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We bring some clarifications and improvements to the method of dispersion relations in the external masses
variables that we proposed recently for investigating the final state interactionsBmtivdeptonic decays. We
first present arguments for the existence of an additional term in the dispersion representation, which arises
from an equal-time commutator in the Lehmann-Symanzik-Zimmerman formalism and can be approximated
by the conventional factorized amplitude. The reality properties of the spectral function and the Goldberger-
Treiman procedure to perform the hadronic unitarity sum are analyzed in more detail. We also improve the
treatment of the strong interaction part by including the contributions of bahd u-channel trajectories in
the Regge amplitudes. Applications to tB8— 7" 7~ andB*— 7°K ™ decays are presented.

PACS numbse(s): 14.40.Nd, 11.55.Fv, 13.25.Hw

I. INTRODUCTION In each term of the sun®2) the first matrix element repre-
sents the amplitude of the strong transition from the interme-
In a recent papell], we discussed rescattering effects in diate statgn) to the final state®, P, for an off-shell meson
nonleptonicB decays into light pseudoscalar mesons, calcuP; with the invariant mass squardd, multiplied by the
lated by a method of dispersion relations in terms of theamplitude of the weak transition & into the same interme-
external masses. We recall that the analytic continuation igliate state. Therefore, the discontinui® describes the final
the external masses was originally investigated in the frameState rescattering effects in the de@y: P,P,. Note that all
work of axiomatic field theory{2]. In [1] we used an ap- the part|cles involved in the weak transition are real, on-shell
proach based on the Lehmann-Symanzik-ZimmermanRarticles. , . o
(LSZ) reduction formalisni3], and we showed that the weak In Ref.[1] we obtained the whole amplitude from its dis-

amplitude satisfies a dispersion representation in the mag@ntinuity by means of a dispersion relation without subtrac-

squared of one final particle, with a spectral function givent'ons' We note however that the presence of an additional

b the hactoic untary su associate to rescaterng efT" 1 1 Aepersion eatons b vt excluced, even i e
fects. We mention that the analyticity domain in this heuris- P 9 Y:

see the origin of such additional terms we notice that in

. ) : ) BGeriving the relation(1) we retained only the contribution
rigorous techniques. In the present work we discuss in mor iven by the action of the Klein-Gordon operat6g on the

‘[jle]t.a'l some aspects of the dispersion relations proposed § terpolating field¢;(x), since this was of interest for the
analytic continuation. However, in the LSZ formula there are
some additional terms produced by the actioriCgfupon the
Il. DISCUSSION OF THE METHOD function 6(x,). These terms can be written as a sum of equal

- : time commutators in the for
Defining the weak decay amplltudeABﬂplp2 4]

=A(m§,m§,m§), whereP,,P, are light pseudoscalar me- [ dxd i s B.(k ” 0
sons, we considered 1] the LSZ reduction relatiofi3,4] o X (X0)(P2(ko)| =ik ¢1(x), Hu(0)]

i
\ 2(1)1

X(Pa(ko) |[ 71(x), Hw(0)1|B(P)), (1)

+[dop1(x), Hy(0)1|B(p)). ()

As discussed 4], these terms can contribute only if there
is a “direct” connection between the interpolating field
¢1(x) and the operatot{,,(0). Let ussuppose that we ap-
_ plied the LSZ reduction formula to the final meson which
\_?vrr:_ere 7|71§.X) - def[lh(x) tdetnotes t.hf fsoun;:e of thteh rr;?rs:%p does not contain the spectator quark in Ehéecay. Then we

IS relation was the starting point for snowing that the Weakcan assume that one of the currents entering the expression

amplitude2 sa.tisfies a disperrsion- representation in the Mmas Hw(0), more exactly the current which contains the fields
variablek, with a discontinuity given by of the quarks going into the final meséh, is related to the
interpolating field byjﬁ})~(9ﬂ¢1(x). For the equal-time
E 5(ky+ Kp— py) commutators we apply_ thg canonical rules, Whi'Ch are sa_ltis—
2\/2_(01 = 1772 Fn f!ed, up to a renormalization constant, by th_e m_terpolatlng
fields too[4]. Then the only nonzero term i{3) is given by
X(Pa(ka)| ma|n)(n|Hy|B(p)). (2  the commutator

