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Introduction

A nucleus is a system of baryons which are composed of three quarks, and bound by the strong
interaction. We can understand the nuclear system and the origin of matter by studying the strong
interaction between baryons. The nucleon-nucleon (NN) interaction has been studied with NN
scattering data. However, the A-nucleon (AN) interaction has large uncertainties due to difficulties
of measure the AN scattering data. Therefore, the AN interaction has been studied by
spectroscopy of A hypernuclei. A recoil A which is produced within a nucleus is known to interact
with a nucleon in the nucleus (FSI), and the AN interaction can be studied by treating it as a AN
scattering problem.

An nnA is a neutral nucleus with a A, and the study of this structure provides the information of
the An interaction. However, the existence of the nnA is not clear. In 2013, HypHI collaboration
at GSI reported a possible bound state of the nnA by measuring a final state of 7~ + t. However,
the peak significance of the invariant mass of m~ +t was not enough to establish the bound state
of nnA. A theoretical calculation that reproduces the A binding energies of light hypernuclei does
not support the existence of the bound nnA state. On the other hand, a resonance state of
nnA may exist as is suggested by the Faddeev calculation in which the An interaction is
strengthened by about 5% in order to produce the resonance state. Therefore, search for the nnA
state experiment (E12-17-003) was performed in 2018 at JLab Hall A by using the (e,e'K™)
reaction which enables for a high resolution spectroscopy of A hypernuclei.

Experimental setup

In the (e,e’K™) reaction, a target is irradiated with an electron beam, and momenta of e’ and
K* are measured. A mass of a A hypernucleus can be calculated with the momenta of ¢’ and K*

as follows:

Miye = (Ee + Mrar — Eer = EQ)? = (Be — Pe — Pi)?,

where Myyp, M, are masses of the A hypernucleus and target, respectively. In this experiment,
the electron beam with an energy of 4.3 GeV and with a current of 22.5 uA was incident on the 3H
gas target with 84.8 mg/cm?. The momenta of e’ with a central momentum of 2.2 GeV/cand K*
with a central momentum of 1.8 GeV/c were measured by using two spectrometers (HRSs) in this
experiment. The HRS is comprised of superconducting magnets (QQDQ) with the momentum
resolution of (Ap/p ~ 107™%).
Analysis and Results
nnA peak search

In the missing mass spectrum on the 3H(e,e’K*)X reaction, any clear peak was not observed.
However, since there were some events near the nnA mass threshold (=B, ~ 0 MeV), the
differential cross section of this structure was evaluated by using the nnA peak function. It was

represented by the convolution integral of a response function obtained by the SIMC and Breit-
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Wigner function assuming (—B,,T) = (0.55, 4.7) MeV. The differential cross section of the nnA was
obtained as 21.7 + 6.7(stat.) = 5.2(syst.) nb/sr by fitting the experimental data with this function,
and the upper limit of the nnA (CL90%) was estimated as 86.5 nb/sr.
An final state interaction

The differential cross section of A-QF productions was obtained at 880 + 20 (stat.) + 140 (syst.)
nb/sr. The differential cross section including FSI can be obtained as the product of the differential
cross section without FSI and the influence factor (I(k,;)) which depends on An relative
momentum (k,.;). With the effective range approximation (ERA), the influence factor can be
written by using two An potential parameters, scattering length (a) and effective range (r).
Multiplying each event generated in SIMC by the weight of the influence factor, the distribution of
the differential cross section including the An FSI effect was obtained. As a result of fitting the
experimental data with the SIMC spectrum including the nnA peak and the An FSI effect the
reduce chi-square within the range of 0 < —B, < 60 MeV took minimum value of 0.98 when the
An potential parameters of the scattering length (a) and the effective range (r) were (a,r)=
(2.6, 5.0) fm, respectively. Moreover, the effective range at given a scattering length could be
constrained in this experiment. When the scattering length is assumed as -2.6 fm, the effective
range was obtained as 5.0713 fm.
Summary

E12-17-003 experiment was performed to investigate the nnA state at JLab Hall A with two
HRSs. Any clear nnA peaks could not be observed, but the enhancement exists near the nnA mass
threshold. The 90%CL of upper limit for the nnA differential cross section was obtained to be 36.5
nb/sr with the assumption of (—=B,,T') = (0.55, 4.7) MeV. The chi-square of A-QF production events
within the range of 0 < —B, < 60 MeV had the minimum value of 59 (ndf= 60) at (a,r) = (2.6, 5.0)
fm when the differential cross section of nnA was 15 nb/sr. Moreover, the effective range at given a
scattering length could be constrained in this experiment. When the scattering length is assumed

as -2.6 fm, the effective range was obtained as 5.0713 fm.
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