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1 Introduction to Chiral Perturbation Theory 

Precision experiments at low energies have always had an important share in shaping our 
understanding of the fundamental interactions. The field of kaon physics in particular has a 
long tradition of contributing to the development of the standard model. The rich experimental 
program in this field at present and In the near future [1] has also brought along aew challenges 
for theory. 

From the theoretical standpoint, kaon physics is a complicated interplay between the AS = 1 
non-leptonic weak, the electromagnetic and the strong interactions. The traditional short-
distance motivated approach of the operator product expansion has to struggle with tho in
herent problems of the non-perturbative conf nenient regime [2]. In recent years, an alternative 
and in a certain sense complementary approach has been actively pursued which starts precisely 
from this low-energy regime. In its most general form, chiral perturbation theory (CHPT) is 
a quantum field theory at the hadronic level which uses only the symmetries of the standard 
model, in particular its softly broken chiral symmetry. It is characterized by an effective chiral 
Lagrangian giving rise to a systematic low-energy expansion of amplitudes [3]. 

In the formulation of Gasser and Leutwyler [4,5] one considers the generating functional 
Z[v,a,s,p] of Green functions of quark currents in terms of external matrix fields v,a,s,p. To 
lowest non-trivial order p 2 in the low-energy expansion, this functional is just the action of the 
Lagrangian [5,6] £ 2 + C$s=1 with 

C2 = ^D^D^U + tftx + x t y ) , {A).- t r A 

££*=i = GsfHHD^DoU + o ( ^ x + x*V)}) + h.c. + 27-plet 
(1.1) 

D»U = dfl - i(t;„ + a^U + iU(vß - a„) 

X = 2,00(5 + ip), A = -(A 6 - iA7). 

The 5#(3)-valued field U(ip) comprising the eight pseudoscalar meson fields ipi (i = 1,.. .,8) 
transforms as 

U(<p) - ° - gnV(tp)gl gL,R e SU(3)L,R (1.2) 

under the chiral group G - SU(3)L X S£f(3)n. All traces refer to three-dimensional flavour 
space. The explicit chiral breaking by quark mass terms is contained in the scalar field x 
via (0|s(x)|0) = diag(m„,m^m,). The external vector fields in the covariant derivative D^U 
contain in particular the photon fieH Aß with 

vß = eQA„ + ..., Q = diag(2/3, - l /3 , - l /3) . (1.3) 

Of the four low-energy constants in the Lagrangian (1.1) only / , Bo and G% appear in on-shell 
amplitudes: 

/ = /„[l + 0(m,)] 

(O|UU|O) = - / 2 2 M 1 + 0 K ) ] (1.4) 

|(78| ~ 9 • 10" 6 GeV - 2 . 

Although the 27-plet part of Cfs=1 can be 3afely neglected for many purposes the lack of a 
complete analysis of K ~* 2* decays to 0{pA) is responsible for a big uncertainty in the actual 
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value of the octet coupling constant G». Once the parameters (1.4) are fixed, the Lagrangian 
(1.1) taken at tree level produces all the current algebra results of the 60's for mesonic Green 
functions and amplitudes. 

Turning now to more recent developments, the generating functional Z[v,a,s,p] to 0(p*) 
consists of three parts: 

i) One-loop functional for C2 + C$s=1 [5,7]; 

ii) Anomaly functional [8]; 

»P A general clrral Lagrangian 
C4 + C?s=k (1.5) 

of 0(p 4 ) where £4 consists of 12 independent terms [6], while C*s=i has a disillusioning 
number of 38 octet terms [7,9], not to speak of the additional 27-plet contributions. 

From chiral symmetry and Weinberg's theorem [10], the divergent part of Z[v,a,s,p] to 
0(p4) has the form 

Zi% = / d*xCiiv (1.6) 

where Cfv must have the same structure as the general Lagrangian (1.5). Consequently, renor-
malization amounts to writing the total Lag. jgian of 0(p*) 

C4 + £$s=1 + Cfv (1.7) 

in terms of renormalized, scale-dependent low-energy coupling constants (12 strong, 38 weak 
octet constants). Of course, in any physical amplitude this scale dependence is exactly compen
sated by the corresponding scale dependence of the finite part of the one-loop contribution. 

