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Rare decay p— @y in chiral perturbation theory

G. Knachlein} S. Scherer, and D. Drechsel
Institut fir Kernphysik, Johannes Gutenberg-Universita-55099 Mainz, Germany
(Received 27 October 1995

We investigate the rare radiative decay modes)— =" 7w~ yy and n— w°#°yy within the framework of
chiral perturbation theory @(p*). We present photon spectra and partial decay rates for both processes as
well as a Dalitz contour plot for the charged decay.

PACS numbgs): 12.39.Fe, 11.30.Rd, 13.25.Jx

. INTRODUCTION energy scaleAcpr~m,. On the other hand, current-
algebralike calculations with phenomenologically
With the commissioning of new powerful facilities with determined decay constants apes’ mixing, which keep
high production rates, low- and medium-energy meson physhe » singlet field as an explicit degree of freedom, yield
ics will experience renewed intere&.physics at higher en- reasonable results. Since we will restrict our calculation of
ergies an physics at lower energies have stimulated largethe processy— w7 yy to tree level, we will choose such a
efforts on the experimental as well as the theoretical side; thphenomenologically inspired approach. The charged mode of
field of 7 and »’ physics provides a considerable amount ofthis process is of particular interest, because it can supply
open questions, and the new facilities are expected to addrelormation on a Wess-Zumino-Witten contact te7] in-
. . . olving the interaction of three mesons and two photdos
them from the experimental side. The anticipated numbers o

, review of anomalous processes see, 4., The » meson
10°-10° observedy's per year at CELSIUS 2.2 10°), is the only particle of the pseudoscalar octet which decays

ITEP [~(0.27-2.7)x10°], and DAPNE (~3.2x10°) [1]  through such a mechanism. Another possibility of testing this
will allow for experiments which on the one hand supply special kind of contact term in a scattering experiment is the
precise figures on the more frequeptlecays and which on processyy— =+~ #° which has recently been treated in
the other hand focus on rasgdecays. Such rare decays can chiral perturbation theorfQ]. Because of the lack of meson
supply valuable formation on anomalous processes or EGIISCh el s St Sxtact ormaten an e,
poss_lbIeC V|ola_t|on_ n 7 dec_ays. Another interesting ques- tial state, because in pgractFi)ce such experiments involve vir-
tion is whether it will be feasible to observe some of the rargya| particles and necessitate uncertain extrapolations. On the
n decays at the new laser backscattering facility GRAAL atexperimental side, a data analysis dating back to the 1960’s
Grenoble (-10 decay events per secomat even at thew  with rather low statistics gives upper bounds on the branch-
electron facilities at Mainz(MAMI), Bonn (ELSA), and ing ratios of the charged mode— 7" 7~ yy [10-12:
Newport News(CEBAF), where manyn photo- and electro-
production experiments are scheduled or already being car- [11]:T(p— 7" 7" yy)IT:<2.1x 103, @
ried through. On the theoretical side the development of chi-
ral perturbation theory2,3] as an effective theory for the
confinement phase of QCD has supplied a consistent frame-
work for the calculation of low-energy processes in the
SU(2) as well as the S(B) flavor sector of QCD. Chiral In the analyseg11,12 the upper limits for the branching
perturbation theory has turned out to be a valuable tool in théatios were derived for a missing mass of neutral particles
investigation of meson interactions at low energies. Howlarger than 195 MeV. Hopefully, the situation will improve
ever, the theory seems to work much better in the 23U when future experiments will be carried through.
sector than in the S@3) sector because of the comparatively
Iarg(_e mass of the strange quark. In particglar, processes in- Il KINEMATICS AND OBSERVABLES
volving the » meson have confronted chiral perturbation
theory with various problems which could only be solved The four-momenta and polarization vectors for the
partly by considering next-to-leading-order terms and eleceharged decay mode— 7+ 7~ yy are defined in Fig. 1. For
tromagnetic corrections or by going even beyond next-tothe neutral decay mode we use analogous descriptors. The
leading order(see, e.g.[4,5]). These problems are also re- full kinematics of a decay process with four particles in the
lated to the largey-»’ mixing angle and the k(1) problem. final state requires five independent kinematical variables
In pure chiral perturbation theory up @(p?), the 5 singlet  (see, e.g.[13,14]). For the definition of these variables we
field is integrated out3] because the mass of the correspond-will consider three reference frames: the rest system of the
ing physicaly’, m,,=957.7 MeV, is larger than the low- 7 mesonX,, the dipion center-of-mass systel, ., and
the diphoton center-of-mass systen,,. Our kinematical
variables are(see Fig. 2 s,., the square of the center-of-
* Present address: Department of Physics and Astronomy, Univeass energy of the pions, , the square of the center-of-
sity of Massachusetts, Amherst, MA 01003. mass energy of the photons,rl, the angle of the pion with

