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Introduction and Motivation

The rare processes K — mvv and B — K (K*)vv belong to theoretically cleanest
(FCNC) processes.

Still room between SM prediction and experimental measurements (experimental bounds):
B(KT = 7 ub)exp = (13.0753) x 107!, (s N AG? result from two

+ sy _ —11
B(K™ — nvv)gm = (8.60 £0.42) x 1077, weeks ago!

B(Bt — KTvi) ey = (134 4) x 107°,
B(BT — Ktvi)gm = (4.92 £ 0.30) x 107°.

Good place to search for new physics, for example hints of lepton-number violation (LNV).
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Overview |: Formalism

Parametrize new physics (NP) with effective operators:

Eeff —ESM‘I_ Z CVLX@VLX ( Z CSLX@S +CTLLOTLL+h.C.) ’

X=L,R X=L,R

Unlike charged semileptonic decay, we cannot determine the nature

of the final state neutrinos (vv, vv, vv).

Measure missing invariant mass s, which leads to kinematic

distributions Z—E.
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Overview ll: The main idea in a nutshell

Observation: Different operators give rise to different kinematic distributions.

Idea: Analyze kinematic distribution to disentangle contributing operators.

3.0¢

dSB

10° dI'(B — K*vv)

10° dT'(B — Kvv)

SB
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LEFT setup:

Eeff —ESM+ Z C;[dLXOVLX—{— Z CSLX@S

X=L,R X=L,R

= (Tey"ve)(doyude) |

LNV

+Coh 0L + hee.

?

Jenkins et. al. (2017)
Aebischer et. al. (2017)
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Example

dT(B — KuD)

ds

 DER(s) = CER TR (5) + CFF [ () + CEF £ (s),

a<f

CPR =" (|CH kol + 1CHE S s

1 QLI SLR 12 SLL SLR |2
(1 o 550&5) (‘Cvd,ozﬁbs + Oyd,a,@bs‘ + ‘CVdaaBSb T Cyd’aﬁ‘gb ) ’

)

a<lp
CBF = - (1= 50us ) [C¥H s+ CXER

o,

CBK — DEFR (1) [fPE (s2) fR5 (s3) — [EF (s3) R (s2)] + cyclic

SBK(SI) [f\J?K(Sﬂ ﬁK(SS) — f‘]/BK(Sg) ﬁK(Sg)] + cyclic

C‘L/?K _ D%XII;(Sl) [fé?K(Sz) TBK(S?,) — ng(Sg) ’IEK(SQ):I + cyclic

5K(51) [fé?K(SQ) :ﬁK(SS) — ng(SS,)f;,]?K(Sg)} + cyclic

i _ DpR(s1) [ (52) 175 (55) — F8 (53) f7 (52)] + eyelic

g BE (s1) [fBE (s9) B (s3) — fE5 (s3) fEE (s2)] + cyclic
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A Loophole

The final state neutrinos are not detected: . K+

What If the invisible part of the final state Is .

not a pair of neutrinos? -
K X
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Dark final state particles

Since neutrinos not detected, the invisible final state

could e.g. be two dark sector particles XX-

We have taken into account the possibility of having

two final state dark particles with spin 0, spin %2 and

spin 1. K X

Note: A single invisible boson would leadto 3 ..

dl'(B = K

kinematic distributions with a single bump. Lhy
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Defining “kinematic structure”

Operator: OS5 = (Taas) (¢ 9)
dI'(KT — 77 + inv) B3

Contribution to decay rate: —

ds 25673 m3

No dependence on s.

Kinematic structure.

Wilson coefficient.

AV2(m2.  om

28 [ (9
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Aebischer et. al. (2022)
He et. al. (2022)
Buras, Harz, MAM (2024)

