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Quantum chromodynamics resolution of the ATOMKI anomaly in 4He nuclear transitions
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Observations of anomalous angular correlations in electron-positron pairs produced from excited states of 4He,
8Be, and 12C nuclei have been suggested as being due to the creation and subsequent decay of a new light particle
of mass ∼17 MeV. In this work, we investigate the possibility that the source of the observed signals is a set of
new excitation channels created by the 12-quark hidden-color Fock state within the 4He nuclear wave function
dubbed the “hexadiquark.” We calculate the invariant e+e− mass spectrum for the electromagnetic transition
from a new excitation of 4He, estimating its differential and total decay width. We find that we can fit the shape
of the anomalous signal with the QCD Fock state at excitation energy E∗ = 17.9 ± 1 MeV and a Gaussian form
factor for the electromagnetic decay. We address the physical issues with the fit parameters using properties
of the hexadiquark state, in particular the three weakly repulsive 6C interactions of SU(3)C between diquark
pairs. Experimental tests of our model are described in detail. In light of this work, we emphasize the need for
independent experimental confirmation or refutation of the ATOMKI results as well as dedicated experiments to
search for the proposed new excitations of 4He and other α-cluster nuclei.
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I. INTRODUCTION

Observations by the ATOMKI collaboration of anomalous
angular correlations in electron-positron pairs produced in
the nuclear decays 4He∗ → 4He +e+e− [1,2], 8Be∗ → 8Be +
e+e− [3], and 12C∗ → 12C + e+e− [4] have been attributed
to the creation and subsequent decay of a new light particle
of mass of ∼17 MeV, dubbed the X17. The same group has
reported observations of the lepton pair in the off-resonance
region of 7Li(p, e+e−)8Be direct proton-capture reactions [5].
The signals have generated a great deal of theoretical interest
in both the particle and nuclear physics communities [6–29].
In this work, we focus on the 4He experiment in which the ob-
served invariant mass me+e− of the lepton pair was found to be
mX = 16.94 ± 0.12(stat.) ± 0.21(syst.) MeV. We show that
excitation and decay of the recently proposed QCD hidden-
color Fock state within the 4He nuclear wavefunction [30]
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provides a viable and compelling explanation of the ATOMKI
phenomenon as well as a clear set of experimental predictions.
The model acts in all A � 4 nuclei and explains why the X17
signal has only been observed in α-nuclei.

The light-front Fock state expansion of QCD has led to
new perspectives for the nonperturbative eigenstructure of
hadrons. The [ud] scalar diquark in the 3̄C representation
of SU(3)C , for example, is a configuration that appears to
play a fundamental role in hadron spectroscopy, such as the
|u[ud]〉 Fock state in the proton wave function and baryonic
Regge trajectories [31,32]. Tetraquarks are very likely bound
states of diquarks and antidiquarks [33–36]. Quark-antiquark,
quark-diquark, and diquark-antidiquark bound states all have
an identical 3C-3̄C color-confining interaction and therefore
matching spectroscopy in QCD [37].

The 12-quark (6-diquark) hidden-color state
|[ud][ud][ud][ud][ud][ud]〉 dubbed the “hexadiquark” is
a novel color-singlet of QCD [30]. Such hidden-color states
are predictions of the SU(3)C group theory basis of QCD and
have been studied for over four decades [38–43]. In general,
a hadronic or nuclear eigenstate of the QCD Hamiltonian
is a sum over all color-singlet Fock states which match its
quantum numbers. This has a special impact for the 4He
nucleus, since the hexadiquark Fock state is an unusually low
mass state with the same quantum numbers as the nuclear
Fock state |nnpp〉. Nuclear wave functions are typically
dominated by the neutron and proton Fock state, i.e., the
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multiple (A) three-quark color-singlet Fock state. In the 4He
nuclear wave function, this is the |nnpp〉 state containing
A = 4 color singlets (two protons and two neutrons). In
addition to this state, every 12-quark combination with
the same quantum numbers of 4He is also in the wave
function, including the single color-singlet hexadiquark.
The hexadiquark is a special hidden-color state because
it is an unusually low mass combination of quarks—all
spin-0, isospin-0, and S—-wave combinationsthat obeys
the spin-statistics theorem at every stage of the build. This
means it has the opportunity to have a larger effect on nuclear
physics than is typical. The six scalar diquarks within the
hexadiquark hidden-color state have predicted experimental
signatures in diffractive dissociation of 4He nuclei, as recently
published [44].

