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Inverse Kinematics Proton Scattering on'®Ne and Mirror Symmetry in A = 18 Nuclei
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The0;, — 21 transition in'8Ne has been studied using the inverse kinematics reaptitiNe, p')
with a radioactiveé®Ne beam at 30 Meyhucleon. Hadronic scattering data on the — 2; transition
in the mirror nucleus®O are already available, so this is the first time that hadronic measurements
have been available to test mirror symmetrysial shell nuclei. The angular distribution data for
proton inelastic scattering ifNe and corresponding data f§iO are well reproduced in microscopic
model calculations using empirical proton and neutron transition densities determinetiCfor
[S0031-9007(99)09179-6]

PACS numbers: 21.10.—k, 25.40.Ep, 25.60.—t, 27.20.+n

Since the time of Rutherford, nearly ninety years agojmage of the A1200 was used to reduce the number of
the static and dynamic properties of the nucleus have bedream species transmitted, and the momentum acceptance
studied using a wide array of experimental probes [1]of the A1200 was 1%. The secondary beam was approxi-
With the advent of new radioactive beam facilities [2], it mately 90% pure. The main contaminant was, which
is now possible to extend these studies to unstable nucleiccounted for about 7% of the beam intensity. Beam par-
In this Letter, we report new inelastic proton scatteringticles were stopped in a fast/slow plastic phoswich tele-
data for theogs. — 2/ transition in '8Ne obtained via scope which allowed clear separation of thide from'’F
the scattering of a radioactiVv€Ne beam from a proton and other beam contaminants on an event-by-event basis.
target. This is the heaviest > N nucleus for which The intensity of the beam at the target position—as mea-
proton scattering data have been reported. These dasared in the phoswich telescope—reached a maximum
provide the first hadronic test of mirror symmetry [3] for of 30000 particlesec and averaged 25000 partigiesc
quadrupole transitions ind shell nuclei. The);ﬁs_ — 27 during the experiment. Approximately 25% of the beam
transition in'80 has been studied earlier via scattering ofParticles which exited the A1200 reached the target.
nucleons [4—6], pions [7], and electrons [8]. Previously, Polypropylene foils were used as the hydrogen tar-
the only type of data available on this transition in bothgets for the secondary beam. At different times dur-
!0 and '¥Ne was from the2| — 0, y-ray decay [9]. ing the experiment, foils of different thicknesses (1.1 and
The y-decay data are sensitive only to proton transition3-6 mg/cn¥) were used, but it was found that both thick-
densities, while hadronic data are sensitive to both protofi€sses yielded high quality data. The foils were mounted
and neutron densities [1,10]. Here we describe the presed$55° with respect to the beam axis to minimize the angu-
measurement of proton scattering 6iNe and compare lar straggling of scattered protons leaving the target. The
data from inelastic scattering of low energy nucleons orPeam was tracked on a particle-by-particle basis by two
both!80 and'$Ne to consistent folding model calculations Position sensitive parallel plate avalanche counters [12]
using empirical densities obtained f60. upstream of the target chamber. Data were also taken

We measured angular distributions for protons scatWith a 3 mg/cn? '>C target in order to evaluate the back-
tered from the ground and 1.89 Me}{ states of'Ne  ground caused by the carbon in the polypropylene.
by the p(!8Ne, p’) reaction. The 30 Me¥hucleon!8Ne The arrangement for detecting the scattered protons
beam was produced in the A1200 fragment separatob@s quite similar to that used by Kellegt al.for a
[11] at the National Superconducting Cyclotron Labora-measurement of the(**S, p’) reaction [13]. Scattered
tory via fragmentation of a 65 MeXhucleon?°Ne pri-  Protons were detected using the FSU-MSU array of Si
mary beam on a water cooled 360 fog? °Be target. A  Strip-Si PIN-Csl particle telescopes. The telescopes have
200 mg/cm2 12¢ achromatic degrading wedge subtendingan active area of cm X 5 cm and were mounted 28 cm
an angle of 1.9 mrad and placed at the second dispersifeom the target position, yielding a total laboratory-frame
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field of view of 10° for each telescope. The 3Q8m-thick The natural binning of the data by the Si strips in the
strip detectors consisted of 16 3-mm-wide strips. Thdaboratory was used to generate the proton angular dis-
470 um PIN diode and 1 cm Csl layers stopped highertributions. It should be noted that this leads to a differ-
energy protons. Protons stopped in the strip detectorgnce in scattering angles for elastic and inelastic points
were identified by time-of-flight, while higher energy in the center of mass for each bin. The inelastic points
protons were identified in gates on theF-E spectra. have been generated using two strips each due to lower
The telescopes were oriented such that the Si strips wesdelds. To provide absolute normalizations—and thus
tangent to circles of constant scattering angle with respe@bsolute differential cross sections—the elastic scatter-
to the beam line alignment axis. Because of finite stripng data were compared to an angular distribution cal-
width and the fact that the strips were not curved to followculated using optical model parameters from the 30 MeV
lines of constant scattering angle, the geometric field of’Ne(p, p’) study of de Swiniarsket al. [14]. The elas-
view of each strip, corresponding to an uncertainty intic scattering data were normalized on a telescope-by-
scattering angle measurements, was approximatgfy . telescope basis, so that the relative cross sections obtained