The procedure outlined above has been used to extend the current algebra results to the next 
level of 0(p*) ir. the low-energy expansion. Instead of a review of achievements and problems 
[11], let me emphasize the main virtues and also the major drawback of the CHPT approach. 

i) CHPT is a quantum field theoretical formulation of mesonic interactions directly at the 
hadronic level. It has no problems of double-counting hadronic and quark degrees of 
freedom by construction. 

ii) It is a well-defined perturbative low-energy expansion obeying all axioms of quantum field 
theory. In particular, all amplitudes satisfy perturbative unitarity. As in every percurbative 
approach, there is of course no general guarantee that a given order of the expansion 
is actually sufficient for the process under consideration. However, in contrast to the 
widespread eclectic method, CHPT provides a systematic basis to include such important 
effects as resonance exchange or non-perturbative unitarity corrections. 

iii) The symmetries of the standard model are manifest in CHPT, especially the softly bro
ken chiral symmetry and electromagnetic gauge invariance. Again in contrast to more 
phenomenologically minded approaches, there is absolutely no need to worry about Ward 
identities, soft meson limits, etc. All the symmetries of the standard model are automat
ically incorporated. 
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iv) CHPT as a direct consequence of the standard model allows to distinguish clearly between 
genuine predictions of the standard model and implications of additional model-dependent 
assumptions. 

v) The main virtue of CHPT is at the same time a major practical problem. Because CHPT 
in its general formulation uses only the symmetries of the standard model there is a 
tremendous loss of information in going from the fundamental to the effective dural level. 
Any other fundamental theory t/ith the same symmetries leads to the same CHPT. Only 
the specific values of the low-energy constants distinguish the standard model from its 
possible competitors. 

Since the structure of amplitudes is uniquely predicted by CHPT for a gwen perturbative 
order, it remains to determine and to understand the values of the low-energy constants. The 
lowest-order constants / , Bo and Gs are of course known phenomenologically. However, a direct 
calculation of these parameters from the standard model would be extremely interesting.1 

Moving on to 0(p 4 ) , the 10 experimentally accessible coupling constants of the strong La-
grangian £4 have been determined [4,5] by comparison with experiment. It turns out that they 
can all be understood as being mainly due to meson resonance exchange [4,13,14]. In addition, 
most of them are reasonably well reproduced by a QCD calculation to leading order in 1/Nc 
[15]. The situation is much less favourable in the non-leptonic weak sector for at least two rea
sons. Even purely phenomenologically, very little is known about the weak coupling constants of 
0(pA). Secondly, the large number of independent couplings significantly reduces the predictive 
power except for favourable circumstances particularly in radiative K decays [16,17,18]. 

In contrast to the strong sector, we cannot predict at the moment with any confidence 
how the meson resonances contribute to weak amplitudes in terms of the 0(pA) weak coupling 
constants. One approach is based on the factorization of products of weak currents with some 
justification from 1/Nc arguments [19]. The purpose of this talk is to discuss another attempt 
to answer this question by relating the weak to the strong couplings [20]. As I will show, this 
approach takes some guidance both from phenomenology and from the geometrical structure of 
the chiral coset space, but it is still far from being sufficiently tested. Rather than aiming at a 
complete understanding of weak couplings, the weak deformation model [20] should be seen as 
a first attempt to account for some important effects in non-leptonic weak amplitudes related 
to meson resonance exchange. 

