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The “°Ca(’Li, "Bey) reaction atE(’Li)/A = 70 MeV has been used to investigate isovector giant reso-
nances and to measure the ratioAf5=1 to AS=0 spin strength in*°Ca at high excitation energy. In the
singles spectrum, the analogue of the giant dipole resonance is observed. Another resonance is observed at
E,~15 MeV in the residual nucleus, which we suggest is a collectivestate. The isovector spin transfer
strength at high excitation for the calcium target is compared to that measured with a carbon target under the
same experimental conditions. Although more spin transfer strength at high excitation is observed for the
calcium target than for the carbon target, this only accounts in part for an apparent discrepancy between
previous “°Ca(p,p’) and 2C("Li, "Be) experiments. The general utility of thélL(, "Bey) reaction is dis-
cussed[S0556-28186)03807-1

PACS numbsdis): 24.30.Cz, 25.70.Kk, 27.46z

[. INTRODUCTION charge exchange reaction BtA = 26 MeV. [The basis of
the ('Li, "Bey) technique to separate spin transfer and non-
The study of simple modes of excitation such as gianspin transfer is described beldw.
resonances has been an abundant source of information Although the (Li, "Be) result of Nakayamat al. is ap-
about the nucleus. There are many data available on isoscalggrently in conflict with the §§,p’) result of Glashausser
(AT=0) excitations from hadron and electron inelastic scatt al, several explanations are possii8. One hypothesis
tering, but it is only recently that isovectoAT=1) modes s ya¢ the f,p’) reaction may be dominated by isoscalar
o_f excitation have been studied beyond the wel_l-known g'anggcitations, wheread(i, 'Be) is necessarily isovector. An-
dipole and Gamow-Teller resonances. The spin response 0 e L - - )
the continuum at high excitation energy has been even lesgher possibility is that while in thep(p’) case there is a
thoroughly investigated. ominant contnbugon to the c_:ontmuum from quasfrge
A particular problem has arisen recently concerning thecharge.exchange, in the heavy-ion reaction the contribution
nuclear spin excitation of the continuum. Glashausgteal. from th|s Process may be sma(l_ﬂee, €.9., Re1[5])_. Instead
have measured inelastic proton scattering®@a with po-  °"€ might expect in the heavy-ion reaction continuum a con-

larized protons at a bombarding energy of 319 MeV, anot7r|but|onlIrom three—bzdy processes, sluch as + "C— .
found that spin transferAS=1) transitions are significantly :36 + 7B +on. Suc Processes colu d be independent o
enhanced compared to nonspin transi®6€0) transitions elementary isovector exmtaﬂqns. n any cf':\se, target-
at excitation energies between 20 and 40 May. This en- Eiu()apendenlt effects could complicate a comparison between
hancement can to a large extent be explained in terms of aCa andd . help clarify the situati h f d
model[2] of the response of a semi-infinite slab of interact- In7o'r (7ar to help c'arn‘y t {; situation, we avei pertorme
ing particles, and as such is not expected to be associatéd® (L. ‘Bey) reaction on the same target nucleus as used
with a specific target. However, a subsequent measuremelit the inelastic proton scattering experiment. The aim of the

by Nakayamaet al. of spin transfer strength for #C target experiment was to see whe_ther or not one observes a spin
has found that at high excitation energi®$=0 transitions tr7arjsf7er enhancgment at h!gh excnauqn energy with the
are equal to, if not stronger than,S=1 transitions[3,4]. (‘Li, "Bey) reaction on caIC|um._ If so, given that one ob-
This latter experiment used the’Lf, ‘Bey) heavy-ion serves no such enhancement with a carbon target, one may
’ conclude that target-dependent effects betweé@ and
4Ca are an important consideration. If, on the other hand,
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’Be) charge exchange reaction can be used to separatimensional KY) position-sensitive cathode readout drift
AS=0 andAS=1 transitions through the coincidence mea-chamberCRDC), was mounted close to the silicon detector
surement of they rays from the deexcitation of the 430 keV and another one mounted 30 cm in front of it. These two
state of ‘Be. Whereas the transition to the ground state ofCRDC’s were used to measure the angles of particles at the
’Be, 3/2 —3/27, is a mixture of nonspin transféFerm)  focal plane event by event. The readout of signals is by pads
and spin transfefGamow-Tellej contributions, the transi- along the edges of these counters; they have no wires in the
tion to the 430 keV excited state diBe, 3/2 —1/27, is  active area. No improvement to the energy resolution of the
pure spin transfer. Using known spectroscopic informationspectra could be made from angular correction terms with
from g-decay dat47], the nonspin transfer and spin transfer the CRDC's (implying that any spectrometer abberations

