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Positron and electron quasielastic cross sections“nand 2°Pb were measured at the Saclay linear
accelerator(ALS) to test Coulomb corrections to the plane-wave Born approximation. The positron and
electron response functions at the same effective kinematics were found to be equal within a 3% experimental
uncertainty, which allows us to discriminate between different theoretical models of Coulomb distortions. Our
result strongly supports the effective momentum approximation, even for nuclei as he®#plas
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PACS numbes): 25.30.Hm, 25.70.Bc, 27.28n, 27.80+w

[. INTRODUCTION value of the spectroscopic factors measureckeie’(p) reac-
tions. In order to disentangle nuclear structure from off-shell
Accurate electron-scattering experiments allow us to gesingle nucleon effects, such as the modification of the elec-
unique information about nuclear structure. In the last fewtromagnetic properties of bound nucleons, it is important to
decades, quasielastic scattering measurements had a strasigdy the mass dependence of such effects. The study of
impact on our knowledge of the single-particle and many-these remaining aspects requires much effort from both the
particle nuclear properties such as momentum distributiongheoretical and the experimental points of view, and they are
two-body densities, spectroscopic factors, and spectral fungart of the physics issues that are addressed with the new
tions. While many aspects have been understood, such as thiggh duty cycle accelerators.
existence of a shell structure, or the relevance of short-range The experimental study of inclusive as well as exclusive
correlations, meson exchange currents, and of isobar comeactions induced by electrons has an intrinsic limitation
figurations, others remain unsolved such as the quenching efhen the charge of the target nucleus is large: Coulomb dis-
the longitudinal response in inclusive scattering and the lowortions become sizeable and the electron-wave functions
cannot be approximated by plane waves. In the case of elas-
tic scattering, the problem was solved by using a phase-shift
*Present address: Hampton University, Nuclear/High Energyanalysis of the cross section, and recent experimgh®

Physics Research Center, Hampton, VA 23606. tested the validity of the method with great accuracy by com-
"Present address: Center de RecherchesBiiekeCronenbourg, ~paring electron and positron cross sections. The present pa-
F-67037 Strasbourg, @ex, France. per reports on a similar experimef8] performed in the
*Deceased. quasielastic region for the first time.
S$present address: Renaissance Technologies Corp., 600 Rt. 25A, A large theoretical effort has been made in the last ten
East Setauket, NY 11733. years to understand the role of Coulomb distortion effects in
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(e,e’p) as well as é,e’) quasielastic reactions. In particu- cess. It is assumed to have a constant negative Vétue
lar, the effect of Coulomb distortions on the evaluation ofelectrons and positive value for positrons.
spectroscopic factors have been discussed both within non- In addition, the normalization of the lepton wave function
relativistic [4,5] and relativistic|6—9] frameworks. The lit- is altered because of current conservation and rgbgls
erature on Coulomb corrections to inclusive reactions is
ample and includes nonrelativistia0—12 as well as rela- Ketdl
tivistic [13,14] treatments of the nuclear wave functions. x(r)= K| erer, (4)

In principle, the problem can be solved within a complete
distorted-wave Born approximatigDWBA) for quasielastic  \yhere
scattering[10,13. However, this calculation is extremely
computer time consuming for inclusive processes. In order to Ve
have a more practical procedure, few approximations have keﬁ:k(l_ m
been proposefl11,12,14,1% with a particular emphasis on

their validity in the separation of the cross section into its The momentum transfey is replaced by an effective mo-

longitudinal and transverse components. 2
) . mentum transfeges=Ke ef— Ker ef, and Q< is replaced by
The most common and simple way to describe the quasi-,, 4Ee,effEe’,effsmz(0/2)- SinceE, andE,, are modified

elastic inclusive scattering of charged leptons with nuclei isb eff

the plane-wave Born approximatiéRWBA). Here only one y the same amount, the energy trans&erremams_ un-
(hard virtual photon is exchanged between the targetChanged' Within this approximation, called the effective mo-

nucleus and the leptonic probe. In the PWBA, the incominﬂentum approximatior(EMA), the cross section can be

and outgoing leptons are described by plane waves and t ritten
cross section assumes the well-known form:

