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Abstract: The prospects to study hyperon-nucleus/nucleon interactions at BESIII and similar e*e™ colliders are
analyzed in this paper. Utilizing the large quantity of hyperons produced by the decay of 10 billion J/y and 2.7 bil-

lion ¥(3686) collected at BESIII, the cross sections of several specific elastic and inelastic hyperon-nucleus reac-

tions can be measured via scattering between hyperons and nucleus in the dense objects of the BESIII detector. Sub-

sequently, the cross sections of the corresponding hyperon-nucleon interactions can be extracted from further phe-

nomenological calculations. The interactions between antihyperons and nucleus/nucleon, including scattering and

annihilation, can also be studied using the method proposed in this study. The results will definitely benefit the real-

ization of precise probes for hyperon-nuclei/nucleus interactions and establish constraints to study the potential of

strong interaction, the origin of color confinement, a unified model for baryon-baryon interactions, and the internal

structure of neutron stars. In addition, the desirable prospects of corresponding studies in the future Super Tau-
Charm Factory (STCF) are discussed and estimated in this study.
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I. INTRODUCTION

Describing baryon-baryon interactions within a uni-
fied model has always been a challenge in both particle
and nuclear physics [1-4]. Strong constraints and well-es-
tablished models exist for nucleon-nucleon interactions
[1, 2]. However, there are still difficulties in precisely
modeling hyperon-nucleon scattering, especially hyper-
on-hyperon interactions, owing to the lack of experiment-
al measurements. To date, only a few measurements of
hyperon-nucleon scattering [5—19] and one of hyperon-
hyperon scattering [20] have been reported, leaving the-
oretical models largely unconstrained [21-36].

The properties of hyperons in dense matter have at-
tracted considerable interest owing to their close connec-
tion with hypernucleus and the hyperon component in
neutron stars [4]. Hyperons may exist within the inner
layer of neutron stars whose structure strongly depends
on the equation of state (EOS) of nuclear matter at super-
saturation densities [37]. The appearance of hyperons in
the core softens the EOS, resulting in neutron stars with

masses lower than 2 M, [38], where M, is the mass of the
sun. However, studies based on observations from the
LIGO and Virgo experiments [39] indicate that the EOS
can support neutron stars with masses above 1.97M,.
This is the so-called "hyperon puzzle in neutron stars,"
which warrants further experimental and theoretical stud-
ies on the hyperon-nucleon interaction.

Most of the previous measurements (Ap — Ap,
2 p— X p,An,X'n, and T*p — T*p) were accomplished
in the bubble chamber era of the 1960s and 1970s [5-9]
using hyperons with momenta less than 1 GeV/c?. After a
gap of 20 years, an experimental group in KEK studied
¥*p and X~ p elastic scattering processes with a scintillat-
ing fiber block [10-12]; in this case, the momentum of
the =* hyperon was within [0.35, 0.75] GeV/c?%, slightly
higher than that used in Ref. [5]. Later, one group in KEK
first measured the total cross section of the 2~ p — AA re-
action at p=z ~0.5 GeV/c? [13]. Subsequently, the E40
collaboration in the J-PARC Hadron Experimental Facil-
ity updated the measurements of the X*p — X*p and
X-p— An scattering processes with 0.4 GeV/c? <
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pa <0.85 GeV/c? [14, 15, 17], and the CLAS collabora-
tion performed improved measurements on the cross sec-
tion of the Ap elastic scattering process with 0.9 GeV/c?
< pa <2.0 GeV/c? [16]. The uncertainties of all the above
measurements are large. Recently, reactions Z°+°Be —
Z +p+%Be and A+°Be — X" +X have been measured
by the BESIII collaboration with p=o ~ 0.818 GeV/c* and
pa = 1.074 GeV/c*[ 18, 19]; the method employed for
these measurements is introduced in this paper.

On the theoretical side, many models have been pro-
posed to describe the hyperon-nucleon and hyperon-hyp-
eron interactions, including the meson-exchange model
(with Jiilich [21] or Nijmegen [22] potentials), chiral ef-
fective field theory (YEFT) approaches [23-30], calcula-
tions on the lattice from HALQCD [31, 32] and
NPLQCD [33, 34], low-momentum models [35], and
quark model approaches [36]. The precision of the afore-
mentioned models will definitely be further improved by
additional experimental measurements.

