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Dispersive effects from a comparison of electron and positron scattering from?C
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Dispersive effects have been investigated by comparing elastic scattering of electrons and positrons from
12C at the Saclay Linear Accelerator. The results demonstrate that dispersive effects at energies of 262 MeV
and 450 MeV are less than 2% below the first diffraction mininf®5<q.¢ (fm~1)<1.66] in agreement
with the prediction of Friar and Rosen. At the position of this minimumgE 1.84 fm 1), the deviation
between the positron scattering cross section and the cross section derived from the electron results is
—44%:=+ 30%.[S0556-28138)04405-7

PACS numbgs): 25.30.Hm, 24.10.Ht, 27.26n

In a previous papdr], the validity of the formalism used term of the electron scattering cross section plane wave Born
to describe electron scattering from a rigid and static nucleuapproximation(PWBA): (i) Coulomb corrections due to the
has been tested by comparing elastic scattering of positrorGoulomb field of the target nucleus which causes an accel-
and electrons fromt?C and 2°%b at 450 MeV incident en- eration of the incoming and outgoing electrons and are usu-
ergy. Data showed that the dispersive effects that are natlly treated within a distorted wave Born approximation
accounted for by a phase-shift analysis were less than 2% f¢DWBA) analysis for inelastic scattering or heavy nu¢&j
elastic scattering on'?C in the kinematic regime 1 (ii) radiative corrections due to energy loss proce$3ed,
<Qer (fMm™1)<1.5. and (i) dispersive effects due to virtual excitations of the

The aim of the present paper is to report on a similamucleus at the moment of the interactimhich could be-
experiment which extended the previous experiment taome sizable in some particular case, e.g., in minima of form
higher momentum transfer up to the first diffraction mini- factors[5,6]). The electron-nucleus scattering amplitude can
mum (Qef=1.84 frm 1), be written as an expansion in powers@Z. In the frame-

The Born approximation provides a useful framework towork of the PWBA, the leading terrfproportional toaZ)
discuss the different aspects of the electron-nucleus interagvill have opposite signs for electrons and positrons. So if

tion. Several corrections must be considered to the first-ordesne uses a rigid charge densig.g., no dispersive effedis
the correction to this formalism is essentially due to Cou-

lomb processes adding terms of the order afZ)?,
*Present address: Hampton University, Nuclear High Energy(aZ)3, ... .
Physics Center, Hampton, VA 23606. In the case of spin 0 nuclei, Coulomb corrections in elas-
TPresent address: Div. PPE, CERN, CH-1211, Geneva 23, Switic scattering are carried out using an exact phase shift cal-
zerland. culation with a static electron-nucleus potential. The elastic
*Present address: Center de Recherches KinefeCronenbourg, cross section is then proportional to the phase-shift between
67037 Strasbourg, @ex, France. the incoming and outgoing electron wave functions.
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Dispersive effects have been investigated by several eletion AP/Py=2Xx10"4 maximum momentum of 900
tron scattering experimen{¥—-10. Friar and Roseri5,6] MeV/c) equipped with a detector package consistindipf
have calculated dispersive effects $i€ in electron scatter- two planes R,Y) of plastic scintillators,(ii) a Cerenkov
ing using the harmonic oscillator model for the nucleus.counter C) filled with freon gagindexn=1.0013) and cor-
Only the Coulomb component was taken into account to calresponding to electron and pion thresholds of 10 MeV and
culate the scattering amplitude in the DWBA. These author®.7 GeV, respectively, angii) two planes of drift chambers
predict that dispersive effects have a smooth energy and méoth with horizontal and slanted wires. These two planes
mentum dependence: less than 1% outside the first diffracallow us to extract the scattering angle of the detected elec-
tion minimum @es<<1.7 fm 1) and about 2% insideggs  tron on an event by event basis as needed for a precise mea-
=1.84 fm 1) for energies between 300 and 700 MeV. surement of the cross section. The trigger was given by a

