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ABSTRACT
Tha vadiative decay J/¢ « ynns hae been observed in daca taken wich
the Ceyutal Ball detector at the SPEAR e'e  storage ring. In addition
to the well=known n', the anr masa specetrum shows a broad enhancement
cunterod gt ~1700 MeV., There ia no explicit evidence for the 1(1440) in

the nmt mags apectrum. We findi

BREISG = y1){a - ars)
BRO7e = 1) G = ¥ ne (90X coafidence level) '
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Recently a resonscce wicth mass 1440 NaV bas been seem in cue KRn

wide spectrum from the radiative decay J/¢ -+ yKKe,?¢3 Pareial wave snd
spin parity analyses performed by the Crystsl Ball collaborarion® indicated
that the state wge a pasudoscsior which decayed predominantly to &n with
the 8 decaying to KK, This state has besn named 1{1440}.° The 4(380) alno
decays to ne and the branching ratio for this channel might be expactad to
be larger chan the branching catio to KK bacause the 8 mass is below KR
thteshold. One experimenrS findat

et e lb 0.6

Thus we axpect the 1{1440) to appear {0 che NIX Easo upectrun frv 3 the
process J/¢ + yaxw, T will present rasules from s study of this process
by the Cryatal Ball cellaboratiom.

The data sre from a sample of 2.2 million J/¥'s produced in ote”
interactions at the SPEAR storage ring. The Crystsl Ball detector
primarily consists of a secgmenced spherical shell of Wal(TE) cryatals
covering 93 of the full solid angle. The avergy resclution for photona
1a given by 0,/E = 0.026/E/% (£ 10 CeV). The photon smgular resolution
18 25=40 mrad, depending on emergy. An faner detector, constating of
magnetasteicelve epark chambers and proportional wive chambers, was used
t> identify charged particles and measurs their direcrions. Details of
the dotsctor performance and event selection procaedures have been prassnted
clsevhere.®

For thia analysie, hadronic decsys of the J/¢ were uelected which
contained three photons and two charged particls » v seven photons and no
charged parcicles. A kinematic fit uas parformed on events with thres
photons and two charged particles, a2~ .hey cume from J/y + vm*t'
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with the n decaying to yr.? The seven-photon events were fit to the
hypothesia J/» . ynnono assuming the n and beth ﬂo's decayed to two
photons. Figure I shows the n*n mass distribution for events which fic
the Ynmn hypothesis with conftdence level greater than 1%. Beth Fig, 1(a)
and 1(b) show a narrow pecak at 960 HeV corresponding tc the decay

Jfé + yn', n' » ant.  1In addition, bath plots show a broad enhancement
at roughly 1700 MeV. The dashed curve in Fig. l{a) shows the anta”
spectrum expected for J/¢ + vnﬂ+ﬂ- Lorentz invarlant phase space events.
The enhancement seen in both nmv agpectra is unlike the phase apace dis-
tribution. There Is no explicit evidence for the 1{1440) though lt
could be contributing to the broad enhancement. 1 will prescnt ap upper
limit for the decay J/¢ - y1, t + nan later in this talk. First I will
discuss the new enhancement in greater detail.

Several teszts have been performed to investigate Che cnhancement,
The possibility of a detector malfunction is unlikely as the signal
appears in J/y data sets taken in two different running periods and
is not confined to a gpecific region of the detector.

To study the strength of the n signal in the data, the n comstraint
was removed from the fit, Events with three photons and two charged
particles were fit to the hypothesis J/¢ + Tyyn+ﬂ-. Figure 2 shows the
vy mass for events which fit with confidence level greater than 1X. All
vy combinatisnas are included so there are three entries per event, Clear
aignals are seen for the "0 and n with very little background. This shows
that n's are definitely present in the data; they are not created by the
kinematic fi{t. In addition we find that the hroad enhancement Lo nnn 1s

correlated only with yy masses in the n peak {(Fig. 3).



As a further check, the kinematic fitting may be eliminated entirely.
Events with three photons and two charged particles are selected, as above.
Since chorged particle womenta are undetermined, cne cannot compute the
two gamma-two charged particle mass. But the energy of the recoil photon
ig essentially equivalent teo the two gamma-tvo charged particle masgs.
Figure &4 shows the recoll photon energy spectrum for four differenc yy
mags intervals., A broad bump is present in the recoil photon energy
apectrum when the other two photens in the event form an n. This shows
that the enhancement is not a product of the fitting procedure,

There vemolne the possibility thar the eghancement comes from some
other J/¢ decay, perhaps with one or more particles missing. Known decays
of the J/¢ cannot be reaponsible because the sum of known J/¥ decays which
contain an n 1s not large enough to zccount for the signal. For example,
the daecay J/¢ -+ eﬂ+n-, ¢ + ny, n + yy would produce only about 25 eventa
in our pample of 2.2 million J/¢. With a detection efficiency of 20Z we
would expect to see 5 events. The mumber of events in the broad enhance-
ment is about 100 times larger. Similarly, processes such as

Jie + 8

Lo
L‘ 'l!+i-.'r10

A

with the “D

missing cannct account fer an enhancement as large as that
Geen,
+ -0
The decay J/¢ + wn, with the w decaying to 7 71 n , could preduce a
small contamination because the HD may appear as a single photon in our

datector. These events contaln a monochromatic n with momentum 1400 MeV

and are thus easy to remove with a cut on n momentum, For this analysis,
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events where the momentum of the n ia greater than 1300 MeV have beon
removed,

The enhancevent is apparently aot associated with = §, or any othet
reponances in efther nu or v, Figure 5 shows Dalitz plots for
Iy ~ Yl'l‘+l— eveatd vith llm.g.'.. near the cencer of the peak (1600 «
Hm'h._ < 1850 MeV). The boundarics drawm are ¢alculated for H“ by "
1710 MaV¥. There ls no evidence f[or resonsnce structure in either the nar
mass or the »» mass., For example, the decay §(980) + n» would produce
bands near llam = 1.0 ce?z. No such bands are scer.

