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Abstract:

Several new beta-delayed proton emitters
have been observed at the on-line mass separator
OASIS. They were provisionally identified as:

125ce (8.9 + 0.7 s), 126pr (3.2 £ 0.6 s),
127Nd (1.9 = 0. 4 s% 128Nd (4 = 2 ),
13764 (7 + 3 s), 13%ad (4.9 =1 s), and
143py (4.1 £ 0.3 s).

Following the discovery of proton radioac-
tivity from the ground state, a search for other
proton emitters was undertaken using the on-line
isotope segarator OASIS [1]. Gas-cooled targets

(1-2 mg/cmé) 2Mo, 907y, 54Fe, and 50Cr were
bombarded with beams of 92Mo, 58Ni, 56Fe, and
40ca (5.1010-2.1012 s-1) from the SuperHILAC.
The target recoils were stopped in the tantalum
catcher of a high-temperature surface ionization
source operated at about 2700 C. After mass
separation the ion beam of the selected mass was
def lected electrostatically toward one of two
proton telescopes, with the deflection period
matched to the expected half-life. Half-lives

- were calculated from growth and decay data using

the maximum likelihood method. The proton tele-
scopes consisted of thin aE detectors (10 and 28
um) and “thick" E detectors (430 and 1040 um).

Predictions in [2] indicate that several
isotopes in the lanthanide region should have
proton branches and half-lives so as to be
observable. Three isotopes, in addition, can be
produced with cross sections in the 10-29¢cm2
range: 143Ho, 137Tb, and 127Pm. No ground state
proton emission, characterized by sharp proton
1ines, was found, but broad proton energy spectra
characteristic of delayed proton emission were
observed. The insert of fig. 1 shows a typical
example. In all experiments the mass of the
selected isotope was unequivocally established
by extrapolation from known, stable masses with
an NMR mass meter. The Z identificaton in
several cases is less certain and was based on a
comparison between the observed and predicted
values of three parameters: (a) the half-life
calculated from the gross theory of g-decay [31,
(b) the production cross section calculated with
the code ALICE [4], and (c) the predicted differ

~ence between electron-capture Q-value and proton

separation energy (QEC Sp) as a function of
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Z, using the Liran-Zeldes mass predictions [5]
(fig. 2). The usefulness of cross-section
predictions is, however, compromised by the
inherent uncertainty in their calculation and the
unknown proton branching ratios. In some cases,
cross bombardments have helped to narrow down the
Z-assignment. This procedure can best be
explained with an example: In the bombardment of
907y with 182 MeV 40Ca ions, protons of 2.1 to
5.0 MeV energy, decaying with a half-life of

3.2 £ 0.6 s, were observed at mass 126. For

A = 126, fig. 2 shows that the condition

(Qgec - Sp) - 8y >> 0 (where 6, is the effective
proEon egission threshold) is fulfilled for

'Z =59 (Pr) and Z = 60 (Nd). The calculated
cross sections for 90zr(40Ca, 4n)126Nd and
907r(40Ca,p3n)126pr are 20 ub and 4 mb
respectively. The predicted half-lives are 2 s
for 126Nd and 3 s for 126pr, From the

longer half-life and the much larger cross
section, it can be concluded that the observed
activity is most likely 126pp,

The following comments pertain to the
assignments in Table 1.
A = 124: This experiment was undertaken to
search for delayed proton emission from 1243,
In two separate bombardments with 182 and 196 MeV
40ca jons on 90Zr no protons were observed. From
fig. 2 it can be deduced that the next possible
A = 124 proton emitter is 124Pr, for which the
optimum bombarding energy is, however, 230 MeV.
In the present experiment 123Pr would have
been produced with a cross section of only 1 ub
and would therefore have been unobservable.
A = 125: The preliminary assignment for the
deTayed proton precursor at this mass is 125Ce,
which was first identified via x-ray analysis and
has a half-life of 11 # 4 s [6]. This agrees
well with the proton half-life of 8.9 £ 0.7 s
observed in the present experiments and the
calculated half-life for 125Ce of 10 s [3].
A = 127: The observed proton spectrum shown in
fig. 1 (insert) is typical for delayed proton
emission. From the growth and decay data, a
half-life of 1.9 £ 0.4 s was deduced, which is
in good agreement with the calculated value of
1.8"s for 127Nd [3]. The proton energy distribu-
tion from 2.0 to 6.4 MeV was also observed in a
"cross bombardment” with 40Ca on 90Zr albeit
with much Tower yield.