Recently, two experiments oifC have been performed at RYC coincidence signal eliminating pions. The other spec-
NIKHEF [10,1] at 240 and 430 MeV and at MIT12] at  trometer(SP600 [16] was positioned at 45° with respect to
690 MeV for aqey range of & qe (fm~1)<2.3. The cross the beam direction and used as a luminosity monitor. The
sections were compared to a static phase-shift calculation ifluctuation of the SP600 monitoring was found to be of the
order to extract the energy dependence of possible dispersiwgder of 1% and all the runs agree within less than one stan-
effects. It was observed that dispersive effects are less thatard deviation. Three different target thicknesses (30
1% for incident energies lower than 240 MeV but are up tox50 mnt plane foil9 of natural carbon were used: 96, 296,
18% atqer=1.84 fm ! for an incident energy of 690 MeV. and 500 mg/cth Homogeneous target illumination through
Ouside the minimum, the deviation observed is in goodrastering of the targets was realized and the uncertainty on
agreement with the prediction of Friar and Ro$&t6] but  the target thickness was 1%.
they differ drastically in the minimum. Voeglet al.[13] in The positron beam was created by the interaction of a 100
the study of the O— O™ transition of %0 (which is forbid-  MeV electron beam on a tungsten radiator. Its emittance is 6
den in the one-photon exchange approximatisave found times larger than the emittance of the direct electron beam.
good agreement with a prediction by Borie and Drescheln order to minimize systematic effects, the electron and pos-
[14]. However, the uncertainty is so large that it cannot betron emittances should be comparable. However, the elec-
regarded as a serious test of the numerous approximatiomsn beam cannot be deteriorated using the same method
that have been made in the calculation. All the experimentsince the beam electrons that did not scatter could not be
described above have given only an energy dependence séparated from the electrons created by pair production
dispersive effects while the comparison of electron and poswhich are much fewer.
itron cross sections provides information about the sign and The option to reduce the positron phase space with a col-
the size of the dispersive amplitude. Indeed, outside the difimator produces a beam with a too low current. Because of
fraction minima, the leading term in the scattering amplitudethese considerations, the emittance of the electron beam was
is proportional toaZ while the dispersive amplitude should degradated by installing a J¢m aluminum foil after the last
be proportional to ¢Z)2. The interference term has therefore section of the accelerator. The emittance of both beams
opposite signs for electrons and positrons. On the other han@;-27= mm mrad was defined by the same mechanical slit
dispersive effects are expected to be largest in the minima afystem and we monitored the beam emittance during the
the form factors where the leading terms in both the disperexperiment by measuring the beam profiles using a pair of
sive and Coulomb distortion contributions to the scatterinchighly sensitive scanning wire systems. The first one located
amplitude are proportional toaZ)?. The interference be- abou 2 m upstream of the target was made out of two per-
tween them will not change its sign for electrons and posipendicular 300um copper wires mounted on a fork. While
trons. moving through the beam, secondary emitted electrons pro-

The comparison between electron and positron elastiduce a signal on the wires that allow us to reconstruct the
cross sections is therefore a powerful tool for obtaining in-beam horizontal and vertical profiles with an accuracy of 0.5
formation on the contribution of dispersive effe¢isb]. To mm. The second monitor was located 7.8 m downstream of
highlight these effects, one has to use light nuclei becausthe target in front of the Faraday cup. AX@6 array of 300
Coulomb corrections become comparably very large forum copper wires was used to measure the beam profile with
high-Z nuclei. A first experiment performed in Saclay in an accuracy of 1 mm.

1988[ 1] showed that dispersive effects were less than 2% for We have found that our beam spots were positioned about
electron elastic scattering otfC in the kinematic region 1 5 mm under the point that corresponds to the crossing of the
<ge (fM~1)<1.5. From NIKHEF[11] and MIT[12], de- line defined by the center of the rotation of the spectrometer
viation from a static charge analysis of the electron elastiand the central ray of the spectrometer collimator due to

scattering cross section on the same nucleus is larger in theisalignment in the beam tuning. This brings a correction of

first diffraction minimum, but starts to be significant@gdy  0.5% on the solid angle for both the two spectrometers of the
=1.6 fm 1. These measurements motivated us to extend thelE1 hall.

measurements of the first experiment at lamggy. Special precautions were required to measure the small

This experiment was performed at the 700 MeV Saclay(=30 nA) beam current. The water used to cool the Faraday
Linear AcceleratofALS) which can provide a 30 nA posi- cup induced a leakage current similar in magnitude to our
tron beam with energies up to 600 MeV and\&/E of 2 mean beam current. By draining and drying the Faraday cup,
X 10 3. The scattered particles were detected in the HEIts leakage current was reduced 4630 pA. A ferrite-core
(electron-positron hall and analyzed by the 900 magnetic induction monitor located upstream of the target was used
spectromete(SP900 described i 16] (momentum resolu- for a redundant charge determination. The charge measure-
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ments of both the Faraday cup and the ferrite-core monitor/o\15 — T T T T T T T 1
were in agreement within 2%. [ 2C(e,&) ‘
Electron cross sections were extracted fogg range ’ ® This experiment
from 1.14 fmi ! to 1.66 fm ! at 450 MeV incident energy 450 MeV O Saclay 1988
Ground Stote

