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Feasibility study of measuring interaction cross sections of hypernuclei pro-
duced in projectile fragmentation reactions with WASA-FRS setup

Yiming Gao (= 7R0%)"237
Ayumi Kasagi**® Engiang Liu (XI| &5%)">

Yoshiki K. Tanaka’ Vasyl Drozd*’

Manami Nakagawa’

Samuel Escrig®  Yan He ({a]7H&)*’
Takehiko R. Saito**’

Hiroyuki Ekawa’
Christophe Rappold®

Ryohei Sekiya'™'" He Wang (E##)'? Ayari Yanai*'> Xiacohong Zhou (Ji/N4T)!

'Institute of Modern Physics, Chinese Academy of Sciences, 730000 Lanzhou, China
“High Energy Nuclear Physics Laboratory, RIKEN, 351-0198 Wako, Saitama, Japan
*School of Nuclear Science and Technology, University of Chinese Academy of Sciences, 100049 Beijing, China
“University of Groningen, 9747 AA Groningen, The Netherlands
5GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, 64291 Darmstadt, Germany
“Instituto de Estructura de la Materia - CSIC, 28006 Madrid, Spain
School of Nuclear Science and Technology, Lanzhou University, 730000 Lanzhou, China
$Graduate School of Engineering, Gifu University, 501-1193 Gifu, Japan
°Graduate School of Artificial Intelligence and Science, Rikkyo University, 171-8501 Tokyo, Japan
"Department of Physics, Kyoto University, 606-8502 Kyoto, Japan
"RIKEN Nishina Center for Accelerator-Based Science, RIKEN, 351-0198 Wako, Saitama, Japan
"2Saitama University, 338-8570 Sakura-ku, Saitama, Japan

Abstract: A novel method is proposed to measure interaction cross sections of short-lived hypernuclei with the

WASA-FRS experimental setup at GSI and FAIR. The interaction cross sections of hypernuclei, produced in pro-

jectile fragmentation reactions at relativistic energies, can be determined from their production point distribution

within a target. The feasibility of such a measurement is evaluated through detailed Monte Carlo simulations. The

results indicate that an aimed uncertainty on the order of 10% can be achieved for a case of hypertriton, demonstrat-

ing the potential of this method as a new tool for studying matter radii and possible hyperon halo structure of hyper-

nuclei.
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I. INTRODUCTION

The interactions among baryons under the flavor
SU(3) symmetry, which includes up, down, and strange
quarks, represent a fundamental aspect of strong interac-
tion. While interactions between ordinary nucleons have
been experimentally studied in very detail, knowledge of
those involving at least one or more hyperons remains
limited [1]. Only a small amount of experimental data is
available for hyperon-nucleon scattering and even no data
for hyperon-hyperon scattering, as the relatively short
lifetimes of hyperons, typically on the order of 107'%s,
make such direct experiments challenging. In this con-
text, experimental investigations of hypernuclei, espe-
cially single and double A-hypernuclei, have played an
important role in exploring hyperon-nucleon and hyper-
on-hyperon interactions.

The hypertriton (3 H), consisting of a proton, a neut-
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ron, and a A hyperon, is the lightest known hypernucleus,
serving as a benchmark in the field of hypernuclear phys-
ics [2]. Extensive efforts have been and are being under-
taken to determine its properties such as the A binding
energy and lifetime with different experimental ap-
proaches [3—7]. Earlier experimental studies using nucle-
ar emulsion techniques in 1970's obtained the A binding
energy to the deuteron core of 0.13 +0.05 MeV [8], which
has served as a crucial input for theoretical calculations of
hypernuclei [9, 10]. Recent results from ultra-relativistic
heavy-ion collision experiments evaluated the binding en-
ergy to be 0.41+0.12(stat.)=0.11(syst.) MeV [11] and
0.102+0.063(stat.)+0.067(syst.) MeV [12] by the STAR
and ALICE collaborations, respectively. Further efforts to
achieve unprecedented precision on the binding energy
are underway, including the J-PARC E07 experiment em-
ploying machine-learning techniques [13, 14] and the de-
cay-pion spectroscopy experiment at the MAMI facility
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[15].