Three telescopes were mounted with their centers dtom each strip in the same telescope were not altered.
laboratory-frame angles of5° and three were centered If the nuclei 80 and '¥Ne are mirror symmetric,
at70°. Hence, we detected protons in the laboratory scatthen the proton ground state and transition densities
tering angle rang&5°-80°, corresponding to a center- in 'O should be equal to the corresponding neutron
of-mass angular range of approximatél§°-45°. The densities in®Ne, while the neutron densities 8O and
laboratory energy range of detected protons was 1proton densities in®Ne should be equal as well, to the
22 MeV, sufficient to detect protons which were elasti-extent that Coulomb effects are small [3]. Below we
cally scattered and inelastically scattered to 2hestate  describe folding model calculations to test this hypothesis.
in the detected angular range. Proton densities4,) for the ground state an@g& —2f

The scattered proton data are presented in the form dfansition in 80 have been determined from electron
a lab-frame kinetic energy vs scattering angle spectrurscattering [8]. A study of'® 0O via the scattering of
and compared to calculated kinematics curves in Fig. 1135 MeV protons provided corresponding information
The data shown are in coincidence with both beam andn neutron densities p¢) in this nucleus [6]. The
proton identification gates. Scattering angles have beemeutron and proton multipole matrix elements for the
determined from Si strip positions and beam tracking inempirical quadrupole densities and, = 6.18 fm? and
formation. Clear separation between elastic and inelasti#/, = 3.00 fm?, with M,,/M, = 2.06 in the convention
events was obtained. The absence of a significant backa which B(E2;0;; — 27) = 5M2.
ground is also apparent. In total, 10400 elastically scat- Our current theoretical knowledge of effective interac-
tered and 112 inelastically scattered protons were collectetibns for nucleon-nucleus scattering is very solid [1]; how-
during the 38 hour experiment. The data taken with theever, the most extensive empirical work has been done for
¥ Ne on the!2C target yielded no evidence of any contribu- incident nucleon energies in excess of 100 MeV [15]. At
tions to the proton data from the carbon in the polypropythe lower energy of interest here, empirical studies have
lene target. been largely restricted to elastic scattering [16]. In one
comprehensive study, an excellent description of available
25-50 MeV nucleon scattering data frdmLi has been
obtained using a consistent theoretical microscopic sin-
gle scattering model [17] employing a realistic effective
interaction adopted from the work of Mahaux and col-
laborators [18,19] and Bertsadt al. [20]. An important
feature of the nucleon-nucleus effective interaction in this
energy region is that,, =~ v,, = 3v,, = 3v,, [1,10].
Much of the available angular distribution data on elastic
and L = 2 inelastic scattering oft’Li at these energies
were reproduced with high precision (better than 15%)
over large angular ranges. Two exceptions to this success
should be noted. First, th&’Li calculations were less
successful at large angleg.(,. > 60°) where coupled
channels and core exchange effects—both neglected in

750 0.0 850 those calculations—become important. Second, the au-

Lab Angle (deg) thors of Ref. [17] noted inconsistencies among the data

FIG. 1. Proton laboratory energy vs scattering angle for thes€ts they analyzed so that some of the angular distribution

data from p('®Ne, p’). The solid curves show the calculated results are reproduced with much higher accuracy than
kinematics for comparison. others.
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Here the model of Ref. [17] is applied to the present 108 — T
30 MeV ®Ne( p, p’) data using the empiricafO densi- i 18 .
ties obtained from electron scattering [8] and intermediate 02 L , p(*°Ne,p’)
energy proton scattering [6] analyses. As in Ref. [17], @ 30 MeV/u

the present calculations were performed with the com-
puter codessLLWRLD [21] and TAMURA [22]. Thep,, in
¥Ne are taken to be equal to thg determined for'®O

via proton scattering, and ths, for '®Ne are set equal to
the p, in 18O determined from electron scattering. Ad- g
ditional results for'®O(n,n’) at E, = 24.0 MeV [5] and 101t

