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Studying K#r S‘wave scattering in theK-matrix formalism
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We generalize our previous work anr scattering tdK 7r scattering, and reanalyze the experiment data for
K scattering below 1.6 GeV. Without any free parameter, we explaiithé =3/2 Swave phase shift very
well by using t-channelp and u-channelK* meson exchange. With thiechannel andu-channel meson
exchange fixed as the background term, we fitkhe | = 1/2 Swave data of the LASS experiment quite well
by introducing one or twa-channel resonances. It is found that there is only®cleannel resonance between
the K threshold and 1.6 GeV, i.eK{ (1430) with a mass around 1438-1486 MeV and a width of about 346
MeV, while thet-channelp exchange gives a pole at (450—#B®eV for the amplitude, rather uncertain due
to the limitations of the approach used.
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I. INTRODUCTION t-channelp meson exchange while the broég{400—1200)
structure in the isoscalarm Swave was decomposed into a
The assignment of the scalar mesons has been a lofegchannelp meson exchange part dominating at the low-
standing problem. Recently, the existence of the low-lyingenergy end plus an additionatchannel wide resonance
mm scalar statec has been well established, i.e., fo(1670). Considering the similarity betwe&nr scattering
f,(400—1200) as listed by the Particle Data Grq@DG) and 77 scattering, it is natural to extend our previous work
[1]. Now the PDG lists five well-established isoscaldr'o ~ On 77 scattering td< scattering. We find that the negative
mesons:f4(400—1200),f,(980), fo(1370), f,(1500), and phase shifts of th& = | =3/2 S wave crim be very well re-
f4(1710), which are obviously too many for a standa@ produced byt-channelp andu-channelK* meson exchange

Gi h . f . ©80 without any free parameter. With thvehannel andi-channel
nonet. Given the existence of two isovector scakytd80) meson exchange fixed as the background term, the positive
andag(1450), two scalar nonets have been suggee3):

. smoothly rising phase shifts for thém 1=1/2 S wave can

an unconventional one composed @f «, a,(980), and e el fitted by introducing one or two additiorsthannel

fo(980) and the conventionatiq nonet composed of resonances. It is found that there is only erehannel reso-

f0(1370), K3 (1430),a,(1450), andf(1500) orfy(1710). nance between theKs threshold and 1.6 GeV, i.e.,
However, the existence of the is still in controversy. K (1430) with a mass around 1438-1486 MeV and a width

Evidence for this resonance has been claimed within certaiabout 346 MeV, while thé-channelp exchange gives a pole

models[4—8], while other studies dispute th[®,10]. Re-  at (450-480) MeV for the amplitude.

cently, a less model-dependent analysis of the LASS

scattering data between 825 MeV and 2 GeV by Cherry and Il. FORMALISM

Pennington[11] concluded that there is ne(900), but a

very low-massk well below 825 MeV cannot be ruled out.
In fact the phase shifts k7= Swave scattering at low

energies[12,13 look very similar to those ofrm Swave 1

scattering. In our previous study omm scattering in the Lepy=~ 51GyTr([P,d,P]V¥), (1)

K-matrix formalism[14], the negative phase shifts for the

isotensor wm Swave were naturally explained by the where Gy is the coupling constan® is the 3X3 matrix

representation of the pseudoscalar meson oBtet\?P?,a

=1,...,8, and\? are the X 3 generators of S(3). A simi-

For the pseudoscalar-pseudoscalar-vector coupling, we
use the SI(B)-symmetric Lagrangiapl5]

*Electronic address: lilong@mail.ihep.ac.cn lar definition of V# is used for the vector meson octet.
"Electronic address: zoubs@mail.inep.ac.cn In the Gell-Mann representation, the Lagrangian can be
*Electronic address: ligl@mail.ihep.ac.cn expressed as
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7, p1(0) xx f™ps(B) mpi(e) ™, ps(8)
K.pa K, py K, py g K, ps FIG. 1. The Born term oK = scattering.
(a) (b)
Lopy= ZGVfabcpa(gﬂprCM' 2) The partial-wave amplitudes are obtained from the full

amplitude by the standard projection formiilzt, 16|

where f,,. are the antisymmetric structure constants of
SU(3). For example,

+

1 1(+1
Ti(s)= 6 Ef—l d(cosO)P(cosh)T(s,t,u)

