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Signatures for Short-Range Correlations in®0 Observed in the Reaction'®0 (e, e/ pp)14C
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The reaction '°O(e,e’pp)*C has been studied at a transferred four-momentum|q|) =
(210 MeV, 300 MeV/c). The differential cross sections for the transitions to the ground state and the
lowest excited states iHC were determined as a function of the momentum of the recdifi@gucleus
and the angle between the momentum of the proton emitted in the forward direction and the momentum
transferq. A comparison of the data to the results of calculations, performed with a microscopic model,
shows clear signatures for short-range correlations ir%deground state. [S0031-9007(98)07083-5]

PACS numbers: 21.10.Pc, 21.30.Fe, 25.30.Fj, 27.20.+n

In recent years, studies on short-range correlationsnergy spectrum up to 20 MeV of the residual nucleus
(SRC) in nuclei have made striking progress. Micro-'“C and the corresponding missing-momentum distribu-
scopic many-body calculations in nuclear matter [1-3]Jtions were compared with calculations performed within
and nuclei [4-6] have shown that SRC can account fom simple factorization approximation of the cross section.
a sizable fraction of the depletion in the occupancy ofin this Letter the differential cross sections are presented
the valence orbits, observed im, ¢'p) proton knockout as a function of the excitation energy, the missing momen-
reactions [7]. Furthermore, these calculations predict atum, and the emission angle of the forward proton. The
enhancement of the high-momentum components in thdata are compared to the results of calculations performed
nucleon wave functions. Signatures of admixtures of highwith the microscopic model, recently described in Ref. [9].
momentum components in the nuclear ground state are The measurements were performed with the high duty-
expected to be found in thee,’p) reaction at high factor electron beam extracted from the pulse-stretcher
missing energies and in two-nucleon knockoute(NN)  AmPS at NIKHEF. The measurements were performed
studies [8,9]. Although experimentally more involved, with 584 MeV electrons and the scattered electrons were
the latter reactions have distinct advantages as a probe fdetected at an angle of 26 The central values of the
studying SRC in nuclei. energy transfew and three-momentum transfiy| were

In an exclusive 4, ¢’NN) reaction both ejectiles are 210 MeV and300 MeV/c, respectively. Protons, with
identified and the excitation energy of the residual nucleusnomentap; andp,, were detected at angles in the range
is determined by energy conservation. This allows the8°—40° and 115-155 with respect tag. The proton en-
measurement of the cross section for transitions to discretergy acceptances were 70—220 MeV and 44-178 MeV,
states, as has recently been shown for'tk¥e, ¢’pp)'“C  respectively. Details of the beam, the target, the experi-
reaction [10,11]. Furthermore, the reaction mechanisnmental setup and the first stage of the analysis can be found
for two-nucleon knockout by virtual photons depends onin Ref. [10].
the spin and isospin of the nucleon pair in the initial state. In order to present absolute cross sections, special
This implies that complementary information on SRC canattention was paid to the calibration of the experimental
be extracted frome, ¢’ pp) and g, e’ pn) reaction studies. equipment. For this purpose, the data were corrected on

In Ref. [10], we have presented the first results of a triplean event-by-event basis for inefficiencies in the detectors,
coincidence'®O(e, ¢/ pp)'*C experiment. The excitation the electronic readout and data-acquisition systems, and in
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the determination of proton events. The most important In Fig. 1 the differential cross sections, averaged over
corrections are those for the dead times of the frontenthe p,, range from50 to 350 MeV/c¢ and they; range
electronics and trigger system, multiple hits in the firstfrom 10° to 40°, are shown as a function of the excitation
layers of the proton detectors, and multiple-scattering anénergy. The five lowest-lying states that are expected to
hadronic interactions in these detectors. The dead timdse excited in thé®O(e, ¢/ pp)'*C reaction are indicated by
of the frontends were determined using a laser/testpulstheir values/”. As argued in Ref. [10], their excitation
system. The corrections made for hadronic interactiongnergies were partly taken from previous experiments and
and multiple scattering effects in the proton detectorgartly estimated on the basis of calculations.

result from simulations of the detector response performed The experimental energy resolution of 3.9 MeV FWHM
with the GEANT Monte-Carlo code [12]. does not allow the separation of the individual states,

