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. S , ABSTRACT
_ We observe W(368h) to decay into ¢(3095) with a branching ratio
-of 0,57 % 0.08. The branching ratio for the particul;ar.décay mode
w(3095) + n+n; is.measured to -be 0,32:t0.0&.’ kemaining deéayé
.leading £o4¢(3095)'are largely;~but not entirely, accounted for by
thelgode"w(3o95) + n?nb if the two pions.in'this decay .are in a
state of zero’isotopic spin..' |
The diSdoveryl of a second narrow resonance in electron—pdsitron annihila-
tion, the ¢(368u),.léad$_na£uraliy to the question of thevfelationship of this
state to the’otﬁer receﬁtly discovered narrow_resonance,2’_3 the ¥(3095). In .
studyi#g deéay prbducts of ¥(3684), we have detérmined that the two states
are indeed closely related, with apéroxiﬁétely ohe—haif of the decays of
¢(368ﬁ)‘ieadingvto ¢(3095). In a majority of”these decays, ¥(3095) is aqcom;

- panied by two pions,
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The results presehted hére.weré obtaiﬁed from a study of approximately
30,000 decays of Y(3684) detected by the_SLAC—LBL.magﬁetic détector‘at SPEAR,
This detector and our general data analysis‘prbceduresvhaQe been described

4,5

'previously. Data for the pre;ent analeis were taken on the peak of the
¥(3 ) total c?oss section, | ‘

The presence 6f'¢(3095) among the decéj products of Y¥(3684) is revealed
in two different waYs in our data. . In the first.éf these, we observe the
reaction[

S v(3684) —» y(3095) + anytbing . ' - (1)
through thelcharacteriStic'muon pair decay6.of ¥(3095). Figure 1 shows the
invériant mass'spectruﬁ of the two éppositély charéed.particles of higheét
momenta for every event (muon rest.masses are assumed.in the calculation).
Shower counter pulse height_criteria wére.apélied to rejecf elgctron pairs.

' The mass spectrum shown in Fig. '1 has ﬁwo prominenf peaks: bne, at 3.7 Gev,

corxeéponds to>muoﬁ pairs produced‘with the full beam energy; the second, at’

3.1 Gev, repreéents decays of y(3005) ana‘Clearly establishes the decay mode (1).
Our second way of observing ¥(3095) in the decay préducté of ¥(3684) is

through the reaction | _ o v

w(368u)_—‘> x4+ ¥(3095) , (2

where the identification of ¥(3095) is made from its shafply definéd mass,

.In Fig., 2a, we show the spectrum of missing ﬁaSses-récoiling'against all pairs

qf oppositely‘charged particles, aé determined  from thé incident eﬁergy and

the measured momenta of the two particleé in the pair., There is a clear

7

enhancement at a missing mass of 3095+5 MeV ‘having a width consistent with
our measuring resolution. This peak, which we identify as ¥(3095), is shifted
to 3127+5 MeV (3175 +5 MeV) if p (e) masses are substituted for the pion

mass in the calculation of the missing mass, Thus we unambiguously identify

the decay mode (2).
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| A subset of our eVents_haQe both é_leptoﬂ paif from fhe_decay of ¥(3095)

and the'recoilfpion pair.-rThevmissing~mass speétrum fdf the bion pairs in
these évents is shown in Fig.:Eb, where ﬁhe very élgan ¥(3095) signal is -
apparént. A.computer rééonstruétibn of one of these‘events=ié given>in fig,
3. !Tﬂis event sample5was used to study décéy angular diétributions for
Moﬁte—Carlo simulations-of defectionlefficiéncy. Prelimihary analysis_showed
.the piohs to have essentially isotropic angular diétributiOns; while the
lepﬁdns are consiséeht’ﬁith either.isotr§py.or 1+ c052 9;_relative to the
beam axis..

: There is no evidenée for-W(3095) pfoductibn af nonresonanf energies in
the vicinity of 3.7.Gev, except for a sma;l}signal, consistent with the
radiative tail of w(3’684_), at 3.8 Gev.

The number ofv¢(368h) decays leading to ¥(3095) was determined from fhe
data of Fig, 1, in which the two muonsvindependently satisfy the trigger
requirements; "The bagkground under the 3,1 GeV'peakvwas estimated sepérately'
for evenfs Wﬁere only the two muon'prongs‘were present an&'for events having
additional prongs.. In the first cése, thevradiafivé tail of thé 3.7 GeV peak‘
is the dominant source of background, In the highérvmultipiicity eveﬁtg,
backérbund arises from multihadron’eventsAsatisfyiné mion pairvselection;”
criteria, A background subtraction of .9.* 3% was.applied to the data.:.To

‘arrivevat the branching ratio forAreécﬁioﬁ (1), the nﬁmber df ¥(3095) decays
was normalized to the totél number of detected_events safisf&ing thé'multi—
hadron selection critéria; énd‘cbfrected.fpr:the braﬁchihg ratio Bu"for

‘.w(3095) to decay into muons, thé efficiency:for‘defectinévmﬁon pairs and the
average multihadron,efficiendy.‘ Since we meggure,Bﬁ in the same apparaﬁgs

with similar hethpds,.systématicvuncertainties in Bu and multihadfon'efficien—_
cies are stroﬁgly correlated:andvpartialiy;cancel'in.th¢ de£ermination of the

branching ratio of reaction (1). Uncertainties in the muon pair angular
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distributions for ¥(3095) decays from y(368k) aﬁd”the ratio of average hadrén
deﬁéétibn efficiencies at 3.1 énd 3.7 Gev dominéte’over staﬁistical errors
.and lead to an oVérall uncertaint& of +15% in the bfanching ratio, Our

result for the branching ratio of reaction (1) is

D[¥(3684) - ¥(3095) + anything] _
rly(368y) —» all] a

0.57+0.08 . - (3)

