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In our study of the decay modes of the ¥(3095) the
decay into baryon-antibaryon pairs stands out very clearly,
While the branching ratio is small--a few tenths of one
percent--the exclusive channels are readily identifiable, _
In this talk I will give the data for w(3095) decay into AA
and show some evidence for the channels 55, and possibly ==,

The final states 5. and == are however ambiguous with AAX®;
for example, AAx®, _ A
The decay ¥(3095) - AA o (1)

is of particular interest because the AA pair is in a pure

I = O state. I will show that this decay proceeds directly,
rather than through an intermediate y, and thus obtain a
determination of the I-spin of the Y(3095).

1, pp Identification

The present analysis is confined to events with two
and. four charged prongs observed in the SLAC-LBL Magnetic
Detector at SPEAR, Experimental details have been presented
earlier.l The protons and antiprotons are identified by

* Work supported by the U, S, Energy Research and Develop-
ment Administration,

t Alfred P, Sloan Fellow,

¥ Fellow of Deutsche Forschungsgemelnschaft

TfCentre d'Etudes Nucléaires de Saclay, Saclay, France,

¥#Institut de Physique Nucléalre Orsay France,
§ Data sample updated to August 5, 1975



time-of-flight (TOF) measurements over a l,5-meter minimum
flight path combined with momentum measurements. The TOF
resolution is ~ 0.5 nsec. At the ¥(3095) the maximum
possible proton momentum is 1231 MeV/c and a good separation
of protons from other particles is achieved. The procedure
followed here was to demand both a proton and antiproton
pair in the final state. We estimate that the resultlng
sample of events of the types

¥(3095) - ppr' 7 ' ,(‘2)
‘and ¥(3095) » ppr'n” + neutral(s) v (3)

has a contamination of less than ~ 10%. The data studied
here consists of ~ 50,000 hadronic decays of ¥(3095). Of
these we identified 125+ 12 events of reaction (2) and 91%9
events of reaction (3). These events are shown in Fig. 1.

For branching ratio determinations we w111 compare the
above events with the reaction :

¥(30%5) - pp (%)

for whlch we have 1dent1f1ed 105 + 10" events in the same
data sample, '

Figure 2 shows a plot of the momentum of one track
against that of the other track for all total charge-zero
two-prong events. The large black spot centered at P; =
Po = 1547 MeV/c represents the Bhabha scattering and p-pair
production events, The bands correspond to radiative Bhabha
events. The enhancement at Py = Pp = 1231 MeV/c corresponds
to the pp pairs. Figure 3 shows the same distribution after

the TOF pp identification is made, Figure 4 shows the effec-

tive mass distribution of all the identified two-prong pp
pairs,’ :

2. AA Identification

An examination of the prn~ and pr' mass spectrum shows
striking A and A signals respectively. In Fig. 5 we show
these masses plotted against each other and we find 43
clearly separated AA pairs. For these we estimate a con-
tamination of less than 5%,

3. Kinematical Fitting2

We have modified the well-known bubble chamber fitting
Program, SQUAW, to accept and fit the events reconstructed
from the SLAC-LBL Magnetic Detector, All events of types
(2) and (3) were tried in the two-constraint fit

¥(3095) » A+ A+ MM (5)

Y



where MM stands for missing mass, This resulted in the same
set of AA events shown in Fig, 5 but now with A and A momenta
adjusted by the fit to give the more precisely known A and A

masses,

Figure 6 gives a plot of these fitted momenta P, versus
Pr. In Fig. 7 we show the angular deviation from collinearity
in mrad plotted against the lower of the two A or A momenta.

It appears from these figures that the events tend to
separate into three main categories. On the basis of kine-
matical fitting and testing with O-constraint eqpatlons' the
events can be associated with: :

(a) ¥(3095) - AR 2315 ‘évents identi-
’ fied; final state
I =0

(B) ¥(3095) » £°%° : 9 % 3 events consist-
B - Ty o ~ ent with hypothesis;

- final state I = O
or ’I=2

3% 2 events consist-
ent with hypothesis;

i

(c) ¥(3095) -

|, 7.0
x;oAx final state I = O
- or I=1
(D) ¥(3095) -» AA + neutral(s) _ 8 events which cannot

be .assigned as above

It must be stressed however that the events in B and C are
also consistent with (3095) - AAx®., Reaction A was fitted
in the six-constraint sequence ‘ '

¥y - AR

I, px*
- prn”
and the events in the momsntum region around 1073 MeV/c in
_ Figs. 6 and 7 gave good X€ values for this hypothesis. The
deviation from collinearity for these 23*5 events is centered
at 20 mrad with a maximum value of 50 mrad. We can place a
limit on the reactions

