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The potentialities of the production of the scala molecules ing radiative decays are considered beyond

the narrow resonance width approximation.

It is shown thB(¢p— yfo(ag)— ymm(7n))

~(1-2)X10 5 B(¢p— y(fo+ay)—yK K )<1078, andB(¢p— y(fy+ay) —yKsKg)<5%x10 8. The mass

spectra in therm, 77, KK~ channels are calculated. The imaginary part of the amplitaideyfy(ao) is
calculated analytically. The phase of the scalar resonance production amplitude that causes the interference
patterns in the reactioa*e™— y# " 7~ in the ¢ meson mass region is obtaing&0556-282(97)04111-9

PACS numbegps): 12.39~x, 13.40.Hq.

I. INTRODUCTION

The problem of the scalafry(980) anday(980) mesons

nance approximation in this instance is not valid and predic-
tions of decay branching ratios gained in the narrow reso-
nance approximation are at least 2 times overstated.

has been a central problem of hadron spectroscopy up to the In this connection, we study the scope for the production

charm quark. The point is that these states possess pecul
properties from the point of view of the naivgq) model;
see, e.g., the reviews [i1-5]. In time, all their challenging
properties have been understd@db, g in the framework of
the four-quark ¢?q?) MIT bag model[7,8]. Along with the
q%qg? nature of theay(980) andfy(980) mesons the possi-
bility of them beingK K molecules is discussd@-12]. Fur-
thermore, probably, théy(980) anday(980) mesons are
witnesses of confinemeni3].

Through the efforts of theorists over the years, it has bee
established14,15 (see also references quoted[itb]) that
research into the decays ¢— yfo—ymm and
¢— yag— ynm could play a crucial role in the elucidation
of the nature of the scald(980) anday(980) mesons.

At present, the investigation of thg— yf,— ymrm decay

by the detector CMD-2 is being carried out at an upgraded

ete” collider VEPP-2M in Novosibirsk. Another detector,

@l scalar molecules in theb radiative decays beyond the
narrow resonance width approximation.

In Sec. Il we introduce the formulas needed for our inves-
tigation and discuss corrections for the finite widths to the
propagators of scalar mesons.

Section 1l is devoted to the model of theé— yay(fg)
transition amplitude. In Sec. Il A we statenore precisely,
make clear the model of the production of the scaldK
molecules in thep radiative decays. In Sec. Ill B we calcu-
late in analytical form the imaginary part of the
'?ﬁ—> vao(fy) transition amplitude that gives near 90% of the
branching ratios in thersr and 7 channels. In Sec. 1l C the
real part of thep— yay(f,) transition amplitude, dominating
in the KK channels, is derived partly in analytic form, partly
in an integral form suitable for the simulation of the experi-
mental data.

In Sec. IV we give the numerical results of our analy-
sis. We found that in the case of the

SND, aiming to study the decays under consideration, hagolecule nature of thefo(980) and a,(980) resonances
been put into operation at the same facility. Moreover, in theg (. yf (a,) —yma(77))~(1—2)x10"%, B(d— (f,
immediate future at Frascati the start is expected of the OP1ay)—yK*K™)<107% and in a Pickwickian sense

eration of the¢ factory DA®NE which, probably, makes
possible studying the scalég(980) anday(980) mesons in
an exhaustive manner.

It seems clear that the definition of theoretical predictionsy e patterns in the reactioe®

prior to securing data is a natural prerequisite to clear up th
mystery of the scalar mesons.

In all theoretical paper¢see[15] and references quoted
there except for[14], where theq?g? nature of the scalar

mesons was considered, the approximation of narrow widths

of the f;(980) anday(980) mesons was used, for their vis-

ible widths are 25-50 MeV. Moreover, experimenters used

this approximation to give upper limits to branching ratios of
the decaysp— yagy and ¢p— yf [16].
But recently[17,18 it was shown that the narrow reso-
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B(¢— y(fo+ag) — yKsKg)<5%10 8. The mass spectra
for the =, w7, andK K~ are presented. The phase of the
scalar resonance production amplitude, causing the interfer-
e —ymw @~ in the
%-meson mass region, is calculated.

Sections V and VI review our results and discuss experi-
mental perspectives.