Experimental studies of hyperon-nucleon interactions
still suffer from difficulties in the realization of a stable
hyperon beam. First, the lifetime of ground-state hyper-
ons is usually on the order of 0(107'%)s owing to their
weak decay, which is too short to achieve a stable beam.
Meanwhile, hyperons historically used for fixed-target
experiments are commonly produced in Kp and yp colli-
sions, such as those in J-PARC and CLAS experiments,
with a high hadronic background level. Compared with
fixed-target experiments, many more hyperons are ac-
cessible from the decay of charmonia produced at e*e”
colliders, which have recently been used at BESIII to
measure hyperon-nucleus interactions [18, 19]. Further-
more, the abundant antihyperons produced in pair with
hyperons create exciting prospects to probe antihyperon-
nucleus/nucleon interactions that have rarely been meas-
ured and studied.

In this paper, the prospects to study hyperon-
nucleus/nucleon interactions at BESIII are discussed. The
hyperon pairs from the decays of 10 billion J/y and 2.7
billion (3686) [40] provide an intense and high-quality
hyperon beam, which makes it possible to study the hyp-
eron-nucleus/nucleon interactions by scattering between
hyperons and nucleus in the materials of the beam pipe
and other supporting structures of the spectrometer.

Using this method, the cross sections of two hyperon-
nucleus interactions were measured at BESIII [18, 19].
Subsequently, the cross sections of the corresponding
hyperon-nucleon reactions were extracted from further
phenomenological calculations. In the near future, these
measurements will definitely benefit from improved tech-
niques and larger datasets at the proposed Super Tau-
Charm Factory (STCF) [41].

Next, we briefly introduce the expected measure-
ments at BESIII and analyze recently measured [19] reac-
tion J/y — AA, A — prt, A+°Be > X" +X asan ex-

ample.
II. EXPECTED MEASUREMENTS AT BESIII

A. BESIII detector and target

The BESIII detector is a magnetic spectrometer [42]
located at the Beijing Electron Positron Collider (BEP-
CII). The cylindrical core of the BESIII detector consists
of a helium-based multilayer drift chamber (MDC), a
plastic scintillator time-of-flight system (TOF), and a
CsI(T1) electromagnetic calorimeter (EMC), which are all
enclosed in a superconducting solenoidal magnet provid-
ing a 1.0 T magnetic field.

The BESIII detector exhibits excellent performance
on the reconstruction of long-lived particles, such as Kj
and ground-state hyperons (A, £*~, 2%~ and Q"), and nu-
merous studies on hyperon physics have been published
[43-48]. To date, BESIII has collected the largest data
samples worldwide within the designed energy region
[40].

As shown in Fig. 1, hyperon pairs or final states in-
cluding hyperons are produced by the collision of e*e™
inside the beam pipe. They fly in the direction of the mo-
mentum. Some of the hyperons reach the target (the beam
pipe and inner wall of the MDC) before decaying and
scattering elastically or inelastically with the nucleus in-
side the material. As an example at BESIII, A hyperons
may interact with Be nucleus inside the beam pipe and
subsequently transform to X* by exchanging a 7 or K
meson with these nucleus. Simultaneously, Be nucleus
transform to another nuclide. Fig. 2 shows an overview
and Feynman diagrams of examples of such processes,
without covering all possible meson exchanges.
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Fig. 1. (color online) Schematic of the hyperon-nucleus in-
teractions at the e*e™ collider represented by BESIII. Symbol
Y denotes the hyperon interacting with the nucleus and X rep-
resents the other particles produced in the e*e™ collision to-
gether with Y. Symbol Y’ denotes the particles produced in the
hyperon-nucleus interaction. The structure of the target is
shown at the top right corner. See Fig. 3 for a more detailed
view of the target.
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Symbol O represents the e*e™ collision. The horizontal
axis represents the direction of the e~ beam, whereas the
vertical axis (r-axis) represents the distance away from
the beam; r; and ¢ refer to the radius and thickness of
each layer, respectively. Hyperon Y is emitted in the dir-
ection of polar angle § and reacts with the nucleus in the
target materials at scattering point H, resulting in the pro-
duction of particle Y’; therefore, AB, BC,..., GH denote
the track length of Y in each layer, and their sum is the
total track length inside the target. The corresponding
density and molar mass are expressed in Egs. (1) and (2),
where pr and M refer to the density and molar mass, re-
spectively. The molar mass of the oil and carbon fiber in
the target is calculated by averaging the molar mass of C,
H, and O nucleus weighted by the number of each type of
nucleus inside the unit volume.

