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I. INTRODUCTION 

In ref / 1/ it is shown t ha t one can construe t a sigma-model 
f or the pion i nteraction, a Yang -Hil ls Lagrangi an for vector 
meson in teract i on , and a Lagr angian f or mixed i nte ractions o f 
pions with vector me sons on t he bas is of a s imple effective 
Lagrangian with four - quark i nterac t ions of s calar, pseudoscalar, 
and vector type s . The re levant composite-hadr on Lagrangians 
a re derived in a straight-forward way b y using the technique 
of path-integrals over collective f ie l ds . I t is also shown that 
for electromagnet ic interac t ions of quarks with photons this 
approach automatical l y l eads to t he well-known vector dominance 
model. 

Our model is a furt her deve l opment of ideas expounded in 
re fs !2-4/. Let us present in br i e f main po i nts of thi s approach. 
All mesons are considered to be composite t wo-quark systems. 
Interaction between mesons i s media ted by quark l oops. The same 
concerns the i n teraction of me sons with photons . Phenomenologi ca l 
Lagrangians are constructed only within one-loop approximation 
wi th divergent loops. The divergences in our model are removed 
by the r eno rma liza t ion of t he meson f ields. These renormal iza
tions completely def ine the s t rength of meson in t eract ion, phe
nomenological me son vertices. Renormalizat i on of me son f ields 
is determined by k inet ic t erms aris ing fr om loop di agrams wi t h 
two meson legs . Al l meson ver t ices fo r strong interaction can 
be expressed via one vertex s pec ific for the vec tor dominance 
raode l_. This is the vertex gp which describes t he decay p .... 271 
(g~/471 - 3). I t turns out that t he s t r ong vertex describing the 
i nteraction of pion~ with each other and wi t h quarks, g, is Con
nected wi t h g : g =y6g and e quals g2/ 4rr =1/2.Thu s, in t he sec
tor fo r pseudoscalar and sca l ar mesons there appea r argument s 
fo r t he use of the usua l per t urba t ion theor y even for the de s c
ription of strong interact ions *. 

In t hi s paper the mode l propos ed in/l / is generalized to the 
group U(3) . Here we shal l describe st rong interactions of sca
lar, pseudosca l ar , vector, and pseudovector meson nonets. The 
main point i s the cons truction of phenomenologica l Lagrangians 
in which a l l i n teraction constants are again connected with each 
o ther unique l y and are expressed via the constan t g (or gp ).'· ". " ",.;. /5/ *The same value fo r t e.' cons tant g 1S obtaHfed !In ref . . 

h i.' F;fIlA,) T FlU,F I 



At the same time we discuss mass formul ae for t he nbovc par
ticle s . However, in deriving mass formu l ae it is n OL pos sible 
to get such unambiguous results as for the coupling cons tants 
of meson strong interactions because of a considerab l y s r ea ter 
number of arbi trary parameters. Indeed , if cou pl inSl. cons tants 
of strong interactions of mesons are compl e t e l y determined by 
renonna,lizations of meson fields, the definit i on or meson mas
ses includes also parameters OJ of the strength of effec tive 
four-quark interactions and some other parame t ers (see / 1/ and 
a further t ex t of the present paper). 

Thus, we pretend to quantitat ive results only fo r the pheno
menological interaction constants of meson f ie lds. As for t he 
mass formulae of 36 so rts of mesons, only qualitat ive r esul t s 
can be expected. 

We note that the Lagrangians obtained allow a satisfactory 
description o f numerous decays of the mesons and of many intrin
sic characteristics of mesons. 

In the f ollowing section an effective Lagrangian will be 
derived f or strong interact i ons of scalar, pseudoscalar, vector, 
and pseudovec tor none ts of mesons. In the third section a ge
neralized sigma model is found. In the f our th section we dis
cuss mass formulae for scalar and pseudoscalar mesons. In the 
fifth section we describe vector mesons and their interaction s 
with scalar and pseudoscalar particles. Pseudovector particles 
and their interactions with other fields are discussed in sec
tion 6. The paper is concluded with a brief discussion of the 
results obtained. 

2. EFFECT IVE LAGRANG IANS 

Consider an e ffe ctive quark Lagr ang i an c orr es ponding to the 

group U(3) and descr ibing f our-quark inte r actions of scalar, 

pseudoscalar, vector, and pseudovec tor t ypes* 


_ ,. r G, _ 2 _ 2 
!f 'q .q)= q"a-[ mo+Il(~o-v'2~8)Jlq .. 21(q~aq ) + (qiY5 ~ aq ) J 

G2 2 ( 1 ) 2 

- - [ ( q y ~ q) + ( q Yo Y" ~a q) I
2 ~ a 

*We do no t" cons ider here tensor mesons though t hei r inclu

sion in our model is not dif ficul t i n principle. 


