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Decaysw(782), ¢(1020—54 in the hidden local symmetry approach
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The decaysv— 2727~ #° andw— 7" 7w~ 37° are reconsidered in the hidden local symmetry approach
(HLS) with added anomalous terms. The decay amplitudes are analyzed in detail, paying special attention to
the Adler condition of the vanishing of the whole amplitude at a vanishing of momentum of any final pion.
Combining the Okubo-Zweig-lizuka rule applied to the five-pion final state with the Adler condition, we also
calculate thep—27 27~ 7° and p— =" 7~ 37° decay amplitudes. The partial widths of the above decays
are evaluated, and the excitation curveseine™ annihilation are obtained, assuming specific reasonable
relations among the parameters characterizing the anomalous terms of the HLS Lagrangian. The evaluated
branching ratiosB ; . ,+ ,-3,0~2X10 " andB_,+2,-,0~7X10 " are such that, with the luminosity
=500 pb! attained at the DA&NE ¢ factory, one may already possess about 1685 events opth&r

decays.
DOI: 10.1103/PhysRevD.68.074009 PACS nunifer13.30.Eg, 11.30.Rd, 12.39.Fe
I. INTRODUCTION 1 ) 1 ) 1 by 5 ) 1
L= — ZPMV_ ZwMV+ Eangw(pMJr ‘”M)JFE(‘?#”)Z
The purpose of the present paper is to calculate the
branching ratios of the decays 1 2 5 m2 . 1 [a )
- = — | == =|[7X
2 Me™ + g2 ™ + 52| g~ 3/lmX 0]
wo— 7 7 370, 1.1
(L1 1 w
w—27 27 70, (1.2 &
where the dot () and cross X) stand, respectively, for the
d— w370, (1.3  scalar and vector products in the isotopic space,
and p,uvzap.pv_é’vp,u_l—g[p,u.xpu]v
,,=0d,0,—d,0, (1.6
d—27 2w o, (1.9

are, respectively, the field strengths of the isovector figld
, ) and the isoscalar fiela, , g is the gauge coupling constant,
in the framework of a chiral model for pseudoscalar and lows _— g2 4 MeV is the pion decay constant, aads the HLS
lying vector mesons based on hidden local symméyS) ~ parameter. The boldface characters refer hereafter to vectors
[1,2]. This model incorporates vector mesons into chiraliy jsotopic space. As is clear from E€L.5),
theory in a most elegant way. The fact is that the low energy
theorems for anomalous processes such as, say, the decay 1
m— yy, are satisfied automatically in HLS. Since the gen- 9prr= 520,
eral form of both the nonanomalous and anomalous parts of
the Lagrangian is given in Refgl,2], we write down here
the weak field limit of the above Lagrangian restricted to the m,%:angff (1.7
subgroupSU(2)xU(1) with only the isovectors, p and
isoscalarw mesons taken into account. Including the cou-are theps coupling constant and the mass squared, re-
pling of the ¢(1020) meson with mesons composed of non-spectively. Thew(782) is degenerate with in the present
strange quarks demands additional assumptions to be dimodel. Note than=2, if one requires the universality con-
cussed below. diton g=9d,,,. Then the Kawarabayashi-Suzuki-
The nonanomalous part of the HLS Lagrangidenoted Riazzuddin-Fayyazuddin relatigd] arises:
as “nan”) is obtained from the general expression of Refs.
[1-3] and looks like 2 g2
—zgp’jf” =1, (1.8

m,
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cays will be of concern here, we omit the terms containing
the electromagnetic field. Again, restricting ourselves to the
weak field limit and to the, w, and = fields, we arrive at
the expression

pling constant resulting from this relation gs ., =5.9.

To include the decays of the meson to the many pion
states one should add the anomalous tgdesoted below as
an”). They are given in Refd4.1,2]. Since only strong de-

g ncg
an= ﬁ(cl C2—C3)& uuno® (3V77'[¢9x77><67a77])+m —C1t §(Cz+03) € uino® (3,7 [\ WX, 7)) 7
n.g c3 1
- Wsyv)\oaywv (p}\ (9(,.17)"‘ E[(p)\ 77)(77 (90'77)_ ﬂz(p)\ (90.77)]

neg’

2f (Cl+CZ C3)8,u.1/)\0 (19)

1
| f2 ((?V” p)\)(ﬂ 070'77)_ %([puxp)\] : 070'77)] ’

wheren.=3 is the number of colors, artj , ; are arbitrary  (OZI) rule is violated in the decays @ mesons into states
constants multiplying three independent structures in the sazontaining no particles with strangeness, the effective La-
lution [1,2] of the Wess-Zumino anomaly equati¢B]; the  grangian for thep— 7" 7 37° and¢p— 27+ 27~ #° decay
fourth constant, multiplying the structure that includes the amplitudes is written. Under assumptions about the free pa-
electromagnetic field, as explained above, is dropped. Ouameters of this Lagrangian similar to those far, 5 the

normalization ofc, , 3 is in accord with Ref[2]. As is evi-
dent from the second line of EL.9), the wpm coupling
constant is

B ncg’cs
817sz '

(1.10

gwpﬂ':

branching ratios and the" e~ annihilation excitation curves
for the five-pion decays of thé are given in the same sec-
tion. Estimates of the number of events of the decay$
—7t7 37% and w,¢p— 27 27 =0 at the respectiven
and ¢ peak positions and general conclusions about the pos-
sibilities of detecting the decays under consideratioa'ia~

_ annihilation are given in Sec. V. Kinematical relations ex-
Assuming

(1.1

, the absence of the pointlike—wr 7~ 7° amplitude,
and using thew— 7" 7~ 7% partial width to extracty,,,
and thep— 7" o~ partial width and Eq(1.7) to extractg o
6.00+0.01 (assuminga=2), one finds ©

(1.12

where the errors come from the errors of thendp widths.
Hereafter we use the particle parametérasses, full and
partial widths, etg.taken from Ref[6].

The remaining material of the paper is organized as fol-
lows. Section Il is devoted to obtaining the— m* =~ 3m° n+(0ﬂ) _
and o—27 27 7% decay amplitudes from the /
Lagrangians given by Eq$1.5 and(1.9) and verifying the
Adler condition for their expressions. The results of the o
evaluation of the branching ratios at thepole position and ).
the calculation of the excitation curves of the above decay
in e"e™ annihilation are given in Sec. lll, imposing the natu-
ral constraints on the parametecs,; characterizing the
anomalous terms of the HLS Lagrangian. As is shown there,
the branching ratios evaluated depend insignificantly on the
exact form of the constraints. The reason for disagreement F|G. 1. The diagrams describing the amplitudes of the decay
with our previous evaluations] of the branching ratios for 7" 7~ 37° through thep intermediate state followed by the
the decay$1.1) and(1.2) is explained. In Sec. IV, guided by decay p—4#. The shaded circles refer to the whote—4
specific assumptions about how the Okubo-Zweig-lizukaamplitudes.

