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Investigation of the exclusive *He(e,e’pp)n reaction

D. L. Groep! M. F. van Batenburg,Th. S. Bauer;® H. P. Blok}? D. J. Boersma;® E. Cisbanf* R. De Leo® S. Frullani?
F. Garibaldi* W. Glockle®? J. Golak! P. Heimberg;? W. H. A. Hesselinki? M. lodice? D. G. Ireland® E. Jans-*
H. Kamadd L. Lapikas! G. J. Lolos’ C. J. G. Onderwateér®™ R. Perrino'® A. Scott® R. Starink*?
M. F. M. Steenbakkers? G. M. Urciuoli* H. de Vries! L. B. Weinstein! and H. Witatd
INIKHEF, P.O. Box 41882, 1009 DB Amsterdam, The Netherlands

2Vrije Universiteit, de Boelelaan 1081, 1081 HV Amsterdam, The Netherlands
SUniversiteit Utrecht, P.O. Box 80.000, 3508 TA Utrecht, The Netherlands
4Istituto Superiore di Sanita_aboratorio di Fisica, INFN, Viale Regina Elena 299, Rome, Italy
INFN Sezione di Bari, Dipartimento Interateneo di Fisica, Via Amendola 173, Bari, Italy
8Institut fir Theoretische Physik II, Ruhr-UniversitBochum, D-44780 Bochum, Germany
Institute of Physics, Jagellonian University, PL-30059 Cracow, Poland
8Department of Physics and Astronomy, University of Glasgow, Glasgow G12 8QQ, United Kingdom
Department of Physics, University of Regina, Regina SK, Canada S4S 0A2
NFN Sezione di Lecce, via per Arnesano, 73100 Lecce, Italy
physics Department, Old Dominion University, Norfolk, Virginia 23529
(Received 9 August 2000; published 19 December 2000

Cross sections for théHe(e,e’pp)n reaction were measured over a wide range of energy and three-
momentum transfer. At a momentum transtgr 375 MeV/c, data were taken at transferred energies
ranging from 170 to 290 MeV. Ab=220 MeV, measurements were performed at tlyelues(305, 375,
and 445 MeVt). The results are presented as a function of the neutron momentum in the final state, as a
function of the energy and momentum transfer, and as a function of the relative momentum of the two-proton
system. The data at neutron momenta below 100 Mewfbtained for two values of the momentum transfer at
w=220 MeV, are well described by the results of continuum-Faddeev calculations. These calculations indicate
that the cross section in this domain is dominated by direct two-proton emission induced by a one-body
hadronic current. Cross section distributions determined as a function of the relative momentum of the two
protons are fairly well reproduced by continuum-Faddeev calculations based on various realistic nucleon-
nucleon potential models. At higher neutron momentum and at higher energy transfer, deviations between data
and calculations are observed that may be due to contributions of isobar currents.
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. INTRODUCTION measurement of théHe(e,e’ pp)n reaction performed at the
AmPS facility at NIKHEF. Data are compared to theoretical
The study of exclusive two-nucleon emission by electrongesults achieved by the Bochum-Cracow Collaboration.
at intermediate energies provides a tool to investigate the The cross section for electron-induced two-nucleon
role of nucleon-nucleon correlations inside atomic nucleiknockout at intermediate electron energies is driven by sev-
Advances in the theoretical description of light nuclei and oferal processes. THeN interaction at small internucleon dis-
few-nucleon reaction processes based on modern nucleginces induces strong correlations between the nucleons in-
forces allow for detailed comparisons of experimental resultside the nucleus, which influences the momentum
with calculations[1,2]. In few-nucleon systems, the Schro distributions of the bound nucleons and consequently the
dinger equation, expressed in the form of Faddeevknock-out of nucleons by the absorption of a virtual photon
Yakubovsky equations, can be solved exactly and the calcusia a one-body electromagnetic current. The interaction of
lations can be performed based on realidtid interactions  the virtual photon with two-body currents, either via cou-
such as Bonn-B, CD Bonn, Argonmgg, and Nijmegen-93 1 pling to mesons or via intermediate excitation, will also
and Il. The agreement between theory and data for bindingontribute to the cross section for one- and two-nucleon
energieg3] and low-energy spectra, as well as three-nucleorknockout. In the latter case, this contribution is expected to
scattering observables, is in most cases quite remarkable. be largest if the virtual photon couples to a proton-neutron
A recent review of applications of Faddeev equations forpair. In addition, final-state interaction&SIl) among the
the three-nucleon bound and scattering states occurring igjectiles influence the two-nucleon knockout cross section.
processes induced by electromagnetic probes and based onThe availability of exact calculations and the well-defined
realistic forces can be found in R¢#]. Here we report on a final state make the trinucleon system a good candidate for
two-nucleon knockout studies, since one may attempt to un-
ravel the tightly connected ingredients of the reaction, espe-

*Electronic address: Eddy.Jans@nikhef.nl cially short-range correlations, two-body currents, and FSI
TPresent address: University of Illinois at Urbana-Champaignpy comparison of data, measured under various kinematic
1110 West Green Street, Urbana, IL 61801-3080. conditions, with the results of these calculations.
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In order to investigate the reaction mechanism of two-
nucleon emission and the relative importance of one-body
and two-body hadronic currents in the cross section, mea-
surements should be performed over a wide range of energy-
transfer values covering the domain from the “dip” region
to the A resonance. In addition, the coupling mechanism of
the virtual photon to the trinucleon system may be investi-
gated with measurements performed at various values of the
three-momentum transfer. In order to extract information on
the relative and center-of-mass motion of the nucleon pair,
measurements covering a large angular domain and a suffi-
cient range in kinetic energy have to be performed in a ki-
nematic domain in which the contribution of one-body had- FIG. 1. Kinematic configuration of thee(e’pp) process. For
ronic currents to the cross section dominates. clarity all momentum vectors are shown in one plane. Dotted lines

Two-proton emission fronPHe has been studied before "ePresent the incoming and outgoing electron, the bold vectors the
by using photons produced via bremsstrahlung. The medietected protons, and the thin vectors derived quantitic_es. The recon-
surements were performed by Audit al. [5,6] in a kine- s_tructed momentum vectors, and pgi; assume coupling of the
matic domain selected to emphasize the production of on\fIrtual photon to proton-1.
shell pions on the struck nucleon that are subsequently ] )
reabsorbed on the nucleon pair. The results were evaluated fPectrometer setup at the Mainz Microtron MANIL7].

