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8 1 - Introduction

The single photoproduetion of pions in the emergy
interval 500 -~ 1100 MeV has been mcasured in the last
three years, with several countributes from the electron
synchrotron of Caltech, and Cornoll University and
only more recently from the Frascati groups. 13 The di
scovery of other maxima after the well known resonance
at 300 MeV has stimulated the investigation on the be-
haviour of the differential cross section and of the
polarization of the recoil nucleon, The polarization is
particular 1ntarest1ng in the case of the neutral pho-
toproduction PP e 2 VTR

We report in tle present paper an experlment to mea
sure the polarization of the recoil piroton in this rea
ction.

_ beﬂerally sgeaklﬂg tHs interest in the polarlzatlon
of the recoil proton comes from the following arguments,
which hold as long as the process may be described in
the gemneral frame of quantum mechanics, with a transi-
tion matrix which is a sum of the contributing multipo-
le transitions, each with a total angular momeuntum, a
given parity, and a definite isotopie spin value:

a) - there is polarization of the Tecoil proton only
when at least two different states are present.

b} - Tao pdrizatin nay indicate the relative parity of
the states: in particular the polarization is
absent for the protons emitted at 900 in the
center of mass system, if two states are present
with the same parity.



. ?

From a}, b} one deduces that the measnrements of. the po-
larization at 90° in the center of mass may contribute to
find out those ~ray energles where oniy one state. can-de-
scribe the plonvnucleon system, and may contribute to deter—
mine the relative parlty of the “interfering statos. The in-
terest of the pol ari%ation has beoen roeceptly underlined by
Sakuray (2‘ as a method to estahhqn the parityiof the second
resonanee. g

We have measured the polarizgation of the protons at 90¢°
c.m. in order‘to get an information which is very useful
1o estaklish which multipole transition can decribe the phe-
to-production phenomena in the reglon 300-1000 %eV of the
incident ¥ rays..

The polarlzatlon of the pTOtOFQ has b?eylmeasured until
now up to a:maximum of Y00 MeV by Stein S

8 2~Experimentél'disposition

Aim of the present experlment is then the moasurement af
the polarization of the recoil protons from the reaction

; P = e
3! g A2 = f}x ~+ IT*

To get the polarlzatlon we measure the left to right asymme-
Try in the scattering of protoms from carbon at different
angles hetween 149 and 16°. | ‘
The experlmenual disposition is glven in flg. i. The counters
1,2 «...e310 -are plastic scintillation counters which detect
the proton; the Cerenkov counter detects the TT¢meson through
ite decay Y rays: We. indicate by C the carbon scatterer, who-
se thickness was changed according to the proton energy; Cu
are the copper ahsorbers Whlch deflﬂe the range of the pro-
ton energye : - : :

We wcre countlng at the Seme tlme four kinds of COlHGl—
uonces' : S

fCeT 1 Z,L,Ji 5?“’ L
(Cer, 1,2,7,8°9 )= R,

{Cer, 1,2,3,4,5,-6)= L
{Cer,1,2,7,8,9,-10)= R

II
II

it is’ therefore possible to measure two diffrent energy
1ntervals of the. protons, correspondlng to two different
energy intervals of the ¥ 's. .

Dlscrlmlnatlon of the pratons against the pions is gua~
ranteed by the requlred coineidence with the Cerenkov coun-
ter as well as by pulse height disc¢rimination in counters

I ) ;
1 » ;
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2,3,17.

The block disgram of our clectronie is given in fig, 2

By F.C. we indicate fast coincindences , With a rosolving
time of around 5 ns. The pulses arriving to the diserimina-
tors D. are on the contrary rather slow {time avound 00 ne)
S0 that 1t is easy to realize a precise height pulse discri-
mination. As shown in fig, 2, the anticoincidences L. L
are obtained as the differsnces between tho coincideticed
(Cer, 1,2,3,4}, (Cer 1,2,2,4,5), {(1,2,5,4,5,6) in ovrder to
reduce dead time effwts . As a check we also register the
three coincidences in cach telescopea,

All the measurements reported in this paper have been ta-
ken on the protons omitted at an angle of 420 degrees in the
laboratory system which corresponds to an angle close to $Q0
in the eentor of mass system for all our energies (see ta-
ble 1}.

The choise of the dimension and the distances of the coun
ters as well as the angle of scattering from the carbon is
made on the basis of the measured elastic cross sections and
analizing power of protons in Carbon: In fig. 3 we report the
¢ross section for slastic scattering from carbon for protons
of different energics (the incident beam is unpolarized), ac
cording to the work of many authors (4-7)..