The ninefold-differential cross sections were obtainedexcept the ground state. Consequently, the eightfold-
by subtracting the contribution of accidental coincidencedlifferential cross section for the transition to a particu-
and by normalizing the corrected yields to the total lumi-lar state cannot be determined exclusively. Instead, the
nosity and the detection volume. The cross sections ameinefold-differential cross section was integrated over
presented as a function of three variables: the excitatiothree, suitably chosen, intervals of the excitation energy.
energyE, of the final nucleus*C, the missing momen- The first interval ranges from-4 to 4 MeV and contains
tum p,,, defined asp,,| = |q — p1 — p2l, and the angle almost exclusively the strength of the ground-state transi-
v, between the momentum of the proton emitted in thetion. The strength in th& interval from 4 to 9 MeV can
forward direction and the transferred momentymFor a  be assigned predominantly to the excitation of2fiestate,
particular state, the,, distribution is characterized by the of which the centroid excitation energy is 7.7 MeV. The
angular momentum of the center-of-mass motion of thecontribution of the next statd T = 1%, E, = 11.3 MeV)
knocked out proton pair in the initial state, which in turn to this interval is small. Finally, the strength in the inter-
is linked, by angular momentum conservation, to the anval from 9 to 14 MeV can be attributed to the excitation
gular momentum associated to the relative motion of thef the1* and0; (estimated energf, = 12 MeV) states.
two protons in the initial state. Hence, one may expect thaBecause of the increasing strength of the continuum,
the p,, distribution will reflect the contributions of the vari- which stems from multinucleon emission and the knock-
ous partial waves for the relative motion, notably those forout of one or both emitted protons from the shell, it is
the 'S, and3P waves [10]. The dependence of the crossdifficult to extract accurate information on the, ¢/pp)
sections ony; is expected to provide information on the process from the data f&, = 14 MeV. Therefore, only
reaction mechanism, since calculations indicate that th#he cross section distributions for the three bins mentioned
contributions of one- and two-body currents to the cros@bove are considered and presented in Fig. 2 as a function
section exhibit a different trend as a functionjaf of p,, andy;.

The E, distribution was corrected for the effects due to It should be noted that the recoil factarE,/oE,, in
radiation processes, in a way similar to that fard/) data.  the expression of the eightfold-differential cross section
It was argued in Ref. [13] that an unfolding procedure forhas not been taken into account. This factor cannot be
more than one variable in are,’pp) reaction, which
is extremely complicated, is not always needed. In the
present experiment, the effects of omitting the unfolding of _ 1 5
the cross sections as a functionggf andy, is negligible N
in view of the resolution of the distributions in these
variables, which ar@ MeV/c and 0.8, respectively. Note
that the corrections made for the, spectrum are also
accounted for in the,, and y, distributions for selected
regions inkE,.

The total systematic error in the cross sections, which
is (—6%, +16%) is mainly determined by the uncertainty <
in the integrated luminosity (3%), the uncertainty in the
correction for hadronic interactions and multiple scatter- T S S B
ing effects (5%), and the uncertainty in the determination -10 0 10 20
of the electronics live timest{10%).

The cross sections as a function of each of the variableBIG. 1. The ninefold-differential cross section as a function
E., pm, and y; were obtained by summing the cross of the excitation energy, averaged over missing momenta
sections for selected bins in the other two variableftWeens0 and350 MeV/c and overy, between 10and 40

: . . do/dQ = d°0/dE,dQ.dEdQdE,dQ,). The measured
(weighted with siny, to account for the phase space) andcross sections are indicated with the solid circles. The error

by dividing the resulting sum by the (weighted) numberbars represent the statistical uncertainty. The curves correspond
of bins. to results of a microscopic calculation (see text).
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long-range correlations. Short-range correlations were
4<E,<4MeV | 4<E,<9MeV | 9<E,<14 MeV incorporated in the relative part of the wave functions
15 B B of the proton pair by means of state-dependent defect
i i i functions [15], which were calculated using the realistic
Bonn-A nucleon-nucleon potential.

In contrast to Ref. [9], where the HO wave functions
for the bound states were calculated using an oscillator
length b = 1.77 fm, we have takerb = 2.0 fm in the
present calculations. With the latter value one obtains a
el better description of the quasihole wave functions calcu-
280 lated in Ref. [6] for thel = 1 states in'°O in the mo-
mentum range&0-150 MeV/c, where they exhibit their
maxima. The largeb value is required to simulate the
effect of correlations in the wave functions presented in
Ref. [6], which go beyond the limited configuration space
employed in the DRPA calculations [14]. The HO wave
function calculated withb = 2.0 fm was also found to
give the best representation of the reduced cross sections
for the ground-state transition in théO(e, ¢/p)"°N reac-
tion in the relevant momentum range [16].
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v, ©) In both figures, the theoretical cross sections for the

knockout of two protons, predominantly from the shell,

FIG. 2. The eightfold-differential cross section integrated overdf€ represented by the solid curves. The contributions
the indicated excitation-energy ranges. The upper panels sho@f the one- and two-body nuclear currents are given by
the cross sections as a function pf, averaged over theyy  the dashed and dotted curves, respectively. To these
range from 10 to 40°. The lower panels show the cross theoretical results a continuum accounting for the emission

sections as a function of, averaged over thg,, ranges from
45, 60, and 70 to 300 MeV/c, for the three consecutive bins of .0”? or fbor':h prOtO?S from tz(?is dSh?]I.I e}hd for t_he
in E,. The curves correspond to the same calculations as i§Mission of three nucleons is added (thin line in Fig. 1).