One of the intriguing features of hypertriton is its ex-
pected A-halo structure, arising from the weak binding of
the A hyperon to the deuteron core. A large root-mean-
square matter radius of ~ 5 fm has been predicted for a A
binding energy of 0.13 MeV, while theoretical studies
have shown a strong dependence of the radius on the
binding energy [16, 17]. So far, there has been no direct
measurement of the matter radius of 3H, due to experi-
mental challenges originating from its low production
rate and short lifetime. Nevertheless, if realized, such
measurements would offer valuable new insights into the
structures and underlying interactions of hypernuclei.

The nuclear matter distribution of short-lived un-
stable nuclei has been extensively studied, leading to the
unveiling of exotic structures such as nuclear halos and
skins [18—20], since the pioneering discovery of the two-
neutron halo in '"'Li [21, 22]. The interaction cross sec-
tion, defined as the sum of the cross sections for all reac-
tions that change the identity of the projectile (i.e., the
number of protons or neutrons), provides a measure to
deduce the root-mean-square matter radius through the
Glauber model reaction theory. The transmission method
[23] is employed to experimentally determine the interac-
tion cross section, where the ratio of the number of incid-
ent projectiles on a target to the number of outgoing unre-
acted projectiles is measured. This technique requires in-
flight separated and identified beams of the nuclei of in-
terest, which can be done using fragment separator facilit-
ies [24, 25]. For instance, the interaction cross sections of
3'Ne [26] and »F [27] were measured with BigRIPS [28]
at RIBF and 20 [29] with FRS [30] at GSI. However,
this method is practically challenging in the case of hy-
pernuclei due to their very short lifetimes, typically on
the order of a few hundred picoseconds. Alternative ap-
proaches are therefore required to probe hypernuclear in-
teraction cross sections.

In order to realize experimental studies of 3H halo
structure, we propose a novel method for measuring inter-
action cross sections of hypernuclei produced via pro-
jectile fragmentation reactions with relativistic heavy-ion
beams. The core concept of the method is to utilize the
reconstructed production point distribution of 3H within a
production target, taking advantage of in-flight hyper-
nuclei and the WASA-FRS experimental setup at GSI
and FAIR [31]. This approach is complementary to the
forthcoming experiment proposed by the R3B collabora-
tion at GSI and FAIR with the HYDRA experimental
setup [32], which focuses on measuring decay-vertex dis-
tributions in two independent measurements with differ-
ent target thickness setups.

In this article, we investigate the feasibility of the pro-
posed experiment for measuring hypernuclear interaction
cross sections using Monte Carlo simulations. First, in
Section II, we elaborate on the principle of the proposed

method. Next, in Section III, we introduce the experi-
mental method utilizing the WASA-FRS hypernuclear
experimental setup at GSI and FAIR. In Section 1V, we
discuss the feasibility of extracting the interaction cross
section and possible improvements to the experimental
setup for future experiments. Finally, a summary is
provided in Section V.

II. EXPERIMENTAL PRINCIPLE

In the present investigation, we aim at determining
the interaction cross section of 3H with a carbon target,
hereafter referred to as Ticm)» with a relative uncertainty
of the order of 10%. The essence of the proposed method
is to deduce TicH) from the reconstructed production
point distribution’ of 3H in the target. The interaction
cross section can be extracted from a slope of the produc-
tion point distribution, since the slope reflects the attenu-
ation of 3H along the target material due to its interac-
tion with target nuclei. Detailed principle is formulated in
this section.

In the WASA-FRS hypernuclear experiment, relativ-
istic °Li ions at 2 GeV/u impinge on a fixed carbon target
in order to produce in-flight 3 H. The 3H hypernuclei are
produced via projectile fragmentation followed by captur-
ing a A hyperon created in a hot participant region of the
collision. Since the forward emitted 3 H has a similar ve-
locity to the primary beam, the decay length of 3H in the
laboratory frame is of the order of 20 cm due to the
Lorentz boost. The invariant-mass spectroscopy method
is employed to identify events associated with 3H, by
measuring momenta of all the decay products, especially
7~ and *He via the mesonic two-body decay mode.

