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Many pion decays ofp(770) and (782 mesons in chiral theory
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The decayp(770)— 47 and w(782)— 57 are considered in detail in the approach based on the Weinberg
Lagrangian obtained upon the nonlinear realization of chiral symmetry, added with the term induced by the
anomalous Lagrangian of Wess and Zumino. The partial widths and excitation curves of the g&cays
=27 27, whta 2a0, p*—=2n 7 70 p*— w370 are evaluated foe" e~ annihilation, photoproduc-
tion, and 7 lepton decays. The results of the calculations are compared with the recent CMD-2 data on the
decayp®—27 27 observed ire"e™ annihilation. Thew— 57 decay widths and excitation curvesdnie™
annihilation are obtained. The angular distributions for various combinations of the final pions in the decays
p—4m and o— 57 are written. The perspectives of the experimental study of the above decayin
annihilation, 7 lepton decays, and photoproduction are discussed.

PACS numbes): 11.30.Rd, 12.39.Fe, 13.30.Eg

I. INTRODUCTION liders (¢ factories [5], photon beam§6], and a huge num-
ber of the specific hadronic decays oleptons could offer
Despite the lack of a straightforward derivation from first the naturally controlled sources of soft pions, provided the
principles of QCD, the effective Lagrangians that describesufficiently low invariant mass regions of hadronic systems
the low-energy interactions of the ground state octet of pseuare isolated. The yield of pions is considerably enhanced
doscalar mesons, K, » are constructed upon treating these when they are produced through the proper vector resonance
mesons as the Goldstone bosons of the spontaneously brokstates, which will hopefully offer the possibility of testing
chiral U (3)XUg(3) symmetry of the massless three- the mentioned models.
flavored QCD Lagrangian. The key point in this task is that Pions emitted in the decay— 4 are rather soft, because
the transformation properties of the Goldstone fields undetheir typical momentum i$p|~m,, wherem,, is the pion
the nonlinear realization of chiral symmetry are sufficient formass. For this reason this decay attracts much attention
establishing the most general form of the effective Lagrangf7—10] from the point of view of the study of the predictions
ian[1]. As far as vector mesons are concerned, the situationf the effective chiral Lagrangians for vector mesons. As was
is not so clear, because the vector mesons, contrary to tHeund in Refs.[7-9], the above decay should be rather
pseudoscalar ones, cannot be considered as Goldstostong, B(p—4m)~10 *. The calculations of Refd.8,9]
bosons of spontaneously broken symmetry. For this reasomere analyzed in detail in Ref10], where a number of
there exist different schemes of including these mesons intshortcomings of the former related with the actual violation
the effective chiral Lagrangians. The scheme of R&li, of chiral invariance, in particular, the Adler conditi¢hl]
where the vector mesons are treated as the dynamical gaufi@ soft pions, was uncovered. The correct results based on
bosons of hidden local symmetfiLS), incorporates these the amplitudes obeying the Adler condition and obtained in
mesons into the effective chiral Lagrangian in a most eleganRefs. [3,10], correspond toB(p—47)~10"°. The large
way. However, a straightforward comparison with the data ofmagnitude of the branching ratR( p— 4 ) ~10"* obtained
the predictions of these models immediately meets with difin Ref. [7] is related, in all appearance, with a very rough
ficulty, since the dominant decay modes of all the groundmethod of calculation. A common drawback of Réf&-10]
state vector mesons produce pseudoscalar mesons that areifathat their authors evaluate the partial width at the only
from being soft. This means that both the higher derivativeenergy equal to the mass of the as if the latter were a
in the low-energy expansion of the effective Lagrangians angjenuine narrow peak. However, the fact that the width of the
the loop quantum corrections should be taken into accountp resonance is rather large, afidp— 4,E) rises rapidly
We suggest here many pion decay modep(@f70) and  with the energy increase even at energies insideptpeak,
w(782) mesons as a test ground for the chiral models oforces one to think that the magnitude of ther $artial
vector meson$3,4]. Theoretically, pions in the final state in width at thep mass cannot be an adequate characteristic of
such decays are soft to the extent to be specified below. Thtte dynamics of the process. In this respect, it is just the
fact allows one to neglect the higher derivative and loopresonance excitation curve in the chaneée™ — p°— 41
corrections in the effective Lagrangian. On the other handwhich is of much interest, being a test ground of various
the unconventional, from the point of view of the chiral pion chiral models of the decay under consideration.
dynamics, sources of soft pions are feasible. Indeed, the Pions emitted in the decay— 5 [4] are truly soft, be-
progress in increasing the intensity of low enesgle™ col-  cause they possess the typical moment{ph=0.5m,. .
Hence, the lowest order terms obtained upon neglecting the
higher derivatives and loop corrections should give the reli-
*Electronic address: achasov@math.nsc.ru able results.
"Electronic address: kozhev@math.nsc.ru The aim of the present paper is to consider in detail the
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many pion decay modes of the veciof770) andw(782)  without a; meson were reduced to taking into account the
mesons in the framework of the effective chiral Lagrangianhigher derivative$16] expected to be small. In the real life,
approach. The first Lagrangian of this kind incorporating thepne has’n mi~m,§, and the correction may appear to be

isotopic triplets of thep meson fieldp,,, the pion fieldr, a ;
ppremable even at the mass. In fact, the calculatidi.0]
and their interaction was proposed by Weinbgtg] under shows that the corrections amount t020—-30% in the

the nonlinear realization of the chiral symmetry width. This means, in particular, that the left shoulder of the

1 p peak, where the contributions of higher derivatives are

Lbrm=— 200uPy= 0Pyt 9P, p.1)? vanishing rapidly, is the best place to work. In the present
paper, we do not take into account semeson contribution

mi [7Xd,m] 2 in the p— 47 decay amplitude. In the meantime, such a con-

tribution is negligible, as will be clear later on, in the

e
2 Iz 2 2
29f7(1+w214t7) — 5 decay amplitude.