cross sections can be extracted from were insignificant and no corrections to the PSD position
spectra were applied in the final pass through the analysis.
o(AS=0)=0('Bey) — o('Bey)/0.72, (N The energy resolution was approximately 1.5 MeV, which
includes a linear contribution from the unresolved 430 keV
o(AS=1)=0('Be;)/1.11, (20 doublet. The*®Ca(’Li, "‘Be)*°K focal plane spectrum was

calibrated in energy by measuring the reaction on a Mylar
wherea(’Be,) is the cross section for the coincidencesr-  target leading to known states B and '®N, at the same
rected for they-ray efficiency, and o("Bey) is the cross magnetic field setting. Because of the more negafve
section for the singles with the coincidences subtracted. Thigalue, the reaction on th¥'C target was measured at a lower
technique has also recently been applied by Janeckk[8]  field setting in order to obtain the high excitation region of
to study giant resonances. the spectrum.

It will often be convenient to refer to the corresponding  The calcium target was prepared and transported to the
excitation in the%°Ca target, as if one had performed an chamber with care to avoid oxidation. It was rolled under an
inelastic scattering experiment. Excitation energies in the reargon atmosphere and then rinsed and coated with hexane.
sidual nucleus?%, correspond to an equivalent excitation in The target chamber was prepared by pumping to a high
the *°Ca target after the Coulomb displacement energy of 7.%¥acuum and then backfilling with argon. As soon as the tar-
MeV [9] is added. get was placed in the ladder, the chamber was again pumped

The paper is organized as follows. After a section givingto high vacuum. The surface of the target appeared metallic
experimental details, we discuss thfCa(’Li, ‘Be)*®K  and showed no sign of deterioration throughout the experi-
singles spectrum, concentrating on the characteristics of twment. Despite these precautions, a considerable yield is ob-
broad resonances which are observed. Next the technique feerved from the reaction on hydrogen on the target relative to
the y-coincidence analysis is described, followed by an exthat for calcium(see the solid histogram in Fig.).1The
amination of the extracted spin transfer strengtht48 and  apparent yield of this contamination by hydrogen is greatly
40Ca. The concluding section includes a brief discussion orenhanced by the center-of-mass to laboratory transformation,
the potential for further studies with thél(, ‘Bey) reaction  together with a large cross section for H{, ‘Be)n. By

on targets heavier thaffCa. comparing the yield of the hydrogen peak with that from the
Mylar target, normalized by the charge collected on the
Il. EXPERIMENTAL DETAILS beam-catching plate, we estimate that the amount of hydro-

gen on the calcium target was abou®/cm?. The likely

An E/A = 70.4 MeV ’Li beam from the K1200 cyclotron sources of this hydrogen are from unevaporated hexane sol-
at the National Superconducting Cyclotron Laboratory wasvent or from incompletely removed mineral oil after the roll-
used to bombard targets offC (3.1 mg/cn?), Mylar  ing process, rather than from oxidation through contact with
(CsH,0,, 0.83 mg/ent), and "¥Ca (10.4 mg/cnf). Scat-  air followed by absorption of water. The dotted histogram in
tered 'Be particles were detected by the A1200 magnetidFig. 1 is the singles spectrum from the Mylar target, scaled to
analyzer{10] operated as a 0° spectrometer, with the targetnatch the hydrogen peak from the calcium target. If the con-
at what is normally the second dispersive image. The motamination were from hexane or oil residue, the carbon yield
mentum dispersion in this mode of operation is roughly 1.6from the scaled Mylar spectrum would be an overestimation
cm/% (5p/p). The maximum angle accepted in the labora-of the background at high excitation energies, since the
tory frame was approximately 1.6°. An electrically isolated chemical ratio C:H for hexane is 6:14 and that for common
plate was placed on the high-rigidity side between the twails is roughly 1:2, compared to 5:4 for Mylar. Furthermore,
dipoles of the spectrometer to intercept the beam. Al-  judging by the few counts in thé®N ground state and by the
though the efficiency of charge collection by this plate wasoverall resemblance of the Mylar spectrum to that for the
not determinedand hence we do not quote absolute crossarbon targetnot shown, the yield from oxygen in the My-
section$, the integrated current could be used to compardar target appears to be small. Thus we conclude that the
relative reaction yields measured at the same magnetic fielghossible interference from contaminants in the high excita-

