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Pacnag n +37 u mnp = paccesHHne B KHpaibHOM 502 x502 CHUMMETPHH

MposoanTca ananua npobiembr pacnana n -3n B KHpalbHOR S_U2 x SU,
cuMmerpuu., IloxasaHo, 4TO H3BeCTHBIe TPYAHOCTH OGLIYHON NOMOCHOR
MopjeiM CpBd3aHbl C HedOOUeHKO#l poax rpaduka C 17 ~ME3OHHBIM IOITIOCOM.
Takaa Moagelb OKa3bBAeTCH NPUI'ONHON ANS ONHCaHHA pacnana 7 » 3w :
npn pasyMpoM BhiGope koHcraHThl 70 -7 nepexoaa lg” | ~ 0,05 ynaercsa
YOOBNETBOPHTEL SKCHEPHMEHTANbHEIM AaHHBIM K&K IO IApPHHAM, Tax # Io
3HepreTHYECKOMY cnexrpy pacnaga C NOMOWBIO llapaMeTpa BEepLHHB 7TN71 -
p3anMopeiicTeug B rpaduke ¢ 7 -nmomocoM. Ham asann3 noasonseT NOMydYHTH
npencka3apna ANd S—y P ~BOJIHOBBIX AHH 717 ~pacCegHHus:

1a | ~02m~! ; lal | ~0,1m—3 .
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n » 3r Decay and =n =-Scattering in Chiral
‘502 x502 Symmetry

The problem of the 7 »37 decay in chiral SU, x SU,
symmetry is investigated. We argue that the well-known
difficulties of conventional pole model originate from
underestimating the role of the 75 -meson pole graph. This
model is shown to be suitable to describe the 7 - 37 decay:
at the reasonable choice of the #0-5 transition constant
|41 ~ 0.05 the experimental data on both decay widths
and’ energy spectrum can be satisfied by fitting the para-
meter of m777-vertex in the 7 -pole graph. Our analysis
leads to predictions for the s -and p -wave 77 —-scatter-
ing lengths o | _o2m~;  |al | ~ 01m=S. ‘
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1. Introduction

The conventional approach to the current algebra
descfiption of the 7 »3r 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 /1/ has shown that under these assump-
tions the 75 -+ 3n decay is forbidden in the SU,x SU,
symmetry limit . m_=0 . Dolgov et al. /2/ and‘Bardeen’
et al. /3/ have considered the pole model for the n »3n
decay and have argued that this process can only proceed
via the SU, x SU, symmetry violation induced by non-
zero mass of pion. They have obtained the prediction
for the Dalitz plot distribution in the n-r*z"z° decay
in agreement with experiment. However, within the frame-

work of standard scheme all attempts to derive the satis-



factory results for the 7 » 37 decay rates were unsucces-— -

vsful/z“s/. In this connection different suggestions have
been made to take the alternative form for the 5 +3» 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 1+ 37 decay description in the
SU, x SU, current algebra are not of principle; these
aré because of underestimatingthe role of the 7 -meson
pole diagram. In fact, the careful analysis indicates
that the conventional pole model based on the broken
chiral SU, x SU, symmetry can describe the 7 » 37 decay
sufficiently well. _ ‘
In our analysis the effective Lagrangian method is
used. The pole amplitude for 5 » 3r involves the contri-
| butions of the contact 7 » 37 graph and of the graphs
with nQ-and 7 ~meson poles. The amplitude is proportional
to the #no0-'5 transition constant g - which can be eva-
luated through U -spin invariance'/2“5/. Note that in
the framework of electromagnetic interaction with conven-
tional transformation properties under SU2><SQZthe 70—
transition is described by the effective coupling with
derivatives/3é”n%‘ﬂoa# 7 . Therefore it is natural to
apply the "current-mixing" model for the electromagnetic
§U, -breaking to evaluate ¢,, with respect to U -gpin
(instead of the "mass-mixing"” model usually used). The

"current-mixing" model gives the reasonable valuegmfwo.os.



