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The assignments of the isoscalar scalar medg(880), f,(1370), andf,(1500) in terms of their flavor
substructure is still a matter of heated dispute. Here we employ the weak and electromagneticDdecays
—fom* andfy,— yy, respectively, to identify thd,(980) andf,(1500) as mostlgs, and thefy(1370) as
dominantlyﬁn, in agreement with previous work. The two-photon decays can be satisfactorily described with
quark as well as with meson loops, though the latter ones provide a less model-dependent and more quantita-
tive description.
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[. INTRODUCTION oo two-resonance states, in a similar way as done for the
w— pm— w cascade process in Rgb]. In the present
A proper classification of the scalar mesons is still beingwork, we shall employ the weak and electromagnetic decays
clouded by two major problems, which mutually hamper the(as opposed to the more complicated strong-interaction dy-
resolution of either. The first difficulty is the apparent excesshamics D¢ —fom™ and fo— yy, respectively, which will
of experimentally confirmed scalar resonances with respegjive quantitative support for owyq assignments. These pro-
to the number of theoretically expecteq states. The sec- cesses will be analyzed in a simpalg picture for the corre-

ond problem is to unambiguously identify thg configura- ~ sponding fo resonances, with a minimum of model-
tion of the isoscalar scalar mesons, i.e., f3¢400-1200) dependentinput.

(or &), f4(980), fo(1370), fo(1500), andf,(1710). In pre- This paper is organlzeg as follows. In Sec. Il we compute
vious work, especially the former issue has been addressetie ~ weak decays Dy —m"f5(980), " fo(1500),
showing that the lightbelow 1 GeVf scalars can be de- 7 fo(1710) usingV" emission. In Sec. Ill we calculate the
scribed as a complete nonet @ states, resulting from ei- 10(980), To(1370)—2y electromagnetic decays, employing
ther the dynamical breaking of chiral symmef@] or the quark as well as meson loops. Conclusions are drawn in Sec.

coupling of bareP-wave qq systems to the meson-meson

continuum in a unitarized approad¢B,3]. We believe that

these two mechanisms are intimately related to one another, Il. WEAK DECAYS D{—m*fy

though in a not yet completely understood fashion. In any

case, in both pictures the scalar mesons between 1.3 and 15

GeV form another nonet, and so forth. So we conclude there ) —

is no excess of observed resonances, thus dispensing with tHEt Poth of these final-state scalar mesons are pely

introduction of new degrees of freedom. Given the Fermi Hamiltonian densityly=(G/2y2)(J 3*
Here, we want to focus on the second issue, namely théJ"J) With [7] Gg=1.16639(1)<10 > GeV 2 and F,,

identification of the isoscalars, especially the vehemently=f.+/\2=(92.420.27) MeV, the magnitudes of the cor-

disputedf,(980), f,(1370), andf,(1500), in an as model- responding weak decay amplitudesWf" emission ard8]

independent way as one may achieve. In Ref$] qualita-  (also see Refl9])

tive arguments from observed hadronic decays have already

First we compute the parity-conserving weak decBys
71,(980) andw*fy(1500), supposing for the moment

— +
been presented that favor, in our view, a maisdyconfigu- IM(Dg — 7" 1(980))|
ration for thefy(980) andf,(1500), and a dominantly non- Ny
— _ GF| ud|| csl 2 2
strangeqq content for thefy(1370). Furthermore, we are = #Fw(m[)*_mfo(QSO))
engaged in substantiating these arguments by analyzing also :
the four-pion decays of these scalars via intermedgiatand =(159+24)x 10" 8 GeV, (1)
. IM(Dg — 7" fo(1500)]
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being both close to the dafd] (178+40)x 108 GeV and M(D? — 7" ,(980) ’
(96+28)x 10 8 GeV, respectively. The latter amplitudes f "
are extracted from the observed decay rdteaccording to  |[M(Ds— o(1500)| PDG

|M|=mDS+ V8w I'lg.m. The agreement of Eqgl) and (2) - - - -
with the data, which has already been noted in R&band _ \/F(DS — 7 0(980)0crm(Ds — 7 fo(1500)
[10], respectiyely, sh_ows tha_t f_irst-order perturbative weak I'(DJ — 7 14(1500)gcm(De — 7" f(980))
graphs have impressive predictive power.