r; =3.148564 cm
Fig. 2.  (color online) (a) Overview and (b) Feynman dia- =315 cm = 0.001436 cm
gram of the interaction between A hyperons and Be nucleus. T e
** hyperons are produced in this process. r3=3.23cm 1, =0.08 cm
ry=3.31cm t; =0.08 cm
The structure of the target used in this study is presen- ri{ rs=3.37cm i t4=0.06cm €))
ted in Fig. 3. This target comprises multiple layers made re = 6.29 cm ts = 0.00995 cm
of gOld (197Au), berylllum (9Be), oil (mlz(j cmig = r; = 6.30 cm ts =0.1199 cm
84.923% : 15.077%), aluminum (*’Al), and carbon fiber Y = 642 0m £ = 0.00495 om
(mie s mug : mis = 69.7% : 0.61% : 29.69%), where m, de- ST T
notes the mass fraction of the corresponding nucleus. o =6.425 cm
|
p(Au)=19.32g-cm™,  M(Au) =197 g-mol ™", r<r<n
p(Be)=1.848 g-cm™, M(Be)=9g-mol™, h<r<n
p(0il)=0.81g-cm™,  M(Oil) =4.51 g-mol ™, r<r<n
or, M{ p(Be)=1.848g-cm™>, M(Be)=9g-mol™’, ra<r<rs 2

p(Al)=2.7 g-cm™3,
o(Carb) =1.57 g-cm™3,
p(Al)=2.7 g-cm™3,

B. Monte Carlo (MC) simulation of the signal processes

To thoroughly study the potential measurements at
BESIII, MC samples of the decays of J/y(¥(3686)) to
hyperon-antihyperon pairs YY (Y and Y represent the
hyperon and antihyperon, respectively), including £*X-,
T3+, 2080, 22+, 2920, and Q" Q, were generated.

The angular distribution can be described as [49, 50]

dN(Y)
dcosf

o 1 +ay,c08%0,

3)

where «, is the parameter of the angular distribution ex-
perimentally measured [43—48], and € denotes the angle

M(Al) =27 g-mol ™", Fo <r<ry
M(Carb) =12.09g-mol™', r <r<rg
M(Al) =27 g-mol ™",

between hyperon Y and the direction of the ¢* beam. Giv-
en that there are hyperons that decay along the track that
may not reach the beam pipe or the inner wall of the
MDC, the probability for hyperons from x, to be alive at
X is given by

4)

Mx—xo}
T b

where M, p, and 7 are the rest mass, momentum, and in-
trinsic lifetime of hyperon Y, respectively.

After considering the acceptance range of the BESIII
detectors, we obtained the ratio of surviving hyperons

P(x) =exp [—p
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Fig. 3. (color online) Target structure and path length of ¥

inside the target. The target comprises multiple layers made of
gold, beryllium, oil, aluminum, and carbon fiber. O is the in-
teraction point of the e*e™ collision. The horizontal axis rep-
resents the e*e™ beam line, whereas vertical axis (r-axis) rep-
resents the distance away from the beam line. The position
and thickness of each layer are listed in the figure, and the unit
is centimeter. @ is the angle between the incident Y and z-axis.

over the total number of hyperons produced by charmoni-
um decay, as shown in Fig. 4. Note that the starting
points of the curves of different hyperons are not the
same. This is because different hyperons have different
angular distributions when they are produced, and we
only registered hyperons with |cosd| < 0.8, according to
the acceptance of the BESIII spectrometer.

The reactions between the hyperon or antihyperon
and the material of the BESIII spectrometer were simu-
lated by the official physics list QGSP_BERTdefined by
Geant4 [51]; the hyperon was simulated by the Bertini in-
tra-nuclear cascade model [52, 53]. The implementation
of this model in Geant4 employs many of the standard in-
tra-nuclear cascade features developed by Bertini and Gu-
thrie [54]:

* Classical scattering without matrix elements;

* Free hadron-nucleon cross sections and angular dis-
tributions taken from experiments;

* Step-like nuclear density distributions and poten-
tials.

The second feature, in principle, allows the model to
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Fig. 4.
total number of hyperons produced by charmonium decay.

