
~· 3lt 6. 5""F 
E- /rL; 

. . 

OB"bELlHHEHHbltf 
HHCTHTYT ·· 
.flllEPH biX 

HCCnELl.OBAHHA . 

E2 - 5996 

:1 
·I · M.A. Eliash viii, B.A. Magradze, M.N.Tugulea 

I ·• s = II' 

i 
! 

; 

·:' 

THE K eJ DECAYS 

AND CHIRAL SYMMETRY -BREAKING 

1971 



.H. E2-5996 

i . CIIMMeTpHII 

maaa c SU (3}xSU {3} 

>6paayroumxcSI no 
~. noKa3aH0 1 'ITO flOJl06HaSI 
popMtjlaKTOpOB, 

pHIIIX HCCJie,llOBBHJII. 

M.N. E2-5996 

yrnmetry-Breaking 

(3}x.SU(3) symmetry-
3) and (1.8) + (8,1) 

hat such a model gives 
:tors. 

:lear Reeearch. 
l 

r 

~ 
~~-----------------.~ 

Ci 
and· 
ace 

E 2 - 5996 

. i 

• M.A. Eliash viii, B.A. Magradze: M.N .Tugulea 

THE K eJ DECAYS 

AND CHffiAL SYMMETRY-BREAKING 

Submitted to fl([J 

• Tbilisi State University 



1. It is vrell-knovrn that tho form factors in tho semi-

leptonic decays of kaons are very sensitive to the choice of the 

chiral SYJ:Ulletry breaking. It has been shown 1 thc.t the most 

common scheme of SU(J) x SU(J) symmetry-breaking throueh the 

I.: Y =0 components of a tensor transforming :J.S the (J,J,..) + 

+(J*, J) representation does not.lead to an adequate descrip

tion of K~Jform factors from the latest experiments. So, 

the f parameter calculated with this scheme is ncar to zero 

in comparison vrith the experimental values: -1 ~ T ~ - o.5 
Then, it appears necessary to try other models of symmetry

breaking. 

In this note we consider a model of chiral SU(J) X SU(J) 

symmetry-breaking where a term transforming as (1.8) + (8.1) 

representation is added to the (J.J~) + (J~,J) brerucin~ 

We calculate the K,e
3 

form factors using an effective 

Lagrangian which appears in the non-linear realization of the 

SU(J) )( SU(J) group with the linearization on the SU(2)X Y 
subgroup 

2
' 3 ~ and we show that such a model gives a realistic 

description of K..e3 form factors. 

2. We start with the effective Lagrangian density 2' 3 

~.,, = ;:.,,. +:C-1.1., (l) 

Here £';,, is the SU(J) x SU(J) invariant part and £'4.6. 
is the breaking term which is assumed to be of the form 

k..i.&. = u .. +cu, + c/18 ' (2) 

J 



where U
0

,
8

, 'a are the scalar densities transforming respective.;. 

J.y as (J.J*) + (J*, J) and (1.8) + (8.J.) representations and 

c,c1 are brea.king parameters. ~ s. b. ( as the ful.J. effective 

Lagrangian density) is an essentially non-linear function of 

the preferred ps.eudoscalar .IT, K 1 1 and scalar ~(I=i .Y~t:!) 
meson fields. 

J 
V.H1 T II, 111 

The Lagrangian vector. :Y'" and pseudovector .yc 
currents satisfy the current-field identities and their 

divergences have the form : 

~~V,i. = 0 
) 

i= 1,2, "S 
~ 

o J V. a 3 ( d< >) I " z. c q '? / = ii c<«a)+ 7• fie de = m4e ·~de ~ 0( ,. f . .s; ~ ~ .> 

(J) 

r~IIJ =/(Vi+c)(fi' <Uo) +(Lt,)J/, l[~ ffl,z Fn 1ft , 
i" "· 2, 1/ 

.,.. ;:·q={f(Vi- f )(rz (Uo >- ~Ur)J+ ~ J<jt) ]~ k 
4= YH~cafi 1\ q,. "'='1.~'".~ 

where »lx, ~", »11< are the masses, Foe, Fn, ftc -the weak 

decay constants and de q rr i K"'" - the renormaJ.ized fields of . . 
the scalar and pseudoscalar mesons, and < tlo > J < 1.(" > :> < d' > -
the vacuum expectation values, 

Following J we shall take 

z 
F~e = 1. 33 
Fnz.. 

