b] ‘H Available online at www.sciencedirect.com

[—

SCIENCE DIRECT®
@ PHYSICS LETTERS B

ELSEVIER Physics Letters B 561 (2003) 233-240

www.elsevier.com/locate/npe

Results of the coupled channel analysisiofr ~7°, K+ K ~7°
andKiKgnjF final states fronp p annihilation at rest in hydrogen
targets at different densities

Obelix Collaboration

M. Bargiotti?, A. Bertin?, M. Bruschi?, M. Capponf, A. Carboné, S. De Castré,
R. Don&, L. Fabbri, P. Facciol?, D. Galli?, B. Giacobbé, F. Grimaldi#, U. Marcon#?,
l. Massé&, M. Piccininid, M. Poli®, N. Semprini Cesafj R. Spigh?, V. Vagnon#,
S. Vecch?i, M. Villa 2, A. Vitale?, A. Zoccoli?, A. Bianconi®, M.P. Bussé,

M. Corradini¢, A. Donzellef, E. Lodi Rizzini¢, L. Venturelli¢, C. Cicald”,

A. De Falcd!, A. Masoni?, G. Puddd, S. Sercf, G. Usaf, O.E. Gorchako,
S.N. PrakhoV, A.M. Rozhdestvensk§ M.G. Sapozhniko®, V.I. Tretyak®,

P. Gianottf, C. Guaraldd, A. Lanard, V. Lucherini’, C. Petrascl R.A. Ricci?,
V. Filippini ", A. Fontand, P. Montagnd, A. PanzarasaA. Rotondi", P. Salvinf',
A. Zenoni¢, F. Balestra, L. Bussd, P. Cerelld, O. Denisov, L. Ferrerd,

R. Garfagnini, A. Maggiord, D. Panzieri, F. Toselld, E. Bottd, T. Bressan,
D. Calvod, F. De Mori, A. Feliciello!, A. Filippi!, N. Mirfakhrai!, S. Marcelld,
M. Agnello¥, F. lazzi

@ Dipartimento di Fisica dell’ Universita di Bologna and INFN, Sezione di Bologna, Bologna, Italy
b Dipartimento di Energetica dell’ Universita di Firenze, Firenze, Italy and INFN, Sezione di Bologna, Bologna, Italy
C Dipartimento di Chimica e Fisica per I'Ingegneria e per i Materiali dell’ Universita di Brescia, Brescia, Italy
and INFN, Gruppo Associato di Brescia, Brescia, Italy
d Dipartimento di Scienze Fisiche dell’ Universita di Cagliari and INFN, Sezione di Cagliari, Cagliari, Italy
€ Joint Institute for Nuclear Research, Dubna, Russia
f Laboratori Nazionali di Frascati dell’INFN, Frascati, Italy
9 Laboratori Nazionali di Legnaro dell’INFN, Legnaro, Italy
h Dipartimento di Fisica Nucleare e Teorica dell’ Universita di Pavia and INFN, Sezione di Pavia, Pavia, Italy
! Dipartimento di Fisica Generale dell’ Universita di Torino and INFN, Sezione di Torino, Torino, Italy
J Dipartimento di Fisica Sperimentale dell’ Universita di Torino and INFN, Sezione di Torino, Torino, Italy
K Dipartimento di Fisica del Politecnico di Torino and INFN, Sezione di Torino, Torino, Italy

Received 14 March 2003; received in revised form 27 March 2003; accepted 28 March 2003

