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Nuclear structure in the vicinity of N=Z=28 *Ni
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The isotopes*Ni, *Ni, and *Ni have been studied via intermediate-energy Coulomb excitation at the
National Superconducting Cyclotron Laboratory. AbsolB{€2;0; — 2]) excitation strengths have been de-
termined for all three nuclei using a consistent experimental approach, and a measure of quadrupole collec-
tivity has been established in the vicinity of the much discussed doubly magic shell clodr&Zat?8. The
energy of and excitation strength to the first2ate o*Ni have been observed for the first time. The results
are compared to large-scale shell-model calculations that predict th&2 thgength irP*Ni should be divided
between the first and second &ates.
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In the nuclear shell model, the first shell closure beyond Intermediate-energy Coulomb excitation is a well estab-
the harmonic-oscillator magic numbers, essentially createtished and widely used experimental technique used to probe
by the inclusion of the spin-orbit force, is 28. The self- nuclear structure, especially the aspect of quadrupole collec-
conjugate nucleus™Ni, with N=Z=28, is the lightesexotic tivity in even-even nuclei far from stabilitj9,10]. Radioac-
doubly magic nucleus and the heaviest doubly magi<Z  tive nuclei are scattered off stable hightargets and are
nucleus accessible to in-beayray spectroscopy at existing detected in coincidence with the deexcitatipmays tagging
rare-i'sotope chilities. Discoveries of phenomena such age inelastic proces@ee, for example[9,11,13).

‘the island of inversion"[1] and the breakdown of thdl While in Coulomb-excitation experiments at sub-barrier
=28 magic shell closure iffS [2-5] have demonstrated that gnergies nuclear contributions to the excitation process are
the _s_hell structure Of. exofic HUCIe_' _beyond the valley ff widely excluded, in the intermediate-energy regime very pe-
ztaebé:gg can be significantly modified compared to Stalbleripheral collisions have to be selected to ensure a dominance
P : of the electromagnetic interaction. In the present experi-

56n1; . .
fromNelmh:S itrt'rrﬁgtrigl rg#grl[haetct,?gf; 'no.rricgfm .Zear;’hbor:qnents, this is accomplished by restricting the analysis to
Xper Ical pol VIEW. '9 scattering events at extremely forward scattering angles,

exci;[ation energy of th_e f_irst+25tate and a .IO\AB(E.Z;OI . which correspond to large impact parameters.
—2y) quadrupole excitation strength within an isotopic " g experiments on the Ni isotopes were performed at the
chain are generally assessed as+ necess.ar%/6 slig.natures fof:é‘upled Cyclotron Facilityf13] of the NSCL at Michigan
shell closure. The energy of the, Btate in Ni is well  giate University. The primary beam BNi was accelerated
known and WithE(ZI):2701 keV significantly higher than 4 140 MeV/nucleon in the K500 and K1200 cyclotrons, and
the corresponding observabl&(2])=1454 keV in the impinged on a thickBe fragmentation target to produce the
heavier even-even neighbdiNi. The determination of the ~secondary beams of the different Ni isotopes. Characteristics
B(E2;0; — 2;) excitation strength ifi°Ni has been addressed of the fragment beams are listed in Table I. The large-
with a variety of experimental methods. In 1973, a lifetime acceptance A1900 fragment separdfief was used to select
measurement using the Doppler-shift attenuation methoghe secondary beams.
yieldedB(E2 1)=385160) €*fm* [6]. More recently, a pro- SeGA[15], an array of 18 32-fold segmented high-purity
ton scattering experimenf7] and an intermediate-energy germanium detectors, was used to tag the inelastic process
Coulomb excitation measuremei] indicated with surpris- via y-ray spectroscopy. The high-resolution S800 spec-
ingly high values of B(E2 1)=600120 €*fm* and  trograph[16,17 was used in conjunction with SeGA to iden-
B(E2 1)=58070) € fm*, respectively, a possible change in tify the particles and reconstruct their scattering angle on an
the behavior of®Ni compared to stable doubly magic nuclei. event-by-event basis. Details of the experimental setup and
The aim of the present study is to track the evolution ofthe determination of the scattering angle using the S800
collectivity in the chain of even mass Ni isotopes with 26 focal-plane detector system have been previously discussed
< N= 30 using a consistent approach for all three isotopes of11,18. The magnetic spectrograph was operated in
interest, namely projectile Coulomb excitation at intermedi-dispersion-matched optics mode.
ate beam energies. The ’Au Coulomb excitation target was placed at the
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TABLE I. Secondary beam characteristics for Coulomb excita-

