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Hyperon-nucleon interactions are important to understand quantum chromodynamics and the so-
called “hyperon puzzle” of neutron star, but limited by the availability and short-lifetime of hyperon
beams, the progress of relevant research is very slow. A novel method is used to study hyperon-
nucleon interactions based on hyperons produced in the decays of 10 billion J /i events collected
with the BESIII detector at the BEPCII storage ring, being the target material is beam pipe. The
reactions %7 — Z~p, AN — 2*X, Ap — Ap and Ap — Ap have been observed and measured
at BESIII. This is the first study of hyperon-nucleon interactions in electron-positron collisions
and opens up a new direction for such research. Especially, antihyperon-nucleon scattering is
studied for the first time.
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1. Introduction

Scattering experiments of high energy particle beams bombarding target materials have been
of great significance for studying the inner structure of matter and the fundamental interactions.
More than 100 years ago, Rutherford bombarded a gold foil with « particles, leading to the proposal
of the atomic model [1], which opened the door for understanding the inner structure of atoms.
Later, protons and neutrons as the subconstituents of the atomic nucleus were discovered [2, 3],
likewise. Furthermore, different kinds of particle beams, such as 7*, K*, and p/p beams, led
to a series of breakthrough discoveries, like the first observation of the J/i charmonium and
excited baryons [4, 5]. Charged long-lived particle beams such as 7*/K* can be easily produced
in experiments. However, due to significant shorter lifetimes and higher masses, particle beams
of hyperons, such as A/X/E, are more difficult to produce experimentally and corresponding
experiments are rare [5], although measurements of these beams bombarding target material are
important for understanding quantum chromodynamics.

The study of hyperon-nucleon interaction is crucial for understanding the nature of neutron
star (NS) [6-10], which is a gravitationally bound massive object, primarily consisting of neutrons.
In the inner core of NS, it is believed that hyperons should appear because the nucleon chemical
potential is large enough to make the conversion of a neutron into a hyperon energetically favorable.
However, this conversion decreases the Fermi pressure of the system in the equation of state (EoS),
thus, reducing the mass that NS can sustain. Many EoS calculations lead, when hyperons are
present, to a maximum mass that is less than the mass of already-observed NS. This conflict is
known as the “hyperon puzzle” for NS [6—10]. There have been many theoretical attempts to resolve
this issue, which focus primarily on introducing a repulsive force, such as a combination of AN and
ANN interactions [10-12], to help to stiffen the EoS. Therefore, more hyperon-nucleon scattering
data are needed to constrain these calculations.

The hyperon-nucleon interactions have been studied by some theoretical models, including the
constituent quark model [13—16], the meson-exchange picture [17, 18], and the chiral effective field
theory approach [19-24]. However, the understanding of hyperon-nucleon interactions has a large
uncertainty due to the lack of relevant measurements [5]. So, more experimental measurements
are strongly needed to constrain the theoretical models, which can greatly promote the research in
this field. Compared to the hyperon-nucleon scattering, the situation is even worse for antihyperon-
nucleon scattering. Until now, no antihyperon-nucleon scattering data have been obtained due
to the absence of antihyperon sources [5], which results in the very limited related theoretical
research. Therefore, the realization of antihyperon-nucleon scattering measurements can fill this
gap, and new measurements will motivate more effort for the understanding of the antihyperon-
nucleon interaction. More importantly, antihyperon-nucleon scattering data can further constrain
the hyperon-nucleon interaction theory from another angle.

The BESIII detector records symmetric e*e™ collisions at the BEPCII collider [25]. Details
of the BESIII detector can be found in Ref. [26]. With a sample of (1.0087 + 0.0044) x 10'°
J/y events collected by the BESIII detector [27], substantial hyperons can be produced in the
decays of J/. The hyperons can interact with the material of the beam pipe adjacent to the e*e”
beam, providing a novel source to study the hyperon-nucleon interactions [28, 29]. Especially, the
antihyperon-nucleon interactions can also be studied using the new method. The material of the
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beam pipe is composed of gold (!°” Au), beryllium (°Be) and oil ('>C :'"H= 1 : 2.13), as shown in
Fig. 1. In this proceeding, the results related to the reactions Z%2 — E~p, AN — Z*X, Ap — Ap
and Ap — Ap are reported [30-32], where N and X represent nucleus and anything, respectively.

X

Qil (C, H)

0.001436 Au
3.148564 ------ S

e* e -
0 z

Figure 1: Schematic diagram of the beam pipe, the length units are centimeter (cm). The z-axis is the
symmetry axis of the multilayer drift chamber, and the x-axis is perpendicular to the e*e~ beam direction.