2 Weak Deformation 
The spontaneous breaking of the chiral group G = SU(3)L X SU(3)R to the vectorial subgroup 
S!r(3)v is a fundamental ingredient of CHPT. The action of G on the chiral coset space C = 
G/SU('d)v is given by 

«(*>) -£• 9Ru{<p)h[<pf = h[<fiW<p)gl (2.1) 
«(*) g C, V{<p) = u{<p? 

where h(<p) defines a non-linear realization of G [21]. The geometry of C is characterized by 
two Cartan-Maurer one-forms. Their pullbacks on space-time in the presence of external fields 
can be expressed in terms of an axial vielbein 

u„ = ixtDftfu* (2,2) 

'There ia a very recent attempt to calculate the octet coupling G» to leading order in \/Nc [12]. 
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and a vectorial connection 

r„ = \Wfo - «K + «MM«+«& - *'(**. - «M)]«1}- (2-3) 

To lowest order, only the vielbein appears in the Lagrangians 

n 

4 (2.4) 

C?s=1 = / J ( A K « " + a X + )>, A = G s ^ t i W 

assuming CP invariance for simplicity. Neglecting the mass terms ~ x+ for the moment, the 
Lagrangian 

C2 + C?s=1 = ^ ü " ) + ()((%) (2.5) 

can be expressed in terms of a "weakly deformed" vielbein [20] 

2 
uß = v.» + {ti„, A} - j(u M A), (u„) = (uM) = 0. (2.6) 

There is certainly no question that I can always write Cj + C*s=1 in this way. The more 
relevant question is whether this rewriting is just a notational triviality or if there is some 
deeper significance to the deformed vielbein 5 M . Since we don't have a theoretically well-founded 
answer to this cuestion, let us turn to experiment for help, in particular to the non-leptonic 
transition K+ -* JT + 7* -* ir+e+e~. 

We know from a general theorem [18] that the corresponding amplitude vanishes to lowest 
order p2. To 0(p4), the amplitude has the form [16] 

A(K+ - TV(9 ) ) ~ q2[AL=i(q
2) + w+) (2.7) 

with a calculable one-loop contribution Ai=l(q
2) and with a scale-independent counterterm 

«+ = - ^ K ( M ) + 2 « W - 1 2 I 5 ( M ) ] - \ ^ ~ ^ - (2.8) 

Ig(/x) and u?j(/i), W}(/() are renormalized coupling constants (at an arbitrary scale /t) of the 
chiral Lagrangians £4 and C*s=i, respectively. The strong coupling 

LTg(Mp) = (6.9 ± 0.7) • lO" 3 (2.9) 

is known to be completely dominated by p exchange [4,13,14]. Assuming for *he moment that, 
the genuine weak couplings are negligible at the same seile, 

w\(Mp) ~ wT

2(Mp) ~ 0, (2.10) 

we can predict the rate T(K+ -* ff+e+e~) with the surprising result 

This clearly demonstrates that the big p-exchange contribution due to I» is almost completely 
cancelled by the direct weak couplings w\,W2-
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Coming back to the weak deformation model, we can generate direct weak couplings by 
replacing everywhere in the strong Lagrangian £4 the vielbe.;n u^ by the deformed vielbein 5 M . 
In this way one obtains the relation [20] 

wi + 2w2 - 12L9 = 0 (2.12) 

leading to a complete cancellation of p exchange in the amplitude (2.7) as suggested phenomeno-
logically. 

Can we find some other arguments in favour of a weak deformation? For this purpose I write 
£4 in a geometrically inspired notation [9] which differs from the original one [5]: 

(2.13) 

£ 4 = Si^ti**) 2 + S i K ^ X ^ u " ) + S3<u„ti"uvu'')+ 

+ S4K«*)<x +) + Si{ultu*x+) + Se(x+)2 + S7(X-)
2+ 

+ Stixl) + tyr^u»,*]) + Sio^r"")* 
+ S n f V ^ V V ) + S 1 2 ((V M «") 2 ). 

