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Trinucleon longitudinal response functioRg(q, w) are calculated fog values up to 500 MeW. These are
the first calculations beyond the threshold region in which both three-nu¢8dnand Coulomb forces are
fully included. We employ two realistiéNN potentials (configuration space BonnA, AVl8and two N
potentials(UrbanalX, Tucson-Melborne Complete final state interactions are taken into account via the
Lorentz integral transform technique. We study relativistic corrections arising from first-order corrections to the
nuclear charge operator. In addition the reference frame dependence due to our nonrelativistic framework is
investigated. Fog=<350 MeV/c we find that 3 forces give effects of between 5% and 10 % in the peak
region and of 15 % in the threshold region at the lowest considered momentum treqsfet4d MeVic),
while the dependence on other theoretical ingredients is smajl=00 MeV /c relativistic corrections to the
charge operator and effects of frame dependence, especially fordatgecome more important. In compari-
son with experimental data there is generally a rather good agreement. Exceptions are the responses at exci-
tation energies close to threshold, where there exists a large discrepancy with experiment a.Highlee
3He case one finds a much improved agreement with experiment both in the peak region and inghlevow-
o region if 3N forces are included. However in comparison with the existing datdHathe inclusion of 8l
forces appears to have the opposite effect in the peak region.
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I. INTRODUCTION LIT [13] and Faddeev techniques are compared in Rei-

Inclusive electron scattering can provide detailed informa-ln th_e work of V_|V|an|et al.[15] expansion technl_ques were
. ”» o applied to solving the ground-state and continuum wave
tion on the transition charge and current densities in nuclei
In the one-photon exchange approximation the cross secti

for this process is given bjl]

equations, but the calculation was restricted t8Hz near
Wreshold region where only the two-body breakup occurs.
Previous to the above references Faddeev calculations of tri-

o q* 9 P nucleon response functions were published by Meijgaard and
A S s

0do LR (q o)+ Tjon [16] in 1992 using thes-wave Malfliet-Tjon potential
w

q MT-I/lIl [17]. Apart from how the quantum mechanics is
(1) done there are major differences in physics input between the
L longitudinal and transverse responses. Whereas the nonrela-
whereR,_andRy are the longitudinal and transverse responsg;yisic longitudinal response requires only a charge operator
functions, respectivelyy is the electron energy losg,is the 54 nucleon form factors, the transverse response requires
magnitude of the electron mozmenztum transteis the elec- oy change currents in addition to single-nucleon currents and
tron scattering angle, argizq ~w". Experimental data for ,cjeon form factors. It is clear that if a given nuclear inter-
both R and Ry are available for a variety of energy and 4ction cannot describe the longitudinal response then it
momentum transfers. However.because of.our nonrelat.|V|st|gvou|d be pointless to attempt a calculation of the transverse
treatment of the nuclear dynamics we restrict our attention t?esponse. In particular if one inquires into the effect of three-
momentum transferg =500 MeV/c and energy transfers qqy forces in nuclei it would appear natural to first investi-
»=300 MeV. Datacoveréng various regions in this range gate their impact on the longitudinal response. Otherwise,
are given for bott?H and°He by Retzlaffet al. [2], Dow et through a calculation oRy, it would be difficult to disen-
al. [3], Marchandet al. [4], and Morgensterfi5]. , tangle the effects of three-body forces from exchange current
The theoretical treatment of these response functions r€sfects. Further as shown in REfLO] the longitudinal re-
quires the ability to accurately include transitions to the CONgponse appears in general insensitive to the realltic

tinuum. Techniques for doing this with realistN poten-  4rce model thus removing a possible source of ambiguity
tials have only been developed and implemented during thg e, comparing the effects of different three-body force
past ten years. These include both Faddeev and Lorentz if5odels onR,(q, ).

tegral transformLIT) methods[6,9-13. For the 3 photo- Our paper is organized as follows. Section Il lists the two-

disintegration total cross sections results obtained with th%nd three-nucleon forces considered here and details the

nuclear charge operator. In Sec. lll the calculation of the

response via the LIT method is explained. Effects of the

*Permanent address: Russian Research Centre “Kurchatov Inswarious theoretical ingredients contributing to the longitudi-
tute,” 123182 Moscow, Russia. nal response are discussed in Sec. IV, where also a compari-
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TABLE I. 3H ground-state properties with AV18+UrbIX, AV18+ThMand BonnRA+TM potentials for
binding energy(EB), point charge radiug’), and probabilities of total orbital angular momentum components
in percentage; results féHe are also given, but for AV18+UrbIX only.

