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. I • !,!ll~uotion 

In recent y~ars the process with ~' y- ·and TI- mesons 

. ·lias been intensively investigated in current algebra. ··Important 

information on the ~j7T system has been derived from the 

Ward identities for the n-point functions in the tree approxima

tion with some restriction on the momentum dependence of the oon- ,' 

tact v~rtice/11. Nevertheless, such a restriction leads.to the so

lution of the-Ward identities which depends on.several arbitrary 

parameter/11. 
The constructive way for the reproduction of the current -

algebra results is the effective Lagrangian method based e'Zl. the 

su2 l< su2 · grou/2
t 31. 

In Section II of the present paper we show that the conven-

tional Lagrangian of the ~ .f TT system/2/ contains three-

and quadrilinear derivative terms due to the •elimination of the 

nonphysical bilinear A1 1T coupl.ing. _Then o'ne should add all in--.~ 

dependent terms with three and four field derivatives and this 

leads to the appearance of the arbitrary parameters in the Lagran

gian. Besides, the very presence of such derivative terms is un

desirable in the interaction Lagrangian. 

In Section III we suggest in this connection the following 

natural requirement: ~~U!!.Qtive Lagra.ng~g..QLthe ~.JI.._s_.y~-. 

llm-~...Q.Q~_i,g_' ~ore_!h~.J;wo~ieg,_g~iv!!tives in each term, 
' • l 

This severe restriction determines completely the invariant Lag~. 

rangian containing four independent parameters ·gj) g11 , lrt./J NA 

with the ai.d of the nonlinear (in pions) substitution ·for the ~ 
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fiel.d. ' ·1· 
In the-tree approximation each contact vertex is a polynomi

al. in 4-inomenta, the degree D of which i's equal. to the number 

of field derivatives in the appropriate term of the Lagrangian.· 

In Section IV we establish the connection of our Lagrangian model. 
~ 

with the partial ~elution of the Ward identities nnder the condi-

tion D ~ 2 for ~£2B~gLyertex<. In the ~JT)"_ system it 

is impossible to strengthen thi~ restriction on the momentum de

pendence of the contact vertices. Note that in the· conventional 

Lagrangian model/2/ D~ 4. 
In Section V we discuss some consequences for the amplitu

des .f-? £rr 
7 

A1 ~jTiJ A,4 3TT; rrrr~ TTTT )f Tt~TT~ - etc. 

We derive with necessity the reasonable value 

f~(i!A/~1)2 {1- C-ji. -f)-1 ~ -1 (l.l.) 

for the anomalous magnetic moment of the ~ meson. The s-wave 

scattering l.engths have been found t~ be in agreement with those 

obtained· in current algebra/61. We have estimated also the total 

width of ~. 

II. Preliminaries 
~------

- - I 
In the present. paper we propose a new model. for the Lagrangi-

an of the ~ J 1T system which contains no more than biliii.ear 

derivative couplings. With this end in view we shall mention here 

some features of the c~nventional. scheme with ~' jP 
·c· /2,J/ mesons see, e.g., refs. ). 

and rr 
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The nonlinear Lagrangian for vector, axial-veoto: 

fiel.d s vft ) a. ft and TT .can be written a 
•, ' 2 f. . 

:t 1 ·V4 .2 - 1 ~t mo (~2 ~2) o1 ( 
= -. 7f JN - ~ ~v + ..f· ~ 'f-~J+-:£. ~ 

with the covariant curl.s 
__. ~ . .... . - .... _. ..... 
V/f v = d /1 ~ - dy ~ -9 ~ X V, -3 Ill')< av J 

-+ ~ ~ ~ ... ~ ~ 
a

1
w ='Oft a~ -ovafl- {} ~ .xa., + g ~ x a11 

and covariant derivative of the pion fiel.d 

~ . ~ . . . -t-"' ~. ~ 

~ ¢=Lltt q; -r [o(t-+crJ]- cp(C/)·L1fi cp) 

where 

o'= (1- $!Jk) - ~ _ _.... ... 
~11 --1J=o,Hcp-g ~xcp+J6' 

In these eqs. 
$:;;,-1 _if. 

