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Light Quark Spectroscopy and Charm Decays
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The connection between light quark spectroscopy and hadronic decays of D mesons is discussed, with emphasis
on the physics of the light scalar mesons. Recent results from charm decays are presented.

1 Introduction range of the mass spectrum (up to 1.8 GeV). An additional
difficulty is the fact that non-gstates, like the lightest scalar
Forty years have passed since the birth of the Constituentglueball or multiquark states, all sharing the same quantum
Quark Model (CQM). This model provided a very success- numbers (f = 0%), are expected to populate the same re-
ful description of almost all the hadronic spectrum. The gion of the spectrum. We can say that the identification of
nonets of pseudo-scalar, vector and tensor mesons are nothe scalar mesons will always be a difficult subject. Com-
well identified. There is, however, one remaining and cru- prehensive reviews on scalar mesons can be found in [1] and
cial problem: the identification of the scalar meson nonet(s). references therein.
The solution of this enigma is of vital importance for under- The main candidates, according to their isospin, are:
standing QCD at the low energy limit. f0(600) ora(500), {,(980), {,(1370), £(1500) and §(1710)
On the other side, there has been tremendous progresél = 0); «(800) andKj(1430) ¢ = 1/2); a,(980) and
in charm physics in the past decade. High quality data al- a,(1450) ¢ = 1).
lowed the basic properties of charm mesons to be well mea-  If all these states are confirmed, we have 19 states! Too
sured. Recently hadronic decays of charm mesons starte@nany candidates to fit even in two nonets. While the actual
being used to study properties of scalar mesons, abundangxistence of some of these states - #{800) andx(800) -
products of these decays. is controversial, other states just have poorly known param-
Charm decays have unique features, making them a venyeters - £(980), &(980), {,(1370). The interpretation of most
interesting tool for light quark spectroscopy: large cou- of the scalar candidates is also controversial. Are they gen-
plings to scalar mesons and very small (less than 10%) non-uine gg mesons or more complex objects? Take the case of
resonant components; an initial state which is always well the §(980), for instance. Its expected width is 500 MeV, ac-
defined: the spin-0 D meson; and a spectrum that is not con-cording to the CQM, whereas the measured width is in the
strained by isospin and parity conservation. range 50-100 MeV. This fact leads to the interpretation of
There are, however, some conceptual issues related tdhis state as aqgg.
the formalism commonly used in the analysis of resonant = The most problematic states are the isoscalars. In addi-
substructure of hadronic decays: the correct representatioriion to the controverse about tl&€500), the nature of the
of overlapping broad states, which is closely connected tof,(980), there is the issue of thgfamily above 1 GeV and
the issue of formulating the unitarity constraint in three and a possible mixing with the scalar glueball [5]. The remain-
four-body problems. Moreover, there is the question of how ing of this note is devoted to isoscalars and to what can we
to relate the observations from charm to those from scatter-learn about them from charm decays. The- 1/2 states
ing. states including the(800), will be addressed in the talk by
In what follows | will briefly state the problem of the Carla Gbel, to appear in these proceedings.
scalar mesons. Then | will discuss how we can use charm
decays for new insights on the scalars. Finally, | will discuss
the picture so far offered by hadronic decays of charm. 3 Charm decays and Iight scalars

. . Hadronic decays of charm mesons are a natural place to look

2 The puzzling light scalars for scalars, with unique features that provide new and com-
plementary insights on this problem.

The light scalars are, in some sense, victims of their own  Scalars are copiously produced in charm decays. In 3
simplicity. Due to their broad widths and the lack of a dis- and 4-body hadronic decays of D mesons, one always has a
tinctive angular distribution, the distinction between scalar =7, a K7 or a KK pair, important decay modes of scalar
mesons and the non-resonant background is rather difficultmesons. The quantum interference between broad scalars
Moreover, there are many overlapping states within a limited and the usually large non-resonant background, which is a
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plague in scattering experiments, does not affect charm de-nal state interactions in charm decays. The Dalitz plots of
cays because the non-resonant component is always vergharm decays can only be describe by models allowing in-
small. terference between amplitudes in which the resonance and
But the most appealing features of D decays, when com-the bachelor pseudo-scalar are in different states of relative
pared to scattering experiments, are related to the differenceprbital angular momentum. The role the bachelor pseudo-
in the constraints that build ther, K7 and KK spectra.  scalar plays is decisive, which seems not to be the case
In scattering experiments, only the strong interaction is in- in NN annihilations. In this sense Dalitz plot and par-
volved. The observed spectrum is determined by the conseriial wave analysis are not quite the same. The case of the
vation of isospin and parity. Parity and isospin are violated D™ — K~ 7n"n"[8] is typical. We see in the Dalitz plot
in D meson decays, where the observed spectrum is deterthat the upper lobe of th&™(892) band is shifted with re-
mined by the quark content of the initial state, after the weak spect to the lower one. This effect is caused by the inter-