Editor: L. Montanet

0370-2693/03/$ — see front mattér 2003 Published by Elsevier Science B.V.
doi:10.1016/S0370-2693(03)00496-9


http://www.elsevier.com/locate/npe

234 Obelix Collaboration / Physics Letters B 561 (2003) 233-240

Abstract

The nt7 7% KTK~ 70 and k¥ KOz T final states produced byp annihilation at rest at three different hydrogen
target densities have been analyzed in the frame of a coupled channel analysis together aittl 7 K scattering data.
Here we present the main results which concern masses, widthand K K partial widths of all the involved resonances
(JP =0%,17,2%), the direct determination af, /I~ ratio for fo(1370 and fo(1500 (I'y z/I%wx = 0.91£0.20 and
Ty 7/ Twn = 0.25% 0.03, respectively), the determinationaf(1300 parametersi = 1303+ 16 MeV, I' = 92+ 16 MeV)
and the observation of two different high magssignals associated tp(1450 and p(1700 (M = 1182+ 30 MeV;

I' =389+ 20 MeV andM = 15944 20 MeV, I = 2594 20 MeV, respectively).
0 2003 Published by Elsevier Science B.V.

1. Introduction gen (corresponding to a pressure of 5 mbar, LP), dom-
inated by P-wave annihilation, and hydrogen at stan-

Here we present the main results of the first cou- dard conditions of density and pressure (NP), where

pled channel analysis of the annihilation reactions at CoOMParable contributions frori- and P-wave anni--
restpp — wtm 70, K+ K0 andKingﬁ mea- hilation are expected. As explained further on, the in-

sured, by the Obelix experiment, at three different den- SPECtion of the experimental data gives a direct insight
sities of the hydrogen target (see [1] for the details). °f the advantages of this technique, which represents
An articulated approach was developed in order to face & 4€CiSive progress to get a detailed understanding of
up the problem of- and P-wave contributions irp p final state dynamics i§ and P partial waves ofpp

annihilation at rest and to disentangle the complicated SYStem- _ ,
K K7 dynamics. Unlike rnrr, the K K final state is produced by

As far as the first point is concerned, many experi- ntermediate resonant states of definéd +1) and
ments took the short cut of analysifig annihilation ~ UndefinedG-parity so that both of the isospin compo-
at rest by assuming a pusewave contribution in lig- ~ "€Nts { =0.1) of pp sources contribute (remarkable
uid hydrogen. Nevertheless, as shown by the atomic IS the case oK™ (892 produced by two interferingp
cascade models [3] and the two-meson branching ra- sources from five dlﬁergnt pe}rtlall waves);TQese Cir-
tios analyses [4,5] #-wave contribution of the order ~ cumstances make the investigation/of K ~=* dy-
of 10% is expected so that this assumption turns out "@MIcs a hard ta_sk a_md led us to mtrqduce a d|f_fer-
to be unacceptable for high statistics data samples. Onenjtt cgarge comblr_\:_mon of the same final state, 1.e.,
the other side, the insertion éf-wave is unlikely due K K 7. No additional parameters are required to

to the fact that its contribution in liquid hydrogen does describe its dynamicsk™(892) are produced in a
not allow a reliable investigation of the complé completely different interference pattern and, above
wave annihilation dynamics. These considerations led &l: ©nly / =1 KK resonances can be produced. This
us to collectp p annihilation data at different densities. act turns out to be crucial in extractlJr:g Eheoz 0

In fact, the well-known mechanisms which regulate C0mponent ofk X dynamics from theX™ K=z~ fi-

the formation and the deexcitation of ti atom in  nal state. , _ o _

the hydrogen medium [2] can be exploited to modulate Additional experimental mfgrgnaﬂorls pgowdeid by
the relative weights of the different partial waves con- ncluding in our data sets thé > 0™, 17 =07,
tributing to annihilation at rest in three pseudoscalar ©% — 77, 77 — KK, and the/" =07, I =1/2,
meson final states, i.elSo, 351, 1Py, 3P; and 3P, K7 — Kx scattering data [6].