a theoretical framework based on a diagrammatic expansioRXPerimental evidence for short-range correlations was ob-
of the reaction amplitudg7]. These measurements indicated tained by Starinket al. [18] from the measured energy-
an important role for processes in which three nucleons arfiansfer dependence of tHéO(e,e' pp) “*Cy s, reaction.
involved, in particular, a sequential pion exchange. Such pro- I this paper, we present results of’tle(e,e’pp)n ex-
cesses were also observed at lower energy transfers, in whi@@fiment performed at various values of the four-momentum
the initial pion is assumed to propagate off sH8l. transfer ,q) of the virtual photon. Energy and three-

The use of tagged photon beams opened the possibility tBlomentum transfer of _the virtual phot_on were vangd over a
perform kinematically complete measurements of the croskinematic domain ranging from the “dip” region to just be-
section for full breakup. Data obtained with the large-solid-1oW the A resonance. A partial account of the present work,
ang'e detector DAPHNHQ] in the A resonance region, which is the first Study of electron-induced two-proton
showed that the cross section for photon-induced breakup fdfockout out®He, has been published in RefL9], where
E, <500 MeV is dominated by two-step three-nucleon pro-Only the data taken ab=220 MeV were discussed.
cesses in those regions of phase space where final-state res-

cat@ering effects are minimal. No n(_autron momentum distri- Il. THEORETICAL FRAMEWORK
bution could be extracted from this data set. The role of
three-nucleon mechanisms was also observed by Kb#i. In the exclusive electron-induced two-nucleon knockout

[10] at lower photon energies. Neutron momentum distribu+eaction, energy and momentum are transferred to a nucleus
tions extracted from théHe(y,pp)n [11] and *He(y,pn)p by a virtual photon, while after the reaction the momenta of
[12] reactions by Emurat al. in the A-resonance region the scattered electron and both nucleons are determined.
(E,=200-500 MeV and 125-425 MeV, respectiely Here we consider only those processes where the remainder
showed that both two-nucleon and three-nucleon photoasf the nucleus is left intact and no secondary particles are
sorption mechanisms are needed to explain the data, but theteated.
at low neutron momentum the two-nucleon processes domi-
nate the cross section. The choice of the kinematic domain
and the transverse nature of the probe used in these experi-
ments caused that the absorption of the photon by a two- The kinematics for the’He(e,e’pp)n reaction is sche-
proton pair was found to be largely driven by two-body had-matically shown in Fig. 1. Within the one-photon exchange
ronic currents. approximation the exchanged virtual photon carries an en-
The study ofNN correlations by means of the,g'pp)  €rgy @=E¢—Ee and a three-momentum=pe—pe: . The
reaction was pioneered at NIKHEF in tHéC(e,e’pp) ex-  two protons, with momentp; andp,, emitted after the full
periments by Zondervaet al. [13] and Kesteret al. [14].  breakup of*He, are detected in coincidence with the scat-
The advance of high duty-cycle electron accelerators hatered electron. Proton-1 is emitted at the smallest angle
made possible the threefold coincidence experiments neceg4th respect tay and is referred to as the “forward” proton.
sary to measure exclusive electron-induced two-nucleoifhe second proton, emitted oppositegtavith an angley, is
knockout. Measurements performed by Onderwaeal. referred to as the “backward” proton.
[15,16 at the Amsterdam Pulse Stretcher facility AmPS us-  In an exclusive®He(e,e’ pp)n experiment, the final state
ing large-solid-angle proton detectors, revealed clear signazan be reconstructed completely and the missing momentum
tures of short-range correlations in théO(e,e’ pp)*“C re-
action. Similar results were obtained with a three- Pm=d—P1— Pz 1)

A. Kinematics and reaction mechanism
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is equal to the momentum of the undetected neupégn

Energy conservation requires that the missing energy Pre=230 MeVic

10

En=0—T1=To—Tre (2

I|| I| I| I| 1
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wf? (arb. units)

Pre=380 MeV/c ™
10 P=x, 1 10

be equal to the binding enerds, of the He nucleus; the
excitation energye,=0 if the reaction is confined to two-
nucleon emission. Her&, andT, are the kinetic energies of 10
the two emitted protons, anflis the kinetic energy of the
recoiling neutron, which can be calculated frgy.

There are various ways in which the virtual photon can Pem (MeV/c) Prel (MeV/c)
couple to the®He nucleus. The one-body hadronic current
accounts for the absorption of a virtual photon by one FIG. 2. Probability distribution of the’He bound-state wave
nucleon of a correlated pair, which subsequently leads to thiinction for a two-nucleon pair in a relativs, state, on the left-
full breakup of the trinucleon system. If one assumes thédand side displayed as a function of the center-of-mass momentum
coupling of the virtual photon to the proton emitted in for- gnd on the right-hand side as a function of the relative momentum

ward direction(proton-1, one can define the momentum dif- in the nucleon pair. The curves show calculations with the Bonn-B
ferencepdiﬁ1=|pi—q—pé _which in this case can be iden- (solid), CD-Bonn(dashed, Nijmegen-93(dotted, and Argonne ;g

tified With 2 (0. — h d th ta of (dot-dasheglpotential models. The domain shown is indicative for
thed wi (.pl p2_),_\_/v €rep; andp, are the momenta ot region of phase space covered in this experiment.
the protons in the initial state.

Breakup of the®He nucleus can also occur via two-body .
hadronic currents, thus sharing the transferred momentuiions are based on the potential models Bonn-B, CD-Bonn,
between two nucleons. In the energy- and momentumArgonnev s, and Nijmegen-93, and were performed with
transfer domain under study, two-body currents are involvedpoth a non-relativistic one-nucleon current operator and with
in meson-exchang@®lEC) and excitation of the resonance this one-body current augmented by two-body current opera-
followed by the decayAN—NN (isobar currents or IQs  tOrS. _
Their importance strongly depends on the isospin ofNife From the two-body hadronic currents, only meson-
pair. In the case of @p pair, the contribution of MECs to exchange currents have been incorporated, using a formalism
the cross section will be strongly suppressed, as the virtu@S in Ref[29], which includes coupling to one-pion and one-
photon in a nonrelativistic reduction of the current operator €xchange. In order to incorporate these currents in a way
does not couple to such a p20]. Also the contribution due compatlb_le with the potentla_ll model _used, the prescription of
to isobar currents is reduced for two protons in a relatige ~ Ref.[30] is used. For technical details see R&fl].
state, as the transition via the resonkht multipole is for- At present, first attempts to account farexcitation and
bidden by angular-momentum and parity-conservation rubsdeexmtaﬂon within the continuum Eaddeev framework are
ThereforeA excitation is only possible via the much weaker vailable[32], but up to now applications to electromagnetic
C2 andE2 multipoles[21]. These restrictions on MECs and Processes have not been published. However, ample evi-
ICs do not apply tgpn pairs. It may therefore be expected dence exists that isobar currents are the dominant two-
that in a direct €,e’ pp) reaction the influence of these two- Nucleon knockout mechanism at values of §feNN invari-
body currents is reduced compared to teee(pn) case. ant mass around that of trNaA syste.m,'and are responsible

