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(g-2)µ Versus K→ π + Emiss Induced by the (B-L)23 Boson

Introduction

Our Model

Results

The Standard Model (SM): not a full model of Nature
• Massless neutrinos
• Muon anomalous magnetic moment (g-2)μ
• No dark matter (DM) candidates
• …

ü 2 right-handed neutrinos are introduced
ü Light Z’ can explain the discrepancy of (g-2)μ

à Quark FCNCs induced by light Z’!
Extensions are needed!

(B−L)23 model
Qf

1 = 0, Qf
2,3 = (B � L)

<latexit sha1_base64="vkr8AKibmHoWx7U/OGliXgyCXeg="></latexit>

Other new fields (for CKM):
(i) singlet flavon + vector-like quarks
(ii) doublet flavon

e.g.

l Yukawa interactions:

After integrating out U,

Additional interaction:

m0
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vhp
2
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<latexit sha1_base64="gT1gi60PTdp3+hWVUFZVe+UdKSs="></latexit>

(1,i)-elements of Uq and Wq
are important for FCNCs

mdiag
q = U †

qm
0
qWq

<latexit sha1_base64="dnobX9H7Bd30lbSxoMc+4ljJS0k="></latexit>

By using diagonalization matrices                       , Z’ couplings are

based on: JHEP04(2021)238

t ! qZ 0, B ! KZ 0, K ! ⇡Z 0
<latexit sha1_base64="/7pTybpevS16QaDo4LrZzn8vx6Q="></latexit>

Abstract:
To address the long-standing (g−2)µ anomaly via a light boson, in ref. [JHEP11(2019)049] we proposed to extend the standard model (SM) by the local (B−L)23, 
under which only the second and third generations of fermions are charged. It predicts an invisible Z’ with mass O(100) MeV, and moreover it has flavor-
changing neutral current (FCNC) couplings to the up-type quarks at tree level. Such a Z’, via KL → π0 + Z’(→ νν) at loop level, may be a natural candidate to 
account for the recent KOTO anomaly. In this article, we investigate this possibility, to find that Z’ can readily do this job if it is no longer responsible for the 
(g−2)µ anomaly. We further find that both anomalies can be explained with moderate tuning of the CP violation, but may contradict the B meson decays. 

l Z’ interactions:
(i, j = 1, 2, 3)

�Lu
Z0 = ūi�

µ
h
(guL)ijPL + (guR)ijPR

i
ujZ

0
µ

<latexit sha1_base64="GWFjqFjNBF54AAhSM/xrJeY3otM="></latexit>

(guL)ij =
gB�L

3

h
�ij � (Uu)

⇤
1i(Uu)1j

i
, (guR)ij =

gB�L

3

h
�ij � (Wu)

⇤
1i(Wu)1j

i

<latexit sha1_base64="l/zRhgX8k1zSwin4WRbSQWwwhj0="></latexit>

Note: Down-type quark sector
→ No flavor violation

l FCNC in down-type quark sector
“Z’-penguin diagram”

ü Because of CKM relation, Uu†Ud = VCKM, LH Z’ couplings become
<latexit sha1_base64="oIP0mBn7cTb4MDZ9t5FjlhaQeII="></latexit>

(Uu)1i = (UdV
†
CKM)1i = (V ⇤

ud, V
⇤
cd, V

⇤
td)

<latexit sha1_base64="k7f3piMtsb70XkmxQGTur030Zm0="></latexit>

�LZ0 � ge↵dsZ0 d̄�µPLsZ
0
µ

<latexit sha1_base64="SmLkOeP/LposblqkNOP45EEOSQ0="></latexit>

ge↵dsZ0 = � 1

16⇡2

3X

i,j=1

h
(Cds

L )ij(g
u
L)ij + (Cds

R )ij(g
u
R)ij

i

Flavor-violating Z’ couplings will give important contributions
e.g. ui = up, uj = charm → there is no CKM suppression in CL,R

We consider two scenario: I (gRu)ij = 0 & II (gRu)ij ≠ 0

CCFR

Borexino

KOTO18COHERENT (current)

COHERENT (prospect)

130 140 150

10-3

2×10-3

5×10-4

MZ' [MeV]

g B
-L

Scenario II, BP of ★

l Distribution for Wu elements in Scenario II [explain anomalies 1σ (green), 2σ (yellow)]

Note: our Z’ decays mainly to neutrino pair
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is needed for 

the explanation

Add RH contributions

Both anomalies can be

explained by our Z’!!!

Summary and Discussion
l Our Z’ has a possibility to explain both anomalies by adding RH contributions
l B meson decay processes severely constrain the parameter space

Further analysis helps to find parameter space without conflicting with the constraints

l However, KOTO events are now considered by BG consistent…
See e.g., PRL126(2021)121801

B meson decay processes

e.g. BP of ★

Current bounds: O(10-5)

l We also have B meson decay processes induced by Z’

ü More smaller gB-L is required…

Red: (g-2)μ
Magenta: KOTO
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No room for (g-2)μ

KOTO anomaly can be explained!

i = 2,3 (B−L)23
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Our prediction:

But…

https://inspirehep.net/literature/1812967
https://inspirehep.net/literature/1736927
https://inspirehep.net/literature/1836508

