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We study the decay of Bþ meson into Kþ plus a light mediator ϕ, which subsequently decays into a dark
matter pair, χ̄χ. Integrating constraints from DM relic density, direct detection, collider data and B-physics,
alongside the recently reported results form Belle II experiment, we analyze the couplings between the
mediator, standard model fermions, and the dark matter particles. Our results indicate that if the decay
process ϕ → χ̄χ is kinematically allowed, i.e., mϕ > 2mχ , then the mediator mass must be constrained
within 0.35 GeV ≲mϕ ≲ 3 GeV. Conversely, if mϕ < 2mχ , the mediator mϕ is long-lived relative to the
detector size, and the only allowed decay channel is ϕ → eþe−.
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I. INTRODUCTION

Rare B-meson decay with a kaon and neutrino pair in the
final state, i.e., Bþ → Kþνν̄, has a clear theoretical pre-
diction among the flavor changing neutral current proc-
esses. It is severely suppressed due to the loop effect and
the Glashow-Iliopoulos-Maiani mechanism [1]. Thus, it
plays an important role in searching for new physics and
testing the Standard Model (SM). While the SM prediction
for the branching fraction is ð5.58� 0.37Þ × 10−6 [2], the
Belle II experiment at the SuperKEKB asymmetric energy
electron-positron collider has recently reported the value of
ð2.3� 0.7Þ × 10−5 [3] with the significance of about 3σ
above the SM prediction. This discrepancy may call for the
new physics beyond the SM (BSM).
Although the weak interaction of neutrinos makes it

invisible at the detector, processes with missing energy =E in
the final state, i.e., Bþ → Kþ þ =E, may not contribute to
measured branching fraction of the decay Bþ → Kþνν̄ in
Ref. [3]. This decay process can be reinterpreted to the two-
body decay process Bþ → KþX [4], where X is stable or
decay invisibly. In this interpretation, they achieved maxi-
mumbranching ratio of Br½Bþ→KþX�¼ ð8.8�2.5Þ×10−6

with a significance of 3.8σ atmX ≃ 2 GeV. Considering the
no excess in BABAR experiment, the combined result is
Br½Bþ → KþX� ¼ ð5.1� 2.1Þ × 10−6 with a significance
of 2.4σ. Similar two-body decay processes have also been
studied at Refs. [5,6]. Dark matter (DM) or any other light

particleswith sufficientlyweak interaction strength involved
in this process can be considered as the missing energy.
Therefore, precision experiments of B meson decay are
crucial in the searching or constraining the DM and other
light BSM particles.
DM on the other side, is an indispensable ingredient for

the evolution of the Universe. The thermal DM known to be
in equilibrium with SM particles in the early times and
freeze-out later when its annihilation rate could not catch up
with the expansion rate of the Universe [7]. After the
thermal freeze-out, the DM comoving number density
remains constant and leads to the observed DM relic
abundance. This, on the other hand, determines the DM
annihilation rate at the freeze-out. Interestingly, annihila-
tion cross section of this process is of the same order of
magnitude as the weak interaction. Thus, this weakly
interacting massive particle (WIMP) [8] has become the
mostly well-studied and promising candidate for DM. The
lower limit for the mass of the WIMP, which is model
dependent, is conventionally a few GeV [9]. However, the
null result from various DM search experiments have
pushed the lower limit to MeV scale with proper parameter
or model selection [10].
Combined study of DM and new physics hint from

B-meson decay is an intriguing window towards the
construction of BSM physics. In this work, an extension
of the SM with a light scalar mediator and a Majorana
fermion is studied. By integrating constraints from various
experiments, we delineate the optimal parameter ranges for
our model. The paper is structured as follows. In Sec. II a
simple DM model is presented. Section III gives discus-
sions about the B-meson decay into kaon and SM fermions
as well as extra fermionic DM pairs. Experimental con-
straints and parameter spaces are studied in Sec. IV,
followed by results and discussions in Sec. V. Finally,
the conclusion of the paper is drawn in Sec. VI.
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II. A SIMPLE DM MODEL

In this section, we study a generic model featuring light
Majorana DM χ and a light scalar ϕ that couples with the
SM fermions. The dimension-4 interaction Lagrangian can
be simply written as1

