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Proton decay following the transfer reaction(’Li, ®He) on “°Ca and °%zr

G. H. Yoo* G. M. Crawley! J. H. Kelley* N. A. Orr8 J. C. Stako,! and J. S. Winfield
National Superconducting Cyclotron Laboratory and Department of Physics & Astronomy, Michigan State University,
East Lansing, Michigan 48824

S. Galss, S. Fortier, H. Laurent, and T. Suonmija
Institut de Physique Nuckire, CNRS-IN2P3, F-91406 Orsay, France

J. E. Finck
Physics Department, Central Michigan University, Mt. Pleasant, Michigan 48859
(Received 7 December 1999; published 1 September)2000

The charged particle decay of continuum states excited by the single proton stripping re4dtiéHe) at
a bombarding energy of 50 MeV/nucleon on targets*¥fa and®®Zr was measured and compared with
theoretical predictions. The results suggest that most of the strength in the continuum arises from decay of
unbound states in the intermediate nucleus rather than from breakup %@fi fejectile. There is substantial
direct decay to the low-lying states in the final nucleus for both targets.

PACS numbes): 25.70.Hi, 23.20.En, 24.66k

[. INTRODUCTION cross section for a number of neutron-transfer reactions in-
duced by heavy iong5]. The model predicts that for many
A continuum, usually considered a “background,” is of- heavy-ion induced neutron-transfer reactions at bombarding
ten observed at high excitation energy in single nucleorenergies above 20 MeV/nucleon, a significant amount of the
stripping reaction$1]. This continuum makes it difficult to strength in the continuum arises from capture into reso-
extract information about the states observed as broad resnances which subsequently decay by particle emission. Un-
nancelike structures at high excitation energy. In many casefprtunately the BB model has not yet been extended to
the continuum is assumed to arise from breakup processeharged-particle transfer reactions. However, in proton trans-
and is simply regarded as an uninteresting and unwantefér on a number of target§], broad peaks are also observed
complication to be subtracted empirically from the spectrumabove an underlying continuum and, particularly at excita-
The present experiment is designed to separate the cross séion energies where the proton decay energy is above the
tion due to resonance states from the breakup processes ypulomb barrier, similar results to those predicted in neutron
detection of decay protons at backward angles in coincidenceansfer are expected. This experiment attempts to test such
with ejectiles at zero degrees. In addition, the coincidenceredictions on two medium-weight targets.
measurements will permit an investigation of the damping of Breakup processes can be divided into two broad catego-
these resonance states by comparison with a statistical decags, elastic breakup and inelastic breakup. In the elastic
model, thus determining the direct component of their decaybreakup process, the projectile fragments because of its in-
A recent semiclassical approach developed by Bonacteraction with the target nucleus while leaving the target in
corso and Brinf{2—5] (BB) has attempted to calculate the its ground state. Both fragments from the original projectile
strength from both breakup and resonance absorption in th@ove along a path similar to the extension of the projectile’s
continuum in a unified manner. This approach treats the propath and are therefore emitted preferentially at forward
cess of breakup of the projectile and capture of a nucleomngles. In an inelastic breakup process, the target can be
into an unbound state simultaneously and has been quite suexcited. In general, the distribution of particles from inelastic
cessful in explaining the energy dependence of the inclusivereakup will also be peaked at forward angles, whereas the
decay from resonant states will be symmetric about 90° in
the center of mass of the decaying nucleus. In the BB model,
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are fully damped, their decay should be predicted by statisreaching the detectors. Each of the silicon detectors in the
tical decay calculations. Departures from such predictionarray was located approximately 14 cm from the target.
will identify direct decay of the resonance states. In additionSeven silicon detectors were placed at backward angles in
the angular distributions of the decay protons may providehe range of 1612 6#=110°, and the eighth a&1=32°. The
information on the spin parity of the decaying resonanceotal solid angle of the silicon detector array was 0.20 sr.
states. Finally, the direct decay, particularly for high-lying This system allowed the detection of charged particles, but
states, should provide some indication of the parentage Qfig not permit the identification of the particle type. How-
these states. ) ever, since the Coulomb barrier far particles is twice the
Specifically, the present experiment explores the nature Qb rier for protons, very fewr particles are expected to be
the "underlying continuum mﬁ(;[he caggzz of the reactiongmitted. In addition, deuterons are not expected throughout
("Li, "He) at 50 MeV/nucleon o Cag?”d rby observing - most of the energy region of interest because their threshold
the proton decay of states fiSc and®*Nb above the proton  energy is significantiy(typically 10 MeV) higher than the
emission threshold. This reaction is known to p(gpulat_e broagnergy threshold for proton emission. These qualitative ex-
resonance states in a variety of tardatsand the*He ejec-  pectations were confirmed by calculations with the program
tile has no particle-stable excited states to complicate thg,scape [9], which uses Hauser-Feshbach theory, and pre-
residual spectra. The targets were chosen because they ggts very limited or deuteron emission in the excitation
low-energy thresholds for proton emission and comparagnergy range of interest in the nuclei studied in this experi-
tively high neutron emission thresholds. Thee particles ment.
were detected near zero degrees in coincidence with the The energy calibration of the focal plane was carried out
charged particles emitted at backward angles. This techniqugsing elastic scattering from ¥C target. For the calibra-
is expected to select states which arise from capture int@ons, the elastically scattered particles fréf8 were moved
resonance states of the target plus a single proton, and {1055 the focal plane by varying the magnetic field of the
exclude particles resulting from elastic breakup which will §ins1e magnet. The silicon detector array was energy cali-
be emitted at forward angles. This assumption was checkeghaied using thdC(’Li, ®He) N reaction and observing the
by placing one proton dete_ctor at 32° to monitor the SYMMeyecay protons from specific known states'fN. The ®He
try of the angular correlation, since breakup processes W"éingles spectra for thé%Ca, ®zr(’Li, ®He) reactions ob-

