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Neutron decay from the isobaric analog state in ' Sb populated
in Sn( He/) Sb at E( He) = 200 MeV, 0 = 0'
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The ' Sn( He, t) ' Sb charge-exchange reaction has been investigated at E( He) = 200 MeV and 8=0' to
study neutron decay from the isobaric analog state at E,=10.20 MeV in ' Sb. The low-energy neutrons

(average energy -0.85 MeV) were detected in coincidence with tritons observed in the focal plane of a
high-resolution magnet spectrometer. Four small deuterated NE230 scintillation detectors were mounted at
distances of 9.5 cm from the target resulting in an overall neutron detection efficiency including solid angle of
)1%.This efficiency was obtained by combining the measured dependence on neutron energy with a calcu-
lated neutron evaporation spectrum. From the measured ratio of coincidence to singles events a branching ratio
of & 86% was deduced for neutron decay. The observation of isospin-violating neutron decay with a branching
ratio close to 100% is in agreement with the expectation that the escape width (I'") of the isobaric analog state
in ' Sb is small compared to its spreading width (I "). Triton spectra measured in coincidence with y rays
from the deexcitation of the final nucleus display pronounced structures related to the thresholds for neutron

emission, in agreement with the characteristics of calculated evaporation spectra.

PACS number(s): 24.30.Gd, 25.55.Kr, 27.60.+j

I. INTRODUCTION

The (p, n) charge-exchange reaction has played an impor-
tant role in the discovery and study of isobaric analog states
(IAS's) and Gamow-Teller resonances (GTR's). Investiga-
tions of the (p, n) reaction are complemented by the use of
the ( He, t) charge-exchange reaction with its inherently su-
perior energy resolution and higher ejectile detection effi-
ciency. The excellent energy resolution is demonstrated, for
example, in a recent investigation [1]of the fragmentation of
GTR's and doorway-state substructures. High triton detec-
tion efficiencies have been exploited, for example, in numer-
ous studies [2,3] of proton decay from IAS's populated in

( He, t) and the recent studies [4—6] of proton decay from
GTR's. The present work reports on the measurement of neu-
tron decay from an IAS's, but the techniques can be extended
to the study of giant resonances.

Wave functions for IAS's can be expressed as a sum of a
T~ component, obtained by operating with the isospin-
lowering operator T on the wave function of the parent
nucleus, plus a T~ component due to isospin mixing with
certain underlying one-particle —one-hole and two-particle-
two-hole doorway states. These two components usually lead
to direct proton decay and isospin-forbidden statistical neu-
tron decay, respectively [2].Accordingly, the total width can

be written as a sum of an escape and a spreading width,
I =I ~+I ~. The latter is of particular interest because the
isospin mixing is believed to be the result of coupling via the
Coulomb force to the (To —1) component of the isovector
giant monopole resonance mediated by coupling to doorway
states [7—10].

Most experimental spreading widths (compiled for
heavier nuclei in Ref. [10]) were obtained indirectly by de-
termining the total widths I of IAS's from their Lorentzian
line shapes and measuring the branching ratios P~ for proton
decay. The escape and spreading widths become I ~=P~I."

and I t=P "I =(I —P")I', respectively.
The present work describes an experiment which deter-

mines P" directly by measuring with a simple geometry but
high detection efficiency the neutron decay of an IAS popu-
lated preferentially in the ( He, t) charge-exchange reaction
near 0=0 . The isospin-forbidden neutron decay is due to
the spreading width I ~. A similar experiment to determine
I for the isobaric analog state in Bi has been reported
very recently [11].

II. EXPERIMENTAL PROCEDURES

A. ( Heg) reaction

The experiment was carried out with a 200 MeV He
beam from the Indiana University Cyclotron Facility (IUCF).
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High-resolution triton spectra from the ' oSn( He, t)' Sb
charge-exchange reaction were obtained by magnetic analy-
sis using the K600 magnetic spectrometer [12,13].The mea-
surements were carried out near 0=0, and the He + beam
particles, which also enter the spectrometer, were deflected
inward and stopped in an electrically insulated beam stop.
Details of the experimental setup, including the magnetic
spectrometer and the focal-plane detection system, are given
in Refs. [3,14,1].

