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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
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ABSTRACT

Excited and multineutron final states have been studied in the

4

reaction T + He . An excited state of helium is detected at 321 MeV.

Upper limits on the existence of bound trineutrons and tetraneutrons

are established., Large distortions from phase-space predictions are .

observed in the 3-n spe&trum.
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In an experimental study using 140+0.5-MeV negative pions

“incident Q;i He4 we have measured the following fea(_:tions:

7"+ He® -1 + Het - A ¢
a7+ He* wwt 4 an - (2)
Tt He* p + 3n. . _ (3)

In each. c%ase, the specific final state was determined uniédely for a
| i*ange ofil;inema:ticalv conditiéns By dete‘c'ting' the .charged parficle and
determiﬁing_its mass by; a combination Qf timé-of—ﬂight méasurements,
with vector momentum determination in'a magnetic field.

| In thi.s experiment we used a hiéh_—resplutipn magnetic spe.ctrom-
eter éonsisting of a 40- by 90-cm pole C mégnet with three' pairs of
magnetostrictive readou; wix;é cha‘..mbers [1] placed qround the open
sides Qf the magnet in order ‘tc; determine the inpgt and \ovutpu_t tra-
' jéct;)riés of the c.hlarged particles from reactions (1) through (3). A
, 1'0‘-.c‘m—lc')ng liquid-helium target was placed 1 m from the magnet, and"
>t}l1e mean angle of detection of the charged particies was 2.0‘ deg relative
to.the incident 7. {The en‘ergy resolution of the system was 1 MeV for
| vpions and 06 Me\‘\/i'.lvfor'protons. |
.The study of reactiqn (1) shows one inelastic peak located at

32+1 MeV I;elativ.e to the elastic scattering peak as shown in fig, 1.
_yThis levei' can have a’ T spin of 0, 1, or Z.A In a previous experiment
o Ché,rpak'et al.' [2 ] discovered a 30-MeV level formed in the ’re_a.ction

oty Li6 - 2p + Helh:

. This level is quite wide and overlaps ours, and
while the authors considered it as a manifestation of peripheral reactions,

Tang [ 3] in a subsequent paper argues for the existence of a T =0 level
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r\.t = 30 I\/ILVMLtbddy and P_alxnier.i [4] prescnt arguments. for the
existenc_e of a I‘ = 1 contrrbutioxm _to the levei 'atth‘_at -Ienergy. Since
corr.esponding stutes 1n L14 ’a.n:.d | I—I4 have been observed, [ 5,v6] and
since there is evidence against t‘hve. existence of a tetraneutron (n4), as
discussed below, we feel that the assighmentof_T = 1 to this level is’
most probé.ble. |

By re_\-rersin:g the slpectrorneter we. simu'lteneously looked at the
7t and protons from reactions ‘(Z)Iend (3). Inthe ITT+ case, the 1-MeV
" resolution achieved in this experiment aliowed careful search for Aa.u
tetraneutron. ‘ 'Fér an ‘assuﬁr‘n'ed binding energgr betvveen -'-1..0. MevV; and
' -34. |

10 MeV, an upper limit of 1.38%0.69X10 -cmz/srsMeV is set for

tetraneutron formation under the girren’conditions. }
The W+'energy spectrum, fig. .2, is in a.gree"ment with th.atvob'-
tamed by Jean et al, [7] in that the best fit corresponds to two neutrons
1nteract1n_g throu,gh a 1SO potent1a1 with the 1nteractron of the other
not being strong 'enough to affect the spectrum appreciably. Our method
of measurement does not allow us to determine whether thve two neutrons
in the 1SO state were vpro‘duced by doubie charge ercchange or were

spectators,

| : . S . 3 .
A search for the existence of trineutrons (n ) was performed by

-taking many points near the proton energy spectrum threshold [ reaction -

) (3)]. In this case, the upp'er limit in the cross section for formation of
a trineutron with a binding energy.‘between 5 and -5 MeV is determined
to be 7.544,5540" 3% cm?/er- MeV.

'As seen in flg. 3, the proton spectrum shows a pronounced

v peak1ng at 130 MeV This corresponds to an energy of 53 MeV for the
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~three neutrons in the center of mass. No data were taken for proton

| energies lower than 80 MeV in the center of mass, since below this S

energy other competing channels are possible and render the kine-
matics nonunique,
The éomparison of immediate interest is made with respect to

phase space (curve A) and phase space altered by the iS interaction

0
between two of the neutrons in the final state (curve B).. The results
are shown normalized to equal areas. It is easy to see that the spectra
shown differ widely from that observed. Addition of a final-state inter-
- action Between the proton and one (or more) of the neutrons will shift
its spectrum .towards the low-energy end, contrary to what is seen.
As a purely phenomenological fit we used a Breit-Wigner-like‘ res-
onance among the thrée neutrons, assuming the ''decay" ‘of the p-3n
‘system to go through an £ = 41 channel. ' This makes the width a factor
of the relative momentum cubed (curve C).

A possibility to consider is that we are dealing with a direct
reaction mechanism, In this case, the high-energy protons would |
arise from T absorption by p-p pairs, producing é proton and a neu-
‘tron which share the energy of the pion, and two other neutrons that
are spectators and carry energies of the order of their Fermi momenta
in the @ nucleus. Were this to be a purely two-body absorption, we
would ex'pect the proton to carry about 122 MeV 1n the c. m., system;
this is lower than the observed most .proba.ble _vproton energy of 130 MeV.

The width of this peak (caused by the internal energy of the target

nucleons) should .be apprOximately 20 MeV, narrower than the ob-

served width. Since this mechanism does not secem to match the data,
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v ‘we should considci; tl-;e'vpossi»bilit"y that the observed effects are due to |
‘a three-body interaction. . _ o |
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.. FIGURE LEGENDS
Fig. 1. " spectrum,
Fig. 2. 11+ spectrum.. The energy scale changes to 1~Me'V steps near
. threshold.
Fig. 3. Proton spectra. The Breit—Wighe‘r) fit is for a 3-n systerﬁ

unbound by 15 MeV, a._,nd a width I= 65X10-8k3.
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A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
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P mation, apparatus, method, or process disclosed in
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mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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