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ABSTRACT

We present here a méasurement of six branching ratios
+ -
of ¥(3095) corresponding to the decays ¢ (3095) — p7 , 2(7 7 ),
2(71y1n°, (), (A )1r° and 4(xw )1n°. From this study,

.

the isospin and G-parity quantum numbers are found to be IG= 0.
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We report here the analysis of multipion decays: of the
¢K3095).(1’2) found among 50,000 events collected by the SLAC/LBL
magnetic detector at SPEAR(3). By using only the information from
the detected ° charged tracks, it is possible to observe
either totally charged modes <é+e_-—» n (7?hr)’ n = l,2,3:...>
or modes involving one missing neutral (é+e_ — N (ﬁ+ﬂ—) + ﬂ0>. The
comparison between the multipion production on-resonance and off-
resonance enables us to determine the G-parity of Y(3095). Further-
more, the measurement of the channel Y(3095) -» o7, where the o7
system is observed in the three charge stétes, unambiguously determines
the isospin.

A series of cuts are applied to seleet a clean sample of events.
First, the sum of the charges of all reconstructed tracks is
required to be =zero. A 2 standard deviation cut on the recon-
structed longitudinal vertex position reduces beam gas background to
less thén 0.1% A cut on the minimum angle between any pair of par-
ticles ('<1OO) removes events having a photon converted in the vacuum
pipe or in the first scintillation counter. This cut also removes
events with a {ray associated with a track. Events having one or
more particles striking any of the internal support posts of the
detector have been discarded.

The same cuts previously defined are put into the Monte Carlo
program which calculates the detection efficiencies. A Lorentz

invariant phase space distribution reproduces fairly well both the

angular and the momentum distribution of the observed multipion events.



The n(ﬂ*ﬂ:) events are selected by requiring the missing momentum
to be less than 0.100 GeV/c. The distribution of the total energy
observed, assuming pion masses, is then fitted by a Monte Carlo distri-
bution which includes the contributions coming from all known sources
of events. In the case of Z(ﬂfﬁ:) shown in Fig. 1, the fit takes into
account three possible contaminating chanmnels: 7KK, K:KTT and
2(7 7 )1n°.

For the n(ﬂ:i-ﬂ'_-)lﬂ"O events a missing momentum greater than 0.200
GeV/c is required. The missing mass squared distribution is fitted
taking into account the known contaminating channels. Figure 2b
shows the fit obtained for 2(ﬂiﬁ7)lﬂp. The background events observed
under the peak come mainly from higher charged multiplicity states
(3(7?ﬁ7), 3(n&ﬁr) + "p) and from KZK;ﬁgﬂo or Z(ﬂ*ﬂr)Zﬂp.

Only runs within 1 Mev of the peak energy are used. They
represent about 75% of the data and amount to an integrated luminosity
of [&dt = 35.6 ¥ 3.5 nb—l. Table 1 gives the branching ratios
obtained for all the channels investigated so far. An overall
correction of 7% takes into account the events lost by scattering in
the material preceding the first chamber or not found by the track-
ing program. A 10% systematic error has been added in quadrature to
the statistical errors.

Assuming that the ?(3095) couples to the lepton pairs via an

(4)

intermediate photon, we expect about 177 of the hadronic events
produced at Y¥(3095) to come from the second order electromagnetic

decay ¢K3095)-¢-7 ~ hadrons. Those states which are coupled to

ﬂuewonly via virtual photon should exhibit the same properties on-
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ROFF = %rF

OFF measures the

and off- resonance. Off-resonance, /o

ratio of the cross section to produce a given hadronic final state
F to the H-pair cross section (both produced via a virtual photon).
On-resonance, the Md-pairs are still produced via a virtual photon,
but the observed hadrons can either come from a direct deca§>(¢h~F)

or be produced via a virtual photon (Y- 7% = F). In the latter case,

F
= 0
R on’

ON and RO

OON FF will be equal.
The off-resonance data were taken at 3.0 GeV. ([fdt = 195+15 nb_l).

In this sample, the Z(ﬂ*ﬂr) and 3(ﬂ#ﬁr) are well identified, but due

to the very low statistics, background events and signal cannot be well

separated fpr Pm, S5m or Im (see Fig. 2a). Therefore, no subtraction

has been made and only an upper limit for ROFF is obtained for these

channels.