[12]:T(p— 7 7 yy)IT :<3.7X 10 3, 2
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7 (q1,€1(51)) cosﬁyf—ﬁ-ﬁlllﬁlly ®

cosp=2¢-d. 9

The physical region of the decay process is reflected in the

Y2 (g2, €2 (K . - -
2 (42,2 (%)) range of the kinematical variables:

_ e _ T k) 0<s,<(m,—2m,)? (10)
2<c < _ 2
N () 4mi<s,<(m, \/g) , (11
X\ 0<6, <m, (12)
AN
AN 0=<6, =<m, (13
O ¢p<2m. (14

FIG. 1. Notation for the kinematics of the process o
n—atTyy. The invariant matrix element squarefd/|?, will be ex-

) . o . pressed in terms of Lorentz scalar products of the five mo-
moment_umkl_ln 3, .- With respect to the direction qf flight mentak,, K», 4, d», andp. One of these momentum vec-
of the dipion in%,, @, , the angle of the photon with mo- tors can be eliminated because of momentum conservation.
mentumq, in %, with respect to the direction of flight of In order to express the Lorentz scalar products in terms of
the diphoton inX,, and ¢, the angle between the plane the kinematical variables specified above, we now introduce
formed by the pions inX, and the corresponding plane adequate linear combinations of the momenta:
formed by the photons.

In order to define these variables more precisely, we in- K=ki+ks, (15)
troduce a unit vectop along the direction of flight of the
dipion inZ ,, and unit vectorg andd along the projections

of k; perpendicular toy and of q; perpendicular to—o, P 1
respectively: Q=0q;+ds, (17)

| 2

L:kl_kz, (16)

" B L. R=q;—05. 18
&= (ky— 00 - Ro)/[KE— (Ky-5)212 3 hm % (19
R For further reference we need the expressions
d: —)_"".—) / _)2_ _)."21/2. 4
(91—vv-q)/[a:—(g1-v)“] (4) K-K=s, . (19
With these definitions, the five kinematical variables are de-
fined as Q-Q=s,, (20)
s, =(k;+ky)?, 5 1
o tarie) © K-Q=5(m=5,~s,) @
Sy:(ql+q2)21 (6)
o K-R=x cost, , (22
00991.,1213 . kl/| kll! (7)
L-Q=0, X cod, , (23

L-R=0, [K-Q cog, cosh,,

_____ — (s, s,)V%sing,, sing,, cosp], (24)
with
Y S x=\(K-Q)?-s,s,, (25)

o,=\1—4m2 /s,. (26)

-7 plane

T - The ten Lorentz scalar products jnz|? can now be ex-
Y=Y plane pressed as
. . ) ) : ) 1
FIG. 2. Choice of kinematical variables in the four-particle de- Ky ko==(K-K— Zmi), (27)
cay n— mwwyy. 2
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1 F=2D+ L)
a1 d2=5Q Q. (28 e
2 F2
:T”tr [(D"U)TD,LLU]JrT”tr(XTU +xUh
1
ki-g;==(K-Q+L-Q+K-R+L-R), (29 eN,
1T, + 487:28# AA,tr(Qa,Ua,UTa,uu’
1 -Qa,U"9,UdzU'U)
kp-q;=7(K-Q—-L-Q+K-R-L-R), (30) §02
4 ie“N. vaB 2 + +
1 —1QUTQHzU+1QUQIUT™, (38)
ki-0p=7 (K-Q+L-Q=K-R—L-R), (31) 2QUIQI,U+2QUQ7,UT]
whereeg25= 1. In EQ.(38), we have only listed those terms
of #{3).,, which actually give a contribution to the invariant
1 amplitude. The covariant derivative is defined as
kz' Q=7 (K-Q—L-Q-K-R+L-R), (32) _
D,U=g,U+ieA,[Q,U], (39
where the matrixQ represents the electromagnetic charges
P-ki=Ki-Gr+Ky G2+ ky-kp+mz, (33 of the three flavors in S@):
Q=diag(2,—1,-1)/3. (40
p-ky=Ky Gg+ Ky Gat Ky kp+mZ, (34) )
The matrix
P-d1=0d1-G2+Ki-01+Kp 0y, (39 X=2Bom (41)
contains the quark masses
P-02=01- 02+ ky- G+ ka- p. (36) _
m=diagm,,my,my), (42)
The differential decay rate can be written as whereBy is related to the quark condensate and is given by

the relation n,+my)Bo=m?2. The meson field operators
are represented by the matrix=exp(i®/F4), where the
nonet field matrixd can be decomposed into an octet and a

xds, ds, dcosd., dcosd,, dg, (37) singlet part,® =dg+ P4, with

\/§7T+ 0

M)?