Il. FUNDAMENTAL PHENOMENOLOGY OF ¢
RADIATIVE DECAYS INTO SCALAR MESONS

Let us introduce the amplitudes

M(¢p—yR;m)=gr(m)[&(¢)-E(¥)],

whereé(¢) andé(y) are polarization three-vectors of tife
meson and they quantum in thep-meson rest frame, and
m is an invariant mass of two pseudoscalar mesarand
b produced in theR—ab decay.

R:ao,fo, (1)

203 © 1997 The American Physical Society
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In e*e™ collisions the¢ meson is produced transversely The decay width in narrow scalar resonance width ap-
polarized relative to the beam axis in the center-of-mass sygproximation is
tem. That is why the amplitudes from E¢l) lead to the
angular distribution 1|gr(m]? 1 m?

F(¢—>7R;m)=§TR( _W> (4)
W(6)= 2 (1+cog ) 2 ¢ ¢

if one is not interested in a polarization of theqguantum in  1he physically measured partial widths are
the reactione*e” — ¢— yR. In Eq. (2), 6 is the angle be-
tween the momentum of the quantum and the axis of the ~ I'(¢—yR—yab)

beams. . .
According to the gauge invariance condition, the decay = E M mdm mI’(R—ab; m)F(;ﬁ—» YRim)
amplitudes are proportional to the electromagnégiectrig T Jmy+my |Dr(m)|
field, that is the photon enerdw) in the low energy region, (5)
gr(m)— w X const, (3 0
for ab=mm, 7 7. L
if m—m,, andw=(1/2)m4(1—m?m3)—0. Forab=K*"K™,K°K°,
I 2
I y(ag+ fo) s YK K )= = f% 20ty K K :m)T (s yfo:m)| =+ GaMbagerk” 17
—y(a — =— m — ym — ,m m,
V0T oY 7 Jomge O 7O Dy (m) " gr (M) Gr k- Dag(m)
(s ( fo) KOF) 2 fmzb zl‘(f KOF ne ¢ ) 1 gao(m)gaoK‘?o 1 2d ®)
—y(ap+fo)— =— m — ;m —yfo;m + — m,
Vi Tol Y 7 Jomo 71TV (m) T gy (M) koo Dag(M)
|
where 1Dg(m) is the propagator of a scalar meson. wo=m,(1—M%/m3)/2 andMpg is the resonance mass. As
The width of the decay of the scalar mesBninto two  was shown[18] it leads to the suppressions of the integral
pseudoscalar meson stab with an invariant mass is contribution from the right slope of the resonance by at least
5 the factor of 5 for decays inte-w and w» channels and by at
ORab 1 least the factor of 50 for decays into the' K~ and K°K°

F(R—ab;m)= 167 m Pab(M), channels. So the physically measured widths, €&} are

caused in practice fully by “a half” of resonance, that is, by

pab(M)=(1—m3/m?)(1-m*/m?), m.=my*m,. its left slope in the channetsm and 7. Only for this reason

(7) are the result§I'(¢— yR;Mg)] obtained in the narrow

width approximation overstated 2 times.
The final particle identity in ther®7® case is taken into  The second reason is connected with a finite width cor-
account in the determination of oo rection in the propagators of the scalar mesons. Let us take
In Eq. (6) it is good to bear in mind isotopic symmetry the generally accepted Breit-Wigner formulas.
If m>2mg+, 2mgo,

0

Otk k=01 k0k0  Gagk+Kk—= ~GaykOoKo- ) L L
The use of a narrow scalar resonance width approximation in Dr(m)  ma—m?—i[To(m)+Titm)m’
the case under consideration is not valid for two reasons
[17,18. g;Kﬂ(, 1
. . . . _ 2 2 2 2
The first and major reason is connected with ¢aficord-  I'yg(m)= (\/1—4mK+/m + \/1—4mKo/m ) —.
. . . 167 m
ing to strong interaction standajdshotons. From Eq43), 9)
(4), (5), and (6) it follows that the right slope of the reso-
nance is suppressed by at least the factofa(p)®, where  If 2my+<m<2myo,
1 1
- . (10

Dr(M) mZ—m?+[(g3,«-)/16m]Vamio/m?— 1—i [(ghy+¢-)/16m]\1—4m; ., /m?—iTo(m)m

When 2ng+, 2mgo>m,
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1 1
Dr(m) M2~ M2+ [(92s )/ 16m] (VAm2 /m2— 1+ \JamZe/m?— 1) —iTo(m)m’

11

where the width of the decay of the scaRuresonance into Notice that in this modelMg—mg=24(10) MeV for
the 79 or 7rir channeld’o(m) is determined by Eq.7). Mg=980(2my+) MeV.

