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Remarks on the quark content of the scalar mesoriy (1370
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Based on the measurements &(,D*)—f(1370)7* we determine, in a model independent way, the
allowedss content in the scalar mesdg(1370). We find that, on the one hand, if this isoscalar resonance is
a purenn state[nn=(uu+dd)/2 ], a very largeW-annihilation term will be needed to accommodBtg
—14(1370)*. On the other hand, thsgcomponent off,(1370) should be small enough to avoid excessive
DJ —fo(1370)r" induced from the external emission. Measurement 6§(1370) production in the decay
DS —K*K~ 7" will be useful to test the above picture. For the deBdy— f,(1370)° which is kinemati-
cally barely or even not allowed, depending on the mask,@370), we find that the finite width effect of
fo(1370) plays a crucial role on the resonant three-body d&ay f ,(1370)K°— 7+ 7~ KC.

DOI: 10.1103/PhysRevD.67.054021 PACS nuniber14.40.Cs, 13.25.Ft

[. INTRODUCTION cays are now available from the dedicated experiments con-
ducted at CLEO, E791, FOCUS, and BaBar. The study of

It is known that the identification of scalar mesons is dif- three-body decays of charmed mesons not only opens a new
ficult experimentally and the underlying structure of scalaravenue to the understanding of the light scalar meson spec-
mesons is not well established theoreticéftyr a review, see troscopy, but also enables us to explore the quark content of
e.g.[1-3)). It has been suggested that the light scalars belovgcalar resonances. [®] we have studied the nonleptonic
or near 1 GeV—the isoscalasg500), f;(980), the isodou- weak decays of charmed mesons into a scalar meson and a
blet k and the isovectoy(980)—form an SW3) flavor  pseudoscalar meson. The scalar resonances under consider-
nonet, while scalar mesons above 1 GeV, nanfgl1370), ation there ares [or fy(600)], x, fo(980), ag(980) and
ag(1450), K§(1430) andf,(1500)/,(1710), form another Kg(1430).
nonet. A consistent pictug] provided by the data suggests  In this work we would like to explore the quark content of
that the scalar meson states above 1 GeV can be identified §1370) from hadronic charm decays. Singeand 4 are

a qq nonet with some possible glue content, whereas th&s dominant decay moddd.0], it is clear thatf,(1370) is
light scalar mesons below or near 1 GeV form predominatelynostly nn. However, how much thes component is al-

aqqﬁnonet[4,5] with a possible mixing with 0 qaand lowed in the wave function of this isoscalar resonance re-

o . — mains unknown. It turns out that the deca.
b e e hecee, T (2700 s vry usflfor s e, 5170
momentum and hence it should have a higher mass abovePHr€ly annn state, it can proceed only via th@annihilation
GeV. On the contrary, four quarkgq? can form a 0 me- diilgram. In contrast., 10(1370) has alssconten_t, the decay
son without introducing a unit of orbital angular momentum. Ps — fo(1370)m" will receive an externai-emission con-
Moreover, color and spin dependent interactions favor a flatribution. Therefore, this mode is ideal for determining $ise
vor nonet configuration with attraction between thg and  component infy(1370).
qq pairs. Therefore, the 0 g2 nonet has a mass near or e would work in the model-independent quark-diagram
below 1 GeV. approach in which a least model-independent analysis of

As the quark content cdip(1450) andKZ (1430) is quite heavy meson decays can be carried out. In this diagrammatic
obvious, the internal structure of the isoscalag1370), Scenario, all two-body nonleptonic weak decays of heavy
fo(1500) andf,(1710) in the same nonet is controversial mesons can be expressed in terms of six distinct _qugrk dia-
and less clear. Though it is generally believed th#t370) ~ 9rams[11-13: T, the color-allowed external\-emission