The formulas of Eqs(1) and(2) are based on the standard =1.86+0.68, (4)
description of weak interactions in terms of Fermi theory,

which is a low-energy tree-level approximation of the Stan'showing again a very good agreement. Here, we have used

dard model Lagrangian, or in other words, a Iowest—ordelihe measured branching ratidg] T'(DS — 7 fo(980)/

dgscription in the spirit of Wilson’s operator product gxpan—r(D+):(1 8+0.8)% and F(D+—>7T+fs(1500))3F(D+)

sion (OPB. In the language of Refl1], we only consider :(052&0 iG)% and the corressponding;) extracted ¢ rsn mo-

the current-current operat@, multiplied by the Wilson co- men.ta .(D+*;7T+f (980)= (732.1+5.1) MeVic (:an.d

efficient C,. Higher orders could be included by taking into +q°m s 0 : '

account further operator§;, Qs, Qa, Qs, Qg, multiplied  dem(Ds — 7" fo(1500)=(393.8-8.1) MeVic. The large
error =0.68 in Eq.(4) stems from the uncertainties in the

by the corresponding Wilson coefficients, C5, C4, Cs, _ ; )
measured branching ratios rather than from the quite accu-

Cg. From Ref.[11] we learn that the corresponding contri- - .
butions are suppressed and often negativekiand D de- rately known c.m. momenta. These uncertainties leave quite

cays. Throughout this work we assurﬁgzl, thereby ab- Some room to allow for signiﬁcarﬁn admixtures in the
sorbing the anticipated negative marginal contributions off o(980) as well as thé(1500), without calling into ques-
the further operators as a correction to the vallye=1.25  tion theirss dominance. On the other hand, from the failure
quoted in Ref[11]. Furthermore, we may observe that, sinceto observe the deca . — 7 f,(1370) [7] (see, however,
decay rates ofjq systems are to a good approximation pro- Ref.[15]) it seems safe to conclude that thg{1370) does

portional toqq probability distributions at theq center of  not have a largess component.
mass[12], the higher-order OPE terms seem to cancel cor- To conclude the weak processes, let us look at the situa-
rections from theqq wave function, such that we meet the tion for the fo(1710). Although the weak decapg
experimental data. — " fy(1710) has been observed, the quoted rate (1.5
The coincidence that both effects—one perturbative and-1.9)x10"° [7], corresponding to an amplitude of (97
one nonperturbative—compensate each other may have123)x10°° GeV, only accounts fok “K ™~ decays of this
some physical roots. It is also important to notice that, alfesonance. The theoretical"-emission amplitude has a
though we do not rely on wave functions in this paper, wemagnitude of 5X10° GeV, if we again ignore possible
bear in mind the nonet assignment given in R®3],  corrections from the internatjq wave function of the
which classifies both the light nonet of scalar resonances anf},(1710), which may be questionable for this probably ex-
the nonet between 1.3 and 1.5 GeV as ground states, eaghied state. Also in view of the huge experimental error, no

from a different origin. As a consequence, we do not foresegefinjte conclusions on thgg (or any other substructure of
the usual suppression factors for radial excitations in the casge f,(1710) are possible for the time being. Nevertheless
of the fo(1500) [and also theo(1370)], as for instance used he sheer observation of the weak decay process seems to

in Ref. [13]. preclude a dominantlyl_n configuration. Indeed, the meson

ratgnother way to study Eq¢1) and(2) above is to take the particle listings conclude that thi(1710) “is consistent
with a large s componerit (Ref.[7], page 470
M(D — 7+ f4(980)) ‘

