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Energy distributions of protons and alpha parti-
cles from *H(a, pa)nn reaction at alpha particles
beam energy of 27.2 MeV are discussed in the
commented article. Energy distributions of protons
were obtained by projecting two-dimensional po
coincidence spectra on the proton energy axes. A
few resonances were found out which were assumed
to be resonances of ®He nucleus formed in the
sequential decay reaction o + H — p + ‘He* —
— p + a + n +n, namely, the well-known 2" excited
state at the energy of 1.8 MeV above the ground
state and two new previously unknown levels at
energies of 2.4 and 3.0 MeV.

In my opinion, the hypothesis of the existence of
these new levels needs to be tested in independent
experiments. No doubt, reactions of alpha particles
with tritium nuclei are promising for the study of
light nuclei and for testing the nuclear structure the-
ories, but such interpretation of the resonances is not
convincing enough. These new hypothetical reso-
nances lie in a continuum on the tail of the much
more intense peak, so the procedure of adequate
simulation of the instrumental spectral line is
important to identify new levels and determine their
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parameters correctly. Besides, a priori at such ener-
gies contributions from other processes to spectra
are also possible. They are statistical three-body
break-up of the triton

a+*H-o>p+oatn+n,

nn and np final-state interaction (FSI) in the case
neutron-neutron or neutron-proton pairs are formed
with small relative energies in the final state and
they interact for a while, being already outside the
influence of the other fragment

a+*Hop+a+(n)>p+a+n+n,
a+®H->p+oa+((p)—> p+a+n+p,

sequential decay via *He* resonance, in which the
resonant state of the °He nucleus is first formed and
then it decays into an alpha particle and a neutron

5 *
a+®Hop+ He +nh>p+a+n+n.

Besides, contributions of random pa. coinciden-
ces are also possible.

Some samples of such two-dimensional pa coin-
cidence spectra are shown in Fig. 1.
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Fig. 1. Two-dimensional pa coincidence spectra from the *H(a, pa)nn reaction,
calculated for sequential decay via resonances °He*. Boundaries of allowed four-body regions for pa. pairs [1]
and loci of events from the decay of the SHe*(2 + 1.8 MeV) resonance are shown with light lines.
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They were calculated for sequential decay via
resonances °He* with parameters: resonances ener-
gy, Exn = Er =0.798 MeV, width 7= 0.578 MeV
(left), Esn = Er = 2.068 MeV, "= 3.18 MeV (right).
*He beam energy is 27.2 MeV, escape angles of
protons and alpha particles are 28.5 and 16.5 de-
grees, respectively. The Breit - Wigner parametriza-
tion was adopted to define the distributions:
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| do not argue that the above-mentioned new
excited states of ®He* cannot exist, but it should be
ensured that there are no contributions from other
sources in the po coincidence spectra. It should also
be borne in mind that in practice the analysis of spec-
tra is performed using simple theoretical models, even
without taking into account interference effects,
which can also simulate a resonant structure [2].

To understand the structure of excited ®He states
it is important to investigate the alpha particles spec-
tra from the decay of these resonances and mecha-
nisms of their decay as well. Such spectra from de-
cay of the first *He* (1.8 MeV) resonance was pub-
lished in the Refs. [3, 4]. Again, they are presented
in the commented paper along with simulated distri-
butions calculated using the Monte Carlo method.
However, these distributions were calculated
strangely under the assumption that in excited nuclei
two neutrons with relative energy En, = 0 or 1 MeV
revolve around the alpha particle (“as a whole™) and
keep these two energy values E,, unchanged in
the final state. In such a way three-particle decay
SHe* — o + n + n was reduced to the binary one
®He*— o + 2n. This primitive and quite artificial
construction of decay has nothing to do with reality
and therefore leads the authors to incorrect conclu-
sions about the configuration of nuclei.

I made other calculations of these spectra. Expe-
rimental alpha particle distribution was obtained by
projecting the strip in the two-dimensional ap coin-
cidence spectra along the corresponding locus on the
E. axis (Fig. 2).

