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A study of the neutron structure of the ground state
of "He has been performed by means of registration and
analysis of the decay channels of the residual nuclei fol-
lowing absorption of stopped pions. The discovery of
neutron halos [1] was one of the most important achieve-
ments of nuclear physics at the end of the 20" century.
It has been traditionally assumed that only bound neu-
trons may form a halo. Consequently, halo appearances
in continuum are not being considered. An indication
of a possible existence of a halo-like structure in “He is
provided by the neighboring isotopes of *He and ®He
in which such structures are pronounced. It is natural
to expect that the three neutrons surrounding the “He
core in "He are similar to the two and four neutrons
surrounding the *He core in $He and ®He, respectively.
However, the very fact that the valence neutron is lo-
cated in continuum, may change the structure of "He.

In this paper we propose a novel method of identify-
ing the most important configurations in “He by utiliz-
ing nuclear absorption of stopped pions. We assume that
"He is formed from particles emitted after pion absorp-
tion. In this case the non-resonant part of the spectrum
of the emitted particles would reflect their contribution
to the formation of “"He. If only one configuration were
to play a noticeable role, it would be expected that this
configuration would also determine the type of the halo-
like configuration in “He. Here we concentrate on the de-
cays resulting from the Be(n~,d)X and "'B(x~,dd) X
reactions. The boron data were published in [2], but the
proposed novel approach to study the configuration of
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the ground state of "He is used here for the first time.
Also, the results of the measurements on beryllium tar-
gets are new.

The measurements were carried out on a low-energy
pion beam from the LANL accelerator in Los Alamos
using a two-arm multilayer semiconductor spectrometer
[3]. A negative pion beam with the energy of 30 MeV
passed through a moderator and was stopped in a thin
(~ 25 ug/cm?) target. The secondary charged particles,
produced upon absorption of the stopped pions, were
detected by two semiconductor telescopes with silicon
detectors. The achieved energy resolution for single-
charged particles throughout the entire energy range
was ~ 0.45 MeV (FWHM). The resolution for the detec-
tion of pairs of single-charged particles using the missing
mass (M M) method amounts to ~1MeV. In the mea-
surements the error in the absolute energy calibration
did not exceed 0.1 MeV.

The missing mass spectrum obtained in inclusive
measurements of the YBe(r~,d)X reaction is shown in
Fig. 1. The experimental spectrum was treated as a sum
of Breit—-Wigner distributions and N-particle (N > 2)
distributions over the phase volumes. The least squares
method was used to reveal the “He states. A satisfactory
description could be achieved by introducing three "He
states and four distributions over the phase volumes.

The ground state and the two excited states of "He
appear as discrete peaks in Fig.1. The intense contin-
uous spectrum is well reproduced throughout the wide
energy interval by the phase volumes of the 7~ +°Be —
— d+°He+n, and 7=+ Be — d+%He*(1.8MeV)+n
reactions (curves 2 and 3 in Fig.1). The multibody dis-
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Fig. 1. The MM spectrum of the reaction 7~ 4+ °Be —
d+ X . Points with error bars denote the experimental data.
Curve 1 —summary spectrum; peaks are the Breit—Wigner
distributions for the ground and excited states; distribu-
tions over phase volumes: 2 - 7~ 4+ °Be — d+ *He +n,
3-m+°Be — d+°He*(1.8MeV) +n, 4 — 7~ + °Be —
d+°%He+2n,5 — 7 + °Be — d + *He +3n

tributions 4 and 5 start contributing only at higher M M
energies.

The missing mass spectrum obtained on correlation
measurements of the 1'B(7~, dd) X reaction is shown in
[2]. As in the case of Fig. 1, the intense continuous spec-
trum is well reproduced by the phase volumes of the
7=+ 1B —d+d+ SHegs +n, 7=+ "B — d+d+
SHe*(1.8 MeV) +n and 7~ + "B — d+d + “He + 2n
reactions.

One of the common features of the spectra is the
dominant contribution to the continuous spectrum from
the final states with the formation of the ground and the
first excited state of He. The other common feature is
the absence of a significant contribution to the spec-
tra from the channels with three nucleons in the final
state: 7~ + Be — d + ‘He+3nand 7~ + ''B —
d + d + “He + 3n. This observation constitutes one of
the most important outcomes of this work. It implies

that, in the threshold region, a three-neutron system
can be formed only through the creation of the first
excited state of ®He* and its subsequent decay. This
means that the probability to create a halo with three
non-interacting neutrons (“true” halo) is very small. The
observation of this effect in two different reactions pro-
vides grounds to the conclusion that the *He+ 3n struc-
ture is not manifested in the ground state of “He. This
hypothesis has never been proposed before.

The main configurations reproducing the sum of
partial phase volumes in the near-threshold region are
d+ SHe +n, and d + SHe*(1.8 MeV) + n for the reac-
tion “Be(r~,d)X, and d +d + SHe +n, and d + d +
SHe* (1.8 MeV) + n for the reaction ''B(7w~, dd)X. This
observation hints of a possible existence of a complicated
“halo-like” configuration in “He with all three neutrons
located outside of the alpha particle core. The structure
of this complicated halo-like state would be determined
by correlations of neutrons in the p3/o and p;/p shells.
This result would be in agreement with the previous
works [4, 5] pointing out to a considerable mixing of con-
figurations containing neutrons in the above-mentioned
states.

To confirm the existence of the halo-like structure
in "He, it would be necessary to estimate the radius of
this nucleus. Having this goal in mind, as the next step
we intend to analyze the existing data on the (¢,>He)
charge-exchange reactions on °Li and "Li.

Full text of the paper is published in JETP Letters
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