»7
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A = 128: 1In this case poor statistics resulted
in a large error for-the half-life (4 = 2 s).
The low maximum proton energg of 4.5 MeV indi-
cates that either 128Nd or 128pPr is being ob-
served. The predicted half-lives for these two
isotopes are 6.4 and 8.3 s, respectively, which
favors the 128Nd interpretation; some contribu-
tion from 128py can, however, not be excluded.

A = 137: A wide distribution of proton energies
that decayed with a half-l1ife of 7 £ 3 s was
found. As in the case of A = 128 a more precise
value for the half-1ife will have to be deter-
mined in a Tater experiment. Figure 2 gives two
possible candidates for this activity, Tb and Gd;
however, the 100 times larger cross section and
the longer, calculated half-life of 2 s (vs.
0.64 s for 137Tb) point to 1376d as the

correct assignment.

A = 139: The identification of this isotope as
I39Gd 7s well supported by the (Qgc - Sp) value
of 6.50 MeV, a large cross section of 78 mb, and
the good agreement between the experimental half-

~life of 4.9 £ 1.0 s and the calculated value of

6.4 s [3]. In a cross bombardment with 92Mo on
54Fe, protons in the same energy range as in the
50cr + 92Mo case were observed although with
much lower yield due to a fivefold reduction in
cross section.

A = 143: In two experiments with 58Ni and 56Fe
beams on 92Mo targets, bet a-delayed protons with
similar half-lives and similar energy distribu-
tions were observed. The weighted average half-
lTife of 4.1 £ 0.3 s is in agreement with the
calculated value of 3.2 s for 143py. 143Ho

as precursor can be excluded because of the 100
times lower production cross section and the
shorter theoretical half-life of 1.0 s.

This work was supported by the Director,
Office of Energy Research, Division of Nuclear
Physics of the Office of High Energy and Nuclear
Physics of the U.S. Department of Energy under
Contract DE-AC03-76SF00098.
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Table 1: Target-projectile combinations and

provisional reaction channels for the production

of beta-delayed proton precursors. Ei gy =

bombarding energy, Ep = observed proton energy

range, E, = centroid of the proton spectrum, x
and T1/2 = half-life of the precursor.

BLav 5 B T2 /
Reaction (Mev) (MeV) (Mev) Precursor (s)
90Zr(40-Ca,apn) 196 no protons (124La) -
907,(*0ca,an) 196 2.0-4.7 (3.4) 25ce 8.920.7
907,(40ca,p3n) 182 2.1-5.0 (3.8) 20pr 3.220.6
90(%0ca,an) 213 2.0-6.4 (3.7) 1¥7Nd 1.920.4

9%0(%0ca,a) 188 2.1-4.5 (3.3) 1%8ng 4 42
- 50cr(9%M0,an) 480 2.2-6.6 (3.8) 37ad 7 #3
50019240, 2pn) 385 2.1-5.5 (3.8) 13%d 4.941.0

92M0(%8N1,a2pn) 202 2.1-6.4 (4.2) *3py 4.320.3

%0(3%Fe,an) 275 2.0-5.6 (4.1) *3py 3.720.7
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Figure Captions

Fig. 1: Growth and decay curve of the delayed
proton activity at mass 127. The activity was
accumulated on each telescope for 20 s and its
decay observed for another 20 s. The data from
both telescopes were combined. The insert shows
the proton energy spectrum.

Fig. 2: (Qec - Sp) and ©p as functions of

or constant A." Q¢ = 8-va1ue for electron
capture of the delayed proton precursor (Z,A),
Sp = proton separation energy of the delayed
proton emitter (Z-1,A), and ©, = threshold for
proton emission. The shaded areas indicate
schematically the energy range of the observed
protons. The underlined Z-values denote the
preliminary assignment of the precursor.
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