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Introduction: why rare decays are so important

The most apppealing places to look for possible NP effects are rare decays, since rare decays are a
manifestation of broken (accidental) symmetries, e.g. of physics beyond the Standard Model

Some general examples:

Test of baryon and lepton
1. Proton decay — number conservation
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Plan of the talk

a) Semileptonic neutral-current B, -meson decays

b) Rare radiative-and-leptonic B.-meson decay

c) Rare semileptonic decays with di-neutrino final states
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Tensions in BRs and angular observables (?)

Despite the disappearance of the R(K(*)) anomalies (LHCb Coll., PRL 131 (2023) 5, 051803), there are still
several discrepancies among theory and experiments in semileptonic neutral-current B decays data:
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1 i there really NP? Were the

hadronic effects treated
correctly ?



The central role of hadronic form factors

M. Reboud’s talk @ LHC Impilication Workshop 2022 @ CERN
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Local hadronic form factors
Study of local form factors through the Dispersive Matrix (DM) method:

—— This work —— This work —— This work
0.651 arXiv:2305.06301 arXiv:2305.06301 arXiv:2305.06301
1 HPQCD 2022 1 HLMW 2015 1 HLMW 2015

1 FNAL/MILC 2016 y

0.551

C<]-\

= ™

? 0.50 S

[aa]

Dy 0
Sa]
S

0.401

0.351———2

0.301
0 5 10 15 2 25 0 5 10 15 20 0 5 10 15 20
q* [GeV?] q* [GeV?] q* [GeV?]
. . In preparation with M. Fedele, L. Silvestrini, S. Simula, M. Valli
Available lattice datasets: ¢ ’ ¢

- FNAL/MILC 2016 (1509.06235) - HPQCD 2022 (2207.12468) - HLMW 2015 (1310.3722 + 1501.00367)

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 4



Local hadronic form factors
Study of local form factors through the Dispersive Matrix (DM) method:

—— This work —— This work —— This work
0.651 - arXiv:2305.06301 arXiv:2305.06301 - arXiv:2305.06301
1 HPQCD 2022 1 HLMW 2015 1 HLMW 2015
1 FNAL/MILC 2016 / /,/
/

0.5

&-\

= &

T 0501 S

0]

Dy 0
Q
s

0.401

0.35 =4

0.301
0 5 10 15 2 25 0 5 10 15 20 0 5 10 15 20
q* [GeV?] q* [GeV?] q* [GeV?]
. . In preparation with M. Fedele, L. Silvestrini, S. Simula, M, Valli
Available lattice datasets: prep 7 7 7

- FNAL/MILC 2016 (1509.06235) - HPQCD 2022 (2207.12468) - HLMW 2015 (1310.3722 + 1501.00367) I

An improvement in treating
unstable mesons (e.g., K*) on the

lattice is mandatory!
L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 4



Local hadronic form factors
Study of local form factors through the Dispersive Matrix (DM) method:

—— This work —— This work —— This work
0.651 arXiv:2305.06301 arXiv:2305.06301 arXiv:2305.06301
1 HPQCD 2022 1 HLMW 2015 1 HLMW 2015

1 FNAL/MILC 2016 y

0.55

&-\

= &

? 0.50 S

[aa]

iy 0
Q
Y

0.401

0.351———2

0.30-0 5 10 15 20 25 0 5 10 15 20 0 5 10 15 20
¢* [GeV?] ¢* [GeV?] ¢’ [GeV?]
Available lattice datasets: In preparation with M. Fedele, L. Silvestrini, S. Simula, M. Valli
- FNAL/MILC 2016 (1509.06235) - HPQCD 2022 (2207.12468) - HLMW 2015 (1310.3722 + 1501.00367) I
Nice consistency w/ the results of An improvement in tr ‘i“t’”g
: Gubernari et al, JHEP ‘23 [2305.06301] ; unstable mesons (e.g., K*) on the

lattice is mandatory!
L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 4



Non-local hadronic form factors

Which is their contribution ? No general consensus on the answer to this question:

M. Ciuchini et al, PRD 107 2023 5 [2212.10516]
: 2 5
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Non-local hadronic form factors
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The «hypothetical»
presence of New Physics
seems to depend on the
assumptions on hadronic
physics (= form factors) !