The photon can also couple to all three particles by 40 @ large part of the diregpn emission strength also at
three-body mechanism. Sensitivity to these processes wilPWer energy-transfer valug83]. Discussion of |sok,Jar con-
exist at photon energies around 500-600 MeV and in Spe_t_r|but|ons to the measured cross sections Yee(e,e’pp)n
cific regions of phase space, where the struck meson initiallj® deferred to Sec. IV.

propagates on shell and is subsequently reabsorbed by the The bound-state wave function GHe has been calcu-
remaining nucleon paii22]. lated using Faddeev techniques, based on realistic models of

the interaction between two nucleof34]. In the calcula-
tions for the bound-state wave function, shown in Fig. 2, 34
channels were considered. Various types of calculations were
The differential cross section of the electron-inducedperformed, based on different models of thal interaction.
three-body breakup of the trinucleon system has been calciResults are shown for the Bonn-B, charge dependeny
lated by solving consistently Faddeev-type equations foBonn, Argonnevg, and Nijmegen-93 potential models.
both the bound state and the final “scattering” state using-arge differences are observed between the various calcula-
the same nuclear forcd4,23]. Both theoretical[23,24 as  tions both at high relativep.) and at high center-of-mass
well as experimental studi¢®5—27 indicate that rescatter- (p.,,) momenta of the nucleons.
ing among the outgoing nucleons has a significant effect on Direct information on the initial®He bound state can in
the cross sections and the spin asymmetries. The measurpdnciple be obtained from reactions induced by a one-body
cross sections are compared to the results of these “coriradronic current; in this case, the momentum of the virtual
tinuum Faddeev” calculations, which completely account forphoton is transferred to a single nucleon only. In absence of
these rescattering effects in the final ste&8]. The calcula- final-state rescattering, this implies that the nonstruck par-
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B. Calculations
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ticles have equal momenta in the final and the initial state49 ps. Each trigger starts a time window with a length of 125
and that the initial-state configuration can be reconstructeds. The latter signals are used by the gating and prescaling
exactly from the measured proton momenta. However, th&odule to classify events based on their coincidence type
knowledge of which nucleon was hit cannot be deduced frontsingle, double, or triple The read-out of the various types
the data, as the measured cross sedi@en in the plane- of events is completely independent as long as the total event
wave impu|se approx|mat|m‘PW|A)] is the coherent sum of rate does not exceed 5 kHz or 1.4 MByte/S In this eXperi'

the transition amplitudes describing coupling of the virtuaiMent all threefold coincident eventsiples) were stored as
photon to any of the three nucleons. well as a subset of the doubles and singles for monitoring

Nevertheless, insight into the coupling mechanism carPU'POSES.
been deduced from the PWIA calculations. Although the
cross sections calculated with this model cannot be com-
pared to experimental data, they are valuable to determine
the relative importance of the coupling of the virtual photon  In order to enhance the contribution to the cross section
to the various particles leading to the same final state. Alue to knockout of correlated proton pairs, measurements
comparison of the cross sections, calculated assuming cotere performed in the so-called “dip” region. Here, the
pling to only one nucleon, shows that, over the entire energjthocked-out protons receive sufficient energy to pass the

acceptance, the reaction is dominated by coupling to the forthreshold for detection in both HADRON detectors, while at
ward proton. higher energy transfers the contribution frdmexcitation is

expected to increase.
IIl. EXPERIMENT AND ANALYSIS Measurements were performed at various values of the
three-momentum transfeq, to investigate the coupling
The measurements were performed with the electrommechanism of the virtual photon to thiHe system. The
beam provided by the Amsterdam Pulse Stretcher facilityalues of transferred momentum were 306Q), 375
(AmPS, with a macroscopic duty factor of 70-80%. The (CQW), and 445 (HQ) MeW¢, where the choice of the
incident electron energy, as determined from elastic scattemaximum value of 445 Me\W was dictated by the strongly
ing experiments, was 564 MeV and the beam current variededuced count rate at higher valuescpfin these measure-
between 0.5 and 1.5A, depending on the kinematic setting. mentsw was kept constant at 220 MeV.
The target setup consisted of a cryogenic, high-pressure A series of measurements at various values of the energy
“parrel” cell containing gaseousHe with a nominal thick-  transfer, ranging from 170 to 290 MeV, allowed the study of
ness of 268 mgcn?. A graphite target and an aluminum- the reaction mechanism as a function of the invariant energy
oxide target were used for beam-calibration purposes angf the photon and two-proton final state. In this way the
detector efficiency determination. relative importance of one-body and two-body hadronic cur-
The scattered electrons were detected in the QDQ magents was investigated. The measurements were performed at
netic spectrometer. This focussing spectrometer can detegt=375 MeV/c. Within the range 170—-290 MeV the invari-
Italect(rjOI’ls wit?in a range Oifr-5% with respect to thle se- ant mass of the two-proton system in the final statt;,
ected central momentum value. Its momentum resolution is,_ .
better than X 10”4 [35]. The solid angle is defined by an Varies from 2005 to 2120 Me\df.
octangular slit with an acceptance &f70 mrad in both the
in-plane as well as out-of-plane direction.
To detect the protons emitted from the target two scintil-

A. Kinematic conditions

The forward proton detector HADRON3 was positioned
such that the angle betweenand p; was minimal, within
the geometrical restrictions of detector housing and beam
i pipe. The positioning of the second proton detector was
lator detectors were used: HADRON3 and HADRON4. Theguided by the kinematics of quasifree two-proton emission,

design of both HADRON detectors is similar. They both _ ; ;
cover a large solid angl@230 and 540 msr, respectivelsnd \;vr?gelreesatpm 0 MeVic the protons are emitted at conjugate

span a sizable range in detected proton energies. These An overview of all em ; ; ; i i
. ployed kinematic settings is listed
ranges are 72 to 255 MeV for HADRONS, shielded by 5'2in Table | together with the labels given for ease of refer-

mm of lead, and 47 to 180 MeV for HADRONA4, shielded by ence. At the LQ kinematic setting, which features the largest

2'2 Tr:n to_f stainless steté%l_]. T;hti fme-gretx_m seg;tmgnttet]d "’?‘yc;. flux of virtual photons, additional measurements at other pro-
out, that Is necessary 1o imit the counting rate in the indi-, , angles were performed to investigate the angular corre-

\r/elzdslé?dtiilr?rg?gt;;? Jzzsret;sainn-}a |2/rlgzén%r?1\zl)ld de;gir; ?)E?_mafation and the behavior of the cross section as a function of
of-plane for HADRON3(HADRON4). The proton-energy 71, the angle betweeq and the forward proton.

resolution amounts to 2.5%WHM).