SH(AV18+UrbIX) SH(AV18+TM’) SH(BonnRA+TM) 3He(AV18+UrblX)

EB (MeV) 8.47 8.47 8.47 7.73

r(fm) 1.588 1.589 1.587 1.772
S wave 1.05 1.05 1.02 1.23
P wave 0.13 0.13 0.08 0.13
D wave 9.27 9.23 7.23 9.22

son with experimental data is made. Conclusions are drawn As nuclear charge operator we take the following one-

in Sec. V. body operator:
A
Il. NUCLEAR FORCES AND CHARGE OPERATOR p(q,w) = >, p;'(q,w) + pi°(q,w), (4)
=1
The functionR_ represents the response of the nucleus
through the nuclear charge operatoand is given by where
RU(0,) =2 £ dR(Wo|p(q, @)W )(Wilp(q, @) o) pj'(0,w) =&, (5
Mo
- 2 _ 2
X 8(E; — Eg+ q/(2M7) — w). (2) p;_‘C(q,w) - _ si/lzejelq —j 4M2!01 (q x pj)elqr (6)
HereM+ is the mass of the target nucletis, andV; denote
the ground and final states, respectively, witilcandE; are
energies pertaining to them, GR(q 2) iy gn "(q 2)
(H-E9¥,=0, (H-E)¥(=0, (3
where H is the nuclear nonrelativistic Hamiltonian. The = %[Gg(qi) + G\E/(qi) 72l (7)
above quantitiesVy; and H are internal quantities in the
hadronic c.m. frame. The integratiégsummation goes over
all final states belonging to the same enekgyandMy is the . o 147, 21—y
projection of the ground-state angular momentum. M= Gﬁ,,(qﬂ) 2 * G',\‘,,(qﬂ) 2 (8)

The Hamiltonian includes the kinetic energy terms, the
NN and N force terms, and the proton Coulomb interactionHerer, p, ¢, and7 are the nucleon position, momentum, and
term in the®He case. The ground state, is calculated via spin and isospin operatom] is the nucleon mass, aref'},
an expansion in basis functions which are correlated sums afre the nucleon Sachs form factors. The two terms in(6q.
products of hyperradial functions, hyperspherical harmonicsproportional toM~2 are the Darwin-Foldy(DF) and spin-
and spin-isospin functions. In the present work three modelsrbit (SO) relativistic corrections to the main operatd),
of the NN force are used: the realistic AV1d8] and con- see, e.g., Refg1,23]. We refer to the main operatgb) as
figuration space Bonngherein referred to as BonnRAL9] the nonrelativistic one although the dependence of nucleon
models, and theswave MT-I/1ll potential. We consider form factors onqi does not allow a nonrelativistic interpre-
two 3N force models, the UrblX{20] and the TM [21], in tation.
the  combinations  AV18+UrblX, AV18+TMA In this work we mainly use the well-known dipole fit for
=3.358 fn1?), and BonnRA+TM(A=2.835 fmY). As indi-  the proton electric form factor, while the neutron electric
cated the TM cutoff parameter\ is different in the AV18 form factor is taken from Ref[24]. The nucleon electric
and BonnRA combinations in order to properly fix thid  form factors have not yet been determined with extremely
binding energy in each case. Table | lists our results fohigh precision. The neutron form factor, however, is small
ground-state properties for the above potential combinationand the fit of Ref.[24] has also been confirmed in recent
containing the Bl force. We should mention that the UrblX experiments(see, e.g., Ref[25]). More important for the
3N force is fitted to obtain the®H binding energy of reliability of our R_ calculation is a check of the result due to
8.48 MeV. The’He-3H mass difference is not yet completely uncertainties in the much larger proton electric form factor.
understood even if the AV18 electromagnetic correctionsThus we also use the fit from ReR26]. In the momentum
which we do not include, are considerg#?]. For the cases range up tag=500 MeV/c the two different form factor fits
with the TM’ 3N force we choose the cutoff such that we describe the experimental data with similar quality, but nev-
obtain exactly the sam#H binding energy as in our calcu- ertheless lead to somewhat different results. In case of the
lation with AV18+UrblIX. SO term we adopt the usual although recently controversial
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[31) approximationGyi'(qj,)= e G(G}) in EQ.(8), pnbe- (14 B )T (o) = pao, (M- o= o), (o) = p,¥g
ing proton and neutron magnetic momenta. We have checked
by using a wide range of form factor models that for the (12)