Here q~(u.d,s ) are quark f ields. It is assumed that they have 
colour indices over which the sununation runs, Aa are Cell-Mann 

ma trices,O ~as.8 ,Ao = J} 1 ,T rl Aa.A&=20a.{:J .mois the bare mass 

of u andd quarks (m8 = m8=m o ' mg=m o+v6Il ). 
Followi ng ref / 11 we consider a generating f unctiona l and 

introduce boson f iel d s and then we can wr ite down 

W(Ti. ~ ) = ~ I dqdq exp Ii [.\' (q. q) + ~ q+ Ti 'll J 
N 

(2)
8

.!.- f dii dq n d o 'n d¢ dV dAa expll[.\" (q, ii.o , q\. V. A ) + ~q+ "ii'll J,
N a = O a a a 

where 

i"(q.q,a ,¢ . V, A) = q\ia-[ mo+ll(~o- v'2\)] +~aa~n +iY6 ~aq\a + 

(3 ) 
....... 12212 2 - y

+~ Va +Y5 ~ A Jq- _ _ (,'n +</> ) + --(V + A). (Va = Va y) . 
et a a 20 a a 20 a a , 2 

In formula (2) we may integrate over quark field s; as a re
su l t, we arrive at an expression in the exponential, whi ch al 
lows us to construct an effective potential for meson fi elds. 
Before doing thi s, we make some transformat ions for 0 -fie lds 
in order t o obtain a Lagrangian f' in the f orm more convenien t 
f or further calcul ation s. 

Mass t erms i n f' can be absorbed by fields a ci n and a in , as 
a result , t he part of f ' containing quark fie l ds acqu ire s the 
comple tely chi ral-symmetric form (massless quarks). However, 
it turns out t ha t in the effect i ve meson Lagr angi an the fi elds 
00 and Os wi l l have nonzero vacuum expectation va lues . To make 
them zero requires add it i onal shifts in those f ields by parame
t ers a and b (spontaneou s breaking of chiral symme try). As a re
sul t, we arrive at the f ol lowing change of var i ab le s in .f't 

10 In 3
0o-a =oo -6 - v 2mO' as - b = as + .j21l • (4 ) 

where parameters a and b are defined by the condi tion 

< 0 0 >0 -=< ;8>0= 0. (S) 

In terms of new f i elds t he Lagrangian f' assumes the form 

2 
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!i" ~ q I ia - M+ .100:0 + .1 , 0, + .•. + A70 7 + A80~ + Au (jy~ ¢" • V. + ysA.)1 q 
(6 ) 

__1_ <0 1.2 + 01>2) + _l_ <V 2+ A 2 ) . 

2G 1 a a 2G 2 a a 


whe re ) 
mu 	 112a + b 1120- 2b

M = mu mu m,
(
 m, 	 11 3 113 (7) 

b 
- aAo - bA 8 = -M ~ - m 1 + -(A -II2.l 8).o"..["l: 

It is seen tha t as a resu l t of t he spontaneous symmetry break
ing in t he effective meson Lagr angian (t hat will be obtained 
below) the bare masses of quarks m~U,d)and m~s >:i.n (I) are changed 
to new masses mu and ms,Subsequent calculat10ns show t hat t he 
bare masses rno and m~) coincide in magnitude with the quark 
curr ent mas se s whereas the values of new ma sses mu and ms are 
close to the values of mass e s of quarks of composite par t i c les 

(constituent quarks, mu-~ ' For convenience of further cal

culations one more transformation can be made for a-fields, 
after which a ll the pr opagators in quar k loops will have equal 
masses: 

b ao = 00 + 	 -=-. oS - oS -b. (8 )
11 2 

Now t he Lagrangi an f' ass umes the form 

!i" ~ q l i a-m I d [0 + iy.¢ +V +y. A ]lq 
u aa ua a.,a 

(9) 
1 in2 2 1 2 2 

+ '" ) + --(V + A ).(0.20 , a 2G a a
2 

Integrating ove r quark field s in (2 ) we arrive at 

W(;j". ~) r II do d¢ dV dA e xpl ;[.1'''(0 , ¢. v. A)
uaaftNa	 (10) 

- .... 	 ... "' -1 
- ~ Ii a - m +,\ [0 a I iy ,I + V '" 

