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We study the radiative decay— 7°«°y within the framework of a phenomenological approach in which
the contributions obr mesonsp mesons, and, mesons are considered. We analyze the interference effects
between different contributions and, utilizing the experimental branching ratio for this decay, we estimate the
coupling constang 4, -
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[. INTRODUCTION P belong to the lowest multiplets of vectdv) and pseudo-
scalar(P) mesons was studied by Fajfer and OakE3] us-
The radiative decays ap mesons are valuable sources of ing a low-energy effective Lagrangian approach with gauged
information in low-energy hadron physics in areas such asVess-Zumino terms. They considered the contributions in
the quark model, S(3) symmetry, and the Okubo-Zweig- which the virtual vector meson states dominate, and obtained
lizuka (OZI) rule. In particular, radiativep meson decays the branching ratio for this decay as BRE w°wCy)
¢—7°7m%y and ¢—7°ny can provide insight into the =3.46x10 °. The contribution of intermediate vector me-
structure and properties of low-mass scalar resonances, singens to the decay¢’— P°P%y was later considered by Bra-
these decays primarily proceed through processes involvingion et al. [14] using standard Lagrangians obeying (SU
scalar resonances such @s-fy(980)y and ¢—2a,(980)y,  symmetry, and they obtained the result BR¢ 70mCy)
with subsequent decays ity and7°7y [1,2]. Onthe =1 2x 1075 for the branching ratio of thes— 7%y de-
experimental side, the Novosibirsk SNB] and CMD-2[4]  cay. Bramoret al.[15] later considered these decays within
Collaborations recently reported very accurate results ofne framework of chiral effective Lagrangians, and using chi-
thesoe (()jecays with the following brz{n“chlng ratios: BR( g perturbation theory they calculated the branching ratios
N ) =(1.221+0.098+ 0'061)5410 ’ BR(¢  for various decays of the typeg’— P°P%y at the one-loop
—m 77)=(0.88£0.1410.09)x10 ° [4], and BRE  |evel. They showed that the one-loop contributions are finite
qu) g+2)/)2_4£0(')912t 01'8% 0406)?10 h f-BR(‘ﬁ_”.T 77)  and to this order no counterterms are required. In this ap-
=(0.9%0.24x0.1)x [4], where the first error is statis- proach the decay— 7°#%y proceeds through the charged-

tical and the second one is systematic. K N
The low-mass scalar mesons with vacuum quantum nu kaon loop and Fhey obtained theocgntrlbuuon of ch_arged-
kaon loops to this decay d§ ¢— 7" y) =224 eV, which

bers have a fundamental importance in understanding low! much larger than the intermediate vector meson state
ener CD phenomenology and the symmetry breakin = >
gy Q P 9y y y VMD) contribution due to the OZI rule. Considering the

mechanisms in QCD. In addition tf,(980) anday(980), X o
the existence of the scalar-isoscal:at?ﬁeson as a boroadqr amplitudes of both VMD and kaon loop contributions, they
tained for the decay rate the valliép— 7°7°y) =269

resonance, which has long been controversial, seems to [ ) h d that O allowed k i domi
established. An increasing number of theoretical and exper€ v Moreover, they noted that OZI allowed kaon loops domi-

mental analyses find a-pole position near (508i250) nate both the photonic spectrum and the decay rate. Radia-

MeV [5,6]. Direct experimental evidence seems to emergéive decays of¢ mesons were also investigateq by Marco
from the D* —om" — 37 decay channel observed by the et al. [16] employing the techniques of chiral unitary theory

Fermilab (E79J1) Collaboration, where the meson is seen developed earlier by Olley17]. Using a chiral unitary ap-
as a clear dominant peak wiN;I — 478 MeV andl’ .= 324 proach, they included the final state interactions of two pions
MeV [7]. On the other hand, tﬁe nature and the(rquark subt.)y summing the kaon loops through the Bethe-Salpeter equa-

structure of these scalar mesons have not been establishg(an' They obtained the branching ratio for the deagy

