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ABSTRACT

A review is given of the new structures which were recently identified
in the C. M. energy interval between 1.4 and 2.2 GeV,.

The experimental results were obtained by the three groups operating
at ADONE : BB, yy2, MEA®,

I INTRODUCTION

In preparing this paper I went back to the 1975 Stanford Symposium
Proceedings to give a look to the Symposium summary and prognosis by
Bjorken“. Most of his talk was naturally centered on the new physics of
the J/w, ®', etc. but it also pointed out how the energy region between
the ¢ and the J/y might reserve surprises to a more careful investiga
tion and perhaps new important discoveries. It also contained a pictorial
representation of what might happen during experimentation (Fig, 1). Apart
from some excessive optimism about the time schedule, it is now clear
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Fig, 1 J.D.Bjorken's 1975 predictions onthe evolution of knowledge
in eTe” physics at center of mass energies lower than 3 GeV,
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that an accurate energy scanning reveals a striking complexity of the ha-
dron production in the low energy domain covered by ADONE and the new
french machine DCI,

I shall review thesubject following a more or less historical line and
discussing the resonances present in the energy regions around 2.1, 1.3
and 1,5 GeV. At the lower energy, the data taking will go on for several
extra months andthe preliminary results presented here should be consi-
derably improved.

fibes II GENERALITIES ON ADONE EXPERIMENTS

. 1 shall give only the main characterlstlc s of the BE, yy? and MEA
experlments They are posfclon
ed in three of the four ADONE
interaction regions (Fig. 2); the
fourth interaction region, oppo
site to the BB experiment, con
tdins -a small angle Bhabha
scattéring luminosity monitor.

" The energy spread (f.w. h.
m,) of the machine is given by
‘the expression

Ty (MeV) = 0.32 W2 (GeV) .

In the 1.4-2.0 GeV energy in-
terval, the sourcelength (f.w.
h.m.) at the interaction re-
gions has a I' varying between
25 and 45 cm. The absolute
value of the machine energy is
known with an uncertainty of
AW =12 MeV, The average lummos1ty deliveredby ADONE at a C. M. ener
gy W of 1.5 GeV is about 1 nb~ /day The three experiments have some-
what complementary properties; these are summarized in Table I.

Fig, 2 Sketch_of ADONE with posi-
tions of the BB, y72, MEA experi
ments and of the small angle Bhabha
scattering monitor.

1. The BB experiment

The BB set -up has a cylindrical symmetry around the interaction re
gion of the eTe~ beams and it covers a solid angle for point like source
(f.p.l.s.) of 0 "x4n sr (Fig. 3).

The system is composed of four coaxial hodoscopes (from the inter-
action region outward: HOD 1 HOD 2, HOD 3, HOD 4), each made up of six-
teen scintillation counter elements.

All counters respond linearly to the energy loss of the detected par-
ticles. The"HOD 3 elements are thick liquid scintillation counters (35 g/cm
and 0,8 R.L.); they effectively discriminate crossing particles from soft



TABLE 1

Main properties of Adone experiments

BB Calorimetry; dB/dxvs. B - Y73 ? detection -~ MBEA Momentum analysis
EB rY2 MEA |
Orientation of the axis of symmetry
referred to the beam direction parallel orthogonal orthogenal
Solid angle for point like source /4% | 70 % 66 (40) % 40 %
Direction measured by magnetostrictive S, C.| optical 8. C, | optical S. C.
‘Momentum measured by E, dE/dx range magnet
Quality of mom. meas. poor poor good
Quality of photon detection poor good poor
Minimum energy (MeV) for a pion ~ 60 ~ 120 ~130
to trigger (~ 35+ 9y's)
S. A, Bhabha S. A.Bhabha | S.A,Bhabha
Luminosity monitors W. A, Bhabha W. A, Bhabha | W, A, Bhabha
: Double bremss.
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Fig. 3 The BB experimental apparatus.




electromagnetic background by means of a "calorimetric” information
(FE/E ~20% at E = 100 MeV), Twelve of the sixteen HOD 4 elements are
separated from HOD 3 by 2.5 R. L. of iron-lead radiator,

Four cylindrical magnetostrictive wire chamberstrack charged par-
ticles between HOD 1 and HOD 2, o e e

A set of flash tube chambers, with tubes parallel to the ete~ beams
and arranged into two double gaps, is placed in front ‘and behind of HOD 4
and the lead radiator. The chamber system is interfaced by fiber optics
to an automatic vidicon readout. HOD 4, the iron-lead radiator, the flash
tube chambers provide electron identification and form a rough photon de
tector (some photon conversion occurs alsgo in HOD 3J, ' B

The trigger logic allows the selection of parallel and different trigger
conditions to enable the data acquisition. The pattern of the fired counters,
their pulse height and time information, the information from the spark
and flash tube chambers, are all recorded on magnetic tape for each
event. A track is defined by elements of HOD 1, 2, 3 set in.a row ; the mi-
nimum energy for a pion track to trigger is T~ 60 MeV ; at least two
tracks are requested.

