PHYSICAL REVIEW D, VOLUME 65, 114010
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Starting with just one bare seed for each member of a scalar nonet, we investigate when it is possible to
generate more than one hadronic state for each set of quantum numbers. In the framework of a simple model,
we find that in thel =1 sector it is possible to generate two physical states with the right features to be
identified with thea(980) and thea,(1450). In thel = 1/2 sector, we can generate a number of physical states
with masses higher than 1 GeV, including one with the right features to be associated wi} (th430).
However, a lightx scalar meson cannot be generated as a conventional resonance but only as a bound state.
Thel =0 sector is the most complicated and elusive: since all outcomes are very strongly model dependent, we
cannot draw any robust conclusion. Nevertheless, we find that in that case too, depending on the coupling
scheme adopted, the occurrence of numerous statelse achieved. This shows that dynamical generation of
physical states is a possible solution to the problem of accounting for more scalar mesons than can fit in a
single nonet, as experiments clearly deliver.
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I. INTRODUCTION Tornqvist and Roo§5], we will investigate the possibility of
generating, in the scalar sector, more than one state with the
In the naive quark model picture with three flavors, same quantum numbers, by initially inserting only one
quarks and antiquarks are assumed to be bound into staté®are seed.” We will show that the outcome depends on the
the quantum numbers of which are determined by the Spin kinematics of the intermediate channels: crucially, on the
and the relative orbital angular momentuin of the number and position of each threshold opening and on the
trength of their individual couplings. Therefore, every case
as to be considered separately and it is not possible to reach
one common conclusion for all the members of the scalar
eson family.

qasystem. This leads to the multiplet structures that can b
elegantly described by tHe@U(3) group of flavor symmetry.
The masses of hadrons are then related to the constitue

masses of .the quarks and simple relations among them are This modelling and investigation sfchannel propagators
found. For instance, the non-strang@nd w vector mesons, g gistinct from models of scattering amplitudes, which in-
both made out of up and down quarks, have roughly th&yde not onlys-channel contributions, but cross-channel ex-
same mass, whereas the being a puress state has a mass changes too, like that of the lith group[6] (as we comment
approximately 300 MeV heavier. Furthermore, the mass of @n latey.
meson such as the, made up of two constituent quarks, is
about 2/3 of the mass of a pr.oton or a neutron, mad.e of three Il. THE MODEL OF HADRONIC DRESSING
such quarks. However, the simple and successful picture that
the quark model delivers does not apply to the scalar meson We start by considering a simple model in which all bare
sector: apparently scalars are different. First of all there aré1eson states belong to ideally mixed quark multiplets. We
far more scalar mesons than can be accommodated in orll nn the nonstrange light state and suppose that substitut-
conventional nonet; moreover, their masses turn out to bing a strange quark for a light one increases the mass of the
hundreds of MeV lighter than one would simply deduce fromstate byAm,=150 MeV.
the constituent structure of the mesons. The bare propagator for each of these bound states will be

In Ref. [1], Tornqvist presented a model in which the of the form
central focus is to consider the loop contributions given by
the hadronic intermediate states that each meson can access:
it is via these hadronic loops that the bare states become p= '
“dressed” and, in the case of scalar mesons, hadronic loop Mi-s
contributions totally dominate the dynamics of the process.
He shows that the mass shift, which is a direct consequenagith a pole on the real axis, corresponding to a non-decaying
of the presence of strongly coupled hadronic intermediat@tate; for example, for the vector0 state
states, is so dramatic that it completely spoils the one-to-one
correspondence between the resonances we observe and the —
underlying constituent structure. Though we follow Torn- [b)o=Is9).
gvist's modelling quite closely, very similar models have
been considered by van Beverenal.[2], Geiger and Isgur If we now assume that the experimentally observed hadrons
[3] and by Olleret al. [4] among others. are obtained from the bare states( sn, ss, .. .) bydress-

In this paper, following and extending the method ofing them with hadronic interactions, the propagator becomes
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doscalars. Thg;'s are theSU(3) flavor couplings connect-
T -1 ing the bare state to the two-pseudoscalar lapg: yy;, see
LRz = 77722277 - Refs.[1,7] for more details. The termss¢s, ;) give the

Adler zeros, required foB waves by chiral dynamics:;(s)
are the form factors, which take into account the fact that the

FIG. 1. Pictorial representation of the full propagator in E). interaction is not pointlike but has a spatial extension.
Since the vacuum polarization functiol,(s), is an ana-
P(s) 1 @ lytic function, its real part can be deduced from the imagi-
g)= , . ) ; )
MA(s)— s—iM(S)T(s) nary part by making use of a dispersion relation

where a sum over all hadronic interactiofiis the loop is Rell(s)= EP * ds’lm II(s") 5
implicit (see Fig. 1 The pole then moves in the complex T Jsp, s'—s

plane.

