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FCNCs in the Standard Model

e B— Kvrvisa b— svr transition = Flavor Changing Neutral Current
(FCNC) : forbidden at tree-level in the SM

e In the SM, only charged currents b wW- ® -
allow flavor changing transitions Vakm =+ @ ‘

through the CKM matrix B Vay

e In the SM, b — svv is a loop-level process (GIM mechanism) :

(57“1)]_,) (B’Y,LLVL)

Highly suppressed process = sensitive to New Physics (NP) contributions !
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Why focusing on b — s with neutrinos ?

e In principle, 'b—+ s [T/~ decays are also very sensitive to NP contributions

e LHCb, and CMS/Atlas have precisely measured several b — suu observables,
with results that seem to disagree with the SM

e However, these observables are plagued with long-distance cc
contributions, which are theoretically very challenging to predict
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15
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= Decay modes with neutrinos are theoretically cleaner !
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y should we go beyond the Standard Model?

o Belle Il efforts provided in 2023 the first measurement [1] :
B(B — K'inv') = (2.3 & 0.5(stat)*%5(syst)) x 107> which is about 3¢
above the SM prediction

e Neutrinos are not detected (missing energy) so any | b — s'inv’ transition

would contribute to the measurement
SM o Average

BSM solutions : .
o SMEFT : b — svi [2, 3] e
. . - 27407
e Sterile neutrinos : b — sNN, Belle I (63 11, inclusive)
b— svN [4, 5] | oo Belle (711 1, semileptonic)
. . .. . Belle b, hadronic.
e Light invisible particles (DM, . 2 e )
BABAR (418 b, semileptonic)|
ALP5, . ) : b — SX [6v 7' 8’ 02208 PRDS?, 12002 -
—_— BABA‘{«‘I»@%?K? 1, hadronic)
9, 10] ‘ Lo .
0 2 4 6 8 10

10° x Br(B*—K *vi)

In this talk, we focus on scenarios with Majorana neutrinos and the interplay with
neutrino physics observables
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ective interactions to SM neutrinos)

At low energies, we focus on the effective interactions

12
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e Both vector and scalar operators can accomodate the Belle-1l data

o Differently from vector operators, the scalar ones change the kinematical
distribution of B — Kvv decay
= testable prediction !
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fective interactions to SM neutrinos)

At low energies, we focus on the effective interactions

Cy, Cs
XL O 4 =2
Z V2 Vxe V2 Sxi »
X=L,R

Oy, = (5’7”bx) (DL’Y[,LVL)7 Os,, = (§bx) ( ?1/1_ ) .

Lepton Number Violating !

e Both vector and scalar operators can accomodate the Belle-1l data

o Differently from vector operators (®), the scalar ones (@) change the
kinematical distribution of B — Kvv decay
= testable prediction ! [3]
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Are scalar contributions to B — Kvv decay compatible with

neutrino physics observables ?

= relevant question as they are LNV

(i) in a scenario involving only SM neutrinos ?
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SM neutrinos only (SMEFT)

e At low energies, we have (5b;) (I/L VL)

e Above the EW scale, SU(2) symmetry is restored: the allowed d.o.f are

l= (Zt)aq: (Zi)aH» dR7"'

E>my E=my E<my

v by
CSLL(mW)
3 = v SR
—% Catgern (mw)
Ourgern = e (57:L,) (3 5) H* Osy, = (5br) (vv)

Lepton Number Violating operator comes from dim 7 SMEFT operator
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Majorana effects of the dim 7 SMEFT operator

q2

Outgernn = €™ (b o) (Gray) H* Ogusent = €ap(@ot ) (L) H = (FH) (H'() (H'H)

Through running effects [11], the scalar operator generates contributions to C’)LH

= After EWSB, = gives rise to a majorana mass term

for neutrinos !

smy = — N Vg (uew) [(” yd__-ydy;yd] CEl (M) + ..
ij

(1671'2)2 A3
2.4keV 54eV
~C; I A) X o
CngéHl(A) (/\/1T V)3 CquZHl( ) X (A/lT V) + .

contains the CKM matrix and allows for flavor changing transitions!
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Numerical analysis (SMEFT)

0
10 F Belle 11

..... Belle II [50 ab™']

— Fitting the experimental value
of B(B — Kvv) implies a
contribution to m, above 10
eV !