2, The yy2 experiment

The apparatus consists of two large semicylindrical telescopes, pla-
ced above and below the interaction region, with their axes orthogonal to
the eTe™ beams (Fig. 4).

- r—*"‘v

AN e
= = |

TG FATC U T ) L PN S MR O

e

e Fe

Pb
mmn  Sciatitator
= Spark Chamber

Fig, 4 The yy2 experimental apparatus.



The telescopes are made of a combination of scintillation counters,
optical spark chambers and lead converters arranged in such a way as
to optimize the electromagnetic shower detection. The solid angle f.p.
l.s, is 0,41 x 47 sr. fortriggering and 0.66 x 47T sr. for tracking. The total
thickness of the shower detector is 5.5 R, L. ; the photon detection effi-
ciency is shown in Fig, 5 as a
function of the photon energy.

1. ——
The shower detector is EX ,( ——
completed by the addition of a
set of eight bigap spark cham / b)
bers sandwiched between nine
1.5 cm thick iron layers and Sr

covering a solid angle ‘of

0.27x4mw sr. The total thick
ness of the apparatus corre-
sponds to the range of a 300

L 1 1 1 1

MeV pion. 0 200 400 E; 600 Mev

A pair of circular side- Fig, 5 Photon detection efficiency vs.
-telescopes made of magne- photon energy in the yy2 apparatus as
tostrictive spark chambers, predicted by a Monte Carlo calculation.
lead absorbers and scintilla a) the photon fires at least one layer of
tion counters complete the scintillation counters; b) the photon fi-
detection system and cover res Bt least two layers of scintillation
an additional solid angle of courters,

0.15x4w sr.

The trigger logic requires the cdincidence between the upper and low
er telescopes and, for each telescope, a 6-fold coincidence among all
scintillation layers; this corresponds to.at -least one penetrating
charged particle (Ty; = 120 MeV) or to a low energy charged particle
(Tﬂ:a 35 MeV) together with one or more converted photons.

3. The MEA experiment

The MEA detector, the only experiment at ADONE with magnetic ana
lysis, uses a (2 m diameter, 2 m length) solenoid mounted with its axis
perpendicular to the direction of the ete” beams (Fig. 6)3. Two compen
sator magnets are located inside the main coil. The track curvature, due
to a field of about 2.5 KG, is measured by the thin optical spark chambers
C1, €} and by the wide gap cylindrical optical spark chambers Cq, Cj.

The solid angle for magnetic analysis is 0,4x42 sr.f,p. 1. s, The momen
turn resolution is Ap/p = £8% at p = 1 GeV/c.

Heavy plate optical spark chambers are placed outside the coil to
identify e, m. showers, to observe interactions and to measure hadron
ranges,



Fig. 6 The MEA expe
- rimental apparatus,

Main. MEA
Coil CAl)

The trigger system consists of small scintillation counters Si8S,,
(S'1 b) just above and below the vacuum chamber, of two planes of MWPC's
with wires parallel to the beams and of four hodoscopes Sg Sys S§S) out-
side the coil. Two particles, one in the upper part, the other in thelower
part of the apparatus, are requested to trigger (T2 130 MeV).

4, Luminosity monitors and choice of machine operation

In addition to the small angle Bhabha scattering luminosity monitor,
located in the ADONE straight section free from experiments, all three
apparata detect wide angle Bhabha scattering; a double bremsstrahlung
monitor is moreover associated with the BB set-up.

The MEA and ¥?2 experiments use the wide angle scattering as abso
lute luminosity monitor. The BB experiment uses the machine luminome
ter as absolute monitor and checks the constancy of the luminosity thus
measured against the ones meastred by the double bremsstrahlung monitor
and the wide angle Bhabha scattering in the apparatus.

The running of the machine for the three experiments was program-
med according to decisions taken after the J/¢ discovery.

A systematic search for resonances with width smaller or comparable
to the machine energy spread was initiated over all of the ADONE energy
domain by scanning in steps of C. M. energy 4W ~ 1 MeV and with a lu-
minosity of 0.25 nb-1/point. Part of these results have already been
published?.

A more careful search and more machine luminosity was invested
within energy intervals where anomalies in the hadron production were



The telescopes are miade of a combination of scintillation counters,
optical spark chambers and lead converters arranged in such a way as
to optimize the electromagnetic shower detection. The solid angle f.p.
l.s. is 0,41 x 47 sr.fortriggering and 0.66x 43 sr. for tracking, Thetotal
thickness of the shower detector is 5.5 R, L. ; the photon detection effi-
ciency is shown in Fig, 5 as a
function of the photon energy.
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tion counters complete the scintillation counters ; b) the photon fj-
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The trigger logic requires the cdincidence between the upper and low
er telescopes and, for each telescope, a 6-fold coincidence among all
scintillation layers; this corresponds to.at least one penetrating
charged particle (T2 120 MeV) or to a low energy charged particle
(Tﬂ-_-?.» 35 MeV) together with one or more converted photons.