. (5

o |EMA Q2 2
g3y |PWEA Q? 2 40 dE. = OMott q_ze RL(|Gerl, )
P = G'Mott{ (—2) RL(|q| ,w) e e eff
dQer dEer q 2
Qeff 0
QZ 0 + 2 2 +tar?§ RT(|qeff|1w)
+ ;'Ftaan)RT(MLw)] et
a = IyouX Stotal | der, . 6), )
= OMott X Stotall | q| ,0,0) (1)

where o IS still given by Eg.(2) because of the flux
with normalization terms of Eq4) (see Ref[20]).
The expression of the effective momentum transfer is

Omon=4a? coZ(0/2)EZ,1Q%, )
) (1 VC) Veg 7
= — | W= ’y
and qeff q Ee Ee e
Q2=—q?=4E.E, si?(0/2), w=E,—Eg, wherek, is the unit vector in the direction of the scattered
lepton. The value ofge; depends on the incident lepton
PP=Q%+w? =k kg. 3 charge through the sign of the potential energy t¥fm and

Jeff IS Not aligned along the momentuge k,— k., exceptin

Here Ko E.), (Ke,Eor), and (@, o) are the four momenta of the case oélasticscattering where~0. The main effect of
the incoming electron, the outgoing electron and the virtuafn® EMA is a shift of the quasielastic peak due to the_ energy
photon, respectively; # is the scattering angle, charzlge of the incident and scattered leptodyeax
S|4l ©,6), Ri(lal,®), Rr(|d|,») are the total, longitu- = Qer/2Mp, whereMy is the proton mass. |
dinal, and transverse response functions, respectively. The If EMA is a good approximation, we must obtain the
mass of the projectile has been neglected in the high-energ@me total response function for positrons at an incident en-
approximation. ergy E.+ and for electrons at an incident energy- =Eq+

In PWBA the cross section does not depend on the charge 2|Vc|. The exact value o¥¢ is unknown and has to be
of the probe, thus the electron and positron cross sections af@termined experimentally. In addition to such first-order ef-
equal. However, PWBA cannot be applied to heavy nuclefects, the cross section for heavy nuclei is modified in am-
where nuclear charge effects become sizeable. The first Cou-
lomb correction terms to the Born series are related to the
energy increasédecreaseof the incident and the scattered  Lyigre rigorously one should treat the effective momentum as a
electron(positron due to the nuclear Coulomb potenti&l;  |ocal quantity[17,18; but from an experimental point of view we
and E,, are replaced byE, (=E.—Vc and Eq =E, will treat V¢ as an effective parameter related toamragevalue
—V¢, whereV is the value of the effective Coulomb po- of the Coulomb potential as seen by the incoming and outgoing
tential energy seen by the lepton during the scattering proleptons.
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plitude by higher-order corrections known as focusing due telectron measurements allows us to normalize our positron
the distortion of the wave front. data, which can then be safely compared to the small emit-
We present in this paper the first experimental check ofance electron data of Refi1,22.

the validity of the EMA for quasielastic electron scattering The emittance of the electron beam was degraded by in-

and we estimate the significance of higher-order correctionsstalling a 17xm aluminum foil after the last section of the

The experimental setup is described in Sec. Il A and radiaaccelerator. The emittance of the two beams 2¢r

tive corrections in Sec. Il B. Section Ill A describes the ex-mm mrad was defined by the same mechanical slit system

perimental procedure used to extract Coulomb distortion efand monitored during the experiment by measuring the beam

fects, in particular the value of, from the electron and profiles using a pair of highly sensitive scanning wire sys-
positron data. In Sec. Ill B we present our experimental retems. The first one, located alidim upstream of the target
sults and compare them to the available theoretical prediovas made out of two perpendicular 3@dn copper wires
tions in Sec. Il C. Conclusions are drawn in Sec. IV. mounted on a fork. While the scanning system was moved

through the beam, secondary emitted electrons produced a

signal on the wires that allowed us to reconstruct the beam

horizontal and vertical profiles with an accuracy of 0.5 mm.