' and from 

2. 

F~ - 0.2!i F,: -

4 

~ (4) 

,j 
., 

~ lj 
·j j 

; 

\ I 

2 2 
ft1~ = 1.2 GeV • 

Then from (J) we obtain the magnitude of the (1.8) + (8.i 

breaking term as following : 

.lR c 12 ..!:. [ .. .. -2. z 
J<js>=i~ In~ F~~- ~2c ~ F, m,-~] 

3 '(2 +C: f'i+C '/i+C '/i- i 

J. We .define the K.e3 form factorn as usually ; 

<rr'cyJ! :1/V,ttMt KL(t>>-=rz" ~~fcr ... 1t t (t)+(f -t";r f- {t) · 
. nJ '~1·7" -

where : "t,.. r;-1)'&. and J 
V,tt 'Y' - the strangeness changinl 

current, which in this model is proportional to the 

K*CJ. -, ago) ana Je co+, noo) meson nelds: 

V,tt *"' -:Y == Gk• J7 - F% ~ ?e 

To calculate the matrix clement in (7) vte need the ' 

vertices for ZKn and K*'Kn interactions, which from 

turn out to be z. 

~'~ = F./-f,.z P. Je.,niK~>+___fk_ P. (~qn'o'""&-Je 
.;(ziCn T 4c/, ! r F. F.. T•u 6 II 

F,. FK F~ r;, K lt 

+_i_[ fC1+ "flJtn; G/ -J ( "! +f}J<ja >]/..;!.. :.e q 11 
F, F, fie . . 

£#> =.L m: .. P. K* .. [(F.z- F~cz)·~ n''Kh_(F..'- F~jn··~ 
K ND F,F, t:f<., T~otcb i" 11 .t ?' · . " % /" 



transforming respectivc

·epresentations and 

he full effective 

·linear function of 

Ld s~alar <Y!(I=r .Y•!:f) 

1dovector lii,HI 
r 

ies and their 

. 

~ 

(J) 

Fn Tr~ ' ) ,· = 4, 2, 1/ 

, Fn ; ftc - the weak 

~enormalized fields of 

(4) 

2 2 
111;~e = 1.2 GeV • 

Then from (J) we obtain the magnitude of the (1.8) + (8.i) 
breaking term as following : 

1 'I fi-F kot~ r:::~ 
2 

lz-f{F,&m,z F~r2.trl~c2 ] 
«<qs > =-- '"x r:~e - c----:: ------;; 

d' 3 '(2 +C . (i+C 'fi.+e 'Ji-g 

J. We .define the k't3 form factors as usually ; 

<rr'c,Jl J: V,ttM/ KL(tJ>= ~ ltlb fcr-+-1t £. {t)+Cf -1? f_ (tJ] 
'1" . (znif'IJ•7o 

.. 

(5) 

(6) 

(7) 

where : . t .. r;-1)~ and J
.v, tt 

'!/ - the strangeness changing vector 

current, which in this model is proportional to the 

K*c1-, 890) and ~co+, uoo) meson fields: 

(8) 

To calculate the matrix clement in (7) vto need the effective 

vertices for de/<n and K*'Kn interactions, which from (1) 

turn out to be 

•. 

{I = F;/-F,.z P. Jettn'K'+ &z P. (~qn .. ov'-"ID"on'!J'") 
ot';un Tad, !F..F. F.. [4•' 11 ct<- n + 

F11 FI<F~ " /( ~ 
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.. 
where, the fact that the l< K n interaction contains no more 

than one derivative J has been used. consequently, the t-r {f:) · 

form factors have the form : . . z 
p (f)::_L (F.Z~F.:z.- r:-ZJ »11<"' 
1+ .1.. F, F~r " I( r~ »tkZ.. - t 

, (10) 

l (tJ = .J_ ( F,/ -F,1 )- +~- rz f. ft) + 
.t.F,F" nt 1 + 

. . ~· 

~ (1z_lJ&z+{t-t-r~(F,/-F,/)-f(~~i)m; F; 
+- . + 
~F,~ fi 

.( J<ta)( f- +l) 

(11) 

-rn;; - t 

+- 2 t J.F,F,. 1'11-~e-
Using (8) we can calculate the Je ...... f( n decay width 

· 3 [ F,/-F,'-( a. :z. ") 
rc~-Kn) = z. .1 111~ -Inn - mk + 

32.n F,/& .. mx 

E2. "Z. 2.J ~ c~ "'(2J1Mz. r:-2. 
-r !of (m" -""k -c ., + c •·•x ·~ + 

(12) 

+t(1+~)J<dt">]-·fc.m. ' 

where . i [( 1.. ~ 1 2. oz. ~11. . 
J, =- m~ +ntn- ml() -lf rnH. m,. 1 

= t/.'13 /;J 
1 c...... .tmx · . 

