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We measure the reaction 7 “p-— K K&p at 17.2 GeV/c and ohserve some 1400 A3 — K K& decays. with
no evidence for a double mass peak. The mass resolution is +5.7 MeV. The Ag is produced in a nearly

pure lj,m> = ]

A number of experiments {1-3] observing the
Ao meson have found a double mass peak. Other
contradictory results exist [4].

We have studied the Ag in the reaction

7r'+p—>K'+Kg+p. (1)

at 17.2 GeV/c incident 7~ momentum. This is an
"effective-mass" experiment as opposed to pre-
vious spark chamber experiments [1-3] which
have measured "missing mass". A total of 1934
events of reaction (1) were obtained in the mass
range 1000 < M(K'Kg) < 2000 MeV with a mass
resolution of + 5.7 MeV at the position of the Ag
meson (~1300 MeV). As in ref. [2], there is very
little background below the Ag in the K'Kg mass
spectrum

The apparatus, shown schematically in fig. 1,
comprised the following parts for this experi-
ment: a 50 cm long liquid-hydrogen target Hy,
traversed by a 17.2 GeV/c 7~ beam from the
CERN Proton Synchrotron; a spectrometer mag-
net M with gap 150 cm wide, 50 cm high, and a
bending power of 50 kG metres; magnetostrictive
wire spark chambers with 24 planes W1 defining
the incident 7~ trajectory, 24 planes W9 recor-
ding the trajectories of particles leaving the tar-
get, and a further 24 planes W3 defining the tra-
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2,1> + 12,—1 > state in the Gottfried-Jackson system.
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Fig. 1. Schematic layout of apparatus: 7. éz thres-
hold Cerenkov counter: S1. Sa. S3. S4. Sg. Sg9. S1g
scintillation counters: S5. S7. Sg Pb scintillator sand-
wich counter: Wy. Wg. W3 spark chambers: H

liquid Hg, M magnet.

jectories after the magnet. Sets of scintillation
counters S were usie in the trigger logic as fol-
lows. A counter hodoscope Sg consisting of 32,
10 cm wide, vertical scintillator strips served
to select a predetermined number of secondary
particles. A large threshold Cerenkov counter
Cg detected secondary 7 mesons with momentum
greater than 5 GeV/c. Incident beam particles
heavier than 7~ were identified by a beam Ceren-
kov counter Cj.

Two selection modes were used concurrently
to trigger the chamber :

Mode 1:
[€18159535465), | 55755 (59)_351016¢). 5
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Mode 2:
[€15159535465)51.5

Sy Sg (89)=3s10] (é2)5 GeV/c 7 threshold.

Both triggers selected an incident 7 meson inter-
acting in the hydrogen target, and giving three
particles behind the magnet. Events with two or
more particles accompanying the K~ 2 were re-
jected by anticoincidence signals from the lead
sandwich counters S5.

In mode 1, K¢'s decaying after counter S
were selected by imposing a pulse-height thres-
hold which rejected events giving more than 1.5
times average ionization in Sg. In mode 2, the
counter €9 was used to rejected any 7 meson
with more than 5 GeV/c momentum. This re-
jects most peripheral interactions producing
pions.

Modes 1 and 2 are complementary in that
mode 1 favours fast Kg slow K7, and mode 2 fa-
vours K~ slow Kg.

With a beam of 4 x 104 7~ these two trigger
modes gave 2.5 coincidences per machine pulse.
The experiment used about 20% of the spectro-
meter sensitive timw while running in parallel
with triggers for other reactions.

Data processing and event selection. The
spark coordinates and counter data of ~ 600000
triggers were recorded on magnetic tape, and
subsequently processed off line.

In order to select the good K'K(S)p events, the
geometry program demanded

a) three reconstructed secondary trajectories
in the spark chambers behind the target;

b) track vertices with topology consistent
with reaction (1). For the 12 835 events which
survived criteria (a) and (b), the four momenta
of all particles were calculated, assigning ap-
propriately 7* or K™ masses. The remaining
sample still contains many events not arising
from reaction (1). Reaction (1) is selected with
the following additional criteria:

c¢) only events with a 777~ invariant mass
0.488 GeV < m+;- < 0.512 GeVOwere accepted,
leaving 6 837 events. The non-Kg background in
this interval is about 3%;

d) the missing mass calculated from the
four momenta of the incoming pion, the target
proton, the K~, and the K is shown in fig. 2 for
all events fulfilling condition (¢). A clear proton
peak is seen. We select events with missing
mass from 0.3 to 1.25 GeV.

The data have not been constrained by kine-
matic fits. The K"Kg invariant mass spectrum

334

PHYSICS LETTERS

EVENTS / LOMeV

EVENTS / 1 MeV

1 March 1971

(o PN L 1

1 ' 1 1

L ' L
a as as 13 17 21 25 29 a3 a7 al 45

MISSING MASS  (GeV)
Fig. 2. Missing mass for all events with
0.488 < M(m" m7) <0.512 GeV.

in the Ag -region is shown in fig. 5. From fig. 2
we estimate that the event samples in fig. 5 con-
tain about 5% background from processes other
than 77p - K‘Kgp.

Mass resolution. The measured K3 mass
distribution of the final 1934 event sample (fig.3)
has a standard deviation of o = 4.1 + 0.1 MeV,
which is independent of the K2 energy over the
range 3 to 14 GeV. We conclude from this fact
that our errors are dominated by multiple sact-
tering. The observed value of ¢ is in agreement
with calculation, based on the amount of scat-
tering materialin our spectrometer.

