Interner Bericht
F 32-2
Juli 1967

PHOTOPRODUCTION OF po MESONS ON HYDROGEN, CARBON AND ALUMINIUM WITH

PHOTONS OF KNOWN ENERGY AND EVIDENCE OF K° AND ¢ PHOTOPRODUCTION

=== = B

by

H. Blechschmidt, J.P. Dowd+, B. Elsner, K. Heinloth, K.H. Hbhne,

S. Raither, J. Rathje, D. Schmidt, J.H. Smith ', J.H. Weber

Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany

Present address: SMTI, New Bedford, Massachusetts, U.S.A.

Present address: University of Illinois, Urbana, Illinois, U.S.A.



Ul

L

Ey LTS
n

1
=

!

-




In a spark chamber experiment photoproduction of pion pairs on
hydrogen, carbon and aluminium has been investigated at photon
energles between 3.2 and 4.4 GeV. For each event the photon energy

was measured with an accuracy of 50 MeV.

+ -
(1) Yy+A > A+ + 1
Mainly the production of p° mesons

(2) Y+A-’A+p°

has been studied. In addition we observed the production of x°

mesons and ¢ mesons.

1. 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 4.4 GeV
positron beam in the tantalum target TA. The energy of the photon
is determined by measuring the momenta of the associated positrons(1).

This is done using a horizontally focusing bending magnet MD and

an array of 29 scintillation counters (tagging system).

The positron beam intensity is monitored by the ionization chamber

I.CH. which was calibrated against a quantameter during the



experiment. The photon beam 1s absorbed inside the magnet MH by
the tungsten block A.

2)

In the detection apparatus( consisting of two pairs of spark
chambers and the deflection 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
SC5 and SC6. Pictures were taken whenever two charged particles passed

the spark chamber system. 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:

: . * c s .
1) azimuthal angle and polar angle GN of the positive particle

in the two particle rest system with respect to the direction

of the recoiling target particle and

2) the azimuthal angle of the combined system,

2

In the case of p° and ¢ meson production a sin“ distribution was

*

N due to previous measurements on the

assumed for the polar angle 8

p° (3). In the case of K° production we assume isotropy.

In the calculation of the acceptance Acc' for detecting the decay
particles as a function of their polar angle the integration over

L .
BN 1s omitted.



2. Results

2.1. p Meson Production

To separate the process (1) from reactions where additional
particles were produced we consider the difference Ak between
the measured photon energy and the photon energy computed from the
measured momenta of the two pions under the assumption that the
process (1) has occurred. From the Ak distribution shown in

Fig. 2 we deduce that all the events which are in the range

from -0.2 GeV < Ak < +0.2 GeV are due to the reaction (1),
The invariant mass spectrum of the two plon system produced on
Hy, C and Al is shown in Fig. 3. The mass and width(3) of the

(o] -
p meson results in:

T34 12 MeV for H

mp = o
mp = 755 t12 MeV for C
mp = 758 t12 MeV for Al

These values are in agreement with earlier photoproduction

(4,5,6,7,8)

results . An averaged value for the width of the oo meson

is T = 0.15 *0.03 GeV. On the basis of the photon dissociation
model, Ross and Stodolsky(g) predict that the mass distribution
for photoproduced 0° mesons shows a Breit-Wigner behaviour

multiplied with an additional factor~—}~a Using this correlation

m
mm



we get a shift of the p mass to higher values by about 20 MeV
and the implication that more than 95 % of our events are due to

o .
p meson production.

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

the four momentum transfer t to the recoil nucleon is shown for

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

(10,11)

diffraction behaviour wve fitted them with:

do = a ebt mb
dt

GeV? nucleus

This gives the following values:

mb

a= 0.119 *0,01 b= 8.1 t1.5GeV 2 for H,
GeVv?

a= T.b +0,7 mb b = 47.8 th .6 GeV 2 for C
GeVZ nucleus

a = 28.0 3 mb b = 73.0 9.3 GG.'V-2 for Al

GeV2 nucleus

wlmn

We find the coefficient b proportional to A where A 1s
the mass number of the target nuclei. a 1is found to be proportional
to Al+635 20.1 This shows a behaviour of the nucleus between opacity

and transparency.

The total cross section for the process y + A » oo + A was

: . . } . d
determined by extrapolation of the differential cross section E%



to high |t| values and integration over t. In the energy region

3.2 < Ey < 4.4 GeV we get the values:

o} = i3.9 * 1.8 ub for H

tot 2
p—4 b 4 ——‘L.
0tot nT e2 nucleus for C
ub
= b4 ————————
Ty ot 250 40 T olens for Al

The angular distribution ng of the p° mesons in the center of

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

values for hydrogen are in good agreement with bubble chamber

(1)

results .