Fig. 1. The shape of the continuum has been determined by
extrapolating a fit to the data, made in the regitin=
E, = 70 MeV, to the three-nucleon knockout threshold at

expressed uniquely in the variablés, p,,, andy, but E, = 8.3 MeV. The dot-dashed curves in Figs. 1 and 2
depends on the momenta of the emitted protons. Howevecprrespond to the sum of the theoretical cross section and
for the present kinematical conditions the recoil factor isthe continuum.
always close to unity and has only a minor effect on the The calculated cross sections of Fig. 1 appear to agree
cross sections. surprisingly well with the data, given the fact that no

The curves in Figs. 1 and 2 are the results of recent miparameter has been adjusted to fit the data with the
croscopic calculations of the differential cross sections foexception of the continuum. Especially the cross section
transitions to discrete states in the residd@ nucleus [9].  for the ground-state transition, which is separated from the
To allow a comparison with the data, the theoretical crossther transitions, is well reproduced by the calculations.
sections were folded with a Gaussian distribution to acHowever, the strength in the part of tlig spectrum that
count for the experimental energy resolution and integrategredominantly stems from the excitation of th¢ state
over the same energy intervals as the experimental ones(4 < E, < 9 MeV) is underestimated by the calculations.

In the calculations, the transition amplitude for theTo a lesser extent this also holds for the region where
(e,e'pp) reaction contains contributions of one-body the strength for the transitions to tHé and0; resides
hadronic currents, which are related to the direct knockouf® < E, < 14 MeV).
of two correlated nucleons, as well as those of two-body The missing momentum distributions for various
currents, which involve the intermediate excitation of theexcitation-energy intervals (cf. Fig. 2) are described quite
A isobar. The interaction of the outgoing protons with thewell by the calculations, both in shape and in amplitude.
residual nucleus is treated in terms of an optical potentialThe shapes of the experimental as well as of the cal-
The two-proton spectral function fot°O, needed to culated distributions for the three regions in excitation
calculate the two-proton overlap integral in the transitionenergy nicely reflect the characteristic features of the or-
amplitude, was obtained from dressed random-phaseital angular momenta associated with the center-of-mass
approximation (DRPA) calculations [14], which were motion of the proton pair in the initial state. This angular
performed in a harmonic oscillator (HO) basis within amomentum is eithel. = 0 or L = 1 for the transitions
large configuration space to account for the effects ofo the ground state arle§ state,L. = 1 or L = 2 for the
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transitions to th@™ states, and. = 1 for the excitation function of the missing momentum and integrated over the
of the 1*state. The center-of-mass angular momentdhree selected intervals in excitation energy are reproduced
L = 0 andL = 2 are always associated with'&, wave quite well by the calculations. Because the calculations
for the relative motion and. = 1 always with &P wave  show that the major contributions to the cross sections for
(the minor contribution of théD, wave to the transition the transitions to the ground state and ffje state stem

to the 2* states is not considered here). According tofrom the one-body currents, which are driven by SRC, it
the calculations, knockout of &, proton pair is mainly can be concluded that the data give clear indications for
induced by the one-body current. Moreover, this partSRC in the ground state 6fO. The deviations observed

of the transition amplitude solely originates from SRC.between the measured and the predicted dependences of
Hence, the observation that the missing momentum dishe cross section on the emission angle of the forward
tribution for the ground-state transition has its maximumproton suggest that the contribution of SRC to the reaction
at p,, = 0 MeV/c leads to the conclusion that this cross amplitude is underestimated by the calculations.

section is dominated by knockout &, proton pairs and This work is part of the research programme of the
that, according to the calculations, this process is drivefiStichting voor Fundamenteel Onderzoek der Materie
by SRC. Furthermore, the calculations predict that th€dFOM),” which is financially supported by the “Ned-
contribution of one-body currents to the cross section i®rlandse Organisatie voor Wetenschappelijk Onderzoek
also dominant for the excitation of tH§ and0; states, (NWO).” Additional support is provided by NSF Grant
whereas the transition to tHe state, which resides in the No. PHY-9602127.
interval 9 < E, < 14 MeV, is largely driven by knock-

out of 3P pairs via two-body 4) currents. Though less

significant than for the ground-state transition, this picture

is also reflected in the shape of the experimenigl

distributions. Hence, these distributions already contain *Present address: University of lllinois at Urbana-
a strong indication that there is substantial contribution of gfg(ﬂpg(')%% 1110 West Green Street, Urbana, IL
two-proton_knockout driven by one-body currents, which TPresent address: Deutsche Elektronen-Synchrotron
are determined by SRC.
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