Do NOT depend on €p

1.0

Insensitive to
€y and €p

er=0 mp

\'\\\\\\\\

et TUTTPTY FEPPEPEEPEErr .

S 0.0 t { : l
= : ]

I ] Different behaviours
- el+0 ] .

-05- T - imply presence of
e e er=0 ] tensor operator
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Overview

Tensions in the flavour sector

Semileptonic B, meson decay to charmonium states
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Tensions in the flavour sector

B. meson

cb system

!

Heavy quarkonium
with open flavour

!

NO annihilation into gluons

!

Stable with widths less
than a hundred keV

!

Only decays weakly

Nicola Losacco

7600

Mass (MeV)
™
S

6400

6000 L

Interplay between flavour physics and hadron spectroscopy

Conclusions

Relativistic quark model predictions

6800 |

7572 7588 7565 7571 75684
- 7455 7475 7487 7563
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- 7122 7150 7164 7266 -
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(6855 0887 7036 ]
~ 6768 i
6706 Sl =" 1
— 6741
L s B, Mass Spectrum ]
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S, ’S, °P, P, °P,°D, D, °D,’F, F, °F,
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Semileptonic B, meson decays

Effective Hamiltonian for the process b — ¢ € v, (same as in previous study)

Hot 'V = EVep[(1+ €)@, (1 = y)D)@Y* (1 = y5)ve) —— sm
+ex (Evu (1 +y5)b)(Ly* (1 —y5)v,) + €5 (CH)(L(1 = y5)vy) }
BSM
]

+ep(CYsh)(E(1 — ¥s)ve) + €7(Coyy (1 = y5)D) (¥ (1 — ¥5)vy)

The matrix elements of these operators parametrized through hadronic form factors

. ! N/ ZVBC%V(CIZ) . *V lﬁ
Example I: (V(p ;E)lQ VquBc(p» = = Mg, +m L€uwap€ PP
. N _ BV 2 € - q o,
Example IlI: (V(p ,E)|Q quQch(P» = TO (q ) 2 €uvapl P
(mBC + mv)

+TlBC_)V (qZ) EuvaﬁpaE*ﬁ + TZBC%V (qZ) Euvaﬁp,aE*ﬁ
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The Standard Model as an Effective Field Theory = Tensions in the flavour sector Interplay between flavour physics and hadron spectroscopy

Semileptonic B, decays

Two energy scales: ‘ Expansion of the heavy
my and m, quark field in 1/m,

A.F. Falk and M. Neubert, Phys. Rev. D 47 (1993) 2965 Positi
. ositive energy
Heavy quark expansion r’ component of the field

Q) = emmave (1452 (~22) i, ) o (a)

v 4-velocity of the meson containing the heavy quark
p = mpV P =My @V

NRQCD suitable for the

o . Power counting using 7, relative D ~ ©?
description of the dynamic of . ~
) velocity of the heavy quarks D, ~7¥

mesons Wlth two heavy quaks G.P. Lepage, L. Magnea, C. Nakhleh, U. Magnea and

K. Hornbostel, Phys. Rev. D 46 (1992) 4052
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Semileptonic B, decays

Spin interaction terms suppressed

by powers of 1/mQ ‘ Heavy quark spin symmetry manifests

The heavy quark spin symmetry allows us to parametrize the current matrix elements using
universal functions near the zero recoil point w =1

(M"(V")| Jo | M (v)) = —A(w)Tr [FI’(’U’)FH(U)]

2 2 2
. / myr+my,r—q
Leading order term of the w=v-v = ngM%M,

current expansion

H'(v") and H(v) 4X4 matrix describing the mesons that
differ only by the quark spins orientation

(BB H(v) = 5F [Bi#y,—B.ys)

[\
~=.

el H' (W) = 2 [k, — 5] 2E
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B, - J/Y(n)tv

P. Colangelo, F. De Fazio, F. Loparco, M. Novoa-Brunet, N. L, JHEP 09 (2022) 028

e Relations between form factors

* Universal functions

/\

Form factors validity test Form factors evaluation from known
ones, e.g. from lattice QCD
" BC - l/¢ HPQCD collaboration, Phys. Rev. D 102 (2020) 094518
Tensor operator form factor
10— 0.0
! E _0'2/ ]
~ 06 i i
L Y ]
S o [ ]
< 04 - € _p06- ]
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B. - J/Yy(m)tv

