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Cross sections were measured for the near-threshold electrodisintegratiéte ait momentum transfer
values ofq=2.4, 4.4, and 4.7 fm*. From these and prior measurements the transverse and longitudinal
response function®; and R_ were deduced. Comparisons are made against previously published and new
nonrelativisticA=3 calculations using the best available nucleon-nuclebhpotentials. In general, foq
<2 fm™?! these calculations accurately predict the threshold electrodisintegratidHeof Agreement at in-
creasingg demands consideration of two-body terms, but discrepancies still appear at the highest momentum
transfers probed, perhaps due to the neglect of relativistic dynamics, or to the underestimation of high-
momentum wave-function components.
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. INTRODUCTION recently reviewed the status of tiele quasielastic response
functions measured in inclusive electron scattering far from

During the last decade, much experimental and theoreticdN® €lastic scattering peak. In this complementary work we
progress has been made in the study of the trinucleoffPort on the status of the kinematic region near the breakup
system—the first nontrivial test of the adequacy of phenomthreshold of 5.5 MeV.
en0|ogica| nuce]on-nudeorN(N) potentia|s_ Especia”y in- In the early 1970s the electrodisintegration of the deu-
structive tests are provided by photodisintegration and elederon near the breakup threshold was recognizgjdas a
trodisintegration reactions. For example, Carlsdral. [1]  decisive test of the understanding of meson exchange in the

traditional picture of théNN force. This reaction is unusually
informative because the wave functions of the initial and

*Present address: Duke University, Durham, NC 27708. final states are relatively simple and well known and, if
TPresent address: Rutgers, State University of New Jersey, Piscdhe electron is deflected to far-backward angles, the breakup
away, NJ 08855. is dominated by a pur& 1, AT=1 transition. The contri-
tpresent address: GE Global Research Center, Niskayun®ution of meson exchange currentdEC) generally
NY 12309. grows with increasing three-momentum transfer at g
Spresent address: Jefferson Lab, Newport News, VA 23606.  =2.5 fm™, MEC raise the threshold cross section by about
IPresent address: The Institute of Physical and Chemical Rea factor of 3; neag=3.5 fm™ !, MEC account for nearly
search, Wako 351-0198, Japan. 100% of the transverse cross section due to destructive inter-
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ference between the one-body transition amplitudes. row excitation region between the two- and three-body
Although the threshold electrodisintegration ofHe  breakup thresholds &,=5.5 and 7.7 MeV. Both longitudi-
aroused similar interest, it took another three decades beforgl and transverse response functions were calculated for
Viviani et al.[3] were finally able to confirm the importance °He at q=0.88, 1.64, and 2.47 fil, three-momentum
of MEC in the trinucleon breakup. Earlier, Hadjimichael transfer values that correspond to experimental results ob-
et al. [4] had established the need for MEC in the elastictained by Retzlaffet al. [14] at the MIT-Bates accelerator.
cross sections, but due to the requirement of knowing nof he effect of MEC is largest at the highest momentum trans-
just the ground state wave functions, but also those of th&, d=2.47 fm™*, where the predicted transverse response
continuum, the breakup poses a more challenging test. Fofunction Ry is doubled by including MEC. Even though the
lowing quickly on the paper by Viviaret al, additional evi-  €xperimental points have-35% uncertainties, the scale of
dence for MEC was given in two papef5,6] reporting the MEC enhancement is so large that the importance of
asymmetry measurements for longitudinally polarized elecexchange currents is firmly established.
trons scattered from a polarizétte target. The firsf5] of In this study we present the following.
these measurements was performed near the quasielastic(l) A new measurement of the threshold transverse re-
peak, where MEC effects are small. Stronger evidence fosPonse function of’He, made at the highest momentum
MEC was given in a subsequent pap6t on the threshold transfer probed by Retzlaét al, but with uncertainties that
region, where measurementsogt 1.60 and 2.27 fm* were provide a more rigorous test of the theoretical predictions.
presented. Near the threshold the effect of MEC on the spin- (2) Theoretical calculations that include both two- and
dependent asymmetry is calculated to be large; and althoughree-body breakup. These include a self-consistent treat-
the measurements strongly support this prediction, the agre&€nt of final-state interactions and exchange currents.
ment is not exact. On the other hand, spin-dependent asym- (3) Additional inclusive scattering measurements cat
metries represent an especially demanding test of nuclear4-4 and 4.7 fm*, a kinematic region sometimes specu-
theory. lated to mark the onset of the transition to quark-gluon dy-
The delayed confirmation of significant MEC effects in hamics.
the trinucleon breakup stems from the recent parallel devel- (4) A new appraisal of the threshold longitudinal response
opments in precise empiricdiN potentials and powerful function, facilitated by the improved information on the
theoretical methods for calculating exactly tAe=3 wave lransverse one.
function. These requirements have now been met with such