This experiment was performed at the 700 MeV SaclayThe second monitor was located 7.8 m downstream of the

Linear AcceleratofALS) which provided a 30 nA positron target in front of the Faraday cup. An array of 16 horizontal

beam with energy up to 600 MeV amtlE/E of 2x 103, and 16 vertical wires of 30@m copper wires measured the

The scattered particles were detected in the Hi&éctron- beam profile with an accuracy of 1 mm.

positron hall. Electron and positron cross sections were We found that, due to misalignment in the beam tuning,

measured at two kinematicE{=420 MeV, 60°) and262  our beam spots were positioned about 5 mm under the inter-

MeV, 143°) for ?°Pb and one kinematit420 MeV, 60°)  section of the line defined by the center of rotation of the

for 17C. spectrometer and the central ray of the spectrometer collima-

tor. This brings corrections of 0.5% on the solid angle for
both spectrometers andx6L0” % on the momentum recon-
structed in the electron spectrometer.

1. Targets Special care was taken to measure the smad0 nA
eam current. The water used to cool the Faraday cup in-
uced a leakage current similar in magnitude to our mean

Feam current. By draining and drying the Faraday cup, its
eakage current was reduced 4630 pA. A ferrite-core in-

II. THE EXPERIMENT

A. Experimental setup

Three different targets were used: a natural carbon targ
(500 mg/cm) and two 2%%Pb targetg101 and 168 mg/ch)
of isotopic purity better than 99%. The targets consisted o

plane foils of 30<50 mnt area; the uncertainty in the target ; ) .
(gtucnon monitor located upstream of the target provided a

thicknesses was 1%. They were placed in a movable targ dund h d N The ch
holder, which allowed us through two independent rotationd€dundant charge determination. The charge measurements
{ the Faraday cup and the ferrite-core monitor were in

to choose the target, and to fix the angle between the targ& ithin 204
and the beam. Uniform beam illumination of the targets wadgreement within 2%.

achieved through their rastering. 3. The spectrometer detectors

. ) ) The SPR600 magnetic spectromd@38] with momentum
The positron beam was created by the interaction of a 10gcceptance AP/P,=35%, intrinsic resolution SP/P,
MeV electron beam m a 2 mmtungsten radiator located _ ;v 1074 and maximum momentum of 630 Me&//ivas

between the sixth and seventh sections of the accelerato(_{;quipped with a detector consisting @ three plane<R, Y
The corresponding positrons, created by pair production, argng T) of plastic scintillators(ii) a gas @renkov countefC)

then accelerated in the 24 remaining sections dephased by &4 with freon gas(indexn=1.0013) corresponding to 10
with respect to the first sections. This positron _beam coul eV/c electron and 2.7 Ge\/pion thresholds, respectively,
reach a maximum energy of about 500 MeV with an aver-,,q jii) two multiwire chambers with both horizontal and
aged current of about 50 nA. slanted wires for track reconstruction. The electron trigger
. . ) . fvas defined by the coincidence RYCT eliminating all pions
emittance of the direct electron beam which results in Som%roduced in the target and crossing the detector.