M(D{ — " fo(1500)| o) =159 Ill. ELECTROMAGNETIC SCALAR DECAYS S—2y
2 2 An alternative process to analyze the flavor content of the
mD; M (980) fo mesons is the two-photon decay, since the corresponding
= —mz e =1.79+0.04, 3 amplitude is very sensitive to the masses and especially the
DS "fo(1500) charges of the particles involved. Moreover, this process may

. also provide a tool to determine whether some of these isos-
[using M (9a0)=(980=10) MeV, My (1500= (1500* 10) calarpscalar mesons are in fact gluebli]. In our analysis,
MeV, andmp - =(1968.6-0.6) MeV], which is independent  we shall restrict ourselves to thosg states for which two-

of the weak scaleGg, the Cabibbo-Kobayashi-Maskawa photon decays have been observed.

(CKM) parametersV,4, |V.4, and the pion decay constant
F .. As such, Eq(3) is the kinematicdmodel-independejt
infinite-momentL?m-frame(lMF) (see, e.g., Ref[lérl)]) ver- A. The decayfo(980 -2y

sion. The dat&7] depend on the branching ratio and center- The Particle Data GrougPDG) tables[7] now report
of-mass(c.m.) momenta as the scalar f3(980)—2y decay rate as (0.390.12)
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keV. Given the scalar amplitude structurgl7—2Q |£0(980))=sin [N} + COSeh4|SS).
Me ,(k")e, (k) (9K’ k—k"‘k”), the two-photon decay rate
is With quadratic mass mixing, one can define for the states
3 [nn) and|ss) the nonstrange and strange mass parameters
2
Fifo M| M| i My, and mg, by [18] as
( 0 7)_ 64 0

nn

mZ = coLpm>+ sin’ psm¢.

SN = -+ — 2 1
M (f(980)—27)|=(0.910.14 X 10 = GeV . (5 _[(646+10) MeVT’,

If the f,(980) were nn, the isoscalaru, d quark-loop . ) ) (7)
analogue of the isovectorm’—2y amplitude, given M= Sir¥ psm; + cos sy

2 | =
by [18 v2aN. T Q?Qml/(7F,)=5aN./(97F ) _[(950+11) MeVI2

=0.042 GeV! with N.=3, would generate ari,(980)

—2 vy decay rate af_actor a1 times too largé If, instead, Throughout this paper we choose a mixing angld &t
the f4(980) is a puress state, thefo— 2y amplitude magni-  ~18°+2° [1,22,21,18 or ¢.~—(18°+2°) [20], and as-
tude becomepl8] aNcg, . /(97ms)=0.81x 102 GeV'Y,  sume the scalar-meson masses to bg ,(e80)= (980
usmggf ss=\2 277/\/§ and constituent strange quark mass=10) MeV [7] and m,o0=600 MeV. Since the interac-
[21,] m,=490 MeV=1.44n [from Ref. [21], Fy/F, tion Lagrang|ans between tHfg and the pseudoscalars”

~ ~ . . andK= are proportional tdf,, the Lagrangians can, within
=(m+my)/(2m)=1.22] with the constituent nonstrange e same mixing scheme, be simultaneously reexpressed in

massm=340 MeV. This value lies reasonably close to theterms of nonstrange and strange fields, i.e.,

observed amplitude in Ed5).> However, at this point we

should note that the quark-loop result for the two-photon r(f,za)+ £(f,KK)=singJ L(nnma)+ L(NNKK)]

decay rate is very sensitive to a possmteadmlxture in the
f,(980), due to an enhancement factor of 25 ofinecom-
ponent with respect to thes component. This factor comes 8

. N
fror111 2ﬂ;e electric charge (?f the quarks,_ylel_d|r[g3) Within the usual nonet, that is, the(8) picture, the scalar
+(3)?]? for the nonstrange isoscalar (®)(uu+dd), and  (S) and pseudoscalatP) fields are proportional to linear
(3)# for the strange isoscalar. combinations of the Gell-Mann matricag,\q, ... Ag (A