The production point of the 3H within the target ma-
terial can be reconstructed by measuring light charged
particles (e.g., n*, K*, and proton) produced in the
primary reaction. Since those particles created in the par-
ticipant zone of the collision have a broad angular distri-
bution, in contrast to the 3H measured at forward, their
trajectories in combination with the incident beam track
constrain the production point of 3H with a reasonable
resolution. A simulation with Ultra-relativistic Quantum
Molecular Dynamics (UrQMD) model [33, 34] predicts
the average number of emitted particles to be 4.7 in coin-
cidence with the forward 3H. This multiplicity enables
efficient reconstruction of the production point, as
demonstrated in a detailed simulation in Section I'V.

The reconstructed production point distribution
PPD,..,(z) for the 3H-identified events is proportional to
the following two factors in terms of its z dependence
within the target material: (i) the real production point
distribution PPD,;(z) and (ii) survival probability Pg,.(z)
of 3H from the production point z to the exit surface of
the target. Here, we adopt the z axis along the direction of
the primary beam with z=0 and z=zr being at the en-
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trance and exit planes of the target, respectively. Other
factors such as the branching ratio of the 3H— n~+>He
decay mode or the survival probability of 3H after the
exit of the target are common for different production
points z and thus do not affect the following discussions
based on the z dependence.

The first factor PPD,(z) includes all events associ-
ated with the hypertriton production and is expressed by

PPDyy(2) = dNs y/dz

_ —no, 62
_n.o—P(?\H).NO.e I( L|)‘,

(M

where dNsy represents the number of 3H produced in a
region [z,z+dz]. The symbol n denotes the target particle
density, and N, for the initial number of the primary °Li
beam particles at the entrance of the target (z=0). opay,
is the production cross section of the 3H in the °Li+">C
reaction, which was evaluated to be 3.9+ 1.4 ub in the
former HypHI experiment at GSI [35]. oL represents
the interaction cross section of °Li with a carbon target,
which was measured to be 688+10 mb at 790 MeV/u
[21]. Here, we assume the same value in the present. in-
vestigation, as the averaged nucleon-nucleon total cross
section is nearly the same for high energies [36].
However, it should be noted that a measurement of oy,
directly at the energy of interest would be important for
future precise investigations in order to avoid uncertain-
ties arising from the energy dependence of the nuclear-
nuclear interaction cross sections.

The second factor, survival probability Py (z), is giv-
en by

—| no, 3 +%)(z -2)
Pm(z)=e( RS A ©)

where the parameters £ and y are the velocity of the 3H
relative to the speed of light ¢ and the Lorentz factor, re-
spectively. 7 represents the 3 H lifetime, which has the av-
eraged value of 237+ 10 ps [12, 37, 38].

From Equations (1) and (2), the z-dependence of the
reconstructed production point distribution PPD,,(z) is
given as

PPDreco(Z) o PPDall(Z) . Psurv(Z)

1
e (""'uil—n* Ber ~MO 6L ) Z_

3)

Fig. 1 (a), (b) and (c) show PPD,y(z), Ps.(2), and
PPD,.,(z) for three different cases of o) at 0, 0.65, and
0.85 b respectively. Note that oz, = 0.65 and 0.85 b ap-
proximately correspond to pred/icted values for the A-
binding energy of 0.41 and 0.13 keV, respectively, as cal-
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Fig. 1.  (a) Illustration of production point distribution

PPD,y(z) along the beam direction z. (b) Survival probability
Psury(2) of f\H from the production point z to the exit of the tar-
get (z=3 cm). Colors correspond to differently assumed inter-
action cross sections of Tiow = 0 b (black), 0.65 b (red), and
0.85 b (blue). (c¢) Reconstructed production point distribution
PPD.co(z). The solid curves represent results only with the dir-
ect 3H production, and the dashed curves include a contribu-
tion of the two-step process with intermediate “He.