At the focal plane, a 7-cm long, 1-mm thick silicon tion energy region of the calcium target is insignificant for
position-sensitive detect§PSD) measured the particle rigid- our purposes. The tail of the hydrogen peak does obscure the
ity. The energy-loss signal from the PSD together with the*® ground state region. However, this region was not of
light output from a backing plastic scintillator was used for direct interest in the present work.
particle identification. A timing signal from the scintillator An array of ten (3x3)-cm? Csl scintillators, read by
was used to trigger the acquisition system and was the timphotomultipliers, was arranged around the target at a dis-
reference for the gamma-ray coincidences. A two-tance of approximately 5 cm. Stacks of absorbers, consisting
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FIG. 2. The crosses show the measured excitation energies and
oF i widths of the resonances identified in Reif1] as the GDR(a) and

0 5 10 15 R0

Excitation energy in a0y (MeV) (b)] and IVOR[(c) and (d)], plotted as a function of target mass.

The circles are the results for the resonances @R2and(b)] and
FIG. 1. Focal plane singles energy spectrum for tAs, ("Be) GR1 [(c) and_ (d).] obtained in the prese_nt work. Note that_ the
. 40 . oy present work indicates that GR1 is more likely to be a collective 2
reaction on“"Ca (solid line). The large peak labeledH” arises s
from the *H(’Li, "Be)n reaction on hydrogen in the target. The resonance than the IVOR. The curves are global predictions for the
' ' trends of the excitation energies of the GD,16 and IVOR[18]

tted histogram in the main figure and in the inset is th tr - . o . .
dotted his ogra e main figure and € INSEL1s the spec urrc1iescr|bed in the text. All excitation energies are expressed relative
for the reaction on the Mylar target, scaled in height to match theto that for the target nucleus

hydrogen peak with that for the calcium target. State$?® and

18 o . ; .
N from the Mylar target are indicated in the inset. In the main We have made a double-Gaussian fit to the region of the

fi th th dashed h th d sh f 1 .
'gure, the Smooth dasned cufve Snows the assumed shape of g, resonances, after subtracting a smooth background of an

underlying continuum. The fitted Gaussians to the resonances la- ; - s .
beled GR1 and GR? are described in the text. assumed continuuifsee Fig. 1 The centroidin the equiva-

lent “°Ca systen of the fitted Gaussian to GR1 is
of 1-mm each of aluminium, copper, and lead, were attached5.0+=0.5 MeV with a full width at half maximunifFWHM)

to the front of the scintillators to absorb x rays and low-of 1.8+0.4 MeV (the errors are estimated from the uncer-
energyy rays. These absorbers are estimated to have attetrinty in the peak fitting procedureThe centroid for GR2 is
tuated they rays of interest by no more than 30%. The 18.9+0.8 MeV with a FWHM of 4.1 0.8 MeV. To facili-
absolute efficiency of the Csl detectors was determined otate comparison of the widths with other work, we subtract
line by reference to a transition of known strength, as dethe experimental resolutiofl.5 MeV) in quadrature from
scribed in Sec. Ill B. The Csl detectors and associated anthe FWHM, and obtain I'gz;=0.98+0.4 MeV and
plifiers were calibrated both before and after the beam timd’gr,=3.8£0.8 MeV. The centroids and corrected widths
with ®Co and*'Cs sources. Although the gains of some ofare plotted in Fig. 2 together with results from the analysis of
the Csl detectors were changed from the carbon target ruribe ('Li, 'Be) reaction on target nuclei ranging froC to

to the calcium target runs, which necessitated different gate®Ti [11]. The excitation energies for GR1 and GR2 are seen
between these runs, the Doppler-shifted 430-keV gamma rap be consistent with the trends of similar resonances which

was readily identified in the Csl spectra. were identified in the work of Refl11] as the isovector
octupole resonancedVOR) and giant dipole resonances
I1l. DATA ANALYSIS (GDR), respectively. This identification was based mainly on
ATt T A0 comparison of their angular distributions with distorted wave

