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Scalar meson dynamics in chiral perturbation theory
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A comparison of the linear sigma model{M) and chiral perturbation theofChPT) predictions for pion
and kaon dynamics is presented. Lowest and next-to-leading order terms in the ChPT amplitudes are repro-
duced if one restricts to scalar resonance exchange. Some low energy constants of thé ©hiRF Lagrang-
ian are fixed in terms of scalar meson masses. Present values of these low energy constants are compatible with
the LoM dynamics. We conclude that more accurate values would be most useful either to falsityNherL
to show its capability to shed some light on the controversial scalar physics.
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[. INTRODUCTION performed by the E791 Collaboration at Fermi[&. In all
these experiment®—9| one deals with a channel which is
Among the well known difficulties one has to face whenrich in strangeness, thus favoring the formation of interme-
dealing with low energy hadron physics, those linked to thediate KK meson pairs. Théy(980) is then eminently visible
nature, properties and effects of scalar meson resonances avbereas ther(600) seems to be completely absent. By con-
notoriously problematic and continue to remain unsolvedrast, thes(600) seems to play the dominant role in the
through the years. In this sense, several interesting proposai§angeness-poor channdl™ — = 7"« " [10]. Although
have appeared concerning the constitution of these scalars @d1er interpretations are certainly possible and criticisms
multiquark state$1], KEmoIecules[Z], or ordinaryqame- have been raised, these results suggest thato$GH0)

sons, strongly distorted by unitary correctidid$ or without C%%gliz?g;)r}?r%; g'onqap?:s dzlljt(d:ﬁ)to l;?)ogszﬂr;;rr: the
these drastic distortions. But none of these proposals seem P%ars ago by Levy a?]d co-workef&1] ,thpe 5(600) cou-y
be definitely preferable and discussions on the nature of th lings to pion and kaon pairs are dir’ectly predicted to be
scalar resonances are still op&ee Ref.[4] for a recent

H 2 2 2 2 :
. . . e proportional tom; —m:_ andm{ —mg, respectively. The ex-
discussion This controversial situation is probably relateq istence of such a low mass resonance of theML with

to the difficulties encountered when extracting the maiNy, _m. , would thus immediately explain the above experi-

properties of the scalars from experimental data which arg,qonq findingg6—10]. This simple observation has renewed
often affected by the opening of two-pseudoscalar deca

Bur interest on the &M.
channels. Indeed, a look at the currémit previoug Particle

" : ) Many theoretical discussions on scalar resonances have
Data Group(PDG) edition(s) [5] shows a proliferation of been published along the years based on ta1L[12—14
scalar states above 1 GeV and conflicting or poor data

usually affected by large uncertainties—for_thi—;»j(980) and —&ukvgfsygfgkjlgeTLOeC&g?s r;é%taen?;gtehSOZ? tr;}a :Tehztgr: F;Egared
ao(980) partners with masses close to Hi threshold. In  central role played by the scalar states and the high predict-
particular, there is no consensus on the existence ofrtihhe  apility of the model. The drawback, however, is that the pre-
scalar resonance(600) and, eventually, on the nature of dictability becomes really effective only if a minimum of the
this state. scalar meson properties are accurately known and can be
At first sight, the situation concerning the(600) has used as a solid input to fix the model parameters. This is
been considerably improved thanks to two sets of recent exiearly illustrated when comparing the conclusions of the
perimental results. The first set refers to radiatige  four previously mentioned recent papers on theM.[15—
—m°m%y decays, as recently measured by the CMD-2 andig]. In spite of the fact that all of them are based on the same
SND Collaborations at VEPP-2I16,7] and, with higher ac- | agrangian, their predictions on the scalar properties are no-
curacy, by the KLOE detector at BIBNE [8]. Another set of  toriously divergenf15]. For instance, the mass of the strange
data comes from th®; —« 7" 7" Dalitz-plot analysis « and thec mesons are predicted to be, respectively, around
900 and 375 MeV in Refl15], 1120 and 650 MeV in Ref.
[16], and still higher values for these scalar masses follow

