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1 The reasons to incorporate the scalar mesons into 
Chiral Theory. The effective chiraI lagrangian. 

There are at least two reasons to have a theory with the scalars: 
1) Scalar resonances exist and we need the theoretical description and 

understanding of their properties. 
2} Like the vector mesons defining the momentum behaviour of the form 

factorS in the channels with J = 1, the scalar mesons can define the momen­
tum behaviour in the J = 0 channels of the 'low-energy mesonic processes. 

TheIl, the momentum dependence of the mesonic amplitudes, both the 
strong one and the weak one, will be determined by the momentum depen­
dence originat~ by S, V and A meson exchange. 

As the modem theory of streng interaction - Quantum Ghromodynamics 
(QCD) is not applicable to description of the low-energy processes, one is 
enforced to use for this aim the Effective Chiral Lagrangians (EChL) taken 
in one or another form. Such lagrangians allow to Ieproduce in a simple way 
all results following from the algebra of currents and soft-pion technics for 
the processes \\'ith the pseuduscalar mesons. These results are independent 
of the properties of the· scaIar mesons. Therefore, the last ones must be 
incorporated in such a way that do not spoil the relationships arising in the 
leading approximatio'n in momentum expansion for the amplitudes with the 
pseudoscalar mesons. One of the ways to do this consists in introduction of the 
scalar mesons as the elements of the Crural Theory itself. Such a possibility 
is in accordance acb.\ally with the properties of the underlying QeD. To be 
convinced of this let '8 tum to the QCD lagrangian. 

The main part of the QeD lagrangian 

L~D = -~aa#",G~v + q"(p.(8p. - igA~)q (1) 

possesses the left-right global symmetry, which means, in particular, that 
before a breakdown of the symmetry, the degenerated states of opposite parity 
and the same spin must exist. 

At the EChL level this phenomenon (;an be taken into account for the spin 
oparticles representing the lagrangian in terms of the matrix 

U = iT' +it = ((T~ + i1rB)tB ? B = 0,1, ...8 (2) 

where (T~ and 11" B are the nonets of scalar and pscudoscalar mesons respec­
tively, to = -jsI and t l ••••8 = ~..\1 •...8. 
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Then, the left-right symmetric part of EChL corresponding to Lr:D can 
be written in the form. 

L o = ~Tr{a#lUaI'U+} - cTr{UU+UU+} - c{(Tr{UU+})2 (3) 

which is invariant under the transformation 

.iv - i A .iv + fA 
U-+exp(l, J2 )Uexp(-l, J2 ) (4) 

corresponding to the independent transformations of the left-handed and 
right-handed quark fields 

ifL ifR
qL -+ exp(v'2)QL ; qR -+ exp(.j2)QR (5) 

An existence of the non-zero vacuum values < G:",G:", >0 and < ijq >0 in 
QeD may be taken into account writing the potential part of eq. (3) in the 
form 

v = -cT-r{UU+ - a2t~}2 - ce(Tr{UU+ - a2tn)2 (6) 

meaning that the field (To acquires the v.e.v. 

< (T~ >= a (7) 

As a consequence, all scalar fields become the massive ones: 

8 8m; = -a2(1 + 3~) ,m; = _a2 (8)
o 3 1..... 3 

The pseudoscalar fields remain ma,<;sless at this step. They acquire the masses 
due to explicit breakdown of the rest symmetry due to non-zero masses of 
quarks. In QeD tllis effect is produced by the term 

L~CD = -ijMQ 

where 

(9) 

In a chiral theory the corresponding term of EChL is 

~b2Tr{Al(U+ U+)} = 
2(mU+md+mS' m u +md- 2m.. I mu-md.,)b (10)= ~ ~+ ~ ~+.j2 ~ 
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It does not produce the masses of pseudoscalar mesons directly, but it shows 
tha.t there are the transitions of the fields O's and 0'3 to vacuum proportional 
to m u + mci - 2m. and mu - md respectively. In other words, the fields 0'8 and 
0'3 acquire the non-zero v.e.v. proportional to corresponding mass difference. 
The v.e.v. < 0'0 > now is not equal to a, but contains the additional part 
proportional to fflu + ffld +m •. The masses of the pseudoscalar mesons appear 
from the potential part of L o after a minimization of this part with 

(11) 

The theory described by the lagrangian containing the terms (3), (6) and 
(10) has one disadvantage. The 1'l meson turns out to be too light in it. In 
QeD, there is one mechanism allowing t(.o get mrfditferent of the masses of the 
rest members of the pseudoscalar nonet. Namely, it is a mix of the isosinglet 
7ro meson with the gluonic state C:vG:voccuring through the triangle quark 
diagram. 