dT(p—mmyy)= 27147776m;3C710'7T X

where the symmetry factd® is equal to four in the decay T3t

1
ﬁ 78
n— m°m%yy because of two pairs of identical particles in
the final state, and equal to two in the decays 7+ 7~ vy P V27 et i
because of one identical particle pair in the final state. Now & m 73 3 78
we will proceed to investigate how chiral dynamics mani-
fests itself in the Lorentz-invariant matrix element. 2

0 0 - —
\/5778

0 (43

[ll. CHIRAL DYNAMICS OF THE DECAY np—owwyy and

contributions. Since the process— wwryy involves the
electromagnetic interaction of an odd number of pseudosca-
lar mesons, the leading contributions must contain a vertex _

of odd intrinsic parity. Such a vertex is at least@fp®) in  In the expansion o), the decay constants,,, Fg, or F
the momentum expansion, and thus, according to WeinbergWill be inserted for the constarfity, , depending on whether
power countind 2], we expect the leading contribution to be the constant belongs to &, 7g,_or 7, field. We will use
of O(p*). Consequently, the interaction Lagrangian we will F,.=93 MeV, Fg=1.25_, and F,=1.06, as numerical
use for our tree-level calculation contains the standard/alues[15]. Our calculation in chiral perturbation theory will
O(p?) piece[2] and the anomalous Wess-Zumino-Witten be carried out with the group theoretical octet and singlet
Lagrangian[6,7], but no term from the Gasser-Leutwyler states|»g) and|ng). We will introduce»-»' mixing via the
Lagrangian 3] of O(p*): phenomenological mixing angleé=—20° [15]:

We will restrict our calculation ofZ to the leading-order >
O, = \/;nodiag(l,l,]). (44)
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FIG. 3. Feynman diagrams of the process: w* 7~ yy. The numbers in the interaction blobs denote the order of the vertex in the
momentum and quark mass expansion.

= —gj 2
| 7) = cosf)| ng) —sind| 7o), (45) 230 e°N, JavaBy A A o
“WZW 12\/§7T2F3.r u M\
N — i 1 2
|7') =il 575) + cosd| 7). (46 X(F—g‘%%* % damol. n
The Feynman diagrams contributing to the charged decay
moden— 7" 7~ yy of O(p*) are displayed in Fig. 3. There ieN,
are three different classes of diagrams at tree level: diagrams A Z\}V73¢ ﬁs“mﬂAMavw*&aw*
with a four-meson vertex o©(p?), a propagating neutral 12\/577 Fa
meson, and a decay vertex into two photon©g¢p*) (class 1 J2
1), Wess-Zumino-Witten contact terms 6f(p*) (class 2, X| =—dgmg+ Toaﬁno), (48)
and internal bremsstrahlung diagrams, where one photon is Fg F
emitted off a charged pion linélasses 3.1 and 3.2The
class 1 of diagrams is gauge invariant by itself, whereas the
amplitudes corresponding to the diagrams from the classes 2, 2916 _ N, uvap
and 3 have to be added in order to obtain gauge invariance. Lwzn YA TP A
In the neutral decay mode— 7°#°yy, only the class 1 of
diagrams is relevar(fFig. 4). 1 2\/5
Starting from the general chiral Lagrangian of Eg8), _aﬁw = \/— \/—— aﬁﬂo)'