*Electronic address: bramon@ifae.es from Ref.[17]. For many authors, thedM is thus a kind of
"Electronic address: Rafel.Escribano@ifae.es “toy model” unable to account for the data even in a first
*Electronic address: lucio@fisica.ugto.mx order approximation.
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Unfortunately, the recently published data on radiave start discussing the compatibility between the-NL and
decays and three-pion decays @fand Dg mesons do not ChPT. These two approaches are closely related and valuable
represent a decisive improvement on our knowledge of thénformation on the scalar meson dynamics is contained in
scalars. Indeed, when the values of the various scalar cowarious terms of the ChPT Lagrangian.
plings are extracted from the latter data, contradictions with
previous estimates appear, as briefly discussed in [Réf.
Something similar happens with the interpretation of the

dipion invariant mass spectrum igp— 7°7%y. The data The ChPT Lagrangian is written in terms of the octet of
samples of the three experimental groups-8| are quite  pseudoscalatGoldstoné mesons,Pg, and the electroweak
compatible and their analyses are similarly based on th@auge bosons, which need not to be considered for our
same kaon-loop mechanidh9—-21. According to this com-  present purposes. In this case and at lowest order, it contains

mon mechanismiK “K" pairs copiously produced i de- 3 symmetrical kinetic term and a mass term which breaks the
cays rescatter intor’#° through a scalar dominated SU(3) symmetry:

s-channel after the emission of a photon. But #hE500)

contribution is simply not considered or found to have neg- ¢2 ¢2

ligible effects in the analyses of Ref$,7] (see alsd22)), . tap b +

whereas it plays a major role according to the analysis of £ 4 (9,070"0)+ 4ZBO<M(U+U ) @)

Ref. [8]. Since this unpleasant situation concerning scalar

states has been lasting for many years, we propose to adopwh

d|f|ferent strategy. N'amely, to'complement theM W'th the the eight pseudoscalar fields andthe Gell-Mann matrices.

guidance of the solid theoretical framework of chiral pertur-Besides the pseudoscalar decav consfanf hich at

bation theory(ChPT), rather than with the direct use of p y Py WHI

poorly known and disputable experimental data on scalaloWest order is common to all the octet members, and the

resonances. different ~ quark  masses  appearing  via M
Nowadays ChPT is considered to be the appropriate=diag(my.my,ms), other ten low energy constants,, are

framework to discuss hadronic interactions at low energyeduired to express the next order piece of the ChPT La-

[23]. Leading role in ChPT is reserved to the octet of pseudrangian

doscalar mesons, hereafter denokgg entering as external

lines in the various diagrams and also as internal lines in 10

chiral loops. The effects of meson resonances—including L= Licd, 2

those generated by the exchange of low mass scalar states— =1

are assumed to manifest in ChPT through the low energy

constants in the various counterterms needed to cancel thih £ O terms explicitly given in Ref[23] and briefly com-

pseudoscalar loop divergencies. The values of these low eRyented below.

ergy constants are assumed to be saturated by resonance exgix of these constantd,, s 454 are known to contain

change effects in their corresponding chanh2®&-26. This e effects of scalar resonance exchafigs and are the
saturation and other relationships between theMLand  rejevant ones in our present discussibgg are found to be
ChPT have been discussed by several authors at differegk;rated by the exchange of the scalar octet aBgewhile

'ez‘flzs V\;ith_somewha:] cc_)nflti)glt_ing fCO”C:“SiO”S- In RefS.| _ contains contributions from both the scalar and vector
[24,27), for instance, the inability of scalar resonance ex- ... octets, i.eLs 5= ngs and L= Lig_l_ LY. Something

change as dictated by therM to account for the ten next- .
to-leading terms of the ChPT Lagrangian is seen as a prod?'m'lar happens to the other three relevant low energy con-
stants.L, s are saturated by the exchange of scalar reso-

against loM dynamics. Less explicitly, this criticism is simi- ) . L

larly mentioned in the recent and comprehensive treatmer{t2"ces: whild., contalns_ contnbuﬂogs from both ghe svcalar

of the LoM in Ref. [16]. We certainly agree on the inability and vector meson multipletd,, =Lz andL,=Ly+L;.
Note however that the scalar effects lin 45 involve the

of scalar resonanceslone to saturateall ten low energy
whole scalamonet S=Sg+S,, and turn out to be propor-

constants of the ChPT Lagrangidn, . ;o but we still be- " ’ , : -
lieve that they do saturate the part of these constants corrdonal to the octet-singlet mass difference. Since this mass

sponding to scalar exchange. In this sense, we adhere to thiférence vanishes in the largs. limit, one usually as-
proposal by Eckeet al.[25], or the analysis in Ref28], and ~ SUMes following Eckeet al.[25] that these three low energy

try to take advantage of the present knowledge of the apprd;onstants receive no important contributions from the scalar
priate terms of the ChPT Lagrangian to shed some light intgesonances, i.eL,®, .+ =L7, =0, a rather drastic ap-
the confuse and controversial sector of scalar mesons. As wegroximation to be improved by our presensrM analysis.