success that we can now plaim a deta_iled understanding of Il. EXPERIMENT AND ANALYSIS
most of the basic properties of the trinucleon, at least at
low-to-moderate energies and momenta. The new measurements were made at the MIT-Bates Lin-

The advances ilNN potentials were allowed by high- ear Accelerator Center at electron scattering argd 60°,
quality measurements and analysegppfandnp scattering. an angle where the cross section is dominantly transverse.
Precise nonrelativistic potentials’—9] were constructed, Useful continuum data were obtained at effective incident
which fit the vast databases wigf-per-data values close to beam energies df,=263, 506, and 549 MeV, correspond-
unity. In addition to the usual charge-independent partsing to three-momentum transfers at the two-body breakup
charge-dependence and asymmetry terms were introduced tioreshold ofg=2.4, 4.4, and 4.7 fm*. Many of the details
account forpp andnp scattering simultaneously. The electro- of this experiment have been previously published in a report
magnetic parts of these potentials contain Coulomb, Darwinen the ®He elastic magnetic form factft5]. To recapitulate,
Foldy, vacuum polarization, and magnetic moment termghe target system contained 4000 STP literSldé cooled to
with finite-size properties. Although the calculations shown23 K and pressurized to 50 atm. In order to mitigate variation
in this paper rely upon just on@] of these potential§the  in the *He density due to beam heating, the gas flow was
Argonne AV18, for the properties investigated here, little highly turbulent, an enlarged beam spot was used, and the
sensitivity would be expected to the differences betweerbeam current was held constant at“1OuA. Scattered elec-
these modern potentials. trons were detected in a magnetic spectrometer system that

The theoretical techniques devised to solve the three-bodiyncluded drift chambers for trajectory information, a gas-C
Schralinger equation are described in two comprehensiveenkov detector and lead-glass shower counter for particle
reviews, Refs[10,11]. Monte Carlo methods, Faddeev tech- identification, and three layers of plastic scintillators for trig-
nigues, and variational procedures that utilize correlated hygering and timing.
perspherical harmonics have all been successfully employed. Figure 1 shows the threshold cross section measured with
Because theoretical predictions for the trinucleon electrodis263-MeV incident electrons, plotted as a function of excita-
integration are sensitivel2] to final state interactions, pre- tion energy. Experimental backgrounds have been removed,
cise representations are needed not only for the ground stai@nd corrections were applied for dead-time losses and detec-
but also for the final continuum states. tor inefficiencies. The®He elastic peak and its calculated

The calculations of Vivianiet al. [3] (made within the radiative tail have also been subtracted. As may be seen, in
pair-correlated hyperspherical harmonics schemse the this kinematic region the elastic radiative tail is small. The
AV18 two-nucleon potential, supplemented by thetwo- and three-body breakup thresholds are indicated on the
Urbana-IX three-nucleon interacti¢f©3]. Because the calcu- figure. Due to the experimental energy resolution, which re-
lations assume pd final state, they are confined to the nar- sults mainly from the straggling of electrons traveling differ-
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TABLE 1. Cross sections and errorén parenthesegs for

8X 10”5 repp—p—pep—p——pe———————————————————————
X ) ) IR ) ’ ] radiation-unfolded cross sections measured in this work.
He(e,e”) E=263.2 MeV, 6=160° |

S B} = - = Elastic line shape ] Eo,=263 MeV Eo=506 MeV Eo=549 MeV

s SR, gR] B doe0de e dounde e dosinde

= " 1 1 (MeV) (pb/sr/MeV) (MeV) (fb/sriMeV) (MeV) (fb/sr/MeV)