Since the scalar resonances lie under Khé thresholds,
the position of the peak in the cross section or in the mass||. MODEL OF KK SCALAR MOLECULE PRODUCTION

spectrum does not coincide withg as is easy to see using IN ¢ RADIATIVE DECAYS
Egs.(9)—(11). That is why it is necessary to renormalize the — _
mass in the Breit-Wigner formulas, Eq§)—(11), A. KK loop production of extended scalar mesons

, Unfortunately, at present it is not possible to construct a
Ork+k- truly relativistic gauge-invariant model in the case KK
2_n\p2 2 2 2 2 . . ..
mr=Mg— 5 (Vamg IME—1+ J4mo/ME—1), scalar molecule production i# radiative decays for the non-
(12)  relativistic nature of a wave function of a molecule. But it is
possible to “relativize” a model constructed in tike< mol-
whereM 3 is the physical mass squareid £, =980 MeV and ecule rest frame and to place a gauge invariance constraint.

M, =980 Me\) while mZ is the bare mass squared. So the In the rest frame of a scal&K molecule we consider the

physical mass is heavier than the bare one. This circumstané oduction mechanism described by the diagrams in Fig. 1,

; i . ’
is especially important in the case of a strong coupling of the' nere the cross in thE™K  To(a) vertex points to a cou

| ith theK ch | inthe f K and pling of theK K™ state with a extended meson.
scalar mesons wi channels as in the four-quark an In the scalar molecule rest franfe=¢, the decay ampli-
molecule models. Meanwhile it was not taken into accoun

both in the fitting of the data and theoretical works, exceptEUde S

for Refs.[2, 14, 19. It should be noted that Eq&)—(11) are T(p,q)=M(p,q)—M(p,0),

applied only in the resonance region. They, for example, M =M +M M 15
have incorrect analytic propertiesrat=0. The expressions, (P.@)=M.(p.q)+Ma(p.)+ Ma(p.q), (19
in which this defect is removed, can be found'114,19. wherep and q are four-momenta of thés meson and the

Notice that when the scalar resonances lie between thenoton, respectively. The amplitudes
K*K~ and K°K? thresholds it is necessary to renormalize _ ; ) d*k
the mass in the Breit-Wigner formulas in the following man- ~ M1(P,Q) =i€0rk+k-Gyx+k-€“(P)€"(y) 2m?
ner:
29,
L £ ,
(K Baopk-pra

(16)

2
g _
m2=M2— Rl';: JamZimM2-1. (13)

The coupling constants in the molecule mofl, 15,20

. d*k
M2(p,q) = —iegri+k gk +k-€“(P)€”( 7),[ (2m)*

(2k+q),(2k+29—p),

are | “¢K) Biopk—prapkra’ 7
g$OK+K’/47T:g§0K+K’/47T:0‘6 GeV. (14 o M3(p,q)= —i€0rk+k-JgKk+Kk-
d*k
Xf“((ﬁ)f”()’)f 2n7
2k—2p+q),(2k—
« (|KD) ( pP+a),( P 19

~ " D(K)D(k—=p+0q)D(k—p)
correspond to the diagrams in Figga)l 1(b), and Xc), re-
spectively. The functionrp(|K|) describes a momentum dis-
tributon of a K*(K™) meson in a molecule,
D(k)=k2—m?+i0, e#(¢) ande’(y) are polarization four-
vectors of the ¢ meson and they quantum, e?/4x
=a=1/137,ggrk+k- is determined by Eq(7), andg x+-

is determined by the following manner:

