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Motivated by the IN. expansion, we study a simple model in which thi€ scattering amplitude is the sum
of a current-algebracontact term and resonance pole exchanges. This phenomenological model is crossing
symmetric and, when a putative light strange scalar masarincluded, satisfies the unitarity bounds to well
above 1 GeV. The model also features chiral dynamics, vector meson dominance and appropriate interference
between the establishéd¢}; (1430) resonance and its predicted background. We briefly discuss the physical
significance of the results and directions for further wg&0556-282(98)00817-0

PACS numbses): 13.75.Lb, 11.15.Pg, 11.80.Et, 12.39.Fe

[. INTRODUCTION Of course another motivation for studyingK scatter-
ing using the approach ¢1,2] is to test that approach itself
In the present paper we will generalize to the caseéf  in a context other thanmrs scattering. According to experi-
scattering the recent treatmentofr scattering given iil—  mental indication§21] the K channel may be a particu-
3]. There evidence was found to support the existence of farly clean one for this purpose in that the effects of in-
low-mass relatively broad scalar resonance, denofed,  g|astic channels seem to be less important at moderate ener-

=560 MeV, I' ;=370 MeV, with pole positions=(0.585 : : :
—0.178) GeV]U in addition to thg WeIEestainshe(d scalar gies than forrmr scattering. Theoretically, too, theK scat-
i ! 5ering seems cleaner in that its non-trivial quantum numbers

fo(980) resonance. A number of other authors have als . L
found similar or related results in different modgds-14]. reduce the number of nearby states which can mix with each
other. This contrasts with thew isosinglet channel in which

If one accepts a low-lying- and notes the existence of the " ="+ "= =~

isovector scalaa,(980), as well as thé,(980), there would (uu+dd), ssand glueball states cam priori mix.
be three scalar resonances below 1 GeV. A great deal of Perhaps itis useful to remark on the need to “discover” a
discussion and controversy over the years has surrounded thght scalar meson by an analysis of the sort being under-
issue of the nature of such very-low-mass scalars. The reasaaken here; why cannot one just rely on an inspection of the
is that one expects the lowest-lying scalars in the quarlphase shifts obtained directly from experiment? In the case
model to be p-wavegq bound states and hence to have of the 7w isosinglet channel, the model [f,2] for example
masses comparable to those of the axial and tensor mesorms$lows that the lightr is on the broad side and does not
already in the 1.2—-1.6 GeV regidsee for examplgl5]). As  dominate its own channel. Rather it is only one of three
an examplesee the discussion on p. 355[d6] under the comparable and competing contributions. A similar situation
“Note on Scalar Mesons)’ one might form a conventional is expected and will be seen to occur for the putativee-
scalar nonet from thd;(1370), ay(1450), K§(1430) and son. Clearly, the reliability of such a prediction depends on
f;(1710). If an assignment such as this is correct, it raisebow accurately the “background” of the can be modeled.
the question of why the three scalar candidates(980) In the present approach that job will be facilitated by using
and ay(980) are so light, and whether a general organizingan effective chiral Lagrangian approach in which crossing
principle for their dynamics can be found. From this point of symmetry is manifest. This ensures that important cross-
view it is extremely interesting to see if a light strange scalarchannel contributions from resonances known to exist in a
resonance, to be denoted emerges in the study offK given energy region are included. Furthermore, by using the
scattering. Evidence for such a resonance has been found physical fields directly, we will not be limiting ourselves to
some authors—using a unitarized non-relativistic mesorny assumption about a particular kind of quark substructure
model[12] and using a method of interfering Breit-Wigner for these fields. This is, on the one hand, an advantage, since
amplitudes with a repulsive backgroupti7]—and disputed it increases the generality of our analysis. On the other hand
by others—using a unitarized quark modl&8] and using a our demonstration of the need forkameson will not imme-
K-matrix analysis in a slightly higher energy regiph9]. diately answer the interesting question of what the quark
The existence of th& would strengthen the point of view substructure of light scalars is. In fact, we will not take a
(see for exampl§20]) that there is a non-conventional scalar stand on this matter in the present paper and reserve our
nonet lying below 1 GeV. speculative notions for elsewher22].