T \

Ita ,' \ 1 2.17 0.0(1.4) 2.58 0.6(1.9 279 -0.3(0.9

NE aF “ - 2.42 0.7(1.4 3.58 0.4(1.3 429 —-0.2(0.7

c . y 2.67 1.9(1.3 458 04(1.1) 579  1.4(0.9
I ] 2.92 1.4(1.3 558 1512 729  3.1(L)
,' 3.17 -0.8(1.1) 6.58 3.1(1.9 8.79 9.1(1.7
]

3.42 0.9(1.2 7.58 5.8(1.7) 10.29 12.6(2.0
3.67 3.0(1.2 8.58 14.52.5 11.79 16.12.2
3.92 2.0(1.1) 9.58 17.8(2.89) 13.29 24.02.7)
417 1.5(1.1) 1058 27.53.4 14.79 24.42.9
4.42 1.1(1.0 11.58 36.53.9 16.30 36(3)
4.67 1.3(1.0 12.58 40(4) 17.80 41(4)
4,92 0.8(1.0 13.58 54(5) 19.30 44(4)
5.17 3.3(1.) 14.58 64(5) 20.80 47(4)
FIG. 1. Near-threshold cross section féide, measured with g 42 54(1.2 15.58 68(5) 22.30 57(4)
263-MeV incident electrons. The calculatgtb] elastic lineshape, 5 g7 7.3(1.2 16.58 84(6) 23.80 58(4)
indicated by the dashed curve, has been subtracted from the da@% 5.4(1.1) 17.58 87(6) 2530 60(5)
The two sets of points show the cross section before and afteél18 9.2(1.3 18.59 96(7) 26.80 78(5)
continuum radiative corrections. Arrows indicate the two- and6.43 95(1.3 19.59 101(7) 28.30 78(5)

three-body breakup thresholds. 6.68 12314 2059  102(7) 29.80  92(6)
6.93 12.8(1.4 2159  130(8)
ent paths within the thick gas target, the continuum crosg.18 14.6(1.5 2259  142(8)
section begins to rise just before the two-body breakupy 43 15.7(1.5  23.59 157(9)
threshold. 7.68  17.4(1.6 2459 1559
To expedite the comparison of the data to theoretical pre7. g3 19.9(1.6) 25.59 169(9)
dictions, corrections were also made for energy lost by thg 18 25.7(1.8) 26.59 182(9)
electron in radiative processes, occurring before, after, 0§ 43 21.7(l.7) 2759  210(10)
during the primary electronuclear interaction. In our experi-g gg 23.6(1.7) 2859 21210
ment the overall effect of these processes is to decrease tleys 26.3(1.8 29.59  228(11)
cross sections measured near threshold. 9.18 30.4(1.9)
Radiation corrections were applied using the continuumy 43 30.5(1.9)
unfolding procedure of Mo and Tsfl6] as implemented by g gg 33.3(2.0)
Miller [17]. Even though our target material is lafvone, gg3 34.7(2.0
the radiative corrections turn out to be large. In principle,10.18  34.42.2)
these are precisely calculable, but this requires data morgy 43  40.42.2)
extensive than our limited measurements. Hence we have, iy gg  35.502.1)
part, had to rely on approximations and models to evaluatgp oz  39.02.2)
the radiative corrections. Nevertheless, the uncertainties iRy 15 41.7(2.2)
the calculated corrections are expected to be always smallgf 43 43.7(2.3
than the statistical uncertainties of the data. Figure 1 showg; g8 48.1(2.4)
the result of radiative unfolding for the spectrum measured at
Ey=263 MeV; Table | lists the radiation-unfolded spectra
for all three beam energies. d20(Eq E,) _dZUMon

1 0
E'ﬁ‘tar?i

[RL(q1Ex)+ RT(q-EX)]'

dQdE’ dQdE’
Il. RESULTS
_ _ In the threshold region, only Retzladt al.[14] and Kdb-
A. Systematics of the transverse response functioRy schallet al. [18] have published separated longitudinal and
In this section we examine the systematic dependence dfansverse functions fotHe. Nevertheless, due to the large
available experimental information dR; as a function of size of the transverse kinematic factor at backward scattering
incident beam and excitation energies. The radiativelyangles, additional information dR; is provided by the spec-
unfolded, inclusive electron scattering cross sections depertda measured at=180° by Joneset al. [19] and by our
on the longitudinal and transverse response functions accord=160° spectra. Chertodt al.[20] published one additional
ing to 180° spectrum, however, this lacks continuum radiative cor-
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rections, and, in any case, is superseded by the later measure-
ments by Jonest al. made at the same laboratory. Additional
spectra were obtained by Ka al.[21], but at smaller scat-
tering angles where the longitudinal response function is
more strongly weighted than the transverse one.

