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Motivation

* Neutrinos as a window to new physics

* Why lepton-number violation?

Lepton-number violating interactions
* QOperators
* Testability (OvBB, neutrino masses)

* Leptogenesis
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Rare Kaon decays

* Recap: Kaons in the Standard Model

LNV interactions in Kaon decays

Confronting LNV interactions with E949, KOTO, NA62

Complementarity of constraints

UV complete example: Leptoquarks
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Neutrinos - what do we know?
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Illustration by Sandbox Studio, Chicago
“Neutrinos, the Standard Model misFfits”
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Neutrinos — what do we know?
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41F

Neutrino oscillations require massive neutrinos, forbidden in the Standard Model.

How do neutrinos get their masses?
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Neutrinos - what do we know? 2015 NOBEL PRIZE.

Neutrinos in the Standard Model are massless

V; .

Neutrino mixing

Arthur B.

McDonald
Ve 41
v | =Upuns | V2 NEUTRINO OSCILLATIONS
VT V3 lhe ¢ I':‘,COVE!I"/ of these oscillahions shows that neutrinos have mass.

Neutrino oscillations rec.IUire massive Neutrinos normal hierarchy (NH) inverted hierarchy (IH)

m2 4 A m2

Am?2, ~ 7.59 x 107 %eV?
P(Vz' — Vj) X Am2 Mz ©

Y AmZs ~ Am3, ~ 2.3 x 1073eV?

Normal vs. inverted hierarchy E—— 1,

How do neutrinos get their masses?
What nature do neutrinos have? Are they their own anti-particles?
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Why Lepton-Number Violation?

* Masses of the active neutrinos cannot be explained within the SM
* BUT right-handed neutrinos could help

Dirac mass Majorana mass
1/2
vy, LeHvy D mprpvg My UVRVER
120 0 0
hypercharge
/2 1/2
-— C
* tiny Yukawa couplings myvLvyy LLHH
1212 A2 1)

—12
mV/AEW < 10 not at tree-level within

the SM possible

* Lepton number no accidental
symmetry anymore * higher dimensional operator

* Lepton number violation (LNV)

v X(H ) H
VL ——q—y VR | — ( )‘k\ 7|‘< H)
o I TV VL Y~
(H)yX 4 UL @, -
VL
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Lepton Number Violating Operators
and their implications
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Lepton-Number Violation

* LNV occurs only at odd mass dimension:

L= LSM+—0<5>+Z A30<7> Z A5(9<9>+

Ay
- A ~
9 o Y ~C C
055) = LO‘LBH’)HJEM%J (9&& = LYLPQ.u°Q"d €6p
32321 1 O = LoLPecd e uleny

mass dimension

(9:(3? — LaLﬁdecHaeagepa
O:(sz) = LO‘LBQ’OCZCHUGQPGBJ
O\ = Loeu’dHP e 5

Babu, Leung (2001), de Gouvea, Jenkins (2007), Deppisch, Graf, JH, Huang (2017)
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Radiative neutrino mass generation

* LNV occurs only at odd mass dimension:

1 1 1
L=tLsu+-0P+3 00+ 3 0 4.

Ay
O = L*LPHP H €, p€ 5o O\ = LoLPecd e tCens
(H)_k\ /—;I-(H) Og(? — LaLﬂdecHaeaﬁepa
VL L J—
- T2 |0 = LOLPQPACH  €n e,

o Yayugt v’
v (167’(’2)4 A16
Lo =
2 2 2
€ C C v U
e, ut, d- my, ~ Yayg m, ~ yd2 v
(1672)2 Asq 1672 Asp Deppisch, Graf, JH, Huang (2017)
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Probing LNV interactions - OvBf3 decay

Neutrinoless double beta decay Most stringent limits are currently set by
GERDA and Kamland-Zen:

Ti5 > 8.0 x 10% y Ti)5 > 1.07 x 10%% y

Ty = mgs [2 G | M P

/7 N

particle physics nuclear physics
atomic physics

standard mass mechanism long range contribution short range contribution

d u Oy T U
W— d
e e d e
05 vV 1%
u d U Oy u

OvBpB decay probes only first generation!
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Schechter-Valle Theorem - Black Box Theorem

Schechter, Valle (1982)

