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ABSTRACT

We have studied the prompt photon decay ¥(3095)+y v*u-n*w- with the
This channel 1is found to contain a 7p%?°

component wWith p%% masses concentrated between 1.4 GeVs/c? and 2.0

GeVsc2,
than 2.0 G6eVsc2 is measured to be (1.25:0.3520.40) x 10-3.

The branching fraction for the v=7p%° decay uwith masses less
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The remarkably narrow width of the v¥(3095) implies a strong 021
suppression of the three gluon decay of the 2S4 cc bound state. Prompt
photons prbduéed in ¥ decays are therefore expeeted to»be predominantly
emitted from an initial qharmed quark rather than from & final state
quark since this requires only two gluons to mediate the decay. The
pos#ibility that gluonic bound states might ‘be observed in these decays
has !ed to considerable experimental effort'! at the SPEAR and DORIS

electron-positron colliding beam facilities. HWe report in this Letter a

study of the decay
¥(3095) » yutu wtn-. o - (G B

Likelihood fits to the four-pion system provide evidence for the decay
v(3085) + 7p%0%, 2)

with #%p® invariant masses concentrated between 1.4 GeVscZ and 2.0
GeVsc2. Enhancements in the p%?® channel in this mass range have previ-
ously been reported in hadronic reactions? and observed in final states
broduced by photon-photon collisions?.

The data forvthis eiperiment were taken with the Mark 1l detector"
at SPEAR and correspond to =650,000 produced ¥ mesons. Events uere con-
sidered céndidates for the prompt photon decay (1) if they contained
four charged ﬁarticles uith 2ero net charge and at least one photon
detected in the electromagnetic calorimeters wuith energy greater than
300 Mev. candidate events were removed from further consideration if

they contained a pair of tracks that formed a secondary vertex consis-

tent with a Ks® decay, or if any of the prongs were determined by the



YOF system to be eharged kaons. These cuts remove ﬁvents of the type
Kg®Ku that come from the decay V*1¢(1440)';v Conservation of energy was
imposed on candidate events by requiring th;f the difference Betueen the
missing energy recoiling against the four-pion system and the magnitude
of the 'cor;espondiﬁg missiﬁg'momentum ber less than 0.100 GeV. After
these cuts the only significant backgfohnd that remains is the decay

Vutn-atn no. This is the largest hadronic decay of the ¥ (2£4%), and

1

asymmetric decays of the n? leadito events 'th§t<afg mistaken for the:

desired prompt photon signal. To estimate the size of this backgrouﬁd-

ue use a technique, developed for our study® of the decay ¥/2rnc, that
uses the measured direction of the observed photoﬁ. The transverse
momentum of the hadronic system relative to the observed photﬁn direc-

tion is defined by
Pyl = 4 - pyu? - sin2(x/2) , 3

where payg is: the ﬁagnitude of the momentum vectoriof the four-pion sys-
tem, and ¥ 'is the acollinearity angle between the photon and the

hadronic momentum vector. Conservation of. momentbm requires that, in

the absence of measurement errors, this quantity vanish for real prompt

photon decays. ﬁecays of n%s lead to a r;ther broad. distribution of
Pivye. The 'o5served distribution of P;yz is éhoun in Fig.1  for all
events that pésévghe previously stated éri%e;ia. Tﬁe signalvrégion'%s
defined by pgy? < 0.001 GeV2/c?, and. the 55 backgr#un& is esfimated from
the number of events in the region 0;003 GeVZsc? € piy? < 0.01 Gevzlﬁz.
Fi§.2a shous the hadronic ma;s distribhtion for events fouﬁd in the

signal region and also shows the estimated w% background. The detector

acceptance falls‘smoothlv by «10% as thevmass increases from 1 Gev/ci to
2.5 GeVsc?, but above 2.5 GeV/cZ the 300 MeV cut on the measured photon
energy removes events at an increasing rate.. The u° background-sub-:
traéied prompt ¥ signal is shown in Fig.2b and is compared with the dis-
tribution of fﬁur-pion masses expecied to be observed if the decay pro-
ceeds vi; five-body Lorentz invariant phase space.® The data are clearly
incons{sient‘uith this hypothesis.

Fig.3 shous the scatter plot of one w*s” mass combination against
anotﬁer (two entries per event) for all signal events in Fig.2a. A sig-
nificant p°p°-ciuster is seen in this plot and evidence for p%nm events
{s.élso visiﬂle. Yo isolate the p%p° component in the data sample, ue
have pefformgd a series of likelihood fits. These fits were done by
assigﬁing tb each event ieights-compuied from the fqur-vectors of the
observed pions. Ue first assumed that the 4m state consists - of an
incoherent superpositiqn qf_four-body phase space and p°p%, and made a
one-parameter fit to the fraction of events that are p6p° for egch of
several four-pion mass bins. The b°é° weight nas the square.of a prop-
erly symmetrized amplitude in the u*n- pair masses, but all angular dis-
tributions were assumed to be isotropic. The signalvregion and the n°
baékground regioh were separately fitted, and the appropriate backgrﬁund
subtraction was made bin-by-bin in the hadronic mass. - The w° back-
ground-subtracteﬁ p%° signal as determined by this fit is shown in
Fig.4 as a solid histogram. Since Fig.3 indicates a possible pO1% com-
ponentbin the dafa. .ue have also done'é tuo-parameter fit in uhich the

4n state included a p%nm three-body contribution as well as 4%?° and

Your;bon ﬁhase space. The p%® signal from this fit is shoun in Fig.4




as points with errors. Although the limited statistics result in siza-
ble errors in the two-parameter fit, the qualitative agreement with the
previous result is good.

