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ABSTRACT

. - X4+
A study has been made of the reaction ¥ + p—=n + N (1238)
using a polarized X-ray beam. The essentially null result obtained
for the production asymmetry can assist in determining the OPE con-

tribution to this reaction.



introduction

Experiments by Allaby, et E}l) and by the DESY and CEA bubblie
chamber collaborationse)’3) have indicated that in the region between
600 MeV and 1 GeV pi pair production is very much enhanced in the
channel: 7 + p —x + N*++(1238). If one prog?ams kinematically for
a two-body final state of n  and N*, about 80% of the general
reaction ¥ + p -+ n+ + p will in fact proceed in this manner.

If the momentum and angle of one final-state particle is measured,

the polarized beam available at Stanford allows the determination of
the photon energy and the reaction polarization asymmetry only for
two-body final states. Therefore, the possibility of studying pi pair
production exists for the quasi two-body final state K-N* by observ-
ing solely the =n  with a spectrometer.

The use of polarized X-rays in photoproduction aids in determining
parities and allows an evaluation of the possible presence of specific
diagrams such as one pion exchange (OPE). Such a production process
would in fact be entirely along the electric field.vector and as a
result photoproduction with polarized X-rays should be extremely
sensitive to this.

The net result of the experiment described below was to find no
asymmetry of greater than a few percent. The experimentally measured
values are presented in table 1.

Experimental Technique

The Stanford polarized X-ray beam was used in the manner described

in papers by Mozley, et E}h)' A partially polarized beam was produced

by selecting the proper portion of a normal bremsstrahlung beam. The
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plane of polarization was changed from horizontal to vertical cyclically
at intervals. The = mesons from a hydrogen target were deflected

in a 900 spectrometer (fig. 1) and detected by a three counter scintil-
lation telescope. The major background was from electrons and these,
plus a small fraction of the pions, were largely rejected by a Cerenkov
detector in anticoincidence.

The spectrometer had a resolution of about = 2% and when this was
combined with the effects of target length and beam energy spread, an
energy resolution of approximately = 3% was obtained. The photon
beam was monitored by an ionization chamber. In operation a beam of
one polarization direction was passed through the hydrogen target to
give a predetermined integrated output from the ionization chamber,
and the polarization was then shifted 90° cyclically.

The degree of polarization of the beam was calculated from a
knowledge of the beam angle. Electron beam shape and multiple scatter-
ing in the radiator modified significantly the expected polarization.
These effects were specifically.taken into account by an experimental
measurement of the beam distribution after passing through a half
thickness radiator (0.0015 Al). This measurement was done by exposing
a glass slide and measuring the darkening caused by the beamu). The
contribution to the total error introduced by these measurements is
discussed belov.

The principle problem with polarized photoproduction using the
Stanford technique is that polarization exists only for the lower energy
portion of the bremsstrahlung spectrum. At the pesk of the spectrum,

there is no polarization. (See fig. 2.) Since the peak beam energy
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readily available during this measurement was of the order of 1 GeV ,
the polarization available for the higher energy points was quite low
(~ 8%).

An additional problem in this experiment was that negative piocns
may be produced by the higher energy bremsstrzhlung. These may be made
by any of several reactions:

v p o+ N*++

v +p s 4+ - D

7+p——>3‘[-+:r[++]‘(o+p

‘)’+p—~>n-+nf++;nj++n
Fortunately the work of Allaby, et E&l) evaluates the total amounts of
these reactions in such & way as to be applicable to our measurements.
Their measurements were as follows: Setting a spectrometer at a
fixed momentum and angle for the T , the peak beam energy was varied
and the resultant yield measured, as in fig. 3. For a fixed recoil
mass, the initial rise would be very steep. 1In this case the width is
due to the N* , the continued rise being due to other processes. The
anelysis assumed a phase space distribution for the other processes
and made a two parameter fit to the data. The resulting integral
curves allow us to obtain the ratic of background to N% preduction
s a function of peak beam energy as may readily be seen from the figure.