will see, the information one can extract is not detailed butNote that the characteristics of the six terms multiplying the
provides an average behavior over the whole scalar multipow energy constants are rather differeht; ; appear in
let(s). But, because of this, it is also free from details con-SU(3)-symmetric terms consisting of four derivative factors,
cerning the opening of individual channels at differentL,s appear in terms with two derivative and one
thresholds and thus avoids one of the major problems erSU(3)-breaking (M) factors, and the ¢ g terms are non-

countered in scalar data analyses. To this aim, we have tderivative and contain tw& U(3)-breaking (\ ?) factors.

II. L oM AND CHPT LAGRANGIANS

ere U=exp(2®/f), ®=(112)S_\¢P, ¢ are
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The LoM Lagrangian contains als@U(3)-symmetric  The ellipsis in Eq.(4) and the following loM expressions,
a_ndSU(3)-break|ng terms but, ap_art from this feature, it is refer to terms of order Mésvso or higher, that will be sys-
different from.the. ChPT L_agrar)g|an. Indeed, although thetematically neglected. We work in the good isospin limit
LoM Lagrangian is also written in terms of the pseudoscalar(mu: my) and present the results in terms of physical quan-

octetPy it explicitly contains the pseudoscalar singlgt field, tities thus avoiding the use of different notations introduced
Po= 170, and the whole noneS=S;+S,, of scalar fields. Refs.[15-18. In particular, we usé ,=92.4 MeV.

: : (P) S with |
All these eighteen fields, ¢"” and &, with i The LoM expressions for the scattering amplitudes are

=01,...,8, are ganized linearly in the meson matrix somewhat more involved. As well known, the three isospin
amplitudes] =0,1,2, governingr7— 7r7r Scattering can be
8 expressed in terms of a single amplitudg(z* 7~
. 1 — 797%). For the latter one easily obtains
M=S+iP, s,Pzﬁon@i(Sv"). 3
=

. . .. LoM
The presence of the, singlet inducesy-»" mixing effects T 5050

which are well defined in the &M but not in ChPT, where

they proceed through an adjustalle term in the Lagrang- s—m2 co€ps  sirehs
ian. Moreover, in the &M there are no derivative terms— =— Tl 1+ (s—m?) 5 5 , (5
apart from those corresponding to the kinetic energy given fa M5 Mf0

by the trace of (1y2)d,M3“M’. The LoM terms account-

ing for the interactions are nonderivative and their expres-

sion can be found in the recent Reff§5—-18. They contain  where M2 ; are the squared masses of the two physical
the trace of severalM-factors, such asMM' and -

MMT™MMT, the squared trace &AM 7 or the trace of an odd
number ofM matrices in the two symmetry breaking terms.
This in sharp contrast with ChPT, where derivative couplings
are required by the Goldstone boson nature of the pseudo-
scalars.

Thus, even if thep, and S=Sg+ S, fields are integrated
out, the structure of the &M and ChPT Lagrangians re-
mains completely different. For this reason, instead of
matching at the Lagrangian level, we have to compare the
predictions of both approaches for the various physical prop- ) ) i
erties (masses and decay constanésd scattering ampli- For theK7—Kar channel there are two isospin ampli-
tudes for the pseudoscalar oc. In this paper, we show tudes but that foil =1/2 can be deduced by crossing sym-
that LoM and ChPT expressions fdr,  , mi « and for the metry from thel = 3/2 amplitude. For the latter amplitude the

= . . LoM predicts
mm— am, TK— 7K andKK— KK amplitudes consistently oM P

=0 scalar states andbg is their mixing angle in the
nonstrange-strange quark basig§,os)

(T:COSd)So'NS_ Sin (ﬁso's,

fozsin¢sUNs+ COS¢30'5. (6)

vvvvv

nance masses and mixing angle. Due to the high predictabil- TLom
ity of the LoM, these predictions are overconstrained and Kfart—Ktat

there is thus no need to consider the eighth pseudoscalar 1

state,ng, which complicates the analysis by mixing with the = {t+tu—m2—mi+(t—m2)(t—m2)
singlet 7, treated so differently in the &M and in ChPT 2f . f

(see below.

| cos(cos— V2sp9) | Sps(spst V2chs)
Ill. L oM RESULTS

M3 M
0

From any of the recent analyses on theM in Refs.