Going beyond LEFT: Dark LEFT

Type Operator Kinematic structure in K — 7 + F Type Operator Kinemstic structure in B — K~ + £
2 Ot O A2 | Ao[?
OSLL OSLR s )\1/2 |fK| SMILEFT . ) )
o (5M) oL N2 s Vol” + s(ima + e Al
(SM)LEFT OVIL VIR 23/2 } fK| ovk +32mEmi. |Anl?]
- OTLL A1/2{)\|T |2+(m2 — )2 IT: |2+M|T |2l
OTLL S)\3/2 |fK|2 vd 1 B K* 2 (mptmg)2 1423
T oF A3/2] Ag|?
sbop 0
1/2 | §K|? 2 2
Scalar DM O A2 f5E Scalar DM [ 03 N2 [s(m + mic )2 | A + 82mbmi. | Ase
oV €32 | fE|? Ok NPV
sdo + 9
05, ,,05 A2 | f5 | Of1: Ol A ||
5
Fermion DM e ; 2 Fermion DM | Q1 Ol A2V s(mp + mue)? | A1 * + 32mEmie. | A
rmion 3/2 | K
¢ © Osdxl? Osdx? A / ’f-i— | Ol/bxpoﬁﬂ S)\3/2|V0|2
2 2 8m?2 m
or OT s \3/2 |fK|2 Oltnts Otz | A2 P\|T1| + (m} — mie ) | o + ey | Tog|? w
sdx1? >~ sdx2 T oOF 2\3/2 A |2
S
Osia N2 . e
sd 0 O S\ T
2 S 2
OV 1 2NV i Olao SN2 (1, — m3e)? [Tl + e, | Ty
Vector DM: A ov. OV o \3/2 |fK|2 Vector DM: A | Of 43, O IR
SdAS’ SdA6 + v A\ 3 3/2 2
9 \3/2 | 1K 5 Ogpa1s Ogyas sIAY2 Vo
Olias Otaas 5T AV [ O a2 A Aol
Olim 2 \3/2 |f1f“(‘2 Ol az, Oac SAV2|s(mp + mue)? [A1]* + 32mEme. A
2 2
oS, O3 2 /2| K OhuObas | SPAV2[s(mp + muc)? [ Ay + 32m3m. | Ava|
Vector DM: B sdB1r = sdB2 0 5 Veetor DM B | Ot Qs 2N | A
213/2 | £K : T s
OsdBD OsdBQ § )\ / |fT ‘ 03;)31:05732 sA/2 /\|T1| +(m mK*)2 |T| + (Ti}gi—m}{m |T23|
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Implications of an observation of LNV in rare meson decays

What we could learn from observation of NP in rare meson decays.

Question:

Imagine one would find that a lepton-number violating (LNV) operator is
contributing to rare meson decays.

What would be the ramifications for

1) UV physics?

2) Leptogenesis (LG)?

1/18 Martin A. Mojahed — BLV 2024 v T



LNV in rare meson decays

As an example, we consider the following SMEFT operator:
Ossquin = st (L) (@) 0

This operator generates scalar and tensor currents in LEFT.

Lower bound on the associated new physics (NP) scale from Belle Il: Anp = 3.0 TeV .
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1) UV physics (I)

LNV operators are tightly constrained by non-observation of

neutrinoless double beta decay.

d > > u
Radiative corrections to neutrinoless double beta decay
> e
leads to the following lower bound on the NP scale: +
N Ve A -
Axp = 242 TeV. )
d
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1) UV physics (1)

Higher-dimensional LNV operators give radiative contributions to a

Majorana neutrino mass,

ydv2
1672 ANp

om, ~

Requiring this contribution to not exceed 0.1 eV yields a lower [imit

on the NP scale

Anp ~ 5-10* TeV (10° GeV)

for the first (second) generation down-type quark Yukawa coupling.

14/18 Martin A. Mojahed — BLV 2024

5555555

eeeeeeeeee

N



1) UV physics (I11)

Conclusion: Flavor non-democratic UV physics.
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2) Leptogenesis H

_\l
Leptogenesis denotes a class of scenarios for baryogenesis where a lepton l H
N; N,
asymmetry is generated via CP-violating decays of right-handed neutrinos. — : .
ymmetry Is g g decays of rig HQ—\Z

Sphalerons: Lepton asymmetry = baryon asymmetry.

LNV operator: Contributes to diminishing the generated lepton asymmetry.

Highly efficient in the low TEV range down to the electroweak scale.

Observation of LNV in rare meson decays = High-scale LG under tension! dbox Studio, Chicago
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Summary

« We considered strategies to disentangle NP in the processes K — wvv ] .

10° dI'(B — k

Texp

and B — K(K*)vr using kinematic distributions (and beyond).

* |tisvery often possible to disentangle LEFT operators from two dark

scalars or two dark vectors by analyzing kinematic distributions. o @

« We discussed implications of an observation of LNV NP in rare meson .\ ‘é X‘X
decays. Xx
Take home message: By analyzing kinematic distributions of the rare ’
processes K — mvw and B — K (K*)vw: Disentangle effective S
operator origin of NP = Search for e.g. LNV. ;
A
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