Tensor operator form factor
e
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02" ]
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Pseudoscalar operator form factor
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Tensions in the flavour sector Conclusions

Interplay between flavour physics and hadron spectroscopy

0.0 L | Vector operator form factor
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Bc - Xc](hc)f 4

The formalism can be applied to the transition
P. Colangelo, F. De Fazio, F. Loparco, M. Novoa-Brunet, N.L., Phys. Rev. D 106 (2022), no. 9 094005

BC - Xc] (hc)€17

; Positive parity orbitally

excited charmonium system
P-wave charmonium (X0, Xc1, Xe2, he) fields

1+9’ v a 1—9’
MH (') = Tyﬁ [XéLQ Yo + %Xdﬁé“ Brulvs + %Xco(v“ — ') + hg’}/5i| 27é

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

The obtained relations can be Useful to obtain information on the
applied to the radial excitations structure of y.,(3872) JP¢ = 1++
The charming case of X(3872) and x.1(2P) /\
Giuseppe Roselli
X(3872): Xc1(2P): radial
tetraquark, excitation of the P-
molecular state wave charmonium
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Tensions in the flavour sector

Bc - Xc](hc)f 4

Interplay between flavour physics and hadron spectroscopy

Conclusions

. dT(Bc=xc1tVv)/dw dTU'(Bc=xc2fV)/dw . .
Ratios AT(BooyeolV)/aw AT (Booyentv)/aw the hypothesis that y.;(3872) is the 2P state

6 (op) | 30

L i 2P ) L

Bk A Xci(2P)
St {=I‘l II 1 25j _

I 1 i =t
4t 11 2.0F

L 1] i
3:, i 1.5 .

: e e
2F 100 B

i 1 i
1¢ L 05] ANy

[ = L N
O}\ I I | I | | | | | | | | | | | | " 0.07\ I I | I I | I | | \\
1.00 1.02 1.04 1.06 1.08 1.10 1.00 1.01 1.02 1.04

w w
Deviations ‘ Exotic structure of the y.,(3872) state?

HQ symmetry inaccurate?
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Overview

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

: (*) () p+ p—
Use Dalitz decays D" = D °f fl ma) the electric dipole radiative decays
to probe the nature of D, and D4 .

o= Dy, Dly » Dy

cS system composed
of heavy-light quarks

Heavy quark spin §Q and total angular

Heavy degrees of freedom decouple ‘ momentum of the light degrees of
freedom s, separately conserved

heavy quark spin symmetry ‘ States classified in doublets
L4+¥, ., 1= R
Hy = Ty[ an Y — Fays] (sp = B) ) Ds, D
~ ]' +)(' [ * 1+
Sa = T _P{Zv’ﬂs - POa] (55 - B ) D:O ) D’s1
)
1+y 5 3 , 1 3F
T4 =~ B~ Pla,,\@vs [g” - 570" - )] } (f=5)  Dy.Dy
\
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Dalitz decays of positive parity charmed mesons

Charm /- Strange [~
Long distance contribution ~
Vector Meson Dominance :
v /+ (VMD) \ it
& > P C § ‘ /! 4‘ §
Do)y _ D¢ DY) DY
§ = S c > e

*) 7 ot * — * - Tem *)o 11 —ig"” .
ADE)(0) = DO (p) (p1)l* (p2)) = (D (p, €)[iJ| D) (¥, € >>q—~‘;<—ze)u<pl>v,,v<p2)
St = e(e.cyuc+ es5Y,8)

Computed using heavy quark Effective Lagrangian constructed using
spin symmetry _—HQS+CS+HGI —__

Heavy Quark Symmetry | Hidden Gauge Invariance

Chiral Symmetry

T1/2 , T3/2 universal functions g3, 95,hT strong couplings
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Dalitz decays of positive parity charmed mesons