I) 
A II 'JlI,

\I a 0 (l a a 

where f"{a.4>,V,A) i s t he effec tive me son Lagrangian 

,~ 

2 1 2 2= _ 1 ( 10!i'''(o, 01>, v. A) 	 .. --(V + A )20 0 • +01> 2 2G a aI a 2 (II) 

1 _ - -A [- i Tr1n ll + ia _ m a a a + iy tP + V• + Y. A•]I. 
u 	 • • 

3 . GENERAL I ZED SIGtlA-t l0 DEL 

Le t us take now t he part of Lagr angian ( II ) con t a1n1ng only 
scal ar and pseudosca l ar fi e l ds. All meson fi elds in ( 11 ) are 
connected wi t h each other via quark l oops. We cons ider here 
onl y divergent quark loops . Di vergent i ntegrals may be of two 
types : quadr atical ly divergent 11 and logarit hmical ly diver 
gent 12 : 

. 3 d4 k _ _ i_3 f d 4 k
I -- l - -f - -	 (12 )

1 (2" ) 4 m2_ k 2 12 - (2")4 (m~ - k2 )2
u 

The i nt egr al 11 enter s int o the definition o f masses of mesons 
and of mas ses of bar e (current) quark s ; whereas t he integral 12 , 
into express i ons fo r coupling constan t s of mesons in the effec 
tive Lagr angian. Owing to this integr a l a ll meson vertices can 
be expressed i n terms o f one vertex de scribing the decay p ..... 2" . 

Afte r t hese pr elimi nar y r emarks we proceed t o der ive the 
effect ive Lagrangian f or inter ac tions of scalar and pseudos ca 
l a r me sons . On t he whole ther e are me t four types of divergent 
di a gr ams (see Fi e .I ) . 

--O --C>-- A "0/ 

" " 

, ,, , , 
a) b) e) d) 

Fig . 1 

Their contribut i ons to the Lagrang i an f" arc, respectively, 

0) -4 J 8 1 ,m,,00 ' 

2 2 2 2 2 2 
b) 2 1 2[(a~0") '(d"¢a) 1 + 41 1(o a+¢.) - 81 2mu o. 

e) 412mu Tr[U(;;;; + if;¢,)] , 

5 

http:A-II2.l8


- 4 - 4 - 2 - 2 - -- 
d) -1 2 Tr[(a) + (¢) + 4(a) (¢) -2a¢a¢ 1. ( 13 ) 

'Where ;; =A 0" , 4>:::A 4> . After the change of variables a a a a 

, . I 3
O"o=oo + (14 )v 2 m u 

the contribu tion of al l t hi s group of d i a grams can be written 
down in a simple form 

2 1 2 [ (a~ a~ )2 + (a~¢a)2 I + 4(1 1+ m: l 2Xa~2 + ¢~ ) 

(1 5) 

-12Tr [(a,)4 +(¢)4 + 4(0,)2 (¢)2 _ 20' ¢a-'¢ J . 

Returning to fi e l ds ~ith zero vacuum expectation values 
(00 c: ao - a , Os = as - b)and renormalizing the fie ld s so as to 
obtain a correct coeffic ient of the kinetic terms 

R R - ~ a ~ ga , ¢ ~ g¢ , g ~ (41 ) , (16)a a a a 2 

we arr i ve final l y at the f o llowi ng Lagrangian for the in t erac
t i on of scalar and pseudo scalar mesons· 

.I' (aR,¢R) ~ ; [(a~a:)2 + (a~¢aR)21 + 

7 
+ (~ + m2)[(a R_ .e. )2 + (a R _ l )2 + l (aR)2 + (¢R)2 I _ 


12 u 0 g 8 g I I a 

( 17) 

7 
- 2~ [(ga R+ 1'1 + \ L ma - a)2 .(ga R- J211-b)2. g2 l(aR)2+ g2(¢ '¥1 

I a 2 8 1 I a 

.2 _ R M 2 Ill- 2 2 - R - -"- Tri [ (a - -) + ('" I J -I¢ . (a R !!l. )j2 1 
4 g g 

- i Trlnll + g(a+i ) of)\' . 

ia• -mu 
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Now l et us proceed t o fix indefinite parame t er s of our model. 
At th i s stage we have six indefinite parnmeters: rno !l t a,J 

,.. He r e and i n what follows the prime of the l ast br ace s means 
that d iver gent loop diagrams are el iminnled [rom the t race of 
logari thm . 

