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The recent ATOMKI experiments provided evidence pointing towards the existence of an X17
boson in the anomalous nuclear transitions of Beryllium-8, Helium-4, and Carbon-12. The favored
ranges for X17 boson couplings to up and down quarks are determined through fittings to these
nuclear transitions. In this work, we consider X 17 boson contributions to the previously measured
D meson decays, including D* — Dte*e™ and D*® — D%*e~, as well as the measured decays
of y(2S) — neete” and ¢ — nete”. Using these data, we perform an independent fitting to the
couplings between the X17 boson and various flavors of quarks. This fitting requires a huge X17
boson coupling to the u quark that creates a serious tension with ATOMKI’s data. Our analysis
models X17 as a vector boson and allows its quark couplings to be generation-dependent. The

implications of our findings are discussed.
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Implications of X17 boson to D meson, Charmonium, and ¢ meson decays

1. Introduction

The X17 particle was initially proposed to explain anomalies observed in Beryllium-8 nuclear
transitions, by Atomki measurements which determine X17 mass as mx = 16.70 + 0.35 (stat) +
0.50 (syst) MeV/c? [1]. Subsequent research further fueled interest in the X 17 particle as analogous
anomalies were detected in the transitions of Helium-4 [2] and Carbon-12 [3]. The observed
anomalies from these experiments displayed remarkable consistency, reinforcing the hypothesis of
a stable new particle across different nuclear systems. The Lagrangian describing the interaction of
the X17 boson with heavy quarks Q and light quarks ¢ is

Lx(0.q = €20 Xy (0VQ) + €2, X, (@7"0) ()

In this study, we focus on investigating the couplings of the X17 boson to first- and second-
generation quarks, motivated by the hypothesis that the X17 boson could explain the anomalous
transitions observed in ®Be, “He, and '>C. Our analysis centers on the semi-leptonic decays
H* — H + e" + e, which can occur via two distinct pathways: H* — H+7y* — H+e" + ¢ and
H* - H+ X — H +e* + e Specifically, we examine contributions of the X17 boson to several
previously measured D meson decays, including D — Dte*e™, Dt — Diy, D** — DV*e™,
and D** — D%. We also analyze the measured decays of ¥/(25) — nee*e™, Y (2S) — 5.y,
¢ — ne*e”,and ¢ — ny. For the decay mode D" — D?e*e™, we have found an error in the earlier
calculation, Ref. [4]. We also note that the previous calculations on X17 contributions to D meson
decaystake &, ~ +3.7x 1072 and g4 ~ F7.4x 1073 [5], with the additional assumptions &,, = & and
&4 = &s. Our study demonstrates that these assumptions should be relaxed to accurately account for
both the experimental data of D* and D*° decays. It is important to note that the initial estimates
suggested that X 17 couplings to the first-generation quarks as £, ~ +3.7x103 and g4 ~ ¥7.4x1073
[5], based on the ®Be anomaly with BR(3Be* — ®BeX)/BR(®Be* — ®Bey) = 5.8 x 107 by
assuming BR(X — e*e™) = 1[1]. A detailed y? analysis of the decay data from ®Be, “He, and >C
refines the coupling constant estimates presented in [6]. Specifically, for the 8Be transition without
considering isospin effects, the couplings are determined to be (&, £4) = (£5x 107* ¥2.9x 1073).
When accounting for isospin mixing and breaking effects, the values shift to (+9x107#, ¥2.5x1073).
These estimates are notably smaller than the previously extracted values. The consistency of these
refined parameter ranges with those extracted by our combined analysis with respect to D, D*°,
W (2S), and ¢ decays will addressed below.

