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The Flavour NP reach

To describe heavy NP effects, it is customary to employ effective
UV degrees of freedom are integrated out and which allow mode

couplings parametrizing
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Rare Hadron Decays

® Among the several accidental symmetries of the Standard Model, a particularly interesting
one is the absence of tree-level Flavour Changing Neutral Currents (FCNC)

® These hadronic decays occur at loop-level, and are both GIM- and CKM-suppressed:
very rare, hence fundamental probe of heavy NP effects

® [ndeed, since no NP has been (so far) directly observed at col
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| will focus here on rare decays of the B meson, but fundamental
information can be extracted from rare D and K decays as well!
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B — tv:the SM status

® Helicity suppressed, tree-level decay

® Main uncertainties come from CKM elements (UTA) and decay constants (Lattice)

| Vo0 =42.22(51) X 1072, f = 427(6) MeV N B(Bf - rtu,)™ = 2.29(9) x 1072
|V, |V =3.70(11) x 1073, £, = 190.0(1.3) MeV B(BT —» v, )°™ = 0.87(5) x 10~*
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UTTit Collaboration FLAG

According to present Lattice estimates, decay constants errors could be halved in the next decade!



B — 7v: NP implications

-xtremely sensitive to scalar

OVL(R) — (qL(R)y,ubL(R))(%Ly,uDL)

Og, o = (Graybrr)(TrVL)

BSM extensions (2H

DM, LQ), which lift helicity suppression
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The AB = 1 FCNC Effective Hamiltonian
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B — uu:the SM status

® Helicity suppressed, loop-level decay dominated by short-distance effects (C)

® Main uncertainties come from CKM elements (UTA) and decay constants (Lattice)
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According to present Lattice estimates, decay constants errors could be halved in the next decade!



B — uu: NP implications

Sensitive to BSM etfect on axial and (pseudo)scalar operators, which again lift helicity suppression
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B —» KO¢¢, B, — £t the SM status

® Loop-level decays dominated by short-distance effects (C9,10), important long-distance

® Uncertainties coming from the form factors and from the non-local hadronic parameters

The amplitudes for the K* and ¢ channel, in the helicity basis, are proportional to

~ 2msm ~ m2, ~
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(The K channel has an analogous, simpler description with only 4 = 0)
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The non-local hadronic parameter

At first order in aem We can get a contribution from current-current quark operators & QCD penguins

Loop suppressed amplitude, can be enhanced by non-perturbative QCD effects!

In particular, charm current-current insertion not further parametrically suppressed.

Soft gluon emission from cc-loop estimated
for P = Kand V = K* with LCSR + dispersion
relation. Sizable effect in K*

Correlator expanded on the light-cone:
LCSR estimate based on negative/small g2

Dispersion relation in order to extrapolate/
interpolate LCSR result up to cc threshold

Single soft gluon approximation:

strictly valid only for q2<<m3 1006.4945 2212.10516
- Khodjamirian, Mannel, Ciuchini, MF, Franco, Paul,
Potential effects coming from D_-D Pivarov, Wang Silvestrini, Vall

yo4 4

rescattering presently not included 13



The Observables

AT 9
= ——(I{sin® Ok + I{ cos” Ok + (I3 sin® O + I5 cos” 6 20
dq?d(cos y)d(cos Ok )de 327?( st O+ Iy cos™ O + (I3 sin” O + 15 cos™ O ) cos 20,
+ 15 8in® O sin® @, cos 20 + I, sin 20 sin 260, cos ¢
+I5 sin 20k sin 0y cos ¢ + (IS sin” O + IS cos® Ok ) cos b,

+17s1in 20 sin 0y sin ¢ + Ig sin 20 sin 26, sin ¢

+1g sin® O sin® 6, sin 2¢) .