3. The MEA experiment

The MEA detector, the only experiment at ADONE with magnetic ana
lysis, uses a (2 m diameter, 2 m length) solenoid mounted with its axis
perpendicular to the direction of the ete™ beams (Fig. 6)3. Two compen
sator magnets are located inside the main coil. The track curvature, due
to a field of about 2.5 KG, is measured by the thin optical spark chambers
Cy, C} and by the wide gap cylindrical optical spark chambers Cg, Ci.

The solid angle for magnetic analysis is 0.4x4 sr.f.p.1l.s. The momen
turn resolution is Ap/p = T8% at p =1 GeV/c.

Heavy plate optical spark chambers are placed outside the coil to
identify e, m. showers, to observe interactions and to measure hadron
ranges.



Fig. 6 The MEA expe
- rimental apparatus.
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The trigger system consists of small scintillation counters SR
(S‘1 S'z) just above and below the vacuum chamber, of two planes of MWPC's
with wires parallel to the beams and Qf four hodoscopes Sg Sy S58) out-
side the coil. Two particles, one in the upper part, the other in thelower
part of the apparatus, are requested to trigger (T2 130 MeV),

4. Luminosity monitors and choice of machine operation

In addition to the small angle Bhabha scattering luminosity monitor,
located in the ADONE straight section free from experiments, all three
apparata detect wide angle Bhabha scattering; a double bremsstrahlung
monitor is moreover associated with the BB set-up.

The MEA and 772 experiments use the wide angle scattering as abso
lute luminosity monitor, The BB experiment uses the machine luminome
ter as absolute monitor and checks the constancy of the luminosity thus
measured against the ones measured by the double bremsstrahlung monitor
and the wide angle Bhabha scattering in the apparatus.

The running of the machine for the three experiments was program-
med according to decisions taken after the J/¥ discovery.

A systematic search for resonances with width smaller or comparable
to the machine energy spread was initiated over all of the ADONE energy
domain by scanning in steps of C, M, energy 4W ~ 1 MeV and with a lu-
minosity of 0.25 nb-1/point. Part of these results have already been
published4.

A more careful search and more machine luminosity was invested
within energy intervals where anomalies in the hadron production were



suspected, typically 5 nb"l/point in energy steps AW ~ 5 MeV,

III RESONANT PRODUCTION OF KX AT W = 2.13 GeV

The systematic scanning by the MEA group showed an anomalous be-
haviour of the multihadron yield in the energy interval 2070< W < 2200 MeV

The analysis concentrated on events with at least three charged par-
ticles detected (2 3 C); background contamination in this category was
found to be neglegible. Preliminary data have already been reported5.

To better explore the detected effects, new data were collected at the
three fixed energies W = 2,13, 2,25, 2.30 GeV. 87 events, correspond-
ing to a luminosity of 47 nb‘l,, were put together by the first energy scan
ning; 90 events, corresponding to a luminosity of 37.5 nb‘l, were recent
ly obtained at the three fixed energies, B

During this last data taking a counter system to measure time of
flight (TOF) went into operation ; the combined measurement of momen-
tura and TOF gave then informations on the nature of particles reaching
the TOF counters, Some extra information for particle identification could
also be obtained by nuclear interaction or decay of hadrons reaching the
range chambers outside the magnet coil.

1. Effective mass spectra

The effective mass spectra of two particle neutral systems were con
structed for all hadronic events ; each track in a neutral pair was alterna

tively assumed to be a & or a K giving rise therefore to three possible
combinations (wa)®, (K)®, (KK)O,

A statistical weight was attributed to each pair so that the total event
weight added up to one, whatever the number of tracks in the event. The
information on the particle nature from TOF or range chambers was used,

if available, in the form of a definite probability for being a m or a K
attached to the particle,

The mass distributions for (ma) or (@K) combinations are presented
in Fig, 7. The upper part of the figure corresponds to C, M, energies W
between 2120 and 2140 MeV, the lower part to energies outside thig inter
val. Some evidence for K% production is visible in the (@wK) distribution
of Fig, 7a; some evidence for @ production is visible in the (tm) distribu-
tion of Fig, 7b.