. . — — tree diagram;C, the color-suppressed interngl-emission
is mainly nn=(uu+dd)/\/2, the content offo(1500) and diagram;E, the W-exchange diagran®A, the W-annihilation

fo(1710) still remains confusing. For example, it has beerhiagram;P, the horizontaMtloop diagram: and, the verti-
advocated that(1710) is mainlyss and fo(1500) mostly  cal W-loop diagram.(The one-gluon exchange approxima-
gluonic (see e.g{6]), while the analysis i7] suggests a tion of the P graph is the so-called “penguin diagram.It
dominantlyss interpretation off ;(1500). How much is the should be stressed that these quark diagrams are classified
fraction of glue in each isoscalar meson is another importaréccording to the topologies of weak interactions with all
but unsettled issue, s¢8] for a discussion. strong interaction effects included and hence they raoe
Three-body decays of heavy mesons provide a rich laboFeynman graphs. Therefore, topological graphs can provide
ratory for studying the intermediate state resonances. Thieformation on final-state interactiofgSIs.
Dalitz plot analysis is a powerful technique for this purpose. Based on S(B) flavor symmetry, this model-independent
Many scalar meson production measurements in charm denalysis enables us to extract the topological quark-graph
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amplitudes and see the relative importance of different unThese amplitudes will be employed for a guidance when we
derlying decay mechanisms. FBr— SP decays &: scalar come to discus® — fy(1370)P decays below.

meson,P: pseudoscalar mesprthere are several new fea-

tures. First, one can have two different exterabemission IIl. QUARK CONTENT OF f4(1370

and internaM-emission diagrams, depending on whether the

emission particle is a scalar meson or a pseudoscalar one. We The mass and width of the isoscalar resonafi&370)
thus denote the prime amplitudds and C’ for the case are far from being well established. The recent study of
when the scalar meson is an emitted parti@ Second, fo(1370) production inpp interactions by WA102[16]

because of the smallness of the decay constant of the scald!ds @ mass of order 1310 MeV and width of order 100—
meson (see, e.g[14)), it is expected tha{T’|<|T| and 250 MeV (see[16] for the detailed values of the mass and

|C’[<|C]|. Moreover, in the flavor S(®) limit, the primed ~ Width). The E+79_1 experiment by analyzifg, — " " 7
amplitudesT’ and C’ diminish under the factorization ap- — fo(1370)7" gives a higher mass of 143418+9 MeV
proximation due to the vanishing decay constants of scalgi"d Width of 172326 MeV [17]. The mass and width
mesons [9]. Third, since the scalar mesorf(1370), qguoted by the Particle Data Gro(ip0O] span a wide range,
ao(1450), K% (1430), fo(1500) f4(1710) and the light ones "@Mely, Mt 1370=1200-1500 MeV and  I't;1370)
o, k, fo, ao fall into two different nonets, one cannot apply =200-500 MeV.
SU(3) symmetry to relate the topological amplitudesDr Since pp and 4r are the dominant decay modes of
—fo(1370)7 " to, for example, those i — f(980)m . fo(1370)[10], it is clear that this isoscalar resonance is pre-

The reduced quark-graph amplitudes,C,E,A for  dominatelynn. In the present work we would like to study
Cabibbo-allowedD — PP decays have been extracted from its content from the three-body decays of charmed mesons to
the data with the resulfsl5] see how much thes component is allowed ifig(1370).

_ 5 The production of the resonandg(1370) in hadronic
T=(2.670.20 10" GeV, decays of charmed mesons has been observed in the decay

C=(2.03+0.15exq —i(151+4)°]x 10" ¢ GeV, DO— Ko7 7~ —f,(1370K° by ARGUS [18], E687 [19]
()  and CLEO[20], in DS — " a7~ —fo(1370)r" by E791
E=(1.67+0.13ex{di(115+5)°]x 10 ¢ GeV, [17], in D* =KK™ 7" —f,(1370)7* by FOCUS[21] and
in D=7 7 7" —=1,(1370)7" by E791[22], respec-
A=(1.05+0.52exd —i(65+30)°]x 10 ° GeV. tively, with the results

(4.7+£1.4x10° 3% ARGUS,E687

0 KO +._—\V—
B(D"—fo(1370K")B(fo(1370 — 7" 7 ) (5.9f%:§)><1073 CLEO

B(D* —fo(1370 7 )B(fo(1370 KK )=(6.2+1.1)x10° 4 FOCUS

2
B(D* —fo(1370 7 )B(fo(1370 —m+ 7 )=(7.1+6.4x 1075 E791 @

B(DS—fo(1370 7" )B(fo(1370 — 7w ' 7w )=(3.3+1.2 X 10 % E791.