6 

b , g, and 01 (or rnO ' m~5 )J rn u ' m 1> ' g. and G 1 ) . These para
meters may be fixed by t he f o llow1ng six equations: 

m2 g2(_I__ 81 ) , ( 18)• Gil 

mi m;' + 2m s(me - m) ( 19) 

8.1'__
8 a 

Ra 
I 

a ~ 0 
a 

-0 
- ~ IDa 

-
ro u 

• 1 - 81 1G I - G (ID") 2 
1 g (20) 

¢~ a 
a 

8.1'
-R 100 0&:.0 

8 a 
~O ~ m2 + 2 ("IDS m 

B 

g2+ID):=
U 

(21 ) 

¢ R. a G I 
a 

These equations follow from the Lagrangian (17). If we construct 
an axi a l curren t on the ba sis of t he same Lagrangian and desc 
ribe wit h its help the decay "-.... 11; (ref. I I I ), we ob t ain t he 
fifth equation (the Goldberger-Treimann identity) 

m. ~ gF., (22) 

The sixth equation i s the equation followin g from the decay 
K -. Ill-' 

m. + m, ~ 2gF K, (23) 

However, we choose, f ollowing Ill, the last equa t ion from the re
lation that holds in our model between coupling constants g-g"qq 
(the coupling cons t ant o f pions wi th quark lines, see (6) and 
(16)) and gp: gpq (t he coupling constant of vec t or mesons ""ith 
quark lines, see b el o",,) . As ""ill be shown in t h e fif t h section 
(see also!l! ) , t hese coupl ing constants obey t he simple rela
t ion 

g ~ v 6g, (24 ) 
p 

The coupl ing constant g can be f i xed by t he width of t he de-
p 

cay p ~ 2" : 

r 2 
(po • • +" _)~ 158 MeV • ~- 3 , ( 25 ) 

4" 

Then relation s (24), (2 2 ) and (1 9 ) p r oduce 

g ~ J2rr, g 2/ 4 • • 1/2, m ~ 240 MeV (F ~ 95 MeV), m ~ 470 MeV. ( 26)
• " s 

7 



If we cons ider now equation (2 3) as an equation fo r FK. then 
~e obtain for FK a somewhat overes timated but qu ite reasonable 
value 

FK ~ 1.49 F. (27) 

Using the cut-off regularization for the integrals 11 and 12 
we obtain from (26) that the cut- off momentum A - 11 20 MeV. Then 
11 .. 0.36 m ~ and for the remaining parameters fr om equations 
(18) , (20) , (2 1) we get 

m~·d) = 4.5 MeV. mb"e 156 MeV, a 1 ~ 6 . 10 -8 MeV-2 
(28 ) 

These va l ues are i n good agreement with masses of current mental value (m1) ... 600 MeV), whereas the '1 o-meson mass will
quarks / 8-S/ whe r ea s the values ( 26) correspond to the quark be t oo low as co~pared to tha t of ~'-meson . 
masses in model s of composite particles. Problems of the descript ion of masses of 21 and 71' mesons inI
This section we conclude as follows. For t he calculat ion of 
di fferen t physical proces ses like meson decays, form facto r s 

!1 9- 11 / and so on we shall use only three parame t ers: g, m u and m 6 • 

The other parame t ers are intr i nsic par ame t ers of the model. 

4. MASS FOru!ULAE 

From the Lagrangian (17) we ge t the fo llowing expression for 
the quadratic in pseudoscalar f i elds part 

2 (¢) = _.l.lm2 (.o2+ 2.+. -) + 2m 2 (K+K- +KoKO) + 
m 2" K 

(29) 

2 2 4/2 2 2 2 2 I 
+ m¢s¢s - - 3-(m, -mu)¢o¢s + m¢o¢o 

where masses m" and mK are f ixed experimentally ( see ( 18 ) and 
(19 », and m¢sand m¢o equal 

m2 = m2 + .!(m 2 _m 2), m2 _ m2 + ..& (m2 _ m2 ) (30)
CP s " 3 15 U CP o " 3 8 U 

I ntroducing the angles of mixing 

¢o = ~Ocos¢ - ~S sin¢, ¢S - ~o sin ¢ + ~sons ¢ (3 1 ) 

and dia gonalizing the last part of the La~rangian (29) we get 

8 

2 2 2 2 . 2 2y2 2 2 2 2 2
O1rys= o1¢scos ¢+ O1¢oSln ¢ + -3- (01 ,-01)sln2¢= m.+ 2(m.- mu)' 