250 =
tion experiments. Given are the thicknesses of the production and 700 . & (7’2'1*9?/2*) s By =2695(15) keV
Coulomb-excitation targets, the energy before the Au target, and the S 600 I Au °
approximate intensity at the target position of the S800 spec- 2 500F §
trograph. The primary beam wa\i at 140 MeV/nucleon. The Be © 1 3
target used in the case of the secondary bé&i served as a E 400
degrader in energy. S 300 Energy (keV) ]
8 200 SBNi (2*=0") 3
58N SN 54N 100 v 3
°Be production 790 423 376 0 500 1000 1500 2000 2500 3000
target(mg/cn¥) Energy (keV)
97au target(mg/cn?) 184.1 184.1 257.7 25 - 13960) ke
Energy(MeV/nucleor) 77.8 85.8 70.3 S0 ==
Intensity (s79) 8000 3300 65 20 s
= z,
< 15 3
center of SeGA. The high degree of segmentation of the :TE . P SUUPTRITI cewst A ST s
germanium detectors is necessary to Doppler reconstruct the 5 10 o j°° ) eyt
v rays emitted by the nuclei in flight. The germanium detec- O | Ni(2*~07)
tors were arranged in two rings, at 37° and 90° with respect 5
to the beam direction. For th&Ni and *®Ni secondary '

beams, a total of 15 detectors were in the setup, seven in the
37° ring and eight in the 90° ring. For théNi secondary
beam 13 detectors were used, six in the 37° ring and seven in
the_90° ring. The edge of the crystals of all detectors was at ;5 » Top panel: Projectile-fram@=0.39 y-ray spectra in
a distance of about 20 cm from the center of the gold target,yincigence with®Ni. The spectrum in black was created with a

GEANT [19] simulations were performed for each ob- gsfiware gate on the beam-related, prompt peak in the time spec-
servedy-ray energy to determine the detector response. Thgym, while the spectra in gray were obtained by cuts on the sta-
Monte Carlo simulation was performed for ten million inci- tionary background. The inset shows the projectile-frame spectrum
denty rays at eachy-ray energy, isotropically emitted in the with fits overlayed. Bottom panel: projectile-frarig=0.32 y-ray
projectile frame and Lorentz boosted with the beam velocityspectra in coincidence witt?*Ni particles. The background-
The simulated histograms were fit with analytical curves tosubtracted projectile-frame spectrum is shown in the inset. For both
determine the expected peak shape as well as the area unganels the solid black line is the total fit, containing the sum of the
the simulated peak, and thus the photopeak efficiency of themulated response functions for the 38dlid gray ling and 90°
setup. These curves were then fit to the experimental spectralashed gray linerings on top of backgroun¢tot-dashed ling
The efficiency was further corrected fefray angular distri-
bution effects expected following Coulomb excitation.

The y-ray spectra shown in Figs. 1 and 2, f§r°®°Ni
were created for all nuclei satisfying the particle identifica-
tion gates, with no restriction on the distance between targ

500 1000 1500 2000 2500 3000 3500
Energy (keV)

and projectile nuclei. As the minimum impact parameter is
related to the laboratory scattering anf®d], the maximum
laboratory scattering angles were chosen for each secondary
eam(Table 1l) to restrict the impact parameter to at least the
um of the nuclear radii plus 2 fm. To extract the angle-
integrated Coulomb excitation cross sectionfor *®Ni, a
maximum scattering angle in the laboratory framef*

