
OB"bELlHHEHHbl J1 
HHCTHTYT 
.s:ILlEPHbiX 

VfCCflELlOBAHHM 

Lly6Ha 

~ • -• • ·• s ...., ... 
:r s .. ... 
A. • .... .. 
I 
! 
~ • lA 

~ 

E2 • 3730 

L.Micu 

SCALAR MESON WIDTHS 

1968 



E2 · 3730 

L.Micu*) 

SCALAR MESON WIDTHS 

Submitted to Nuclear Physics 

·; , -· . . ; --~ : ~-- ~:-j~ I 
.. ·::·~, _ _:~ ,_,:·~-,~·:~·-::-~:~--~ 

---;:---------+----''-r-.. i( ..• ; •. · \ r 
~) On leave of absence fronl' 'frie' 1'Mtitut~-;-fAtomic 
Rumania. 

Physics, Bucharest, · 



~' 
r 

I 

l 

1. Introduction 

The scalar mesons were introduced in theory some years ago, 

although their exictence is still doubtful from the experimental point 

of view. The best established scalar mesons seem to be 71 v ( 1050) 

and TT v ( 1,008) .To form an octet Watanabe( 1/ added the K v( 1080) meson, 

but its evidence and quantum numbers are not yet well established/ 2/ • 

The purpose of this paper is to calnulate the widths of the 

mesons 'I v TT v and K v in the widely used approximation of soft- meson 

emission. 

It is assumed that the field S which represents the scalar 

meson is given by the following relation suggested in o model/ 3/ 

and chiral S U( 3) x s U( 3) theory/ 4/ 

0 0 0 /L II , • a (X - y } [A ( x}. a A ( y)] =I. 2 1 d I g JL s L (x) 8 (X- y ) + s. T •• 
I /L l k=l jk & & 

( 1) 

where i j k are unitary indices running over 1,2 ... 9, d 11k are Gell

Mann' s completely symmetrical coefficients,. A~ ( x) are the densi

ties of axial currents, g lk is an unknown constant and S. T. means 

possible Schwinger terms. It is easy to understand the dependence 

on i of the constant g if the Gell- Mann's commutation rela-
lk 

ti-":ms/ 4 / and partial conservation of axial current ( pCJ.._C )/ 3/ are 
simultaneously taken into account. 

3 



2. Equations for the Decay Amplitudes 

In order to calculate the decay amplitudes of scalar mesons 

we start with the following identity 

4 4 - lqx lky I I' A 
fd xd ye e <f T(ai'Aa(xlaAAb(y>lli>:e 

4 4 - 1 qx lky I [ 0 0.{ 1 [ 0 · A f d X d y e e < f 8 ( X - y I - 2 A a ( X)' a A A b (y)] -

1 o 1L i o I' ( 2 ) 
--[A (y), a A (x)] +-(q +k l[A (x),A (yl]l+ 

2 b · I' a 2 I' IL a b 

1L A ] 
+ q k T(A (x) A (y)) li> 

I' A a b 

We take at first < f I = < c ( pl I ·and I i > = I d ( p ' l> , where 

P and p' are the momenta of some pseudoscalar mesons with unitary 

it1dices c and respectively d running over 1,2 ••• 8. ThEil reduction 

formula/ 5 / together with PCAC enable us to express the left hand 

side of identity ( 2) in terms of the meson scattering amplitude 

< a ( q ) c ( p) I M I b ( k) d ( p' ) > 

4 4 -lqx lky 
Jdxdye e <c(pliT (:9 Al'(x)a,AA(yl)ld(p'l>= 

IL a " b 

2 2 ( 3) 
i ( 2 fT ) 4 8 4 ( P + q - P , - k) F a F b m a mb < a ( q ) c ( p) I M I b ( k) d ( P , ) > ' 

2 2 2 8 ')" 
( q 2 + m a)( k + m b)( 2fT) ( 4 pop o 

where F 
1 

is defined by 

8/2 1/2 IL 2 
(2fT) ( 2 q ) < 0 I a A ( 0) I j ( q) > = F I m I 8 II 

0 1L I 

Using the definition ( 1) the first terms on the right hand side 

of identity ( 2) may be related to the decay amplitude T ( i -+ cd) of 

a scalar meson. 

_1_ f d "x d "y e -lqx e lky 
2 

o o I[ o A ll , 8(x -y l<c(p) A
6

(x),aAAb(y) d(p )>= 

( 4) 
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4 , 4 , ) 
(2rr) u (p++q-p -k 

~k- q ) 2 _ M 2 )< 
2

rr) 8(• , ~ d abl g bl T(i-o cd) 
I .. p p ) ' 

0 0 

(4 

where M 1 is the mass of the scalar meson. The dependence o 

T ( i -o c d ) on the meson momenta is alwavs neglected. 
Let now q. and k go to zero together. From the relations ( 2 

