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In a spark-chamber experiment photoproduction of pion pairs on
hydrogen, carbon and aluminitm has been investigated at photon
energlies between 3.2 and 4.9 GeV. For each event the photon energy
was measured with an accuracy of 50 MeV.

4= -
(1) y+A>A+ T + 7
The malin object of our investigation was the production of po mesons .,

(2) ’ y+A—>A+p0

I. Experimental Setup

The experimental setup is shown in Fig. 1. A bremsstrahlung beam of
2 + 10° effective quanta/sec is produced by conversion of a positron
beam in the tantalum target TA. The energy of the photon is determined
by measuring the momenta of the associated positrons(l). This is done
using a hofizontally focusing bending magnetl MD and an array of J

29 scintillation counters (tagging system).

The positron beam intensity is monitored by the ilonization chamber
I.CH,, which was calibrated against a quantameter during the experiment.
The photon beam is absorbed inside the magnet MH by the tungsten
block A,

In the detection apparatus(z) consisting of two pairs of spark-
chambers and the defléction magnet MH, production angles and momenta
of the produced charged particles are measured. Pions are identified
by a threshold Cerenkov counter € and two thick-plate spark-
chambers 8C5 and SC6. Pictures were taken whenever two charged
particles passed the spark—chamber gystem. Out of the 13,000 pictures

taken we got 1,500 events for our analysis.

The acceptance Acc of our apparatus for detecting a two particle
system was calculated as a threefold integral over the azimuthal angle

and the polar angle 6. of the positive particle in the two-particle

N
rest system with respect to the direction of the recoiling target

particle and the azimuthal angle of the combined system. For the
polar angle 6 ¥ a sin? distribution was assumed due to previous

N o (3)
measurements on the p .



2. Results

To separate the process (1) from reactions where additional
particles were produced, we consider the difference Ak between the
measured photon energy k and the photon energy computed from the
measured momenta of the two piong under the assumption that the
process (1) has occurred. From the Ak distribution shown in Fig. 2
we deduce that all the events which lie in the range
-0.2 GeV < Ak < 40,2 GeV are due to the reaction (1). No evidence
is seen for production of po mesons together with a nucleon resonance.
The invariant mass spectrum of the two pion system produced on HZ’

C and Al is shown in Fig. 3. The mass distributions were fitted
to a Breit-Wigner function plus a phenomenological background

function expresséd in terms of powers of mo. The Breit-Wigner

I
GKi)

function was multiplied with an additional factor mp“/m
stemming from a photon dissociation model(g). The best fit values

are:

m = 764 112 MeV, 124 +15 MeV, fraction 98 % p° for U,

|
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m = 777 +12 MeV, T = 126 15 MeV, fraction 98 % p° for C;

117 +15 MeV, fraction 97 % p° for Al.
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Without the mass-skewing factor mp”/mﬁﬂ“ we obtain values for

p~ masses which lie about 20 MeV lower. The given mass values are

in good agreement with other experiments(4’5’6’7’8).

The differential cross section %% as a function of the square

of the four-momentum transfer to the recoil nucleon t is shown

for the different. targets in Fig. 4. Since our data show the typical

(10,11)

diffraction behaviour , we fitted them with:

do bt mb
dt

GeV? nucleus
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This gives the following values:

a= 0.125 £0.015 22— be 8.1 £1.5 GeV2 for Hy;

GeV?

a= 8.2 *1.0 mib : b= 47.8 +4.6 GeV-Z for C;

GeV? nucleus

a = 31,7 %5 mb , b = 73.0 49.3 GeV™2 for Al.

GeV? nucleus

We find the coefficient b proportional to A%/3 yhere A is the

mass number of the target nuclei. a is found to be proportional

to Al+88 #0.1  Thig shows a behaviour of the nucleus between opacity

and transparency.

The total cross section for the process y + A > po + A was

determined by extrapolation of the differential cross section %%

to high It[ values and integration over t. We get the values

Tpor = 14.6 % 1.8 ub for H2 and 3.2 < k < 4.9 GeV,

a = 130 £22 b for € and 3.2 < k < 4.4 GeV,
tot nucleus

g = 284 +40 _ub__ for Al and 3.2 < k < 4.4 GeV.
tot nucleus

The angular distribution ﬁ%f of the po mesons in the center of

mass system for the different targets is shown in Fig., 5.

In Fig. 6 the energy dependence of the forward cross section
do
dq
with diffraction production.

in the lab system is given. It shows a k? behaviour in accordance

We checked also the angular distribution of the decay pions in
the po rest system with respect to the incoming photon (Gottfried~
Jackson angle) and to the outgoing nucleon (helicity angle) and found
(4,5)

good agreement with bubble chamber results within our accepted

range.
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Experimental setup.

Distribution of the difference Ak between measured

photon energy and photon energy calculated under the
Y -

assumption that the reaction y +A-> A+ 71 + 1

has occurred.

(ﬂ+ﬁ-) mass spectrum for H,, C and Al target.

Solid curves show fits of Breit-Wignex distributions
4 4

multiplied with (mp /mmT ).

do

.- Differential cross section —=— as a function of the

dt
four momentum transfer square t for H2’ C and Al

target.

Distribution of the p0 meson production angles in the

center of mass system.

Energy dependence of the differential cross section
do
an
1s drawn into the figures (dash~dotted curves).

in forward direction. For comparison a k? dependence
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Fig.5
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