The corresponding vector state can be decomposed as No subtraction is needed, since the form factors are built in
_ _ such a way that they decrease fast enough wWhen .
|¢)=V1-€*s9)+e1|[KK)+ e pmr)+ - - € At this point, we can write the propagator in terms of the

) -, ) 5 vacuum polarization function:
where calculation would give*=|€;|°+ | €5+ - - - <1. The

hadronic loop contributions allow the bare stategi(n this
example to communicate with all hadronic channels permit- P(s)
ted by quantum numbers, and this enables the meson to de-

cay, its lifetime being inversely proportional to the width The mass and the width of the decaying hadron are deter-
However, in this case the switching on of interactions Pro-ined. in a process independent way, by the pole of the
duces .a relatively tiny effect and_ the physieals St”_l over: propagator. Consequently, in order to find the pole position,
whelmingly anss state. For this reason the naive quark\ye have to continue Eq<d), (5), (6) into the complexs
model works very well; so from the observed hadron we Carplane onto the appropriate unphysical sheets.

easily infer its quark structure. A similar picture works for = The contribution of this resonance pole to thej am-

- ma+1I(s)—s ©

the tensors. o plitude is then
For scalar mesons the situation is different and the one-
to-one correspondence between the observed scalar mesons Gi(5)G(s)
and their underlying quark content is distorted by dynamical Aij(s)=— J , )
effects. This is because they couple strongly to more than mg+1II(s)—s

one meson-meson channel, creating overlapping and interfer- o ) bt
ing resonance structures. Furthermore, since the interactio¥dlich respects the unitarity requiremest;-A'=2i AA".
are Swaves, the opening of each threshold produces a mor@s a consequence, for each elastic channel we can define a
dramatics dependence in the propagator. At each threshold’€sonant phase shift by
there is a centrifugal barrier factor ¢, wherek is the
appropriate ¢c.m. 3-momentum of the decaying products and Ai(s)= i.(n_eziﬁi_l). ®)
L their relative orbital angular momentum. This means that ! 2i 7
the thresholds for higher spin states open more smoothly. ) ) o

Let us now go into more detail about the model starting, ~The amplitudeA;; in Eq. (7) represents a generalization of
for simplicity, from the case in which only one underlying the well-known Breit-Wigner formula, at least in the neigh-
bare state has to be considered. This is the case, for exampRorhood of the pole. This is readily seen by writing the
for the |=1/2 andl =1 sectors, the seeds of which g Vacuum polarization function in terms of its real and imagi-

— . . o nary parts, then
andnn, respectively. We define a vacuum polarization func-

tion TI(s) which accounts for all the possible two pseudo- Gi(s)Gi(s)
scalar loop contributions to the propagaf(s) [1]. Refer- Aij(s)=— ! ! _
ring to the pictorial representation of E(®) in Fig. 1, we mg+ Rell(s) —s+i Im1I(s)

can easily writell's imaginary part:
mR[Fi(S)Fj(S)]llz

= . : 9)
ImII(s)=— >, GX(s) mM?(s) —s—i Mgl(S)
. having identified
i(s)
== g?——(s—sa)F2(5)0(s—s1;) (4
T s ! P =— T s s, (10

R i
where the index runs over the pseudoscalar channels and

thek;’s are the c.m. momenta of the two intermediate pseuwhere
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4 ' ' ' ' ; ' at \/s=mgy, the amplitudes;; of Eqg. (9) become purely
imaginary. It is this simple fact and its physical consequences
that are the theme of this paper.

m’(s)

lll. 1=1 SECTOR AND THE ROLE OF THE WIGNER
CONDITION

o |- kg We now turn our attention to the issue of accommodating

all the scalar meson statéwhich experiments deliverin

- 1 either one or more quark model multiplets. In Rdf] Torn-
qvist finds a scalar nonet composed of #§(1430), the
a0(980), thef(980) and thef((1370). Furthermore, in Ref.

