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Abstract

A review is given of the signals observed in the J ¢ radiative decays in the 1100
1500 Ml energy range from the DAM2 analysis of the ¥ A R'7 and ypar chaunels. The
Partial Wave Analyses of these modes give evidence of a rich spectroscopy which suggests
an exotic activity in this mass interval. The contradiction hetween a pseudoscalar state
decaying into A K7 via aym dynamics and not into gam is still present.
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I. INTRODUCTION

One of the most impeortant results in the study of the J/i+ radiative decays was the
observation in the early 80's by Crystal Balll'h and Mark 114 of a pseudoscalar signal, the
¢ (now y(1-410)), decaying into KK w. It was claimed for the discovery of a glueball state
because of the large measured branching ratio. Presently. the nature of this strneture is still
controversial since an analogous peak has been observed in hadroprodietion with possible

I+ assignmentl®l. In addition, clear pseudoscalar productions have been observed into

the vector-vector channels™l in partienlar in pp® where three states are present at 1490,
1760 and 2100 A eV /2.

A somehow related point of interest is the existence of a narrow signal at 1285 Mel7/¢?,
an example of which is found in the J/¢* - 317! channel. lts identification with the D/ f,
axial vector meson seems more and more supported 3. Nevertheless the spin-parity of this
signal must be carefully studied for the contemporary presence of another pseudoscalar
state at roughly the same mass. the n(1295) (o1,

Radial excitations of the standard n, ' wesons are foreseen by previous theoreti-
cal works!™ in the mass region above 1000 A Vet . Actually the Godfrey-Isgur model
predicts only two states, the n{1230) and the fi(1285), between 1000 and 1500 MeV'/e?.
Therefore the two gq nonets 0 ! 1t
vations and are then suspected to let room for glueball or exotic states.

and are far from settled in the expernmental obser-

In a recent paperl® DA2O reported on studies of J/y radiative decays into K Ktr¥,
KtR 7% and nrtr - from the 8.6 million of J/i+ events collected at the Orsay eFe”
storage ring DCL. The 5(1440) was observed in both K A'm modes and. in the hypothesis
of a single spin-parity production, its pseudoscalar character was stated together with a
RA*(892)K dynamical contribution. No signal was observed at the n{1440) mass in the
nrtr~ channel. but a peak at 1100 Mel7/¢ consistent with a ag(980)7 dynamics.

In this paper results {romn Partial Wave Analysis (PWA) of the observed signals in the
1100 + 1500 MeV mass range are given for the coupled channels K2R ta% and KK~ 7",
and for the ym "7~ channel.

2. TOTAL SIGNALS

O and ALK £7¥F events are

F events distribution where

The final mass distributions of the J/i» — y K"K =
drawn in Fig.1. Oue can see, in particular from the K%K Fr
the background level is very small. that the shape of the 5(1.110) is asymmetric, suggesting
a threshold effect and/or the presence of more than one state. ln any case a total product
branching ratio can be computed from a single fit using a Breit-Wigner curve folded with
K* K phase space over a polynomial background, BR(.J/¢ — ¥X) x BR(X — KKr) =
(3.8 0.3+£0.6) < 1077,

The selection of the events J/¢* - vprw leads to the scatter plot iy, versus nmyz- in
the 1000 MeV/c* < miype < 1800 MV /e? mass region shown in Fig.2. The prm mass

projection (Fig.2a) gives evidence of two structures centered at 1265 and 1400 MeV/c?



on a rising backzround. The performances of the 3577 analysis are demonstrated by the
measured® 1" - yrr signal (Am 0.7 Me b ¢ from PDG Y.

A first look to the scatter plot gives evidence for different dyvnamical contributions.
There, an overall a7 dynamics is elear from the 7 mass projection (Fig.2h), but it
is related only to the lower mass part of the structure at 1100 MeV, 2, nothing being
possible to say about the dyuamics of the 1265 MeVoe? stracture (diue to limited phase
space available) as well as higher part of the 1100 VeV, @ structure. which is clearly not
dominated by the a1 intermediate state,

The whole nrm distribution has been fitted with two Breit-Wigner functions, leading
to 108 & 17 events and a product branching ratiec BR{F v - v X(1264)) - BR(X
nrtr ) = (0226 0 0.00 £ 0.01) - (0 for the fower mass structure, and 61 ¢ 2§ events.
BR(J/v ~~+X(1398)) « BR(N - nyx 7 ) (0.70 £ 0,06 £ 0.11) - 107 for the upper
one. However both of them present dithculties to be identified as single resonances: from
one side the VU(1264) owns an unlike shape, while the N (139%) corresponds to different

dynamical contributions in separate parts of its mass distribution,

3. SIGNALS FROM THE PWA

The two modes v K"K 7" and s KUK P77 show coherent results from the PAWAL snch
that a coupled analysis can be developed. The result ' for the ouly 5 contributing waves
is reported in Fig.} where 3 signals arise in different mass positions, The dominant one is a
psendoscalar aym production at 1160 M1 ¢ together with a KR jat 1120 MV o,
The third sigual is the KK (1) at roughly 1160 VeV e, The product branching ratios
(PBRY BR{J.v» -3X) - BR(Y -~ WKw)are vespectively: PBRy (1L - 0.2 0.3) -
10 % PBR, = (083 - 0,03 £0.08) <10 P PBRy (076 £0.15 £ 0.21) - 10 4. Moreover

a small but rather stable contribution in aym(17) at 1100 MV ¢ can be identified. Tts
PBR amonnts to -« 1.5 « 1 *owith a width of -2 20 Vel o=,

The decay chain J v - sya7is analvzed taking into account only the o, (980) - gt
isobar ' as well as the direct 3-haody decay. The ay resonance is described via the Flatté
parametrization which s equivalent to the Breit Wiener function within the concerned
mass region. The X« ayr - npa'r leads to 2 waves if the spin J of X ix huited
to Loonamely 8 7 and 1770 A total of 6 different wiaves is considered. 3 waves with the
ay dynamics (phase space. 0" and 17 7) aud 3 withont (phase space. 07 and 1770
The results do not depend on the different binuing clhioices, Interference between diflerent
waves has not been included. leading to too many Tree parameters in the PAWA fits with
subsequent instabilities.