( frr ~ 95 MeV is tll 

cay oonstant).and m
0

, g, d are some unrenormalized 

This Lagrangian is invariant under the SU2 X su2 gz 

over, only the mass term for vector and axial-vector 

aka the invariance_under the gauge_SU2 X su2 

the coordinate-dependent parameters ~~_}r 
transfol 
/'~.,J/: 

~(... ..... ·7 ~) ... ~ 
0 V14 ± afi) ==- {ct:t_f 1 x (~~ali)- 3--~~ 

JL¢=-d.x$+}6 
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·ertex is a polynomi..: 

qual to the number 

of the Lagrangian. 

our Lagrangian model 
~ 

ies Under the condi-

-system it 

on the momentum de-

.n .the· conventional 

:es for the amplitu-

> Ti.~TT.> etc. 

(1.1) 

teson. The s-wave 

.~eement with those 

ated 8lso the total 

1del for the Lagrangi-. ' 
,.j ' ' 

,' more than bililiear . 

re .·shall mention here 

~ ~~. J -. and Tr 

I. 
l 

l 
l 

The nonlinear Lagrangian for vector, axial-vector and pion 

fields Vft J a. 11 and TT can be written as 

' ' 2 2 ' 
-1' 1-V~.2 I~~ fno(~2.~2) of( .;tt2. , 
o6 = ~ 7[ ~v - ij" ~v + ..f ~ -+~;+ .£ ~ '1:; (2.1) 

with the covariant curls .. ~ ... ._. _, ~ .... 
vfiV = CJ, Vy- 'dv ~-9 ~X~ -s a/1xav) 

"-* ~ ~ ~ 

Q ='0 Q -Ova -O~XQy+O~Xau 
f'V 'J4 II - .'f' (J 1 · (f I' 

(2.2) 

and·.oovariant derivative of the pfon field 

(2.3)' 

where 

~ .I' -1 ...., 
In these eqs. '/) =. Jrr rr ( frr ~ 95 MeV is the pion de-· 

cay oonstant) and m
0

, g, d are some unrenormalized parameters. · 

This Lagrangian_is invariant under the su2 X su2 grou:~ More

over, only the mass term for vector and axial-vector fields bre

aks the invariance under the gauge_SU2 X SU2 transformation~ with 

the coordinate-dependent parameters ~J_}r /~,31: 

t(~± ali):=-(d:±j)x(~±afi)- 3- 1~ (/:tjJ 
' ' (2.4) 

5 



.... 
It follows 1mmediate~y that the_interacting fie~ds V ft _and 

: ft transfer spin ~ oru./4' (in. th_!,~:l..mit of zer~ss pions), i.e. 

the transver~ity conditions dr Y,c = o, '9. ~ • 0. are sa- · 

tisfied off th~ mass·she~~. However, the term·( ~ ~ ) 2 ~ ~q. 
(2.~) contains the nonphysiou bilinear ooup~~g. a,H-~ il . 
which is usuU~y e~iminated by the following s~bstitution of the 

ax!U-vector fie~d:. 

~ 4 g f;z · . ...l) 

afl::: A tt - ril 2J~ <P 
(J . 

(2.5) 

Then it is impossib~e to maintain the condi.tion dl' 11; .. 0 for 
~ . ""..,. n:l ~~ 

the new ax!U-veotor fie~d Afi • The introduction of ~~¢ =~VJ-JYI'f' 

instead of ~~ qb· is necessary to ensure transver~ity for 

the interacting vector fie~d . vf' /4/ ~ince it is important in con

nection with the vector dominance idea/51. 
The cruc!U point is that substitution (2.5) contributes to ... ~ Y,c" the term· . 0 f' cp X .f>., cfi _ which is bilinear in the fie~d 

derivatives. Hence, the conventionU effective Lagrangian o_ontaiD.s 

the three- and quadrilinear derivative term~. (3/f ~ • 2>)1 ¢x2Jy $. 
{J. XZ>v $}• {1J

11 
$x0,~and { PJ/1 1) )(,ZJY <$} 2 

gene~ated by 

'9;'1. in eq.(2.~). It sho~d be said that it is'undesirab~e to. 

have the three- and quadrilinear ·derivative coup~ings ·in· the in

teraction Lagrangian. Neverthe~ess, if one admits the presence of 
. I 

such coup~ings, then u~ possib~e terms with three and four deriva-

tives sho~d be added and the number of parameters in the theory· 

sho~d increase. Besides, the three- and quadrilinear derivative.· 

coup~in~s ~ead to non~amooth momentum dependence of the amp~itu~ 

des y~2 TT J A of.., 3 TT} fT rr ~ rr rr etc •. 
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I 

III. ~an_gian of t}:}e A1j. t l . s~tem without thr4 

gua~~!_derivative coup~ings. 