2 _ 
m'1o m¢S6in 2¢ + m¢ cos 2¢ _ 2;2 (m: - m 2Jsin2¢ 2

o1. (32 ) 

tg 2¢ = 
4y2(m L m2) _ 

,u = 2 y 2 

3(m¢sm¢0) 

Thus, \V'e arrive at an ideal angle of mixing a t which J} 8 wi l l 
consist onl y of s -quarks, and 110 wi ll be the pure u-d quark 
state . The me son mass ~8 will approximatel y equal the experi

chira l t heories are wel l known . They are usual ly so lved as fo l
l ows : either the annihilation channel is included / 12~ which vio
lates t he ch i ral s ymme try and t here fore is absent in the Lag
rangian (1), or terms corresponding to gluon anomalies / 13/ a r e 
considered, or these effects are simultaneously taken i nto a c
count!l.lI, Here we discuss in brief the situation occurring when 
gluon anomalies are included into the Lagrangian ( 17 ). A de
tailed consideration of such effects in chiral Lagrangian can 
be found in review / IS/and in references t herein . The inclus ion 
of gluon anomalies produces in the Lagrangian (29) a term of 

the form - ~ ¢;, ",there the parameter d is fixed, for ::.r.. stance , 

by the sum of squares of masses of ry-mesons : 

2 2 2 2 
m ¢o+m¢ s+d =m~+ m ~ , . (33) 

wi th this term t he mixing angle is s t r ongl y changed, and we get 

(J ... - 11 0 , m .. 500 MeV, m · , ... 1 OeV. (34)
~ ~ 

These values are close t o the experimental ones. 
For scalar particles we have 

f (u) =_.Llm 2 (u 2 +u 2 +u 2 l+m 2 (u 2 + u 2 + 0 2 +0 2 \ 
m 281 2 3 j{4 6 8 7 

(35) 

+ m 2 u 2 _ 4 V2(m 2 _ m 2) u (1 + m 2 0 2 1 
0 s uo 8 as 80 0 

where masses are as follows 

9 
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_m~ -= m 2 + 4m 2 • m 2 m2 + 2m (m + m ) 
" 0 K s s u m~ = ID;O + (m! - m';)[2Sin 20- s1n20tg20J," (36)

2 2rn m2 +2(m2 +m 2), rn m2 +4m2 , ao " • u a s " . m2m2• = + (m 2 _ m2 )[2coB 20 + Bln20tg 20 1,
S (fo s U (40)

that corresponds to the following values 
2 2m 2(grn 0) ,,;rna = 500 MeV, mit = 840 MeV, m = 760 MeV, m = 950 MeV , r B1n 2 (00 -0) 1 - (--" )


Os S* ..... 2" 
 ID S' 

The masses m (f oand mo are i n good agreement wi t h the values 

°0 =s' 
8 for scala r re sonances l and S· whereas for 0 and K--mesons one Good agr eemen t with experiment i s achi eved at 0= e°: 

has too low va lues. Thi s fact may be a consequence of large 
contributions t o 0 and K -me sons f r om four-quark s tates 1 161 . m, ~ 780 MeV, ms' = 950 MeV, r , +_=27 MeV,

9 .... " 11'The mass formul a for 0 and as -mesons contains a non-di ago 0 (4 1 ) 
na l term t hat resul ts in an ideal mixing of single t and oc t et } r"' s * ..... 211' =: 40 MeV. 
component s of these me sons. However, the S*-me son cannot con
s i s t only o f s -quarks a s i n this case the decay S* .... 2" would 
be f orbidden . For a better agreement wi th experiment one s hould 5, VECTOR MESONS 
take into account the annihilation channel in the scalar part 
of t he Lagrangian ( I), that changes the noncli agonal t erm in We proceed now to descr ibe interact ions of vector and axial 
(35 ), To this end the qua rk Lagrang ian (1) shoul d be su pplemen vector mesons. In the preced ing sec tion we have observed tha t 
ted by terms of the type the final re sult s of the de scription of singlet-oc tet components 

of scala r and pseudo scalar meson s contain a lways the ideal mix
G 1 - - _ ing of the se components. Ho~ever, the inclu s ion of gluon anomaA 0,,---::";=-2,1-".8 - (0 0 ~ ";2,1 0+)., 8 (1 1-K(q,\ Q)(Q'\ Q), ,\ ."; 2 1 ,)". =10'2 u , s lie s and annihilation channels results in a cons iderab le devia";3 0 "; 3 ' 

ti on f r om the idea l mix ing. Since in t he description of vector(37) 
and axi a l- vecto r meson s such reasons fo r t he devia t ion f rom the 