In fig., 4 we report the corresponding analyzing power for
the same energies of the protons. We define the analyzing po-
wer Pg in the- usual way, as the asymmetry

Left - Right (
Left + Rignt

-
B
L2

ok
P

for an incident boam of polarization + 1,

The choise of the scattering angle and of the dimensions
of the hydrogen target and of the counters has to take into
account the following features of the proton-carbon intora-
ctions:

- The elastic cross scction is a steop function of the angle
{increasing for smaller angles)

~ Therc is a definite maximum of the analyzing power at ra-—
ther low values of the clastic cross scetion,

~ The Rutheford diffusion has to he itaken into account in
the choise ¢f the scattering angle,

- The analysing power of the Carbon decreasses with cos ¥ ,
“f being the angle between the photoproduciion plane and
the plane of scattering in the earbon,
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Fig. 5 giveu graph whﬂre in tho ordinate there lu the
product of: the time .t of counting multiplied by AN beu s
ing 4P tho error in ‘the measurement of the pOl&le&LlDﬂ of
the proton; in the abscissa there is the angle of scatte-

- ring of the proton in carbon,

The graph has been drawn for an energy of the proton of
180 MeV. It clearly shows that the minimum time, for a gi-
ven error AP, is displaced toward an angle smailer than
the angle corresponding to the maximum value of the analy-
sing powser; this being due to the fast decrease of the scat-
tering cross section versus the scattering angle. The graph
of fig. 5 does not takes into account the contribute of the
rutheford scattering. With the kelp of graphs of this type
the average angle and the horizontal dimensions of the coun~
ters have been chosen, The goometrical angular resolution
we used is reported in tlie same fig. 5 at the bottom,

The vertical dlmen81ons of the counters zre larger than
the horizontal dlﬁGnSlQﬂcv bt cwiltl the general condltlon
that cos ¥& 0,8,

In table 1 are reported Lhe ValHGS of the elastic scat-
tering angleb(% we have chosen at different proton ener-
gies,

The hydrogen target is similar to the type alrsady in
use at Cornell University: the hydrogen container is a ey-
lindrical vessel with & vertical axis. The diameter is 7,4
cm, and it is 8,7 cm high. The wall is a foil of stainlesg
steel plus mylar, with a total thickness per wall of 22
mg/emg. The ves ssel ig contained in a Cyllﬁdrlcal stalnluss
steel vacuuin chamber; mylar windows {3 mg/emq) forx the. ﬂ’
rays and the protons are prepared in the chamﬁ@%@'Th ¢
minium radistien . shields are disposed botw@éﬁ the ¥e8% ‘
and the wail of the ehamber. The diameter of our X ray beam:
at the target, is 4, om This dimension.is definied by a
lead ¢ollimator 18 mm in 'diameter; the collimator is at 2, 3 m
from the internal target (¢,5 wm 73 ) and 8,5 m from the .
‘Hgtarget.

In fig, 6 we give as an example the kinematical situation
of our measurements. The rectangles are determined by the
thickness of the copper absorbers we have chosen and by the
‘dimensiocns of the counters.

The three rectangles which have been drawn refer to ener—.
gies of 560, 700, 80C McV for the X ray beam. Fig. 6 makes
clear the reason why we preferred to use anticoincidences to
define the emergy of the protouns, rather than limiting this
energy by the top of the X ray beam: in this lattoer caso
one would have a proton flux on the carbon whieh is larger
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at smaller angles: this gives rise to an esymmetry bet-..
ween the two telescopes, even if the laboratory-diffe-
rential cross section for photoprovduction does not.ghan
ge with the angle (& .

The proton flux on the carbon scatterer may differ
from point to poin}: as we explain later, we have measu-
red the differential flux of the protons at each energy,
as a function of the angle of emission i .,

The Cerenkov counter is made with a lead glass cylin-
der 18 cm thick and with a diametcr of 35 cm. Light is
collectod by three photomultipliers in parallel, type 6364,
which are in direct contact with the glass,

In front of the Cerenkov counter is a lead shield which
reduces its opening to a diameter of 25 cm. It is possi-
ble, because of the rather high energy of our pions, to
cut by a discriminator the height of the pulses from the
Cerenkov, so that most of the charged pions do not enter
the coincidences. This helps to avoid a possible contami-
nation by neutrons in our proton telescopes.