(3 Py is forbidden by selection rules). For this reason

each final state was collected in liquid hydrogen (LH), ) ]

dominated bys-wave annihilation, low density hydro- 2~ Experimental data and fit results

The annihilation reactionspp — 7tz —79,
E-mail address: semprini@bo.infn.it (N. Semprini Cesari). KtK~ 70 and KiKgJT:F at three different densities
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Fig. 1. Dalitz-plots (background subtracted) of the annihilation reactigms~> atn— 70 (first row), pp — KTk 0 (second row) and
pp — K*K2rT (third row) in LH (a), NP (b) and LP (c) hydrogen targets. Statistics (in unit of @gents):z+z =70, 808 (LH), 420
(NP), 260 (LP);K+ K70, 20 (LH), 23 (NP), 25 (LP)K=K 27 ¥, 106 (LH), 27 (NP), 3 (LP).XY axis:n* 7~ 70, 77~ and 0
(bin size 0032 x 0.032 GeV?); K* K70, K*x0 and K70 (bin size 0045 x 0.045 GeV?); K*KxF, K*7F and K07 (bin size
0.045 x 0.045 Ge\? in LH and NP, bin size @90 x 0.090 Ge\? in LP).

(LH, NP, LP) were studied on data collected by the Here we present the background subtracted Dalitz-
Obelix experiment at the Low Energy Antiproton Ring plots of the reactions analyzed (Fig. 1).

(LEAR) at CERN. The detailed description of the ex- The dominant contributions ob(770) (observed
perimental apparatus, the triggers, the off-line selec- in three charged states) an@(1270 in 7tz 7°
tion, the background subtraction and the treatment of channel and*(892) (observed in two charged states)
the apparatus efficiency can be found in Refs. [7,13]. in K*K~z° and KiKgnjF final states are clearly
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displayed by the experimental data. By looking at each experimental Dalitz-plof (abels the final state)
the figures from left to right, i.e., decreasing the the expected number of events in the pilg’ can be

density of hydrogen target, the fading eP(770)
and the enhancement of;(1270 point out their
dominant production respectively frorsi- and P-
waves of thepp system (Fig. 1(1-a,b,c)). In the
same way, a dominarfi-wave production is clearly
observed also in the case @f(1020 (Fig. 1(2-
a,b,c)) andap(980) (Fig. 1(3-a,b,c)), whileP-wave
controls thef; (1525 production (Fig.1(2-a,b,c)). The
strong concentration of events in the central region
between th& *(892) bands in thek T K~ C, which is
absent in thGKiKgn]F final state, is due to isoscalar

resonances.

All the atomic physics involved in our problem
is parametrized by the percentagé& (p;) of the
corresponding hyperfine levelsk (abels 5o, 351,
1py, 3P; and3P,, 3Py being forbidden by selection

written as
pr
Th k| pk|2 k|2
Dp’q’j(p’):ZZN/W B €prqr.pal Fpgil ™ (1)
k=1 pq

where Npy is the number of partial wavesﬁk the
absolute normalization of the production parameters,
€p'q'.pq TEPresents the apparatus efficiency ey ;

the production amplitudes which describe the anni-
hilation process (its detailed expression is given in
Ref. [1]). In the frame ofK-matrix and P-vector
formalism these amplitudes are described by intro-
ducing series of poles of mass, coupled topp
system by the production parametgis and decay-
ing into mesonic couples by the decay constants
from which we got also the scattering amplitudes

rules in three pseudoscalar meson final states). If Zj;- The pole parameters, together wifff (o;) =
N;(p;) represents the number of selected events in Nj(,ot)Wk(,ot)|/3"|2 are adapted to minimize thg?

