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ABSTRACT

We have measured the asymmetry in the elastic scattering of elec-
trons from a polarized proton target. An interference between the
imaginary part of the two-photon-exchange amplitude and the one-
photon-exchange amplitude could produce a polarization effect. The
results indicate no asymmetry withih the experimental ac'cﬁracy of

1 to 2% at four-momentum transfer squared values of 0.38, 0.59 and

0.98 (GeV/c)z.
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The customary reliance on one-photon-exchange calculations in electron-

arise from higher-order effects. A measurement of nonzero proton polari-
zation in elastic electron-proton scattering would be evidence for a two-photon-

exchange amplitude, since the polarization must vanish for pure one-photon ex-

amplitudes is expected to be smaller than the one-photon-exchange contribution

by an order of a, but it may be enhanced due to the presence of some resonance
1
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process.

In electron-proton elastic scatferiﬁg, one-photon = exchange leads to the
Rosenbluth formula2 for the differential cross section. Higher-order effects,
which could show up as deviations ffom the Rosenbluth form, have not been
observed so fs.r.3

The interference between the one-photon amplitude and the real part of
some two-photon amplitudes can be obtained by comparing electron-proton and
positron-proton elastic scattering. These xynea.:surements4 (after allowing for
radiative lossess) have shown no evidence of two-photon effects, to an accuracy
of about the order «, up to four-momentum transfers squared of 5.0 (GeV/c)z.

Information relating to the imaginvarz’ part of a different combination of two-
photon-exchange amplitudes can be measured by performing a polarization experi-
ment. Two kinds of experiments are possible. One can measure the polarization,
P, of the recoiling nucleon in the elastic scattering of unpolarized electrohs from
an unpolarized proton target. Alternatively(as in the presentexperiment) one can

measure the asymmetry, A, inthe scattering of electrons fromapolarizedproton target,




defined as
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where 0, » 7 denote the cross sections on hydrogen polarized parallel and anti-
parallel to the normal (1) to the electron scattering plane, The quantity € is
the asymmetry in the raw counts from the polarized target, and the factors PT’

HF allow for the target proton polarization and the fraction of hydrogen counts

present in the data, respectively. We define rAx, as:

n = @)
where —ﬁin and Eout are the momenta of the initial and final electron, respectively.
The asymmetry, A, is related to the polarization P. If only one photon is

ey‘cchanged, then A=P =0 because hermiticity and current conservation combine
to prohibit any polarization of the recoil proton, or, equivalently, any dependence
of the cross section on the initial proton spin directionf.6 If T~invariance holds,
then A=P to all orders in the electromagnetic interaction. Four values of P have
been reported'7 over the four-momentum transfer range from 0.3 to 0.8 (GeV/ 0)2,
a.ﬁd are consistent with P=0. Several theoretical a’ctemp’cs8 have beeh made-to
estimate the order of magnitude of the polarization due to the two-photon terms,
and the predictions tend to be less than 1%.

Incident electron beams of 15 and 18 GeV from the Stanford Linear Accelerator
were focused onto a polarized butanol target. The electrons which elastically
scattered from the target were momentum selected using the 20-GeV/c magnetic
spectrometer and detected in a ten-scintillation-counter hodoscope., For one
momentum setting of the spectrometer, the >hodoscope covered a missing-mass
range of approximately + 200 MeV about the elastie electron-proton scattering
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peak. Each hodoscope counter subtended about 60 MeV in missihg mass. The
elastic data were taken from a sum of the three missing-mass bins which centered
around the kinematics for elastic electron-proton scattering. Some runs were
made with the elastic peak positioned near one side of the hodoscope, while others
were made with the elastic peak centered on the hodoscope. Electrons were de-
tected by observing the pulse-height in a total-absofptio’n lead-scintillator shower
counter. An upper limit of 0.2% can be placed upon the pion contamination in the
data. The experimental details and methbd of analysié of this measurement were
the same as those given in the preceding Let:ter.9 The procedure for data-taking
involved reversing the sign of the targét polarization once every three minutes
and recording the number of counts per unit beam-current ﬁonitor. As the spin
reversal was effected by applying only a small change in the frequency of the
microwave power to the target, with all other conditions remaining fixed, sys-
tematic errors tended to cancel. In all, about 15 million events were obtained

