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Linearly polarized bremss.’crohlung has been already used by Drickey and Mozley(l) to
study /2° photoproduction at low energy. They used a small cone of the @& -ray beam of the
Stanford linear accelerator from an ordmary radiator. :

We used for the same purpose the coherent bremsstrahlung beam(z’ 3) of the Frascati
1 GeV electronsynchrotron, obtained by using diamong single crystalas a radiator, This beam’
has two essential advantages with respect to an ordinary one: first of all, its energy spectrum
s "quasi monochromatic', i.e., there are some peaks which are movable along the spectrum
by changing the angle 6 between the electron beam and a crystal axis. Thus one can fix the po
sition of a peak.so asto obtainthe largest number of iiseful photons in the required energy ran
ge. Further one of the peaks is strongly linearly polarized over the whole bremsstrahlung co
ne, Plots of the calculated energy spectrum andits polarizatlon togheter with experimental re
sults were already publ1shed(2 3).

Flg. 1 shows up-to-date results for diamond at room temperature. The abscissa is
the fractional energy x = k/E1 of the photons with respect to the primary electrons. The lo-
wer curve represents, in arbitrary units, the calculated bremsstrahlung intensity I(x, 8), i. e. ,
a quantity which is proportional to the number kn(k), where n(k)dk is the number of photons
of the entire bremsstrahlung cone, whose energy is beiween k and k + dk. The upper curve re
presents the polarization ‘

: S Ny~ Np

Nt + Np g

P(x, 0) = (1)

Nt and Np are the number of photons of the entire beam with polarlzatlon perpendlcular and
parallel, respectively, to the plane determined by the momentum p1 of the incoming electron
and the crystal axis [1 10]. The angle between py and the axis [1 10} is 8 = 1°10', The axis
[001] is supposed to be in the plane determined by 5’1 and [110] . The electron energyisg1000
MeV, . The two curves-are corrected for the finite energy resolution of the pajr spectrometer
used to measure the spectrum(z) and for the dependence on k of the pair production cross
section in the pair converter, No correction was made for the multiple scattering of the elec
trons in the diamond radiator (which is a slab 2-mm thick, cut perpindicular to the axis [110]),
nor for the finite collimation of the % -ray beam and for the finite size and angular divergen-

~ce of the electron beam.

(%) - Now af Cornell University, Ithaca, N.Y. (U.S. A )
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FIG. 1 - Coherent bremsstrahlung intensity I(x, 8) and its polarization P(x,0) as a
function of the fractional energy x = k/E; of the photons. The diamond crystal is’
at room temperature, with the axis [110] at the angle 8 = 1°10" with respect to
the direction of the primary electron. The axis [001] lies in the plane determi-
ned by the primary electron and the axis [110]}. The electron eneérgy is E4 = 1000
MeV. The lower curve gives, in arbitrary units, the calculated bremsstrahlung in
tensity 1{x,8), which is proportional to kn(k), n(k)dk being the number of photons
of energy spread dk at k. The upper curve gives the polarization P(x,8). The cur
ves are corrected for the pair spectrometer resolution and for the variation of the
pair production cross section in the converter. The crosses and the circles repre
sent the experimental results, obtained with the plane of the axes [110] and [OOIT
horizontal and vertical, respectively. The %¥-ray beam collimation was 1.5 mrad.
The ‘statistical error is of the order of the size of the crosses and circles.

FIG. 2 - Same conditions as in Fig. 1. The abscissa is the angle 8, between the e
lectron direction and the crystal axis [1 10}. The lower curve represents the ra-
tio of the bremsstrahlung intensities at x=0. 333 and x=0. 850. The upper curve re
present the polarization for x=0.333. The curves are corrected for the pair spec
trometer energy resolution, for variation of pair production cross section in the
pair converter, for multiple scattering in the diamond radiator, and for the finite
collimation of the 7 -ray beam. The crosses and the circles represent the experi
mental results obtained with the plane of the axes [110] and [001] horizontal (the
polarization is vertical) and vertical (the polarization is horlzontal) respectively.
The collimation of the ¥ -ray beam is 1.5 mrad.
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The crosses andthe circles in Fig. 1 represent, in arbitrary units, the measured num
ber of electron pairs per constantnumber of monitor units, obtained with the plane of the axes
[110] and [001] horizontal and vertical, respectively, The 9 -ray beam collimation was 1,5
mrad. The statistical error is of the order of the size of the crosses and circles.