A(m3 k3, m3)=

f dxek1¥g(xq)

discA(m3 k3, m3)=
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does not contain the spectator quark. The representéjon

5(XO)[¢1(X)1HW(O)]:5(X0)[¢1(X)1(90¢1(0)]# gives, when the final state interactions are switched off, a
ovL term which can be approximated by the factorized amplitude
~6(x)j, (4)  (with possible hard scattering correctionshich is a reason-

able consistency conditionWe are aware that we have not
wherej Ef) is the second current in the weak Hamiltonjfor ~ given a rigorous proof for the dispersion relati¢®), but
some terms of,,(0) the argument applies after a Fierz re- brought some general arguments, supported by the consis-
arrangemenjt By including this expression in E@3), iden-  tency of the physical picture.
tifying the normalization constant with the meson decay con- Below, we shall investigate in more detail the evaluation
stantfp and restoring the Lorenz covariance, we notice thabf the above dispersion relation. Our first remark is that in
the additional term in the dispersion relation can be writterf1® unitarity sum2) one can use as a complete set of had-
in the form ronic states/n) either the “in” or the “out” states. The
equivalence of these two sets was usedShto prove the
|fplk1M<P2(k2 |](2)|B(p)>, (5) reality of the spectral function fol (or CP) conserving
interactions. Let us consider what happens if the weak
which is the conventional factorization in terms of a form Hamiltonian contains &P violating part. In the standard
factor and a meson decay constant. Of course, nonfactoriznodel the weak hamiltoniat,, has the general form
able corrections might arise if one goes beyond the simple ,
relation, used in deriving Ed5), between one of the currents Hy=01+0,€e'""+H.c., (7)
in the effective weak Hamiltonian and the interpolating field
of a final meson.
By combining the new ternts) with the dispersive inte-
gral obtained from Eq(1), we propose the following disper-
sion representation for the weak amplitude:

whereQ;, j=1, 2, are products of vector and axial vector
weak currents involving only real coefficients, apds the
weak angle of the Cabibbo-Kobayashi-Maska@&M) ma-
trix in the standard parametrizatipry=arg(V;;,)]. Then the
spectral function defined in Eg2) can be written as
A(mE,m2 m3)=A0(m3, m2 m3)

discA(m3 ,z,m5) = o4(2) + o5(2)€'”, (8)

B 2 discA 2 2
+£f(m5 m2)" 4 IS¢ (mZB’Z_’mZ)_ where o,(2)[ 0,(2)] are obtained by replacingt,, in the
mJo z-mi—ie right-hand side of Eq(2) with O, [O,], respectively(we

6) took for convenience a process involving the weak phgse
It is easy to show thair;(z) and o,(z) are real functions.
As discussed above, the first term can be evaluated approXirdeed, let us assume that a completgsghy) is inserted in
mately using conventional factorization, while in the secondthe unitarity sum of Eq(2). Following [5], we can express
one the dispersion variable is the mass of the meson whicthe two matrix elements in this sum as

(Pa(kp)| 71| n,iny=(P,(kp)|[(PT) "X (PT) (PT) "X (PT)|n,iny=(Py(kp)| 74|n,0ut* ©)
and
(n,in[O}[B(p))=(n,in|(PT)"}PT)O;(PT)"*(PT)|B(p))=(n,0uf O;|B(p))*. (10)
We used here the transformation properties of ¢heoperators undeP and T transformations, and the fact that under
space-time reversal the particles conserve their momenta, tloaitinstates becoming ouyin) states, respectively. Moreover,

the matrix elements are replaced by their complex conjugates, given the antiunitary character of the DpByatming the
relations(9) and(10) in Eq. (2) we obtain

[

0)(2)= S7== 2 8lkitko=p)(Pa(ka) [ maln,in){n,in O} B(p)