For 180° electron scattering the longitudinal response
function is negligible and the transverse response can be de-7~

duced using S
[} 3 o P
| Y
2EO Zdzo-(E()!EX) ~
R+(E ,E)w(— B — E 2 3 s 5, 497088 fm! 3
T e | gadE < | t iuu“”::;::ﬁ;‘%1.67fm-1
[ 3
LTI
Note that the response obtained in this way is given as a 1073f } 444 e 24 fm X100
function of incident beam energE, not the three- ! 4 \ '"...'-"" o " R PPPRSE
momentum transfeq. However, for the electron beam ener- [ o " L oo 47 fmH
gies considered herg,changes slowly in the vicinity of the 104k i!!’ ; t i LI -
breakup threshold. i l“ pot ]
At the 160° angle of our Bates data, longitudinal contri- {
butions to the é,e’) cross section are still small. Based on 105 I i Thiswork o1 -
the results of Retzlafét al. and our new calculations, longi- i Retzlaff a|
tudinal contributions to the spectrum measured Ef ! Jones O
=263 MeV are less than 3.5%. These estimated components ~ _Ifi{d, .~ , , . . , ,  , |

have been subtracted from the data. No similar allowance has ° 4 6 8 10 12 14 16 18 20 22

been made for longitudinal contributions to the data obtained Ex (MeV)
at 506 and 549 MeV, but according to our calculations these
are even smaller. FIG. 2. Systematics of near-threshold cross sections measured in

Sele_cted results fdRr are compiled as a function ofand  hree experiments. All spectra are radiatively corrected. The results
Ex in Fig. 2. As noted above, for the results of Jome®l.  of Retzlaffet al. are for a constant value of three-momentum trans-
[19] and our 160° Bates experiment, the valuegafhanges  fer q. As discussed in the text, for the other speagrahanges
slowly with E,, decreasing by about 0.045 frh between  slowly with E, . For these spectra the indicatedalues correspond
the breakup threshold &,=5.48 MeV andE,=15 MeV. to the three-body breakup threshold of 7.7 MeV.

For these results thg values indicated on the plot were _ _ ) )
calculated at the three-body breakup threshold of 7.7 MeV.[24]. In order to test the quasielastic hypothesis we examined

In the threshold regioiR; peaks atg~1 fm~*, and by the data to see if the cross section scales witthe mmal
q=4.5 fm™%, it is decreased by four orders of magnitude. mMomentum component parallel ¢pthat would be carried by
For g<1 fm~! there is a tendency foR; to be broadly @ quasielastically scattered nucleon. Such scaling is the sig-
peaked in the rang&,=10-20 MeV. This resembles the hature of quasifree scatteriig4,23. As shown in Fig. 3,
distribution of resonanE1 strength seen in photoabsorption €ven though the momentum transfer is sufficiently high, our
measurements, and which is convincingly explained by Venyesults lie outside the band that corresponds to asymptotic

recent Faddeev calculatiofig2] that use the AVI8IN po-  Scaling. We conclude that, even at the relatively laggef
tential. Indeed, th&1 strength will also be large in inclusive OUr measurements at 506 and 549 MeV, excitation energies

electron scattering at<1.5 fm %, although at lowg multi- of 25 MeV are insufficient to assure the dominance of qua-

poles other tharE1l are predicted to make sizable near- Siffé€ scattering.
threshold contributions. For example, early calculations of

two-body electro-disintegration by Heimbaehal. [23] in- B. Comparison of Ry results with Faddeev calculations that
dicated considerableM2 strength in the regionE, include final-state interactions

<20 MeV atq~0.5 fm™ . Additional smaller contributions The nonrelativistic calculations to which we compare our
were obtained from th&11 andM 3 multipoles. new spectra are similar to those presented in a previous paper