The explicit form of the term solving this so-called U(1) problem in the 
sector of pseudoscalar mesons is ~ot important for our present purposes. As 
for the scalar mesons, one can conclude from the relations (8) that the U(l) 
problem for the scalars receives a resolution if the parameter ~ is different from 
zero. Of course, such a splitting between m CTO and m CT1••••a has the same origin 
in QeD as for the pseudoscalar mesons: it occurs due to mixing between (10 

and gluonic state G:vG:v. 
The potential part of L o can be presented in the form: 

v	 = -cTr{UU+ - a2tn2 - ~{Tr{UU+ - a2tn)2 =
 

= - ~(l + 3{)(0"1 + 7f~ - a2)2 ­

c{~[d;1:I{uju~ + 1I'";7r1:) + ~((1~0'; + 1r01f,)]2 + 2[fjl:luj7rI:]2} (12) 

A positive definiteness of energy in the theory with such V requires: 

c> 0; (1 + 3{) > 0	 (13) 

Minimization of V with O"'A defined by eq.(ll) and m., = md gives: 

2 :I' I-5f: 
m 1r = X +Y ; mK = X - y. 2 _ g	 (14) 

m~.::; X+Y+AJ 
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m2 = X _!y Az(l- e/2)2 
(1K 2 +. (l+e)2 

m~. = X - Y + A2(1 + e)-2[(1 - e)2 + 2c2(1 + 3e)]. (15) 

m~o = X + A'(1 +et2 [1 + 3{ + 2e2
] 

m~oO'& = 6v'2(Y + A2(1 + e)-2ee) 

where 
4

X = 3c(1 + 3{)[< 0"0 >2 (1 + 2e2 
) - a~ (16) 

Y = ~C < 0-0 >2 £(1 - £/2) = £(1- £/2)(1 + e)-2A2 (17) 

£ =< 0'8> /(..[2 < 0"0 » (18) 

As it follows from eqs. (14), (15) and (17), m q " and mqK are expressed 
through m 1r , mK and parameter e. The last one can be found using the general 
expression for the axial current: 

(19) 

Then 

Therefore 

(22) 

In terms of the parameter R 

m;1!" - m; = (mi- - m~)(R - It1(2R - 1)-1 (23) 

m~K - mi- = (mi- - m;)(R - ttl (24) 

Using the experimcntal value of R we could find mqT and mqK. But there is 
some uncertainty in determination of R because of the value of R following 
from thc data on {1-decay turns out to be ~maller than one following from 7r/3 

and J{/3 dccay. For this reason it seems to be more convenient to determine 

(20) 

(21) 
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a. magnitude of R using eq.(23) and identifying 0'11: meso.n with the isoveetor 
resonance ao(980). Then 

R = 1.1762 (25)
 

m crK = 1.23GeV (26)
 

To find the masses of the isosinglet scalar mesons we need to know a mag­

nitude of the parameter (. It can be determined using the data on K,,, decay, 
as it will be shown a little later. But the general expressions for the masses 

. of the diagonal states 

Uif = O'ocos8s +uasinOs 

0'" = -<To sin Os + 0'8 cos Os (27) 

we can write down here. 

m~", - m~ = (m:11: - m~). {I + 2R(R -1)(cos8s - V2sin8s )Z + (28) 

1 rA.+ie[(2R + 1)cos8s - 2v2(R -1)sm(Js]2} , 

m~1J - m: = (m;1l - m:)· {I +2R(R -l)(/2cosBs + sinOS)2 + 

{(2R +1)2[6R(R - I)2(2R + 1)-2] 

+~{I{2R + 1) sinOs +·2V2{R ­ I)cos8sfl} , (29) 

where 

(J ~! arctan{2.n. 1 + e(2R + 1)(3R)-1 } 
s 2. I - I)l-I[I -8(R ­

The coupling constants of the scalar mesons to the pseudoscalar ones are de­
termined by the expression (12) and the part ~L~~) solving the U{l) problem 
for the pseudoscalar mesons. 

At 

(30) 

'UaiD& the I'talldud rdatiou 
V..4! .. = «('-215 ± 0.002) J l'....
 