The curvature T^, is given by 

IV = dMr„ - dvrß + [r„, r„] (2.14) 

and the covariant derivative is defined as 

VMA = dMA + \Ttl,A) (2.15) 

for any field A transforming as 
A - ^ h(<p)Ah{<p)* (2.16) 

under chiral rotations. 
Except for mass terms involving x±, the strong Lagrangian £4 can be written entirely in 

terms of the vielbein and the connection. Since the weak interactions are left-chiral, we have 
made the natural assumption [20] that the right-chiral combination F M - §uM is unaffected by 
a weak deformation. Together with (2.6), this assumption defines the total weak deformation 

2 
n„ - «„ = uß + {« A} - -(u„A) 

t *i (217) 

r„ -» r„ = r„ + -{u„,A}--(uMA). 
The scale dependence of the 0(p4) coupling constants is governed by £!{,v in (1.6). With 

dimensional regularization, the general structure of £4'" is 

£"=-sf(b4j"G r'» f"''+ <' 1) ( 2 1 8 ) 

where the matrices inside the trace are now defined in the eight-dimensional tangent space at 
the classical solution <pcj e C of the field equations. From the explicit calculations [5,7,9,22] one 
may draw the following conclusions: 

i) As far as the divergent part Cf" is concerned, the right-chiral combination Vß - %uß is 
indeed unchanged in the presence of the non-leptonic weak interactions; 
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ii) Up to terms of 0(G|) , 
tr (f„„fM") = 6{f^f""> (2.19) 

where T^ is the curvature defined in (2.14) for the deformed connection fM in (2.17). 
Thus, the curvature term in (2.18) is indeed obtained by a weak deformation of the 
corresponding strong term (G 8 = 0). This in turn implies that the transformations (2.17) 
produce the right scale dependence for all couplings involving the connection which are 
incidentally the only ones relevant for radiative K decays. They are induced by a weak 
deformation of the terms with coupling constants 5 9 , Sio, S\\ of which only Sio is scale 
dependent as indicated by (2.18). For the constants ti>i, u;j relevant for K+ -» T + 7 * one 
finds [20,9] 

t«, = -2Su> + 4(5 9 - Su) = 4(1* + X,o + 2J7,) 

w2 = 25 1 0 + 4(5 9 - Su) = 4X9 

where the second equalities refer to the standard basis of Gasser and Leutwyler [5]. In 
contrast to (2.12), which was based on the deformation of uM only, the relations (2.20) 
are valid for any scale ft. Moreover, the big /»-dominated coupling Z,9 drops out again in 
the K+ -* JT + 7* amplitude (2.7). However, no definite prediction can be made for w+ 

because the strong constant Hi is not accessible experimentally [5]. 

iii) The term tr a2 in Ci,v cannot be obtained from the strong determinant by the weak 
deformation (2.17), partly because of the dependence on mass terms ~ x- In distinction 
to the curvature part, I am not aware of any special geometrical significance of this term. 

Before confronting the weak deformation model with recent experimental results on radiative 
K decays, let me mention another interesting proposal to relate the weak to the strong couplings 
[22]. The Lagrangian C% + £ £ 5 = 1 in (1.1) defines a right-invariant metric g on C which is equal 
to 51/(3) as a manifold. If one postulates [22] that d i £ * 5 = 1 be expressable only in terms 
of tensors with respect to this metric, one gets automatically scale-independent relations for 
all weak couplings. The reason is that Cfv clearly satisfies this postulate because £ 2 + C%s=l, 
which generates Cfv, is completely specified by g [23]. 

In its present formulation the approach of Ref. [22] is not without problems. When all 
possible g tensors of 0(p 4 ) are included in £4 + C$s=i, there are no predictions for the octet 
constants. If on the other hand one takes along only the terms occurring in Cfv, the relations 
obtained are in disagreement with the experimental value for r(Ä"+ -» i r + e + e~) [22]. 

It remains to be clarified, both phenomenologically and on a more fundamental theoretical 
level, to what extent geometry helps to understand the weak low-energy constants. The appli
cation of the weak deformation model to radiative K decays to be discussed next is a first step 
in this direction. 

3 K —• 7T77 

As in the case of K+ -* jr +7", the amplitude A(K -* ^77) vanishes to 0(1?) for all possible 
charge modes [18]. 