. . . . . . [5], one extra low energy pole is found, which the authors
06 08 1 12 14 16 18 identify with the much discussed broa# meson, called

E (GeV) f,(400—1200) in the Particle Data Tabl¢8]. Nevertheless,
this study leaves out thay(1450), for instance, for which
Crystal Barrel[9] finds clear evidence.

Consequently, we begin by examining the 1 sector,
since this is relatively simpler than the others. We ask: can
we “generate” one or more extra physical states in the same
sector, in the framework of our simple model, by starting

ImII(s)

2t

-3

FIG. 2. The curvesn(s), s and ImII(s) as functions of the
energy E=+/s, for the sectorl=1. Each intersection between
m?(s) andsis referred to as arossing The first of these is situated
at approximately 915 MeV, between they and theKK threshold.
The second crossing, well above then’ threshold, is atE
=1430 MeV. The third intersection, at 1.82 GeV, is a non-physical

state according to the Wigner condition. from only onenn bare seed?
By increasing the overall coupling and the bare mass of
Giz(s) the nn seed (y=1.53, my=1.620 GeV, as opposed tp

Li(s)=——. (1)  =1.13,my=1.420 GeV used in Refl]), we find it is pos-
R sible to obtain a scenario in which more than one intersection

and between the mass function?(s) and thes curve appear in

the mass plot, as shown in Fig. @pper half. The first
m?(s)=mz+ Rell(s). (120  crossing, situated at approximately 915 MeV, between the

2,8 . , «n and theKK threshold, corresponds to a state which can
Here m“(s) is the running squared masgiven by the o igentified with theay(980). We treat the charged and

sum of the bare mass squared and the real part of the VacCuyf, 5| kaons as degenerate in mass and so neglect the pos-
polarization function Re&I(s), which is responsible for the sibility of isospin mixing betweeh=1 andl =0 stateg10].

mass shift The imaginary part of 'the vacuum polarization The second crossing, occurring well above the' thresh-
function ImII(s) is cﬁrectly _proporﬂonal to the width of -the old, atmg,,=1430 MeV, is again a physical state and has
state. The mass shift function RKs) is generally negative o right features to represent the Crystal Barrel relatively

and is approximately constant only in the energy regions fabroad ao(1450); the third intersection occurs aE
from any threshold. Fof waves thes dependence becomes —1.82 GeV. In the lower half of Fig. 2 we plot the curve

crucially important nearby thresholds, since IREs) has 5, 11(s) which shows how the second state which we iden-

square root cusps at the opening of each of them. tify with the a(1450) is much broader than tlae(980
Though the only correct way to calculate the mass of afy-l-0 Know worgich st)ate is physical we refer?g(the \)Nigner

particle is to find the position of the propagator pole in thecondition [11]. This condition follows from the principle of

complexs plane, it is useful to defin_e anothe_r quantity, aga_‘incausality, i.e. the requirement that the scattered wave does
S\k/)_tamable il thel propagator, dWh'CthE.’ will caII.the I?re;]lt— not leave the scatterer before the incident wave has reached
igner massmg,. It corresponds 1o the intersection of the |, 0 present context, Wigner’s theorem limits the rate of

running massn?(s) with the curves, i.e. the particular value fall of the phase-shifts, . A physical resonance cannot oc-
of s where the functiofm2+ Rell(s)—s] vanishes, withs : P o
_ 0 ' cur if the phase shift falls through 90°. In fact, such a reso-

wholly real: nance would have a negative width and correspond to a pole
on the upper half plane in the physical sheet. It would there-
fore represent a non-causal, exponentially increasing state.

ince it is not possible to have a state with a lifetime greater
than the period of scattering, Wigner’s condition requires

m3y=ma+ Rell(m3,,). (13

This gives a rough estimate of what the physical mass is. A
a matter of fact, moving into the complex plane the real
coordinate of the pole position can change considerably if

thresholds to strongly coupled channels are located nearby, d_62 _ i \/_5 (14)
and when the dynamics are particularly complicated. As dk m, 2k’

mgw Of Eq. (13) is defined as the energy at which the func-

tion m?(s) is equal tos, this is a point that we refer to as a where the phase shiftrefers to the same channel as the c.m.
crossingfor reasons that will become clear in Fig. 2. Clearly 3-momentunk and is defined by Eq@8). The Wigner con-
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FIG. 3. The phasé&,,, reaches 90° dE=915 MeV, corresponding to the first physical state identified witha§@80) (the point is
labeled by a star on the left-hand plothe phase’,, reaches zero twicéhe two points are labeled on the right-hand pldte first time
raising from negative to positive values and giving the second phyaicstiate, the second time quickly dropping from positive to negative
values, and delivering the unphysical third state, as confirmed by the Wigner condition.