I V.... II + I V•• I' + I V•• t2=1 •
 

and p\lUing into them I V.... 1= D.9735±O.OOI5 [1] and I V•• 1< 0.007[21 one comes to the Jesuit R:: 1.111±O.045.
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(m~! - m;)(l + 4£) 
gcr; g+k O = ';-2F~(1 + c) 

where Op is the mixing angle between 1f'o and ?fa: 

fJ = -'lro sin6p + 1f8 cos6p 

'1' = 'lrocos6p + 1r8sin8p (32) 

A width of the isovector resonance U 7t calculated with the above coupling 
constants turns out to be ~ 300MeV [5]. But as it was noticed long time ago 
[6], the observed width may be considerably smaller due to different effects 
including an opening of the channel K+KO at the resonance energy. The sit­
uation is illustrated by fig. 2 in ref. {5]. Of course, the theoretical curve in 
this figure corresponds to observed width of order of 70-90 MeV instead of 
the experimental value r00(980) = 54 ± 7MeV, but there is very important, but 
unresolved question how to extrapolate tlle expressions for the vertices Ur1rK1r1 

given by EChL to the region of energy of order 1GeV. It is not excluded a con­
siderable renormalization of these vertices diminishing the effective coupling 
constant. A naive calculation [5] of the width of the strange G'K meson led to 
rUK ~ 570MeV which has to be compared with the experimental results 

r = 485 ± 80MeV for m" = 1245 ±30MeV [7} 

and 
r = 477 ± 51MeV for m" = 1240 ± 22MeV [8} 

Though the Particle Data Group gives the different value of me "-J 

1350MeV [9] and sometimes m/C 1500MeV [5} with rIC 250+300MeV,"-J "-J 

the experimental data. on (PKO + p~)2 distribution show a position of this 
resonance at m" ~ 1240MeV [7,8]. 

Therefore, a naive approach to calculation of the widths of the isovector and 
strange scalar mesons gives the results close to the experimental observations. 

A situation with the isosinglet mesons Uri and u1/ is more complicated. At 
the valuc ~ = -0.225 following from the data on KIf, decay 

m<1.,,(at~ = -0.225) ~ 650MeV t 

r <1., ~ 680MeV (33) 
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So, the uT( meson can be identified with the old scalar resonance €(600 + 
800) (see~ for example, ref. (101). It does not included into PDG tables 
because or a very large width. However, the indications on existence ofsuch a. 
resonance continue to appear. In particular, the Omicron Collaboration (11] 
have confirmed an existence of the wide scalar resonance with m == 600MeV 
and r - 600MeV. 

The last isosinglet scalar meson 17" has the fonowing characteristics 

m",.{ate = -0.2255) =1365MeV 

r"" == 720MeV [5] (34) 

But at such big mass it seems to be not convenient to believe the result 
of the naive calculation of the width. To identify u" meson with a,ny of the 
scalar resonance laying at m tV 1300 MeV one needs to elaborate a method of 
extrapolation of the chiral theory results to energy ~ 1 GeV. 

Let turn now to a.pplication of our theory of the scalar mesons. 

2 Application. 

2.1 Form factors of Kl. decay. 

The hadronic part of the matrix element of this decay is 

< 1r+7r- I AtK ) IK+ >= 11 • (p~ +Pr)~ + 12(p1( - Pr)p + !3(PK - p" - p~)t35) 

< 1r1r' IVJK) 1K >= i/4e,SlItTT(px)v(P~)~(P1t')r (36) 
A contribution of the term proportional to /3 to ~. amplitude can be 

neglected because it is suppressed by factor mc/mK. In the soft-pion limit 

. l' m 2 

/1 =1'1 = ~F1( [12} , 14 = 21t(V2~..)S [13] (37) 

At these values of Ii the theoretical magnitude of a probability of Kt;4 decay 
turns out to be by 2 times smaller than the experimental one. The second 
term in r ..h.s. of eq. (37) gives only 1/5 of the probability at 11 = f2 and the 
term (38) gives only 0.13% of total probability. For this reason, to explain the 

·. experimental situation we need increasing the form factor 11 by ~ 1.4 times 
'" and, moreover, this increasing must occur in the non-physical region of the 

quantity Q2 == (P" + p~)7 b,ecause of the experimental data do not show any 
considerable alterat.ion of /1 in the physical region of Q'1.. 



8 

To preserve the results of the soft-pion approach obtained a.t Q" = m;, 
one is enforced to adopt that an increasing of /1 happens due to considerable 
dependence of /1 of Q2 lead.in,g to the result 

ft(Q2 = 4m~) ~1.4Jl(Q2 =m:.). (38) 

As the fonn factor !J describes a production of the pair 2r+7r- in S-wave 
state, the result (40) can be obtained if a mass of the intermediate scalar 
mesoD is small enough. The analysis 114] shows that the result (40) requires 
""tnt ~ 650 MeV. According to eqs. (29) and (31) this value of mort takes place 
at e= -0.225. The experimental observation· that !J is constant practically 
a.t Q2 > 4m:, is explained by an appearence of a width of iTrt meson rapidly 
increasing with an increase of Q2. 