In an (e,e’pp) reaction, each of the three detectors
(QDQ, HADRONS, and HADRON} generates a trigger Using established procedures, the momenta of the scat-
upon arrival of a particle meeting the detector-specific retered electror35] and of both emitted protong36] were
quirements. To determine the number of real and accidentaletermined. For each of the three detectors, the trigger ar-
events within the threefold coincidence time regiorgoin-  rival time at the coincidence detector is measured and cor-
cidence detectois employed, which measures the arrival rected off-line for time-of-flight differences and detector-
times of the three detector trigger signals with a resolution oBpecific delays. Based on the arrival-time differences, as

B. Analysis
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TABLE |. Overview of the kinematic configurations of the N N

%He(e,e’pp) experiment. The incident energy was 563.7 MeV. T

Label o (MeV) q (MeV/c) 6. (deg) 643 (deg) 6y, (deg)

LQA 220 305 —27.72 53.8 —120.4

LQV 220 305 —-27.72 538  —929 | 0N 5 " ob | 2
PEF 220 305 —27.72 79.9 —100.1

CQwW 220 375 —40.26 53.8 —105.3

HQ 220 445 —52.01 53.8 —119.7

LW 190 375 —41.14 53.8 —119.7

W 250 375 —38.72 53.8 —105.3

HW 275 375 —36.76 53.8 —105.3

—— Gyt

shown in Fig. 3, various types of events can be distin- FIG. 4. A hexagonal shape is obtained in thg ;) plane,
guished; the peak, located at a time difference of 0 ns foafter the coincidence time distributions are symmetrized.

both  QDQ-HADRON3 and QDQ-HADRON4 coinci-

dences, corresponds to real threefold coincidences, is supe@kﬂel‘ this transformation, the time difference distribution
imposed on a background due to double coincident anavill exhibit a symmetric hexagonal shape as displayed in
single events. The two ridges afto,,=0 ns andAtgys Fig. 4. The widthb is chosen such that the full widths of the

=0 ns are due to reale(e’p) coincidences between the twofold coincidence bands are well within regions B. As the
scattered electron and either the backward or forward protofoincidence time resolution is always better than 1.5 ns
detector together with an accidental second proton. The ridgd"WHM), b was chosen to be 3 ns, i.e., at leastAftom the

at Atgus=Atgus contains real two-proton coincidences to- peak position.

gether with an accidental electron trigger. The structures sit The number of trued,e’pp) events is obtained by sub-
on a flat background of events that are threefold uncorretracting the number of accidental coincidences determined

lated. from regions B and C, from the number of events in the A

To extract the trued,e’pp) events, the contributions of region
the flat background and the ridges to the region of the real
coincidences have to be estimated. This is best performed by

symmetrizing the coincidence time spectrum by a IInearvvhere the fractiongz and f are derived from the relative
transformation lengths and surfaces of regions B and C with respect to A.
Events outside regions A, B, and C are discarded. The value
(3)  of | determines the accuracy with which the number of acci-
dental coincidences in region A, where the real coincidences
are located, can be estimated. This lerigivas chosen to be
7y=(to—tha)- (4) 60 ns.

The method used to subtract the accidental coincidences
can be verified by inspecting the missing-energy distribution
of the resulting €,e’pp) coincidences. Below the value cor-
responding to the two-proton separation energy, in this case
the binding energy ofHe, no true €,e’pp) events can oc-
cur. The missing-energy distribution of true,é' pp) events
in kinematics LQA is shown in Fig. 5. The peak correspond-
ing to the three-body breakup ofHe is located atEp,
=7.7 MeV. The inset shows an enlargement of g dis-
tribution for the range- 100<E,<—20 MeV. The yield in
this region,— 1.1+ 1.7, is consistent with zero.

The eightfold differential cross section for the reaction
3He(e,e’pp) is determined as a function of various kine-
matic quantities such as or p,,. It is calculated as

Nr=Na—fgNg—fcNc, (5

1
== (2tya—to—tua),
X \/5( H4 Q H3)

20

-20

aT,
dE, . (6)

=

%
') (/76‘/

8
Vo 09 d—Z(AX)zf N(AX)
dv EXJ LA(AX)

FIG. 3. Time difference distribution for three-fold coincident ) )
events, as measured in kinematics LQAw=220 MeV, In this equationAX refers to a range of values ¢ set of
g=305 MeVrc). kinematic quantities in which the cross section will be rep-
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FIG. 5. Missing-energy distribution for kinematics LQA. The
resolution amounts to 5.5 Me\YFWHM). The inset shows an en- Pair,1 (MeV/c)

largement of a subset of the same distribution. _
FIG. 6. Contour plot of the detection volumeas a function of

resented, e.gAX=(Apm,Apgi1), JLdt represents the in-  (p,,,pgi1) for the combination of the kinematic settings LQA,
tegrated luminosityN(AX) the number of true €,e’pp) LQV, and PEF. Contours are drawn at 30, 10, 3, 1, and 0.3 % of the
events, and/(AX) the experimental detection volume in maximum value.

phase space. The factpiT,/JE,| is a Jacobian.