0_0 0_0 — 4
L= —. —m my as BR@— 7 7 y)=0.8X10 *. Moreover, they
yet, whether they are conventiona states[8], wa in the  hained the photon distribution as a function of the invariant

case ofc [9] andKK in the case off; andag [10] mol-  mass of ther®n® system and compared it with SND data.
ecules, or exotic multiquark®q? states[11,17] has been a They noted that the shape of the experimental spectrum is
subject of debate. It has been noted that the radiative decaglatively well reproduced with theb— fyy contribution
of ¢ mesons to scalar mesons can differentiate among varsince thef; meson is the important scalar resonance appear-
ous models of their structufd]. ing in the K"K~ — #%7% amplitude. However, they also
The radiative decay procegs— 7°#°y among other ra- noted an appreciable strength for a possiple oy contri-
diative decay processes of the typ&— P°P%y whereVand  bution in the spectrum.
In this work, we follow a phenomenological approach and
study the radiativep— 7°7%y decay by considering the
*Electronic address: agokalp@metu.edu.tr p-pole vector meson dominance amplitude as well as scalar
"Electronic address: oyilmaz@metu.edu.tr o-pole andfy-pole amplitudes. By employing the experi-
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— .7 + S T FIG. 1. Diagrams for the decagy— f,7y.
DS KT"LLI’(' K
Y
mental value for this decay rate, we estimate the coupling 1 2 1 1
constang,, . This coupling constant is an important physi- I(a,b)= 2(a=b) 2[f<5) —fl3
cal input for studies of¢ meson photoproduction experi- (a—b)
ments on nucleons near threshpid]. a 1 1
|9 —)—g o (5)
Il. FORMALISM (a-b)?[7\b/ “la
In our analysis of the radiative decay— 77y, we  \yhere
proceed within a phenomenological framework and we do
not make any assumption about the structure offthene- ’ 1
son. We note that theé and f, mesons both couple strongly —[arcsir(l/Z&)]z, X>—
to theK K~ system, and therefore in our phenomenological f(x)= 4 6)
approach we describe theKK and f,KK vertices by the 1 .
effective Lagrangians Z[|n(77+/77_)—l77] , X<Z’
\
L= =gk (K a,K =K d,K") (1) ) L
(4x—1)Y2arcsiq1/2yx), x>=
and 4
900=9 ; 1
nt, = M KYK™f 2 —(1-80YIn(p, In_)—im], x<=
fokk — 9tk Mg 01 [ 2 nyln-)—Im], 2

respectively, which also serve to define the coupling con-
stantsgkk and Ot KK - The effective Lagrangian for the 1;+=2i[1i(1—4x)1’2].
¢$KK vertex is the one that results from the standard chiral X

Lagrangians in lowest order of chiral perturbation theory ) o
[19]. The decay rate for thé— K"K~ decay resulting from ~ The decay width for the radiative decay—foy can then

this Lagrangian is be obtained from the amplitud&1(¢—foy) as
2 271312 2 2
o Ogkk 2My a My—Mg
[(p—K'K )= M, 1—(— . r foo)— 0 2 M. )2
481 My (p—Toy) 6(2m)* MZ Jokk (QrkkMs,)
Utilizing the experimental value for the branching ratio x|(a—b)l(a,b)|? (7)

BR(¢—K*K™)=0.492+0.007 for the decayp—K* K"

[20], we determine the coupling constagikk &S dykk  from which, by using the experimental value BRG foy)
=4.59+0.05. Furthermore, as a result of the strong coupl|ng:(3_4i 0.4)x107% [20], we obtain the coupling constant
of both ¢ and f, to K"K~, independent of the nature and O kk @S¢ kk=4.13+1.42

. 0 . A2,

dynamical structure offy, there is an amplitude for the decay In our phenomenological approach, we assume that the

¢—fqy to proceed through the charged kaon loop whichwe _ ..~ . 0.0 )
show diagrammatically in Fig. 1, where the last diagram as—rad"""t(')veO decayp—ar"ay proceeds through the reactions

0_0 0_0
sures gauge invariange,21]. The amplitude of the radiative ¢ £ 7 —7 ™ ¥ ¢—oy—may, and ¢—foy

