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Introduction

(B* - K*wv) _
- Rare meson decays: B -» Kvv,K — mvv p
W+ v
Flavor changing processes -> suppressed by GIM mechanism i - o )
Glashow, lliopoulos, and Maiani, PRD (1970) b —< < <+— s S
> [ U » U
Branching fractions Br(B* — K*vv) = (5.58 + 0.37)x10~° Belle Il Collaboration, PRD (2024)

Parrott et al. (HPQCD), PRD (2023)

Br(K* - wtwvv) = (8.60 + 0.42) x 1071t Br(K, » n°vv) = (2.94 + 0.15) x 10~

Buras, Eur. Phys. J. C (2023), etc.

- Those decay channels are sensitive to new physics (NP) effects.

- Measurements forthe B* - KTvvand K+ - ttvv decays Belle Il Collaboration, PRD (2024); NA62 Collaboration, JHEP (2025)
Br(B* » K*vv) = (2.3 £ 0.5(stat. ) ¥ (syst.))x10~5 (Inclusive + hadronic tagging) -> 2.70 excess from the SM

Br(K* - ntvw) = 13.0133 x 10711

- Upper bound on the KL — T[OVV decay at KOTO Br < 2.2 X 10_9 (90% CL) KOTO Collaboration, PRL (2025)



Effective-field-theory approach

- Such (flavor-changing) NP effects are parametrized by effective operators.

Felkl, Li, and Schmidt, JHEP (2021); Buras, Harz, a

Several options: Dimensions? Symmetry? etc.

Energy scalesA
e.g.) the b - svv transition

1 _
Dim.6 (AL=0)  Ligpr 2 12 (byHs)(Vy,v), cutoff scale A
: L
Dim.7 (AL = 2) LSMEFT > —B(Ld)(QL )H 1/
A | | | | SU(2) contractions EWSB ~ G, /
H) = Neooy () o ]
-> LigpT 2 F(bS)(Wc) , F(ba‘“’s)(va“"vc)

- Lepton number violation (LNV) is motivated by some BSM problems.

e.g.) Baryon-asymmetric Universe, Majorana nature of neutrinos, etc.

nd Mojahed, JHEP (2024)

Fridell, Graf, Harz, and Hati, JHEP (2024); Fridell, Ghosh, Okui and Tobioka, PRD (2024), and more

An UV completion
w/ additional flavor violations

Low-energy EFT



Scenarios for baryogenesis

) Np —Np
- Baryon asymmetry of the Universe np = L P2 61%x10710  Planck 2019

ny

- Sakharov criteria for baryogenesis  sakharov (1967)

presence in the SM absence in the SM
o . o q . . Huet and Sather, PRD (1995)
B+L violation (sphaleron) Sufficient CP violation e et PRL (1956
C violation (chiral EW theory) Out-of-thermal situations SO0 andl Rummukanen. PRD (2016)

Dimopoulos and Susskind, PRD (1978),
Manton, PRD (1983), Klinkhamer and Manton, PRD (1984)

- Sphaleron process and baryogenesis  |0) < 9Q + 3L

Sphaleron is in equilibrium from T ~ 102GeV to Tgwsg ~ 10%GeV.

Assuming the other SM gauge and Yukawa interactions are in chemical equilibrium,

non-conserving charges are zero, i.e., B+0=0. (¢ denotes left and
np,Np X Np—_yp right-handed leptons.)

baryon and lepton numbers are determined by B-0. Harvey and Turer, PRD (1990)



Scenarios for baryogenesis

- Scenarios w/ B-0 violation decoupled at high temperatures T ~ A < Toar B
Presence of 7., W/ B — ¢ direction at high temperatures B+¢=0 1 B—-{=
Getting on the B + ¢ = 0 line via thermal sphalerons N een ‘
) . Sphalero;\/"\\
eg) LeptogeneSIS Ngen = (fr 0) Fukugita and Yanagida (1986), . ‘\\
GUT baryogenesis figen = (£,B)  Yoshimura (1978), Weinberg (1979), and more N )

- Scenarios w/ non-thermal sphalerons or w/ B violation decoupled after sphaleron decoupling

ng Electroweak
e_g_) Electroweak baryogenesis Kuzmin, Rubakov, and Shaposhnikov (1985) P violat baryogenesis
NBg NBgr
-> Left-handed asymmetry is generated by fast-moving bubble walls Sphaleron

w/ CP violation, but total B and 0 is conserved.