Any AL = 2 operator that leads to Ovbb will induce a Majorana mass
contribution via loop

v°(p) e“(p + k1) < e(p — k) v(p) Dirr, Merle, Lindner (2011)
9-dim AL = 2 operator will lead to Ovbb but only tiny contribution to neutrino mass

om, = 10728V

Observation of OvBB decay does not imply that the mass mechanism is the dominant
contribution.
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Constraining LNV interactions

-

long range contribution n 1'5\1 ':3 \I p standard mass mechanism
d " d u
e~ ? W= .
vV —
e~ Os v
W- e
J— W_
4 “ d a
Or
-1 21 B2 ~1 _ 2 2
1/2_G0V|M| ’€a| 1/2_G0V‘M| |m55‘
Leptonic and hadronic current with different chirality structure:
Gr . . L
L="{0 ATh 4+ eljsdl} jp = €0pv
V2 o f_ o
’ J! =u0,d
1+ 75)
) A 10° [ [ah avid ain o

©Ge |41] 021 37  0.66 0.7
= 510 w1 £75) ©Xe | 26| 011 22 026 0.03
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Scales of New Physics

*t generation couplings

A A A A A -
7-dim :

Non-standard Grer _ ggv 9-dim
Awmsm V2 2A7° 11-dim  * 1
effective coupling can ]

be related to the scale
of the operator

111112 14 14 19 20
{\ LHC reach
24 28 28 32 36 37 38

H 27 28 29 31 32
26 30 b
a a

718 21 31
29
I ’% I ; I 40 43
16 [ | 26 [ | 30 .

EW scale 8

L 4 * e

YV YYYY Y YYRYYN Y YYYY®YY v® vyvvy YV _ YYVVYVYY .V v

only mass mechanism

Deppisch, Graf, JH, Huang (2017)
Deppisch, JH, Huang, Hirsch, Pas (2015)
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Scales of New Physics

3" generation couplings

106 7\
EJA ANA A A A A A A A A A A AAAAA A AAA A
[ ® <o
334 only mass mechanism 7-dim
9-dim
5 . ¢
10°F 8 non-standard mechanism 11-dim E
: 5 6 laz 1b2 104 15’44/ 1
L R 4
L 2
;
11 lbl
; 104 10 13 28 28 28 29 29 32 32
L 76§
g 24 24 27 27 31 31 HC reaCh.M
&~ .
36 37 38
103k ' :
; | | 5
35 4043 L
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23
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Deppisch, Graf, JH, Huang (2017)
Deppisch, JH, Huang, Hirsch, Pas (2015)
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Implications on Leptogenesis

* generation of lepton asymmetry via heavy neutrino decays

* competition with lepton number violating (LNV) washout processes

* conversion to baryon asymmetry via sphaleron processes Fukugita et al. 1986
dNn
Hz—"= = —(Up + I's)(Ny, — Nyy,)
dNy,
Hz - — €1FD(NN1 — N]e\/-ci) — FWNL
AL =1 source of CP violation AB=AL=3 Q

OB+L = H (QLququzﬂLi)

i=1,2,3

sphaleron processes

|

H

AL = 1 scattering processes AL = 2 washout processes
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Implications on Leptogenesis

The generation of a baryon asymmetry - baryogenesis — can be created by a lepton
asymmetry - leptogenesis:

baryon
asymmetry

SM processes Possible tight link
to neutrino
physics

lepton
asymmetry
, lepton lepton
Poss]bly asymmetry asymmetry
at high generation washout
scales

(CPV and LNV) (LNV)

In turn, lepton number violation (LNV) can destroy a lepton asymmetry, and
thus even a baryon asymmetry!
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Lepton Asymmetry Washout

v u
* LNV operator would cause washout of pre-existing net t ©: -
lepton asymmetry in the early Universe B

O = (L'd°)(ecuc) H ¢,

dnr, Nr Nege  MNyeN el p _ -
e e dc'"H ¢ C
ZH?%Y d — = eq _eq  _eq_eq_eq |V Q(Leec — U dCH)
z Ny Nge  MyeN Mg
2D—4
2D—4 €d ~ I
i @aL. T - i A 2D-38
YT s DAD2D—8 Le

CD operator specific fFactor
* washout efficient if

_ 2D -9
Fw_CD T2D4 ,Ap](T) >1

H - ’an ADQD_S - AD AD

"L lepton density

IF OVRR is observed, washout efficient in the temperature interval

A\ 7P
AD(,D) =\p <T < Ap
CDAPI
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Lepton asymmetry washout