in the elastic region. As seen in Eq. (1), the measured asymmetry € is diluted

by the target polarization (PT was about 0.20) and the fraction of counts due to

hydrogen in the target (HF was about 0.20). Because of this dilution, a 0.04%
asymmetry in raw counts (€) becomes a 1% asymmetry in A.

Errors can arise from: (1) lack of knowledge of the target polarization, (2)
uncertainty in the determination of the hydrogen fraction, (3) monitoring errors,
(4) statistical error in the total counts, and (5) other sysfematic. effects.

The measurement of the target polarization employed standard NMR tech~
niques. 10 Recent improvements 1 led us to believe that the polarization was

known to within 5% (= APT/ P).




The hydrogen fraction, HF, was determined as a function of missing mass
as follows:

1. Data were taken at the kinematic’s corresponding to elastic electron-
proton scattering using butanol, carbon and polyethylene (CH,) targets.
A pure hydrogen spectrum was obtained from a CH2 - C subtraction,
and the butanol spectrum was fitted by a linear combination of this
hydrogen spectrum and the carbon spectrum. The prominence of the
elastic peak from hydrogen improved the accufacy (ﬁ the fit to the

butanol spectrum.

2. Spectra were taken at all kinematic coﬁditions, both elastic and in- |
elastic, using C and CH, targets. A second CH,, - C subtraction
was effected, and the ratio of carbon scattering to hydrogen scat-
tering for CH2 was calculated for each missing-mass bin. Finally,
this ratio was normalized to the butanol target using the fitting
parameters obtained in step (1).

The quantity Hy, was thus determined to about 20% of its value. However,
since HF is a normalizing factor, its error does not seriously affect the results.
In Fig. 1, we show the measured spectrum obtained by scattering 15 GeV electrons
from the butanol target together with a spectrum for pure hydrogen which was
calculated by the above procedure. |

The asymmetry, A, was calculated separately for each of the three different
beam-current monitors which were used in the experiment. These asymmetries
agreed with one another to within one-fifth the size of the statistical errors. The
monitor errors, therefore, can be neglected. From the study of "test' asymmetry
values (see Ref. 9 for the details) we believe that our systematic errors are
small, and that the uncertainty in the measufement can be represented by the

errors calculated from counting statistics.
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The final as&mmetry values at three values of four—momentum transfer
squared (qz) are shown in Table I, where the errors in A are .calculated from
counting statistics only, which are believed to be close to the total errors.
Within the measurement erfors, the values are consistent with A=0. These
results are compared with the previous mea..su’rements7 of P in Fig. 2.

From the results of this experiment and from the measurements of Mar
et al. ,4 on the real part of two-photon exchange, one can conclude that the
higher-order contributions to elastic electron-prqton scattering have beén found

to lie between 0 and order «, in agreement with the theoretical estimates.l’ 8

We wish to thank John Jarbs, Peter Robrish and Stephen Shannon for assis-
tance during the data taking., We are indebted to the accelerator crews and
Spectrometer Facility Group for their support during these measurements. We

thank Professor Y. S. Tsai and Mr. R. Cahn for theoretical discussions.