(9,m)2 m2 72 The rest of the paper is devoted to the working out the
£ i = >—, (L.1)  consequences of the above Lagrangians for the many pion
201+ 714825)? 21+ w7Af7) decays of thep(770) andw(782) mesons. Specifically, the

here f_ =924 MeV is the pion decav constant. and the partial widths and resonance excitation curves are calculated
w e : P! Y ' €tor the reactionse’e” —p°— 2727~ and ee” —p°

cross denotes the vector product in the isovector space. As +-2.0 |t is shown that the intensities of the above

was shown, the Lagrangian E(L..1) results from the HLS d h fast as two fi the oh "

approach[2]. The ppp coupling constang and thepm ecayic ange as fast as _wqd|mes 'dehp aslr.\ rs],pace variation,

coupling constang, ., are related to the massm, and the upon£ € energy variation inside thevidths. All this means
thate™e™ offers an ideal tool for the study of such effects.

ion decay constant_ via the parameter of hidden local i - >
Eymmetrya)ll as[2] ” P The decay widths of chargegd meson,p* — 7 =37° and
ptHZ’ITt’IT*' 70, as well asw meson,w—27 27" 7°, w

g=m,/f_+a, — 7t w370, are also evaluated. We choose these particular
g modes because the final pions in the degay4w are prac-
Uprm= \/gm 12f . (1.2 fically soft while in the decay— 5 they are soft. Note that

the final pions in th&-parity violating decay— 3 are not
Note thata=2, if one demands the universality condition sufficiently soft to compare the calculated branching ratio
9=0,. to be sat|sf|ed Then the so called Kawarabayashiwith the predictions of chiral models. The final pions in the
Suzukl Riazzuddin-Fayyazudd{iKSRP relation[13] arises decayw— 4 are sufficiently soft to make such a compari-
son meaningful. However, the branching ratios of both above
292, fam2=1 (1.3 G-parity violating decaysp— 37 and w—4m are deter-
_ _ _ ) mined completely by thep transition amplitude and by the
which beautifully agrees with experiment. Therm cou- el known decayw— 37 and the decay— 4, respec-
pling constant resulting from this relationds,,=5.89. The tjyely.

Lagrangian of Eq(1.1) should be added with the kinetic and  The following material is organized as follows. Section I

mass terms of the isosinglex(782) fieldw, contains the expressions for tpe-4s amplitudes. The re-
2 sults of calculation of the excitation curves and partial widths
rlo)—=_ 1(,9 ©.—d-o )z_%wz (1.4 for different isotopic states of four pions are presented in
4 2 ' Sec. llI. This task is fulfilled in the cases ef e~ annihila-

o ) ) ) tion, = decays, and photoproduction. The partial widths of
and the term describing the interaction @fwith p and . the decaysw— 57 are discussed in Sec. IV. Although an
The latter comes from the term induced by the anomalougppreciable part of the material of Sec. IV is contained in
Lagrangian of Wess and Zumiri@,14], Ref.[4], we include here the basic results from that paper in

N.g? order to keep the presentation self-contained. Section V con-

E(wpw)_ 29 € uinad, @, (T 9y Py), (1.5 tains concluding remarks. Th_e angglar distributions of the
fr various combinations of emitted pions in the decays

) ) ) — 47 and w— 57 obtained for the case @ e~ annihila-
whereN;=3 is the number of colors, and,,,, is the anti- o are presented in the Appendix.
symmetric unit tensor. In agreement with REZ], the con-

tribution of the pointlike vertexo— 37 is omitted. See,
however, the discussion following E@4.10 in Sec. IV
where the role of this vertex in the— 57 decay is briefly
discussed. The amplitudes of the decays of our interest are obtained
The HLS approacti2] permits one to include the axial from the Weinberg Lagrangian E€L.1). First, let us obtain
mesons as wel[15]. An ideal treatment would consist of the =— 3= transition amplitudes necessary for the calcula-
following the line of reasoning that under the assumption oftion of the many-pion decays of vector mesons. They are
m,~E<m, , the difference between the models with andgiven by the diagrams shown in Fig(al and look as

Il. AMPLITUDES OF p—4m DECAY
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FIG. 1. (@) The diagrams describing the— 3 transition am-
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0
M(7T —>7Tq1 q2 qs)

1
=(1+ Plz)ﬁz|(q1,qz—2q3)

2
m,

Dp(q2+ q3)

|

1
_f_z[(Q1IQ2)+(Q1yQS)+(Q21Q3)], (2.7)

_a(Q1,Q2_Q3)[1_
M (7%= 70 7% 70

q; 707" d3

where P;; stands for the operator of the interchange of the
pion momentay; andq;, and

—4 2 3/2F
9° m) pra(M )(22)

mp—4m7, \/q_

is the inverse propagator @f meson. Our notation for the
Lorentz invariant scalar product of two four vect@sndb
hereafter is §,b) =aghg—a-b. As it will be clear later on,

the nonrelativistic expressions for the above amplitudes are
needed. They are obtained upon neglecting the space com-
ponents of the pion four momenta and look as

D,(q)=m’—g’~im> (

2
M(7T+*>7T+7T+7T_):_2m7
q1 70,7743 f2 !

m

2

M (7" —>7T ’7Tq2 qs)_

77

plitude. The symmetrization over momenta of identical pions is

understood when necessary. The diagrams describing the ampli- me
tudes of the decays(b) p’—w'm ='#~ and (c) p° M (70 —>’7Tq o, qs)— <z
— 7" 7~ 7%7° The shaded circles in the— 3 vertices in the ™

diagramgb) and(c) refer to the sum of diagrams shown(@. The
symmetrization over momenta of identical pions emitted from dif- M (70 0,0 _0y__ % 2.3
ferent vertices is implied The diagrams for the decays (7 qulququ) f2 - 3
—atm07%70 andpt —m " #w* 7~ =0 are analogous to those @) i
and (c), respectively.

2

Note that the HLS parametardrops from the expressions in
the nonrelativistic limit.

The diagrams representing the amplitudes of the decays
p—4m for different combinations of the charges of final
pions are shown in Figs.(h) and Xc). Introducing the four-
vector of polarization of the decaying mesone,, one can
write the general expression for the amplitude in the form

M(mt—al ot

q: 70y Q3)

1
=(1+ PlZ)EZ'[ —2(91,92)

2
+a(gy,0q2— 1-o—t—— ] pmm
(41,92 %)[ D, (0z+ ) M = :2 £,
M(W+_)7T;1W827T83) where
1 Opmal T5=am,/2f3 (2.4
=(1+Py) 5> [(q d:—20d2)
% 2f7r s results from Eq.(1.2). Let us give the expressions for the
2 currentJ,, for all the decay modes considered here.
+a(Qs g1 1_—9) (1) The decayp®(a)— " ()7 ()7 (G:) 7 (0a).
(03,9 qZ)[ D,(d:+0y) One has
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J,=(1+P12)(1+Pay)

1 a(gz,03)—(a—2)(03,04)
X[ P D.(d—dy) }
N 1 a(gy,04)—(a—2)(01,092)
34| 2 D,(q—da)
5 \ q1,(03,d2—da)
+amﬂ(“P”’Dw(q—ql)Dp(elz+0|4)' @9

HereafterD (q) = mfr— g is the inverse propagator of pion.

