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1. - INTRODUCTION. -

The photoproduction of fr © mesons has been extensively investi-
gated both theoretically and experimentally in the past few years. A com-
prehensive. reference index can be found in the report by Walker(1), In the
present experiment the asymmetry of the cross sections from polarized .
photons, for 7 © photoproduction on hydrogen (f p-» W ©p), has been measu
red using the coherent bremsstrahlung beam from a diamond. This beam
is a Frascati electron synchrotron fSLCility(z). The asymmetry has been
measured at a proton angle of 90° in the center-of-mass system (CMS) for
photon energies ranging from 230 to 380 MeV.

The experimental data have been collected in two periods, with
slightly different experimental setsups in each period (in the following we
will refer to them as experiment 1 and experiment 2), Preliminary results
have been presented previously(3: 4), but the evaluation of the polarization
of the coherent gamma ray beam has now been improved(5), and in this pa
per we will give the old and the new data on the asymmetry, all evaluated
with the new, more accurate polarization values,

Linearly polarized bremsstrahlung has previously been used to
investigate T © photoproduction by Drickey and Mozley(G): In their experi-
ment polarized gamma rays were obtained by selecting a small cone of the
bremsstrahlung beam from a thin radiator at the Stanford linear accelera-
tor, Mark III.



II. - NOTATION AND THEORETICAL SUMMARY. -

The differential cross section for ¥ O photoproduction by linear
ly polarized photons is

(1) . %‘g’ X, ex,?) = [;di‘%‘ (K, GX;J + I% I(K, GX) senzex cosZﬁ.g?
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where, in the center-of-mass system (CMS), K is the photon energy,

q the pion momentum, 6% the photon production angle and @ the angle

between the photon polarization plane and the production plane. Here

(de’/dN)ynpor is the w° photoproduction cross section for unpolarized
photons, In terms of the usual Pauli amplitudes,’.:5?i('7 , the above func-
tions are .
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The ’éi are, in general, complicated functions of cos6® and of the photo-
production multipole amplitudes E+ and My+, but including only s-and
p-waves, as seems. reasonable in the region of the first pion-nucleon re-
sonance, they are simplified considerably and are given by
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This paper is concerned with the cross sections obtained using
linearly polarized photons so let us concentrate on the information obtai-
nable in such experiments.

For experimental purposes one writes equation (2) as
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where, ne\_glecting d-and higher partial-waves,
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One-has, also; that
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where in the s-and p-wave: approximation

I = 1+l lM1+l - 3 Re [M1+(M,1_+E1+) E1+‘1V[1:(

and the higher terms are-all zero. The asymmetryis defined by
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where da’li%tza(K: 9) are the WO photoproduction cross sections: for photons
with polarization vectors, respectively, normal or parallel to the produc-.
tion plane. This expression for Z(K, 0) may be written
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One-sees that, in fact, (K 9’)«{) is independent of 6% in the-s=and p-wave:
approximation so that measurement of this quantity away from 8% = 90°
gives a test of the approximation (an-angular distribution of I (K, 8%) de-.
viating from a. straight line equal to I(K, 90°) would indicate that higher
partial waves are needed)..

Another-quantity of interestis the ratio I5/C. In the s-and
p-wave approximation this-has the form-
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If Eq4+ = 0 then I,/C = 1, so this quantity is sensitive to small values of
E1+/M1+, a quantity of interest as a test of symmetry schemes. For ex-
ample, in the non-relativistic quark model, Becchi and Morpurgo( ) show
that the electric quadrupole amplitude to the P33 final state, E(l:’;_), must
be identically zero at the resonance position. Of course, at the first reso
nance there are also non-resonant contributions to E1+, the isospin struc
ture being
T _ (o)
E1+ E1+

L), 2 .(3)
31+ 3 1+
in the usual notation. In fact, using the theoretical results of reference
(o), 1 (1)
+ —
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and has a magnitude (at 340 MeV photon lab energy)
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is fairly energy independent around the resonance position

Im [E(O) + 1E(1)J = 0,04 1073
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Here the units are i = ¢ =& = 1. At the same energy one has
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These values indicate that the %)ntezrference terms in equation (3) are not
negligible compared with iM‘llrer‘ , and so I,/C may differ significantly
from unity without in any way invalidating the quark model.