Lint ¼ −
ymf

v
ϕf̄f −

1

2
κϕχ̄χ; ð1Þ

wheremf represent the masses of the SM fermions, y is the
weight of the Yukawa coupling, v ≃ 246 GeV is the
electroweak vacuum expectation value. The Feynman
diagrams at the leading-order for DM and fermion pair
productions in the final state are illustrated in Fig. 1.
We note that the simple Lagrangian in Eq. (1) deos not

originate from gauge symmetry but is phenomenologically
viable after the electroweak symmetry breaking of higher-
dimensional effective operators [13]. The constant mf

v in the
coupling indicates that the this operator is induced from
integrating out the Higgs portal [14]. Effective field theory
approaches to the decay processes of Bmeson with a single
invisible scalar or fermion pair in the final state in
dimension-5 or dimension-6 operators have been studied
in Refs. [11,12,15–18]. The anomaly is also explained by
the UV complete models [19–21].

III. B-MESON DECAY

When the scalar mediator mass, mϕ, is smaller than the
mass difference between the B and K meson, i.e.,
mϕ < mB −mK , the effective Lagrangian for the b → sϕ
process can be obtained by integrating out heavy particles
running in the loop shown in the Fig. 1. This process is
described by the following Lagrangian [22,23]:

Lb→sϕ ¼ ymb

v

3
ffiffiffi
2

p
GFm2

qV�
qsVqb

16π2
× ϕs̄LbR þ H:c:; ð2Þ

where q denotes the u, c, t quarks in the loop, GF is the
Fermi constant, and Vqs;qb are the Cabibbo-Kobayashi-
Maskawa (CKM) matrix elements. It is obvious that
contribution from the quarks other than the top are
negligible.
The decay width for the process B → K þ ϕ is given by

ΓB→Kϕ ¼
�
ymb

v
3

ffiffiffi
2

p
GFm2

t V�
tsVtb

16π2

�2

×

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðm2

B − ðmK þmϕÞ2Þðm2
B − ðmK −mϕÞ2Þ

q
16πm3

B

× jhKjs̄LbRjBij2; ð3Þ

where the hadronic transition matrix element is

hKjs̄LbRjBi ¼
m2

B −m2
K

2ðmb −msÞ
f0ðq2Þ; ð4Þ

and mb;s are the masses of the bottom and strange quark,
respectively. The f0ðq2Þ is the form factor, with q2 ¼ m2

ϕ

for the final-state particle ϕ. We adopted two different form
factor schemes from Refs. [24] and [25] for the stability of
our result, and details of which are discussed in the
Appendix. Our analysis reveals that the results obtained
from two schemes are merely distinguishable; hence, we
present only the results from the first scheme in the
main text.
Subsequently, if kinematically allowed, the scalar ϕ may

decay into DM or SM fermion pairs. The decay width of ϕ
to a fermion pair, including DM, is

Γϕ→f̄f ¼
C2
ϕf̄f

8π
mϕ

�
1 −

4m2
f

m2
ϕ

�3=2

Θðmϕ − 2mfÞ; ð5Þ

FIG. 1. The BSM leading-order Feynman diagrams for b → sχχ̄ and b → sff̄ processes. The q stands for u, c, t quarks, f include all
quarks and massive leptons.

1Pseudoscalar current f̄γ5f vanishes at the loop order for
0− → 0− meson decay processes [11,12].
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where C2
ϕf̄f

is scalar-fermion-fermion interaction coeffi-

cient, and Θ is the Heaviside step function. For the decay
width to the hadronic final states, we consulted to the
Refs. [15,22,26].
In the left panel of Fig. 2, we show the coupling y

as a function of mϕ, adopting the branching fraction of
B → K þ ϕ from Fig. 1 of Ref. [4], assuming that
branching fraction of ϕ decays into χχ̄ is 100%. In the
right panel, with mχ fixed at 0.1 GeV, we draw curves for
different κ values that achieve the same branching ratios as
the red solid line in the left panel. For the fixed mχ and
mϕ, as the value of κ decreases, the branching fraction
Br½ϕ → χ̄χ� also decreases. Consequently, a larger y is
required to increase Br½B → K þ ϕ� so that the overall
Br½B → K þ χ̄χ�≡ Br½B → K þ ϕ� × Br½ϕ → χχ̄� aligns
with the desired values. The bump near mϕ ∼ 1 GeV is
due to the peak in the decay width to SM particles shown as
in Fig. 4 of Ref. [15], which is caused by a pion pair in the
final state.

