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We present the results of an experimental comparative study dPttiea resonance spectra between 6 and
12 MeV. The power of the heavy ion reactidi*CaC®%r, 8Kr’)**4Ca* at 60 MeV per nucleon was
exploited to enhance greatly the low energy part of inclusive spectra in order to look for the possible presence
of a low energy dipole mode iffCa due to a neutron skin. We did not observe any difference in-te
channel and therefore found no evidence of this mode. Ih+fchannel, an important excess of strength was
observed in*°Ca compared td¢%Ca.[S0556-281®9)05306-§

PACS numbses): 24.10.Eq, 24.30.Gd, 25.70.De, 27 4G.

To what extent does the addition of eight neutrons modifywith a centroid atE=16 MeV and half-width of about 5
the structure of*®Ca compared to the doubly magf@Ca? MeV (there is thus no theoretical basis to expect the oc-
Are these modifications, if any, likely to affect also the col- curence of such a large spreading width in calgiufRe-
lective observables like giant resonances? These are impagently, Kamerdzhiewt al. [8] have suggested that effects
tant questions in nuclear structure especially in light of thébeyond RPA, like ground state correlations induced by
current interest generated by neutron halo low energy vibraParticle-hole-phonon coupling would redistribute some of
tion modes expected to occur in unstable neutron-rich nuclefh® E2 strength to lower energy and produce a splitting of
In 46Ca, the precursor of such phenomena could be seen 43¢ familiar GQR. In*Ca one would expect ground state
an out-of-phase oscillation of thi,, neutrons against the correlatlons_to be of a d_|fferent nature than¥iCa, leading
N=2Z=20 core. This would manifest itself as a decouplingthere to a different distribution of quadrupole strength. .
of the EL strength from the GDR and appear as a small low_ 11uS: in bothl=1 and|=2 channels, a comparative

40 .48 ic i i i ;
energy |=1 resonance. Several years ago, Harvey an&tu.dy Of. the "Ca-"Ca spectr_a is likely to yield mteresfung
insight in the structure of giant resonances and their low

ner ifestati is th f this Brief
o0 . o gy manifestations. It is the purpose of this Brief Report
nances in?*®b and showed that their strength and positio 0 present results of such an investigation.

would be sensitive markers of the parameters of the nuclear Heavy ion inelastic scattering is a very efficient tool to

force [1]. More recently, Chamberst al. [2] used the RPA iy estigate low excitation energy states. Indeed, the strong
in the density functional method to predict the occurence incoylomb excitation provided by a high energy and high
neutron rich calcium isotopes of a “softZ1 resonance. The projectile results in an enhancement of the very low energy
calculated transition density shows the onset of such gt of the excitation cross sectid®,10]. For instance, for

“soft” E1 mode whose strength would increase linearlyg1 transitions the differential cross section can be written as
with neutron number, its largest signal standing at around 8

MeV in “8Ca and exhausting about 5% of tBd EWSR.
Since all RPA calculations predicted the onset of the GDR to d’oc d’o be.(E
be seen well above 15 MeV in both isotopes, the position dQdE  |dQdB(E1)/_ (BT,
and strength of the weak&?1 resonance irf®Ca should be
visible in a comparison of=1 spectra of*°Ca and *Ca
since it should not appear in tH8Ca spectrum. where [d?0/dQ.dB(E1)]e is the DWBA cross section

A similar comparison in thd =2 channel is also very evaluated at excitation enerdgy/for unit excitation strength,
interesting. Indeed, experimental results f9ca are scat- B(E1)I=1 e*fm? This cross section represents the pure
tered: measured strengths of the GQR mainly stand arourfdoulomb excitation generated by the colliding nuclei for uni-
50% of the EWSR but can vary up to 80p8—7]. This is form transition strength. The nuclear response to this solici-
anyway low compared to conventional RPA calculationstation is introduced vidg;(E) T =dB(E1)1/dE, the distri-
which predict that this resonance exhausts almost 100% dfution of E1 reduced matrix element per unit energy, which
the EWSR, with the same structure in botfCa and“éCa  can be related to the photonuclear cross seatigfE) by
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FIG. 1. Comparison between a photoabsorption spectrum calcu- 2 -
lated by Chamberst al.[2] (left sidg and a calculation using these 1000F E
results combined with the Coulomb excitation for the reaction of . : . .
. . 1 20
84Kr(*8Ca,*%Ca )8Kr at 60 MeV per nucleor(right side at an 0 2° 0 0 *

. E * (MeV E * (MeV
angle of 2.2° in the center of mass frame. (Me¥) (MeV)

FIG. 2. Excitation energy spectra obtained wifica (left side
The Coulomb excitation probability is a decreasing exponenand “%Ca (right side targets, for 0.85% 6, ,<1.15° (upper pait
tial function of excitation energy. As an example, the effectand 2.05% 6, ,,<2.35° (lower par} where dipole transitions domi-
of the combination of the photoabsorption spectrum and th@ate. The spectra binning is 500 keV.
Coulomb excitation probability is shown in Fig. 1 in the case