(=)
T
1

and positron cross sections for the samg range at the
same incident energy and from 0.95 finto 1.54 fm ! at
262 MeV. The scattering angles covered a region from 29°
to 72°. One point in the minimumggz=1.84 fm 1) was
extracted in positron scattering at the kinematical setting
(450 MeV, 48°). Our experimental cross sections were cor-
rected for dead time which contributes to 11% at 450 MeV "~ ¢ T T ]
and 14% at 262 MeV. Pair annihilatidifior positrong was . T __________ I\ ______ “} TIF ....... ]

GFt)e+_(oexp 4 Gliil)e- (7

found to be negligible. Radiative corrections were accountec
for using the method developed by Mo and TE3#]: the
measured spectra were corrected for Landau straggling, thick—~ 1 |
target bremsstrahlung, and Schwinger corrections. Coulomt _s | .
corrections to the radiative corrections were taken into ac- I 1
count using the effective momentum approximati&@mA).
Radiative corrections never contribute more than 20% to I
our elastic cross sections for both electrons and positrons -10 '—m—"—l——L——L b L -l |,
Overall systematic effects were estimated to 2% compared t (fm-1)
an average systematical uncertainty of 1%. et
After performing the geometrical corrections due to the ' : .
. . . FIG. 1. Comparison of electron and positron cross sections for
spectrometer acceptance and including the emittance of thq : : )
. . astic scattering fromt?C at 450 MeV for & qeq<1.7 fm L.
beams, we compared our experimental data to a fit of alt
known data using a phase-shift calculatidiY]. A sum of

Gexp

: o X , error. As a result of time constraints, measurement of the
GaussiarSOG parametrization of static charge density wasosq section at the samgy point in electron scattering was

used[18]. A study of these cross sectionsdog) shows that ot nossible. Since the cross section is very sensitive to any
a 100 keV variation in the incident energy gives its biggestyy stematic uncertainty inside the minima, no definitive con-

systematic effect — about 1% — inside the diffraction mini- ¢j sjon about the absolute sign and amplitude of dispersive
mum at 450 MeV. This effect is very small compared 10 0Ureffects in positron scattering inside the first diffraction mini-
statistical uncertainty. Measurements @iz=1.14 fm mum of 12C can be made.

corresponding to a 29° scattering angle were done repeatedly The present experiment confirms that the errors that one

throughout the experiment to make sure the overall SpeGyroduces by not taking dispersive corrections into account

trometer efficiency remained §t1able. , is small for a four-momentum range between 1 and 1.66
In the region 1.14q.4 (fm™*)<1.66, the experimental

cross sections extracted from the electron runs at 450 MeV __ so———— ; ; —
incident energy have an overall normalization of 1.013 K
+0.013 compared to the prediction from thgg fit of the I ¢
carbon charge density. Using the same fit to compute posi- 10+ i ‘% "

tron elastic cross section, the positron runs at both incident
energies(262 and 450 MeVY have an overall normalization

of 1.025+0.003.

Figure 1 shows the ratio of the electron and positron cross
sections in the region<4qes<1.7 fm ! for the two Saclay
experiments. The two experiments agree within the statistical =~ -3o1-
error bars. Our experiment extends updg=1.66 frm 1, |
the conclusion being that dispersive effects are below 2%, in o
agreement with the calculation by Friar and Rosen. -0~

Our point in the first diffraction minimum g
=1.84 fm 1), which was extracted only for positron scat-
tering, is compared to other electron deal1-13 in Fig. 2. -70r & Seclay 1990 | (e*,e*)7
There is deviation up to 18% at 690 MeV between electron
scattering experiments and a static phase-shift calculation as
a function of the incident energy. At this momentum transfer, %o 300 300 s a0 700 800
the prediction of Friar and Ros€ib,6] shows no energy E (MeV)
dependence and a magnitude of about 2%. There is very poor ne
agreement between the theory and electron scattering results. F|G. 2. The energy dependence of the experimental cross sec-

Rawitsche15] predicts the same sign and amplitude for tions on 12C in the first diffraction minimum atjo;=1.84 frm .
both electron and positron. The deviation obtained from asr . is the cross section calculated with a static charge density using
static charge density in positron scattering-i¢4%=30%. a Fourier Besselelectron scatteringand a sum of Gaussiaipos-

The magnitude of the error bar is mainly due to statisticalitron scatteringy parametrization of the charge distribution.

"2C(e,¢)
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fm 1, below the first diffraction minimum of°C. However, sign of dispersive effects. Inside the diffraction minima, si-
since the contribution of dispersive effects seem to increasmultaneous measurement of electron and positron cross sec-
with higher incident energies and higher momentum transfertions is proved to be the best way to extract this information.
other experiments using electron and positron beams in thedéew experiments with better statistical error bars will be
kinematical regions on light nuclei will be interesting to ob- helpful to confirm or deny the potential sign difference
tain more precise information concerning the size and thevhich has been observed in this experiment.
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