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_zstr.a_

Inelastic proton scattering to the first excited 2+state at 2.701 MeV in doubly
magic SeNiwas studiedat 101 MeV/u in inverse kinematics. The radioactive5eNi ion
beam was obtained from the SIS heavy ion synchrotron at GSI Darmstadt via

fragmentationof a SeNibeam, and separationby the fragmentseparator(FRS). A value

B(E2, 0+ -., 2+) = 600:1:120 e2 fm4 was obtainedwhichcorrespondsto a deformation
parameter 13(SeNi)= 0.173 + 0.017.

Introduction

The availabilityof radioactivebeams opens the possibilityfor nuclear structure
studieswith direct reactions on unstablenuclei. In particular,for doublymagic nuclei

away from stability (for example SeNi,132Sn) nucleon stripping and pick up reactions

and inelastic scattering will provide valuable information on the shell model and

eventually on the matrix elements of the effective nucleon-nucleoninteractions in a

domain that has so far been inaccessible. As a firstexperiment, in a programto study
suchdirectreactionsat the GSI accelerators1(wittl the goalto utilizethe ESR heavy-ion

storage ring2 in the future), inelasticprotonscatteringon SSNihas been investigatedat

Elab-=101MeV/u. The measurementwasintendedto yielda moreaccuratevalue for the
poorlyknownmatrixelement for the transitionconnectingthe 0+ groundstate to the first
excited 2+state. Due to the kinematics for this inverse reaction at these energies

(Figure 1) a measurementnear 80° ina narrowangularrangewillprovideunambiguous
excitationenergy spectraeven if the energyspreadof the beam is the 1-2%, that is the

consequenceof the fragmentationprocessand the FRS acceptance. MASTER
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Fig. 1. Kinematics of the reco8protons from thep(56Ni , p') 56Ni ° inverse reaction to low-lying states in
56Ni.

F.xper!mental SetUD
SeNibeams of about 2x108 ions per spill (spill durationabout 2 seconds) were

incident on a 4g/cm2 berylliumproductiontarget. The secondaryisotopesproduced

were separated in the GSI Fragment Separator (FRS)3, operated in the achromatic
mode and with an aluminumdegrader of 824 mg/cm2. Together with a scintillation

detector of lrnm thickness positioned at the central focal plane of the fragment

separator, the total degraderthicknesscorrespondedto about50% of the range of the

secondary ionsleavingthe productiontargeL The detectorsetupto identifySeNiand the

detector and target configurationfor the protonscatteringexperimentare schematically

shown in Figure 2. A time-of-flightstart detector (1ram scintillator)was located at the

midplaneof the fragmentseparator,the stopdetectorwas 40m downstreamat the focal

plane positionafter the fragmentseparator,and the timeresolutionwas about200 psec.

Together with the energy loss measurementfor the 101 MeV/u seNi ions in a 0.5ram

thick position sensitive plastic scintillator (PSD1) and the focal-plane position
measurement, the isotope mass A and nuclear charge Z of the secondary reaction

productscan be unambiguouslyidentified(see Figure3).



The SeNibeam was incident on a 1 mg/cm2 thick (CH2)n proton target and the

recoil protonswere detected in a detectorring extendingover the completeazimuthal

angle and positionedat a polarangle near80°. To correctfor the largeangularspread
of the poor-emittancesecondarybeam (measuredas 26_mm mrad), two 2-dimensional

scintillationtrackingdetectorswith a positionresolutionof lrnm were used. The recoil

proton energy spectrumwas also correctedfor the recoilangleshiftusingthese tracking

detectors. From the measuredsignals,the energyvs. scatteringangledistributionwas

reconstructedas illustratedin Figure 4a. Elasticscattering,and inelasticscattering to

the firstexcited state are clearlyidentifiedand the overlap betweenthese channels is

removed. The fin_.'dresults,together withMonte Carlo simulationstaking into account

beam emittanceand the geometry and responseof the experimentalset-up,are shown
in Figure 4b. Excellent agreement is observed between the predictedand measured

energy spectra. Using the well known 58Niinelastic scatteringyield for normalization,

the 5SNiinelasticexcitationprobabilitycan be cleanly extracted. In the analysis,optical

model parameters obtained from 100 MeV proton scattering on S_Niwere used.4 As the

final result we obtained a value B(E..2)= 600 :t: 120 e2.fm4 or, within the vibrational

, model, a deformation parameter FJ=0.173.-1:.0.017.
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R_. 4. Energyspe,_ for n_:_/lprotonsh'omthep_BN/, p_ 58Ni" andp(_6Ni,p) 56Ni"/nveme
reactions, a): 2-dimensionN scatter plot of proton events for the 58N7 reaction in the energy vs.
scattering-angle plane b) projected proton energy spectra for both reactions (top: data; bottom:
simulation).

Discussion and Comoadson with Theory

Figure 6 showsthe excitationenergiesand B(E2) values for the first excited 2+

states for nucleiwith N and/or Z=28. Resultsfrom the literatureare compared with the
result from thiswork. For the excitationenergy one noticesthat 48Ca and seNihave a

2+ state which is about 2-3 times above the excitation energy of neighboring N/Z=28

nuclei. However, whencomparingthe B(E2.)valuesone noticesa smoothdependence

of neighl:)c0ringN/Z=28 nuclei. The fact that the 2+ excitationenergy is high, partially

reflectsa loweredground-statebindingenergy due to the fT_shellclosures. However,
the B(E2) values involve open Pl/2, IO3/2,fs_ shells which are readily available for all

these nuclei includingSeNi(but not for 4"eCa,with a closed sd proton shell; the f7/2

neutron shell closurewillnot effect the B(F.2)very much becauseof the low protoncore

polarizationandcorrespondinglysmalleffective charge). The B(E2) values increase as

the f7/2protonshell is filled,and then remain approximatelyconstantin the Ni isotopes.

Recent shell model calculations by B. A. Browns (based on new empirical nucleon-

nucleon interactionfor the regionof the fp-shell from a fit of two-bodymatrix elements

and single particleenergiesto 494 experimentalvaluesof nucleiin the range 41<A<66)

yield a value of 681 e2.fm4for 5eNiin good agreement with the experimental value of
600:1:120 e2fm4.
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