E,~1456(8) keV

4°§ =3.2° was chosen, corresponding to a minimum impact pa-
S rameterb,,, of 13.9 fm and thus a distance exceeding the
2 % sum of the nuclear radii of the target-projectile system by
e d 2 fm. The resulting Coulomb excitation cross section of
‘g 20¢ 17536) mb translates into a B(E2 1) value of
8 707(145 € fm* using the Winther-Alder theory of relativis-

-
o

tic Coulomb excitation[21]. In °®Ni, two 2* states at

[\ 3037 keV and 3263 keV with half-lives of &R0) fs and

8(')6' 00 1600 2000 'é4'06 35(4) fs [22] are expected to be accessible via Coulomb ex-

citation as well. The cross sections for the excitation of those

states would be 21(85 mb and 324) mb, respectively.
FIG. 1. Background-subtractegray spectrum for the 90° ring These comparably small cross sections and the jeray

of SeGA in coincidence wittP®Ni particles (8=0.36. The solid  detection efficiency at higher energies prevent the observa-

black line is the total fit, containing the sum of the scaled responséon of the corresponding deexcitatigirays in the spectrum

function simulated insEANT (gray line and quadratic background (see Fig. 3, lower panglFrom the branching ratios, we can

(dashed ling estimate that 7.2% and 7.3%, respectively, of the cross sec-

Energy (keV)
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TABLE Il. Gamma-ray energies, reaction kinematics, cross sectionsBég2l 1) values for Coulomb
excitation measurements performed in this work. Adopted values were takerjZ@m

58Nia 56Ni 54N|
Experimental results
E, (keV) 14538) 269515) 13949)
o (mb) 17536) 107(26) 134(36)
v/c (midtargej 0.373 0.391 0.346
T (degrees 3.2 2.9 35
Bmin (FM) 13.9 14.3 16.2
B(E2 1) (€2 fm?) 707(145 494119 626(169
Adopted values
E, (keV) 1454.2810) 2700.87)
B(E2 1) (€?fm% 69520) 600120

dCorrected by the potential feeding from the 3037 keV and 3263 keV excitsthfes:o=15034) mb and
B(E2 1)=605139 €?fm*.
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FIG. 3. y-ray spectra from 500 to 5500 keV detected in coin-
cidence with®Ni, °®Ni, and ®®Ni (sum of all detectors, no restric-
tions on the scattering angleThere is no clear experimental evi-
dence for the excitation of higher-lying 3tates. The possibility of
feeding is discussed in the text in great detail.

tion determined for the 0 2} excitation in°®Ni might be
due to feeding from those two levels. The cross section and
B(E2 1) values corrected for the feeding arer
=150134) mb andB(E2 1)=605139 €*fm* The B(E2 )
value including the feeding corrections is in reasonable
agreement with the adopted value of 6% €*fm* [20].

The result without feeding correction isB(E2 1)
=707145) € fm*.

An upper limit of 6% from nuclear contributions to the
Coulomb excitation cross section was estimated based on a
calculation for the very similar reaction 6fFe scattered on
197Au at 65 MeV/nucleorj18]. TheEcissscoupled-channels
code[23] was used with optical model parameters {8&r
scattering orf%Pb at 41 MeV/nucleoii24] to calculate the
contribution from nuclear excitations. We expect a similar
contribution of at most 6% for the current measurements due
to the similar mass and beam energies in the present experi-
ments.

The error on the Coulomb excitation cross sectiom-
cludes contributions from the statistical error¥n(between
5% and 12% and Npeam (<1%), the error on the measure-
ment of the®’Au target thicknes®(<0.5%), and the error
on the total photopeak efficiengg—12 % depending on the
energy of the deexcitatiory ray). The error on the recon-
structed laboratory-frame scattering angle is 2 mrad full
width at half maximum(+£0.05°) [16]. An additional error
corresponding to the percentage difference in cross section
for 655~ 0.05° anddl5*+0.05° was added to the total errors
on the measured cross section and the reduced transition
probability. The uncertainty quoted for the photopeak energy
stems from the fit of the peak and a 0.5% systematic uncer-
tainty attributed to the Doppler recontruction added in
quadrature.