Therefore from the measurement of Io/C one cannot directly in
fer if E1+‘ is equal or different from zero. The correct procedure should
be to rely on a set of multipoles given by the theorists and then to compa-
re the theoretical values of Io/C (obtained with and without the position

El?;_) = 0) with the experimental value,

Another use of the quantity I, is as a means of gaining informa-
tion about the multipole M, . If the s-and p-wave approximation is valid
and if one takes the E1+ and M4 multipoles as given by theory, then the
measurement of I, in 7 © photoproduction from protons can be combined
with the recent measurement of the asymmetry of 1~ photoproductionfrom
neutrons, by Nishikawa et al, (9) to obtain an estimate of the multipoles

M(1 )and M(ll) . The isospin combinations are
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where M(l_) and M(ll_) are the isospin 1/2 multipoles for the P, pion-nu-

cleon final state which contains the Roper resonance, The study of the
M(O_’ 1) multipoles is important because their size bears on the question
of the existence of a f(-)} SUg multiplet, as emphasized recently by Don
nachie(10), The point is that ¥+ p is a U-spin doublet (U =1/2) and ¥ +n
has U = 1. Since Py ina {TG} has U = 1, photoproduction of Py from
protons is forbidden and photoproduction of P11 from neutrons is allowed
by U-spin conservation.

This is one of the tests of the existence of a {i—(-)} proposed by
Lipkin(ll). Recent theoretical investigations(lz) had indicated that P71 pho
toproduction was greatly enhanced if the target was a neutron, this favou-
ring the existence of 10{ . However the Japanese experiment(g) seems
to indicate that P11 is not strongly produced in the reaction §+n - 1~ +p.
The quark model in its usual form does not permit the formation of a {1_()
so it would be favoured by this interpretation of the experiments. Theore-
tical estimate of M(lo_’ 1) using partial wave dispersion relations depend on
an evaluation of the dispersion integral over the Roper resonance, which
is higly inelastic, so the Watson theorem does not apply and this makes
the evaluation very difficult,

The best theoretical description of I © photoproduction available
at present is based on partial wave (multipole) dispersion relations{13), in
which one projects out the multipoles from the fixed momentum-transfer
dispersion relations for the twelve (including the isospin multiplicity) CGLN
invariant photoproduction amplitudes, and then attempts to solve the resul
ting set of coupled integral equations using pion-nucleon phase -shifts as in-
put via the Watson theorem. Within these limitations there are, in addition,
the following sources of error introduced in obtaining a solution to the di-
spersion relations:

1) Errors in the partial wave Born terms due to errors in the
coupling constant g.

2) Errors introduced via the Watson theorem from the TN scat
tering phase shifts which themselves have errors attached.

3) Errors from the estimation of the rescattering contributions
to the multipole 1\/[(0_’ 1) due to the P resonance, and to the multipoles
Eg? 7 1\/[20_’ 1) que to the D13 resonance. These resonances are outside

the region of validity of the Watson theorem for these particular partial
waves but near enough to the energies of interest to-affect the multipoles.

4) Errors due to the unknown high-energy behaviour of the mul
tipoles.



One may summarize the present theoretical situation by noting
that pure theory (pure in the sense that no parameters chosen to fit photo
production data are included) inadequately describes the experimental da
ta. There are several problems which complicate the theoretical evalua-
tion. The first is that (in 7' © photoproduction on protons) near threshold
there is almost complete cancellation of what showed nominally be the do
minant terms, namely the Eo+ transitions to the s-wave final states. This
leaves the cross-section to be determined by the p-waves and near thre-
shold the M. transition is as important as the Mq,. The second problem
is that there should be some contribution from vector meson exchange as
indicated by the way in which Reggeized w exchange can adequately explain
high energy 7 °© photoproduction(14), especially if some background B ex-

change is included(1%), Including the vector mesons correctly is not easy
because:

1) The vector meson nucleon coupling constants are not well-
—known(16).