84 48 H H H
of ®*Kr+"“Ca inelastic scattering. The left part shows theenergy region located immediately above the giant reso-

results %Chamberet al.[2] for the photonuclear cross Sec- ances region. The consistency of this normalization method
tion in Ca. The broad resonance around 8 MeV is they,s yerified with elastic scattering for tHCa target(see
soft” E1 resonance mentionned above, exhausting aboytig 3 ‘indicating that the strengths measuredShare cor-
5% of the EWSR. The right part is a calculation using theS§gct within experimental errors. The uncertainty on the abso-

results combined with the formalism described above, for th atio ; ;
(%800 #Ca ) ¥Kr reaction at 60 MeV/nucleon at an ‘fute normalization is more important fd?%;\, for which data
' in Ref.[5] are less precise (8927% for “°*Ca compared to

angle of 2.2° in the center of mass frame. The results argg- 1104 for 4°Ca for the giant quadrupole resonance
striking in that one observes that the photoabsorption spec- Using these data, we have extracted BieandE2 tran-
trum is greatly distorted by the diffusion with krypton, the gjsion strengths for both targets and for different bins in ex-

low energy part of the spectrum being “amplified” with re- ¢jiaiion energy. Since we cannot distinguish between target

spect to the high energy side. The cross section of the “soft’y\y hroiectile excitations, the strengths determined here con-

resonance becomes even more important than the usudl., the whole system. BUfKr excitations show up in the

GDR's one, centered around 19 MeV. This demonstrates the; e \yay with both targets, allowing us to make a compara-
power of the inelastic scattering of heavy ions for the study

of low excitation energy transitions, such as the &fftreso-
nance.

Therefore, we have performed an experiment at GANIL,
with a 8Kr beam at 60 MeV/nucleon impinging on two thin
(about 0.5 mg/crh) targets of*°Ca and“Ca. The targets
were fabricated, transported and installed in the scattering
chamber under vacuum, to avoid any oxydization. There was *}
no detectable impurity. The scatteré®r, in the charge - BCIS calculations with
state 35, were detected and identified in the high resolution ®F . gcis calculations with results £ Tesults of [51 for ‘
spectrometer SPEG, in which their scattering angle and en , Dri3] for GQR and GDR , SQRand GDR
ergy were measured with an accuracy of 0.2° and 1.4 MeV _ 1+ e S S |
(AE/E=2.7x10"%), respectively. The spectrometer was <4
centered at 2.2° in the laboratory frame, covering an angula& |
range from 0.3° to 4.2°. The elastic and low energy inelastic%10 ]
scattering were partly suppressed by insertion of movableS |
absorbers before the focal plane. The excitation energy wa:
measured from about 5 MeV as can be seen on Fig. 2, and u
to several hundreds of MeV. The spectra shown here are nc w ECIS calculations for
normalized since the targets’ thicknesses were not Knowr g , Sestic scatering
precisely and the charge state distribution of the outcoming L
8Kr was not measured. Therefore, the absolute normaliza: r -z 3 4 e‘ ‘Zle
tion of the data was obtained using GDR and GQR results of em(deg)
Ref. [5] for the excitation energy between 13 and 25 MeV  F|G. 3. Absolute normalization of the datdots using results
(see Fig. 3. We have substracted a constant backgrdimel  of [5] for GQR and GDR forE* between 13 and 25 MeVopen
lowing the results obtained {7]) whose angular distribution squares Comparison of normalized data for elastic scattering on
was assumed to be similar to the angular distribution of the’°Ca with ECIS calculations.

13 MeV < E* < 25 MeV
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3 TABLE I. Percentage of the EWSR extracted from the data for

3 I=1 andl=2 transitions for three energy regions. The errors are
determined by the uncertainty on absolute normalization. The error
due to multipolarity decomposition is negligible compared to this
error. The percentage difference betwd&@a and*®Ca is given in

the last column. The total strength between 6—12 MeV cannot be
read as the cumulative sum because of the common boundaries. For
40Ca target and for 8 MeE*<10 MeV and 10 Me\<E*

<12 MeV, we have introduced 5% of EWSR for monopole tran-
sitions, following the results df6].

2F
10°¢ “ca 48Ca Difference

E(MeV) =1 =2 =1 =2 1=1 I=2

[6.8] 2606 8.3:20 3.1x15 42:21 -05 +41
[8,10] 49+1.2 15.6-39 3.6:1.8 8.8:44 +13 +6.8
[10,12 6.6+1.6 15.8-3.9 7.0-3.5 10.0-5.0 —0.4 +5.7