While a software gate applied on the appropriate scatter-
ing angle ensured the dominance of the electromagnetic in-
teraction in the Coulomb excitation process®8fii, it was
not possible to employ the same method ¥ti or *Ni due
to limited statistics and a low efficiency of the cathode-
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readout drift chambers used to reconstruct the laboratorgnined using the fits from Fig. Zlower panel. With S,
scattering angle. Thus a method of scaling the measured0.74 calculated foig,5=3.5°, an excitation cross section
cross section using the dependence of*tli@ cross section of 134(36) mb was extracted. A value OB(E2;0; —27)
[18; on the laboratory scattering angle was developed. =626169 €?fm* does result, a reduced transition probabil-
’Fe was present in the same cocktail beant*d, and itX very similar to the adopted value for the mirror nucleus
the higher rate and higherray efficiency at lower energies >%Fe of 64@13) €2 fm* [26].
led to an accurate determination of the dependence of cross Recent QRPA and diagonalization shell-model calcula-
section on laboratory scattering angle3]. Angle-integrated  tions [27] performed for’®"™Ni suggest that in the chain of
Coulomb excitation cross sections were calculated for maxiyj isotopes, a significant amount of the totB(E2 1)
mum scattering angles of 1°, 2°, 3°, 3.5° 4°, and 5°. Thestrength can be distributed among higher-lyifigseates. For
cross section with no scattering angle restriction wag,  example, the small observ&{E2; 0} — 27) strength foNi
=24322) mb. A second-order polynomial was fit to the yas explained as due to fragmentation of the low-ly&®)
points between 2° and 3.5° to allow for interpolation. Usingstrength into 2 states lying above 4 MeV, indicating that the
the second-order polynomial, tiéFe cross section was de- energy splitting between thép shell and thegg, orbital is
termined for each maximum scattering ang[g* listed in  actually rather small and the l0B(E2 1) cannot be ex-
Table Il. The maximum scattering angles for all nuclei stud-pjained by a possible restoration of ti=40 harmonic-
ied were between 2.9° and 3.5°. oscillator magic numbef27].

A cross-section scaling fact®, for each maximum scat-  Unlike the case of®Ni, where the totalE2 strength is
tering angle was determined &=o(635")/ 0y USING the  predicted to be concentrated in the firstRate, fragmenta-
®2Fe data. Once cross sections with no scattering angle reion is expected for®Ni [27]. The present experiment offers
striction were determined for**Ni, multiplication by the no evidence for the excitation of higher-lying 2tates in
appropriateS, resulted in the Coulomb excitation cross sec->®Ni from the y-ray spectra, and a 14.5% overestimation of
tion . As the accuracy of the cross section determined usinghe measure®(E2 1) value by unobserved feeding into the
this method depends on the accuracy to which’tie cross 2! state has been calculated. The result is still in agreement
section is measured, an additional percentage error wagith the adopted value quoted jao.
added to the cross section aB(E2 1) value measured for The situation is more dramatic ifNi, where the major
>45Ni. The relative error on thé*Fe total cross section of fraction of the quadrupole collectivity 6fNi is expected in
approximately 3%, which excludes the uncertainties on thénigher-lying 2 states according to shell-model calculations
SeGA efficiency and laboratory scattering angle, was inwhich will be discussed in the following. In fact, the present
cluded for all nuclei measured using this scaling method. calculations predict the second &tate to be more collective