PR S P oo b
80(p, p') at E, = 24.5 MeV [4] are also presented for 0 30 60 90 120 150 180

3
comparison. The reactidfO(n, ') is the mirror reaction 10 EN ' ' ' '

to "*Ne(p, p'). ' 180(n,n')
As can be seen in the theoretical results shown in 102;‘ 24.0 MeV 1
Fig. 2, the calculations reproduce the experimental data .
extremely well, particularly fo#. .,. < 60°, which is quite
impressive considering that there are no free parameters
and extensive tuning of the nucleon-nucleus interaction has
yet to be carried out in this energy region. The case for
mirror symmetry is well supported by these results. The

do/dQ (mb/sr)

precision of the present test for mirror symmetry is limited 10715 30 60 90 120 150 180

by both the reaction model and the quality of {fible 18 ~r— T

inelastic scattering data: a violation of mirror symmetry ; 180(p.p')

could be seen if the differential cross sections deviated b B / i
Y 102 ¢ 24.5 MeV

more than 30% from the predicted magnitudes.

Also shown as dashed curves in Fig. 2 are results
obtained assuming,/M, = N/Z for the 0, — 2
transitions in mass 18 witlp, in '8Ne andp, in 80
taken from electron scattering 0hO [8]. The empirical
densities haveM, /M, > Z/N for ¥ Ne andM, /M, > ‘
N/Z for 80. The dashed curves clearly underestimate the TR RSP PRV RS R R
experimental data in all cases. The differences between 0 30 60 90 120 150 180
the dashed and solid curves are nearly identical for the BOcm (deg)
IS_Ne(p’pl)_ and 18_0(””_1/) mirror reacuons./ A larger g o Comparison of data for tH, — 2| transition from
fjlfference is obtained in the case BD'(p,p) because (a) the presenp('Ne, p') reaction, (b)'8O(n, n') reaction at
in '*Ne(p, p') and '*O(n, n') the coupling between the 24.0 MeV [5], and (c) the’®O(p, p’) reaction at 24.5 MeV
projectile and underestimated target density is only aboU#] to microscopic scattering calculations based on empirical
one-third of that for®O( p, p’), as noted above. densities for both protons and neutrons (solid curves) and

The resultM,/M, > Z/N is expected for low-lying densities set to obey the relationsti, /M, = N/Z (dashed

o . curves). The calculations are described in detail in the text.
quadrupole transitions in a closed neutron shell nucleus
like ¥ Ne. In the extreme shell model only the valence
protons would contribute to the transition and,/M, neutron transition densities which are “mirrors” of empir-
would be infinite. Even with configuration mixing in the ical transition densities fol*O. That is, mirror symme-
proton valence spac#f,/M, remains infinite. Mixing try is qualitatively satisfied for the;ﬁs_ — 2 transitions
with complicated near space configurations, i.e., deformegh ¥ Ne and 'O to the precision of the present experi-
states [23,24], and core polarization, i.e., coupling toment and theory. Altogether, we have demonstrated the
giant resonances [25-27], drivé4,/M, toward Z/N.  utility of recent advances in radioactive beam technology
However,Z/N tends not to be achieved in single closedfor expanding our understanding of the dynamical proper-
shell nuclei [28]. ties of nuclei outside the valley of stability. Although the

In summary, we have measured the angular distributheoretical cross section results that have been presented
tions for'®Ne + p elastic ando, ; — 27 inelastic scat- are good, it is clear that additional work must be done
tering using the inverse kinematics reactipf’®Ne, p’)  to gain a greater understanding of the components of the
with a radioactivé®Ne beam at 30 MeYhucleon. The microscopic single scattering model for nucleon-nucleus
measured angular distribution for the inelastic scatteringcattering at energies below 100 MeV if these unstable
to the2, state of*Ne is well reproduced using proton and nuclei are to be studied in even greater detail.
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