0,0 ' ;
. L ' —a m°y. We write the total amplitude as the sum of the
decay¢—foy that follows from the diagrams in Fig. 1 is amplitudes of each reaction and this way we take the inter-

ference between different reactions into account. In order to
foy)=u*e’(p,k,— -k X . .
M(¢—=Toy) €' (PuKu™GpsP-K) describe the reactiog— foy— 7°7%y we again note that
+e—-
0Kk (ngKKMfO) both ¢ and f, couple strgn%Iy toK K ™; furthermore,f
X 5 I(a,b) (4) also couples strongly ter” 7. Therefore, we assume that
2m Mg this reaction proceeds by a two-step mechanism ¥yjtbou-

o pling to ¢ with intermediatekK K states. We depict the pro-
where (1,p) and (e,k) are the polarizations and four- cegses contributing to thé— m°7°y decay amplitude dia-
momenta of thep meson and the photon, respectively, andgrammatically in Fig. 2, where the last diagram in Fi¢c)2

a= szzs/Mz » b= MfolMﬁ- The functionl(a,b) has been resylits from the minimal coupling for gauge invariance.
calculated in different contex{®,17,24, and it is given as We describe theboy vertex by the effective Lagrangian
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which also defines the coupling constapy,, . For theo 7w
vertex we use the effective Lagrangian

int _ T

omTT 2 Jomm

L 9

M, - mo.

The decay width of ther meson that follows from this La-
grangian is given as
21172
1—( ) } . (10

In our calculation, for given values &fl , andT", we deter-
mine the coupling constaug, ., by using the expression for
I',. The ¢ppm vertex in Fig. Zb) is conventionally described
by the effective Lagrangian

3M
8

2M,
M

92
I'.=I'(c—mm)= Z;:T

o

o

int
dpm

L = g,f)pwel‘”“ﬁ&ﬂ(b,,&apﬁﬂ'. (11
The coupling constarg,, , was determined by Achasov and
Gubin [23] as g4,,=0.811+0.081 GeV'! using data on
the decayp— pm— 7" 7~ 7° [20]. The pmry vertex in Fig.
2(b) is described by the effective Lagrangian

int _
pmy

e
L M—gp,,,/e“”aﬁﬁﬂp,,&aAﬂw. (12
p

The coupling constarg,, ., is then obtained from the experi-
mental partial width of the radiative decay— 7%y [20] as
9,,=0.69£0.35. Finally, we describe thé,m%7° vertex
by the effective Lagrangian

Lien=591gmMi,m 7o (13
and the decay width’; for the decayfy,— 7= that results
from this effective Lagrangian is given by a similar expres-
sion as forl",. For a given value of 'y we use this expres-

sion to determine the coupling constant . Furthermore,

in our calculation of invariant amplitudes we make the re-
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FIG. 2. Diagrams for the de-
cay ¢p— m070y.

placemenM —M —3iT" in fy, o, andp propagators and use
the experimental valuels,=150.2+0.8 MeV [20] for the p
meson and’,=324+21 MeV [7] for the ¢ meson. How-
ever, the mas#; =980 MeV of thef, meson is very close

to the K"K~ threshold, and this induces a strong energy
dependence in the widﬂhfO of the f, meson. In order to take

that into account different expressions ff)rrO can be used. A
first possibility is to use an energy dependent widthffgr

=T (q?) 6(Va?—2M ) +T 2(c?)
X 0(\a%~2M),

where g2 is the four-momentum squared of the virtug)
meson. In this expression the widfﬁfﬂ(qz) is given as

\/ M (15
M2 —4M2
0
andeKOE(qz) by a similar expression. We use the experimen-

tal value 1“;077=40— 100 MeV [20] and we Calculatd“fKOE

from the effective Lagrangian given in E(). Another and
widely accepted possibility is known from the work of Flatte

[24]. This amounts to extending the expressionﬁé?z(qz)
below the KK threshold where\/q2—4M2K is replaced by

iJAMZ—q? and thusI“LOR(qz) becomes purely imaginary. In
our work, we consider both possibilities.