QCD also predicts orbital and radial excitations between
the [ud] diquark components of the hexadiquark and there-
fore new excitations of 4He beyond the standard excitations
predicted by nucleonic degrees of freedom. The excitation
energy of the hexadiquark can be below the energy required
to produce nuclear decays and therefore have evaded detection
thus far. New experimental predictions arise from the model,
as will be demonstrated. The first hints of an excited state
of 4He were discovered over 80 years ago [45,46] and the
question of how a new subdominant excited state could have
been missed must be addressed. Hidden-color states cannot
decay through conventional nuclear channels as all of the
constituents have color charge (specifically quarks, diquarks,
and duo-diquarks). The weakly repulsive QCD bonds between
diquarks, utilizing the symmetric sextet 6C channel of SU(3)C ,
allow for low (nuclear) energy excitations and require dedi-
cated searches for their signatures. An exhaustive list of QCD
decay channels and experimental signatures is presented in
Sec. IV.

II. FITTING THE NUCLEAR DECAY
AMPLITUDE FOR 4He∗ → 4He +e+e−

The signal template we use to match the ATOMKI e+e−
angular correlation is a narrow Gaussian peak in the electron-
positron invariant mass with a mean value ∼17 MeV and
width σ ∼ 0.7 MeV (see Fig. 1) based on unpublished work
by the ATOMKI Collaboration [2] and cross-checked with the
NA64 X17 invariant mass simulation [26]. We calculate the
invariant mass me+e− spectrum in the electromagnetic tran-
sition of an excited state of 4He, 4He∗(E∗) → 4He +e+e−,
where E∗ is the excited state energy. The mass difference
between the first known excited state and the ground state of
the helium nucleus is 20.21 MeV [47], and E∗ is initially fixed
to this value. Its decay to the 4He ground state via a virtual
photon cannot explain the narrow width of the observed X17
signal. The value of E∗ is subsequently allowed to float to
a different value corresponding to the proposed excitation of
the 12-quark color-singlet hexadiquark Fock state in the 4He
nuclear wave function [30].

The invariant mass distribution of the lepton pair me+e−

from the decay of excited states of 4He has not been calculated
until now. The result of our calculation shows that decay
due to an excitation of the hexadiquark Fock state in the

( )

FIG. 1. Fit to the ATOMKI data (in red) by a Gaussian function
and background distribution (in black) of the me+e− invariant mass
distribution based on [2] and cross-checked with [26]. The mean
value of the fitted mass is ∼17 MeV with width σ ∼ 0.7 MeV. The
signal alone is shown in blue.

eigensolution of 4He can describe the signal and its narrow
width; unconventional signals are to be expected from the
existence of the new hidden-color QCD state.

We begin with the square of the amplitude for the electro-
magnetic decay 4He∗ → 4He +e+e−, given by [15]

|M|2 =
∑
spin

|M|2

= e4 C2
E0

�4

[
2(p+ · p0)(p− · p0) − m2

0(p+ · p−)−m2
em2

0

]
,

(1)

where p+ and p− are the four-momenta of the positron and
electron respectively, p0 and m0 are the four-momentum and
mass of the ground state of 4He and me is the electron mass.
Final state spins have been summed over. The definitions of �

as the nuclear energy scale and C2
E0 as the Wilson coefficient

of the decay operator are contained in [15]. These constants
are not relevant for the analysis carried out in this work as they
affect only the normalization which we match to the signal.