: Po—K' KD =367

FIG. 1. Diagrams for the model. (19

2
1 g¢K+K— ( 4mK+
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The subtraction atj=0 is a gauge-invariant regulariza- ~ When ¢(|K|) =1, Egs.(15—(18) reproduce well the defi-

tion that always is necessary in the field theory. nite gauge-invariant field theory expressig4].
The “relativization” Our model is practically the same one aq15|. Never-
- - theless, it should be noted that in E¢$.21)—(4.23 of Ref.
T(p.a)=[&(¢)- &(v)]gr(m) [15] the function ¢(|K|) is used to ggsc]r)ibfa aSDmomentum
=gr(M){[e(d)-e(y)] distribution of aK™(K™) meson in a molecule whereas a
K*(K™) meson has the three-momentum equal to
—[e(#)-qlle(y)-pl/(p- D} g 20 1 (k—g/2). So Eqs(4.21—(4.23 of [15] are not quite cor-

gives the relativistic and gauge invariant amplitudes. We emtéct and our Eqg15—(18) make clear the molecule produc-
phasize that in Eq(20) & ¢) and &(y) are polarization tion modet:

three-vectors of the meson and thes quantum in the mol- Let us integrate Eqg16)—(18) over kq in the molecule
ecule rest frame. rest frame:

d3k 1
Ml(p;q):_zegRKJrK*gsz*K*[e((;b)'E(V)JJ 2n)? #([K]) E(mZ—4E2)" (21)
Mo Q) . . f d3k I~ (KG)? 1
2(P;Q) =e0rk+k-Gopk+k-[ (D) €(y)] (27)3 (||| ko= 2 E(m?+ 2E,m)(2wE, + 2K§)
+ ! ! 22
Ex(m?—2E,m)(2poEx—m5+2RA)  Eyy q(20°+ 20Ey o+ 2KG) (p§+ @2+ 2poEi o+ 2KG) |’ 22
M (0= L f d3k ¢ (IZZ (Rﬁ)z) 1
3(P;a)=—€e0rk+k-pk+k-L€(P)-€(¥)] 2m)° o(|K|) P2 Ek(m2+2Ekm)(2poEk+mgﬁ"'ZRﬁ)
+ ! + ! 23
En(m*—2EM) (20E+2KP)  Ey_q(w?+ p2— 2wE_q— 2RP)(p5+ P°— 2poEx—q— 2KP) |’ 23
where R 5 —
=4, Po—do=m, q0=|q|=w=(m¢,—mz)/2m, Ek:VRZ“‘mw—lO,
Exsq=V(R+8)2+mi.—i0, Ex_q=(K—§)2+ms.—i0. (24)
It is easily seen that the integration over the angle betveandd (or p) is performed analytically.
B. Imaginary part of the amplitude of ¢— yfy(ay) decay
Following [15,20 we use 4
)73
¢(|R|)_W' (29

whereu=141 MeV.

The functiong(|K|) suppresses the contribution of virtk&l K~ pairs. That is why it is natural to expect that the imaginary
part of the¢p— yfy(ag) amplitude is essential in comparison with the real one. The numerical analysis in Sec. IV supports this
hope.

So the imaginary part of thé— yf,(ay) amplitude,

ImT(p,q)=IM[M(p,q) =M (p,0]=[&(¢)- &(y)]Imgr(m)=[&(¢)- &(y) ]Im[gr(m) —gr(m,)], (26)

merits individual consideration here. Equati(#b) makes possible calculating the imaginary part in analytical form. This
calculation is too cumbersome to be presented here. Because of this, we shall only explain the genesis of the imaginary part
of the amplitude and shall adduce its analytical form.

The contributors of the imaginary part of tie— yfy(a,) amplitude are the regions of the integration where the denomi-
nators in Eqs(21)—(23) vanish. We treat these zeros using an infinitesimal negative imaginary additionKd thmass square
(m§+—i0); see Eq(24).

Our result is

The resulting aip(|K|)=1 amplitude differs by sign from the respective ond 1#].

2In contrast td15] we treat with an amplitude rather tharSamatrix element. The difference is the factorin addition, note that in Eq.
(4.249 of [15] the sign(—) is lost. Probably, it is a misprint; otherwise, the gauge invariance consfsaiatEq.(3)], is destroyed.
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wt 1 m5 (E;—a)(Ep+a) E;1E,m?(12a?— m?) — a?m3(m?+ 4a?)
IMgRr(M) = € grk+k -k +K- 2m2(m—a4a%7? | »® | " (E,—a)(E,;+a) 433m2

207

4mi,  Ei-a? 8m§+I my—Vm3—4mg,  mi(m?—4a?)(E;—E,) 32Amf—4my. )Y (m?-4a?)?