2 2
[15-18 one can easily deduce the following relation N (u—mz)(u—m . ] @
M2 ’
o MEmE i u
A =1+ +..
fr M2—m2 M2

where (@bpg,Sps) =(C0Sphg,Sindg). Note that at this level we

where Mi is the squared mass of the strange scalar resdlistinguish betweef . andfy and among the various scalar

nance, anan? « andf,  are the squared masses and deca);nasses. Our &M expressions are thus exact except for

T, 4 .
constants of the pion and kaon isomultiplets. The nine scaldf'ms of order M S OF higher.

mesons are assumed to be much heavier than pions and ka-The two isospin amplitudes fdtK— KK scattering are
ons, M§8’30>mfﬂ<, thus allowing for a series expansion. independent and can be deduced from
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TkiMK*AKJrK* Tgrl::r’ﬂwowo
1 (s—m2)2+ (t—m2)? s—m2> 4
= f_z[ s+t—2m2+ Y == AL (s—2am) 22l + Ly
K T T
|:(C¢)S_ \E%S)Z (S¢S+ \/EC(Z')S)Z 1 Xmi(s_ 2mi)+4(2|_6+ Lg)mi"r‘ .. '], (11)
X + + —
2 2 2
Mg ME ML) T
t+u-mi-mz 4
f... (8) - T Xy {(4LS+ L) (t—2m2)
] 2f . f f2f%
X (t—2m2)+L3(u—m2—mg)?
and 2 2 2. 2
+4L[t(m+mg) —4m my]
LoM +Lg[ (M2 +m2)(t+u—m2—mZ)—4m2mz]
Ttk koKD
+8(2Lg+LgmZmi+- -}, (12
1 (t=mg)®  (s—mg)?
=—{s+t—2mi+ + ChPT
ﬁ Mg 2 KK~ —K+tK—
0
stt—2m2 4
(Chs—2spg)?  (shst2cpg)® 1 = K LS+ LY)[(s-2md)?
X + - 2 4 1 3 K
M2 M? M2 fi f
g 0 0
+(t—2m2)?]—2(2L 4+ Lg)um?
F.. } (9 +8(2Lg+Lg)mg+-- -, (13
and
This completes the &M results we need to consider. o1 s+t—2mz s s 25
Note that all these amplitudes have the required Adler zeroesl k+x - k00— 2f—2+ 2 X{(4L7+L3)(s—2mp)
and vanish when any of the pseudoscalar four-momenta is K K
sent to zero. Thanks to this feature, our results can be ex- +L3(t—2m2)2+2(4L,+Lg)smE
pressed in a compact form and in terms of physical quanti-
ties. +2Lstmz —8(2L 4+ Lg)mg+8(2Lg
+Llg)mg+- -} (14)

IV. CHPT RESULTS . . .
Note that the kinematical constraist-t+u=3>m?, where

Following the same order as in the preceding section bethe sum extends to the four pseudoscalar masses involved in
low we list the ChPT predictions. They include the leadingeach process, has been used to express the amplitLijes
(lowest ordey term and the contributions from the six coun- (14) in terms of the same kinematical variables as in the
we are con'si’déri'ng. Needless to say, these ChPT amplitudes
at the next-to-leading order should be completed by one-loop V. CONFRONTING THE L oM WITH CHPT
contributions and by those coming from nonscalar exchange.

For the ratio of decay constants one has the well known We are now ready to compare the results of the previous
ChPT result two sections. The simplest case corresponds to &gsnd

(10) from which one immediately obtains

fwa

fi 4L, _
AVES

fﬂ' fﬂ'fK

(15

(M2—m2)+---, (10) Ls

To identify the remaining low energy constants we con-
where the ellipsis stands for the nonscalar exchange effecgder the scattering amplitudes. The leading terms, which

that we are systematically neglecting. contain no scalar masses by’'s constants, are seen to be
For the various pion and kaon scattering amplitudes weequivalent in both approaches as required by chiral symme-
recover the results of Reff23] and[29-37: try. Similarly, next-to-leading terms have also the same struc-
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ture showing thus the compatibility betweensM and 21 chs(Chs— \250s)
ChPT, even ifSU(3)-breaking effects are retained. From a 2LgtLlg=—;

: X z X 64 M2
direct comparison of ther™ 7~ — 7°#° amplitudes one v
finds

sps(sps+2chs) 1
+ > + — | (23
2LS+LS=2L,+Ls=4(2Lg+Lg) M7, Mz
f2 [ cofeps sies L andLg cannot be fixed individually but only in the par-
= + : (16)  ticular combination 24+ Lsg.