The detection volume is calculated by a Monte Carlomaiic configurations, as well as the evaluation and averaging
method using 1Vevents within a nine-dimensional volume o the cross section over the experimental detection volume.
V. It takes into account the energy and angular acceptanceg,q theoretical cross section depends on seven kinematic
of the QDQ a.nd_ both HADRON detectors. The sam.pll'ng ariables that uniquely define the configuration. In general,
error dge to this integration adds only 0.'4% to the statistic he data are presented as a function of two or three quantities,
uncertainty of the calculated cross sections, derived from the basic kinematic variables. In this way an

E'I'heliztlt\aﬂgr\a}tic_)rnh OVIeEX s perforr_ned in the ranlge 11 implicit averaging over the other quantities within the ex-
<Ex< eVv. The lower energy is set at a value Corre- o inanta| detection volume is performed.

sponding to 4 of the peak width. The events in the region at™ ., 5 fair comparison between theory and data, the same
li H il
E,>0 MeV correspond to truéHe(e,e’pp) events includ- averaging should be applied to the calculated cross sections.
ing events of which either the _|nc_|dent or the scattered.ele.c-l-hiS averaging cannot be performed analytically because of
tron lost energy due to the emission of a photon, resulting ifpe complexity of the integration limits, i.e., the shape of the
a reconstructed, that is systematically larger than zero. gyherimental detection volume. Therefore, the integrals were
The shape of this radiative tail as a function of the eXC'tat'Onapproximated by a sum over an orthogonal grid. This aver-
energy was calculated using the forTaI|sm of RBT]. The  a4ing of the cross section over the experimental detection
upper integration limit was set d&,=14 MeV. For each \5jyme of each kinematics was performed for the central
kinematic setting, the frgctlon of events beyond this cutoffy 4 ,e of (,9) only, because of constraints on the available
was calculated and applied as a correction factor to the datgompytational resources. This introduces a systematic uncer-
this factor varies from 1.14 to 1.16. In selecting this region Ntainty, which is estimated to be less than 6%, mainly due to

excitation energy, the uncertainty due to radiative effects oo dependence of the cross section on the transferred three-
the other kinematic quantities is negligible. momentum.

Because of limitations imposed by the analysis software, rqr 4 given interval in the variables in which the cross
the integration over thg, interval is performed on the mea- gqction is presented, e.g., an intera,,, the average cross
sured yield and the detection volume separately, yielding aQqction is defined as
eightfold differential detection volume. In Fig. 6 the cov-
erage of the §,,,pqirr.1) Phase space by the detection volume

d8
V is shown for the three overlapping kinematic settings at <d80.> f
Apy,~

g
ﬁ(V)D(pm(V);Apm)D(V;A)dV

g=305 MeVrc.

With the experimental cross sections a systematic error of
8% is associated. This systematic error is the quadratic sum
of the uncertainties in the target thickness as deduced from
elastic scattering measureme(@80), the detector efficiency where v is the vector representing the quantities
simulations (6%), the dead time of the electronics of the (¢, ,,6,,4,,T,) in the laboratory systemA the accep-
HADRON detectorg2%) and by other sources contributing tance region of the experimental detection setup, and
less than 1% eacl88]. D(x;R) a two-valued function that is only different from
zero if x is inside the regiorR.

The two integrals are approximated by their sums, deter-

The comparison of the theoretical mod@B] to the data mined with equidistant, orthogonal grids in the laboratory
requires calculation of the cross section for specific kinequantitiesv. The distance between the grid points was cho-

— . ()
dv* J D(pm(V);Apm)D(v;A)dv

C. Phase-space averaged theoretical cross section
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sen such that the resulting mean error introduced in the final
result is below 6%. This corresponds to 2.50° cross-
section calculations per kinematic setting for every current
operator used. To verify the accuracy obtained, the cross
section was calculated with a varying amount of grid points.
It was concluded from these tests that a grid point density of
(AG,Adq, A0, ,Ap,,AT{)=(2°,5°,4°,5°,1 MeV) is suffi-
cient. The error induced in the calculated cross sections is
independent of the missing moment(iB8].

The number of two-body angular momerjtaaken into
account in theNN interaction also influences the calculated
cross sections. Two-body angular momenta inNi poten-
tial up toj =3 have been taken into account to reach a result
converged to approximately 6%.

100

10

<d®s/dV> (zm?MeVisr®)

e

NI AN NN AN AT AR A
100 200 300

o

P, (MeV/ic)

FIG. 7. Average cross section as a functionpgf for the data
measured in kinematic settings LQA and LQV. The solid and
dashed lines represent the results of calculations with a one-body
IV. RESULTS current operator and including MECs, respectively, using the

. . Bonn-B NN potential.
The cross section of théHe(e,e’ pp) reaction depends P

on seven independent kinematic variables. However, the sta- o
tistical accuracy of the data does not allow representation of A. Neutron momentum distribution
the measured cross section for small intervals in all seven The differential cross sections measured at the kinematics
quantities simultaneously. The character of the hadronic cur:Q are shown as a function @, in Fig. 7. They are aver-
rent operator and théHe bound-state wave function suggest aged over the detection volume corresponding to the settings
that a limited set of observables carries the characteristicQA and LQV, i.e., 40X 03<68° and —140°< A<
information of the®He(e,e’pp) process. —72°. The cross section decreases roughly exponentially as
The momentum distributions for a nucleon pair lle 4 function of the neutron momentum between zero and
shown in Fig. 2, suggest an important role for the relative300 MeV/c. This reflects the neutron momentum distribu-
momentum ) and the pair momentunpg ). Therefore,  tion inside *He for relative momenta in thep pair between
the missing momenturp,,,, which in a direct €,e'pp) re- 250 and 330 MeW per nucleon, the region probed in this
action mechanism reflects the neutron momentum in the inikinematic configuratiorisee Fig. 6.
tial state, is selected as an observable. The electron kinemat- Signa’[ures of two-proton knockout by one-body hadronic
ics naturally define two relevant observables: the energyurrents will most likely be found at loy,,. In this domain
transfero and the momentum transfep Alternatively, at  the neutron is left with a small momentum and can be con-
fixed g, the energy transfep can be replaced by the invari- sidered a spectator, since in dirpqi knockout contributions
ant energyWyy of the two nucleons of a struck pair in the from two-body currents are suppressed. As mentioned in
final state. Sec. II, contributions from MECs are prohibited in a nonrel-
Another significant process that influences the cross sectivistic framework, as the photon will not couple to the
tion is the rescattering among the outgoing nucleons. In pameutral mesons exchanged in the pair. Additionally, the
ticular, when two nucleons are emitted withiectorially) knockout viapp— A" p—pp is suppressed since the other-
comparable momenta the cross section will be notably enwise dominantM1 transition is forbidden by angular mo-

hanced. Within the experimental detection volume, suchmentum and parity conservation for protons initially if %,
“FSI configurations™ occur between the forward proton and state[21].

the neutron. Hence, the momentum difference of these two A comparison forp,, <100 MeV/c with the results of

nucleons was selected as an observable: continuum Faddeev calculations including only one-body
L, currents shows a fair agreement; they account for approxi-
Pij =Pi =P} - ®  mately 50 to 80% of the measured strength in this region,