In Fig. 2 the lower curve represents the ratio I(8, 0.333)/1(8, 0.850) of the bremss-
trahlung intensities at x = 0,333 and x = 0,850, as a function of 8 = & (31, [110] ), the axis
[001] being in the plane of f)’l and [110] . The upper curve represent the polarization for
x = 0,333, These curves include the correction for the pair spectrometer energy resolution
(which is triangular, with the base equal to Ak = 5:10-2k), for the variation of the pair pro
duction cross section and, in a provisional way, for the multiple scattering of the electrons
in the diamond and for the finite collimation of the 7 -ray beam,

, The crosses andthe circles representthe experimental results obtained with the plane
of the axes [110] and [001] horizontal and vertical respectively, In the former case we change
8 by rotating the crystal around a vertical axis, in the latter case we rotate it around a -hori-
zontal axis. In these two measurements only the direction of the polarization is changed and
is vertical or horizontal respéctively. The measurements were made with a ?’-ray beam col
limation of 1,5 mrad. The statistical error is of the order of the size of the crosses and cir
cles,

These and other measurements have tobe done before usingthe @ -ray beam in the J°
experiment, in order to verify the proper positioning of the crystal,

Consider now the process ’
: T +p =T p

from linearly polariz‘ed photons. As is well known, in the region of the first resonance and
below,  where presumably only S and P waves contribute, the differential cross section per
unit solid angle in the center-of-mass system can be written

jj;_* = A + B cos 0¥ + C cos20¥ + O(senzexcosz\/’ . (2)
where 8% is the center-of-mass emission angle of the /2, and ¥ is the angle ‘between the po
larization plane (i. e., the plane determined by the direction of the incoming photon and the di
rection of its polarization) and the production plane (i, e, ; the plane determined by the photon
and the emitted pion)., A,B, C,& are dependent on the photon energy, and are obtainable from
the C, G, L. N, theory(4). In the range of validity of this theory one obtains o = C(1),

Our-measurements consist in the determinétion’of the number of neutral pions produ-
ced in liquid hydrogen at % = 90°, from photons having polarization both perpendicular and pa
rallel to the emission plane. The nominal energy of the photons is fixed at 325 MeV, In these
conditions the %° is emitted in the laboratory system at 73° and the proton at 40, 59, with a
kinetic energy of 61 MeV,

The detection apparatus is completely conventional and is sketched in Fig, 3. ‘It con-
sists of a range telescope T (which includes the scintillators 51,59, 54 and the aluminium ab-
sorbers A, Ay, A3 and the wedge - shaped one), an integral Cerenkov counter C for the detec
tion of the &° decay photons 'and a scintillator A, set in front of C, in order to discriminate
against charged particles traversing C. In the actual arrangement the nominal production pla
ne of the &° is horizontal. The angle of acceptance of the telescope is + 2, 5° both horizontal
ly and vertically. The range of the protons (including liquid hydrogen target thickness) is equi
valent to 3,8 + 0,6 gr/cm?2 of aluminium. By making use of the wedge - shaped absorbér, the
kinematics of the process is so arranged that the photon energy resolution is approximately
rectangular, with a width of + 15 MeV, The acceptance angle of the Cerenkov. counter i + 140
and its efficiency is about 25%.

A telescope event is defined by the anticoincidence
T = (SI+SZ) - (Sl+Sz+S3)

where Sj + S and S; + Sg + S3 are coincidences among the telescope scintillators, This anti
coincidence has a resolving time of 6 nsec, Further we consider the anticoincidence
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Q=(T+C)-(T+C+A),

where T+C and T + C + A are coincidences between the telescope T and the Cerenkov counter
C, and among T, C and the scintillator A; respectively. The anticoincidence Q opens a linear
gate circuit through which the pulses coming from the scintillator S1 are passed. The pulses
coming from -the gate circuit are sent to a 200 -~ channel pulse height analyzer, by means of
which we discriminate between protons and other charged particles by a dE/dx method. The
protons detected in this way represent the X° photoproduction events,

FIG. 3 - Sketch of the experimental apparatus.

Two sets of measurements were performed, corresponding to thetwo chosen directions
of the: p'olarization (horizontal and vertical) previously described, In each set the number of
X? mesons was measured as a function of the angle 8 between the electron beam and the axis
[110] By changing 8 the photon peakig allowed.to move along the spectrum (its height de-
creases by 1ncreas1ng 9) In this way one obtains a result similar to an excitation curve for -
the J"°' S.

We define the counting rates

N“(p) : Nl(P)

NO 3 Yl- 0 K]

Y W=

(p) (p)

where N|1 and Nj "' are the number of J° mesons produced frem photons having polariza-
tion parallel and perpendicular to the (horizontal) production plane, respectively, Np is the
number of 850 MeV photons,- measured simultaneously with N ](P) or N_L(P) by means of the
pair spectrometer (see on the left of Fig, 3). At an incident electron energy of 1000 MeV the
coherence effect is small for 850 MeV photons, making Ng nearly independent of 8. Thus N,
is a suitable monitor,

The counting rates are given by

- ¢ N d6o 7 1 ppT

Y No da L1 2 RE /
N d6 1 3)

= o N dSo 7 .1 57

where § is a constant; N = Ny + Np is the number of photons giving rise toa the reaction; Nd
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was avlr‘eady defined; P is the polarization of the photons, given by equation‘(l); d 6/d is
the 7t° photoproduction cross section from unpolarized photons per unit solid angle in the la-
‘boratory system, i.e., )

d5o _ 1[déy , d&i | daX
do. 2| dax  dnXx| do

where d 63, /d¥ and d63 /dn¥ are the differential cross sections per unit solid angle inthe
center-of -mass system for #£° emitted in the plane parallel and perpendicular to the photon
polarization and given by equation (2)for ¥ = 0 or Y =900, respectively. Finally in equations
(3) we have

dé6L - déy .