(2) The decayp®(q)— 7" (d1) 7 (d2) m°(q3) 7°(a4). In
this case one hai;M=J;‘La”+ JZ”, where

1
I (1-Py,)(1+P SH————
o ( 12)( 34)q1M[4 Dq-r(q_ql)

2(Q3aQ2_Q4)H

(a—1)

(a—2)(dz,93) +am

(G000~ D, (0 )

m2

+(1+P ¢
(1+P03b (qi7 42)D, (0o o)

X[(d1+ 03— 02— 04) ,(41— 03,02 a)
—2(d1—03) ,(d1+ 03,02~ 04)
+2(02—04) ,(d2+ 04,91~ 03) ]

is obtained from Eq(1.1), while the contribution of the term

(2.6
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1 1
_|_
{Dp(%‘ﬂh) D,(d:+4d3)
1 1

(2.7)

+ 1
D,(d2+ds3) | D,(d—da)

whereDw(q)=mf)—q2 is the inversew meson propagator.

In general, this term is attributed to the contribution of higher
derivatives. Nevertheless, we take it into account to show the
effect of the latter and the dynamical effect of the opening of
the channep— wm— 4. The following amplitudes of the
chargedp decay are necessary for obtaining the>57 de-

cay amplitude, and are of their own interest when studying
the reactions of peripheralmeson production and decays.

(3) The decay p*(q)— 7" (q1) 7°(q2) 7°(q3) 7°(qy).
One has

(d2,03)
=(1+Past Pag)| 201, 3 ﬁ}
Qap
ﬁ 2(a—1)(92,93) —(a—2)(q1,9,+d3)
2 (92,91—d3) ]
+amy(1+ P23)—Dp(ql+q3) . (2.9

induced by the anomalous Lagrangian of Wess and Zumino

[2,14] manifesting in the process’— wm— 7" 7~ w070,
is given by the expression

2\ 2

N.g
(1+P3y)[01,(1—P23)(0,d2)(d3,04)

¥=2lg 7

+02,(1=P13)(09,93)(d1,d4)
+03,(1-P12)(0,91)(d2,094)]

(4) The decayp”(q)— 7" (dqy) ™" (d2) ™ (d3) 7°(da)-
Here, the contribution induced by the anomalous Lagrangian

of Wess and Zumino is also possible, hedge=J77™ J%,
where

01,(1+Py) Qap
Jzan:(lJrPlz)‘ (d1—dg)p+ %[(a 1)(92,93) — (2a—2)(02,04) ] = m[a(fh,%) (a=2)(d1,92)]
U1, (02,93~ 0a) Qa,(91.02—03) m;
—am —(1 Pss)
D.(d—dy) D,(dz+ds) D (q—0d4)D,(d2+0ds)| 2D ,(d1+03)D,(02+0d4)
X[(d1+0d3—02—04) ,(41— 03,92 04) —2(041—03) ,(91+ 03,02 0s) + 2(02—4) ,(F1— 03,02+ 04) | (2.9
is obtained from Eq(1.1), while the term induced by the anomaly looks as
g
Jznzz( 8C (1+ P23)[01,(1—P24)(d,04)(02,04) + 02, (1—P14)(d,91)(d3,04) + s, (1= P12)(d,92)(01,03) ]
[ 1 N 1 N 1 1 (2.10
D,(d:+d2)  Dy(di+ds) D,(d2+0ds)|D,(d—0s)’ '

056011-4



MANY PION DECAYS OF p(770) AND w(782) . .. PHYSICAL REVIEW D 62 056011

One can verify that up to the corrections of the order of WeETr—T—T T T T T 71 1
~mZ/mZ, the above written amplitudes vanish in the limit F
of vanishing 4-momentum of each final pion. In other words,
they obey the Adler condition.

It is useful to obtain the nonrelativistic expressions for the !!
p—4m decay amplitudes which are relevant for the four [
pion invariant mass below 700 MeV. This can be made upon
neglecting the space components of the pion momenta. One@’ 0,1k

can convince oneself thatenters the expressions for ampli-
tudes as an overall factor E.4) in this limit, so that the o
latter look as N
B 0,01 .
St E 3
M (0 178, 75 g )= — 2 (5,11 + Gy~ g~ ) T
p WQl a2 CI3 Ta, 2§2 €,017 027037 da)s ‘©
+ z
" L 0001 F K —— dynamics 5
g © ; ’ ---- phase space ]
0 L0y _ Zemm - s / = CMD-2
M(p *)ﬂ- 7Tq27Tq37Tq4) 4f2 (S’ql qZ)’ L // ¢
m 7
00001 -
0 0 _o0,_9mn F
M(p _)’n-q 7Tq2 as q4) f2 (8 ql) | I,'
0'00001 1 L 1 L 1 M 1 L | L 1 P | L 1 L
0,60 0,65 0,70 0,75 0,80 0,85 0,90 0,95 1,00
+ +_+_—_0 _ 172
M(p" —mq, 7q,Tq,Tq,) = 4f2 =77 (8,01 + 02— 24). s [GeV]
(2.11) FIG. 2. The energy dependence of thete —p°

—ata @t 7~ reaction cross section in the model based on the
The amplitudes of the four pion decays of the are ob-  chiral Lagrangian due to Weinberg. Experimental points are from
tained from corresponding expressions for tlieby revers-  Ref.[21].
ing an overall sign. These considerably simplified expres-
sions are especially convenient in the calculation of ¢he for the finite widths effects is in fact equivalent to the loop
—5m decay amplitude, because the typical invariant massesorrection being taken into account.

of the four pion system in the above decay are in the vicinity The above results are obtainedaat 2. The variation ofd

of 620 MeV (see Sec. IV for more detail within 20% around this value implies the variation of the
branching ratios within 20% around the values cited above.
Ill. RESULTS FOR VARIOUS p—4x DECAYS This fact can be easily traced in the nonrelativistic limit

where the parametexr enters the expressions for the ampli-

When evaluating the partial widths of therdlecays ofp tudes as an overall factafa, see Eqs(1.2) and (2.19).

meson the modulus squared of the matrix element is ex
pressed via the Kumar variablgs7]. The idea of speeding
up the numerical integration suggested in H&8] is real- A. The decayp®— 4 as manifested ine™e™ annihilation
ized in the numerical algorithm The results of evaluation of The results of the evaluation of therdstate production
the partlal widths at\/§ m, =770 MeV are as follows: cross section in the reacti(m*e*_>p0_>477

I'(p®—27* 27" ,m,)=0.89 keV L(p®— 7w 27%m,)

