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ABSTRACT, -

For the reaction 7+ p — 7'+ p' (proton Compton effect)
we have measured the ratio d6;, /d63 between the cross sections
for linearly polarized photons using the coherent bremsstrahlung
beam of the Frascati electron synchrotron, At 90° in the C. M. and
in the photon energy region 300 £ K < 335 MeV we find

_ +.5
dF“/dsl =2,1 4

In absence of theoretical predictions in this energy re-
gion founded on the dispersive theory, this result is compared with
the values obtained using an isobaric model, taking into account va
rious possible intermediate states.



2.
INTRODUCTION. -

A polarized 7 ray beam(l) can provide further informa-
tion on ¥ induced reactions. Such a beam is a facility of the Frasca
ti 1 GeV electron synchrotron and a considerable amount of investi-
gation on the pion photoproduction has already been carried out with
it.

Experimental data on pion photoproduction cross sections
are now relatively numerous and accurate, and information on pro-
duction from polarized beams and on the polarization of the recoil
nucleon is coming out. Moreover agreement between theory and ex-
periment has been gradually improving in these last years as pro-
gress were made on both sides and nowadays there are many impro
vements on the original CGLN theory on photoproduction which are’
in satisfactory agreement with the most refined experimental data.

For Compton effect, instead, the experimental data, also
because of experimental difficulties are less abundant and precise
and are restricted only to the measurement of the cross sections; no
experiments with polarized photons or on the recoil hucleon polari-
zation having been done. The comparison between theory and experi
ment, which has been mainly made with dispersion theory technique
and with the isobaric model, is not as satisfactory as in photoproduc
tion,

It is then convenient to increase and improve the experi-
mental data, in order to develop a more stringent comparison bet-
ween theory and experiment for Compton effect. This can contribu-
te to a better understanding of hadrons electromagnetic interactions.

Therefore we have measured the quantity Re~ = dey,/d6}
where d &, (d6,) are the cross sections for Compton scattering with
the incoming photon polarized parallel (normal to the reaction plane).

Experiment is made at 9(}? in C, M. and the Rg value is
given for the energy interval 300 - 335 MeV of the primary photon,
where the beam polarization attains the maximum.

BEAM CHARACTERISTICS. -

The experiment has been performed using the polarized
¥ ray beam which is obtained using a diamond crystal as radiator,
The properties of such a beam have been described in (1),

The crystal is oriented in such a way that the electron mo
mentum P, lies in the plane of the [1 10:\, [001] axes, at a small
angle with respect to the {1 101 axis. Then the beam spectrum pre
sents a peak of intensity, to which corresponds also the maximum
polarization, at a photon energy dependent on the angle 6 between —ﬁ



and the [110] axis.
The polarization is defined as:

In(K) - Ip (K)

P(K) = In(K) " Ip ®) K: photon energy

In (Ip) being the intensity of photons with electric vector normal (pa-
rallel) to the [110] - [001] plane.

Data are collected using two diamonds: the plane [110] -
- [001] is vertical for the first one, horizontal for the second one,

In the first (second) case we have an excess of photons with
polarization vector parallel: I (normal: 1 ) to the reaction plane
which is horizontal in our experiment,

Then if Cy,, C.L are respectively the Compton counting ra
tes for the two situations, one obtains the cross sections ratio via the
formula:

dey, |P|®R_+1+(R_-1) Cy

—_ .-

= R = ———
+ _ - ]
ds‘_‘_ 1P| (RC 1) (RC 1) c Cy

During the experiment the beam spectrum has been measu-.
red with a pair spectrometer of energy resolution AK/K = + 4%, The
beam dose is measured with a Wilson quantameter,

In Fig. 1 are shown the spectra for the two diamonds as mea
sured with the pair spectrometer,

Each one is the weighted mean of various measured spectra:
the slight difference between them is due to the impossibility of repro-
ducing exactly every time the position of the crystal,

In the following the counting rates are properly corrected for
the small differences in the intensities.

For any orientation of the diamond it is possible to calculate
theoretically the beam spectrum and polarization,

Fig. 2 shows the average spectrum, together with the theore
tical spectrum which is in best agreement (this last one takes into ac-
count the experimental atomic form factor, Moliere multiple scatte-
ring in the diamond, electron beam proper divergence, collimation,
energy resolution of the pair spectrometer). Besides is shown the theo
retical polarization associated to this thecretical spectrum. This pola
rization is assumed to be the beam polarization.