2) To be completely correct one must include the effect of the
vector meson exchange on the entire multipole via the dispersion relation,
and not simply adding the Born term.

3) The vector effect of the vector-meson exchange may be alrea

dy partially included in the final state interactions introduced via the pion-
-nucleon phase shifts(17),

These difficulties have been partially overcome by the introdu-
ction of several free parameters into the theory either correlated, as vec

tor meson parameters(rz)or indépendent and representing the unknown high
energy behaviour(17,18),

Finally there is another approach to the problem of calculating
the fr© photoproduction cross sections, the isobar model, originally due
to Gourdin and Salin{19), The most recent refinement of this model by Wal
ker(20) gives satisfactory results for all the photoproduction processes. -

1II. - THE POLARIZED ¥ - BEAM. -

The linearly polarized gamma ray beam used in the experiment
is obtained from electron bremsstrahlung on a crystal diamond. The pri-
mary electrons are accelerated at 1000 MeV energy in the Frascati elec-
tronsynchrotron. The properties of the coherent bremsstrahlung beam
will be described in a paper(5) that will be soon published. If the following
paragraphs we will briefly recall the employing features of the beam.

’ The diamond is oriented in such a way that the electron momen-
tum 5”1 lies in the plane of the axes [1103 s [_90]] at a small angle 6 with
respect to the 3’:1105 ax:’Ls(X . Then the § ray energy spectrum presents a

(x) - {see next page).



dominant peak of intensity, which is in correspondence to the polarization
P reaching its maximum value. The energy of the peak depends angle 0
between 5’1 and the [1 1@ axis. The position of the peak can be chosen
in such a way to obtain the largest number of useful photons in the requi-
red energy range, The polarization is defined as
N (K) -N (K) I X)-I(K)
= p - p '
TN (K)+N (K)  I(K)+I (K)
n 1Y n p

P(K)

K is the photon: energy and Nn(p)(K) is the number of photons per unit_ener
gy interval with electric vector normal (parallel) to the [1 10} - [001] pla

ne; In(p)(K) =K. Nn, p(K) is the bremsstrahlung intensity,

The experimental data are collected by using two diamonds: the
plane [1 10] - [801] is vertical for the first one, horizontal for the se-
cond one. In the first (second) case we have an excess of photons with pola
rization vector parallel (normal) to the reaction plane which is horizontal
in our experiment. Then, if C; and C, are respectively the T° photopro-
duction counting rates for the two situations, one obtains the ratio of the
cross sections via the formula(21)

d G, ‘PI(RC+1)+(R - 1) C,

o= c R T am—
dg PI(R +1)~ (R -1) c C
h | (R !

C

During the experiment the beam energy spectrum has been measured with
a pair spectrometer of energy resolution AK/K = 4%.

The rotations of the diamond crystals are remotely controlled
and their values are read on two goniometers.

Figs, la, b, ¢, d, shows the measured spectirafor thetiwo diamonds
corresponding to the 8 values used in the experiment, The solid line repre-
sents the calculated spectrum. This is obtainedfrom a computer program
where the interferential and amorphous bremsstrahlung cross sections are
calculated and then folded with the experimental conditions as electron scat
tering inthe diamond, beam collimation and finite energy resolution of the
pair spectrometer. The normalization factor and the continuous part of the
spectrum are left as free parameters and their values are determinedfrom
the comparison with the measured spectrum by means of a least squares.

