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is doubly complicated through the existence of low-

lying collective excitations. Absorption sets in at a lower
energy so that the range, vrhere a purely real potential
can be used, is more restricted. Polarization eGects,
resulting from the virtual transitions to the collective
excited states, can no longer be ignored, since they may
considerably alter the range and strength of the real
potential. Nevertheless a potential like (5) is still ex-

pected to be a good starting point for the study of these
nuclei.
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Proton spectra from the 'H(Im, p)'H and 'He(t, p)'He reactions have been measured vgth a triton bombard-
ing energy of 22.25 MeV. Narrower 7=q states in the A =5 system frere not observed in either reaction.
However, in the H(],p) reaction broad peaks appeared in the proton spectra at energies consistent vrith a
H state 1.8 MeV above the 5+2' mass. The possibility that this peak can be attributed to the ground state

of ~H is discussed.

~ 'HE possible existence of a particle-stable ~H

nucleus has been the subject of a number of
papers. ' Theoretical estimates for the mass of the ground
state of 'H range from a suggestion that 'H is particle-
stable by 0.6 MeV' to predictions that the ground state
is unstable by several MeV. ' Most experimental
attempts to observe ~H have been sensitive only to a
bound sH system. For example, searches for P or
delayed neutron activity from the 'Li(P,BP)sH,
sH(f, P)sH, and 'Li(z. ,Pre)sH reactions have yielded
negative results. ' Although one report of P activity
from the rLi(y, 2P)'H reaction has been made, ' negative
results were obtained when the experiment was repeated
under only slightly diferent conditions. ~ The few
previous experiments which permitted detection of
unbound 5H states provide only negative results. For
instance, no evidence for narrow states in sH (bound or
unbound) was found. in a recent study of 'B spectra
from the sBe(a,sB)sH reaction. ' In another recent
experiment a search was made for the ground state of
sBe using the sHe(sHe, rs)sBe reaction. r The results
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indicate that 53e lies at least 4.2 MeV above the
'He+2p mass, which suggests that sH is unbound by
at least 2.1 MeV.

A 6rm limit on the stability of 'H can be obtained
from the fact that the ground state of 'Li is stable with
respect to heavy-particle emission. That is, SH cannot
be bound by more than 8.55 MeV or 'Li would be
unstable to sH+4He decay. In a recent study of the
sH(d, P)4H and sH(f, d)'H reactions, Jarmie ef a/. report
no evidence for a bound 'H nucleus in the energy range
0-12.8 MeV below the I+f mass. ' Assuming then that
4H is unbound and using the systematics of neutron
pairing energies, a less certain estimate of 2.9 MeV for
the maximum binding energy of IH can be obtained. '

To form a state in sH in the vicinity of the f+2N mass
with the sH(f, p) sH reaction, a triton beam energy of at
least 1'7 MeV is required. In the present experiment a
tritium-611ed gas target was bombarded vrith 22.25-
MeV tritons from the Los Alamos three-stage electro-
static accelerator, and the energy spectra of protons
frere observed at four angles. The detection system
consisted of a AE gas proportional counter followed by
a I000-pm fully depleted surface-barrier Edetector. The
eGective thickness of the proportional-counter gas was
equivalent to 2j. pm of Si. A second solid-state detector
located immediately behind the E detector was used to
reject protons which had sufficient energy ()12 MeV)
to penetrate the E detector. After satisfying a coin-
cidence requirement, the E and hE energy spectra were

s
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'OIn this calculation, the neutron pairing energy of 'H is as-

sumed to be less than that of 'He (2.9 MeV).
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FIG. 1. Proton spectra from the
'H(t, p)'H reaction at laboratory
angles of 12', 15', 20', and 30'. The
excitation energy scales are referred
to the t+2g mass.
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recorded in two-parameter form and were analyzed with
curve-fitting techniques in order to obtain optimum
mass separation.

Proton spectra from the 'H(t, p)'H reaction at labora-
tory angles of 12', 15', 20', and 30' are presented in
Fig. 1.The excitation energy scale associated with each
spectrum is referred to the t+2rs mass. The error bars
represent statistical errors only. At energies below

2 MeV, protons do not penetrate the dE detector,
and the E-hZ coincidence requirement results in a
sharp cuto8 in the spectra.

Because of a 5—
10%%uz hydrogen impurity in the tritium

gas, a very intense elastic proton group penetrated the
E detector at small angles. This impurity group was not
completely eliminated by the rejection system and is
responsible for a very small peak in the 20' spectrum at
E~ b =8.2 MeV and for at least some of the "611"in the
12' spectrum near the t+2rs mass. Background cor-
rections to the data include a target-empty background
subtraction and a correction for slit-edge scattered
protons from the elastic impurity group. The total

background correction was of the order of 15% at the
peak in the proton continuum. The residual background
at energies above the t+2n mass is thought to result
from secondary reactions in the detector system induced
by neutrons and tritons from the tritium target gas.