*ssoUNOTY] 198a8) 01 anp Jnotaeyaq AOUsaIdTjje
smoys oadeys Teprozadeda) ayJ, ‘uorionpoadoioyd ¥ pue 309110
uojpduro) 03 ‘SUOTIIPUOD [BIUSWIISAXS JNO UT ‘dINQTIIU0D YOTUM
STRAJDIUT 9Y} UMOYS dJe STXe 3 oU} Suoly 3 ASaous uojoyd a3
jo uorjouny se (31)d uonpeziaerod Surpuodsaaiod 3y} Jo pue ‘spuowi

BIP 10q J9A0 poSedoae ‘A}TSULUT WES] 9y} JO Jnotasysy - g "OHIA

eI
;oE.x/SN 09¢ 0ze oz (*" Vg, 09€ oze 08z
/ / \\\ //
NOILONQOBABIOHAN AL NOLdWOD NOILONGONJOIOAd o1l NOLJWOD
L S
' 01
(631vIN21V2)
NOILYZI¥YTI0d WvV3E
£ LGt
a3ivinoivo-—-
JOVYIAY
IVININYIINI—
ALISNILNI Wv3d
siiNn 0%
Md ~AIVHLIEY
oDl

‘TeAgalur £§aouo
jtun aad suojoyd jo Jaquinu 8yl ST ()N
saayMm I<(SI)N = (3I)I se pauriep ST (3)I
‘spuowrerp omi ay} Joj 3 A3aaus uojoyd
a} wo uotTiouny se (3])I L11suslul Wesq

X3 8y} jO JnoiAarvysg - 1 'Oid

007 0s€ 00¢ 052

GNOWVIA TVIILY3AZ
QGNOWVIG TVLNOZIYOH:L

ALISNILINI Wvag

—N

r0¢
S1ENN
A”vHlIgHY

(M




This general procedure for obtaining a reliable value of
the polarization has been devised by G. Bologna(z).

The error on the polarization may be due as to the appro
ximations which are present in the calculus as to statistical uncer-
tainties in fitting the experimental spectrum. As a reasonable esti
mate we have assumed AP = 0,01,

Finally we remark that the K interval where the polariza
tion is high enough to allow a measure of d 6';,/d61 with a reasona-
ble error is relatively small: ~ 80 MeV. Therefore it is not possi-
ble to obtain an energy behaviour of dG‘"/d €, without changing
the setting of the diamond.

EXPERIMENTAL SET UP. -

The observation of the Compton effect is made difficult
by the concurrence of 7© photoproduction, :

We separate Compton and J£© events, following a method
previously used by Deutsch et al, (3) comparing the measured photon
direction with the one expected according to Compton kinematics, In
order to accomplish this, our experimental apparatus has to measu
re both direction and energy of the proton and the photon direction.

The experimental set up is shown in Fig, 3. The target is
a liquid hydrogen cell of 3 x 3 cm? cross section and 15 cm length,

At 44° respect to the beam direction we have the proton te
lescope. It consists of two thin plate spark chambers for direction
measurement and of a 20 gaps range spark chamber of total thickness
21 x 0,5 =10,5 mm of Aluminum. Plastic counters S1, Sg, S3 define
a stopped proton according to the electronic block diagram of Fig, 4.
The S1 pulse height is analyzed and the S1 Sg photomultiplier voltage
are adjusted in order to have small pion contamination,

Along the proton path we have two helium bags to decrea-
se proton scattering and therefore the error on its direction,

On the photon direction (75° respect to the beam) we have
a veto plastic counter A, a shower spark chamber and an integral
lead glass Cerenkov counter C., The shower spark chamber has 2
thin Al plates followed by 19 thick plates (each one being a sandwich
of 1 mm Al and 0.5 mm Pb) and finally by other 2 thin Al plates.
With it we determine first the conversion point of the photon and after
its direction joining this point with the target point obtained extrapola
ting backwards the proton direction. The conversion efficiency of the
shower spark chamber is about 70%.

The master pulse which triggers all the spark chambers
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is given'by T +C + A (see the electronic block diagram on Fig. 4).