In addition to a calculable one-loop contribution and a small contribution from the anomaly, 
the amplitude A(K+ -* JT + 77) to 0(p4) depends on a single scale-independent combination [18] 

32ir2 

c = -^-[12(^9 + Z, 0) - 101 - 2w2 - 2Wi] (3.1) 
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of low-energy constants. The weak deformation model makes the definite prediction [20] 

c = 0 (3.2) 

implying 
B{K+ - x+77) = 5.8 • l(r 7 |<7 8/9 • 10 ' 6 GeV- 2 | 2 . (3.3) 

A much more decisive test than the branching ratio, which is affected by the big uncertainty 
in Gg, is the decay spectrum in the invariant mass of the two photons [18] which is of course 
independent of G». A measurement of this spectrum will soon be carried out at BNL [lb]. 

For the neutral mode Ki -» ff°77 the 0{p*) Lagrangian C4 + Cfs=1 does not contribute at 
all [17]. The amplitude to 0(p4) is given exclusively by the finite one-loop contribution leading 
to the prediction [17,24] 

B{KL - *°77) = 6-7 • i r r 7 | G 8 / 9 • 10 ' 6 GeV" 2 | 2 (3.4) 

to be compared with the recent experimental measurements 

- { BlKr - »°rrt - I { 2 A ±°6)'10"6 [ 2 5 ] (35> 
B{KL - * 77) - \ ( 1 7 ± 0 7 ) . 1 0 - 6 [ 2 6 ] (3.5) 

Although not inconsistent with the theoretical prediction (3.4), the experimental results suggest 
a somewhat larger value for the rate. In addition to the uncertainty in G%, the rate may well 
be enhanced due to rescattering corrections beyond 0(p4) [27]. A quantitative analysis ^'*.his 
effect is under way. 

Once again, a much more sensitive check is provided by the 77 spectrum where G& drops out. 
In Fig. 1 the CHPT prediction [17] is compared to the experimental spectrum [25]. Contrary 
to appearance, the dashed curve is not a fit but a parameter-free prediction. 

It was originally pointed out by Sehgal [28] and also by others [29] that vector meson 
exchange could make a significant contribution to KL -» x°77 and Ki -* ir°e+e~. In the chiral 
expansion, such effects appear first to O(fP) and can be described by the chiral Lagrangian [20] 

£ 3(VP7^ = ehvF^iViu^uQu* + i»tQt»}) (3.6) 

with the vector meson nonet field V 4 and the coupling constant 

I M = (3.7 ±0.3) - l ( r a (3.7) 

determined from radiative vector meson decays. Vector meson exchange via (3.6) together with 
a weak transition on the external meson leg6 via £ 2

i 5 ~ 1 induces an 0{p°) amplitude interfering 
with the 0(p4) amplitude responsible for (3.4). The V-exchange amplitude by itself produces a 
completely different 77 spectrum which is shown in Fig. 1 as the dotted curve. 

The interference between the 0(pA) and the V-exchange amplitude of O(p^) is governed by 
a parameter [20] 

a v ~ Mj = ° - 3 2 - ( 3 , 8 ) 

However, the weak deformation model [20] extended to 0(p6} predicts an additional direct 
weak contribution (analogous to u>i, u/j, 11/4 in Eqs. (2.8), (3.1)) with the opposite sign to 
the VMD contribution (3.8). The total amplitude is again governed by ay, but with opposite 
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sign to (3.8). To eliminate the dependence on Gs, a sensitive measure of ay is the relative 
branching ratio for events with the 77 invariant mass below the TCTT threshold. Comparing their 
experimental spectrum with the dashed curve shown in Fig. 2, the NA31-Collaboration found 
the 90% confidence level limits [25] 

-0.3 <av < 0.5 (3.9) 

in agreement with our expectations [20]. This limit corresponds to the fact clearly borne out by 
Fig. 1 that the experimental spectrum looks much more like the dashed ihan the dotted curve. 
Rather surprisingly, by performing his own analysis and interpretation of the NA31 results 
Sehgal has recently come to the different conclusion [30j that a sizable vector meson exchange 
contribution is indicated by the data. 

Let me finally mention that for K+ ~* T + 7 7 the corresponding VMD contribution is exactly 
cancelled by a direct weak term according to the weak deformation model [20]. The forthcoming 
measurement of this decay mode [lb] should be able to check if the spectrum is indeed dominated 
by the 0(p 4 ) amplitude with c = 0 as predicted in Eq. (3.2). 