However, the E791 m.ea}sur_em.e.ntlim“—>f0(1370)q-r+ does A(DO— fo(1370K?) = VeV*(Cy+Eq o), @)
not have enough statistic significance and hence we will ig-

nore it in the ensuing discussion. The branching fractions of

fo(1370) intor* 7~ andK*K~ are unknown, though sev-  A(D¢ —fo(1370 7" )=V, Vi((Ts+Auq),

eral early attempts have been madee[10]).

We write the generalo(1370) flavor wave function as  \yhere the subscripg of the topological amplitude denotes

. . the qacomponent of ,(1370) involved in its production. In
fo(1370 =nncosh+sssinb. (3) terms of the mixing angl® defined in Eq.(3) we haveTg
=42 T4tand. We see that iff ;(1370) is annn state in na-

In terms of the quark-diagram amplitudes depicted in Fig. 1ure, the decap¢ —fo(1370)7* can only proceed through

the decay amplitudes db— f,(1370)P have the expres- the topologicaM-annihilation diagram. o
sions Hadronic charm decays are conventionally studied within

the framework of generalized factorization in which the had-
. . . . ronic decay amplitude is expressed in terms of factorizable
A(D"—1o(1370 7" ) =VqViua(Tat Ay a) + VesViuCs terms multiplied by theuniversal (i.e. decay process inde-
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P ‘ fects of resonance-induced FSIs can be described in a model
¢ g q P independent manner and are governed by the masses and
D decay widths of the nearby resonances. Indeed, the weak
D _ o 7 q annihilation W-exchangeE or W-annihilationA) amplitude
— — for D— PP decays has a sizable magnitude comparable to

the color-suppressed interdatemission amplitud€ with a
large phase relative to the tree amplitubésee Eq.(1)].

In theqadescription off ,(1370), it follows from Eq(3)

C >\/v\/\/CC that

0 1 opuu + 1 +¢dd
Fg f":ﬁcosﬁ Fg for, Fg f°=Ecos€ Fg o,
E A
(6)
FIG. 1. Topological quark diagrams fér— fy(1370)P decays. . oS
The diagramC’ is the same as the diagrafexcept for an inter- FPsfo_gjng FPs o
0

change betweeR andf,(1370). 0 ,

pendent effective parameters; that are renormalization where the superscripjq denotes the quark content &
scale and scheme independent. In this approach, the quarikvolved in the transition. In the limit of S@) symmetry,

raph amplitudes read 0cuu +¢dd +ss
P P F(? fo =FE fo =F55 'o” and hence
Ge bf
Tu= —JZaafaFg *(mo)(mip—mp )
2 FO%_ D fo_ 1 £Difogoyg 7
o Fo T 2o coto. (7)

G
Te= TFalfﬂFE’Sf%mi)(més— m?), o o
2 Consequently, under the factorization approximation one has
T,=\2 T4tans, a relation valid in the more general dia-

Gr Dfo, 2\, 2 2 grammatic approach.
CU—EaZfKFO (mi)(mp —mg ), Since
©)
+ + +_, + +
C§=—FaszoFSW(mfo)(mé—me), F(Diqff’(lsmi): B(Ds —1o(137077) T(D+),
V2 (D" —fo(137077) BD*—fo(13707=") 7(Ds)
B ®
F 0390 2 2 2
E,=—=a,fpF, ° (mg)(m —my), )
T TP (M) (M 1370y~ M) it follows from Egs.(2) and (4) that
Gr -3t o 2 Tst+AL4
Aq= ﬁazfo':o (Mp) (M (1370~ M=), s Tud =(0.76+0.24)
Ta=CstAug D—,(1370)P
where the form factoF is defined in[23] and the typical NN
values ofa; in charm decays ara;=1.15 anda,= —0.55. (B(fo(137Q—>K K™)
) . . X ,
For fo(1370), its decay constari}o(lgm) is zero owing to B(fo(1370 -t @)
charge conjugation invariance or conservation of vector cur- ©)

rent[14]. This means that the amplitud®, vanishes under
the factorization approximation.