As a check of the scaling method, the Coulomb excitatiorthan the first 2 state. In light of these predictions and the
cross section for®Ni was determined using this approach. A rather low statistics in th&Ni experiment, unobserved feed-
total cross sectior,,=27335 mb was measured. A scal- ing of the Z state by the decays of the higher-lying 2ates
ing factor of S,=0.66 was determined foé;;=3.2° and has to be considered carefully. In the following, the possible
multiplied by the total cross section. This resulted in a Coufeeding contribution will be discussed in comparison to
lomb excitation cross section of=180(34) mb, correspond- theory.
ing to B(E2 1)=728137 €’fm* [the results are o Large-scale conventional shell-model calculatignede
=15031) mb andB(E2 7)=622128) e’ fm* with the feed- MSHELL [28]) employing the KB3G[29], KB3 [30], and
ing correction introduced earliprThe excitation cross sec- GXPF1 [31] effective interactions were performed for
tion andB(E2 1) value determined using the scaling method>*>Ni as well as for the corresponding Fe isotones. For
are in good agreement with those determined with the 3.2%'Fe, the GXPF131] calculation give§32] B(E2;0; — 2;)
cut on the scattering angle. With the reasonable agreemert651€*fm?, B(E2;0;—2;)=188€*fm?* and B(E2;0;
between the measured Coulomb excitation cross section i 2§)=51e2fm4, for states at 1.59, 2.97, and 3.23 MeV,
the two methods for®Ni, this scaling method was used to respectively. These are in reasonable agreement with the ex-
determine the angle-integrated cross sections46iNi. perimental values of 6403), 13324), and 4%12) € fm*

The number of detectegt rays in coincidence witi°Ni [26], respectively, for the 2 states at 1.408, 2.959, and
was determined from the fit shown in Fig.(@pper panel 3.166 MeV, respectively. The KB&B3G) results for’*Fe
and oy, =17831) mb was the resulting cross section. A are B(E2 1)=500540), 21(27), and 236240 e*fm* for 2*
scaling factor 0fS,=0.60 was calculated fofl5=2.9°, and  states at 1.611.52), 3.86(3.39), and 4.63(3.96 MeV, re-
multiplied by the total cross section for a result of spectively. The GXPF1 results are in significantly better
=10726) mb. With this Coulomb excitation cross section, agreement with experiment for the second and thirgtates.
B(E2 1)=494119 € fm* was determined. The GXPF1 calculations for’Ni result in B(E2;0; —27)

The Doppler reconstructegiray spectrum detected in co- =324€?fm?%, B(E2;0; —2,)=420€’fm* and B(E2;0;
incidence with scatteredNi shows a peak at 1398) keV —2%5)=47 & fm*. Thus the calculations predict a large mir-
(Fig. 2). The nature of intermediate-energy Coulomb excita-ror asymmetry in th&2 strength with the unusual prediction
tion as well asE(27)=1408 keV[25] in the mirror nucleus that most of theE2 strength ir*Ni (55%) lies in the 2 state.
*‘Fe strongly suggests that the 1396 keVay deexcites the [The KB3 (KB3G) calculations gives 59%64%) of the E2
27 state of*“Ni. A total cross section of 1§80) mb for>*Ni  strength to lie in the third 2state of>*Ni.]
was measured with the number of deexcitatiorays deter- There is only one clear peak in tA®i y-ray spectrum at
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) L o strengths for the first 2state in the chain of Ni isotopes. Results

FIG. 4. ExperimentaB(E2;0, —2)) excitation strengths for the = from the present study are marked by open symbols. Other values
even-even Ni and Fe isotopes with neutron numbers 630 are  are taken froni36-39 for ®-®Ni and from[12] for ®®®Ni. The
compared to large-scale conventional shell-model calculations uss(g2 1) for Ni might be closer to the sunB(E2;0f —2})
ing the KB3G[29], KB3 [30], and GXPF1[31] effective interac- +B(E2;0f —2}) as discussed in the text.
tions(codemsHELL [28] with g,=1.% ande,=0.5e). For the case of
GXPF1, a calculation with the effective Chargq&l.k and e, feeding and the degeneracy of th*?_zz*’ and %ﬁ0+ tran-