1 suggest threc possible interpretations for this new enhancemmnt,
Firat, the nnx mass distribution for eveuts which contain a prompt v may
be quite different from lorentz Invariant phase space. Then the enhanca=
men. tould arise from the (nonresconant) decay of the J/¢ to a phoven plus
two gluons: J/¢ + ygg. Secondly, tho enhancement could be a single
resonance. A thiyd possibility is that ir is a growp of resomances.

The data may be fit with a gingle Breit«Wigner line shape. For the
fit, the u-"'u- and mnno mnsa spectra are fit simultancously wvith the
mass and width parametere constrained ta be the same for both channals.

A constant background was assumed for the nnono channel, For qn+|r", we
used a background determined by fitting the yyn n~ mase spectrum for
events with a yy mass combination in the n sidebands. {320 < H“ < 470
HeV or 6J0 < H“ < 740 MeV.) Figures 1(b) and 3(d) indicate the shape of
the background. (The yy mass intervals in Figs. 3(h) and 3(d) are wider
than those used for the backgraund determination,)

The fit has a xz of 66 for 69 degrees of froedom. We find:

Mw L710 £ 45 MeV and T « 530 ¢ 110 MeV whare che urrora include astimates

of the systematic uncertainty. The detection effjciency was d-rermingd
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by a Monta Carlo caiculation to be 18% (6.6%) For J/y + yn:+u'(nn°:°),
n » yy for Hnﬂ near 1700 MeV, Using the numher of events in the peak

a8 decermined by che fic, one obtains the bronching ratfos:
+* = -3
BR(J/¢ »ynn v ) = 3,52 0.2 ¢+ 0.7 » 10

BR(I/¥ + yan"s) = 2.3 2 0.3 & 0.8 x 107
where the first error is statieticel and the second systematic. These
branching ratios are comparable to those of the largest known radiative
decays of the J/v.

There 18 wo evidence for 1(1440) in the I‘lIo‘lo mass spectrum, The
mts” pass spectrws has a slight shoulder in the \ region. To cbtain an
uppar limic for the decay of the | to aww, the nrs mags spectra have boen
refit with an additional term for the 1(1440), The mass and width of the
t wara fixed but the masa and width of the Brelt=Wigner line ghrpe used
to describe the new enhancement were sllowed to vary. The backpground used
fot the fit was the same: as that ueed for the single-peak fit described
above. The wuwsber of 1 events found by the fit i not strongly dependent
on the background hypothests because of the presence of the broad enhance-
ment. The [itted width of the broad enhancement varies with changes in
the background shape in such a way that the | vegion 1s not strongly
affected. To further reduce the dependence on assumptions about the
background, the fit may be performed uaing only data with Hn" < 2,0 GeV,
Figure & shows the fir which has a xz of 33 for 30 degrees of freadom.
From thia two~peak fir we filad:

BR(I/G » Y1) (3 » mam) € 2 x 1072

(907 confidence level) -
For comparisen, note that3

BRQI/Y ~ 1)1 » KR7) = (4.010,721.0) %1077
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In concluaiocn, we have observed the radiative decaye J/¢ + 7na*1°
and J0 + vn-oto. We find

BRI/ » v1) {1 = nxw)
BR(J/¥ + y1)(t + EK») < 0.5 (90% confidence level) .

There¢ is a broad enhancement neor 1700 MeV in the n¥s masas apectrum which

ia praduced with a substantfal branching ratie, Its origin ia uncertain,

’
?
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8The process ¥ = um, w = 17 n n° is a background only for

3¢ > yyx'y and poc for J/p » yni°s”, Thus there is no cut on n

womentus for the all~-peutral events.



FICURE CASTIONS
Fig. 1. nnr maes apectrum far J/¢ + ynur events., Fig. 1(a) s ni*i'
mass and Fig. 1(0) fe n2%® uass, 7The dashed curve tn Fig. 1(a)
shovs qn‘i‘ mass Apectrum expected from loreatz invariant phase

Space.
Fig. 2. vy mass for events which fit the hypothes's J/y + 1111‘%'.
Fig. 3. yyt'n maes for four different yy mass intervals.

Fig. 4. Recoil photon anergy spectrun for four diffarent yy ouss
intervale. Eventa with three photons and two charged particles

have been selacted but no fit has been parformed.

Flg. 5. Dbalitz plots for J/y + yrn %" aventa with 1600 < M gy < 1850
MeV, The boundaries are caleulated for Hn!*" = 1710 M=V,

Fig. 5(b) has two entries per event.

Fig. 6, nn7 mass gpectra g9 in Fig, 1. The solid curve is a fit which
includas a contribution for the 1{1440) as described in the

text.
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