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11BaHOB E.A., 3yrrHIIK E,M. E2 · 6472 
Pacna)l T/ ➔ 3rr II TTTJ - paccesrn1Ie B K1Ipam,aoil SU xSU CIIMMeTplIII 

2 2 . 

TTpooo/llITCSI aaan1Ia npo5neMbI pacna)la T/ ➔ 3rr B KIIpam,aoil SU
2 

x su
2 

CIIMMeTplIII, TToKaaaao, 'ITO II3B8CTHbie TPYllHOCTII o6bI'IHOil nomocaoll 

MO)l8111I CBll38Hbl C H8/lOOUeHKOil ponlI rpaqll!Ka C T/ -Me3OHHbIM nomocoM. 

TaKall MO)lellb OK83bIBaeTCll rrp1IrO/lHOil )ll1ll O111IC8HIIll pacna)la T/ :_. 3rr : 
rrp1I paayMHOM Bh16ope KOHCTaHTbI rr0 -TJ nepexo)la I g I - 0,05 y)laeTCSI 

YllOBI18TBOplITb 3KCl18plIM8HT8lll,HblM ll8HHbIM K8K no :riiplIH8M, T8K II no 

aaepreT1I1IeCKOMY cneKTpy pacna)la c no1,rnmbio napaMeTpa BepmlIHbI TTTJTTTJ -
B381IMO)leilcTBIIll B rpa~IIKe CT/ -rrOITIOCOM. Ham 8H8111I3 no3BOI1ll8T nony111ITb 

npe)lCK838HIIll /ll1ll ·s- II P -BOITHOBb!X lll11IH TTTJ -pacceSIHIISI: 

I a o I - 0,2 m- 1 I a 1 I - 0,1 m--3 
TTTJ 1T TTTJ 1T 

IlpenpHHT · 061:,eAJ1HeHHOro HHCTHTyTa llAepHblX HCCJieAOBaHHit. 
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Ivanov E.A., Zupnik B.M. E2 - 6472 
11 ➔ 3rr Decay and "T/ -Scattering in Chiral 

SU X SU Symmetry 
2 2 . 

The problem of the T/ ➔ 3 rr decay in chiral su2 x SU2 
symmetry is investigated. We argue that the well-known 
difficulties of conventional pole model originate from 
underestimating the role of the T/ -meson pole graph. This 
model is shown to be suitable to describe the T/ ➔ 3rr decay: 
at the reasonable choice of the rro- 71 transition constant 
I 'iml - 0.05 the experimental data on ooth decay widths 
and energy spectrum can be satisfied oy fitting the para
meter of "T/"TJ-vertex in the T/ -pole graph. Our analysis 
leads to predictions for the s -and P -wave "T/ -scatter-
ing lengths I O I _1 I 1 I --3 

a - 0.2 m ; a - 0.1 m • 
TTTJ 1T TTTJ TT 
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1. Introduction 

The conventional approach to the current algebra 

description of the T/ ➔ Jrr decay is based on the follow

ing natural assumptions /1-5/: 

a) the process is caused by the conventional elect

romagnetic interaction; 

b) the on-mass-shell decay amplitude depends linear

ly on energy variables. 

Sutherland /l/ has shown that under these assump

tions the 11 ➔ 3" decay is forbidden in the SU2 x SU
2 

symmetry limit m =0. Dolgov et al. 121 and Bardeen " . 
et al. /3/ have considered the pole model for the 11 ➔ 3rr 

decay and have argued that this process can only proceed 

via the SU2 x SU 2 symmetry violation induced .by non

zero mass of pion. They have obtained the prediction 

for the Dalitz plot distribution in the 11 ➔ rr+rr-rr0 decay 

in agreement with experiment. However, within the frame

work of standard scheme all attempts to derive the satis-
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factory results for the 7/ ➔ 3TT decay rates were unsucces

sful/2-5/. In this connection different suggestions have 

been made to take the alternative form for the 7/ ➔ 3TT inte

raction / 6 ,7/ or to modify the.concept of PCAC smooth

ness/8/. 