P,

REFERENCES

S. D. Drell and M. A. Ruderman, Phys. Rev. 106, 561 (1957);

S. D. Drell and S. Fubini, Phys. Rev. 113, 741 (1959);

N. R. Werthamer and M A. Ruderman, Phys. Rev. }_2_§;‘ 1005 (1961);
D. Flamm and W. Kummer, Nuovo Cimento 28, 33 (1963);

S. D. Drell and J. D. Sullivan, Phys. Letters 19, 516 (1965);

M. Gourdin, Diffusion des électrons de haute énergie (Maéson et Cie, Paris,

1966);
G. K. Greenhut, Phys. Rev. 184, 1860 (1969).
M. N. Rosenbluth, Phys. Rev. 79, 615 (1950);

S. D. Drell and F. Zachariasen-, Electromagnetic Structure of Nucleons

(Oxford University Press, London, 1961),

T. Janssens et al., Phys. Rev. 142, 922 (1966);

_ H. J. Behrend et al., Nuovo Cimento 48, 140 (1967).

J. Mar et al., Phys. Rev. Letters 21, 482 (1968).

Y. S. Tsai, Phys. Rev. 122, 1898 (1961).

J. Bernstein, G. Feinberg, and T. D. Lee," Phys. Rev. 139, B1650 (1965).
The normal to the scattering plane for the following measurements is defined
as in Eq. (2), except that I’)in is the momentum of the incident electron and
out is the momentum of the recoil proton:

Frascati: G. V. DiGiorgio et al., Nuovo Cimento 39, 474 (1965);

Orsay: J. C. Bizot et al., Phys. Rev. 140, B1387 (1965);




9.

10.

11,

Stanford I: D. E. Lundquist et al., Phys. Rev. 168, 1527 (1968);
Stanford II: Dr. B. H. Wiik communicated to us a value of
P = (~0.006  0.020) measured at q> = 0.27 (GeV/c)’
which was referred to in the paper by R. Prepost,
R. M. Siménds and B. H. Wiik, Phys. Rev. Letters 21,
1271 (1968). |
F. Guérin and C. A. Piketty, Nuovo Cimento 32, 971 (1964);
G. K. Greenhut, Ph.D. Thesis, Cornell University (1968)(unpublished);
J. Arafune and Y. FShimizu, Institute for Nuclear Study, Tokyo, Report
No. INS-139 (1969). |
S. Rock et al., Report No. SLAC-PUB-720, Stanford Linear Accelerator
Center (1970), (to be published in Phys. Rev. Letters).

C. D. Jefiries, Dynamic Nuclear Orientation n(ihterscie_nce, New York,

1963).

M. Borghini et al., "Polarized proton target for use in intense electron and

photon beams" (to be submitted to Nucl. Instr. and Methods).




8T0°0F€00 "0~ 12°0 ST 860 12°¢ 0°8T
600°0F500°0- 910 9°T1 65°0 8% °2 0°8T
¥10°0F¥00°0- 03°0 8°T 86°0 LE°2 0°ST
v Iy (401 ) 2(9/19D) (8op) A®D

v STUAS. _ orSue ASxous

_ UOTJOBIJ OTiISBIo JO poxenbs JaJsuBI) Surxapeos Lo {0k 4ol ) )

Lxjpowmmssy uaSoaphH Jequny WNJUWOW-ANOT u0x}09Hd JuapIou]

*SI0IID [8J0} 91} Judsoxded 9A9ITaq oM

Yo1yM SO13STIR)S SUTIUNOD UWIOIY PIIBINOTED USaq OABY SIOLIS oyl *1oSre; uojoxd

paziaejod ® WOy SUOIIOIS JO SULID}LOS OISBIS oYj 0] ‘v ‘sonres Arjowrwssy

I1dT9VL




1,

FIGURE CAPTIONS

The measuréd spectrum for scattering 15 GeV electrons (at 2. ;‘370 lab) from
the polarized butanol target and a calculated spectrum for scattering from
the pure hydrogen in the target (= HF X b‘utanol spectrum).

The asymmetry measurements for elastic electron-proton scattering are

shown versus four-momentum transfer squared. This experiment measured

‘the asymmetry for scattering electrons from a polarized proton target. The

other values (Ref. 7) were from analyzing the polarization of the protons
recoiling from an unpolérized proton target. We have changed the sign of
the latter data to be consistent with the definition of fi given in Eq. (2) of

this paper.
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