The example of K,. decay shows, that .& theory with scalar mesons allows 
to understand the underlying physics of such an unusual phenomenon as very 
considerable change of the form factor in non-physical region of a variable. 

2.2 Form racton of K" decay. 

The hadronic part of the matrix element is 

< r<Pr} l VJK} tK(PK) >= f+(q2)(PK +P.)", +J... (q2)(PK - Pr)p (39) 

where q2 =(pK - Pr)2. 
The combination 

fO(q2) = I+(q~ + 2 q' 2/ _(q2) (40)
mK- rRlI' 

describes the S wave state in the K 1f system. 
Usually fO(q2) is represented in th~ form 

fo(q2) ;:;; 10(0)[1 +"fll//~;l (41) 

In our theory 
mk-m~ . 

1+(0) = 1 , J-(t{) = .2 .qz [15] (42)
mer" -

Conseqnently 
(43) 

or 
'\0 ~ 0.013 a.t mcrx = 1235MeV (44) 

To verify this prediction, more accurate measurement of the Kl
3 

form factors 
is necessary. 
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2.3 K s -+ 2... decay. 

As it was noticed in ref.lI6}, a halfo(a value.orthe AI = 1/2 ppart of Ks -+ 2... 
amplitude is originat.ed by an exchange of the isosinglet scalar meson. The 
authors of ref. [16] considered the mass of q field as a free parameter. In our 
chiral theory their expression 

is replaced (at ~ == 0) by the expression 

B-1 
A(Ks -+ 1J"+1f-) 10~.6"" {R -1 + 1 _ 2(R -I}]' [17] (45) 

showing a considerable increasing of A 105,6 due to corrections of next orders 
in (R -1). This effect first mentioned in ref. [17] was confirmed later by the 
authors of ref. [18]. 

An additional enlargement of A 105 e arises due to mix of 0"0 state with the 
gluonic state (C:

1
J2• As it was shown 'in ref. [17], this effect proportional to { 

leads to the magnitude of A 105,e sufficient for an explanation of the AI =1/2 
rule for K -+ 21f decays. 

2.4 K -+ 31f decays. 

In the leading p' approximation, the chiral theory with the scalar mesons give 
the usual expressions for the matrix elements of different modes of K -+ 3r 
decay. 

At the convenient values of the coefficients Ci in the operator expan­
sion of the ~S = 1 part of weak non-Ieptonic lagrangian, the probabil­
ity of K+ -+ 1r+r+1r- decay and slope parameter 9 turn out to be smaller 
then the experimental ones. Namely, at ~ = 0 (which case corresponds to 
m q .,, = m q .. =981MeV) 

rth(K+ -+ 11"+7["+1['-) = O.73r':!P(K+ -+ r+1f+1f-) 

gth = O.18geq 

When the effects of the corrections of next orders in p'Z expansion and effect 
of mixing between 0"0 and (0:)2 are taken into account the theoretical vaI~es 

of rand 9 turn out to be coinsiding with the experimental ones [19]. 
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It should be mentioned that these two parameters are not connected in 

considerable way one to another, because of the part of the amplitude pro­
portional to 9 in the general expression. 

S3 - So 
I M(K+ -+ 1r+1r+11"-) 12,." 1 + 9 2 + ... , 

my 

where 83 = (PK - P1f' and 80 = mjcl3 + m;, gives a very small contribution 
to f. 

Therefore, the above mentioned corrections to the leading terms in 
M(K+ -+ 11"+""+"'-), calculated in the framework of the theory with scalar 
mesons, improve the results for two practically independent quantities. . 

2.5 Concluding remarks. 

The chiral theory incorporating the scalar mesons as the elements of this 
theory has an evident advantage consisting in a clear understanding of a 
nature of one or another momentum dependence of different amplitudes. Such 
a theory allows to understand, in particular, why the momentum dependence 
or the amplitudes with the S-wave 21t' states is considerably stronger than the 
dependence in other states. It happens because of for the S-wave state, the 
momentum expansion is the expansion in p2/m~rt and m~, is co.nsiderably 

smaller than m;""lJ",O'K-
One more advantage of the considered theory is a possibility to estimate 

the role of higher order corrections in p', in particular the corrections of order 
. pI and higher_ Such a possibility is absent really in usual Chiral Perturbation 

Theory. 
At last, the properties of the resonances e(600 - 800) ,ao(980) and the 

strange scalar resonance obtain the theoretical foq.ndation. But for an overall 
quanttitative description of the widths of these resonances one needs an elab­
oration of the selIconsistent procedure of extrapolation of the vertex fundions 
t7'r71 from the energy region of order mll' to the region of order 1GeV_ 
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