Cl_Cz_C3:0,

= gp‘IT7T

=0.99+0.01,

m°(qs,)
@)

n"(os) /

“\_n*(q)

@), ()

n“(q,)
- (q)

Y
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(@) ' (q,) ()
) @)
o S (%) ) ) (%)
o —’ ”””” (%) + —nof ””””””””
@)+ L
N m°(qs)
TP .‘:\\ nO(OG) no(q4) ,/.\\\
"\\ ) no(qs) 1 : nO(q4)
) ()
/ () T (q)
A N Y |
w w w @) w (@)
(L+Ps +Pg) + WRHR)| T T + 7‘{\ ””””””” @
7-[— \\\ ﬁ \\\ T[+( ) 7'[ ‘- ‘-
® e @ T R SR
@) | C R L,
7°(q,) (@)’ n°(q,) m° (ds) (@) m°(d)

) o _ FIG. 3. The diagrams describing the contributions to the
FIG. 2. The diagrams describing the amplitudes of the decay , .+ ,-3,0 decay amplitude via pointlike vertices. The shaded

w— a7~ 37° through thep intermediate state followed by the ircles refer to the effectiver—s 37 vertices given by Eq(2.2.
transitionsp— 27 and m—3m. The shaded circles refer to the

effective m— 37 vertices given by Eq(2.2). Note that the non-

-pole term is included in the diagrams in Fig. 4 below. dicating neutral because three neutral pions are in the final

statg will designate this particular isotopic state. The ampli-

pressing the Lorentz scalar products of the pion momenti/de corresponding to Fig. 1 includes the four-pion decay of
through invariant Mandelstam-like variables, which are necihe intermediatep meson which was extensively discussed

essary for the phase space integration, are given in the AfD: €.9-,[7]. The Lagrangian due to Weinbefg] was used in
pendix. Ref.[7] to find the expressions for the— 47 decay ampli-

tudes. This Lagrangian is different in coefficients as com-

pared to Eq(1.5 above. However, one can show by direct

computation that due to the well known parameter indepen-

dence thep— 47 decay amplitudes resulting from the above
In this section, we obtain thes— 7" 7 37° and o Lagrangians coincide. The reason is that the terms propor-

—2w 27~ ¥ decay amplitudes and study their Adler limit, tional to D (k) in the m— 37 amplitudes,

i.e., the limit at vanishing four-momentum of any final pion.

Our notation for the Lorentz scalar product of two different - 1

II. THE w—ata 37° AND w—2nt 27 #° DECAY
AMPLITUDES

0

four-vectorsa andb is (a,b) =agbg—(a-b), while the Lor-
entz square is denoted as usuahasWe divide the presen- (@) (@)
tation into two subsections for each above mentioned isoto- 1
pic configuration of the final state pions. L D L SO
w (%) w (@)
A. The w— w7~ 3#° final state A+R+R) rr(qz) ””””””
The diagrams for the amplitude of the decay (@)
6 o o Lo, . ()
Wq— g, T, Tq, Mg, o (2.2 m°(q,) (q,)

where we explicitly label each particle in the reaction by its
four-momentum, are shown in Figs. 1-4. Let us give the FIG. 4. The contributions to the— =" 7 37° decay ampli-
expressions corresponding to them. The upper indgxin- tude arising due to the chiral vertex— p3.
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M (7, —>7-rar 7Tq2 a) 7T+(q1),
1 ~
:ﬁ(l‘FPlz) —a(gy,q3)+(a—2)(q;,92) o
. p+ S n (qg)
(d2,93—01)
2——_
+anm, D,(d1+ ) 3D77+(k) ,

M(ml — i md 7))

.................. 1 (a)
a,Mas™ay

1

Permutations of 345
2—2( 1+ Pgy)

—(a—1)(q3,q4) +(a—2)(qy,03)

()
, (04,03~ 01) (@)
+a Pm_ng+(k) ,
pAHLT S FIG. 5. The contributions to the— =" 7~ 37° decay ampli-
tude via the intermediate state with twomesons. Total number of
M(wk—> wq ;2 85) diagrams of this kind is 3+6.
1 . are the inverse propagator of themeson and its two-pion
2?(1+ P1)| —(a—1)(g4,92)+(a—2)(91,05) decay width, respectively, and
2 2
O — 1 D +o(k)=m’ . o—k (2.9
+am,§—([?2 9-Gs) EDﬁo(k)},
p(d110s) is the inverse propagator of the™° meson. The following
) shorthand notation for inverse propagators of the partcle
70 will be used:
M (70— mq mq mq.) = w0 (2.2
" DAabEDA(qa+qb): DAabCEDA(qa+qb+qc)- (25)
which vanish on the pion mass shell, give the noipole
terms in thep—27—47 amplitude. When added to the

Let us give the expression for each diagram in Figs. 1-5.
pointlike p— 47 amplitude, they make their sum parametercc:gﬂzgt?gﬁ ,c)?ﬁ[rfg;thfnfeogggi(;rgentum and four-vector of
independent. The same occurs with such terms in the expreg- '
sion derived from Fig. 2 below, which should be added to the
expression derived from Fig. 4. The final expressions for the M(n)_gwpﬂ'gpﬂ'ﬂ'
full w— 7" 7 37° decay amplitude will be given below. g2 &urotu
Hereafterlsij is the operator of permutation of the pion mo-

€, (1+Past+ Py Ao

D,(d—0s)
mentag; andq;, xJ( —>7'r a 2)+(1-P QL
AP a0, D, (q—0y)
D, (k)=m2—k2=i\kT,_ .+ .- (K?),
XJO.(p+—>’7Ta— 7Tq3 q4 35 (2.6
2
FP—MTJrﬂ"(kz): M

(k2—4m?2, )32 (2.3  for the diagrams of Fig. 1. The— 4 decay currents in Eq
48mk? T (2.6) are[7]

3o g

4,05 Tq,) = (1= P1o)(1+Pgy)

e {( 2q,)+a )( m, 1”
a - 1 - a 1 - -
°[} 4 D e 0s3,04— 202 0s3,92—0Q4 D

p24
2

W[(Q3+ 01) (01— 03,92—04) +2(d3— 1) ,(1+ 03,02~ 4) |
p13

+2(an CS) : ( g g ){ [(K.G2)(03.9)
8 Dy123\Dp12 Dpiz Dpos - 203m U101 (K,02)(]3.04

—(k.qs)(Qz,q4)]+q3g(k,q1)(qz,q4)})

2.7
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T@ 7@ T@ 7@ T (@)
i /,, ’r/’, ﬁ(%) 1 l/, ! “n’(qg) "’
L ) oo P -
wy fffffffff T (q,) @ [ () w o @)
+ a+R)—< + @RER) — +
@) (@) @
(@)
) ()
T@ T
@) @) ()
P i . .
p @ [ @ O
w .o - !
O p -
a+P) — i/ L v
(1+PRy) + @+R)
() T N TN ()
,,,,,,, : .
() X
FIG. 6. The diagrams describing the amplitudes of the decay N ! n’
w—2m" 27~ 7° through thep intermediate state followed by the @) 7(q,) T (q,) @)
?uedcjgpﬂdm' The shaded circles refer to the whele- 4 ampli- FIG. 7. The diagrams describing the amplitudes of the decay

w— 27" 27 w0 through thepr intermediate state followed by the
transitionsp— 27 and m—3w. The shaded circles refer to the
(with k=qg;+9,+0qz+0q4), where effective w— 37 vertices given by Eq(2.2). Note that the non-
m-pole term is included in the first pair of diagrams in Fig. 9 below.