IV. DM RELIC DENSITY AND CONSTRAINTS

When the decay process ϕ → χ̄χ is kinematically
allowed, that is, mχ < mϕ=2, in the vicinity of freeze-
out, DM can only annihilate into lighter SM fermion pairs
through an s-channel heavy mediator ϕ. The cross section
which determines the DM relic density for the process
χ̄χ → f̄f is given by

σχ̄χ→f̄f ¼ 1

512π

�
κymf

v

�
2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
f

s

s �
1 −

2m2
f

s

�

×

�
1 −

2m2
χ

s

�
s

ðs −m2
ϕÞ2

; ð6Þ

where s≡ E2
cm is the center-of-mass energy squared. Note

that this equation holds for nonresonant annihilation. The
thermally averaged cross section is defined as [27]

hσviχ̄χ→f̄f ¼
Z

∞

4m2
χ

dsσχ̄χ→f̄f

× vlab

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s − 4m2

χ

q
ðs − 2m2

χÞK1ð
ffiffiffi
s

p
=TÞ

8m4
χTK2

2ðmχ=TÞ
; ð7Þ

where Ki are the modified Bessel functions of order i. If
DM does not resonantly annihilate, the possible maximum
of hσvi is at least three orders less than the standard thermal
cross section of 10−26 cm3=s. Therefore, we have to resort
to resonantly enhanced cross section of DM annihilation.
We utilize FeynRules [28] to implement the models, and then
import them to micrOMEGAs-5.3.41 [29] for the calculation of
DM relic density and DM-nucleus cross section.
To explore full parametric phase space, we scan over the

range specified in Table I, where upper limit of 0.1 for y is
taken from LEP [30]. We evaluate the likelihoods asso-
ciated with DM relic density measurements from Planck
and direct detection (DD) results from various experiments.
The χ2scan is defined as the sum of the individual χ2 values
from the DM relic density and the DD processes,

χ2scan ¼ χ2Ωh2 þ χ2DD: ð8Þ

We hire emcee [31] based on Markov chain Monte Carlo
(MCMC) method to undertake the task of sampling the
parameter space with the likelihood ∝ expð−χ2scan=2Þ.
The χ2 of DM relic density is described by the Gaussian

distribution,

FIG. 2. Left: best-fit line (red solid line), with 1σ (light yellow) and 2σ (light gray) shaded areas, satisfying the branching fraction of
B → K þ ϕ as shown in Fig. 1 of Ref. [4] in ðmϕ; yÞ space. Right: the branching fractions of process B → K þ ϕ followed by ϕ → χ̄χ
align with the best-fit line in the left panel for different κ values, where DM masses are fixed at 0.1 GeV.
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χ2Ωh2 ¼

0
B@ μt − μ0ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

σ2theo þ σ2exp

q
1
CA

2

; ð9Þ

where μt is the predicted theoretical value we obtained, and
μ0 is the experimental central value. We introduce a 10%
theoretical uncertainty, σ2theo ¼ 0.1μt, to account for uncer-
tainties from the Boltzmann equation solver and the
entropy table in the early Universe. The predicted relic
densityΩh2 is constrained using the Planck 2018 data [32],
which reports a central value with statistical error as
Ωh2 ¼ 0.118� 0.002.
The estimation of χ2 for theDM-nucleus spin-independent

and spin-dependent cross section is given by

χ2DD ¼
�

σDD
σ0DD=1.64

�
2

; ð10Þ

whereσDD represents thepredicted theoretical valueobtained
from micrOMEGAs-5.3.41, and σ0DD denotes the upper limits
of the cross sections for a given DM mass at the 90% con-
fidence level. These limits are provided by experiments such
as DarkSide-50 [33], CRESST-III [34], PICO-60 [35],
PandaX-4T [36], and Xenon1T [37].
Apart form the constraints from relic density and DD

implemented during the scanning process, we also consid-
ered following phenomenological implications of the model
which may challenge the possible surviving phase space:

