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ABSTRACT 
Ths. radiative decay J/* * tfl«w has bevn observed In data taken with 

Ctva Cryalsl Boll detector at Che SPEAR « e~ storage ring. In addition 
CO Che well-known n', the nun mnaa spectrum shows a broad enhancement 
centered sc -1700 MeV. Thcro la no explicit evidence for the i(1440) In 
the nnfl naas spectrum. We find I 
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Recently a resonance with aaaa 1440 NaT baa been seat in cue ftx* 
aaae apftetrm fros Che radiative decay J/# •* ftJC«.l»3 Partial wave and 
spin parley analyses perfomed by the Crystal tall collaboration* indicated 
that Che state wae a pseudosceler wfctafc dacayad predominantly to «it with 
the 4 decaying, to KK. This state baa bean named \(1440).<> The 6(980) «lno 
decays to nr and the branching ratio for this channel night be expected to 
be larger than the branching ratio to KK because the « u u ie below KR. 
threshold. One experiment5 findst 

Ituts ne expect the t(M*0) to appear In cha nfl* aass spectrin fn • the 
proceas J/«> * ytynm, I will present roaulta fron a study of this procaea 
by the Cryatal Ball collaboration. 

The data are fron a ample of 2,2 million J/^'a produced in e a 
interaction! at the SPEAR storage ring. The Cryatal Ball detector 
prinertly eoittiaes of a segmented spherical shall of Hal (TO cryatal* 
covering 99X of the foil solid angle. The energy resolution for photons 
ia given by o„/E • 0.Q26/E ' (E La GeV). To* photon angular reaolutiMi 
la 23-40 aurad, depending on energy, An loner dat«ctor, consist log of 
•aegnetaatrlcelve spark c-haabtrs and proportional vir« chambers, was tisad 
t^ Identify charged particles and measure their directions. Details of 
the detector performance and event aelecclon procedures have been preaanted 
elsewhere.6 

For this analysis* hadronic decays of the J/6 were selected which 
contained three photons and two charged particle« ?r seven photons and no 
charged particles. A kiaenatie fit was perforaed on events with three 
photona and two charged particles, *:- .nay cane from J/a + yne a* 

DI37RlftM'l!0» ,1* :-• . (. ; . , •..fjTrr 



V* 

with the n. decaying to YY. 7 The seven-photon events were fit to the 

hypothesis J/'' ynn » assuming the n and both " '9 decayed to two 

photons. Figure 1 shows the n1"1 mass distribution for events which fit 

the YHtn hypothesis with confidence level greater than 12. Both Fig. 1(a) 

and 1(b) show a narrow peak at 960 HeV corresponding to the decoy 

J/'i1 + Yn', n 1 -» nun. In addition, both plots ahow a broad enhancement 

at roughly 1700 MeV. The dashed curve In Fig, 1(a) ehows the n* »" 

spectrum expected for J/* •* ynfl ' Lorentz invariant phase space events. 

The enhancement seen In both nff* spectra is unlike the phase apace dis

tribution. There Is no explicit evidence for the i(1440) though It 

could be contributing to the broad enhancement. I will present an upper 

limit for the decay 3lif •* yx, x -* nflfl later In this talk. First I will 

discuss the new enhancement in greater detail. 

Several tests have been performed to investigate the enhancement. 

The possibility of a detector malfunction is unlikely as the signal 

appears in J/̂ i data sets taken in two different running periods and 

is not confined to a specific region of the detector. 

To study the strength of the n signal in the data, the n constraint 

was removed from the fit. Events with three photons and two charged 

particles were fit to the hypothesis J/(. + YYY™ « . Figure 2 shows the 

YY mass for events which fit with confidence level greater than IX. All 

YY combinations are included so there arc three entries per event. Clear 

signals are seen for the it and n with very little background. This thows 

that n'a are definitely presenr In the data; they are not created by the 

kinematic fit. In addition we find that the broad enhancement in nnu is 

correlated only with YY masses In the n peak (Fig. 3). 



AB a further check, the kinematic fitting may be eliminated entirely. 

Events with three photons and two charged particles are selected, as above. 

Since charged particle aomenta are undetermined, one cannot compute the 

two gamma-two charged particle mass. But the energy of the recoil photon 

la essentially equivalent to the two ganaa-tvo charged particle mass. 
Figure 4 shows the recoil photon energy spectrum for four different YY 

mass Intervals. A broad hump is present in the recoil photon energy 

spectrum when the other two photons in the event form an n. This shows 

that the enhancement Is not a product of the fitting procedure. 

There remains the possibility chac Che enhancement comes from some 

other J/4r decay, perhaps with one or more parclcles missing. Known decays 

of Che J/ii cannot be responsible because Che sum of known J/4> decays which 

contain an n is not large enough to account for the signal. For example, 

the ducay J/iji + 4m it , $ -*- HY, n -»• YY would produce only about 25 events 

in our sample of 2.2 million J/*. With a detection efficiency of 20% we 

would expect to see 5 events. The number of events in the broad enhance

ment is about 100 times larger. Similarly, processes such as 

J/* •+ Y9 

L +-o 
1 — • u » n 
1— TY 

ulth the n missing cannot account for an enhancement as large as that 

seen. 