The proton solid angle is defined by the S counter and is
0,0021 Sr. The Cerenkov has a solid angle of 0,021 Sr; its geometri
cal efficiency, averaged overtargetsize, is 84%for Compton events
and 7.5% for TO events. This geometry has been choseninorder to
reduce as possible excessive T° bakground and get a good Compton
O background separation.

However, as we are measuring a ratio between cross sec
tions, geometrical efficiencies will not affect the final result.

Moreover, in the course of the experiment, we have lost
a fraction of the more energetic protons ( ~ 20% of the total). In fact
the dE/dx values for protons and pions are well separated at counter
S1 (because it'is followed by more absorber) while for counter So the
re is a partial overlap, In order to achieve an efficient pion rejection
we have set the Sy voltage at a relatively low-value so that we lose in
Sg a fraction of the protons with lower dE/dx or, that is the same,
with higher energy. However this is of no importance for us; first be
cause we are primarily interested to the less energetic protons co-
ming from the polarized region of the ¥ spectrum and second becau-
se we are measuring a ratio between the counting rates.

The energy intervals for the primary photon which contri-
bute to the two reactions are shown in Fig, 2. The spectrum position
has been chosen so that the T'© zone falls on the low intensity region
and the Compton on the high-one, In such a way we may reduce of a
factor ~ 2 the ratio /L° background/Compton respect to the use of a
conventional bremsstrahlung spectrum. ’

DATA REDUCTION, -
All our events have been divided in two energy intervals

I interval 300

S

‘K £ 335 MeV
II interval 335 £ K £ 370 MeV

where K is the primary photon energy (calculated according Compton
kinematics). It must be emphasized that, there being a 50 MeV ener
gy separation . between incoming photons which contribute respective-
ly to Compton effect and to 2 ° photoproduction (with the same pro-
ton kinematics), the &° events which are classed in these intervals
lie respectively in the energy intervals 350 = K < 385, 385 £ K<
£ 420 MeV,

In the first interval we have the maximum of polarization
and for this we will give the ratio of cross sections. Results from the
second one will be used as a check because we expect here almost
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equal Compton and T © counting rates owing to the small value of-the
polarization.

We have collected about 33. 000 events of which ~ 21, 000
lie in the first interval and” #v 12, 000 in the second one.

From the scanning of the pictures of the events we derive
the following quantities:

Op : proton angle respect to the beam

’I‘_p : proton kinetic energy
G’JS : photon angle respect to the beam.

Then with the formulae of Compton kinematics, we calculate,
from Qp, Tp, the expected photon direction be«T. Then we define two
angular deviations:

A8 =8qT - Op5
A : angle between planes (K, p) and (K,K')

fg : beam direction

p : proton direction
K' : final photon direction,

Notice that, apart from scattering, should be 4 0 =AY =0
for Compton events, while for 7Z©°, there being no (two body) corre-
lation between photon measured and expected direction 40, AY’ , can
assume any value compatible with our geometry.

So if we plot the events against 40, 4¥ the Compton e-
vents are contained in a gaussian like peak around 46 = 4Y =0 who
se width is primarily due to the proton scattering, This peak will be
over imposed to the & © events distribution which is more flat and wi
de.

In Fig. 7 we present two A9, A‘f matrices which show the
experimental distribution for the two polarizations. The Compton peak
is not centered at 0° because of small errors on the measure of the
spark chambers position.

As an aid to the analysis of the experimental distributions
of A®, 4 these were also calculated by means of a Monte Carlo
method. In the Monte Carlo the experimental conditions are simulated
as accurately as possible putting into it the experimental spectrum and
the known cross sections for Compton effectand 7° photoproduction(x);

(%) - In Fig. 5 (Fig. 6) are shown the experimental values of interest for
Compton(4'7) (x© photoproduction(S)) unpolarized cross sections
and the interpolating curves used for Monte Carlo Calculations,
Polarized Z© cross sections were then calculated using the asym
metry measurements reported in ref, (9).
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account has been taken of target size, of the proton scattering and,
approximately, of edge effects in shower detection.

Becuase of limited computer time the Monte Carlo simu
lated events are slightly less numerous than the experimental ones.
Therefore in the following when necessary the Monte Carlo previ-
sions are accompanied by their statistical error.