(i) The model [Eq. (1)] also generates processes
like b → dϕ and s → dϕ, which contribute to
B0 → invisible, Bþ → πþ=E, and Kþ → πþ=E, by
changing the appropriate quark fields, CKM matrix
elements or form factors.
Although matrix element h0jb̄djBi vanishes [38],

h0jb̄γ5djBi ¼ −i fBm2
B

mbþmd
contribute to the decay

width of the process B0 → invisible, which is

ΓB0→χχ̄ ≃
�
yκGFmtV�

tdVtb

v

�
2 f2Bm

5
B

16πðmb þmdÞ2

×

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
χ

m2
B

s
1

ðm2
B −m2

ϕÞ2
: ð11Þ

When 2mχ ¼ mϕ < 3 GeV and κ ¼ 1, branching
ratio is Br½B0 → invisible�≲ 3.8 × 10−5y2. There-
fore, the experimental upper limit Br½B0 →
invisible� < 7.8 × 10−5 [39] is easily satisfied.
For the process Bþ → πþϕ, the corresponding

decay width can be obtained by substituting the
CKMmatrix elements Vts with Vtd and replacing the
kaon mass mK with and pion mass mπ in Eq. (3).
Given that Vtd ≃ 0.2Vts [40], the decay width ΓB→πϕ

is approximately 0.04ΓB→Kϕ. Since the experimental
upper limit Br½Bþ → πþ=E� < 6.4 × 10−6 [41] is
comparable to Br½Bþ → Kþϕ�, the Bþ → πþϕ proc-
ess does not impose additional constraints.

Similarly, the decay width for Kþ → πþϕ is
determined by replacing Vtb, bottom quark mass
mb, mB, mK , and the form factor f0ðq2Þ with Vtd,
strange quark massms, mK ,mπ and the K → π form
factor fK

þ
0 ðq2Þ, respectively. The form factor

fK
þ

0 ðq2Þ ¼ fK
þ

þ ð0Þð1þ λ0q2=m2
πÞ, where fK

þ
þ ð0Þ ¼

09778 and λ0 ¼ 0.01338 [42,43]. For a y ∼ 10−3, the
branching ratioBr½Kþ → πþϕ� is at the order of10−6,
which significantly exceeding the experimental
upper limit of Br½Kþ → πþ=E�≲ 10−11 [44]. There-
fore, mϕ should not be lighter than mK −mπ , as
illustrated in the gray shaded region of Fig. 3.

(ii) The scalar mediator ϕ couple to the all SM fermions,
thereby influencing rare leptonic decays such as
b → ðs; dÞlþl− and s → dlþl−, l ¼ e, μ. Addition-
ally, hadronic decays like b→ ðs;dÞqq̄ and s → dqq̄
can also constrain the parameter space. Several
studies have investigated the decay of scalar

TABLE I. Ranges and priors for input parameters adopted in
the scans.

Parameters Minimum Maximum Prior

mϕ 0.01 GeV mB −mK Flat/log
mχ 0.01 GeV mϕ=2 Flat/log
κ 10−6 4 log
y 10−6 0.1 log

FIG. 3. Survived sample points with the constraints χ2tot < 6 and
Br½B → K þ χ̄χ� < 2σ. The colorbar represents the branching
fraction of ϕ → χ̄χ process. The red and orange solid lines are the
upper limits of experimental constraints from LEP [30] and
LHCb [52,53], respectively. The gray shaded region is excluded
by Br½Kþ → πþϕ� data.
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mediators to SM fermion pairs [15,45–49], provid-
ing constraints on the coupling parameter as a
function of mϕ. These constraints are critical in
defining the viable parameter space of our model.
A distinct aspect of this paper, compared to