*t generation couplings

106 E 2 A 2 A 2 A A .
% 4 g * 7-d|m
IS 9-dim
: .
10°k , 11-dim .
s 5 6 .
7
||
% 10* 3
ll 11 12 14 14 19 20
: e 2 LHC reach
24 28 268 3:12 36 37 38
103 3 v 2 27 28 29 31 32
26 ’ 30 s
25 u ¢ ’ 40 43
ﬁ 16 [ | 26 I [ 30 I .
102k EW scale g
] . oo :
Y Y Y YV S Y YNV YN Y YYYY®YY v¢  yvyvy YV _ YYVVYVYY V. vy
Deppisch, Graf, JH, Huang (2017)
Deppisch, JH, Huang, Hirsch, Pas (2015)
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Probing LNV interactions - LHC

Washout processes could be observable at the LHC

10~ m‘u;:li e,

OLHC

T M
log,y —= > 6.9+ 0.6 (—X - 1) + log,

H Tev fb l 0_6 ;_ EW, X ~ .1‘u'u' - : ;
F nL mp=10770 T
Observation of any washout process 1080 N s
at LHC would Falsify high scale 0 1 2 3 4 5
baryogenesis! My [TeV]
(scale of asymmetry generation above M) Deppisch, JH, Hirsch, Phys. Rev. Lett. (2014)

Deppisch, JH, Hirsch, Pas, Int. J. Mod. Phys. A (2015)
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Combining LHC & Ov3f3

L =90Q8dr + g L(iT*)S*F —m3S'S — %WF +g5(ST9)? + Aps(STH)? + hec.
mep = 1 TeV, mg/mp = 0.99

109 -
ur e, © ur
_\ ¢
I ‘ ‘
1N
\ 9Q Jmmmmmtm— oo Q
\ > S gL Fg9gr s
10~ 1 5 \ X
: "‘ 1 dp dp
Vo ovBp
9Q Vo
I ®
» NO: 7: washout tooll))ig to *pg;;/ q Sng q
073 A = generate n%>® N 9gL=- o
1) B N F !
Y
< gQ SR e*
: ==+« LHC (14TeV, 100fb—1) S+
! — = LHC (14TeV, 3ab™1) e*
. — FCC (100 TeV, 30ab~?! .
PR el UL q collider
10—3 102 10-¢ 10°

gr

Comprehensive analysis confirms EFT results and shows interesting interplay

between collider and Ovf reach. JH, Ramsey-Musolf, Shen, Urrutia, in preparation
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Kaon decays as a probe for LNV?
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Recap: Kaons in the Standard Model

D+ SU(4) weight diagram showing the 16-plets
S for the pseudoscalar mesons
.]PC
TT L =8l << |0+ 5
4 ) D;”
C=(-1)"* -
P = (-1)"!

{ orbital angular momentum of ch/

DS s = 1(0) (anti) parallel spin of quarks

0—-|—
CP|K") = — |K") K* KO
CP|K") = —|K")
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Recap: Kaons in the Standard Model

Vud u VSS
‘ B . oo . Neutral mesons can mix
CP|K") = — |K")
= -} 0 0
._‘ Vie U Vg ‘ CP|K") =—|K")
KO KO
CP eigenstates: Expected decays:
CP|KYy=CP (% (1K) — |i(0>)> =+ |KY) KY — 2r Fast
CP|KJ)=CP (% (1K) + |K0>)) = — |KJ) K3 — 3n slow

BUT: In 1964, Cronin and Fitch realised that physical states are no pure CP eigenstates!

1 1

[Kg) = (IK?) + €| KD)) KY) =
’ 1+ el 1+ el

(1K3) + €| K7))

Indirect CP violation!
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Recap: Rare Kaon decays in the SM

Vv —»

~Y
\
N

S V;;vtdxa)z . (wvgzvcd) P a%mzv;dxt)ﬂ
A c AP

C¥ * X 2 .
BR(K; — m'vp) = Ky, (d(VtS)\‘?d t)> GIM suppression!