· The purpose of the present paper is to show that 

difficulties of the 7/ ➔ 3TT decay description in the 

SU2 x su2 current algebra are not of principle; these 

are because of underestimating the role of the 7/ -meson 

pole diagram. In fact, the careful analysis indicates 

that the convention<;1l pole model based on the broken 

chiral su
2 

x su
2 

symmetry can describe the 7/ ➔ 3 TT decay 

sufficiently well. 

In our analysis the effective Lagrangian method is 

used. The pole amplitude for 7/ ➔ 3TT involves the contri-

butions of the contact 7/ ➔ 3 TT graph and of the graphs 

with TT 2. and 7/ -meson poles. The amplitude is proportional 

to the TTO- 71 transition constant g"T/ which can :Ce eva-

luated through u -spin invariance /2-5/. Note that in 

the framework of electromagnetic interaction with conven

tional transformation properties under sua x su2 the 11° - 7/ 

transition is described by the effective coupling with 

derivativesl34TT7/a/L TT
0

aµ. 7/ • Therefore it is natural to 

apply the "current-mixing" model for the electromagnetic 

SU
3 

-breaking to evaluate g TTT/ with respect to U -spin 

(instead of the "mass-mixing" model usually used). The 

"current-mixing" model gives the reasonable value g"T/.,.-0. 05. 
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We don't assume the contribution of the TJ -pole 

graph to be negligible a priori. In our treatment this 

contribution is determined from the requirement that the 

pole model should be consistent with the experimental 

data on the 1J ➔ 3TT decay. The TJ -pole graph contains the 

strong vertex of TTTJTTTJ -interaction which is character

ised under SU2 x su
2 

by one coupling constant q • This 

constant serves as a parameter. It turns out that both 

decay widths and the slope of the Dalitz plot for the 

TJ ➔ TT+ TT"".' TT O decay can be fitted in good agreement with 

experiment by single parameter q • Taking the observable 

width of. 1J ➔ 3 TTo as input, we obtain, because of 

uncertainty in sign of decay amplitude, two·alternative 

values for q 

1) q ... 6 :!: 0.6 ; 2) q • -:-,4,7 ::!: 0,6 • · 

Correspondingly, we have two va,lues for the slope a':. 

1) a "' - 0,59 ; 2) a .. - 0,57, 

which agree well with the latest experimental data /9/ 
exp • 

a • - 0. 58 ± 0. 01. 

The present approach leads to reasonable predictions 

for the parameters of the low-energy TTTJ -scattering 

amplitude. Using the above values of the TTTJTTTJ -coupling 

constant q we find that the s -and · P -wave TTTJ -scatter-

ing lengths a o and at must be of order of the TTTT -
lf'.:f/ TT 1J 

scattering lengths given by current algebra calculations: 
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1) a O "'0,20m-1 
rr 71 rr 

2) a 0 .. -:-0,16m-1 

11.1/ 11 

a 1 ,.._Q,07m-3 a 1 "' 0:05 m -3 
1171 1T 111/ 11 

2. The· Pole Model for the 7/ ➔ 311 • Decay 

In constructing the_ 7/ ➔ 311 ampli-:tude we confine 

consideration to the following diagrams 12 , 5/. 

'if 
// 

.,,,,,,/ii 
'ij'o .,,,.,,, 

~ --<io- - -- 'if 'Z ............. ~--ft' 
....... ...... 

''ii 
...... 
'fi 

(a) ( 8) 

.,,,,,,,, r, 
/ 

~~ - -'ii 
~ ' 'l ...... 

' (c) . ';, 

our 

Fig. 1. (a) • Contact graph in r, -+ 311 ; (b) Pion pole 
graph in 7/ ➔ 311 • (c) Eta pole graph in ·11 ➔ ,311. 

j 
I 

The strong interaction vertices in these graphs 

· can .be determined from the effective Lagrangian 

f - f + f .. _ Lera ,;.y2 +(a a >21 (l-2ql-
2

71
2

) -
st O S.B. ' 2 µ ·µ 11 

(2 .1) 
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- _1_ ra T/ >2- .1..... m2 T/2+ m2 f u 
2 /l. 2 T/ 1111 

where ~ , T/ 

Ii 2 . ➔ 2 
u - { f 1T - ,tr: ) 

are fields of 11 -and T/ -mesonsx/ I 
, 1

17
"' 95 MeV is the pion decay constant and 

q is the coupling constant, which characterizes the 

strong 77 T/ -interaction. This Lagrangian contains the 

chiral invariant term f 0 and symmetry breaking term 

f s.B ... m; f 11 u which belongs to the representation /10/ 
( 1 / 2 , 1 / 2 0 f SU 