An isotopically enriched ' Sn target of thickness
pox= 9.7 mg/cm was used, and the beam current was typi-
cally -7 e nA. Singles events were prescaled by a ratio of
10:1 before writing to tape to reduce dead time and to opti-
mize the coincidence rate with neutrons.

The ray-tracing capabilities of the focal-plane detection
system make it possible to decompose the measured triton
spectra into two separate spectra for angles centered near
0=0 and 0=2, respectively. This provides a signature for
AL=O transitions which are strongly peaked at )9=0'. The
angular distribution for the ( He, t) transition to the IAS in
' "Sb was observed [3] to display strong oscillations with the
first minimum at 8=3

B. Neutron detectors

In order to measure triton spectra correlated with evapo-
ration neutrons from the decay of excited states and reso-
nances in the final nucleus, neutrons have to be detected in
coincidence with the tritons. The setup consisted of four
small NE230 liquid scintillators (2 in. diameter X 2 in. thick-
ness) mounted very close to the target at distances of 9.5 cm
and at angles of 135' with respect to the beam direction.
Two additional NE213 liquid scintillators (5 in. diameter
X5 in. thickness) were mounted at distances of 29.5 cm
from the target at angles of + 90 . However, only one of
these two detectors yielded useful neutron decay data be-
cause the second detector was in the line of sight from the
beam stop inside the first dipole magnet which resulted in a
high background.

NE230 is a fully deuterated liquid scintillator material
[15] which has a response function with a maximum at the
highest deuteron recoil energy. This makes it useful for mea-
surements at higher neutron energies where low- to medium-
resolution neutrori spectra can be obtained directly without
the need for time-of-flight information [16].The neutron de-
tection efficiency for NE230 is somewhat lower than that for
NE213.

Time of Bight and pulse-shape discrimination were em-
ployed to separate neutron and y-ray events. Despite the
short flight path, time of Aight was useful to identify slow
neutrons where pulse-shape discrimination is less effective.
Neutrons and y rays were detected in coincidence with sev-
eral beam bursts (rf) gated on focal-plane events. This al-
lowed the identification of prompt and random events. The
prompt events in the present experiment were composed of
about 30% random and 70% true coincidences. Coincidence
spectra used for the analysis were obtained by gating on true
events defined as prompt minus random events.

C. Neutron-detector calibration

The pulse-height spectra for the neutron detectors were
calibrated using the Compton edges of y rays from Na and

III. EXPERIMENTAL RESULTS

Figure 2(a) displays a triton spectrum measured in singles
mode with the magnetic spectrometer covering angles
0~3'. A second overlapping spectrum measured indepen-
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FIG. 1. Neutron detection eNciencies obtained with a Cf
source as function of the neutron energy for a NE230 liquid scin-
tillator (2 in. diameter X 2 in. ). The detection thresholds F. ',

"'
(E'„') are (a) 29 keVee (354 keV), (b) 204 keVee (1425 keV), (c)
502 keVee (2396 keV). The solid lines are included to guide the

eye.

other calibration sources. The thresholds in the present ex-
periment were set at E',"'=28 keVee (ee=electron equiva-
lent) which corresponds to a neutron energy threshold of
E„''=350 keV. Special attention was given to achieving
such low pulse-height thresholds because the emitted neu-
trons have low energies (E„(3200keV) with a maximum
in the evaporation spectrum at F„=450 keV and an average
energy of F.„=850 keV.