This paper is organized as follows. In Sec. Il there is a

brief review of our approach as it was applied to the

*Electronic address: black@physics.syr.edu scattering problem. This is used to motivate the specific ap-
"Electronic address: amir@suhep.phy.syr.edu proximations which we will make in the present casemtf
*Electronic address: sannino@apocalypse.physics.yale.edu scattering. Section Il treats the very interestihg0, | =3
SElectronic address: schechte@suhep.phy.syr.edu channel. It is shown that postulating the existence of a light
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k-type resonance enables us to satisfy the unitarity bound inontribution markedly improves, but does not completely
this channel. In Sec. IV it is further shown that the existencecure, the unitarity violation. However, this result makes the
of the « also plays an important role in producing a back-possibility of “local cancellation” seem plausible. A certain
ground phase at the position of th€;(1430) resonance amount of experimentation, described i, showed that the
pole; this gives a shape for tile=0, | =3 partial wave am-  remaining violation of the unitarity bound could be neatly
plitude in agreement with experiment. TBe-0, 1 =5 chan-  cured by the introduction of a suitably parameterized light
nel, which apparently does not contain any exbtic; reso-  scalare meson. Figure 9 of1] shows how such a meson,
nance poles, is studied in Sec. V. A brief summary anchaving a mass close to the energy where the unitarity bound
discussion are given in Sec. VI. For the reader's convejs violated, kills two birds with one stone. At lower energies
nience, many technical details are compactly assembled iy poosts the “current algebra” result which is slightly too
three Appendixes. Appendixes A, B and C are respectivelgmall when compared with the real part of the experimen-
devoted to scattering kinematics, the underlying chiral La+a|ly determined amplitude. At higher energies it falls rapidly
grangian and the “unregularized” invariant amplitudes.  to negative values to rescue unitarity. Furthermore, in the
region of thef,(980) the real part of these contributions to
Il. REVIEW OF THE MODEL the amplitude is brought to zero which yields a background
phase of around 90°. In tuisee Sec. IV A of2]), this leads
For the reader’s convenience we will briefly review hereto a Ramsauer-Townsend mechan[@8] which changes the
the main features dfl,2] in which 7 scattering was dis- f,(980) contribution to the cross-section from a peak to the
cussed and indicate how they are expected to generalize #xperimentally observed dip. All in all a reasonable experi-
the 7K case. For a fuller presentation of the ideas used, wenental fit for the isosinglet scalar amplitude is obtained up to
refer the reader tpl1,2]. about 1.2 GeMsee Fig. 4 of2]). The great precision of the
The approach is inspired by theNl/ expansion[23] of  chiral perturbation theory26] description of the amplitude
QCD. It is desired to approximate the low enefgy to the  very close to threshold has been slightly sacrificed to achieve
roughly 1 GeV regioh part of the leading, order of W,  an overall description over a considerably larger energy
contribution to the meson-meson scattering amplitude. ltange.
seems to be an outstanding unsolved problem to obtain an Two additional points can be made. Investigation of the
analytic representation of even this leading contributioneffect of the opening of therm— KK channel(Sec. V of
However, certain of its featurg@3] are known. The ampli- [5]) showed that it made a relatively minor change in the
tude should consist of tree diagrams—contact terms angaitative treatment ofr— 7 scattering up to about 1.2
resonance exchanges. Away from the pdlesich contain  Gey. Amusingly, the same mechanism for restoring unitarity

divergences of the theory in leading order since the resoypich worked formm— 77 seemed also effective for the
nance widths go as M) the leading order amplitudes are T KK [=J=0 amplitude above thKK threshold. Sec-

purely real. Hence we restrict ourselves to comparing the real " .
parts of our computed amplitudes with the real parts of thegnd.’ it was noted2,1] that there was a te‘r‘1dency for centrl
utions from the exchange of the “next group” of

amplitudes deduced from experiment.
A crucial aspect is the regularization procedure at the sggsggri:necle;n?;zézgs;?e'I\}g:f‘;E}lzgo)esggtt{]hqg(13i5d0£t fur-
channel poles. The guiding principle is to make the ampli- 9 ' y Y

tude unitary in the neighborhood of the pole and the resultingﬂier improve the fit. Certainly, in order to carry this treat-
C

regularization method used depends on the type of resonan ent still higher in energy itis necessary tq treat the higher
under consideration. As illustrated in Sec. II[@] this gives resonances more precisely. In the numerical treatment of

the Breit-Wigner prescription for a narrow isolated reso-L2/1 it was found that these effects of inelasticity and the

nance, a Breit-Wigner prescription modified by a computedﬂigher resonances could all be absorbed in relatively minor
phase shift for a narrow resonance in a smoothly varyin%d]usments of the three parameters used to describe the light

background and a slightly more general parameterization fo C?:I?(;'m this discussion. it seems that the aporopriate model
the relatively broad light scalar resonance. ' pprop

The crossing symmetric amplitude will, to ensure chiralfor ?(;] |n|t:al tstt#dy Olf tT.e gr:anerg:;atlor)KtQ thek ca.:,Ie
symmetry which works very well near threshold, be com-ou'd N€JIect the inelastic channgkweres; K IS apparently

puted from the chiral Lagrangian given in Appendix(Be [21] the main first ongas well as resonances other than the
same one used ifL,2]). The partial wave projections of in- vector mesons and the scalars which lie below 1 GeV. Since

. . . _ l
terest will then be obtained according to E48). we are especially interested in tde=0, | =35 channel, we

To see what happens in the case of e | =J=0 par- will make an important exception for th€f (1430) which

tial wave amplitude let us start from the threshold and go ug'as a direct pole in this channel. TH¢ (1430) seems to be

in energy. The threshold region is well explained by the soa reasonable candidate for an “ordinary” p-wayg scalar.
called current algebra contact term. However, as shown ifhe diagrams to be considered are shown in Fig. 1. Notice
Fig. 1 of [2], this contact amplitude rises rapidly, already that a putative light scalak has been included. The main
violating the unitarity bound at around 500 MeV. It is pos- question is whether it ineededo satisfy the unitarity bound.
tulated that unitarity should be restored by nearby resonancictually our treatment of thé=3 channel turns out to be
contributions and this is called “local cancellation.” It is conceptually similar to the experimental analysis[af].