To avoid the above-mentioned diffic~ties of tl 

OnU L.agrangian mod~~ for the A~f rr 
_fo~~owing naturu requirement: 

system we.] 

Tlg,:ee- and~~ill~~!L!~ detl!!ll~-.!! 

absent 1n the effective ~,g~B,g~!L.2.L.the ~.J1.1L_ 

now we start to construct the_ generu Lagrangil 

tisfies this requirement. 

It is convenient to define for this purpose tl 

riant quantities 

... t ~ ;t 
R~ :::: V. + £.. LlH cp X Llv<-r. 
~V f{V 3 I' . 

.r ~ C 2 ~ ~ ~l 
Vftv = Q.,fV 1' J<r tj> X ( !J11 <P Xtly cp; 

~ .., 
with some constant C. R rv and S f"V:~have the sam -
tion properties as covariant cur~s ~v 

-" 4 .... ~ 4 ,. 

cf Rfv ::- d x· R!iv -j .x·s;.v 
. ~ 

cf~v=-Jxs;v ~X Rrv 

and C 

Here eqs.(2.2), (2.Ja) and (2.4) have been used. 

Let us write down at first the generu express 

invariant Lagrangian of the A:J.f TT 

and quadrililiear·derivative terms): 

'l 

system (cont 



... 
ing fields v~ and 

zero-mass pions), i.e. 
_:· ... - -. 

4 ~ • 0 are sa
. ( Vft. $ )2 in eq. 

~g aft-~~ 
substitution ·of the 

(2.5) 
- ~ . 

on .. d14 Aft • 0 ·for 
..,. 1"'1 ;l ~~. 

ion . of '})/f ¢ = "'f "P-J'ft.f' 
ransversality for 

is important in con-

2.5) contributes to 

linear in the field 

e Lagrangian o.ontaiB.s 

~/f ~. 2)fi ¢x2J, "¢ 
z - . . 

generated by 

is"undesirable to 

oupHngs in the in

nits the presence of 

three and four deriTa

eters in the theory· 

rilinear derivative 

o.ce.of the amplitu-

III. Lagr~ia!L.QL!J:!e A1j ll~l!!~m withou1..1h~- and 

gua~i;!ear derivative_£,Quplings. · 

To avoid the above-mentioned difficulties of the conventi-

onal Lagrangian model for the A1jP rr 
following natural requirement: 

system we propose the 

~ee- and.Jl!!!:!l!:..iline~!L!!!~ de!:,!~ll!.~.!L1ms must be 

~!ll .... !!L~lliL~~:li!:!L~BL8!!.$iaJL.Q!.J:!!L~j? rt__.J!Z.!!~ . 

Now we start to construct the_ general Lagrangian which sa-

tisfies .this requirement. 

It is convenient to define for this purpose the new cova-

riant. quantities 

_., • cz. . ~ . ;t 
R == V. +- Llft cp X Llv~ 

(fV fW j (J.l) 

~ 

with some constant c. R fiV and 

tion properties as covariant curls 
~ 4 ..a ..a-+ 

cf Rfv =- d x· Rf'v -.J xS,v 
. ...:, 

cJL ~v =-d X s;.v ~X Rrv 

...,. 
S fiV _,have 

~v 

(J.2) 

the same transforma
~ 

and ~v 

- '(J.J) 

Here eqs.(2.2), (2.Ja) and (2.4) have been used~ 

Let us write down. at first the general expression 'for the·-

... .~ . -

invariant Lagrangian· of the ~ J TT -

and quadrilinear-derivative terms): 

system (containing three- ~ 

'7 
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I , 

~=-:!£ ;J!l~~ s_.e_ rz,-~_//~xl)_~_trt,~· .C'J2_ . , r [Jfl~ l.f j4V . ,Y l~'Y "J4V \'t')(,;jfV 

- 2 0' t?;~ x $. S:,,}+ A [ ~ $x v; ¢].~K(~ <P· f7,. c;!)~ . 
. . m'l.: ~z -H c/2 . . . (:3.4) -

-t -f (V;, +Cl}C).-+y (~ ip, ~ $). 
where Z 0 , Z , mo , d, h and K are some arbitrary cons-

J . A- .;: 

tants. 