Part of our mecasurements have been made with a diffe-
ront Cerenkov counter: a cylinder of lucite with a lead con
verter in front 8 mm thick,

Counter 1 has been added in order to avoid the possi-
bility that a neutron coming from a charged pion photo-
production may arrive to the carbom, produce a protomn in
& quasi-elastic collision, and be detocted as & scattered
proton in our coincidences,

The discussion of the results have confirmed to us that
the presence of counter number 1 was not strictly necossary.

We have therefore included in our results some measure--
ments which were taken without counter 1 in position.

Measuroments and controls,

the following order. First, ome of the two telescopes [for
istance that at the right) is aligned with the hydrogen
target and with counter numb.r 1, and the threshkolds of
the discriminators of counters 4,5,6 are fixed to a level
corrisponding to an energy loss &f at least 3 MeV in the
scintillator. BSecond, on the basis of a photographic ana-
lysis of the height of the pulses, the levels of the di-
scriminators of counters 1,2,3 are fized , so that they
certainly count the protons and only a very small per-
cent of the pions. The further discrimination against the
pions is made by the Cerenkov counter.

The measurements for each % ray eonergy were taken in
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Third, the threshold of the Cerenkov counter is fixed
to a value, that makes the counting rate quite independent
from its voltage.

Similar preliminary measurements are made on the tele-
scope at the left, and by altermatively aligning the rlght
and the left telescope we verify that the counting rate is
the same within statistic {(uswally within 4%]).

Afiox thage controls have doon made the two telescopes are
finally set at the choseu scatiering angle and the measu-
rements starts. Measurements with and without liquid hy-
drogen in the target, and with ddays on the Cerenkov coun-
ter, on the counters 1 and 2, on the counters 4 and 8 are

taken in order to measure accidentals. Every three to four ..

hours each telescope is aligned to ceck that the counting
rates are equal,

At each chosen % ray energy the distribution of the
proton flux on the carbon scatterer was made: this measu~
rement . is necessary to deduce the polarization from the
neasured left torght ratio.

To do this, a counter {numbser 11 which is 2,5 cm large
and 25 cm high) is placed just in fromt of the carbom, in
line with the hydrogen target and one of the two teleseco-
pes; thus we measure the coincidesnces between counter 11
and the telescope plus Cerenkov for three different posi-
tions of counter 11 in front of the carbon. This gives
the change of the proton flux with the angle ¢ of tho
recoils protons emitted from the hydrdgen; in this way
the possibile different efficiency of the Cerenkov at
different angles is automatically taken into account. The
results of these measurecments are reported for a few ener-
gies in fig. 7.

One of the main difficulties in our measurements is due
to the fast dependence of the proton-carbon elastic cross
section on the anglo: as a consequence any local differen-
ce in efficioney of our large counters may give rise to
an appearent asymmetry . To be safe from this effect some
further controls were made:

-

a) Measurements heve been taken of the protons scattered
from the carbon at different angles between 0° and 16°
to the left and to the right , at cnergies for which
the proton flux arriving to the carbon was rather uni-
form., In this way we could make sure that the angle
zero coincides with the symmetry axis of our systemn,
for those small angles for which the polarization ef-
fect is negligible, and that the iwo telescopes are
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really equivalent also where the proton intensity changes
very fast with the angle.

b} Measurements have been made with the carbon substituted by
an equivalent amount of lead, and placing the telescopes at an
gles of four to six degrees. Considering the large contribu-
te of the Rutherford scattering and the lowér analyzing po-
wer of the lead , we should expect equal counting for the
two telescopes. The good results of these control measure-
ments strongly contribute to increase our confidence in our
results.

§ 4- Rosrits,

Our results are reported in tables I, II. Table I refers to
the high energy channels R. and L and table II reports the
results from the low energy channels Ry; and L. Ey is the
average energy of the photons producing tho nrﬂ%ons Fgﬂ is the
naximum energy of the ¥ rays spectrom; ﬁEf’dS the emnergy in-
terval of the photons which contains 75% of che counted pro-—
tons, & 1s the average angle of the emitted protons in the
center 0? mass

T is the energy interval of the protons, € is the thickness
of the gecattering earbon.;J is the average scattering angle
of the protons in carbon. Colhﬂﬂ 8 specifies if the counter one
18 in position or not. Columns 9 and 10 give the total number
of protons scattered to the left and to the right, not vet cor
rected for accidentals and background. Columns 11 and 12 give
the intensity of the protons scattered to the right and to the
left respectively, per 10 equivalent guanta, correctod for ac—
cidentals and background. In column 11 the raulo is given bet-
ween the right ahd the left intensity, and in column 12 the asym-
metry is given, defined as

{

ﬁi=s
15%

“‘“-:._“NHM g

L -
L

el el

+ WAL

The results of columns 11, 12, 13, 14 are already correcied
for empty hydrogen target and for accidentals, but they have
not heen-corrected yet for the contribute of the inelastie col-
lision. This contribute is caleulated in § 5, When the contri-
bute of the inelastic events is subtracted, we finally obtain
the correct value £ of the asymmetry. This value is given in
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in column 15,

Buring the measurcmentis the average intensity of our col~

limated ¥ rays beam woo cf the oxdor of 2,5 10" oghivalent
quanta por minute.

