RAPID COMMUNICATIONS

Corrections to the one-photon approximation in the 0f—27 transition of °C
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Contribution of higher order effects to the one-photon exchange approximation were studied in the first
excited state of'?C 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 @ompatible with what was
observed in recent elastic scattering measurements.
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Comparison between electron and positron elastic crosBorn approximatiofPWBA) diagram where only one hard
sections is known to be a powerful tool for obtaining infor- virtual photon is exchanged between the incident probe and
mation on the contribution of higher order effects to the onethe target.
photon exchange diagraf@oulomb corrections, dispersive  This Rapid Communication reports on the first experi-
effects, .. ). For the study of dispersive effects, one has tomental measurements performed in the four-momentum
use light nuclei because Coulomb corrections become conrange, 0.95qqs; (fm~1)<1.66 for the O'—2" transition
parably very large for higiZ nuclei and collect the data in of *°C located 4.43 MeV from the ground state.
the minima of form factor{1,2]. Several experiments on  This experiment was performed at the 700 MeV Saclay
electron and positron scatterif§—9] have confirmed the Linear AcceleratofALS), which can provide a 30 nA posi-
predicted contributions of these effedts0-12, although tron beam with energies up to 600 MeV and\&/E of 2
their energy dependence is still not very well understoodx 10~ 3. The scattered particles were detected in the HE1
[13]. (electron-positron hall and analyzed by the 900 magnetic

Experimental data are usually analyzed within the BornspectrometefSP900 described in14] (momentum resolu-
approximation, which provides a useful framework to dis-tion  AP/Py=2x10"%, maximum momentum  of
cuss the different aspects of the electron-nucleus interactio®00 MeV/c) equipped with a detector package consisting of
For inelastic or heavy nuclei, the distorted wave Born ap<i) two planes R,Y) of plastic scintillators(ii) a Cerenkov
proximation (DWBA) replaces the first-order plane wave counter C) filled with freon gas(index n=1.0013) corre-

sponding to electron and pion thresholds of 10 MeWhd
2.7 GeVk, respectively, andiii) two planes of drift cham-
*Present address: Hampton University, Nuclear High Energy Rebers, both with horizontal and slanted wires for track recon-

search Physics Center, Hampton, VA 23606. struction. The trigger was given by &Y Ccoincidence sig-
TPresent address: Center de Recherches HineleCronenbourg, nal eliminating pions. The other spectromet8P600 [14]

F-67037 Strasbourg @ex, France. was positioned at 45° with respect to the beam direction and
*present address: Renaissance Technologies Corp., 600 Rt. 254sed as a luminosity monitor. The fluctuation of the SP600

East Setauket, NY 11733. monitoring was found to be of the order of 1%, and all the
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runs agree within less than one standard deviation. Thre¢ #gr v 71 1 T 1 v o117
different target thicknesses (860 mnt plane foil§ of o [ Cle.€)- 450 MeV E
natural carbon were used: 96, 296, and 500 m@/ddmi- : ]
form beam illumination of the targets was achieved through

their rastering. The uncertainty on the target thickness was _, ST S SR SR T T
1% . 1 1.1 12 1.3 14 1.5 1.6 1.7

The positron beam was created by interaction of a 100
MeV electron beam m a 2 mmtungsten radiator located g *

——
E 2Cle*e’) - 450 MeV

between the 6 and 7 sections of the accelerator. Its emittancll' 1w | . PR S T S
is 6 times larger than the emittance of the direct electronbca E ]
beam. In order to minimize systematic effects, the emittance~_ O T E
of the electron beam was degraded by installing adm e S N R R P S R

1 1.1 12 13 14 1.5 1.6 1.7

aluminum foil after the last section of the accelerator. The
emittance of both beams~(27 mm mrad) was defined by
the same mechanical slit system, and we monitored the bear

e T T e e e
r 12 + +

. i d . o e ) -262 M
emittance during the experiment by measuring the beam pro  #» | Cle'.e’) - 262 MeV

files using a pair of highly sensitive scanning wire systems. _§% _______ § _______ §....§ _____ § ______ e _
The first one located abb@ m upstream of the target was : ]
made out of two perpendicu|ar 30ﬁm Copperwires o Lol v by el vl ven oo lors

. . 0.9 1 1.1 1.2 1.3 14 15 16 1.7
mounted on a fork. Via secondary emitted electrons, the 4y (™)

beam horizontal and vertical profiles were reconstructed with

an accuracy of 0.5 mm. The second monitor was located 7.8 FIG. 1. Comparison between the experimental data of this ex-

m downstream of the target in front of the Faraday cup. Aperiment and the DWBA fit of17].