The mass resolution of the MEA magnetic detector is 01\;[~50 MeV/c2
at M ~ 890 MeV/c2,

The dashed area of Fig, 7a shows the effect of kinematical reflections,
i.e. events which, if assumed to be (7K) combinations fall in the 800 < M, <
<1000 MeV/ c2 mass band. Similarly the dashed area of Fig. 'Tb corre-
sponds to events which, if assumed to be (a) combinations, fall in the
¢ mass band, Kinematical reflections therefore do not explain the K%
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Fig. 7 Effective mass distribution for {#m)° and (*K)° combinations
out of multiparticle hadronic events, a) 2120 « W < 2140 MeV {inre-
sonance region); b) W< 2120 W > 2140 MeV (outside resonance re-
gion). Dashed areas indicate the effect of p and KX kinematical re-

flections.

enhancement in Fig, 7a. Further on, to reduce the effects of kinematical
reflections, slightly asymmetric cuts in the M(nK) mass were applied to
extract the KX yield from all hadronic events (800« MJTK< 950 MweV/cz).

K* production is more clearly vigible in the effective mass spectrum
of the particle combinations for which a K/m discrimination by momentum

. SAMPLES WITH K/TT DISCRIMINATION
( MOMENTUM + TGF )

4
"Events,
1.1 W= 2130 MeV
20.1 nb~1
‘ Mev/c?
500 1000 M rr
§'Events,,
W=2250, 23C0 MeV
17.4 nb~"
1. [_
ﬂ MeV /c?
500 1000 My

and TOF is available. The K¥ signal is
present at W=2130 MeV and absent at
energies 2250 and 2300 MeV (Fig, 8).

The final state of three hadronic events
could be fully reconstructed and it came
out to correspond to KXK* production,

Fig. 8 (@K)© effective mass distributions
for sample with K/ discrimination.

a) W = 2130 MeV, at the resonance;

b) W = 2250, 2300 MeV, far from the
resonance.



2. K* production

The yield for KX production as a function of the C, M. energy W is pre
sented in Fig. 9; one can notice f
a very clear resonant behaviour, ]
centered at W= 2,130 G&V and
with width I' of about 30 MeV,

"Events"/np-1
178 events
90 nb-" luminosity

If the non resonant backgro 1 |
und is interpolated by a straight +
line, the expected number of + *

events in the region 2,0« W<«2,14 .5 ﬁ/_‘_.._..,-—-—
GeV is 12.551.2 eV ; the —

observed events are 28.112.8

ev with an enhancement of 205 210 215 220 225 230
15.61'2:“,59 ev corresponding w(GeV)
to a statistcal significanceforthe

effect of more than 5 standard Fig. 9 (rK)° yield vs. C. M. energy
deviations5. W.(800< M, < 950 MeV/c2),

3. Nature of the 2130 MeV/ ¢ resonance

The narrow width and the large K* production, through which the re-
sonance was identified, is suggestive of a recurrence of the ®(1020) me-
son. Radial excitation of the ¢ meson and a A4 quark spectroscopy are
expected in the energy region explored by ADONETs 8, Their positions, pre
dicted by a Veneziano mass formula of the type:

1\/[121 = 1\/[3, + n( & 2 Mg) n= 1,2,

.. (1)
are 1490, 1840, 2140 MeV/c2,

The resonance at 2130 MeV is then a possible candidate for the ¢™
recurrence, It is worth noting though, that while the KX production is en-
hanced at W = 2130 MeV, simple K production is rather surprisingly
constant within statistics (K/TOT: (8.2%3.3)%at W = 2130 MeV; (10.5%
t4.3)%at W = 2300 MeV), -

If the: scheme relative to @ excitations is correct, other narrow
structures might appear around W equal to 1.8 and 1.5 GeV. This obser
vation determined the subsequent use of ADONE luminosity which was B
therefore alternatively shared between the two mentioned energy regions.

IV THE 1.8 GeV ENERGY REGION9
The first indication of the presence of a structure in the yield for the
reaction ete~ —» hadrons, was obtained during an energy scanning in the
autumn 1976, Much more luminosity was used at prefixed energies in two
other long periods of running from February to March and from April to
May 19717, : :
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The data, relative to hadronic events with at least three charged par
ticles (2 3C), by the MEA group (300 events, L = 123 nb"l) are presen‘tgd
in Fig. 10, Only statistical errors are quoted; the experimental points,
measured in different running periods, are in good overall agreement and
are plotted in Fig,10by different symbols.

|
S i {% {wl |

Fig. 10 Yield vs. W for (= 3C) hadronie events as measured by the
MEA group. Data collected in different running periods are plotted
by different symbols: o September-October 1976 (energy scanning)
¢ February-April 1977 (prefixed energies).
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EVENTS /nb™"
events, L = 70 nb™") weére col " g& srou
lectedat prefixed valued of the w|
machine energy, while part 2l x { 23C
of the MEA data were collec * }ll
ted by energy scanning, the 10 l I
experimental results of the R {; I { l ’
two groups are compared in ‘l
Fig. 11 after grouping MEA ® l l
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The overall aspect of the hadronic yields is very similar although, as
it was already pointed out, the angular coverage and the trigger energy
cuts of the two experiments are quite dissimilar. It is possible to notice
however a shift of about 15 MeV towards higher energies of the data pat-

tern observed by the BB group compared to the one observedbythe MEA
group.

