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Abstract

A Regge model calculation relates the strong phase i+ DK to that inB — Dsr. This provides a significant test of a
hadronic picture of final state interactionsBrdecays.
0 2004 Elsevier B.V. All rights reserved.

1. Introduction parametrized by pure short-distance considerations. In
Refs. [5,6], a simple Regge model was proposed to
Recently the CLEO Collaboration [1] performed a calculate these strong phases. The predictions of the
detailed amplitude analysis of the decays— Dr: model are in good agreement with the experimental
they determined the absolute values of the isospih 1  data for the decay® — =, 7 K andK K . At present
and isospin 32 amplitudes as well as their relative it is not yet possible to significantly test the model in

phase’%> with the result the corresponding decays.
In this Letter we extend this Regge model to the de-
cosSp, = 0.86+ 0.05 (D) caysB — Dm andB — DK . From the short distance

point of view these decays differ radically from, e.g.,
B — K since there are no penguin topology contri-
butions. In a hadronic model for strong phases, isospin
symmetry is important while the underlying quark dia-
gram topology is basically irrelevant [7]. It is this idea
which we propose to test in the new classBoflecays.
We will first of all argue that a sensible phenomeno-
logical model is to identify p,, with 83 — 81 namely
the difference ins-wave phase shifts of thBrr scat-
tering amplitudes in the isospiry3 and isospin 12
channels, respectively. A Regge model would then
lead to a prediction oBp, if the couplings of the
Pomeron andg trajectory to theDD channel were
E-mail address: gecalde@fis.cinvestav.mx (G. Calderén). known. This would be the case in an unrealistic(&U

indicating significant final state interaction effects.

On the other hand, the Belle Collaboration [2] has
reported the first measurement of the dedfy/—
DPKO. With this new experimental information, a
central value analysis [3] of the decays— DK
suggests, once again, important final state interaction
effects although the data remain compatible with a
small relative phase’®?¥ between the isospin zero
and isospin one amplitudes [4].

In our view these strong phases are genuine hadro-
nic effects which, we believe, cannot meaningfully be
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symmetry limit but it appears more sensible to plot
3pr Iinterms of a single variablep, which only de-
pends on Regge parameters.
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matrix elements of these specific isospin components

of Hv(f). In the absence of CP violation, tde are thus
relatively real in any theory with hadronic asymptotic

We then proceed to an analogous parametrization states.

and calculation o6px = 81 — do, i.e., the difference

From Eg. (3) we can now give a precise meaning to

in phase shifts in the isospin one and isospin zero what some of us have called theasi-elastic approx-

amplitudes inB — DK . Once agaidpg depends on
a single parameterpg .

The main point of this Letter is to point out that
xpk is uniquely determined fromp . In other words
a better determination @fy, would lead to a precise
prediction of §pgx. The present data are certainly
compatible with this prediction which lies at the heart
of a hadronic approach to final state interactions.

2. Hadronicfinal stateinteractions

imation. It is defined by the following equations:

1

Sii = oie™ @
and

1.
> SZAB— j)=0. ®)

JF
In Eq. (4),0; is a complex number. Its modulus

is smaller than one and may depend on the isospin
channell, but we specifically assume that its phase

The asymptotic states of QCD are hadrons, not iS isospin independent. On the other haeid), is the
quarks and gluons. Isospin invariance is an excellent Usual elastic-wave phase shift.

symmetry of the hadronic world, hence the S-matrix
for strong interactions commutes with the isospin
generators.

The standard decomposition Bf— Dx decays in
terms of isospin amplitudes reads

A(B~ — D7) =343,
2

. 2 1
0 tr) —
AB° - D7) =+ 3A%+£A%,
A(l_?o—> Dono)z—iAl—l- gAs (2)
J3 2 3 2

Phenomenologically it makes good sense to view
the isospin amplitudes as being built up from a direct
(weak) transition followed by rescattering. This is
embodied in the standard formula [8]

Ar(B— i) =(i,ou H?|B);

1

:ZSSAI(Bej), €)

J
wherei denotes theDzr channel andj any hadronic
channel, with the same quantum numbersIas,
the B mesons can decay intcHV(f) is the second
order weak Hamiltonian and; are the bare transition
amplitudes.

Hv(f) contains an isospin zero and an isospin one
part. The A;'s are directly related to the reduced

Substituting Egs. (4) and (5) in Eq. (3) obviously
implies that the relative phase betweeg] andAg is

simply ¢/ (%17%3)

We strongly emphasize the fact that the quasi-
elastic approximation does by no means imply the
absence of inelasticity: it isot assumed that; is of

1
modulus one nor that eac‘i’;i. (i # j) vanishes. The

1
latter assumptions, i.elg;| = 1 and Sf,.(i #j)=0,
correspond to the genuine elastic limit which is of
course physically absurd at tlemass [9].

