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MeV mass range Axion

- QCD axion is a dynamical solution of strong CP problem
- Axion mass

2 £2
mymg mnfn fy:axion decay constant

2
(mu + md) fa fr:pion decay constant

Mg

Many studies

Recently
fa ~ 1GeV m, ~ 10MeV 1 108~10° 1012 Gfgv

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

BT(K_I_ — 7T_|_ (CL — IHVISlble)) ;S 4.9 X 10_11 (E787 Collaboration)
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Quarkonia Decay o
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The rare decay process L(rt — eTvea) = 2284903 GZm>202
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Current Experimental Bound
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From talk by D. S. M. Alves S. Nakagawa et.al.(2024)

(2020) JHEP 10, 153 (2024)
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Branch of K; — 7°7"(a — eTe™)

3I'(KL — 7T07T0€+€_) S 6.0 X 10_9 KTeV Collaboration

4¢9% B
s mSKL(—WO + Nud + \@ns)ﬁuﬁ()@“ﬂ@ D. S. M. Alves
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Ly 2 T A2
fzA Phys. Rev. D 103, 055018

O(p*)
1
‘ BI’(KL — 7TO7TO ) — 5 X 1~49((9a7r o Hanud o \/596“73)2
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Branch of K1 — 7'7°(a — ete™)

B I‘ H— Theory baseline (8an_ud)

—— Theory (3x8an_ud)
—— Theory (1/3x8.n_ud)
——- Exp. limit (100% eff.)
Exp. limit (10% eff.)
—== Exp. limit (1% eff.)

108 1
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Branch of K; — 7n°n%a

BT(KL —> WUWU€+€_) SJ 66 X 10_9 KTeV Collaboration

Information Obtained =) Upper Limit on
from the Experiment the Total Number of Events

Number of incoming K; X Branching ratio X Efficiency
= Total Number of Events

Efficiency SM = 0.2% MeV Axion Model ???

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

[1. Simulate 3-body decay of K, in rest frame} K, 1000000
v Hit Events 7??
2. Inject K with given energy spectrum
and simulate decay /
3. Boost simulated decay products to lab fra,me] O
4. Simulate secondary decays: O > %
™ = vy, a—ete”

o
-

(5. Simulate detector hits of decay products}




3 body Decays
O
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m%? = (pﬂ'lﬂ _|_pﬂ_g)2

m3s = (Pro + pa)’

Generate random numbers
in the Dalitz plot weighted by

2

M(Kp — m71%a) o< m?, — 2m?

T

+Euler angles



KTeV Experiment

Muon Muon

KTeV experiment ] 10
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KTeV Experiment

Distribution of K; Decay Positions

The number of Evenis
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Step Selection / Processing Event count
1 Number of incident Ky 1,000,000

2 Number of hit events 5,830

3 After cuts: 0.493 < Myozo+.- <0.501, p2+p, <15x 107" 5495

4 Removed K — 777 — ete ete™) 5,495

5 Removed K; — 7'7%(7 — ete™) 3,035

6 Removed Ky — 77%(7% = y(y — eTe™)) 1,170

— Final number of events 1,170

- Efficiency(MeV Axion) = 0.1% z% Efficiency(SM)



Summary

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

mixing with the 7

- Br(Kp — ?TOTTUE+E_)iS significantly larger than the

Standard Model prediction.

. Efficiency(MeV Axion) ~% Efficiency(SM)

« Realizing the MeV axion model looks difficult



Back up
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Events reconstruction

2 2 2
X = Xtrac + Xcal

Tho = 5t (2pe — 2 | Wpe = 5y(3pe — 2))?
e ¥ 3 (el e it

| 02
i=1,2 DC=1,2 x
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Monte Carlo Simulation

K; — ’/(O’ Ya

4P dgp%‘l P
3 = 2’?‘T9H p1 — P2 — P3)

dPs = (2m)° /dsmdq’z(f) — q,p3)dP2(q — p1, p2)



Chiral Lagrangian

L8 = m, el o/ fayy® + myeiQs Yfedd® + myel% fage

mueinlea/fa
Mq(a) = myeiQa " a/fa
mS

Chiral Lagrangian
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Constraint of decays of Kaon

Existing bound

Br(K*" > nta-ntete™) <1074 —-10°

Br(K™ - n™a)|g—n mixing — 0% anBr(K* - n¥n®) =~ 107°

Pion Phobia

m) a1, Mixing is main contribution

MK > nta) =0y M(KT > ntng) + 6,y M(KT - mhng)
a-ngomixing



Octet enhancement

L)A(S=1\O(p2) = gafiZ2Tr|Aqs0,U0FUT| + 947 f;2CapTr| 2,0, UUTA,0*UUT| + h.c.
F(Ksp — T[T[) ‘98 ~ 31.2
'Kt -» ntn0) ~ 668 Y927

< (1.7-5.3) x 107

|Oanyal
ANudl gctet enh.

‘ If we consider 0(p*) expansion

2
AS=1
A ‘

oY > g's Az = Tr|A4sM,U|Tr|0,U8*UT| + h.c.

g ' _ —2
_8"’0(1) J 8 ~0(100) |6a77ud|not octet enh. <(05-16) x10
Y27 927
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