A. Resonances inCa("Li, 'Be)"K singles spectrum Born approximatiofDWBA) calculations. The width of the

In the *°%Ca(’Li, "Be)*K singles spectruntsolid line in  resonances that we observe are also consistent with the sys-
Fig. ) we observe two resonancelike features: a small entematics from the earlier work. One observes large fluctua-
hancement at roughly 7 MeV excitation energy K, tions in the values of the widths of GR2 in Fig. 2, leading
which is labeled GR1, and a broad bump centered at roughlgne to suppose that this quantity is particularly sensitive to
11 MeV excitation energy %K, labeled GR2. An addition the assumed shape of the background continuum.
of the Coulomb displacement energy gives the equivalent The resonance GR2 is evidently the well-knolwn ana-
excitation in“°Ca of GR1 and GR2 as roughly 15 MeV and logue of the GDR in“°Ca. This has previously been ob-

19 MeV, respectively. served in the C, ™) reaction[12] and also in thef,p)
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reaction[13,14 on the same target.

The identity of resonance GR1 is not obvious from the
singles spectrum alone. Although Nakayaetal.[11] have
assigned the IVOR to the resonance which they observe, a
collective 2~ state in this region has also been reported in
(p,n) and @He,t) studies[15]. The angular distributions
measured in Ref[11] were better reproduced by DWBA
calculations withAJ™=3" than those withAJ"=2". De-
spite this, as will be shown in Sec. Ill B 2, we find almost no
AS=0 strength in this excitation energy region, which sug-
gests that, on the contrary, the resonance is more likely to be
2" than 3.

The centroid energy of the GDR relative to the target
nucleus excitation has been parameterizedtgy17]

Ecpr=31.2A"3+20.6A" 6 MeV. (3)

This is plotted as the solid line in Fig(&, and while giving

a good account of the general trend of the data, is seen to
predict values several MeV higher than the experimental
ones. A three-parameter relation from Rdf7] that provides

a transition from aA~ 6 power law at low mass numbers to
an A~ power law at high mass numbers is

COUNTS

Ecor="77.9A"Y(1—e #h0)+ 34,50~ o~ A%0 Mev,

whereAy=238. This is plotted as the dashed line in Figr)2
and is seen to be in much better agreement with the data than
the two-parameter relation.

Although it now appears questionable that the resonance
GR1 is the IVOR, we show in Fig.(2) a prediction by
Nishimuraet al. [18] of the centroid energy of the IVOR:

Ewnor=54A"3 MeV.

This predicts values higher than the experimental ones, while
giving the correct general trend. However, as we have seen a
similar disagreement for the simple parametrization of the
GDR energy(Eqg. (3)], we are unable to draw any firm con-
clusions from this observation. E, (keV)

200 400 600 800

B. Coincidence analysis o
FIG. 3. Gamma-ray energy spectra gated on true coincidences

The Doppler-shifted 430 ke rays were identified for with 7Be in the focal plane. Spectra from five sample Csl detectors
each Csl detector from plots &, vs T, in coincidence with  at different angles to the beam are shofwith the convention that
'Be. Gates were set on the prompt coincidence time peakangles less than 90° are forward with respect to the behiote
and also on random time peafshich were less than 3% of that the 'Be coincidence includes that for the dominant hydrogen
the prompt for later subtraction. peak. Thus the relative amount of target deexcitation background

Figure 3 shows a selection of projectgeenergy spectra observed in these spectra lies between the 21% for the high excita-
for Csl detectors at different angles, obtained with the caltion Ca region and the 7% for the hydrogen region quoted in the
cium target. The 430-keV peak is prominent in all detectorstext.

Most of the counts on the low-energy side of the peak may

be attributed to escaping Compton-scattered photons. Whilee as the Doppler-shifted 430-keV peaks move along the
there were few counts on the high-energy side of the peak itaboratory frame from detector to detectfig. 3). From the

the case of the carbon target, this was not the case for theumber of counts in regions of the same width as the 430-
calcium target. This background presumably arises from tarkeV gate, they background in coincidence witfBe par-

get deexcitations, the exact shape and magnitude of whicticles in the focal plane, bugxcludingthe region of the hy-
would be complicated to predict because of the high densitgrogen peak, was estimated as 215% of the 430-keV