8 & -Analysis of the data - corrcctions.

In order to got the value of the polarization P from the

measured left to right asymmetry, one must introduce a num-
ber of corrections, We give a list of those we took into
consideration, The correction ¢} is the most important of

the group.

a) Empty target corrections ahd accidentals.

b) Unwanted detcctién of other processes than the single neu~
tral pion photoproduction.

¢) Interactions of the iecoil praiahs in the copper absorbers.

d) Different proton flux at different points in the carbon,é

that is in diffeient p01nts in counter number 2,

[s21)

Inelastic collisions of thé protons on carbon: The protons
emitted in the photoproduction process which initially have
an energy higher than the energy defined in the two Chuﬂ~
nels of .our telescopes, may undergo in the carbon an 1nelaﬂ
stic collision which reduces their ensrgy, and may therc;
fore enter ohe df the two proton chanmelsi The left to right
asymmetry ¢f the protons in these inelastic collisions . is
definitoly smaller than in the elastic ones: as a COﬂSGqHLﬂ
¢ce the inelastic processes, if not subtracted; have a ten-
dency to reduce the total analysing power of the Carbon,

We deseribe in the following the method we used to sstima-

te the corrections, when we decided we had to take them in%@
account,

Estimdte of correetion a). The large intendity of cur maehlu

ne makes the quality of our electronies gquite impoxtant. With
our fast coineidences, and by properly clipping the Ceronkov
and the other counters wé succecded to reduco the a001dentals
to about 10%. The empty target events wove about 5% These
Ufuv1nﬂm events were immediately subtracted from our Pnuﬁ+1ﬂg

AT RS O

Esﬁimate of coriections b}, c¢}. We did not imtroducc any

correction for thesc effects, I fact many checks made it eclear
that we weére really counting single 7T, events: the excitation
curve of our protons, the size of the pulses in our counters,
the resulting value of the absolute cross section, etc. The ana-
lysis of the possible kinematioeal conditions, togother with

any reasonable assumption on the differential cross section,
brought us to the conclusion that the contribute in our measu-
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wents of the double production of pions mav be disregar-
ded, We also did not introducs any correction for the in-
teractions of the protons in the copper absorbers: this
effect is symmetric in the two telescopes, and only may
oiightly chango the definition in energy of ocur chaunola.

. Estimate of correction d). The differential flux of the
protons in the Carbon has heoon measured by the 2,5 cm coun
ter as deseribed in 8§ 8. The correciion for this lack of
symmetry is taken into account when we deduce the polariza
tion of the recoil protons with the Montecarlo method Qgee

- Lstimate of correction e). All our information on the
quality of the carbon as an analyzer for measuring the po-
larization of the protons comes to us from other experi~ (4-7)
ments, in particular from the syncrocyelotron experiments = 7,
These experiments give us the left to right asymmetry and
the differential cross seetion in the elastic collisions of
protons on earbon at different enorgies. It is nccessary,
to usc th.se rosults, to substract from the elastic events
those which arc due to the inelastic collisions in Carbon,
for which the cross section and the left to right asymme-
try in unfortunately not as well known. Afier this substra-
ction has been done, we can make the estimate of the analye~
ting power of our system in respect of the protons which
have been clastically scattered in our telescopes and which
have cntered ou¥ channsls,

- The correction may in principle be applied on the follo-
wihg lines. Call/#*¢” 1. the differential cross-section for
T, dXA T in |

an:inelastic collision of 4 proton on carbon, when it looses
an energy T and is seattersd an an angle X : call E the ener
gy'of the incident proton., Call 2% the differential cross
section for clastic collisions of&%fotdhs di Car@on. Rach ohe
of "our telescopes detects protons of a given (ﬁl E~E, - El
enprgy interval (actually thore are, as we said in&2 | two
energy channels per tolescope, and our calculation has heen
made for sach of them.