The decay J/ip •* ion, with the u decaying to " n , could produce a 

small contamination because the n may appear as a single photon In our 

detector. These events contain 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 Is greater than 1300 MeV have boon 
removed.a 

The enhancement is apparently not associated with a S, or any other 
reaonancoa in either ns or « » Figure 5 show Dalitz plots for 
3h * Yt* *~ events with H„„+,,- "ear the center of the peak (1600 < 
M__+„- * I 8 5 0 MeV). The boundaries drawn are calculated for *_,+„_ • 
1710 MaV. There la no evidence for reaonanea structure in either the no 
mass or the nit mass. For example, the decay 6(980) * n* would product 

2 2 
bonis near H__ - 1.0 CeV . No such bands are seen. 

I suggest three possible interpretations for thin new enhancement. 
First, the n«* w a s distribution for events which contain a prompt Y may 
be quite different from Lorents Invariant phase space. Then the enhance* 
nan. could arise from the (nonro»»onant) dttcay of the .I/IJI to a photon plus 
two gluonsi J/<±> •* rs«. Secondly, the enhancement could be a single 
resonance. A third possibility is that it is a group of resonances. 

The data may be fit with a single Breit-Wlgner line shape. For the 
fit, the ne « and ne • mass spectra are fit simultaneously with the 
mass and width parameters constrained to be the same for both channels* 
A constant background was assumed for the r\n it channel. For nit it", we 
used a background determined by fitting the yyn n" mass spectrum for 
events with a yy mass combination in tin* n sidebnnds. (320 < H < 470 
MeV or 610 < H ^ < 760 McV.) figures 3(b) and 3(d) Indicate the shape of 
the background. (The yy nans intervals in Figs. 1(h) and 3(d) are wider 
than those used for the background determination.) 

2 The fit has a x of 66 for 69 degrees of freedom. We find: 
M - 1710 t 45 Mev and r - 530 * 110 MeV where the errors include estimate! 
of the systematic uncertainty. The detection efficiency was d-termined 
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by a Monte Carlo calculation to be 11% (6.6X) For J/* + Y n s V ^ i m V ) , 
n * YY for K near 1700 MeV. Veins the number of events In the peak 
as determined by the fit. one obtains the branching ratios: 

BR(J/* + Yns +s~) • 3.5 i 0.2 t 0.7 * 1 0 - 3 

Bft<J/* -» Y V I V ) • 2.3 ± 0,3 • 0.8 * 1 0 - 3 

where the first error is statistical end the second systematic. These 
branching ratios are comparable to those of the largest known radiative 
decays of the J/*. 

There Is no evidence for t(1440) in the us » asse spectra*. The 
4. _ ns s mass spectrum has a slight shoulder in the 1 region. To obtain an 

upper limit for the decay of the \ to •!**, the nws Mass spectra have been 
refit with an additional term for the t(1440). The mass and width of the 
1 were fixed but the mass and width of the Brelt-wlgner line shape used 
to describe the new enhancement were allowed to vary. The background used 
for the fit was the sane as that used for the single-peak fit described 
above. Thr masher of 1 events found by the fit la not strongly dependant 
on the background hypothesis because of the presence of the broad enhance
ment. The fitted width of the broad enhancement varies with changes In 
the background shape in such a way that the \ region la not strongly 
affected* To further reduce the dependence on assumption* about the 

background, the fit may he performed using only data with M < 2.0 CeV. 
Figure 6 shows the fie which has a x of 33 for 30 degrees of freedom. 
Prow this two-peak fit we flodt 

BB(J/(i * YI)(I - n*ii) < 2 x 10 (90Z confidence level) 
For comparison, note that3 

BR{J/# * yi)(\ * K£n> - <4.0 i 0.7 i 1.0)*10~ 3 , 
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In conclusion, we have observed ttw radiative decays J/* * yns * 

and J/A + YH"°«°. He *!•»•> 

There In • broad enhancement: near 1700 HtV In the nr* K U I spectru* which 
la produced with a substantial branching ratio. Its origin U uncertain. 
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7Hote that the charged particle energies are determined from the 
conetrained fie. In addition, charged pien-kaon separation is baaed only 
on the fit. 
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sTbe process 4> •» un, u * n n'n 1B a background only for 
J/t * Y H » + " ~ and not for J/ifr * vni°>°. Thus chere is no cut on n 
wmentuH for the all-ncucral events. 
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FIGURE CAPTIONS 
Fig. 1. r)*i> naaa apccerum far J/* + vma* events. Fig. 1(a) is ni +»~ 

•ass and Fig. 1(b) f* qa°*° M U . 7he dashed curve tn Fig. l<a) 
shows «i» »~ BUM* apectrtm expected f n » Lorentz Invariant phase 
space. 

Fig. 2. YY ease for event a which fit the hypothai'.* J/* + rrr» »"• 

+ -Fig. 3. YY* v naaa for four different TY «ass Intervale. 

Fig. 4. Recoil photon energy spectrus for four different YY •*>» 
Intervale. Evonta with three photons and two charged particles 
have been selected but no fit has been performed. 

Fig, s. Dalita plote for J/e + vn* if" events with 1600 < « + „ _ < 1850 
MeV. The boundaries are calculated for K.-+,,. " 1710 MeV. 
Fig. 5(b) haa two entries per event. 

Fig. 6. win oaaa spectra aa In Fig. 1. The solid curve la a fit which 
includes a contribution for the t(1440) as described In the 
text. 
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