(color online) Ratio of surviving hyperons over the

Only hyperons with |cosf] < 0.8 were registered, according to
the acceptance range and detection efficiency of the BESIII
spectrometer.

be extended to any particles for which there exist suffi-
cient double-differential cross section measurements.
However, it hinders the simulation of processes that are
rarely measured through experiments, such as inelastic
scattering of the hyperon and nucleon.

In the simulations, the decay of the incident hyperon
has been considered using the measured lifetime. Thus,
the hyperons may decay before entering the target or in-
side the target if they do not interact with the target. This
is reflected in the calculations of Ly, as described in Sec.
II.C.

C. Method to study hyperon-nucleus
interactions at BESIII

As shown in Fig. 1, considering process ¢ — XY,
YA — Y’A’ (Y is the hyperon that interacts with nucleons,
X is the particle other than Y produced in the decay of
charmonia, Y’ is the new hyperon created by the hyperon-
nucleon interaction, and 4 and A’ are the nucleus inside
the target before and after the interaction), an experiment-
al method called "Double Tag" can be used for such
measurements.

Accurate information of hyperon Y that interacts with
the material, including momentum and direction, can be
obtained by reconstructing the other particles denoted as
X at the final state; this is called "single-tag". The yield of
the hyperons of interest Ngr is obtained by fitting the re-
coil mass distribution of X (RMy) defined as

RMX =V |pe+e’ _le > (5)

where p.+.- and py are the 4-momenta of e*e™ and X. The
RMy distribution reaches a peak around the intrinsic mass
of Y.
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The hyperon denoted as Y’, produced by hyperon-
nucleon scattering, is reconstructed using the final states
of its decay, which is called "double-tag". The yield of
Y’, denoted as Npr, is obtained by fitting the distribution
of the invariant mass of ¥’, which can be expressed as

NDT :LyO’(YA il Y’AI)'B(Y’)'ESigs (6)

where o(YA — Y’A’) is the cross section of the hyperon-
nucleon process of interest, 8(Y’) is the branching frac-
tion of the decay channel used to reconstruct Y’, and e,
is the selection efficiency of Y’ for the specific decay
channel obtained from the signal MC sample. To finally
determine the cross section of such processes, a specific-
ally defined variable Ly, named "effective luminosity," is
introduced to account for the properties of the target and
the behavior of the incident hyperon beam; it is estim-
ated using the signal MC samples described in Sec. I1.B.
The formula to calculate Ly is

NA’pT'l

LY:NST' M >

(7

where Ngr is the number of single-tagged events, N, is
the Avogadro constant, pr is the density of the target, / is
the average path length of the Y beam inside the target,
and M is the molar mass of the target. In this study, the
target comprises several layers made of different materi-
als. The total value of Ly is the sum of the contributions
of each layer; it is expressed as

L pfl

7
Ly=) Lj=Nst-Ny-

J J

where j is the index of the layers. Given that the contribu-
tions from each layer and cross section for different types
of nucleus are not the same, a ratio of the scattering cross
section (R, ) of incident Y for each type of material is ne-
cessary. According to previous studies, scattering occurs
mostly with single nucleons on the nucleus surface in the
case of low and intermediate energies [55-60]. If we
jointly define the effective proton number (Z.¢) and ef-
fective neutron number (N.¢) as the number of nucleons
inside a single nucleus that may interact with the incident
hyperon, R, becomes proportional to Z.; or N.s in the
scenario described above; it is expressed as R, o< Zg =

zZ Z
Af x AT a4 for the interactions with protons and R, o
3

Neg = A5 x i Ajfor the interactions with neutrons,
3

where A, Z, and N are the number of nucleons, protons,
and neutrons in a single nucleus. Taking J/y — AA,
A — pr*, AA — T*X as an example, the value of R, for

each layer is

R! =17.06,
R =10,
RE =0.789,
RIS RE=1.0, ©)
RS =2.253,
RS = 1.365,
R =2.253,

after normalizing the cross sections for each layer to the
largest component of target *Be. The ratio of the oil and
carbon fiber is the average of the ratios of C, H, and O
weighted by the total number of the corresponding nucle-
us inside the unit volume; it is expressed as

Rmixture _ RgNC +RgNH +R2N0 10
7 NC4NHiNO 7 (10)

where N¢, NH, and N© are the numbers of C, H, and O
nucleus inside the unit volume, respectively.