RN
g
=

*

=0j *(2), j=1,2, (11

= 2 8(ky +ko—

2\2w,

We thank M. Beneke for emphasizing this point.
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where the equivalence between the complete sets of in and )
out states in the definition of(z) is taken into account. dISCABHPle{PEP}
Equations(8) and(11) express in a detailed form the reality sha

properties of the discontinuity, and bring a correction to thevvhere, according to the above discussion, the amplitude

relation(16) given in Ref.[1]. — ) . . .
From Eq.(11) it follows that the discontinuities;(z) are Ag.pp, IS Obtained fromAg _p p, by changing the sign of

manifestly real only if the intermediate states form a com-the strong phase, namely,

plete set. If the unitarity sum is truncated, this property is _

lost, since various terms have complex phases which do not Ag_pp,= |ABHP3P4|e_
compensate each other in an obvious way. By inserting in

Eqg. (2) a set of state$n,out), we obtain for each term the where¢g(¢,,) denotes the stronfveak phase.

product of the weak amplitudes with the complex conjugates Now by performing the symmetric Goldberger-Treiman
of the strong amplitudes. If the set which is inserted consistsummation as explained above, we obtain, instead of Eg.
of [n,in) states, then in Eq2) the strong amplitudes appear (12) or Eq.(14), the expression

as such, while in the weak amplitudes we must take the
complex conjugate of the strong phadelse weak phase
multiplying the operatoi0, in Eq. (7) is unmodified, since
the same part of the weak Hamiltonian acts on both in and L
out stateg *

As noticed in Ref[5], it is convenient to write the com- + 2 {%4} CP3P4:P1P2(Z)ABHP3P4'
plete set of states|n) as a combination 1/8,in)
+1/2In,0ub. In the case ofC P conserving interactions this
procedure maintains the reality condition of the spectral
function (this method was used in the so-called Osselu-
tion for the electromagnetic form factfg]). In our case it is
easy to show that the Goldberger-Treiman procedure re-
spects at all stages of approximation the specific reality con-
ditions expressed in the relatiof® and(11).

We consider now the two-particle approximation, when + 1 > T, A (16)

- > / ) ’ ] PLP, P, P,/ AB—P,P 1
the dispersion relation takes a very simple form. Indeed, in 2P,y AL s
this case the on-shell weak decay amplitud@&p3p4 ap- © . . _
pearing in the unitarity surf2) are independent of the phase whereAg_, p,p, CAN be approximated by the amplitude in the
space integration variables, and also of the dispersion varfactorization limit, and the coefficientd’s p .p p, and
ablez Therefore, the dispersion representati6hbecomes
an algebraic relation among on-shell weak amplitudds

If we insert in Eq.(2) a set of stategP;P,,out), we

CP3P4;P1P2(Z)KBﬂP3P4! (14)

ibsgi bu

_ 1 _
discAg_, PP~ 5 {PSEPA} CP3P4 ; PlPZ( 2)Ag_. PP,

(15

k/\/ith this discontinuity, the dispersion relatid6) becomes

> T P4P,:P,P,AB PP,

— A0) _
AB—>P1P2 AB—>P1P2+ 2 {P3P4}

FP3P4;p1p2 are defined as

obtain 1 (mBim2)2 CP3P4;P1P2(Z)

PaP, PPy — dz—————— (17)

m™Jo zZ—-mi—ie

i — *
d|SCABﬂP1P2—{P§4} Crp,ipp,(DAspp, (12 gng

. _ Ce.p,. z
whereCg o .p p,(2) are the complex conjugates of the co- oo oo = 1 (mB*mz)de PPyiPsPo ) T

PaPaiPaPe o Jo z-mi—ie

efficients

Equations (15—(18) are the result of the Goldberger-

Co v oo(2)= }J d°ks d’k, (2m)* 5 Treiman procedure in the presence@P violating interac-
P3PaiP1P2 2) (2m)%2ws (27)320, tions, replacing the corresponding relatiof8) and (39)
given in[1].
X(p—kg—Kky) Mp_p, .p.p,(St), (13 The strong amplitudesp p, .p p,(St) entering the ex-

pression(13) of the coefficient£p3p4;Plp2(z) are evaluated
defined in terms of the strong amplitud,%pgpﬁplpz(s,t), at the c.m. energy squarese- mé, which, as emphasized in

wheres, t, andu are the Mandelstam variables. These co-[7], is high enough to justify the application of Regge theory
efficients depend on the masses of all the particles participat8]. The amplitudesMp_p,.p p,(S,t) can be expressed
ing in the rescattering process, in particular, they depend otherefore as sums over Regge exchanges in the crossed chan-

the dispersive variable=k?. nels, more exactly9]: near the forward directiofismall t)
Similarly, by including in Eqg. (2) a set of states thet-channel exchanges are taken into account, while near
|P3P,, in) we obtain the backward directiorfsmall u) the u-channel exchanges