dition is particularly useful in the inelastic region, where lighter physicala,. The second and third states occur above
resonances do not necessarily correspond+®0°, but the w%’ threshold, as indicated by the two stars on the plot.
more generally occur wheéi=n/2 and the real part of the Notice that the heavy unphysical state is situated immedi-

scattering amplitude is zero. ately after an abrupt change of direction in the curve
Figure 3 shows the phase,, and 6., , which tellus ImA_,.
about the characteristics of the states we fiag, goes Our conclusions about yet heavier states are not reliable

through 90° atE=915 MeV in correspondence with the inthe present model, since higher thresholds are not included
first physical resonance, the lightay. Instead,d,,, reaches  which may well affect the picture at higher energies dramati-
zero twice: the first time rising from negative to positive cally. Nevertheless just including the lightest two pseudo-
values and giving the second physiaglstate, theay(1450);  scalar channels we can definitely say that a scenario in which
the second time quickly dropping from positive to negativenot only one but a series of scalar physical states Wit
values: the third crossing at 1820 MeV is unphysical as givertan easily be achieved, by fine tuning key free parameters of

by Eq. (14). the model.
Finally, Fig. 4 shows the Argand plot of the amplitude  Generating more than one physical state with the same
A.,: in the elastic region, I, rises quickly anti- quantum number starting from one seed brings us closer to

clockwise and R&,, reaches zero aE=915 MeV, the the picture emerging from experiment. Will this be the case
for the other sectors as well? And to what extent is the ad-

justment of the overall coupling and mass parameters permit-
ted within this model? That is what we will discuss in the
following sections.

08| kR

IV. THE I=1/2 SECTOR

In an analogous manner to the 1 case, we now want to
examine the possibility of dynamically generating more
] physical states with the same quantum numbers from only
one bare seedys in this particular case. Here the main issue
] is to investigate whether it is possible to generate the light
I=1/2 state called«, advocated for example in Refs.
0 [2,4,17. The situation for thé=1/2 sector is rather different
s s s - from thel =1 case. Here there are only two relevant thresh-
04 02 0 02 04 olds and their positions and coupling strengths are such that
Re Am (GeV) the shape of the mass function curve?(s), is very rigid
FIG. 4. Argand plot of the amplituda,, : in the elastic region, and varying the parameters changes this little. Nevertheless,
ImA,, raises quickly anti-clockwise and Re,, reaches zero at by using the same changgs we used forlthel sector ¢
E=915 MeV, the lighter physicah,. The second and third states = 1.53, Mo=1.620 GeV, withs, ,x=—1.0 Ge\?) we ob-
occur above thery' threshold, as indicated by the two stars on thetain the plot shown in Fig 5.
plot. Notice that the heavy unphysical state is situated immediately The first interesting observation is that the first point of
after an abrupt change of direction in the curveAm, . intersection between the mass functimA(s) and the curve

Im Am1 (GeV)
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FIG. 5. The CUFV_ESNZ(S). s= E? and ImII(s) as functions of FIG. 7. Argand plot of the amplitud& . : in the elastic region,
the energyE. The first crossing point is locatelelow the K Im Ay, raises quickly clockwise and R, reaches zero aE
threshold and corresponds to a pole on the real éxs a non- =670 MeV, corresponding to the first unphysical state. It then

decaying state The second crossing is again an unphysical statgyoes back anti-clockwise and Rg, reaches zero again &
because it does not satisfy the Wigner condition, as clearly showr=1420 MeV, signalling the presence of the first physical state, the
by the phase shift and the Argand plot in Figs. 6 and 7. On thec# (1430) (indicated on the plot by a staiThe following unphysi-
contrary, the third intersection point corresponds to an unphysicatal and physical states, with BW masses of 1.66 and 1.96 GeV,
state. Finally the last two crossings correspond to a non-physicaespectively, are situated in the inelastic region, well overkthg

and a heavier and broader physical state, respectively. threshold, and are also indicated on the plot by little stars.