_____

-> (Out-of-equilibrium) sphalerons make total baryon asymmetry. ns,




Le pto n n u I I l b e r WaS h 0 u t Deppisch, Harz, and Hirsch, PRL (2014); Deppisch, Harz, Hirsch, Huang, and Pas, PRD (2015);

Deppisch, Graf, Harz, and Huang, PRD (2018); Deppisch, Fridell, and Harz , JHEP (2020);

- What's happen if LNV operators are active? B
PP P B+4=0 ! B—¢=0
£=0and B+ ¢ =0 (Le Chatelier's principle) RNETYY
-> B = 0 in the end 'Z
Sphaleron .
- LNV dim.7 operator in the rare meson decays (d, — d,v,vg) o > f
DT (T C D (T C a, B: Indices for lepton flavor .
L= Coc[)’ (dpLa)(QTLB)H + Caﬁ (era)(QpLﬁ)H +h.c. p,r: Indices for quark flavor violatizn;Tegticna:Lerqgg?by >
. . — Name: 1 Process
cf.) Weinberg operator (dim.5) £ = C25LSLgHH + h.c. A1) [ Tl.o0L0
(A2) | LoLgH — d,Q,
. (A-?)) LaQTH — deﬂ
- Boltzmann equation for B/3 — ¢, (cutoff scale: A) (A4) | LaLsQ, — dpH
(A5) LaQr — degH
dT]B/S—fa AP . AP (A6) | LoLpg — dpQ.H
—6 5 7 Al
~ —Cr—V4p NB/3—p, X Z 0 —Cc—Vop NB/3—¢. X Z where z=A/T (A7) | LaH — dpQ, Lg
2 A - AP 137 / (A8) | dyLoH — Q,Lg
(Ag) d_pLaLg — arﬁ
Strong washout at high temperatures (T ~ A) (A10) | dpLoQr — LgH



Neutrino mass and OvBB decay

- Dim.7 operators generate 2loop Majorana U & b ) )
masses of the neutrinos. qz,r@dp — q@ r_< 2 — Q
Ve cpr Vs cpr Ve crr VB

Associated w/ the Weinberg operator (A1) (A2) (B1) (B2)

— .,,dim.5 dim.7
> My gp = my ap + my ap

- OvBB decay: relevant to the LNV operators for the first generation (electron)

Additional long-range contributions independent of the standard mass mechanism

Vissani, JHEP (1999), and more

pr ;7 pT
| | J - o L g \_'d cr
Loop induced diagrams: P\ P\
I/ﬂ ¢ 1/5 ¢
Cds -
d U
But especially for €% (s —» dvv), there is a tree level diagram: ¥ N . (b)

Vg Deppisch et al., PRD (2018),
Deppisch et al., J. Phys. G (2012), etc.

€% is tightly constrained by the current limit: T,;/? > 3.8x10%6yr (90% C.L.)
KamLAND-Zen (2024) !



Case1: Neutrino mass like

b bs
Trlc” |=Trlc |

For the B* - K*vv decay
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- Lepton flavor structure of the dim.7 operators

— .,dim.5 dim.7
CSbbs _ c v mvﬂ cf.) My ap = mv,lclrl}? + mv,lc;r;?
a a
B A3 o Coiﬁ o C;g,bs

- Dimensionless coupling c*??s vs cutoff scale A

arXiv:2507.12393;

. - + +
Constraints from B* - K*vv measurement el BTER (2015

Blue solid: bound from Bellell
Blue dashdot: future prospect at Bellell w/ {Ldt=50at"!

- Green: ng = 6.14x1071% assuming initial
(MB/3-2,MB/3-2,MB/3—2,) = (1,1,1) > np =0(1) at T = A

- Red: Neutrino masses explained by purely dim.7

- Black: Upper bound from the OvBB decay



Case?2: Specific flavor decoupling case

For the B* - K*vv decay - Lepton flavor structure of the dim.7 operators
- C r r r
3 SD,0S __
J ) * T 1 1 aﬁ

- Flavor mixing by dim.5 is negligibly small.
-> Corresponding lepton number is conserved in r — 0.

Br(B— Kw)~2.9x10"

-4

—-10

—12

- In CaseZ2, parameter spaces where sizable effects in

B* - K*vv are compatible with high scale B-0 genesis. CTTTTTTE T
A [GeV]

-14

log (75



For Kaon rare decays (Case1)

- Similar analyses for €%, which is relevant to the K - nvv decays

Case 1 (Neutrino mass like)
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- For non-zero €%, please see backup.

cf.) C3%

Blue: NA62 bound
Orange: KOTO bound
Dashdot: future prospect at KOTOIl

¢ vV
= 73 X Map

NAG62 Collaboration, JHEP (2025);

KOTO Collaboration, PRL (2025);
arXiv:2505.02568;
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For Kaon rare decays (Case?2)

- Similar analyses for €%, which is relevant to the K - nvv decays

Case 2 (Specific flavor decoupling)

10° 3
10" 4 )
=100
10_] ---------------------------------- ) 10’3)
= A R A
:qg 10 —————————— -10 (T' =0 1)
10
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- For non-zero €%, please see backup.
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cf.) C3%

Blue: NA62 bound
Orange: KOTO bound
Dashdot: future prospect at KOTOIl
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NAG62 Collaboration, JHEP (2025);
KOTO Collaboration, PRL (2025);
arXiv:2505.02568;
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Summary

» The B - Kvv and K — mvv decays

« They are the rare processes in the SM and sensitive to new physics effects

» LNV dim.7 operators and baryogenesis

« Contributing to the rare meson decays and the Majorana masses for the neutrinos
« A scenario of baryogenesis: high scale B-0 genesis
« In the presence of active LNV -> washout of initial baryon asymmetry

» Constraining the high scale B-0 genesis

« In Casel(neutrino mass), high scale B-0 genesis is not
preferred in terms of sizable NP effects to the rare meson decays via dim.7.
« They are compatible when a specific lepton flavor is conserved (Case?2).