In terms of the invariant amplitudeV((E, ,E;) =M,
+ My+ M, where M,, M,, and M, are the invariant
amplitudes resulting from the diagrani®, (b), and(c) in
Fig. 2, respectively, the differential decay probability i6r
— %70y for an unpolarizeds meson at rest is then given as

s (9

0

(14)

fo

)=I 7

T

I (q?

dr 1 1

= M|?,
dE,dE; (2m)3 8M¢,| |

(16)

whereE, andE, are the photon and pion energies, respec-
tively. We perform an average over the spin states ofghe

053017-3



A. GOKALP AND O. YILMAZ PHYSICAL REVIEW D 64 053017

meson and a sum over the polarization states of the photor __ 100 7 -
The decay widtH"(¢— 7°7°y) is then obtained by integra- [ ] tnnr gperiment
tion: © 80 § __- fh
5 1 — — Interference
1 Ey,max El,max dF § Total
F=—f dE f dE; ———= (17) o 60 3
2 Eymin 7 E1 min dEYd El 9 é
< 3
Qi 00 ~ 40
where now the factory) is included because of the’ 7 " E
the final state. The minimum photon energ)E|§m,n—0 and >3 E
the maX|mum photon energy is given a5, max= (M¢, Q 20 3
—4M2)/2M ¢=474 MeV. The maximum and minimum val- =] 3
ues for the pion energl¢, are given by 0 3
o2 2_ 3 -20 I
2(2E7M¢—Mi){ 2E5M s+ 3B, My =My 200 400 600 800 1000

Mar (MeV)

+E_\(—2E M4+M3)(—2E M 4+ M?—4M2)}.
7\/( Mot M) et e 2 FIG. 3. The #°#° invariant mass spectrum for the decay

7%y for g,4,,=0.064. The contributions of different terms are
IIl. RESULTS AND DISCUSSION indicated.

The experimental full width of is Ff0=40— 100 MeV
[20]. Since the coupling constagt,,, depends on the value

of the width of fy, in order to estimate its effect on the = (M ,.,/M ;)dBRIdE,, for the radiative decayp— w00y

. . . _ T Y
coupling constant we take this width & =70=30 MeV i, "o+ phenomenological approach choosing the coupling
ande0=980 MeV in our calculation. If we use the form for constantg,,,,=0.064 and in Fig. 4 we show the same dis-

fo , 2 : tribution for —0 025 as a function of the invariant mass
I, .(a%) that was proposed by Flatt@4], we are not able to 9go

reproduce the form of the invariant mass spectrum for the, 7™ of the o 77 system. In these figures we also indicate

¢—m°0y decay. In this case the enhancement in the in. he contr:)buglons comlng grom the different reactiogs

variant mass spectrum appears in the central part rather than ? ;7 ™ 7 I ‘b;]p 7T TZ f[T Y fﬂ?m: . |¢Hf0|)t/ g

around thef, pole. A similar problem was also encountered —m°m’y, as well as the contribution of the total amplitude

by Bramonet al. [25] in their study of the role ofi,(980) which includes the interference terms as well. The difference
0

between the two total contribution curves is mainly in the
exchange in thes— 7°7y decay. Therefore, in the analysis
presented below, foF; (g2) we use the form given in Eq. interference regioM .<0.7 GeV above which thé, am-
0 . plitude dominates the spectrum. From the analysis of the
(14). Through the decay rate that results from the Lagrang'a'%pectrum obtained with the coupling constagys,,=0.064
given in Eq.(13) describing thef g7 vertex we obtain the 7

coupling constants ., as g »»=1.58. In order to deter-

mine the coupling constagt,,, , we follow a procedure that 'F\
we used in our previous work where we estimated the cou- >
pling constantsy,,,,, [26] andg,,,, [27]. We use the experi- 3
mental value of the branching ratio for the radiative decay ~~
¢— m7% [3] in our calculation for this decay rate, and in & > 60
this way we arrive at a quadratic equation for the coupling e
constangy,,, the coefficient of the quadratic term resulting R
from the ¢ meson contribution shown in Fig(&, and the
coefficient of the linear term from the interference of ihe
meson amplitude with the meson and; meson amplitudes
shown in Figs. ) and Zc), respectively. Therefore our
analysis produces for a set of values of theneson param- 0
etersM,, andI’,, two values for the coupling constagj,, , .

We choose for theo meson parameters the valuds,

then study the invariant mass distribution for the reaction
¢—m°7%y. In Fig. 3 we plot the distributiomBR/dM .