we now list the interaction terms relevant for the process Fa

n—mtT yy (49)
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/ ie’N,
S Mp=— 28“ p581,M82,a(Q1_Q2)V
w/O 123
/ v,
Y x( co¥ 2 sinﬁ) -
=2 2= |
AN y ie?N cosd 2 sind
\WO V%gz 028/‘“}0‘3< > — —\/—2 —
N 12\/37 F2Fs  F2F,
AN
\ Eop- k Eq- kl
X equltXKZVpB k +82,uq2ak2vp,8q k
FIG. 4. Feynman diagrams of the procegs> m°7%yy. . y g0-Ky . y e1-Ky
8l,u,qloz 1Vp,3q k SZ#an lvpﬁq k2
) F Bo 4(m +md) _
LD = 24 Fu F2 NgMeT W (55)
The masses in the propagators can be expressed in terms
8\/—(mu+ mgy) . of the physical masses using the relations
—77877077 ™
F2 ~FsFo 5 5 ,
mn8=m7]C0520+ m’,sir’g, (56)
8(my+my) B
. > 7707707T+7T 2 5 . 2
F=Fo m? =masin’6+m; ,cos 6, (57)
8(mu_md) + 0
2V u Td - 2 _ 2
\/§F?TF8 nem W w mZ.=Mm_o. (58

8 \/E(mu— my) 0 As we will not be concerned with photon polarizations in the
+ —\/§F3E Nom™ T T, (500 final state, we carry out the sum over the polarizations of the
0 real photons:

*’Z(Z)'hw:ieAp(ﬁpwiTrJr_ﬁpWeri)' (51 |/_/5|2= D Mk, Ke) A (K, K). (59

K1.K2

The invariant amplitude fomy— 7" 7~ yy is then given as For that purpose we exploit the completeness relation
the sum of the amplitudes from the three classes of Feynman
diagrams(Fig. 3),

2 8,(K)e5(K)——gys, (60)
M= M Myt M, (52 . )
which is based on current conservati@ee, e.g.[16]):
where S My ) M ()
K1,K2
e 1N g = S A ey (k)Ek (k) e kD)ER (k)
A= 12\/§ﬂ_28 €1,u€2001,028 i, | ’ P o vT
— yNo /épT*
Bo(my+my) [cosd 2 sing OrpGor )
3(2q1.q2—m378) F2F, =M.y (1,]e{1,2,3). (61)
4Bo(my+mg) [ cosh V2 sing The result for. 7|2 is too complicated to be displayed in this
3(2q1-q2—mf70) F2Fg F3 contribution. It depends on all Lorentz scalar products which

can be constructed from the four final-state momentum vec-
Bo(My—My) [ cosf 2 sing - torsky, Kz, 41, andq,.
) t

- — For the neutral decay mode— m°7°yy, we obtain the
-Q,— 2 2 '
3(29:-02 F=Fs  FZFo interactions
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(62)

)

2 [—
g Cro0[ HMy 3 M) ngmOmCm®
V3F3F,

Z(mu+ md)
F2Fs

4\/5( mu+ md) 7TO7TO
—FiFsFo 7870

0.0
Mg Mg T T

4( my + md)

== (63)
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FIG. 5. Dalitz contour plot for the full calculation in chiral per-
turbation theory. The distance between two contour lines corre-
sponds to a difference of 1.%47.0" 1" MeV ~2 in the doubly differ-
ential decay ratel’I'/ds, ds, . The outermost contour line denotes
the leveld®I'/ds,, ds,=1.467x 10 " MeV 3. The dotted area is
the physical region of the process. The dots in #ies, plane
represent the points where the invariant amplitude was evaluated.

which lead to the diagrams in Fig. 4 and result in thewe note that the final result only depends on one Lorentz

Lorentz-invariant matrix element

~ie?N¢By
M= 96; e""Pe1,€2,01,02,8
8(m,—my) cos) 2 sing
X 2 2 - 2=
\/§(ZQ1'Q2_m73) F=Fs FaFo
8(m,+my) cosd 2 sing
3\/5(2(11'012_”1378) F&Fo
3Amy+my) [ cos 2 sing
5 = - —= . (64)
3\/5(2%'(12_"1770) FsFo Fo

Summing over the possible photon polarizations and

K5, We obtain a compact result for the invariant matrix ele-

ment squared,

2_ e*N¢Bg 2
|.2|*= 794 (Q1 dz)
cos /2 sing my— Mg
X F2FE. r2p 3 2
w8 FzFo 3(201-9; mw3)

m,+my
3\/§(ZQ1'Q2_mfyg)

\/E sin&)

F2F,
coy
FeF2

(cosﬂ_
|

J2 sinﬁ)

4(mu+md) 2
F3

3V3(29;- 9 ms,o)
(65)

scalar product, namely, -q,=s,, /2.