Uncertainties from 7, , , 73/, and g7, g3,h”

g3 : from the semileptonic D — K* form factor
Phys. Rept. 281 (1997) 145{238}

g5 : from light-cone QCD sum rule computation of the decay

amplitude of the positive parity charmed mesons to real photons
Phys. Rev. D 72 (2005) 074004

h™: from strong decay width of excited charmed mesons
Phys. Rev. D 98 (2018) 114028

T1/2 , T3/2: from semileptonic B decays to positive parity charmed mesons
Phys. Rev. D 58 (1998) 116005

Sign of interference not known Two extreme cases depending 05(\ thSe )
product between 7, 5 , 73/, and g7, g5 ,h

Case A Case B
POSITIVE NEGATIVE
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Dalitz decays of positive parity charmed mesons

= D> D(*) + 44— _
s1 S H u P. Colangelo, F. De Fazio, F. Loparco, and N. L., Phys. Rev. D 108 (2023), no. 7 074027

_ Case A —_ Case B

‘l‘ ‘I‘ T T T T T T T T T T T T T T T T T T T ™
> C 1 = L

8 F 1 & I

oy 10¢ 1 = 10t

I N 7 I o

C i =8 L

+: 5: n +:. L

g f 1 d 4

: SR N

S 18

S _s5f 1 2
[ NU' C 1o NU' "
Cl|lo A T S S s B = I -1 Of
- | - 1™ 0.05

T T

% 25' > L

S 20} S Z

'L 15 L 15[ 1
+ + L s
> 10 2 [ ]
[~} B I 1
oS t 9 :
8 0 d‘ 1S !
= | ¢ e - 4
5|5 -5 5|% -5t -

006 008 01 012
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Dalitz decays of positive parity charmed mesons
- Dsl - Dg*) I'l+ n

§ - PR
® 25} > 25eA 0000000 == Charm
O - (0] o | N EUTTE T Strange
—— r L 'R 44 2323202 wemssses Int
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S
o

(D3~ Ds p*p™) [GeV72]
N
SO O

=

Lo
‘

K
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1dr
I' dg?

(Dl Ds u*u™) [GeV~2]

1dr
I'dq?

Interplay between flavour physics and hadron spectroscopy
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Conclusions

Dalitz decays of positive parity charmed mesons
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Dalitz decays of positive parity charmed mesons

* —_ o o o = . = ->
= Dy - D§ ) u* u~ Angular Distribution <O = p1°D p1 = lepton momentum
- *
1p111P] p = DS( ) momentum
Case A Case B
QoteE Qo T
' 1.2f o 1.2}
q 1.0 S 1.0
T,; 0.8F T'; 0.8
3 o6} S o6
5(8 04t 5| 804
|°°2 S 0.2
Ll ™ -
003605 0.0 0.5 1.0 R E— 0.0 0.5 10
cos @ cos 6
':. 148 ~ qaF T T T
W 12 W 1.2
8" 1.0 & 1.0
T 08 T 08
5(8 04t 5| 804
,"02 | _Is 0.2
= = - 1 v =
R E— 0.0 0.5 1.0 R E— 0.0 0.5 1.0
cos 6 cos 6
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Interplay between flavour physics and hadron spectroscopy

Conclusions

Dalitz decays of positive parity charmed mesons
= D4 > Dg*) u* u~ Angular Distribution

(Dgy—= Ds pu*p™)

dr
dcos @

1
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Conclusions

Dalitz decays of positive parity charmed mesons

= D, > Dg*) pt w~ Angular Distribution
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Dalitz decays of positive parity charmed mesons

amplitudes of different modes related

through the hadronic parameters ‘ Correlations between decay widths

= 35 —_
z >
3 3
A e 025
% 30 >
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] 5ol & 01sf
T 1
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+ +
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3t ) 1t
* BR OfE and width ofz small

* Processes investigated by the LHCb collaboration
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Conclusions and perspectives