2 
x SU 

2 

The vertices 11111111 and 11711171 are given by terms 

of the fourth order in fields in the Lagrangian f 
·st 

(2. 2) 

(2. 3) 

x/ The field " transforms in the following way /lO/: 
8;; = - ; x i? + ii J ( 12 - ; 2 ) where a➔ and if are parameters 
of su

2 
x SU

2 
tr1hnsfo1·mations; 11 is the chiral scalar: 

8 1/ : I} 



The TTo - 7J and contact 7/ ➔ 3TT transitions are desc-

ribed by the effective Lagrangian fem(TTTJ) with transfor

mation properties of the conventional electromagnetic in

teraction. The simplest fem(TTTJ) takes the following 

form 131 

f (11,TJJ =g t-1 a TJ1
3 = g a TJ a TT

0 + 
em TTTJ TT µ 5µ TTT/ µ · µ 

(_2. 4 ) 

1 . -2 o ➔ 2 0 ➔ 2 
+-g ta TJ[TT,a (TT J-a TT(TTJ l+ ... 
• 2 TTTJ TT /L .. /!, µ 

3 
where 1

5
µ is the neutral component of the a~ial~vector 

current calculated from the Lagrangian (2.1). 

In general, the parameter g TTT/ of TT 0 - 7J transition 

must be of the order of e 2 • By S,U(3) the TT 0 -TJ transition 

may be linked with the electromagnetic mass shift of TT -

. and k-mesons. In the earlier calculations 12 , 5/ the 

TTo_ 7J transition parameter gTTT/ was estimated from the 

"mass-mixing" model for electromagnetic violation of 

SU~) symmetry. However, it should be remarked that the 

electromagnetic TT O TJ -interaction (2. 4) contains the 

field derivatives. Therefore, in our opinion, there should 

be used the model of "current-mixing" rather than "mass

mixing". The simple calculation in the "current-mixing" 

model gives us the following estimate for the TT 0-TJ transi

tion constant 
8 



1 2 ( -2 -2 ) 1 2 ( -2 -2) 0 05 g---m m -m 0 +--m m 0 -m+.,-•. 
TTT/ ~ TT rr+ TT yJ k k k . 

(2. 5) 

The amplitudes of T/ ➔ rr* rr- rr 0 and TJ ➔ 3rr 0 decays ,invol

ving the contributions of graphs (a), (o) and (c), are 

of the following form 

m2 m2 : 2E o m2 
'1l • g r 2 __ TT_._l/_[ (1-2,q) (1---17 -) + 2q --17

-] , 

+-o TTT/ TT m2 - m2 m 
TJ 1T TJ 

m 2 m2 m 2 

,n = g r 2 --"-----11-[ 1 + 2q ( 3 --"- - 1 J l , 
ooo TTT/ TT 2 2 m 2 

m - m 
TJ 1T TJ 

m 2 

TJ 

where E denotes the neutral pi'On energy. In these 
170 

(2. 6) 

(2. 7) 

amplitudes, the terms proportional to the .1TTJ -scattering 

constant· q are just the contrioution of the graph with 

TJ -meson pole (Fig. lc)x/. 

x/ First the r,-pole graph was considered in .the 
work / 2/. 
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From the matrix element m 0 +-

of 

cay 

distribution on the Dalitz plot 
x/: 

we find a , · the slope 

for the T/ ➔ rr+rr- rr 0 de -

2 
. m - m n- m 7 m IT- ( 1 + 4 11 Tl . a = -2 

m - m O q 
"~+6--- __i ) -~ (2 • 8) 

mT/ m 2q - 1 T/ , mT/ 

It should be noted here that the amplitudes m+-o 

and m 000 are proportional to mrr and therefore tend to 

zero in the su 
2 

x su
2 

symmetry limit m
17 

... o in accordance 

with the result by Sutherland /l/. 