kinematics considered here deviations from this scaling lawy, 5 set of complexs values and then form the scalar prod-
would not lead to any visible effect in our various figures. ~ ~ ~ ~ ~ ~
y 9 ucts (T | T(0)), W, ()| T,(0)), and (Vo) | V(o).

For the calculation oR, it is convenient to rewrite the h | d . | f ith
operatorp in terms of the isoscalar and isovector chargeT ese scalar products represent integral transforms wit
Lorentzian kernels, e.g., one has

nucleon form factors from Eq7),

2
p(d, ) = GE(A2)ps(d) + GE(a,)p,(q). 9) V(o) T0)) = Tjr('j)
The inclusion of relativistic corrections for the one-body
charge operator only is not completely consistent. In fact +f°° do R«Q, »)
there exist additional relativistic effects: a wave function o (0= we = 0) (- wg—0)

boost(as done in Refq.29,37 for the d(e,€e’) reaction and
additional two-body terms in the charge operdtms done in 13

Ref. [15] for the low-energy two-body breakup channel of Here w,, is the threshold for the inelastic energy transfer and
the *He(e,e’) reaction. In our case there are two reasons zq) is the isoscalar elastic form factor with the nucleon
why we include the relativistic corrections to the one-bodyfgrm factorGE(qi) divided out. The elastic contribution to
charge operator. R equalsFA(q) Sw—wy), Where wg=0?/(2My). From the

(i) At higherg they lead to an important reduction of the i ersion of such integral transforms one then obtains the
R, quasielastic peak height. As illustrated in R&0] such a response function®., R,, andR
S v Sv*

reduction is confirmed if boost corrections are inclu.ded.. In previous work7] equations similar to those in E€L2)
Moreover, the frame dependence of the response functions {Sq e solved numerically in order to calculate the above men-
studied in Ref[29] where it is shown that in the Breit frame . ~ ~ .
boost corrections are negligibly small for the quasielastic,Iloneci sc_alar prOdUCtﬂ,_i(fr)'\Pi(U»' An alter_nat|ve and
peak regior(different kinematics are not showrWe believe comp_utatlonall_y more efflc!ent way of calculating the trans-
that one has a similar frame dependence of boost correctiol@'™M iS by a direct evaluation of the scalar products via the
also for the electromagnetic response of the three-nucleoh@czos techniqug28]. Thus we use this method in our
systems. Thus we will make the comparison with experimengalcmat'on- o _

tal data takingR_from a Breit frame calculation with a sub- _ AS for Wo we perform expansions in terms of basis func-
sequent transformation into th& lab frame resultsee dis-  tions|w) which are correlated sums of products of hyperra-
cussion of Fig. & dial functions, hyperspherical harmonics, and spin-isospin

(i) They enable us to make a direct comparison of oufunctions. The first Lanczos vector is given by

results with those of Refl5]. Since realistic few-body cal- )
culations are rather complicated it is of great importance to o) = —=— (14)
have these kinds of checks. V(| P)
with
I1l. CALCULATION OF RESPONSE
W) =g7p W), (15)

We calculateR, (g, w) by the LIT method as described in
Refs. [6,7]. The technique is, however, directly applicable Whereg™" denotes the inverse of the norm matgxwith
only when the transition operator does not dependooifo ~ Matrix elementsg,,,=(x|v). One then applies the following
separate out the dependence of the transition operator werelations forn=0 recursively:
use Eq.(9) to represent the response functi@ as