4

2 2
M5 Mt Remember that according to E@) corrections tof i /T,
are of order 3. Therefore, in comparing the leading order
while from K*K~—K*K~ scattering one gets results of ChPT and thedM we have to maintain the flayor
dependence of the pseudoscalar decay constants,fj.e.,
#f_.. On the other hand, when comparing the predictions

S S_ —
2L+ L3=2L,+Ls=4(2Ls+Lsg) for the 1M 2 corrections we can usig = f , since we are not

. i 4
£2[ (chee 2 2 3 2 interested in the Mg terms. Moreover, we neglect the flgvor
:1_:5 (Cos \/Z—Sd’s) L (585 \/Z—Cd’s) — dependence of the scalar octedl] =MZ=M?). In this
M5 M, Mao SU(3) limit, the scalar octet decouples from the singlet and

(17) the scalar mixing angle in the nonstrange-strange quark basis
is fixed to sings=—1//3. In this case, the expressions in
_ Egs. (15—(23), which are equal up t&U(3)-breaking cor-
The comparison oK " 7" —K* 7" and KTK™—K%K° rections, consistently give
scattering amplitudes is richer and allows to fix some of the

L;’s individually. FromK 7 scattering amplitude one obtains < f2
L3: L5=@,
L (18) f2 1
T am? Li=Lo=33| o5~ |
12 Mso Mss
f k| Chs(Chs—\25hs) f2( 2 1
L3=L,= { 2lgt+Llg=—s| —+—|, (24)
16 2 48 2 2
M2 M§ Mg
N sps(shs+\2cps) 1 19 where Mg, is the mass of the scalar singlet aMi, the
M? M2 |’ mean mass of the octd|§ =& (3MZ +4MZ+M{). These
0 K
Eqgs.(24) are our main results.
oLt L fafx| Cos(Cs V259 VI. COMPARISON AND CONCLUSIONS
6 8 2
32 M5 As previously mentioned, the role of scalar resonances in

ChPT has been analyzed by other authors. Only in a few
(20) cases, however, the preciserM dynamics is invoked and
' the results are then presented without many details. For in-
stance, the expression fbg in Eq. (24) is not new, it repro-
duces Leutwyler’s result in Ref33]. Another analysis can
while KK scattering requires be found in the well-known book by Donoghet al. [27],
where the following relations are presented:

N sps(Sps+\2chs) N #

fo

2
f2 S, s fa
So =K 2L7+L3=2L4+Ls=4(2Lg+Lg) = . (25)

L3=Ls 4M§0’ (21 17Lks aTlsg 6T Ls 4M§
HereMZ stands for a generic scalar mass and agreement with
12 [ (cdhe— 2 2 (shet\2chd? 3 our results is achieved once the differences among all the

sz 4=3—; (s \/;S¢S) +( Ps \/2— $s) -—— | scalar masses are ignored.

M5 M7, M3, Scalar resonance contributions to the ChPT low energy

(22 constants, L;, can be also computed from suitable
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Lagrangians including the coupling of scalars to two pseufrom these values and Eq24) one gets
doscalarg25,34,39. In this approach one has
L3=Ls=(1.8+0.3)x10 3,

Sg+Sy_ 5 c5 Sg_ cs
L =, =—, S -3
8
~ 2Lg+Lg=(0.6+0.2x10 3, (3D
LSS+SOZ %_ CdCm 38: CdCm
4 M 3ME' ° MES to be compared with the following independent phenomeno-
logical estimates.
=2 =2 n Ref. an estimate is obtained assumihg=L,
In Ref. [35] i is obtained ihg=L
oL S8t S0 S Cm Cm =Lg=0. In this detailed study one finds
6 Tlg= M2 M2’ 26 o g
So Sg

