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Missing Isoscalar Monopole Strength in®8Ni
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(Received 18 August 1995

The giant resonance region MiNi was studied with inelastic scattering of 240 Me¥ particles at
small angles including 0 It is shown that the total isoscalar monopole strength in the refjjos 12
to 25 MeV is <50% of the EO energy-weighted sum rule, and that the centroid of Bestrength
Egmr > 24.8 MeV in contrast to theEgur = 17 MeV expected from systematics of other nuclei. If
there is similar unobservef0 strength in other nucleiEgyr for those nuclei may be significantly
different from those used to extract nuclear matter incompressibility.

PACS numbers: 24.30.Cz, 25.55.Ci, 27.40.+z

The isoscalar giant monopole resonance (GMR) is ofo-background ratios at small scattering angles including
particular interest because its energy is directly related t0°. For the first time, it can be shown that the majority
the compressibility of nuclear mattéK,,,,) [1]. In order  of the isoscalar monopole strength does not lie in the GR
to account for contributions from finite nuclei and extractregion(t, = 12-25 MeV) or lower and hence must be at
K.m, macroscopic analyses [2] of the GMR require thathigher excitation energy. This results in a lower limit for
the energy of the GMR be known in nuclei over a wide Egyr Well above that expected from extrapolating GMR
range ofA. However, significant monopole strength hassystematics from heavier nuclei or energies predicted
been located [2] in only a few nuclei with < 90. Only  from recent RPA calculations using interactions that
small amounts oEOQ strength have been located in nucleireproduce GMR energies in heavier nuclei.
aroundA = 60. Approximately 25% of theEQ energy- Beams of 240 MeV a particles from the Texas
weighted sum rule (EWSR) has been located’iNi  A&M K500 superconducting cyclotron bombarded a
[3,4], and 30% in%*%Zn [5] with inelastic scattering of self-supporting 12.4 mg/cn? foil enriched to greater
130 MeV « particles. Small amounts &O strength have than 98% in°®Ni mounted in the target chamber of the
also been seen [3] wittHe scattering, but the continuum multipole-dipole-multipole spectrometer [8]. Beam was
in the 3He spectra is apparently obscuring signific&t  delivered to the spectrometer through a beam analysis
strength in many nuclei [6]. However, in all of these system having two bends of 88nd 87 [9]. The
studies, a large continuum (background?), the constituentsorizontal acceptance of the spectrometer wasdd ray
of which were not known, was subtracted before the peakacing was used to reconstruct the scattering angle. Data
was analyzed for monopole strength. The location of thevere taken with the spectrometer central an(fg..)
remainder of the monopole strength could not be restrictedet at 0 and at 4, covering the scattering angle range
by these experiments. It might be broadly distributedfrom 0° to 6°. The focal plane detector and calibration
over the region of the giant quadrupole resonance (GQR)rocedures are described in detail in Ref. [1@}. is not
and subtracted as part of the continuum, or located aneasured, so the average angle for each bin was obtained
excitation energies well above the GQR (or both). Asby integrating over the height of the solid angle defining
the nuclear compressibility is related to the centroid ofslit and the width of the angle bin. A spectrum taken near
the monopole strengtiEvr = (m3/m;)'/2, wherem, is  0° (average angle 1.08is shown in Fig. 1. For these
the RPA sum rule [1,7}, = Y, (E, — Eo)|{0l7?|n)|?], data, the beam (at°p and elastically scattered particles
knowledge of the general location of this missing strengthwere stopped just in front of the detector, limiting the
could be important for extracting,, . observed excitation energy range2o< E, < 30 MeV.

All of the definitive monopole measurements have usedlastic and inelastic scattering data were taken for nor-
inelastic alpha scattering with, = 130 MeV. Unfor-  malization with a different magnetic field setting covering
tunately, the(a,’Li) and (a,’He) reactions with sub- —10 < E, < 18 MeV. We previously reported [11]
sequent decay of the mass five products into &an cross sections for elastic and inelastic scattering to low
particle and a nucleon produce broad peaks in dhe lying states in°®Ni, and absolute cross sections were
particle spectrum which, foE, = 130 MeV, are in the obtained from these data by normalizing to optical model
excitation region corresponding 22 < E, < 46 MeV  calculations with potentials from Ref. [11]. The cross
in 8Ni. These peaks would obscure GMR strength aboveections for a peak d@, = 4.54 MeV in ®Ni differed in

E. = 22 MeV. the elastic and giant resonance spectra by 5% (2% net sta-
We have studied®®Ni using 240 MeV « particles tistical error), and cross sections for the giant resonance
where the “pickup-breakup” peaks appear ab@e=  spectra were renormalized upward 5% to account for this.