also seen in this figure that the introduction of fhneson  They parametrize thé=3, J=0 channel amplitude by an
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FIG. 1. Tree diagrams relevant farK scattering in our model. Eq. (A8) we find theJ=0 partial wave amplitude to be

effective range bacliground piece plus a modified Breit- R(%IZCA:LZ[Z(S_ m2-m2)-3q?], (3.3

Wigner term for theKg (1430). We work from our crossing 877F,T\/§

symmetric invariant amplitude, and so in effect their back-

ground corresponds to the sum of all our diagrams, excep¥here the magnitude of the center of mass momergus)

for theK* (1430) pole terms in Fig. 1. Since their parameters'S given in Eq.(A9). The current algebra result is shown in

for the K% (1430) are determined by this method, we choosd 19- 2, indicating a severe violation of thg unitarity bound

to fit the K& (1430) andx parameters simultaneously. (’.A‘5) peyond apprpxmately 800 MeV. This resembles the
violation of the unitarity bound by the current algebra pre-

diction in the 7rr case. As in that case we will try to solve

ll. EVIDENCE FOR '|1'HE SCALAR (900 this problem by including resonance contributions to the

IN THE I=3 CHANNEL scattering amplitude.

First consider the effect of the vector mesons. Thereare
andK* exchanges and a direét pole as illustrated in Figs.
1(b), 1(c) and Xd). The relevant coupling constants are read
off from the p,,v,, piece in the first term of EqB7). Sym-
metry breaking contributions are smgi7] and will be ne-
glected here. As an example, the invariant amplitude repre-
genting the twd* diagrams is

In this section we make an initial study of the=3 and
J=0 projection of the real part of theK scattering ampli-
tudeTE defined in Eq(A8). As in therr case we start with
the well-known “current algebra” amplitude. This can be
calculated from the second term of the Lagrandi@m) to-
gether with Eq(B10). If the vector mesons are not included
in this chiral Lagrangian, then this is the same as using th
more conventional chiral Lagrangian, including only pseudo-

1/2 3 1
scalarg[24]: Agx=5P(ut,s) = 5P(s,t,u), 39

F2 i
L= 5 THa,Ua,UN+TIBU+UN], @y WD

y gy Sz | Mtk m)?
in which U=e?%Fx with ¢ the 3x 3 matrix of pseudo- u.t, amZ, | M2, —s—imgeDyr 0(5—Sg) ||
scalar fields an& .= 132 MeV the pion decay constaifi.is 3.5
a diagonal matrix B;,B;,B3) with B;=m2F2/8=B, and
By=F2(m2—m?/2)/4. This is the dominant minimal sym- wherel'« is theK* width, s;,=(my+m,)?, #is the Heavi-
metry breaking term for the pseudoscalar mesons. We shadide step function and we take,=0.77 GeV,g,,,,=8.56
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FIG. 3. Individual vector contributions tB5“. FIG. 4. Contribution of current algebiaolid line) and current

algebratvectors(dashed lingto RY?.
and my»=0.89 GeV. We have added a conventional width
term in order to regularize the s-channel pole. We may morgossible strange scalar is of great interest. The relevant Feyn-
generally regard this regularization as the imposition of uni-man diagrams are shown in Fig€e), 1(f) and Xg). Another
tarity on theJ=0, | = 3 partial wave amplitude in the region reason for inclusion of these resonances can be seen by look-
near theK* mass. Comparison with E¢A7) shows that this  ing ahead to the experimentally deduced form Rgf (Fig.
regularization formally maintains crossing symmetry. Actu-7, below. The sharp dip near 1400 MeV could not be ex-
ally our results are not very sensitive to the fine details of theylained from the total current algebra plus vector amplitude
regularization function. of Fig. 4.

The contributions associated with the vector mesons in- |n order to compute the scalar exchange diagrams we
cluding thep exchange diagram, tH€* diagrams and anew need the following pieces of the scalar-pseudoscalar-
contact term arising from the ,v, piece in Eq.(B7) are  pseudoscalar interaction Lagrangian given at the end of Ap-
plotted in Fig. 3. As expected, the direct contribution due to pendix B:
the s-channeK* pole upon projection into the scalar chan-

nel is almost zero. In fact it is the new contact term which is Lscalars— —ﬁygw(oaﬂf“a#w‘ +--0)
seen to play a crucial role in helping to restore unitarity. This
term is negative and thus balances the positive current alge- _ YokK

bra piece. It arises as a consequence of casting the Lagrang-
ian with vectorg(B7) in a chirally invariant form. The effect

0d, K79, K™+
f( )

of all the vector contributions, added to the current algebra —\/iyfom(foouﬂﬂ?,m”r“')
piece is displayed in Fig. 4. It can be seen that, while indi-
vidual terms violate the unitarity bound, the introduction of Yt KK

vectors has pulled the curve down so that it almost lies -
within the bound. A similar improvement, due to the inclu-
sion of vectors, was observed in the analysis ofthescat-
tering amplitudg1,2].