We don’t assume the contribution of the 5 ~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 n -+ 3 decay. The 5 -pole graph contains the
strong vertex of rmpm ~interaction which is character-
ised under SU, xSU, by one coupling constant ¢ . This
constant serves as a parémeter. It turns out that both
decay widths and the slope of the Dalitz plot for the
nontaT a0 decay can be fitted in good agreement with
experiment by single parameter ¢ . Taking the observable
width of 4 + 30 as input, we obtaih, because of
uncertainty in sign of decay amplitude, two'élternative

values for ¢ :

“1) ¢ =6+06; . 2) g =47+ 06 .-
Correspondingly, we have two valuyes for the Slope ai.

1) a ~-059; . 2) a ~ =057,
which agree well with the latest experimental data /9/
2’ == 0,58+ 0.01.

The preéent approach leads to reasonable predictions
for the parameters of the low-energy nn -scattering
amplitude. Using the above values of the Ty —coupling
constant ¢ we find that the 'S -and * P ~wave mn -scatter-~
~ing lengths 40 and a! must be of order of the nr - '

: : 77
scattering lengths given by current algebra calculations:




1) a° ~'0.20m~! 2) a% =~ -0.16 m!
m

77 m 7
al w-0,07m=3 al = Q05m=3
ny n an m

2. The Pole Model for the 7 =37 -Decay

In constructing the » » 37 amplitude we confine our
con51deratlon to the following diagrams /2,57,

//ﬂ ‘,//27

—@E ——-r @-___,,

T~p

\

(a) (8)

N

/

(c) 7 o L

Fig. 1l.(a). Contact graph in 5 -+ 32 ; (b) Pion pole
graph in 5 - 37 . (c) Eta pole graph in =% - J3=.

|
The strong iﬁteraction vertices in these graphs

can be determined from the effective Lagrangian

SRS £S'B...-_[(a 7)? +(a a)] (1-2¢f779%) - (2.1)
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where # , n are fields of 7 -and 7 ~mesonsx/,
o= (ff,—.,-’;:‘z) + f,=95 MeV is the pion decay constant and

g is the coupling constant, which characterizes the
strong 7 -interaction. This Lagrangian contains the
chiral invariant term 30 and symmetry breaking term
Lop=m? f o which belongs to the representation 710/
(1/2 ,1/2 ) of ‘502 x 502 .

The vertices wunn and w7y are given by terms

of the fourth order in fields in the Lagrangian £st

-

€ () =m-L110 F)o (=Y + m (32?1, (2.2)
int 8§ T q " T

£ (i) =afy (3,7 )" 7. (2.3)

x/ The field # transforms in the following way /107,
dr=-dxd+ BV(IZ-77) where « and B are parameters

of Ssz Su, transformations; #n 1is the chiral scalar:
8y = v -

-



The »%- n and contact 7 - 37 transitions are desc-
ribed by the effective Lagrangian £, (77 ) with transfor-
mation properties of the conventional electromagnetic in-
teraction. The simplest £, (77 ) takes the following
form./3/

0

-1 13
£~ 0 = 9 d +
#"15# grm P

Ty

£em(‘ﬁ,n)=g
(2.4 )

1 -2 0 . > 2 0,> .2
TTgrrnfrr a#n[rr a#(rr )—6#17 (r)°1 + ...

where JSZ is the neutral component of the axial-vector
current calculated from the Lagrangian (2.1).

In general, the parameter é”ﬂ of 7%-n transition
must be of the order of e? . By SU() the »’-n transition
‘may be linked with the electromagnetic mass shift of n -~
and k-mesons. In the earlier calculations /2'5/ the

70— n transition parameter é,, was estimated from the
"mass-mixing” model for electromagnetic violation of

SU(3) symmetry. However, it should be remarked that the
electromagnetic #%7n ~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 #%7 transi-

tion constant



1 -2
kO

—m;i) ~= 0.05. (2.5)

The amplitudes of n»n*n'no and n-.3n° decays ,invol-
ving the contributions of graphs (a), (b) and (c), are
of the following form

m? mfl L 2E m?
me 2T 2 [(1-2q)(1~ )+ 24 1,  (2.6)
+= m T 2 - m? m m 2
] ™ ] U]
2 -
! o f—z——ﬂ———[1+2q(3 ~1)1, 2.7)
000 a2 m2 :

d

n

where E 0 denotes the neutral pion energy. In these
amplltudes, the terms proportlonal to the .7y -scattering

constant ¢ are just the contribution of the graph with
n -meson pole (Fig. 1c)*/.