We have used the Monte Carlo results in the data analysis
in the following way. We assume that the Monte Carlo predicts corre
ctly both for 7 © and Compton events, the shape of the 48, 4¥ distri
bution. Then the experimental one shoul be obtained by a linear com-
bination of these two predicted distributions.

Requiring that this combined distribution and the experi-
mental one contain the same number of events we are left with only
one free parameter which may be chosen to be the total number of
Compton events. Then we have varied this parameter and we have
made a X 2 test confronting the experimental and Monte Carlo di-
stributions.

We find the value of the parameter for which the xz at-
tains the minimum and correspondingly we obtain the separation of
the experimental events between /T © and Compton events.

This confront has been carried out in the region - 6,9°<
<Ay £+, 59, 702 A9 £ + 59 of the matrices of Fig, 7 for each
matrix number (except the cases with less than 20 events which we-
re grouped together). The fit is statistically acceptable because the
X 2 values obtained are the following

2
Ny : X" min
N, : 7{2min = 156 159 degrees of freedom

161 157 degrees of freedom

The remaining events of the matrix have not been considered becau-
se of systematic deviations of the Monte Carlo predictions for the
tails of the distribution in A®. In any case the number of Compton
events in this region is surely negligible.

The results of such a procedure are shown in figures 8-9
for a central section of the distribution made along the 4Y axis.

The separation between Compton and 7° events has been
carried out also independently from the Monte Carlo by graphically
extrapolating the background shape from the region external to the
peak to the region under the peak. This has been done in several ways
analysing various sections of the distribution both in & 6 and 4Y .
This is shown in Figs. 10-11 where are presented the central sections
of the distributions made along A86. In Figs. 12-13 are reported for
confront the sum of the two diamonds distributions: the experimental
one and the prediction:of the Monte Carlo,
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No 300<€K<335 MeV

500
-3« A9<0°

400

—— EXPERIMENT — EXPERIMENT-T’ (Montecarlo)

+300

——ew T* (MONTECARLO) ———-cOMPTON (Montecario)

k200

L":I A\P pef™ L/ A\f
-69° -3%° +0.3° +3.9° +7.5° 68  -33° «0.3° +39° +75°
FIG.8
Ny
500 300<K=335 MeV
-3'cAp<0°

- 400

— —EXPERIMENT ~—— EXPERIMENT-T*(Montecarlo)

- W°(Montecarto) . COMPTON (Montecarlo)
L300

[am]

200

100

—ay
-6.9° -3.3 +0.3° +3.9° +7.5" -6,9°

FIG. 8-9 - Distribution versus 4Y of the events having -30<
£ 0 £ 00 (this interval is chosen in order to be centered at
the maximum of the Compton peak; it contains about 60% of all
Compton events), On the left hand side the full line represents
the experimental data and the dotted line the 2 © background
estimated using the Monte Carlo - Subtracting this background
one obtains for the distribution of the Compton events the full
line hystogram shown on the right hand side. There the dotted
line represents the Monte Carlo prediction for Compton events,
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The separation of the Compton events from the % © events
is not free of uncertainties due to the peculiar shape of the 480, ay
distribution which is the sum of two bell-shaped curves of different
width, In effect the use of the Monte Carlo leads to a smaller num-
ber of Compton events than the direct background extrapolation, The
ambiguity is essentially due to the background level under the Comp-
ton peak,

However,” both varying the criteria of confront of the data
with the Monte Carlo, both following different suggestions for the back
ground extrapolation the ratio Cy, /C; has little dispersion if one ta-
kes care to follow the same criteria in making the cut on the data rela
tive to the two diamonds.

A greater A0, AY acceptance of our apparatus would pro
bably have made sligthly easier the /T® Compton separation but would
have also required a larger scanning time because of the increased
yield of 7Z° events.

From the scanning we get also the coordinates of the inte-
raction point in the target. In Figs. 14-15 we show their distribution
along the vertical and the longitudinal (parallel to beam) direction to-
gether with the curves predicted by the Monte Carlo.