=0.24 and 0.44 keV, respectively, without and W|th the in- 127rm§Fpe+ef(mp)I“,,_>47,(E)

duced anomaly term being taken into account. This coincides ~ Tete~—p—aq(S)= 3 2 :

with the results obtained in Ref10]. In the case of the E |DP(S)|

chargedp meson decays it is obtained for the first time:
F(p+—>77+3770,mp)20.41 keV, F(p+—>277+777770,mp)
=0.71 and 0.90 keV respectively, without and with the
anomaly induced term being taken into account. When ob andD (s) |s|ottztz?j|nederom2Eq(§é) llj\?otn E[Eetstl;bsmf“on f
taining these figures, the narropv width approximation is ?he VZC?(;? ﬁ]gsgn Igralriséter:r;aken fr%r?’n FRZ@] aereVi:eecT 0
used. This is equivalent to the settifig,,,— 0 in Eq.(2.2). hereafter. The foIIoF\)Nin notations are such thét

Keeping the physical value of the width gives the results ' 9

deviating from those obtained in the narrow width approxi-
mation by a quantity that does not exceed a few percents of
the values obtained in the latter. This is true in the case of the
invariant mass of the four pion state lying below the
threshold energym,.<910 MeV. Recall that the allowing with the function\ given by the equation

(3.9

wheres=E? is the square of the total center-of mass energy,

AYAm2,mz2,m?), (3.2

q(maamb 1mc): 2ma
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L L R(s)=T(p—27"27 ,9)/T"PS(p—27*27"s)
anomalous ]
[ ---- nonanomalous
0,01 oo phase space nonanomalous 3 changes from 0.4 afs=650 MeV to 1 atys=m,. As can
; ] be observed from the figures, the rise of fhe:4 4 partial
width with the energy increase is so fast that it compensates
completely the falling of thep meson propagator and elec-
tronic width. Also noticeable is the dynamical effect of the
o production threshold in the decayf— w7 27° at
\Js>850 MeV which results from the anomaly induced La-
grangian, see Fig. 3. To quantify the abovementioned effect
of vanishing contribution of higher derivatives at the left
shoulder of thep resonance it should be noted that the dif-
ference between magnitudeb{p— 7+ 7~ 27°,s) with and
without the term originating from the anomaly induced La-
grangian, equal to 100% &= m, , diminishes rapidly with
the energy decrease amounting to 8%)/at= 700 MeV and
3 0.3% at/s=650 MeV. It should be pointed out that the
3 evaluation of the partial widths with the nonrelativistic ex-
pressions for theo— 47 amplitudes, Eq(2.11), gives the
| values which deviate from those obtained with the exact ex-
v '65 5 '70 . 0'75 . olso . olss Y pressions, by the quantity ranging from 7 to 15 %, depending
’ ’ ’ ’ ’ ’ ’ on the energy in the interval from 610 to 770 MeV.
s'2 [GeV] As is seen from Fig. 2, the predictions of chiral symmetry
o for thee*e™ —27" 27~ reaction cross section do not con-
FIG. 3. The energy dependence of the'e”—p"  radict to the three lowest experimental points of CMD-2
—m m mom reaction cross section in the model based on the(getectm{Zl]. However, at,/s>800 MeV one can observe a
chiral Lagrangian due to Weinberg, added with the terms induceq, oo ntia| deviation between the predictions of the Lagrang-

0,001

0,0001

o (e'e” —r'r %) [nb]

0,00001

by the anomalous Lagrangian of Wess and Zumino. ian (1.1) and the data of CMD-2. In all appearance, this is
2. 2. o due to the contribution of higher derivatives and chiral loops
MXY,2)=x"+y + X" —2(xy+xz+y2), (B3  peglected in the present work. It is expected that the left

. i . . shoulder of thep is practically free of such contributions,
s the momentum of f'”?' particle (or ) in the rest frame and by this reason it is preferable for studying the dynamical
system of decaying partick : . effects of chiral symmetry. Note that even&= 650 MeV,
. To demonstrate the effects of chiral dy”?‘m'cs' also Sh(.)W here the contribution of higher derivatives is negligible,
is the energy dependence of the cross section evaluated 'ntBﬁe can hope to gather one event of the reactoe
model of pure phase space for the four pion decay. In this_>277+277_ per day, and up to 10 events of this reaction per
model, the 4r partial width normalized to the width at the day at ys=700 Mév provided the luminosityl — 10%2
mass.calculated in the dynamical model, is given by the eX 251 is achieved ’i e., to have a factory for a compre-
pression hensive study of the chiral dynamics of many-pion systems.
Due to helicity conservatioryp meson is produced in the

F'—'Ps(p—>47-r,s)=1“(p—>4rr,m,§) WL(S) (3.4 states with the spin projections= =1 on thee™e~ beam

i mi)’ axes characterized by the unit vectyy. The latter is as-

sumed to be directed along tlzeaxes. Then, using the ex-

where the four pion phase space volum¢lig,2Q pressions for the totgl— 47 amplitudes, one can obtain the
angular distributions for the final pions. They are expected to
w3 (5-m)2 ds; ) be cumbersome. However, the good approximation for these
War(8)= — 55 f ) 3—7\1/2(3,51,”17,) distributions are obtained from the approximate nonrelativis-

16(27)"s™ N/ (3my) ! tic expression Eq(2.11). The specific formulas are collected

" f(vsrrmw)z d—sle’z(sl,sz,mf,) in the Appendix.
(2m_)? Sz

X)\llz(sz,mi,mi)- (3.5) B. p—44 in 7 decays

Based on the vector current conservation, the partial
In the above formulalNg=4 (2) is the factor that takes into width of the decayr™ — v (47)~ [22,23 can be written as
account the identity of final pions in the final state the integral over the invariant mass of the four pion state
27 27 (w7 270, respectively. As the evaluation extended up to some mass,, whose maximal value is
shows, the ratio Mgmax—= M5
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FIG. 5. The same as in Fig. 4, but for the decay

— _ . . . - 0
r —v.2m " 7° on the invariant mass of the four pion system, — V-7 37 .

see Eq(3.6).

Mo Zmer_ﬂVTp_(m)

877HV m) m ):TTI dm
A4m) (Mg am_ ’7T|Dp(m

2)|2

er7—>(4ﬂ)7(m)! (36)
whereT_ and
G2 cof 6 m?\ 2
_ 3.2 4_
FT7—>VT[)7(m) 87Tfi mT mp( 1 mi)
X| 1+ Zm2 3
7 (3.7

are, respectively, the lifetime aflepton and its partial width
of the decayr —v.p~ [22], with m being the invariant

and
B(r —v,37% , 740 MeV)=4.6x108. (3.9

Corresponding values for the upper integration maegs
=640 MeV are

B(r — v, 27 m 7°,640 MeV)

2.895x< 10 1% (without anomaly induced term
1 2.900x1071° (with anomaly induced terim

