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1.  INTRODUCTION

 The splitting of Lhe A, meson into two separate peaks has been .
demonstrated with different methods by the CERN Missing-Mass [MMS, 1967]1)

and Boson Spectrometer [CBS, 1968] ) experiments. Supporting ev1dence .
3= 6) o “.

has also been given by bubble chamber experlments

‘No convincing explanation for this phenomenon has been found N
Theoretical discussions are highly speculative so far 51nce ‘the quantum N
numbers of the two peaks have not been firmly establlshed I, ~

Indlrect evidence for equal spin-parity of the two peaks J (AZ ) = _;
J (Az ) has been deduced from the narrow and deep shape of the d1p ) R
which could be understood as a result of interference between close—by
resonances with equal JP;‘ however background interference could not be
ruled out. ' L

Direct evidence for equal’JP = 2¥ was obtained from analyses of the '
A, - 3m Dalitz plot, both from spark chamber data [MMS, 1967]3)iand“from
bubble chamberxdatav[Bﬁckmann et al., 1968]5). However, apart from.the
rather limited statistics published so far, a Dalitz plot analysis.of. . .
this type is rather complicated and the results depend on certain ~assump-
tions about the 3m and the pm background, which are dlfflcult to assess

A more d1rect way of obtalnlng JP is to analyse the rare decay -
channel A harged (KKJCharged (v5% of all decays). ' The relatlon v‘ )
G = (—l) v L ho1ds for the KK system. The isospin I is known to be 1, for:j
example from the decay into KK and nm. G = -1 from the strong decay 1nto!f
37. Hence the orbital angular momentum L of the KK system and its parity w
Po_ ot
(0 is not possible from the pw mode, 4 is unllkely since the Az mass 15”5

close to the KK threshold).

must be even. A K1K peak in the A, has therefore most probably J

Aguilar-Benitez et al. *) have studied the reaction pp > KoK r Fat
various energies. They observe a dip of 1.5-3 standard deviations in the”"
Ag, whlch 1s 51tt1ng on a substantial background. They conclude |
J CAz) = J (Az) =2 as being most probable. waever, Crennel et al reach
a different conclusion, JP(A%) =1 and.JP(Az) = 2" s from-the’observatlon;@

of a single . peak in K1K13) compatible in mass with AQ, and from the: sz

. ana1y51s of a narrow peak in pm, produced in Kn °) and compatible in mass:
with Az s
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In the present experiment, we have produced a sample of A, in the re-
action m p + pA, at 7 GeV/c with A; » K{K_ using the CERN Boson Spectro-
meter operating in the Jacobian peak region. A clear double-peaked A, is
Qbserved in the’interesting channel A, - K?K— |

APPARATUS

A modified version of the CERN Boson Spectrometer used for these A,
runs is shown in Fig. 1.

The incident beam was momentum analysed to within Ap;/p; = +0.3% by
a set of three scintillation counter hodoscopes Ho Hy H,. The absolute

incident momentum p; was measured by two independent methods:

i) the deflection of the beam in the spectrometer magnet placed down-
~stream from the target [used for our high mass (0° ) runs and not
shown in Fig. 17; '

ii) the angles of the recoil proton and scattered pion in elastic'w-p
~mscattering ’

The two 1ndependent D1 values were found to be in agreement w1th1ne"
P1 = 0.3%. ’

The rec01l proton was 1dent1fled by range and time-of- fllght (TOF)

in a "Jacobian peak” telescope.

The proton 1ab angle 6 was measured by two wide-gap wire spark
Chambers with ‘magnetostrictive read-outslﬂ (CH 5 and CH 6) to within
A6 = +4 mrad at Ps = 500 MeV/c. The full efficiency angular acceptance
range was 52.5° < 6 < 64.5°. '

‘The proton momentum p; was measured by two independent TOF circuits
between T, and Ry to within Ap; = #7.5 MeV/c at p; = 500 MeV/c. The
accepted p; interval is 460 < p; < 560 MeV/c.

The missing-mass resolution is AMX = 10 MeV at MX = 1.3 GeV, the

full efficiency mass bite 1.05 < MX < 1.50 GeV.