of states in“°K and the likelihood of cascading transitions. peak. As might be expected, the background-to-peak ratio in
To a certain extent one can see what the background migltbincidencewith the region of the hydrogen peak, where
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there are few deexcitatiop rays, is much reduced, amount-
ing to roughly 7%. 200 —
The Csl photopeak efficiency, which is required in order
to normalize the’Be; spectrum, was estimated from the 150
number of counts in thé®B 5 (1) peak in the coincidence
spectrum relative to the corresponding number in the singles 100
spectrum. This ratio, for a purdS=1 transition, should
equal 0.42[3]. The contribution from the unresolved 0.95
MeV (2*) state was estimated from a multiple Gaussian fit
to the low-lying region of the'?B spectrum, with centroids
held fixed at the known energy spacings and widths made
equal to that observed for the closely spacéd42 doublet
at 4.4 MeV. As a result, the absolute Csl efficiency was
deduced to be 1.4810 2. Relative cross sections far
("Be,) ando('Bey) were then made, and hence, from Egs. b
(1) and (2), o(AS=0) and o(AS=1). Finally, the “relative sof !\ ,j ]
L . |

2¢("Li,"Be) *B
T

o
o

o

[y
o
o

COUNTS (relative)

[
o
o

T
|

strength of spin transfer excitations,” defined in R&] as [ -

of f * T :
1‘25;_ (c) P; and R Hos
o(AS=1) S
Psr= AS=0)+0(AS=1)"’ orsE o @ e
0-( - ) 0-( - ) Psf . ._._,_..rﬂ HE R
050 — ——— —— - — — — + F-- ~# — dig g0t
was calculated. For unnatural parity transitions the value of 0255_ % N

P4 should be unity. In order to reduce statistical scatter, the T
data were rebinned into excitation energy bins of 0.3 MeV. 0.00 T ST
Excitation Energy in *B (MeV)

1. Spin transfer strength for thé’C target

The spin strength analysis for tHéC target is shown in FIG. 4. Extracted energy spectra fofL{, ‘Be) on '*C at
Fig. 4, plotted in a similar way to the presentationg3m]. 6.~0° andE/A = 70 MeV for the(a) nonspin transfer antb) spin
For ease of comparison wif8,4], the left-hand scale of Fig. transfer channels, an@) the relative strength of spin excitations.
4(c) is the “spin-flip ratio,” R=7Bell7Beo. Although the  The yield in the region of the hydrogen peak has been scaled by
present experiment does not completely resolve the lowone-tenth. The horizontal bars on the data point&jrindicate the
lying states in'2B, which will lead to some crossmixing of range of.a\./eraging over excitation energy. The vertical bars repre-
AS=0 andAS=1 strength, we have attempted to analyzeSent statistical errors only.
selected excitation energy bins which should have dominant
contributions from the same states analyzed in [Bfwhere  |igible AS=0 strength at this excitation energig. 5a)].
the states were completely resolved. Presumably because phe origin of the cancellation is not known. However, the
the lack of reSOIUtion, the values ng at the locations of the absence ofAS=0 Strength includes the region of the reso-
ground(1™) and 1.67 MeV(2") states are somewhat below nance GR1 observed in the singles spectrum. The lack of
the expected value of 1.0, although the values’gfat the A S=0 strength suggests the assignment ofrather than 3
excitation energies of the close-by 0.95 M&/") and 2.62  for this resonance, as discussed in Sec. Il A.
MeV (17) states are consistent with 0.5 as found in the One observes considerabdS=0 Strength from rough]y
previous work. Again, the value & for the 27/4™ doublet 9 MeV to 13 MeV excitation energy ift°%K, which covers
at Ex = 4.4 MeV, which should be purely spin transfer, is the region of the GDR analogue seen in the singles spectrum.
lower than unity, but still significantly higher than that for The resulting mean value & in the region of the analogue
the parts of the spectrum with contributions frad8=0,  GDR, 0.41, is the smallest observed in the spectrum. The
such as the broad isovector dipole resonaffi8ekd,17 cen-  GDR is well known to be mainly nonspin transfeee, e.g.,
tered atE, = 7.6 MeV. [19,3)). Above 13 MeV excitation in"% (which would be
Importantly, the spin transfer analysis of the high excita-equivalent to 20.7 MeV excitation in th€Ca analoguk the
tion continuum, where the energy resolution is not critical, AS=0 strength begins to fall and there is a corresponding
gives P4=0.44+0.03, which agrees with the fundamental small increase inPy. The average value ofPy is

conclusion of Refs.[3,4] that comparableAS=0 and (.54+0.02 from 17 to 22 MeV excitation iff°%K (corre-