Average path length I inside each layer is calculated
using the signal MC sample of YA — Y’A’; in this calcu-
lation, the decay of the Y beam is taken into considera-
tion as described in detail in Sec. II.B. Thus, ¥ is calcu-
lated event by event as

Név[: e
§ T Jy
j i l

= MC °
Ngt

an

where N)C is the total number of single-tagged events in
the MC sample and [V refers to the path length of ¥ for
the iy, event inside the jy layer. As shown in Fig. 3, H
represents the scattering points of Y and the nucleus such
that AB, BC,..., GH jointly represent the track length of ¥
in each layer obtained from the true information of the
signal MC sample; it will be 0 if hyperon Y does not enter
the layer. The sum of all the segments is the total track
length inside the target. For J/y — AA,A — pr*,A°Be —
>*9Li, I/ becomes

'=0.10x1073 cm,
?=5.76x1073 cm,
P =5.68x107%cm,
PS F=421x107 cm, (12)
P =0.43%x1073 cm,
©=5.13%x1073 cm,
7"=0.21x10"3 cm.

The calculation of the average path length takes into
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account the decay of incident hyperons and the potential
interactions with the target material. Given that the rate of
hyperon-nucleus interactions is approximately 1% of the
hyperon decay inside the target, /; is slightly influenced
by the hyperon-nucleus interactions; however, in terms of
the final statistical uncertainty, this influence is negli-
gible.
Combining Egs. (8) and (11), Ly becomes

7 NMC

N ST j'lij )
L=No- Syl g
J

—c " A 13
e R (13)

i

Ly contains information about the number of incident
hyperons and the properties of the target. The beam in-
tensity, or single-tagged events Nsr, could not be accur-
ately obtained in this study, but can be obtained by fit-
ting data from BESIIIL. In this paper, we only report the
values of Ly/Nsr that can be calculated using MC
samples and are independent of the data of the BESIII ex-
periment.

Using the signal MC sample, we calculated the value
of L /Nsr for the A°Be — £*°Li reaction of each layer
using Eq. (14). For the whole target, we obtained
La/Ngr =23.59%10*'cm™2. The value of Ly/Nsr for oth-
er hyperons can be found in Table 1.

L) /Ner = 043 % 10*' cm™,
L% /Nst =7.12x10*' cm™2,
L3 /Nst =4.85x10%" cm™2,
L4 /Nst =521x10* cm™2, (14)
L3 /Ner = 0.58 x 10*! cm™,
L8 /Nst =5.12x10*! cm™2,
L1 /Nst =028 x 10*! cm™2,

L} /Nt

Using Eq. (6),0(YA — Y’A’) is expressed as

Table 1.

NDT 1
&ig- Ly B(Y")

(YA = Y'A") = . (15)

D. Expected signal yield at BESIIIT

To date, 10 billion J/y and 2.7 billion %(3686) events
have been collected at BESIII, in which tens of millions
of ground-state hyperons were produced. In addition to
precisely measuring rare decays of hyperons [61], inter-
actions between hyperons and nucleons can also be stud-
ied.

Using the MC samples described in Sec. II.B and the
method described in Sec. II.C, we estimated potential
measurements of hyperon-nucleus interactions at BESIII;
the results are listed in Table 1 assuming a cross section
of such interactions of 20 mb. Only hyperon pairs from
charmonium decay were calculated. Nevertheless, the
proposed method can also be applied to other hyperon-in-
volved multi-body final states. As many as several thou-
sand scattering events will occur at BESIII before recon-
struction. Assuming a reconstruction efficiency of differ-
ent hyperon-antihyperon pairs of 5% ~ 30%, there will be
a considerable quantity of signals for data analysis.