Moute Carlo checks live shown that the detector acceptanee is rather eritical for the
separation of the waves 0 and 170 while a quite coad diserimination hetween waves with
and without gy dynamies is possible triore than 990 The determination of » 4y L
swns an error of ronghly 20° 00 Feedthrongh between aym(0 ) and agx(17 ) 1s possible (np
to 30"0) for o - L at the (110} eneray ranee,

When all the six waves are considered, the PAW.A resnlt shows important fluctuations,



The prm (P.S.) is not able to colleet the hackground shape. which is split into the 3 nprr
waves so indicating that the spin-parity identification of a possible signal. which decays into
yem divectly. is not possible within our analysis. In the following only the nrr (0 ") wave
whicl is subjected to minor fluctnations is kept. bt this choice. which remains arbitrary.
does uot alfect the results of the analysis, The unphysical ayx (P.S.) which should collect
a7 non-resonant production as well as part of higher spin events,is also discarded. The
result of the PWA Limited to the three selected waves nra (00 ) agm (071 171 ) shows
(Figt) no signilicant ayr contribution above 1100 Me V. o?. as observed in the seatter
plot of Fig.2. The ayx (0 ') wave does not collect any signiticant signal. in particular it
is rather flat in the p(1HIO) mass range. Conversely the gy (177 ) contributes to botl
the peaks at 1265 and 114100 Ml e but only to the upper and lower parts of the mass
distribution, respectively, the rest of these peaks decaving through a direct prr production.

From a simple Breit-Wigner fit (drawn in Fig. Do naming PBR - BR(J v -4Y) -
BR(X - yr' 7 ). the following parameters arve obtained for the two structures in agm(f * |:

o N(1290): m 1200 + 16 MUV ?u PBR (13 - 0.1 - 10 Yoe 045 - 005

e  N(I385):m 1385 £ 15 Ml e, PBR . (27 008 - 10 Yor 10 - 0.3
The widths attain roughly 30 @ 10 MU o2 Care should be taken for the parameters
of the X(11)(1385) due to the passible feedthrough hetween the two waves agm(0 ) and
apa(1h).

What has been analyzed as direct yaxt0 ) production. when fitted with simiple Breit-
Wigner over a linear increasing, background leads to the values: my - 1270 15 Ml o,
PBRy (0.7 :03)~ 10 Y oandm, 1397 =9 MV, 20 PBR, (2201 0.%) - 10 * The
spin-parities of these possible productions are not really known as stated above.

In any ecase strong confidence is retained in the X(1290) - a7 ") sipnal identifi-
cation, due to its stability, T'he signal is fully con<stent with the f01285) identification
since from the DA2 result ® on J o - +p"z' 1 showing a f; production and the cur.
rent branching ratios for f, (l(‘(‘;l_\':\"” the following product branching ratio is computed:
BR(OJ. v ~~5foy - BRUS, -yr = )0 1089 003 -0.2) - 1001

Moreover no ay 7 signal is observed which corresponds to the resonant ag {0 ) pro-
duetion observed at 1160 M1 e? in the AR 7 radiative chanuel. By using its mass and
widthi" [ the following upper limit (at 905 of C.Lo) i~ derived:

BR(J v A NOHI60Y) - BRIN  caym -nx' 7 - 0% - 10 °

[he fit has been performed over the sy of the 0 wnd 17 gy 7 distribations in order to

be independent of the possible feedthrongh hetween the two waves.



4. CONCLUSIONS

The PWA of the DM?2 results on the J/v' — yK K7 and J/i* — yprtr  channels

shows a rich spectroscopy in the ( 1.L10} mass region. In particular one finds out:

i |

0.
. a bump at 1400 MeV/e" into prr (not agr).

-1

. a strong conlirmation for the fi{1235) in the J/v radiative decays:
. a signal observed at 1270 MV e in the naa mode (not aymw); however it seems

difficult to relate it with the 5(1295) observed by other experiments!® to decay into
nwTovia aym;

. one pseudoscalar signal at 1160 Mel/¢? decaying into K™K with a width -- 50
MeV/e®:

. one pseudoscalar signal at 1120 Mel' ¢! decaying into ayr — K A7 with a width -
50 Mel/c?; as no corresponding 0~ signal is present in qymr — nmm, the question is
raised of whether it is real ay production or some other dvnamical effect. resulting in
a KK mass distribution sharply peaked near its threshold;

. a 1" production around 1460 Mel'/e? decaying into KA
a 17 signal at ~ 1400 Mel/e® decaying via egw into yrm and possibly into A K m;

To conclude, the presence of such a large number of possible states potnts out for exotic

physical activities in the considered mass range. The quantitative and precise measurement

of those is however beyond the limits of the available statistics.
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Fig.3 Coupled K K channel PWA; 5 waves considered.
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