show a maximum towards forward angles. tained at zero degrees are displayed in Fig. 1, as well as the
spectra of°He detected in coincidence with all protons ob-
Il. EXPERIMENTAL PROCEDURE served in the charged particle array. These latter spectra

show only true events. The yields were corrected for random
The “Li projectiles were accelerated to 50 MeV/nucleon coincidences by setting gates on the “tiuandom” and
by the K1200 superconducting cyclotron at Michigan State:random” channels in the time spectrum. The time differ-
University. For the “°Ca target, natural calcium metal ence between 8He detected in the focal plane and a proton
g%6-94% Ca) was rolled to a thickness of 4.4 mgferiihe  detected in the silicon array, appropriately delayed, was re-
Zr target was enriched to 98.7% and was 5.1 mgfthitk.  corded event by event and used to make a coincident time
The °He ejectiles were detected around zero degrees in thgpectrum for each silicon proton detector. The excitation en-
focal plane of the A1200 beam analyzer sys{@h the sec-  ergies corresponding to the proton and neutron emission
ond half of which was used as a magnetic spectrograph witkhresholds B,=1.08 and 5.15 MeVB,=16.29 and 12.06
an angular acceptance of 4 msr. This restricted the deteCtiqmeV’ for the 4OCa anngZr targets, respective]yare indi-
of ®He particles to a maximum angle of two degrees. Thecated in the figure by arrows.
ability of this system to detect cleanly tiféle particles at
small angles close to zero degrees simplified the analysis of
the experiment because the recoil direction of the intermedi- IIl. THEORETICAL CALCULATIONS
ate heavy ion is therefore constrained also to be close to zero
degrees. The focal plane detectors consisted of two position As mentioned in the Introduction, the inclusive spectrum
sensitive silicon detectod mm thick, 1 cm high, and 5 cm can contain events from both breakup processes and transfer
long) one behind the other and separated by 1 cm, and folto resonance states in the intermediate nucleus. In order to
lowed by a plastic scintillator. The particles detected in theseparate these processes, the protons emitted from the un-
focal plane were identified by energy loss in the two positionbound region of the intermediate nucleus were measured in
sensitive detectors, total energy in the plastic scintillator andoincidence wittPHe particles detected at zero degrees. The
time of flight between the plastic scintillator and the beamenergy spectrum of these emitted protons gives the excited
pulse. The energy resolution for tiele spectra was about energy spectrum of the final nucleus, which in this case is
500 keV full width at half maximum. also the target nucleus.
An array of eight silicon detectors, each of 5%anea and For a given event, the excitation energy of the final
5 mm thick were arranged to detect charged patrticles in corucleus after the emission of a single protdt)( is deter-
incidence with the®He particles in the focal plane, and to mined using the equation
measure the angular correlati®f( 8). Thin aluminized My-
lar foils of thickness about 2am were placed in front of the
silicon detectors to stop low-energy electrons from the target Ef=Ex—Ep(mi+mp)/m—=S,, (D)
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where E, is the excitation energy of the intermediate CASCADE were found to be rather insensitive to these values.