40 MeV, well outside of the region where GMR strength  Distorted-wave Born approximation (DWBA) and
is expected. We report here results with excellent peakeptical-model calculations were carried out with the code
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FIG. 1. Spectra obtained fo¥Ni(a,a’) at E, = 240 MeV E,=20.76 Mev
for two angles. The lines show the background and the five
peak fits to the data. The dominant multipolarities in the peaks 10 T
are indicated. 10% EO
PTOLEMY [12] using collective form factors described +100% E1(T=1)
by Satchler [13] and optical model parameters from +7% E2
Clark et al.[11]. Monopole and dipole form factors
| | 1 i |

were calculated externally and read imooLEMY. The 1

Satchler version 1 (breathing mode) form factor was —

used for the monopole. Input parameters FaDLEMY 6 cm (deg.)

were modified [14] to obtain a relativistic kinematically o

correct calculation. The energy-weighted sum rules ar&lG. 2. Angular distributions of the differential cross sections

given by Satchler for the monopole and quadrupole andPr tthe lfaroad peakls i”%ﬂég'l\_“ spectraD\EJ\I/%[Led ‘|’S la\t/_erag(?

higher multipoles in Ref. [13], for the isovector dipOIedfifgrﬁhlﬁpg?z;?t?eggig'stren%tr:geiid?g;ted. caiculations for

in Ref. [15], and for the isoscalar dipole by Harakeh an

Dieperink [16]. The angular distributions obtained for the broad peaks are
The giant resonances were analyzed by subtracting shown with DWBA calculations in Fig. 2. The param-

background, then doing a five peak fit [4] simultaneouslyeters obtained, summarized in Table I, are in excellent

to the spectra. The resulting fits are shown in Fig. 1.agreement with previous measurements [2,4].

TABLE I. The % EWSR strengths extracted from DWBA fits to the cross section of the
continuum for12 = E, = 25 MeV, the cross section of the continuum only fit < E, =
25 MeV, and the three broad peaks only.

% EWSR forL values
Fit condition 0 1(T =17 1(T =07 2 3 4
Peaks and continuum 28 100 30 56 20 25
12 = E, =25 MeV
Continuum only 0 0 30 0 20 25
12 = E, =25 MeV

Peaks only
E, = 16.08 MeV, I' = 5.24 MeV 44 * 5
E, = 1742 MeV, I' =439 MeV 22 + 3 743
E, =20.76 MeV, I' = 5.66 MeV 10 = 2 100 7*2

&/alues were fixed; see text.
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The angular distribution of the cross section obtainedlrable I. The monopole and quadrupole strengths are
by summing the total yield front, = 12 to 25 MeV (no  consistent with those found in analysis of the peaks.
background subtraction) is shown in Fig. 3(a). Fits withThe isovectorl~ strength was not varied in the fits but
a sum of isoscalab®, 2*, 17, 37, and4", isovector was fixed at 100%. Strengths obtained for the isoscalar
1~ resonances, and a linear (with) background were 1-, 37, 4* components were not unique, and equally
carried out. The result is shown by the solid linegood fits could be obtained with differing combinations
in Fig. 3(a), and parameters obtained are included imf these components. Variations of more than about

20% (0.2 times the strength) of the monopole component
58 produced significantly worse fits.
Ni(a,a’) E, =240 MeV The angular distribution of the cross section for the

1000 | T T n | continuum fromE, = 12 to 25 MeV, obtained by sub-

[ (a) E,=12 — 25 MeV ] tracting the cross sections of the peaks from the total
* Trotal . cross section, is shown in Fig. 3(b). Also shown is a