III. TOWARDS THE INTERACTIONS BETWEEN
HYPERON AND SINGLE NUCLEON

The raw measurements at BESIII are hyperon-nucle-
us instead of hyperon-nucleon cross sections, which are
more important for theoretical studies. The correspond-
ing hyperon-nucleon cross sections can be extracted by
calculating the effective nucleon number. In Sec. I1.C, we
describe a scenario to calculate the effective nucleon
number by assuming that the cross section is proportion-
al to the number of nucleons in the nucleus surface at low
and intermediate energies [55—60]. Using the ratio of the
effective nucleon number of multiple materials, denoted
as R, in Sec. II.C, and that provided by Ly/Nsr for each
layer, the measured cross section can be normalized to

Expected signal yields of hyperon-nucleus scattering at BESIII considering the acceptance range and selection efficiency of

BESIIL. ppax is the maximum momentum of the antihyperon, Bgecay is the branching fraction of the given decay channel of charmoni-
um, n}, is the number of tagged antihyperons reaching the beam pipe, By, is the branching fraction of the decay channel used in the
single-tag side, and Ly is the effective luminosity of the hyperon beam. The last column lists the expected signal yields for different
hyperons before reconstruction. Predictions for the Super Tau-Charm Factory (STCF) are also listed in this table.

Bdccay [62]

Pmax ¥ (x10° for BESII

Estimated signal

Hyperon ct/cm decay mode (x10-9) (MeV/e) or 108 for STCE) Bug (%) Ly /Nst(10?! - cm™2) ield (x10° for STCF)
A 7.89 JIy — AA 1.89+0.09 1074 26 64 23.59 5290
s+ 240 Jjy - e 1.07 £0.04 992 4 52 4.83 537
=0 8.71 J/ — EVEO 1.17+0.04 818 7 64 15.81 2368
=" 491 J/y — E7EY 0.97+0.08 807 3 64 7.44 924
o 246 y(3686) > Q Q" 0.056+0.003 774 0.05 43 2.61 3
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any type of nucleus, thereby achieving a natural integra-
tion with a single nucleon.

Next, we describe another scenario to calculate the ef-
fective nucleon number based on an assumption with a
quasifree scattering process. We consider the Eikonal Ap-
proximation [56, 63, 64], through which the connection
between hyperon-nucleus and hyperon-nucleon cross sec-
tions can be established via the effective nucleon number
calculated by

N(Z
Neg (Zegr) = % / p(r)eXp{—Fn / p(x,y,2)d7

_57/ p(x,y,z’)dz’}d3l‘, (16)

where N (Neg) and Z (Z.g) are the (effective) neutron and
proton numbers of the nucleus, respectively; A is the
atom mass; p is the nuclear density distribution with
A= [p(r)dr; and &; and &, are the isospin-averaged
cross sections of the elastic scattering between the two
particles of the incoming and outgoing states, respect-
ively. When the momentum of the incident hyperon is
larger, the hyperon-nucleon scattering cross section has
an approximate relationship with the hyperon-nucleus
cross section of oy_s = 0y_, X Neg(Zegr).

As an example, let us consider that the calculation of
the cross section of A+p—X*+n from the recently
measured cross section of A+°Be — X*+X by BESIII as
o=373+x47+3.5)mb [19]. The cross section for cor-
responding hyperon-nucleon scattering A+p — X" +n is
calculated using the scenario described in Sec. II.C as
oc(A+p—>2"+n)=(193+2.4+1.8) mb.

The nuclear density of °Be is expressed by the two-
parameter parameterization of the Fermi distribution as
follows [65]:

=i (Z) ma[-(5)]

where @ =0.63 fm and a = 1.77 fm; p, is the normaliza-
tion factor.

To calculate the effective proton number in the °Be
nucleus, there are two possible scenarios: using the exper-
imentally measured or the theoretically predicted elastic
cross sections of Ap and Z*n.

Based on the measurements reported in Refs. [12, 16],
we can approximately obtain the mean elastic cross sec-
tions, 6-(Ap) ~ (17.8+2.4) mb and G(Z*n) ~ 51.3*317 mb,
with a momentum of the A/X hyperon of approximately 1
GeV/c®. Hence, we can evaluate the effective proton
number to be Z.; €[1.1,2.1] for the A +°Be — =+ +°Li re-
action, where a large uncertainty arises mostly from the
measurements of the X-nucleon elastic cross section. Set-
ting a central value of 1.6 as a reference, the cross sec-

tion of Ap — X*n can be obtained, o(Ap — X*n) = (23.3+
3.7:1%) mb, where the first term of the uncertainty is
from the measured hyperon-nucleus cross section and the
second term from the uncertainty of Z.g.