nucleus E,, is the energy of the emitted proton, evaluated inThe standard values of the other parameters were used since

the center-of-mass framg, is the proton separation energy, the dominant contribution to particle decay arises from the

andm; andm, are the masses of the finahrge) nucleus ~Coulomb and centrifugal barriers.

and the proton, respectively. The mean proton multiplicity has been calculated with a 2
For a selected region of excitation eney, and a re- MeV threshold applied to the proton spectra which corre-

gion AE; of the final nucleus spectrum, the angular correla-sponds to the experimental threshold of the backward-angle

tion function can be written as detectors(the forward-angle detector, which had a higher
threshold, was not included in the experimental analysis
W(F¢m)=Np(3)4m/[Ns-AQ] (2)  This software threshold is applied to the protons in the

center-of-mass frame of the excited nucleus. The calculation

}/vherr]eNp(lﬂ) ]is the mefasured ”‘f”;)ber of protons correcteqyyes into account neutron decaydecay, and the Coulomb
or the ratio of center of mass to laboratory cross sect, ~ parrier. The calculated multiplicities were not very sensitive

is the number of singles events in the excitation energy slicg, o angular momentum distribution of the compound

AE,, and AQ) is the solid angle of an individual proton ncleys. The results may be compared directly to the yield
detector. As noted above, the decay of resonance stalg§ nroton decay measured in the coincidence experiment. If

should be symmetric about 90°. Thus, any asymmetry in thene \atio of the measured multiplicity to the calculated one is
correlation function, particularly an asymmetric increase at.ose to unity, it suggests that the inclusive spectrum is

forward angles, will indicate the presence of breakup prowainly 4 result of absorption into resonance states. On the

cesses contributing to the inclusive spectra. The correlatioginer hand, if this same ratio is small, this implies that the

function given in Eq(2) can be fitted with a Legendre poly- jnciusive spectrum has a substantial contribution from
nomial series from which the proton multiplicitié, can be breakup processes.

extracted, viz.

Widem)=Mp2aiPi(cosden), (i even () IV. RESULTS AND DISCUSSION
where the fitting is made neglecting the forward-angle 32°
point. In any particular case, the fitting is done up to a maxi-
mum value of the rank of the Legendre polynomial, depend- The ®He singles spectrum from the reactidfCa(’Li,

ing on the spin values. Detailed results for both targets will®He)*'Sc obtained at zero degrees is shown in Fig). Two