So far we have not used any unknown parameters, and Stor generality we are not assuming any model to relate these
the current algebra and vector contributions are fixed. Actucouplings to each other. Furthermore, as discussed in Appen-
ally the violation of unitarity is smaller than at the corre- dix B, the derivative coupling is the one which would follow
sponding stage of the analogousr calculation and one from a chiral invariant model. Also, the terms shown are the
mlght be inclined to stop at this point However, in our particu|ar ones needed to compute the requjm-éd(Jr scat-

frameWOfk we should include other dlagrams for resonance@nng amp“tude in Eq(AG) The Coup“ng Constantﬁo_ﬂ_w,
lying within the energy range of interest. There is the estabyf and y; «i were estimated ifi2]:
0

lished f,(980) as well as ther(560 which should be in-
cluded for self-consistency. Of course the role played by a | Yoma| =7.81 GeVY |y ..|=2.43 GeVv?
omTT * 1 O7T1T " ’

2 (fo0,K"9,K™+--)

—yKKW(K00MK75MW++"'). (3.6

| vi k=10 GeVvl. (3.7

The bump in the s-channé&* contribution arises because the )
amplitude is forced taise to zero at theK* mass by the spin 1 Of the neededr andf,(980) coupling constants, only,xx
projection property of thé* propagator. was deduced usin§U(3) invariance in some wagwhich
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FIG. 5. Current algebravectorst o+ f,(980) contribution to FIG. 6. Contribution of current algebtavectorst o+ f,(980)
RY2, + k to R} for k parameters quoted in Sec. Il of text.

implies specializing to a given quark substructure for thePole and should be extremely important at energies around
scalar. In our final analysis we will thus, for generality, M- Thus, as in therm case it may be used to cure the
consider the effect of varying the magnitude and sign ofunitarity violation of theJ=0 partial wave amplitude. Since
vokic- Because thé,(980) contribution is rather small, the the real part o_f a q”ect channel resonance contribution turns
relative sign ofy; . andy; «k is of less interest. sharply_ negative just above the resonance energy and the
First. we take into account the-meson and the well- graph in Fig. 5 rises above the positive unitarity bound

- ; : at around 900 MeV, we are led to choase to lie roughly
giﬁﬁﬁ?@ioﬁf 3? g#f;ﬂgﬁf&%ﬁﬁg g (tﬁ7b)ewe find the around this energy. With the additional illustrative choices

Yea=4.8 GeV'! and G, =280 MeV we see from Fig. 6,

" YomnYoxi (t—2mM2)(t—2m2) which is a plot ofRY? including also the contribution of the
A (stu)=—7, 1 (3.8)  J=0 partial wave projection of Eq3.9), that it is easy to
7 achieve a fit in which the unitarity bound is roughly satisi-

fied. The parameters chosen above will be seen in the next
section to be close to those needed for a fit to the experimen-
tal data.

=0.98 GeV. For now we takg,xk= Yorr aNd Y5 kK V1ymn We obtain the deviation of ou parametrization from a

to be positive. Then a plot showing the effect of adding thepure Breit-Wigner shape by noting that near the resonance
projection of Eq.(3.8) into the scalar partial wave channel is the J=0 partial wave projection of E(3.9) is

given in Fig. 5. Both thes and f,(980) contributions are

The f4(980) amplitude has an identical structure with
—f, everywhere. We shall taken,=0.55 GeV andmfO

positive, but that of ther is roughly 3 times larger. It is clear m, G,
that these contributions make the unitarity violation slightly m—s—im.G"’ (3.10
worse. “ e

Now let us consider the strange scaiacontribution. Its  where the perturbative widts . is given by
regularized = 3 invariant amplitude is similarly found to be
3 ¥ £A(M)
Ve 3(s—mZ—mg)? GKZW(mi—mﬁ—mi)zy (3.11

8 |mi—s—im,G.O(s—sp) )