uncertainty in the absolute normalization of the measure- The characteristics of the SPRI00 magnetic spectrometer
ment. This was overcome by taking in addition electron dataEZS] are a momentum range of 9%, intrinsic resolution of
at the same beam intensitg0 nA) and with an emittance 2% 10, and a maximum momentu,m of 900 Me&\//The

downgraded to be compgrab!e to that of the; positron beal'rgPR9OO detector package includéd:two planegR and Y)
These data were taken_ In klnematlzcs prew_ously Measure, plastic scintillators(ii) a Cerenkov counte(C) filled with
with a small electron emittand@1,22.“ The ratio of the two freon gas like that of the SPR600 detector package,(iind
two multiwire drift chambers with both horizontal and
slanted wires for track reconstruction. The electron and/or
2For 12C the measurements were performed at 401 and 440 Me\positron trigger in this detector was defined by the coinci-
at 60°. dence RYC.
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The SPR600 was used to detect the scattered electrons or
positrons within a solid angle of 6.8 msr. For each set of 0.4 1 - m‘ @
kinematics, several magnetic-field settings of the SPR600
were used, each of them covering an electron momentum -
range AP/Py=35% with an overlap of 2% between two % %00
consecutive settings. = 02 o% o0,

As the SPR600 was used for main data taking, the 3
SPR900 served as a monitor of the luminosity at each beam %)
energy: it was set at a fixed angle of 41° and its magnetic

field was tuned to detect elastically scattered electtpos- 0.0 “&-
itrons). The ratioNgge/[ Ninct] (Nggo is the number of par-
ticles detected in the SPROONY,,. is the number of incident 0.4
particles,t is the target thicknegsand was found to be con-
stant within 1% for all runs at a given beam energy. 0.3

4. Corrections on the experimental cross sections 0.2

The dead-time correction on our experimental cross sec- 420 MeV 60°

. o . 0.1

tions was about 1%. In addition, four other corrections had to

be taken into account: radiative corrections, pair annihilation 0.0

(only for positron$, pion, and pair production. The former ) 50 100 150 200

will be developed in Sec. Il B and the three others were ® (MeV)
found to be less than 0.1% for the kinematics studied in this
experimen{3]. Systematic effects were found to be of about
3% coming from beam intensity monitoring, and from solid - ) . .
angle and target thickness determinations. Statistical unceF—.onls (b); ﬁbeforg_ radiative qureCt.'onf] in the Corgl'lnu.u(?peh
tainties ranged between 1.5 to 2% for 5 MeV bins. We hav{r'ggjf after radiative corrections in the Com'n.u‘( circles);

id line represents the elastic tail. For positrons we also show,

i 0,
also added_qua_drancally an error equal to 10% on the valugs discussed in Sec. Il B 2, the spectra resulting from radiative cor-
of the elastic tail(see Sec. [IB 1L

rections obtained with modeled positron cross sections increased by
20% (dotted-dashed lingor with | V| =25.9 MeV (dotted ling; the
difference between these two curves is very small and cannot be
distinguished in the figure.

Radiative effects come from the energy-loss processes
which occur along the trajectory of the incoming and outgo- 2. Radiative corrections in the continuum
ing particles before, during, and after the scattering. They are After subtraction of the elastic tail, we unfolded the re-
divided into two classegi) internal corrections which occur sulting spectrum. We used the method developed by Miller
during the large angle scattering on the target nucleus, angg]: the quasielastic peak is divided into a sum of discrete
(if) external corrections which are due to radiative processegeaks as detailed in Ref3]. To unfold the data at a given
on the other nuclei and atoms of the target. Both classegngle and incident enerdy,, we need the values of the cross
include bremsstrahlung due to photon emission induced b¥ection at the same angle and at incident energjesE,.
the nuclear field. External corrections also include ionization'rhe required e|ectr0n Cross Sections were Obtained from the
and pair annihilation due to collisions with the atomic e|eC'previous datd21,22. In the positron case, the EMA ap-
trons along the target. In practice for the beam energies usqstoximation was used to deduce the required positron cross
in this experiment we estimated that the contribution of pairsections aE;(e")<Ey(e*) from the electron cross sections,
annihilation is negligible compared to that of ionization. i.e., St (Ei,w,0)=Se (Ei—2|V¢| ,0)
Therefore, we have used the Mo and Tsai proce¢i24e25 Since in practice the value dof is not known at the
to correct for these effects. To correct an experimental quasbeginning of the analysis, we have used an iterative proce-
elastic spectrum, one mugt) subtract the elastic radiative gyre. The positron spectrum was first unfolded using as a
tail, and.(2) unfold the quasigla§tic spectrum obtained afterfj gt guess foV the value of the potential at the center of
subtraction of the elastic radiative tail. the nucleus, calculated with the tabulated nuclear charge dis-
tribution [26,27: |V¢|=25.9 MeV for 2°%Pb and|V:|=4.6
MeV for 2C. The resulting positron spectrum was compared