2. First study of reaction Z°72 — Z~p at an electron-positron collider

Using (1.0087 + 0.0044) x 10'° J /i events collected with the BESIII detector at the BEPCII
storage ring, the process 2'n — Ep is studied, where the Z° baryon is produced in the process
J /¥ — E°E0 and the neutron is a component of the *Be, '2C and '°” Au nuclei in the beam pipe.
The signal process considered in this work is J/y — 2020, 20
O — vy, as shown in Fig. 2. The analysis method is that we use Z° to tag

the event and require the recoiling mass to be in the Z° mass region, then reconstruct 2~ and p in

n—>Ep E ->Ar,A—> prn_,
=20 5 A0 A > prt, m
the signal side.

Figure 3 shows the M (An™) distribution from data after final event selection, a clear £~ signal

—_

is observed with a statistical significance of 7.1c, corresponding to the reaction 22 — Zp.
The cross section of the reaction 2 + °Be — Z~ + p + ®Be is determined to be o (E° + “Be —
E4+p+ 8Be) = (22.1 £ 5.3t £ 4.5¢y5) mb at the =0 momentum of about 0.818 GeV/c. If the
effective number of reaction neutrons in a °Be nucleus is taken as 3 [33], the cross section of
2% — B~ p for a single neutron is determined to be o (2% — E7p) = (7.4 + 1.84 + 1.54ys) mb,
consistent with theoretical predictions in Refs. [15, 20, 22]. Furthermore, we do not observe any
significant H-dibaryon signal in the Z~ p final state for this reaction process [34, 35]. This work is
the first study of hyperon-nucleon interactions in electron-positron collisions, and opens up a new

direction for such research.
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Figure 2: A complete topology diagram of the signal process E’n — E7 p.
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Figure 3: Distribution of M(An~) in data (dots with error bars). The red solid curve is the fit result,
which includes signal component and background component. The blue dashed curve is the background
component.

3. First measurement of AN — XX with A from ete™ — J/y — AA

Using an e* e collision data sample of (1.0087+0.0044) x 10'° J /i events taken at BESIII, the
process AN — X*X is studied for the first time. The £* hyperons are produced by the collisions of
A hyperons from J /¢ decays with nuclei in the material of the BESIII detector. The signal process
in this work is J /¢y — AA, AN — 2*X, 2+ — pn°, 7% — yy, A — pr*. The analysis method is
that we use A to tag the event and require the recoiling mass to be in the A mass region, then only
reconstruct X* in the signal side.

Figure 4 shows the M, ;o0 distribution where a clear £* signal is observed, corresponding
to the reaction AN — X*X. The total cross section of A + °Be — X* + X is measured to be
o(A+°Be — Xt +X) = (37.3+4.7a%3.55ys) mb at the A momentum of about 1.074 GeV/c. Taking
1.93 as the ratio of the cross section of A+°Be — X+ X and Ap — X*X by assuming the reaction
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is dominated by the interaction of a A baryon with a single proton on the nucleus surface, the cross
section of Ap — X*X is determined to be o (Ap — Z*X) = (19.3 £ 2.4, + 1.85y5) mb. By virtue
of charge independence, the cross section of Ap — *n is just twice that of Ap — Xp [36], the
measured result is consistent with previous experiments regarding the cross section measurements
of Ap — X%p [37]. The result will be valuable for improving the understanding of the potential of
strong interaction and the origin of color confinement, as well as providing important constraints
for the unified model for baryon-baryon interactions.

1000 -
> bty
S Y ST
S 500 - s s
- I T
5 I
K I
1.15 1.2 1.25

Mp 70 [GeV/Cz]

Figure 4: The M, o distribution with the fit result overlaid. The black dots with error bars represent the
data. The blue solid line is the fit result, which includes signal component and background component. The
dashed red line is the signal and the dot-dashed green line is the background. The red arrows indicate the
signal range.

4. First study of antihyperon-nucleon scattering Ap — Ap and measurement of
Ap — Ap

As shown in Fig. 1, there is hydrogen in the cooling oil of the beam pipe, which are nearly
static protons. Therefore, utilizing the hydrogen as the target material, the information on the
(anti)hyperon-proton scattering can be extracted directly. Using (1.0087 + 0.0044) x 10'° J/y
events, the reactions Ap — Ap and Ap — Ap are studied, where the A/A hyperons are produced
in the process J/y — AA and reconstructed via the decays A — pn~/A — pr*. The cross
sections and differential cross sections of the two reactions are all measured.

For the signal reactions Ap — Ap and Ap — Ap produced from the decay J/iy — AA, the
momentum of the incident A/A is about 1.074 GeV/c, so the center-of-mass energy for the incident
A/A and a static p is about 2.243 GeV/c?. Figure 5 shows the M (Ap) and M (Ap) distributions from
data after the final event selection. Clear enhancement is seen around 2.243 GeV/c?, corresponding
to the reactions Ap — Ap and Ap — Ap, respectively.

