
RAPID COMMUNICATIONS

PHYSICAL REVIEW C, VOLUME 63, 051303~R!
Corrections to the one-photon approximation in the 0¿\2¿ transition of 12C
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Contribution of higher order effects to the one-photon exchange approximation were studied in the first
excited state of12C by comparing inclusive inelastic scattering cross sections of electrons and positrons
obtained at the Saclay Linear Accelerator. The data were compared to a distorted wave Born approximation
~DWBA! calculation. The results indicate an effect less than 2% within 2s, compatible with what was
observed in recent elastic scattering measurements.
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Comparison between electron and positron elastic c
sections is known to be a powerful tool for obtaining info
mation on the contribution of higher order effects to the o
photon exchange diagram~Coulomb corrections, dispersiv
effects, . . .!. For the study of dispersive effects, one has
use light nuclei because Coulomb corrections become c
parably very large for high-Z nuclei and collect the data in
the minima of form factor@1,2#. Several experiments o
electron and positron scattering@3–9# have confirmed the
predicted contributions of these effects@10–12#, although
their energy dependence is still not very well understo
@13#.

Experimental data are usually analyzed within the Bo
approximation, which provides a useful framework to d
cuss the different aspects of the electron-nucleus interac
For inelastic or heavy nuclei, the distorted wave Born a
proximation ~DWBA! replaces the first-order plane wav
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Born approximation~PWBA! diagram where only one har
virtual photon is exchanged between the incident probe
the target.

This Rapid Communication reports on the first expe
mental measurements performed in the four-momen
range, 0.95,qe f f (fm21),1.66 for the 01→21 transition
of 12C located 4.43 MeV from the ground state.

This experiment was performed at the 700 MeV Sac
Linear Accelerator~ALS!, which can provide a 30 nA posi
tron beam with energies up to 600 MeV and aDE/E of 2
31023. The scattered particles were detected in the H
~electron-positron! hall and analyzed by the 900 magnet
spectrometer~SP900! described in@14# ~momentum resolu-
tion DP/P05231024, maximum momentum of
900 MeV/c) equipped with a detector package consisting
~i! two planes (R,Y) of plastic scintillators,~ii ! a C̆erenkov
counter (C) filled with freon gas~index n51.0013) corre-
sponding to electron and pion thresholds of 10 MeV/c and
2.7 GeV/c, respectively, and~iii ! two planes of drift cham-
bers, both with horizontal and slanted wires for track reco
struction. The trigger was given by anRYCcoincidence sig-
nal eliminating pions. The other spectrometer~SP600! @14#
was positioned at 45° with respect to the beam direction
used as a luminosity monitor. The fluctuation of the SP6
monitoring was found to be of the order of 1%, and all t
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runs agree within less than one standard deviation. Th
different target thicknesses (30350 mm2 plane foils! of
natural carbon were used: 96, 296, and 500 mg/cm2. Uni-
form beam illumination of the targets was achieved throu
their rastering. The uncertainty on the target thickness
1%.

The positron beam was created by interaction of a 1
MeV electron beam on a 2 mm tungsten radiator locate
between the 6 and 7 sections of the accelerator. Its emitta
is 6 times larger than the emittance of the direct elect
beam. In order to minimize systematic effects, the emitta
of the electron beam was degraded by installing a 17mm
aluminum foil after the last section of the accelerator. T
emittance of both beams (;2p mm mrad) was defined by
the same mechanical slit system, and we monitored the b
emittance during the experiment by measuring the beam
files using a pair of highly sensitive scanning wire system
The first one located about 2 m upstream of the target wa
made out of two perpendicular 300mm copper wires
mounted on a fork. Via secondary emitted electrons,
beam horizontal and vertical profiles were reconstructed w
an accuracy of 0.5 mm. The second monitor was located
m downstream of the target in front of the Faraday cup
16316 array of 300mm copper wires was used to measu
the beam profile with an accuracy of 1 mm.