previous works, is that the branching fraction of
ϕ decay to all possible SM particles, denoted
as Brðϕ → SMSMÞ, is not necessarily unity.
Consequently, we must adjust the limits derived
from experiments such as LEP [30], Belle [50],
BESIII [51], LHCb [52,53], NA62 [44,54,55],
KTeV [15,56,57], CHARM [15,45,58–60], and
PS191 [61]. If we posit Brðϕ → SMSMÞ ¼ fSM
for a specific parameter set where y ¼ y0 and other
parameters are fixed, the equivalent y should be
recalculated as

y0 ¼ ðy40=fSMÞ1=4; ð12Þ

assuming that SM particles are the sole decay
products. Therefore, the exclusion limits becomes
more robust if the branching fractions to the SM
final states are less than one.
The estimation of χ2 for the y can be analogized to

the expression for χ2DD given by Eq. (10). By
integrating the relationship defined in Eq. (12),
we can formulate χ2y as follows:

χ2y ¼
�

y

f1=4SMy
90%=1.64

�
2

; ð13Þ

where y represents the coupling parameter at our
sample points, and y90% denotes the experimental
upper limits of y for a given mϕ at the 90% con-
fidence level from the referenced experiments. This
formulation ensures that χ2y captures the maximum
deviation of the observed coupling from its exper-
imental limits, weighted by the branching fraction to
SM particles.
In Fig. 3, we present two primary constraint lines

from LEP [30] and LHCb [52,53]. These constraints
rule out (χ2y > 4) the sample points with SM final
states, thereby only the DM final decay processes are
survived in this region.

(iii) The model generates decaying channels of Higgs
and weak bosons at the tree level if kinematically
allowed,H=Z → ff̄ϕ andW → ff̄0ϕ, as well as the
top-quark decay t → bWϕ. However, these tree-
level diagrams are significantly suppressed by a
factor of about ðymf

v Þ2. Given that the largest possible
value for mf in this factor is the mass of bottom
quark, and considering y ≃ 10−3, the contributions
from these processes to the decay widths ofH, Z,W,
and t are negligible.

(iv) Additionally, our model also generates Higgs and
Z-boson invisible decays at the one loop level,
H → ϕϕ and Z → ϕϕ. The suppression for these
decay processes can be quantified as approximately
ðymt

v
mt
mb
Þ2 1

m4
H
for the Higgs and ðymt

v Þ2 1
m4

Z
for the Z

boson. These suppression factors render the contri-
butions to the decay widths significantly smaller
than the experimental uncertainties associated with
these processes.

V. RESULTS AND DISCUSSION

In the Fig. 3, we present sample plots where total χ2

value, χ2tot ¼ χ2scan þ χ2y, is less than 6, with the minimum
value of χ2tot ≃ 0. These plots also ensure that the branching
fraction Br½B → K þ χ̄χ� falls within the 2σ range. The
relevant constraint lines from LEP [30] and LHCb [52,53]
are also shown. It is evident from the figure that, in regions
above the experimental upper limits, the branching fraction
to the DM pair must be very close to one for these sample
points to survive.
SM final state particles can be part of ϕ decay channels

below the experimental exclusion lines. The closer to the
upper limit, the bigger Br½ϕ → SMSM� gets as indicated in
Eq. (12). These sample pointswith nonzeroBr½ϕ → SMSM�
are located at the charmonium resonant area. Actually, this
narrow resonance area was vetoed by excluding the region to
avoid contamination, and no search is performed in the
original Ref. [52].
There is no sample point survive when mϕ ≲ 2mμ, since

where only χ̄χ → eþe− channel allowed and corresponding
annihilation cross section is too small even if one intro-
duces the resonant enhancement. However, constraint from
Br½Kþ → πþϕ� data is even stronger, and push the lower
limit of mϕ to the mk −mπ . When annihilation process
χ̄χ → c̄c is closed, DM relic density is on the high side, and
that is the reason why there is a gap near mϕ ≃ 2.5 GeV.
Note that if the lifetime of ϕ particle is long enough to

escape from the detector before decaying, ϕ acts as the
missing energy regardless of the decay products. However,
to match with DM relic density and Br½B → K þ ϕ�, both κ
and y can not be too small. In our sample points in Fig. 3,
maximum lifetime of the ϕ particle is of the order of
∼10−14 s, thus it can be seen as prompt decay in the
detector. For the long-lived ϕ and displaced vertex, one can
resort to the Refs. [15,17,49], where the exclusion capabil-
ity may differ.
On the other hand, if mχ > mϕ=2, although the decay