be discussed in the following sections. For #i€a target, States are seen to be strongly excited'c, the ground state
theoretical predictions of the angular correlations were madé7/2”) and an excited 9/2 state near 5 MeV. Between 6 and
for two 9/2" —0" transitions with the programoreLy [10] 20 MeV excitation energy, no other prominent peaks are
in a similar fashion to that described for neutron decayobserved although there is an indication of structure at exci-
[11,17. Here, we have not calculated the density matrix, butation energies near 9 and 11 MeV. This singles spectrum is
rather made the simple assumption of a 100% population ofuite similar to the spectra observed in both fiea*C,

the +3/2 magnetic substates. The optical potential param*?B)*'Sc[19] and “°CaHe, d)*!Sc[20] reactions. Both of
eters of Perey13] were used for the proton-nucleus scatter-these reactions show similar strong excitation of tHe,1

ing states. ground state and agl, state at 5.04 MeV. The®He, d)

The probability of statistical proton decay from the ex- experiment at 240 MeV bombarding energy also observed
cited nucleus to the target nucleus was calculated wittadditional 1go,, strength between 8 and 12 MeV excitation
CASCADE in a similar manner to Refs[14—-16. In the energy in*'Sc. The small structures observed in the same
CASCADE calculations, the optical model parameters of Pereyegion in the present experiment probably arise from popu-
[13] were used to calculate the proton transmission coeffifation of this g, strength.
cients. SincecASCADE is based on the statistical decay of a A spectrum of®He in coincidence with all protons de-
compound nucleus, level schemes of the excited intermediatected in the charged particle array is shown in Fig).1
and daughter nuclei must be input. F86c, known levels Accidentals have been subtracted. The proton-emission
with their spins were used up to 3.9 MeV excitation. Thethreshold in*'Sc is 1.09 MeV, but, as described in Sec. lIl, a
upper limit for the known levels was taken at 1.4 MeV in software threshold of 2.0 MeV has been applied. The 5.04
9INb. For the daughter nuclei, the limits were chosen fromMeV peak, corresponding to thgy, state is clearly seen.
the available data. Above these energies, the level densiffhere is also structure observed near 9 and 11 MeV, more
was calculated using the parameters taken from Bilgl.  clearly than in the singles spectrum. There does not appear to
[17]. The spin distribution in th€'Nb compound nucleus be any dramatic decrease in the coincidence spectrum near
was calculated within the statistical procedurecascADE  the neutron threshold of 16.15 MeV, presumably because by
using the internally calculated values for the maximum an-then the contribution from two-proton decay is beginning to
gular momentum and the diffuseness. Bt8c, the angular take effect. Although the two-proton decay threshold is 9.41
momentum distribution used was that determined by KimMeV, both the proton energies need to be high to have a
et al. [18] in the “°CaCHe,d) reaction. As a check, the an- reasonable probability of decay through the Coulomb barrier.
gular momentum values in the compound nucleus were varFwo-proton decay to**K may account for the rise in the
ied over a wide range and the multiplicities calculated bycoincidence spectrum around 17 MeV of excitatiorfiSc.

A. Ca(’Li, SHe+p)
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FIG. 1. Singles(top panel and coincidencegbottom panel
spectra for theLi, ®He) reaction at 50 MeV/nucleon on targets of  FIG. 2. Spectra oE; for *%Ca constructed from various 2-MeV
40Ca and®%Zr. Arrows indicate the proton and neutron emission sfices in excitation energy dfSc (as noted on each ploat labo-
thresholds in each case. ratory angles of 32°, 119°, and 161°.