+

+60(m—2mg+) > + n
wm om  m+ \/m2—4mi+

4\/m2—4m§+m§ 8m§+ m—\/m2—4mi+]
| t

In - n
2 2 .3 2

(27)

wherea?=mj . — u?, E;= po/2— (w/2m,) \/mfﬁ—4m2K+, E,= po/2+ (w/2m¢)\/m§,—4m2,<+ and the step functiod(x) is

1, x>0,
0X)=)0, x<o.
Notice that
- 8 pH(mi—4ami.) . 4mg
mgr(Mmy)=e - e ———— _ _
gr(My) =€0rk+k-G gk +K 37 (m¢—4a2)3 R;

C. Real part of amplitude of ¢— yf(ay) decay
As will be seen from Sec. IV the real part of tile— yqfy(ay) amplitude,

ReT(p,q)=RegM(p,q)—M(p,0)]=[&(¢)- &(y) IRegr(m) =[ &(#) - &() IRE Gr(M) —Gr(My)],

dominates in the suppress&d K~ and KK channels.
Our result is

a 2

arctan—
M

pt 8mf/) o a
Re gr(M)=egrk+Kk-Jpk+K- 277 \omm?—4a2)2 garctan;+

\/4mi+—m2 m ( m )2
m

—6(2mg+—m) arctan arctan———
] m \/4mi+— \/4mi+—m2

ym2—4mi,  mEymP-4mi. 1 mtmP-4mi. g2
In —In? +—

2m m—ym2—4am2, 4 m—m2-am2, 4

—6(m—2mg+)

2
om(m?—4a?)

m po(m?—4a?)

20 2w°m

1

I +
(m?—4a?)a?

mK + a
1- arctan—
pma M

4 2

(m?—4a?)?

2
My + m mg+—a 4u

—In +In
2a mg++a (2mﬁ+—m)2

—6(m—2m
( K+) 2o

7
~ 1 m mK+—a+mm<++2a2 " m+ \m?—4m, .
2(m2_4a2) 233 mK++a azﬂz m— 1[m2_4mi+

w’my . (Ex+ 0+E_)(Ex+w—E.)
n
Ecm(—2E,) ' (Ext @+ E,)(Exto—E_)

= [K|d[K|
0 (R+ p?)20° BB+
WM. (E_—Eit0)(Ec—0+E,) My(EctE)(EctE)

- |
Em(2Etm) (B, —E,t@)(E_ +Er—w)  Exm(2E+m)

y n(Ek+p0+E_)2 m5(Ex—E1)(Ex—Ey) n(Ek—p0+E+)2
(Ex+po+E4)? Exm(2E,—m) (Ex—po+E_)?

(28)

(29
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Mk + w? I m—\/m?—4mZ ReT=(m,) @0
n - eg mey),
E(m’—2E\m) " m+ \fme—am?Z, A

whereE , = R+ w2+ 2|K|lo+m;;, E_ = k*+ 0?—2|K|o+mg,, and

+6(m—2mg+)

[ ) [ )
= L B /~L4 o a m¢_4mK+ I m¢+ m¢_4mK+
€9r(My) = €0rk+Kk-Gpk+K- —(27T)2 2 arctan;— 2m, n m —\/m2—4m2

¢ ¢ K+

64(m},—3mZmy . —4m; .a?) a
—arcta

2mi+ 8/,Lmi+
:Smis(mi—4a2)3

+
pad(m;—4a?)  3a®mj(m;—4a’)

T 243/ 2 __fa2\2 2.5
3a*(my—4a%) mga

2(5m3m . —20my . —2m3u?+12my  u?+8u’)
3a*(mj—4a?)?

. 13211§+\/mf/)—4m§+ m,,+ \/m$5—4mi+ }

n 31
3my(my—4a®)* " m,— Jm3—4m?. (Y
|
It is easy to verify that the integrand in E€BO) is non- dB(¢p— y(ap+fo)—yK K™)/dm
singular at Z,=m for the principal value of the integral was o
calculated analytically. That is why E¢B0) is suitable for a =dl'(¢— y(ap+fo) = YKTKT) T (¢)dm
simulation of experimental data. .
2 (KK ) YT
™ ’ I'(¢)
IV. QUANTITATIVE RESULTS ,
1 1
Below we consider two variants:(i) X’ D, (m) + D (m) dm (33
I'o(Mg)=50 MeV, which corresponds to the visible width fo g

=25 MeV and the partial intensity of the decay into the

KK channelsB(R—KK)=0.35 in the molecule model, Eq. is presented in Fig. 6.