AS=1 strength is found at high excitation energy. sponding to roughly 25 to 30 MeV excitation liCa). Thus
. 0 it appears that the high excitation region for tffi€a target
2. Spin transfer strength for thé'°Ca target does have mord S=1 strength than that for th&C target,

The spin strength analysis for tH&Ca target is shown in Peing separated by the statistical errors by more than two
Fig. 5. Beyond the region of the hydrogen peak, one sees $andard deviationgalthough one has also to consider sys-
dramatic rise in the value d? at around 6 MeV excitation ~tematic errors It has to be said on the other hand, that we do
energy. This appears to be a result of the almost completdOt observe such an outstanding rise in spin strength with
cancellation of the singles and coincidence yield to give negincreasing excitation energy as seen in tipep() experi-
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y-coincidence spectrum of the latter. If the background were
— — indeed oversubtracted, then the actual difference in the spin
(a) A =0 transfer strength at high excitation between the calcium and
300 |- 3 carbon targets would be more pronounced. To be sure of the
precise background at the high excitation end of the spec-
trum, one would need to investigate any possible correlation
of the gamma-ray background from target deexcitation with
excitation energy. The present experiment does not have suf-
ficiently good statistics for this. Even in the worst case, the
systematic errors appear to be smaller than the observed dif-
ference in thePg; values, and they act in a sense that the
effect would be larger if they were accounted for properly.
However, the main conclusion is that there issignificant
increase in spin strength compared to that observed in the

(p,p') data, since the value fdPy we obtain is close to

one-half.

The issue of systematic uncertainty arising from back-
groundy rays in the present experiment raises the question
of the general applicability of the’(i, 'Bey) reaction. The
Loop — ==~ ~ 2t technique in the past has been limited to rather light targets:
05| 5 g The pioneering works of Nakayan® al. used '“C [3] and
285 [4] targets. Janecket al, while having applied the tech-

: e nique to 8Li, was not able to obtain spin transfer ratios for
0RsE 12 targets of °%zr, 12%Sn, and2°%b “because of interference
0.00 ol with y rays from the deexcitation of the residual nuclé¢g].

Excitation Energy in *°K (MeV) This limitation may be overcome by a new multi-segmented
' gamma detectdr20] which has been constructed for use at
; 0 RCNP, Osaka University. This detector will allow not only a

FIG. 5. Extracted energy spectra fofL{, 'Be) on “Ca at higher beam intensity because of the reduced singles count
f.~0° andE/A = 70 MeV for the(a) nonspin transfer ant) spin — a46 i the individual detectors, but will also limit the Dop-
transfer channels, an@) the relative strength of spin excitations. pler broadening of the 430-keV peak.

The ho.rizomal bars_ on the data points(®) ?ndicate the range of . In summary, following the systematic study of Nakayama
averaging over excitation energy. The vertical bars represent statis- 70 7 . )
tical errors only. et al. [11], the ('Li, I_3e) reactlon_has again _been shown to
be a useful tool to investigate isovector giant resonances.
The y-coincidence technigue has been applied to measure
the spin transfer strength, particularly in the high excitation
continuum. Although the data indicate that more spin trans-
fer strength lies in the continuum for the calcium target than
IV. DISCUSSION AND CONCLUSIONS for carbon, which may partially account for the discrepancy
between the?C(’Li, "Bey) and the “°Ca(p,p’) experi-
fents, it appears that the greater part of the discrepancy must
be explained by differing features of the light-ion and heavy-

cause of the previously mentioned gain changes in some ¢f. réaction mechanisms. Finally, we conclude that if the
the Csl detectors, the gates for the calcium target were ndt L» "B€7) technique is to be successfully applied to targets

ik ; 0 90
always the same as those for the carbon target. Second, thignificantly heavier thanCa (for example, t0°Zr), a

y-ray background which was subtracted from the coinci-f'nely segmented detector s_hogld be used to ameliorate the
interference of target deexcitationrays.

dence spectrum for calcium is uncertain to about Gbe
background for the carbon target was essentially negligible
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ment, both in terms of the absolute valueRyf and relative
to the lower excitation portion of the spectrum.

The most probable systematic uncertaintyPig between
the carbon and calcium target measurements comes from t
lack of “cleanliness” of the 430 ke\w-ray gate. First, be-
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