The matrix element depends on only two kinematical
variables, q2 and cos θ∗, where q = p+ + p− is the four-
momentum of the virtual photon, q2 = m2

e+e− is the e+e−
invariant mass squared and θ∗ is the electron angle in the
virtual photon center of mass system. Rewriting Eq. (1) in
terms of these variables gives

|M(q2, cos θ∗)|2 = α2C2
E0

�4

(4π )2

8q2

[
q2 − cos2 θ∗(q2 − 4m2

e

)]

×
[
m4 + (

m2
0 − q2

)2 − 2m
(
m2

0 + q2
)]

,

(2)

where m is the mass of the excited 4He∗ state.
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The differential width d� for the three body decay is
given by

d� = 1

(2π )5

1

16m2
|M|2|p∗

e||p0|dme+e−d�∗
ed�0 (3)

where d� = dφ d cos θ , (|p∗
e|,�∗

e ) is the electron momen-
tum in the center of mass of the electron-positron pair, and
(|p0|,�0) is the 4He momentum in the rest frame of the 4He∗ .

The minimum value of the me+e− invariant mass is 2me and the
maximum value is determined by the mass difference between
the excited and ground 4He states, 
m = 20.21 MeV.

The integration of the matrix element |M(q2, cos θ∗)|2
over angles d�∗

e�0 gives

|Mq(q2)|2 =
∫

|M(q2, cos θ∗)|2d�∗
ed�0

= α2C2
E0

�4

(4π )4

12q2

(
q2 + 2m2

e

)

× [
m4 + (

m2
0 − q2

)2 − 2m2
(
m2

0 + q2
)]

. (4)

The matrix element |Mq(q2)|2 simplifies in the limit me =
0 to

|Mq(q2)|2 = α2C2
E0

�4

(4π )4

12

× [
m4 + (

m2
0 − q2

)2 − 2m2
(
m2

0 + q2
)]

. (5)

There is only one variable left, the invariant electron-
positron mass me+e− =

√
q2 =

√
(p+ + p−)2, and we find

d� = 1

(2π )5

1

16m2
|Mq|2|p∗

e||p0|dme+e− . (6)

The numerical integration over the three-body phase space
is

�E0 =
∫ m−m0

2me

dme+e−|Mq(q2)|2|p∗
e||pHe|

= α2C2
E0

�4


m5

60π
0.982, (7)

which coincides with the approximate solution [Eq. (9), be-
low] to an accuracy of 2%.

In the approximation q2/m2 < 
m2/m2 = 3 × 10−5 �
1 and negligible electron mass, the differential width
d�/dme+e− is

d�

dme+e−
= α2C2

E0

12π�4
me+e−

(

m2 − m2

e+e−
) 3

2 . (8)

The full width has an analytic solution in this case,

�E0 = α2C2
E0

12π�4

∫ m−m0

2me

me+e−
(

m2 − m2

e+e−
) 3

2 dme+e−

= α2C2
E0

�4

(

m2 − 4m2

e

) 5
2

60π
≈ α2C2

E0

�4


m5

60π
(9)

that with 2% accuracy corresponds to the exact solution of
Eq. (7).

The differential width d�/dme+e− from Eq. (2), integrated
over cos θ∗ and normalized to 1 (shown as the blue curve in

( )

FIG. 2. Differential width d�/dme+e− (in arbitrary units) for the
transition 4He∗(20.21) → 4He +e+e− as a function of the electron-
positron invariant mass me+e− . The blue curve has form factor
F (q2) = 1 [see Eq. (10)]. The black curve is the Gaussian dis-
tribution of the ATOMKI anomaly with m = 17 MeV and σ =
0.7 MeV. The red curve has form factor F (q2) ∝ exp (q2/λ2) with
λ = 14.5 MeV. With this value of the λ parameter, the distribution
maximum is at m = 17 MeV. The functions are normalized such that
the peak values are the same for all curves. Neither curve fits the
signal.