s 20 and q(m?) is defined in Eq(A9). Here G,/G.=1 is the
_ (u—m?7 —my) (3.9  Pure Breit-Wigner situation. The resufb,/G,=0.13 is
mi—u—im,G.(u—sy) |’ ' similar to G,/G/=0.29 which was previously obtained
[1,2] for the o. It seems that such deviations for the low mass
As for theK*, this regularization is formally crossing sym- scalars are a characteristic feature of our model. Ordinarily,
metric (the u-channel regularization term will vanish in the when the resonance is a dominant feature by itself, the Breit-
physical region We will treatm,., vy, andG, as inde- Wigner form may be regarded as equivalent to unitarity near
pendent parameters. Analogously to the treatment of the lighthe resonance. However, in our model, there are several dif-
broado(560), we have introduced a possible deviation from ferent interfering contributions in the low mass region and alll
the pure Breit-Wigner form by allowings!. to be a free work together to keep the partial wave amplitude within the
parameter. The first term in Eq3.9) is a direct channel unitarity bound.
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=1.4 GeV andl'=0.25 GeV) in the presence of a background.
IV. GLOBAL FIT TO DATAIN THE J=0,1 =3 CHANNEL The plot shows two choices for the background phaskig
=7/2 (solid line) and 8gg= 7/4 (dashed ling
The magnitude and phase of the experimemtal; s-
wave amplitude are given in Fig. 15 of Astat al. [21],  resonance, to be the second term in &ql); this allowed us
based on a high statistics study of the reactiénp  to interpret the invariant amplitudet.1) as being formally
— K~ 7" n. We have translated these to the real Bf(s),  crossing symmetric.
which is required for our approach, and show the reSits It turns out that there is an interesting difference between
Fig. 7. It is clear that when one looks at the real part there ishe 77 andK 7 situations. This can easily be seen by focus-
an interesting dip at around 1400 MeV. This is explained asng on the real part of Eq4.1) which is
the relatively narrow strange scalar resonaici(1430),

which is generally considered to be the best candidate for a 1 sin 25+ m, I'y
p-waveqq state. From our point of view the most interesting 2 (m2 —s)2+miT?2
guestion is whether our model including tlkemeson pro-
: : X[(m2—s)cos B—m, I, sin25]. (4.2
vides the correct background structure to explain the overall % %L % . .

shape ofR}? in this region. The role of th&®(1430) thus _
seems analogous to that of thg980) in thel =J=0 partial The shape of this curve depends on the valué. th the 7o
wave amplitude forrr scattering. case, thg background natural!y produced a phﬁsgrlg at

In that case, as mentioned in Sec. I, the interplay betweel'€ POsition of thefo(980). This yields the shape indicated
the narrow resonance with its background was introduced a8 Fi9- 8 which just amounts to a sign reversal of the usual

a regularization of the direct channel resonance pole which i€Sonance functiorin the absence of a backgroune-the
o 1(s— mi). In the vicinity of the resonance, upon projec- Ramsauer-Townsend mechanig@b]. On the other hand,

tion into the appropriate partial wave, one sets the amplitudg'g' 6 shows thaR(l)/z is almost; at ar_ound 1400 MeV, so

equal to that we expect to ha_\vs§~_ /4. This gives the other s_hape
shown in Fig. 8 which, in fact, basically agrees with the
experimentaK 7 channel picture in Fig. 7.

(4.1) Now let us consider the detailed application of this
mechanism toKw scattering. The contribution of the

5(1430) to thel =3 channel is structurally similar to that

wherem, andl", are the resonance mass and width, while of theK. in Eg. (3.9). The re.al pa(t of this contribution to the
is the background phase which is assumed to be constant [foularized invariant amplitude is

the neighborhood of the resonance. This form automatically 12

makes the amplitude unitary in this region. We took our total REAAsLU)]

e2i Jm* F*

————————+e'?sin 4,
m; —s—im, ',

calculated amplitudéwhich was crossing symmetjicwith- V2 3(s—m2—m2)2
out thef,(980) contribution, evaluated at the position of the = * Rd 2i90(s—s) > — K
8 m; —s—im, G, 0(s—sy,)
A . (u—m?—mg)?
2Qur error bars are based on propagating the errof@1f as- — = Rg e2o%usw 2 — r .
propagating {210 8 ms—u—im, G. 6(u—sy,)

suming conservatively these in turn to be given by the experimental * * th
circles in Fig. 15 of 21]. (4.3
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TABLE |. Comparison of different fits in thd=0, I:% channel, corresponding to different choices of

yo’K?'

Fltted parameter ’ya'KE: Yonm ’}/UKKZ 0 ’}/UKE= “Younm
m, 897+ 2.1 MeV 951+0.7 MeV 998+ 1.1 MeV
G. 322+ 6.0 MeV 277 10.6 MeV 195+ 5.3 MeV
YK 5.0+0.07 GeV'?! 4.32+0.16 GeV'!? 4.04+0.08 GeV'!
m, 1385+ 3.3 MeV 1365+ 2.5 MeV 1349-2.1 MeV
G, 266+ 9.5 MeV 201+9.8 MeV 148+ 5.6 MeV
Ve 4.3+2.1GeV! 3.7t.1Gev? 3.1+0.05 GeV'*?
x° 4.0 9.0 25.7

Here we have denoted quantities associated with thgenerality, we shall considés; to be a fitting parameter,
0 (1430) by an asterisk subscript. In particulam, is now  not necessarily equal ©(K} (1430)— K ). This allows for
the mass of the&K§(1430). The quantityy, is defined in  the possibility of some inelasticity.

terms of theK{ (1430) partial width intoK 7 by We notice that the mechanism shown in E411) implic-
itly demands a background which does not violate the uni-
. 3z a(m)(mg —m2—my) tarity bounds at the resonance mass. This provides a
I'(Kg (1430 —Km)= 64mm? ’ justification for the existence of the meson, as we showed