" K
[~ 3o
0, 0 jc» -
ot

CP-Averaged

1 dl + dT’ 336
[V = — D1, + 429, A —
> dg? le T 4242 FB AT
> D1,
5345789 = 3’4;;7’8’9 Py, = Fl,

14



B —» KO¢¢, B, — £t the SM status

A series of consistent deviations has been observed in the last 10 years in decays involving the muon channels

P|

However, many of these observables are potentially plagued by un-accounted hadronic corrections...
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SM predictions above are indeed based on specific (aggressive?) estimates tfor the hadronic parameters
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Ry g+

B —» KO¢¢, B, — ¢p£¢: NP implications

Originally, the set of anomalies could be consistently accounted by a shift in the muon channel. However...

not well reproducing data well reproducing data
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Rg:  low-g® = 0.927430%

Ry central-g> = 1.0271007%

4L LHCb
- 9fpt
1.2}
L0} ]
0.8}
: ¢ Data
o6f — oM

P
i

y>=1.6,p=0.812 0 =02

2 n

Data driven :
— Model dependent :

Rk 1OW'C]2 Ry Centra,l-q2 Ry low_q2 Ry Centra,l-q2

2212.09153
LHCD

"9 1 0 1 2
NP
2212.10516 C9,p

Ciuchini, MF, Franco, Paul, Silvestrini, Valli

16



B —» KO¢¢, B, — ¢p£¢: NP implications
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b — sy:the SM status

® Loop-level decay dominated by short-distance effects (C-)

® Inclusive: main uncertainties come from CKM elements (UTA) and non-perturbative contributions

BR(B — XS'Y)E7>E0 — BR(B — chl/)

2002.01548 1908.02812

Misiak, Rehman, Steinhauser Gunawardana, Paz

® Exclusive: main uncertainties come from CKM elements (UTA) and form factor (Lattice + LCS

3)
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sy: NP _implications

Very strong constraints on

possible BSM contribution to the
radiative operator, particularly

from inclusive decay

BR(B? - K*0y) 4  ————@—
BR(Bt —» K*ty){ ——————
BR(B; — ¢7) - N A
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B — K%vu: the SM status

® Loop-level decay dominated by short-distance effects (C;), negligible long-distance

® Main uncertainties as the ones from B, — puu, plus additional ones from Form Factors (Lattice)
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B — K%vu: the SM status

€

Oly;iyj — (47‘(’)2 (§L7ubL)(Di7M(1 — 75)’/3') O;zwj — (47_‘_)2 (gR’YMbR) (1727M(1 _ 75)Vj)

B(BT — Ktvir) x 10° OB, . /Br+ || B(B° — Ksvw) x 10° OB /Bk

(5.06 & 0.14 + 0.28) 0.06 (2.05 + 0.07 & 0.12) 0.07

B(BY — K*"vi) x 10° |05, ,, /Bk«+ || B(B® = K*vi) x 10° |05, /Br+o

(10.86 + 1.30 & 0.59) 0.12 (9.05 £ 1.25 + 0.55) 0.15

2301.06990
Becirevic, Piazza, Sumensari




Sensitive to

B — K®vu: NP implications

™

Belle II (362 fb!, Combined)

2.44+0.7 This analysis, preliminary

Belle II (362 fb™!, Hadronic)

1.1+ 1.1 This analysis, preliminary

Belle II (362 fb!, Inclusive)

2.84+0.7 This analysis, preliminary

Belle II (63 fb!, Inclusive)

1.9+1.5 PRL127, 181802

*
Belle (711 fb!, Semileptonic)

1.04+0.6 PRDY96, 091101 +

Belle (711 fb'!, Hadronic)

3.0+1.6 PRDS87, 111103

Babar (418 fb!, Combined)

0.840.6 PRDS87, 112005

Babar (418 fb™!, Semileptonic)

0.240.8 PRDS87, 112005

Babar (429 fb!, Hadronic)

1.5+1.3 PRD87, 112005
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2309.02246
Allwicher, Becirevi¢, Piazza, Rosauro-Alcaraz, Sumensari
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BSM eftect on both left-handed and right-handed operator
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Possible interpretation also in terms of weakly interacting light NP (axions)
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® Rare decays are af
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Conclusions

damental probe for the search o
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® After re-analysis of LFUV ratios by LHCb, evidence of LFV N

LFU NP driven by the muon sector, to be considered with care due to charming per

NP effects. Main theory
from CKM elements, decay constants and form factors

2 IS gone. Remaining i

nts of
guins

® New discrepancy recently observed in B — Kuvwv, still much work to do to understand its

potential origin and connection with other sectors (light NP?)
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