To check for possible.biases in these results, a third fit was made
that included the three contributions of the previous fit plus a nA4
modification of the pnn three-body final state. The A, was taken to
have a mass of 1.2 GeV/c? and a width of 0.300 GeVsc? and was assumed to
have a relativistic Breit-Wigner sh;pe with éohsfant‘uidth. This term
was considered since, aside from.tﬁe P%p° state, it is the most iikelv
tuo-body system that produces a threshold at myy = 1.4 GeVsc2. (See

Fig.2.) Although a sizable part of the pum final state was assigned to

the mAy channel by this fit, the addition of the mA, term reduced the'

.p°p° component by only e« 20%. The two-parameter fit has also been
applied to Monte Carlo generated p%° and p%unm events. The probability

for {dentification of p%° events was found to be consistent with 100%,

while = 5% of the p%nn-events were systematically misidentified as p®p®

events.

fo estimate the size of the p%° signal we find .that 76222 events

with masses Selou 2.0 GeV/cl were assign?d to this>chénnel by the tuwo-

parameter fit. The acceptance of'the detector for the Y4w final state

has been determined by a Monte Carlo calcuiation to be (9.7!2.0)2; The

>error is due to uncertainty in the anéular distribution of the prompt
photon; ue have taken this distribution to be isotropiclv From the num-

ber of'produced ¥ mesons, We then obtain

BR ¥+7p%° (mpp € 2.0 GeVsc2) = (1.25 & 0.35 & 0.40) x 10-3, (4)

where the first error is the sf@tistical error from the tuo-parameter
likelihood fit and the second error is the systematic uncertainty which
includes 20% from the acceptance calculation, 10% from the normaliza-
tion, and 20X from the variation in the number of events assigned to the

£%9 channel by the various likelihood fits. Me similarly find from the

" data in Fig.2b the branching fraction for the decay ¥syn*u"w*s~ (with

myp less than 2.5 GeVsc?) to be (4.85:0.45:1.20) x 10°3.

We conclude that we observe a subst;ntial 7p%p% signal mith p%°
invariant masses concentrated below 2.0 GeVs/cZ. While a threshold
enhancement may account for the oﬁserved signal, ume can interpret the
p%0° spectrum obtained from the two-parameter likelihood fit as a combi-‘
nation of 7p%° phase space and a resonance described by a Breit-Higner
with constant width. A fit gives a mass of 1.6520.05 GeVs/c? ;nd a Wwidth
of 0.20:0.10 GeVsc2 for the resonance parameters. The branching frac-
tion (4), which is given only for the case of tuo neutral rho mesons, is
comparable to that for the decay v»7¥(1270)7, and if we assume that the
p%p% state is purely isoscalar (isovector is not possible), the total
branching fraction for ¥»ypp (uith a factor of 3 to account for the p*p-
final state) may be as largé as that for the decay v»7v¢(1440)'. We als;
note that a resonance 8 with a m#ss of 1.640%0.050 GeVsc? and width

20.220 GeVsec2 has recently been observed® in the radiative decay Vv =

" am.

comparison of the p%?° spectrum presented here with previously
reported?+? signals is complicated by the fact that the mass range of
interest is near the p%?® threshold and different production mechanisms

lead to substantially different dynamical and phase-space considera-



tions. Production of p%?% states in nucleon-antinucleon annihilation
have been reported? at masses # 1.4 GeVs/c2 and = 1.7 GeVsc? with widths
that are perhaps more narrow than that seen in this experiment. These

hadronic processes involve final states that include one or more pions

in addition to the four pions that make up the p5p° combination, and

final stafeb inte;actions may play a .rdle in determining the %9 line
shapes ' "An enhancement in the 77*p°p° cross secfiﬁn haé been obsérved’
that is broader than the signal presented here and is peaked at a some-
uhat lower mass. Thvs two-photon reaction most likely proceeds via vec-
tor‘dominance.i and as such, the cross section may have additional
hadron1c flux factors mod\fy\ng any po;svble threshold 'or Bréit;uigner

behaviour.

The authors wish to acknowledge useful . discussions with 6. Ffox of

the California Institute of Technology regarding aspects of this work.
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Fig.1.

Fig.2.

Fig.3.

Fig.4.

Figure Captionsv

The distribution of the square of the transverse momentum of
the four-pion system relative to the observed photon direction.
The dashed curve is the expected shape of the background from
u°% decays, and has been normalized to the data betueen

.003 Gev2sc? and .01 Gevisc?. :

(a) Hadronic spectrum for events with four observed pions
and one observed photon. The histogram shows the estimated

‘background from the decay of the ¥ into five pions n*w n*n uo.

(b) The observed % background-subtracted prompt photon
signal v»yn*u-n*w". The curve is the distribution

- expected if the decay proceeds.via five-body phase space.

Scatter plot of w*n" pair masses. There are two entries
per event.

The p°p°‘hass spectrum as determined by likelihood fits
to the spectra in Fig.2a. See text for descriptions of these
fits. Notice that the bins in this plot are of variable size.
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