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/ Status of Charmed meson decays.' \

O Two-body decays.
O Theory section: S.Fajfer?

O Experimental part in progress.

O Three-body decays. Partly written. To be uploaded.

O Methodology in a different section.

O Dalitz analyses. Some in related to D-mixing or ~ in different sections.
D° - K ntx° DY - KOntn—

O Other analyses are in this section. Mostly BaBar.
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O Dalitz Plot Analysis of DY - KO+

0.1 Dalitz Analysis of three-body Charmed
Mesons Decays

0.1.1 Introduction

Dalitz plot analyses of three-body charm decays can pro-
vide new information on the resonances that contribute to
observed three-body final states, In addition. since the in-
termediate quasi-two-body modes are dominated by light
quark meson resonances, new information on light meson
spectroscopy can be obtained.

Puzzles still remain in light meson spectroscopy. There
are new claims for the existence of broad states close to
threshold such as #(800) and «(500) 7. The new evidence
has reopened discussion of the composition of the ground
state J7Y = 0% nonet, and of the possibility that states
such as the ag(980) or fi(980) may be 4-quark states due
to their proximity to the KK threshold 7. This hypothesis
can only be tested through an aceurate measurement of
branching fractions and couplings to different final states,
In addition, comparison between the production of these
states in decays of differently flavored charmed mesons
D% en), DH (ed) and D} (e8) can yield new information
on their possible quark composition. Another benefit of
studying charm decays is that, in some cases, partial wave
analyses are able to isolate the sealar contribution almost
background free.

0.1.2 Dalitz Plot Analysis of D" — K"K+ K

This paper from BABAR focuses on the study of the three-
body DY meson decay

D' KKK,

where the K7 is detected via the decay K& — 747, The

DY is tagged with a D*. BABAR makes use of 91.5 b

Some text from Dalitz analyses.
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Fig. 1. Dalitz plot of D" — KK+ K~.

collecting N=13536 £+ 116 events with a 97.3% purity.
An additional analysis, with increased statistics has been
performed in the environment of D" mixing and it has
been discussed in sect. XX, Here we focus on the Partial
Wave Analysis of the K+ K~ threshold region.

The Dalitz plot for these D" — KKK
is shown in Fig, 1.

In the A% K~ threshold region, a strong ¢(1020) sig-
nal is observed. together with a rather broad structure.
A large asymmetry with respect to the KUK axis can
also be seen in the vicinity of the ¢(1020) signal. which

candidates

is the result of interference between S and P-wave am-
plitude contributions to the KK system. The [f3(980)

Fig. 2. The kinematics describing the production of the
K1Y K~ system in the threshold region of the decay D" —
K'KTK™.

KV rest frame, The K&~ mass distribution has been
modified by weighting each D" candidate by the spheri-
cal harmonic Y(eosfg) (L=0-4) divided by its (Dalitez-
plot-dependent) fitted efficiency. The resulting distribu-
tions (Y]} are shown in Fig. 3 and are proportional to the
K*K
that all the (l}_j;\ moments are small or consistent with
zero, except for (Y2), (Y) and (Y2,

In order to interpret these distributions a simple par-
tial wave analysis has been performed, involving only S-

mass-dependent harmonie moments. It is found

and P-wave amplitudes. This results in the following set
ol equations 7:

Vi (YY) = 8% + P?

Vir (Y)Y =2|8 || P |cosdsp  (3)
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O Dalitz Plot Analysis of Dj_ gt Tt

1.05 GeV /¢ and corrected for phase space. It is possible to
observe that the two distributions show a good agreement.,
supporting the argument that the fo(980) contribution is
small.

0.1.3 Dalitz Plot Analysis of three-body ;] decays.
0131 D} —watan?

BABAR has performed a Dalitz plot analysis of D} —
mto ot and DY — KK n using 380 L. The selec-
tion of the two channels is similar and it will be described
only once.

The three tracks are fitted to a common vertex, and
the 2 fit probability (labeled P;) must be greater than
0.1 %. A separate kinematic fit which makes use of the
D mass constraint, to be used in the Dalitz plot anal-
vsis, is also performed. To help discriminate signal from
background, an additional fit which uses the constraint
that the three tracks originate from the ¢*e™ luminous
region (beam spot) is performed. The x? probability of
this fit is labeled as Fs. and it is expected to be large
for background and small for D) signal events. since in
general the latter will have a measurable flight distance.

The combinatorial background is reduced by requiring
the DY to originate [rom the decay

&

D! (2112)* — Dy (1)

using the mass difference Am = m(a 7 oty )—m(z 7 o

Each D}
center of mass momentum p*. the difference in probahil-
ity P1 — Ps, and the signed decay distance d.,, between
the D decay vertex and the beam spot projected in the
plane normal to the beam collision axis. The distributions
for these variables for background are inferred from the
DY — ot a" ivariant mass sidebands. Since these
variables are (to a good approximation) independent of
the decay mode, the distributions for the three-pion invari-

candidate is characterized by three variables: the

Some text from Dalitz analyses.
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Fig. 7. Symmetrized D} — x o« Dalitz plot (two entries
per event).

m(rt K omt) —m(K L) < 0.1475 GeV/e? diminishes
this background.