For g>2 fm™?, the near-threshol@®; increases mono- [26]. As described there, bound and continupthand ppn
tonically with increasingE,. At still higher momentum wave functions were obtained by solving Faddeev-like inte-
transfers, quasifree scattering becomes the dominant reactigmal equations in momentum space. All final-state interac-
mechanism and, notwithstanding resonance effects, finations are rigorously included. The present calculation is im-
state interactions, and phase-space suppression close gmved in two ways. First, rather than the older-generation
threshold, the monotonic rise seen in the data takeByat Bonn potential, we use the updated Argonne AKIS inter-
=506 and 549 MeV has tha@ppearanceof the high- action; and second, we include MEC contributions, evaluated
momentum tail of the quasielastic peak. This tail is of con-using Riska’s prescriptiofi27]. Most importantly, for these
siderable interest since it provides information on elusivecalculations the final-state interactions and exchange currents
high-momentum components of the nuclear wave functiorare fully consistent with th&IN interaction potential.
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FIG. 3. Present data, converted to the quasielastic scaling func-
tion F(y), wherey is the initial momentum component parallel to
g, which would be carried by a quasielastically scattered nucleon
[25]. Large values ofy correspond to largds, . Our results lie
outside the indicated narrow baf2b] corresponding to asymptotic
y scaling, indicating that quasifree scattering is not dominant in our
kinematic range. From lowest to highest beam energies, the average
four-momenta transfer for the data a@¥=0.22, 0.71, and 0.80
(GeVic)?.

The theoretical calculations were performed on the Cray Ex (Mev)
SV1 of the NIC in Jlich, Germany, and the NERSC Com-

putational Facility, USA. Despite the computational power of ~FIG. 4. Comparison of present experimental results with our

these facilities, the long CPU times required for the calcula/8W Faddeev calculations that use the AUBI interaction. As
xplained in the text, these calculations include both two- and three-

tions limited what could be achieved. The main results ar{ v break h | ith i stent treatment of final
plotted in Fig. 4. For 263 MeV the agreement with the data ody breakup channels, with a sefi-consistent treatment of final-

. . . state interactions. Dashed curve: one-body current only; solid
could scarcely be better. These new theoretical predictions . ~ i . L
: Curve: one- and two-body currents; dot-dash: relativistic one-body
may also be compared to thmd breakup calculations by currents
Viviani et al. [3], which utilize the sameéNN potential, but '
which were carried out by means of pair-correlated hyperAs indicated in Fig. 4, the theoretical prediction is less sat-
spherical harmonics, not by solving Faddeev equations. Moisfactory for the higher beam energy of 506 MeV. Here, the
tivated by the data of Retzla#t al. [14], Viviani etal's  relatively flat contribution of the nonrelativistic one-body
calculations were performed for a momentum transfer 3.4%urrent is modified—in the correct sense—by interference
higher than that of our 263-MeV measurements. Neverwith MEC. AboveE,=19 MeV the interference is construc-
theless, when this difference is taken into account using théve; below 19 MeV, it is strongly destructivéThis con-
g dependence given by Viviaret al, it is found that the trasts strongly with the effect of MEC on the 263-MeV spec-
Faddeev and hyperspherical harmonic calculations, bottrum. Although this leads to the correct shape, the predicted
with and without MEC, are almost indistinguishable in R; is about a factor of 2 too low throughout the threshold
the E,=5.5—-7.7 MeV range where comparison is valid. It region.
is reassuring to note that our new Faddeev calculation of Several factors may account for this discrepancy. For ex-
the three body final state continues to agree well with theample, the use of nonrelativistic dynamics is questionable at
data up to the highest excitation energy. According to arsuch energies. To investigate this we performed an explor-
earlier calculation[26] based on the previous-generation atory calculation in which the one-body current only was
Bonn B interaction, the three-body contribution Ry grows  treated relativistically, and even this in a manner formally
relatively slowly above threshold: &,=18 MeV andq inconsistent with th&N interaction. Figure 4 shows that this
=0.88 fm 1, it amounts to just half the two-body contribu- device leads to an even poorer prediction of the data. More-
tion. over, the momentum transfers of our 506- and 549-MeV
The agreement of the two calculations, in addition to thespectra probe small wave-function components well beyond
agreement with the data does more than simply confirm théhe Fermi momentum. These components are usually negli-
importance of MEC in thélHe breakup—it underscores how gible, but their effects can be magnified in scattering at large
accurate these modern calculations can be—to a point, as shown in an analysis of quasifree scattering by Sick,
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p --=-=  Present 1b
-6 3 X X . . . . .
10°°F | thiswork O E 0 L 1 I ] 1 1
F | Retzlaff A ? 3 4 6 8 10 12 14 16 18 20
| Jones O i : EX (MeV)
10—7 L 1 L 1 L 1 . 1 .
0 1 2 3 4 5 FIG. 6. Longitudinal response function ofHe, for g