Many anomalies B(B* — K'ptp) 11,60/ =
. Use of semileptonic B(B* — K*eten) [1.1,60/7  —=
in the heavy = B(BY — éytu) [1.0.6.0] -
flavour sector decay to test them BB - dete) [L1.6.0] - e
B(BY = p'p) —T*t
apopd | e
Jr_) typ) — —_—
Pl(B" — K*u* ™) [2.5,4.0) ——
PY(B" — K*u*p™) [4.0,6.0) ——
. Rk [0.1,1.1] ——
Reduce Theoretical 1,6.0] ——
. Use of HQET for the B H}SS}_ ERE
uncertainties to ) non-perturbative part Ryea [01.1.1] T
confirm/disprove them P P Ryceo [1.1,6.0] o
Ry [0.045,6.0] ——
Ricrr [1.1,7.0] —
Ry [0.1,6.0] —e—-
Ry [1.1,6.0] —
. . . Muon g — 2 —
HQET analysis and - Tools to identify Muon g - 2 (B(M g_
HQ symmetry debated hadron states (( *3:
R(J/¥) T
N R(A i): e
Results to be tested in current and future experiments %" 7 7] S N I B

—-6-5-4-3-2-10 1 2 3 4 5 6
Pull in o

Necessity to continue the investigation for a deeper understanding of nature
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The Standard Model as an Effective Field Theory  Tensions in the flavour sector

Relations from the gauge group structure

Few parameters to express .
P P —> Relations among them

all Wilson coefficients

Conval iy = 224/ [Cvannl iy [Conal iy
L / [%w][%w}
Generation indices [C@b@b - _ 1] kp
ligkp C(,OD
[C@%]i' [090@02}143
Conpaijry = 2 (ioD :

Wilson coefficient # O onlyifi = jandk =p

38
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-04 -02 00 02 04

Coq

1.0
Example: 05
Z' universal and only coupled to the third generation 5 oo
Only third 05
Universal coupling generation coupling: o
Dy = Bpy = Py = 2y s = h
Rapy — Zapg — 0
[ 1 15
1.0
[Cgmph = [Cgow}z = [Cswh - [Cmb]g =0 05
= [Cwﬁ]; = Cyy [Osow]g = Cyy < 8'2
! |
. _  n ~(n ~ \n -1.5
Cg(o?b) =3(Cyy) Cc,(m,b) = (Cyp) -1s

1.0 05 00 05 10 15
Cyr

Same constraints

0.5
from the linear ACE 3 00
|NS) :
6 coefficients and 4 linear relations -0.5
~1.0

Correlation plots varying 15
Dody O 204 -02 00 02 0O
Cods Cpe € [—1,1] V 0 02 00 02 04
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Angular Coefficient Functions
I; functions properties:

NP,R NP,P
Ii=|1+ 6V|2 IZ-SM + |€R|217; + |€P|217;  depend only on g*
» expressed in terms of SM and NP

|21NP,T . .
i contributions

+|er +2Re[er(1 + )] I/ VTE
+2Re[ep(1 + o) IINTE

I; =2Im[er(1 + €)) 1]V 1

+2Reep(1 + &) N A
+2 Re [erer] I;’NT’RT + 2 Re [epes] IiINT,PT
+2Re[epep] ;M I=2Tm [eg(1 + &) ILNTR
i=1,..,6 +2Im[ep(1+ )] I;"
+2Tm[er(1+ €))LV
+2Im [epes] YR 4 2Tm [epey] IV TFT
+92Tm EP R] IINT PR
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Angular Coefficient Functions

Tensor current

1Y = {0 - ()

e
V-A current 2 2 2 2 2 2
1 +(mh —m /N, md, ) ) (1) + To(4) |
HO:QmV(mB—I-mV)\/—2 M2, m2. . a2
q HNP:4{ (mp, my, q°) To(4)
L mv(mB +mV)2 BAS

((mp+mv)2(my— mb— @) A1) )

m% +mi — q .
. +2 BTV D7 () 4 dmy Ty(4) |
_/\(m231 m%/’ q2)A2(q2)) my 1(q ) my Z(q )
H _(mB+my)?Ai(@°) F /AmG, mi, @)V () g? dependence through Helicity
£ mp + my Amplitudes parametrizing the matrix
elements of different operators
PR\ G N XD

\/—2 AO(qz)

9 Ag1,2,V and Ty 1 » parametrize respectively:
« (V(p', €)|Uru(1 = v5)b| B(p))
« V(' 6)|Uoub|B(p))
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® Measurement

j//:;\)\\‘\j Obtained band
= : using Set 2

A
Jls
o - N w B [$,] ()]
A
J2s
o - N w H (%2 [=2]