.x/ First the >n~pole graph was considered in the
work /2/.



From the matrix element M we find a , the slope

+-0
of dlstrlbutlon on the Dalitz plot for the 5 - 2*s~ 2% de -

cay */:
--m-mno m= m _ m+-mo q m2 -1
a =-2-1 T (144 T 6 )", (2.8)
29 - 1
mv mn q mn

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

and M,,, are proportional to m, and therefore tend to

m
zéro in the SU, x SU, symmetry limit m_-» 0 in accordance

with the result by Sutherland /1/,

3. The n - 3 Decay and ry —Scattering

In this section we show that the 75 » 37 decay can
be described well enough in the standard pole model de-
fined above. The crucial point is that the graph with

n ~pole gives the essential contribution to the 7 » 37

amplitude.

_ %/ our choice of coordynates on the Dalltz plot is
the same as in works o*1+a(ly/ T ~-1) where
T, is the kinetic energy of neutral pion;

T =-;—-(m”4-m”o-tn&+- m ) is the average kinetic energy.

10



Expfessions for both decay rates and slope (2.8)
of the Dalitz plot distribution in mode 7 » 7t 7~ 2% involve
mpan —coupling constant ¢ as a parameter. In order to

fix this parameter more accurately one should use the
experimental data on decay rates rather than those on
thé energy spectrum since the slope (2.8) dependg on ¢
weakly. We take the observable 7 300 decay width /12/
T&x7nr»3n°) = (0.80 + 0.21) keV as input and express the
constant ¢ in terms of the matrix element M,,, and the
70 - n transition parameter €ny making use of the for-
mula (2.6): '

o= .61 - U, -1 . : T .
g = 0.616 0276gm7 mooo_ (3.1)

It is [Myel = 0.98 % 0.11 that corresponds to the par-
tial width "%y -3 %) . Using the estimate (2.5) for

gnn ; we obtain the following values of the parameter ¢ :

5.96+ 0,61 (3.2)

1. mooo> 0 q

)
=
A
o
=]

It

-4.7240.61. (3.3)

The theoretical ratio r =I(7-37°) /T (n » ntn~n%)=~1.6agrees
with experiment 712/ so T (n »atma% is also fitted well
with above choice of the parameter ¢ . -

In verifying the applicability of the conventional

pole model for description of the np +3r decay predictions

11



for the slope e« should be consgsidered crucial. Eliminating
the constant ¢ from egs. (2.6) and (2.8) we obtain a rela-

tion between a , W(wo and &, *

-1
a=!=(0.604 —1,444 g~ M ) --1,723 ., ‘ ( 3.4)
i o 000

With  £,,=-0.05 and Mgl = 0.98% 0.11 this formula

gives

- 0.593 1+ 0,002
- 0.567+ 0,002

1. 511000>0 a

2. n < 0 a
000 *

1]

| .
'Fhese predictions agree well with experimental value/9/ |
2°Ps 0,58+ 0.11. |_

The matrik element for n - 3r is connected witﬁ am-
plitude for »zn - 77 in the Present approach, therefore
we can determine low-energy mn —scattering parameters
using the experimental data on the n = 3n decay. It is
important to stress here that the model under study would
'be considered fair provided the restrictions on the amp—

litude =7 » »n are reasonable.

The amplitude for the process =7 » nn is calculated

from Lagrangian (2.3):

12



- - =2 - 2 .
Man »an ) =2f"“q(t 2m17 ) (3.5)

Fig 2, »7» =-scattering.

where t =-(P -P_ )? . The s -and p-~wave w7 -scat-
i Ut
tering lengths are given by:

m
al =- - J q = - 0,033 gm=—! , (3.6)
; 7
7y 417!”(mn + m )
1 1 9
a’ = g = 0011qm—3 | (3.7)
w .
mn 127f2 (m +m )
w 7’ w
Now it is easy to find a? and a’ which corres-

™ mn
-pond to values (3.2) of the wmnmyp -couypling constant g .