IV. RESULTS AND DISCUSSION

Having determined. 7|2, we proceed to investigate the

decay spectra by integrating E@®7) numerically. First, we
will discuss the Dalitz plotd®T'/ds, ds, for the charged
decay mode. We note that the soft-photon limit for any of the
two photons impliess,—0. The contour plot for the full
chiral perturbation theory calculatiaifrig. 5) clearly shows
the infrared bremsstrahlung smgularlty f&y—0. The Dalitz
plot also reflects a pole &,=m 0—18 219 Me\? because
of the class 1 Feynman dlagram with a propagatifig(see
Fig. 3. In the neighborhood of this pole, it is impossible to
distinguish between the processes— "7 yy and

— a7~ w0 If we switch off the diagrams of class 1, the
invariant amplitude is still gauge invariant, and the corre-
sponding Dalitz plot(Fig. 6) is very similar to the full cal-
culation (Fig. 5) except for the region around the® pole.
We conclude that the diagrams of class 1 do not contribute
significantly to the process which also becomes evident from
the diphoton spectruntdF/dz (Fig. 7), where z=s, /m
The effect of theqr pole is confined to a very smaII reg|on
arounds, = mwo. The calculation without class 1 diagrams
almost coincides with the full calculation except for this re-
gion. The reaction mechanisms of class 2 and class 3 dia-
grams dominate the spectrum over a wide energy range. We
conclude that the detection of this decay mode should be a
good indication for the presence of a Wess-Zumino-Witten
contact term(class 2. Towards small values o§,, the
bremsstrahlung diagranislass 3 will be responsible for a
divergence in the spectrum. A measurement of the steep rise
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FIG. 8. Partial decay ratE(»— = 7~ yv) as a function of the

) . ) energy cut Smyems around the bremsstrahlung singularity at
FIG. 6. Dalitz contour plot for the chiral perturbation theory s =0

calculation without class 1 pole diagrams. The contour spacing is”

the same as in Fig. 5. smaller than the experimental upper limits in Eds.and(2)

. - ) by about 3 orders of magnitude.
in the spectrum for vanishing, depends on the resolution of  ~ | ot s now turn to the neutral decay mode

the detector facilities or, more accurately speaking, on th — 7%7%y. In contrast with the charged decay mode,
minimum photon energy detectable. Hence, both in experighere the diagrams of class 1 can be neglected, these dia-
ment and in theory, itis only possible to determine the partialyams generate the only tree-level contributions in the case
decay rate as a function of an energy @myemsapplied  of neutral mesons. For this reason we want to analyze the
aroundy/s,=0. We obtained”(»— "7~ yy) by integrat-  structure of the vertices in the diagrams more closely.
ing the diphoton SpeCtrUm for the calculation without class ].\Nhereas the tWO_photon_one_meson vertices have been in-
diagrams. According to F|g 7, the error introduced by thiSVestigated extensive|y in the two_photon decays of ,ﬂ‘?e
approximation should be negligible. In Fig. 8 we show then’ and »’, the four-meson vertices, in particular, the
result as a function ofmyems. Comparing our absolute ;0 7970 interaction, are not known with comparable pre-
numbers for the partial decay rate with the tojedlecay rate  cjsion. However, these vertices are of great interest because
I=1.2<10"° MeV [10], we note that the resulting they are directly related to the sum or difference of the light
branching ratio is well within the reach of the facilities men- quark masses[see Eq. (63)]. While the npmwm and
tioned in the Introduction. Using an energy cut at,’ .,z interaction can be directly investigated in the decays
SMyrems 195 MeV, our result for the partial decay rate is n—mmm and 7' —pmar, this is not the case for the
nnwa interaction. Moreover, the minimum center-of-mass
energy for the scattering processr— 77 is beyond the

O — convergence radius of chiral perturbation theory, and
_; n —> oy ] 7 p— 17 Scattering is not a reglistic alter_native ei.ther. As a

s 1 consequence, the only possibility to get information on the
10 T\ E nn interaction is the investigation of a composite process

with at least one additional vertex. At first glance, the decay
n— m°7%yy seems to be a good candidate si@earity is
conserved at theynm°#° vertex, whereas in the diagram
with a propagatingr®, the corresponding vertex violat€s
E parity and vanishes in the isospin limit. However, as is well
1 known from the decayy,— w#a, G parity is violated sig-
nificantly and isospin breaking is reflected by the fact that
the p@w vertex function is directly proportional to the
guark mass differendesee Eqs(50) and(63)]. For this rea-
son, the diagram with the propagating neutral pion cannot be
neglected. Sincenio lies within the range of integration for
s,, the diagram with a propagating® will cause a pole in
FIG. 7. Diphoton energy spectruti’/dz (z=s,/m?) for the ~ the amplitude /. Thus, despités parity and isospin viola-
decay n—w* 7 yy. The dotted line is the full calculation, the tion, this diagram is strongly enhanced in comparison with
dashed line is calculated without class 1 diagrams, and the solid linthe diagrams with a propagatings and n,. The diphoton
is proportional to the phase space integral. spectrum clearly demonstrates the fact that #aeyg7%m°