It is convenient to study the quantity

F yo37; € F G,U:u
= RON NON NOFF OFF ON |
Q= = X X X ]
N F Nllﬂ € F eﬁUJ
ROFF OFF ON ON OFF

¢ will be equal to one if only a second order electromagnetic decay
occurs and greater than one if there are also direct decays. The
detection efficiencies GOFF and GON’ calculated by the Monte Carlo
simulation, differ only by about 10%. Since the hadronic events

and the -pairs are selected OFF- and ON~resonance in the same way,
most of the systematic errors cancel out in the computation of «&.
Figure 3 shows Q@ versus the pion multiplicity. Both channels with

an even number of pions are consistent with a second order electro-

magnetic decay, whereas, all three channels with an odd number of



pions are considerably enhanced. The observation that & is con-
sistent with unity for the Z(ﬂfnr) and B(anr) states is evidence
that Y (3095) couples to lepton via an intermediate photon. The
G-parity selection rule appears to work strikingly well and is
consistent with the assignment G= -1. Thus, the isospin, I, which

is related to G by G=C(—l)I, must be even.

This result could be affected if Y (3095) decayed radiatively to
n(ﬁfnf)y . Although a small contribution of such decays is not ruled
out, the missing mass squared distributions agree very well with the
distributions expected for a missing 7° (see Figure 2b for example).

- + - o
Furthermore, we observe exclusive channels such as P (> 70% of mmw ),

wrm( 20% of 2(1r+7r‘)17r°),_ pram( 30% of 207 )17°) . They
represent a significantly large fraction of the decays and lead us to
conclude that most of the direct decays of ¥ (3095) into multipions
include a 7r°.

Direct determination of the isospin may be obtained by studying
the decay Y(3095) —» psr. To study this mode it is necessary to
introduce an additional requirement on event selection, viz that the
two prongs be noncoplanar with the beam by at least 15° in order to
eliminate radiatively degraded elastic events (e.g., e+ei_> e+e—)').
Furthermore, the proper angular distributions for the cascade decay
of Y(3095) into three piomns, via ps, were used in the Monte Carlo.
The detection efficiency for ponp is 0.135, and for piﬁ;, 0.084. The

selected events are shown in the Dalitz plot in Figure 4. The three

pbands are clearly seen. For events with 0.600 < h%75<0.950 GeV/cz,



the residual contamination is found to be negligible for poﬂp and on
+ -
the order of 4% for p—nﬁ. The ratio between the production of neutral
and charged modes ¢ /(o +o ) should be equal to 0.5 for I=0, or
0_0 + -~ -~ -+
p pm P .
equal to 2 for I=2. The experimental ratio is 0.59 - 0.17 which clearly
favors the assignment I=0.
In conclusion the branching ratios for multipion final states
strongly indicate odd G-parity for the direct hadronic decays of the

¥(3095). The analysis of the pm decay channel leads to the result

I=0. We conclude, therefore, that the ¢l(3095) has quantum numbers

%= o™,
We wish to thank F. J. Gilman for useful discussioﬁs.
References

1. J.-E. Augustin et al., Phys. Rev. Lett. 33, 1406 (1974).

2. J. J. Aubert et al., Phys. Rev. Lett. 33, 1404 (1974).

3. J.-E. Augustin et al., Phys. Rev. Lett. 34, 233 (1975).

4. A. M. Boyarski et al., Phys. Rev. Lett. 34, 1357 (1975).

5. The direction of the p has an angular distribution of 1+ c0329
with respect to the beam axis. The angular distribution of the 7's
from the p decay is sin29Cm with respect to the p's direction in
the center of mass of the p. The normal to the plane containing
the three pions of the final state is distributed like sin26N with

respect to the beam axis.



Figure Captions

1,

Total energy of the charged tracks observed in 4-prong events
with a momentum imbalance of less than 0.100 GeV/c and a total
charge equal to zero, assuming all particles are pionms. ?he
curve is a Monte Carlo fit to the data.
Distribution of the 4-prong events with a momentum imbalance
greater than 200 MeV/c and a total charge zero at
(a) C.M. energy of 3.0 GeV
(b) Y¥(3095) - The curve shows the Monte Carlo fit to

the data.
Comparison of the ratio of multipion to U-pair production on-
resonance and off-resonance, for various multipion channels.

Dalitz plot for the 7r+7r—7ro decay of (3095).

TABLE 1

Branching Ratios for Some Multipion

Decay Channels of the ¥(3095)

Mode Branching No. of Events
Ratio (%) Observed

pm 1.3 % 0.3 153 ¥ 13

2 27 0.4 + 0.1 76 T 9

o 2 4.0% 1.0 675 * 40

37 37 0.4 + 0.2 32717

37 3w 2.9+ 0.7 181 T 26

4ot b n° 0.9 * 0.3 13 * 4
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