I' .IL 
and ( 3) it follows the expression for the meson scattering amplitude 

in first order in q and k I 61 

<a(q)c(pliMI b(k)d(p')> -o 

(0) 
M 

ao, bd 

2 8 
_ -- ( q + k) ( P + p') :I f abl f odl 

F F 1=1 
a b 

(5 

where f Uk 

and M(O) 

is the Gell- Mann's completely antisymmetrical coefficien 

is a zero order term due to the contribution of scala 
ac, bd 

mesons. The first three terms on the dght hand side of identity ( 2 ) 

yield the right hand side of eq. ( 5). The fourth term in eq. ( 2) i 

of second order in the vanishing momenta because of the absenc 

of poles near q -= k = 0 and hence it is omitted from eq. ( 5). Al 

the considerations are made for S- wave meson- scattering ,. It wa 

also assumed that the Schwinger terms do not contribute in firs 

order in q and k I 61 . 
Using the relation ( 4) 

M (OY 
ao, bd may be expressed as 

M (0) 

ao,bd 

9 T ( i -o cd ) 
--:I---- ( g + g )d 

1=1 M 2 F F al bl abl 
I a b 

(6 

In the identity ( 2) we take now < f I = < J I and I i > = I S ( k- q) > 
l 

where S is a given scalar meson. After similar considerations it 
l 

fo~lows from eq. ( 2) 

F F T(j-oab)=-d (g +g ) 
a b abl al bl 

(7) 

in zero order of the vanishing momenta q and k 
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{fit - q ) 2 _ M 2 ) ( 
2 

) a( u d abl g bl T ( i ... c d) 

1 
rr 4p p ')" • 

0 0 

where M 
1 

is the mass of the scalar meson. 'The dependence of 

T ( i .... c d ) on the mes~n momenta is alwavs neglected. 
Let now q' and k go to zero together. From the relations { 2) 

~ .P. 
and ( 3) it follows the expression for the meson scattering amplitude 

in first order in q and It I 61 
<a<q)c(p)IMI b(lt)d(p')> .... 

(0) 
M 

ao, bd 

2 

F F 
a b 

8 
( q + It) ( P + P' ) l: f abl f odl 

I= I 

(5) 

where f Uk is the Gell- Mann's completely antisymmetrical coefficient 

and M(O) is a zero order term due to the contribution of scalar 
ac,bd 

mesons. The first three terms on the right hand side of identity ( 2) 
yield the right hand side of eq. ( 5). The fourth term in eq. ( 2) is 

of second order in the vanishing momenta because of the absence 

of poles near q = It = 0 and hence it is omitted from eq. ( 5 ) • All 

the considerations are made for S- wave meson- scattering .• It was 

also assumed that the Schwinger terms do not contribute in first 

order in q and It I 61 . 
Using the relation ( 4) 

(0)' 

M ao, bd 
may be expressed as 

M (O) 

ao, bd 

:. T ( i ... cd ) ( 
--~--- g 

1=1 Mll F F al 
I a b 

+ g ) d 
bl abl 

( 6) 

In the identity ( 2 ) we take now < f I = < J I and I i > = I S ( It- q) > • 
J 

where S is a given scalar meson. After similar consideratiuns it 
J 

fo~lows from eq. ( 2) 

F F T(j-+ah)=-d (g +g ) 
a b abl aj bj 

(7) 

in zero order of the vanishing momenta q and It 
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Now M ao,bd takes the form 

(0) 
M 

ao,bd 

9 -2 
=~ M

1 
T(i-oab)T(i-ocd). 

Ia! 
( 8) 

In order to obtain the equations for the decay amplitudes of 
'd . . M (O) 

scalar mesons, some cons1 eratlons should be made about ao, bd 

Following Weinberg, we propose an expansion up to second 

order in momenta of the off- mass shell scattering amplitude < a (q) c(p) 

IMII(k)(p}>in accordance with the general requirements of the crossing 

symmetry, Bose statistics and conservation of unitary spin 

< a( q ) c( p ) I M I b ( k) d ( p ') > "' d d ( A + B ( s + u ) + C t + ••• ) + 
ab 9 od 9 

+d d (A+B(s+tl+Cu+ ... )+d d (A+B(u+tl+Cs+ ... )+ 
ad 9 bo 9 ao 9 bd9 

+~ ~ (A'+B'(s+ul+C' t+ ... l+~ ~ (A'+B'(s+tl+C'ul ... l+ 
ab od ad bo ( 9) 

+ ~ ~ (A"+B"(u+tl+C''s+, •. )+ ~, ~, (A"+B"(s+ul+C"t + ... ) + 
ao bd ab od 

~. 
+~' ~ (A"+B"(s+tl+C"u+ ... l+~' ~, (A"+B"(u+t)+C"s+ ... ), 

ad bo ao bd 

mere s =-(p+ql
2 

=-(p '+k)
2 t =- (q-k)2 =--(p'-p )~ u--(p-k)ll,...(p~) 2 

The coefficients A, B ... are unknown constants, 

( 2 )12 
d -- 8 ab9 3 ab ' 

8 27 
~ ~ ... ~ d d and ~' ~' = ~ D D 

ab od lal abl odl ab od l=l abl odl 

where D abl is the Clebsch- Gordan coefficient of the coupling 

f81Xl8l27. 