D yabe=Do(Ga+Ap+de) =M>—(qa+ap+ac)®~im,I,,

gw 7Tg mT fal Fal fal fal
2.8 'Vl(zn):_%(l_l:)lz)(l‘F Past Pus)(1+P3y)
% d1)\s¢ 5
is the inverse propagator of the (we take the fixed width & purnolu€y D ..D (d3.04—202)
. . . pl5 w+234
approximation for thew meson because the resonance is
narrow), and A )( mi _1”_ ql}\ngmio
372 TAD 6D 15D ;0345
(2.10
J,,(p+—>7751778377847785)
The expression for the diagrams in Fig. 3 is
A 5. 1 Zmio
=(1+ P34+ P3s)| 3014 1— n.g . . .
3 D7TO345 M (3n) :%(1_ P12)(1+ P35+ P45)8/.LV)\(Tq,u6V
327t
Q3o a
+ (1+ P45)[(Q4,Q5_2CI1) 4c;—5(cytc3)
7+ 145 K3 nl™ 3(cy—Ccy—C3)
m2
+a(qs,0q5— : —1” : 2.9 = | 9ndse
(G4.9s ql)( D,1s 9 X(1+ P34)[ [(Q3,Q4_2CI2)+3(Q37Q2_Q4)
7234
my 01020
, , o x| 5 =1 |+ (d3.04) | |- (2.1
The expression for the diagrams in Fig. 2 is p24 3D ;0345
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(@)
,ﬁ (@ Tf (@) ”
W L TT(@) @ j o
_" ’ ”””” us (%)—*— (]:*‘P) Q‘+P34) ffffffffff + ) o ST %
T (G) 7-10 . 77777 (%) GHR)ER) N (%) +
e o 7T (9,) 7 (q,)
d (@)
(@) TT (%)
! () T (q)
’ w @) /
w S i
L+ Po) = @ L (14R) g i @ P @
T rf () - (@)
® o @ WP — T L aemy L
e @)
@ ) @ @ (@)
T () LT (g,)

FIG. 8. The diagrams describing the contributions to the

i e~ o .
2727 «° decay amplitude via pointiike vertices. The shaded G- 9- The contributions to the — 2727 7~ decay ampli-

circles refer to the effectiver— 3 vertices given by Eq(2.2).

Notice the relation

ncg _ gwpﬂ'gpﬂ”rr
327t £2

2¢3m;,

which is useful for easier comparison of the present contri-
bution with others. The expression for the diagrams of Figs,

4 and 5 are, respectively,

M= — 207D (1B (14 Bagt Page s
€,(d1—0ds)\ C1+tCy—C3
X——o5— o 5 U2u(d3T0a)
20,15 qu.920— 2¢, 02,0304
(2.13
and
2
gwpﬂ'gpﬂ'ﬂ'm C;tCr—C3 ~ ~ ~
M= = P, ac, (1—P1)(1+ P3gt Pys)
€,(01—03) ,(02— Q4)xQSa
XEymo 2.14
pn DplBDp24 (
The full w— 7" 7~ 37° decay amplitude is
M(wq— 77'+ 7Tq2’778377347T85)
=MP+MP+MP+MP+MmO . (2.15

1
5, (2.12

tude arising due to the chiral— p3 vertex.

one should invoke a method to control the calculations. We
take the Adler condition as the method of this control.

1. Verifying the Adler condition for thew— =7~ 3%° decay
amplitude

The Adler condition is the condition of vanishing of the
amplitude of the process with soft pions when the four-
momentum of any pion is vanishing. Pions emitted in the
decay w— 57 [7] are truly soft, because they possess the
typical momentunjq,|=0.5m_. To verify the Adler condi-
tion, we set any particular pion momentum to zero. The cor-
rect expression for the amplitude should then vanish.

(i) g;=0. The contributions of the diagrams Fig. 3, 4, and
5 vanish; the contributions of the diagrams Fig. 1 and 2 are
equal in magnitude but opposite in sign, and hence they are
canceled. The Adler condition is satisfied. The case 0 is
obtained from the casg,;=0 by the permutation property

[see the operator-1P,, in front of each expression in Egs.

(2.6), (2.7, (2.10, (2.1, (2.13, and(2.19].
(i) g3=0. Here the situation is more subtle. Let us rep-
resent the amplitude a@;=0 in the form

ga)p’JTgp’lT’TT

M"(g3=0)= (1= P1)(1+ Py

ko

X E,uV)\U'EVT,u)\U' .

Then one obtains the following contributions to the tensor

Since the expression for the amplitude is very cumbersome, ,, , from the diagrams of Fig. 1-5, respectively:
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0,,(d1~ Ga)1\ 0o B ] i
Te="—3p @ @)
T(z) qp.ql)\q40'
MR Dy
_ HRIER)
3) _ 1 Ci+Cyr—C3
T,u}\a_ - 4_”]5 Q;LQ1)\q20'+ Cs ’ ql,qu)\Q40' )
1 |3 - 20, Qs)y— 2 ‘
(4}3 _t Q1x(312a+ (01— 04)x(202—05) »— 201)\Us0 (@)
KA 6T om? D14 L _
P
C1+Cy—C3( U2,(d1—0a)\0se  T1,020040 FIG. 10. The contributions to the—2#" 27~ #° decay am-
 4c D14 N m?2 ' plitude via the intermediate state with tywomesons.
14
C1+C2—C3 02,(0d1—Us)\Uss
T,Sf)?a Ac =5 D : (216) (C)_gwpwgpfrﬂ- Osa
3 pl4 M3 —f—zswmqufy m%
In the above formulas, the superscript indicates the label of "
the corresponding figure. Note that when obtaining the con- % (14 P Qax 3
tribution T(), the relation Eq(2.12) is essential. As is seen (p? _>7Tq177q2 a3a,) T ( 34)Dp(q—q4) f’
from Eq.(2.16), the terms with the factorcg +c,—c3) and
without such a factor are canceled separately in the sum. Let %(o* + o+ +(1+P dax J
us check this for the terms proportional 4g/6D ;4. One (p" —7q,7q,q,Ta )+ ( 12g D,(q—qy) "
has for the sum of these terms R(Q,4),(d2+0s),
+404\Qs4,- Using the four-momentum conservation and X(p~ —mi me g wl)|. (2.18
4170370y q5 )

taking into account the tensar,,,,, one can see that the
above momentum combination vanishes. Hence, the Adler
condition is also satisfied in the cagg=0. The cases|, s