Then, the sin8let-octet part o f ,(35) i s written in t he form i deal angle of mixing should not ari se , it wi ll be conveni ent 
to work in Lagrangians (I) and ( II) directly wit h t he mat r i ces 

f (°0 , oS ) =_ ..!.. (m 2 a 2 -Co0 0 + m2 a 2 ) , (38) Au and As instead of AO and '\' S and with components Vu ( Au ) 
m 2 (fa 0 8 0 8 S and V,(A,) instead o f Vo(A,) and Vs(As)' Then, as we shall see in 

what fol l ows, no nondi aginal terms wi ll arise in the quadratic 
where the coeff i cient C can be fixed by the wid th of the decay part of the effective meson Lagrangian.r, = 40 lIeV, The part of Lagrangian ( 17) des cribing such

S .... 2" Summing up divergen t loop diagr ams with two, three, and f our 
vector legs we arr ive a t t he expr ession 

~ 
decays i s of the form 

1 -  ,2 , (42)2 - ~ - '312 T, I V~v - i l V~ ' Vv
i'("S',")=-=grn (oS+ ";200 )" 2 2gmu [cos(Oo-Oh+SiD(OO-O)S'] ;2 ,

";3 u 
(3 9 ) where V,LV_"" ,\, a [all v; -allV:1,and [vW VII] is the conmutator of ope

where 80 is an ideal angle of mlxlng, and 8 i s a real angle of r a t ors VII = AaV;· Upon the r enorma.lization 
mixing of singlet-octet component s of o-part i cles (see (3 1»). 
Upon introducing the mixing angl e the quantities we are inte
rested in are written as follows: Va : ~ gV aR (43)

II IIV 2 

C (m 2 _ m 2 ) 'tg28 = 2(m2 _ m2)tg20 , the Lagrangian of interaction of vector f i elds acquires thes u0 8 U o 

10' II 



form .. 

2 

f 	(V) m V (V a) 2 -.!.TrlV _i!.e[V V] 12 
~2 ~ 8 I1V 2 p' /.1

(44 ) 

-i Tr lnI1+ ,1 ~ vi',
2i a - lDu 

where 

gp =v 6 g, m2 = 1- £ 
V 2 O2 

Cons i der ing divergen t triangula r and box diagrams of a mi xed 
type , where besides the vector mesons in i nte r ac tion there take 
part al so scalar and pseudo scalar mesons (see Fig .2), we ar 
rive at the foll owing int e r act i on Lagrangian 

f(o,¢, V)= ~ TrIO~o"O~ o"+o~iD" i I, (45) 

where 

m -rn g - 
o o S 

u X 
" 

o a a a+i.:E.[V . a] 
~ ~ 2 ~/2g 

is a covariant derivative of scalar and pseudoscalar fields. 

VV 
v~ "	r/"/3 ) 

" 
Y a 

L ,_ (¢(3) 
, .', 	 ,(¢ ) /. v 

" (¢ ) "(3 " " "0 (¢a) " , Y " " (¢ ) Vaa a Y Y Y 

Fig.2 

* To wr ite the formulae in a more s i mp l e form , the index R 

of fields V wi ll be omitted hereafter . For the gradient- non i n

variant regularization we obta in m~ ~ ~ !f[el-- -4(11 + m:I2)] (see 141) , 

12 2 

The Lagrangian obtained conta i ns terro.s describing the decay 
p ~ 2" the Wi~l? of wh ich fixe s the constant gp (see formula 
(25) and ref. ) . If the constants 02 are assumed to be the 
same for vector-type interactions of all sorts of quarks, the 
Lagrangians (44 ) and (45) p roduce the following mass formulae 
for vector mesons 

2 2 • 3g 2 
m 2 = m 2 + 2(m _ m )2

m p = m w - m ifJ""'" 20 V ' 2 	 (46)K* P s U 
2 

The w -meson consi st s only of u- and d-quarksj while ¢ -meson , 
of s - quarks. Only t he mass of ¢-meson is in poor a greement 
wit h exper iment . This causes u s to a ssume the coupling constant 
of the four 5 - quarks i n teraction O~ i n (1) to differ f rom other 
cons t ant s of the vec tor i nteraction G~V)* . 

6. PSEUDOVECTOR MESONS 

I nt er action between pseudovec tor mesons i.s desc ribed by di
vergent loop diagrams o f t wo types ; with t wo and four me son 
l egs (Fig. 3). Upon t he renormalization like for vector fields 

a gl) aR 	 .
All = fAil we get for the pseudovector Lagrang l.an the expres

s10n 

2 2 	 2( m + 8m ) 	 g - - 2 
f(A) = V u (Aa )2 _.!. (A a)2+-.e.Tr l [A A ]I _

2 ~ 4 ~V 32 V ' ~ 

(47) 

-	 i 'I r In 11 + ,_1_ ~ Ay. I ' . 
ia - rn a. 