-Call N{E} dE the number of protons of cnergy E-dB cmitted
from the hydrogen and arriving to the Carbon, With this defi-
nitions, the number N . of protons elastically scattercd at
thé angle X when the proton flux arrives toc the carbon is

{2) Neg = w. AL da Wi
— . dx .

e f

;ﬁ.ﬂlbeimﬁthe s0lid angle of our telescopes, and n, the num-
ber of carbon nuclei per square centimeter.
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The number N'n 1 of protons inelastically scattered is:

R

=&y

?._ b g «:
i/ ‘ ' ' .
i | f b T Y 3 éT
(3) Nebz n. AL [ w ‘—{(3 Lo fgd?(
Y v EA L',}’E PfE}g«: - f«%fiﬁftxf T/ ‘ jsﬁi%j!;@i
4 fE-Ey E o
Whuro B - is tho maximum energy of the protons for the Ji-
en maximium energy of the beam,
Should the value of (222 . » be assumer to be indepon-

N

dént of T in our energyLJ’ﬁﬁ ¥ interval {(Z - E1}e—(E - 52)
then the ratio of the inelastic -golliscion to the clactie
ones may be written as:

W e e« | (EE] iff‘i}fﬁf‘?’%ﬁ
Net B2 T T o
do MNEY e 2
= d-ﬁi

The integrals contain the proton spectrum N(E)dE, which

can bo expressed by the differential cross section in the-

laboratory system for photoproduction ’ﬁﬁ? , the efflclen~

¢y C of the Cerenkov counter and the derlvateﬁm.gh
of the energy of the producing photon versus the protoen
energy E 2t our fixed laboratory angls.

If we disregard thé contribute of the inelastic collisions
inside the chamnel, that is the second integral in the nume-
rator of (4}, fotrmila (4) bocomes!

Eanay :
(4o }

el
il
-
[
e
(23]
=
T
Vil
v e’
e
»)

) S
%
A
b |
by

Vi
‘:i{
B
[
A
2,
LN

where 5} is the angle of cmission of the proton of energy

E from the hydrogen target.
The quantity G is a function of
lated by for our geometry, whils

and has been calcu-
3 is known from previous

Ei

f,::,}&f =

L N
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(1)

experlmerts.

- The ratio (52 may be therofore calenlated provided that
the f }: s arec kuown. It is just the l1li~
mited knowledge™ %’ o

5% ofg 2 |, that makes somewhat
yncertain the estimate of (5). %ﬁwﬁﬂ'“* (7)
. The valuse ofeﬁﬁzﬁ'}thas been measured by Tyron and Maris
in the angular #«d4T™ rogion of 5°¢ - 49° (which includes
the values interesting for our telescopes), at a kinetic enexr
gy of the protens of 185 MeV, and in the energy interval
o6 T <85 MeV,
 This nice piece of information in unfortunately limited
to the energy E = 185 MeV. The value offmf%ggﬁgaexhlblts
a few peaks, clearly connected to some knbéwn carboxn %pvels
for 0 < T< 15 MoV, and varies in the limits 0.5< & é?4:LJ
mharns per steradlant per MeV for values af T betwezn
15 and 35 MoV.
¢ The only informations at cnergics E > 200 MeV has been
indirectly deduced ffom some absorption measurements af
Ghamberlain and cow. Wp have interpreted their results
a8 an indication that 3% = . 7 millibarns/Stor MeV ab
E % 300 MeV, and 20 < T < 150 MeV.
f The funetloniﬁmﬁi }and the polarlzatlon af the protons
may he considerdd*¥T/™ rather well known in the region of
the low cmergy levels of the carlon .

Having at disposal this limited amount of information,
we calculated our correction for the inelastic events
using Tformula (5). The fuﬂCthﬂfﬂim y- has been assumed
to Yo of the form: AL AT F i

LI ~ 1= -
ﬁﬁ*} 552~ 1 sk a g
) 3& < ﬁ;“; 5 EZJL 3\'{ i""‘

and ¥alid in the energy lnterval 180 & 300 MeV: ({this va-

lue is in agreement with the rosults at 185 and 300 MeV).
As we said, in formula (5} the centribute of the inte-

gral

g

/ ' 4° 2% R N o
{:. ;" . ?V i‘m; &5 ?in_
jyy r iﬁﬁi:{ } b

i

given in {4) has beon disregarded., This corresponds to
include among the elastiec collisions the quasi elastic

ones, for which T & { By = E1). The average value of



e .