In the limit k = q ... 0 the relations s = m " - 2pq tkO; u = m "+ 2pq 

and the comparison between eqs. ( 5) and ( 9) give 

6 

(B-C)(d d -d d )+(B'-C')(~ ~ -~ ~ l+(B"-C'1(ti'A'-~'~') .. 
db9 ao9 bo9 adD bd ao bo Ill bcf'ao bo ail 

4 8 
=--I r 

. F F l=l abl 
a b 

( 10) 
odl 

M(O) .. d d (A+2m2 Bl+(d 
9

d 
9
+d 

9
d )(A+m11B+m 2Cl+~ ~ IA'+2m

2
B'l+ 

ao,bd ab9 od9 bo ad ao bd9 ab ad 

( 11) 

+<~ l:l +~ ~ \(A'+m2 B'+m 11C'l+~' l:l' (A''+2m 11 B"l+(~' ~, +~' ~, )(A''+mliB''+ 
bo ad ao bd' ab od bo ad ao bd 

+mlic'1. 

In order to avoid some ambiguities related to the vanishing mo-

menta, the mesons a,b,c,d must have equal masses. 

If we assume the existence of only nine scalar mesons and 

compare the expressions ( 6) and ( 11) we find that M (O) must ao,bd 

be proportional only to ~ b ~ d and d 11 d ft so eq. ( 11) gives a o ab od• 

A +m
11

B + m
11

C .. 0 

A'+m
2
B'+m

2c' .. o ( 12) 
ll ll 

A"+ m B" +m C"•O 

A" + 2m llB" • 0 

If now we consider that the scalar mesons form an unitary 

nonet it is appropriate to require that their contribution to M ~~~bJllUSt 
be proportional to d d where i - 1 , .. 9 and thus to put A • A ', 

abl odl • 
B = B', C- C' • Then from the eqs.( 10) and ( 12) it follows 

(0) 
M 

ao,bd 

4 ll II 
--- m ~ d abl d odl 

F F a l•t 
• b 

3. Results 

li' 
( 13) 

In order to evaluate some of the decay amplitudes of scalar 

mesons we consider eqs, ( 8) and ( 13) for three sets of unitary 

indices: a= b = c = d ,.. 1 , a= b "" c .. d .,. 4 and a=d• 4, b•c -6. 
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It follows then 

T
11 

(8 ... 11) ----+ 
M II 

s 

T
11

(9 ... 11) 
----~~--

MD 

4m
11 

- 11 II --(d 
F 11 11S 

11 

II 
+ d 11D ( 14) 

T 2 (3 ... 44) 

~+ 
Ti8 ... 44) 

Mil 
1!. 

- + 
T 11 (9 ... 44) 

Mil 
9 

II 
4mk 

(dll dll dll ) ( ) 
-~ US + US+ Ull · 15 

8 

T 
2

( 2 ... 46) ---;-2--
'l. 

II 

4mi 2 
-~-d 

F II 4.S2 
1:: (16) 

It is in the spirit of our considerations about the scalar nonet 

to propose the following solution for the eqs. ( 14 ), ( 15 ), ( 16) 

2 
T (i ... aa) 

Mil 

2 

~ 
- F II 

II 
d aal ( 17) 

I a 

On the other hand, the comparison of relation ( 17) with eq. ( 7) 

suggests for the constant g al the factorization 

I . al I g • F m M 
a a I ( 18) 

From eq. ( 7) it follows then the general expression of the 

decay amplitude of a scalar meson 

II 
) ( F a F b 

-2 -2 2 2 
M 1 T ( i ... a b)- d abl ( m

8 
Fa + m b F b ( 19) 

It is very easy now to obtain from eq. ( 19 ) the widths of 

scaJar mesons. We take/ 1,7/ F
11 

-../2m 
11

, FK .. 1,16 F
11 

, F , ... 1,18F rr 

and for a better agreement with the present experimental data co~ 

cerning scalarmesons we neglect the mixing between the eighth and ninth 

scalar mesons. The ninth scakir meson is supposed to be E (700). 

With these assignments from eq. ( 19) it follows 

8 

'llv 

r < '1 
v 

... 1111 ) • 20 MeV 

r < '1 ... KK ) = 22,5 MeV 
v 

r <r;; ... 1111) = 26 MeV 

r < , ... KK) =30,6MeV 
v 

( 20) 

r < , ... '111) .. 54 MeV 
v 

r<K •.K 11 l = 136 MeV 
v 

4. Discussions 

'!he experimental data/ 2/ ~ive about 50 MeV for the width of 

meson and a branching ratio r ( '1 -+1111)/r<'l -+KK)_s2,3 .The experi-v v. 

is 70 :t 15 Mev/ 2/ and the branching ratio 
mental r 11 

y 
r<11 ...,.,vn, -+KK)<s.For c;.( 700) a width of about 50 MeV is indicated. 

¥ V· Our results ( 20) are in satisfactory agreement with them. 

The assignment! a the ninth scalar meson is in agreement with 

the Gell- Mann's considerations/ 4/ about the mass- splitting between 

scalar octet and singlet. 
Although the scalar meson nonet cannot be uniquely deter-

mined because of the unconclusive data the presented results seem 

to justify the considered assignment. 
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