A A (3a 

~ ~a 
Ao 	 Ay 

Fig. 3 

• Inequality m ¢(m ) > m (m ) ~ m (mu) i s f ulfill e d at c ; _ c~V) 
but if we take inLo ~cco!nt tile ~ependence of diver gent in
tegrals on qu ark mn ss es (Il(m , ) < I l (m U)' 12 (10,) <I2(mU). see ( 12) 
and the cut-o fr regu l llr i zation , §3) . 
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1 m 
~Uwhere U - U' -(mu>"u+ ~,\,).Herea,u differs from q" in (45), 

AV g v 2A" A" , </> fJa f3. a , as i n going from (49) to (50) we have made t he change of va
riables ( 14) • 

From the Lagrangians (47) and (50) we obtain the mass for
mulae for pseudovector mesons 

m2 =<m 2 + 6m 2 rn 2 _ m2 + .1. (rn +m )2,, A l P u ' AI! p 2 • u 
</>' V 

'" </>~ Y '" '" </> 0 " A Y (5 I ) 
m 2 m 2 + 6m 2 m 2 "" m2 + 6m 2 

Au p u' A 8 P sFig. 4 

that gives the numerical values 

I U a~ a ,a~ AV 
, 

, r,I r , , , / y mA ,- 1 GeV , mAI!- 1200 MeV , mA = 1 GeV, mA ~ 1400 MeV, 
u s 

Experimental masses of pseudovector mesons are lie; 

m = 1100-1300 MeV, m = 1280 MeV, m = 1284 MeV, m - 1418 MeV. 
A, AI!=Ql 0 E (52) 

A v v A" , ,a f3 Somewhat low theoretical va l ues for masses of A r and D-mesonsA" f3 A" AfJ ua a can again be explained by that the corresponding constants 02 

Fig . 5 
are not equa l to the constant G v =.1 L 

2 2 2 mp
Interaction of pseudovector mesons vith pseudoscalar mesons To conclude this section , we will write the Lagrangians of

is described by diverGent diagrams of the box type only (Fig.4) . mixed interactions of mesons u-¢-A and ch-A-V
They l ead to th e following Lagrangian 

gp - - - - 
2 f (a ,</>,A) = -'TdA ,,(iJv a", </>I . - i a",dv </>l+lI , (53 )

g - - 2 4f(</>, A) (48 )~ 'Tti</>, A"I + 3 -- - --
f(q" A, V) = 14 g'Tt(IA ' q, ' + 1M, Vv 1_ + IAv' MI+[Vv , </>1_), (54 ) v 

yhere under the Tr the re is the anticommutator squared. 
The contribution to th e interaction Laerancian of scalar and 7. CONCLUSlOH 

pseudovcctor meson s c ome s from divereent diagrams of bo th tri
angular and box types (F i g . S). In terms of t he a - fi e lds f rom The main result of this work is the construction of effective 
the Lagraneian ( 11 ) thi s contribution is vritten as follows : Lagrangians which describe interactions of 36 different mesons 

(scalar , pseudoscalar, vector, and pseudovector nonets) with 
fl!.(o, A) = -3m g 'Tr(oA"li ~), three parameters g, mu and m 6 only . The strong constant of pionu

quark interactions g appears to be small enough so that it is 
(49 )2 possible to use the standard perturbation theory in this coupling

f gp ,- 12 
c(a,A) = 16 T r a, A ~ + ' constant . Introducing into the consideration electromagnetic in

teractions, like in ref. 11. and weak interactions I l'7 <we may 
Taking th e 0 - f i e lds with zero va cuum expe c t a tion values we get describe by our model practically all the decays of the above
for the sum contri bution (49) mentioned mesons and their important characteristics (scattering 

lengths, electromagnetic and weak form factors, polarizabilities,
2 etc.). Calculations are in satisfactory agreement with experimentf(a, A) c _3m 2(Aa ) 2 .!e. 'Tria ''', A 12 (50)+ 16 ~ + (see refs. Il.P.IO,ll .18 ' ) . 