(14), and(ii) I'o(Mr) =100 MeV, which corresponds to the As with the four-quark mode]14] in the molecule case

visible width =75 MeV andB(R—KK)=0.3 in the mol- the interference is constructive in the"K~ channel and

ecule model, Eq(14). See the definition of y(m) in Egs.

(9—-(11), and (7). 100
We presenB(¢— yR;m)=I"(¢— yR;m)/T'(¢), where

I'(¢) is the ¢ meson full width, in Fig. 2, the phase of

—gr(m) (8=arctafilm gg(m)/Regg(m)]) in Fig. 3, and the 8o T
spectra !
©, 60| -
dBR(¢—yR—vyab) dI'(¢—yR— yab) r
dm - T(¢)dm £
'I§\. wl g
2 m’I'(R—ab;m)T"(¢— yR;m) 2
o T'(¢)[Dr(m)|* 2 ol |
(32
for ab=7a> andry for the differentl’ o(Mg) in Figs. 4 and or ]
5, respectively. The spectra TR TR WUV WY WU TR S
0.80 0.85 0.90 0.95 1.00 1.05
m (GeV)
3Notice that dI'(¢— yR— ywa)/dm=dI'(¢— yR— FIG. 2. Branching ratidB(¢— yR;m). The dotted line is the

yrt ) ldm+dl (¢ — yR— ym70)/dm= 1.5dI'(¢—yR— ymr real part contribution. The dashed line is the imaginary part contri-
+7)/dm. bution. The solid line is the full branching ratio.
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destructive in the&K°K° channel[see Eqs(6) and(8)] for the
K*K™ loop diagram production model.

We study the dependence of the branching ratios unde
consideration on the resonance mass. Our results are listed
Tables | and Tables Il. Calculating Table | we take into
account only the imaginary part of the scalar resonance prc
duction amplitudes.
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imaginary part is 1.8 1075, (b) I',=100 MeV. The full branching
ratio is 2.0 10~ °. The branching ratio with an account only of the
imaginary part is 1.7% 10>,

V. DISCUSSION

At me=980 MeV and Fo(mfo)=50(100) MeV,
B(¢p— yfo— ymrm)=1.9(2.2)x 10 °. At M, =980 MeV

140

40

rrrrirrervrTrrrti

dB (¢-> WKWdm*10°® (GeV?d)

N
o

PR A |

0
-20

0.985 0.990 0.995 1.000 1.005 1.010 1.015 1.020
m (GeV)

spectra. The dashed and dotted lines are the imaginary and real part

contributions, respectivelyta) I'q=50 MeV. The full branching

FIG. 6. Mass spectra oK*K~ channel.T';=50 MeV. The

ratio is 1.9<107°. The branching ratio with an account only of an solid line is the full spectra. The dashed and dotted lines are the

imaginary part is 1. 10" 5. (b) I';=100 MeV. The full branching i
ratio is 2.2< 10~5. The branching ratio with an account only of the i
imaginary part is 2.81075.

maginary and real part contributions, respectively. The full branch-
ng ratio is 1.0< 10" 6. The branching ratio with an account only of

the imaginary part is 0910 ©.
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TABLE |. Branching ratiosB(¢— yay(fo)— ymn(7)) depending on parameters of the model; see

Sec. IV.
Bx 10
¢—yay—ymn ¢p—ylo—ymm

m,, (GeV) I, =50(MeV) I, =100(MeV) m (GeV) T =50(MeV) T =100(MeV)

0.960 2.2 2.3 0.960 2.4 2.6

0.965 2.1 2.2 0.965 2.2 2.4

0.970 2.0 2.0 0.970 2.1 2.3

0.975 1.8 1.9 0.975 1.9 2.1

0.980 1.6 1.8 0.980 1.7 2.0

0.985 1.3 1.6 0.985 1.4 1.8

0.990 0.9 1.0 0.990 1.0 1.2

0.995 0.7 0.9 0.995 0.8 1.1
and Fo(mao)=50(100) MeV, B(¢p— yag— ymn)= and ay(980) resonances are of a fou_r-qugrk_ natuyéqgf).
1.9(2)X1075. An upper limit in a  Pickwickian  sense,