100

seeee Experiment
-------- Sigma
---- Rho
———fe

- — Inierference
Total

80

40

20

dB/dM, .,

=478+17 MeV andI' ,= 324+ 21 MeV as suggested by the -2 00 400  e00 800 1000
recent FermilalE791) experimen{7], resulting for the cou- Man (MeV)

pling constany,, .. in the valueg,,..=5.25+ 0.32 using the

expression for the decay ral c— ) given in Eq.(10). FIG. 4. The #°#° invariant mass spectrum for the decay

In this way we obtain for the coupling constagj,, the — —=°x%y for g,,,=0.025. The contributions of different terms are
values g4,,=0.064£0.008 andg,,,=0.025-0.009. We indicated.
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5 7 based on the one-meson exchange and Pomeron-exchange
, mechanism used the coupling constgpt,, which they cal-
N . culated from the above value d@f,,, by invoking unitary
Y RN AN symmetry arguments ag,,,,~0.047. Our result for this cou-

- N e T T A pling constang,,,=0.025-0.009 is not in total agreement

L)
Y
!
i

with this value. We note that in order to derive their result
Titov et al. assumed thatr, fo, anday, are members of a
unitary nonet. However, assignments of scalar states into
various unitary nonets are not without problems and other
possible assignments than used by Tiébal. have also been
i N /@ 1 suggested29]. In our work we do not make any assumption
h
--- g;gmg:$ho abqut the.quark _subsFructure of and f, mesons and de-
] — Rho—fp scribe their couplings in a phenomenological framework.
] Total Inferference Achasov and Gubifi23] performed a fit to the experimen-
200 w00 N 0 100'0' i ftal dat:_;t anq they obtained the following values: the branch-
Mar (MeV) ing ratio with interference BRb— (foy+ 7°p%) — w070y)
"" =1.26x10"4, the branching ratio of the signal BR(
FIG. 5. The contributions of- and o~ amplitudes and interfer- — foy— m0m%y)=1.01x10 4, the branching ratio of the
ence terms to the invariant mass spectrum of the degay background BR$— p°7°— 707%y)=0.18<10"4. If we
— %7y for g4,,=0.025. use the coupling constag,,,,=0.025 andM ,=478 MeV,

I' ;=324 MeV, we obtain for the branching ratios for differ-
andg,,,=0.025 in Figs. 3 and 4, respectively, we may de-éent contributing reactions to the radiative decay
cide in favor of the latter value of the coupling constgpt, ~ — 7 7 y the values BR¢— foy— mm0y)=1.29x10"*,
and we may state that the experimental data within thdR(¢— ay— m°7%y)=0.04x10"*, BR(¢p— p°m°
framework of our phenomenological approach suggest that> m°m°y)=0.14x10" %, BR(¢—(foy+ 7m°p%)— m7ly)
94ay=0.025+0.009. In Fig. 5, we show the contributions of =1.34x10™%, BR(¢—(foy+oy)—mn’y)=1.16x10"*
different amplitudes and the contributions of the interferenceand for the total interference term BR(interference)
terms in the interference regioM ,,<0.7 GeV forg,,, =—0.25% 10~ Our results are in reasonable agreement
=0.025. with those obtained in the analysis of Achasov and Gubin

On the other hand, the photoproductiong8fmesons on [23], with the difference that our results include contribu-
proton targets near threshold can be described at low mdions coming from ther-pole amplitude as well as from?-
mentum transfers by the single one-meson exchange modeind fy-pole amplitudes.

Friman and Soyeuf28] showed that in this picture thg® As we already noted, the spectrum for the dechy
meson photoproduction cross section on protons is giver 7°7°y is dominated by thé, amplitude, and the contri-
mainly by o-exchange. They calculated tp@&y vertex as- bution coming from ther amplitude can be appreciably no-
suming vector meson dominance of the electromagnetic cuticed only in the regioM . .<0.7 GeV through interference
rent, and their result when described using an effective Laeffects. Our analysis of these interference effects and our
grangian for thepoy vertex gives the valug,,,,~2.71 for ~ calculation for the decay rate of the radiative decay
this coupling constant. Later, Titost al.[18] in their study —— w°7%y suggest the value of the coupling constgpt, as

of the structure of thep meson photoproduction amplitude g,,,=0.025=0.009.

dB/dM,, (x10%) (MeVv™")
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