It would have been desirable for us to make our own measuraments
of this ratio, but the data rate with polarized bremsstrahlung is much
lower than in the Allaby configuration. As & result we have used their

data to obtzin our background estimates. These are unpublished, but

are the data from which their published results derive. The fraction
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of N*(1238) at each experimental point is shown in table 1, together
with a somewhat arbitrary 10% error.
Backgrounds and Errors

The major errors are random in nature, the dominant one being due

to counting statistics. One evaluates the asymmetry parameter

d

- d-G-u
2.3

O—J.
o, + doy )

do, and do, being the differential cross sections perpendicular and

parallel to the electric field. The actual measurement is of
R = Yiel@L/Yield” , the ratio of the yields perpendicular and parallel
to the electric field vector. The polarization P = (N, - N,)/(N, + N,)

(where N

[, is the number of perpendicular and parallel photons) is

1
J
calcualted from a measurement of beam size, angular divergence, and

multiple scattering. In this experiment where a phase space background

may contribute we may write

[

Yield, = N;(do, + dB) + N,(do, + dB)

Yield, = Ny(do, + dB) + N,(do, + dB) ,

*
where dB is the non-N contribution to the yield and is assumed to

have no polarization asymmetry. This leads to

Z=

E:} where f = ’in * don
+ d%_+dm,+2&3
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The principle backgrounds were those due to the electron beam of
the accelerator but not caused by the bremsstrahlung beam, and those
due to the bremsstrahlung beam but not from the hydrogen target. 3oth
backgrounds were of the order of a few percent and were evaluated by
radiator out and target ocut runs. A more difficult error was involved
in the separation of negative plons from a background of electrons.

Our detection system consisted of a three counter scintillation
telescope with a éerenkov detector in anticoincidence. Pion energies
were in general high enough so that pulse height information was nct
sufficient to distinguish the pions. As a result it was necessary to
know the efficiency of the éerenkov detector. This counter wae cali-
hrated below meson threshold assuming that the only particles present
were electrons, so that it was possible to use the scintillation tele-
scope to determine the efficiency of the Eerenkov detector. We found
a value of sbout 0.8 * 0.05 which was used in correcting cur dats.
The error contribution caused by the error in this value 1s less then
+ 2% , since even in the worst case (the high energy points) tre
electrons are only about 30% of the pions.

We consider three sources of error in the polarization. The
firset arises because thé polarization calculation involves a measure-
ment of the undeflected electron beam size at the defining collimator
after passing through a radiator one-half of the normal thickuness. The
beam causes darkening of a glass slide which is then measured on a
densitometer. The error in such a measurement can be divided into
the following:

a. Accuracy of measurement of single spot,
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b. Accuracy of determination that the exposure is in linear region,

c. Variation of spot width at different times during data taking.

The latter is the dominant error and the total error in spot width is
estimated of the order of 6% , varying according to machine stability.

We have assumed that two measurements of spot width at either end of a
running period define the variation in running condition in between. As

a result thz contributions of error vary with running period. The approx-
imste contribution to polarization error is tabulated separately for each
run and varies from 2 +to 11%. A second source of polarization error is
the determination of the angle of the selected photons from that of the
initial beam. Errors differ for different energies but are of the order
of *3%. The third contribution to the polarization error is related to
the error in measuring the beam energy and the spectrometer setting. This
error of asbout 2.5% affects the polarization error with greater effect
for lower polarization and hence for the higher energy points. The contri-
bution varies from 1.7% at 570 MeV to about 10% at 800 MeV. This
error estimate is based on a narrow mass for the N* . The polarization
will vary approximately inversely with the mass of N* produced, but
should produce the central value on the average. The total polarization
error was then found for each run by averaging effects from spot width,
sngle determination and energy determination as random. Values of %E
varied between 0.05 and 0.1% , depending on the kinematic point and
running conditions.