; . Here the currents responsible for the four-pion decay of the
=0 are obtained from this case by Bose symmetry.

intermediatep meson are the following7]:

B. The w—2# 2%~ #0 final state

J 0
The diagrams for the amplitude of the decay op —»waququw%)

. R .. 1 1
©Oq— Tq, Ta, T4, Tq, Tag 217 = (14 Py, (14 Pap(1— P13P24)( qlg{ -3+5
7234
where the particles are labeled by their four-momenta, are X
shown in Figs. 6—10. Let us give the expressions correspond- mj
ing to them. The superscrift) (denotingcharged because x| a(9s,q2—qa4) Dp24_1 ~2(03,94) (219

most pions in the final state are charpedll designate this
particular isotopic state. The expression for the diagrams of
Fig. 6 looks like and

= [(Q2aQ3_ZQS)+a(Q2:qg_QS)(D £ _1”

Jo(p" _”Tq (Jlrz ds q5) (1+P12)[ (41— 0s)y— (1+Pyg) oo o

2

Os54 A

+— [_Z(QLQZ)"'a(QL%_QZ)(D—_ +(1-P35)[2(01—0s5) (A1 05,02—03)
7123 p23

(G1+0s) o S 2 (”°g203)2[ (1 P3o)(K,0)(Go,G)
d170s5)s(d1—05,92—03 J2Dp15Dp23 D, a5l 872 Q14 35)(K,03)(]2,05

+03,(1— P15 (K,05)(A1,02) + A5 (1— P19 (K,01)(d2,03) ]

" 1 1 1 Cl_CZ_C3)],

bt 5
D,z Dyis Dpas 2¢3m;,

(2.20
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wherek=q,+0g,+03+qs. The expression fOﬂU(p7—>7T;17T;37T;47785) is obtained from Eq(2.20 by the replacements
d:<0s, 92— 04, and by inverting an overall sign. The expression for the contribution of the diagrams of Fig. 7 is

uprd 01,03 m;
M) = =285 (14 P 1) (14 P3g) £ ol e V|(1+P24>—[<q2,q4—2q5>+a<q2.q4 )| 5 1”
fw p13Y 70245 945
2
A A ql)\q50' m
—(1=Py3P2)———| —2(d3,94) + a(qs,0— Q4)( _1”] (2.21
p15H 74234 D24
The expression for the contribution of the diagrams of Fig. 8 looks like
g 4c,—5(cy+C3) A~ OnOss
M(3°)—32 szs (1+P)(1+ P34)8,uv)\0'qM (f 01003, 3(C1—C2—C3)| (1= P14P2)
71234

CEPNCET

A m?
(1+ P24){(Q2vQ4_ZQ5)+a(Q2'Q4_Q5)(D—pS—1)” ) .

ph
(2.22

Again, the relation Eq(2.12 is necessary in verifying the Adler condition below. The expression for the contribution of the
diagrams of Fig. 9 is

2
_ _ m, |\l
2(q3,04) +a(qs,q; Q4)(D 1”

p24 70245

QopaYpmm 1 | (d1—03)\0se .+~ Ondset 3 (A1~ 0s)\U20
M ==22PT (14 P1) (1+ P3g)e e y{— T (1- PP
4 fw ( 12)( 34)€ o€ 2qu D, 13 ( 13P24) D15
C1+C2—C3[0s5,(d1—d3)\(d2104) &~ 01,(937095))040
4c, D, 15 +(1=P13P2) - . (2.23

Finally, the amplitude resulting from the diagrams of Fig. 10one has the following expressions for the diagrams of Figs.

is 6-10, respectively:
2
Yupr9pmaM, [C1+Co—C3 - 5 1. . da(92—0s)s 9209
M) = ZOPTIPTT P 1+P. ) (1+P (6) OV (1 all270s)s  O22U30
5 2 ac, (1T Pw(1+Ps TiXo(01=0)= 5(1=Pg3)q,, Do " D
A (d1—03) LAar(d2— q5)o'
X(1+Pose no€y 4,920z
2 Dp1dD 25 EZ)\)O'(ql_O) (1- P35)MD—231
(2.24) .

Notice that the product of the operatorsHP;,)(1+ P3,) T7(®) 0—— C1+C2—C3|0,02\0s0
makes evident the Bose symmetry of the fulb Tino(1=0)=—| 2+ Cs am?

—27 27 70 decay amplitude, P

+ 0 — -
M (wq_)ﬂ- 7qu’n-qa’ﬂ-q“/n-qs) (g) (q _0) _ 1 2q2)\Q30'+ (q2 q3))\(2q5 q4)0’
;L)\O' 1 D 35
=MP+MP+MP+MP+ME . (2.25 ’
_ 4d3\0ss 1 (A3~ 05)2(204—02) &
1. Verifying the Adler condition for thew— 27+ 27~ #° decay Dp23
amplitude
. . 3 3
Let us write down the Adler limits of all the above con- +q2}\q50(_+ — }
tributions to thew— 27" 27~ #° decay amplitudes. As an Dp2s  mj

example, the casg, =0 is considered in detail. Representing e
the total amplitude Eq(2.25 in this limit as +Cl C2 C3[qﬂq2>\qa’

4c3 { mi

M(C)(q]_:O) gwpﬂrgpww

(:I-_|—|334)8 V)\O'GVT Noy A A -
f7T ~r I +(1_ P24P35)q3M(q4 qS))\qZU ,

Dp45
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C+Cr—C o the anomalous Wess-Zumino actid, predictedc;=1. We
(10) A — 17+2 +3 . . .
Tine(U1=0)= = —————(1-P2Ps) fix c3 from the w— 37 partial width [see Eqs(1.10 and
3 (1.12]. After taking into account Eq.1.12), the ratioc, /c;
03,(04—05)\ 020 remains arbitrary, and the magnitude of the-»57 decay
X—Dp45 ' (226 width depends on this parameter. We choose its value guided

by the following considerations. Inspection of the expres-
O§ions for thew— 57 decay amplitudes obtained in Sec. Il
shows that almost all the terms except those proportional to
c,+c,—cC3, have the tensor structure

In the above formulas, the superscript indicates the label
the corresponding figure. Once again, when obtaififfg, ,
the relation(2.12 is essential. A close inspection of Eg.
(2.26 shows that the sum of the above tensors vanishes.

