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An inclusive spectrum of the He ions from the 3H(d,g’He)Zn reaction at the deuteron beam
energy g = 31 MeV has been simulated taking into account neutron—neutron final state interaction
and sequential decay of the 21.2 MeV state *He*. It is shown that the interference effects must be
considered for obtaining a satisfactory agreement between experimental and theoretical spectra. All
distinctive features of the experimental spectrum at 10° have been reproduced with only three free
parameters in fitting procedure. No confirmation has been found about the existence of neutron—

neutron excited states.
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Recently inclusive spectra of the 3He ions from the
3H(d,>He) reaction have been measured at small angles
using the 31 MeV deuteron beam [1]. Shapes of spec-
tra are typical for such cases, with intensive peaks from
the final state interaction (FSI) of neutrons on the up-
per edges and long tails having wide resonances on them
(fig. 1). According to the authors, such a structure should
be perceived as confirmation of their hypothesis about
the existence of neutron—neutron excited states, because
they could not get satisfactory fitting using conventional
methods such as FSI and sequential decay models. There-
fore they fitted their spectra with three Gaussian func-
tions and derived parameters of hypothetical resonances
(positions and widths). The considered hypothesis seems
to be a bit drastic, because there is no confirmation of it
in direct (rather exact) experiments on a proton—proton
(pp) and neutron—proton (np) scattering and in numer-
ous researches of three—body systems.

On the contrary, I have found reasonable fitting of the
spectrum, taking into account only FSI of neutrons and
sequential decay of the *He* states. Some results of the
calculations are presented below. If only one particle is
observed in the three-body reaction (kinematically in-
complete experiment), the momenta of the detected par-
ticle p1 and of the center of mass of 2 — 3 subsystem pa3
are determined. In addition magnitude of the relative
momentum kss in the 2 — 3 subsystem can be defined.
Direction of the vector kos 1s not defined so the differ-
ential cross—section is calculated by integration over ap-
propriate angles:

dzU(ﬁl,El) 871'2
Q. dE, kv pIFI*dQ (1

Here ¥, and E; are the emission angle and energy of
the registered particle in the laboratory system, v is a
velocity of beam particles, p 1s a density of final states

[2],

| F ’=| csFs + crFr |?, (2)
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Fg and Fr are FSI and sequential decay amplitudes,
cs and cg are free parameters. The Watson—Migdal ap-
proximation is used for calculating Fi [3, 4]:
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with k& =] kaz |, a = —18.5 fm, r = 2.80 fm [5], and Fr

is taken in the Breit—Wigner form:
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where E is the relative energy in the n®He subsystem,
Eg and T are the energy level and width of the *He*
state. Expression (2) can be rewritten as follows:

|F|” = |esFs|* + |crFrl®

+ 2|esFs|lerFr|cos(es — ¢r),
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In the real calculations changes of ¢g along the spec-
trum are neglected and g = const is used as the third
free parameter. Resolution and, to a certain extend, tar-
get and detector dimensions are taken into account by
using the spectral line in the form of the symmetric Gaus-
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sian function
AN (F, Eo)/dE ~ exp{(—In2)(Ey — E)*/H?}

with the value of a half- width parameter H = 0.25 MeV.
This value is defined by simulating the 3He recoil peak
from the elastic deuteron — 3He scattering.

The experimental spectrum [1] and the calculated one
with only the first term in the used sum (2) are shown
in fig. 1b. It is necessary to agree that the Watson—
Migdal approximation surprisingly well reproduces the
experimental spectrum (with the exception of resonance
structure, naturally) on such a wide interval of energies.
Curves 1-4 show the possible contributions from a se-
quential decay of the *He* states (E,=21.2, 22.0,25.3, T
=0.7,1.8,2.4 MeV) and from a space phase factor p (sta-
tistical distribution). At the first sight it seems that they
can not explain the resonance structure, as contributed
just at those energies, where the minimum in the exper-
imental spectrum is observed. However as usual in such
calculations angular distributions of *He* systems and

their decay on neutrons and ®He nuclei are not taken
into account, though, as it is known, these distributions
are non—isotropic [6]. In the fig. 1c (dashed line) the con-
tribution from the state of 25.3 MeV 1s shown. It is cal-
culated with an angular distribution in the chosen form
of (0.01 + sind)~!cos?s where 6 is the emission angle of
the “He* nuclei in the lab. system and ¢ is the angle be-
tween pas and kas vectors. Even incoherent contribution
in such a form improves fitting to the experimental data
(solid line in the fig. 1c).

On fig. 1d an interference effect in the sum (2) is
shown. Only the 21.2 MeV state is taken into account,
and all angular relations are ignored. The quality of fit-
ting obtained with only three free parameters is, at least,
not worse, than in Ref. [1], taking into consideration a
careless fitting of the FSI peak in it because of incor-
rect use of Gaussian function (fig. 1a). Again nine free
parameters must have been used in calculations in Ref.
[1]. So, apparently, the experimental data under consid-
eration should not be regarded as a confirmation of a
hypothesis about the existence of the excited states of
the dineutron.
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Puc. 1. Experimental [1] and calculated spectra of the °He ions from the *H(d,*He)2n reaction at 10° in lab. system: a)
Watson-Migdal approximation with an, = —16 fm (dotted line) and fitting with three normal distributions (solid line) [1]; b)
Watson-Migdal approximation with a¢n, = —18.5 fm, r = 2.80 fm (the upper line) and contributions from sequential decay
of the *He* states with F,=21.2, 22.0, 25.3 MeV and statistical distribution (curves 1-4 respectively); c) contribution from
sequential decay of the 25.3 MeV state *He* with angular distributions taken into account (dotted line), Watson—Migdal
approximation (dashed line) and their incoherent sum (solid line); d) coherent sum of Watson-Migdal and sequential decay of

the 21.2 MeV *He* state amplitudes.
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IHTEPIIPETAIILS THKJIIO3WUBHUX CIIEKTPIB *H(d,°He) PEAKIIII IIP1 EHEPITI
IIYUKA 31 MeB
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MogeavoBaHo iHkIIO3UBHNN crekTp fionis “He 3 peaxuii “H(d,”He)2n npu eneprii nyuka neftrponis Eq =
. N . . - . N 4
31 MeB. Moznear ypaxoBy € B3aeMoIito HefITPOHIB y KIHIIEBOMY CTaHI I IOCJHi TOBHWI po3Iian yepes pe3oHaHc ~ He™
(21.2 MeB). Ak BusBUIOCH, 4Jaf 3aJOBLIBHOIO y3LONMKEHHS 3 €KCIEPUMEHTAJbHIMNI JaHUME CILL Y paXoBy BaTu

1HTEe pde peHINIo aMIIITY I, 3 TPhOMa BLIBHUMHU MTapaMeTpaMi BAAJOCS BlATBOPUTH BCl OCOBIMBOCTI €KCITE UM EH-

TaJdbHOro creKTpa ma kyToMm 10°. TinoTesa mpo HagBHICTH pe30HAHCIB y CHCTEMI NTBOX HEHTPOHIB He 3HAXOIUTh

1 ITBE I 3K HEA.
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