The resulting D) signal region contains 13179 events
with a purity of 80%. The resulting Dalitz plot, sym-
metrized along the two axes, is shown in Fig. 7. For this
distribution, and in the following Dalitz plot analysis, the
track momenta obtained from the D} mass-constrained
yfit are used. We observe a clear f,(980) signal. evidenced
by the two narrow crossing bands. We also observe a broad
acctmulation of events in the 1.9 GeV¥e! region. The ef-
ficiency is found to be almost uniform as a function of the
ot invariant mass with an average value of = 1.6 %.

In the Dalitz plot analysis spin-1 and spin-2 resonances
are deseribed by relativistic Breit-Wigner. For the #t 7~
S-wave amplitude, a different approach is used because:

— Secalar resonances have large uncertainties. In addition,
the existence of some states needs confirmation.
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O Semileptonic charm decays (in progress from P. Roudeau (BaBar)).

O Rare decays (in progress from C. Chen (BaBar))
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A first draft has been uploaded.
O Theory section written by P. Colangelo.
O Today received contribution from Jolanta.

O Work needed to syncronize the two contributions. Time sequence or focus on the different
particles?

O At moment we started the description in chronological order.
O Two sections.
O Dy spectroscopy from B decays and cc continuum.

O Dgy spectroscopy from B decays and cc continuum.




O BaBar based text only.
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O Theory section written by P. Colangelo.

Constituent quark models

Quark models are traditionally a method to compute prop-
erties like hadron masses and couplings. In such approaches
the hadrons are approximately described in terms of rest-
frame valence quark configurations, the dynamics of which
is governed by a Hamiltonian derived from (or inspired to)
QCD. In particular, quark confinement is implemented by
a flavour-independent, linearly increasing Lorentz-scalar
interquark interaction at large distances, while the short-
distance quark dynamics is described by a one-gluon ex-
change interaction. For a system comprising a heavy quark
() = ¢ and a light antiquark § = @, d, 5, the Hamiltonian
is written as Godfrey and Isgur (1985)

H=H;+V , (1)
where ) o ; oo
Hy = (p* + mé,)”z + (p*+ m..;)"u (2)

is the kinetic term, with p the modulus of the quark three-
momentum in the meson rest-frame. The potential V' in-
cludes spin-independent and spin-dependent terms:

V=V + Vi ye (3)
Wy is the confining+Coulombic potential
dag(r
Ve _das) e ”

with ¢ and ¢? parameters. V7 describes the spin-spin
interaction
4 ay(r) 87 ]
shyp 5 e 3
VP = 7—_[7552'%5 {r)
3mgmg

.

]
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Status of Charmed meson spectroscopy.

are Imput parameters, and do not comcide with the
("eurrent” ) masses appearing in the QCD Lagrangian.
For the light u and d quarks the constituent masses are
fixed to values of @100 MeV'), and of O(300 MeV') for
the strange quark, well above the values of the current
masses in the QCD Lagrangian.

— The running of the strong coupling o, can be imple-
mented as a dependence on the interquark distance,
oy, = og(r); each model is characterized by the way
this property is fulfilled.

— Spin dependent terms in the potential present singu-
larities of the type 1/r™ with n > 1, corresponding to
"illegal” operators in the wave equation. This is a con-
sequence of reducing the relativistic quark-antiquark
imteraction to an istantaneous potential. The treat-
ment of such singularities requires a smearing at small
distances, which introduces a model dependence in the
calculation of the meson properties.

— The effect of nearby multi-hadron thresholds (or quark
unquenching) is not taken into account in the calen-
lation of, e.g., the mass spectrum. Although such an
approximation is legitimate in the limit of large num-
ber of colors, in real QCD it represents a systematic
uncertainty affecting, in particular, the determination
of the masses of the orbital and radial excitations.

In a quark model approach the ¢g spectrum (g = w, d, s)
was already computed long ago, namely in Godfrey and
Isgur (1985) with results (shown in Table 1) rather close
to data in the case of the lightest s—wave (L = 0) states
and of two JP = 2% and JF = 1* p—wave (L = 1)
states. As for the state with J¥ = 07 and the second
state with J© = 17 (both with L = 1), in the ¢3 case
the predicted masses are larger (by about 100 MeV) than
the masses of the scalar and axial vector D, ; mesons dis-
cussed in this chapter. Several modifications and improve-
ments have been implemented, namely in models based
on the expansion of the Hamiltonian (1) in the inverse

mwiace Af tha shawmn anarls dn tha onivit of tha haasse anavls
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O D* mesons.
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' — Both D7~ and D"#" mass distributions show new

oo 12 structures around 2.6 and 2.75 GeV/¢?. These enhance-
or (am) (GeV7/e') ments are labeled as D*(2600) and D*(2760).
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O D.jy mesons.
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mass spectrum for p*
perimposed the fit described in the text.

