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The ATOMKI anomaly

Introduction

Figure: The ATOMKI set up.[1]
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The ATOMKI anomaly

Figure: An illustration of the experiment. Retrieved from [2]
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The ATOMKI anomaly

Contours are obtained by the relation
θmin
e+e− ≈ 2arcsin(mX/(mN∗ −mN )) where N∗ → NX [3].

Bumps in the angular correlation of e+e- pairs at different proton
energies. This figure is from ref-[4], which is adapted from ref-[5].
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The ATOMKI anomaly

Why to believe this is a genuine anomaly?

Observed standard deviation is always greater than 6σ,

The set-up was improved from five arms to six. Nevertheless, the
anomaly was observed anyway.

They have used different position-sensitive detectors, but the
anomaly didn’t disappear.

The anomaly was also observed with different proton beam energies.

The bumps show up at different angles with 8Be and 4He.
Nevertheless, it is consistent with the theoretical expectation of 17
MeV particles.

No anomaly was observed with calibration atoms.
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Framework of our work

Framework
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Framework of our work

Table: Z2 Parities charges in each 2HDM type

Model ϕ1 ϕ2 U D E Q,L
Type I - + + + + +
Type II - + + - - +

Lepton-specific - + + + - +
Flipped - + + - + +

The Type-I model: ϕ1 → −ϕ1, ϕ2 → ϕ2
m12 = λ6 = λ7 = 0

V (ϕs, ϕ1, ϕ2) = m2
ϕ + ϕ†sϕs +

λs
2
(ϕ†sϕs)

2 + (µϕ†1ϕ2ϕs + h.c.)

+ µ1ϕ
†
1ϕ1ϕ

†
sϕs + µ2ϕ

†
2ϕ2ϕ

†
sϕs

(3)
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Framework of our work

Lscalar = (Dµϕ1)
†(Dµϕ1) + (Dµϕ2)

†(Dµϕ2) + (Dµϕs)
†(Dµϕs) (4)

where the covariant derivative is,

Dµ = ∂µ − igtaW a
µ − ig′Y Bµ − igDqDXµ (5)

covariant derivative acting on the doublets:

Dµϕi =(
∂µ − ig

2 W 3
µ − ig′YiBµ − igDqDiXµ

−ig
2 (W 1

µ − iW 2
µ)

−ig
2 (W 1

µ + iW 2
µ) ∂µ + ig

2 W 3
µ − ig′YiBµ − igDqDiXµ

)(
0
vi

)
(6)

covariant derivative acting on to singlet:

Dµϕs = (∂µ − igDhsXµ)vs (7)
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Framework of our work

Lgauge = −1

4
BµνB

µν − 1

4
XµνX

µν − 1

2
sinϵXµνB

µν (8)

Transformation to remove the mixing term: B̃µ

W3µ

X̃µ

 =

1 0 sin ϵ
0 1 0
0 0 cos ϵ

 Bµ

W3µ

Xµ

 ≡ V1

 Bµ

W3µ

Xµ

 (9)

The Winberg transformation: Aµ

W̃3µ

X̃µ

 =

 cos θW sin θW 0
− sin θW cos θW 0

0 0 1

 B̃µ

W3µ

X̃µ

 ≡ V2

 B̃µ

W3µ

X̃µ

 (10)
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Framework of our work

Last transformation will diagonalize the mass matrixAµ

Zµ

A′
µ

 =

1 0 0
0 cos τ sin τ
0 − sin τ cos τ

 Aµ

W̃3µ

X̃µ

 ≡ V3

 Aµ

W̃3µ

X̃µ

 (11)

for this angle

tan 2τ =

a− 2mZSM v gD b

(m2
ZSM (b2 − 1) + sec2 ϵ[m2

s + g2D(v2(cos2 β h2
1 + sin2 β h2

2) + vshs)]− ab sin ϵ

a = 2mZSMvgD(cos2 β h1 + sin2 β h2) b = tan ϵ sin θW
(12)
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Framework of our work

Mass terms come from this part of the Lagrangian:

1

2
m2

sXµX
µ + (Dµϕs)