sis always bound to beelowthe K 7 threshold and it cor- tics of the state. Thus within this model having just ore
responds to a pole on the real axis, i.e. to a state with zerbare seed, it turns out to be impossible to generate a physical
width (namely a bound stateln fact, the cusp signals the «-like state. In contrast, the third intersection point corre-
precise location of the threshold itself, so that varying thesponds to a physical state which can easily be interpreted as
coupling strength only slightly alters the position of the the K§(1430), already found in Tornqvist results of REf].
crossing point, but never allows it to move above the threshk is interesting to notice that the same kind of picture would
old. The second intersection point is not a physical statemerge when using the parametrization proposed in[Bgf.
since it violates the Wigner condition, as is clearly shown bythe first crossing point is again below threshold and the sec-
the phase shift and the Argand plot in Figs. 6 and 7. Noticeond one corresponds to a state which, violating the Wigner
once again that the conclusion that this state is not physicalondition, is unphysical. Indeed, only the third intersection
does not depend on the strength of the coupling toklwe  point is a physical one.

channel: varying this only produces a tiny shift in the posi- Moving to higher energies, we find two further crossing
tion of the crossing point, and does not alter the characterigoints between thes=E? curve and the mass function

200 N — 180
160 |
150 | 140 |
120

100

S (degrees)
6111( (degrees)

0 A X . Kn . 0 . Kl . . . .
04 06 08 1 12 14 16 18 2 12 13 14 15 16 17 18 19 2
E (GeV) E (GeV)

FIG. 6. The phaséy . drops extremely quickly through 90° E=670 MeV, in correspondence with the unphysical state generated by
the second crossing point in Fig. 5. It then rises through 9®=al420 MeV, signalling the presence of a physical stéte two points
are labeled on the left-hand ploThe phaseSy,, goes through 90° twicéhe two points are each labeled by a star on the right-hang plot
the first time decreasing quickly from 180° at the;’ threshold, giving the third unphysical state, the second time while increasing again
to larger values, and delivering the last physical state, as confirmed by the Wigner condition.
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m(s)2: according to the Wigner condition, only the last one, meson channelsy, KK, 77, etc. are not calculated in a
situated aE=1.96 GeV, corresponds to a physical state. Asstandard and unique way: there are several calculations in the
we mentioned in the previous section, results concerningterature, each of which is based on differebut in our
states with heavy masses are not completely reliable sincgpinion equally good or badassumptiongsee, for example,
the present model does not include higher meson-mesoRefs.[1] and[2]). So one has to make a choice of the cou-
thresholds. Nevertheless, it is quite interesting to notice thabling scheme as well, and unfortunately the outcome
the last physical state predicted by our calculation could bgtrongly depends on this choice.
identified with theK{(1950) reported by the Particle Data  |f we simply use for the parameters and m, the same
Group (PDG) (see the table on p. 51 of RéB]). values as in Secs. Il and IV and the coupling scheme as
Compared with other results available in the literature, agjiven by Tornqvist in Ref{1] (with the %’ threshold cou-
far as thel=1/2 andl =1 sectors are concerned, ours arepling enhanced by a factg=1.6) or by van Beverest al.
similar to those presented in the work of Minkowski and[2], we find scenarios in which multiple crossings do occur
Ochs[13], where they claim the existence of two completeand many isoscalar states are generated. Unfortunately, we
nonets in the light scalar meson spectrum, the first one chatannot tell them apart, because the phase shift behavior does
acterized by th&§ (1430) and theay(980), and the second not help, especially in the region around and above 1 GeV,
one by theK§(1950) and theay(1450). To the isoscalar where the mixing is maximal and the overlapping among
sector they assign thg)(980), f,(1500) and thef;(1720), resonances is crucial. And we cannot say which of them are
f0(2020), respectively, with a singlet-octet mixing angle physical states either, because the Wigner condition cannot
(much as in the pseudoscalar ngnéaving dismissed the be applied. Moreover, as we anticipated, the position and

and thef(1370). features of the crossing points are very strongly model de-
In contrast, van Beveren et 4P] find two lower mass pendent, and very different scenarios can be created by vary-
nonets, given by ing the coupling scheme, so that no robust model-
independent conclusion can be reached in this sector. For
K, ap(980), fo(980, o instance, if we apply purelySU(3) pseudoscalar-
pseudoscalar couplings, as presented in Réf§] without
K5(1430, ao(1450, fo(1370, fo(1500, enhancing thepz’ threshold, only two resonant states are
found.
whereas Shakin and collaboratdfsi] predict the existence  Nevertheless, it is a fact that a number of states larger
of up to three scalar nonets, characterized by than twocan be created starting from just two bare seeds.