Fig. 2) is very smooth from the minimum value of me+e− =
2me up to the maximum of 
m = 20.21 MeV. The ATOMKI
signal cannot arise from the straightforward analysis carried
out in this section.

III. ELECTROMAGNETIC TRANSITION FORM FACTORS
F(q2 ) IN THE NUCLEAR DECAY 4He∗ → 4He +e+e−

The analysis carried out in the previous section implicitly
assumed a form factor F (q2) equal to unity. A more realistic
form factor significantly changes the me+e− invariant mass dis-
tribution in the nuclear decay 4He∗ → 4He +e+e−, as given
by

d�

dme+e−
= α2C2

E0

12π�4
me+e−

(

m2 − m2

e+e−
) 3

2 |F (q2)|2. (10)

We show the best fit form factor and its failure to describe
the signal in this section, as well as the successful fit for a
new excitation energy near 18 MeV. The experimental me+e−

distribution is not given in the ATOMKI work. In order to
compare the theoretical analysis in this section to the signal,
we first extract the ATOMKI data from [2], graph them, and
confirm that we can replicate their plot. We then use this as
a template to fit our signal, noting that it is based on the
unpublished ATOMKI work [2] and cross-checked with the
invariant mass plot in the NA64 Collaboration X17 simu-
lations [26]. In the next step, we use the extracted signal
and background distributions from the template and make
a fit with two functions to describe both distributions. Fig-
ure 1 presents our fit of ATOMKI data (shown in red).
The background (shown in black) was fitted independently
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( )

FIG. 3. Fit to signal template (event counts vs invariant mass
distribution) for the transition 4He∗(20.21) → 4He +e+e−. The fit is
an electromagnetic transition with form factor F (q2) ∝ exp (q2/λ2)
(in red). The background distribution is shown in black, the signal
alone is shown in blue. The fit is not satisfactory.

because the experiment measured the background distribu-
tion with much higher accuracy than the signal. We used a
third-degree polynomial to fit the background. The resulting
function is fbg(x) = 1584 − 306x + 20x2 − 0.434x3 (where
x = me+e− ) with χ2/ndf = 0.99. The same function was used
in all fits in Figs. 1, 3, and 4. The signal in Fig. 1 was
described by a Gaussian function with three parameters: the
mass value of the peak position (16.8 ± 0.23 MeV), the width
(σ = 0.70 ± 0.17 MeV), and overall normalization. This fit is

( )

FIG. 4. Fit to signal template (event counts vs invariant mass
distribution) for the electromagnetic transition HdQ∗(17.9) →
4He +(e+e−). The fit assumes a form factor F (q2) ∝ exp (q2/λ2)
with the form factor parameter λ = 6.2 MeV (in red). The back-
ground distribution is shown in black, and the signal alone is shown
in blue [see Eq. (10) with 
m = 17.9 MeV].

very close to the signal template. We now model the results
theoretically.

Several realistic form factor models are tested in our at-
tempt to model the data template. We compare the shape of the
differential width d�/dme+e− for the electromagnetic transi-
tion with form factor F (q2) ∝ exp (q2/λ2) and λ = 14.5 MeV
[see Eq. (10)] to the ATOMKI anomaly with maximum near
17 MeV as shown in Fig. 2. We include a curve with form
factor F (q2) = 1 for comparison. We find the width of the
distribution to be too large to obtain a satisfactory description
of the experimental distribution. The signal template is too
narrow in comparison with the theoretical curve as shown in
Fig. 2, comparing the red curve (theoretical curve) and black
curve (signal template). Figure 3 displays the attempt to fit the
signal template, again with electromagnetic transition form
factors F (q2) ∝ exp (q2/λ2). The background function is the
same as in Fig. 1. This fit has only two parameters: λ and
the normalization of the theoretical function Eq. (10). The fit
is not satisfactory. A form factor of F (q2) ∝ q2 also fails to
describe the signal due to its large width.