12



Back up



Scalar, vector, and tensor operators

- Dim.6 LEFT operators and g2 (=m,,2) dependence seiell colzboration, aniv:2507.12393

-8 70 _—

10pdd g 3bod OFGV

O ) 35 . o _Sbody vec]tor . 70 o
= (v v S 2 L scalar 7 ) [ - ody scalar m, = ]
vL = (VLyuve) (S27%b1) g = e ] 2 % } > body my 2 Gev :
OVR = VL'Yp,VL) (SR’}/“bR) ‘%2,5, 5: 40 — SM ]
O, - 30 Belle I ITA 5(BDT,) > 0.98
Ost = (v§vL) (SrbL) gjz fa TJH: 5
9 4 = E
OSR (VLVL) SLbR = 1o 3= 10 th | ]
0.5F ] O “““““ B 7F+f

OTL (VLO'“,/I/L) SRO'“ bL) . 00 ‘ , , ) 0 10 15

0 5 10 15 20 qree [GGV]

¢ [GeV?]
Fig. from Fridell, Ghosh, Okui and Tobioka, PRD (2024)

- Posterior for those coefficients with a uniformly flat prior

x  SM
Mode
.......... Symmetry axes

Table I. The mode of the posterior, and HDI at 68% and 95%
for the (sums of the) WET Wilson coefficients in Eq. (9),

| Belle IT
i Ll [ cdt=(362+42) fo!

derived from the posterior in Fig. 3.

&
Parameters Mode 68% HDI 95% HDI ;a
|Cvr + Cvr]| 11.3 [7.8, 14.6] [1.9, 16.2] e
|Cst. + Csr| 0.0 [0.0, 9.6] [0.0, 15.4] E Ji 11l
|CrL| 8.2 [2.3, 9.6] [0.0, 11.2] 7! H

-16-8 0 8 16 —-16-8 0 8 16 1680816
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Cyr + Cvr Csp + Csr CrL



Case3: Lepton flavor universal

For the B* - K*vv decay

OvBp
— B—Kvwy
10 10° 10" 10° 10

A[GeV]

- Lepton flavor structure of the dim.7 operators

DS — c y 1 1 1 cf.) myqp = mylgs® + myigy’
ap A3 1 1 1 « Cop x ng'bs
aﬁ 44 a
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Casel for Kaon decays
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ny=6.14x10 "
0vpp

Neutrino mass (C~' =0)
K > w

0
K, —mw

]

10 10*

A[GeV]

10°

10

ny=6.14x10 "
Ovpp

—— Neutrino mass (C= 0)
— K >nw

0
K, —m v

/

10° 10" 10°

10

16



Case?2 for Kaon decays
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Case 3 for Kaon decays
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UV completions

Fridell, Graf, Harz and Hati, JHEP 9 (2025) 050
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Coupling to SM fields (+h.c.)

(1]

> =

OLu Orenp  Oerrrd Ogpuen m Odrorrz  9Qurru
AN, % —
A XY
@, N, Ag ¥, Ua Qj‘;
S,5,4, ¢, ; ; i i
A YA T T
@1,@372 | Y, 24, A3 (paQ5a 2 SOaQ'?) 1
AN, ¥ h A N,¥ A, N,¥ LY | AN,
N>
A, 3!
RQ,N,QJ% RZaNan’;
S1, 53, N
AT ) IEAR »
Sla 17Q7 27T2 S3a 7U
R2a ZaQ; RQ) Ean
Sa@aAJ{ A.{ h»‘P ‘5’17W{7U1 SDaShRZ v, Ula‘_/ZT
Sa E) Aa ®, t ~ ~ —+
@1,A11-,F4 A, A1 A>(p QOaR2’S3 @, R2>S3 P, VZ >U3
LC d
e.g.)

sksSHVH + JAsSSHYH

ligH1E%H + 1)z (B (HTH)

yphtLiooL® + kpyh HTH

IAa (ATA) (H'H) + §X, fare (ATAY) (HTo®H)
+yaA Lo%ioa L¢ + kaAYT (HT0%H)

Ay (cpTH) (HTH) +yepleL + yloldQ + yieliosQTu
Yo, (H'o“H) CI,Hber ;6]

Ao, (HTUGI:I) Cgbﬂbeu@g

ygvll S1QC% 0oL + ye! S$1Qi02Q° + yg?Sla_luc + yglS1eu
yézRgiogde

ygvls S¢QCioy0 L + ygvz S¢Qo%ia,Q°

ANNHTL

DS ftonL



UV completions

Fridell, Graf, Harz and Hati, JHEP 9 (2025) 050
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Baryon number washout

- Temperature & coupling dependences of baryon asymmetry
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Neutrino mass

- Neutrino mass (renormalization scale dependence)

A=10" GeV
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- C, is the contribution to the Weinberg operator from dim.7 operators.