As seen from TablesB(d— yfo(ag)— ymm(my))  B(d—¥(fotag)—yKsKg)=3.6x10"7, was given ir21].
~(1-2)x10"° and B(¢— y(fgt+ag)—yKTK)=<106. The following investigationgsee, for example[22]) only
As for the decays into th&°K® channels, the destruc- confirm these results. _ _
tive interference leads toB(d—y(fo+ag)—yKK)=< Here we also confirm that the branching ratio for the de-
6.5x 10~° for the set of the input parameters from Table 1. €& ¢— YKsKs is low. But its extreme smallness demands
When the branching ratios from Table I is compared with©® consider final state interaction effects. _
the ones in the narrow resonance approximation in Fig. 2, it Can final state interactions essentially destroy our inter-
is apparent that these latter are at least 2 times overstatefgrence picture in th&°K® channel for the difference of the
Notice that when the parameter in the momentum distribuS-wave phase shifts in the isotopical vectbe=(1) and iso-
tion ¢(|K]) [see Eq(25)], u=100 MeV the branching ratios topical scalar (=0) channels oKK scattering? There is no
decrease 3 timegthe u® low is natural for a three- reason to expect this effect. The point is that the these phase

dimensional integral if an integrand has the range of the Ol'ghifts vanish at th&KK threshold. In our case the maximal

der of u). The valueu= 141 MeV corresponds to the bound- 0 - .
ing energy of the moleculeE=—10 MeV [13], that is, momentum of the&K™ andK™ mesons in the scalar resonance

m, ~930 MeV. rest frame is small110 MeV). In fact, more small momenta
QI(_?]% imaginary part of thep— yfo(a,) amplitude gives are essential in our consideration. TK& and K® mesons

90% of the%ran?:/h?ng ratios in tr;wc()w;) char?nel' seg also with momenta less than 60 M_eV in the scalar resorllance.rest

Figs. 4 and 5. ' frame give 90% of the branching ratios under consideration.

The real part of theb— yfy(ay) amplitude dominates in Ngvertheless, strl_ctly speaklng,_ we do not knqw any-
— . . . thing about the influence of final state interactions on
the KK channel branching ratios; see also Fig. 6.

Over the years, it was believed by some that the deca mplitude magnitudes. Let us assume that a final state inter-
b— yK <K< might prove an obstacle to research on the vio- ction suppresses the contribution of one of two resonances,

lation of CP invariance in the decay— K, K despite the [0 €xample, a;. Then we haveB(¢— yfo— yK°K®)
fact that it was shown even in 198714] that <2.5x 10 8 for the set of input parameters from Table II. At

B(¢p— y(fo+ag)— yKsKg)=6.5x10"° in the case which last one assumes an extreme case that final state interac-
is the worst case from the standpoint of research on the vidions transfer the destructive interference in tHEK°
lation of CP invariance, i.e., the case in which tig(980) channel into the constructive on@t is hard to image
something more radical ngw Then B(¢— y(fo+ag)

(T AELE I raching B4 KK depenng O - yKHC) 2B (f--a) KK ~UAB0 (1

’ T +a)—yK*K ™) from Table Il for theK°K® threshold is 8
MeV higher than theK"K~ one. SoB(¢— y(fy+ap)
— yKKg)=5x10"8 can be considered as an upper limit in

m;, (GeV) m, (Gev) T (MeV) T, (MeV) BXx1(P

0.980 0.980 50 50 1.0 a Pickwickian sense for the molecule model.

0.980 0.980 100 100 0.5 The phase ofr(m) is the very important characteristic of
0.980 0.980 50 100 0.7 the model production because it causes the interference pat-
0.990 0.990 100 100 0.6 terns in the reactioe™ e — yx* 7~ in the ¢ meson mass
0.980 0.990 50 100 0.7 region. We emphasize that just these interference patterns are
0.990 0.980 50 100 1.0 used to identify thep— yf, decay. As seen from Fig. 3 the
0.990 0.990 50 100 1.1 phases in the molecule cakke solid curvgand in the four-
0.990 0.990 50 50 1.8 quark (pointlike) case[14] (the dashed curydliffer consid-

erably. The calculation of the interference patterns under dis-
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cussion is a rather complex problem that is a valid one forp decays give a good possibility for discrimination between
further investigation. the two models experimentally.
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