RL(0,0) = [GE(a}) I Rs+ G GE(A) Re, + [GEE) Ry, yith
(10

bn+1| ‘Pn+1> = g_lH|‘Pn> - an|(Pn> - bn|‘Pn—l>a (16)

(‘Pn|‘Pn>=1- an=<¢’n|H|‘Pn>v bo=0. (17)

where R and R, are the responses which emerged . . .
N v P gedfq) Jhe transform can then be written as a continuous fraction,

andp,(q) are taken as transition operators, and the quantit

R, is the mixed response, ~ 2i (W|P)
o (W|¥) = ——=Im o2

Re(.0) =X £ (Lol @ID(p @Yo + (Folpl(@)]f) R 0
Mg (z-ay) - —22
X(flod@)| W) ]8(E; — Eo + q7/(2M1) = @) (11) (z-ap) —b3---.

18
To calculate the subsidiary responses entering(Hg). with (18

the LIT method one can solve the inhomogeneous equationsith z=o+E,.
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The functions¥ possess definite values of pariy an- TABLE II. 3H' Coulomb sum rule for AV18, AV18+UrblX, and
gular momental, and magnetic quantum numbev. Vari- MT—_I/III Potentials (we estimate to have an error of 0.005 in cal-
ous Lanczos sets are separated with respect to these quantGHfting the sum rulgs
numbers. Multipole expansions of the operafayandp, are
performed, which allows elimination of dependencies\on ~ d(MeV/c) Jmax ~ AV18  AVI8+UrbIX  MT-I/1lI
and on the ground-state angular momentum projedtign

15
In our case there exists only one multipgleompatible with 250 2 0.998 0.999 1.000
a givenJ andP value. Indeed, one hak=¢+1/2 andparity 300 2z 0993 0.994
equal to(-1)*. 350 2 0.992 0.993
In order to calculate Eq18) we perform, as already men- 400 231 1.003 0.998
tioned, expansions of the Lanczos statg$ over basis func- 450 21 0.998 0.999