(x) - Calling & the angle between planes [110], [001] and 'p->1, [110] ;
this means that in our nominal working conditions, o is 00, Thebeam
polarization is also dependt on & and has a relative maximum (kee-
ping 6 fixed) at = 00, We estimate that the misalignment error on
is less than 1° to which corresponds a polarization variation with re-
spect to the nominal value of about AP = 0. 01,
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square method. The polarization P(K) associated with this so-calculate in
tensity spectrumis assumedto betrue beam polarization andisalso shown
in Figs. 1. The error onthe polarization values may be due either tothe ap-
proximations still presentinthe calculation dueto the statistical uncertain-
ties infitting the experimental spectrum. As a reasonable estimatefrom the
least squares analysis, we have assumed A P=0.01 as a standard error on
the polarization. (For more details onthe polarization calculation see (5)).

The beam experimental apparatus is shown in Fig, 2.Leaving
the synchrotron doughnut, the ¥ -ray beam passes trough collimators Cy
Cgo Cg Cy4. Its angular aperture is defined by C3 while C has the function
of eliminating the parasytic non polarized beam coming from the diamond
holder and Cg, C4 reducethe background in the electron pair spectrometer,

m

) lead

FIG. 2 - Generallayout of the polarized.beam. G: goniometer holding

the crystal diamond (installed inside the synchrotron vacuum cham

ber). C1,C9,C3,Cy:lead collimators. P:broom magnet. S: electron

pair spectrometer. Py, Py, P3: electron pair counters. Q: Wilson
type..quantameter,

After the collimation, the beam enters in the liquid hydrogen
target H. P is a broom magnet and Q is a Wilson type quantameter whe
re the beam intensity is monitored,

IV, - EXPERIMENTAL APPARATUS, -

The 7° photoproduction events are defined by a pulse coinci-
dence between a proton range telescope and a lead glass Cerenkov counter
that detects one'of the K 's from the 17° decay. A plastic scintillator A,
in front of the Cerenkov counter, vetoes the detection of charged particles.

The proton range telescope is an array of plastic scintillation
counters and aluminum absorbers, In the first experiment, it only defines
one energy channel, In the second one, three more counters and absorbers
have been added (see Figs. 3a,b) in order to collect events simultaneously
in four energy channels. The pulse height of the scintillation counter S;
(Sz) in experiment 1 (2) is analyzed in a multichannel in order to control
pion and electron contamination in the proton telescope. The central kine-
matic conditions for the two experiments are written below.
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Experiment:

H’Z (liqui d)

RXXX(1ead)

1m:

Experiment 2

A A By Ay

H’:z(l‘lq;u:id‘ " j (/ 8

S, 3,95 Sy

VR

,

KK (lead)
Tm:

FIG. 3b

FIG. 3a,b - Set up for experiment 1 and 2. Ay, Ay, Ag, Ay, W: Aluminum:

absorbers. Sy, S, S'z, Sé", S'z',' Sq,A: plastic scintillation counters. C:in

tegral lead glass Cerenkov counter. Px: plexiglass layer (to stop slow
electrons).
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Experiment 1, -

Run K (MeV) Gp ‘ Tp(MeV) 9110 AQP(Sr) Ent
I 325 40, 5° 61 730 0, 0064 0.25
II 230 35.6° 28.5 740 0. 0064 0.13

6,“,0 is the mean geometrical Cerenkov efficiency for detecting a 7° de-
cay. The hydrogen target used in this experiment is a disk shaped cell 2, 2
cm thick having its axis parallel to the proton direction,

Experiment 2, -

Run KO(MeV) Op Tp(MeV) 9".0 Aﬂp(Sr) £ o
335 410 61 720 0. 0036 0,13
350 1t 67 11 1 0. 14:

I 365 " 72 " " 0. 155
380 " 78 " " 0. 165
275 400 41.5 730 " 0. 15

I 290 " 46, 5 " " 0.17
305 " 52.5 " " 0.18
320 " 58 - " " 0.20

In Fig. 4 is shown the electronic'block diagram for experiment 2
(for experiment 1 the same logic has been used, but in a simplified version
because of the absence of counters S,,, S , S.'"). Moreover, in experiment
2, discrimination between protons and plons %as also been achieved by u-
sing their different time of flight, because of the increased distarnce between
counters 51 and Sg.