The fast twist of the hadronic yield seen by the two experiments is
suggestive of a dispersive contribution and of an interference between two
nearby resonances. Evidence for a rather wide resonance at about W =

= 1780 MeV, interpreted as an ®' (so with negative G-parity), was indeed
recently published by an Orsay group™"

The BB yield for (2 3C) hadronic events is compared in Fig. 12 with
the Orsay results in the same

channel ; only statistical er-

rors are quoted. The compa- v | EVENTS/nb- -1 EVENTS / nb~?

rison is particularly signifi- o BB croup o OCl 120
cant since both apparata have 14} , . 418
cylmdrloal symmetry around =3C l1s
the eTe~ beams and cover a 2 l{l 11 11a
similar solid angle. An arbi 10 ; | -

two sets of datais appliedinFig, 8}
11.to take into account the

difference in overall detection
efficiency of the two apparafta“. 4t
Although the energy spacing of 1

trary scale factor betweenthe ‘ { {}

‘he Orsay experimental points 2 12
.~ rather large, there is a fair . ) . _

. b= 1600 1700 1900 1900 201000
agreement with the BB data at W (MY

the high yield around 1770 MeV . . ; .
at the low yield around 1800 Fig. 12 Comparison of the yields vs.

r > ; ic 7 m -
MeV and on the right of the W for (= 3C) hadronic events ag mea

sharp structure observed at sured by the BB A]_DONE group (o)
ADONE. and by the DCI group (o).

The statistical significance of the structure seen by the three ADONE
experiments was studied in various ways. Tests applied to the BB data
produced the following results. The d15>tr1but1on of the experimental points
around a fitted constant value of 8.7 eV/nb~1 gives a %%/d.f. = 27/18
corresponding to a confidence level of 0.09.

The true confidence level is indeed much lower then this 1imit, since
the correlation among the points carries additional information. The "one
sample runs test "12, deviced to probe the randomness of the data arocund
the average value of 8.7 eV/n’b‘l, gives a confidence level below 0,025
for the occurence of a fluctuation similar to that seen in the data ; there-
fore both the dispersion and the correlation of the experimental points ma
ke it very unlikely that the effect at 1.8 GeV is due to chance. From the
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comparison of the average event rate at the five energies between 1820 and
1840 MeV (PEAK) and the other ten energies (BACKGROUND) one gets:

PEAK = 10.4%0.8 ev/nb-1, SIGNAL = 3.6%1.0 ev/nb~!
BACKGROUND 6.8%0.6 ev/nb™1 .

The existence of a new structure in the explored energy region is de-
monstrated within 3.6/1 standard deviations,corresponding to a confidence
level of 4x10~% for an accidental result.

Similar analyses, performed on the data obtained by the MEA and 772
groups, gave equivalent results., The fact that the three largely indepen-
dent ADONE experiments observed similar effects gives additional confi-
dence on the existence of a bona fide resonance in the 1.8 GeV energy re-
gion.

1., Nature of the 1820 MeV resonance

Some insight on the nature of the 1820 MeV resonance comes from the
data collected by the Y72 group. This experiment has a very good efficien
cy for y detection (see Fig. 5); it is then possible to separate hadronic
channels where ?'s are or are not present,

The data in the peak region, corresponding to a total luminosity of
65 nb~1, are shown separately (see Figl3)for hadronic events with three
or four charged particles plus at least one gamma ray detected (3,4 C+=
=173 119 events), and for three or four charged particles without detec-

ted gammas (3,4 C; 186 events), -
a) While the 1.8 GeV structure clear
41 7] ly appears in the first category B
(Fig, 13a), it seems to be absent
3t . in the second one (Fig, 13b). This
— would suggest a dominant channel
-2} - 2a" 2a” 7%, The 2at2a-27°
- channel, which is also apossible can
w1k i didate, should be accompanied by
E the same G-parity channel 20t+2n“;
3‘,0 ; | this seems to be excluded by the
3 b 3.4¢C data.
s 8f -
¥
E 6
I : ]
FRIGIE
2} + : 1 . Fig. 13 Yields vs. W for :
a) (2,4 C+217) hadronic events;

0 4 L b) (2,4 C) hadronic events
17. 1.8 1.9 W(Gev) as measured by the yy2 group.
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What has been said gives indications for a negative G-parity of the
1820 MeV resonance, a necessary condition for a possible interference

with a nearby ' resonance. .
-

One might notice at this point that the energy position of the. new: ="
ADONE structure fits rather well the expectations for the mass of the -
second radial excitation @" of the' ¢, predicted by the Veneziano mass
formula (1),

Were the 1.8 GeV truly a @ recurr ence one would expect oz1l3 rule
allowed decays to dominate i. e. :
¢" —5 Pan
—> Plax
- — K%K, KK*
—» KERKE etc.