Our main purpose is the elimination of the three- and quad

rilinear derivative terms from the Lagrangian (3.4) together with 

the elimination of the bilinear· ~ rr coupling. Also the kine

tic terms must be correctly normalized. All these req'uirements 

can be satisfied only with h = K = 0 in a unique way by perfor

ming the following substitutions ~~r the vector and axial-veotor 

fields: 
. I _, . 2': -- ~ v,. = =r .z_t~ ) 

. I . 

a14~y;z {Att.f +-{$2~r $) 
(3.5) 

we shall use below the renormalized constants: 
_ I _ I __ { 

~1=; 12) sh==·~ '3 J /f)=ft 
2

fl1o,. 
1 2 ~' I M,4 = ~-2 

( mc,t. + d J j '1 . 
To exclude the bilinear Au 'd ~ coupling we fix in eq.(3.5) ! z ~ ,. ~~ . 
the value F(O) =- 3_,frri mJ then the ~unction F( cp't) is uni-

quely determined by the requirement that the .three- and_quadrili-

(3.6) 

near derivative terms must be absent in. the Lagrangian 

C a-zf/" 2 --F (cp2) ___ - _ op rr f:,f+ _L (J.t§;t) J 
- 1 - a (t-rc<r)- a tn,_ r~ . .2 fh -,JJ+ ·-· · (J.7) 

(JA dA- '.f • 'J 

8 

I, 

), 
.l 

..-· ~ 

where o= (t- cp'V_ i and 

c = flrn_L) 2_ ,7 -t ; z (T,;Jj_ . 1j 

We have used nere i~e relation/2, 31: 

f £ = _!!!f [-1_(i'r!J.9A) 21 
Ti 9.t . b~A 3_t J 

which follows from the correct normalization of the 

(l/2)(C>,.. ff) ~ 
In fact we have determined the nonlinear subst 

and the value of the constant C to exclude the bi 
~ .., 

vative terms from Rr, (J.l) and S 1'1" (J.2) (see., 

the terms with three and four derivatives being eli 

eq."(J.4). 

Now we can write the final expression for our 

the A.,j rr system which contains nonderivativ 

and the terms with one and two derivatives only: 

.......P 1 ..... .f 1 ~fl. 1 B /. ... zJ (. )z 1 1. t, 
d. =- V frv- ~ ~v -"if t~ J ct>;y,." +v (f-~ 

. I :..21(~ ... ~) .. I rfrr{f-+C)J~l ..... ~ ~)~ 
+ ..2 H ( 'P J Jrv~ q:>xArv + YL 1 + c <l J 't-'r .'t'J "(i 

+ a __r z(. 1+. c) l(o-1) (t>M $.A;)+ 6-~ (,{ C$ 
0A-7rr 1+C<f. L. · ,. _ ' 

1 (r Q M
9

) £ . 2 ?. M 'l...:, _ t 2 

-1 \!" :fr J {$1~)+ !!}-j,.'+-fA/ -t!nrr frr C 

9 



~ • . 2 . 

1-(Pxs;J-

(~$·~<IV~ . 
. (J.4) 

e arbitrary cons-

the three- and quad

n (J.4) together with 

ing. Also the kine

these requirements 

nique way by perfor

tor and axial-~ector 

(.3.5) 

(.3.6) 

: we fix in eq. (.J. 5) 
-a -

.on' F( cp t ) is uni-

t three- and_quadrili

_Lagrangian 

I 
J 
l 

j 
I 

. l 
I 

! 
. ~ l 

i 
j 

l\ 
I . I 

'I 

i 
J 

I 
l 

J. 

I 

... t) ~ 
where o= (t- ¢/ i and 

We have used nere tne re1at1on/2,.J/: 

(.3.9) 

_which follows from the correct normalization of the kinetic·term 

(1/2)(~/* iT)~ 
In fact we have determined the nonlinear substituti~n of ~~ 

and the value of the constant C to exclude the bilinear deri-..., .., 
vative terms from Rrv _(.J.l) and S~., (J.2) (see., Appendix), . 

the terms with three and four derivatives being eliminated from 

eq.{J.4). 

!low we can write the fina1 expression for our Lagrangian of 

the system which contains nonderivative _couplings .. , 
., ~ 

and the terms with one and two derivatives only: 
. ! -

-P 1 ....,,£ 1·-*fl I _.t)(- Z t/. ·a-)r_. -+y2 
c1_ =- r; jrv - 7f ~v - 'i 8 {(/> J <1> ~I*"}+ 1j" (f-J.} cp xAJt").,. 