tions. Let p and {Q} be the hyperradius and hyperangles
defined as usual. The basis functions are products of hype
radial functionsR,(p) and spin-isospin-hyperangular func-
tions. The latter functions include hyperspherical harmonics
(HH) depending o)} and functions of spin and isospin
variables. We use HH belonging to given permutational sym- . .
metry types which are obtained via application of the corre—WhereRS.tU IS the~response, Wh'fh eme.rges frgm th? scalar
sponding symmetrization operators to HH of the ty@ézML. product (Ws,, () | Ws., (), and W, (o) is obtained ifps
HereK is the grand-angular momentur,and M, are the P instead ofpg or p,, is taken as the transition operator in
total orbital momentum and its projection, ahdandl, are Eq. (12).
the orbital momenta associated with the relative motion of a
given pair of particles and the relative motion of the third IV. RESULTS AND DISCUSSION
particle with respect to the pair. The spin-isospin functions ) _ ) o
The HH obtained are coupled to the spin-isospin functions oflécessary to address the question of convergence with re-
conjugated permutational symmetry types to get function$Pect to the maximum angular momentuiy,, retained in
antisymmetric with respect to permutations of nucleons an@ur calculation. This requires some measure of convergence.
also to get a given total momentum. Thus our basis functiond) this connection we consider here thid Coulomb sum
have given\], M‘], K, L’ S T Va'ueS, given panty equa' to rule re.SUItS. Computed for the Ca@ZG\E/::L. The sum rule
(-1)X, and given type of symmetry with respect to permuta-reads in this case
tions of spatial, or spin-isospin, variables. In order to accel- .
erate the convergence qf the HH expansion a spin and iso- f R.(q, )dw + F2(q) = 1. (20)
spin dependent correlation operator is applied to the basis ©
functions(see Ref[13] for detaily. Matrix elements are cal-
culated analytically with respect to three Euler angles deterHere 7(q) is the elastic form factor aEE=G\E/=1' Since in
mining the orientation of the system as a whole, and thehe case considered a single proton interacts with the elec-
remaining three-dimensional integrations are done numeritromagnetic field, Eq.(20) does not contain the nucleon
cally. charge correlation contribution and is valid for agylt is
For any value ofl one has four separate systems accordclear that largerq values require the expansion to include
ing to isospin and parity, thus, in case of a maximal value ofarger values of). Table Il shows the results of usinlj,ay
J=21/2 one has 44 separate systems. Rather many basig5/2 for the q=250, and 300 MeVd cases andly.,
functions are retained to achieve convergence, and a selee21/2 for theq=350-500 MeV¢ cases. One notes that
tion of basis HH has been done to reduce their net numbefge lowerq sum rules are nearly fully converged while the
in the calculation. The selection is based upon the propertg0o MeV/c case still requires about 2 % more strength.
[27] that the uncorrelated symmetrized basis HH obtained imthough this could be improved by increasitdg,, we
the above mentioned way from the subset of MHZML with  consider the convergence tolerable for the present inves-
only smalll; and smalll, suffice to provide a predominant tigation. Table Il also demonstrates that the convergence
contribution to bound state wave functions. We have founds faster for the simple M¥1/Ill potential as compared to
that in practice this property is also valid for our correlatedthe realistic potential models.
HH and for the case of our inhomogeneous equations. At the In Fig. 1 we illustrate the dependence Rf on the NN
same time, the selection depended lognK, J values and potential. The results with the two realistic potentials, Bon-
symmetry types of HH as well. Typically we include about nNRA and AV18, are very similar aj=500 MeV/c, but ex-
150 HH states for any system. We should also mention thahtibit somewhat stronger differences for the quasielastic peak
we dropped in the final calculation the isospin mixing of theheight atq=250 MeV/c. With the semirealistic MF /11l
AV18 potential after having checked that it leads only topotential one observes a rather similar picture fopr
very small effects on the response functignsuch below =250 MeV/c as with the realistic potentials, whereascat
1%). =500 MeV/c a greater peak height and considerably less
The mixed respons€ll) is calculated as high-energy strength than for the realistic potentials is found.

500 z 0.977 0.977 0.994

Re =Rsty ~Rs— Ry, (19

th
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FIG. 1. NN potential model dependence of triton  FIG. 2. Effect of 3\ force on tritonR"®(q ag, wLap) at qas
RtAB(qLAB,wLAB) at g ag=250(a) and 500(b) MeV/c (charge op- =250(a) and 500(b) MeV/c (charge operator, nonrelativistic plus
erator, nonrelativistic plus DF tenmAV18 (solid), BonnRA (dot- DF term): AV18 (dasheg, AV18+UrblX (solid), AV18+TM’ (dot-
ted), and MT-I/lll (dashedl ted), and BonnRA+TM (dash dottey

In Fig. 2 we show the N force effect. It is seen that it that separate contributions from the SO term are not so
decreases the peak height and enhances the high-energy taimnall, only their net sum proves to be very small. This prob-
At lower momentum transfer the reduction of the peak heightaibly means that in the inclusive case we have an effect of
is more pronounced. Comparing the three cases, whelké a 3averaging out due to the spin dependence of the SO operator.
force is included, one finds only rather small differencesBecause of the smallness of the SO contribution we have
among them except for the low-energy range @t neglected it in most of the following cases. In Fig. 4 we also
=500 MeV/c as will be seen next in Fig. 3. showR, results, where a different proton electric form factor