Using the experimental K width we calculate
our resolution for the invariant K'Kg mass at
1300 MeV to be 0 = 5.7 + 0.6 MeV.
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Fig. 3. 77~ invariant mass for events with
0.3 < missing mass < 1.25 GeV.
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Fig. 4. Scatter plot and projections of K™ angles in

Gottfried-Jackson frame, for raw data in the range

1.190 < MK"K) < 1.40 GeV. The normal to the pro-
duction plane is beam x A2 .

A sample of K~ - 777" obtained in a cali-
bration run gave an independent evaluation of our
resolution. These events were processed with
the same program chain as used for the K'Kg
events. We measure ¢ = 4.0 + 0.3 MeV for the
K~ mass which leads to a calculated o of
5.5 + 1.0 MeV for the K Kg mass at 1300 MeV.

oFrom the difference of +1.6 + 0.2 MeV of our
Kgmass from the table value [5] we calculate a
systematic shift of +2.1 + 0.5 MeV for our Ay
mass measurement. We present all data without
making any adjustment to our mass scale.

Acceptance and angular distribution of K™Kg.
The acceptance of the apparatus A(9, ¢) (6, ¢
are defined as K™ angles in the Gottfried-Jackson
frame) has been determined in several m and {
bins for both triggers by Monte Carlo calcula-
tions. In the Ag region the integrated accep-
tances (including Kg decay probabilities) are
9.2% and 3.2% with triggers 1 and 2, respective-
ly, for the observed angular distribution.

We have determined the expansion coefficients
tIZJW of the acceptance-corrected Ay decay angular
distribution

M, M o_ L
10, $)= 2 t; ReY (6, ¢), ho=7F

L,M=0

PHYSICS LETTERS

1 March 1971

501 a)

EVENTS /5 MeV

EVENTS/S MeV  EVENTS/5MeV

£ 50 a9

=]

>

5 40

B

3 30+

3

= 20+

o

g o

& [o) S .
10 1 15

K™K2 INVARIANT MASS (GeV)
Fig. 5. K_Kg invariant mass: a) all |[{]. unweighted: b)
|t < 0.2, unweighted: c) 0.2 < |t1 < 0.7 (GeV/e)2. un-
weighted: d) weighted 0.0 < t' < 0.7 (GeV/c;2, Full
line: Breit-Wigner type fit of the form

m-mgy-T
F(m) = linear background 1'--2- Mo T m)
T m2-m2)2 +m2r2
4.4 ° )
~3R242.
9+3R 9y R 44

Tomy =T (4> ——-9 ¢
tm) o flo) 9+3R2q2‘rR4q4

[6] giving mg = 1321+3 MeV and 'y = 123 = 7 MeV with
Py2 = 32%. Dashed line: fitted background.

up to L=M=6 for various ¢ and m regions. Only
four coefficients are significantly different from
0 in the Ay peak region, namely £;, ¢}, fy. 3.
Their average values for 1.19 GeV < m(K K§) <
<1.43GeV and 0 < |/ | <0.7 (GeV/c)2 are: [} =
0.062 + 0.013, /2= -0.198 + 0.015, {} =

-0.155 + 0.014, ¢ =-0.224 + 0.022. These values
are very close to those expected (0.090, -0.221,
-0.161 and -0.255, respectively) for a pure
lj,m >=]2,1>4+1{2, -1> state.

”
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The very characteristic structure of the cor-
responding angular distribution

25 sin2g sin®o , (2)

16, &) « #Y§+Y;‘[2a cos
may be recognized immediately even in the un-
corrected data shown in fig. 4. Because of the
complementary nature of the two triggers, the
acceptance A(f, o) does not seriously distort
the true (4, ¢) distribution. More detailed re-
sults about the m and ¢ dependence of the K'K2
angular distribution will be given in a forth-
coming paper.

With the K'K(S) angular distribution evaluated
in the observed m and / range, we have calcu-
lated weights to be applied to the observed mass
spectrum.

In fig. 5a we plot the unweighted K'Kg mass
spectrum in the A9 mass region in 5 MeV wide
bins. Figs. 5b and 5¢ give the mass spectra for
events with the four -momentum transfer / in the
intervals 0.0 <{¢|<0.2 (GeV/c)? and 0.2 < | |
< 0.7 (GeV/c)“. The shape of the mass spectrum
is the same in all three histograms.

Fig. 5d shows the weighted mass spectrum
for |t]| <0.7 (GeV/c)2. No dip structure can be
observed in any one of the above mass spectra.
Fitting Breit-Wigner type-formula to the histo-
gram in fig. 5d we get good parametrizations
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(more than 20% x2 probability) of the shape of
the mass spectrum. Details of fits to a number
of possible resonance forms will be reported
later.

Conclusions: 1) The Ag meson is not a dipole
with the parameters suggested in refs. [1, 2].
2) There is no evidence that the shape of the Ag
mass spectrum depends on {. 3) The Ag meson
has spin 2, and is produced in the state |2, +1 >
+ |2, ~1 >1in the Gottfried-Jackson frame.
This may be explained by p® exchange.

We are indebted to Dr.W. Ochs for useful
discussions. We thank our colleagues in the PS
Division for providing the excellent pion beam,
and the CERN and Garching computing centres
for their co-operation.
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