The cleanest spectra were obtained at 8~,b=15' and
20'. No evidence for narrow states attributable to ~H

is seen in these spectra for the excitation energy range
+2.4 MeV to —2.7 MeV with respect to the t+2Is
mass. In the energy range +0.5 MeV to —2.7 MeV an
upper limit of 15 tub/sr can be placed on the cross section
for the 'H(t, p) reaction at 20' leading to a narrow 'H
state, assuming an experimental energy resolution of
0.15 MeV. From the data of Fig. 1, it appears likely
that if I exists, it is unbound by at least 1.8 MeV.

The prominent feature of the spectra of Fig. 1 is a
broad peak ( 1.2 MeV FWHM) occurring at 1.8 MeV
above the t+2n mass. This peak is investigated further
in Fig. 2 where the points represent a center-of-mass
spectrum (8, = 50') interpolated from the four
laboratory spectra of Fig. 1.The points go to zero at an
energy corresponding to the t+2rs mass as a result of the
subtraction of a constant background from the labora-
tory spectra. The choice of 8, =50' serves to empha-
size the 8q,b=15' and 20' laboratory data in the inter-
polation. The computed 3- and 4-body pure phase-space
distributions are compared to a resonance-theory Q.t of
the data using the expression"
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where E2„& is the relative energy of the dineutron and
triton (i.e., the excitation energy in 'H), the P's are
penetration functions, and S is the shift function (equal
to zero for l= 0 neutrons). The quantity Es is equal to

Fro. 2. Center-of-mass spectrum (points) at S, =50' inter-
polated from laboratory spectra. The energy scale is referred to
the 8+2m mass.

"A. M. Lane and R. G. Thomas, Rev. Mod. Phys. 30, 257
(1958), Sec. XIII.
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FIG. 3. Proton spectra from the
'He(t, p)'He reaction at laboratory
angles of 12', 15', 20', and 30'. The
excitation energy scales are referred
to the ground state of 'He. The
arrows indicate the energy of the
broad peak observed in the 'H(t, p)
reaction after an appropriate Coulomb
correction.
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—',ye', where p= m~(m~+2m )/(m~+m, +2m.„),and. e is
the velocity of the proton relative to the t+2n residual
system. This expression is expected to describe the data
if the observed peak results from a virtual state in 5H,
unstable to decay into a dineutron and triton. The
parameters used in obtaining the fit are l„=32„&=0,
u„=u2 &=3.0F, E'~=E, =2.15 MeV, and y =0.7
MeV. The three calculated curves have been normalized
to the peak experimental cross section.

As is seen in Fig. 2, the resonance-theory curve fits
the data quite well except at low energies relative to the
t+2e mass. The 3-body phase-space curve 'does riot
describe the results at all. Although the 4-body phase-
space curve does not fit the data exactly, the diGerence
is not exceedingly great. For instance, the 4-body
phase-space curve reaches its maximum value within
300 keV of the experimental peak and is only about 25%
greater in width. Therefore, the possibility that the
observed peak is a phase-space effect cannot be ex-
cluded, and it is our conclusion that additional data are
required to establish whether the peak observed in the
present experiment corresponds to a state in 'H. If the
present experiment were repeated with a higher triton
bombarding energy, then the maximum in the 4-body
phase-space distribution would shift away from the

distribution produced by a state of 'H unbound by
1.8 MeV.

For the purpose of comparison, proton spectra were
also obtained from the triton bombardment of 3He gas,
leaving 'He as the residual nuclear system. Shown in
Fig. 3 are the spectra measured at 8y,b= 12', 15', 20',
and 30'. The excitation energy scale shown with each
spectrum is referred to the ground state of 'He. There
is evidence for a very broad peak (presumably from a
2'=-,'level) at an excitation energy of about 20 MeV.
Similar eKects at 20 MeV have been observed in the
'Li(p, 'He)'He reaction" and in d Telastic sca-ttering
measurements. " The sharp peak observed in the
e~,b=30' spectrum results from the j.6.70-MeV state in
'He. The arrows in Fig. 3 correspond to the position of
the broad peak observed in the 'H (t,p)'H reaction after
an appropriate Coulomb adjustment. The cross section
is seen to be reasonably smooth in the vicinity of the
arrows, and there is only a small hint of a peak in the
20' spectrum where the T= ~ analog of the observed 'H
peak would be expected.
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