0 ’ 0
6,
-1F { -1
5,
-2} -2
4»
Q s
-3 n -3 P~ {
o
~ <7 3f
<
~ _af 1 _al |
2_
-5} -5F {
1_
-6 -6
O_
6 6 of
5 5 .
4 e 4 °
wn
™~ 3 ‘T 3 (T 0
2 2 -1f
1 1 f
0 0

Nicola Losacco Dottorato di Ricerca in Fisica, XXXVII ciclo




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

Observables wo (J,) = Zero of the J; angular

coefficient function

ey =€g =0 Belle results compatible with
f 1 the presence of a zero in J,
0.8 — wo (Jzs) . 6
L 7 5
= wo (J2¢) I
0.6 i ] <'§‘ 35 1
—_— I 1 2t ]
:.W& L B 1_ l ]
2 04 A |
I cannot both have
0.25\7 f i OA2> —
0.2 —_— a zero for same €7 - |
- B O.1»}
1.0 1.1 1.2 1.3 1.4 1.5 o1
Wy -o‘_20’.2 0.1 0.0 0.1 0?2

Re[er]
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Observables Je
\/_H ¢*)Reler] — 4m,Hy(q?) =0
15
= Only €0
1.4 -
~ 1.3 — Range compatible with Belle results
<j° l
= I
1.2 : - Small values of Re[er]
1.1 o '
: | ’ Compatible with J, 4 zeros
-0.10  -0.05 0.00 0 05 0.10

Re[€f]
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Semileptonic B, decays

Expansion for the current up to O(%3) and 0(1/mg)

~ J1, Jo, Ja, Jo, J1,
Q@TQ) = Jo+ (35 + 3o ) + (24 — 2 + i)

2,
Jo = ¥4Te, Too = 00T (iv-B) i By

Ji0 = IEQLF’&'BHDJF Jo2 =/ i Bi (Z v - ﬁ) Ly

Joq = (—73 E’L) Iy Jig =, (—73 El) I' (Z BJ_) Yy
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Overview

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

further probe of the
Focus on B = ¥y (he) Mp(y) structure of y.,(3872)

Mp vy

Positive parity charmonium states

b ¢ /
< <

Bc+ XC]) hC
c > Cc
Gp. .,
Hepp = %Vcbvuq (Cr(p)Q1(p) + Co(p)Q2()) + h.c.
Q1 = U (1 — ¥5)qabpvu(l — 75)cs Qo = UaY"(1 — 75)qsbs7.(1 — V5)Ca

After Fierz transformation and discarding color-octect operator

CE iy (1) (1)

Hepr = 7
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Tensions in the flavour sector

Nonleptonic B, decays to P-wave charmonia

G _
A(BS = Me(P) Mp(v)) = TI;‘Q’Zqual(ﬂ) (Mee(P)| byu(1 = y5)c | BS) (Mpw)| a7 (1 = 75)q(0)

Application of QCD factorization to - Decay amplitude depends on form

nonleptonic decays

Bc - Xc](hc) M
M light pseudoscalar or

factors and decay constants

Vector case (pt, K**):

oty — ) = ), — )
' 3(mpmy, )

[1]

(7,

mp, + m'Xcl)z - q2)(ch + lm'Xcl)
4/2(mp my,, )/

2

vector meson @

[1]

vrag) = -

Pseudoscalar case (rt, K*): X () = mi,+ (my — ) — 2m (m2 + qz):( .
L Wampmy, (g, +myy)
9 9 9 9 Xe1s 2 (m'QBC - mic. —¢*)(mp, + My.,) _ 25
Xeo ( 2y _ _((ch —Mx,)” — ¢ )((mB. + mx)” —q7) 5, AH7g) = 12 3/2 =(7),
0 (q) = 3 32 =(q), (mp.my,)
4 3(777-Bc - n7-x¢0)(chm'Xc0) - . mp, +m, ((mB +1m )2 q‘Z)
‘ VX2(g?) = —2¢ 22(q42), Xez (2 — 5 B, Xe2) =(
A();d(qQ) =0, () 2,/mp.my_, ) A 12‘/m3cmxc2(m3c +my,) (),
he, o .(mp.—mn)((mp +mn)?) —¢°)_ Axea(p) = i B M ooy
AO (q ) =1 4(n7-chhc)3/2 —'((1 )ﬂ - ZJW
he(, 2\ _
AXc'z(qQ) — ich + My o :(q.?) v (q ) =0,
0 2 /mp iy, At(g?) = 0,
Ale(q) = BT o )