Indeed, the cancellation of the pole terms proportional to M
c,+c,—c3 and of all the norp-pole terms is evident. Let us ffr
check the cancellation of the pole terms taking as an ex-
ample the terms proportional ®,/6D ,,5. One has for the
sum of such terms the expression[qg3,(d>—0s),
—Q20s.]- Applying the operator }I534 and taking into Tyo= E Gabd(a)\ () (3.2
account the four-momentum conservation and the presence ash

of the tensore ), one finds that the above combination

vanishes. The cancellation of the remainimgole terms is -1 5, andG,, are invariant amplitudes, whose explicit
L | 1 a 1

checked in the same manner. The caseq,f,=0 are ob- form can be read off the expressions for the amplitudes ob-
tained from the present case by Bose symmetry and by evj

i ained in Sec. Il by gathering the coefficients in front of
dent replacements of the pion momenta. In the cpse0, Gand(s)o- They are very lengthy, so we do not give them

the contributions of the diagrams of Figs. 8, 9, and 10 vanis ere. In the rest frame system of the decayinghe Lorentz
separately, while the contributions of the diagrams of Figs. tructure of Eq.(3.1) is reduced to the three-dimensional

and 7 are equal in magnitude .b.Ut opposite in SIQn,_and hencf%rm &ijk&iTjk» wheregis the polarization vector of the in
they are cgnceled. The' cpnd|t|ons fo_r the vanishing of .thqhis frame, and;j, is totally antisymmetric iri,j,k=1,2,3.
amp“‘“de n the Adler limit obtained in Sec. 1A 1. and N This enormously simplifies the calculation of the modulus
this subsection turn out to be of great importance in obtam-Squared of the amplitude. In the meantime, all the terms
ing the ¢— 57 decay amplitudes. proportional toc, + ¢, — c; have the four-dimensional tensor
structuree ;) ,€,0(a),Ad(b)\d(c)s - The resulting expression
. THE w—at7 37° AND w—27+ 27~ 7° BRANCHING for the modulus squared of the full amplitude turns out to be
RATIOS RECONSIDERED extremely lengthy. For the sake of simplicity, we set

_ ga)p’ngp7T7T

S;LV}\O'qMEVT)\o" (31)

where

is a tensor composed of pion four-momentg,, a

In our previous work Ref7], the branching ratios of the c1+Cy—Cc3=0 (3.3
w—m 7 37 andw— 27" 7~ 7° decays were estimated.
Essential for that evaluation were the expressions for thé what follows. Note that this means that the contributions
contributions of the diagrams shown in Figs. 1 and 6, multi-of the diagrams of Figs. 5 and 10 together with part of the
plied by the specific correction factors stemming from thecontributions from the diagrams of Figs. 4 and 9 are
diagrams shown in Figs. 2 and 7 of the present paper, respedropped. The results of relaxing the condition E8.3) are
tively. This seemed to be justifiable because of the presenddiscussed at the end of the present section. Finally, our as-
of the p pole. As will become clear later on, the nprpole ~ sumptions about the HLS arbitrary constacfs ; anda are
terms are essential.

Strictly speaking, the HLS approach does not givedic- C1=Cz, C=0, a=2. (3.4
tions even for thew— 7" 7~ 7° decay rate, because arbi-
trary constantg, , ; enter the expression for the Lagrangian
Eqg. (1.9. As was pointed out in Ref$1,2], these constants of Egs.(1.1D aqd (3.3. . .
should be determined from experiment. Nevertheless, HLS The expression for the partial width of the decagsl)
relates the contributions to the amplitudes; compare Figs. i‘nd 1.2is
and 2 to Figs. 3, 4, and Bespectively, Figs. 6 and 7 to Figs.
8, 9, and 10, which otherwise appear unrelated. One can T, 5.(S)=
obtain reasonable predictions for the—57 decay rates “eT 2\/5(277)11N3ym
upon assuming specific relations among e, 5 First,
there are no experimental indications on the pointlike wheres=(=3_,q,)? is the total energy squared in the rest
— a7 w0 vertex; hence one can take the relation Eq.frame system of the decaying particle, the Bose symmetry
(1.12) for granted. Second, the constamt[see Eq.(1.12], factor Ng,=6,4 for the reactiongl.1), (1.2), respectively,
extracted from thew— 37 branching ratio, is remarkably anddDs given in Ref.[9] is the differential element of the
close to unity. Note that older chiral modé8 for the vector  phase space volume of the five-pion final state. Note that we
meson interactions, added to the terms arising from gaugintpke into account the mass difference of the charged and

Notice that the above relations amony, ; are the solutions

f |M|2dDs, (3.5
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neutral pions both in the amplitude and in the phase space — 1 T T T 1
volume. In the above formula,

2 3
M2_1 gwp’)Tgp’JTW S 2 T T 2 36 61
IMI"=3 B Ei,j:1| i = Tjil (3.6)

is the modulus squared of the amplitude E8}1) averaged
over three independent polarizations of theWhen evalu-
ating Eq.(3.5), the eight Mandelstam-like invariant variables
si,Uu;,i=1,2,3, and4,t, proposed by Kumar in Ref9] are
suitable. They are given in the Appendix. All the scalar prod-
ucts of the pair of pion four-momenta are expressed via the
Kumar variables by expressions given in the Appendix. For
numerical evaluation of the eight-dimensional integral over
Kumar variables we use the method suggested in [Réf.

We evaluate both the branching ratios for the two men-
tioned isotopic modes at the resonance mass,

ole’e~w ~5m), fb

Ty 5a(m)
BwHSW(mi): 1"—! (37)

w

. . 0 L 1 L 1 L 1 1 1 1
and the branching ratios averaged over the resonance peak, 0770 0775 0780 0785 0790 0,795
av 2 (Vs=m,+TI, s, _5.(S) E, GeV

=— dys . (3.8
w—5m7 ra V“E:mwfrw \/_(s—mi)z—’—miri ( )

FIG. 11. The excitation curve of the decays-5 in ete”

av annihilation.