B , L , while the contribution of MECs is small5%). At higher
The “FSI configuration™” corresponds tp;; —0 MeVi/c. missing-momentum values, one-body calculations underesti-

Investigation of the coupling mechanisms by one-bodymate the data by a factor of 5. The high missing-momentum
currents shows a dominant role for coupling of the virtualyegion s likely to be dominated by two-body hadronic cur-
photon to the forward proton. In this case, the relative Moyents(MECs and IC3 which involve coupling of the virtual
mentumpe of two nucleons in the initial state can be related ynoton to a proton-neutron pair. Such processes predomi-

to the momentum nantly contribute to theHe(e,e’pp) cross section at large
A pm, because in such a process the emitted neutron has a
Paitt 1= (P1— Q) — P5=P1— P2=2Prel- (9) large energy. This expectation is supported by the results of

calculations with MEC contributions, which show an in-
In the following sections, the data are presented as a functiooreased importance of MECs of up to 40% of the calculated
of these observables and compared to the results aftrength ap,,~300 MeV/c, as compared to the low,, re-
continuum-Faddeev calculations. gion. In the highp,, domain also a sizable contribution
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FIG. 8. Invariant mass of the two nucleons in the final state for
the p;1p5 pair at low p,, (thick line) and thep;n’ pair at highp,,
(thin line) in the kinematics LQ.

FIG. 9. Average cross section as a functionygf for the p,,
interval from 230 to 250 MeW for the combined kinematic set-
tings atq=305 MeV/c. Curves as in Fig. 7.

from A-excitation can be expected: excitation oAawithin
a pn pair, a process that is not suppressed by selection rules B. Momentum-transfer dependence

as in thepp case, will contribute to the cross section prima-  EFyrther information on the reaction mechanism is ob-
rily in this domain. tained from the dependence of the cross sectiom.ofihe
Excitation of theA resonance strongly depends on theqata at the variouse{,q) points all show a similar depen-
invariant mass of the* NN system. If one considers a direct dence of the cross section on the missing momentum. This is
reaction on a proton pair at smadl, values, the invariant expected for quasifree two-proton knockout, in which the
massW,,,, in the initial state can be identified with the final- neutron acts as a spectator, implying that the effects due to
state observabl&V,: ;. At LQ this invariant mass ranges final-state interactions are generally small. However, strong

from 2050 to 2080 MeW?, which is well below the mass of rescattering effects may occur at specific valuep,pf be-

the AN system. If one assumes absorption of the virtual phocausep;;—0 MeV/c, the exact position of which depends
ton on apn pair, the relevant invariant energy is that of the on the experimental detection volume. Therefore, no reliable
y*pn system. The corresponding invariant mads,, ~ comparison can be made between data of different)
ranges from 2100 to 2140 Me¥? for p,, values around settings for kinematic domains in which an “FSI configura-

300 MeVic (see Fig. & The invariant mass of the othpn tion” occurs. For theg-scan data, the rescattering effects

o i . . limit the usable domain tp,, <220 MeV/c.
air, i.e.,W,,,,, is similar to that of th air for this ) m== .
P el L Pm In Fig. 10 the cross section is shown as a function fr

region. Therefore the cross section for intermediatexci- o slices in p,. The data at missing-momentum values
tation in thep,n pair W{g be dominant. o below 100 MeVE show a decrease by a factor of 4 between
Calculations of the O(y,pn)_ cross section indicate a g=305 MeV/c andq=2375 MeV/c. Both this slope and the
strong dependence of the contribution of isobar currents 0Bpsolyte magnitude of the cross sections are reasonably well
the photon energ}B3]. These calculations, as well as calcu- jescribed by the calculations. For both values of the momen-

lations of photon-induced deuteron breakup, which use a difgm transfer a calculation with only one-body hadronic cur-
ferent A propagator39], indicate a maximum in the cross

section due ta\ excitation arounde,~250 MeV. This cor-
responds to an invariant mamtpin, around 2125 MeW?,

which is at the center of our acceptance for the LQ kinematic
setting.

The excitation of theA resonance and the subsequent
decay of theAN system in gon pair is expected to cause—
due to its multipole character—a characteristic angular de-
pendence of the cross section. This can also be seen in cal-g 1
culations of the'®O(y,pn) cross section &, =281 MeV, a
reaction that is also dominated by the isobar curfdft. In
this reaction the cross section reaches a maximum between
approximatelyy;=40° and 100°, depending on the proton

energyT. In Fig. 9 the angular dependence of the measured i 10. Average cross-section dependence on the momentum
*He(e,e’pp) cross sections is shown for the missing MO-transferq, for two slices in the final-state neutron momentum at
mentum interval from 230 to 250 Mew/ The data exhibita =220 MeV. Curves are the same as in Fig. 7. The data were
characteristic angular dependence: at larger anglesa  averaged over the domain 0%, < 25°. The horizontal error bars
strong increase is observed that is not reproduced by thiadicate the range i values covered due to the acceptance of the
calculation based on a one-body current operator or thosspectrometer. The domaimn,<120 MeV/c is not covered by the
including MECs. detection volume of the HQ kinematic setting.
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FIG. 11. Average cross section as a function of the energy trans- FIG. 12. Average cross section as a function of the energy trans-
fer o at =375 MeV/c and 50<p,,<100 MeV/c. Curves as in fer o at q=375 MeV/c and 206<p,,<300 MeV/c. Curves as in
Fig. 7. Fig. 7.

At energy transfer values in the range from 220 to 290
rents accounts for 7213% of the measured strength. The MeV, the data show an increase of almost 50%. The contri-
inclusion of MEC contributions has—as expected—only apution due to MECs remains rather Idbelow 15%. There-
minor effect and increases the calculated strength to 80% dbre, the increase of the experimental cross section probably
the experimentally observed value. The fair agreement bereflects an increasing importance of intermediatexcita-
tween data and theory for both momentum transfer valuetion at higher invariant massewpipé.

indicates that, in thg,, domain below 100 Me\, the cross Similarly, the cross section as a function ef for the
section is predominantly driven by a one-body reactionmissing momentum region from 200 to 300 Me\Vis shown
mechanism. in Fig. 12. The cross sections calculated with a one-body