Model-depedent: the h-terms
[h.(9), h.(1), h(2)] are considered negligible

Rationale: this assumption is supported by the
results of the application of dispersion relations,
analiticity and unitarity (together with LCSR
data used as inputs)!

C. Bobeth et al, EPJC ‘18 [1707.07305]
M. Chrzaszcz et al, JHEP ‘19 [1805.06378]
N. Gubernari et al, JHEP ‘21 [2011.09813],

JHEP 22 [2206.03797], 23305.06301




Non-local hadronic form factors
This conclusion is still true for the 2025 update of Ciuchini et al., PRD 107 (23023) 5:
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Non-local hadronic form factors
This conclusion is still true for the 2025 update of Ciuchini et al., PRD 107 (23023) 5:
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Possible directions for future work

1. Further investigation of sub-threshold effects for non-local FFs: such FFs are indeed characterized by a
branch-cut starting @ g% = (2m,)?

J/Y and

Physical region P(2S) poles DD branch cut
| ®—®—_{ ! >
0 4mp’ (Mg-mm)? (Mg + mMy)? q’

M. Reboud’s talk @ Moriond EW 2025 Workshop
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branch-cut starting @ g% = (2m,)?

through an appropriate

)b and - conformal transformation z = z(g?2
Physical region P(2S) poles DD branch cut (a°)
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branch-cut starting @ g% = (2m,)?
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)b and - conformal transformation z = z(g?2
Physical region Y(2S) poles DD branch cut (a°)
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This conformal mapping allows to expand the non-local FFs on the green arc
using a set of orthonormal polynomials p, (see Gubernari et al.,

2011.09813, 22306.0379%7, 3305.06301 ):

oo

X7 &
f(Z)= qﬁ(z)B(z)chpk 5 aBM Z

k=0 k=0

(Alternative expansion presented in Flynn et al, PRD ’23 [2303.11280])
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Possible directions for future work

1. Further investigation of sub-threshold effects for non-local FFs: such FFs are indeed characterized by a
branch-cut starting @ g% = (2m,)?

This parametrization has been also used in recent analyses by the LHCb

: Collaboration, see for instance the “Amplitude analysis of the B>K*u*u~ decay” in
: PRL 132 (2024) 13 [2312.09115] :

This conformal mapping allows to expand the non-local FFs on the green arc
using a set of orthonormal polynomials p, (see Gubernari et al.,
2011.09813, 22306.03797, 2305.06301).:
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Possible directions for future work

1. Further investigation of sub-threshold effects for non-local FFs: such FFs are indeed characterized by a
branch-cut starting @ g% = (2m,)?

HOWEVER: the non-local FFs have non-zero imaginary parts

not only , but also !
Yimz
(Mg + mp)?
4mp? D) aB:M Re z
0
_/
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This issue has been recently investigated in Gopal and Gubernari,
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Possible directions for future work

1. Further investigation of sub-threshold effects for non-local FFs: such FFs are indeed characterized by a
branch cut starting @ g2 = (2mp)?

This double dispersive bound may allow to corroborate
previous findings concerning the application
of unitarity and analiticity on non-local FFs !

This issue has been recently investigated in Gopal and Gubernari,
PRD ‘25 [23412.04388], Simula and LV, 2509.00411 and
2509.00412. The idea is that L ] ] ]
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Possible directions for future work

2. Inclusion of the effects of anomalous cuts: diagrams like

Rescattering from intermediate on-shell hadronic states.
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Possible directions for future work

2. Inclusion of the effects of anomalous cuts: diagrams like

The analytic structure of
the non-local FFs
discussed before would

be completely modified ...
Rescattering from intermediate on-shell hadronic states.
A Im ¢
In fact, there would be an extra cut
at complex values of g2 —
(see Lucha et al., PRD 06
[hep-ph/0610330], Mutke et al., 50
—_
JHEP ‘24 [2406.14608], Re
Gopal and Gubernari, PRD ‘25 [2412.04388] ): )
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Possible directions for future work

2. Inclusion of the effects of anomalous cuts: diagrams like

The analytic structure of
the non-local FFs
discussed before would
be completely modified ...