R =
d 6%

As we already said, we have chosen 0¥ = 909; thus we obtain from equation (2)

d6o _ ,. _ 2o
d ¥ As R

A

We assumed &= C and evaluated A and C from C.G.L.N. theory. For instance, at k = 325
MeV we obtained(5) A = 26.6 barn/sterad and C = -15.7 barn/sterad, Further we evaluated
the. quantities N, No and P as a function of the angle 0 between the 9 -ray beam and the cry-
stal axis [110] in our experimental conditions, which are: E1 = 1000 MeV for the electron e-
nergy; k = 325 MeV for the photon energy; ko = 850 MeV for the monitor photon energy; direc
tion of the electron beam parallel to the crystal-axes {1 10] [0011 . No, N and P are corrected,
in a provisional way, for the multiple scattering of the electrons in the diamond radiator and
for the finite collimation of the 9-ray beam. In the calculation of the counting rates, we inte
grated equations (3) over the rectangular photon energy acceptance in order to correct for the
- finite photoh energy resolution,

In Fig. 4 the results are shown. The continuous and the dashed curves represent, in
arbitrary units, respectively Y) and Yy , as given by equations (3), The two curves are coin
cidentinthe neighborhood of 8=50' and at large 0, where the polarization is nearly vanishing.
Inthelastpeak (8 = 1007!) Y, is lower than Y} ; the contrary happens for the first peak as the
polarization reverses its sign (see Fig. 2). The experimental values of Yy and Y, ~ are gi
ven by the crosses and the circles, respectively, and were obtained with a collimation of
1.5 mrad. The errors quoted are statistical, A systematic error comes from double JZ° pho
toproduction, as the photon energy goes up to 1000 MeV, and from proton Compton effect; pre
sumably these contributions amount only to several percent, -

- The measurements with the highest statistics were made at 8 = 1°10', where the pola
rization has aboutthe largest value. The reason is that the statistical percentage error in the
determination of d 6 /d(:T“ 'is inversely proportional to the product of the polarization and
the photon beam intensity. At 8 = 1°910' we obtained(6) ‘

: %— =1,37 +0.01 (Experirﬁental)
[l
P = 30,6% (Calculated)

Thus we have, for 6% = 90°

o _ 1-(dei/dey) | 1 1-(Y./Yy) . s
A~ 1+(ds /dey, ) P 1+(YL§YI|) = -0.51-0.01

The value of this ratio, on the basis of the C.G. L. N. theory, is 3. 88. Further we obtain
dey, A= [(1+P)/(1-P)] (¥, /¥y)=1

dey A+« | LI+ P - P (T [0 )

=3.1%0.1

v v,Let ug now consider the values of the coefficients A and C, obtained in other experiments. by -
using unpolarized photons. At the first resonance (for an energy k = 320 MeV, slightly diffe-
rent from ours) the data by Berkelman and Wag'gdnerm) and the more recent ones by Highland
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FIG. 4 - The abscissa is the angle 9 in degrees. The ordinate is the &£ ° counting rate.
‘The continuous and the dashed curve represgent, in arbitrary units, Y, and Y, , respec
tively, as giveu by equations (3), and corrected for the finite photon energy resolution.

The points and the crosses represent the experimental values “of Y, and Yy respective-

ly, obtained with a collimation of 1.5 mrad. -All these data a‘re relative to s mesons

emitted at 8% =90° in the center-of-mass system and produced from 325 MeV photons.
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and De Wire(s) aré available, From these data one obtains

A
— = . + 0. R
C 1.65 10
Then we obtain the very important quantity
Lox AL 0.84 £ 0.06, v _ v (4)

C A C
The error quoted in equation (4) is statistical. A systematic error arise from the prelimina-
ry way by which we calculated the polarization and from the contribution of double /° photo-

production and proton Compton effect, Measurements and calculations concerning thé deter-
mination of these contributions are in progress, C

Our preliminary resultfor ©/C is in agreement with the measurement of Drickeyand
Mozley(l) but is in disagreement with the value expected from the dispersion theory of C. G.
L.N., which, considering only S and P waves, predicts o/C = 1, But this conclusion is not
definiﬁive'a‘t this'stage of the expériment.

We are planing to do measurements also at lower energies, because a precise deter-
mination of & /C in this region is possible owing to the large value of the polarization, Also
it is hoped that this low energy measurement will give information on the Ji-J interaction,
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