(4.4)  inthe last section that it is needed to restore unitgdtym-
pare Fig. 5 and Fig.)6

whereq(s) is defined in Eq(A9). The background phas# We now continue with a more quantitative approach in
will not be considered an arbitrary parameter but shall be therder to extract the physical parameters of ihmeson and
constant quantity defined from the K§(1430). We fit the theoretical amplitude, which
consists of the real part of the partial wave projection of Eq.
Lan 25=RYAs=m?), 4.5 (4.3 added toR;%(s), defined above, to the experimental
2 data displayed in Fig. 7. The parameters to be fit are the three

1 . ) _ quantitiesm,., vk~ andG_, for the x [see Eq(3.9] and the
Where Ry “(s) is the real part of the partial wave amp“tUde_corresponding quantities for the? (1430), namelym, , y,
previously computed as the sum of the crossing symmetn((_;de;c [see Eq(4.3)]. As discussed at the end of Sec. Il, it

current algebra, vectolr, fo(980) and« pieces found in (o0 s reasonable to obtain the thkey(1430) parameters
Sec. lll. With these arrangements the total invariant ampli-

: . ; self-consistently from our model rather than taking them
tude is forn;]allry]/ crossing fsyrr?(metnc.hln order to;ee the CON%rom [21]. The scalar meson coupling constants listed in Eq
nection with the unitary form(near the resonangén Egs. ’ P . : B
(4.1) and (4.9, we simply note that the second term in Eq. (3.7 were used while, in light of its uncertainty, the calcu

; i ) . . lation was performed for a range of values gfxx. The
(4.'3) IS nume.rlcally d0m|.nated b.y the.ﬂrst term which con- fitting procedure made use of theNuIT package and the
tains a pole in the physical region. Finally, for the sake of

fitted parameters, together with thgif values, are shown in
Table I. It is interesting to notice that the fitted parameters
Exoeri vary smoothly withy, «x . The actual comparison between

. xpenment . . . .

Theory experiment and the fitted amplitude, using the parameters
| from the first column in Table I, is shown in Fig. 9. The
individual contributions due to the background and to the
K5 (1430) are shown in Fig. 10, indicating that the back-
ground does not violate the unitarity boundsat mi . The
exact value of the phase found in this fit is si#=20.937.
This agrees with the qualitative discussion regarding the
background phase at the beginning of this section.

The partial decay width oKg(1430) can be calculated
using Eqg. (4.4. We find that T'(K§(1430)— 7K)
=238 MeV and as a resultidentifying G, as the total
width) an estimate of the branching ratio &f;(1430) to
decay torK can be made:

04

02

-04

—0.6 | 1 | 1
0.6 08 1.0 1.2 1.4 1.6

Vs (GeV)

FIG. 9. Comparison of the theoretical predictionRﬂy‘2 with its 3We also included thé,(1300) contribution, which is, however,
experimental datéfor the choicey kk= Ygmrm) - very small.
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T Yoxx=Yomn

