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In a recent publication Magalh&des al. examined the importance of final-state interactions in
D — K=, stressing the consistency between two- and three-bodynelta The calcula-
tion was based on an isospin-EaveK rramplitude motivated by unitarized chiral perturbation
theory and with parameters determined from a fit to data fré&«8%. The resulting amplitude for
swave K™ r" production inD™ decay was compared with the one determined by the FOCUS
collaboration. This work investigates further aspect®bf— K~ ™ decay in an extension
of that model. In particular, we consider the contributidrth® isospin-3/Z-wave Kt channel

to the three-body rescattering. In this channel we take iRgton’s parametrization of the phase
shift from older LASS data. We include both single and doubkcattering in the final state.
Projecting onto th& =" 1r+ channel we are able to compare our results withsth@veK ~ ™
production amplitude from FOCUS and E791.
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The decays of charm mesons are far from being well underdiood either experimental
or theoretical points of view (see for example Ref. [1]). Néata from LHCb at CERN may
help on the experimental side but on the theoretical side thee two main issues to be explored:
the weak vertex (WV) and final state interactions (FSI). farweak vertex, the problem is the
lack of a directly applicable theory to describe charm decalfor example, one suggestion is
to use factorization to construct an effective weak Hamilta [2], but it is still not clear if this
approximation is valid for charm sector. The FSl in threeipke decays are often described using
a single two-body scattering in each channel, with the tpidicle just a spectator. Recently,
however, thD* — K~ " " decay amplitude was calculated using a three-body FSI niaceld
on two-body rescattering processes to second order [3]t Wbk showed the need for a three-
body FSI treatment and found agreement vilth — K~ 7t 1™ data [4] with one of their models
for the weak vertex.

In this work, we investigate further aspects of the FSI tleabgyond the version of the model
used in [3]. Particularly, we examine the role of interfaremetween the isospin-1/2 and ¥2r
channels. Here we present only the main results and coookisiFor details of the motivation,
theoretical context and FSI model we refer the reader to teeiqus Magalhaest al. [3]; details
of the new calculations in this work will be given in [5].

Without a reliable approach to the WV, we considered a sirspleematic model based on
structureless contact interactions. This is similar torimdel used in [3], and shown in fig. 1
and has three parameters to be fixed by data. Rather thamgetaém to any model for the
underlying physics, we take them to correspond to direcpliogs to the twdK rrisospin channels,
and a isospin-1/2 resonance. Diagrams in fig. 1 are drivirggén our treatment of the three-

(b) (c)

Figure 1: three different structureless weak vertex. Diagram from [3

body system based on an integral equation in a Faddeev likgafism [6], which implements a
convolution between the WV and the FSI, as shown in fig. 2.

Figure 2: Faddeev like decomposition f@" — K=t .

Making a perturbative expansion of the three-body equati@econd order iK rrinteractions,
and neglectingtt " interaction, our FSI model is defined in fig. 3, whdrés the two-bodyK
scattering amplitude in either isospin-1/2 or 3/2 chanNete that in reference [3] they considered
only the dominant contribution of the isospin-1¢2vave Kt channel. The model fofy, was
based on unitarized chiral perturbation theory, with pat@ms determined from a fit to LASS data
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Figure 3: FSI series.

1. Isospin interference

The amplitude foiSwaveK " production inD* — K~ ir*, determined in experiments
such as FOCUS [4], is a mixture of isospin-1/2 and 3/2 comptmeThe total amplitude con-
structed using the relevant Clebsch-Gordan coefficients [8

A =\ 212,172+ [2asals22), D

Therefore the role of interference between these chaneeldsto be explored and understood. For
this we require the isospin-3R 7t scattering amplitude. From older LASS data [9] we know that
this amplitude is repulsive and small in te@vave sector at low energies. Nonetheless, its phase
shift grows to about 20at around 1.0 GeV and so we include it in our rescatteringutation.