u " 
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Less exact results follow in deIiving mass formulae . It is 
to be noted t hat in t hi s case we have much more arbitrary pa
rame ters. Be s ides parameters g, roU t and IDs there a re parameters 
0 1 and G2.As to t he l at t er , it nowise fo llows that t her e should 
exist only t wo such parame t e r s. From the requirement of chiral 
symme try we may conc l ude t ha t the constants ot fo r scalar and 
pseudoscalar mesons with the same index a s hould be equal t o 

a a a
each o t her , whereas a l l the other constant s 0 1 ' C 2(V)' C2(A)' 
in gener a l , may differ f r om each other, however, we have t aken 
them equal f r om the cons i de r ations of maxima l s implicity. The 
mass formul ae found und e r these simplest as s umptions are in ge
neral in a qualitative agreemen t with experiment except fo~ 
three cases . The masses pr ed icted for scal ar mesons '8 and K are 
approxi mat e l y twice as smal l a s experimental ones t hat may be 
a result e i t her of t he s t rong violat ion of chir a l symmetry 
(Gl(~ ~ G J~) , or o f t h e pr e s ence of f our- qua rk states i n t he s e 
mesons/ 15/.The mass of ¢ - meson appears t o equa l the mas se s of p 
and w-meson s if G 2 (¢) = G2(P) = G2(w) and g (m) = g(m ) is assumed.s
If we take i nto account the dependence of divergent i ntegr al s 
on quark mas se s ([ 1(m » [1(m )' [2(m ) > [2(m )) then we obtain u s u s
m¢ > m p= m wo 

Interesting results a re obtained in es t i ma ting the qua rk 
masses arising in t his model . It t urns out tha t the bar e quark 
masse s i n t he init i a l pure quark Lagrangian coincide in nmgn i t ude 
wit h t he current qua rk ma s s e s , whi le the quark masse s appearing 
af ter introduc ing the mesons and t he s pontaneous breaking o f 
chiral symme t r y are equa l to t he consti t uent quark masses. This 
fac t t e s t i fie s to the consistency of the model . 

APPENDIX I 

Let us h'r ite in more de tai l the par t of the Lagr angian ( 17 ) 
fo r the i nte r action of sca l a r and pseudo scala r mesons of the 
third and fourth power i n the fields 

.l:'int(a. ¢) =- ;gl!(a02+3a; t¢~) 2tg[¢~(¢:-a:)-(a. ¢a) 2J + 

+ 2g[a ¢oaa <>a - (a;)2J - (aa + 3ba )(a~ +30'; + ¢!) +o o s 

+ 2b[¢s(aa "'.1 + as¢~1 - 2¢0(aa,¢a + bao"'s) + 8bas a;1 

- 2.j 2 g21 a d a (a a + ¢ ¢ ) + ¢ d ¢ (a a + ¢ ¢ )1 
3 0 abc abc b c 0 abc abc b c 

2 
- 3g da.bt o.. 0b (l Odt I/Jo 1/) d I 2g ~d:l. I)C °a ¢ b) 2 

" 2 2..J 2 2 
- ~2[(d a. bC Oll" b d .bc¢.¢b ) +2 ) ~ J + 2.j :r",baod saa(¢a +3 u.) 

+ adabc"a.(Oboo rc/'J b¢C) + 2b¢Od Saao a ¢a J + 

+ g i6bd sI1b d bac a n <P a ¢ c - 4bd 8bb d bac ¢ ba .. 4> c + 

2 3 
+ a bos + 2bdSccdcab o coaob l a ,b.cPS + 

_1_)u 2 ]+ 2bO's d 8a. (2d Saa - va a .f. s i. 

Summat i on runs over dummy indices. Lat i n indices vary from I 
to 8; Greek ones , f rom 0 to 8 ; and are struc ture consd abc 
tants of SU(3) group: 

2m u + m 6 mu- mil 

a b == -----:::- ? g .j 2" . 


.j6 .j3 


APPENDIX II 

The part of the effective Lagrangian for the interactions 
of the vector and axial-vector mesons with each other and with 
the r est of mesons can be written in a very compac t form fo l 
lowi ng the work / 4,1 

~ 1 ~V 1 ~V 
.... (a.¢.A.Vl =-STr(G v GV~V )-8 Tr(GA G A~V) + 

1 - gp - - 2 1 - Sp - - 2 
+ 4 Tr (D~u"-2 IA~.¢I+) +4 Tr (D~¢ +2 I A~.u"]) 

where 

G~' d~Vv _ aVv~ _ i ~ I[Y ~. YVl + [A~ . Avl 

G~v = a~Av _ aVA~ _i .3z. I [A~ VV I +[V~ AV I
A 2 • - • 

17 16 
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