g (fm1) =2.47 fm . The experimental points of Retzlaéft al. [14] are
compared to thep final-state calculations by Viviargt al.[3]. The
FIG. 5. Dependence d&; on three-momentum transfer inte- dashed curve is for the one-body part only, whereas the solid curve
grated over the range 53,<7.7 MeV. The experimental points includes two-body charge terms. The present calculation is a one-
are compared with the two-body final-state calculations by Vivianibody result for both two- and three-body breakup with full calcula-
et al. [3] Dashed curve: one-body currents only; solid curve: one-tion of final-state interactions.
and two-body currents. The experimental error bars include system-

atic uncertainties in the cross sections, as well as uncert_alntles i oints, irrespective of the lack of exact quantitative agree-
E,. Where not shown, the errors are comparable to the size of th

. _ —-1 ; _
points. Additional experimental information & was obtained by ent: neag=4.5 fm ~, the data lie far below the one-body

Kobschallet al.[18], but close to threshold these results have verypredlcnon' . . .
large uncertainties. The change in the interference from constructive to de-

structive agrees with our new theoretical predictions, as in-
dicated in Fig. 4. But note that the destructive interference is
Day, and McCarthy24]. From this work it was deduced that confined to low excitation energies: at larfe the interfer-
the “exact” *He wave functions obtained from realistéN  ence remains constructive, a prediction confirmed by the
interactions have high-momentum components that are togata.
small.
A further indication of theoretical difficulties at larggis D. Longitudinal response function
evident in the observatiori 5] that the first diffraction mini-
mum in the elastic magnetic form factor éHe is located
nearq=4.2 fm !, somewhat higher than predicted by cur-
rent theories.

Unlike the slow and monotonic rise of the transverse re-
sponse function, the longitudinal response rises abruptly in
the first 2 MeV above threshold4,18,2], a feature attrib-
uted[21] to a 2S—2S Coulomb monopole transition. This
behavior is illustrated in Fig. 6, which reproduces the experi-
mental results of Retzlaffet al. [14], obtained atq

Viviani et al.[3] have calculated thg dependence dRy  =2.47 fm L. Our calculation for this momentum transfer
at a fixed 1.0-MeV excitation above tipel threshold. How-  has the right shape, but exceeds the data by about a factor of
ever, due to the small size of the experimental cross sectiop. In part, this is attributed to our neglect of the Coulomb
near threshold, it is unpractical to compare to this predictionbarrier that would suppress the emission of low-energy pro-
A more reliable comparison may be made by integralg  tons. Indeed, as shown in the figure, the calculation opthe
in the range 5.5 E,<7.7 MeV, where breakup is confined electro-disintegration by Vivianet al. [3], which includes
to thepd channel evaluated by Viviani. Our integration of the the Coulomb term, lies closer to the data.
theory assumes a linear dependenceRgron E,—an as- Still better agreement is obtained by including two-body
sumption supported by the near-threshold calculations. charge operators. As noted by Viviagt al, these operators

The results are shown in Fig. 5. With the exception of thehave relativistic origins and should properly be evaluated by
two high-q points, excellent quantitative agreement is againincluding, in a self-consistent way, relativistic effects in both
obtained. As previously noted, the MEC contribution growsthe interaction models and the nuclear wave functions. Lack-
at higherg. Forq<3.4 fm 1, MEC terms interfer@onstruc-  ing such a method, the only recourse is to perform a model-
tively with the one-body matrix elements, raising the predic-dependent calculation. This contrasts with the evaluation of
tion by up to a factor of 3. At higheq the interference is the two-body current operators that contribute to the trans-
destructive an interpretation supported by the two high- verse response where, according to the classification scheme

C. q Dependence oR;
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tribution is typically less than 20%.

IV. SUMMARY

For q<<3 fm~1, exact nonrelativistic calculations using
the best availabl®IN potentials give a very good description
of measurements of théHe threshold electrodisintegration.
At low momentum transfer one-body matrix elements pre-
dominate, but asq increases, the two-body contribution
grows significantly, particularly in the transverse part of the
cross section. For example, @=2.4 fm™, corresponding
to one of the three new measurements reported here, the

10°°F Kan st <A> \ 1 inclusion of two-body terms raises the predicteg by a

E [ Kobschall O A factor of 2, bringing the theory into close agreement with the
10”7 ' T T T data—proof that our understanding of MEC is accurate.