The quantityB;” 5 is useful in situations where the total

energy of the five-pion state is not directly measured, as is o
the case in, e.g., photoproduction or peripheral prodUCIWeen the resonant and nonresonant contributions evaluated

tion in 7N collisions. The results of the evaluation are theWith the above numbers i8=21° and6=17°, respectively,

following: for the reactiong1.1) and(1.2). These phase differences and
the comparison with the total branching ratios E219) show
By mt m-3,0(M2)=3.6X10"°, that the mentioned contributions to the decay amplitude are
almost in phase. The neglect of seemingly small nonresonant
Bi‘)"_mﬂrf%o: 2.8x107°9, contributions resulted in the underestimated magnitude of the
branching ratios in Ref.7].
By .2mt 25 0(M2)=3.5x107°, The excitation curves for th@—57 decays ine*e”
annihilation,
B . t0n ,0=2.7X107° (3.9

3
These branching ratios for the— 57 decay exceed those Iy ere(mM?) Sl —5x(S)
w—e'e (0]

mw

obtained in our previous paper RET] by a factor of more Tu-5n(S) 12”( Js (s— mi)z+miri'
than 3. The reason for the disagreement is the following. As (3.10
mentioned at the beginning of the present section, the dia-
grams of Figs. 1 and 6 corrected with those of Figs. 2 and 7
were considered to be dominant in REf]. Let us evaluate are plotted in Fig. 11. The curves are asymmetric and shifted
the contributions of the diagrams of Figs. 1 and 6 to theby 0.7 MeV toward higher values from the mass because
branching ratios of the decays— = 7 37° and »  Of the strong energy dependenceldf_s.(s) (see Fig. 12
—2m 27 7°, respectively. For a reason soon to becomebelow. As is seen, the two isotopic channels have approxi-
clear in the case of thé— 51 decay, we call these contri- Mately equal branching ratios and almost coincident excita-
butions resonant. One obtairB[in:"i”;_SWozl.54>< 109  tion curves in thew resonance region. This can be under-
and B _ 1 44107° These figures are close to stood ~as foIIows.. The matrix e[ements squared are

w—2m*2m 70 "o ) : numerically approximately the same in the near-to-threshold
Bwﬂﬂ*ﬂ‘?”fo.:BWZ””‘ﬂozlx .10 . obtained in Ref[?]_. . __region, since the pion mass difference is smeared in the sum
The evaluation of the net contnpuhon nooﬁrglng?“e remaining ot yarious contributions. Hence, they are canceled in the ra-
diagrams (called nonresonantgives B," 575 0=0.47 g of the two partial widths, leaving the ratio of the phase

X10°° and B] "7 ,=0.50<10 °. The nonresonant space volumes. Using the nonrelativistic expression for the

contributions amount to 13—14 % of the total £8.9). How-  phase space volume of the five-pion final state from Ref.
ever, the phase space averaged relative phase difference Ih#i], one obtains
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F T T T T
i ] Ws(S)= W—4J(‘§_m5)2 ﬁ)\llz
1000 £ E i (27) 132532 N gy (my+my+mg+my)2 S1
> r —— dynamic (si-mg?  dsp
O 10fF - phase space 3 X (S’Sl’mg) ) 25_)\1/2(Sl’sz’m‘2‘)
- E E (Mg +my+mg)© =92
£ | =
. L L Sy— |
(EI 10 ! . XJ(\Sz m32) 5_53)\1/2(52,53,mg))\llz(sslmiimg),
+': : E (my+my) 3
N L ] (3.13
T : ] with m;, i=1,...,5,being the mass of the mesen, and
3 C
= o E N(X,Y,2)=x2+y2+ 72— 2xy—2xz—2yz. (3.1

The predictions of both models for the energy dependence of

0.0t 3 3 ', or+o.--0(S) are plotted in Fig. 12. The plot for the
i ] w7 3x° final state looks similar and is not given here.
0,001 k& - The faster growth of the partial width in the dynamical as
E E compared to the phase space model is due to the resonance
L 1 enhancement arising from the openingegbroduction in the
0,0001 ¢ E intermediate state.
F 1 Let us relax the constraint E43.3) on the parameters
r C1.3 TO be specific, we choose 2<c,<2 instead ofc,
0.00001 ' I ' I ' I ' I =0 assumed earlier. The correspondi i +
0,7 0.8 0.9 1,0 11 : ponding rafie (¢, + ¢,
—C3)/4c, parametrizing the strength of the neglected terms
81/2, GeV then falls into the interval-1<y<1 or —1<c;/c3<3.

The branching ratio8,,_, s, evaluated with the new param-

FIG. 12. The energy dependence of the-27 27~ ° partial  eters deviate by less than 1% from those evaluated at
width. =0.

B(w—27" 27 % m?) IV. THE EVALUATION OF THE ¢—nta~ 37°
AND ¢p—2m" 27~ 7° BRANCHING RATIOS

Blo—m" 7773770,mi)
As is known, chiral models, including HLS, do not pos-
sess terms responsible for the decaygbahesons into final
states containing nonstrange quarks only. However, one can
guess the general form of such terms guided by both the OZI
=0.93, (3.1)  rule violation in the decayp—pm— 7' 7~ #° and by the
Adler condition.
There are two feasible models of the OZI-suppressged
to be compared to 0.96 calculated from E8.9. The ratio —pm decay amplitude. The first one is thgw mixing
of the Bose symmetry factors 3/2 compensates the smallemodel, where the above decay proceeds due to the small
phase space volume of the final StatﬁQW7WO as com- admixture of nonstrange quarks in the flavor wave function
pared tom" 7~ 37°. In the meantime, the energy depen- Of the ¢ meson composed mostly of a pair of strange quarks.
dence of they— 5 partial width in the dynamical model is !N the second modep goes top directly (see Ref[12]).
drastically different from that in the model of the Lorentz- Earlier, we pointed out that there are no particular reasons to
invariant phase spad&IPS). In the latter, one has the fol- Prefer one model to another, and possible ways to resolve the
lowing expression for thev— 57 partial width: ISSue were pointed OUF if2,13. Recen't SND dat$14_]
point to a sizable coupling constant of diregt- p 7 transi-
tion, assuming the dependenag(0,my)|?=m? [12] of the

32

3m_+ [ 2m_++3m_o m,—4m_+—m_o

2m_o \ 4m_++m_o m,—2m_+—3m_o

W (S) wave function of the vectogq bound state at the origin on
TP (6)=T, 5 (M2)— —, (3.12  the massny of this state. It should be noted that the assumed
Ws.(m;,) dependence agrees remarkably well with the ratios of the

measured leptonic widths of the vector quarkopjaw, ¢,
J/y, andY (1S).
where FUHSW(me) is the partial width evaluated with the The decaysp— 5 are treated slightly differently in the
dynamical amplitudes given in Sec. Il, and the expression foabove models of OZI rule violation. Let us consider them in
the Lorentz invariant phase space volume is due turn. In the model opw mixing ¢ goes to the off-mass-
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shell w, which decays as considered in Sec. Il. Hence, onevhere r=3.5x10 2 is the ratio of the three-pion phase

can immediately obtain space volumes at the and ¢ peaks.
N 2112 2 If ¢w mixing is negligible, one should introduce a num-
F¢H5W(m¢)—|s¢w(m¢)| Uosa(Mg), @D per of new 0ZI rule violating parameters to quantify tie

— 5 decay amplitude. Guided by the condition of chiral
symmetry expressed as the demand that the correct decay
amplitude should satisfy the Adler condition, it is reasonable
F%gw(mé ) to expect that the effective Lagrangian describing anomalous
|& go(M) |P=———"--r=3.04x<10 3, 0zl suppressed decays @f mesons looks similar to the

Iy 3z(mj) Lagrangian Eq(1.9),

where g 4,(m,) is the complex parameter abw mixing
taken at thep mass. It can be evaluated as