Rescattering from intermediate on-shell hadronic states. Pair-production threshold
Sub-threshold cut

2 Im 2 A

In fact, there would be an extra cut Zmap

at complex values of g2

(see Lucha et al., PRD 06
[hep-ph/0610330], Mutke et al.,
JHEP ‘24 [2406.14608],

Gopal and Gubernari, PRD ‘25 [2412.04388] ):

OO» - /f:z\\ >
Req2 | Qy Rez

Anomalous cut

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) taken from 2412.04388 taken from 2412.04388



Possible directions for future work

2. Inclusion of the effects of anomalous cuts:

- A multiple dispersive bounds (i.e. an extension of what
discussed for sub-thresholds) can be a proper way to
implement unitarity here ?

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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Possible directions for future work

2. Inclusion of the effects of anomalous cuts:

- A multiple dispersive bounds (i.e. an extension of what
discussed for sub-thresholds) can be a proper way to
implement unitarity here ?

- Phenomenologial estimates can give us a

complementary insight, see Isidori et al., PRD ’25
[R405.17551] and EPJC ‘@5 [250%7.17824]

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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Possible directions for future work

2. Inclusion of the effects of anomalous cuts: Imzg

- A multiple dispersive bounds (i.e. an extension of what ﬁ§\
discussed for sub-thresholds) can be a proper way to RN Jre-
implement unitarity here ?
taken from 2'412.04388
from
HHChIPT
- Phenomenologial estimates can give us a Df MK
complementary insight, see Isidori et al., PRD ’25 B"/ D™
[R405.17551] and EPJC ‘@5 [250%7.17824] D o~
from data \
from HHChIPT
+ QED

- First-principle calculation of charming penguings on the lattice! A methodological
proposal (via the HLT method) has been presented in Frezzotti et al., 2508.03655
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Possible directions for future work

2. Inclusion of the effects of anomalous cuts:

-A f_multinle.djsnersive. baunds fi.e.an.extension.of.wbat........luuv .4L\ ..... .
cise Take-home message: '

impg
a lot of work still to be done !l ©

-pi - This is, however, mandatory in order to

ns .
(Eiq: confirm or not the presence of New

: Physics in semileptonic rare B, decays ...

F/rst principle calculation of charming penqguings on the lattice! A methodologlca/
proposal (via the HLT method) has been presented in Frezzotti et al., 2508.03655
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Plan of the talk

a) Semileptonic neutral-current B, -meson decays

b) Rare radiative-and-leptonic B.-meson decay

c) Rare semileptonic decays with di-neutrino final states



Radiative-and-leptonic Bs decays

A novel possibility to analyze b - s quark transitions is the study of rare radiative-
and-leptonic Bs decays. This is experimentally challenging, and the first world limit
on this decay was set by LHCb (very close to the SM signal):

BB’ = utu=) < 20x107° {my, > 4.9GeV/c?
s o

LHCDb Collaboration, LHCb-PAPER-2021-007 & LHCb-PAPER-2021-008
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Radiative-and-leptonic Bs decays

A novel possibility to analyze b - s quark transitions is the study of rare radiative-
and-leptonic Bs decays. This is experimentally challenging, and the first world limit
on this decay was set by LHCb (very close to the SM signal):

0 +,,— -9 2
B(B°= ptu=) < 2.0x10 {mw > 4.9 GeV/c }
LHCD Collaboration, LHCb-PAPER-2021-007 & LHCb-PAPER-2021-008
Today (as we will see) new limits in other kinematical regions are available !

Several advantages from the phenomenological point of view:
: 1. No chirality suppression (thanks to the additional photon): enhancement w.r.t. the
leptonic counterpart!
2. Sensitivity to a larger set of WCs: not only O,(°), also O,(‘) and Oy(”)
:  (reminder: Oy(‘) and O,,(‘) are particularly relevant @ high-q2)
3. Two ways to detect it experimentally:
* directly (i.e. w/ photon reconstruction) [LHCD Coll., JHEP ‘24 (2404.03375)]
i+ indirectly (i.e. w/out photon reconstruction) [Dettori et al, PLB ’17 (1610.00629)]
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B. 2 uuy at high-g2 in connection with semilept. B decays

KEY IDEA: BR(B, = uuy) @ high-q2 is sensitive to the very
same short-distance physics present in B \to K(*) decays,
i without being affected by the same long-distance effects ! ;

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 13



B. 2 uuy at high-g2 in connection with semilept. B decays

KEY IDEA: BR(B, = uuy) @ high-q2 is sensitive to the very
same short-distance physics present in B \to K(*) decays,
i without being affected by the same long-distance effects !