+ ~ ll(<f!,(j,..:<PxA;.J+; {{:r;~cljf~"<PJ~'f,/(<il·~~j 

+ 9,Jrrz U:ciJ [{o-1) { :DI' $·A;)+ 6 -• (A; $){o/·dr <$ ~-
(J.IO) 
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t 
where the symmetry-breaking term m2f, t::r · leads to PCAC in 

/J/ ' . \ 
this model ~ In eq.(J.10) the following notations have been 

used: . t · 

B{$)= 9; [1 + C-1 (-If~-t}) ff($~ 

It-point functions derived from the effective Lagrangian 

of . the ~ f Tf · . system are known to be a solution for the Ward 

identities in su2 X: su2 algebra of current/11. In this Section 

we reformulate our basic requirement for.the Lagrangian in terms 

of the "hard pion" method/l/. ~ .... 
The veotor_and axial-vector currents ~ .. and ·J5"j1 are 

obtained from our Lagrangian(J.lO) by using the Gell•Levy method 

( ' /5/) see, e.g. ref. • 
~ '2. ~ 

- J. == !!J.J· -r J 9,.,. = 
f< 3J 

1n/9A fA~ -r- F(<%)2:J11 i}-. (4.1) 
~2. Lr f< 

IO 

•. 
'\ 
i 

. L' i) 

I 
tl' 
I 
1 

I 
i 

-\ 

Note that these currents obey the equal-timec 

relations' of the algebra of fields/51: 

[ tJoct(~ f)) !1,.' ti +)]=[!Is-:{~ -1), Ys-; rt iJ] = ,·ct!ej . ,t . /1, ~ .. - ' 
- c.. :...J.. ~ G 9 - d{X- J) . 
- df . rJi (J I' K. 'i) X k. q"' .J 

[ Jo o. Cx; +) ~ fJ ~ (j, -f J] = [ !ls: ~f) J !111 "(f,-t}j = c~~ec ~ 
H~re t = 1,2,J and fi = O,l,2,J, The proofof.tl 

is equivalent to that ref/51. We remark here that· 

gauge Lagrangian schemes the corresponding SchwingE 

the same simple a-number form if currents are calct 

Gell-Mann-Levy method. There are, of course, some n 

commutation relations. The strong form of PCAC/J/ 

is present in our model. 

In the tree approximation the contact vertex j 

respond to the various contact couplings in the L~ 

diagram of. any n-p_oint function involves contact v• 

ted by propagators without forming loops. Each con' 

function is a polynomial in 4-momenta, the degree 1 

eq,ual to. the number of .:field derivatives ~-the ap: 

tact term. This polynomial degree D characterizes 

depend~nce of ~ contact vertex function. In the tr, 

tion .D depends on the number. 11~ of. the 

and/or ~-meson lines attached to·the vertex irre 

the number of pion line's. We havtl D = 2 for tt 

II 



leads to PCAC in 

notationshave been 

(J.ll) 

cpj 
) (J.l2) 

effective Lagrangian 

solution for the Ward 

tE/11. • In this Section 

he Lagrangian in terms -... ..;. 
· -~. _ and '!J~ are 

g the Gell-Levy method 

(4.1) 

Note that these currents obey the equal•t1me commutation 

relations of the algebra of field/51: · · ·· 

[ !10't(~t), !1/fe (£ +)] = [Js-: {~f), Ys-~ (/; t))= r:c4ec~ c(~1)Jl0--J}-
- e, !!i ~ ro cf{~-v · (4.2) JJ a0 9/fJ( 'dX~ . . X ')'.. .J 

[Jo ct ~ +), r:J; (j, -tJ] = [!7s: (~-f)) !111 e (J:iJ)=c·E:tec ~~0:~h-!{4.J) 

Here* = l,2,J and fi = O,l,2,J~ The proof of these ·relations 

is equivalent to that ref/51. we remark here that in all su2~su2 
gauge Lagrangian schemes the corresponding Schwinger terms have 

the same simple a-number form if currents are calculated by the 

Gell-Mann-Levy method. There are, of course, some model-dependent 
. . ~ ~ 

oommut~tion relations. The strong form of PCAC/J/ ~ :J~I' =m;:f,rr 
is present in our model. 

