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MeV mass range Axion

・QCD axion is a dynamical solution of strong CP problem  
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Introduction   1

Many studies

Recently

D. S. M. Alves et.al. JHEP 07, 092 (2018)



MeV Axion Model
Setting up   2

(E787 Collaboration) 

Beam dump experiment

Axion couples to  𝒆−



MeV Axion Model
Setting up   3

(F. Wilczek, Phys. Rev. Lett. 39 (1977) 1304) Quarkonia Decay

The rare decay process

𝑚𝑢

𝑚𝑑
= 0.462 ± 0.020

(PDG 2024)

SINDRUM collaboration, 
Phys. Lett. B 175 (1986) 101 



Current Experimental Bound
Setting up   4

B Meson Decays

From talk by D. S. M. Alves
(2020)

Beam dump Experiments

S. Nakagawa et.al.(2024)
JHEP 10, 153 (2024)



Kaon Decays   5

D. S. M. Alves  
Phys. Rev. D 103, 055018

Branch of

KTeV Collaboration



Kaon Decays   6
Branch of
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Kaon Decays   7
Branch of

Information Obtained
from the Experiment

Upper Limit on 
the Total Number of Events

KTeV Collaboration

Number of incoming 𝑲𝑳 × Branching ratio × Efficiency

= Total Number of Events

Efficiency MeV Axion Model ???

Let’s determine the efficiency in the MeV Axion Model 
using a Monte Carlo simulation!

SM ≈ 𝟎. 𝟐%



Simulation Flow
KTeV experiment   8

𝑲𝑳 1000000

Hit Events ???



3 body Decays
KTeV experiment   9

PDG
kinematics

Generate random numbers 
in the Dalitz plot weighted by

+Euler angles



KTeV Experiment
KTeV experiment   10

KTeV Collaboration



KTeV Experiment

KTeV Collaboration Phys. Rev. Lett. 89, 211801

KTeV experiment   11

Distribution of 𝑲𝑳 Decay Positions

𝑧

Momentum Distribution of Decayed 𝑲𝑳



Smearing   12Monte Carlo Simulation

Efficiency(MeV Axion) ≈ 𝟎. 𝟏% ≈
𝟏

𝟐
Efficiency(SM) 



Summary

•  In the MeV Axion model, there are effects arising from

mixing with the

• is significantly larger than the 

Standard Model prediction.

• Efficiency(MeV Axion) ≈
𝟏

𝟐
Efficiency(SM) 

• Realizing the MeV axion model looks difficult



Back up



Events reconstruction
Smearing   9



Monte Carlo Simulation
KTeV experiment   10



Chiral Lagrangian

ℒ𝜒
0
=
𝑓𝜋
2

4
Tr 2𝐵𝑀𝑞 𝑎 𝑈 + ℎ. 𝑐. −

1

2
𝑀0

2𝜂0
2

𝑀𝑞(𝑎) ≡

𝑚𝑢𝑒
𝑖𝑄𝑢

𝑃𝑄
𝑎∕𝑓𝑎

𝑚𝑑𝑒
𝑖𝑄𝑑

𝑃𝑄
𝑎∕𝑓𝑎

𝑚𝑠

𝜋0

2
+
𝜂8

6
+
𝜂0

3
𝜋+ 𝐾+

𝜋+ −
𝜋0

2
+
𝜂8

6
+
𝜂0

3
𝐾0

𝐾− 𝐾0 −
𝜂8

3/2
+
𝜂0

3

Chiral Lagrangian

Σ ≡𝑈 ≡ 𝑒𝑥𝑝 𝑖
2

𝑓𝜋
Σ

ℒ𝑎
eff = 𝑚𝑢𝑒

𝑖𝑄𝑢
𝑃𝑄

𝑎∕𝑓𝑎𝑢𝑢𝑐 + 𝑚𝑑𝑒
𝑖𝑄𝑑

𝑃𝑄
𝑎∕𝑓𝑎𝑑𝑑𝑐 + 𝑚𝑒𝑒

𝑖𝑄𝑒
𝑃𝑄

𝑎∕𝑓𝑎𝑒𝑒𝑐



Constraint of decays of Kaon

ȁBr 𝐾+ → 𝜋+𝑎 𝑎−𝜋 𝑚𝑖𝑥𝑖𝑛𝑔 = 𝜃2𝑎𝜋Br 𝐾
+ → 𝜋+𝜋0 ≈ 10−9

ቚℳ 𝐾+ → 𝜋+𝑎
𝑎−𝜂8,0𝑚𝑖𝑥𝑖𝑛𝑔

= 𝜃𝑎𝜂8ℳ 𝐾+ → 𝜋+𝜂8 + 𝜃𝑎𝜂0ℳ 𝐾+ → 𝜋+𝜂0

Pion Phobia

B𝑟 𝐾+ → 𝜋+𝑎 → 𝜋+𝑒+𝑒− ≤ 10−6 − 10−5

𝒂 − 𝜼𝟖,𝟎 mixing is main contribution 

Existing bound

D. S. M. Alves et.al. JHEP 07, 092 (2018)



Octet enhancement
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If we consider 𝜪 𝒑𝟒 expansion
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