RESULTS, -

We first discuss the results obtained for the polarized re-
gion i, e, 300 £ K £ 335 MeV for Compton events to which corre-
sponds the interval 350 £ K £ 385 MeV for #%° events. For Compton
events the value of the polarization averaged over this interval is
P = 0.276. As said before we assume that the error on the polariza-
tion is AP = 0,01; however taking account that possible errors in
the position of the interval of the accepted energies may lead to er-
rors in the calculation of the average polarization we take a slightly
larger error on P and write.

P =0.276 + 0,014

Using the Monte Carlo results as described before we find:

C" = 1975 £ 70 753 = 8170 + 100
D = o =
“1 1620 £ 60 E.L 9255 + 95

The errors are statistical in nature and include both the counting sta-
tistical error both the statistical uncertainty in setting the level of the
X0 background. They are computed following the formulas given by
Moravcsik and Cziffrall0) for the errors on the coefficients when using
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the least squares method.
All these numbers refer to the same dose.
For the ratio we then obtain:

Cy
Re =—— = 1,22 £ 0,06
Cy

Using the direct extrapolation of the background we get for
C and C higher numbers:

Cy = 2450 C, =2030

and a ratio Cy, /C) = 1,21 which is in agreement with the previous
one. We stress here again the fact that the uncertainty on the exact
background shape may lead to rather large errors on the absolute
yields of Cy, and C; ; however if one takes care to use the samecri
teria for both the | and 1 distributions the influence of the sistema-
tic error due to background overestimation or underestimation is small
on the ratio Re.

Inserting the value of R in formula (1) together with the va-
lue of the averaged polarization we get:

Re=2,1""°
£=2.1_7,

where the errors are computed quadratically combining the errors due
to R and P (this last one is however less important).

CONSISTENCY CHECKS, -

Summing the results of both diamonds we get the overall
background to Compton ratio:

T Ry
- = 4,85+ 0,15
C Cy+cCy

The quoted error is only the statistical one. Here systematic errors
in background separation are very important. The Monte Carlo predic
tion for it is 5,2 + 0, 15 and has been calculated using the values for
the cross sections shown in Figs, 5,6, The partial disagreement could
also be due to inappropriate choice of the curve fitting the measured
Compton cross sections whose behaviour at the resonance is not well
known since the experimental data have large errors.

Also the 7TP°

N &"f counts show an asymmetry due to the
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presence of a net polarization also in the region 350 % Ey % 385 MeV,
We recall that for 7° photoproduction the asymmetry is in the opposi
te direction respect to the Compton effect and its value is dG‘_L/d n =
¥ 4 at the resonance, Inserting in the Monte Carlo the known 7 © asym
metry(9) we obtain: /9 /% =1.12 +0.05 which is in excellent a-

greement with the experimental result:

(n
zé

=1,13 £+ 0,02,

For the low polarization region (335 £ K £ 370 MeV for
Compton, 385 £ K £ 420 MeV for X © events) the data analysis was
carried on in the same way and here we quote the results obtained
using the Monte Carlo:

Cy =800+£50 717?' = 5160 + 75
= + 0 =5 + 7(
Cy 750 + 45 E.L 5390 + 70

The experimental ratios are therefore the following:

C o

0 z°
— =1,07 +£0, 09 —= = 1.045 + 0, 020
Cy O

While the Monte Carlo predictions are

7y
4
e +
) 1.05 +£0.05
The ratio Cy; /C, is near to 1 as expected from the low
value of the polarization,

COMPARISON WITH THEORY, -

We show in Fig, 16 our experimental value of dﬂ"/del toge
ther with some theoretical curves. Curves (a), (b), (c) refer to cal-
culations based on an isobaric model used by Nagashima(“]’, consi-
dering contributions from various intermediate states, Curve (d) is
the prevision of the dispersive theory(12: 13), whose range of validi-
ty, however, ends at near 270 MeV., We reproduce it to show that the
more refined calculations based on dispersion theory give results not
in disagreement with the simple isobaric model. Curve (e) is derived
from Berkelman, phenomenological model(14),

Assuming (15) that the only multipole contributing to the
transition is the magnetic dipole M1+ one gets df; /dé; = 2,5.
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FIG,.16 - Our experimental result is compared to various theo
retical curves, Curves a), b), ¢) havebeen calculated by us with
the isobaric model following ref. (9). Curve d) is takes from
ref, (11) and curve e) from the Berkelman work (12).
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