T is in this cas e - - Tk o vhe equality being

valid for a cost gt value of ™ ¢ ’\} j , which is not true,
being the cross section gene Tallfi% e larger for small
values of T. IN our casec we have T £ 10 MeéV, and one does
not introduces an apPTGCI&blb Brrox assum1ng for thesc
excitation cnergies a polarization comparable with that
from the clastic collisions, )

. Lot's call A the ratio Miet /p/,.. Once the value of A
is known, it is possible to geot the correct valuo ofthe

asymmetry £ ¢ J
g - {J%’:‘f";‘%} Lo tadng,

In tables I and II the vhlues of £unc and the values
of ¢ (columuns 14 and 15) for different proton cnergies are
given, - :
' An altcrﬂatlve way is offered to us in order to esti-~
mate the contribute of the inelastic collisions, or at least
to verify the validity of our corrcctions. As explained in
ﬁ 2 we have the pOSQIblllty to measurc protons of a given
eﬂergy interval BEo-E, in channel I or in channecl II. The
left to right asymmetry of the protons of a given emergy
has to bo the same, indopendently from the channel where
they are revealed, but for the contribute of the inelastic
collisions, wich are relatively more in the second Chuﬁnbl
dnd have a tendency to reduce the asymmetry £ unc in this
¢hannel. Once the corrections for the inelastic collisions
have been made with the method we outlimed above, we shall
have the same value of £ ; inside ths statistical errors,
for protans of the Bams embrcy 1nterval 1na0ponaently
from their channel. The theeck is quite eff1c1enm, due to
the different distance of the two channels from the top
energy of the protons,
~ The results of this check confirm our method, In Table
ITI and in Fig. 9 we added togheter the asymmetries resulting
from the first as well as from the second chammel.

B o

§ 8 ~fhe co 'utation of the polarization P from the corrected
asymmetry. The Montecarlo method.

Let's eall Py {o ] the analysing poxer of the carbon at
the angle of , that is the asymmetry F"—L———B— for on inci-
dent protoﬁ‘ﬁgaﬁ.of polarization + 1. Let¥s*eBll P the pola-
rization of thoe recoil protons we are measuring., As well

known , the relation holds:

(6) £€=Tlt] P



Relation {6) is exactly valid at a definite angle oL .

In an extended telescope a range of angles < is inte-
rested and the value of P, is an average abtained from a
proper integration on all possible angles = . The inte~
gration has heen perforned on the following lines.

L4t's consider as an "clementary" telescope, that ele-
ment of our telescope which dotects a proton emitted from a
given point of the dz target and scattered in a given point
of the carbon with given angles of and f { a? is the an-
gle among the photoproduction plene and the plans determi-
ned by the proton lino® of flight before and after the col-
lision in the carbon , that is the scattering plane: p{is
the angle among these two linmes of flight]).

¥e have divided the counters M,N {ece fig. 9) in 4x8-32
elements, and in the calculation each clement is replaced
by its cemter. We have caleulated the probability Fy,g} for
having a proton emitted from the H, target, scattered im
the carbon, and reaching a given element i of the counter
at the left or at the right. This implies integration on
all the possible positions in the H, targoet and in the carbon.
The Hz target may be approximeted by a short segment along
the y rays direction.

By this approximations the probability for the protcn to
get the ith ¢lemrnt of the counter is given by an expression
of the type

(RS A S ool S E R L

5"“’1 }jk. {77 A - b A . wodo b .
{(7) i ;—;g o I/ = B - ;}ﬁ F’,%O%"} 45 y AR {ﬁ{jf{;:‘:le.,
where the factor K was introduced to take into account the
difference in proton flux on the carbon from point to point,
d8 represcnts the elementary surface surrounding }he p01nt
on the carbon where the scattering tekes place, X is the
coordinate on the hydrogen target. The integral (7) has
been computed by the Montecarlo method.

The function ;ﬁ? is the differential elastic cross
seetion in carbon, 4 which is different at the left and at

the right for polarized protons; it is given by

/g){ # ) A ) )
Li:) g\,ﬁ>gv {:i +}Q}Z (x) o &i’;ﬁt the lefti

f{,{‘g‘} {A47) [_4 PP (e jat the right
‘T‘E:“ g{j;_;‘x_ ;‘;{'gij‘; - - i

L3N N
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The total fluZof protons at the left and at the right
is obtained by adding each contribute Fy as givem in {(7):