decay of the ¢ quark. ference between the=l Dt — K*(892)7™ and thel=0
Itis illustrative to compare, for instance, inthér—7+  amplitudes, likeD™ — K (1430)7*. _
final state, the Dalitz plots fronb+, D decays[2, 3] and We conclude this section by noting that relating results

from pr annihilation[4], which is most similar to D decays. from scattering and charm decays is not so simple. The
The differences due to production dynamics are apparent at? — 77, for instance, cannot be explained on the basis
a glance. Comparing th®+ and D Dalitz plots we see  Of pure elasticrm scattering. The energy dependent s-wave
clearly the effects of the different quark content of the initial Phase fromD — mrr (or Kwr) may not be the same as
state. thenr (or Kr) phase shifts from peripheral hadron-hadron
There is a related aspect which is also crucial: the bulk "€actions.
of the hadronic decay widths can be explained by a model
in which resonances couple directly to the D meson. There
is no need to add couplings to other states, like glueballs:4 What have we learned so far from
qq States alone seem to be enough to account for the ob- charm decays?
served rates. Take the decAy” — K~ K'r" as a typ-
ical case. The main amplitudes are the external and inter-There are only a few experimental results on light scalars
nal W-radiation. The decay modes corresponding to thesefrom charm decays. | will concentrate on the isoscalars: the
amplitudes areD} — ¢nt and Df — K*K—. These o and thef, family.
modes account for almost 100% of the" — K~ KTn+
decay rate. The same argument could be made using man
other final states. Hadronic D decays are an extremely com—%"l a(500) or fo(600)
plex process, and these types of quark diagrams are onlyrhis is certainly the most controversial state. In charm
an aproximation. This descripton, however, seems to workdecays it appears as an excess of signal events at low
fairly well. ntr~ mass. This effect is observed in the Dalitz plots
It is generally accepted that a resonance, being a realof D+ — #+tx~x*, from E791[3] and FOCUS, and of
particle, must have the same parameters in whichever pro-po _, f%ﬁwj from CLEO[6]. The same structure was
cess it appears. The question one may ask is whether theyso observed i/1 — wrtx~ decay, from BES[7]. No
states produced in different processes are really the samesych effect is observed in™ 7~ scattering, where the is
Consider, for instance, th&(1370), fo(1500) andf,(1710)  interpreted not as a real particle, but as a dynamical thresh-
imbroglio. All three states have been observed by many ex- g|d effect.
periments, with fairly well measaured parameters (except  The best description of charm decay data requires the
for the fo(1370)). But according to the CQM, only twg presence of a broad, scalar (in E791 analysis different spin
states are expected: one being mostand another being  assignments were also tested), complex amplitude at low
mostly uz + dd. So, the thregfy’s could not belong to the  7+7~ mass. A crucial aspect is that good fits can only be
samegg multiplet. obtained allowing the phase of this complex amplitude to
Glueballs are expected to be produced in "gluon-rich” vary across the Dalitz plot. The above experiments have
reactions, like central production, in addition to the genuine fitted their data assuming a Breit-Wigner function for this
gg mesons. Mixing between the scalar glueball andgipe  state, although it is known that for states like tha Breit-
states is expected[5]. If this is really the case, then the ob-Wigner is only an approximation. Different functional forms
served states would be mixtures @f and gg, rather than  may yield different values of mass and width. The very con-
pure states. cept of mass and width is model dependent in this case. The
On the other hand, in a "gluon-poor” reaction, like D CLEO Collaboration[6] do not claim evidence for thene-
decays, glueballs are not expected to be produced. In D deson due to the uncertainty in the best parameterization of this
cays one would access directly thgstates with no mixing.  amplitude. Anyway, good fits were obtained in all cases, and
In this case masses and widths measured in charm decaythe values for the mass and width (see table 1) are in good
would be different than those obtained in central produc- agreement A/ ~ 480 MeV,I'; ~ 320 MeV.
tion. Also, the number of states present in D decays would
be smaller.
One last aspect deserves some attention: the role of fi-



Brazilian Journal of Physics, vol. 34, no. 1A, March, 2004 203

Table 1. Mass and width of theassuming a Breit-Wigner  agree on the measured parameters for this state. While E687
model. [10] found a state with mass near 1475 MeV and a width of

about 100 MeV (very similar to FOCUS preliminary num-

bers, and very close to the well measuygL500) param-

| experiment] mass (MeV)][ width (MeV) |

E791 478+ 29 324+ 46 eters), E791 [2] found a somewhat wider state with a lower
CLEO 390+ 60 2824+ 77 mass:M, = (1434420) MeV, T, = (172+32) MeV.
BES 513+32 335+ 67 BaBar [9] have found no evidence of neither one of the

fo states in theD? — KKTK- decay. FOCUS have
found a small component of,(1370)* in the Df —
K+ K~ decay, but the sum of all decay fractions is over
160%. This is due to a large destructive interference, which
is likely to be unphysical.