The detection efficiencies of the neutron detectors were
determined with a calibrated Cf fission source. Coinci-
dences between fission fragments detected with a xenon gas
scintillation detector and neutrons from this source were ob-
served, and the energies of the neutrons were selected by
their time of Aight over a flight path of 1 m. The neutron
spectrum from Cf has a well-known shape [17] which
allows an absolute determination of the detection efficiencies
in the energy range 0.5—10 MeV. Selecting slices in the two-
dimensional pulse-height versus time-of-Aight spectra, pulse-
height distributions were obtained for neutron energies in
steps of 0.5—1 MeV. The energy dependence of the neutron
detection efficiencies y was obtained from these distribu-
tions for several hardware and software thresholds. A set of
detection efficiencies for the small 2 in. thick NE230 liquid
scintillators is displayed in Fig. 1 for three different thresh-
olds in the range from E',"'=30 to 500 keVee. This corre-
sponds to neutron energy thresholds from E'„'=350 to 2400
keV (see figure caption). Curve (a) was obtained with a hard-
ware threshold. The data will be discussed in more detail in
Sec. IV A.
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dently for higher excitation energies is not shown. The
singles events were prescaled by the ratio 10:1 to reduce
computer dead time and in doing so to allow the collection of
coincidence events with higher beam currents. The most ob-
vious feature of the spectrum of Fig. 2(a) is the strong tran-
sition to the 0+ IAS in ' Sb at E,= 10.20 MeV. Selective
transitions to the 1+ ground state in ' Sb and a few other
low-lying states can also be seen. Furthermore, two broad
resonances are superimposed on a nonresonant background.

The decomposition by ray tracing of this spectrum into
spectra for angles of 8=0' and 8=2' (see Figs. 2 and 3 in
Ref. [14] or Fig. 2 in Ref. [1])provides a clear signature for
b L= 0 transitions with the strong enhancement at 8=0'.
These features become most prominent in the difference
spectra for 8=0' and 8=2'. This decomposition is not nec-
essary in the present IAS work, but it was particularly im-

portant for identifying the GTR at E = 11.5 MeV and low-

lying Gamow-Teller fragments. The charge-exchange giant
resonance at E = 19.6 MeV displays a minimum at 0=0
which is characteristic for EL=1. Investigations of these
resonances have been reported for " ' Sn( He, t)" ' Sb
[3]and subsequently for all stable Sn targets [1].The decom-
position of all spectra into a nonresonant background and
charge-exchange giant resonances, particularly the GTR's
with their low-lying fragments and the appearance of door-
way states, has been discussed in detail elsewhere [1].

Figure 2(b) displays the triton spectrum which was mea-
sured simultaneously with the singles spectrum of Fig. 2(a)
at angles near 8=0 in true coincidence with neutrons. The
neutrons were detected in the five neutron detectors with an

average hardware threshold of E', =28 keVee. The spectrum
displays an onset at about E =7 MeV due to the threshold
for neutron emission in ' Sb at EX=7.019 MeV. The few
counts observed below this threshold are from y rays which
are not completely removed by pulse-shape discrimination in
the difference of prompt minus random events. The IAS is
again very dominant, and the two broad resonances are iden-
tified as Gamow-Teller and AL = 1 resonances, respectively.
As expected, even without the decomposition into 8=0' and
8=2' spectra, the relative contribution from a nonresonant
background is reduced compared to that in the singles spec-
trum of Fig. 2(a), and the giant resonances are more promi-
nent.

The number of singles events recorded for the IAS in the
spectrum of Fig. 2(a) multiplied by the prescaling factor is
N, =146 155~2089. The corresponding number of coinci-
dence events recorded with the four NE230 neutron detectors
is N, =2148~ 100. Since, as mentioned above and seen in
Fig. 2(b), pulse-shape discrimination did not completely re-
move all y-ray events, a reduction of the number of coinci-
dence events by 5% was considered necessary. This leads to
a slightly corrected value of N, = 2041 ~ 113.The ratio of the
two numbers is N, /N, =0.014 ~0.001. Anticipating a
branching ratio for neutron decay from the IAS of close to
100%, this implies a total detection efficiency for evapora-
tion neutrons of ~1%.