Since the elastic form factors of lead and carbon vary veryo the electron spectra to extradt. using the procedure
rapidly with momentum transfer, the PWBA and the EMA described in Sec. Ill A, giving 18.7 MeV fof°Pb and 5.0
are not good enough to evaluate the elastic electpmsi-  MeV for 12C. Then these values &fc were used to unfold
tron) cross sections. We have calculated the elastic tails witlthe positron spectrum gain, giving again 18.7 and 5.0 MeV.
a phase-shift code using the charge densities compiled by de Figures 1 and 2 show, together with the elastic tails, the
Vries et al.[26] for 2°%Pb and Reuteet al.[27] for 1C. We  electron, and positron quasielastic spectra after subtraction of
estimate that the accuracy of this calculation=i40%. the elastic tail, before and after the unfolding procedure for

FIG. 1. Experimental spectra after subtraction of the elastic tail
for the kinematics®®®Pb 420 MeV-60° for electron&) and posi-

B. Radiative effects

1. Elastic radiative tail
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FIG. 2. Same as Fig. 1 for the kinemati®®%Pb 262 MeV-143°. FIG. 3. Comparison of the radiatively corrected electf@nand

positron(b) total responses for the kinematié¥Pb 420 MeV-60°

the two sets of kinematics measured f8fPb. The unfolded ~Measured with two different target thicknesses, 101 mé/(ul
positron spectra usinVc|=25.9 and 18.7 MeV in Figs. Ccircles and 168 mg/crh (open circles
1(b) and Zb) differ only slightly in the quasielastic peak.
This is the reason why the second iteration already gave thgond EMA, but more generally, Coulomb distortions could
same result as the first one. also induce a deformation of the response function.

Furthermore, we can see in Figgblland Zb) that chang- At a given kinematic, we proceeded as follows:
ing the modeled positron cross sections by 20% results in a (i) Sy Was extracted from the positron data.
very small change in the corrected spectrum. As we will see (i) We compared the positron response to the electron
in Sec. lll, the EMA is valid within a few percent for the responses obtained at the same angle but at different incident
quasielastic cross sections, so that our procedure appears&gergies. This was possible because electron quasielastic
be safe.

To check the validity of the external corrections, we mea-

sured the samé&®Pb kinematics420 MeV-60°) with two oo o e @
target thicknesses, 101 and 168 mgiche spectra after 0.03 | .‘oOO A

subtraction of the elastic radiative tails and continuum cor- %’ L°8

rections are shown in Figs(& (electron$ and 3b) (posi- 0.02 } :30 e

trons. The corrected spectra are in agreement within the ©

experimental errors. We show in Figgastand 4b) the spec-
tra before and after the radiative corrections unfolding pro-
cedure for electrons and positrons scattering*é@.

(o] [
L %
001 & 420 MeV 60°

Sy MeV™)
s

0.00
lll. ANALYSIS AND RESULTS 0.04 o~
12 Cﬂ% b
A. Disentangling Coulomb effects: an experimental procedure 0.03 Ce’ .30 " ©
.03 + D