S,uv)\rr(ﬁ,u(avﬂ-' [0"}\11')( 07017])772

1 1 5
zr,]p,ﬂ':ﬁ(ﬁl_ﬁz_ﬂg)sﬂv)\(r(bﬂ(&vﬂ. [h7Xd,m])+ gi[ —Bit §(ﬁ2+,33)

2 1 2
- gsl/«w\a&p«(bv[ (P)\' (?0'77)_'_ 6?[(”}\ 77)(77 (?0-77)_ 772(’)}\ (90'77)]] - f_g(ﬁl+:82
1 g
_B3)8}l«v)\o’¢,u Fi(avﬂp}\)(” (9077)_ Z([pvxp)\]'aaﬂ) ’ (42)

wheref; , ; are the above mentioned parameters responsiblixed according to Eq(4.3) by the ¢— 37 partial widths.
for the violation of the OZI rule in theb— 57 decays of¢ Finally, the ratioB, /B85 remains arbitrary. We set
mesons. An analysis similar to that presented in Secs. A1

and Il B 1 shows that theéé— 57 decay amplitudes obtained B1t B2~ B3=0, (4.6)
from the Lagrangiari4.2) satisfy the Adler condition. As is

evident from Eq(4.2), one should identify the coupling con- @nd henced, =83, 8,=0, so that thep— 5 decay ampli-
stant of direct¢— pr transition as tudes are determined only by the paramgigiand look like

Eq. (3.1 for the o—5m decay, with the replacemeagt,,
2339 L —0gpn- The tensofl,, is the same as in the— 5 decay
Qgppr=— f—=0-3 GeV -, (4.3 amplitude. Under these assumptions both mentioned models
K for the OZI rule violating decay)— 37 give similar results
where the magnitude a,,, is obtained from thep— 3 for the_ br.anching ratios of the decays—57. These are the
partial widths, while the positive sigfrelative tog,,,, usu- following:
ally taken to be positiveis fixed by the ¢w interference
pattern observed in the energy dependence of ehe™
— oo~ w0 reaction cross sectidi5]. Note that we neglect

Byt nap0(M)=2.4X10"7,

av _
the unitarity corrections tg,,, [16], because they are irrel- By mtr3,0=1.8X10 7
evant in the context of the present work. Next, there seems to ) .
be no sizable pointlikep— 7" 7~ #° contribution. Indeed, By 2nt2s70(My) =6.9¢10" 1,
first, the existing upper limit to the branching ratio of the
nonpw intermediate state direct transitioh— 7" 7 7° By optom- no=4.9X1077, 4.7)

obtained by the SND group at VEPP-2M is very small],
whereB®', useful for the reactions of peripheral production,
Bdre p— w7 70)<6x10°4(90% C.L). (4.4 stands for the branching ratio averaged overtfig, region
around the¢ peak[use Eq.(3.8) with the replacement
Second, the KLOE Collaboration at TIANE gives the phase — ¢]. The evaluation of the excitation curve of the decays
space averaged diregt— 7" 7~ 7° contribution at the level ¢ 57 in e*e™ annihilation performed according to Eq.
of 19%[18] of the total# " =~ ) decay rate. Hence, in close (3.10 (with the replacement»— ¢) is plotted in Fig. 13.

analogy with thew case, one can set Notice that the ratio of the branching ratios of the two iso-
topic modes at thep peak is
B1— B2~ B3=0. (4.5
2
. i, . B¢—>27T+27T’770(m¢)
The results of relaxing these conditions are discussed at the > =29, 4.9
end of the present section. The magnityglg= —0.006 is By mtm370(My)
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I ' I ' in the transitionp— 27 evaluated assuming the same aver-
age pion energy as above falls into the interved, 2<m, .
=<0.41 GeV, which is far from the resonance value. The

i R i phase space averaged relative phase between the resonant
""""" 2 w2rr® and nonresonant contributions calculated with the help of the
25 w3 . given branching ratios and those given in E417) is about

6=91°. Correspondingly, similar calculations for the other

isotopic state Z 27 70 state giveBjyor, - 0=6.2

20 : . X107 from Fig. 6,B} 57" 4=0.70x 10’ from Figs.
: : 7-9, ands=89°. In the present case, the nonresonant con-
; ‘ tribution constitutes about 11% of the resonant one. The
151 | above estimates illustrate clearly the dominance of the dia-
] : grams with a resonant meson in the intermediate state in
the decayp— 57, because the resonant and the smaller non-
resonant contributions add incoherently in the case of the
¢»— 5 decay. For comparison, the opposite situation takes
place in the case of the—5# decay amplitudegsee the
corresponding calculations in Sec.)|liwhere the smaller
4 nonresonant contribution to the decay amplitude adds
almost in phase with the resonant one and for this reason is
essential.
| . | . Relaxing the constraint Eq(4.6) to —1<(B1+ B>
0.0 1,015 1,020 1,025 —B3)/4B3=<1, analogous to that discussed in thecase,
E GeV implies even smaller deviations @&, .5, in comparison
' with the o case, because the terms in the amplitude that are
FIG. 13. The excitation curve of the decags-5m in ete~  Sensitive to the parameter in the above inequality are almost
annihilation. incoherent with the dominant ones. On the other hand, relax-
ing the constraint of the absence of pointlike— 7" 7~ 7°
amplitude [see Eq.(4.5)] gives the following. Using the
to be compared to the figure of 1.3 obtained from a simpl&KLOE data Ref.[18], one can estimate the combination
evaluation of the ratio of the nonrelativistic phase spéses characterizing the pointlikesb— 7" 7~ 7° vertex as|3(B8;
Eqg. (3.11 vyith the replacemenm,,—m]. Ir_1 th_e present —,32—,33)/2,33m§|21- The evaluation oB,_s,, keeping
case, the difference from the exact evaluation is sizable, bﬁg]e constraint Eq(4.6), gives results deviating by 8% (de-

cause now the phase space model is inadequafce d.ue to 8nding on the sign of the above combinaidrom those
strongp andw (p— wm7—4) resonance production in the obtained under the constraint E@.5).

intermediate states. Thg— 57 excitation curve is plotted in The whole discussion above shows that the branching ra-

Fig. 13. . i above e brai
In this respect, it is interesting to look at the dynamicaltloS Of the decay$h—m "7 37" and ¢—2m 27 m" are
determined within the conservatively estimated accuracy

behavior of the specific contributions to tle—57 decay . e I
amplitudes in another way. Let us evaluate, for this purpose?0? by the well studied OZI rule violating transition ¢f

the contribution tdB,,_. .+ 3,0 of the diagrams of Fig. 1, at mesons t_o the state followed by the transitiop— 4 in
the ¢ mass.(Notice that now in the initial state should be & model independent way.