The decay products of X were detected in the forward spark chambers
(CH1 and CH 2) and their angles measured within an interval of +22.5°
with respect to the beam directions. The target was surrounded by four

counters (D; to Dy) to count charged particles which miss the chambers 1
and 2. Monte-Carlo studies have shown that'the geometrical acceptance
of the system for events of the type A, » K K{(K! + m'm ) is 82% under
the present conditions.
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Data acquisition and monitoring of the spectrometer was done with
an on-line computer. The data rate was 200,000 triggers per day.

IDENTIFICATION OF KK~ EVENTS

The identification of events of the type A, - K K¢ with K® » n'n~
was done in several steps (for an example of an event see Fig. 2a):

i) The conservation of energy and momentum was used in a one-constraint
fit for the reaction w p » p(¥nm) . This gives the momenta of the

decay particles.
ii) The fitted events were required to satisfy the following geometrical
criteria (Fig. 2a):

- The X track must originate within +15 mm from the T p vertex
(V1), obtained by intersecting the incident m and the recoil
proton.

- The two decay tracks of the '"V"' (K}) must intersect in space
w1th1n +10 mm. This secondary vertex (V,) must be downstream
from the primary vertex (V;). ‘

- The direction of the X{, as given by the two vertices V, and V2
must fit the kinematics. R

The two-pion effective mass distribution, M(wm) is shown in Fig. 2b.

A rather clean K{ peak appears, at a mass of M(wm) = 497 MeV with a width

of 9.0 MeV.

iii) K} events were selected within an interval 485 < M(mm) < 515 MeV.
' As shown in Fig. 2b, the contamination due to background is ~10%
the final sample.

An additional check of the K} identification is the lifetime dis-
tribution calculated from the distance between the two vertices V; and
V, (Fig. 2c). The fitted lifetime is T = (0.9 * 0.1) 107!° sec.

RESULTS

A total of 1.2 x 10° triggers have been taken at p; = 7 GeV/c.
These consist of three nearly equal runs (each about 2.5 days), taken
at different times (June, August, October 1969) and under somewhat
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different technical conditions, e.g. accelerator performance, beam optimi-

zation and intensity, proton range intervals.

251 events of type A, > K}K have been identified, as described in
the preceding paragraph. The distributions of the measured quantities of
these events, for example the vertex position, the quark chamber coordi-
nates, the recoil momentum , have been checked in great detail; one third -
of all events have been plotted and examined v1sua11y

The missing-mass spectrum is presented in Fig. 3, reveallng two in-
teresting results:

i) There is a clear dip in the A, centre at a mass of 1300 (*5) MeV,
which coincides in mass with the splitting observed in the over-all
missing-mass spectrum, i.e. for all decay channels (see Table 1).

ii) There is very little (n10%) background under the A,, thus ruling out
the possibility that the dip is produced by background interference.
We have checked that the good 51ng1e to—background ratlo 1s not
1nstrumenta1

The 51gn1f1cance of the d1p in Fig. 3 is 4 standard dev1at10ns The
confidence level for a one—peak (Brelt—ngner) fit gives P(xz) 1% over

one full width of the A, peak, compared to P(Xz) > 604 for a dlpole shape ?)

(chosen as a convenlent parametrlzatlon)

In conc1u51on the present experlment shows that also 1n the decay

channel Az ~ KIK the A, appears as a double peak. The spln-parltles of

high

A;OW and Az are therefore equal and most probably 2"

ThlS result supports our 1ndependent earlier conc1u51ons ? ), as well
as those of Aguilar- Benltez et al. ). However, it contradicts the conclu—

»9)

sions of Crennel et al.
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Figure captions

Fig. 1

Fig. 2

Fig. 3

Experimental layout of the CERN Boson Spectrometer, modified
to operate in the Jacobian peak region.

Method of identifying the rare events m p -~ p K!K .

a)

b)

<)

Example of a K{K event (to scale).

Effective mass distribution M{r7) of the twe charged

tracks coming from the second vertex V,.

Lifetime distribution of the K}, as obtained from the
spatial distance between the two vertices V; and V,. The
fitted K lifetime is T = 0.9 (z0.1) 107!° sec.

Missing-mass spectrum for A, > KJK events, produced in

T p > pA; at |t] = 0.28 (GeV/c)2. The dip is centred at

M = 1300 (+5) MeV. Note the low background level in the A,
region (no background subtraction).
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