Therefore, rather than involving the model-dependendenotes here/2/3 1; with 15 being the 3- dimensional unit
quark coupling and constituent quark masses as above, waatrix), denoted byQs and Qp, respectively. From the
instead consider a combination of the decay chaigs duark content of the corresponding mesonic systems, it is
—K*K™—2y and fo—a" 7 —2y [17-20. According  easy to derive
to Refs.[17,20, the kaon loop is suppressed by 10% due to

+coSpy L(ssmm)+ L(SSKK)].

a, so far experimentally unconfirmed, scai{©00).[How- - 1 — = 1 1

ever, very recent results from the E791 Collaboration present nn—ﬁ(uu+dd):>an— ﬁ Not E)‘S :

preliminary evidence for a lighk (see the e-print in Ref.

[15]), which would confirm the predictiofil,2] of such a 111

state] In order to proceed, we have to remind the reader of PN B (9)
g : $5= Qgs=

the standard mixing scheme between the “physical” states V3 \/—

(|o(600)) and |f(980))), and the nonstrange and strange

basis statefnn) and|ss), i.e., = =du, =00 Q=5 (M 2Ny,

|(600)) = cos¢ps|nn) —sin | ss),
(6) K+:SU, K_:USzQKt:%()\Alii)\s).
We introduced the S@@) charge matrixQ= T+ Y/2=diad 2/3,
—1/3~1/3]=(\3+\g/+/3)/2 and thexn= (uu+dd)/ /2 analogue In the linearc model (LSM), the interaction Lagrangian
Qm=diad 1/1/2,1h/2,01= (A g+ g /+2)//3. L(SP,P,) is proportional to the flavor trace Tr
2Without changes, we could of course also use the(QS{Qp1 Qp }) and so are the corresponding coupling con-
identity V2aN, T Q%Qgl/(mF ) =v2aN,/(97F %) =0.81
X 102GeV 1, Wlth Fe=3m,/(27)=135.1 Me\=1.2F
=2F—F.=2F _ andQy=diaqd 0,0,1]= (Ag/\2—\g)/\/3. The 3The sign of the mixing angle, which cannot be identified from a
use of [7] Fx=fy+/y2=(113.00:1.04) MeV instead ofFg guadratic mass mixing scheme, has still to be determined from the-
would bring us even closer to the data, @@aN./(97F) oretical consistency arguments, as it has a strong influence on the
=0.972x10° 2 GeV 1. interference terms in the present work.
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stants. It should be mentioned that the charge of a mesonic m —m2..
system¢ is determined by TQ[Q,,Q,]). Thus, we derive O =Kk - ““F—K_
for the relevant channels under consideration, imn, K
—, N—KK, ss— m, andss—KK: COS gm> +Si? pgmy_ —my .
L N 2F
dﬁnm—=ETr(Qﬁn{Qw+.Qw—})=1, =(0.768:0.056 GeV,
1 1 : m
dine = 5 THQml Qe Qe D=3, Osemn™ dssmt o~ 3¢ — =0 an
(10 ) mi— mit
d;sw+w:%Tf<Q§s{Qw+,Qw}>=o, Tosa™ oser

; 2 2 2
Sif pymj, + coS pms —mj -

1 1
d§5K+K,:ETr(Q;S{QK+yQK7}):E' \/EFK
=(4.126-0.14) GeV,

Wielding for ¢ =+ (18°= 2°)

The corresponding equivalent symmetric structure constan
dinas,  dnnkoko,  dssaz,  dgskoko,  With  dapc
=Tr(Aa{\p .\ c})/4, for two neutral pseudoscalars in the final  (sin ¢Sgr,1_n +cos¢sg;—5 )=(0.665-0.093 GeV,
state have already been derived in H&fl]. In accordance o o (12)
with the o-model results, we determine the corresponding (sin¢sgr’1—nKK+ cos¢sg§3KK)=(4.162t 0.138 GeV,
SUB) couplings for ¢g=+(18°*=2°) and ¢s=—(18°