Figs. 6a and 6b show the angular distribution of the decay pions
. L o
in the po rest system. SN 1s the angle between the positive
. . . L I
pion and the outgoing target particle whereas 6Y 1s the angle

of the positive pion with respect to the direction of the incoming

photon.

]
Our apparatus accepts a range for both the polar angles eY and

* .
GN of about =~ .4 < cos® < + .4 for the carbon and aluminium

target and of - .6 < cos8 < + .6 for the hydrogen target.



&
2 dependence for 8 and

Bubble chamber results(u) show a sin N

, *
isotropy for BY . Within our limitted range of acceptance our

results are compatible with these data.

In all figures and calculations we have neglected those few events

the acceptance of which was less than 1 % of the mean value.

2.2. K° Production

Besides the po production we expect also some information on
photoprocution of K° mesons. These Ko mesons could be detected

via the decay into two charged pions:

(3) y +p - To + X

L»+ n+ +

To separate the x° production from the much more copilous po
production we looked for pion pairs originating between the hydrogen
target and the first spark chamber. Here the background arises
mainly from po production on air which is much smaller than on

the hydrogen target. From the lifetime of the short living x°

we calculated that 48 % of all K° mesons produced in the target

decay in this region. Because the k° meson has to be produced



together with a strange particle we only show in Fig. 7 the mass
distribution of two pion events for those events in which the
recoil mass 1s higher then 1.1 GeV. There i1s an enhancement in

the distribution between O.45 and 0.5 GeV which we claim to be
mainly due to x° production. For these events the mass distribution

of the recoil system is shown in Fig. 8,

We see that the photoproduction of K® mesons is more likely to
. . . +
go with & heavy recoil system.(mX > 1,35 GeV) than with a 5 . The

resulting differential cross section averaged over CMS angles from

0° - 14° for photon energies between 3.2 and b4.4 GeV is:
— ' +
[ 0, = 0.2 *0.,2 ubarn/sterad for y + p » K° + 7
dan Oo_]ho

{do o

I * = 3.2 2 ubarn/sterad for y + p » K~ + X
SP TR

with m, > 1.35 GeV

2.3. ¢ Meson Production

To 1investigate ¢ production we looked for K meson pairs in a
sample of events in which none of both particles were identified as
pions or electrons. Since the expected ratio of X mesons to pions
1s very small we still have to deal with plon contamination. To

resolve the reaction

(L) Y+A > A+ 0

—+ K+ K~




from the background we calculate the difference Ak of the known
photon energy and the photon energy computed from the measured

momenta under the assumption that process (4) has occurred. From
kinematical considerations it follows that the pion contamination
arises mainly in the region of negative Ak. Therefore we restrict

our investigation to events for which Ak 1s positive. The

resulting (K+K_) mass distribution is shown in Fig. 9. The peak

in the region of 1.02 GeV contains the possible candidates for

¢ mesons. To resolve process (4) where the recoil particle 1s the

bare nucleus the distribution of Ak for the remaining 13 events

is plotted in Fig. 10. The calculated resolution and the comparison
with the resolution of p° meson production (see Fig. 2) allows us

to identify events with Ak < .2 GeV as belonging to reaction (4).

The remaining 10 events cover a range of the square of the four
momentum transfer to the target particle of 0.02 < |t| < 0.035 GeVZ2
which is given by the acceptance. If we divide our events corresponding
to the three targets and correct for the undetected events with negative

Ak we get the following differential cross sections:

%% = (4 23) 2D for H, 0.025 < |t| ¢ 0.035 {Gev?)
GeV?
% %% = (4 £3) ub for C )
GeV?2 nucleon )
) 0.020 < |t| < 0.035 {Gev?)
)
1 do_ b
AL for Al)

GeV2 nucleon
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Figure Captions

Fig. 1 Experimental setup.

Fig. 2 Distribution of the difference Ak between measured
photon energy and photon energy calculated under the

+
assumption that the reaction y + A > A+ 1 + 7

has occurred.

+ -
Fig. 3 (7 7 ) mass spectrum for H,, C and Al target.
Fig. b Differential cross section %% as a function of
the four momentum transfer square t for H2, C
and Al target.
Fig. 5 Distribution of the po meson production angles in
the center of mass system.
Fig. 6 Angular distribution of the decay pions of the

po meson 1in the oo rest system:
* .
a) 8y 1S the angle between the positive
pion and the outgoing target nucleus.

- . .
b) GY 1s the angle between the positive pion

and the incoming photon.



Fig. T

Fig. 8

Fig. 9

Fig.10

Mass distribution for events which originate between
target and first spark chamber with recoil masses

> 1.1 GeV,

Mass distribution of recoilil masses for events with

K° meson production.

+ -
(K'X") mass spectrum for all targets.
Distribution of the difference between measured

photon energy and the photon energy calculated from

the momenta of the K meson pair.
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