Ls=(0.91+0.15x 103,
wherecy(cy) andc,,(c,,) are the constants of the derivative

and massive terms coupling the scalar dstagled to two Lg=(0.62+0.20 %10 2. (32
pseudoscalars. Comparing these predicti®® with the
LoM results in theSU(3) limit (24), one gets A similar analysis performed in Ref33] leads to
-t Ls=2.2X10"3, Lg=1.0x10 % (33
|cal =3[yl = T
2 Other authors have not imposed the laigepredictionL

=L,=Lg=0. For instance in Ref.25], by now a classical
paper, Eckeet al. obtained a model independent determina-

- f. ~~
|Cml = \/§|Cm| = 2\/5! CdCm+CdCm>0, tion of thel’s:

(27) .
L,=(—0.3+0.5%x10 3,
without invoking largeN; arguments. ForN.—, Mg,
=Mg,=Ms and the loM predictions in Eq(24) reduce to Le=(—0.2+0.3)x10 3,
< 2 Ls=(1.4+0.5x10 3,
L3=Ls= 2
s Lg=(0.9+0.3)x10 3. (34)
S_ —
Ly=L,4=0, In the context of the Inverse Amplitude Method of Rigg2],
) these latter results can be improvedLlip=(—0.36-0.17)
oLt f 0g X1073, Lg=(0.07+0.08)x10"2 and Lg=(0.78+0.18)
6 ks 16M2’ (28 %1073 but we take these new values only as indicative be-

s cause of their model dependence.

in agreement with the analyses in Rdf25,33. The phenomenological estimat¢25,32,33 have been
Numerical estimates of thectM contribution to the low ~ consistently computed at the same mass saaiM . Even
energy constants could be obtained from Hgd), oncef,  if they show some dispersion, they are not far from tlae\l
and the values foM g, andMg, are given. Unfortunately the Predictions in Eq(31). An improvement on the phenomeno-
scalar meson masses are poorly known and their corresponlé)-g'ICaI ]}’3]'“33 Olf th_esem:tow er&etrhgy constants C(}utlr(]j fix tthte
ing LoM predictions depend strongly on the input chosen'Mass O the scalar singidls, and the mean mass orthe octe
[15-1§. For instance, takingnf,’K, f, « and mgﬂ_mi, as Ms, For :c?e latter, the well known .estlmatb5=(1.4
input values, the kM Lagrangian predicts for the mean oc- +0.5)x107° of Ref. [25] and Eq.(24) imply Mg =(1.2
tet mass +0.2) GeV. A confirmation of this central value fog and
a reduction of its error bars would represent a success for the
Mg, =(1.1£0.1) GeV. (29 LoM. On the other hand a crucial test would be the sign of
L,, which cannot be unambiguously fixed from the analyses
On the other handMSo cannot be fixed without additional in Ref.[25], that quotes.,=(—0.3+0.5)x10 3. A nega-
inputs from the scalar sector. With a somewhat enlarged errdive L, would imply via Eq.(24) Ms >Mg, representing a
to account for the poor knowledge on this scalar sector, ongerious problem for the &M which prefersMs <Msg,, as
expects15-18 indicated in Eqgs(29) and (30). Similarly, a large positive
_ value forL, would represent a problem for part of our treat-
MSo_(O'SiO'Z) Gev. (30 ment: one would then havd o= Mk and poor convergence
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in some of our series expansions. TheM prediction 2.,  and singlet scalar masséds, andMs . The corresponding
+Lg=(0.60.2)x10 3 in Eq. (24) fits perfectly with the  expressions improve older results, which are recovered in the
central value for 25+ Lg in Eq. (34) coming from Ref[25]  appropriate limits. Precise values for the low energy con-
but the error bars are too large to draw a definite conclusionstants should be useful to confirm or falsify theM dynam-
Something similar happens to therM predictions forL; ics, to fix some scalar resonance parameters and, hopefully,
which are only a fraction of the measuraltle; and whose  to shed some light on the controversial nature of the lowest
analysis is outside the scope of this work. lying scalar states.

In conclusion, we have compared therM and ChPT
predictions for pion and kaon dynamics. The leading terms
(orderp? in the chiral expansionare entirely reproduced by
the LoM, as expected from chiral symmetry. The next-to-
leading termg(order p*) are also consistently reproduced if ~ This work was partly supported by the EURIDICE net-
one restricts to the terms generated by scalar resonances.work (HPRN-CT-2002-0031)1 and the Ministerio de Cien-
this case, the scalar contributions to the low energy constantsa y Tecnologa and FEDER, FPA2002-00748. J.L.L.M. ac-
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