Figure 2(c) displays a triton spectrum measured in coin-
cidence with y rays from the NE230 detectors with a thresh-
old of -65 keVee. In addition to the IAS, the spectrum
shows pronounced structures which appear to be unrelated to

those seen in Figs. 2(a) and 2(b). These features will be
discussed in Sec. IV C.
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FIG. 2. Triton energy spectra from the ' Sn( He, t)' Sb reac-
tion at E( He) = 200 MeV and 8~ 3' for excitation energies up to
F. = 25 MeV. (a) Triton energy spectrum measured in singles
mode. (b) Triton energy spectrum measured in coincidence with

evaporation neutrons of energy )350 keV and gated on true =
prompt —random events. (c) Triton energy spectrum measured in
coincidence with y rays of energy )65 keV and gated on true =
prompt —random events.

IV. DISCUSSION

A. Neutron detection efficiencies

The determination of the experimental branching ratio for
neutron decay from the IAS requires the knowledge of the
shape of the neutron spectrum and the efficiency for the de-
tection of neutrons with its dependence on energy as dis-
cussed in Sec. II C.

A calculated neutron evaporation spectrum from the sta-
tistical decay of the 0+ IAS in ' Sb to states in " Sb is
displayed in Fig. 3. The spectrum is normalized to 1000 de-
cays. It was obtained with the computer code CASCADE [18]
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which takes into consideration the statistical decay into the
final states described by the backshifted Fermi-gas model

[19] and appropriate level-density parameters as well as the
parameters for the giant dipole strength. Several low-lying
states are included explicitly. Isospin selection rules were not
invoked, and the neutron decay is assumed to originate from
the T& component of the IAS wave function. The calculated
total number of neutrons is 0.989/decay with only weak
competition from the emission of primary gamma rays
(0.010/decay) and protons (0.001/decay). Sequential neutron

decay from states populated in " Sb is energetically not pos-
sible. Direct neutron decay is usually negligible. On the other
hand, direct proton decay (which is due to the escape width
I ") often competes in intensity with the statistical neutron
decay (which is due to the spreading width I ").

The calculated neutron spectrum shown in Fig. 3 displays
a linear increase at low energies. This reflects upon the en-

ergy dependence of the transmission coefficient. It is fol-
lowed by a maximum at E„=450 keV and a subsequent
decrease due to the decrease in the density of final states.
Discrete contributions at energies above 1.5 MeV up to 3.2
MeV are the result of statistical decays to the ground and
discrete low-lying states in "Sb.

The integrated neutron spectrum

Io(E', ) =
] S„(E„)dE„,

n

300—

Sb (lAS) - " Sb+n

C) 60—
O

40-
a
C

20— Q.S.

0
0

'w . fl
2 3

E„(Mev)

FIG. 3. Calculated energy spectrum for evaporation neutrons
from the statistical decay of the 0+ IAS in ' Sb to states in
»9Sb

expressed as function of the threshold F',"', represents the
fraction of the spectrum above this threshold. For E',"'=30,
100, and 250 keVee, the detectors are only sensitive to
—70%, —35%, and —10% of the full spectrum. When the
detector efficiencies used in the present experiment are in-
cluded (see below), the neutrons from the evaporation spec-
trum are recorded with efficiencies of only —18%, -4%,
and -0.5%, respectively, numbers which have to be multi-
plied further by the relative solid angle. Clearly, the shape of
the distribution of evaporation neutrons with its low maxi-

mum energy of 3.2 MeV demonstrates the need for a very
low neutron energy detection threshold below 0.5 MeV.

Determining the integral efficiency for the detection of
neutrons with an energy spectrum as given by Fig. 3 requires
knowledge of the energy dependence of the neutron detec-
tion efficiency „(E',',E„) for the threshold of E',""=28
keVee used in the present experiment. Absolute neutron de-
tection efficiencies determined from the Cf calibration
data are shown in Fig. 1 for three hardware and/or software
thresholds ranging from E',"'=29 to 502 keVee with corre-
sponding neutron energy thresholds from F.„'"'= 0.35 to 2.40
MeV. The thresholds were determined directly from the mea-
sured data. They are in agreement with the light output re-
ported for electrons and deuterons in Ref. [15].The neutron
detection efficiencies reach a maximum value of —29% for
the lowest threshold setting of E',"'=29 keVee and are ex-
pected to be a little higher when extrapolated to E,'""=28
keVee.