Table 1
T-matrix parameters of the poles corresponding to the best fit solution (MeV units)
Res. T-matrix parameters Res. T-matrix parameters
M r Partial width M r Partial width

fo0(980 984+ 15 29+ 14 Iyy 21+7 Kfi (892 895+ 2 53+4 Iy 53+1
I'eg 5442 Kf0(893 899+ 3 55+4 Ik 55+ 2
oy 22+12 pE(770 754+ 5 132+10 Iy, 132410
Ity 0.14+0.04 I'gg 0O

fo(400 1597+30 726+40 Iy, 602+30 Tax <0.022
I'yg 120+£20 p0(770) 752+5 145+ 10 TIxg 145+ 10
Iy 0.4+0.22 I'yg 0O
Tax 354102 Tax <0.022

fo(1370 1373+£15 274+20 Iynn 108+ 2 (1450 1182430 389+ 20 [Ixx 187+ 14
g — 98%2 g <3
Ly, 107+£107 T4y 209+ 142
. 146+ 122 p(1700 1594+ 20 259+20 Inx 18+5

fo(1500 1484+10 125+ 12  [yx 358+4 Iy 55+ 12
g 90%2 Iar 236+ 14°
Iy 26.6442 f2(1270 1251+7 192+ 10 TIxg 165+ 9
Ty 54+ 82 I 75+2

K3(1430  1436+30 288+35 Ipg 288+35 Tax 19492

ap(980 998+ 10 72+15 Ty 26+ 6P f2/(1525 1521+7 68+t7 Inrn <0.1
ey 4683 I'yp 68+8

ap(1300  1303+16 92+16 TI'yg 91+£15 iy <0.12
Iy 14052 f2(156H 1489+ 15 204+20 Ixn 204+ 20

¢ (1020 1019+ 6 37+£05 I'yg 37+£05 az(1320 1319+10 136+25 Tyxg -

Errors accounts for statistical and systematical deviations while values without errors are assumed fixed.
@ Decay channels whose experimental data are not included in the analysis.
b vValues not corrected for the re&lX phase space.
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function built with the theoretical amplitude, cor- such an evident effect is not observed nevertheless

rected for the overall efficiency, and the experimental the enhanced production froth = 2 (L being the

data [1]. resonance-spectator angular momentum) is observed
The best fit values ok -matrix masses and cou- in 1 P; partial wave (see also [13])

plings can be found in [1], here we list only the physi-

cal state masses and widths (Table 1) calculated by the BR(pp — p

method explained in Ref. [8]. BR(pp — ptO0nT0, lp1L=0)

+£.0,F.0 1P1L:2)

—8.1+20. 4

In this analysisp (1450 is observed intz decay
mode (K K being negligible) while the dominant4
decay mode contributes to the overall inelasticity. The
Concerning the atomic physics results the details Mass valu_e confirms our previous determination [13]
can be found in Ref. [1]. Here we remark that @nd remains remarkably lower than the PDG mean
the assumption of a puré-wave annihilation in vglue_[26].ln ourqplmonthlsfactﬂts in a problematic
LH targets is meaningless due to the fact that situation concerning (1450 parameters from many

wave contributions of about 15%, 25% and 30% are PP @nnihilation experiments (inx decay mode mass
obtained inr 7~ 7%, K+ K~ 7° and KiKg]ﬁ final values below 1.3 GeV are found i 4inal state [12],

states, respectively. On the other hand, if only LH data While values of about 1.35-1.40 GeV are obtained in

are available, due to the large number of parameters P4 — mtn~n”p[14]andip — " x w~ [15)).
needed, the inclusion aP-waves is hopeless. Their Our previous determinations gf(1700 parame-
contributions turn out to be too weak to be correctly (€rs [16] are confirmed [27]. .
determined although too strong to be neglected. The mass spllttlng of isospin doublet determined by
An important experimental check of the obtained the fithas the following value
partial wave deconvolution is represented by the den-
sity dependence of the partial wave percentages ™ K*
Wi(pr) (see Eq. (1)) that can be compared to the we found that the production o *(892 K is regu-
ones extracted by two meson annihilation branching- |ated by a dynamical selection rule which suppresses,
ratios. For instance in the case s and3s; partial in each partial wave, one of the twpp isospin
waves this dependence can be extracted figm— sources. This effect, observedSawave [19], is now
K*K%Fx 7~ spin-parity analysis [9] and from the  measured for the first time also -wave. In the case
branching ratio ofpp — KsK [10], both performed  of K+ K~ 0 final state [20] where th& * interference
at different hydrogen densities. The agreementis good pattern is isospin independent, we get
[1].
Concerning the resonances the mains results are the 0.40+0.07 18,
i 3