Yorx=0

~~~~~~~~~~~~ Current algebra and vectors
06 f T Yo

. Experin:gmal data
Current algebra

02

A I°
\ 02|
\\
\
‘\
-0.6 —— Background \ J/
--=- K, (1430) \ / -06
-0.8 v/
-1.0 . ; : - ; : -1.0 ; :
0.6 0.8 1.0 1.2 1.4 16 1.8 0.6 1.0 1.4
Vs(GeV) s (GeV)
FIG. 10. Separate contributions of the background and FIG. 11. Comparison of various predictions t%ﬁ/zwith experi-
K& (1430) toRY? (for the choicey,kk= Yorn)- ment.
Tk (1430 tion. Figure 11 shows the results for the three choices of
B[K3 (1430 — 7K]= = 0.895. (4.9
*

Yok given in Table I. The best choice for the=3 ampli-
tude is the casey/,xkk=— V.-~ Which unfortunately yields
This quantity is comparable to the 0.93 obtained[21].  the fit with the highesy? for the | =3 analysis. The small
Similarly, the (first column of Table ) mass and width we

difference between the curve fer,«x=0 and the curve for
obtain—1385 MeV and 266 MeV—are in reasonable agreethe current algebra plus vector contribution measures the

ment with thei21] respective values:—1429 MeV and 287 Small impact of the other scalars. Actually the general trend
MeV. of the data is reproduced for all values pfx shown.

Since there are no large direct channel resonance contri-
H _3
V. J=0, | =3 CHANNEL butions, thel =

5 amplitude may be especially sensitive to

exchanged resonances in the range above 1 GeV which we
It is interesting to compare with experiment the projec-are currently neglecting. This is in contrast with the 3

tion into theJ=0, =3 channel of the same invariant am- amplitude which contains fitting parameters that can absorb
plitude used for the last section. The structures of the invarithe effects of higher resonance exchanges. This was the case
ant =2

amplitudes may actually be read off from Egs. for the 77 scattering calculation also.
(C1)—(C4) of Appendix C. Since there are ric=3 reso-

As we lowery, «k, we find fits with larger values of?
nances in our model, there are no s-channel poles, and hendt correspond to & that is heavier, narrower, and has a

this calculation depends little on the details of the regularizatarger coupling constant, and tokg; (1430) that is lighter,

tions. As in thel =3 case, cancellations of individual contri- narrower, and has a larger coupling constant.
butions to the partial wave amplitude act to preserve the

unitarity bound. The experimental points for the real part
R32 were translated from Fig. 12 §28] and are displayed in VI. DISCUSSION
our Fig. 11.

. . - We have found that a largdz;-motivated approximate
Figure 11 also shows various predictions from our model
First, we see that the current algebra prediction alone quit

-~ treatment ofwK scattering can give a crossing symmetric
: . : &
soon departs from the data points and begins to violate th

nd unitary amplitude as a fit to the existing experimental
o : " ata. A novel feature of this approach, which is analogous to
unitarity bound at around 900 MeV. Inclusion of theK that employed forrr scattering in1,2], is to start with the
and contact contributions associated with the vector mesong, ariant perturbative amplitude which is manifestly crossing
can b‘? seen to pull the curve up considerably S0 as to SOIV?ymmetric. This results in individual contributions dramati-
the unitarity problem and to give a much better fit to the data
This is very analogous to the situation in tle=0, =2

cally violating the partial wave unitarity bounds. We rely on
partial wave forrrar scattering(see Fig. 4 of1] and Fig. 2.10

cancellations among these competing contributions to rescue
g unitarity. In our framework this suggests the existence of a
of [29]). At this stage, the curve does not depend on anyiynt sirange scalar resonangewhich has parameters mass
unknown parameters. . : .. m,=897 MeV and widthG,=322 MeV. These give a pole
It turns out that the only additional important contribution position

to this channel comes from meson exchange. This will
depend on the choice of the coupling constgpki which
was the important unknown parameter in the previous sec-

(s,)Y?=(0.911-0.158) GeV. (6.1
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We do not quote any error here since the main uncertainty izwhere 6.« is the phase shift and<07»=<1 is the elasticity
this analysis is clearly due to the theoretical model. It isparameter. Evidently,

noteworthy that these results are similar to thos¢1d1 in »

which a different model was employed. In addition, the fit | 7i(s)e? omki(d—1

for the K3 (1430) properties also obtained is similiar to that Ti(s)= > , (A3)

of the experimental analysis ¢21]. Our work was simpli-

fied by directly making use of the analogous approximationwherel and! label the angular momentum and isospin, re-
seen to be reasonable[] for the w7 scattering case. Thus, spectively. The real and imaginary parts

as suggested by working to leading order ihJ1/ we com-

pared the real part of the partial wave amplitude with experi- | mSin28) | 1-7 cod28,,)
ment. Since elastic unitarity seerf&l] to be a reasonable 1= 2 = 2 (Ad)
approximation until about thé&{(1430) region for thel
=0, | =1 partial wave amplitude, we can recover its imagi- must satisfy the very important unitarity bounds
nary part as 1
|R|'|<§, o=<I|=<1. (A5)

1
16~ 511+ (757 - 4(Rg™)7], (6.2
Now we relate the previous partial wave amplitudes to the
1/2

, _ , , , | =% andl =3 invariant amplitudes for the scattering process

e st ccoveed e e R % "p) (5o () (5o, T ssimply acheved b
. - first defining thel =5 amplitude via

As in the rr treatment we neglected, for an initial analy-
sis, the contributions of most resonances above 1 GeV. Spe-  aA32(s t u)=A(m" (py)K* (po)— 7" (p3)K* (pa)),