In the tree approximation the contact vertex functions cor

respond to the various contact couplings in the Lagrangian. TJ;te· 
. . . 

diagram of any n-p_oint function involves contact vertices connec-

ted by propagators without forming loops. Each contact vertex. 

function is a polynomial in 4-momenta, the degree of which is 

equal to. the number of ."field derivatives ill.. the. appropriate. con

tact term. This polynomial degree D characterizes. the momentum 

depend~nce of.a. contact vertex.function. In the tree approxima-

tion D depends .on the. number. 11~ of. the, . .f -meson 

and/or Ar-meson linea attached to the vertex irrespectively of 

the number of pion lines. We have D = 2 for 

II 



• 0 for n.,"= 4~ for n3 
'·· · In the conventional ourrent - algebraic approach to the 

= 1,) and.D .,l 

~.f Tr systea/l, 2/ there a,x:e vertices with D = ) and D = 4 

which correspond to the three- and quadrilinear derivative coup-. 
lings. In our approach the momentum dependence of the contact . 

vertex :functions ·is minimal and cannot .be reduced further. At 

least two field two field derivatives must be present because. 
-+2 ..... 2 :: 

the terms ( ~-.<~' ) , ( ../'1w ) etc~ are always present. 

~!!J...!!~ng L~!:_ang:lan '~~&~~m.A-point · f~~ 

illch are tillt_!!Wl..l:!!!!!!!! . .!!!.2~:Lum dep!mdeni.J!~ion of Ward iden

i~-l:!L§U2 X ~~!s~...J:!L£!!E:~ts wit!! c-num~r Schwinger 

:!l!!!!.!!:. 
Note that in meson-nucleon couplings we can limit ourselves 

to vertices which are linear in momenta. 

v. ~....92~~~~.2!..~!.9~· 

Various restrictions on the momentum dependence of amplitu

des are often used in tho algebra of currents. In our Lagrangian 

model there are such severe restrictions for processes with A1 ,.f 
and Tl mesons. The requirement of the minimum momentum depen

dence leads to some important consequences for the simplest n-po

int functions. 

First, we present the results for J-point functions. The 

~ ~ f interaction in Lagrangian (3.IO) is described by· · 

£ =Jl (r-eV <JH Pv ·~ xA; + jp( ~xlt,-:J.,xAr)· dl' Av 
AA.f 3}' I'.) I. q; ':)' (5.1) 

I2 . 

The corresponding ~~jP 

mom~nta (i.e~ D = 1) 

vertex r;v), {f.~~) 
. v 

H A~) 
_/I H(p) / ),. 

~(k) 

rrvA ( ~~)=:-iij[9Jiv{f-ttJ.~-~VA P/1. 

't (1+ J} (k,.j>A - kv /J1.JJ 

Here ~ is the anomalou.s magnetic moment of the A:J 

f= ~ {1-&)z-17-1(_ j 
. ;, [(frrJJ 'J. j ) 

where eq.(J.7) for C has been used. !L.!h!~!Ll 

(.'L~.r};_:_~)_YJ, valfd.1.-!L,2bta~J =-::!.:.This 

is the most preferable (as discussed in details iri 

the conventional approach/l, 2' the anomalous magne~ 
A1 is no~ determined. To obtain the value (5.3) fo: 

suffieient to require D ~ 2 for any )-point vert1 

The ~_f Tf: coupling in our Lagrangian (J.IO 

by 
• • 0 • 2 

...,c 9~~- (f'::. ... 4J L- 4 A-7 !.t 3t ) tj 
oe,Ayr -3.Jfrr lf}jv-dvjr. • C~v7TX ~-+(i-3l(c-+1) ~ 

. Using the relation/6/ 

911=ij ) 
fJ zp-z < 

.z /lt Ttr : 1J}· 
we obtain for the A1 j 7T vertex 
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o approach to the 

hD=:3andD=4. 

near.derivative OOUP- · 

nee of·the contact 

educed further. At 

be present because. 

:l.lways.present. 