(3.10

and

B(r~—v,37% ,640 MeV)=1.8x10"1° (3.11)

mass of the four pion state. Using the numerical values of thehe comparison of Eq$3.8) and(3.10, and both curves in
p—4m decay widths, one can evaluate the branching ratiogig. 4 again demonstrates that the contributions of higher
of the four pionr decays for various values of the upper derivatives represented by the terms induced by the anoma-
invariant massn, of the latter. The results of the evaluation |ous Lagrangian of Wess and Zumino vanish rapidly with the

of the branching ratios of the decays— v,27~ 7" #° and

decreasing of mass. Unfortunately, the domains in the low

7~ —v,m 37 for the values of the invariant mass of the four pion invariant mass where the effects of chiral dynamics
four pion system from 600 to 850 MeV are plotted in Figs. 4are clean, are hardly accessible withfactories. Indeed,

and 5, respectively. In particular, takimg,=740 MeV one
obtains

B(r~—v,2m =t 7740 MeV)
7.6x10°8 (without anomaly induced term
~18.4x10°8 (with anomaly induced term
(3.9

guided by the expression for the cross section ofrthepton
pair production ine*e™ annihilation

Ama? 4m§ i
1- 1+2—
3s S S

O+ T’(S) =

. (312

one can find that up tdl=25x 10" 7 lepton pairs with the
total energy \/s= m,2s) can be produced per season at
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0,00001 3
0,00001 1 1 1 1 " 1 " 1 " [ 1 1 1 1 1 1 " 1 "
0,60 0,65 0,70 0,75 0,80 0,85 0,60 0,65 0,70 0,75 0,80 0,85
m, [GeV] m, [GeV]

FIG. 6. The dependence of the branching ratio of the delay FIG. 7. The same as in Fig. 6 but for the decay
— 2727~ averaged over the invariant mass of the four pion sys-— 7" 7~ 27,
tem, see Eq(3.13.

and
r-charm factory with expected luminosity=10**cm 2 s*
[19]. This implies that one can detect only from 2 to 4 events Boort-270(M,)
per season in the four pion mass range below 700 MeV. 1.6x 10 (without anomaly induced term

Nevertheless, the event counting rate rises rapidly with the = P i
increase of the upper integration massin Eq. (3.6), reach- 2.9x107" (with anomaly induced term
ing, atmy=m,, the figure about 60 to 120 events per sea- (3.1
son, depending on the charge combination of the final pions.
The results of plotting the quantit;’®, (m,) are shown
C. The decayp— 4 in photoproduction, #wN—pmN, in Figs. 6 and 7. In particular, the evaluation gives

and so on B0 5t oq-(Mo) =4.4X107° 6.1x107%, and 1.4 10" ° at
my= 850, 700, and 640 MeV, respectively. In the case of
other four pion decay modes of th€ the results are the
following. In the model with the vanishing term induced by
the anomalous Lagrangian of Wess and Zumino one
., (3.13  obtains Baz‘” 2,0(Mg)=1.3x10°°, 1.58<10 8, and

3.66x 10-10 at m0=850, 700, and 640 MeV. In the model

which is the average of the branching ratio over the invarianf"a ~ includes —the aﬁbove term, ~one - obtains
mass of the four pion state. In the linmity—, Eq. (3.13  Byo 07t (M) =4.9x10°°, 1.65<10°°%, and 3.63
serves as the definition of the branching ratio in case of a<10™* Uat the same respect|ve valuesnaf. Asis expected,
wide resonance. Equatiai3.13 should be confronted with the branching ratios in the two mentioned models converge

the familiar definition of the branching ratio at themass  to each other in view of the rapid vanishing of the contribu-
tions due to the terms with higher derivatives. The difference
B, _ar(Mm,)=T,_4,/T,, (3.14  between the two definitions of the branching ratio is seen
upon comparison 0B7*, (m,=850 MeV) evaluated for
which results from Eq.(3.13 upon the replacement various charge combinations of the final pions, with Egs.

mI,,/7|D ,(m?)|?— 8(m?—m?) valid in the limit of narrow  (3.15 and(3.16.

To characterize the possibility of the study of the
— 44 decays in photoproduction, we calculate the quantity

2 (mo m2T, . 4,(M)
m 2\12
am,  |D,(m%)]

Bz\faw( mO)

width. With the partial widths evaluated here one finds With the total number op mesonsN=6x10° expected
to be produced on nucleon at the Jefferson Laboratory “pho-
B,o_27+2,-(M,)=5.9X 1076, (3.195 ton factory” [24] one may hope to observe about 100, 360
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) FIG. 9. The same as in Fig. 6 but for the decay
FIG. 8. The same as in Fig. 6 but for the degay— 7~ 3°. N P
events of thep decays into the states™ 7 2#°, 27* 27", ciently intense source gf mesons. For example, the diffrac-

respectively, in the mass range,<700 MeV where the tive production of the 7 state inN collisions are currently
effects of chiral dynamics are most clean. The photoproducunder study with the VES detector in Protvino. The regions
tion on heavy nuclei results in increasing the number of proof the four pion invariant mass spectrum larger thap,
duced p mesons faster tham?® where A is the atomic namely, my=850 MeV where B**(p—4m,mg)~10 °
weight. A generally adopted behavior is in accord with theshould be included to measure the-4= branching ratio
behaviorA%8~%-95[25]. Thus the photoproduction of the four reliably. As is explained in the Introduction, this would re-
pion states on heavy nuclei would give the possibility of thequire the inclusion of the contributions @f; meson and
high statistics study of the effects of chiral dynamics in thehigher derivatives to the total amplitude. Nevertheless, the
four pion decays of the(770). It should be recalled once results of the present paper shown in Figs. 8 and 9, obtained
more that the counting rate rises rapidly with the increase ofipon neglecting the latter contributions can be regarded as a
M. guess in the experimental work in this direction.
The conclusions about the angular distributions of the fi-
nal pions with zero net charge in photoproduction are the IV. THE DECAY w—5m
following. Of course, their general expression should be de-
duced from the full decay amplitudes which can be found in One may convince oneself that the— p7— 5= decay
Sec. Il, together with the detailed form of the photoproduc-amplitude unambiguously results from the anomaly induced
tion mechanism. The qualitative picture, however, can bd-agrangian(1.5). This amplitude is represented by the dia-
obtained upon assumingichannel helicity conservation to grams shown in Fig. 10. As one can foresee, its general
be a good selection rule for the photoproduction reactionexpression looks cumbersome. However, it can be consider-
[25,26. Then in the helicity reference frame characterized asibly simplified upon noting that due to the low pion momen-
the frame where the is at rest, while its spin quantization tum, |q,|=0.5m_, the nonrelativistic expressions EQ.11)
axes is directed along tiemomentum in the center-of-mass for the p— 4 decay amplitudes in the diagrams Fig.(&0
system, the expressions for the angular distributions coincidare valid with the accuracy 5% in themdmass range rel-
with the corresponding expressions for the production ofvant for the present purpof8|. This accuracy is estimated
these states ie*e~ annihilation that can be found in the from the direct evaluation of the— 44 branching ratios
Appendix. Since, at high energies, the direction of the final with the exactp— 4= decay formulas given in Sec. Il, and
momentum lies at the scattering angle less than 0.5° in thwith the approximate ones, E(®.11). The evaluation shows
case of the photoproduction on heavy nuclei, the ventor that the results differ by approximately 10% in the width.
can be treated as pointed along the photon beam directionLikewise, the expression for the combinaticm;lM(w
Note that another peripheral reaction can provide a suffi——3) standing in the expression for the diagrams in Fig.
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P T ra M(w— a7~ 37°)
LT ;T rza N 5
p : ----- _ T p : ----- .,ﬂ: p :__--;77: = Cgp—ﬂ-wg:g(l_ P12)(1+ P34+ P35)8;LV)\0'q,uEVQ1)\
) T, @ “r, T 8(2m)%f3
+—< +—<
“\\. ) \\\ ] \\\ X[ [ 1 1
4 4 4 90D,(a—ds) D,(ar+0)
(a) 4 1 ]
— Uy — , 4.2
“20/3D,(q—a1) 2D, (d:+ ) “-2
’f, 77:: K with the final momentum assignment according to
A VA 7 (d) ™ (d2) 7°(d3) 7°(aa) 7°(ds). In both above formu-