4. The K .e3 decay analysis uses the parameter 

"f (-t): f_ {-t) / f+ {'t) • The comparative analysis of 

different measurements gives the world-average 
1 

• 

rcoJn,.. :: -0.85 :!: 0.20 • 

From (11) we see that /- (t} and consequently the parameter 'f 

6 

' ~ 

! 
l 
I 
! 
l 
\ 

tl 

~i·: 
rlj 

I 
I 

depend on the values of syiiiiOOtry breald.ngs: e~ J<' 
~ 

Using (6) for the fiXed ~-meson IIBSS we can obtai 

'f _ parameter dependence on C: or J < 2t) • 

same we can do for r (Je-Kn) when considering (12 

It's easy to .find the intervals for e and J ( 1• 
for Vlhich l (0) and r ('X_. J(fl) take reasonable V 

agreement with exprimental data ( see Table 1). 

lt is interesting to observe that the values f'o 

are near the exact SU(2) X SU(2) limit ( i.e. c: =-

Concerning the parameter J< d') :l.t must be l 

is connected with the scalar components of the mesol 

( when we add the corresponding relations to(J))and 

ment similar to the c-parameter one can be achi~ved 

conclusive experimental information about "{-?' mesc 

will be available. The results we obtained depend a: 
on the modified Glashow-We:l.nberg values J :Cor (4) ( 

K.,.Kn decay width instead of the second Weinberg s1 

and on the uncertain value of :Je.- meson mass (5). 

Finally, let us remark that similar results c~ 

in the context of the current algebra ( when the co: 
. 5 6 

symmetry-breaking model :l.s used) ' or still with 

models 7 • 
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~action contains no more 

consequently, the /1: (t) 

(10) 

(11) 

e .... kn decay width 

z · z) -In,:,- m~c + 

' 

:ses the parameter 

omparative analysis of 

.-average 1 - : 

(12) 

:sequently. the parameter f 

depend on the values of SyiiiiOO try breaking s : C # J < ja > • 
Using (6) for the fixed ~-meson mss we can obtain the 

'f _ parameter dependence on c: or 

same we can do for r (3e ..... K17) when considering (12). 

It's easy to find the intervals for e and J < 1a) 
for. which l (o) a.nd r c~-') kn) take reasonable values in 

agreement with exprimenta.l data ( see Table 1). 

It is interesting to observe that the values for C 

are near the exact SU(2) X SU(2) limit ( i.e. c: =-Vi ). 

Concerning the parameter it must be said that it 
• 

is connected with the scalar components of the meson nonet 

( when we add the corresponding relations to(J))and a treat

ment similar to the e-parameter one can be achi~ved when 

conclusive experimental information about '(-?'meson mi:r.:ing 

will be available. The results we obtained depend also 

on the modified Glashow-Weinberg values J for (4) (using the 

I<.,Kn decay width instead of the second Weinberg sum rule) 

a.nd on the uncertain value of ~- meson mass (5). 

Finally, let us remark that similar results can be obtained 

in the context of the current algebra ( when the corresponding 

s~etry-breaking model is used) 5 ' 6 or still with other 

models 7 • 
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Table 1 

-----------------------
c d<!r> flo) rccr ...... l<'n) 

Gd'" GeV ----------------
-1.345 0.16 -0.45 o.014 

-1.J5 0.2J • -0.52 0.025 

-1.355 0.25 -0.56 o.oJ5 

-l.J6 o.31 -0.61 0.05 

-1.365 O.J7 -0.66 0.07 

-1.J7 0.46 -0.74 0.12 

-1.375 0.59 -0.83 o.1a · 

;_1.38 0.79 -0.94 o.32 

-l.J85 1.09 -1.1 0.62 

----·- -
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