The measured differential cross sections are listed in Table 1 and shown in Fig. 6. We can see
there is a slight tendency of forward scattering for Ap — Ap, while a strong forward peak for Ap —
Ap is observed. The different behaviors indicate that the reaction mechanisms of these two processes



Recent results on hyperon-nucleon interactions at BESIII Jielei Zhang

o, 301 —— Data 8, 301 —— Data
% [ — Fitresult % [ — Fitresult
= 20 ... Background = 20 ... Background
™ L (92 L
o | o |
S 101 o 101
> F > L
Ll L
L R ) L . L‘ v — - L R ) L I v —— -
£l5 2.2 2.25 2.3 £l5 2.2 2.25 2.3
M(Ap) (GeV/c?) M(Ap) (GeV/c?)

Figure 5: Distributions of M(Ap) (left) and M(Ap) (right) of data (black dots with error bars) for the
reactions Ap — Ap and Ap — Ap, respectively. The red solid curve is the total fit result and the blue
dashed curve is the background component.

are different [38, 39]. Furthermore, the cross sections in —0.9 < cosf, 5 < 0.9 are measured to
be o (Ap — Ap) = (12.2 £ 1.645 £ 1.15y) mb and o-(Ap — Ap) = (17.5 + 2.1 + 1.64y5) mb
at the A/A momentum of about 1.074 GeV/c. If we make an extrapolation for the regions of
|cosf,, 4l > 0.9 for the differential cross sections of Ap — Ap and Ap — Ap, the total elastic
cross sections integrated over the full angular region are determined to be o:(Ap — Ap) =
(14.2 £ 1.84 £ 1.35y5) mb and o (Ap — Ap) = (27.4 + 3. 244 * 2.55y5) mb. These constitute the
first result of antihyperon-nucleon scattering, and will serve as input for the theoretical understanding
of the (anti)hyperon-nucleon interaction.

Table 1: Relevant parameters for the differential cross sections, where cost, /3 is the scattering angle, Nl.Sig
is the number of signal events, ¢; is the efficiency, Z—g is the differential cross section, and 7 represents the
different cosl /5 bins. The first value in parentheses is for Ap — Ap, and the second for Ap = Ap.

costl & Nfig € (%) 42 (mb/sr)
[-0.9,-0.7]  (5.0*%5,0.0%}() (6.94,4.93)  (1.7*92,0.0*0-3)
(=0.7,-0.5]  (1.0%54,0.0*50)  (14.13,10.44)  (0.2%02,0.0*0:3)
(=0.5,-0.3]  (1.0*{4,1.0%53)  (17.32,13.27) (0.2*97,0.2*93
(=0.3,-0.1]  (11.0%37,0.0*,t)  (17.74,14.66)  (1.5%03,0.0*0:2)
(-0.1,0.1]  (6.9739%,0.07))  (19.11,15.79)  (0.9*94,0.0702)
(0.1,0.3]  (5.0%%6,2.011%)  (19.53,16.82) (0.6%33,0.3*%3)
(0.3,0.5]  (12.0%38,7.013%)  (19.21,17.68) (1.5793,1.0%04)
(0.5,0.7]  (13.0*33,25.0%3) (19.71,17.60) (1.6*9,3.4%07)
(0.7,09]  (6.0*38,37.0*%3)  (9.80,9.93)  (1.5791,9.0*!)
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Figure 6: Differential cross sections of the reactions Ap — Ap (left) and Ap — Ap (right) for the A/A
momentum of around 1.074 GeV/c.

5. Summary

In summary, the hyperon-nucleon interactions are studied using a novel method at BESIII. The
hyperons are produced in the decays of J/i events and the beam pipe acts as the target material.
The reactions 22 — Z~p, AN — £*X, Ap — Ap and Ap — Ap are observed and measured
at BESIII [30-32]. These new results enhance the understanding of hyperon-nucleon interactions
and further help to understand baryon-baryon interactions in a unified perspective. This first study
of hyperon-nucleon interactions in electron-positron collisions opens up a new direction for such
research. Especially, antihyperon-nucleon scattering is studied for the first time.

Using the same method, other (anti)hyperon-nucleon reactions can also be studied at BESIII, so
more interesting results will come out soon. Furthermore, we may be able to design targets of specific
materials to study (anti)hyperon-nucleon interactions in future super tau-charm facilities [40, 41].
With more statistics at that time, we can also study the momentum-dependent cross section or
differential cross section distributions based on the (anti)hyperons from multi-body decays of J /¢
or other charmonia.
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