The resolution power of the apparatus with respect to the initial
photon energy k has been calculated for all kinematical conditions by a Mon
teCarlo method. In Fig, 1 the calculated resolution functions are shown: the
typical total width at half height is 20-30 MeV., Properly shaped absorbers
have been used to obtain the form of the resolution function as square as
possible,

The presence of steeply falling peaks in the beam spectrum allows
to energy calibrate our apparatus. By changing the crystal angle 8, it is pos
sible to shift the coherent photon peak along the k axis. Then the T° photo-
production counting rate versus 8 will have a relative maximum whenever
a beam peak overimposes itself on the k-resolution curve of the experimen-
tal apparatus. The fit of the experimental data with the calculated previsions,
obtained from the known photon energy spectra shape, gives the central ener
gy value kg, and the width of the resolution function,
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ELECTRONICS BLOCK DIAGRAM (Experiment2)

s, S, Sy ST S

3 2 2 0% ‘2 3 PROTON TELESCOPE

PLASTIC SCINTHLATORS

A CHARGED PARTECLES COUNTER

¥ v
c LEAD GLASS CERENKOV COUNTER

2 Sy sa
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PHOTONS

<
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FIG. 4 - Electronics block diagram (for experiment 2)
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The experimentally measured quantity is:

1,0 Con (9)

Ye;p(e) : _Ne(e)

where

Cy.y (8) are the W © photoproduction events per unit beam dose detected
when the diamond is set at the angle 8 and with the polarization
respectively normal or parwllel to the reaction plane,

N (8) is the number of the electron pairs, counted with the pair spec-
trometer per unit beam dose produced by 850 MeV photons when
the diamond is set at the angle 9'¥/,

The calculated value YC (8) to be ecompared to the experimental
one is glven by

o) Yi’”(g) . ij(k - ko) fn(e k) [1 k) P(8, k] dk

c | . [Ne(g)l

Where N is a normalization factor; M (k-k,) is the experimental appara-
tus resolution function evaluated with the MonteCarlo method and kj is the
nominal central energy value.

n(0, K) is the calculated beam energy spectrum at the crystal angle 0.
P(0, k) is the corresponding beam polarization.

da (k)

I is the 11 © photoproduction differential cross section at 900 in

the center mass system. The values used in the integral are
the experimental data taken from ref. (1).

Z (k) ig the ° photoproduction asymmetry previously defined. For
our purposes, an accurate knowledge of 2 (k) is not necessary,
we have used the theoretical values given by Rollnik

[Ne(eljc igs the calculated value of thé yield Ne(‘e) of the electron pairs
(see (5)). |

The experlmental points with the correspondlng calculated pre-
visions are shown in Fig. 5a b, ¢c,d. The calculated curves have been opti
mized with the mlmmumX method respect to the following parameters

(x) - For practical reasons (see also (5)), it is more convenient to norma
lize the nt © counting rates to the number of electron pairs rather
than to the absolute beam dose,
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Experiment 2

Arbitrary units

run 1
Y*! (335,8) Y (350,8)
Y (230,6) 50 ot
50} 50}
: z ?
m 40 = & 40 .w.,
: £ £
! 308 30i3
i o ¥n < < 3
[ 20} 20
M. ..... oyt
10 10
Ts
Experimentt ° . . , & (rad163 0 &(rag10)
run i 15 20 25 30 15 20 25 e
sob Y* (3658} §0} Y! (380,8)
| 50 o 50t w
H <
4ok 3 40f 5,
g g
S.w i 30, m
£
20t 200 ]
1ok ]
1 . . X & (rad16%) X A & (rad-10%)
15 20 25 30 15 20 25 30
r .

FIG, 5a,b,c,d - Yield of photoproduction events ver
sus the crystal angle 6 for the different kinematical
conditions, The continuous and dashed curves repre
sent, in arbitrary units, ML.Amvu v"(8) and their sum

. . i & a0 calculated according equation (5).