~.,E;-poi!ll~tinct~ 

~!2!L2U!!:rd iden

!!~~!'...§.£hwinger 

e. can limit ourselves 

~pendence of amplitu

cs. In our Lagrangian 

!." processes with Al'.f 

limum momentum depen

ror ·the simplest n-po-

Lnt functions. The 

s described by· 

·· The corresponding Ar Ar j 
momenta (i.e. D = 1) 

is linear in 

. AhJ 

~(k) 
rrv;\ ( f;~)::- iij[9jtv (p:t~}J-s~~~ P/f- f/J1A ~v -t 

~ (1+ I} {~JI/~ - kv j,,J] 
. (5. 2) 

Here ~ is the anomalou.s magnetic moment of the ~ meson. 

where eq.(J.7) for C has been used. l!_ie~~~~~ 

(.g_ Q~?.. f~-~~2..~ val:i.d.a....!!!....2~~J =-=!..:. This value for 

(5.J) 

~ ../ .. . /6/ 
is the most preferable (as discussed in details 1n ref. ). In 

the conventional approach/l, 2/ the anomalou~ magnetic moment of 

A1 is not determined. To obtain the value (5.J) for cfL it is 
r ·' 

suffieient to require D ~ 2 for any J-point vertex. , 

The A.r_f iT.· coupling in our Lagrangian (J.IO) is described 

by 

(5.4) 

. Using the relation/61 

we obtain for the A1 j 7T vertex 
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~ .. 
/ /}f1{p) / 

......• J'\k) ~v {?Jrt} ~ ~ L~ (~,-j ;J-;~;f.(t-JI!)) 

(5.6) 

This gi.ves the rati.o Gs/Gn = -:m} , where Gs and GD are 

the constants whi.ch determi.ne S and ..a-wav~ decay of A1 ~..fit 
With ~ = :..1 one derives r (A., ~Jfr) ~ 'IS".Jie v 

The y r; It coupling is very simple in this approach 

~ 4 

~mr =-}J ~~. TTx~ 7T 

and the y IT iT 

f 
;jJH(k) ;;.-" , -
~( .. 

' ~', 

vertex ~ { f.J tJ is linear in momenta 

~-(f) J):::- i 3_t ( f- ~)jt 

(5.7) 

(5.8) 

while in refs/1
t
21 i.t has D = J. Eq.(5.8) gi.ves r~hr)~ /JS'"./ftl( 

Nuw We shall obtain expressi.ons for some important 4-point 

functions. . .:a l. Y. 
. . ~ 2 r; !!IJJ .z. 

Si.nce the SYmmetry is broken by the term miT frr ff- ~ . 
then in Lagrangian (J.IO) the f7 ft coupling is 

:4w =A; {Oir.J. n) ':. :;: ~J-+ /f;.· {if~~ U) '-ift?-o/ J 
- ::1 . 

_(5.9)' 

14 

where the fi.rst term i.s the same as in ref./.3/ and 

term is due to the inclusion of the fields ~fi 

Note that in the conventi.onal Lagrangian/2/ 

ling contains also the addi.ti.onal quadrili.near der 
. __. 
c 'd,Jr x ()v, )2 • 

From ~TTil we obtain the .contact rrrr~ 

Ta b c d with D = 2 

ka. 
' 
' ' , 

X 
/ .. 

/:kc 
" " 

I ' 1f I ''\. ktl( 
v 

where S = (Ka: + ~)2 

lr!Ucd = h-
2 {~tcfcJ [r:-;,i 

+ (2 crossed terms) _, 

- . )2 t = (Ka- Ka: • The matr1 

TTTI scattering is the sum of the contact term 

wi.th the J -meson exchange. In this sum the te 3; cancel out at the .threshold (S :: 4 m~, t 

we obtai.n for the S-wave scattering lengths: 

·a ':: (} 10 mrr _ _,. 
0 , I ) 

-f 
Qi. =-~Ob mtr. 

in accordance with those obtained by.Weinber/6/ u 

algebra, PCAC and smoothness condition which in ef 

ponds to our restriction on the number of derivati 

Lagrangian •. 

Note that i.n the conventional Lagrangian mode 
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. . . 