3. The n ➔ 3rr Decay and "!Z -Scattering 

In this section we show that the T/ ➔ 3rr decay can 

be described well enough in the standard pole model de

fined above. The crucial point is that the graph with 

T/ -pole gives the essential contribution to the 1J ➔ 3rr 

amplitude. 

the 
To 

T = 

x/our choice of coordinates.on the Dalitz plot is 
same as in works /9, ll/: m+-o°' 1 + a (10 I T - 1 ) where 
is the kinetic energy of neutral pion; 

1 ( )
1 

• h . k' t. -
3
- m

11 
- m

17
o - m

17
+ - m

17
_ 1s t e average 1ne 1c energy. 
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Expressions for both decay rates and slope (2.8) 

of the Dalitz plot distribution in mode T/ ➔ 17+17-17° involve 

17T/17T/ -coupling constant q as a parameter. In order to 

fix this parameter more accurately one should use the 

experimental data on decay rates rather than those on 

the energy spectrum since the slope (2.8) depends on q 

weakly. We take the observable T/ ➔ 3 170 decay width / 12 / 
eXP. 0 r (ri ➔ 3 17 ) = (0. 80 :!: 0. 21) keV as input and express the 

constant q in terms of the matrix element m000 and the 

170 - T/ transition parameter g 17 T/ making use of the for

mula (2.6): 

q = 0.616 - 0.276 g - 1 m 
177/ ooo 

(3 .1) 

It is I '11 000 1 exp= 0. 98 ± 0 .11 that corresponds to the par-

tial wid.th rexp( T/ ➔ 3 170) • Using the estimate (2. 5) for 

t 
17

7/ , we obtain the following values of the parameter q : 

1. '11 > 0 
000 

q = 5,96±, 0,61 ( 3. 2) 

q = - 4.72±0,61. C3. 3) 

The theoretical ratio r = r(ri ➔ 317°) Ir (ri ➔ 17+ 17- 17°),d.6 agrees 

with experiment /12/ so r (ri ➔ rr+rr-17°) is also fitted well 

with above choice of the parameter q 

In verifying the applicability of the conventional 

pole model for description of the 7/ ➔ 317 decay predictions 

11 



for the slope a should be considered crucial. Eliminating 

the constant q from eqs. (2.6) and (2.8) we obtain a rela-

tion between a ' ,U 000 
and g 

177/ 

-1 
a-1 = (0. 604 -1,444 g-t '11 ) • -1.723 • 

TT 7/ 000 
( 3. 4) 

With 

gives 

exp 
g

1771 
.. -o.os and 1'1loool = 0.98± 0.11 this formula 

1. '17 ooo> O 

2. ,U < 0 
000 

a = - 0,593 ± 0,002 

q = - 0,567+ 0.002 

1These predictions agree well with experimental value/9/ 

a exp,;, -0.58 ± 0.11. 

The matri'X element for 71 ➔ 3" i':5 connected with am

plitude for ''1!1/ ➔ 17 T/ in the present approach, therefore 

we can determine low-energy "TJ -scattering parameters 

using the experimental data on the T/ ➔ 3" decay. It is 

/important to s~ress here that the model under study would 

:be considered fair provided the restrictions on the amp

litude "T/ ➔ "T/ are reasonable. 

The amplitude for the process "TJ ➔ "71 i':5 calculated 

from Lagrangian (2.3): 

12 



'ii· f. 

Fig 2. 1111 -scattering. 

'.lll(1171 ➔ 1111 )=2f-
2
q(t-2m 2 ), (3.5) 

11 

where t = -( P - P ) 2 
• The s -and p -wave 1171 -scat-

" i 
11

1 
tering lengths are· given by: 

m2 

a O = - -----"---- q "' - 0,033 q m-1 

1171 4rrf 2 (m + m) 11 
. 11 .,, 1/' 

1 

12 11 f 2 
( m + m ) 

11 7l 11 

q "' 0,011 q nf - 3 
11 

(3. 6) 

(3. 7) 

Now it is easy ~o find a
0 

1171 
and a 

1 which corres-
"71 

•pond to values (3.2) of the -coupli'ng constant q : 

1. '.lllooo > O 

2. '.lll < 0 
000 

a O = - 0,20 + 0.02 m -l ; a 1 
1171 - 11 1171 

a O = 0,16 + 0.02 m -l ; a 1 

1171 11 1171 

13 

Q 07 + 0,01 m - 3 ; 
- 11 

= - 0.05 + 0,01 m - 3 • 
11 



Thus the "q -scattering lengths turn out to be 

of the same order of magnitude as the "" -scattering 

lengths calculated in current algebra /l3/. This seems 

to be sensible and serves as an argument in favour of 

that the conventional pole model based on the s°-2 x S~2 

symmetry is suitable to describe the q ➔ 3" decay. 