The integrated detection efficiencies defined as

I(Ethr) „g„(E', ,E„)S„(E„)dE„
n

(2)

I(28 keVee) =(18.9+ 2.1)%. (3)

An uncertainty of 11% was assigned to this value based on
the uncertainties of the thresholds, the absolute fission rates
determined in the Cf measurement, and possible uncer-
tainties in the calculated evaporation spectrum. The main
uncertainty results from the value of I(29 keVee) because of
the strong dependence on the threshold E',"'. An uncertainty
of only ~2 keVee in the threshold is responsible for a
~ 11% uncertainty in I(E',"'). The uncertainty in E', ' is in

part due to the poor pulse height resolution at low neutron
energies.

It was observed that the slightly different thresholds used
in the ( He, tn) experiment for the four NE230 detectors had
the expected effect on the observed coincidence rates, and
similar uncertainties must therefore apply to these threshold
energies. Uncertainties of ~11% were therefore folded into
the uncertainties for the number of coincidence events, N, .

Calculations with Monte Carlo simulation codes have also
been performed to determine the absolute neutron detection
efficiencies y, for liquid NE230 scintillators. Existing codes
[20,21] were generalized by including neutron-deuteron in-
teractions and the light-output function for the recoiling deu-
terons. Moderate agreement with the experimental values has
been achieved.

Combining the integral detection efficiency of I(28
keVee) = (18.9~2.1)% for evaporation neutrons with the
relative solid angle for the four small NE230 detectors yields
an absolute detection efficiency of

have been obtained for six detector thresholds F.',"'
by inte-

grating the calculated neutron spectrum S of Fig. 3 folded
with the absolute neutron detection efficiencies g„of Fig. 1

and another set of three measurements. The values follow an
approximate power-law dependence. They can reliably be
extrapolated to the threshold used in the present experiment
yielding
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e= (1.35~ 0.15)%. (4)

This value is somewhat increased when the contributions
from the fifth large-volume detector (with the known prop-
erties of the NE213 scintillation liquid) at the larger distance
of 29.5 cm are included. However, the increased uncertain-
ties introduced with this detector did not justify its inclusion,
confirming the advantage of using small detectors very close
to the target.

Experimental (this work)
Calculated [10]
Calculated [23]

~ 86%
-90'Fo

95.9~ 2.3%

33.0~ 10.8 keV
-30 keV

30.7~ 8.7 keV

TABLE I. Experimental and calculated branching ratios P and
spreading widths I for neutron decay of the IAS in ' Sb with
I'i = PtI' and I' = 32 ~ 9 keV from Ref. [22].

B. Spreading width I'~ of the IAS

Combining the recorded numbers of singles and neutron
coincidence events for the IAS, N, and N, from Sec. III,
with the absolute detection efficiency e from the previous
section yields a branching ratio for the emission of neutrons
of

P t = r ter =r „ir = (103 17)% o 86%.

Here, the uncertainties of the numbers of events, N, and

N, , were combined with the uncertainties due to the thresh-
olds in the Cf measurements and the actual coincidence
measurements. The spreading width I"~ follows directly from
this ratio and the known experimental total width
r=32~9 keV for the IAS in ' Sb [22]. The result is
I ~=P~I =33.0~10.8 keV. The above values are included
in Table I together with calculated values from Refs. [10,23].

The calculated width of about 30 keV shown in the table
is part of a general trend established for the spreading widths
I " of 65 nuclei with A~110 based on coupling of the IAS
with the isovector giant monopole resonance. These theoreti-
cal estimates [10] represent global trends, and they are not
expected to give good agreement for individual nuclei. Nev-
ertheless, the agreement for the IAS in ' Sb is very good. It
should also be noted that the calculations of Ref. [10] de-
scribe quite well the relatively small and constant values of
I'" for the entire Sn region [23], and they describe the strong
increase of I ~ with neutron excess for many deformed rare-
earth nuclei. It appears, though, that some disagreement may
exist in the trends observed [24] for nuclei slightly lighter
than Pb and the predictions from Ref. [10].However, this
region includes nuclei with triaxial shapes and negative de-
formations where the equations of Ref. [10] may not apply.