— This scenario can only be
viable, with at least 1%
tuning (ex : cancellation from
dim 5 Weinberg operator)

— A scalar operator in a scenario
with only SM neutrinos
seems highly disfavored
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203

How to consistently have scalar operators without spoiling the tiny neutrino masses ?
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Are scalar contributions to B — Kvv decay compatible with

neutrino physics observables ?

(i) in a scenario involving only SM neutrinos ?  No

(i) in a scenario involving a sterile neutrino ?
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Way out : adding a light sterile neutrino Ny

e At low energies, instead of - we have (5b.)(Ngry)

mediating b — svN
e Above the EW scale, SU(2) symmetry is restored: the allowed d.o.f are

l,q, H, dg, ..., and Ng! (singlet of SM gauge group)
E > my E=my E < myy
)4 a3 = v bL
Cs, (mw)
Ng SR 2 e Nr SR
12 Cinga(mw)

Ouxga = (INR) (@sR) Os,, = (5b,) (Ngvy,)

Dim 6 Lepton Number Conserving vSMEFT operator :
— Higher scale of NP compared to SMEFT scenario (dim 6 vs dim 7)

Claire Chevallier (1JCLab) IRN Terascale April 20, 2026



Running effects of dim 6 ¥SMEFT operator

X - :X - i&
I
I
I

Oynga = ((NR)(@bR) ONigu = ((Ng)(TRas) (’)mu—(ZHN\(HTH

Through running effects, the scalar operator generates contributions to Oy

= After EWSB, = gives rise to a Dirac mass term for

neutrinos !
N2 V3 "
omp = — —C - G og® (0 [va(® - v, Cits -
(167%)
Conaa(N) 14 keV Conat(N) 0.3keV N
~_ X X e .
YT InITev T Y T (AT TevE T

-] contains the CKM matrix and allows for flavor changing transitions!
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Seesaw like suppression of the mass

e Ng is a singlet of SU(3). x SU(2). x U(1)y so

non-diagonal mass matrix:

1, — 0 mp 173 1 - . 0 v
_— c ~ __ / / L
5 W) ( m0) () =3 6F W) 3

0 mpy

e Through running, we generate Opny and diagrammatically, we see that we
can then have a Weinberg-like operator at tree level

® =Ony
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Numerical analysis (V'SMEFT)
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— Through RGE evolution, @equ with §b quarks contributes to Ov3/3 decays
(orange line).

Ogngd can accomodate the experimental value of B(B — Kvv) while remaining consis-

tent with bounds on neutrino observables
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Are scalar contributions to B — Kvv decay compatible with

neutrino physics observables ?

(i) in a scenario involving only SM neutrinos ?  No

(i) in a scenario involving a sterile neutrino ? Yes

Can we have a UV completion generating a dominant scalar contribution ?

Claire Chevallier (1JCLab) IRN Terascale April 20, 2026



Example of completion

We introduce a S; scalar leptoquark (3,1,1/3) at high energies

Ls, DytafelS +yRdNS +he.

We generate scalar and vector four-fermion operators at dimension 6.
Can the scalar operator dominate over the vector ones ?

We'll have
2 2 2
~sb V™o U L-R ~sb Vo ooLoL ~sb V™ _R-R
CSLLOC m2 Y3Y2 CVLLO( m2 Y2¥3, CVRRO( m2 Y2 Y3
S S S1

For the scalar to dominate, in that case, we need,

yE>yh gR >R

= opposite hierarchy in ¢ and N couplings is required : can be made compatible
with experimental data without fine tuning.
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Summary / Outlook

e Low-energy scalar operators can explain the excess on B(B — Kvv), which
would predict a distortion of the g?-distribution — testable prediction !

e RGE running above the electroweak scale connects different sectors, flavor
physics and neutrino observables.

e We have demonstrated that a scenario with a d=7 SMEFT operators suffer
from a serious fine-tuning problem on neutrino mass

We propose a solution with light RH neutrinos (keV < my < 1 GeV) which
can generate scalar operators while remaining consistent with neutrino
physics constraints

RGE analyses provide essential constraints by connecting different energy scales

NB : The same analysis can be conducted for K — mvv decays. (cf back-up)
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Induced mixing B — Kvv
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Low energy fit - K — mvv
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SMEFT-K — 7mvv
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Full RGE - SMEFT
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UV-completion issue
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VSMEFT-K — wvv
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