+2°) as and for ¢pg=—(18°+2°)
L e ) m%n_mit (singsg,,,, .+ COSPsg., )= (—0.665-0.093 Ge\z,ls)
mmm TETT 2R, (Sin g +COSHG~ ) =(3.687:0.194 GeV.
cos pgmp, + sin2¢sm$0—mfrt In order to compute these numbers, we ubed=(92.42
= 5F +0.27) MeV, F¢=(113.00-1.04) MeV, i.e. F¢/F,
i =1.22. Putting all this together, we obtain for the pion- and
=(2.152+0.068 GeV, kaon-loop amplitudegl7]
|
2a(singyg- _+cospgg )| 1
a loop™ 2 - §+§7TI(§7T)
7Tmf0
=[—0.177+0.025+i(+0.079+0.012]X 10 2 GeV ! for ¢s=+(18°*2°)
=[+0.177+£0.025+i(—0.079-0.012]x 10 2 GeV ! for ¢=—(18°+2°),
2a(siNdg FCOShT ) | 1
Mic oop= -~ — |- §+§KI<§K>}
7Tmf0
=(1.138+0.254 X 10 2GeV ! for ¢ps=+(18°+2°)
=(1.008-0.229 %1072 GeV ! for ¢p=—(18°+2°), (14)

M 1 toop+ MK 100p=[0.960+ 0.255+i(+0.079-0.012]x 10 2 GeV ! for o=+ (18°%2°)
—[1.185+0.230+i(—0.079-0.012]x 10 2 GeV ! for ¢e=—(18°*2°),

IM 7 100p* M 1oopl = (0.964+0.255 X 1072 GeV ! for ¢e=+(18°+2°)
=(1.188+0.230x10 2 GeV ! for ¢=—(18°+2°).
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As &,=m./m; gg0=0.02028+0.00042<1/4, the value of

the pion-loop integral is obtained frofisee also pages 230

and 422 in Ref[23])

1 1 y
€= [ oo iy

I [1 [1 )2
=2 E+|In 4—§7T+ 4—57]-_1
_w? J [1 [1
—?—ZIn 4—§7T+ 4—57]-—1
1T 1
+2miIn 4-_§:7.,+ 4—577—1

=—2.500=0.083+i(12.114+0.067),

while, aséy = mﬁJmfo(ggo): 0.2538+0.0052> 1/4, the kaon
loop follows from

_ 1 1 y
)= fo dyfo Xy

1 2
arcsim/—} =4.197+0.482, (15
48

yielding, respectively,

=2

1
3 +&,1(€,)=—0.55070.0020

+i(0.2457-0.0037, (16)

1
) + &kl (€x) =0.5651-0.1242.

Reducing the kaon-loop amplitude in EG4) by 10%][ow-
ing to the scalax(900) loop, but leaving the value of its
error unaltered, predicts (0.89.26)X 102 GeV ! [¢p=
+(18°+2°)] or (1.09-0.23)x 102 GeV ! [¢ps=—(18°
+2°)] for the modulus of thdy(980)— 2y amplitude, rea-
sonably near the daf@] in Eq. (5). Therefore, whether we
employ quark loops or instead andK loops as in Eq(14),
it is clear that thef,(980)— 2y amplitude can only be un-
derstood, if thef,(980) is mostlyss.* This is the same con-
clusion as obtained, more easily, from the weak deddy
— " £4(980) in Eq.(1).

Similar conclusions for the flavor content of tiig(980)
can be found in Ref§24,25. Furthermore, in Ref.26] two

PHYSICAL REVIEW D 66, 034007 (2002

possibilities are indicated, either dominar?ls/, or flavor oc-

tet, which is dominantlyss as well.