In the py, domain 128<p,,<220 MeV/c, the difference current operator decrease systematically for increasing val-
between a one-body calculation and data is about a factor efes ofw, again due to the increasing relative momentum of
5. Inclusion of MECs in the calculation increases the calcuthe protons in thep pair. In addition, aiw=~200 MeV, the
lated cross section by 10 to 35 %, depending on the momerkinematic variables are close to an “FSI configuration” oc-
tum transfer, thus reducing the discrepancy to about a factaruring within the experimental detection volume g,
of four. Theg-dependence of the data and the calculations is=320 MeV/c. The measured cross section does not show

nevertheless similar. pronounced dependence an At the lowestw value, the
ratio of the experimental and theoretical cross section is
C. Energy-transfer dependence 1.6+0.3, whereas at higher values of the energy transfer the

data overshoot the theoretical results by about a factor of 5.
In the p,, domain probed here, a considerable part of the
strength may be due to coupling of the virtual photon fmna
air, whose invariant mass in the final state is considerably
rger than in the ypp system: 211@EWpin,

<2190 MeVk? for 250<p,<300 MeV/c. This domain
corresponds to the region where the total cross section for
photon-induced deuteron breakup reaches its maximum, i.e.,
atE,~265 MeV[21]. This corresponds to an invariant mass
of the ypn system of approximately 2140 Med. In this
energy range, the photoinduced breakup of the deuteron is
known to be dominated by intermediakeexcitation and its
gubsequent decay.

As discussed in the previous section, the lgwregion is
most likely due to direct two-proton knockout, as in this
domain the neutron is left “at rest.” In case of such a direct
reaction mechanism, the invariant mass of the two emitte
protonstipé can be identified with the invariant mass of

the ypp system. Forp,,<100 MeV/c, this invariant mass
ranges from 2055 Me\¢? at w=220 MeV (well below the
A resonanceto 2120 MeVt? at w=290 MeV, i.e., almost
on top of the resonance.

In Fig. 11 the data for thep, domain from 50 to
100 MeV/ic atq=375 MeV/c are displayed as a function of
the energy transfew. The calculations performed with a
one-body current operator show a slightly decreasing tren
as a function ofw, which is due to changes in the relative
momentum of thepp pair in the initial state probed in the
reaction: whereas ab=220 MeV the central value for the For kinematic domains in which two nucleons are emitted
relative momentum is 290 MeX¢/per nucleon, it has risen to with similar momentum vectors, rescattering effects can in-
360 MeV/c per nucleon atv=275 MeV. fluence the cross section considerably. The presentation of

As expected from the data shown in Sec. IV B, the agreethe data as a function of the momentum differepfeallows
ment between data and calculationsdor 220 MeV is quite  an investigation of these rescattering effects.
good, which can be considered as evidence for the domi- In the HQ kinematic setting the detection volume extends
nance of one-body currents in thig, and » domain. The to p;;=0 MeV/c. A good agreement between the data ob-
inclusion of MECs in the calculation hardly changes thetained atw=220 MeV atp,, values below 100 MeW and
cross section ab=220 MeV. continuum-Faddeev calculations based on a one-body had-

D. Rescattering configurations
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600

on p3is mainly due taNN rescattering and the magnitude to
the current operators used. Scaling of the calculated cross
sections that include MECs, by a factor of 4.43 results in a
good agreement between data and calculations over the en-
tire p;; domain. Hence, although the calculations do not ad-
equately describe the absorption of the virtual photon by the
nucleon pairs, it is likely that the continuum Faddeev calcu-
lations adequately describe final-state rescattering effects.

400

pi3 (MeVic)

200

o

600
E. Relative momenta and potential models

MeV/c . L L
Pr ( ) An investigation of the data at low missing momentum,

FIG. 13. Projection of the detection volume on th&{,p,)  I-€ Pm=100 MeVic, and at an energy transfer value of

plane for kinematics HW. =220 MeV, showed a dominant contribution from direct

two-proton knockout by a one-body hadronic current. As ar-
ronic current was shown already in RgL9]. Similar con-  gued, breakup induced by coupling to a one-body current in
figurations occur at other kinematic settings. As the crosgrinciple allows investigation of théHe bound-state wave
section depends strongly on baif, andp,, individually and  function. The calculations indicate that the cross section in
the detection volume is nonrectangular in these two obserthis domain is almost exclusively determined by coupling of
ables(see Fig. 1B one can reduce these rescattering effectshe virtual photon to the forward proton. Hence, according to
by limiting the p,,, range. the calculations, the observabgy; as defined in Eq(9)

In particular the HW kinematics contains a fairly broad should be representative of the initial-state proton momen-
region inp,—between 360 and 410 Mewv#for which the  tum p,. Investigation of the cross section as a function of
region aroundpiz=0 MeV/c is covered by the detection ps, in the lowp,, domain at LQ may thus lead to insight in
volume (see Fig. 13 Unfortunately, the high value of en- the initial-state wave function ofHe.
ergy transfer together with the high, region means thata  |n Fig. 2, the probabilities associated with thele wave
sizable part of the reaction occurs via intermediatexcita-  function are shown as a function of the relative momentum
tion in thepn pair. This has the consequence that the calcuyt g nucleon pair for variousN potentials. The shape of the
lated cross section, even including MECs, globally underesgaye functions within the experimentally accessible domain
timates the data by a factor of 4.4 at 380m s similar for Bonn-B, CD-Bonn, and Nijmegen-93. The re-
<410 MeVic I(and by a tactor of 9.1 W't.h respect to a one- gt for the Argonnev 1g potential is different, especially in
body calculatiopas can be seen_from F|g. 14. the high p., and highp, region, but as in this domain

_ Although the absolute magnitude is npt correctly pre'two-body currents are expected to give a significant contri-
dicted, the dependence of the cross sectllor'ppoms well _bution to the 3He(e,e’pp) cross section, no quantitative
reproduced by both the one-body calculations and those insymparison to the data can be made. However, small differ-
cluding MECs. The similarity in shape between both types ofyyces in magnitude exist among the various model predic-
calculations suggests that the dependence of the cross sectigh\s for low b, and also here the difference is largest for

Argonne v.g. One expects for all potential models a de-
360<p,<410 MeV/c crease of the experimental cross section due to one-body
currents as a function qdg 1, because the probability den-
sity decreases as a function pf,. At higher missing mo-
menta, the cross section dependence becomes increasingly
more flat.