We now introduce a new parameter, the mass of a new
excited 4He∗ state, into our model. We motivate this state
physically by the 12-quark color singlet Fock state model of
4He nucleus in which the 4He wave function is dominated by
a linear combination of the nuclear state |nnpp〉 and the 12-
quark QCD state |[ud][ud][ud][ud][ud][ud]〉 [30]. The result
of the fit with form factor F (q2) ∝ exp (q2/λ2) is presented
in Fig. 4. There are three parameters of the fit: the excitation
energy of the proposed new 4He∗ state E∗ = 17.9 ± 1 MeV
[= 
m in Eq. (10)], the form factor parameter λ = 6.2 ±
0.5 MeV, and the overall normalization. The model describes
the data template well. The parameter λ is close to the momen-
tum scale found in earlier work on nuclear transitions [16].

We have reproduced the ATOMKI signal with the intro-
duction of a new excitation of 4He, but there are serious
physical issues that must be addressed. First, the energy of the
electron-positron pair in this case has to be close to 17.9 MeV.
This is at the lower limit of the selection of the positrons and
electrons with total energy in the region (18, 22) MeV and
2.6σ from the central excitation energy 20.49 MeV created
by the 900 keV proton beam. There are no error bars given by
ATOMKI, but a reasonable visual estimate is 0.9 MeV, which
would reduce our σ values. These are not prohibitively large
deviations and we do not discuss them further but they must
be noted. More importantly, this is an excitation energy that
has never been observed in a decay to a conventional hadronic
or nuclear final state. In addition, the form factor parameter λ

is an order of magnitude smaller than expected for a typical
nuclear transition. We address both of the latter points in the
following section.

IV. QCD HEXADIQUARK EXCITATIONS

The hexadiquark (HdQ) is a hidden-color QCD state
[38–43] in the 4He nuclear wave function consisting of six
scalar [ud] diquarks [48,49] in a color singlet configuration
[30]. Excitation of a subset of diquarks, either radial or an-
gular momentum excitations, gives rise to nuclear transitions
with unconventional decays. In conventional nuclear physics,
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for example, the electron scattering experiment e + 4He →
e′ + X will produce hadronic excitations of 4He. In contrast, if
an electron (or proton) scatters on the hexadiquark Fock state
of 4He, it can produce orbital or radial excitations between any
two of the [ud] diquarks. Typically such excitations would be
at energies near 300 MeV above the ground state, in analogy
to the N∗ and 
 excited states of nucleons. Excitations of sin-
gle diquarks from spin-0 isospin-0 to spin-1 isospin-1 states
have energies of approximately 200 MeV [48,49].

However, the HdQ is an unusual QCD eigenstate be-
cause, in addition to being a low mass spin-0 isospin-0
S-wave hidden-color state, the wave function contains three
symmetric and repulsive 3̄C × 3̄C → 6̄C interactions. These
interactions are required by the spin-statistics constraints
upon clustering pairs of [ud] diquarks into each of the three
[ud][ud] duo-diquarks contained within the 12-quark color-
singlet wave function. While the final construction of the
three duo-diquarks into the HdQ is strongly bound with color
factor CF = −5, the QCD interaction between diquarks in
a duo-diquark is repulsive, which significantly lowers the
excitation energies of the HdQ and increases the size of
the HdQ.