In order to study the low-energy behavior better, in Fig. 3[26] is taken. Atq=250 MeV /[c the different proton form
we illustrate the nuclear force model dependence of the tritofactor leads to a similar small reduction as the DF contribu-
R, close to threshold at three momentum transfers coveretion, while atq=500 MeV/c there is an almost 5 % reduc-
also by the data of Ref2]. In this figureR, is shown as a tion of R,. In the results which follow we will always use the
function of E,, the relative kinetic energy of the outgoing dipole nucleon form factors. However as seen here there will
three nucleons. Ag=174 MeV/c there is a rather strong be uncertainties iR, at higherq values due to uncertainties
decrease oR, due to the Bl force. The reduction becomes in the proton electric form factor.
considerably smaller atq=324 MeV/c, and at q Next we would like to check the frame dependence of our
=487 MeV/c the N force leads to an opposite effect, calculation. To this end we calcula® also in the BreitB)
namely, a moderate increase. From the comparison of thigame and the so-called antil@AL) frame. In the AL frame
cases AV18+UrbIX and AV18+TMit becomes clear that the virtual photon and initial target nucleus have momenta
the AN force model dependence for all the three momentung,,. and -g,., respectively, whereas the total momentum of
transfers is very small. The only evident potential model dethe final three-nucleon state is equal to zero. Note that in the
pendence is found at the highest where the case lab frame one has the opposite case: the target nucleus in the
BonnRA+TM exhibits considerably more strength than theinitial state is at rest and the total momentum of the final
other cases with inclusion of\Bforce. three-nucleon state is equal go Finally, in the Breit frame

In Fig. 4 we show the effect of the relativistic corrections one has total momenta of initial and final hadron states equal
on R,. One sees that the SO term leads only to rather smatb —qg/2 and qg/2, respectively, while the photon four-
contributions, while the DF term is more important. It occursmomentum ifwg,qg). Formally there are no differences be-
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FIG. 4. Effect of relativistic contributions and nucleon form
factor dependence for tritoR-"®(q_ag, w ag) at g as=250(a) and
FIG. 3. Effect of 3 force on low-energy tritorRtAB(qLAB,Ex,) 500 (b) MeV/c (potential model, AV18+UrblX nonrelativistic

atqAsl74 (), 324 (b), and 487(c) MeV/c (charge operator, non- charge operato(solid), additional inclusion of SO ternidotted,

relativistic plus DF term1 AV18 (dashegl AV18+UrbIX (solid), ;nd total resgtIL W'tht furthler tw_nclfusnonf Oft D¥V terr(rdzsg_ectl ay.t
AV18+TM’ (dotted, and BonnRA+TM (dash dotteyt ree cases with neutron electric form factor fr{2d] an |po¢_a i
for the other three nucleon form factors. Total result also with pro-

) ) ) _ton electric form factor from Ref{26] and other form factors as
tween the calculations in the various frames. One obtains gnhove(dash dottey

response function which has the argumeatsnd q of the
given frame, i.e., R*¥(qag, 0 ae), R (QaL,wa), and
RE’(qB,wB). For a comparison of the results we transform

E, [MeV]

product of these two tensors forms a Lorentz scalar and thus
N 5 s LAB(AL) is frame independent. One can show that for the longitudinal
R/L:Ag‘(JéA)L’“’AL) and R (0, wg) into R (duas, @ias) @nd  part of the cross section of E1) one hag29]

R (qLap, @ ap), respectively. To this end we use that the

various reference frames are connected via Lorentz boosts

2
and thuswp, qaL, wg, @andgg can be expressed throughag VtAB: qf;ﬂe\/{rame (22)
andq ag. However in order to obtain aR, in the lab frame dias

from R ’s in AL and Breit frames it is not sufficient to trans-

form the relative arguments @ andq into the correspond-  gng thus Lorentz invariance requires the additional factor in
ing lab frame arguments. In addition one has Eq. (21).

In Fig. 5 we compare the longitudinal response functions
of the various frames. Ag=250 MeV/c differences are
rather small, in particular between Breit and AL frame re-

frame sults. Except for the threshold region there is not such a
where ‘frame stands for AL or Breit. The origin of the similar good agreement gt=500 MeV/c. In the quasielastic
additional factor is the following. The cross section of Eq.peak there are rather pronounced differende<:®”" is
(1) contains three separate pieces, namefy,a part regard-  about 7% andR**® about 4% higher thaR-*®, their peak
ing the electron(e.g., q,/q*=V"®) and a hadronic part positions are shifted by about @L) and 5 MeV (B) to-
(e.g.,R). The latter two originate from a reduction of a wards lower energies. In a consistent relativistic theory one
product of leptonic and hadronic Lorentz tensft$. The  would of course have identical results and thus the obtained