The final excitation energy if°Ca was calculated from the backward direction. However, as the excitation energy in
the decay proton energies as described in Sec. . Figure 2'Sc increases the angular distributions for ground-state de-
shows examples of final energy spectra for three differentay become isotropic except for the most forward angle. The
excitation energy regions iffSc (9+1 MeV, 15+1 MeV, increase of the cross section at forward angles is presumably
and 2t-1 MeV), each at three angles. At the most forwardcaused by breakup of the incidefiti projectile, the yield of
angle of 32°, decay to the ground state is observed stronghywhich tends to be greatest near the beam direction. For de-
even at the highest excitation energy. At backward anglesays to higher excitation energy regions in the final nucleus
(119° and 161y, the ground state and a few low-lying states “°Ca, the angular distributions are quite isotropic for all ex-
are observed ift°Ca for decay from the 8—10 MeV excita- citation energy regions of the intermediate nucletiSc.
tion energy region in the intermediate nuclet’Sc. How-  Two of the experimental angular distributions from the 5 and
ever, at higher excitation energies 4fSc, the decay to the 9 MeV regions of*!Sc are compared with calculations from
ground state and low-lying states4fCa is much weaker and CORELY as described in Sec. Ill. These calculations assume
the predominant decay is to high-lying stated98a. Thisis  decay of a 9/2 state to the 0 ground state of°Ca and are
similar to the results obtained for neutron decay followingin reasonably good agreement with the measured angular
neutron stripping orf*Ni, °°zr, and*?°sn[11]. distributions of the emitted protons.

Some representative angular distributions for decays to 5 Figure 4 (upper paneél shows a spectrum dE;, deter-
MeV wide regions of excitation energy in the final nucleus,mined from Eg. (1) for all backward-angle coincidence
40Ca, are shown in Fig. 3. For certain cases where the protoavents. The ground state #iCa is populated quite strongly.
energy is 4 MeV or less, only a lower limit could be obtained The next most prominent feature is the peak near 4 MeV,
for the cross section at 32°, because of the relatively highwvhich probably has components corresponding to the 3
threshold on this detectdnote that the 32° data were not state at 3.74 MeV as well as the State at 3.90 MeV and
used in further analysis The angular distributions for the the 5 state at 4.5 MeV. Higher states {iCa up to 15 MeV
lower excitation energy regions of the intermediate nucleugxcitation energy are also populateshscADE calculations,
415¢, which decay to the ground state’8€a, are peaked in normalized to the experimental data at excitation energies
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FIG. 3. Angular correlation®V(6) for 'Sc—*°Ca+ p, plotted
as a function of proton laboratory angle. The specific mean excita- The ®He spectrum from the reactiotZr(’Li, ®He)°'Nb
tion energy in the initial E,) and final €;) nuclei are given on obtained at zero degrees is shown in Fi¢c)1The ground
each plot in MeV. The bar on the vertical arrow at 32° for certainstate (9/2) is strongly excited, which agrees with the pre-
cases represents a lower limit, as explained in the text. The curvesicted favorable angular momentum matching for lard
areCorELY predictions, normalized to the data. transfer{21]. Broad peaks are observed at excitation energies
of 6.1 and 9.2 MeV. Similar features were observed in data

above 10 MeV, are shown as a solid line in the same figureor the same reaction at a bombarding energy of 30 MeV/
The cAscADE predictions are significantly lower than the nucleon[7]. A small sharp peak is observed near 12 MeV.
population of the low-lying states, particularly of the ground 1 NiS @ppears to correspond to the excitation of one or more
state where the ratio of observed to predicted strength igf the three isobaric analog ;stat(ebAS) observed at 11.93,
more than a factor of 3. This indicates that there is significang‘z'O?’ and 12.15 MeV by Finkedt al. [22]. The 12 MeV

direct decay from the highly excited states 4kc to the state observed in the present experiment is likely to be a

; high-spin state, either 7/2or 11/2", both of which are an-
O -
gl\a/lrg\u/nd state of°Ca and to the low-lying states around 4 ticipated in this region. The other IAS observed in Hég]