4 Ki, —* 7e +e~ 

Two recent experiments [31,32] have found a deviation from the phase space spectrum in the 
Dalitz pair decay Ki -* "/e+e~. The decay distribution in the invariant lepton pair mass can 
be written in the form 

1 dT(KL^^e-) _^u..,_„,,, , | 3 

T(KL - 77) dz = aRkin(z)\F(z)\2 (4.1) 

m 1 

with a phase space function Rkin(z) and a f ° r m factor F(z) The experimental observations 
[31,32] can be interpreted [33] as evidence for a non-leptonic weak transition between vector 
states. It is therefore interesting to check whether the weak deformation model, which should 
account for the dominant vector meson contributions, agrees with experiment. The task for 
CHPT + weak deformation model is then to understand [34] the coefficient b in tre low-energy 
expansion 

F(z) = l+bz + 0(f) (4.2) 

of the Dalitz pair form factor F(z). 
This task is certainly not made easier by the fact that it is very difficul to obtain a reliable 

CHPT prediction for the decay Ki -* 77. To lowest non-trivial order p 4 , this transition proceeds 
through the diagram of Fig. 3. However, to this order the ifi and rjt contributions cancel because 
of the Gell-Mann-Okubo mass formula for the pseudoscalar meson masses which is of course 
respected by CHPT to lowest order. Thus, the amplitude A(Ki ~* 77) is formally of 0(jP) in 
the chiral expansion although it is numerically more like a typical 0(rf) amplitude. Because 
the cancellation at 0(jt) involves two rather big amplitudes, A{Ki -* 77) is very sensitive to 
the chiral corrections to the diagram of Fig. 3 which include in particular i\- rf mixing. There 
is at this time no reliable complete calculation of Ki~* 77 in CHPT to 0{jP). Our strategy 
will therefore be to use the experimental value of \A(Ki -» 77)! whenever necessary. 
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Proceeding in a similar way as for K', ~* T ° 7 7 , 1 consider first the VMD contribution to 
the transitions $ -»• -)i*~l~ ($ = w°,T]&,Tfi) according to the diagram of Fig. 4. Vector meson 
exchange with (3.6) and a similar term for the V-7 transition with coupling constant fv [13] 
induces a local Lagrangian of 0(p6) 

4 „ 0 = . l W v ^ ? ^ ( T o + • + * * , ) + ... ( 4 . 3 ) 

M v — Mp = Mw 

adopting the nonet assumption for both pseudoscalar and vector mesons. Note that the depen
dence on T° , jjg, 7/1 is the same as in the anomalous $77 vertices of 0(jfi) [8]. With an external 
weak transition $ —• KL induced by C*s=l, neglecting a much smaller loop contribution [35] 
to $ -• 77* and factoring out the KL -» 77 amplitude, we find 

A{KL^in')~l + TV?££. (4.4) 
My 

The absolute value of the coefficient 

32y/2n2fvhv 

rv = ^ (4.5) 

is calculated [13] as |TV| = 0.94 in agreement with the analysis of Ref. [36] for * -• 77" and 
with experiment [37] which requires in addition ry > 0. Although there are no free parameters 
in Eq. (4.5), it is interesting to observe that ry = 1 corresponds to the assumption [38] of 
"complete VMD of the anomaly" even though I find this phrase somewhat misleading. 

Just as for Ki —* ^"77, there is no reason to believe that (4.4) is already the total amplitude. 
In fact, rewriting the strong (+ electromagnetic) Lagrangian (4.3) in terms of vielbein «„and 
connection Tß we can apply a weak deformation2 (2.17) to obtain a direct weak contribution of 
0{jfi) 10 Ki —• 77". The total amplitude in this approximation is 

A{KL - 77*) ~ 1 + (»V + ' 0 ) % ^ = F{*) (4.6) 

with a direct weak coefficient TD- With the experimental value for \A(Ki -* 77)! entering rp, 
we find [34] 

— =0.76 (4.7) 
TV 

but the relative sign remains undetermined without a reliable CHPT calculation of Ki~* 77 
to 0(jfi). For the slope 6 defined in Eq. (4.2) one obtains 

TD/TV > 0 
rD = 0 (4.8) 

rD/rv < 0 

to be compare J with the experimental result [31] 

bexp = 0.67 ±0.11. (4.9) 

2Only the deformation of the vielbein contributes in this case. 