dr'/dz [MeV]

bl e b b

.00 .05 .10 .15 .20 .25 .30
z

10
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FIG. 9. Diphoton spectrum for the decay—m 7 yy FIG. 10. Partial decay rate for the decay- w°#°yy as a func-

B 2 o e .
(z—sylm_”). The long dash-dotted line is the predlctlon of cljlral_ tion of the energy cusm in s¥2 aroundm_o. The long dashed line
perturbation theory, the short dash-dotted line is the calculation iRs the calculation with theyﬂ%wowo and 7’ pm°#° vertices fixed
chiral perturbation theory, where the 704 74 interaction is set to by experiment. For the solid line we addedygugm°=° interaction
0, and the dotted line is the prediction of chiral perturbation theoryfrom chiral perturbation theory.
for my=my. The short dashed line is a calculation, where we de-
termined the strength of thﬁgogoﬂo interaction from the decay jnq to [18] are negligible in this process. Future work will

! 1 i . .
pomom m o and the nym - interaction from the decay  fo0,5 on higher-order corrections to our tree-level calcula-
n'—nm m°. In the long dashed curve an additiongdngm 7

;ntzgaecit:]cig |;sa||ncluded. The solid line is proportional to the phase The question whether it is realistic to measure the decay
P gral. n—m°7%yy must be decided from the partial decay rate
0,0 ; ; ; ;

interaction plays a minor role in the procgsse Fig. 9. gi( Z;g;: gg’t)r'urn":(:hl \;\rge gbéﬁltnofb%én\fﬁg{;?ﬁogrg;ntge
In the pole region it is impossible to distinguish the decay. P P M applying L ) .
modey— 7970y from — m0m070. Thus, in order to ob- the pole atr_nwo (F|_g. 10. From th_|s figure it becomes obV|_-
tain new information on chiral dynamics from the decayous that this partial decay rate is rather small, but possibly
7070 one should choose an energy regime dor within the reach of the new; facilities. However, it will
Ty, . gy reg probably be impossible to draw any precise information on
which is sufficiently far away from this pole. g "8 8. 0.0 ; )
the G-parity-conservingn® 77~ coupling from measur

2 . . .
At O(p) effective chiral Lagrangians do not reproduceing this process, because the corresponding Feynman dia-

the experimentally determined interaction strength of thegram gives only a small contribution to the complete ampli
0,0, 0 r 0,0 i -
mm e and s’y vertices(for the correct treatment tude. Finally, we want to mention that the calculatior} 18]

beyond tree level sef4]). Therefore, we have also per- . . 0.0
formed a phenomenological calculation, where we ﬁxeoliaf%gi%_glgvexpenmental data yieldy - m"y7)

these interactions using the experimentally observed branch- L :
ing ratios [10] TI'(y—#°m°7%)/T,=0.319 and . V€ conclude that the rarg decayy a7 yy is an
(7' — nm0m%)/T o=0.208. Whereas tgztxperimental datamterestlng test of the anomalous Lagrangian, because it is a
tot— Y- . H _ _ _
agree very well with aconstanttree-level prediction for S|mp_le way to access the three meson—two photon vertex
0.6°0 . redicted by[6,7] and allows for a consistency check with
n— - -, such an assumption does not seem to work s + — 0
he results fromyy— a7~ 7°. The neutral decay mode

well for 5’ — 7°7° (see, e.g., the discussion(iti7]). How- . . S L .
ever, this is of only minor importance in our case, becausealeiz(l?vesugated in this contribution will be much harder to

the pole almf], in the amplitude is far outside the physical

r_egion ofs,. It_ turns out that the result With t_he vertic_es ACKNOWLEDGMENT
fixed by experiment is larger than the prediction of chiral
perturbation theory by about one order of magnitude. Fur- This work was supported by the Deutsche Forschungsge-

thermore, we also found that-» and7-#%' mixings accord- meinschaf(SFB 20).
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