There are two ways to excite the 6C bond between di-
quarks: an orbital angular momentum L = 1 excitation and
an L = 0 radial excitation. These are color-singlet excitations;
they do not break the strongly bound HdQ state apart, and
therefore cannot decay to a conventional nuclear physics state
such as p + 3H or n + 3He. However, since the L = 1 exci-
tation has JP = 1−, the HdQ excitation can decay to the 4He
ground state by the emission of a virtual photon, which makes
an e+e− pair: 4He∗(17.9) → 4He + γ ∗ → 4He +e+e−. This
state can also emit a 17.9 ± 1 MeV real photon. The L = 0
radial excitation between diquarks has JP = 0+ and can only
decay via virtual photon which creates the e+e− pair. Thus
the three decay modes of the HdQ predict an e+e− pair of
invariant mass 17.9 ± 1 MeV and/or a 17.9 ± 1 MeV gamma-
ray photon.

In the case of an excitation of the 4He nucleus to a known
excited state, there are two additional decay modes with dis-
tinct signatures. In the first scenario, the transition is described
by the two-stage process

p + 3H → 4He∗(20.21) MeV → 4He∗(17.9) MeV

+ γ (2.31 ± 1 MeV)→ 4He +(e+e−) + γ (2.31 ± 1 MeV)

(11)

for the first excited state of 4He at 20.21 MeV (� =
0.50 MeV). The second scenario occurs for the second excited
state of 4He at 21.01 MeV (� = 0.84 MeV),

p + 3H → 4He∗(21.01) MeV → 4He∗(17.9) MeV

+ γ (3.11 ± 1 MeV)→ 4He +(e+e−) + γ (3.11 ± 1 MeV).
(12)

It is important to note that multiple processes can excite
the HdQ state, including direct proton capture in the initial
p + 3H collision creating γ + HdQ∗ and then decaying down
to e+e− + 4He, i.e.,

p + 3H → γ + 4He∗(17.9) → 4He +e+e− + γ . (13)

A low energy photon will also be present in the final state;
however, the signature of this decay is the e+e− pair of invari-
ant mass 17.9 ± 1 MeV. In addition to the decay signatures
outlined above (summarized in Tables I and II), a key method
for confirmation of the hexadiquark solution to the ATOMKI
puzzle is an investigation of the first excited state of 4He
to identify a secondary “shoulder” peak within the range of
17.9 ± 1 MeV. Since the hexadiquark contains three sets of
duo-diquarks, the 17.9 ± 1 MeV excitation will be accompa-
nied by excitations at ∼36 and ∼54 MeV. Larger α nuclei,
including 8Be and 12C, will have even higher multiples of the
17.9 ± 1 MeV excitation for each additional hexadiquark state
within the nuclear wave function.

We propose that the HdQ is the origin of a previously
missed subdominant 4He∗(17.9) excited state. It can be ob-
served in the interaction e + 4He → e′ + 4He∗(17.9) → e′ +
4He + [e+e−]. The characteristic mass scale of the transition
form factor F (q2) producing the timelike lepton pair in the
HdQ∗ → HdQ + γ ∗ process can be significantly lighter than
the standard QCD mass scale because it reflects the large size
structure of the HdQ due to the repulsive interactions within
each of the three duo-diquarks. This can cause a λ parameter
of order 10 MeV in the transition HdQ∗ → HdQ form factor
as required by our fit. The conclusion from these arguments is
that an excitation of the HdQ Fock state of 4He can account
for the excellent fit and parameters in Fig. 4 to the ATOMKI
signal template.

We note that the hexadiquark state is predicted to exist as a
hidden-color QCD Fock state within every nucleus containing
an alpha particle. Each such nucleus will also have HdQ
hidden color excitations; the resulting HdQ∗ decays should
therefore also be observed in lepton pair decays from exci-
tations of 8Be and 12C. All nuclei containing at least one

TABLE I. Experimental signatures for direct excitations of the QCD hexadiquark Fock state in units of MeV with uncertainties of ∼1 MeV.
Each hexadiquark contains three diquark-diquark correlations, and therefore subdominant nuclear excitations near 36 and 54 MeV are predicted
in 4He. 8Be, 12C, and all higher Aα-cluster nuclei will have additional excitations at multiples of 17.9 MeV: exactly three additional excitations
per α.