P feees T P i-m P e T las, €, , g, stand for four vectors of polarization and momen-
w_/ + 60_/ +L/ tum of w meson. Note that the first term in each square
2 @ r T g QT bracket refers to the specific diagram shown in Fig@l0
VN L RN while the second one does to the diagram shown in Fig.

: 4 v vo7 10(b).
T T r Yet even in this simplified form the expressions for the
(b) w— 57 amplitudes are not easy to use for evaluation of the

branching ratios. To go further, one should note the follow-
FIG. 10. The diagrams describing the amplitudes of the decay§1g. One can check that the invariant mass of thesystem
o—a 7 7ta" 7% The shaded circles in the s@) denote the on which the contribution of the diagrams shown in Fig.
whole set of thep— 4« diagrams shown in Figs.(), 1(c). The  10(a@) depends, changes in the very narrow range 558 MeV
shaded circles in the— 3 vertices in the setb) refer to the sum  <m, <642 MeV. Hence, one can set it in all thepropa-
of diagrams shown in Fig.(&). The symmetrization over momenta gators standing as the first terms in all square brackets in

of identical pions emitted from different vertices is meant. The Egs.(4.2) and(4.1), with the accuracy 20% in width, to the
diagrams for the decay— 7" 7~ #°x"#° are obtained from those “equilibrium” value mZ,¥?=620 MeV evaluated for the

shown upon the evident replacements. pion energyE,=m,/5 which gives the dominant contribu-
tion. The same is true for the invariant mass of the pion pairs

Yon which thep propagators standing as the last terms in
square brackets of the above expressions, depend. This in-

10(b) can be replaced, with the same accuracy, b
—(8mfr)‘l times the nonrelativistier— 37 amplitudes in
Eq. (2.3). First, using Eq(2.11) one obtains the expression | 4.iant mass varies in the narrow range 280 MaX,

for the sum of the diagrams shown in Fig.(a0 Second, 360 Mev. with the same accuracy, one can set it to
using Eq.(2.3), one obtains the expression for the sum of them—21,2: 295 MeV in all relevant propagators. On the other
diagrams shown in Fig. 1B). Note that the contribution of h 2’Td h litud f ph pag ' 0.0

the diagrams in Fig. 18) was neglected in Ref3]. The nand. —the ;’;‘r.“p”“ e of the processw—p-m
final expressions for the— 5 decay amplitudes, upon ne- — (27 27 )7 is

glecting the terms of the order di(|qf7/mj‘,) or higher, can

, M[w—p°7— (27t 27 ) 7°]
be represented in the form

_ N g 71'1792 q4(r
M(w—2m* 27 a° =4 +ho)hm——,
(0) ™ m T ) 8(277)2f?78,(1,v)\0q;l,6v(Q1 qZ)XDp(q_qzl)
Ncgpﬂ'ﬂ'g2 (4 3)
= € VAO EV '
8(2m)2f3 " e . . .
where the momentum assignment is the same as i4EL).
[ [(q2+ 304), 204, The other relevant amplitude corresponding to the first dia-
X1 (1+P — in Fi i
( 1201z D,(d—qy) D, (Gt qa) gram in Fig. 10b) is
(14 Py | (@30 2 O G G AL )
[— q J—
SN Dy(a—ds)  Dy(dstds) :,\,Cgmgz8 o
—(1+P1)(1+P35)qs, 8(2m)2f3 KT
204 a1 S EPNCE]
X T+ ) : 4.1 X(1+Pp) (14 Pgg)m———. 4.4
D,(a—00) ' D,(ar+as) @D (1+PR1H+Pp (g g 44

with the final momentum assignment according toTaking into account the above consideration concerning the
7 () 7 (a2) 7 (93) 7 (gs) 7°(q4), and invariant masses, one can replace allgh@opagators stand-
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ing as the first terms in square parentheses of(&£d) with By sr=1uw_ 5./T,, (4.9
1/D,(q—q,) one. In the same manner, all thepropagators
standing as the second terms in square parentheses cande finds
replaced with 1D ,(q,+0g). Then the comparison of Egs. L
(4.1), (4.3), and(4.4) shows that D,(m2,) 2/5\2 o
+ - 0 Bw~>277+2'n'_770: 1- —_— (_>
M(w—27" 27 ) 2Dp(m§ ) 2] wl,
5 mw—mﬁo
~—M[w—>po770—>(277+2777)770] XJ dm
2 4m_ +
D (m_zﬂ') mzrwﬂ O-n'o(m)r ~>27T+27T’(m)
x|1- 27|, 4.5 ’ —
2D ,(m3,) |D,(m?)]
=1.1x10 9, (4.9

where we replace the ratld ,(q—q4)/D (g1 +qs) with the
ratio D,(mj,)/D,(m3,) evaluated at the “equilibrium