(E) ¥(3095) -» =°A or TC°A

which are I = 1 in the final state, In Fig. 8 we show the
missing mass squared distribution for each A against the same
quantity for, the A. Reaction A should be a point in this
figure at My = 1.243 GeV® in both variables. The size of .
the cluster around this region is a measure of the residual



error after fitting to the A and A masses. Reaction E will
~populate two lines at Mgo = 1,420 GeV® on this plot uni-
formly &1ike on a Dalitz plot)é These lines which extend
from in = L. 277 GeVv® to ax = 2.071 GeVv- are indicated
- on the fiqure. The lower ends of these lines extend into the
region of reaction A, If we consider that over the upper 50%
of these lines there is no population, then at the 90% confi-
dence level we can say that there are at most 5 events corre-
sponding to reaction E, This places an upper limit to the
ratio N(AZ® or Az®)/N(AR) s 5/23 = 22%. Reactions B and C
are zero-constraint and thus no fit is possible., We have
however ascertained that of the two remaining categories in
Figs. 6 and T, 9% 3 and 3% 2 events respectively are consist-
ent with these hypotheses by solving the zero-constraint
equations. However as stated ¥(3095) - AAx® cannot be
excluded, '

i, Efficiency Determination for AA

To determine the actual AA branching ratio it is neces-
sary to take account of the detection efficiency €. This
efficiency can be written as the product of two terms

€ = €; €q
where € is the geometrical efficiency, that is the probabil-
ity that the event falls within the detector solid angle in
which all tracks can be reconstructed, and €p is the proba-
bility that if the geometrical criteria are satisfied the
event will generate an appropriate trigger, namely signals
in at least two trigger counters and associated shower coun-
ters, We consider each in turn,

A, Trigger Efficiency

Normally with four particles within the solid angle sub-
tended by the counters, the probability that at least two coun-
ters are fired is essentially unity. In the present situation this
is slightly optimistic because (a) the pions are of relatively
low momentum and hence have reduced efficiency for firing the
shower counters, (b) the proton (but not the antiproton) can
lose in the counters no more than its kinetic energy and hence
also has less than unit efficiency in the lower part of its
kinematically allowed momentum range. The actual efficien-
cies have been determined by studying the pattern of counter
signals observed from each of the four particles for each AA
event from which we find an average overall trigger efficiency

of 0,93%+0,09.
B. Geometrical Efficiency
Charged particle tracks can be reconstructed with full
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efficiency for angles greater than 53° (or less than 127°)
relative to the beam, To make a simple efficiency calcula-
tion for A or A, we note that the maximum proton angle rela-
tive to the A line of flight is 6.4°, and by confining our-
selves therefore to A angles & 53 + 6.4 = 59.4°, we guarantee
that the p or p will be reconstructed. We then need only make
a simple calculation for each detected AA event of the proba-
bility that the pions fall within the overall accepted solid
angle, and derive therefrom an appropriate weight for the

~ event., For the accepted events, the weights vary from 1.0

to 1.61, The total number of weighted events is 21.4 % 6,6.

There is one other geometrical loss, namely A or A with
very long flight paths, Studies of path length distributions
indicate that there is a 74-3% loss from long decay distance
for each A or A and hence a l5-+7% correction to be applied
overall. Figure 9 shows the A or A flight path distribution
CcT in meters, converted to the A rest system, The quantity
plotted (a) is the distance to the A vertex pro;ected on to
the A momentum PA vs the mass of the pn_ and pat systems,

In (b) cT is plotted for AA-+ (MM) events only.

Thus the total corrected number of

A A
. - pr
events produced at 2 59.4° to the beam axis is given by:
| 21.416.6 '
m (L.15+0,07) = 26.5i9.5 .

Correcting for the A - px’ branching ratio this becomes

' ,6“"31 23.

Comparing now to the pp rate for purposes of obtaining
a branching ratio, we observe 86 pp events in the same angular
interval, Thus we find the ratio,

B

2l

= 0.75%+0.27 .

w
|

pp

Using the directly determined valueS for Bpp = 0.21+0,04%
we obtain Byx = 0.16%0. 07%

5. An I-Spin Determination for }k(3095)LL

The final states AA is I = O while I °A are I = 1, If
the ¥(3095) decays directly into the AA channel we have deter-
mined the I-spin to be .zero.  The argument we will use here



considers that
via —
- ¥(3095) —I> M

p2nd

=°A
is in the ratio® 1: 3: 3 if the photon is a member of an
SU(3) octet. _Hence such a decay would demand six times as
many ZCA and © A events combined as AA events, The experi-

mental data given above clearly rules this possibility out,
Hence we have determined that I = O for the ¥(3095).

Alternately we can argue that since B is comparable
to B B the AA events are produced directly just as the pp
events are. This argument can be sharpened by a study of
A\ production just below the y(3095).

6. Discussion of the IT Hypothesis

There is a peculiarity associated with the 9+ 3 events
consistent with reaction B; i.e., ¥(3095) - =X, which is
worth noting., On this assignment we would expect the events
to uniformly populate the square labelled 3% in Fig, 8.
Instead the events appear to be concentrated above the diag-
onal connecting the upper lefthand and lower righthand corners.
Aside from a statistical fluctuation we have no obvious expla-
nation for such a distribution.

Kinematically the events also fall inside the Dalitz
envelope for the reaction

(F) ¥(3095) -» AAx®
which is however I = 1 and thus inconsistent with the I = O
determination for the ¥(3095). An alternative possibility is

(6) ¥(3095) - Az°x® and charge conjugate, which can be I=0.

To resolve this ambiguity in a conclusive manner addi-
tional data will be required, '
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