16.
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1) K (assumed to be constant for allthe spectra withthe same 6);

2) the percentage of the continuous (noncoherent) part in the
beam spectrum;

3) the central value kg of the energy resolution function and the
normalization factor N, '

The position of the last peak of the yield Y(8) is very sensitive
to the k, value, The comparison between experimental points and calcula
ted prevision allows an evaluation of kg with an error of + 5 MeV,

The agreement between the calculated curves and the experi-
mental points is rather satisfactory. The deviations still existing can be
attributed to:

a) Errors in the crystal angle @ measurement;

b) contamination arising from the proton Compton effect. The
number of events resulting from the Compton effect is on the average
small (1-2%). However the percentage of these events increases for some
values of the crystal angle 8 because of the different photon energy regions

contributing to 7Y © photoproduction and Compton effect at the same proton
kinematics;

c) the approximations introduced in the photon energy spectrum
calculation start to fail at high values of the crystal angle 8. At these an-
gles the calculated previsions overestimate the photon intensity and conse
quently YC(G).

EXPERIMENTAL RESULTS. -

The experimental values for the asymmetry are presented in
the following table.

TABLE 1

K, N P Re $(9060) Exp.
325 60,000  0.262  1,371+0.011 0,59 + 0. 028'%) )
230 20,000  0.290 1,258 £0.,017 0, 435 + 0, 041

275 16.800 0,185 1,196 £0.018 0. 485 + 0. 049

290 31,800 0,210 1,284 £0.014 0,592 + 0, 039

305 29,300  0.233 1,276 £0,014 0,521 + 0. 034

320 34,300 0,252 1.408 0,015  0.672 + 0. 034 )
335  17.300 0,183 1,251 +0,019 0,609 + 0. 053

350 15.300 0,204  1.297 £ 0,020 0,634 + 0. 050

365  10.300 0,223 . 1.322 £0,025 0,603 + 0, 052

380  11.200  0.236  1.319 +£0,024 0,583 + 0. 047

(x) - The errors on the asymmetry have been calculated according equa-
tion (6). Only for 3 (230 MeV), which has a large background corre-~
ction, we have included a systematic error equal to 20% of the calcu
lated correction.
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N is the total number of T © photoproduction events.

P is the polarization value obtained averaging P(k) over the pro
duct of the k-resolving power multiplied by the beam spectrum and by the
differential T° production cross section. The values of P are slightly dif
ferent from the values of P(kp) corresponding to the center of the resolu-
tion curve,

The following concurrent reactions have to be considered:

a) Proton Compton effect., The contamination introduced by the
proton Compton effect is small because the cross section for this process
is nearly 1% of the W © corresponding cross section. We have not made cor
rections for this effect,

b) Double Tr © photoproduction. The production of polarized pho
tons with coherent bremsstrahlung requires that the maximum energy of
the spectrum stays beyond the energy value of the useful polarized photons.
Photons from the high energy part of the spectrum (where the polarization
is nearly zero).produce double Tr° photoproduction events which are seen
by our apparatus. This background independent from the polarization has
the effect of reducing the experimental ratio R, and consequently introdu-
ces an underestimation of the asymmetry. Since precise experimental in-
formation on double Tr © photoproduction cross section is lacking, we have
measured the contamination of this process in our experiment. This has
been done only for the experimental situation corresponding to the photon
energly k, = 325 MeV. This contamination is measured as the difference of
the yields in our apparatus, per constant flux of 325 MeV photons, by set-
ting the tip of an amorphous bremsstrahlung spectrum at 1000 MeV and
500 MeV respectively. In the second situation, all the photons are below
our kinematical threshold for two s © production. By taking into account
the difference between the amorphous and the coherent bremsstrahlung
spectrum the measured double T O contamination turns out.to be 1. 6% of
the good events.(after correction for nuclear absorption).

For the other kinematical conditions the double Tr° contamina-
tion has been estimated from the previous one (measured at kg = 325 MeV)
by correcting it for the following effects:

a) differences in the yields of photons contributing to single and
double 71 © photoproduction;

b) variation of the Cerenkov geometrical efficiency for single
and double 1r © production;

c) variation of the single W © photoproduction cross section.