B. The decayf,(1370—2y

Now we study the proceds(1370)— 27, using the same
techniques as above. In the meson listings of the Particle
Data Group[7], two values are given for the two-photon
partial width of thefy(1370), i.e., (3.8 1.5) keV and (5.4
+2.3) keV, from Refs[27] and[28], respectively. In these
analyses, the 2 coupling is determined from th&wave
yy—arar Cross section in the energy region under the
f,(1270). However, the peaking of this cross section above 1
GeV is explained by the authors as a consequence of a low-
mass-scalar suppression due to gauge invaridsee also
Ref. [16]), pushing the corresponding distribution towards
the high-mass end of th&,(400-1200), rather than as a
signal of thef,(1370). For the purpose of our present study,
we abide by the current PDG interpretation favoring the
fo(1370), but keeping in mind that the experimental situa-
tion is anything but settled. Furthermore, we average the two
data on the two-photon partial width, providing us with a,
albeit preliminary, theoretical value of (4:2.8) keV, with

the amplitude given by [using M (1370~ (1370
+170) MeV]

Nty =MMI?

(fo—2y)=—1—

(17)

M (fo(1370—27)|=(1.90+0.68 X102 GeV 1.

In order to apply again a meson-loop approach, we de-
velop once more a meson-mixing scheme, namely,

|f0(1370)=cosé.|nn) —sin ¢.|ss)
(189

|0(1500)=sin¢.[nn) +cose.|ss).

Again we define, using quadratic mass mixing with respect
to the statesnn) and|ss), the nonstrange and strange mass
parametersn_ andm, by

12 2 ; 2
n an = COS2 d)é mf0(137o)+ Slr\2¢é mfo(1500) '
(19

12 . ! an2 ! an2
My = Slr‘2¢smf0(1370)+ C052¢smf0(1500)'

4Surely, the error bars of the presented analysis rely strongly on

the assumption that we choose a sharpmeson massm,
=600 MeV, without any uncertainty.

Consequently, we use the couplings
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12 2 1 n2 f 1 an? 2
mo —m . cos $sMi 1370y S'”2¢smfo(1500)_ m_.

g;n/n-/n—:d;nﬂ'+777 2':77 - 2Fﬂ.
=(10.05-2.53 GeV for ¢.=0°
=(10.24+2.29 GeV for ¢.~+(18°%2°),

12 2 12 : 1 an2 2
) M — My« f3c’§91”sf'f‘fo(1370)“L Sir’ g M (1500~ M+

FnKK:anK+K_ FK - 2FK

=(7.23+2.07 GeV for ¢.=0°

=(7.38:1.87 GeV for ¢p,==+(18°+2°), (20)
12 2
, m;s_mﬂ_i
ggsﬂ-ﬂ-: ssrta~ 2F :O'

12 2 : [ 72 2
Mg — My« 5“"2¢smf0(1370)+ 0052¢smf0(1500) My =

ggsKK:d;sK+K’ FK - \/EFK

=(12.56+0.23 GeV for ¢;=0°
=(12.33£0.35 GeV for ¢ =~=(18°%2°),
yielding, respectively,
(Cospig,. _—singlgs, )=(10.05-2.53 GeV for ¢{=0°
=(9.74+2.17) GeV for ¢.=+(18°%2°)
=(9.74+2.17) GeV for ¢ =—(18°%2°),

(21
(COSPLYr — SIN PG ) = (7.23£2.07) GeV for ¢,=0°
=(3.21+£1.75 GeV for ¢pi=+(18°*=2°)
=(10.83+1.90 GeV for ¢.=—(18°*+2°)
to determine the pion- and kaon-loop amplitudes
2a(coseeg,, —singigs ) 1
mloop™ nn2 = {_E"’fwl(gw)},

M (1370)

(22)

!