2
f _ YiaB
R::AB( rame == RLrame' (2 1)
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RtAB(B)(qLAB,wLAB) at q_ag as indicated in figure fofH (left) and

FIG. 5. Frame dependence of tritdR (das, @Las) @t dLas  3He (right) (charge operator, nonrelativistic plus DF tgrmV18
=250 (& and 500(b) MeV/c (potential model, AV18+UrbIX;  +yrbIX potentials(solid) and AV18 potentialdotted; experimen-
charge operator, nonrelativistic plus DF tormR*® (dashedl  ta| data from Ref[3] (circles and Refs[4,5] (triangles.

RtAB(AL) (dotted, and RtAB(B) (solid).

In Fig. 7 we show equivalent results as in Fig. 6 but at the
differences point to a relativistic inconsistency in the calcu-higher momentum transfers of 400, 450, and 500 MeV/
lation. Also here one finds a better agreement with experimental

As mentioned before Beodt al. [29] studied the electro-  data without the Bl force in case ofH and with the 3\
magnetic response functions in deuteron electrodisintegrgorce in case ofHe. It is worthwhile to note that for all six
tion in the quasielastic region. They have shown that an incases of Fig. 7 one has a good agreement of theoretical and
clusion of boost effects on the hadron wave functions |eadéxperimenta| peak positions_ Concerning the low- and h|gh-

essentially to the same results for the various referencgnergy tails one has a rather good agreement between theory
frames discussed here. In addition they have found that booghd experiment.

corrections are almost vanishing in the Breit frame. We be- Next we turn to a comparison of the triton low-energy
lieve that also in the three-nucleon electrodisintegration ongyngitudinal response functions with the experimental data of
probably has a similar picture with a strong cancellation ofref. [2]. In Fig. 8 we show thd?_of 3H at variousq. Since
boost effects in the Breit frame. Therefore we will take thethe R_frame dependence is very small close to threshold we

RtAB(B) results in comparison with quasielastic experimentalillustrate directly the results from a lab frame calculation.
data. For the lower two momentum transfers there is a rather good

A comparison of théH and *He theoretical longitudinal agreement between experiment and theory, but the size of the
response functions with experimental data of Rg#s:5] is  experimental error is too large to draw definite conclusions
shown in Fig. 6 an=250, 300, and 350 Me\¢/ In the peak  about possible improvements due to thi $orce. At q
region one does not find a clear picture, since there is a better487 MeV /c the picture is different: the theoretical response
agreement once with theN3force (*He) and once without  functions are larger than the experimental one, in particular
the AN force (®H). Except for the triton case at very close to threshold. It is also evident that the effect of the
=250 MeV/c one observes rather similar theoretical and ex-3N force moves the calculatd] even further away from the
perimental results for the high-energy tail. At higher energiegata.
the size of the experimental errors is larger than the effect of In Fig. 9 we show a similar comparison with experimental
the A force, thus nothing can be said there about an imdata as in Fig. 8 but for th&_ of *He. Again one finds a
provement of the theoretical result with thal 3orce. rather good agreement between theory and experiment for
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the two lowerq’s, but contrary to the triton case here thd 3

force is important for this agreementait 174 MeV/c. Also FIG. 8. Comparison of theoretical and experimental
for the highest momentum transfer one finds a similar pictureRtAB(qLAB,EX) for 3H at g ag as indicated in figurécharge opera-
as for the triton case, namely, a large overestimation of theor, nonrelativistic plus DF terjn AV18+UrbIX potentials(solid)
experimental data by the theoretical response functions anghd Av18 potentialdashegt experimental data from Ref2].

also an increase d®_due to the 8l force.