Buchalla, Buras (1999)

A\~ (0.225  Wolfenstein parameter Mescia, Smith (2007)

Small hadronic uncertainty!
short-distance top quark

X =1.48  contribution (NLO QCD kT = (0.5173 £ 0.025) x 10~ '9(|V,.,] /0.0225)®
and NNLO EW)

P. = 0.404 higher order charm quark kp = (2.231 £0.013) x 10_10(|Vu3| /0-0225>8
contributions Due to relation to more frequent decay K — wf" v,

RT = H+(1 + AEM) long distance EW
Apym = —0.003 corrections Golden Channel!
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Experimental Status and Perspective

Theory Experiment

BR(KT — mTvi)gm = (8.4 4+ 1.0) x 107 || BR(KT — ntvi)goag = (1.7377702) x 10717
E949 collaboration (2009)

BR(KT — ntvi)nage < 1.78 x 1071
NA62 collaboration (2020)

BR(KL — 7°vi)sm = (3.4 4 0.6) x 107 || BR(K — 7°vp)koro = (2.1111) x 1077

Buras, Buttazzo, Girrbach-Noe, Knegjens (2015) KOTO collaboration (2019)

Grossmann-Nir bound
BR(K; — m'vi) < 4.4 x BR(KT — ntuvi)

Future Limit:
BR(KT — nTvo)ue <1.11 x 10710

“SM sensitivity”

To what extent can NP (e.g. LNV) still hide?
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Constraining LNV interactions with rare kaon decays

® .o

U \/
9 chjf*‘
%% %74
T

hOI

N

><__

-
ol
v v

0(5) — [P HPHC o€Bo o R
1 Captp Og) — LCLPQPd°H €ap€Bo

* GIM suppressed * No GIM suppression

Not explicit LNV! ,
* Includes first and second

generation

How are higher dimensional operators constraint by rare kaon decays?
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Probing LNV interactions — Meson decays

K+{“ E}W Same sign leptonic final state
3 d o . .
LNVis directly tested Liu, Zhang, Zhou (2016)
ot * dim-9 only Quintero (2017)

* For first generation OvBp stronger  Chun, Das, Mandal, Mitra,
* constraints too weak Sinha (2019)

- { d ::\/.:: v Decay into neutrino final state

5 * No experiments
e dim-7 Gninenko (2014)
K+{“ > “} . Neutrino final state

F— < d * LNV needs to be independently confirmed
v * dim-7 Deppisch, Fridell, JH (2020)

K+{“>.::€+ Charged lepton + neutrino final state
v * Neutrino needs to be detected (Cooper et al. 1982)

* dim-7 Deppisch, Fridell, JH (2020)
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Probing LNV interactions — Meson decays

K+{“ ﬂ}ﬂ Same sign leptonic final state
3 d o . .
LNVis directly tested Liu, Zhang, Zhou (2016)
ot * dim-9 only Quintero (2017)

* For first generation OvBp stronger  Chun, Das, Mandal, Mitra,
* constraints too weak Sinha (2019)

- { d ::\/.:: v Decay into neutrino final state

5 * No experiments
e dim-7 Gninenko (2014)
K+{“ > “} . Neutrino final state

F— < d * LNV needs to be independently confirmed
v * dim-7 Deppisch, Fridell, JH (2020)

K+{“:>\/.::€+ Charged lepton + neutrino final state
v * Neutrino needs to be detected (Cooper et al. 1982)

* dim-7 Deppisch, Fridell, JH (2020)
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Calculating LNV Branching Ratio | ‘
<

(m(®")| ds | K (p)) vi(k)v; (k) ‘ ' :

Possible SU(2), contraction:

N

Oéz) = L?Lf@gdgﬂaeapego — hOdZdLbuLiij 74 -

Contraction of spinor indices:

hodédr, v, v, — R0 (dSdy,) (vi,vr,) + ¢ R0 (dSvr,) (vi,dr,)

N

Fierz transformation:

ijab ijab
1]a C c c v
Clj " 22 K" (dZdLb> (VLz'I/Lj> N 22 7 (dgo* dLb) (VLj UW/VL'I?) + h.c.

Tensor contribution vanishes if

i ' i : tri i
In Dirac notation (assumption of real couplings): = %

1jab vanishes due to

Cijab G RO [(Jadb) (777;7/3') 4+ (Cia”}/5db) (D@”}%Vj)] pseudoscalar nature of

2 3 kaons and pions
1 . v :
Yo M = —g— (m(p)| ds |K (p)) vi(k)v; (')
wjab ijsd
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Calculating LNV Branching Ratio Il

iM = —5— (x(p')| ds | K (p)) vi(k)v; (k')
1ysd v _
e~ i

Ik m7 — m2 2
M2 = ( K é<<s>) ;