'v)-/Jlll k·(t-i&) 

(5.6) 

Jhere Gs· and GD are 

Lve decay of A1 :fit 

' ~ 'IS"Jie v 
in_this approach 

(5.7) 

.!Dear in momenta 

(5.8) 

1 gives 

'me important 4-point 

ling is 

where the first term is the same as in ref./J/ and the second 

term is due to the inclusion of the fields fo and AI' 
. Note that in the· conventional Lagrangian/2/ IT rr coup

ling contains also the 

('0 fT:x()vrt )2• 

additional quadrilinear derivative ttr~ 

f' . 
From . otTT/t 

Ta b c d with D 

ka. / kc 
' ~ 
' ~ 
' " X 
I "' 

I ' 
~I ', ktl{ 

we obtain the contact vertex 

= 2 . 
. . 1. t 

Jrt8cd = h-2 { cfo.tlcJ r~-in: T ;lt~~fi·!rfk 
(5.10) 

-t (2 crossed terms)) 

TTTI scattering is the sum of the oontact term and the terms 

with the £) -meson exchange. In this .sum the terms containing 
~ ~ 2 8J cancel out at the threshold (8 = 4 miT , t = u = o .) and · 

we obtain for the s-wave scattering lengths: 

(5.11) 

in accordance with tho~e obtained by.Weinbergi6/ using· current 

algebra, PCAC and· smoothness condition which in effect corres

ponds to our restriction on the number of derivatives in the 

Lagrangian. ~ 1 

· Note that in the conventional Lagrangian model/2/ the con-
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tact TiTI~Tril vertex has D = 4. Then the 17 11 scatte-

ring 1engths c~ot be fixed since it is possib1e to 1nc1ude iri. 

the Lagi·angian. the quadrllinear derivative term K ( 9: (/ )4 

(j.4) (K is an_ arbitrary constant). which wou1d change tlo 
and Q.!l • 

' The direct ~J TT ccup1ing in Lagrangian (J.IO) is 

;!A1rr =b., [1 ~ ifJ(1, iTJ- iT'( f, '0/'iT}. (5.12) 

The corresponding A:J_J rr vertex 
• 

~ 
Ta·b c d is 1inear in momenta 

/1 ~ 
,ke , 

!Itt ~~---~ 
' " 'k ct 

Ta:~ = fc_!A [JaR cfcJ. ( kc -t kd- kc) Jt -t-
rr 

-t~c~ {~+kJ-~)~G J;; {kr-t'£ -kJ1 (5•
13

) 

while in the conventicna1 apprcach/1/ it has D = J. 

Eq.(5.1J) gives for the partial width of the direct ~ ~ J ~ 

decay mode "- J5 MeV if re1ations (5.5) ho1d. 

It is possib1e to estimate.roughl.y the total width of~ 

adding the direct A:J_ -7 J rr and ~ -7 ._/ lT decay rates. This 

gives approximate1y 80 MeV in agreemept with experimental data. 

More detai1ed predictions can be obtained from the exp11cit 

~-') J rr amp1itude which contain both the contact term (5.13) 

and f -po1e terms. 

Re1ations (5.5) iead to the simp1e expression forJ1'f71 

coup1ing: 

I6 

1. . 'Z. . l . 2 " . Je. !-- ~~ ~ . 0 ~ . . -J -?7 
oCy'jrr= -i (jr"1T;- ify L (~jy-'J':fr) x rrJ . 

·which gives 

, kct ·, _kc 
. \ / 

' \ ' / 

)\ 
YcM JJC~) 

the contact f".J·Tf vertex 

-rv 8 t (. fl (1, 1aeccJ. =--ifz .2J;_cJ';ol-da.~dcof-c 
. J' 

• {gJ1v'}z-r-j {f~J<-J~f;·'b 

In_oonc1usion we wou1d 11ke to emphasize the i 

the restriction on the momentum dependence of the 

tions in connection with the idea of algebraic real 

the chiral symmetryf71. We sha11 present the analya 

mptotio behaviour of tree graphs for the processes 

system e1sewhere. 
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'n the niT scatte

:sible to include iri. 

erm K ( ~ rp)4 

:ld change Clo 

an(J.IO) is 

(5.12) 

is linear in momenta 

' D i: J. 

f the ·direct ~ """.J if 

.. 
total width of A1 
decay rates. This 

experimental data. 

om the explicit 

·contact term (5.1J) 

( s. !If) 

the contact f"J·Tf vertex 

-rv 8 l (. .. . fl. J:. J; . . f 
I dcr/ =- -Jfj .2 {c<firr da.fl eel- ec J';dj ' 

• [ 3 f1V ~/ -f i (f ~f<-Jjif 'tt)] (5;15) 

In conclusion we would like to. emphasize the importance of 

the. restriction on the momentum dependence of. the n-point· func

tions in connection with the idea of algebraic realizations of · 

the chiral symmetr,.J71. We shall present the analysis of the a~y~ 
mptotio behaviour of tree graphs for the processes in the ~ 

system elsewhere • 
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