The detection efficiency ofthe YY2 exp. | for all these channels satlsfy the ine

quality €(3,4C+2 17)< s/ (3,4 C); they donot probably dominate since, as alrea
dy observed the 1.8 GeV resonance clearly appears only in the (3 4C+ ~

= 17) and not in the (3, 4 C) hadronic yield.

The observation of a copius K production at W~ 1,82 GeV would be a
good signature for a ¢ recurrence, The MEA group, which is the most
properly equipped for K/m discrimination by momentum + TOF determi-
nation, is presently performing the accurate film measurements needed
for identifying K's ; a quantitative answer on the K production yield will be
available only in a few months time,

A gearch for K's ig also possible with the BB apparatus (mass separa
tion for low energy K's by the "dE/dx vs. E method", or by observation of
K's decays) and with the yy2 apparatus (range and K decays) ; this investi-
gation is under way. The only conclusion possible now on the K/t ratio is
that all the three experiments have no indications for a strong K production
yield in the 1.8 GeV region.

Note also that, at these low energies, the detection efficiency of the
apparata, changes considerably if the final states contain massive particles
like K's in addition to w's; it will be difficult to extract reliable cross sec
tion measurements from experimental data until the decay channels of the
1.8 GeV resonance are more clearly identified.

2, Fits to the 1.8 GeV data -

Fits to the data presented by each group were indeeﬁendently attempted;
some of the results can be found in Table II.

The BB group used the following ingredients : a straight.line:back-
ground, two Breit-Wigner (BWq, BW,, of masses M; and Mz) the 1nter-
ference between two of the three hsted contributions.; in fit 1 of Table 11
the two BW interfere, in fit 2 no interference is present.
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TABLE 1I

Mass and width of the BW, resonance as obtained by best fitting the data
of the three experiments. In parentheses are reported the values ob-
tained by the BB group for the Breit-Wigner in the 1750 - 1800 MeV
region (Bwl),

MASS (MeV) WIDTH (MeV) C2%/d. 1,
M, M| G r,
- + + +7 '
(1) | BB with interference 1812 (179’ 31) 34 21 (79 7) 6.1/9
~14 «15 =29
(2) | BB, without interference 1836 (176‘5+14) ‘ 1-3+3 (4‘7+25) 1 8,8/11
ra -38 -2 -200 ;

(3) | yy2 181915 © hats 6.8{11
(4) | MEA 182116 3115 16/14

One can notice that :

a) The fitted position of Mz is very dependent on the presence of the inter-
ference term. The fitted My value can be somewhat different from the
mass position of the peak seen in the data. The interpretation of this
fact is related to the two parts into which a BW can be decomposed: a
"dispersive" term and an "absorbitive" one (see Fig, 14); the relative

A vt A M2 P2
W) = awe' P — 21 22
M -W —11\/[11'"1 MZ_W - 11\/121"2

Fig. 14 Decomposition of a BW into "digpersive" ( ) and "absor
‘bitive" ( ----) parts. The parts from BW4 and BW, play PO]L@E: deter-

 mined by the parameters A, Ay, Ay, B, Oy, P 90 My, MZ’ I’,,.
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influence of the two terms, and a consequent apparent energy shift of the
resonance in the data depends on the amplitudes A, A4, Ag, on the reso-
nance widths .['1 and I‘z’ and on the relative phases &, by, @214

b) The fit admits the presence of an @' resonancel®, but due to the sharp
decrease of the yield at energies higher than the @' peak, it prefers a
smaller width than the one indicated by the Orsay groupl?®,

c) Although the introduction of the interference term slightly improves the
fit, the question about the existence of the interference term cannot be
settled at the present stage.

In Fig, 15 the BB fits are superimposed to the BB data; in addition to
fits 1 and 2 of Table II, Fig. 15 shows also a third fit where a linear back-
ground,twoBW's and the interference between the BWy and the: background
is considered.

1 EVENTS/nb!

BB crowe

8 b
gl
4 ;
i
2F
756 1800 1850 1360 1855
W(Mev)

Fig, 15 Fits to the BB yield vs. W for (23C) hadronic events.
Fit 1 Table II —— (linear term + BWI + BVV2 + interference (BW 1 BWZ))
Fit 2 Table Il ~-«-~ (linear term +BW1 +BWy )
: —»— (linear term+BW{ +BWy + interference (BWg, linear
term)).