Possible systematic errors in the evsluation of the ratio R were
negligible since in any measurement the polarization direction is cycled
about 100 times and the same electronic circuits used. As a result the
effects of any drift of sensitivity are small. The error in R 18 there-

fore considered as entirely due to counting statistics.
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The fraction of the state going to N  was evaluated by using

unpubliched data of Alleby, Lynch, and Riteon. Since our measurements

. . 1 R-1 .
have in all cases given a null result for P REl the error in the
I 1 1R1 - ,
evaluation of == = —= 18 to a large extent independent of the
/ f P R+L
error in f . An error of 10% in f , which we somewhat arbitrarily
858ign, contributes imperceptably to the total error.

Compariscon with Theory

These results are particularly relevant to models that describe
N*(12?8) formation by photons in terms of a cne pion exchange diagram
{Drell process). If this process dominates, one expects the 7w to
emerge predominantly along the electric field vector. The one pion
exchange term is not gauge invariant by itself; however, a simple gauge
invariant extension has been proposed by Stichel and Scholz5> wWa0
considered the diagrams shown in fig. . This model has been extende@
to the case where linearly polarized photons are used in the production
process by Bdckmann, €t 326) who calculate explicitly the asymmetry

ZE: to be expected with this model. They point out that the only

contribution to a cross section perpendicular to the electric field
comes from the contact graph, (no. 2). Their results are shown in
fig. 5 for photon energies 1.0 GeV and 2.0 GeV . Our experimerntal
points, although they were not taken at these energies, are also plotted.
We conclude that our data dc not support this model and are, in fact,
more consistent with a multirescnant model.

The Cambridge Bubble Chamber Group7) nhas interpreted its results
for N%(1238) production in terms of such & model where higher

nucleon isobar production in the S channel feeds the 1238 MeV channel

-



via a decay into the N*(1238) and a negative pion. Although the
detailed predictions have not been investigated, we feel our results
are in qualitative agreement with this model since it provides the
mechanism for production of the =  meson without polarization asymmetry.
We have looked only at the case of the interaction proceeding through
either & J = 3/2 or J = 1/2 resonance.

A general phenomenological formulation of the angular distribution

A * - ) 8)
for decay from 3/2 into the N + w 1s given by
_ 2 2 2
w(ep) = [A|F3/2| + BIFl/El ] (1 + 3 cos)

2] 3 sin°g

¥ [A|F1/2|2 + BTy,
-243 [ReC] sin°g [|F3/2|2 - lFl/g‘E ] cos e cos20

Here F3/2 and Fl/2 are the two helicity amplitudes for the decay

N*% —>N* + 5% . A and B are real, while C 1is related to A and

B by AB = CC* . 6 1is the angle of the pion with respect to the photon,
while ¢ is the angle between the electric field vector and the plane

of pion emission.

A solution for pure S wave decay occurs when
2 2
|F3/2| - IFl/gl

There will also be no asymmetry for the case of a J = 1/2 intermediate

state, A =C =0 .
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In conclusion, it is quite possible to fit the existing data of
polarization asymmetry by a theory requiring decay from other baryon
resonances. There appears to be some discrepancy with the calculations

assuming OPE dominance,
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LIST OF FIGURES

The spectrometer and counter array used to identify the ® mesons
originating in the hydrogen target.

Photon beam polarization as a function of reduced energy ¢ = photon
energy/electron energy. The four curves are for different values
of the photon angle with respect to the incident beam direction
measured in units m/E . Multiple scattering effects apprecisbly
lower these polarizations in an actual beam.

Yield curve for = mesons from hydrogen as measured by Allaby,

et a1t

One-pion exchange graph for N*(1238) production plus the graphe
considered in the gauge invariant extension.

Asymmetry calculated from the gauge invariant extension of thé
one-pion exchange model. Our experimental points, although not

at these energies, are also plotted.
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