16X 16 array of 300 um copper wires was used to measure

the beam profile with an accuracy of 1 mm. correction for the first excited state radiative tail to about
We found that, due to misalignment in the beam tuning,40%. The overall systematic effects were estimated to be

our beam spots were positioned about 5 mm under the integbout 2%.

section of the line defined by the center of rotation of the After performing the geometrical corrections due to the

spectrometer and the central ray of the spectrometer collimapectrometer acceptance and including the emittance of the

tor. This brings a correction of 0.5% on the solid angle forbeams, we compared our experimental data to a fit of all

both spectrometers andx6L0”* on the momentum recon- known data using a DWBA calculatiofl7]. A Fourier

structed in the electron spectrometer. Bessel parametrization of the static charge density fitted to
Special care was taken to measure the smaB@ nA) the data of 5] was used18].

beam current. The Faraday cup used was drained and dried The extractedo.,,/o;; differential cross section ratios

prior to the experiment which reduced its leakage current t@re displayed in Fig. 1 for electrons and positrons at 450

=30 pA. A ferrite-core induction monitor located upstream MeV (top and middle panelsand for positrons only at 262

of the target provided a redundant charge determination. ThileV (bottom panél For each energy and each lepton probe,

charge measurements of the Faraday cup and the ferrite-coseweighted mean calculation of the data was performed. For

monitor were in agreement within 2%. the highest energy, the data averaged -aD8*+0.6)% in
Electron and positron cross sections were measured for @lectrons, and at (7260.3)% in positrons. For the lowest

Oesf range from 1.14 fm!to 1.66 fmi ! at 450 MeV inci-  energy, the positron data averaged around £40.%5)%.

dent energy, and from 0.95 fm to 1.54 fm ! at 262 As in the elastic data discussed i3], the measured

MeV. The scattering angles covered a region from 29° tooey,/o7j; ratios of the cross sections in positron for the two

72°. Our experimental cross sections were corrected for deadcident energies give a difference of (3.0.4)%, compat-

time which contributes to 11% at 450 MeV and 14% at 262ible within 2o~ with our (2.5+0.1)% elastic ratio.

MeV. Pair annihilation (for positrong was found to be The difference in the ratios between electrons and posi-

negligible. trons is (8.4-6.3)% at 450 MeV. In the.¢; range measured
The events in the first excited state peak were correcteth the experiment described here, the inelastic form factor is

from radiative effects by first subtracting the elastic radiativeat its maximum. Therefore, there is a competition between

tail underneath the peak and then correcting for the tail thathe (dominanj Coulomb effect§proportional to ¢Z)?] and

extended to higher energy transfer. We have used the methdle dispersive effect§proportional to @Z)] effects [13].

developed by Mo and Tsdil5,16: the measured spectra Our result is compatible within @ with a 2% effect.

were corrected for Landau straggling, thick target brems- We have reported for the first time positron and electron

strahlung, and Schwinger corrections. Coulomb correctionexperimental cross sections for the first excited staté?6f

to the radiative corrections were taken into account using thén a four-momentum range between 0.95 and 1.66 ¥m

effective momentum approximatiofEMA) [1]. The radia- This 0" —2* transition was studied in terms of higher order

tive corrections never contribute more than 20% to our elaseontribution to the one-photon exchange diagram. The data

tic cross sections for both electrons and positrons, the sulwere accumulated in a region where dispersive effects are

traction of the elastic tail constitutes a 5% effect, and theexpected to be negligible compared to the Coulomb contri-
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bution, and analyzed within a DWBA framework. Coulomb corrections are compatible with a 2% effect in the

An energy dependence of about 3% is observed from thérst excited state within 2 standard deviations. Both obser-
data when comparing our lowe$262 MeV) and highest vations are in agreement with an earlier elastic measurement
(450 MeV) data in positrons. The results also indicate thatperformed in the samg.¢; range.
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