Differential cross-sections of the four-particle
reaction b + t — al + a2+ a3 + a4 are written in the
form [5]

do— (27[)4
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where vy, P, E are velocity, momentum, and energy

(Eun(E, E,)—Eg) +(T12)"

of the beam particles, |5I Ei are momenta and ener-
gies of the particles in the final state respectively, F
is the matrix element. The cross-section of the *H(o,
pa)nn reaction has been obtained by integration over
the momenta for undetected particles 3 and 4:

d*s(E,E,,6,,0,,6,,9,) - (2m)’ Ip|F|2dw
dQ,dQ,dE,dE, Vg “

=

Fig. 2. Two-dimensional ap coincidence spectrum from
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the 3H(a, ap)nn reaction, obtained when irradiating a
tritium-titanium target with alpha particles beam at energy
27.2 MeV. Cell sizes are AE, x AE, = 0.2 MeV x 0.2 MeV.
Symbols: 1, 2 are lower and upper boundaries of the strip
projected on the E, axis, 3 is the boundary of the allowed
four-body region for op pairs.

Here w34 represents the solid angle variables for
relative motion in the nn subsystem, Ei1, Ez, 9, o,
9,, 0,,dQ,,dQ, are the energies, polar, azimuthal,
and the solid angle variables of protons and alpha
particles, respectively, p ~ , /ElE2 E,, isthe four body
phase space factor [1]

p|F|2=C1p+C2p |an|2+03p | Fr |2

The first term determines the statistical distribu-
tion of events in the break-up °He" — a. + n + nin
which matrix element is assumed to be a constant [6].

Fan is @ Watson - Migdal amplitude [7, 8] for nn
final-state interaction (in other words, for decay into
an alpha particle and a dineutron)

®He" > a.+ (Nn) > a+ n+n,

r(@’+n’)
2(-1/a+rq*/2—iq)’

1 2r
==|1 }1—— , =,/mnEnn ,
n r{ " aj q

r = 2.84 Fm and a = —-18.7 Fm are the nn effective
radius and scattering length, respectively [9].

Fan(q) =
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Fr is a contribution of the sequential decay via
the *He*¢s resonance

* 5 *
®He" —» He  +n —> a+ n +n,

r/2

F(E)~ —————
«(E) E-E,+i'/2

with parameters E, = 0.89 MeV. T = 0.60 MeV.

Calculated in such a way spectrum is shown in
Fig. 3. It should be noticed that statistical distribu-
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Fig. 3. Experimental and calculated ap coincidence spectra
from the reaction a + 3H > p + He* > a + p + n + n.
Errors are statistical. Symbols: 1 — Watson - Migdal distri-
bution; 2 — distribution calculated for the sequential decay
via the resonance *He* (En = 0.89 MeV, ' = 0.60 MeV);
3 — statistical distribution. Normalizations of the curves are
arbitrary.

Thus, the experimental spectrum of alpha parti-
cles can be fitted up properly, taking into account
only nn FSI. This result is predictable if the *He*
resonance is formed in the ®H(a., p)°®He* reaction via

tion and that of the sequential decay via *He* reso-
nance are almost indistinguishable.

For a more detailed comparison, energy distribu-
tions were also simulated by the Monte Carlo meth-
od taking into account effects of the experimental
set-up: beam spot size on the target, sizes, and dis-
tances of the detectors from the target, their energy
resolutions, the beam energy, and its dispersion,
energy losses in the target. The experimental spec-
trum and its approximation, obtained by fitting in the
ranges of 5 - 10 MeV, are shown in Fig. 4.
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Fig. 4. Experimental ap coincidence spectrum from the
reaction o + *H — p + SHe” — o + p + n + n and simula-
ted one calculated taking into account effects of the
experimental set-up. Curve shows the Watson - Migdal
distribution for nn FSI with a,, =—18.7 Fm.

the 2-neutron transfer. Such a mechanism was con-
sidered for the H(®He, t)®He* reaction in the
Ref. [10].
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