We found that, due to misalignment in the beam tuni
our beam spots were positioned about 5 mm under the in
section of the line defined by the center of rotation of t
spectrometer and the central ray of the spectrometer colli
tor. This brings a correction of 0.5% on the solid angle
both spectrometers and 631024 on the momentum recon
structed in the electron spectrometer.

Special care was taken to measure the small (.30 nA)
beam current. The Faraday cup used was drained and d
prior to the experiment which reduced its leakage curren
.30 pA. A ferrite-core induction monitor located upstrea
of the target provided a redundant charge determination.
charge measurements of the Faraday cup and the ferrite
monitor were in agreement within 2%.

Electron and positron cross sections were measured f
qe f f range from 1.14 fm21 to 1.66 fm21 at 450 MeV inci-
dent energy, and from 0.95 fm21 to 1.54 fm21 at 262
MeV. The scattering angles covered a region from 29°
72°. Our experimental cross sections were corrected for d
time which contributes to 11% at 450 MeV and 14% at 2
MeV. Pair annihilation ~for positrons! was found to be
negligible.

The events in the first excited state peak were correc
from radiative effects by first subtracting the elastic radiat
tail underneath the peak and then correcting for the tail
extended to higher energy transfer. We have used the me
developed by Mo and Tsai@15,16#: the measured spectr
were corrected for Landau straggling, thick target brem
strahlung, and Schwinger corrections. Coulomb correcti
to the radiative corrections were taken into account using
effective momentum approximation~EMA! @1#. The radia-
tive corrections never contribute more than 20% to our e
tic cross sections for both electrons and positrons, the s
traction of the elastic tail constitutes a 5% effect, and
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correction for the first excited state radiative tail to abo
40%. The overall systematic effects were estimated to
about 2%.

After performing the geometrical corrections due to t
spectrometer acceptance and including the emittance of
beams, we compared our experimental data to a fit of
known data using a DWBA calculation@17#. A Fourier
Bessel parametrization of the static charge density fitted
the data of@5# was used@18#.

The extractedsexp/s f i t differential cross section ratio
are displayed in Fig. 1 for electrons and positrons at 4
MeV ~top and middle panels! and for positrons only at 262
MeV ~bottom panel!. For each energy and each lepton prob
a weighted mean calculation of the data was performed.
the highest energy, the data averaged at (20.860.6)% in
electrons, and at (7.660.3)% in positrons. For the lowes
energy, the positron data averaged around (4.560.6)%.

As in the elastic data discussed in@13#, the measured
sexp/s f i t ratios of the cross sections in positron for the tw
incident energies give a difference of (3.160.4)%, compat-
ible within 2s with our (2.560.1)% elastic ratio.

The difference in the ratios between electrons and p
trons is (8.466.3)% at 450 MeV. In theqe f f range measured
in the experiment described here, the inelastic form facto
at its maximum. Therefore, there is a competition betwe
the ~dominant! Coulomb effects@proportional to (aZ)2# and
the dispersive effects@proportional to (aZ)# effects @13#.
Our result is compatible within 2s with a 2% effect.

We have reported for the first time positron and electr
experimental cross sections for the first excited state of12C
in a four-momentum range between 0.95 and 1.66 fm21.
This 01→21 transition was studied in terms of higher ord
contribution to the one-photon exchange diagram. The d
were accumulated in a region where dispersive effects
expected to be negligible compared to the Coulomb con

FIG. 1. Comparison between the experimental data of this
periment and the DWBA fit of@17#.
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bution, and analyzed within a DWBA framework.
An energy dependence of about 3% is observed from

data when comparing our lowest~262 MeV! and highest
~450 MeV! data in positrons. The results also indicate th
05130
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Coulomb corrections are compatible with a 2% effect in t
first excited state within 2 standard deviations. Both obs
vations are in agreement with an earlier elastic measurem
performed in the sameqe f f range.
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