In Fig. 9 we also illustrate theoretical results from Ref_. duction(about 5 % using the fit of Ref[26]. In addition the

[15]. It is an approach to calculating responses, which is)sential model dependence should be further studied. In the
entirely different from ours. The calculatigiS] has been iscussion of Fig. 3 we have already mentioned a rather

carried out with the AV18+UrblIX potentials, relativistic DF- strong potential model dependence of the low-endRgyat
and SO-terms have been included, and the same nucleQi: 487 Mev/c. Therefore it would be interesting to consider

form factors as by us have been usetipole fit, neutron  gher modern realistibIN potentials in addition to the AV18
electric form factor from Ref{24]). In order to have a clean 5,4 BonnRA models used here.

comparison of the two different calculations, we also take

into account the SO term for our result with AV18 and Ur-

biX, though its effect is also very small here. For the two V. CONCLUSIONS

higher momentum transfers there is a rather good agreement ] . .

between both calculations. Some differences are visible at In the following we give a brief summary of our work.

q=174 MeV/c, but the difference between the two calcula- The trinucleon longitudinal response functiBn(q, w) is cal-

tions is still considerably smaller than the experimental errofulated with realistid\N interactions and I§ and Coulomb

bars. forces for a variety of kinematical settings that include mo-
The rather large discrepancy between theory and expermentum transfers| between 174 and 500 Me¥/and wide

ment of the low-energfR,_atq=487 MeV/c requires further ~ranges of energy transfets. The results are fully conver-

theoretical and experimental investigations. We should mengent. The calculations are performed via the Lorentz integral

tion that in the calculation of Ref15] relativistic two-body  transform method.

charge operators were also considered. Although they were As NN interaction we use a modern realistigV18), a

not sufficient to give agreement with experiment, they didrealistic(BonnRA), and also a semirealistiT-1/11l') po-

diminish the discrepancy by about a factor of 2. Concerningential model. Two modelgUrbIX, TM') of the 3N force are

the nucleon form factors one could only obtain a small re.employed. The treatment of the trinucleon dynamics is com-
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' f ¥ ! and the threshold behavior at highgrThe effect of the Bl

*He “le——— force is typically between 5% and 10%, but reaches up to
0.02 s —l,/f”‘f 1 15% for the low-energy response at lawThe dependence
""" on the N force model is very small for all considered cases.
t Concerning the relativistic contributions to the charge op-

——- AVi8 erator, our inclusive case shows negligible effects due to the

RS A spin-orbit term, while the DF term leads to non-negligible

’ effects at higheq. With respect to thd? calculation in the

various reference frames, we observe a non-negligible frame
dependence at highey, except for the threshold region. In
order to restore a more consistent relativistic behavior one
would need to consider additional relativistic effects. Similar
results have been found di{e,e’) and it is shown that addi-
tional boost corrections lead to a much better agreement
among the various frame resu[9]. In the same work it is
also shown that boost effects are negligible in the Breit
frame. We assume a similar behavior also in trinucleon elec-
trodisintegration. Thus we compare tRe calculated in the
Breit frame with experimental data.

The comparison of our results with experimental data is
generally rather satisfying for all considered momentum
transfers, in particular for th&_of 3He. The experimental
data, however, are in most cases not precise enough to draw
definite conclusions about théNJForce effect. A nice excep-
tion is the®He low-energy response, where i ®rce proves
to be necessary to obtain agreement with experiment. In ad-
dition for the 3He quasielastic peak heights a
<400 MeV/c three-nucleon forces considerably improve
) ' the agreement with experiment. At highggand low-w val-

5 10 E. MeV] 15 20 ues one finds a considerably highr response in theory
* than in experiment.

FIG. 9. Comparison of theoretical and experimental Last but not the least we would like to mention that at
RII:AB(qLABvEX) for 3He atq ag as indicated in figurecharge opera- very low energies, i.e., up to the thl’ee-body bl’eakup thresh-
tor, nonrelativistic plus DF and SO terjn&V18+UrbIX potentials ~ 0ld, we can compare our results with those of R&f]. We
(solid)y and AV18 potential, but without inclusion of SO term find quite a good agreement. The differences which do show
(dashegt experimental data from Ref2]. Theoretical result from up at very lowe are still smaller than the experimental error
Ref. [15] (dotted with AV18+UrblX potentials and same charge bars.
operators as in our AV18+UrblX case.
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0.003

0.0006
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