In Eq. (5) the annihilation form factongﬂfOP(m%) is
expected to be suppressed at large momentum trangfer, )
=m%, corresponding to the conventional helicity suppres-/aM
sion. Based on the helicity suppression argument, one may - - ) ,
therefore neglect short-distancéhard W-exchange and 10 proceed we will tak&€s=0 as suggested by the fac-
W-annihilation contributions. However, as stressedds], ~ forization approach. In the case of a vanishing
weak annihilation does receive long-distance contributiondV-annihilation,A, 4=0. Hence, the left-hand side of E@)
from nearby resonances via inelastic final-state interactiongecomesy'2 [tand|. In order to estimate the mixing angle
from the leading tree or color-suppressed amplitude. The efwe use the measurement @®R=I(KK)/T'(77)=0.46

where the charmed meson lifetimes are taken ff&6j. Let
us consider two extreme cas€s: the W-annihilation term

shes, andii) f,(1370) is purely ann state so thaf
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FIG. 2. Contributions t®J — f(1370)7* from the color-allowed weak decdyz — f(980)= " followed by a resonant-like rescatter-
ing. This has the same topology as téannihilation graph. The flavor wave function &§(980) has the symbolic expressigs(uu

+dd)/y2.
+0.15+0.11[16].! This leads to
[(fo(1370—K*K™)

T(fo(1370 " W_)=O.35i 0.14. (10)
From Eq.(9) we obtain
6=+ (17.5"29°. (12)

This means that even in the absenceVéfannihilation, a
small amount of thess content in thef,(1370) wave func-
tion will suffice to account for the observed rate Df
—f(1370)7™ relative toD ™ —f,(1370)7*.

In the other extreme case whefg(1370) is a purenn
state,Ds+—>fo(137O)7r+ can proceed only vidaV annihila-

tion which includes both short-distance and long-distance e

fects. Even the short-distan®€ annihilation is helicity sup-
pressed, a long-distance contribution to the topologval
annihilation in DJ —f,(1370)7r" arises from the color-
allowed decayD . — f,(980)7* followed by a resonant-like

part, we will have|A, 4/T4=0.50"33if the relative phase

betweenA and T is 90°, for example. This means that if
fo(1370) is composed of onlyn, then one will need a very
sizable W annihilation to account for the observed
—fo(1370)7* decay. However, recall that in Cabibbo-
allowedD — PP decays, the topological amplitudes given in
Eqg. (1) lead to

| =(039:020e 1"
D—PP

(13

This indicates that although th&-annihilation term induced
from nearby resonances via FSls is sizable, it is probably
unlikely that it can be big enough to satisfy the constraint
{(12). In reality, both externalV emission and/V annihilation

contribute to the decay and tlsEcomponent info(1370) is
smaller than that implied by Eq11).

II. DO—>f0(137QEO AND THE FINITE WIDTH EFFECT

rescattering as depicted in Fig. 2. Note that the flavor wave

function of f4(980) has the symbolic expressiarg(uﬁ

+dd)/+2 [4] as the light scalars are favored to be 4-quark

states(for a recent discussion, see, €8]). The decayD_
—f,(980)7" has a large branching ratio of (18.3)%
[9]. As discussed irf24], Fig. 2 manifested at the hadron
level receives as-channel resonant contribution from, for
example, the 0 resonancer(1800) and &-channel contri-
bution with one-particle exchange. It follows from E®)
that

Au,d

- = +
TotAva 0.45+0.18.