034016-3



I. CAPRINI, L. MICU, AND C. BOURRELY PHYSICAL REVIEW D62 034016

are considered. The standard form of a Regge amplitude ay+ a't the linear trajectory, andy~1 Ge\?. A Regge

given by a trajectory exchanged in thehannel is trajectory exchanged in the channel gives an expression
iralt) alt) similar to Eq.(19), with t replaced byu.

Tre (i) (19 Using the signatures=1 for C=1 trajectories andr

sinma(t) s, ’ =—1 for C=—1, we express the strong amplitude near the

foward direction a$1]

— (1)

where y(t) is the residue functions the signaturea(t)

v e*iﬂ'av(t)/Z s ay(t)
MP3P4?P1P2(S’t): N E 7P3P4?P1P2(t)5in(Tv(t)/2)( )

V=P f,Ay K So
e imay(t)/2 s\ ev(®
+ i V . —— —
v:sz:* Ypapipupall) cos(wav(t)/2)<so) ' (20

where the sum extends over thehannel poles. The first sum includes the Pomdrhich contributes only to the elastic
scattering and tensor particles, the second sum includes vector particles. If1Refe used this expression in the integral
over the phase space in E@.3), which finally reduces to an integral over the c.m. scattering afglSince the Regge
amplitudes(20) decrease exponentially at largethe dominant contribution in the integral is brought by the forward region.
This gives a correct result for amplitudes which are small near the backward dirécti@xample, in processes where the
channel is exoti; otherwise, it misses in general the contribution due to large angles. As discus§@l inis more
appropriate to separate the integration over the scattering @hgietwo regions, one for small angles using the Regge
expression20), the other for large angles where a similar expression

v e*i may(U)/2 s ay(u)
MP3P43P1P2(S‘t): N E yP3P4?P1P2(u)S"1(T\/(lJ)/2)( )

V=f, Ay K¥* So

Y e*iﬂ'av(u)IZ s ay(u)
> '7P3P4?P1P2(U)WS(TV(U)/2)( ) v

V=p,K* ... So

given by theu—qhannel Reggg trqjectories is valid. Following for C=—1 trajectories, and- 2 for C=1 physical trajec-
[9], in performing the unitarity integral13) we adopt the torieg. The coeﬁicients<\P/‘3P4,P1P2(z) appearing in the first
expression20) of the. amphtude/\/lpap“;plpz(s,t)' for cosé sum have the expression

>0 and the expressiof21) for cos#<0. Assuming the re-

sidua functionsyp p,.p (1) and yp p .p p.(U) to be con- v - Kas
stant along the relevant integration ranges, and neglecting KP3P4:P1P2(Z ~ 16mmg
also thet(u) dependence of the denominators in E{))

R\Zl(z)[eRVt(z)—1]9X[{[ao,vt

and(21), the integration over the momeritg andk, in Eq. , mg

(13) is straightforward, knowing the kinematic relations be- + thtO(Z)]( Ins_o_' E” 23
tween the Mandelstam variablésand u and the scattering

angle. The coefficient§p3p4;plp2 can be expressed as obtained by integration over the region<@os6<1 of the

phase space. We used the notafibh

v v etk Dked N i T
CPsF’a?PlF’z(Z):{%}} th‘yP3P4;P1P2KP3P4;PlPZ(Z) R(2)=2avkiA 2)ksd ns_0_|§ ’ 24)

2 v, v, wherek;, andks, denote the c.m. three momenta and
+ v, Ypop, PP, Kpop, PP, (2)
{Vu} 3747172 3747172 2 2 2 2 2
(Mg +m3—mj)(mg+2z—mj)

2
2mg

(22) to(z)=z+m3— (25)

.. \V/ . .
where the firstsecond sum includes the contribution of the AS for the coefficientscp?, o  (2) appearing in the second
t(u)-channel trajectories. In Eq22), &y is a numerical fac- sum of Eq.(22), they are given by the regior 1<cos#
tor due to the signaturéequal to— 1 for the Pomeroniy2 <0 of the phase space integral, and their expression is simi-
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lar to Eq.(23), with thet-channel trajectories replaced by the the weak phases being defined @s=arg(Vy) and y
u-channel trajectories, anth(z) replaced by the variable =arg(Vv},).