culated in Ref. [32]. Here, we assumed a diamond target
(n=1.6x10% c¢cm™) with a thickness of z; =3 c¢m based
on the experimental setup of the first WASA-FRS experi-
ment in 2022. The difference of 0.2 b, from oem = 0.85 b
to 0.65 b, leads to a detectable difference in the exponen-
tial slope of about 43%. The uncertainties associated with
01y and 7 results in errors of 10 mb and 12 mb, respect-
ively. Therefore, the aimed uncertainty of o¢w ON the
order of 10% can, in principle, be achieved with this
method, provided that a sufficient amount of statistics is
accumulated and other experimental systematic errors are
well controlled. Details of these conditions are discussed
in Section V.

Furthermore, we evaluate the influence of the two-
step strangeness production, which refers to the produc-
tion of 3H via other secondary fragments. Such pro-
cesses introduce an additional term of the form

O px
PPDY(2) = § Nona pix 3 gy ———>—
X MO — O gL

(e—o'l(f,u)nz _ e—o'l(x)nZ)
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to be added in PPD,(z) in Equation (1), where opx),
O1x), and O px 3w Tepresent the production cross section
of an intermediate fragment X from the primary beam, the
interaction cross section of X, and the 3H production
cross section from X, respectively. The dashed curves in
Panels (a) and (c) illustrate the effects due to the second-
ary 3H production via intermediate *He, which we estim-
ate to have the dominant contribution. Here, we assumed
o;(*He) = 503 mb from Ref [39], op(*He) =239 mb es-
timated by the Liége Intranuclear Cascade model
(INCL++) [40, 41], and Tpxoim = 3.0 ub with Dubna
Cascade Model (DCM- QGSM) [42]. While the total
amount of the reconstructed 3 H due to this two-step pro-
cess is only 4%, it predominantly contributes to larger z
in PPD,,(z) and affects the overall slope of the distribu-
tion, as displayed in Panel (c) of Fig. 1. This leads to a bi-
as in the determination of Oam as large as 28%, if the
two-step process contribution is ignored in the extraction
of o3y). Thus this contribution can not be overlooked.
Its evaluation and correction will become important for
future precise measurements.

III. EXPERIMENTAL SETUP

The experiment utilizes the WASA-FRS setup integ-
rating the central part of the Wide Angle Shower Appar-
atus (WASA) [43] into the Fragment Separator (FRS) at
GSI [30]. The general layout is shown in the top panel of
Fig. 2. A °Li beam at a relativistic energy of 2 GeV/u ac-
celerated by the synchrotron SIS-18 is transported to the
F2 focal plane of FRS, where a '?C target and the WASA
detector system are installed. Light hypernuclei are pro-
duced in a projectile fragmentation reaction with the tar-
get, and particles emitted from mesonic two-body decay
(e.g., n~ and *He from hypertriton) are measured to ob-
tain the invariant-mass and decay vertex distributions.
The F2-F4 section of FRS is operated as a high-resolu-
tion spectrometer to analyze the momentum of the for-
ward residue (e.g., *He), while the 7~ is measured with
WASA and additional detectors in F2 with a large solid
angle. The lower panel of Fig. 2 shows a detailed config-
uration at F2 [44] and a typical event topology. The tar-
get is placed at the entrance of the WASA detector, which
consists of a superconducting solenoid magnet [45], Mini
Drift Chamber (MDC) [46], Plastic Scintillator Barrel
(PSB) and its end-caps (PSFE, PSBE) [47], and an elec-
tromagnetic calorimeter [48]. In addition, a compact start
timing counter [49] and sets of tracking detectors based
on scintillating fibers with a diameter of 0.5 mm
(UFT1-3, MFT1-2, DFT1-2) are installed for the hyper-
nuclear experiment. The upstream detectors UFT1 and
UFT2 measure the trajectory of the primary °Li beam,
and the downstream ones DFT1 and DFT2 are used for
the forward heavy residue. The track of the decay 7~ is
reconstructed by UFT3, MFT1, and MFT2 in combina-

multi-wire
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TA quadrupole magnet \
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beam from & Fo 2
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dipole magnet =) \» plastic
scintillators