The rapid changes in cross section as a functiom pf
make it necessary to investigate the dependenage;gn for
slices in the missing momentum, that are not wider than
20 MeV/c. The data in the two graphs of Fig. 15 are taken
| from adjacent slices inp, (from 50-70 and from
1111 T 70-90 MeVk). These already show a different dependence

300 400 on pgir - The fine binning thus required leads to a reduced
statistical accuracy for the measured cross sections.
P15 (MeVic) It was already shown in Fig. 7 and Fig. 10 that in the

FIG. 14. Average cross section for the “FSI configuration” at 40Mainp, =100 MeVic the dependence of the cross section
kinematics HW. Thep,, acceptance has been limited to 368,  ON Pm @nd g is fairly well reproduced by calculations per-
<410 MeV/c. The curves are results of the Faddeev calculationdormed with the Bonn-B potential. Figure 15 shows that also
with a one-body current operatsolid), including MECs(dashedt ~ the dependence of the cross section on the momentum dif-
and a scaledX 4.43) MEC resul(dotted, all based on the Bonn-B  ferencepg; [see Eq.(9)] in this p,, domain is quite well
potential. reproduced by the calculations.
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momentum transfer of the virtual photog=€ 305, 375, and
445 MeV/c) at an energy transfer value of 220 MeV. At
gq=375 MeV/c, measurements were performed over a con-
tinuous range of transferred energy from 170 to 290 MeV. At
g=305 MeVlc, a large range in center-of-mags.(,=0 to

310 MeV/c) and pp relative ([gir1=500 to 800 MeVL)
momenta was covered. The data are compared to results of
continuum Faddeev calculations that account for the contri-
butions of rescattering among the emitted nucleons. These
calculations include both one-body hadronic currents as well
as contributions due to the coupling of virtual photonsto

andp mesons exchanged between two nucleons in an inter-
mediate statémeson-exchange currents or MBCYarious
otential models were used in the calculations: Bonn-B,
harge-dependen(CD) Bonn, Nijmegen-93, and Argonne

FIG. 15. Average cross section as a functionpgf;; for two
slices inp,, of 20 MeV/c wide. Data are taken from the combined
kinematic settings LQA, LQV, and PEF. Solid curves are based o
one-body currents only; dashed curves include MECs, both calcu-

lated using the Bonn-B potential. The wiggles in the calculated” 18 . . .
cross section are due to small variations in the parts of the detection Calculations performed with only a one-body hadronic

volume that contribute in the different kinematic configurations. Cu_rrent operator show a fair agreement with the data ob-
tained at p,=100 MeV/lc at w=220MeV and ¢

In Fig. 16 the same data are compared to predictions from= 305 MeV/c. Measurements performed gt=375 MeV/c
continuum Faddeev calculations, performed with differentshow similar results. Here, the inclusion of MECs in the
NN-potential models. Differences in both magnitude andcurrent operator only has a minor effect on the calculated
slope are observed, with the Argonng; prediction being up  strength. It can therefore be concluded thabat220 MeV
to 15% lower than the one based on Bonn-B. _andp,<100 MeV/c the cross section is dominated by direct

The variations between the calculations performed withynockout of two protons via a one-body hadronic current. At
the various models are of the same order of magnitude as ”H?gherpm values, from 120 to 320 Me\/ a discrepancy of
effects of MECs, which was only calculated using theup to a factor of 5 is observed between the data and calcu-
Bonn-B potential. The influence of intermediateexcitation |4tions with a one-body current operator only. Contributions

on the calculated slope is as of yet unknown; also the undery, o v, MECs increase the calculated strength by up to 35%
estimation of the data by all four calculations, which at most

amounts to approximately 30% at $(,,<90 MeV/c, is : . . L
still not explained quantitatively. In the missing-momentum. Th_e influence of miermedlam excitation depepds on the
region above 200 Me\¢, the differences in the calculated invariant mass of the* NN system involved. To investigate

cross section due to tHeN potential are almost negligible such _isobar currents, measur_ements were performed in the
within the experimentally probed domain. In view of thesedomamw:170_.290 MeV. This range corresponds fay,
uncertainties, the loy,, data do not yet suggest a preference<100 MeVic to invariant massewpipé between 2055 and

for any of the potential models. 2120 MeVk?. An increase of the measured cross section by
almost 50% is seen over this range in energy transfer. The-
oretical predictions including MECs underestimate the data

In summary, the cross sections for the exclusive reactiorflrom 30% atw=220 MeV .to a fac;tor of 2 a’g the highes
values, presumably reflecting the increased importance of the

3He(e,e’pp)n were measured for three values of the three-
A resonance.
At higher neutron momentum values, data and theoretical
predictions differ up to a factor of 5 for all values ef This
is likely due to intermediaté excitation by the virtual pho-
ton of thepn pair, for which the invariant mass in the final
state amounts to approximately 2150 Me¥/ This value
corresponds to the position of the resonance in deuteron elec-
trodisintegration. A further indication for the importance of
intermediateA excitation as a process contributing to the
%He(e,e’'pp) cross section in thep, domain above
100 MeV/lc can be found in the dependence of the cross
section on the forward proton emission angle Compre-
hensive treatment of thA degrees-of-freedom within the
FIG. 16. Average cross section as a functiorpgfi, as in Fig. ~ continuum Faddeev framework is necessary before quantita-
15. All curves are based on one-body currents only, but calculatelive conclusions can be drawn from the data measured at
using various models for thMN potential: solid curves Bonn-B, high py, or high » values.
dashed curves CD-Bonn, dotted curves Argoong, dot-dashed Within the experimental detection volumes covered in the
curves Nijmegen-93. measurement at «,q)=(220 MeV,445 MeVt) and

V. SUMMARY AND CONCLUSIONS
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(275 MeV, 375 MeVt) and a selected domain i, two Larger differences between the wave functions calculated
nucleons are emitted with a low relative momentum in thefrom the variousNN potentials are observed at high center-
final state. In these regions, rescattering effects strongly inef-mass momentum values and for relative momenta above
fluence the cross section. Data from such specific “FSI con400 MeV/c per nucleon. However, the interpretation of this
figurations™ provide a good tool to check the calculations indomain awaits either a better theoretical treatment of the
this respect. Good agreement was found between data megigh p,,, region or experimental means to isolate the contri-
sured atw=220 MeV andq=445 MeV/c, and theoretical bution of isobar currents to the cross section. In this respect,
predictions, when presented as a function ofginemomen-  separation of théHe(e,e’pp) cross section in its contribut-
tum difference in the final state. Data obtained @t jng structure functions and an investigation of the comple-
=275 MeV andq=375 MeV/c confirmed this result, al- mentary reactior®He(e,e’pn) will provide valuable infor-

though the absolute magnitude of the cross section is undefnation for better understanding the processes involved.
estimated by the predictions, probably due to lack of isobar

contributions in the current operator used.
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