,CWWPZZGvéijk’ZTiaﬂ’ZijkM (3)
110dtP1+tTt (7)
=7 s_ " 5 -5 SI 1u 1
and 167 4p2 —4p? ! 2p2 ( )
L =IG (0, K) TK* = K*#7(9,K)]- where P/(x) is the Legendre function andp
— — . . =[s—(m,+my)?][s—(m,—my)?]/(2s). Our normal-
—[KrK*#=K*#7K]- (d,m)} (4)  ization is such that the unitarity relation for the partial-wave
amplitude reads
where
_ 2
) % tu K+ ImT,(s)=p1(s)[Ti(s)?,
m=(1m, 75, 73), K*”E(K*o# . KE(KO>,
with p,(s)=2p//s.
_ _ o _ We start with the Born term of thK 7 scattering ampli-
K*r=(K* ~# K*0m)  K=(K™,K9), tude by p meson andK* meson exchange and follow the
K-matrix formalism as in Refd14,17,18. Figure 1 is the
and Feynman diagram of thK 7 scattering Born term.

> A. s-channel andu-channel K* meson exchange amplitude
7=(T1,72,T3)

The Born term for th&K* meson exchangga) and(c) of
are the usual Pauli matrices acting on the kaon isospinors. F19- 1118
For K7 scattering, the amplitudd can be written in

terms of two invariant amplitudes™ and T~ by [16] 3(t—u) 3(mi—m2)? s—t

2 2 2
My« —S  S(M,—S) M, —Uu

1/2, — 2
T (Satyu)_gﬂ-KK*

1 _
Tﬁa:5ﬁaT++E[Tﬁ’7a]T ) (5) (mi_mﬁ)2
T | ®
. T . . . . mK*(mK*_U)
wherea, 8 are the isospin indices of the pions. Using isospin
projection operators gives
s—t (m2—mg)?
_ T2 312 T32(s,t,u)= — 202 x - ,
3T =TY4s,t,u)+2T¥4s,t,u), ( 9Kk mi*—u mi*(mi*_u)
9
3T =TYs,t,u)—T¥4(s,t,u), (6)
where g.«x+ =Gy is the coupling constant. TheBwave
wheres,t,u are the usual Mandelstam variables. projections are
1 2(s—m2—mz)+mz, —(m2—m2)2/m?2, m2, +s—2(m2+m2)
KJSJZ(S):__KgIZ(S):GZ 1+ K K K K n 5 K : . K ’ (10)
2 4p? My s +S—2(MZ2+mg) — 4p?
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where GzzgiKK*/(l&r). K-matrix unitarization is intro-
duced by

K|=1/2(S)

1=1/2

T S OKE (s’ y
23/2

-I—I 3/2(5)_ ( ) (12)

1-ip; (s)K' ¥(s)

Now we calculate the coupling constadj. Considering the
| =1/2 P-wave amplitude,

Kp (s)
1-ipy(s)Kp ¥4(s)’

s Y4s)= (13

whereK}; 2 is thel = 1/2 P-wave Born amplitude,

1 (o 3(t—u) 3(m?
K%,’Z(s):—f dty G, (2 ), >
ap?J-ap? M« —S  S(Mi,—9)

s—t (m?

t
1+ 2_|02” (14)

(19

2
—my)?

2
—my)?

2 T2 2
mK* —u mK*(mK* - U)

Near theK* pole ats~ mi*, we have

KlIZ(S)N 2 p 7
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and thus
Gz4p2
Mi. —S—ip1(5)Ga4p?’

Comparing with the standard Breit-Wigner formula, we ob-
tain

s Hs)= (16

My T = p1(8)4p*Gols—m. » 17)

which leads to G,=0.21 with the K* mass M«
=891.66 MeV and widtH ¢« =50.8 MeV from Ref[1].

The ratio of coupling constants ggmlngK*—l 9 using
the g,,, value of Refs.[14,17: g7 2 /(32m)=0.364. It
agrees well with the value from §B) symmetry:
gpww/ngK* 2.

In order to explain theK 7 | =3/2 Swave experimental
data, a form factor is needed to take into account the off-shell
behavior of the exchanged mesons. Faaindu-channel ex-
change, we use a form factor of conventional monopole type

at each vertex:
2 m2

F(O)= g

(18

wherem and q are the mass and four-vector momentum of
the exchanged mesons, and the cutoff paraméted500
MeV, the same value as fats scattering in Ref[14].