Hence: if there is really a NP contribution to C,, this effect should
influence as well the BR(B, & uuy) @ high-q2
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B. 2 uuy at high-g2 in connection with semilept. B decays

KEY IDEA: BR(B, = uuy) @ high-q2 is sensitive to the very
same short-distance physics present in B \to K(*) decays,
' without being affected by the same long-distance effects !

Hence: if there is really a NP contribution to C,, this effect should
influence as well the BR(B, - uuy) @ high-q2

h________—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_—_

However, we do not have a direct measurement of BR(B, - uuy) @ high-q2 at present ...

Thus, the best that we can do at present is a sensitivity study !
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B. = upy at high-g2 in connection wi

th semilept. B decays

d21‘\(1) G23Mi‘3 5 . PN T
T [Vio Vig | |02 Bo (5, 8) + = €(5,0) By (5,8) + €2 (5,8) Ba (5, )], (6.1)  Emission of the
Bo (3,8) = (8 + 4mi) (F1 (8) + F2(8)) — &mi [Croa(w)|” (F¥ (¢*) + F3 (¢°)), photon from
- ) ) ) ffer 2 valence quarks or
By (5, ) = 8 [§Fv(¢®) Fa(¢®) Re (Cgl/ " (1,¢*) Croa(n)) ECNC vertex
+10u Fy (¢°) Re (Cs, (1) Fra(q%) Croa(w)) + 7w Fa(q®) Re (C5 (1) Fy (¢°) Croa(w))] (DE component)
By (3,%) = 5 (F1(3) + F2(3)),
; : 2 2\
A© = (080N + 1C0at)F) B + (222 [0 ) Frv (@)
4m = eff =
* Fy(¢®) Re (Cry (1) Prv(e®) O3 " (1, 4%))
21\ 2 — 2
(| S0l + Coa) FE@) + (222) 0 ) Fra(e)
4m = eff *
> Fa(®) Re (Cro (1) Fra(e?) O3t/ *(m,a?) )
2r@| G2 8 f5 )2 > 8+ 22/2 ( T My )2
—= Vi V, . n; |C — < 6.2
e di 510 ;1 | i Vigl (MB ;' |Croa(w)] @ = )G — ) 6= ) — ) (6.2) Bremsstrahlung
d2F(12 G% aem Mi5 * |2 16qu ~ 2 x?
| = T goar Ve Vil Ms ™ @ = )G ) (6.3) Interference
21 mp

—— Re (Cioa(w)Cry () Frv(¢*,0)) + 2 Fv(¢*) Re (Cloa(w)CSy (1

q¢°)) + £(5,%) Fal(q l
Melikhov and Nikitin, Phys. Rev. D 70 (2004) 114028

%) |Croa(m)l

Kozachuk, Melikhov and Nikitin, Phys. Rev. D 97 (2018) 053007
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Guadagnoli, Melikhov and Reboud, Phys.Lett.B 760 (2016) 442-44%7
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B. 2 uuy as a golden channel to study NP

z:1.0- 4 //%

luminosity [fb™!]

Pull to the SM of the BR assuming NP in both C,, C,,
Guadagnoli et al., JHEP ‘23 [2308.00034]
L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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B. 2 uuy as a golden channel to study NP

2.5 =
Real 6Cy 19 & 4

2.0 —
Zon ///% It reaches the 20 level
A 15 %
= // /% at the border of the
Al ﬂ 7 10 region f
= 1.0 o gion for
S = the WC shift!

0.5-

005 100 200 300

luminosity [fb™!]

Pull to the SM of the BR assuming NP in both C,, C,,
Guadagnoli et al., JHEP ‘23 [2308.00034]
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B - K(*)vv decays

Long-distance effects here are much smaller than in B = K(*)€+8-
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: Major sources of uncertainty:

: 1. |Vcb| value (exclusive vs. inclusive tension)

2. Hadronic effects (i.e. FFs, but less in number)
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Long-distance effects here are much smaller than in B = K(*)€+8-

: Major sources of uncertainty:

: 1. |Vcb| value (exclusive vs. inclusive tension)

2. Hadronic effects (i.e. FFs, but less in number)

Final prediction SM:
% (B* > K*vi) = (444 £0.30) x 107°

D. Becirevic, G. Piazza & 0. Sumensari, EPJC ‘23 [arXiv:2301.06990]
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B - K(*)vv decays