WASA central detector,
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Fig. 2. (Top panel) Schematic view of the WASA-FRS ex-

perimental setup. The WASA central detectors are integrated
into the fragment separator FRS. A beam from the synchro-
tron SIS-18 impinges on a target at F2. The F2-F4 section of
FRS is used to analyze emitted particles at forward 0° which
are measured with plastic scintillators at F3 and F4 and with
multi-wire drift chambers at F4. (Bottom panel) Detailed view
of the experimental setup at F2 for the WASA-FRS hyper-
nuclear experiment. A diamond target, a start timing counter,
and scintillating-fiber tracking detectors are installed in addi-
tion to the WASA central detector system. A typical event to-
pology of a hypertriton decay into 7~ and *He is also shown.
The dashed lines indicate light charged particles emitted from
the primary reaction. See the text for details.

tion with MDC. Furthermore, other charged particles
emitted in the primary reaction are recorded by UFT3,
MFT1, and MFT2, which provide information on the pro-
duction vertex position essential for the present investiga-
tion. High-granularity of these fiber trackers fullfillthe re-
quirement for reconstructing the production point under
high particle rate and multiplicity conditions.

The first pilot run of the WASA-FRS hypernuclear
experiment was performed in 2022 with the goal of pre-
cise determination of the lifetime of 3H and % H and of
neutral 3n signals in order to solve puzzles raised by the
former experiments [38, 50, 51]. Data for the hypertriton
channel were accumulated for about 41 hours with the
FRS magnetic rigidity set for *He. The analysis of the ex-
periment data is currently in progress [44, 52, 53].

IV. FEASIBILITY INVESTIGATION

A. Original WASA-FRS-HypHI Setup

In order to investigate the feasibility of measuring the
production point distribution with the WASA-FRS Hy-
pHI experimental setup, we performed Monte Carlo sim-
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ulations using a Geant4 toolkit [54—56]. Events are gen-
erated at different z positions in the target following the
distribution defined by Equation (1), where a hypertriton
and light charged particles are produced based on a simu-
lation of the °Li+"2C reaction at 24 GeV with the Ur-
QMD model and kinematical cuts described in Ref. [57].
The hypertriton is propagated in the target assuming the
survival probability given in Equation (2) with o; =0.85 b,
and then its mesonic two-body decay 3H — 7~ +>He is
simulated.

The hypertriton is identified by invariant-mass spec-
troscopy at the first step of the analysis. The momentum
of the n~ is obtained with a resolution in a range of
6-10% by fitting trajectories recorded in MFT1, MFT2,
MDC, and PSB or PSFE with a Kalman filter algorithm
[58] or by employing a machine learning technique with
graph neural network [59]. The *He momentum is ana-
lyzed by the forward spectrometer FRS with a high resol-
ution of about 1x107*, operated at a magnetic rigidity of
12.5 Tm. These lead to the invariant-mass resolution of
3.2 MeV/c?[2, 59], which allows us to identify the hyper-
triton events for subsequent analysis. The above-men-
tioned UrQMD simulation predicts a kinetic-energy of
5.93+0.29 GeV within one standard deviation for the
produced projectile-like hypertritons, and 5.67+0.16 GeV
for the hypertritions identified via coincident detection of
7~ and *He by WASA and FRS, respectively, based on
Geant4 and ion-optical transport [60] simulations. Fur-
thermore, we select events with a decay vertex position
more than 4 cm behind the target; as in the experimental
analysis.