The branching ratio for reaction (2) was Qetermined from the n+n- missing
mass s§ectrum,_Fig. 2a, ‘Here the events chosen were such that theISYStema
recoiling agéihst the ﬂ+ﬂ_ pair independently satisfiéd our triggexr .and event
selection ériteria.- Backgrouna under the 3,1 GeV peék-comes from the various
possible two-particle miséing méss combinatiéns pfeSent in multiparticle
" events, A smooth curve was fi? to the background to extract the 3.1’GeV
éignal.4 Corrections relétiﬁg the.true‘number of.decays from reaction (2) to
the number observed can be faC£ored into the average triggering efficiency
\fof the ¢(3095) times the probability of observing fhe twovreéoil pions. As
in the previou§ case, the systematic errors in thé_w(3095) trigger efficiency
largély cancel errors‘in the average efficiency for detectiﬁé'all w(3684)
decays, The largest errors in the determination of the branching ratio for
reaction (2) axiée from unéertaintiés in thevratio of average hadron deteétion
efficiencieS'ét 3.1 and 3.7 GeV and in the efficiency for‘observing both
recoil pions, After correction for all known inefficiencies, our Qalue for

. this branching ratio is: -

. ’ o + T A. v' |
DA oo W)

. . + - . ) v . - .
Finally, from the p p events in the w(3095) peak of Fig. 1, we determine

the branchingbratio

o TIy(368s) o w(3095) + neutrals]

I~
1
S

PLy(368L) — W(3095) + anything] ~ O #0703

~~
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The daté‘sample in whiéhvno chafged tracks. are obsef&ed in‘ébnjunction with
the. ¥(3095) - pfp_ is used to determine.the numefator. ' These data are
corrected for w(3095)n+ﬂ- contamination due to both % and 1 falling outside
our visible acceptance [= 10% of all w(3095)n+n_],'and for losses due to
photQchonversions f= 5% of all ¢(368h).—>—w(3095) + neutrals]. We note
thaﬁ/the ratio of branéhing'fraction (&) £o that of (3), which measures the
ratip

Py(3684) > ¥(3095) + 1 + x_]
T{y(3684) —» ¥(3095) + anything] . ’

has the valﬁe 6.56, so that our data are qﬁitevconsistentvwith the hypothesis
that the y(3684) decay ﬁo ¥(3095) occurs mainly with emission of % % or of
neutrals, | . | A |

If ¥(3684) - ¥(3095) decay proceeas entirely via the reaction (3684)
- V¥(3095)nn, with the nxr system in a state ofbdefini£e isospin, the ratio (5)
would have the values 1/3 for nn isospin+zefo; O‘fOr‘nﬁ‘isospinfone, and 2/3

9

for nnt isospin-two. 'Ciearly isoépin-zeéo is preferred, If we do asSuﬁe 1.4

_isospin—zero, thé.fact_that 6ur measured value of thg'ratio (5) is somewhat

higher than the predicted value may result from the existence of decay modes
¥(3684) - ¥(3095) +I,neutrals. s

other than ¢(3O95)n0n° with branching ratios < lQ%voﬁ the total.

In conqlusion; the w(368h) - ¢(3095) decay is observed with aklarge.
branching ratio, Sincé'phaselépacé avaiiability would favor a multitude of
other decay modes ;t 3.7 GeV, one may suspeqt that é dynamical principle (or _
selection rule) is oberative, sﬁpﬁressing not only the:total widths. of the
¥(3095) and ¢(3684), but also favoring ﬁhe decay A¢(368h) - ¥(3095) over
'other‘processes. ‘ | | |

We thank the:SPEAR operations étaff‘fof providihg‘the.excellent machine

performance‘Which made this experiment possible‘: We also ééknowledge‘valuable

discussions with Professors J, D, Jackson and F, Gilmén.
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The mass differences between ni andfno modify these predictions slightly,
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P
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spaée the predictions become 0,344 for isospin-zero and 0,677 for isospin-
3 . . N .

two.

, fIGURE CAPTIONS

Fig. 1. . Distribution‘of_the.u*p— effeCtivéﬂmass for highéét'momentum, low
pulse—height,;6ppésitelyvchafged particle pairé fme‘eachvevent.

.Fig;'2. (a) Distribution of ﬁiésihg mass, Mx,‘recqiling‘against all pairs
‘of oppositely chafged particles. (b) Same as (a) for those events in
which the observed charged particles satisfy, within errors, conserva-
tion of total momehtum and. energy.

Fig. 3. An example of‘ﬁhe decay V(3684) — ﬂ+ﬂ—W(3095); where W(3b95)-a
e+e_, from an off—line réconstruction:éf the data. Thé eQent is'éeen
i#'the xy-projection where z is the beam (and magnetic field) direction,
Also sthn.aré the trigger aﬁd shower counters whiéh detected the tracks,
Tracks 3 and L arelﬁhe slow pions gna-tracks 1 and 2 are the £woblepton$

from w(3o95),decéy.
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