- . -

22 3. i ]

st e ¢ Pul S hms
— R dm oL ‘E*"?
ook o 2 v iR
[ ’?"""” " Lo PR 1

4 o i

The final asymmetry is givea by ¢

F. - F
- L~ 'R

o
FL + FE

The relation between the asyrmetry £ and the proton
polarization is linear, and in ovder to have it, it is
onough to ostimate the value of & for P =-1 and for P =0.
If the proton flux on the carbon is uniform, it evidently
has to he £ = O for P = 0, In the other cases an approxi-
mate caleulation of £ per P - 0 was made, by dividing the
carbon in three parts, and using the experimental results
on the proto, flux in carbon we already reported,

For Pewlthc integral {7) has been computed by the Finac
electronic computer of the Istituto Nazionale del Calecoloy
using the following method. One point ( ¢ S ) within'
the limits of the integral was cxtracted at random, and
the value of the function Iz ( § ,S), as gived in (7}
was caleulateds After a sufficient number of random extra-
ctions N, wé can ovaluate the medn value of Ij

M

o = U S
T [ ‘i"{:“““ﬁ };,&i f ! :}}
pox it
N

ot -

The product :[ xxﬁfgwg . V%’S being the volume within
which we integrate, gives the Montecarle value of the in-
tegral given in {7}. |

The sizn and the value of ths polarization

%o have found a Right/Left ratio larger than one in all
our measurements, and we made our measurements at the right
of the ¥ ray beam {see fig, 1). The intemsity of the protons
scattored from the carbon is therefore lower at the telesco-
pe whiech is closer to the Y ray beam. By knowing the ana-

W
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lyzing power of the earbon, we can say that most of our
protons emitted from the hydrogen target have the spin’
down. If we define the sign of the polarization by the

veetor i ¥ { as we show in formula (8), then the sign of
our polarization results to be negative.

In table III we give the results on the polarlzat19n°
The energy of the ¥ ray beam is given in column (1};
the asymmetry £ as resulting from the Montecarlo method
when the incident protons have polarization P = -1 is
given in column {2}: the same for P=0 in columm (3};
column {4} reports the experimental value we found for
the asymmetry {which is negative according to our defi-
nition}, and finally we give in columm {5) the value we
found of the polarization of the recoil protons.

The value of the polarization P as a function of the
¥ ray emergy is also given in fig. 10.

Wo remark that our results at 700 MeV and 350 MeV
are in agreement with the results of Stein (8) .

Discussion of . our resulis.

A general discussion of the experimental resulis in
photoproduction has been recently made by Peierls {3),
and we shall refer to his work.

In partigular this author has given a general table
of the angular distributions and polarizations in pho-
toproduction, and we will make use of his results.

His assigneoments have heen done on the basis ofj7r
and 7T © photoproduction, and of the polarization up to
700 MeV; his attribution of the states is reported in the
table IV, We shall sce that our results agree with his
general assignements, but differ in the possible estima-
te of the relative amplitudes of the levels,

The more interesting characterystic of our results is
that the polarization remains rather high from 550 MeV up
to 830 MeV, as if at each emergy two or more interfering
states, with a resulting polarization of negative sign, were
present. In particular no minimum of the polarization
appears around 700 MeV.

Wo must therefore look for thoss states who can descri
be the already known results of the differential cross se~
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ctions for meutral and positive piomns, and who can produce
a polarization of negative sign in the notation of Rierls
and rather counstant in our range of energies.

a) Assignement of the levels on the basis of the sign of the
polarization.

The results on the differontial cross seoction and on the
polarization at 700 MeV or less avre in gualitative agreement
xith the assignements of table IV. In the iphotesis that on-
1y the three levels A,B,C are present, the expression of the
polarization bhecomes:

~5 .
{?i}is a unit vector normal to the production plane, which
we define as:

il d ~F
F- i%{:’ﬂl\b%ii
Ay ] T ey ' . R
* fﬁf1§f ; boing K, % the momeniw of the

incoming photon and the outgoing pion in the c.m. systenm.
é%%;is the photoproduction cross secticon foxr 1O production;
it"is given by

(o) AT . A s.3x?) L RE(E D3 42V, 3 Y, 2L
- s e [ o P i e ki{x w"‘:’v' 7;.5‘{’,- ;:.'M_-‘."‘».—""‘l
:fz'f_.;l & 7 i i 2 i_;! ;‘5".‘3’% {.'5 4 J_ﬁ!}m

v AT e 9 1 L8
- 2HE X L"m{{“’émﬂﬁ) + Y3 A r-«{ i ?:X%} LT3 {(3,;5 Ce.