After adding the form factolks~*%(s) andK s *%(s) be-
come

2
g - [° 3(t-u) 3mi-m2)?] (AZ-mp | st (m2-m})?
Ks'(s)=—— L4t} G2 — 2 2 2 B
4p°J)-4ap M —S  S(Mg,—S) A“—u M —U M, (M, —U)
_ mi*—Az>< LS (m2—m2)2] s+B—(m2—m2)2/mi, ] B(A—4p?) 9
?| A-ap? A mLA 4p? A(B—4p?)
0 A2—m2, \ ] s—t (m2—m2)2
Kg’z(s)——zf dt| —2G,| — K) o
p*J —4p? A%—u Mie —U My (M, —U)
Mis — A2 s (m2-md)?| s+B—(m2-m2)?m;, B(A—4p?)
=-2G, X1+ 51— 5 5 n 5 (20
A—4p A miGA 4p A(B-4p?)
|
whereA=A%+s—2(m2+m2),B=mz, +s—2(m>+m3). Their Swave projections are
Kg%(s)=—2K§Xs)
B. t-channel p meson exchange amplitude
—m2_m2 2 2 2
The Born term for thep meson exchandsee Fig. )] is —2G,| - 2(s—mz—m)+m, N m,+4p

s— 4p* my )

TBom(I = 1/2) = zgwwpngKz—_r (21) (23)
P
s—u whereG; = gmpl(327-r)=0.364[14,1ﬂ. Because we cannot

TBOM(1=3/2)=— (22) obtain g,k from experiment, the S@) symmetryg, .,

gﬂ'ﬂ'pngK 2
mp—

=29,kk is used.
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After introducing the form factor, = O
< C

K&(s)=—2KZAs) 0 |

2(s—m2—m2) m— A2 oo [

=2G, B
A? A2+ 4p? r

-30

2(s—m2—mg)+m? mﬁ(A2+4p2)} F

- n . C

2 2 2 2 _ _

4p AS(m7+4p2) 40 C

(24) 0 F

C. Amplitude of s-channel S-wave resonances —60 :_

The phase shift is known to be elastic below 1300 MeV. T S S WY B N I P
The threshold for th& ' channel is at 1453 MeV and the 06 07 08 09 1((]) btz s M1.(L<LSe\/1)A5
K% channel is only weakly coupled to th€s channel “
[9,12]. Considering theK= andK %’ channels, the explicit ~ 0
form is g
. Mo/ pa(M?) S

M?=s=i[MTkp1(5)/p1(M?)+MT ., p(8)/ po(M)] 10
(29 r

wherep,(s) = \[s—(m,, +mg)*][s—(m,, —mg)*]/s is the -15 |- N
phase space factor &f7'. C

When fitting the experimental data, we first try introduc- _o0
ing one s-channel resonance and then try introducing two C
such resonances. -

-25 -
“lNUMER|CALRESULTSANDDISCUSS|ON _30 :III|III|III|III|III|III|III|III|III
As in Refs.[14,17], we use the Dalitz-Tuan method to 0.6 07 08 09 1(b) R M1‘(A(L3e\/1)'5

combine the various components given in the last section to
get the full partial-wave amplitudes and corresponding phase FIG. 2.1=3/2K = Swave phase shift. Data are from Ref3]
shifts. (dotg and[19] (circles. Theoretical curves are farchannelp ex-
For K7 | = 3/2 Swave scattering, the phase shift is nega-change(dotted ling, u-channelK* exchanggdashed ling and the
tive, with magnitude slowly increasing as the center-of-massum (solid line); (a) without form factor andb) with form factor
energy increases as shown in Fig. 2. There issebannel andA=1.5 GeV.
quark-antiquark resonance contribution allowed for isospin
I =3/2. So the only contributions here are thehannelp  dashed line and is obviously not enough to reproduce the
andu-channelK* meson exchanges. With the cutoff param- experimental data. Some contribution frathannel reso-
eter A=1.5 GeV fixed to be the same as inm scattering nancés) is definitely needed. By fixing thechannelp ex-
[14], we get the prediction for thK 7 | =3/2 Swave phase change and the-channelK* exchange as the background
shift as shown by the solid line in Fig(l® without introduc-  contribution, we fitted the LASS dafd 2] first by introduc-
ing any free parameters, which reproduces the data nicely. Ting one s-channel resonanc@lot-dashed lineand then by
show the effect of an off-shell form factor, the results with- introducing twos-channel resonancésolid line). The fitting
out a form factor are shown in Fig.(&. The t-channelp parameters for thes-channel resonant® and the corre-
exchange and-channelK* exchange give very similar con- spondingy? for the two cases are listed in Table I.
tributions to theK# | =3/2 Swave phase shift as shown by It is natural that the fit with twos-channel resonances
the dotted line and dashed line, respectively, in Fig. 2. gives a smallene? value. But from Fig. 3 we see that both
Now we turn toK# | =1/2 Swave scattering. The data cases with one or twe-channel resonances give a quite good
and our theoretical curves for the phase shift and amplitudét to the data. For the case of two resonances, the second
magnitude are shown in Fig. 3. TliechannelK* exchange resonance is very broad and has a mass above the upper
and thet-channelp meson exchange with =1.5 GeV give energy limit(1.6 Ge\j of the data, and could be an effective
the contributions shown by the long-dashed line and dottethil of resonances above 1.6 GeV. In both cases, there is only
line, respectively. Here théchannelp exchange gives a ones-channel resonance between te threshold and 1.6
much larger contribution than thechannelK* meson ex- GeV, corresponding to the PDG well-establish€t(1430)
change. The sum of these two contributions is shown by theesonance. The fitted mass and width K&r(1430) depend
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=200 TABLE |. Fitting parameters for the-channel resonances and
ﬁ . F the corresponding? for two cases: with one resonanest line)
§17J E and with two resonancesecond ling Values for the mass and
“ 50 E width are in units of GeV.
105 E M, re) Fff,)], M, re) Fff,),, X
100 F 1438 0345 0001  — — —  86/45
c 1.486 0.346  0.000 1.668 0.150 0.491 57/45
75 F
50 of the loop function of two intermediate mesons is kept,
o5 F o while the model-dependent real part is neglected. This is an
y approximation. In the chiral unitary approach8], this real
0. *‘8%*0'8 -0'9' e e e S ST part is included with some approximation and generates a