> 3.5GeV /e with su-
The dashed line rep-

resents the estimated feedthrough from D, ;(2460). b) D"

mass distribution from the the decay DF — KTK~
shaded region is from D7

where # is the helicity
ratio is further improved by requiring |cosfy| >

The resulting KK

a clean D]

atx". The

sidebands.

angle. The signal-to-background

0.5.

7 mass distribution shows now

signal containing approximately 80,000 events.
Candidates in the 177

sional reeion are comhined with

of Charmed meson spectroscopy.

A first fit to this spectrum is performed using a Gaus-
sian function describing the 2.32 GeV/e? signal and a poly-
nomial background. The fit vields 1267+ 53 candidates in
the signal Gaussian with mass (2316.8 £ 0.4) MeV/e? and
standard deviation (8.6 4 0.4) MeV/c2,

For reasons which will become clear later, the D"
mass spectrim was fitted a second time to incorporate the

presence of the D, ;(2460)" reflection.

0.2.3 The D!,(2317)* from D} — K1 K 7tgz"

As a cross check, BABAR selected a sample of D} —
KK 77" by adding #° candidates to each K+ K- n
combination. A clear D} signal on top of a large combina-
torial background is obo-,tnocl Each resulting D} candi-
date was combined with a second 7° candidate \\1111 labo-
ratory momentum greater than 300 MeV/e. The “7" veto”
request was also been applied. The center of mass mo-
mentum of the K+ K 7 q%="
greater that 3.5 GeV /e

The resulting D 7 mass distribution is shown in fig. 7b)
where a clear D} (2317)" signal is observed. A Gaus-
sian fit yvields 273 £ 33 events with a mean of (2317.6 +
1.3) MeV/e? and width (8.8 £ 1.1) MeV/e?, The mean
and width are consistent with the values Uerllll([l for the
DY — KTK -7 decay mode conlirming unanbiguously
the existence of the new state.

Monte Carlo simulations were used to investigate the
possibility that the D?,(2317)" signal could be due to
reflection from other charmed states. This simulation in-
cluded et e — ¢f events and all known charm states and
decays. The generated events were processed by a detailed
detector simulation and subjected to the same reconstrue-
tion and event-selection procedure as that used for the
data. No peak was found in the 2.32 GeV/¢?
region.

system was required to be

DX 7" signal

0.3 Study of the D 7"~ system and the
observation of D, ;(246( J)+.

11
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O Dy mesons.
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The BABAR study is performd inclusively, with the DK & +
and D* K systems separated from the BB background by 0 0
means ol the center of mass momentun p* > 3.5 GeV/e :

Neutral DU mesons are reconstructed as DV — Kot 3000

while D are reconstructed as DY — K- atz*. Kaons < 390p
are reconstructed in the charged and neutral modes.
To improve the signal to background ratio a study is

performed of the distribution of @+ (#g0 ). the angle be-

2000
2000

L1000 1000

tween the K7 [I\“) direction in the DK rest frame and
the DK direction in the laboratory frame, The distribu-
tion of this angle is expected to be symmetric around zero, 0L 0
but an accumulation of combinatorial background close
to cos i = —1 is observed. Due to the jetlike nature of
the reaction ete” — ef this background is interpreted
as due to combinations for which the K comes from the
jet opposite to the D meson. A conservative cut requiring
cosfli > —(0.8 is applied to the data.

To improve the mass resolution, the nominal D mass
and the reconstructed Fmomentumn are used to caleulate
the D energy. The sideband-subtracted DK™ and D
K? mass spectra are shown in Fig. 15(a) and Fig. 15(c).
The two mass spectra in Fig. 15 present similar features.

=

e) Gev/c*

Fig. 15. Sideband-subtracted [/ invariant mass distributions
for (a) Dy K1 () DF K (b) and (d) show the

fitted-background-subtracted mass spectra.

e

Table 5. The le.f"Nf_)l-‘ and resonance parameter values ob-
tained from the fits to the DK and D" K mass spectra. Masses
and widths are given in units of MeV/e? and MeV, respectively.
Uncertainties are statistical only.

T ‘ > - 5 Syatem  y2 NDF D= (2860) D, (a04m
I'he single bin peak at 2.4 GeV/e® results from decays e o . o
of D1(2536)" to D*"K* or D*"KY in which the 7" or

DK nL/as m

~ from the D' decay is missed. Since the D, (2536}
is believed to have JF = 1%, decay to DK is forbid-
den by angular momentum and parity conservation. The

enectrim ghaws a nraminent. nareow <ional due to the
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