If EMA is a good approximation, we must obtain the .;oo 09
same total response function for positrons at an incident en- 0.02 | ) %
ergy Eq+ and for electrons at an incident energy- =E.+ ' .g" <
—2|V¢|. The exact value ofV¢| is unknown and has to be € 420 MeV o‘p"..;.g?qga |
determined experimentally. We searched for the best match- 0.01 3530 0 MeV 60
ing between the positron and the electron responses, allow-
ing for two parameters: the incident electron enefgy and 0.00 0“! 50 100 150 200
in addition a constant normalization facthrby which we o (MeV)

multiply the electron response. This renormalization factor is
an approximation of possible Coulomb distortion effects be-  FIG. 4. Same as Fig. 1 for the kinematit3& 420 MeV-60°.
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FIG. 5. Positron and electron response functions for the kine- FIG. 7. Positron and electron response functions for the kine-
matics 2°®Pb 420 MeV-60°. matics *2C 420 MeV-60°.

) B. Experimental results
data are available for both’C [21] and ?°%Pb[22] over a

wide range of incident energies at the same angle. An inter- Flgurfs 5’_ 6, ar;d 7 sdhov_v the eIecFron ?ndhpoﬁsR|§trobn re-
polation procedure allowed us to find the incident electro ponselunct_lons a_ter radiative correcthns or the
energy E.. whose response corresponds to the optima nd the?C kinematics. We observe a shift between the elec-
matchingebetween the positions of the electron and positro on and positron responses which increases with the nucleus
quasielastic peaks. We chose paths of interpolation whic h?:rige.r 8 9 and 10 present th itron nse fun
connect the maxima as well as the minima of the measure gures s, <, and prese € positron résponse func-
response functions, and in between, we followed the paths fons for the_three Kinematics, t(_)g_ether with the electr_on re-
the constant ratio t;etween maximu’m and minimum sponses which result from the fitting procedure described in
Finally, the electron energ.- and the relative normal- geg' é” ?h "?" ?tﬁc\llc\i/en; etnergﬂllﬁ\efr—ﬂf\/ﬂ anrd nr?]rr?‘?lt;
ization factorN of the electron and positron spectra are Var_tvfeen%hee oa}sﬁtrcz)n.ang eIZcetrgn ?ese f)lns:s agreement be-
ied to minimize they? between the two responses. The ex- b P :

perimental value of the effective Coulomb potential energy The r.esult_s of the Coulomb poFentlaI _deterrg};gatlon are
is then obtained as summarized in Table | for all the kinematics. FotPb the

V values obtained for the two kinematics covered by this
|Vc|=(Ee+ —Ee-)/2.

If EMA is a good approximation, we must find a good

matching between the two spectra and a valubl gbmpat-

ible with unity. In addition, the value o¥ for different i

kinematics on the same target should be the same. The re- 2

maining differences between the positron and electron re- 2
g
ws

sponses, if any, are due to higher-order efféfdsusing.

e ¢ 420 MeV 60°

0.1 O e 383 MeV 60°
40| s .
Pb 0.0 & A
0 50 100 150 200
3.0 .“Mo% A ® (MeV)
i o* OO o °o FIG. 8. Positron experimental response function for the kine-
> 20 e '0. °o matics 2°%Pb 420 MeV-60°(full circles) compared to the electron
g ® P 0. (e} response function & .- =E.+—2|Vs|=383 MeV normalized by
E & L ’.. o the factorN=1.04 (open circles The positron elastic tail is at 420
“ 0 .’ oC @ e’ 262MeV 143° (] MeV (dotted-dashed line the electron elastic tail is at 383 MeV
o © 0 e 262 MeV 143° A (dashed ling Calculations by the Ohio groufi4] are shown for
8000 L] positron at 420 MeMthick solid line and for the electron at 383
0-00 50 100 750 200 MeV (thick dashed ling Calculations by Trainiet al. [12] are
® (MeV) shown for a positron at 420 Melthin solid ling and for electron at

383 MeV (thin dashed ling The difference between the thin solid
FIG. 6. Positron and electron response functions for the kineand thin dashed lines is very small and cannot be distinguished in
matics 2°%Pb 262 MeV-143°. the figure.