For certain parameter configurations and with certain cou-
pling schemes, thé=0 experimental candidates can be ac-
counted for. This shows that the dynamical generation of
physical statess a possible solution to the problem of ac-
counting for more scalar mesons than can fit in one nonet.
Notice, though, that this is a “democratic” model, in which
we cannot distinguish which are the intrinsior pre-

definition of “dynamically generated states” with no right to eX|st_|n@ states as oppo_seql to the dy”a”_“ca”y generated ones
(a discussion about this issue was raised by van Beveren

be classified into a nonet structure. Moreover, &3€1857) . :
and theK{ (1730) are resonances which appear in their cal[elt(g;' in-a commen{15] on a paper by Shakin and Wang

culation but are not confirmed by experiment yet.
To complete our picture we now move to the 0 sector.

ao(980), KZ%(1430
a(1450, K2 (1730
ao(1857, K3 (1950,

and keep thes and x mesons out, using their particular

VI. SCATTERING AMPLITUDES

V. THE I=0 SECTOR To what extent are we free to change the parameters of the
odel to allow the double crossing to occur that generates
e ap(1430) as well as thay(980)? This question is ad-

dressed by considering the relationship of the propagators in

| = 1/2 sectors physical states originate from one “bare seequS' .(1)’(2)’(6)'(7) to th_e corresponding physical scattering

. — = . y _ amplitudes. As noted in Sec. Il, knowing the propagator of
only, eithernn or ns, and are then “dressed” by coupling t0 ¢ channe| resonances determines a key part of the scattering
meson-meson channels. In contrast, in thed case we al- amplitudes, Eqs(7),(9). For Tornguist and Roos, this ampli-
ready have two possible “bare seeds” to start witn and  tude A; is all there is to the hadronic scattering amplitude.
ss, which not only get dressed but in fact adaix through ~ However,s-channel dynamics is not all that controls the scat-
hadronic loops. And mixing entangles the situation to suchering. So while the amplitudé defined in Eq.(7) respects

an extent that the one-to-one correspondence between thigitarity, it is not the most general amplitude that achieves

phase shift behavior and the occurrence of physical states ibis, having its numerator and denominator related by the

lost: then the Wigner condition cannot be used to sort thesame couplingss; [see Eq.(4)]. Knowing the structure of
physical states from the unphysical ones. Moreover, the couhe propagatoP(s), Eq. (6), we can write in complete gen-
plings of the isoscalar bare seeds to the relative mesorerality the full scattering amplitude as

This is the most complex and delicate sector, and drawin
any kind of conclusion is particularly difficult: let us see
why. As discussed in the previous sections, in ltkel and
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N(s) Amongst others, the "llah group [6] study models of
TS)=————, (15)  scattering amplitudes with botk andt-channel exchanges.
m=(s)—s+II(s) For them,dynamical generatiorf states means something

quite different than our use of this phrase. Jansstedl. [6]
show that iterations of-channel effects embodied in their
potential model can generate ag(980), even though this is
not input as ars-channel pole. In contrast, our analysis con-
N(s)=|N(s)|e'*(®). (16) siders how if_we input just one, state, more than ona,
can bedynamically generated’hus our work is complemen-
Imposing both elastic and inelastic unitarity one finds that tary to that of the Jich group.

where we drop the channel labé|s The numeratoN(s) is
an unknown complex function of the variabdewhich can
be reexpressed in terms of its modulus and phase as

IN(s)|=[m?(s)—s+Rell(s)]sina(s)

I TI(s)e o, a7 VII. CONCLUSIONS
The present work focuses on the study of thel andl
which allows the most general hadronic amplitude to be writ-= 1/2 sector of the light scalar meson spectroscopy. Previous
ten as papers from Torngvist and Rof%,5] seemed to suggest that
o . ia using a simple model based on the hadronic “dressing” of
T(s)=A(s)e” ) +sina(s)e'*t? (18) bare seeds, one could generate more than one, possibly a
whole family of mesons, with the same quantum numbers,
starting with one bare seed only. This is certainly a very
interesting possibility, since we know that experiment has
detected many more light scalar mesons that can be accom-
modated in one nonet. We started by investigatinglthd
. _ sector, where two strong candidates have been found: the
Roos is to setr=0 everywhere. long knownay(980) and the heaviesy(1450), detected by