2. X17 contributions to decays D** — D*e*e” and D* — DOe*e”

To compare theoretical predictions with the experimental data on decays D" — Dfe*e™ [7]
and D* — DO%*e™ [8], we focus on the ratio Ry~ = I'(H* — He*e™)/T(H* — Hy) where
H* = (D%, D*"). The numerator of this ratio contains contributions from both the photon and the
X17 boson so that Ry« = R}’I* +RI§*. The form factor for the H* — H+7y™ transition is encapsulated
in the matrix element (H|J;"|H"), where J;" = eg 0y,0 + €4 Gyuq. In our approach, we utilize
the vector meson dominance (VMD) [9] to calculate the matrix element for the light quark current
(H|Gyu.q|H"), whereas the term (H |Q_y#Q|H *) is governed by heavy-quark symmetry [10]. For
the H* — H + X transition, the corresponding matrix element (H|e¢ Q_y,uQ + &4 qyuq|H") can
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Figure 1: We show the values of Rp: (left), and Rpo- (right) to compare experimental data and theoretical
predictions with assuming &, = ¢, and €4 = &;. The Standard Model prediction is denoted as “SM
Photon”. “VMD_2021" is from Ref [4], using &, ~ +£3.7 x 1073 and £4 ~ ¥7.4 x 1073, as extracted by [5].
“VMD_2023” is our new calculation based on the fitting from [6], using (&, £4) = (£5x 107, F2.9x 1073)
for the ®Be transition without isospin effects, and (+9 x 107, 2.5 x 10~3) with isospin mixing and breaking
included. A recomputation for Ref.[4] is labeled “VMD 2021 Corrected Result” (left).

be directly derived from (H|J;"|H*). By using I' (H* — Hy) = aEMFIZ{*Hy(O)p?,/S, it is easy to
show that

y qrznax OEM FIZJ*Hy(qz) 1 2m§ 4mg /13/2 (m%{*’ m%{’ qz) 2
Ry.= [ 3 > =1+ 1-— 5 >3 dg”, (2)
Dinin d FH*HV(O) q q gl (. =miy)

2

min

where A(x,y,z) = x* + y* + 72 — 2xy — 2xz — 2yz, ¢>. = (2m,)? and q2, = (mp- — mp)>.

Similarly, we also have

X G aEMSz FIZJ*HX(CIZ) q° 2’712 4”%
Ry. = 3 2 2 22 212 t— - 2
Dinin 4 FH*HY(O) (q - mX) + mXFX q q
B2(m2,. m2,, g2
o ) 3)

(. —m2, )

The results for the form factors Fy+p,(g) and Fy+gx(g) in the case of D meson decays were
calculated in [4] and &, is the coupling of the X17 boson to the electron and positron. The red
symbol in figure 1 (left) shows the measurement, Rp: = (7.2‘:11‘_2) x 1073 [7]. The SM prediction
considers only the photon contribution and it fits well with the Rp: data. Using parameters from
[6], (8u,€q) = (£5 x 1074, 72,9 x 1073) and (£9 x 1074, %2.5 x 1073), “VMD_2023" predicts
an increase in Rp: to (1.2 +0.3) X 1072 and (1.0 + 0.4) x 1072 for no isospin effects and isospin
mixing & breaking effects, respectively. These results are still somewhat consistent with the data.
In contrast, “VMD 2021 Corrected Result”, which is our re-calculation of Rp:, fails to align with
the data by utilizing &, = &, ~ 3.7 x 1073 and &4 = &, ~ ¥7.4 x 1073 [5]. The X17 couplings to
first-generation quarks from [6] thus agree better than their counterparts extracted by [5]. Due to
computational errors in [4], the correct result shown by the green bar became the tiny purple bar in
figure 1(left). This error led to the incorrect conclusion that “VMD 2021” remains consistent with
Rp: = (7.2‘:11‘_2) x 1073 within a 1.40 confidence level.
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For decay D* — DY*e™ in figure 1 (right), the “SM_photon” and the BSM scenarios,
labeled by “VMD_2021” and “VMD_2023”, show small differences. The data for this decay,
Rpo = (11.08 + 0.9) x 1073 [8], is much larger than the theoretical predictions. This indicates
that the X17 contribution has not significantly boosted Rp:0 to match the data. To address this,
an increase in &, is necessary. On the other hand, this could potentially disrupt the agreement
between theory (VMD_2023) and experiment on Rp:. To resolve this, the adjustment to & is
also needed. It is clear that the assumption ¢, = ¢, and €4 = &, must be abandoned in favor of
generation-dependent quark couplings to X17 boson to fit the data of various decay modes. This
motivates us to consider also the data from the decays ¢ (2S) — n.e*e™ and ¢ — ne*e™ to better
understand the couplings &, and &.