2a(cospig— . —sin ¢gg§sKK)[

K loop™—

1
- E*’fK'(fK)}

2
TM; (1370) [

Using &,= mi+/m$0(l37o)= 0.0104+0.0026<1/4 and &= m§+/m?0(1370): 0.1299+0.0323<1/4, we obtain[17] (see also

pages 230 and 422 in R423])
\/ ! \/ ! 1-— 5.40+1.16+i(14.28+0.8
4—§W+ 4—§W— _—_ 4051, i(14. .80,

\/—1 \/—l 1- 2|

4§7T+ 4§W— _+ 7l In

\/ ! +1/ ! 1_+2 iIn| \/ ! +1/ ! 1_ 3.48+0.62+i(5.37+1.13
_— —_— 11N —_— —_— =0. . | G Y nni I8 ,
4g. Nag |77 4¢ Nago T

71_2
(£ = —21n?

(23

7T2
(&)= —21I

yielding, respectively,
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— 1 4+¢.1(&,)=—0.556+0.002+i(0.148+0.029, (24)

— 3 + &l (é¢)=—0.049+0.192+i(0.697+0.027.

Combining all the previous results, we arrive at

M . 1oop=[ — 1.383£0.008+i(0.369-0.071]X 102 GeV ! for ¢{=0°
=[—1.341+0.037+i(0.357+-0.070]x 10 2 GeV ! for ¢.=+(18°~2°)
=[—1.341+0.037+i(0.357-0.070]x 10 2 GeV ! for ¢.=—(18°+2°),

My oop=[ —0.087+0.343+i(1.247-0.068]x10 2 GeV ! for ¢{=0°
=[—0.039+0.153+i(0.554-0.173]x 10 2 GeV ! for ¢.=+(18°+2°)
=[—0.131+0.514+i(1.869-0.173]x 10 2 GeV ! for ¢.=—(18°+2°),

(25)
M . loop™ M toop=[ — 1470 0.343+i(1.615-0.099]x 10" % GeV * for ¢ =0°
=[—1.379-0.157+i(0.912+0.187]x 102 GeV ! for ¢.=+(18°+2°)
=[—1.471+0.515+i(2.226-0.186]x 10 2 GeV ! for ¢.=—(18°+2°),
IM . loop M 1oopl = (2.184£0.242 X102 GeV ! for ¢{=0°
=(1.6530.167x 102 GeV ! for ¢.=+(18°+2°)
=(2.668+0.324x 1072 GeV ! for ¢p.=—(18°+2°).
|
If we again reduce the kaon-loop amplitude by 10% ow- aN,
ing to the x(900), and assume for the moment that theM(fo(137Q—>27)=\/ETY[QZQFn]TrT
fo(1370) is purelynn, we get for the modulus of the decay 7
amplitude the value (2.090.25)x10 2 GeV !, in good X282+ (1-491(8)]
agreement with the experimental result in Efj7). Taking EaN
instead a mixing angle op,=18°+2° produces an ampli- _>« S2¢[2+(1—4E)1(&)]. (26)
tude value of (1.620.17)x10 2 GeV !, also well within 97k,

the experimental error bars. On the other hand, choosing a

negative mixing angle ofp,=—18°*+2° gives rise to a

somewhat too large amplitude, albeit still compatible withFor — §<1/4,  the values 0.053¢= mﬁ/mfzo(1370)

the experimezntally alllowed range of values, namely (2.51=mi/m¢ ,5,,,<0.086 are compatible with the experimental

+0.34)x10 © GeV ". So aposmve mixing angl_e seems to estimate in Eq. (17), i.e., |M(fo(1370)—27)|=(1.90

be clearly favored. Further increasing a positig¢ from +0.68)x 10 2GeV- L. For m ~1370 MeV. the al-