0 1 2 3 4 5 According to the near-threshold theoretical predictions for

Ry, atq~3.5 fm ! the interference between one- and two-
body terms switches from constructive to destructive. This is
FIG. 7. Dependence on three-momentum trangfef R, in- supporte_dl by our OFher two measurements, madeg at

tegrated over the range 5,<7.7 MeV. The experimental ~4.5fm . These points fall about a factor of 7 below the
points are compared with the two-body final-state calculations by?ne-body prediction, but the destructive interference with
Viviani et al. [3] Dashed curve represents one-body terms only;two-body current terms lowers the prediction. That it still
solid curve represents the sum of one- and two-body terms. Wherexceeds the data by a factor of 2 suggests the need for a more
not shown, the errors are comparable to the size of the points. complete interference, but other factors cannot be over-

g (fm1)

looked.
of Riska[27], the main parts of these operators are fixed by For example, the high-measurements are in a kinematic
current conservation. region sensitive not only to relativistic effects, but also to

Nevertheless, as Fig. 6 shows, even with the inclusion ohigh-momentum wave-function components, whies indi-
the Coulomb and two-body charge terms, the best availableated by quasifree scattering resplsay be too small in
theoretical result still exceeds the data by roughly 50%. Thisexact” wave functions obtained from realistiIN interac-
is a small but a notable disadvantage in what otherwise is fions. A pointed indication of the importance of relativistic
remarkably precise and comprehensive theoretical descrigffects is found in the analysis of Viviast al. [3] of the
tion of the *He threshold photo- and electro-disintegration. Itlongitudinal response function at=2.47 fm . Close to
emphasizes the potential value of a more rigorous treatmefiireshold there exists a factor-of-2 disagreement between the
for the two-body charge operators. Further evidence for thigne-body predictions and experimental valuesRpf This
comes from the efforts of Schiavilla and collaboratorsdisagreement is reduced, but not entirely resolved, by con-
[11,28, to predict the charge form factors &=3 andA  sidering two-body charge matrix elements. These are equiva-
=4 nuclei. lent to relativistic corrections. At this time estimates of these

Figure 7 shows the threshotdependence dR_ . As for  corrections are model dependent: the discovery of a rigorous,
Fig. 5, we have integrated the experimental and theoreticalelf-consistent procedure for evaluating relativistic effects
response functions in the range §.6,<7.7 MeV, where poses a considerable challenge. As has been repeatedly
breakup is restricted to thml channel. Our integration in this noted, a relativistic formulation of effective hadronic theory
case takes note of the curvature in the dependené® @n is essential for a satisfactory understanding of the transition
E, . According to the calculations of Viviaret al. [3], this  from hadron to quark regimes.
diminishes at large). The experimental points in Fig. 7 in- Additional measurements are needed to guide the theoret-
clude the results of Retzlaéft al.[14], Kobschallet al.[18],  ical development, particularly abovg=2 fm™!, where a
and Kanet al. [21]. Kan et al. were unable to extradR, small amount of few data currently exist. An upcoming ex-
from their limited measurements, however, by virtue of theperiment in Hall A at the Jefferson Laboratdi39] is aimed
now-precise knowledge d®; at theq values of their mea- at measuring the elastic form factors tfle and*He, start-
surements, this separation becomes possible. ing at about 4.5 fm®. Unfortunately, broad energy resolu-

As the plot shows, fog<2 fm~! the agreement between tion will limit what can be learned about the threshold
experiment and theory is generally excellent, while the sigbreakup.
nificance of the discrepancy with Retzlaff's point gt Especially valuable would be a new measurement of
=2.47 fm" ! has been discussed in some length. The disthe 3H isobar, for which existing data are very sparse. One
agreement for the lowest-point of Kanet al. can perhaps useful simplification offered by®H is the absence of a
be attributed to uncertainties inherent in a transverse subtraGoulomb interaction—difficult to incorporate into Faddeev
tion greater than 50%. For other points, the transverse corealculations—between the breakup products.
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