Long-distance effects here are much smaller than in B = K(*)€+8-

-
Ll

: IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII B

: Major sources of uncertainty:

: 1. |Vcb| value (exclusive vs. inclusive tension)

2. Hadronic effects (i.e. FFs, but less in number)

Final prediction SM:
% (B* > K*vi) = (444 £0.30) x 107°

D. Becirevic, G. Piazza & 0. Sumensari, EPJC ‘23 [arXiv:2301.06990]

to be compared with
B (B* > K*v) =(24%0.7)x 107
Belle—II

Belle-1I Collaboration, PRD ‘24 [2311.14647]
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B - K(*)vv decays

Long-distance effects here are much smaller than in B = K(*)€+8-

: Major sources of uncertainty:

: 1. |Vcb| value (exclusive vs. inclusive tension)

2. Hadronic effects (i.e. FFs, but less in number)

Final prediction SM:
% (B* > K*vi) = (444 £0.30) x 107°

D. Becirevic, G. Piazza & 0. Sumensari, EPJC ‘23 [arXiv:2301.06990]

to be compared with | Tension in B - Kvv:

B (B* > K*vi) =(24£0.7)x 107
Belle—1I I

Belle-1I Collaboration, PRD ‘24 [2311.14647]

% — -5 Belle Coll.,
‘IZ%(B — K*vw) < 2.7x 10 PRD‘17[1702.03224]}
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K = mwv decays

Experiments are giving (or will give) insights on K*, K, (and K ?) physics:

NA62 (K*): B(KT — 7wp) = (13.0730) x 10711 s temas:

KOTO (K): B( Kp — nvp ) < 2.0x107Y at 90% C.L.

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome)
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K = mwv decays
Experiments are giving (or will give) insights on K*, K, (and K ?) physics:
NA62 (K*): B(KT — 7wp) = (13.0730) x 10711 s temas:
KOTO (KL): B( KL — 7TOI/17:) < 2.0 X 10_9 at 90% C.L. pmu;sof:g;l.lﬁzs?]
For what concerns the SM predicitions :
e 10"xB(K" — mtvi) =8.38 £0.14,.qco £ 0.01 xew £ 0.11p, +0.25p,,
t
+0.04,, £0.14) £0.314 £ 0.12;5 = 0.035 £ 0.05,,,, £ 0.155,, &= 0.06,,

Anzivino et al., EPJC ’24 [3311.02923] [Kaons@CERN23]
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K = mwv decays
Experiments are giving (or will give) insights on K*, K, (and K ?) physics:
NA62 (K*): B(K*+ — ntup) = (13.0733) x 10711 aeishmrin,
KOTO (K): B( Kp — 7mvp ) < 2.0x 107 at 90% C.L. exu2s men-iiasm

For what concerns the SM predicitions :
* 10V xB(K' — 7 vp) =838+0.14qc0 +0.01yew £ 0.11p, +0.25;p,

Unitarity Triangle
itarity Triangle 4 04, :I:.:I:@:I:‘:I:.:I: 0.05,, = 0.15,,, & 0.064,

Anzivino et al., EPJC ’24 [2311.02923] [Kaons@CERNR23]

e« 10" x B(Kp — 7'vi) = 2.87 £ 0.07yqcp + 0.01yew £ 0.02,

ﬂ@i‘i‘i 0.03,,, -

Anzivino et al., EPJC 24 [2311.029233] [Kaons@CERN23]
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Improving precision on the Unitarity Triangle
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Conclusions

Many challenges have to be faced from both the theoretical and the experimental points of
view in the next few years! To summarize:

- Semileptonic rare B -meson decays: lots of experimental data currently available, an
important theoretical effort has to be done in order to clarify the precise magnitude of
the contributions of non-local FFs
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Conclusions

Many challenges have to be faced from both the theoretical and the experimental points of
view in the next few years! To summarize:

- Semileptonic rare B -meson decays: lots of experimental data currently available, an
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- Rare semileptonic decays with di-neutrino final states: theoretically quite clean, an
improvement in the theoretical estimate of the BRs is expected in the next years. An
incredible effort has been (and is still) carried out by many experimental collaborations

FIavour is the best framework to test indirectly very high energy scales
(much higher than the one presently investigated at colliders) ©
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Disappearance of R(K) and R(K*) anomalies