D—f,(L1370)P

(12

The magnitude ofA/T depends on the its phase. Sinégé

We next turn to the decafp®— fo(1370K° relative to
D" —f,(1370)7". From Egs.(2) and(4) we have

Cy,+Eqgs

o (14)
Tg—Cet+Aug

—(0.58+0.15

1
:
D—f(1370P

7

where r=p,(D°—f,K)/p (Dt —fym™), and p. is the
c.m. momentum of the final-state particles in the rest frame
of the charmed meson. However, the momenfognin the
decay D%—f,(1370)K° is very sensitive to thef,(1370)
mass. For examplep.=0, 34, 214 MeV and hence
=0, 0.083, 0.47 formf0=1400, 1370, 1310 MeV, respec-

tively. Therefore, whermf0=1370 MeV, one need&/T

annihilation is expected to be dominated by the imaginary~7 to account for the observed decay rate BF

IA reanalysis of the old data on the reactiansp— =~ 7 "n and
7t 7~ —KK yields R=1.33+0.67[25]. This is inconsistent with

naive expectation. First, thes phase space is larger than e
one by a factor of 1.8. Second, tIg;&gO,,17 coupling is larger than

Gr i if fo(1370) is mostlynn.

—fo(1370K° relative toD ™ —f,(1370)7", which is cer-
tainly very unlikely. The difficulty has something to do with
the decay width of the scalar resonance which we have ne-
glected so far. As the decdy’— f,(1370K° is marginally

or even not allowed kinematically, depending on the
fo(1370) mass, it is important to take into account the finite
width effect of the resonance. That is, one should evaluate
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the two-step procesE (D°— fo(1370K°— 7+ 7 K° and —K¥ 7 K° have been measured by the CLE®0] and
compare the resonant three-body rate with experiment. ~ BaBar[27] Collaborations, respectively. It is clear that the
The decay rate of the resonant three-body decay is giveon-shell decay®D°— p(1700)'K~ and D°—>K’5 (1480)I?°
by are kinematically not allowed and it is necessary to take into
account the finite width effect.

I'(D—SP—P.P;P) Sincef,(1370) is broad with a width ranging from 200 to
1 2d 2 AY2>m2 g2 m2) 500 MeV, a priori there is no reason to neglect its finite
= _f(mD_mF’) —qI<SP|HW|D)I2$ width effect. For simplicity in practical calculations, we shall
2Mp J (my+m,)? 27 87mj fix the weak matrix elementS P’H,,|D) and the strong cou-
pling g at g>=m2 and assume that they are insensitive
1 , AYAgAmimd) i ;

to the g°> dependence when the resonance is off its mass

X : .
(92— md)%+(T'14g?>)mg)? Jseip, 8mq? shell. Let us define the parametegr
(19  I(D—SP—P,P,P)
where is the usual triangular function(a,b,c)=a?+b? T=T(D=SPB(S—=P,P,)" (20

+c?—2ab—2ac—2bc, m; (m,) is the mass oP; (P,),

and the “running” or “comoving” width I'1y(g°) is afunc-  The deviation ofy from unity will give a measure of the
tion of the invariant mass;,= \/g? of the P;P, system and  violation of the factorization relatioil9). Then it has the

it has the expressiof26] expression

ms p’(g? 2

r12<q2>=rs—Squ), (16) M5 Ts femgmmp2dd® o,
myo p,(ms) 77_4 m , 2 2 NAmg,q°,mp)
TMp pp’(mg)J (m+my)?
wherep’ (g% =\Y%g?,m?,m3)/(2\/g?) is the c.m. momen- 1
tum of P, or P, in the P,P, rest frame andgy’(m3) is the X AY(g?,mZ ,m3) 5 ——- (2D
c.m. momentum of either daughter in the resonance rest (9°=mg)“+(I'12(g%)mg)
frame. The propagator of the resonance is assumed to be of
the Breit-Wigner form. For m; (1370=1370 MeV and I'; (1370)=200 MeV (500
O( ) o( )

When the resonance widifs is narrow, the expression of pev), we find »=23.8 (4.3), 0.830.67), 0.89(0.74) for the
the resonant decay rate can be simplified by applying th%ecays Do_)f0(1370)|?0_)77+ KO D" —fo(1370)r*
so-called narrow width approximation —ataat and DI —fo(1370)" —mtm m", respec-
tively. It is evident that the finite width effect df,(1370) is

8(q>-md). (17  very crucial forD%— f,(1370)K°. This also indicates that
the measured branching ratios shown in Etj.are actually
for resonant three-body decays.