044308-6



COULOMB DISTORTION MEASUREMENTS BY ... PHYSICAL REVIEW &0 044308
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210 o ¢ 262 MeV 143° A e 01§ e 420Mev 60
0 e 224 MeV 143° " O e 410 MeV 60
X ¢ I
0.0 e 0.00 0 50 100 150 200
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® (MeV) @ (MeV)
FIG. 9. Same as Fig. 8 for the kinematf€Pb 262 MeV-143°, ';'G'lzlé) ' 4285,'303 géeff”rl'l‘e'?tal' r‘;Sponse fu d”‘;“ot';] for Ithet kine-
E; =224 MeV andN=1.02. maltiCs ev- ull circles) compare (0] e electron

response function & .- =E.+—2|Vc|=410 MeV normalized by

. - . . the factorN=1.02 (open circles The positron elastic tail is at 420
experiment agree within d&; the average value i$V| . e
. MeV (dotted-dashed | d the elect lastic tall t 410
=(18.7+1.5) MeV. For 12c, we find |Vc|=(5.0£1.5) eV (dotted-dashed ling an € election elastic tais a

. . . . MeV (dotted ling.
MeV. The uncertainty in our results includes the experimen- ( S

tal errors and the uncertainties of our analysististics, ra-
diative corrections, interpolatio. . .).

The fact that the positron responses &b, for kine-
matics which differ in incident energies and angles, can be

experimentally{19,27] but agree with the average potential
computed according to the following equation:

matched with electron responses with the same valuéof f p(0)|V¢|(r) d3r
and a value oN close to unity is a strong indication of the |Ve|= , (10)
validity of the EMA. Zle|

We can parametrize the Coulomb potential. If we assume o
that it has the fornf20] using th(_a same charge distribution. _

We give in Table Il the parametrized value [3f| for
KZ several nucle{Eq. (9)] together with the average potential
|VC|:<r2—>1/2’ (8) calculated with the experimental charge distribution using

Eq. (10); they agree within the error bars.

the best fit of our experimental results df%b and *°C
gives C. Comparison with theory

We compare our electron and positron experimental re-
7 (9 Sbonse functions for%Pb with the calculation of Traini
' et al.[12] in Figs. 8 and 9. This theoretical model takes into
account Coulomb distortion effects by including the EMA
using the valuegr?)1?=2.47 fm for 2C and 5.5 fm for and higher-order focusing effects, using ¥ the effective
208 given by de Vrie®t al. [26]. The values of the Cou- value obtained in the present experiment. The model, how-
lomb potential obtained with Eq(9) are |V¢|;=(3.1 ever, does not include meson exchange current and isobar
+0.25) MeV for °C and |V¢|q=(18.9-1.5) MeV for configuration contributions. It reproduces qualitatively the
208pp, position and the width of the total response in the quasielas-
These values are smaller than the values at the origitic region for both electrons and positrons. FOP wpeax,
(IVc(0)|=4.6 MeV for 12C and |[V(0)|=25.9 MeV for exchange currents and pionic degrees of freedom become
208h) computed using the charge distributions determineémportant and a large discrepancy appears.

_ (1.27+0.10 (MeV fm)

<r2>1/2

Vel

TABLE I|. Experimental Coulomb potentidl obtained from this experiment. The fitted electron energy
E.- and the normalization factd¥ are obtained as explained in Sec. Il A.

Kinematic Thickness N Ee+ Ee- [Vc|
(mglcnt) (MeV) (MeV) (MeV)
208 (420 MeV,60°) 101 1.040.03 420 3833 18.5+1.5
208 (420 MeV,60°) 168 1.040.03 420 3833 18.5+1.5
20%pp (262 MeV,143°) 168 1.020.03 262 2243 19.0-1.5
12C(420 MeV,60°) 499 1.020.03 420 4163 5.00+1.5
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TABLE II. Coulomb potential energies of several nuclei evalu- Coulomb corrections from Ref5] which were estimated in
ated using the experimental charge densities of R Both the  the same framework as R¢fL2]. However, due to oversim-
Coulomb potential at the origifV¢(0)| and its averaged valu¥c|  pjified transition densities the nuclear model used in F&f.
from Eq. (10) are shown. The values of the fit of E@) are also  qseg not reproduce the width of the quasielastic peak, and
shown together with the experimental charge mean-square radii. overestimates the derivatives of the response. As a conse-