The. energy behaviour of the total 2T O cross section has been
assumed to be equal to the experimental one of W *t1f - photoproduction
‘multiplied by a scale factor equal to 0, 4. The angular distribution of the
two 17 ©'s has been calculated according to phase space. The double T ©
contamination calculated in this manner varies from 2% up to 6%, this



19,

last value being reached for the measurement at k, = 230 MeV, All the
values of R and 3. reported in table I have already been corrected for
the 27 © background.

The error on the asymmetry has been calculated from the for-
mula

®) £=\/E 1 +(Af>')2
s N (3 P)2 P

The total number of events N and consequently the measure-
ment time have been chosen in order to have almost the same contribu-
tions to AZ /Z from the two terms appearing in the square root in the
formula (6). As previously mentioned, for the error on the polarization,
we assumed AP = 0.01.

Other sources of systematic errors like liquid hydrogen den-
sity variation, stability of beam monitor, have not been considered,

We stress that because the asymmetry measurement is a re-
lative one, any counting loss due to counters inefficiency or proton nu-
clear absorption do not affect the measured asymmetry value.

However, nuclear absorption can stop in our telescope energe-
tic protons produced by non polarized photons. We have calculated the
correction to make on the asymmetry values because of this effect taking
into account the whole flux, through our telescope, of photoproduced pro-
tons. The correction turns out to be less than 3% except for the point mea
sured at ko = 230 MeV which is largely contamined by protons coming
from the resonance region (in this case this correction amounts to 15%).

The final values of the asymmetry are also shown in Fig, 6,
The previous asymmetry measurements made by Drickey and Mozley
are presented in the same figure,

(6)(x)

(%) - Of thefour asymmetry values measured by the Stanford group, thoseat
285 and 435 MeV have been measured ata protonangle 8=90° in the
center mass system. Those at235 and 335 MeV have been done at 6=
=600 and 120° respectively. The corresponding values for the asymme
try at90° have been obtainedfrom the relationship

| x - o 2 X , 0 X]
S (8%) = £,(90°) sen”e [dﬂ (90°)/dg (6%)] |y
which is derived from (1) assuming that the coefficient I(k, 6%) does
not depend on 0¥,

| o 5]
The ratio [a5 (900) /a6 (8%) anpol

has been taken from the data of the Bonn group(zz).
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FIG. 6 - Asymmetry for 7 © photoproduction at 6%¥=900, The
Stanford points are taken from reference (6). Theoretical

curves 1,2,3 and 3',4,5 are taken respectively from refe-
rences (7),(18), (17), (13), (20).

The theoretical curves shown in Fig, 6 refer to the following calculations:

Curve (1) - (Berends et al, (7)): The theoretical previsions are made on

the basis of the dispersion relations (The shadow areareflects the uncer
tainty due to the approximations introduced in the calculations), The w

exchange in the t channel is not considered. There are no free parame
ters in the theory.

Curve (2) - (Rollnik et al, (18)): This calculation is also based on the di-
spersion theory., Thew (and also the e ) exchange is introduced as a pole
in the t channel. Three parameters have been introduced and their va-
lues have been fixed by the authors from the fit of the angular distribu-
tions.

Curve (3) and (3'). - (Schwela(17)): The calculation has been made by u-
sing dispersion relations, The w contribution is not taken account, but
its relevance on the theory is discussed in this paper together with the
uncertainty on the proper way to evaluate the w exchange.

(13)

Curve (4) - (Schmidt
-relation theory.

): This curve is also calculated from dispersion-

Curve (5) - (Walker(zo)): This calculation is based in a phenomenologi-
cal model where the electric Born term is considered together with the
resonances known from the pion nucleon scattering phase shifts analysis.
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A correction for the non resonant part is introduced as a parameter with
the restriction of a.smooth energy behaviour.