AlargeD — ntn— 7t (and alsoD — 7t 7%7°) sam-
ple are necessary to disentangle fH€EL370)/ £, (1500) con-
tribution. Apparently only one of the tw¢, would be a;g
state (mosthywn), reinforcing the interpretation of the other
one as the ground-state scalar glueball.

It would be interesting, definitely, to show the phase
variation across the Dalitz plot without assuming any func-
tional form for theo amplitude. This is, unfortunately, very
difficult because it involves a very large number of free pa-
rameters. In any case, it remains to be explained why in
charm decays the seems to be a real particle, but not in
low energy elastier* 7~ scattering.

4.2 £,(980)

The width of this state is poorly known. The reason is that i
the f(980) seems to behave differently depending on the 5 Conclusions
reaction in which it is produced. While in scattering it looks

s The picture offered so far by charm decays points to the ex-
broader and with a large coupling to tli&K channel, in P y yop

. 2 istence of two scalar meson nonets, one having states with
charm decays it looks justlike a narrow regujalreiorlance mass below 1 GeV and the other with masses above 1 GeV.
decaying mo+stly into pions. In the dec&y” — = = In the low mass states we have the large rates of thie
the f,(980)n™ component correspond to over 50% of the D+ — mtr—x+ and of thefo(980)r in D — mtr—nt

S
decay rate. decay as an indication that both afg or, perhapsjqqqg

E791 used a coupled channel Breit Wigner (the Blatt gates. The evidence for the neutrdB00) would be en-
formula) in its fit [2]. The coupling toK K channel was — yqsaq if evidence for the chargedis also found. In

found to be consistent with zero. An equally good fit was ob- the cases of botlr and x, a demonstration of the phase
tained using a regular Breit-Wigner, yieldiig = (44+3) \ariation would be very welcome. It is also important to

MeV. This is in agreement with preliminary results from measure thei(980) width in eitherD K+K—m or
FOCUS (Ij ~ 55 MeV, from D — =7~ x+) and BES ire, theo(980) < "
; D, — K K™K~ decays.

(T ~ 45 MeV, fromJ /9 — ¢rT ™). . :
The large rate inDY — n+m—n+ suggests a strong In the region above 1 GeV more data is necessary to

affinity of the f,(980) with s3, if we take the W-radiation show Wh'Ch of thefo’'s are genuingg states. Perhaps' the
amplitude to be the dominant decay mechanism. In spite ofANSWEr IS none of those observed in scattering experiments,
a largess in its wave function, the lack of a significant cou- sm(ie th? T)'X:Ing belfjweetn the baye Lesone(xjnces anithe
pling to K K is due essentially to the narrofy(980) width. SC‘; ar glue a \;vc;u not occur Ihn ¢ agm ecayltsr.] pﬁ?{?
The above situation reinforces the interpretation of this ently only one state appears in charm decays, afthougn It1s
state as a 4-quark state surrounded b & molecular not clear yet which state this is. In any case, this state has

cloud. At short distances, as in D decays, we would ac- ho significant coupling td< K.

cess theyqgg component, whereas in peripheral processes_l_h Theret are |mtpo;t<_':1n: c?ncepltutal tlrs]sues_tto_tbe add;es_si:d.
the molecular component would manifest itself. € most important IS to formulate the unitarity constrain

in multi-body decays. The assumption of two-body elastic
scattering as the basic process is not trivial and may not be
4.3 fo(1370)/£(1500) justified. Even in the case of two-body elastic scattering, the
introduction of a relative phase can restore unitarity, which
would be violated in models in which the amplitude is writ-
ten as a sum of Breit-Wigners[11].
Decays of charm mesons, with their unique features, of-
fer a new way to look at the light scalar mesons.

The situation here is still rather confusing. The third state
of the f, family above 1 GeV,fy(1710), which would be
mostly ss, is difficult to access, since it lies near the edge of
the D} decay phase space.

Charm decays are useful not only to measure the
f0(1370) andf,(1500) masses and widths, but also to infer
the quark content of these two states. If both @eeso-
nances, both should appear in charm decays. If, in addition,ReferenceS
there is a significants component in their wave function,
these states should appear in fbg — K+ K=+ decay.

Both E791 and FOCUS/E687, when analysing the )
Df — wtmx—xT decay, have found that only one state is [2] E.M. Aitala et al, Phys. Rev. Lett86, 765 (2001).
necessary to describe the Dalitz plot, although they do not [3] E.M. Aitala et al, Phys. Rev. Lett86, 770 (2001).
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