uence the Coulomb corrections are also overestimated, and
Nucleus  (r332  |Ve(0) |Vl Vel d > 9
a reanalysis will be performe@9].
(fm) (MeV) (MeV) (MeV) . . .

Figures 8a), 8(b), and 9 also display the predictions of
¢ 2.464 4.6 3.3 3.20.25 the Ohio groud 14]. These predictions point to large focus-
40ca 3.450 10.5 7.9 740.6 ing effects since they are quite different for electrons and
“8Ca 3.451 10.4 7.9 740.6 positrons. This is in clear disagreement with our measure-
SéFe 3.714 12.5 9.5 8:90.7 ments.
907y 4.258 16.7 12.8 11:90.9
154G 5.124 21.8 16.9 1591.2 IV. CONCLUSION
208pp 5.503 25.9 20.1 18#91.5

Electron and positron quasielastic cross sections“h
, _ _ o ~and 2%%Pb were measured and compared in order to study
_ The level of agreement in the quasielastic region is sufficq1omp distortion effects. A particular stress was put on
cient for a reliable estimation of Coulomb distortion eﬁeCtSchecking the validity of the effective momentum approxima-
;gégss:ﬁglllz?.tggr? I&?gzl grg?éftsmrlr'%hnzr;rgﬁ] ' (;?tlijcl;%rlg? ef'tion (EMA). In this approximation the incoming and outgo-
the difference between tr?e osi)t/ron res on’sE ptan d the ing leptons are still represented by plane waves associated to
P b atanc i an effective energy which differs from the actual energy by
electron response & —2|V| can hardly be seen in Figs. an effective Coulomb potential energy.. The resulting

8 and 9. This is in agreement with our experiment. . ;
The validity of the EMA for the quasielastic scattering is electron and positron response functions at the same effec-

not surprising. As mentioned in the introduction the EMA tive kinematics are identical within the experimental error
neglects the variation oi.. This is an approximation D&rs- _ .
whose quality depends on how much the nucleon response The best_ fit betwe(_an the electron and positron responses
varies withV . This is confirmed by the analytical approach Was determined allowing two free parametéfg,and a rela-
of Ref.[12] where the size of the focusing effects is relatedtive normalization factor. A good match is found and the
to the derivatives of the Born amplitude with respect to therenormalization factor is compatible with unity within a 3%
kinematical variables. In elastic scattering the derivatives cagxperimental uncertainty. In addition, values\Gf obtained
be quite large due to the presence of diffraction minima refor different kinematics appear to be compatible, and we find
sulting in changes of the total response by orders of magniiV¢|=(5+1.5) MeV for °C and (18.71.5) MeV for
tude. The same thing occurs ie,€’p) reactions where the 2%Pb, consistent with the average value of the Coulomb po-
cross section depends strongly on the so-called recoil maential within the nuclear volume. These results constitute a
mentum. In contrast, the inclusive response varies quitstrong support for the EMA in inclusive quasielastic scatter-
smoothly in the quasielastic region. In particular the momening.
tum transfer dependence is essentially the relatively smooth Our results are in good agreement with Réf2] which
dependence of the proton elastic form factors. A small conpredicts indeed very small distortion effects beyond EMA
tribution of focusing effects is then expected in inclusivefor inclusive quasielastic experiments. They clearly disagree
quasielastic experiments. with Ref.[14] where a large difference between electron and
We recently published22] the results of a quasielastic positron responses at the same effective kinematics is pre-
inclusive experiment orf®®b. In the analysis we used the dicted.
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