6
Azgsd Ms — My OK(S) —
KT
i (0) = 0.9778
I'K »myry) 1 1 Wi KL(0) = 0.9544
ds dt 149, (27)3 32m
J ( ) K t — (k'/ _|_p/)2

=(p—1p) =(k+k)
* Usage of known hadronic matrix elements / fForm factors
* Alternative approach: SMEFT matched on chiral perturbation theory

Li, Ma, Schmidt (2019)
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Constraining power at E949

* SM, lepton number conserving vector current Deppisch, JH, Fridell (2020)
20r
| signalregion1 S
K—nmvo __ — ., 7
£SM o A2 (szy VZ) (d’yus) — SM: K* = 1t vw
SM T 15
[0)
)
;E LNV: K" > m*vv .
* BSM, lepton number violating scalar current o
§ 10}
v - g
K—nmvr o o
CERT = g () (ds) :
BSM 5L L o
o . o o /: il
— different phase space distribution / Iz \\ - .B
% 20/ 40 e 80 N\100 120
o EX [MeV
- different acceptance: . in (M€
N b \vector 10 theoretical after
BR(K™ = 77vD)ggsg < 3.35 x 10777 at 90% CL distribution experimental
BR(KT — ntwp)ialar 91 510710 at 90% CL acceptance
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Constraining power at KOTO

Deppisch, JH, Fridell (2020)
<7-‘-0’ §d|KO> LNV: K* > vy
— (7°| 5y*d | K°)

(m°] ds |K")
(m°] dy"'s | K")

L
(O]
)
1 =2
iM (K — v = (F1+6 0| C|K° % 4
(KL ) ETIE ( ) (| C'|KT) :
FFF(1—¢) <7r0|0|f(0>)w E
21 SM: K' = t*vw
LNV mode - scalar current - real part
. . | | signal region
LNC mode - vector current -~ imaginary part o) 5 _ e ™
Pl [MeV]

— no CP phase needed in the LNV case
— different phase space distribution

— current signal region more sensitive to SM current
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Constraining power at NA62

10° . N o
! Deppisch, JH, Fridell (2020) Summary of sensitivity to gcalar
SR1 | SR 2 current (based on kinematics only):
|
) 10-'H SM: K* - 0" v (x10'°) LNV K* o 2wy (616°) Experiment | SM (vector) LNV (scalar)
T NA62 SR 1 6% 0.3%
Q@ fjtttre.
S | NA62 SR 2 17% 15%
S 107 £949 7w (1) 29% 2%
= | E949 707 (2) 45% 38%
s Rtk , . KOTO 64% 30%
L - rll e " K* —)[J+7T0Vy . \\
1073 5,0 i >
ll ‘:\‘\\ K* > v, : Experiments are generally more
. L il ! sensitive to vector currents
000 002 004 006 008 010 0.12
s [GeV?]

S — (E — E )2 og oo o o o
K @ Possibility to disentangle a possible signal by
improving on experimental sensitivity and strategy?
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Constraining power at NA62

0.12 Deppisch, JH, Fridell (2020) /\ Deppisch, JH, Fridell’ 2020)
0.460
M
S N\ .
0.1 ¥ 0.368
0.322
0.08 0.276
. 0.230
° 0.184
(%0.06 0.138
0.092
0.04 0.046
0.02
0.
10 20 30 40 50 60 70 10 20 30 40 50 60 70
Pr [GeV]

Pr [GeV]

For LNV more events in SR1 expected.
for LNC more events in SR2 expected.

T

Emmy
Constraining LNV interactions with rare kaon decays
Technische Universitat Minchen
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Constraints on the New Physics Scale

After integrating over the differential distributions:

19.2 TeV \°
BRiav(KT — mhyw;) = 10710 2220
Aijsd
24.9 TeV \ °
BRLN\/<KL — 7TOI/Z'VJ') = 10_10 (A—e)
1jsd

LNV signal might give additional contribution besides SM contribution:

3
BR(K — wvv) = BRgm(K — wvv) + Z BRinv (K — mvv5)

i1<=]j

Different experimental acceptance for different currents:

N(K — 7TVI/) = (BR(K — WVI?)SMASM -+ BR(K — WVV)LNVALN\/)NK

A > A
BR(K — mvi)sum + ( LNV> x Y BR(K — mvvj)Lny < 3.35 x 1071 ALNV —0.41
ASM 1<j=1 SM
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Putting pieces together

1** generation couplings

O |\ Nk smn 225 Nisa [TeV] | my A [TeV]
I 2.4 dd v 116

3 | 4 11.5 da v 59 x 101
3677 | a) 5.7 % rny 330

5 L 2.6 Aty 330

10 | % 0.8 At 9.6 x 107
116 | -Lwe 08 % 89 %1078
14b | Lt 29 s 41x107°
66 | rn% 5.1 49 pn) 330

Sensitivity to different Flavors than most constraining Ovpf !