Analysis: results
Results

oweg? [ B = 0.994 7008 (stat) *6% (syst),| 14 LHCD Ry low-g* =0.994*5%!
Ri- = 0927 %998 (stat) 0% (syst) | [ g fy] Ry contral-? = 0.9497225
contral-q? 4 T = 0:949 Z53a% (stat) T5555 (syst), b Rg:  low-¢% = 0927735
Ry = 1.027 T0063 (stat) Too57 (syst). | ~= [ Ry central-g® = 1.027007
+ Most precise and accurate LFU L I
. .. 1.0 - T
test in b — s£¢ transition e | I t 1
0.8
+ Compatible with SM with a I i gﬁta x> =16,p=0812 0 =0.2
simple y? test on 4 measurement 0.6 -
at 0.2 o Ry low-¢> Ry central-g> Ry~ low-¢> Ry~ central-¢°
Renato Quagliani LHC Seminar, CERN 49

. . R. Quagliani’s talk @ CERN, December the 20th
L. Vittorio (LAPTh & CNRS, Annecy)



The Dispersive Matrix (DM) method

: Our goal is to describe the FFs using a novel, non-perturbative and model independent

: approach in the whole kinematical region! - Pioneering works from S. Okubo [PRD, 3 (1971); PRD, 4 (1971)],

C.’Bourrely et al [NPB, 189 (1981)] and L. Lellouch [NPB, 479 (1996)]:
- New developments in M. di Carlo et al, PRD ’21 (2105.02497) .

Let us focus on a generic FF f: we will determine f(t) with f(t;) known at positions t; (i=1, ..., N) / - 1\
) Vot —t—

dz -
How? Thr h: - Aninner product (hq|h :/ hi(z)h 2(t) = =
o ousg P (hi|h2) L1 2miz 1(2)h2(2) tt++_tt_ +1
o . 1 tiz(mB:I:mD)2
- An auxialiary function g:(z) =

1 — g(t) > \t: momentum transfey

| | [ (6f16f) (ofla) (6flgn) -+ (0flgua) \
We build up the matrix M (geldf)  (gelge)  (gelge,) -+ (gelge,)

of the scalar products | M = | (9ul¢f) (gulge) (gulge) -~ {9tlge.)
of ¢f, 8 e -+ Ben : ‘ ' S .

\ (@ l6f) (gle) (olon) - (glon) /

L. Vittorio (LAPTh & CNRS, Annecy) 3




The Dispersive Matrix (DM) method

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

det M > 0 mp f10(2) < f(2) < fup(z)

DISPERSION RELATIONS:
, (Loslef)| (@fla) (@flgn) - (#flgw.) )
0 < {(oflof) < x(qg*) G187y (gelge)  {gelgs) -+ {gelgea)

(e |l0f) (gtlge) (9619e) - (9te|Gtn)

\ (@ l6f) (gle) (olon) - (gulge) /

L. Vittorio (LAPTh & CNRS, Annecy)



B. 2 uuy as a golden channel to study NP

flavio v2.5.4
Main ingredients of our sensitivity study:

1.51
1.0 :
1. Identification of NP benchmarks ' X
from semileptonic neutral-current B decays: <z 05 A
NP shift ¢-specific + £-univ. parts % 00 = M
50bsee — 50(3) £ 50’“(3,#) = 059 P
(k= 9, 10) bsuu _ l(gu) iess) —Y] 0 s L
6Ck — 50 + 50 _15- B?s)—um E
(E) _ (E) - j ——  Global
ECQ = —0C), =0oC / —205 1 0 1 2

REMARK: we are computing these NP shifts assuming,

as said before, that SM long-distance effects are negligible !!
(See also the global analyses in JHEP ‘23 [RR12.10497], PRD ‘@3 [RR12.10516] ...)