5 - 6 . ‘7
o equations[11], using E1 and higher multipolarity electric
FIG. 4. Angular distribution obtained with th&Ca target, for ~ transitions. These higher multipolarity transitions neverthe-
6 MeV<E*<8 MeV. The grey area represents the uncertainty onless should be dominated Hy=2 ones and therefore we
absolute normalization. The fit obtained with a coupled channeperformed the calculations with quadrupolar transition
calculation is indicated by the solid line. The dashed lines respecstrength only. It should be noted that any small contribution
tively represenE1l andE2 transitions only. of higher multipolarity would strongly decrease the strength
attributed here to quadrupolar transitions. One can see that
tive study of the calcium isotopes. A typical example isthe behaviors of the two contributions with scattering angle
shown in Figs. 4 and 5. The cross section is plotted as are very different, allowing to determine the only combina-
function of scattering angle in the center of mass system fofion of =1 andl=2 cross sections reproducing the data.
an excitation energy between 6 and 8 MeV for both targetsI'he relative contribution of each kind of transitions is there-
Since we consider all kind of transitions, collective andfore well determined. The uncertainty on the normalization
single particle ones, and we make a comparative study dictor, by far dominating other sources of ertparticularly
both targets, no background was substracted. The gray aréa€ multipolarity decomposition errprdefines the precision
around the data corresponds to the uncertainty on the absen the absolute strength extracted fer1 andl=2. The
lute global normalization factor applied to each point of thecalculations are indeed very close to the experimental values
angular distribution. The data are fitted with calculations perfor angles larger than 2.2°. The discrepancy at lower angles

formed with ECIS, in the framework of coupled channelsprobably comes from the elastic scattering of the beam on
entrance slits of the spectrometer which stop nuclei up to

0.3° in the laboratory frame. The contribution of this process
is very difficult to evaluate. The good agreement between

g I data and calculations from 2.2° in the center of mass (0.8° in
E 8t the laboratoryindicates that the contribution of this parasitic
bla ¢ 48Ca elastic scattering becomes negligible.
RICHN The E1 andE2 strengths extracted are summarized in
10,,' Table I. Note that calculations have been done assuming

=1 and|=2 excitations of the calcium targets only. For
40Ca target and for 8 Me¥E*<10 MeV and 10 MeV
<E*<12 MeV, we have introduced 5% of EWSR for
monopole transitions, following the results [&]. For *Ca,
according to Kamerdzhie{12], the monopolar strength in
this excitation energy region can be neglected and this dif-
ference between the two isotopes is caused by the difference
in shell structure of the two nuclei. Above 10 MeV, the
strength cannot be attributed to krypton excitations due to
A neutron emission.
> a (Gdeg) 7 In thel =1 case, two general observations come to mind.
c.m: (1) One observes non-negligibE1l strength with both
FIG. 5. Angular distribution obtained with th#Ca target, for ~ fargets in the low excitation energy region studied here.
6 MeV<E*<8 MeV. The grey area represents the uncertainty onl N€re is no theoretical basis for such a strength, since all
absolute normalization. The fit obtained with a coupled channeRPA calculationgwith or withoutground state correlatiops
calculation is indicated by the solid line. The dashed lines respedpredict noE1 strength below 14 MeV in either isotope ex-
tively represenEl andE2 transitions only. cept in[2] for “8Ca.
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(2) We do not observe anf1 strength difference be- 16.7% for“°Ca, which is overestimated because of the com-
tween “Ca and*°Ca. Therefore, there is no evidence of the mon boundaries of energy bins. Therefore, despite the large
excitation of a soft dipole mode ifiCa. Nevertheless, the error bars, we can conclude that there is actually an excess of
E1 strength observed between 8 and 10 MeV is indeed corE2 strengthof about 15%in “’Ca compared td*Ca. _
sistent with the predictions of Chambessal. [2]. A better ~ As mentioned earlier, this departure from RPA predic-
study of the low excitation energy spectrum®f Ca could  tions can be explained by invoking the presence in that
be achieved in the forthcoming years with the improved ennucleus of strong ground state correlation eff¢@s There
ergy resolution of the new focal plane detection of SPEG!S NO indication howevewhy these mechanisms should be so
The expected energy resolution of 150 keV would allow tc)much weaker irfCaas to reduce their contribution by the
study whether the strength observed 4Ca posseses the [actor observed here

collective features, i.e., resonance shape and transition de{]- IT (‘ionclusmfn,l thedref?_ul_ts ?f oubr epr%”Te?.t usllng Ia_par-
sity, expected for the soff1 mode[2]. icularly powerful and efficient probe for detecting low-lying

The analysis of out=2 data indicates that there is a expitations suggest that, in trE.ﬂ and I.EZ.cases, our theo-_.
significant difference between the two targetsE@r strength retical understanding .Of pollectwe.excnatlon_s ShO.UId be crit-
below 12 MeV. One observes a systematic exces&df cglly reassess_ed. Th_|s_,_|s becomlng_ espemally Important as
strength in each excitation energy bin #Ca compared to higher resolution faC|I|t|es_are coming on Ilne_ which will
284 and such an excess is not observed i thi case for further_test our u_nderstandlng of thg microscopic structure of
which there is whether a small lack or excess of strengtﬁ:OIleCt'Ve excitations, as well as their coupling to more com-
depending on excitation energy. This shows that lthe plex degrees of freedom.
strength is not affected by a systematic error, since the rela- The authors would like to thank J. Barrette for many fruit-
tive contribution of each multipolarity is precisely defined by ful discussions and for his very careful reading of this paper.
the shape of the angular distribution. Summing2  They are also grateful to D.H. Youngblood for discussions
strengths between 6 and 12 MeV, we obtain an excess &fnd communication of his data.
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