following. BR(pp — K*K,I=1) 58+0.9 151,
3.1. Vector mesons BR(pp — K*K,1=0) 0.25£0.02 " Py,

o ’ 0.104+0.01 3Py,

3

The mass splitting of the (770) isospin multiplet 5.03+£034 “P,.
determined by the fit has the following value Besides the necessity to understand the origin of
this dynamical selection rule, interesting phenomena

3. Discussion of theresults

(8920 — MK*(ggz)i =(4+2) MeV. (5)

My 700 = Mp(770= = (=2 4) MeV. @) can be addressed to these results. For instance, the
The ratio of branching ratios huge OZI-rule violatingpzr production from®s; and
its suppression frontP;, can be related, through
BR(pp — lOtOT[?O, 351) h Ep 1 in the final gh
_ T I =25+5 (3) the K*(892 K rescattering in the final state, to the
BR(pp — p=7¥F, %S0) enhancement ok *K production from/ = 1 and

confirms the well-knownS-wave dynamical selec- I =0 pp sources in3S; and 1Py partial wave
tion rule, i.e., thepmr puzzle [11]. From P-waves respectively [17].
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We confirm the strong (10207 ° production from lowing ratio of production branching ratios [18,25]
351 partial wave and the negligible contribution of L
1 . - 0 _ 4
P1: BR(pp — ¢7”) = (5.0+ 1.8) x 107" in LH, BR(pp — f2/(1525ﬂ0) 3 0.028+0.006 ~So,

(29+1.0) x 104atNP and1.24+0.4) x 10~*at LP,
in agreement with the previous determination [18].

0.026+0.003 3pq,
0.051+0.020 3p,

the comparison with the OZI-rule theoretical expecta-
3.2. Tensor mesons tion Rip = ,sz//pfz tarf(6a++ — 6ig) = 0.022 Oo++ =
28° [26]) excludes strong OZlI-rule violation effects

In the present analysis the (1320 is observed in ~ Tom S andP waves. , _
K*TK~ and in K*K° decay mode which represent A third pole, we associated tf» (1565 is required

about the 5% of the total. The following branching- Mainly by low density pion data. Due to the fact that
ratios are obtained BRj — a2(1320+7~; af the 47 decay mode was set to zero (no experimental

ar —>
K+K%: LH, (3.88+ 0.90) x 104 15 onLH indications are available onrddecay mode) only the
e o 1 i 20 ’ mass and the total width of the resonance can be

(2.45+ 0.50) x 10~*. Both values agree within the .
errors with the bubble chamber [19] and Crystal measured by the present analysis (Table 1). Although
f this resonance is very close (1525, its larger

Barrel [21,33] measurements. From the analysis of ™ -z .
width and the reduce& K coupling make the two

pp — mTwn [23] we can calculate the BRp — . - . : ;
42(1320* 7~ af — nat): LH, (372 + 3.4) x signals distinguishable. Its dominant production from

1074 18y of LH, (237 + 1.9) x 10~4, which agree 3 p, partial wave is observed and confirms our previous

with [22]. In spite of the consistency among these determination [13].

experimental measurements, th€1320 decay ratio

is I'y #/Tyx = 0.10+ 0.02, which is about a factor 3~ 3.3. Scalar mesons

lower than the PDG one. From the analysisygf —

ata~ntr~ [24] we can also calculate BRp — The analysis confirms the negligible contribution
a2(1320 7 ~; af — pO7t): LH, (510 + 5.0) x of P-wave inap(980) production clearly observable