3. &y, & from decays i (25) — n.ete” and ¢ — nete”

We focus on using the VMD to calculate the transition form factors (TFF) FV=7-X(4%) =
Fru-nuv(q®)/Fy- 1y(0) in Egs. (2) and (3). The quarks and anti-quarks in Charmonium and ¢
mesons are of the same type, which leads to a simple approach for calculating the TFF using the
VMD assumption. As illustrated in [11], TFF is characterized by a pole approximation as ¥ (¢%) =
1/(1=¢q?/ A%J*). The effective pole mass Ay« refers to the mass of a vector-meson resonance that
is close to the energy scale of the decaying particle. In the analysis of /(25) — ncee™, Ay (2s)
corresponds to the mass of a higher excited state, m,,(3770) = 3773.7 £ 0.4 MeV/ c?. The measured
branching ratio for ¢ (2S) — n.e*te”™ was reported in [11], BR(y¢/(2S) — neete™) = (3.77 £
0.404¢5¢ £0.184y) X 1073. This data allows one to determine Ry (2s) = 0.011+0.002. The theoretical
prediction for the photon-mediated decay rate, as proposed by the VMD, is R” =8.93x 1073,

¥(25)
Given X (¢?) = £4(0) X F7(q?), the X17 contribution to Ry (25) is derived from Eq. (3) as

R} 25) = 92 /4. 4)

For decay ¢ — ne*e™, the effective pole mass used is Ay = m,(1680) = 1680 + 20 MeV/c?.
The SND, CMD-2, and KLOE-2 experiments have each measured the branching ratio for the
decay ¢ — me*e”, yielding closely matched results of (1.19 + 0.19. + 0.074y.) X 1074 [12],
(1.14 £0.104c. £0.065y5.) X 107* [13], and (1.075 £ 0.007 . 0.038ys.) X 1074 [14], respectively.
Using the VMD, the calculation for photon contributions yields results of RZ) = 8.30x1073, whereas
the value of R;f given by the formula as

RY = 952, 5)

Our goal is to identify the ranges for coupling parameters and to assess the internal consistency
and reliability of VMD. This is achieved through a simple yet effective y? statistical test, focusing
on three key parameters &., &5, and &,. The formula y> = Y7, (R (gc, &5, 84) — ROP )2 [o? +
(A- /lbestﬁt)z / 0'3 is used, where R;h(gc, &g, &) denotes the theoretical value of the i-th measure-
ment, Rl‘.’b refers to the observed value, and o7 is the uncertainty. The parameter A = Apest fit = 04 =
—0.289 + 0.016 GeV~! characterizes the strong interactions of heavy mesons. We combine the
data from four distinct experimental measurements on D** — Dtete™ [7], D*0 — D%*e [8],
W(28) — neete [11], and ¢ — ne*e™ [14]. Our model fitting techniques have led us to iden-
tify the best-fit values for the parameters |g.| = 3 x 1074, |g5| = 4 x 107>, and |g,,| = 0.047 or
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Figure 2: Three figures that illustrate the pairwise
correlations among the coupling constants &, &g,
and g,,. Various dots represent the best-fit values for
these couplings. The contours represent 1o range
for the parameters. These estimations are obtained
from four distinct measurements on D;* — Dfe*e”
[7]1, D*® — D%*e™ [8], ¥(2S) — neete” [11], and
¢ — nete [14].
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lex| = 0.050. We present these results in figure 2, where multiple solutions with opposite signs
of coupling parameters are obtained. The favored values of &, is found to be of the order 1072,
notably larger than its previously extracted value based upon ®Be, “He, and '2C data [6]. This
significant enhancement in &, can be attributed to the BESIII data of D0 — DV%*e decay [8].
Hence independent measurements on this decay channel are called for.

4. Conclusion

We study effects of X17 boson to meson decays and perform fittings to coupling parameters
&y, &, and g.. The magnitude of g, so obtained is much larger than that extracted from Atomki
data of ®Be, *He, and '2C decays. We point out that, Di* — Dte*e™, y(2S) — nce*e” and
¢ — net*e” involve the second-generation quarks, whereas D** — D%¢*e™ involves both the first-
and second-generation quarks. Particularly, this decay depends on the coupling parameter &,.
Hence this decay channel is the source for the tension on g,. Therefore independent measurements
on D*¥ — DY%*e™ are crucial for resolving the tension.
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