†(Dµϕs) +

2∑
i=1

(Dµϕi)
†(Dµϕi) → Lmass (13)

Arranging the field terms will now give a mass matrix as follows:
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1

2
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µ

)0 0 0
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Z 0
0 0 M2

A′

Aµ

Zµ
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µ

 (14)
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Framework of our work

Masses of Z and A′

M2
Z =m2

s sin
2 τ sec2 ϵ+ g2D sin2 τ sec2 ϵ(v2(cos2βh2

1 + sin2βh2
2) + v2sh

2
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+m2
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2
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Framework of our work

Lfermion =
∑
i

ψ̄ii /Dψi (17)

ψ = ψL + ψR where ψL = 1−γ5

2 and ψR = 1+γ5

2 .

 Bµ

W3µ

Xµ
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
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Linteraction =
∑
i

ψ̄iγ
µ(Ci

v +Ci
Aγ5)ψiZµ + ψ̄iγ

µ(εiv + εiAγ5)ψiA
′
µ (19)
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Framework of our work

Table: Vector and axial couplings of each fermion to A’ boson.

εVu = − e(3 sin τ−8 sin2 θW sin τ+5 sin θW cos τ tan ϵ)
12 sin θW cos θW

+ gD(3u+d) cos τ sec ϵ
4

εAu = e(sin τ−sin θW cos τ tan ϵ)
4 sin θW cos θW

+ gD(u−d) cos τ sec ϵ
4

εVd = e(3 sin τ−4 sin2 θW sin τ+sin θW cos τ tan ϵ)
12 sin θW cos θW

+ gD(u+3d) cos τ sec ϵ
4

εAd = − e(sin τ−sin θW cos τ tan ϵ)
4 sin θW cos θW

− gD(u−d) cos τ sec ϵ
4

εVe = e(sin τ−4 sin2 θW sin τ+3 sin θW cos τ tan ϵ)
4 sin θW cos θW

− gD(7u+5d) cos τ sec ϵ
4

εAe = − e(sin τ−sin θW cos τ tan ϵ)
4 sin θW cos θW

− gD(u−d) cos τ sec ϵ
4

εVν = − e(sin τ−sin θW cos τ tan ϵ)
4 sin θW cos θW

− gD(5u+7d) cos τ sec ϵ
4

εAν = e(sin τ−sin θW cos τ tan ϵ)
4 sin θW cos θW

+ gD(u−d) cos τ sec ϵ
4
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Experimental constraints

Experimental constraints

Best fit to X particle mass is 17.01(16) MeV and the branching ratios
compared to the γ-decay [6]:

Br(8Be* → X + 8Be)

Br(8Be* → γ 8Be)
×Br(X → e+e−) = 6(1)× 10−6 (20)

−0.09 < εp/εn < 0.11. (21)

The ATOMKI bound on electron coupling constant:

|εVe | ≳ 1.3× 10−5
√
Br(X → e+e−) (22)
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Experimental constraints

Constraints from other experiments:

NA48[7]:

|2εu + εd| = |εp| ≲
1.2× 10−3√
Br(X → e+e−)

. (23)

NA64[8]:

√
(εVe )

2 + (εAe )
2 ≳ 3.6× 10−5 ×

√
Br(X → e+e−). (24)

KLOE [9]:

√
(εVe )

2 + (εAe )
2 ≲ 6.1× 10−4/

√
Br(X → e+e−). (25)
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Experimental constraints

SLAC E158 [10]: ∣∣εVe × εAe
∣∣ ≲ 10−8. (26)

TEXONO[11]: √∣∣εVe εVνe

∣∣ < 7× 10−5, for εVe ε
V
ν > 0√∣∣εVe εVνe

∣∣ < 3× 10−4, for εVe ε
V
ν < 0.

(27)

Atomic Parity violation[12]:

∣∣εAe ∣∣ ∣∣∣∣188399
εVu +

211

399
εVd

∣∣∣∣ ≲ 1.8× 10−12 . (28)
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Conclusion

Conclusion

Various theoretical frameworks have been proposed to explain this
anomaly. With the long-awaited independent experimental indication of a
17 MeV particle now available, there is renewed excitement and
motivation to further investigate this anomaly.
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