: : . A - 1 1

=0.8 is also given for the chain of Ni isotopes. Additionally, the gjtions. The possibility of nd&E2 strength in the QState is
experimentalB(E2 1) given for >Ni is compared to the sum unlikely.
B(E2;0;—2;) +B(E2;0;—2,) for the shell-model calculation us- ¢ the second 2 state has only half the excitation strength
ing GXPF1(see discussion in the tgxt predicted B(E2; 0] — 25)=210€? fm?, and the branching ra-
an energy of 1.40 MeV. However, the energy ratio ti0 i 50%, then.the phopopeak at 2.3 MeV wqulq have ?bout
E(2)/E(2)=2.1 in S4Fe indicates the possibility that the SIX cognts(cqns_stent with the experimental limiand 31%
transitions 2— 2% and Z — 07 in the mirror>Ni are degen- Og thg m:)einsny in the pea_lkhat 1396 keVdWOUIq be a result OL
erate within the limitedy-ray energy resolution in experi- the doublet structure with a correcied excitation strengt

ments with fast beams. We need to consider how this poé(EZ;OIHZI):428e2fm4. Assuming a branching ratio of
sible degeneracy could affect the interpretation of our data25% t0 the ground state and 75% to thi I2vel would
[The spectrum in Fig. 2 indicates that the only peaklikereduce the experimentd(E2 1) value for the 2 state to
structure(of about 10 countsat higher energies appears at B(E2;0; —27)=333€?fm*, which would be close to the
2450 keV. If this corresponded to thg &tate, there would ~shell-model prediction of 32¢° fm®. In this scenario, three
be a 500 keV shift from its mirror if*Fe, much larger than counts would be expected in thg-2 07 transition.
any other displacement energy observed in this mass région. Given the possibility that the ;2state in >Ni lies at

If we take the theoretical value oB(E2;0{—2;) 2.9 MeV, we conclude that our experimental excitation
=420€? fm* and a 50% decay branch to thg @tate as well ~ Strength of 626169) €? fm* is most likely proportional to the
as to the ground state as observed in the mirror nucleus, thim  B(E2;0; — 27)+2R-B(E2;0; — 2;) ~B(E2;0] — 27)
would imply an overestimation of the Coulomb excitation +B(E2;0] —2), whereR notes the branching ratio to the
cross sectionr(0] — 27) and the resultingd(E2 1) value by first excited 2 state and the factor 2 accounts for the poten-
63%. A feeding-correcteB(E2; 0 —2})=230€? fm* would tial doublet structur¢R=0.5 in the mirror nucleus’Fe). In
follow. However, within this scenario, g-ray peak with 12 Fig. 5, this is compared to the theoretical value for this sum.
counts would be expected at about 2.8 MeV in the spectrur\ccurate results for the individuafNi B(E2 1) to all ex-
displayed in Fig. 2(lower pane). A peak with 12 counts Ccited 2" states will require coincidencgray data.
between 2.7 and 2.9 keV can clearly be ruled out and an In Fig. 4, theB(E2;0"— 2*) values for’****Ni are com-
upper limit of fewer than five counts for a peak seems applifpared to the shell-model calculations described above. Addi-
cable in this energy region. Adjusting the decay branchingionally, the B(E2 1) values for the corresponding Fe iso-
ratio to the ground state and thg &ate so that five counts tones are given and compared to theory. TheseB&E2 1)
are to be in the peak corresponding to the ground-state trame the lowest 2 states except fat*Ni, for which we give the
sition would cause the peak at 1396 keV to be entirely due teum for 2 and Z as discussed above. The truncation of the
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present calculation is=6 (six particles excited out of;,)  semimagic nucleus®Ni, the nuclei with two valence nucle-
for ®Fe and®Ni, andt=7 for >Ni, **Fe, and®®Ni. In the  ons(**Fe, >Ni, **Ni) have relatively large isovector compo-
calculation for®?Fe, the excitations out df,, are not trun- nents, for which the bare value ef-e,=1.0e (e,=1.5¢ and
cated. Effective charges,=1.5% ande,=0.5¢ were used un- ¢ =0.5) was used. However, since the average proton-
Iesssgtherwse indicated. The expergrznental results®Se  neutron interaction is larger than the average proton-proton
and “*e are taken fronj26,33, with **re from[18]. The interaction, the polarization of the core protons is stronger
B(E2 1) quoted for”Ni is the adopted value frorf20]. for valence neutrons compared to valence protons. Thus we
The theoretical pattern d(E2 1) value is similar for all  expect the amount added to the bare charge to be larger for
of the Hamiltonians. Overall agreement f6r>*°Fe is good  neutrons than for proton&35]. To see this effect in the
for all of the effective interactions, with the best quantitative present comparisons, we give the results obtained wjth
agreement obtained with GXPF1. With the energies of the 2_1 2 and e,=0.8 in the GXPF1 calculations for the Ni
states for Fe at 0.850, 1.408, and 0.847 MeV, respectivelygqiqnes(Fig. 5. Some improvement is obtained f8iNi.
the product of,B(E2) is approximately constaiGrodzins’ g4 4 \yider systematic study of g strength in this mass