10 

Thus, there is definitely experimental evidence for a direct weak amplitude [20,33] interfering 
constructively with the VMD amplitude. Moreover, the prediction of ihe weak deformation 
model for constructive interference (b — 0.70) agrees very well with (4.9). Of course, the corre
sponding theoretical prediction for the ratio 

^ t r 7 6 * 6 " ) = 1.65-10-' (4.10) 
T(KL - 77) V ' 

is then also in perfect agreement with the experimental result [31,32] 

r ( * L - 7 7 ) 
= (1.6±0.2)10~ 2 . (4.11) 

exp 

Another measurable quantity [33] which depends only on F(z) is the ratio between electronic 
and tnuonic decay rates predicted as 

r ( ^ 7 e + e - ) 
T(hL -> 7 / i+/i ) 

5 Conclusions 
i) CHPT is a successful example of a non renormalizable quantum field theory allowing for 

non-trivial predictions. 

ii) Green functions and amplitudes can be calculated in a systematic low-energy expansion 
incorporating all the symmetries of the standard model. 

iii) Since the relevant scale of the low-energy expansion is roughly of the order 4ir/r = 
1.2 GeV, K decays are a very promising field of application for CHPT. 

iv) The price for the generality of CHPT is the appearance of low-energy constants which 
cannot be fixed by symmetry arguments only. 

v) The weak defc«rnation model [20] is a specific attempt to reduce the number of indepen
dent constants by suggesting a relation between weak and stiong couplings. It is inspired 
both by phenomenology (K+ -* n+e+e~) and by the geometrical structure of the chiral 
coset space. 

vi) Successful tests in radiative K decays at 0{f) {Ki -* T ° 7 7 , KI -* fe+e~) support the 
idea that the mod?] may account for the dominant V-exchange effects in non-leptonic weak 
decays even beyond 0(p4). Many more tests for this and other proposals [19,22] can be 
performed, especially in view of theintensifyir^ experimental activity in kaon physics [1]. 

vii) Besides phenomenological applications, the possible significance of weak deformations 
remains to be clarified theoretically. 

Acknowledgements: Most of this talk is based on joint work with A. Pich and £. de Rafael, 
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Figure Captions 
Fig. 1: Experimental spectrum [25] in the 77 invariant mass for the decay Ki -* JT°77 in 

comparison with ihe CHPT prediction of O(^) (daened curve) and with the pure vector 
meson exchange prediction to 0{jP) (dotted curve), both normalized to the number of 
events. Folding in the experimental acceptance [25] (dash-dotted curve) leaves the CHPT 
spectrum practically unchanged and shifts the VMD spectrum to even smaller values of 

Fig. 2: Dependence of the branching ratij B(KL -> n°rf) (full curve, for G8 = 9 1 0 - 6 GeV - 2 ) 
and of the relative rate of events with m ^ < 2Af„o (dashed curve) on the parameter ay 
measuring the size of the V-exchange amplitude to 0(ft). The experimental 90% c.l. limit 
[25] -0.3 < ay < 0.5 is indicated. 

Fig. 3: Cancelling 1t0 and ijg contributions to Ki -* 77 at 0(p*). 

Fig. 4: V-exchange contribution to $ -* 77* -> ~/l+l~ at 0{]fi) with coupling constants hy, 
fv (* = *°,m,m)-



events per AM 3 4 = 20 MeV It 

~n 
oO 

CO 

II 

L71 

O 
NJ 

acceptance % 



B (KL—7t°YY). 10 ( 

4M' 
dz 

Fig. Z 
MK-

Fig. 3 Fig.4 