Quite acceptable interpolations (3 and 4 in Table II)of the MEA and YY2
data are possible by using a linear background and a single BW. Since a rea
sonable agreement is present among the fits 1, 3, 4, relative to the three
ADONE experiments, an overall general fit to the (23C) yields of the BB,
772 and MEA experiments was attempted, The parameters Mj, r'y, M,

. Iy W“e_:re kept fixed and with values My = 1778 MeV, I'{ =175 MeV, Mgy =

= 1812 MeV, Ty = 37 MeV ; the amplitude of the linear background, of the
two BW's and the phase of the interference term between the two BW's were
instead left free. The resulting fit is quite sati‘Sfactor'y and it is presented
inn Fig., 165 maximum negative interference is demanded by the three sets
of.data.- -

‘Note that the different energy position of the 1.8 GeV peaks in tke BB on one
side and the MEA and yy2 experiments on the other side, is nicely accom-
modated and it is related to the role of the interference term.,
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Fig. 16 General fit to the yield vs. W for the (23C) hadronicevents of
the BB, 772, MEA experiments. (Linear term +BWq{ +BWy + inter-
ference (BWq, BWy)). Resonance masses and widths are fixed. Am
plitudes of the linear term, of BWq, of BW, and the interference
phase were left free,

V THE 1.5 GeV REGION

Following the suggestion by the mass formula (1), the 1.5 GeV energy
region was explored almost contemporarily and in alternance with the 1.8
GeV region., The experimental results I shall present should be considered
preliminary, since the analysis is not fully completed ; moreover, the data
taking in this energy domain will go on for several extra months.

A first part of the data, corresponding to 500 (22C) hadronic events
and to a luminosity of 19 nb'1 for the BB group, and to 430 events (22C)

and 28 nb-! for the y72 group was analysed between the energy limits
1470 and 1570 MeV.
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The yields for events with atleast two charged partlcles (Fig, 17) shows
a clear narrow signal at an energy W of about 1500 MeV16, If a constant
background is fitted to all the experimental points, the signal (the 5 highest
points for the BB experiment, the 3 highest points for the yy2 experiment)
has a statistical significance of the order of 3.5-4.0 standard deviations
for each of the two experiments,

A Breit and Wigner + constant [ evextss b1 ' '
termn fit suggests a width certainly 35| U BB croup
less than 4 MeV for the structure. T

If radiative corrections!” 0 q!ll = 2C
(v17% of the integratedyield) and 25¢ i ll “ {
the energy resolution of the machi ;
ne aretaken into account, the fit- 207 * I
tedwidths I' are ofthe order of 15t
2.5 MeV (M=149910.2, I'=2,3%0.2 * “ ‘
for the BB experiment)., This va- 10F I
lue is an indication for avery nar 5l
row resonance, but it must be ta- W (MeV)
ken with care since the rather com 475 oo — 1555
plex structure of the hadronic yield x
inthis energy domain might demand EVENTS/nb-] )
a more refined analysis later on, ’

32¢ T¥> GRCUP

While the mass of the resonan é -
ce is jn good agreement with what . 2% ' > 2C
predicted by the mass formula for 24| l
the first @ recurrence, ¢!, the }l
width of the new structure is much 20¢ : ‘ | 1
smaller than the predicted value, 15_‘* l { |
Wwhich ranges from 25 to 50 MeV l ' I
forsuch a state7" L ‘ 12-‘ }th ‘ o

Bl |

Fig. 17 Yield vs. W for (22C) o .
hadronic events as measured by ~ ' w(Mev)
the BB and 7y2 groups around 1475 e R — T
1.5 GeV,

Grec018 suggested then that the 1.5 resonance might be identified with

3D1 (}.Z) state; were this the right interpretation,a 3S 1 @ l) state should
be located close and at lower energies, The width of t] e 381 state would
be larger than the one of the 3D1 state although not as large as 25 MeV
since this lower energy resonance would be closer to the KK* threshold.
Interference effects between the S and D states would also be possible,
These predictions on 1A quark spectros:copy, if correct, would reproduce
the situation of ¢C spectroscopy with its ' Sl level and the 3D1 (3.78
GeV) recently discovered narrow statel9,
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Fig. 18 Yield vs. W for (=3C) hadronic events (B§ group);
Yield vs. W for (22C) hadronic events ( yy2 and MEA groups).
A recent low luminosity exploration of the energy region
1450< W < 1490 MeV,
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A low luminodity exploration of the energy region between 1450 and
1490 MeV and sonde extra luminosity taken between 1490 and 1560 MeV give
- indeed an indication of the presence of another structure. The measured
yields of the three experiments are shown together in Fig., 18 ; they corre
spond to a luminogity of 39 nb-! for the BB experiment, 35.4 nb-1 for the
Y72 experiment, and 57 nb~! for the MEA experiment,

The data are the one relative to the (22C) hadronic events for the MEA
and YY2 experiments and to (2 3C) hadronic events for the BB experiment,
since,due to the lower energy cuts of this last experiment, the rejection of
cosmic rays and machine generated background requires a careful analysis
- of the (2C) channel which has not been completed yet.