I . at 9.86 MeV (5/2) and 13.38 MeV (7/2) do not appear to
The measured protor.1 multiplicity was obtained as debe strongly excited in the present reaction, although one can-
scribed in Sec. Il and is compared with the results of a,q; e out the 9.86 MeV state being obscured by the broad
CASCADE calculation in Fig. Supper pangl The calculated  giate near 9.2 MeV.
multiplicity rises quite rapidly above 14 MeV excitation en-  pyoton emission is expected to be dominant up to the
ergy as the proton energies from thg2p) channel(thresh-  neutron threshold of 12.06 MeV. However, due to the strong
old 9.42 Me\/) exceed the Coulomb and Centrifugal barriers.Cou|0mb and Centrifuga| barriers, proton emission is
However, no corresponding increase is observed in the meatrongly suppressed below 9 MeV. Hence, the strong peaks
sured multiplicity. At 20 MeV excitation energy, the calcu- seen near 6.5 and 9.0 MeV in the singles spectrum are not
lated multiplicity is roughly 50% larger than the measuredseen in the coincidence spectriisee Fig. 1d)]. This differ-
multiplicity implying that about one third of the inclusive ence is confirmed by theAscaDE calculations, which pre-
spectrum arises from breakup processes at excitation enatict that proton decay is strongly suppressed in this region.
gies between 14 and 22 MeV. This conclusion is rather in-The IAS near 12 MeV show up much more strongly in the
dependent of the parameters of the model since once theincidence spectrum than in the singles spectrum.

B. °%Zr ("Li, ®He+p)
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0.0 , | excitation energy ofNb at laboratory angles of 32°, 119°, and
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Final Energy (MEV) The cAascaDE calculations are normalized to the experimen-

tal data at excitation energies around 10 MeV and are shown
as a solid line in the same figure. Th@SCADE calculations
predict most of the spectrum 8fZr quite well including the
ground-state strength. The notable exception is the experi-
mentally strong yield to the 3 MeV region. This strength

Excitation energy E;) spectra of°°Zr from the proton jikely arises from the direct decay of one or more of the IAS
decay of “Nb were obtained as described in Sec. Ill andnear 12 MeV by a direct nonstatistical process. With some-
some examples are shown in Fig. 6. In order to obtain suffiwhat better resolution more definitive information could be
cient statistics in this case, the width of the energy slice irpbtained on this transition.
the intermediate nucleus was 4 MeV. The ground state of Some examples of angular distributions of various transi-
997r is not strongly excited but there is significant strengthtions from **Nb to °°Zr are shown in Fig. 7. For the case of
observed in the region around 3 MeV f¢r. This strength 9INb(12 MeV) to °°Zr(3 MeV) where the proton energy is
arises from decay of the 12 MeV excitation energy region Ofiess than 4 MeV, only a lower limit could be obtained for the
!Nb. The 3 MeV region of excitation energy fiZr con-  cross section at 32°, because of the relatively high threshold
tains a 5 state at 2.3 MeV, a 3 state at 2.7 MeV, a4  on this detector. The angular distributions are all quite iso-
state at 3.1 MeV, and a'6state at 3.4 MeV. From the tropic except for the 32° point, for which, apart from the case
centroid of the peak, and that of the corresponding peak imentioned above, the cross section is slightly higher than
the coincidence spectrutaee below, it appears that there is that of the backward-angle points. Again this may be the
significant excitation of the 3 state, although the resolution residue of breakup effects and so this angle was neglected in
of the present experiment is not sufficient to resolve the spefurther analysis. There is a slight increase towards backward
cific states. For higher excitation energies’#hlb the decay angles in the case of the fairly weak transition from the 12
is predominantly by emission of low-energy protons imply- MeV region to the ground state 8fZr. The angular distri-
ing mainly a statistical process. We note that the thresholéution for the decay of the 12 MeV region to the region
for two-proton emission irf*Nb is 13.54 MeV, and the re- around 3 MeV is quite flat, presumably because of the large
quirement that both protons escape through the Coulomhumber of possiblé values for the decay protons.
barrier means that two-proton emission will not be signifi-  The proton multiplicity was determined as a function of
cant below about 21 MeV of excitation. excitation energy as described in Sec. Ill. Figurél@ver