X where
point. The same treatment shows that
M(w— 7" 7~ 310) I, 0,0(m) =gipwq3(mw ,m,m_0)/127,
> b a0y - g NG5 Gevt
%EM[Q)—)p T —>(7T 37T ] wpTT Wf_ﬂrr : )
D (m_z) and the numerical data for the—27" 27~ decay width
x| 1— p—i , (4.9  obtained in Sec. Il are used. Note also the' dependence
2Dp(m§ﬂ) of the w— 57 width on the HLS parametex The branching
ratioB,_, .+,.-3,0 IS obtained from Eq(4.9) upon changing
where the lower integration limit tom_++3m_o, the substitution
m_o—m_+ in the expression for the momentugn and the
Mlo—p 7 — (7" 37% 7] substitution of thep™ — 7" 37° decay width numerically
calculated in Sec. llI, instead of the—27* 27~ one. Note
_ Ncg,mrg2 that the former is corrected for the mass difference of
T 8(2m)2f3 charged and neutral pions. Of course, the main correction of
i this sort comes from the phase space volume of the fimal 4
€ o9, €910 024 @7 state. One obtains
D,(q—dz) ' —
D,(mj,) (5)2 2
and the final momenta assignment is the same as if4E2). Byortm370=|1— ———| | = T
The numerical values ah;_*? andm3_? found above are 2D,(m3,)| \2/ 7o
such that the correction factor in parentheses of E4%) T
and(4.6) amounts to 20% in magnitude. In what follows, the xf T dm
above correction will be taken into account as an overall Mg+ +3m;0

factor of 0.64 in front of the branching ratios of the decays

w—57. When making this estimate, the imaginary part of %

the p propagators in square brackets of E@sb) and(4.6) is ID,(m?)|2

neglected. This assumption is valid with the accuracy better P

than 1% in width. =8.5x10"1°, (4.10
The evaluation of the partial widths valid with the accu-

racy 20% can be obtained upon using the expresgibBs-  where

(4.7). Such an accuracy is estimated by noting that the nu-

merical magnitude of the propagators in the expressions F,,prf(m):gimq%mw,m,mﬁ+)/121-r.

for the w— 57 decay amplitudes in Eqg€4.1) and (4.2

evaluated by assuming the invariant mass of the four pioms is pointed out in Ref[2], the inclusion of the direck»

system to be determined by either the “equilibrium” pion — 7+ 7~ 7% vertex reduces the decay width of thew by

energy or by the center of allowed range of the variation 0f33%. This implies that one should make the following re-

this mass, respectively, differs by the quantity not exceedinglacement to take into account the effect of the pointlike

10% of the numerical value of thepropagator. Defining the diagrams in Fig. 1(®) in the expression for the suppression

branching ratio at the mass as factor:

mzrwﬂp+w’(m)rp+~>w+3ﬂ'o( m)
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T " T T T T T seen from Fig. 11, the peak value of the State production
cross section is about 1.5-2.0 fb. Yet the decays5m can

be observable oa*e ™ colliders. Indeed, with the luminosity
L=10*® cm 2s ! near thew peak, which seems to be fea-
sible, one may expect about two events per week for the
considered decays to be detected at these colliders.

The angular distributions of the final pions should be de-
duced from the full amplitudes Eq$4.1) and (4.2). How-
ever, some qualitative conclusions about the angular distri-
butions can be drawn from the simplified expressions Eqgs.
(4.3), (4.5), (4.6), (4.7). Since helicity is conserved, only the
states of thev(782) with the spin projections= *=1 on the
e"e” beam axes are populated. Corresponding expressions
for the various combination of the final pions can be found in
the Appendix.

The strong energy dependence of the five pion partial
width of thew implies that the branching ratio at tkemass,

Eq. (4.8, evaluated above, is slightly different from that de-
termined by the expression

c(e'e—w_. 5rn)[fb]

aver (E E)_Zszd EZFwaHSﬂ'(E)
w—57\=1,2 T E, (Ez_mi)2+(mwrw)2'

(4.13

0'0 1 1 L 1 N 1 N 1 . )
0,775 0,780 0,785 0,790 Taking E;=772 MeV andE,= 792 MeV, one finds

s2 [GeV] B2 s 0o(E1,E)=9.0x10" 10

FIG. 11. Thew— 5 excitation curves ire*e™ annihilation in  gnd
the vicinity of thew resonance.

., o , B . 3.0(E1,E)=6.7x10"1°
2 2

_Lm“_“) 1= D (M) 1_ - 12 to be compared to Eqg4.9 and (4.10, respectively. In

2D,(m3,) 2 D,(m3,) 3M; particular, the quantitg®", ., _ o(E;,E,) is the relevant
— 0 characteristics of this specific decay mode in photoproduc-

Dp(mﬁw) tion experiments. The Jefferson Lab “photon factorf24]
~|1= ————| =0.75, (4.1)  could also be suitable for detecting the five pion decays of

3D,(m3,) the . However, in view of the suppression of thephoto-

_ ) ) ) roduction cross section by the factor of 1/9 as compared
instead of 0.64, which results in the increase of the abovaith the p one, the total number a6 mesons will amount to
branching ratios by the factor of 1.17. _ 7% 10® per nucleon. Hence, the increase of intensity of this
The numerical value of the— 5w decay width changes ,5chine by the factor of 50 is highly desirable, in order to
by the factor of two when varying the energy withinl' /2 ohqerve the decay— 57 and measure its branching ratio.
around thew mass. In other words, the dependence of thiszyjgently, thew photoproduction on heavy nuclei is prefer-
partial width on energy is very strong. This is illustrated by gpje in view of the dependence of the cross section on atomic
Fig. 11 where thev— 57 excitation curves ire" e~ annihi- weight A growing asA%8-°95 [25],
lation The conclusions about how the angular distributions in
m.\3 the » photoproduction are related with thoseehe™ anni-
Oete- w5m(S)= 1277(%’) [, ete-(Mm,) hilation, are basically similar to those concerning thpho-
toproduction discussed in Sec. Il C. The expressions for
rs (E) these distributions coincide with the corresponding expres-
w2wo—=5m . (412 sions Eqs(A7), (A8), (A9), and(A10) obtained for the case
[(s—m?)2+(m,T,)?] of e"e™ annihilation. The vecton, in those formulas can be
treated as pointed along the photon beam direction.

are plotted. HereB,, _.5.+2,-70(E) [By_ ++-3-0(E)] is
given by Eq.(4.9) [(4.10], respectively, with the substitution
m,—E. The mentioned strong energy dependence of the
partial width results in the asymmetric shape of theeso- The results presented in this paper show that, inghe
nance and the shift of its peak position b¥.7 MeV. Asis  —44 decay amplitude, the contributions of the higher de-

V. CONCLUSION
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rivatives specified by the term induced by the anomalous 1. The angular distributions in the p—4a decay
Lagrangian of Wess and Zumino, vanish rapidly when de-
creasing the invariant mass of the four pion system belo

700 MeV. The loop corrections are also expected to beha\\;é

similarly. The decayw— 57 is of a special interest, because (i) The p®—2=" 27~ decay. The probability density of

its kinematics is such that the final pions are essentially NONg o emission of four charged pions can be found directly
relativistic, and the above effects are completely suppressegl, .., the first Eq.(2.11):

in its decay amplitude. Hence the approach to the decays of

the vector mesons andw presented in this paper is the zero woe (g +0o— 03— 04)%—[No(Qy+ 02— a3 — q4) 1?
order approximation to the full amplitude, in a close analogy
with the Weinberg amplitude in the classicair scattering.