Uo(2), which is obtained from Eq25) by interchanging the - The determination of the Regge residyép . ». which
places ofm; and m,. The new relation$22)—(23) improve appear in expressio22) of the coefficientCp_p, p..p, Was

the corresponding equatio28)—(30) given in Ref.[1].
P 94 =30 g [1] described in detail ifl]. Using the optical theorem and the
usual Regge parametrization of the total hadronic cross sec-

0 +, - + O +
Ill. APPLICATIONS TO THE B —#"w#~ AND BT™—#%"K tions we obtain the following values

DECAYS

An application of the dispersive formalism to the decay AT _=%=25.,
B°— #" 7~ was already discussed in Rgf]. In the present e
work, we reconsider this analysis using the improvements

presented above. As intermediate stgtegP,} in the dis- Vot meimta=v1=31.4, (27)
persion relatior(16) we includew™ 7~ for the elastic rescat-

tering, and two-particle states responsible for the soft inelas- fg o

tic rescattering. We take into account the contribution of the Yotae imte ¥2=35.3,

lowest pseudoscalar mesons®7°, K"K~, K°K°, 5g7s,
17111, andn, ng. Here g and 5, denote the S(B) octet and
singlet, respectively, and we assumed for simplicity that th
mixing is negligible(we mention that the single; was not
included in the previous analydi]). Then, assuming S@3)
flavor symmetry, all theB decay amplitudes entering the

for the residua of the Pomeron, the and thef mesons,
erespectively. All the other residua are expressed in terms of
the couplingsy? and y5 by flavor SU3) symmetry. For
completeness we give their values in Table I, where we in-
dispersion relation can be expressed in terms of a certain sd sy ea_ch trajectory. the result given by the Clebsch-
ordan coefficients, the sign due to the relation between the

of amplitudes associated to quark diagrarb8]. Following X
[10], we shall assume that the annihilation, penguin annihi-quark content of the mesons and the(SUkector assigned

lati i . to them (with the convention of Ref[10]), and the Regge
ation, electroweak penguin, and exchange diagrams are neﬁi ; defined below Ea22). Th tit Y,

ligible. For simplicity, we also neglect in this first step the ctor ¢ defined below Eq(22). The quantitygy YP3P,iP1P,

tree color suppressed amplitude, as in REF. Of course, the ~ appearing in Eq(22) is obtained for each trajectory by tak-
final state interactions can modify the naive estimates basefld the product of the values in the last three columns of
on quark diagramgL1], therefore, the analysis presented be-Table I.

low is only a first approximation to be refined in a future  As follows from Table I, the process’s%— ="~ ac-
work. With these assumption&go_.«+x-=0, and the re- tually does not contribute to the dispersion relation, since the

maining amplitudes entering the dispersion relation have th€ontribution of thep trajectory in thet channel is exactly

expressions compensated in the unitarity integral by an equal term given
. . by the u channel. On the contrary, in the case of the
Ago_ 7+ - =—(Are'7+Ape '), trajectory, the contributions in theandu channels are equal
and add to each other. We also note that the couplings of the
1 i singlet »; given in Table | are obtained by assuming an

= —ip
Ago_ 7070 \/EAPe ' exact U3) symmetry. We took into account in the numerical

calculations that deviations from these values are possible

Ago_xoxo=Ape A, due to the 1) anomaly.
(26) With the input described above one can calculate easily

1 the coefficients(22) and the dispersive integrald7),(18)
Ao 1 ne= ——Ape P, giving the coefficientd” andI'. By inserting these coeffi-
3V2 cients and the explicit expressiof6) of the decay ampli-
tudes in the dispersion relatidid6), we derive an algebraic

Ago _ \ﬁApeig equation involving the complex quantitids andAp . Let us

Tnm 3 ’ denoteR=|Ap/A+| and 6= 6p— 1, where 5(Jp) is the

strong phase ofA;(Ap), respectively. Then, after dividing

Aco _ \/EA oiB both sides of the relatiofiL6) by —|A;| and multiplying by
BT mgm 3"Pr e '°T, we obtain the following equation:

—isr

e+ Ré5e‘iﬁ=e

AT [APe”+ ADe 18] —[(0.01+1.27i) +(0.75- 1.01i )e 2"or]el”
.