Next, the production point of 3H isanalyzed by us-
ing the trajectories of the primary °Li and the produced
light charged particles in the reaction except for 3H and
its decay particles. The SLi track is reconstructed from
hits recorded in the upstream tracking detectors UFTI
and UFT2, while the tracks of the light particles are ob-
tained by UFT-3, MFT-1, and MFT-2. We eliminated the
light particles with number of hitted fiber layers less than
5 to enhance the z resolution of the production point. A
topological vertex reconstruction algorithm [61]is em-
ployed to determine the production vertex from the adop-
ted trajectories and their covariance matrices.

The resolution and efficiency of the production point
reconstruction are evaluated to characterize the analysis
performance. We observe the residual distribution of the
production point z, which is defined by a difference
between a true production point z and reconstructed one,
has a shape with a long tail structure that can be fitted by
a Cauchy function. The top panel in Fig. 3 shows the ob-
tained z resolution defined by its full width at half max-
imum as a function of the z coordinate. The resolution
varies from 6 mm to 4 mm depending on the z position in
the target. As displayed in the bottom panel, a z-depend-
ent trend is found also for the efficiency of the produc-

T8 ]
E oo - ]
= ° 00000000000000000000 Original WASA-FRS setup ]
T - 9099604006400, R
=z 51 00500600004, 1
R 4* 0000° ]
c f i
s SF - . =
S 2 ieerenenennns Optimized experimental setup _]
8 1; . o---o.u-.-..--o.....-uo.--..--..-...".;
[0} - 4
i
1.0 —
| eeecccoececececscccecce®occcgeocet®estocecccc®ocococe |
g L ]
$ 09l ’
gt 00001
hj L 00000000oooooo00 a
- o 00000000000000 4
00,000000
08 ;Ooooooooooo 00°00 ;
0 10 20 30
Production point z [mm]
Fig. 3. (Top panel) Evaluated resolution for reconstructing

the production point as a function of the production point z,
based on Monte Carlo simulations. (Bottom panel) Evaluated
efficiency of production point reconstruction as a function of
the production point z. Open and closed circles represent res-
ults obtained with the original WASA-FRS setup (Section IV
A) and the optimized setup (Section IV B), respectively.

tion point reconstruction, which is defined as the probab-
ility of reconstructing the production point, under the
condition that the hypertriton was identified through the
detection of *He and n~. Such z dependence is explained
by interactions of the produced light particles within the
target and geometrical acceptance.

Reconstructed production point distribution with the
simulated data is presented by the blue line in Fig. 4 for a
total number of 10* hypertriton-identified events. The
distribution exhibits a similar slope to the true curve,
shown by the black line, assumed in the simulation, but

\
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300—

+ Optimized setup

£ 200
f
3
o

100

A
Production point z [mm]
Fig. 4. The PPD histogram: The black filled histogram rep-

resents the input PPD of this simulation. The blue filled histo-
gram depicts the PPD measured with the original WASA-FRS
HypHI setup, where beam product tracks are reconstructed by
UFT3, MFT1, and MFT2, and the production point is identi-
fied using the vertex finding algorithm. The red filled histo-
gram represents the PPD measured with a pair of larger UFT3
(UFT3 and UFT4) using the same analysis procedure.
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its detailed shape is modified due to the z-dependent res-
olution and efficiency. Therefore, the distribution needs
to be fitted by the exponential function in Equation (3)
convoluted with the z-dependent resolution and scaled by
the z-dependent efficiency curve, as evaluated in Fig. 3.
The value of the interaction cross section thus fitted is
o e = 0.860+0.092 b, which is consistent with the in-
put value of 0.85 b in the simulation. This demonstrates
that a statistical uncertainty of 10% can be achieved
with ~ 10* hypertriton events, which is feasible in a real-
istic amount of beam time, assuming the same experi-
mental condition as considered in Ref. [2].

B. Optimized Experimental Setup

The above analysis with the existing WASA-FRS Hy-
pHI setup, however, relies on the evaluation of the z-de-
pendent resolution and efficiency based on the Monte
Carlo simulations. In fact, neglecting the z-dependence in
the fitting results in the interaction cross section overes-
timated by 38%. Thus, this would introduce an additional
systematic uncertainty in a real experimental case. To ad-
dress this issue, we discuss an improved setup optimized
for the present purpose.