These uncertainties are significantly reduced by con-
sidering the theoretically calculated values, in particular
o(Ap)=(17.0£25)mb and J(Z*n)=(28.5+2.5)mb,
from yEFT methods [28, 30]. Using the method de-
scribed above, one can estimate the effective proton num-
ber to be Z.¢ € [1.9, 2.2]. Setting a central value of 2.1 as
a reference, the cross section of Ap — X*n can be calcu-
lated to be o(Ap — X*n)=(17.8+2.87}%) mb, where the
first term of the uncertainty is from the measured hyper-
on-nucleus cross section and the second term from the
uncertainty of Z.g.

Regardless of whether the input elastic cross sections
from experimental measurements or theoretical calcula-
tions are used, the cross section of the A+ p — X* +n re-
action calculated under the scenario described above is
consistent with the cross section calculated under the
scenario described in Section II.C. In the future, the un-
certainty of the effective nucleon number will be reduced
by the proposed measurements of elastic cross sections
by BESIIL

IV. DISCUSSIONS

Differential cross sections of hyperon-nucleus interac-
tions can also be extracted using the proposed method.
For process ¢ — XY, YA — Y’A’, the momentum of Y can
be obtained by studying the recoiling system of tagged
hyperon X for which the angle between Y’ and Y is avail-
able. With the momentum of Y’, the differential cross
sections can be measured within the whole phase space if
the statistics are sufficiently large.

Furthermore, the polarization of hyperon pairs from
the decay of charmonia produced at BESIII has been
thoroughly studied both experimentally [43—48] and the-
oretically [49] in recent years. It has been found that the
polarization is a function of the polar angle of the hyper-
ons, which inspires us to hypothesize that the relation-
ship between the cross sections and polarization of the in-
cident hyperons can also be studied in detail by constrain-
ing the phase space. The polarization-dependent mechan-
ism for such processes will be of great significance to de-
termine the role of spin in hyperon-nucleon interactions
and the potential of strong interaction. Meanwhile, large
polarization effects have been observed in the hadrons
produced during the study of elastic hadronic scattering.
Similarly, the polarization of the produced hyperons in
hyperon-nucleon interactions will also be a possible top-
ic for research at BESIII by measuring the angular distri-
bution of the particles from the hyperon decay. This is ex-
pected to provide clues for the spin-involved interaction
between hyperons and nucleons.
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Similar to hyperons, the interactions between antihyp-
erons and nucleus/nucleons, including scattering and an-
nihilation, can also be studied by tagging the hyperons
produced in pair. This is expected to provide crucial in-
formation for theoretical research given that the measure-
ments of such processes presently available are not suffi-
cient at all.

In the near future, a new generation of e*e™ collider
with a super high intensity beam, called the STCF, will
provide a peak luminosity of 1x 10* cm=2s~! [41], which
is 100 times that of the present BEPCII. Notably, the un-
certainty of the center-of-mass energy will improve from
1.2 MeV to 20 ~ 80 keV if monochromatic collisions can
be realized at narrow resonances such as J/y [66]. Thus,
the cross section of J/y production will further increase
by a factor of 10. Given that there will be 102 ~ 103 J/y
produced at the STCF per year, 10°~ 107 scattering
events will be available, according to the calculations re-
ported in Table 1. This will significantly advance the re-
search on hyperon-nucleus/nucleon interactions and as-
sist in solving the puzzle of the internal structure of neut-
ron stars.

V. SUMMARY

This paper describes a method to study hyperon-nuc-
leus interactions by measuring the scattering between
hyperons from charmonium decay at BESIII and the nuc-

lei inside the dense matter in the beam pipe or other sup-
porting structures and, subsequently, extracting the cross
sections of the corresponding hyperon-nucleon interac-
tions from further phenomenological calculations. This
method, which was verified by recent measurements from
BESIII [18, 19], significantly broadens the frontier of
physics at e*e colliders. Thanks to the double-tag meth-
od, differential cross sections of such interactions can
also be measured, which will provide exciting hints for
research on the potential of strong interaction and the ori-
gin of color confinement. Similarly, kaon-nucleus/nucle-
on or antihyperon-nucleus/nucleon interactions can also
be studied using the same method and the abundant kaon
and antihyperon beams resulting from the decay of cer-
tain quantities of charmonia. In particular, at the STCF,
millions of events of hyperon-nucleus scattering and
many more events of kaon-nucleus scattering will occur.
This will definitely benefit the realization of precise
probes of hyperon-nucleon interactions and establish es-
sential constraints for the internal structure of neutron
stars and a unified model for baryon-baryon interactions.
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