In Ref. [17] we have improved on Tornqvist's study by . . . .
performing new fits to experimental data, based on the ger{—he Crystal Barrel collaboratiofi9]. By slightly increasing

eral amplitudeT(s) rather than the pole-dominated ampli- W?j ct:rr]ucL?l parameters ththe m(r)]del, t?r? ;)\I/te.rall cou_Elbn?
tude A(s). From this we conclude that very good solutions &" € baré massl,, we have snown that It IS possibie to

can be obtained by using relatively small values for the palclnd _a picture in which both states can easily be generated

and varying then, andy parameters by a few hundred MeV. the vacuum polarization function, the heavier of the two
For instance, to fitrK scattering data in terms of the pure States is automatically broader than the lighter one. Drawing

pole amplitude?, Torngvist requires the position of the Adler conclusions on further, heavier states would require detailed
zero to be as, .«=—0.42 Ge\f far from its position in treatment of heavier thresholds, which are not included here.

chiral perturbation theorycurrent algebra predictsnic Encouraged by these results we then moved to Ithe

—m,)2<s, «<(Mc+m_)? with an average value of =1/2 sector, to try and see whether we could also give a
. , T . . .

0.24 GeVf]. In contrast, by a simple choice af of about legitimate place to the controversialmeson. Because of the

15° we can fit these same data with the full hadronic amplinature of thens couplings to pseudoscalar-pseudoscalar
tude T which has the Adler zero at the position required bychannels, it turns out to be impossible to generate such a
chiral dynamics. This illustrates how unrealistic Argand plotslight 1 =1/2 scalar meson in our framework, unless this is a
for the pole-dominated amplitude, like that in Fig. 7, canstable bound state. Further heavier states can be generated,
become compatible with experiment with a suitable choiceone of which has the right features to be identified with the
of a(s) in the full amplitudeT(s), Egs.(15),(18). K3 (1430), whereas the others might only be an artifact of
This puts our attempts to generate extra states with ththe poor treatment of heavy thresholds in the model. Again,
same quantum numbers by varying the free parameters of thanly a more rigorous description of such heavier thresholds
model on more solid ground. We know that small changes ircould enable us to rule out their existence or not.
the value ofmg and y can give equally good fits using the ~ To complete the study, we considered the0O sector:
full hadronic amplitudesT. This gives us confidence in our even though the heavily structured dynamics of the isosca-
general conclusions. The fact that there is more to a scattelars make any clearcut result far from robust, at least in the
ing process thas-channel dynamics means that fitting dataframework of our simple model, we can conclude that the
along the real axis cannot accurately determine the true poleultiple crossing mechanism is certainly active in this sector
position of a broad state without an analytic continuation, oras well, and that dynamical generation of many states with
a very specific model. This casts doubt on the determinatiothe same quantum numbers but different masses can be a
of the position of ther pole by Torngvist and Roos. Their fit plausible explanation of the experimental occurence of many
to 7rar data in terms of the amplitud& gives quite different more 0" " states that can fit in one quark-model nonet. We
parameters than using the full amplitu@ief Eq. (18). That  conclude that the detailed pole parameters of Ref.are
there is more to dynamics thaschannel resonances has strongly model dependent, as previously suggested by the
been noted by Isgur and Speth in this same corfte& comments of Refd.18].

wherea(s) is an unknown function o real along the right-
hand cut, and the second term in Ef8) can be regarded as
a background contribution. It is important to note that if the
phase shift of the amplitud& is w, then the phase shift of
the full amplitudeT is 6= w+ a. The model of Torngvist and
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As opposed to the work in Rdf16], we cannot tell which  produce a number offy's, depending on the coupling
are intrinsic states and which are dynamically generated, n@acheme.
can we state that we have definitely found enough strong
candldate§ to complete tWO full nonets as in RE#s13]. As ACKNOWLEDGMENTS
far as the isovector and isodoublet states are concerned, our
picture is similar to that of Ref.13], with the occurrence of This work was supported in part under the EU-TMR Pro-
two ap and twoKj physical states and the possibility to gramme, Contract No. CT98-0169, EuroDAE.
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