“T2(mpmn )2
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Conclusions

Nonleptonic B, decays to P-wave charmonia

Predictions on ratios of branching fractions
N. L., Mod. Phys. Lett. A 38 (2023), no. 04 2350027

’ B(BY =xcont) BB —hent)  B(BYX—hent) B(Bf »x.0 K*)  BBI—h.K+)  B(Bf—hc.K*)
B(Bj—)XCQ wt) B(Bj'—)Xco w+) B(Bj'—)xgg wt) B(Bj_)XCQ K+) B(B;:{-_’XCO K+) B(B;*._)XCQ K+)
1P 0.658 2.429 1.597 1P 0.663 2.482 1.645
2P 0.583 2.746 1.601 2P 0.586 2.845 1.668

B(B 9xc1pt)  B(BI—xapt) B(BI —xcopt) B(Bf —xc1K*+)  B(BE—xea1K**)  B(B&—xc0K*t)

B(Bf 5xcopt)  B(BI —xe2pt)  B(BI —xe2pt) B(Bf —xc0K*t) B(Bf—xcoK*t) B(Bf —xcoK*)
1P 0.206 0.122 0.590 1P 0.276 0.157 0.570
2P 0.315 0.159 0.503 2P 0.422 0.203 0.481

B(BX —h.pT) B(Bf —h.pT) B(Bf —h.pt) B(Bf -h.K*t)  B(Bf—=h.K**)  B(Bf—h.K**")

B(Bf =xcopt)  B(BIf =xc1pt)  B(BI —xe2pt) B(B—xcoK*+) B(Bd—xaK*+) B(Bf—xc2K*+)
1P 2.226 10.790 1.312 1P 2.159 7.834 1.231
2P 2.449 7.770 1.232 2P 2.350 H.H68 1.131
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Nonleptonic B, decays to P-wave charmonia

Predictions on ratios of branching fractions
N. L., Mod. Phys. Lett. A 38 (2023), no. 04 2350027

’ B(BY =xcont) BB —hent)  B(BYX—hent) ’ B(Bf »x.0 K*)  BBI—h.K+)  B(Bf—hc.K*)
B(Bj—)XCQ wt) B(Bj'—)xf;o w+) B(B;l_—)x(ﬂ wt) B(Bj_)XCQ K+) B(Bj_’XCO K+) B(B;*._)XCQ K+)
1P 0.658 2.429 1.597 1P 0.663 2.482 1.645
2P 0.583 2.746 1.601 2P 0.586 2.845 1.668

B(Bf —xc1pt)  B(BI—=xcipt)  B(BI—xcopt) B(Bf —xc1K*t) B(Bf—xcaK*t) B(Bf—xcoK*T)
B(Bf 5xcopt)  B(BI —xe2pt)  B(BI —xe2pt) B(Bf —xc0K*t) B(Bf—xcoK*t) B(Bf—xcoK*)
1P 0.206 0.122 0.590 1P 0.276 0.157 0.570
2P 0.315 0.159 0.503 2P 0.422 0.203 0.481
B(BX —h.pT) B(Bf —h.pT) B(Bf —h.pt) B(Bf -h.K*t)  B(Bf—=h.K**)  B(Bf—h.K**")
B(Bf —wxcopt)  B(Bf =xc1pt)  B(BI —xec2pt) B(B—xcoK*+) B(Bd—xcaK*+) B(Bf—xc2K*+)
1P 2.226 10.790 1.312 1P 2.159 7.834 1.231
2P 2.449 7.770 1.232 2P 2.350 H.H68 1.131
X1 state suppressed - If -1 (3872) is NOT a pure

charmonium state different hierarchy
Search for the Bf — x.1(3872)n* decay LHCb Collaboration Roel Aaij (Nikhef, Amsterdam) et al.: 2503.20039 [hep-ex]
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