2
104 15y of LH, (37.1 + 4.0) x 10~4. Correcting by the direct inspection of the experimental data. By

for the unobservegh*° decays we can determine using theagr production branching ratios ik K«

the ratio I'y g/ I’ = 0.036 0.07 by using LH or  (Present analysis) and*z 7 ((8.2+ 0.5) x 10"
0.032- 0.007 by using!So in LH, which is a factor ~ in LH) [23] we get the following ratio of partial
of 2 lower than PDG. From this scenario it is not clear Widths: I'y g/ ')z = 0.23+ 0.04 in agreement with
which decay channel is responsible for the discrepancy the PDG [26]. A secondip pole of mass around
with PDG. 1300 MeV is required especially bKiKg’n]F data
Concerningf>(12707° we get the following ratios ~ in the steep slope af2(1320 signal confirming the

previous Obelix analysis result{ = 1290+ 10 MeV

[27]). Higher mass values [33] do not improve thé,

BR(pp — f2(127070)

Ipyw . o

—KK —0.045+0.010, moreover if a mass value of 1450 MeV is fixed the
T resonance fraction becomes negligible.

BR(pp — forr®, fo— KK) Many of the properties 0fy(980), as known, are

related to the closeness kK threshold. By studying

BR(pp — forr®, fo—> nm
(PP = fom. J2 ) the behavior of the real and imaginary part of the

0.043+0.010 1o, inverse propagator matrix we determine a total width
=1 0.045+0.010 3Py, of I' =174+10 MeV reduced, by the threshold effect,
0.048+ 0.010 3P2 to the value listed in Table 1 [8]
The physical state associatedftf400—1200) looks
in agreement with the PDG value [26]. like a very broad structure which departs completely
Possible OZlI-rule violation effects iyfé(lSZ@no from the Breit—-Wigner shape. Also in this case, the

production can be investigated by measuring the fol- physical pole parameters listed in Table 1 are obtained
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by calculating the imaginary part of the inverse prop- to the principal source of systematics in this kind of
agator matrix at the mass value which zeroes its real analyses. Our results show clearly that, regardless of

part [8].

The (1370 turns out to be coupled mainly to
the unobservedn and 4r channels. Concerning the
observed decay channels we get

F —
—KK —0.91+0.20,

T
BR(pp — forr°, fo— KK) _ { 1.004+0.20 1S,
BR(pp — for®, fo— nm) 0.94+0.20 3p;.

In the case offp(1500), relevant are therwr andK K

decay modes, here measured for the first time in a

coupled-channel analysis of annihilation data

1" —
—KK —0.25+0.03,

T
BR(pp — for® fo— KK) {0.24:|: 0.04 1sp,
BR(pp — for®, fo— 7m) 0.30+0.04 3p;

the target densityS- and P-waves play an essential
role in annihilation at rest and have to be necessarily
included in partial wave analysis. The obtained results
concern partial wave fractions, masses, partial widths,
total widths and fractions of vector, scalar and tensor
mesons. Here we discuss only the main conclusions,
related essentially to tensor and scalar mesons [1].

Besides the well-knowny>(1270 and f,(1525
a third I = 0 resonance, i.e.,f>(1565, coupled
only to therz channel is observedM = 1489+
15 MeV,; I = 204+ 20 MeV). No significative OZI-
rule violation effects have been found jn(1270 7%
f5(15257° production.

Four different poles in scalar isoscalafp(400—
1200, f0(980), f0(1370 and fo(1500), one in scalar
isospinor K;(1430) and two in scalar isovector sec-
tors @o(980), ap(1300) are necessary to reproduce
the experimental data. Of the two higher mass scalar

the agreement with the recent determinations of isoscalar poles, i.e fo(1370 and (1500, the mass

Refs. [28,29] is satisfactory. If we accept the hypothe-

sis of agg nature of fp(1370 (we underline that

and the total width of the first are compatible with
the values expected for a dominani + dd state

the peculiar decay modes of this resonance, mainly (M = 13734+ 15 MeV; I' = 2744+ 20 MeV), the
the 4r decay mode, make this assumption question- mass scale of the nonet being fixed k§(1430. For

able) a dominants higher mass meson is expected.

this reason if we interpret th¢ (1500 as a puregg

In this case these measurements rule out the possibil-state we are forced to require a dominantcompo-

ity that fo(1500 could be such ams meson and lead
to consider the possibility of relevant gluonic compo-
nents [32].