+R[—(1.97+2.64i)e' % 'A—(1.78-1.99)e 'Pe~1Pe201], (28)
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TABLE 1. Values of the Regge residua of the rescattering amplitud&in 7 7~ : column Il indicates
the channel, Il the Regge trajectories, IV the coupling given by33Clebsch-Gordan coefficients, V the
additional sign due to the definition of the meson states, and VI the Regge £ctor

| 1l 1 v \% VI
I
t p v + iV2
fg ¥ + -2
u exotic
ol at e
p v - iV2
u p -9 - iV2
KOKO— ™
exotic
K* —1/2y2 - iV2
K** 3/2y3 - -2
NgMg— T T
Az 5 - -2
u Az 75 - -2
mm—m T
Ay 5’)’% - - \/E
u A, 5% - -2
ngm— T T
A, \/53’% - - \/z
u Az V573 - -2

whereA® andA® are the tree and penguin amplitudes in the factorization approximation. We mention that jfi]Rieé
equation similar to Eq(28) did not contain the factorized amplitude and, due to an improper application of the Goldberger-
Treiman technique, the weak pha8eappearing in the last term had a wrong sign.

Multiplying both sides of Eq(28) by €'# one notices that the weak angles appear in the combinatiof=7— «, where
«a is the third angle of the unitarity triangle. Then, solving the complex equatioR famd « we derive the expressions

R(S7,8)=

1.010+1.27i +(0.75-1.01i)e~2o1— (e’i5T/AT)[A(T°)+A(po)e"(“”ﬁ)]‘

and

a(dr,0)=m+ arg{ 1.01+1.27i +(0.75- 1.01i)e 2ot

AP
— A€

—isy
| Arl

- arg{ —(1.97+2.64i)e'"—(1.78

—1.99)e "%e 20T

e io7 A(PO)
: (30)

R [Aq]

where in the last equation we u$e from Eg. (29). The

—(1.97+2.64i)e'°— (1.78-1.99)e %e 21

: (29

The expression oR contains also the weak angkt v, but

the dependence on this parameter is very weak. In Fig. 1 we
represenR[Eq.(29)] as a function of the phase differenég

for two values ofs. We recall that the rati® is expected to

be less than one, and such values are obtained for &pth
=0 andéy=w/12. The ratioR is actually a periodic function

of 6 with a period equal tor, which implies that discrete
ambiguities affect the determination of this phase difference
for a given value oR.

In Fig. 2 we showa as a function ofé, for =0 and
or=ml12. Since one expects positive valueswthe curves
shown in Fig. 2 indicate that negative values®dtre pre-
ferred. We have checked that the results are rather stable

evaluation of these expressions requires the knowledge @fith respect to the variation of the, couplings. For in-

the ratiosAL/AL) and AL/A;. We use for illustration
AL/A=0.08[12], and a reasonable choidd”/Ar~0.9.

stance, by varying the corresponding Regge residua from 0
up to a value 2 or 3 times larger than the value given in
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2—m— 77— L L L
0T b= 0
4= m/12 ] 200 |- TThoTTe
........... 6y = T/12 r — O =m/12 7

(Pomeron) | Y 1

1.5 | -

100
= 2 |
e Z

s 0r

—100

—200 —

6(deg) d(deg)

FIG. 2. The weak phase [Eg. (30)] as a function of the strong
phase differenced, solid curve 6= m/12, and dashed curvé;
=0.