From Fig. 6 one sees:that the curve in better agreement with
the experimental results is curve (2) calculated by Rollnik et al. (18). We
recall that this is the only curve that takes explicitly into account vector
meson exchange. In fact the authors introducedw exchange and @ exchan

ge (this last one, however, should be less important) with the following
coupling constants(18):

g2, 2.
—u_)i%__ =0, 15 —%—(—"g-— = 0,02
which were taken from the quark model; and with:
& 2
= =2, 83 —————gilfr”m =0, 86
g2 ’
Wi\;N_z_ = 0, 03 fg___%_l.,\%__l\lg =9, 66

which were derived fromx nucleon-nucleon: scattering.

The marked difference in Fig. 6 between curve (2) and the other
ones in the low energy region could then be due to W exchange, whose im-
portance would be so confirmed by the asymmetry measurements. How-
ever it is hard to understand what amount of this difference is due to. W
exchange and what to the different methods employed in applying the di-
spersion relations to photoproduction: in fact, no author has published
both the predictions (with or without w -exchange) of its theory on the
asymmetry.

(3)

In order to get information on the multipole;E1+ at the reso-
nance we computed(x) the values of the asymmetry using the multipoles
of Berends et al. {7) (that are the only ones available in numerical tables).

We found that the asymmetry is not very sensitive to th)e value
of the leading multipole M’la_ while it is greatly influenced by E(lsj,_ Our
results are in much better agreement with E(l?-}i- equal to zero than with

E(li) equal to the BDW estimate,

(x) - We must thank here M, Nigro, P. Spillantini and V. Valente who
lent us a general program for calculating all photoproduction cross
sections, asymmetries and polarizations.
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However, in the mean time, ‘we noticed that the BDW multipo-
les are not in good agreement with the recent measurements of the Bonn
group(22 on the cross sections. These last ones seem 1o require:

1) a position of the 33 resonance (at k = 349 MeV according
BDW) shifted towards lower energies (this does not affect the asymme
try significantly);

2) a (ve;lue of M(lfi_) a few percent higher;

3

3) E1+

In order to bring the BDW previsions in better agreement with
both the asymmetry and cross sections measurements in addition to points
1) and 2) a value of E intermediate between zero and the BDW estimate
would be required.

different from zero.

1+

(0) (1)

The M7 and M multipoles which concern the Py resonan
ce could be tentatively obtained from the relations: (s and p wave approxi
mation)

kd?
q dq

Oy, O} = - x—?-)- !-
(90°) -2 (909 = 3 Re (Ey,-M )G E; +> My, +M )

p7o. P © |pw© pu”

putting in the first member the experimental results on reaction ¥ p->

- pw© and { n=> pn-, and in the second member the BDW multipoles lea
ving only Re 1\/[(10_) and Re Mv(ll_') to be determined. However, this analysis
is not free of ambiguities for the following two reasons:

1) the BDW multipoles are not in good agreement with the Bonn
results on d¥ /dfL as previously mentioned;

(0)

2) there is a big cancellation when performing the sum M, " +
+1/3 Mgl_) because of the isospin decomposition (4), in the 7 © case. This
fact makes it very hard to detect Py effect in w° photoproduction.

ACKNOWLEDGEMENTS, -

The theoretical introduction of this paper has been written with
the critical advice of Dr, D, Weaver. We are also very grateful to Dr. Wea
ver for all the stimulating suggestions and discussions clarifying the inter
pretation of our data,

Thanks are also due to Mx. Di Stefano and coworkers for their
skilled technical work., Finally, we would like to mention that the synch-
rotron staff collaborated very much with us providing a smooth machine
operation.,



23.

At the moment of printing we have received a preprint from: the
Orsay group(23) reporting measurements of the angular distributions for
T° photoproduction at the first pion nucleon resonance.

Their results seem to. confirm the behaviour of the cross sec~
tions measured by the Bonn group but are slightly smaller (up to 5 - 7%
at 6% = 900),

This leaves substantially unaffected our conclusions drawn by

the simultaneous analysis of angular distributions and asymmetry measure
ments,
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