In this work we truncate the rescattering series at up torskooder in the two-body ampli-
tudes. For the isospin-1/2 channel we use the same ampbtside [3] whereas for isospin-3/2
channel we take the parametrization proposed by Pennirfg@jrof the phase shift determined
from older LASS data [9].

Projecting our final state with eq.(1.1) we are able to compar results with theswave
K~ mt amplitude from FOCUS [4] and E971 [11] data as shown in fig. His Bhows that without
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Figure 4: Phase of the-waveK ~ " amplitude fromD* — K~ " 7t including isospin-1/2 rescattering up
to second order and isospin-3/2 just to first order. The phasecompared with experimental datakomn
scattering [7] andd* — K=" it [4, 11].

the isospin-3/2 channel the phase up to single isospinel@attering matches the two-body one
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from K1t scattering, as expected from Watson’s Theorem [12]. Howevieen we include either
a second rescattering or second loop or the isospin-3/Zilotion at tree level (that is, with no
scattering), the theorem no longer holds. On the other heveh the simple case of adding the
isospin-3/2 channel at tree level allows us to describe raxeatal phase fronD*t — K~ it
decay (after a global shift 0o£148). This form were obtained before in [3] from a particular
model of the WV, and now we can understand it as a consequdrniotederence between the
isospin channels.

The importance of the interference effect even at tree levésospin-3/2 motivates us to
explore higher orders. Our model for the amplitude is

Axrr = P(Ar/2 +Wo Ap) + 22 Az)5. (1.2)

This has three parameteng:andz, describing the strengths of the weak vertex in the two isospi
channels, andlf, a direct coupling to a resonance in the isospin-1/2 chanHfet last is needed
because in our model the two-body amplitude is generated &&ernel that contains a bare pole
[3].

In order to explore how well we can describe both the phasenamdlulus of the amplitude
from FOCUSI4], it is convenient to present them on an Argaiagmm, as in fig. 5. We have not

Al’gand Diagram flt = 2 loops 1=1/2 & 1=312

Wb= -1/8; p=2; z2=-0.53 4 FOCUS4] *
T T T T T @ 2 loops 1=1/2 & 1 loop 1=3/.
< 1loop I=1/2 & 1=3/2

___________

Im[ A DKpp]

0
*FOCUS4] phase shifted by 138 Re [A DKpp]

Figure5: Argand diagram foAx ;; with different combinations of rescattering in the two isibschannels.

attempted any detailed fits but, including single rescatjein both channels, we can describe the
data quite well with the parameter s@;, = —0.125,p = 2 andz, = —0.53.

On the Argand diagram, we also show results with double tesoay in thes-wave channels.
We find that contributions of second order in the isopin-It#phtude and of mixed rescattering
(one isospin-1/2 and one 3/2) are both significant. The totadlitude to this order has the wrong
shape compared to the data and adjusting the paramters atdegonove matters. This means that
we are not able to describe simultaneously both the phasenaddlus, as shown explicitly in the
graphs of fig. 6.
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Figure 6: Phase and modulus @&k ;; with different combinations of rescattering in the two isimschan-
nels.

2. Conclusion

The single rescattering amplitudes satisfy Watson'’s #raan the individual isospin channels.
However, we find that the interference between the isosfdratid 3/2 channels is important for the
K~ mt production amplitude iD* — K~ ", and can explain some of the features found in [3].
The double-rescattering contributions mean that Watstwe'srem no longer holds. At this level,
the isospin-1/2 channel provides the most important dauiion, although the mixed rescattering
terms are also significant.

Within this improved framework, we can understand some efrésults obtained using the
model in [3]. In particular, the good agreement with the FCBJihase shift is found to arise largely
from the interference between the two isospin channels. [¥¢efid that double-rescattering ef-
fects in the three-body system are significant. However,n@@at able to describe simultaneously
both the phase and the modulus of the FOCUS data [4]. This iadication that we are still
missing important physics. Two possible sources of thisighbe investigated. One is the weak-
vertex, where a better model including possible energy midgrece is needed. The other is a more
complete treatment of the three-body final state, such al sofution of the Faddeev equation.
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