It is necessary to note that the numerical expres

sions (3.1), (3.6) and (3.7) are sensible to an error in 

measuring the quantity I '11
000 

I and to the possible devia-

tions of the value of the constant g from that of cal-
"q 

culated using formula (2.5). So the above results for 

a ~ and a ;q should be regarded as fai'rly rough esti

mates. At the same time the slope a i's insensitive to 

variations of the parameter q because the dependence of 

the expression (2.8) on q is supressed by factor 

m 'ir / m; . This suppression accounts also for that 

the theoretical value of the slope a differs a little 

from the experimental one even without involving the q -

pole graph, although the decay rates in this case are 

much smaller than those observed 13 , 41. 
Finally, we should like to stress that in the model 

under consideration the use of the su
2 

xSU
2 

invariant 

"q"q -interaction (2.3) does not lead to contradic

tions. However, one can not presently rule out the pos

sibility of the chiral symmetry breaking "q"q-interac

tion: 

2_ S .B. ( " ' q ) 
h q 2 -;, 2 , 

14 



where h is an appropriate coupling constant. For instance, 

if '11 000 < O and /JTT7/~ - 0. 05 the allowed values of the 

constant h lie within fairly broad boundaries:-1,2:::h::: 0. 

It is of interest, if one takes the earlier data on the 
. /11/ 

slope : 
m2 

a =-0. 48 + 0. 04 then I h \ .;;. -1!....- \ q \ is needed 
- ' 2 f " 

11 

for consistency of the pole model with experiment. 

4. Con c 1 us ion 

The performed analysis indicates that the appreci

able 117J-scattering is needed to exist at low energies for 

success of the conventional description of the 7/ ➔ 3 11 

decay in su
2 

xS½ symmetry. As the experimental informa

tion on the process 111J ➔ 111J is not available at the pre

sent time, it is an open question to what extent our re-

sults for the 11 1/ -scattering lengths a%r, and ·a~ cor-

respond to experiment. In this connection, it is natural 

to try to estimate parameters of the 111/-scattering am

plitude from theoretical speculations, for example, using 

SU 3 x SU 3 symmetry of strong interactions1141 • The effec

tive Lagrangian f em( 11,1J) which describes 110 -1/ and contact 

1J ➔ 311 transitions has the same form under SU 3 x SU 3 

and SU 2 x SU 2 • However, the form of the strong Lagrangians 

for the pseudoscalar mesons is different in theae two 

cases. In particular it can be shown that the invariant 

interaction Lagrangian of Goldstone mesons, under diffe

rent nonlinear realizations of su 3 x SU 3 ~ does not contain 

15 



terms responsible for "~ -scattering. An insertion of 

symmetry breaking with transformation properties of re-
- - /15/ presentation (3, 3) ~ (3,3) of SU3 xSU3 results in 

the nonderivative 1TT/ -interaction with the constant .. 
1 m2 

h =--7 ;(q~O). We note that this result corresponds to 
12 f" 

the restrictions on the "~ -scattering amplitude found 

in work121 . With such values of the constants q and h 

the graph with ~ -pole gives extremely small contribution 

to the~ ~3" decay amplitudes. Thus, our approach en

counters difficulties in the case of SU3 x SU3 symmet~y. 

A possible way of avoiding these difficulties will 

be discussed elsewhere. Here we would like only to ~tress 

once more that at the level of su
2 

x sq 2 symmetry one 

succeeds in describing fairly well the process ~ ➔ 3" 

within the framework of conventional pole model. 

The authors are grateful to Dr. V.I.Ogievetsky for 

valuable qiscussions ~nd remarks and Drs.A.T.Filippov, 

S.B.Gerasimov, I.V~Polubarinov, B.N.Valuev, A.N.Zaslavsky 

for useful discussions. We also thank Dr. J.N.Passi for 

the help in preparing the manuscript. 
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