Taking 6, , ¢; to be the polar and azimuthal angles of the
ion three momentury; , where the momentum assignment
orresponds to Eq2.11), one finds the following.

4

— 2 i
Under the approximation of the present paper, all chiral _Z'l g7 sir? 6;+ 20| (1— Pa3— Pay)
models of the vector meson interactions with pighS] are
indistinguishable in their predictions concerning the many X |qy|sin 6, sin 6, cos ¢1— ¢,)
pion branching ratios. Any difference could manifest upon . .
including the higher derivatives and chiral loops. As the next 2|02l (1+ Pay) ds[sin 0, Sin 05 c0s 5~ bs)
step in the development of the present study, the inclusion of + 2|03/ | 04| Sin 65 Sin 6, COL 3 — ). (A1)

the a; meson contribution at the tree level approximation

would be important. This could help in extending the validity One may use the relation

of the treatment up to the invariant masses just below 910

MeV. The task looks meaningful, since the loop corrections, (e,01t0>+03+qs)=0 (A2)

whose particular manifestation is the finite width effects un-

covered to be unimportant at,, <910 MeV (see Sec. Il  that expresses the transverse character optpelarization

are still expected to be small at these invariant masses. four vector e, to get rid of the momenta of negatively
In our opinion, the above considerations show that the lefeharged pions|; andq,. Then the probability density of the

shoulder of thep peak is the very perspective place to studyemission of twor *’s found from the first Eq(2.11) is

the effects of chiral dynamics of the vector meson interac- ) )

tions. Thee™e™ colliders with the large enough luminosity wee (g1 +02)“—[No(g1+02)]

at energies below thg mass could provide the controlled

source of soft pions. The role of higher derivatives, loop

corrections, and, possibly, the’,p” contributions in the X COS 11— bs). (A3)

low-energy effective Lagrangian for the soft pions, as well as

various schemes of incorporation of the vector mesons intéllowing for Eq. (A2), the angular distribution for the emis-

the chiral approach, can be successfully tested with such maion of two# s is obtained from Eq(A3) upon the replace-

chines. The intense beams of photons from the Jeffersomentq; ,— 03 4.

Laboratory “photon factory” are also of great importance in (i) Thep®— 7" 7~ 27° decay. The probability density of

achieving the mentioned theoretical goals. Certainly, thehe emission ofr* 7~ pair found from the second E¢R.11)

measurements of the branching ratio of the five pion decayi the form

of the w at the level ofB, 5,~10"° constitute the real

challenge to experimenters, but by the reasons specified wo (g —02)2—[No(a;— ap) 1?

above the effects of chiral dynamics of the vector meson

interactions are manifested in the deeay-57 in the very

clean way. X cog 1 — ). (A4)

=02 sir? 6, + g3 sir? 6,+ 2|qy|q,|sin 6, sin 6,

=qZ sir? 0, +q3 sir? 6,— 2|q4)|q|sin 6, sin b,

Getting rid of the momenturg, one finds the corresponding
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APPENDIX: ANGULAR DISTRIBUTIONS ) .
+ 2|03/ [q4lsin 65 5in 64 COL h3— o), (A5)

Here a number of expressions for the angular distributions
of various combinations of the final pions in the decays whereP;; interchanges the pion momerjaandg; . In view
—4m andw— 57 are given. In what follows, the one pho- of Eq. (A2), the angular distribution for the state 27 is
tone*e™ annihilation production mechanism for these statesobtained from the above upon the replacemgnt: g, and
is assumed, where thef'e” beam axes are characterized by changing the signs in front of the terms containing (1

the unit vectomg directed along the axes. +P3y).
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2. The angular distributions in the w—57 decay in the case of the final stater2 27~ #°. Here the momen-

In what follows the suitable notation for the vector prod- UM assignment is the same as in 4.1). The angular
uct of the pion momenta are used: distribution of twos~’s with the momentay;, gs, andw" is
obtained from Eq.(A7) upon the replacemerd; ,—0ss,

[gixa;1=]qi|[q;|sin6; because the identity
X (sin®;; cos®;; ,sin®;; sin®;; ,cosO;;).

(AB)

jo

. . Sﬂvkoqﬂev(ql+q2))\q40’: _s,uv)\aq,u,ev(q3+q5))\q40'
In other words g;; is the angle between the pion momegta

andq;, 0;;,P;; being the polar and azimuthal angles of the

normal to the plane spanned by the momegtaand q; . is valid. Since another identity
Choosingng to be the unit vector alongaxes, the probabil-

ity density of the emission of twer*’s with the momenta

q;,9,, and7° with the momentun, is represented as

VAO EV + ) g
Wor 4 X (1 + ) 12— {No-[QaX (1 + G) 1} Eunnolue(Qut A2)nle

— qi[qi S|n2 0415inz ®41+ q% S|n2 0425inz @42 == S;LV)\O'QMeV(Q1+ QZ))\(q3+ q5)o’
+2|01]|g2|SIN®O 41, SINO 4,SiN 041 SiN 0,4,

is valid, one can write the angular distribution that includes
X oS D4~ Pyy)] (A7) four charged pions

W[ (01 +G2) X (A3+ds) 12— {No- [ (41 +02) X (A3+ 0s) 1}
=(L1+P1p)(1+ Pag) 005 Sir f15Sin’ O
+2|q4/[ 02| (1+ P3s) 03 SiN 6135iN 025 SIN O 135INO o304 P15~ P 3)
+2| /| gs| (1+ P 1) SiN 6135in 5SINO 135INO ;504 D15~ P 1)
+2|01[92l[d3]|ds| (1 + P35)Sin 135N 255N 0 135N O 55c0 P 15— D). (A8)

HereP;; interchanges the indiceésandj. In the case of the final state” 7w~ 37 the corresponding probability density can be
obtained from Eqgs(4.6) and(4.7) and looks as

wee[ Gy X Gp]2— (Ng- [A1 X 02]) 2= 303 Sir? O i © 5. (A9)

Here the momentum assignment is the same as in4#. The corresponding angular distribution of one charged,say
and three neutral pions can be obtained from E4%) and(4.7) upon using the identity

Syv)\a'q,uevql}\qZ(r: - S,U.v)\aqp.evql)\(qS_'— st q5)o’

and looks as

W

wa|

e

=q§[2 o sir? 0ilsinz®il+2§,_ lail|;sin 64 Sin ;4 SIN®;; SiNO;,c0g ;3 — D) | (A10)
i 17

Here indiced,j run over 3,4,5.
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