A more precise indirect estimate of I ~ for the IAS in
Sb has been obtained recently [23] by employing a pro-

cedure outlined in Ref. [25]. Absolute values of the escape
widths I ~ were obtained for the IAS's of all Sn and Te
isotopes [23] using calculated single-particle escape widths
and experimental spectroscopic factors measured in single-
neutron pickup reactions such as (p, d) or (d, t) on the re-
spective target nuclei. These values were found to be in very
good agreement with existing data. They display a pro-
nounced odd-A —even-A staggering effect, with branching ra-
tios P~ for direct proton decay of only a few percent for the
IAS's of all even-A Sn and Te isotopes. Spreading widths
were then derived indirectly from I ~ = I —I ~. Most of the
total widths I for Sn and Te isotopes are from the experi-
mental work of Becchetti et al. [22] who measured I' in the

( He, t) charge-exchange reaction for essentially all stable Sn
and Te isotopes. The deduced branching ratio Pt of (95.9
~2.3)% for the IAS of ' Sn is included in Table I.

A branching ratio of close to 100% for an isospin-
forbidden neutron decay is unusual. This is because the
isospin-allowed direct proton decay with its relatively low
maximum decay energy of E~ =4.60 MeV is strongly sup-
pressed due to the Coulomb barrier. This leads to a low
single-particle escape width of only 1.74 keV. However, I"~

and P~ are not related to transition probabilities for neutron
decay [23].Instead, they are related to the "spreading" of the
pure IAS wave function, obtained by operating with the
isospin-lowering operator T on the parent state, into the
doorway states. The time evolution of this "spreading" takes
place on a scale of 10 ' s. It depends on the charge-
dependent matrix element VcD for mixing between the IAS
and the T» component of the isovector giant monopole reso-
nance (IVGMR), on the density of one-particle —one-hole
and two-particle —two-hole doorway states, and on the
nuclear matrix elements connecting the IVGMR and the
doorway states. Subsequent neutron decay from the doorway
states is slow and sequential, and it usually does not affect
the width. In fact, neutron decay is energetically not even
possible for the decay of the IAS of " Sn, for example, and
"spreading" is followed here by gamma decay instead on an
even slower time scale.

C. Neutron and y-ray coincidence spectra

Figures 2(b) and 2(c) show triton spectra measured in the
focal-plane detectors in coincidence with neutrons and y
rays, respectively. The detector thresholds for neutrons and

y rays are F.'„"=3 50 keV (or E,'"'= 28 keVee) and
E'"'=65 keV (or E,'"'=65 keVee), respectively. Whereas
both spectra display the IAS quite strongly, the structure of
the continuum differs significantly. The neutron-gated spec-
trum [Fig. 2(b)] shows the threshold for neutron emission
and, as mentioned before, the Gamow-Teller and AL=1
resonances are more pronounced than in the singles spec-
trum. This is due to the fact that the nonresonant background
from quasifree charge exchange leaves the residual nucleus
at lower excitation energies and hence leads to reduced neu-
tron emission.

The spectrum of Fig. 2(c) measured in coincidence with

y rays has entirely different characteristics seemingly unre-
lated to that of Fig. 2(b). The observed broad structures are
not related to any known giant resonances. Instead, they are
closely connected with the thresholds for neutron emission.
Below the threshold for the emission of a single neutron, the
yield for y emission increases strongly but drops sharply to
essentially zero at the neutron threshold. A similar situation
occurs at the threshold for the emission of two and three
neutrons, but the effect is less pronounced. Data for higher
excitation energies (not shown) still show this effect weakly
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at the thresholds for the emission of four and five neutrons.
The behavior observed in Figs. 2(b) and 2(c) is a natural

consequence of the competing decay modes, and it can be
described with the statistical-model code CAscADE [18].Fig-
ure 4 displays the calculated number of neutrons and y rays
emitted above certain assumed thresholds as function of the
excitation energy in the nucleus ' Sb. Decays from 0+

states are assumed, but decays from states with other 1 will

basically show the same characteristics. At very low neutron-
detector thresholds, the response increases in unit steps at
each new neutron threshold, i.e., ( He, tn), ( He, t2n),
( He, t3n). However, these steps are smoothed out when the
neutron detection thresholds are increased. This increase in
neutron multiplicity increases the efficiency with which
highly excited giant resonances, such as the isovector giant
monopole resonance, can be detected in coincidence with
decay neutrons.