0 -1, .1 _ g _3l

1. Mypo> 0 a,,,,=-°-2°t 0.02m~" ; 8 = Q07 + 0.01 m " ;

.M <0 a® -016+002m=! ; al =-0.054+ 001 m—3,
000 wn - 7 n - m

13



Thus the =7 —-scattering lengths turn out to be
of the same order of magnitude as the wr -scattering
lengths calculated in current algebra /13/, This seems
to be sensible and serves as an argument in favour of
that the conventional pole model based on the SU, x SU,
symmetry is suitable to describe the 7 -+ 37 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 |m000| and to the possible devia-
tions of the value of the constant gm7 from that of cal-
culated using formula (2.5). So the above results for

0

a8 m and should be regarded as fairly rough esti-

871777
mates. At the same time the slope ¢ is insensitive to
variations of the parameter ¢ because the dependence of
the expression (2.8) on ¢ is supressed by factor
mf, / m% . This'suppression accounts also for that
the theoretical value of the slope ¢ differs a little
from the experimental one even without involving the 7~
pole graph, although the decay rates in this case are
much smaller than those observed /3!4/.
Finally, we should like to stress that in the model

under consideration the use of the SU, xSU, invariant

mqyry —interaction (2.3) does not lead to contradic-
tions. However, one can not'presently rule out the pos-
sibility of the chiral symmetry breaking mnyrn -interag~-
tion:

_ 2 22
Lop (7o) = b 7%,

14



where h 1is an appropriate coupling constant. For instance,
if M,,<0 and €, ~0.05 the allowed values of the
constant 2 lie within fairly broad boundaries:-1,2<h< 0,

It is of interest, if one takes the earlier data on the
L /11/ oa -

slope’~"/: @=-0.48+ 0.04, then || ~ —%—|d| is needed

n

for consistency of the pole model with experiment.

4. Conclusion

The performed analysis indicates that the appreci-
“able =3 -scattering is needed to exist at low energies for
success of the conventional description of the 7 »3n#
deca§ in SU, xSU, symmetry. As the experimental informa-
tion on the process =7y +»77 is not available at the pre-
sent tiﬁe, it is an open question to what extent our re-
' 0 and ‘a’. cor-

m m
respond to experiment. In this connection, it is natural

sults for the 77 -scattering lengths @

to try to estimate parameters of the m —scattering am~
plitudé from theoretical speculations, for example, using
SU; x SU;  symmetry of strong interactions’ 1%/ . The effec-
tive Lagrangian £ (m7) which describes 7°-7 and contact

7 » 37 transitions has the same form under SU; x SU,

and 502><SU2.However,‘the form of the strong Lagrangians
for the pseudoscalar mesons is different in these two
cases. In particular it can be shown.that the invariant
interaction Lagrangian of Goldstone mesons, under diffe-

rent nonlinear realizations of SU,; x SU,;, does not contain

15




terms responsible for =y =~-scattering. An insertion of

symmetry breaking with transformation properties of re-
presentation (3,3 @ (3,3) of SU; xSU, /15/ results in
the nonderivative m -interaction with the constant
2 -
h =_l_ mg,-(q=0).We note that this result corresponds to
12 ff

'tHe restrictions on the 77 ~scattering amplitude found

/2/

in work . With such values of the constants 9 and %
the graph with 7 -pole gives extremely small contribution
to the 7 237 decay amplitudes. Thus, our approach en-
counters difficulties in the case of SU; x SU; symmetry.

A possible way of avoiding these difficulties Qill
be discussed elsewhere.'Here we would like only to Stress»
once more that at the level of Su, x SU, - symmetry one
succeeds in describing fairly well the process 7 » 3rn
within the framework of convent10na1 pole model.

The authors are grateful to Dr. V.I.Ogievetsky for
valuable discussions and remarks and Drs.A.T.Flllppov,
S.B.Gerasimov; I.VLPoiubarinov, 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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