replaced by¢ in all the diagrams, and the effectigg, , is

understood as the corresponding expression, while other cou-

plings are related to it as explained earlier in this secfion. V. DISCUSSION AND CONCLUSION

The p meson in these diagrams is resonant. Indeed, choosing

the averaged pion energy from the condition of equilibrium In view of the fact that there are thréer even four, if one

as (E,)=m,/5, one finds that the invariant mass of four includes radiative decays; see REf,2]) independent con-
pions emitted in the transitiop—4m is my,=m,. The stants in the effective chiral Lagrangian describing anoma-
evaluation gives8,*"%" . ,=2.1x10"". All the remain-  lous decays ofw (and ¢) mesons, one can consider only
ing contributions with the nonresonant intermediatemeson  some scenarios of what may happen. We restrict ourselves to
(see Figs. 2-% amount to B'(;T:i":i‘gtwozo,mx 1077,  considering only the strong decays. In principle, a study of
which constitutes 16% of the resonant contribution. Noticethe Dalitz plot inw— 7" 7~ 7~ decay allows one to extract
that the seemingly resonant diagrams of Figs. 2 and 7 do notz and (€, —cy)/c3 by isolating thep pole and norp-pole

in fact, possess this property, because the three pions proentributions, because the density on this plot is propor-
duced from the transitionr— 37 push thep meson away tional, omitting thewp interference term in ther™ 7~ mass
from resonance. Indeed, the invariant mass of the pion paspectrum, to the factor

30 F .

ole'e” . ¢ _. 5m),pb
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d?N 1 1 APPENDIX: RELATIONS EXPRESSING LORENTZ
o + SCALAR PRODUCTS THROUGH THE KUMAR
dm,dm_ |D,(9:+q2) D,(q:+0ds3) VARIABLES
Co—cal? . . . .
1 Q17 C2 C3‘ (5.1) In this appendix, the relations expressing the Lorentz sca-

+ +3
D,(d2+0s3) 203m§ \ lar products ¢; ,q;) through Lorentz invariant variables are

presented. Given the pion momentum assignment according
wherem? =(q;+03)% m?=(q,+03)?. Notice in this re- O
spect that the combination of parameters of the low energy
) ) C o y Oq— Tq, T, Tq.Ta, Tae (A1)
effective Lagrangian entering in the nprpole term in Eq. 172 73 T s
(5.1) should be treated as the low energy limit of all possibleyhe eight Kumar variablef9] are defined as
contributions from the transitions—p'm, p”, etc. If one

assumes that direct transitions are responsible for the decays $1=(9—qy)2,

of ¢ mesons to states containing no strange quarks, the same 5

will be true for the parameters; , 5 characterizing the OZI S2=(q— 01— 02)*,
rule violating decaysp— 37 and ¢— 5. In the model of _ 2
¢w mixing, the p— 57 decay amplitude contains no addi- S3= (4= 01~ G2~ Gg)",
tional free parameters as compared to the case-ef5w U;=(q—qy)2

decay. It should be recalled that the two models can, in prin- ! 2

ciple, be discriminated by careful study of tklev interfer- U,=(q—0s)?,

ence minimum in the energy dependence of tiee”

— oo~ w0 reaction cross section or by the ratio of the lep- Uz=(q—04y)?

tonic widths of thew and ¢ mesong12—14. On the other

hand, within an accuracy of 20%, the branching ratios of the t,=(q— 02— ds)?,
¢—5m decays can be evaluated in a model independent 5
way; see the discussion at the end of Sec. IV. t3=(q— 02~ 03~ da)" (A2)

_ Tt‘e excitation curves of the decays—5m and#—57  agsociated with them, but not independent, are the
in e"e” annihilation can be used to evaluate the expectedyowing:

number of these decays at the and ¢ peaks. With the

luminosity L=10°? cm 2s ! at thew peak, one may hope Sp=(01+02)2,

to observe three events of the decays>=" 7= 37° and

2727 w0 per each mode bimonthly. With the same lumi- $5=(d1+ 02+ q3)?,
nosity at the ¢ peak, the observation of 75@®50 ¢ , )
—27" 27 70 (¢— 7t 7~ 370 decays per month is fea- $;=(9—0s)°,
sible. Note that the existing upper limit B, ,;,+2,- 0 = (ot Oa)2
<4.6x10°% (90% C.L) [19]. With the luminosity L 2= (02 dg)",

— =1 H
=500 pb aI_ready attained at the factory DA® NE [22], tL=(Go+ Qs+ a)2. (A3)
one could gain about 1685 events of the degay 57 pro-
ceeding via chiral mechanisms considered in the present pdhen the greater part of the Lorentz scalar products of the
per. The possible non-chiral-model background from thepion momenta can be expressed through the variables Eq.
dominant decayp— K Kg, K| =37, Ks—2m is well sepa-  (A2) and (A3):
rated from the considered chiral mechanism by the macro-
scopic distances that kaons move away to. The rare decay
¢— npmt 7w, whose branching ratio was estimateD,21]
atthe leveB_, .+ - ~3X 107, is cut by removing events
in the vicinity of the » peak in the three-pion distribution
observed in the five-pion evenits9].
In the present work, we neglect the contribution of the
a,(1260) meson. This is justifiable because bothal{&82)
and ¢(1020) peaks are deep under the thresholdapi
production. As is known, the approach to chiral dynamics
based on HLS allows one to take the axial vector mesons
into accounf1,2]. This is the theme of future work.

1 ’ 2 2
(d1,02)= E(Sz_ml_mz),
1 ’ ’ ’ 2
(d1,03) = 5(53_52_t2+m2)v
1 2
(d1,94)= E(tz_t3_33+m5),
1 2 2
(d1,95)= E(tS_ml_mS)y
1 ’ 2 2
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The remaining scalar products

1 2
(d3,0s) = E(Sz_ss_ms)_(%’%)’

1
(02,04) = 5 (t3=t5—m) = (d3,04) (A5)

can be expressed througlys(q,). The latter, using the
method of invariant integration outlined in Appendix D of
Ref.[9], can be found as

1 2 2
(d3,04) = E[a(s— Up+m3) + B(uy—t,—m3)

+y(s;—S3—m3)], (AB)

where

1

= 1—(Ftysy+ BCG+ACH-t,BH— C?F—As;G),
M
1

B=3(s%G+ABH+BCF- B2G—sCH-As;F),
M

1
y=3 (stH+ABG+ACF~t,BF~sCG-A’H),
M
(A7)

PHYSICAL REVIEW D68, 074009 (2003

and

1
A==

Z(S‘Hz_té),

1
B= §(s+s3—s3),
1 2
C: §(S3+t2_ml),
1 2
F= 5(5_ uz+my),
1 2
G=S(ta—tg+m}),

1
H=>(sg+mi—mj),

Ap=st,S3+2ABC—B?t,— C2s— A’s,. (A8)

In the above formulasp;, i=1,...,5, are thenasses of the
final pions.
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