allenging Majorana neutrino
ctsin B —» KU decays

Anna Llaurado in collaboration with Asmaa Abada, Claire Ch
rLuighi P. S. Leal, Olcyr Sumensari and Renata Zukanovich F




Motivation: b — svr transitions

e FCNCs very suppressed in the SM (GIM/loop) W Z ”JJ< v
— sensitive probes of New Physics (NP) - ffﬂf-f 2 -3 F
u > u u
e Cleaner than the analogous decay modes a)

with charged leptons (i.e., b — s£7) — not
dominated by long-distance contributions

e Belle-Il obtained results for BT — K vv that
oresent mild discrepancies from their SM
predictions

Belle II Collaboration, Phys. Rev. D 109, 112006 (2024)
Bahinipati, Symmetry 15, 1963 (2023)
Gligorov, Int. J. Mod. Phys. A 38, 2330009 (2023)
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B-decays vs Neutrino mass bounds

Dimension-6 NP operators can accommodate the experimental excess in B-

decays.
Alternatively,
0.497 :tSO:([)\S/‘; é:l‘:/;).etlrage
o o . . . . t | Belle II .(362 _fb'l, combined)
Dimension-7 operators can probe Lepton-Number-Violating (LNV) scenarios el 1 (303 ', adion)
Belle II (362 fb™', inclusive)
— ] ¢ — ] C 2Jet 02 nsamm'l inclusive
Os,, = (dridly;) (VLo1y) Os,, = (dpdg;) (v[21p) Bl 163 i)
ijaf ijofs Belle (711 b ; semileptonic)
s oo gy aronic)
7 BABAR (418 b, semileptonic)
Or = (d o'd ) (I/C o, U ) o P o
TLﬁ R Ly La~uv”Lp BABAR (429 fb', hadronic)
ijor i e

6 8 10
10°x Br(BT—K " vp)

Belle II Collaboration, Phys. Rev. D 109, 112006 (2024)



L

ective Field Theory approach
E<Km, ~ (SY'Pb)(Dyy,Pryp)

SMEFT

Operator basis

1

1
Lwerr = Low+ o (5,05 +h c> +— Z 6000+ (6707 +hc) +
1

d=7

@a?lqul — €ab de (d la) ( bTC la’)

iajf

d=7 (LNV) —generates scalar and tensor operators (LNV)

7 3 3
Os,, = (dRidL'> (VCV ) = Api _ I v !5 I @Al
J La™Lp CSLL (Hew) = — (Hew) | C 1, (Hew) = — (Hew)
yap j jjop /2 N dlzﬂiljl 3y2 diﬂiffl

jaf

Or, = (JRiG/"”dLj) (vLCaaﬂvaﬁ
ijaf




L.ow-energy 1t

B — KO

We are interested in

evaluating the scenario

with one single flavor of

2 Y | |

Gu | AD) = ~ 2 TeV active neutrinos and the
best fit 3

____________ estil \/ | Cs,, | scalar operator Cy |

C; x 10° Changes the g*-shapes

BBt — Kt +inv)™P = (23£0.570)x 107, BB’ - K +inv)*P < 2.7x 107 (90 % CL)

BB - Kr)™ = (4.44 £0.22% 017 x 100 BB° » K 0w)™M = (9.0 £ 0.46% + 0.85t) x 1070 Can be tested
experimentally




SMEFT phenomenology

Neutrino masses and operator mixing

L
,
m® =

oA |

d=7

O = e (q,12) (P TC 1Y) He

I A

b Pew T SWEFT

—generates scalar and
tensor operators (LNV)

e The dominant contribution comes from dimension-7.




Numerical analysis

B — KOy

0
10 3 Belle I1I

----- Belle IT [50 ab™"]
----- FCC-ee

Fine-tuning required: the
parameter space allowed by the
Belle-1l results is excluded by the
bounds on neutrino masses

\ .

_l | | lllllll | | lllllll | l'lllllll | llllllll
104 1073 102 101 10°

[S] 3 -3
CqulHl/ A [TeV ]

2003



Way out:

N ~ (1,1,0)

e Scalar and tensor NP operators are generatead

at dimension 6

Os, = (JRidLj) (NyLﬁ)

i[NP

0, T, = (dRiG/“‘”dLj) (Naﬂva)

(NP

e The seesaw mechanism makes the

ncluding a light .

contributions to neutrino masses smaller.

- Vv
best fit \/ Cs. |

~ 6 TeV




L

ective Field Theory Approach

USMEFT

d) 7(d
gvSMEFT_gSM_FgN_l_Z = 42 G000 + ..
d>5

_ Wi/

Y NN+ (vy)an HN+h.c.

O v,y = (dLi?’M dLj) (N YV ) O Ve = (JRin de) (N Y,V )
jiNN NN d=6

OSLL = (dgidy;) (Nvgp) OSRL = (dpdr;) (Nvgg)

6U\’q’a’ — (l_aN )G(gidj)
aNy

—generates scalar and tensor operators




vSMEFT phenomenology

RG effects and neutrino Yukawa

v
mD:_

d=6 V2

éZqu — (l_aN)G(qzd])
aNy

—generates scalar and

tensor operators
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Numerical analysis

*
B - KOw
107,
Belle 11
S ndad s Lol _ 4 There is no fine-tuning required:
..... 3 N -~ : :
ool P > The experimental bounds for neutrino
) ~ ' ,
E : PGB O masses don't exclude the allowed
-~ * < w{’ ; . .
_— -7 o : region by the Belle-Il experiment.
< L :
3R e
2251072 _ -7
T.i)w d _/ ’
oAl
10°° 107* 10® 107* 10" 10°

my [GGV]



Conclusions

e The scalar NP operator can accommodate the experimental excess on B-meson decays,

changing the g*-shape (testable prediction).

e The SMEFT scenario involving only SM fields generates sizable contributions to neutrino
masses, which require a high degree of fine-tuning to be consistent with m, < 0(0.1 eV).

e A scenario including right-handed neutrinos does not raise a similar issue, thanks to the
seesaw-like suppression of the mass.

* |t is possible to accommodate the excess in B-meson decays in a way that
it is testable (change in g*-distribution) while not spoiling neutrino masses.



Thank you for your attention
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UV completions

Generates d=7 operator, Generates the Weinberg operator

yib yia at tree-level

A

9

2 m2
mSI mR2




vSMEFT UV completions

The scenario with S; ~ (3,1,1/3) and ﬁz ~ (3,2,1/6) is of particular interest because it introduces scalar
and tensor current through Fierz transformations

o™ —IN ,,jo* 1 —IN —JN*

<IN N .,]

1 Z03) — Yiudin | YarYorL 2\ = Y2R V2R
- - I / N q — /
A2 INgd 8 m3 8 m2_ A% o 2 m2

ajiN 1 R, J >

—jN _ia*  =iN .ja* —jiN —iN*

L o) _  YwrI | Yr)ar 1 @ vy = YIR VIR
2 " INgd 2 ! 2 o 2
A N 2 msl 2 m~2 A NNij mSl

For the scalar and tensor operators to dominate |y,; | < |y, | and | y,; | < | Vop|
16