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 16



Method I: measure Bs - uuy with photon reconstruction

Pro: Sensitive to low-g2 region, therefore, to larger set of Wilson coefficients
Con: Photon reconstruction worsen the resolution

Three g2 regions:

Phys.Rev.D70(2004)114028 ;
Binl: low-qg2 —— ;’: Binl Bl gy e Unfortunately, the
BinIl: middle-q2 —— & | 001020 Preliminary | 3 i measured BR is not
«~ [ J/\V 1 é . o
Bin I11: high-q2 s = o5 statistically
?- E é o o o o
- 2N . significant in any of
Additionally, Bin | is also studied witha T | ¢(1680) E E, > 50MeV/c? .
e | i the three regions...
veto on the Cl)-resonance mass: % L \/ FSR = final state radiation
m(,u+/f) = [989.6, 1073.4]MeV/c2 F cV CS FSR ‘
Bin | ¢-veto: low-g2 without ¢ region o5 10 1 T2 T T3
q* [GeV?/c*)
3 Fsom Proiminary | Upper limits on BR
5| e : ¢’ bin I II I . .
| v 1 &[GV T ] [Am2,280] [289,829] [15.37,m%,] in the r egions
T F| easso m(utp~) [GeV/e? | [2m,,, 1.70]  [1.70,2.88]  [3.92,m 0]
5 r\——/ ] 1019 x B(BY— ptp~7) [8] 82ﬂi 15 2544034 9.1+ 1B1 I; I and i
oo 0 T Fraction of BY 87% 2.7% 9.8% : .
i B - & ] . (see next slides)
0 5 10 15 20 25 30 E
¢* [GeV/ch) i
Irene Bachiller - SearchfortheB0 —> U /1 ~y decay at LHCb 9

I. Bachiller, presentation @ «Workshop on radiative leptonic B decays», Marsellle 2024

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 10



The “indirect” method to detect radiative-and-leptonic decays

The basic idea is to reconstruct the radiative signal from the non-radiative counterpart, namely

B) —» ptu~~ from B? — ptpu~

Dettori, Guadagnoli, Reboud, Phys.Lett.B 768 (2017) 163-167

How? Enlarging the dilepton invariant mass below the Bs-peak (it works IF the bkgs are well under control!)

The problem is in other words

BB — ptu™ +ny) VS

10.

T :
>
& 1
S :
£ _ .
% 0.100- T o
e =TS
Q - = T \
3 0.010
oc
m
©

0.001 4.6 48 50 5.2 " 5.4

L. Vittorio (LAPTh & CNRS, Annecy) my, [GeV]

B(B] = php=)

— MN (tot)

—— - MN (ISR) For very soft photons, the single-

— - MN (FSR) photon component of the former

-= -~ MN (int) should be equal to the latter!
BGGI
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The “indirect” method to detect radiative-and-leptonic decays

B(B) = uT 1™ Y)m, . >49cev = (—2.5+ 1.4

LHCb

s
N B —
§ - —e— Data i
é) 40 el 9 fb-! T(())tal 3
~ h BDT =0.5 5 3
- B'—=utu- il
S 30 s :
~ - B,—utuy 5
~ |  J— B—h'h" N
@2 3 -
% 20 = ] X,—>huv, i
(+) +) o _
g - - B —a"Yutu .
g 10 - . g e Combinatorial .
< . ’}‘ 2 | 3
I:-------.-- --------r ST T Y e ; +
0 Ef. ............... MY A% minicing e i -
I 1 I 1 1 1 ] —
5000 5500 60

00

>
M., [MeV/c“]

(from LHCb-PAPER-2021-007, LHCb-PAPER-2021-008)

L. Vittorio (LAPTh & CNRS, Annecy)

E0.8) X107 <20 % 10—

Some pros:

i) No recontruction of the photon,
whose efficieny is inherently small

ii) Measur. at high-g2, which is the
best region for Lattice QCD and is
also the region least affected by
resonances

iii) Sensitivity to C9, C10

Some cons:

i) Signal as a «shoulder», i.e.
requires reliable estimation of all
other «shoulders»

i) Difficult below (4.2 GeV)?

iii) Mass resolution crucial !! 18



B. 2 uuy as a golden channel to study NP

Main ingredients of our sensitivity study:

2. Experimental uncertainties: we will assume that all the backgrounds are under control, i.e. that their
uncertainties will eventually fall safely below the signal yield (“no-background” hypothesis).

Thus, the Bs = uuy-signal uncertainty
will be dominated by the sheer amount of data collected

(Many effects to be taken into account: efficiencies, optimal choice of (g,,,;,)> .- )

3. Theoretical uncertainties:
- GNSV FFs with shrinked uncertainties, i. e.|0(5%) errors,l and KMN tensor FFs with O(20%) uncertainties

Motivated by precision on D, - y FFs as from the

Recall that we need to resolve | ™ ta prD a3 (2306.05904),

(U) (U)aSM ~ confirmed by the B; - y results in PRD ‘24
509 / 09 — 15% I! : (2402.03262)

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 17




B - Kvv as the fundamental link among b - ¢ and b - s

b - svv is theoretically cleaner than b - spp: it is not affected by charm-loop effects !!