1 .1 12 1.3 1.4 15 1.6

Me(GeV) pole around 780 MeV. So from ouf-matrix approach re-

sults we cannot exclude the possible existencex(@00).
1.2 But at least we can say that we can fit the data without a pole
around 900 MeV in this approach.

Much work has been done recently on this issue within
the context of chiral perturbation theory and its unitarized
versions[7,8,23. Since the chiral Lagrangians account for
the basic dynamics of QCD at low energies, these methods
should in principle be preferable. The coupling constants of
the effective chiral Lagrangians will in general receive con-
tributions from different sources, in particular from meson
resonances. The exchange of crossehdK* is accounted
for by the lowest-order chiral Lagrangiahg,8] and the
s-channelK* exchange would be accounted for by a higher-

order Lagrangian[24]. However, ourK-matrix approach

0 AT T L Ll b L L b gives a more intuitive picture about the contributions from
06 07 08 09 1 1.1 12 13 14 15 16 each component. For example, for bothO 777+ Swave and
Min(GeV) | =1/2 K7 Swave scattering at low energies, thehannelp

FIG. 3. Thel=1/2 K7 Swave phase shift and amplitude. The exchange dominates, while fo=3/2 K7 %Wave Scatterir_1g,
experimental data fob,,, and T, are from Ref[12] (dot9, Ref. the t-channelp exchan_ge and-channelK™ exchange give
[13] (boxes, Ref. [20] (circles, and Ref.[21] (diamonds. The  @lmost equal contributions. _
long-dashed line is foK* meson exchange, the dotted line is for In summary, theKs |=3/2 Swave phase shift can be
meson exchange, the dashed line is the suriofand p meson  Well reproduced byt-channelp and u-channelK* meson
exchange, the dot-dashed line includes srEhannel resonance, exchange while th& 7 | =1/2 Swave phase shift is domi-
and the solid line includes two resonances. nated by the s-channel K§(1430) resonance and the

t-channelp exchange with a pole at (450—-48QVieV. The
on whether we introduce one or twechannel resonances, ,(450) found here, with the uncertainties mentioned above,
with mass around 1438-1486 MeV and width about 346h3s a similar nature to(400)[14,17: Both are produced by

MeV, which are very close to the valu¢s450, 350 MeV  t.channep exchange and are very broad with a width around
obtained by Tornqvist and Ro¢&2] with a different formal- 1 Ggev.

ism. The need for a genuine nonet of scalar resonances
around this energy, which has to be introduced as a pole
driving term, was also established in the R¢#8].

For thet-channelp meson exchange amplitude, we find a  This work was supported in part by the Major State Basic
pole at 0.45—-0.48 GeV. This is consistent with the concluResearch Development Progra520000774, the CAS
sion by Cherry and Pennington that there is«{®00), buta Knowledge Innovation ProjedtKJCX2-SW-NO03, and the
very low-massx well below 825 MeV cannot be ruled out. National Natural Science Foundation of China under Grants
However in theK-matrix approach, only the imaginary part No. 10225525, N0.19835010, and No. 10175074.
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