Process Experimental limit O | AL, [TeV]

K+ — 7'vr | BRjue < 111 x J071 Osp | S, Njisa > 19.6
K+t = atvy | BRY22 <178 x 10710 [67] | Os | 32, Ajisa > 17.2
K; — v | BREQTO « 30 x 1079 [71] | O | 32, Ayisg > 12.3
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Similar analysis for charged final states
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Summary

Process Experimental limit O AE,-EH | TeV] A [TeV]
Kt — ntvy | BREA® < 1.11 x 10710 Oz | S Ajiea > 19.6 | 0.213
K+ = 7fvr | BRSO < 1.78 x 10710 [67] | Oy | 32, Ajisa > 17.2 | 0.196
Kp — mvv | BREOTO < 3.0x 1077 [71] | Og | 3. Misg > 12.3 | 0.178
Bt — wtvy | BR < 1.4 x 1075 [52] Oz, | S, Njipg > 1.4 | 0.174
Bt — Ktvv | BR < 1.6 x 1075 [52] Osp | S, Aips > 1.4 | 0.174
B — 1w | BR <9 x 107° [52] Osp | D Nipa > 1.5 | 0.174
B - K% | BR < 2.6 x 1075 [52] Osp | >, Aips > 1.3 | 0.174
Kt — uto, | BR < 3.3 %1073 [32] Osq | Moo > 2.4 0.174
mt — pto, | BR< 1.5 x 1073 [32 Osq | Mjowa > 1.9 0.174
™ = v BR < 2.9 x 107'? [78] Os | Appua > 3.4 0.174
Ov3p Ty 5% > 1.07 x 10% yrs [79] | Oz | Acewa > 330 3.5
o — et R . < 1.7x 1072 [80] O | Ajewa > 0.01 0.174

Bright future perspective — B-meson constraints still in LHC
reach. Could imply strong lepton asymmetry washout?.

*) If LNV interaction is confirmed.
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Outlook: Leptoquarks
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UV complete example: Leptoquarks |

LD Lov + pS1H Ry — gikiiaiag‘ﬁézﬁaz — " gLfeaf;Sl — ggnﬂ%ejSl +h.c.

Cata, Mannel (2019)

R2 S 3? 27 1/67 R Ll Bl
S1€3,1,1/3 s -1 -1
ik jn ik I
Lrp = %L?HﬂdiQﬁLJyeaﬁew + %Lgﬂﬁdzuiﬁ;e“ﬁ
\ Ro Sl}¥ ) 2 Sl}L J
1 ﬂg)
X O3
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UV complete example: Leptoquarks Il

LD £SM + MSlﬂTQRQQ — gikiiaiag‘ﬁézﬁaz — g%n gLJ@EagSl — gé”ﬂ%ejSl + h.c.

Cata, Mannel (2019)

3sin(20)¢2V.qGi?5.cU ;.
()i =2 ( )§127Tcl491 ELmyl(miq, miq, miy)
J
1.gen/2.gen/3.gen 1.gen/2.gen/3.gen
1 0 0 0O 1 O
gi~10 0 O g~10 0 O
O 0 O O 0 O

(m,); ~ 0.08eV

A contribution of Leptoquarks to rare kaon decays would
imply a non-trivial flavour pattern to explain smallness of
neutrino masses.
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Conclusions

* Majorana neutrino masses might be based on
higher dimensional LNV operators (e.g. dim-7)

» Strongest limit comes from OvBB decay, but first generation only

* Rare kaon decays into same sign charged final states
(dim-9) only weakly constrained

* Rare kaon decays into neutrino final states (dim-7) sets
competitive limits (beyond first generation only)
BUT no final conclusion of LNV interaction

* There is a potential to disentangle a vector from a scalar current
in rare kaon decay experiments

* An observation of LNV in this range can imply strong lepton-asymmetry washout

* UV complete example: leptoquarks
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Thank you for your attention!
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