cifically, we did not include diagrams with the radially ex- (AB)
cited vectorsp(1450 and K*(1420) or with the tensors
f,(1270) andK%(1430). In a “second generation” treat- wheres, t andu are the Mandelstam variables. By crossing
ment of this problem it would be desirable to fully investi- Symmetry we have\(w*K~—x*K~)=A%u,t,s) which
gate these aspects. It would be amusing to see if the complieads to
cated 1-2 GeV region is high enough so that the
“microscopic” approach we are following merges with a AY%(s t,u) = EASIZ(U t,s)— EAW(st u) (A7)
kind of string picture[30]. Y 2 v 2 T

If one accepts the existence of th€00) and o(560), in ) ) _ _ )
addition to thef,(980) anda,(980), then there is a full set We then define the partial wave isospin amplitudes accord-
of candidates for a possibly unconventiotiat. not of pure g to the formula

qatype) low mass scalar nonet. The nature of such a nonet is p(s) (1

of great interest—sef81] for a recent discussion. A useful Tf(s)= > J dcosdP,(cos §)Al(s,t,u), (A8)
clue may arise from knowledge of the pattern ofG0 0~ -1

coupling constants defined in Eq€811)—(B13). The nu- . .

merical values obtained in our approach are given in quvhereals the scattering angle and

(3.7) and Table I. a(s) 1
P(9)= == Toms VIS~ (Mot M Ils— (e —m].

(A9)
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APPENDIX A: SCATTERING KINEMATICS successfully described by non-linear realizations. Associated
with the standard chiral symmetry breaking pattéid(3),
The partial wave scattering matrix for a channel like X SU(3)g—SU(3)y we have an octet of pseudoscalar
7K— 7K can be written as Nambu-Goldstone bosons. The latter are encoded in a 3
X 3 matrixU as follows:
S=1+2iT, (A1)
U:§2, gzeiqS/FT,’ (Bl)
where for simplicity the isospin and the angular momentum
variables have not been indicated. The standard parametakhereF . is the pion decay constaritl transforms under a
ization of the single-channel scattering amplitude is chiral transformation as

S= 7e?idnk, (A2) U—U UUE, (B2)
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with U reU(3) r. While U transforms linearly under where §' is a real constant. A more general set of terms
these transformationgsee Eq.(B2)], ¢ transforms non- describing explicit chiral symmetry breaking in this frame-
linearly, i.e. work is available in Refg[27,34]. Scalar resonances, in the
non-linear realization framework, interact with pseudoscalars
£—-U EKT(¢,UL ,UR) =K(¢,UL ,UREUL. (B3  with at least two derivatives. If we were to identify the sca-
lars with a matter field nonet, i.e. which transforms under
The vector meson nongt, may be formally introduced as a chjral transformations a8—KSK, a possible invariant in-

gauge field 32]. It transforms under chiral rotations as teraction term is TiSp,p,]. Since the quark content of the
. scalars is not yet firmly established and other possible terms
IOMHKPMKTJr ~'_ KaMKT’ (B4) May exist, we adopt here a more phenomenological approach

by not relating the scalar couplings using SJJsymmetry.
For the present paper, the relevant interaction terms are

whereg is the gauge coupling constantFor an alternative

approach see, for a review, R¢B3].) It is convenient to  Yorn YoKK N i
define the following objects: Lo=-— v 00,7 J, T > 0(9,K"9,K"+--),
i (B11)
Pu=5(£0,£ - £'9,8),
yfoww Yt KK N B
i EfO__ ‘/i foalu’ﬂ' &Mﬂ_ fo(&MK &MK + ),
V= E(fﬁﬂfu‘ 9,0, (BS) (B12)
which obey the transformation rules L,=— yKKW(K°o7MK*(9M7r+ +-e0). (B13)
p,—Kp, KT, Different models will relate the coupling constants in differ-
ent ways. For example in the &) limit, and if the scalars
v,—Kv, K'+iKa, K" (B6)  belong to the usual matter field nonet with no OZI violating

) N interactions, we have, .= Yokk = nyKz/ﬁz Yk While
Using the above quantities we can construct the non-

: . - =0.
anomalous part of the chiral Lagrangian describing pseudol’ff)”
scalar and vector mesons:
APPENDIX C: UNREGULARIZED AMPLITUDES

1 2 F2
L=—-m2Tr (p#— li—”) } — =" Ti{p,p,] The current-algebra contribution to tAé'q(s,t,u) ampli-
2 2 tude, obtained from Eq¢B7) and (B10) is
1
_Z t+u—s
4 Tr[F#V(p)F,u,V(p)]a (B7) Ag/i(s,t'u): ? (Cl)

whereF,,=d,p,~3d,p,~190p,.p,] 1S the VECIOr MESON 14 yactor meson contribution contains the following terms:
gauge field strengthChiral symmetry is explicitly broken in

QCED_ by the pre;e_nce of an explicit qyark me.lss term s gim U—s mﬁ*(s—t)—(mﬁ—mf,)z
—mgMq, where m=(m,+mgy)/2, and M is the dimen- Alsd(stu)= 7 > >
sionless matrix: 4 |mj—t (M —U) My
g2
1+y + 5 (2s-u-), (C2)
M= 1-y |, (B8) My

X whereg,,,=m2/gF? is the coupling of the vector to two

pions, which is related to the width by'(p—2m)
=9’,P2/12mm?. The first and second terms correspond
mg 1 (md_mu) respectively top® and K* exchanges, while the third term

Herex andy are the quark mass ratios:

(B9  represents the contact interactiopu , in Eq. (B7). The con-

m tribution of a strange scalar, denotedis

These quark masses induce a mass term for the pseudoscalar 2 2 242
YK (U_m _mK)

mesons which at the effective Lagrangian level is repre- A¥stu)= > . (C3
sented by the following term: - 4 m,—u
Ly mass= 0" TTMUT+MTUT, (B10)  Finally the o exchange contribution is
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YornYoKK (2mf,—t)(2mﬁ—t) coupling constant and the mass in the denominator. Similarly
A¥(stu)= 2 1 . (C4  Eq.(C4 can be used for thé, exchange if we replace each
7 subscripto by a subscripf .
Note that Eq(C3) can also be used to describe the contribu- The AY2 amplitudes are obtained from these using Eq.
tion of the scalar resonand€} (1430), if we reidentify the (A7).
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