In contrast, the calculations for y emission display com-
pletely different structures related to the thresholds for neu-
tron emission. Following the initial increase in the number of
gamma rays below the first neutron threshold, a sharp de-
crease is indeed predicted at this threshold due to competi-
tion with neutron emission. Interestingly, the minimum is
essentially zero, independent of the detector threshold. The
yield increases again with increasing excitation energy, lead-
ing to a maximum at the emission of two neutrons followed
by a strong decrease. Similar maxima and minima are pre-
dicted at the higher thresholds, but the structures become less
pronounced with increasing energy and increasing detector
threshold due to the increasing overlap in phase space of
multineutron decay. It follows from these calculations that
one has to be very careful when measuring ejectile spectra in
coincidence with y rays to avoid spurious features due to
threshold effects.

4
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FIG. 4. Multiplicities for the emission of neutrons and y rays as
function of excitation energy in the nucleus ' Sb obtained with the
statistical-model code cAscADE [18].The respective sets of curves
are obtained for different detector threshold energies as indicated.

D. General comments

Improved measurements of triton spectra in coincidence
with neutron decay yielding the spreading widths I ~ of
IAS's, as described in the present work, and enhancing the
structures of Gamow-Teller and other high-lying resonances
with respect to the underlying continuum, are possible and
desirable. This can be achieved using a few small detectors
close to the target as was done in the present experiment.
Using more than four 2 in. NE230 (or alternatively NE213)
detectors will result in increased coincidence count rates and
improved statistics. Alternatively, the use of a large "neutron
wall" at a distance of typically 2 m from the target, as was
done in the investigation of the neutron decay of the IAS in

Bi [11],makes neutron time-of-flight measurements pos-
sible. This has the advantage that evaporation spectra can be
measured. The total neutron detection efficiencies of typi-
cally 2/o are similar for the two techniques.

Problems due to the sensitivity of the absolute neutron
detection efficiencies for low detector thresholds, as experi-
enced in the present work, are common to both techniques.
The need for low thresholds depends on the neutron separa-
tion energy and the excitation energy of the decaying state or
resonance which determine the maximum energy in the neu-
tron evaporation spectrum, e.g. , F„"=3.1 MeV for the de-

cay of the IAS in izoSb, but E„' = 8.3 MeV for the corre-

sponding decay of the IAS in o Bi [11]. Obviously, the
present techniques cannot be employed when the maximum
neutron energies are low as, for example, for the decays of
the IAS's of ' ' Sn (0.49 and 1.38 MeV, respectively).
Neutron decay is not even permitted from the IAS's of the
lighter ""Sn isotopes but replaced by statistical proton
decay or y-ray emission. On the other hand, the maximum
neutron energies are increased for the studies of the decays
of high-lying giant resonances with the added advantage, as
outlined in Sec. IV C, of increased neutron multiplicity.

V. SUMMARY

Neutron decay from the IAS in ' Sb has been measured,
and the branching ratio for this isospin-forbidden decay
mode was observed to be close to 100% in agreement with
predictions for the escape and spreading widths, 1"~ and
I ", respectively. The IAS was excited in the ( He, r) charge-
exchange reaction at E( He) =200 MeV and 8=0'. The
neutrons were detected with four small deuterated NE230
liquid scintillators mounted close to the target. The neutron
detection efficiencies were determined with neutrons from a

Cf source by measuring coincidences between fission
fragments and neutrons. The general shapes of triton spectra
measured in coincidence with neutrons and with y rays show
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a different behavior which can be explained using calculated
evaporation spectra on the basis of competition between the
two decay modes.
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