2 2
vy, € _ _ SM _ _ vy, € _ _ _ SM _
= (5u) (51 - ;) €8M == 632(7) -1 = (sRyﬂbR) <viy”(1 ys)uj) CM =0
Buchalla & Buras, NPB 93 Buchalla & Buras, arXiv:hep-ph/9901288

Misiak & Urban, arXiv:hep-ph/9901278  Brod, Gorbahn & Stamou, arXiv:1009.0947

Major sources of uncertainty:

1. Value of |Vcb| (due to CKM suppression) 2. Determination of hadronic FFs

Final prediction Final prediction

% (B* - K*vv) = (4.44 £ 0.30) X 10-6\ % (B* > K*'vi) = (9.8 £ 1.4) X 10—6\

D. Becirevic, G. Piazza & 0. Sumensari, EPJC ‘23 [arXiv:2301.06990]

to be compared with

% (BT > K*u) =(24£0.7)x 107
Belle—II
A. Glazov, plenary talk EPS-HEP2023 Conference, Aug 20-25, 20233

L. Vittorio (LAPTh & CNRS, Annecy) 25




B - Kvv as the fundamental link among b > ¢ and b > S.

CLER) 5Cy(ry0; This kind of channels is important for SMEFT

Assuming 6

40 analyses, since B & Kvv may influence b - s :
35 : observables (with charged leptons) and b = cones !:
T A

30 [Cl(ql ’3)]2223 = [Cl(ql ’3)]1123
= 1.51
I,;i 25 = 10/ Light-lepton

= .

2 90 Q universal
e ° 0.5 _
N o NP scenario
Q o2

10 - <3-05 Rp/p- - HFLAV B < Kvv

o —10- — b— sup BR data]
5 1 ~ ' b — supu ang.
—1.51 Bly = mp
O T T —— Global
0 5 10 15 20 25 30 35 40 920 | | |
B(B — Kvw) x 10 —2 —1 0 t 2
L. Allwicher et al., arXiv:2309.02246 Re §CuH)
L. Vittorio (LAPTh & CNRS, Annecy) D. Guadagnoli et al, JHEP ‘23 [2308.00034] 26



Tree-level contribution

B* - K*Oup

J. F. Kamenik & C.Smith, arXiv:0908.1174

Charged meson decay modes have a tree-level
contribution from the annihilation to an intermediate 7

v 3
b W
- \o\/ (L Using the narrow width approximation
B(bvv 3 K
e T S %

(B+ — K(*)+v17) ~ % (B+ — 1+v) B (T+ - K(*)+17)
HmB > m,[ > mK(*)l

% (B - KOup)

e ~ 14 % (11%) Non negligible
K (B - K®wp)

contribution!

loop

Belle-ll can in principle disentangle these two contributions I

Salvador Rosauro-Alcaraz @ GAR Annual Workshop 2023



Basics of the Unitarity Triangle analysis

The Cabibbo-Kobayashi-Maskawa (CKM) matrix described the mixing amon quarks (with different electric charges): it is a unitary 3x3 matrix

Vud Vus Vub
Ve = | Vea Ves Ve Vct kv Vorm =1
Via Vis Vi
Wolfenstein parametrization (L. Wolfenstein, PRL 51 (1983) 1945-1947):
1—\%/2 A AN (p — i)
Vokm = —A 1—\2/2 AN? + 0O\
AN (1—p—in) —AN 1

By exploiting the property of unitarity:

e Triangle in the
ubVud + VepVed + VipVid = ‘ Complex (ﬁ7 ’]7) plane

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 2




UTA within the SM: results

Example of relations to understand the coloured bands:

Vs N
= =/ P? + 7
= 1.2~ UTfit 4 Ve 1 — % P n
_  summen25 (]) /‘Y K A
LU am | Ama_ mafh B, (AN gy
s Am mp, f3 Bp, \1—7%
Fit results:

O = 0.15910.009
ﬁ — 0.353 £ 0.008

. = 0.2250 + 0.0006
5 A= 0.827 + 0.008

L. Vittorio (Univ. of Rome Sapienza and INFN, Rome) 12