products of ϕ are only the SM particles, long-lived ϕ
relative to the detector size behaves like missing energy.
When y ≃ 3 × 10−3 and mϕ < 2mμ, the decay width
Γðϕ → eþe−Þ can be less than 10−15 GeV to be invisible.
Additionally,mϕ must be heavier than electron pair mass to
ensure decay prior to the big bang nucleosynthesis. In this
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scenario, heavy DM can easily satisfy the observed relic
density [15,45]. Such a DM with light scalar mediator that
satisfies the B-meson anomaly constraints is predicted to
have a sizable direct detection cross section [62,63], and
this makes it ready to test in the near future experiments.

VI. CONCLUSION

In this paper, we have explored a simple model involving
a light mediator ϕ and a light DM particle χ, inspired by the
reinterpretation of recent Belle II results from the B →
K þ ν̄ν measurement into the two-body decay B → K þ ϕ.
Through a comprehensive analysis of the parameter space,
supported by experimental results, we have identified that
when 2mχ < mϕ—allowing for the decay ϕ → χ̄χ—the
mass of ϕ must be heavier than that of the muon pair.
Moreover, constraints from the Br½Kþ → πþϕ� data extend
the lower mass limit of ϕ to approximately 0.35 GeV,
equivalent to mK −mπ . In addition, the branching fraction
of ϕ to the DM pair must be very close to the one to escape
the constraints from LHCb, except in a narrow region near
mϕ ≃ 3 GeV, where ϕ can decay to SM particles partially.
When mχ > mϕ=2, DM easily have correct relic density, ϕ
should play the role of missing energy in the detector, and
small width of ϕ requires mϕ < 2mμ. In other word, ϕ can
only decay to electron pair. The model in this work is rather
simple and includes small number of parameters, and its
predictions are within the reach of current or near future
experiments, which increases testability of the model.
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APPENDIX: B → K FORM FACTORS

We adopted two different form factor schemes for the
stability of our result. The first one is from Ref. [24], which
is the combination of latest lattice result from Ref. [64] and
the previous lattice one in Ref. [65]. The second one is
outlined in Ref. [25], which is the combination of Ref. [64]
with the latest light cone sum rule result of Ref. [66].
(1) In Ref. [24], parametrization for the B → K form

factor is from FLAG [67],

f0ðq2Þ ¼
1

1 − q2=M2
0

½a0 þ a1zðq2Þ�; ðA1Þ

with M0 ¼ 5.711 GeV, and

zðq2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − q2

p
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − t0

pffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − q2

p
þ ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

tþ − t0
p ; ðA2Þ

where tþ ¼ ðmB þmKÞ2 and t0 ¼ ðmB þmKÞ
ð ffiffiffiffiffiffiffi

mB
p − ffiffiffiffiffiffiffi

mK
p Þ2. Coefficients a0, a1, and their

correlation matrix element are 0.2939(36), 0.227(40),
and 0.4568, respectively.

(2) In Ref. [25], they adopted parametrization [68]

f0ðq2Þ ¼
1

1 − q2=M2
0

�
a0 þ a1

�
zðq2Þ − zð0Þ�

þ a2
�
zðq2Þ − zð0Þ�2�; ðA3Þ

with coefficients and correlation matrix are given as
in Table II.

For a quantitative comparison between two form factor
schemes described above, we draw the Fig. 4. The gap
between two schemes become larger for small mϕ, but
relative difference at most about 3% as shown in the lower
panel. The 1σ uncertainty range for the form factors are very
narrow. For the clear illustration, enlarged a small area near
mϕ ∼ 2 GeV for the first form factor scheme.

TABLE II. Fit results of the coefficients with uncertainties and
the correlation matrix [25].

a0 a1 a2

0.3233(67) 0.214(57) −0.12ð13Þ
0.8083 0.5481

0.9074

FIG. 4. The form factors and relative differences as a function
ofmϕ. FF1 is for the fitted results from Ref. [24], while FF2 is for
the Ref. [25].
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