1 T
(@R AR TS

Noting Let us return back to Eq(14). The parameter there
p should be replaced by=1,/I, with
F(D—SP)=[(SAHWD)l g
o (mp-m2d g’
a9 1= [T g o N me )
,  p(mj am q
F(S—> Plpz)—gsplpz?rné, 1
X
where p=AY3m3,m3,m3)/(2mp) is the c.m. three- (q°—m7 >+ (LA g?)my )?
momentum of final-state particles in tBerest frame, we are (22
led to the “factorization” relation (mp—m2d G2
o= [ 0SSN N )
I'(D—SP—P;P,P)=T'(D—SP)B(S—P;P,) (19 4me q
for the resonant three-body decay rate. 1

In practice, this factorization relation works reasonably
well as long as the two-body dec&®— SPis kinematically
allowed and the resonance is narrow. However, wiken
—.SPis kinematically barely or even not allowed, the off Note that the lower bound of the integral is 4mg rather
resonance peak effect of the intermediate resonant statban sz, in order to have a reg’(qg?). For the represen-
will become important. For example, the fit fractions tative values of mg (1370=1370 MeV and I'y (1370)

of D%—p(1700)'K™ — 7" 7K™, D°—KZX(1480K° =250 MeV, we findr =0.36 and hence

X .
(7 =mf )2+ (I g?)my )?
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CutEqgs

4 %S =0.97=0.25, (23
Td_ Cé +Au'd

D— fo(1370)P

which is to be compared with

~0.78 (24)

D—PP

C+E
T+A

in D—PP decays[see Eq.(1)]. Therefore, the decap*

—fo(1370)r" — a7~ 7" can be explained once the finite

width effect of f,(1370) is taken into account.
The comparison of D%—f(1370K® with DS

PHYSICAL REVIEW D 67, 054021 (2003

nels receivaV annihilation. Assuming the absence\&fan-
nihilation, we showed in a model independent way that both
modes can be accommodated provided that
+(17.5'8)°. That is, even a smalss component in
fo(1370) can induce adequdds — fo(1370)7* via the ex-
ternalW emission. In the other extreme case whigyel370)
is a purenﬁstate, it is found that one needs a very lawje
annihilation to explain the decayJ — f(1370)7". There-
fore, we conclude thatty(1370) is unlikely a pureﬂﬁstate.
In reality, both externalV emission andV annihilation con-
tribute to the decay and the mixing angle is smaller than the
above-mentioned value.

To extract the upper limit on the mixing angle we have

—f,(1370)7™ in principle allows one to obtain some infor-

mation on the mixing angle. However, since the relation beemployed the experimental value Ef(KE)/r(mT). The
tween the amplitude€, and Ts is unknown, it does not uyncertainty with the branching fractions (1370) can be
allow a model-independent extraction. Finally, it should begjrcumvented DS —fo(1370)m* —K K~ 7" is measured

remarked that owing to the finite width effect, E¢$1) and
(12) are slightly modified to

Au,d

6=~+(18.8"5%°, Tyt ALg

=0.48+0.20.
D—PP

(29

IV. DISCUSSION AND CONCLUSION

The decayD* —f,(1370)7" receives the main contribu-

tion from the externalW-emission diagram via then com-

and compared witlD * — f(1370)7 " — 7 7 7",

For the decayD®— f(1370K° which is barely or even
not allowed kinematically, depending on the mass of
fo(1370), it is important to take into account the finite width
effect of fo(1370). We find that it plays a crucial role on the

resonant three-body dec@®P— f,(1370K°— -+ 7 KO,
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