The quasi-elastic approximation as defined by Egs.
(4) and (5) does not violate any basic principle. At
ultra-high energies, for example, all elastic amplitudes
become purely imaginary and tlig's tend to zero. In
that limit Egs. (4) and (5) implement the physically
sensible argument of Bjorken [10] that if tleemeson
were infinitely heavy there would simply be no time
for the final hadrons to rescatter. But no rescattering
does not mean no inelasticity!

The quasi-elastic approximation defineghenom-
enological model for final state interaction phases.
The main virtues of this model are that it puts so-
called “strong phases” where they belong, namely in
the hadronic world with its excellent isospin symme-
try and, more importantly, it allows for a simple cal-
culation of these phases in a Regge model of hadronic
scattering. Other models have of course been proposed
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for such strong phases iB-decays, e.g., the random
phase model [8] or the coherent phase model [11].
As mentioned in the introduction, the quasi-elastic
model was used to analyze the dec@ys> nn, 7K, sof
K K and the results are in good agreement with the '
data. To our knowledge no other model has met with E
similar successes. aof
We do assume that final state interactions are '
hadronic effects. The implementation of this idea F
in the phenomenologically well-defined quasi-elastic ~ ,,}
approximation works well forD decays. We expect '

this phenomenology to be successfulAndecays as R S P I e
We” ) Parameter x;,

8 [degrees]

20f

Fig. 1. Final state interaction phasesAn— Dz andB — DK as
a function of the Regge variable,,; defined in Eq. (7).
3. A Regge modd for Dx scattering

. In Fig. 1 we plotsp, as a function ofcp,. In the

From Egs. (3) and (5) it follows thap, = 63— 1. unrealistic SW4) limit [12] for bp, Bp and B, we
To calculate this phase we now use a simple Regge ywould haver ), = xk close to one [5] but, of course,
model for elasticDx scattering. Our notation and e expect S\¥) to be badly broken. In Eq. (1),

parametrization will be the same as for the ela&lic  the central value of the CLEO data clearly suggests
scattering treated in Ref. [5] where a more detailed , ~ _ 1

discussion can be found.

In the r-channel,DD — n 7, the leading Regge
trajectories are the Pomerd®) and the exchange 4. Therescattering phasein B — DK decays
degenerate — fo trajectory(p). In theu-channel, the
relevant Regge trajectory would be that of thé but We now consider the decays— DK. There are
since it lies so much lower than thetrajectory, it can two isospin amplituded andA; and
safely be neglected.

Following step by step the procedure outlined in
Ref. [5], one obtains for thd = 0 partial wave

A(B~ — D°K™) =24,

A(B°— DYK") = +iA0 + iAl,
V2 V2

amplitudes
' _ _ _ 1 1
i Bp(0) 18,000 1 1 A(B®— DK% = —— Ao+ —=A1. (8)
- Z — 52
a%(s) 76 br s+2 N S V2 V2 ’
3 _ Ins +im 1 Following the procedure given in Ref. [6] fdf K
+ Zﬁﬂ” ) s a2’ scattering, thé = 0 partial wave amplitudes are given
_ b
as(s)_L'BP(O)S— 210 is% (6) ’ 5 2
27 /6 bp J Ins dols) = 51310(0)er 4iB,(0) (Ins)+in o
from which thes; are easily computed. They depend 2 bp Vr o (ns)?+ 72
on one single parameter . i Bp(0)
ai(s) = 2 7 s ©)
_ ~/7Bp(0) 7 bp
bm =" pB,(0) @) and the relevant parameter to determine the rescatter-

) ) _ ing phas&Spx =81 — 8o is now
wherebp is the slope of the Pomeron residue function,

while the couplings arefp(0) = gpp58pPan and Xpx = V7 Bp(0) (10)
ﬂp(o)zgppbgpnn- bp BP(O)
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where the couplings argp(0) = gpp58pxz and

Bp(o) =8,pD8pKK-

From Egs. (7) and (10) and using the data given in
Ref. [6], we obtain
XDK _ 8pkK8pnm
XDn

=1.6+0.3

(11)
8Prn8pKk K

in the SU3) limit bp = bp. In fact, Eq. (11) is
compatible with a pure S(3) estimate

XDK SU(3) _ﬂ'
XD -3

In Fig. 1 we also ploBpk as a function ofcp;,.
If, for the sake of argument we take20< xp, < 0.5,
thendpk is predicted to be in the range

12)

14 < —3[)1( <2&

in the SU3) limit defined by Eq. (12).
Clearly the model is compatible with the present
data.

(13)

5. Conclusion

In this Letter we have derived a simple relation be-
tween the final state interaction phases Bor> Dx
and B — DK decays in the quasi-elastic approxima-
tion. Better data will allow for a significant test of the
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one-loop penguin diagrams involved) and the physics
much more interesting. Final state interaction phases
are then relevant not only in an amplitude analysis but
also in various CP violating asymmetries. The quasi-
elastic model predictions for the pattern Bf— K=
direct CP-asymmetries were already discussed else-
where [15].
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