+18° will yield smaller and smaller amplitudes, until at ~ ' fo(1370) ’

about 60° a minimum is reached 6f0.94x10 2 Gev !, lowed ranges for £<1/4 vyield 315 MeW<m,=mqy

after which the amplitude increases again. Re>80°, <402 MeV (see Fig. 1 Usingl(¢) given in Eq.(15), we

there would be agreement again with experiment. Howeve@bserve that for alE>1/4, which would anyhow imply un-

such a large mixing angle, which would imply an almost realistically large quark masses, the quark-loop rate is not

puress substructure for thé,(1370), seems to be excluded consonant Wii%h the experiment.al est.imate. T.he allowed range

by the weak processes discussed in Sec. I, as well as g9 the constituent, d mass is quite consistent with the

hadronic decay§5]. fo(1370) being purelynn, or with a smallss admixture, of
Alternatively, if instead we try then u,d quark loops, ~course. On the other hand, taking thg1370) to be mostly

the fy4(1370)—~2y amplitude would be[17], for & ss, it is almost impossible to find any reasonable quark

=Mg/M? (1370~ Mal Mf(1370=1/4, masses and mixing angles to get agreement with experiment.
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—vyy and fy(1370)— yy, using either quark or meson
loops, leads to good agreement with the experimentally mea-
sured rates, provided that thig(980) is assumed to be

mostly ss and thef,(1370) mainlynn, and taking, more-
over, the controversial PDG data on tfig(1370) at face
value(see the discussion in Sec. Il) BNVhile the quark-loop
results depend rather sensitively on ttmeodel-dependejt
quark masses and mixing angles, especially in the case of the

f,(980), the meson-loop results only depend onrthess ss
mixing and, therefore, are more stable and reliable.
At this point we should remark that, in a strict &)
extension of the quark-level LSNgILSM) [21], which to
0.00 VARIT T ~Te 50 some extent underlied our approach here, both quand
' ' ¢ ' ' meson loops should be included in the two-photon decay
amplitude of thef 3(980), being a ground-state scalar meson.
As a matter of fact, the contributions of both kinds of loops
FIG. 1. Two-photon-decay amplitude of tHg(1370) deter- a'e needed for the(600—in the SU2) case—so as to get
mined byu,d quark loops. Here¢=m2/mZ, 370, with m, repre- ~ N€ar the not-so-well known experimental two-photon width
senting the constituent nonstrange quark mags my, andé.,,  Of the fo(400-1200)([29]). However, as mentioned in the
£max Stand for the one-standard-deviation boundaries of the expert€Xxt, the quark-loop result for thig(980) is very sensitive to
mental estimate given in EG17) for the two-photon decay rate of the quark masses and the mixing angle due to a rate-
the fo(1370) meson. The corresponding nonstrange quark massetmhancement factor of 25 for the nonstraggecomponent.

GeV™! | M(fo(1370) — 27)

0.04+

0.02+

range from 315 to 402 MeV. By a judicious but not unreasonable choice of these param-
eters, one can easily make the quark-loop contribution van-
IV. CONCLUSIONS ish, which would occur(using gt ss= v227/4/3) for, e.g.,

In this paper we have studied weak and electromagnetircj‘g‘(’)a 3|<4/|0VMeV,_ 423_3'9?/ MeY’lg(gso_ 12'4” ,k' %r mf“:d
decay processes with isoscalar scalar mesons in the final a@rme diatee \’/;rllags Therzfo,rg)sgur c or,1ccl)trjsa}on Ignstﬁelr(;l-omi-
initial state, respectively, in order to identify the quark sub- — . o _
structure of especially théy(980), f4(1370), andf,(1500) nantly ss ne_lture of §hef0(980) is upheld no matter which
resonances. Calculating the weak prod@gs— fom*, which framework is used, i.e., either the rigorous (8)UgILSM or

has been observed for tfig(980), fo(1500), andf,(1710), the more phgnomenological meson—loops-qnly approach.
via the standardV*-emission graph, leads to good agree- Summarizing, weak and electrcinagnetlc processes lend

ment with experiment for thé,(980) andf,(1500), if these duantitative evidence to a dominangly interpretation of the

states are assumed to be mostly For the fo(1710), the fo(980) andfo(1500), and a mostlyn assignment for the
large experimental error does not allow a definite conclusiorfo(1370).

about a possible dominass configuration, but a mostlﬁn
substructure of this resonance is unlikely. As to thgl370),
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