4. Conclusions

nent. Nevertheless, the obtained ratio of partial widths
Iy /Twx = 0.254 0.03 suggests a smalk contri-
bution not compatible with the large value expected
for a genuiness state. This fact leads to reject the
hyphotesis of a purgg state in favour of a relevant
gluonic component. The definitive assignment of spin
J =0 to f;(1700 [29] and the large fraction aofs

The present analysis was designed to perform a in this state [30], the suppression @f(1500 in yy

coupled channel study efr andK K decay modes of
light mesons. The compleX K dynamics is resolved
by using two different charge combinations K& =
final state, i.e., K™K~ nY accessible tol = 0,1
resonances ankl iK?njF were onlyl = 1 states can

collisions and the observation g§(1700 [31], sup-
port this interpretation (see also [32]). The remaining
members of thg/ ¥ = 0T SU(3) multiplet are the four
states associated #3; (1430, here observed in inter-
fering states of different charge, and tg1300 ob-

be produced. To avoid the systematic uncertainties served in all its charged states. Thg1300 mass pa-
arising from partial wave separation, we developed an rameters ¥ = 1303+ 16 MeV; I' =92+ 16 MeV)
approach, based on the use of hydrogen targets of threeconfirm our previous measurement in single chan-
different densities, by which we obtain data samples nel analysis [27] and agree with the values expected

with different mixtures ofS- and P-wave hyperfine
levels. The variation with the hydrogen density of

their percentages can be checked by means of two

for a uii + dd state which has to be lighter than
K3(1430.
The completion of/ ¥ = 0% SU(3) multiplet pre-

meson branching-ratios giving an experimental basis vents to interpret the remaining three scalgr®80),
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f0(400-1200 andao(980), asqg states. These states
could be associated to the mesonic molecues; §)
predicted by Jaffe [34]. These molecules, formed by
the QCD Breit interaction, occur in the lowest en-
ergy state in a 3® 3y nonexotic flavour configura-
tion with an inverted mass spectrum where the lower
mass/ = 0 molecular state fp(400-1200) is fol-
lowed by four intermediate mags= 1/2 states (prob-
ably observed by [35], see also [36]) and by three
I =1 (ap(980) and onel = 0 (fp(980)) mass de-
generate states. The recent measuremenys(©@80)
andao(980) radiative branching-ratios [37,38] support
this interpretation. If the molecular states hyphotesisis
correct also excited states in & 6, flavour configu-
ration are expected in the energy region above 1 GeV

[34]. These 36 states are shared among the isospin val{18] A.

ues/ = 2(0), 3/2(1), 1(0,2), 1/2(1, 3), 0(0, 2, 4) (be-
tween brackets are indicated the number of strange
quarks contained in the correspondinggg state).
The I = 2 resonance, observed in™ 7T invariant
mass at about 1.4 GeV [39] fixes the mass value of
a gqqq state without strange quarks. This fact could
suggest that also the = 1 resonancep(1450, ob-
served inpz channel by the Crystal Barrel Collabo-
ration, could be & ¢gq state without strange quarks.
Following this hyphotesis the quark line rule and the

dominance of the rearrangement diagrams could also

explain why this state is observed by Crystal Barrel
in n and n’wr and not by Obelix iINKK. In this
frame also an alternative interpretation 6§(1370
and fo(1500 is possible. In fact if we assume these
states asjqgq states orgqgq—qq mixed states the
large 4r decay mode offp(1370 and the relatively
reducedk K coupling of fo(1500 could be explained
by the quark line rule and the dominance of the re-
arrangement diagrams.
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