—Fit ] curve representing DWBA predictions for ti® andE2

 akatoead strength not found in the peaks (4282 EWSR + 68%

EO EWSR). This missing strength exceeds the continuum
cross section at the smallest angles. In order to estimate
the likely EO strength in the continuum, several assump-
tions were made. We used the ansatz of a background
linear in angle to model all processes other than multipole
el e excitation in the target nucleus. This may not be a bad
assumption for statistical processes, however, quasielastic
: scattering (knockout) should also contribute and would
likely be strongly forward peaked. Thus ignoring
| . i knockout in the fits may result in an overestimate of
25 I\I/IeV the EO strength present. First, fits including isoscalar
0", 2%, 37, and 4" strength, in addition to a linear
background, were made with no constraints other than
limiting the strength for each component to between 0
and 100% of the EWSR. The best fit was with @,
\ Tl while y? doubled if 10% of thee0 EWSR were included
Y and quadrupled if 15% o0 EWSR were included.E2
T strength between 0 and 10% of tB2 EWSR was also
100 - \ / Y indicated. Differing3~ and 4" strengths were offset
Y g Xe by different linear background parameters. The large
......... ??530 N Y sensitivity to0* strength is due to the strongly forward
_____ Bac”k - d ! peaked nature of th&" angular distribution, which is not
groun J .
--—BBZE0+42%E2 present in the data.
" Tpotal™ Tpeaks 1 Multipoles higher than 4 result in essentially flat
L ! ' ' ! angular distributions over this angle range and could not
6o 1 2 3 4 5 6 mask the monopole. However, the angular distribution
Hc‘m.(deg) for an isoscalar dipole has a peak near the first minimum
o ] _ in the 07 and could partly mask monopole strength.
FIG. 3. (a) Angular distribution of the differential cross the centroid energy of the isoscalar mode should
section for the regiorE, = 12 to 25 MeV in *®Ni plotted vs .
average center of mass angle. The solid line shows the DWB/!?e about 1.5 times the GMR energy [17], or rou_ghly
calculation for the multipolarities listed in Table I. The dotted £x = 30 MeV for mass 60, however, RPA calculations
line shows the calculation with th&0 and E2 components [18] suggest the strength will be widespread in lighter
removed. The dashed line shows the linear backgroun¢yyclei. For4°Ca about 16% of the isoscalar EWSR
assumed. (b) Angular distribution of the differential crossig predicted belowE, = 25 MeV, while for ©Zr about

section for the regionE, = 12 to 25 MeV in Ni, after i . . . )
subtraction of the contributions of the peaks, plotted vs averagés% is predicted below, = 25 MeV. For this analysis

center of mass angle. The solid line shows the DWBA30% of the isoscalatr™ EWSR was assumed to lie below

calculation for the multipolarities and strengths listed in Table 1E, = 25 MeV in 3¥Ni. Then a good fit could be obtained
(0% EO EWSR). The dotted line shows the DWBA calculation if 59 of the EO EWSR is present in this region (in

for the best fit obtained with 15% of tHe0 EWSR included.  54dition to that found in the peaks), howevg?, doubled
The dashed line shows the linear background [same as i 15% of theEO EWSR ’dt be i ’th' .
Fig. 3(a)]. The dashed—double-dotted line shows a DWBA' o orthe was assumed (0 be in This region.

calculation for 68% of theEO EWSR and 42% of the2  If we use a doubling ofy? as a reasonable limit, then
EWSR. the regionE, = 12 to 25 MeV contains less than 15%
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of the EO EWSR in addition to that already seen in the 100 :
peaks. Thus less than 50% of tB® EWSR is below *
E, = 25 MeV in 8Ni. DWBA calculations for best fits 07
assuming 0%0 and 15%E0 are also shown in Fig. 3(b). o a0l a2 — ’
It is possible that the GMR i Ni is not described well L L my ¥
by a breathing mode form factor, and hence that DWBA g 70 L . /=
calculations are giving too large a cross section. If the |3 /
GMR in %¥Ni (and maybe other nuclei with < 90) is § 60 S/ Exp. 100%ZEWSR 1

*Ni Lower limit 100%EWSR

-
structurally different than in heavier nuclei, possibly all ¢ ®
A Ni Observed 32%EWSR
<

of the GMR strength has been located in lighter nuclei. S0f
The only detailed guidance is from Chomat al. [19] 20 ‘ . ,
who compared DWBA calculations for 152 MeV inelastic 0 50 100 150 200 250

a Sscattering using microscopic form factors generated A

from Hartree-Fock RPA calculations with results obtainedFIG. 4. EgurA'/ is plotted vsA for nuclei where 100%

using collective form factors, and concluded that inof the EO EWSR has been identified (squares). The solid

60 NJj ; ; triangle is the value obtained féfNi using only the strength
Ni the use of a collective for".‘ factor resulted in an observed in this work 5320,50 EWSR). The solid circle is the
underprediction of the cross section by (10-30)% for thg,,yer limit for EourA!” in 3Ni for 100% of theEQ EWSR.

monopole in inelastier scattering. Hartree-Fock RPA calculations are shown by the open triangles
If the 15% of EO EWSR which might be present in (Ref. [19]) and diamonds (Ref. [20]).

the continuum is distributed uniformly betweéh = 12

and 25 MeV and the remaining 50% of ti® EWSR

is centered afF, = 30 MeV with a 5 MeV width, then This work was supported in part by the U.S. Depart-

Egmr > 24.8 MeV in *8Ni. Figure 4 shows a plot of ment of Energy under Grant No. DE-FG03-93ER40773

EgmrA? vs A for all spherical nuclei where 100% and by the Robert A. Welch Foundation.
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