Here, we propose to implement two modifications:
(i) to use a reaction target with smaller transverse dimen-
sions and (ii) to install an additional large tracking detect-
or behind UFT3. The former is to minimize scattering of
the forward emitted light particles within the target, while
the latter extends the angular acceptance for measuring
these particles. Thus, both modifications contribute to in-
creasing the number of available particles reaching suffi-
cient layers of the tracking detectors and available for
production vertex analysis, as observed in Fig. 5. As an
experimental setup, we consider a cylindrical target with
a diameter of 10 mm and a twice larger scintillating fiber
detector than UFT3, denoted by UFT4, for further evalu-
ation.

Expected performance of the production point recon-
struction with the modified setup is summarized in
Table 1. We tested different values for the distance d
between the middle points of UFT3 and UFT4 from 0 cm
to 15 cm. We adopt the case with d =5 cm and with the
smaller target, which yields the highest gains in terms of
resolution and efficiency. The solid black points in Fig. 3
display the improved resolution and efficiency as a func-
tion of the z coordinate for the adopted case.

The reconstructed production point distribution ob-
tained with the optimized setup is shown by the red histo-
gram in Fig. 4. The distribution exhibits clear improve-
ments in both resolution and efficiency; the edge of the
distribution becomes sharper, and the number of events
with reconstructed production points within the target re-
gion is increased by 21%. The red dashed curve shows
the fit results,yielding o7y, = 0.818 £0.076 b. As the res-
olution and efficiency show less dependence on the z-po-
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B [ UrQMD calculation 7
800 § track ﬁtted w?th originfal setup |
| \§ .77 track fitted with optimized setup |
o
< 600 % ' —
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(&} \
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Multiplicity of charged particles

Fig. 5.
K*) emitted from the primary °Li+!?>C interactions in hyper-

Multiplicity of light charged particles (proton, n*,

triton production. events. The hypertriton and its decay
products are excluded from the multiplicity count. The black
histogram includes all particles generated by the UrQMD cal-
culation. The blue and red histograms represent the multipli-
city of particles reaching sufficient layers of the fiber detect-
ors for track fitting in the original WASA-FRS setup (Section
IV A) and the optimized setup (Section IV B), respectively.

Table 1.
ing the production point z for different experimental configur-

Evaluated resolution and efficiency for reconstruct-

ations. Mean values represent averaged value in the z region
of interest (0 mm <z<30 mm), while differences represent
changes of the values from z =0 mm to z =30 mm.

Resolution [mm] Efficiency
urT Torget mean difference  mean  difference
no UFT4 original 5.51 -1.94 0.841 0.070
atd=0cm original 2.49 -2.13 0.981 0.011
atd=5cm original 1.67 -1.14 0.982 0.010
atd=10cm original 1.70 -1.17 0.980 0.012
atd=15cm original 1.81 -1.20 0.979 0.014
atd=>5cm small 1.44 -0.59 0.983 0.006

sition, the systematic uncertainty in the estimation of the
interaction cross section arising from their evaluation can
be significantly reduced.

V. SUMMARY

In summary, the feasibility of a novel approach to
measure the interaction cross section of 3H, utilizing the
WASA-FRS experimental setup at GSI and FAIR, has
been explored. In addition to the settings modified in this
article, there is also development of a silicon micro-ver-
tex detection system for this purpose of having good
primary vertex measurement in Ref. [62]. Investigations
based on detailed Monte Carlo simulations have demon-
strated that the interaction cross section can be determ-
ined with an uncertainty on the order of 10% by recon-



Feasibility study of measuring interaction cross sections of hypernuclei produced in projectile...

Chin. Phys. C 50, (2026)

structing the production point distribution within the pro-
duction target. These results highlight the potential of this

method as a new tool for studying matter radii and ex-
ploring possible hyperon halo structures in hypernuclei.
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