trylel [35']) as.botéssrved”frcim globgl séy()stematics and qualitazegion is required to draw a firm conclusion on the isovector
ively described by collective modef&0]. effective charge.

From *®Ni to *®Ni, all of the calculations predict a drop in . . .
B(E2 1) in contrast to the experimental rise. Again GXPF1 The results of the intermediate-energy Coulomb excita-

is in best agreement with experiment. With the experimenta&Ion measurements are summarized in Fig. 5. The character-

c A . .
energies of 2.700 MeV foiNi and 1.454 MeV foP®Ni, we istic rise |_n the energy of the flrsF Xtate is rather predomi-
find that experiment roughly obeys Grodzins' rufd4] nant atN=28 while the second signature for a shell closure,

whereas theory does not. The lowests2ates in these two the_ex_pected minim_um in the systemati_cs of _'B‘(EZ 1)
nuclei have very different structures, witfNi being domi- excitation strength_, is less clegsee the discussion abo_ve
nated by thef;,— (psj, fs) (ph) particle-hole excitations The shell-model picture suggests a rather small fraction of

across the semimagic shélE28, and®Ni being dominated 1€ total E2 strength to be concentrated in thg state in
by the (pysfs)? neutrons. For®8Ni, some of the E2 Ni, dr_|ven by fragmentat.|0+n, swpllar to the mechanlsm_that
strength comes from mixing with théeph) configuration. gives rise to t%g I,OVB(EZ ’_01_’21) Va'%‘e at thg m“?“ dis-
(Protons and neutrons have an effective charge that is relat alssed nucleusNi with N_4.O' Thgre IS no solid ev!dence,
to the polarization of the core protons by the valence nucle- owever, for a stronglyﬁfx_cned h|gher-lylng Btate |n.tr1e
ons, described microscopically as a virtual coupling to thé’reient experiment 40_ N"_ The experimentalB(E2;0;
giant quadropole resonan¢es).) —27)=626169 € fm* is, |r‘11 fact,_ closer Fo the total

As discussed above, the data point¥éi in Fig. 5is for ~ B(E2 1o value of 7_91e2 fm® predicted within the shell-
the sum of the lowest two*tates. Theoretically these states Model calculation using the GXPF1 effective interaction.
have dominant components of two-hol¢gh) and two-
particles and four-hole@p-4h relative to a(f;,,)*® configu-
ration for °®Ni. The second 2state is part of a 4p-2h band.
The division of theE2 strength between the lowest twé 2 We thank A. Stolz, T. Ginter, M. Steiner, and the NSCL
states is a signature of the configuration mixing betweertyclotron operations group for providing the high-quality
these two configurations. Determination of the division ofsecondary and primary beams. This work was supported by
strength will require a more sensitive experiment. the National Science Foundation under Grants No. PHY-

Most low-lying E2 transitions are isoscalar—that is, they 0110253, No. PHY-9875122, No. PHY-0244453, and No.
have about equal proton and neutron components. Thus tHBIT-0089581 and in part by a Grant-in-Aid for Specially
isoscalar effective charge is well determined. For the calcuPromoted Researc{1300200} from the MEXT of Japan,
lations discussed above, we use the conventional value @nd by the joint large-scale nuclear-structure calculation
e,+e,=2.0e for the isoscalar effective charge. Near theproject by RIKEN and CNS.
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