For all backward angle coincidence everis,is calcu-  pane) compares the multiplicity as a function of excitation
lated and the resulting spectrum is displayed in Figower  energy in%Nb. In this case, there is good agreement be-
pane). The ground state of%Zr is populated fairly strongly, tween the experimental results and threscADE calculations
although not as strongly as the region between 2 and 4 MeMhroughout the measureBl; spectrum. This suggests that
The centroid of this peak is at 2.7 MeV, suggesting that thenost of the observed strength, at least up to 20 MeV excita-
main contribution is from the 3 state, as discussed above. tion energy, is due to proton decay from the compound

FIG. 5. Experimental proton multiplicitie§ointy and corre-
sponding cASCADE calculations(solid lineg plotted against final
energy E;) for the “°Ca and®Zr targets.
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91 90 intermediate nucleus and compared to predictions, from
Nb(Ex) —p+ Zr(Ef) which the proton multiplicities were extracted. These proton
1.0 multiplicities were compared with the proton multiplicity
osl. 12 — 0 MeV | 12 — 3 MeV calculated by the programmAscADE. In addition, the decay
' spectra were compared tOASCADE calculations and the
06 - i amount of direct decay was therefore determined.
ﬁ{}H In the case of thé®Ca target, there is reasonable agree-
04r i i ment between the measured multiplicities and the predictions
o2} SN I of CASCADE up to an excitation energy of 14 MeV ittSc.
8 Hiy This implies that in this energy region the singles spectrum
o oo — — arises predominantlyabout 70% from compound or reso-
< sl 20 —» 0 MeV L 16 — 4.6 MeV nance states and that there is very little contribution to the
singles spectrum from breakup processes. At higher excita-
06 i tion energies, the calculated multiplicities are higher than the
04l L measured ones implying that there is an increased contribu-
t SERLEE, tion from breakup. However, even up to 20 MeV there is still
02~ N a very significant contribution from resonant states. There is
ool L teeanar oo significant direct decay observed to the ground state and to
0 50 100 150 © 50 100 150 states near 4 MeV if°Ca.
elab (deg) The situation is somewhat more complicated in the case

of the %°Zr target. The cross section for the proton decay
FIG. 7. Angular correlation®V(6) for ®INb—%Zr+p, plotted obtained from the transfer cross section and the proton decay
as a function of proton laboratory angle. The mean excitation en.pr%?ab”'ty agreed well Wlth the data at IO_W excitation energy
ergy in the initial €,) and final E;) nuclei are given on each plot in “*Nb. I-_|owever, the StatIS'FICE;'d calculations@tscADE do

in MeV. The bar on the vertical arrow at 32° f8INb(12 MeV) to not take into account thg' direct decay of the IAS ob_served
%7r(3 MeV) represents a lower limit, as explained in the text. ~ N€arE;=12MeV. In addition the onset of neutron emission
lies in the same position as the strongly excited IAS. Never-
géeless, thecascADE multiplicity predictions follow the rise
and fall of the data in this region. Even at higher excitation
energies, there is reasonable agreement withCtkecADE
calculation, which implies that there is substantial sequential
decay taking place.

nucleus or resonance states formed in the transfer proce
and not from breakup.

V. CONCLUSIONS

Proton decay following the proton transfer reactidhi
®He) on targets of°Ca and®’Zr was measured at 50 MeV/
nucleon bombarding energy in order to investigate the source
of the underlying continuum observed in this and many other This work was supported in part by the U.S. NSF under
stripping reactions. By measuring the coincident protons aGrants No. PHY89-13815 and INT-9217404, and by the
backward angles, we are able to eliminate the contribution o€entre National de la Recherche ScientifiqENRS,
elastic breakup. The angular distributions of the emitted proFrance. The authors also wish to thank Angela Bonaccorso
tons were measured for slices of excitation energy in thend Alexander Sakharuk for valuable discussions.
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