New hexadiquark excitation Decay channel Experimental signature
4He∗(17.9) 4He∗(17.9) →
L = 0 radial excitations [ud] ↔ [ud] 4He +γ ∗ → 4He +e+e− e+e−(17.9)
L = 1 orbital excitations [ud] � [ud] 4He +γ γ (17.9)

4He +γ → 4He +e+e− e+e−(17.9)
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TABLE II. Experimental signatures for two-stage excitations in which excitation of a known 4He excited state is followed by a decay to
the proposed new hexadiquark excitation, 4He∗ → He∗(17.9) → X , in units of MeV. Uncertainties are ∼1 MeV.

Observed excitation Decay channel 4He∗(E∗) → Experimental
energy of 4He signature

4He∗(20.21) 4He∗(17.9) + γ (2.31) → 4He +γ (2.31) + e+e−(17.9) e+e−(17.9), γ (2.31)
4He∗(17.9) + γ (2.31) → 4He +γ (17.9) γ (17.9), γ (2.31)

4He∗(21.01) 4He∗(17.9) + γ (3.11) → 4He +γ (3.11) + e+e−(17.9) e+e−(17.9), γ (3.11)
4He∗(17.9) + γ (3.11) → 4He +γ (3.11) + γ (17.9) γ (17.9), γ (3.11)

α particle will have this excitation and the strength of the
signal is predicted to increase with each additional α particle.
HdQ transitions cannot occur in A = 3 nuclei, in deuterium,
or in nucleons (all of which contain less than 12 quarks) and
therefore will not be observed in experiments that use these
targets. However, other hidden-color Fock states in A < 4
nuclei that use the repulsive 6C representation of SU(3)C also
allow for new lower energy excitations with unconventional
decays.

There are important complementary tests for the hexadi-
quark solution. The HdQ component of 4He should be
observed as a peak in the missing mass in e + 4He → e′ + X .
The diquark composition of the 4He nucleus may be ob-
served via e + 4He → e′ + [ud] + X , where the [ud]-diquark
jet [50] is produced opposite to the scattered electron.

V. SUMMARY

We have presented a QCD-based solution to the ATOMKI
anomalies that utilizes the predicted hexadiquark hidden-
color Fock state in the 4He nuclear wave function [30]. The
hexadiquark state mixes with the conventional |nnpp〉 nuclear
physics state of 4He and offers a hidden-color explanation
of its anomalously large binding energy. Our calculation of
the me+e− invariant mass spectrum in the electromagnetic
transition 4He∗(E∗) → 4He +e+e− as well as the observed
differential and total width of the decay are fit to an
electromagnetic decay of a new excitation of 4He of energy
E∗ = 17.9 ± 1 MeV above the ground state. The source of
4He∗(17.9) is proposed to be low energy diquark-diquark pair
excitations within the hidden-color hexadiquark component of
the nuclear wave function, enabled by the novel spin-statistics

mandated use of weakly repulsive 6C interactions of SU(3)C
between diquark pairs.

We have shown that it is possible to reproduce the
ATOMKI signal with JP = 0+ and JP = 1− excitations be-
tween the diquark constituents of the hexadiquark Fock state.
In one production scenario, the proton + tritium collision
first produces the conventional first nuclear excited state 4He∗,
which decays by photon emission to an excitation of the QCD
Fock state. The hexadiquark excitation may be produced by
direct proton capture as well. All experimental signatures and
decay channels are summarized in Tables I and II.

This work is both timely and important due to the neg-
ative searches for the new X17 boson carried out thus far
[26,51–53] and planned searches at Jefferson Lab [29], in Italy
with the Positron Annihilation to Dark Matter Experiment
(PADME [54,55]), and elsewhere. Our QCD-based solution
of the ATOMKI results, which must occur in all A � 4 nuclei
including the 4He, 8Be, 12C nuclei in the ATOMKI experi-
ments, is in contrast to the new particle explanation.
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