E ir L2T- T TN ] -
1 5 be ;& € are the amplitudes of the level pro-



ducing the first , second, third resonance rigpoetively
A,B,C may be positive or negative and we restrict therefo-
Te ﬁhe phasis & o lie between ¢ and T

Our oxporimental results refer to X=0, In this case the
AC intercference term is zerc in {8)., The two remaining terms
AB BC both givo a negative polarization, This comes from
the fact {see table IV) that A,B,C are of the same sign and
that the phase difference only varies between O andmi". Ihis
sign of the polarization both at the left and the right of
the second resonance agrees with our experimental resulis.

b) On the amplitude of the levels at difforent energies,

The analysis of Poieris has been done under the ipothesis
that polarization is small or absent above 700 MeV. This was
indicated by some preliminary measurements quoted by him,
which does not seem to agree with our present results. In
fact {see figure 10)we find s definite negative polariza—
tion and this result may somewhat change the dlSCﬂSSlDQS
as developed before.

It is roasonabl® to assume that the amplitude of G is
negligible Jelow 700 MeV. In fact there is no evidence of
appreciable terms x iy the angular distributions helow 306G
MeV , this implying that at lsast at 700 MeV({ & ATRY I
this case the high polarization we observe at 700, 750 Me]
pust bo due, according to 7}, to the interference AB: that
18, the amplitude A of the first rescnance extends beyend
700 MeV,When the energy increases the contribute of the AB
1ﬂtarfe*eﬁce decropscs, but at the same time the interferen-
¢e BC comes aut and this can explain our experimental result
that tho polarization remains rather costant up to 850 . MeV.
Qur statistical uncertaintics do not allow te steblish’'if
there is a real minimum arcund 750 MeV,

Just to fix our ideas we tried to calculate the polari-
zation on the following hypothesis: amplitude 4 vanishes
only after 800 MeV; amplitude B has a2 maximum at 700 MoV
and an extension corresponding to a width of the second re-
sonance of about 120 MeV; the amplitude C starts from 700
MoV and has a maximum at 1100 MeV. In these hipothesis and
with a resonable assumptions an the phasis we found values
of polarization at difforent energies which are consistent -~ -
with our resulis.

Vhile we believe the gualitative indications that we
derived from our results, we do not comnsider comvenient
to try to get more quantitativs results, because we reali~
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se that, with the present large statistical exrors in the m-a~
suroments of the polarization and cf the differential cross se-
ction, is mnot yet possible to obtain in an unambiguous way the
value of the amplitudes of the uultlpole states also supposing
that only states A,B,Care contributing in this range of ;ener—~
gies, It is certain that more refined work remains to be done
in this energy interval., In particular for the polarization,
it may bo 1nterest1ng to examin the function ¢ggﬂat other an-
gles than £ = 900,

In conclusion, our results agree with the hypothesis that:

4} The threo states A,B,C corresponding to the first, sécond
© third rescnance, are sufficient to explain the singlec o
phetoproduction in the range of energieg 500-900 MeV.

Z} The three states A,B,C have multipole order 1, total angu
"~ lar momentum J, parlty w, sign, isotopic spin, as a581gned
in tablo I%, ;

33 The rosonance A extends its amplitude rather bayond 700 MeV,
" {for instance up to 800 MeV), |

4} The resonance € has an amplitude of the samo order a8 . B,
- and starts to be important from 750 MeV on.
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RIASSUNIﬂe— E' stata misurata la polarizzazione dei proto-

ni di rineulo nella reazione J+ P -%F P'T'", usando il fa-

scio % dell'elettrosincrotrone di Frascati; le misure 5610

eseguite ad un angolo corrlspondente a 909 nel sistema del

baricentro, nell'intervallc di chergia dei 3 di 500-9C0 MoV,
Si & unata una tecnieca di comtatori; la polarizzazione dei

proteni & ricavata dalla asimmetria nella diffusione elasti
ca, a sinistra e a destra, dei protoni contro carbonio.:

I risultati sperimentali sono dati in tab. IIT e in fig.
10. E' stata itrovata polarizzazione diversa da zero, som-
pre dello stesso segno, a tutte le energie misurate e pro-
cisamente : P=-0, 4+.14 a 560 MeVi P--0,63+0,23 a 610 MeV;
P==0, 6+0, 25 a 650 MeV P=i(, 57+0;12 a 700 MeV, P=g, 88+@ 09
a 75@ WeV P=-0, 5+0, 17 a 800 MeV; P=0,5+0,22 a 850 MGV

La discussione di questl risultati sperimentali, insie-
me a quelli sulle distribuzioni angolari, porta alla conslu-
sione che essi sono in accorde con 1'1gotesi choe la seconda
risonanza sia una tyansizione EE e la terza sia una
transizicne (Ez, fs/z].