_. The total number of hadronic events is at present 673 (= 3C) for the
BB group, 544 (22C) for the 772 group and 434 (= 2C) for the MEA group.
The yield for events with 4 charged particles (4C) seen in the BB apparatus
is also shown in Fig, 19,

R e T
10+~

T Y 1 ¥ v ——p r - T Al Y

EVENTS/nb! BB _croup

4C

1450, " TTH00 TR T W ney) 1800

F_l_g 19 Yield vs. W for (4C) hadronic evernts as measured by the
BB group.

From the data of the three experiments a rather complex situation
emerges for the hadronic yield in the 1.4-1.6GeV energy region; this demands
for a more complete exploration and for a larger investment of machine
luminosity, ’

1. Nature of the 1.5 GeV state

As in the-_case of the 1.8 GeV structure,a clear identification of the 1.5

state as a (A ) quark compound would be the indication of copious decays
via strange meson channels like e, KRX, KK, etc.
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A search for K's by the methods previously described just started.
Branching ratios to detectable final states, geometiry and energy cuts, and
in general all requirements needed to identify "K states" at these low C.
M. energies make the detection efficiency very small (typically O, 5% for
a KK* state in the Y72 apparatus). The three experiments can only state
that no evidence is available yet foreéopiousdecays via "K" channels.

An interesting study to clarify the nature of the 1.5 GeV resonance was
made by the yY2 group. Their apparatus has a good detection efficiency
for both charged particles and y rays. They tried to solve the system of
equations Ny = £y;0;, where Ny is the number of events in a certain ca-
tegory k (i.e. (2C), (2C+vy), (3C), etc.), 0; are the cross sections for the
production of neutral and charged pions with multiplicity i, &, is the
efficiency for detecting the g; cross section in the k-category. The ele-
ments of the €3 matrix were calculated by assuming final states with only
pions present and distributions according to an invariant phase space,

Due to the rather low statistics the resulis must be considered preli-
minary; they are presented in Fig., 20. The cross sections (in arbitrary

"Y¥2" GROUP
J PRELIMINARY
K&
W EVEN MULTIPLICITY
100 e oDD "
58
P TR
- I PN — {{
1480 1500 1520 1540 W {MeV)

Fig. 20 Preliminary results on the decomposition of the hadronic
cross section into a part with positive G-parity (even number of
pions produced) and a part with negative G-parity (odd number of
pions produced). At the new resonance positive G-parity is preferred.

units) for states with an odd opandwithan evennumber of pions O areplot
ted separately. A large increase of the sole 0T cross section seems to
take place in passing through the 1.5 GeV structure. This would suggest a
positive G-parity, opposite to what one would expect for a ¢ recurrence,

2. Barionium ?

The narrow width of the 1.5 GeV state, the'indication for positive G-
-parity, the lack of abundant decays to strange particles, advice to be cau
tious before identifying the new resonance with a (AA) quark state, even if
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its mass is in agreement with the predictions of the Veneziano mass for-
mula (1).

A possgibility one should congider is that in the ADONE energy domain -
and close to the threshold for the reaction ete —s pp, barionium states
might be present and might contribute to the eVe~™ annihilation into hadrons.
Barionium states have since long been predicted by the one boson exchange
potential model (OBEP)20 and by duality requirements and quark models 1,
These states should be preferentially coupled to decay. channels involving
barions if M>2m,; if M<2m, they can only decay to mesons although
something similar to the OIZ rule (related to barion number and-not to
strangeness or charm) would forbid these decays. Due to this last observa
tion, the widths of barionium states at masses lower or close to 2 my, are
expected to be very narrow with I''s even of the order of a few MeV.

Regge trajectories’zL 22 and radial excitations of barionium states
rnight also beforeseen;no. prediction is available at present for a possible
coupling of these states to the ete~ annihilation channel.

Experimental evidence in favour ofqbari’onium states has been accumu
lating during last months for M>2m 23 More recently, indications for
bound states with M < 2 my, have been obtained24,

CONCLUSIONS

The region between 1.4 and 2.5 GeV seems to present to an experimen
tal investigation a miuch greater complexity than expected. In this energy re
gion recurrences of known vector mesons were foreseen. Exotic possibili-
ties, like barionium states, must now also be considered. A more refined
scanning of the: region of interest, larger statistics, the: study of exclusive de
cay channels, are needed beforethatthenature of thenew ADONE resonances
might be fully recognized. »

The outlined program is slowly carried on. The sense of surprise we
feelinfront of the new resonances, and the questions they rise are mean-
while well symbolized in Fig. 214°,

Fig. 21 Open questions about the nature of the new resonances.
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