FIG. 1. The raticR=|Ap/A{| given by Eq.(29) as a function of
the strong phase differene® solid curves;= w/12, dashed curve
61=0. The dotted curve is obtained fér= 7/12, by keeping only
the contribution of the Pomeron in the Regge amplitudes. whereP denotes the dominant penguin amplitudgyy, is an
lectroweak correction, and,, €3,, 7 and ¢ are hadronic
arameters= ¢zo— dp, Whereg,, is the strong phase of
|the | =3/2 amplitude andbp the phase oP). According to
ret3l, the term proportional te,, which is due to nondomi-
nant penguin and annihilation topologies, is smaller than the
last terms appearing in Eq431). Neglecting in a first ap-
proximation this term and using flavor $8) symmetry for
the weak decay§10], we write the amplitudes which con-
tribute to the dispersion relation as

Table |, we notice that the curves in Figs. 1 and 2 are slightl)fa
shifted, but the general behavior remains the same. Actuall
the dominant contribution is given by the elastic channe
more precisely by the Pomeron, as is seen in Fig. 1, whe
we show the ratidR for 6= m/12, keeping only the contri-
bution of the Pomeron in the Regge amplitude®tted
curve.

For comparison, in Ref 1] the corresponding equation
did not contain the amplitude in the factorization limit, and

instead of the angleg+ y and 8, we had the angles and P _

5— 3, respectivelyfsee the remark below EQ8)]. Figures Ag+ . qox+=——=[1-re'?], Ag+ ., +xo=P,

1 and 2 given in[1] become therefore meaningful if the V2

arguments are replaced accordingly; they represent inRact

andé as functions of3+ y= 7 — a, neglecting the factorized Ans = i[lJr rei]

term. The values oR obtained fors;=0 were larger than AN ’

one, suggesting that small values &f are excluded. Now,

as seen in Fig. 1, the improved dispersion representation pro- P .

posed in the present work indicates that reasonable values of ~ Ag+ . k+=— ﬁ[Z— re'’], (32

R are compatible with small values &f; .
In a second application we consider the deday where
—aK™", taking as intermediate statd%;P, the pseudo- _
scalar mesonsr°K*, 77K® #gK™, and K", allowed r=ezn(€7— Sew)- (33
by the strong interactions. A model independent analysis ) 0) ] ]
based on isospin symmetry done in REf3] gives for the  We need also the amplitudsy?) oy . in the factorized ap-

amplitude ofB"— 7°K* decay the expression proximation, which we write agl14]
P . o © PO i
Ag+ 70k + =~ E[l— .77~ €3£ *(€7 = Sgw) ], Agt g0+~ f[l_ 0.3%"].

(31)  The Regge residua entering the coefficief@8) can be ex-
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TABLE II. Values of the Regge residua for the rescattering amplitudes irBthe 7°K™ case. The
meaning of the columns is the same as in Table I.

[ I 1] vV v VI
7TOK+~>7TOK+
t fg 1/2v3 - -2
u K* 1/4y2 + iV2
u K** 3/4y3 + -2
7 TKO— 70K T
t p —212y% + iV2
K* —\214y3 - iV2
u K** —32/4y3 - -2
gkt — 70K
t A, —\3/2y% - -2
K* 3l4y? + iv2
u K** —\/3l4y3 + -2
KT — 7K
t A, —\15/2y5 - -2
u K** J15/2y3 + -2

pressed in terms of the same paramete's y5, andy3 as By inserting the amplitude€32) and the new coefficients
defined in Eq.(27) by using SU3). We fix the Pomeron andl’, calculated as above, in the dispersion relatib),
coupling to the same value as in ther case, and take for we obtain after simplifying witjP| a complex equation in-
the other trajectories the values listed in Table Il, where thevolving the parameters, ¢p, and ¢. From this equation
meaning of the columns is the same as in Table I. we obtain forr the expression

04910 09_\(5.48+ 4.05i)—(6.98—4.8i)e??P+i(—3.33+€'7)(PO/|P|)e'?p a4
{de.#)=(012+0.09)) (0.16+0.75i )e'¢—e'?e? op ' 0

The expression of contains also the rati®(®)/|P| and the tain the spectator quark. We mention that E8). is not a

weak angley (actually the dependence ofon y is very  subtracted dispersion relation, the origin of the additional
weaK. In Fig. 3 we show for illustration the real and the term being an equal time commutator in the LSZ formalism.
imaginary parts of as functions ofg, for ¢pp= /6, using We also treated more car_eful_ly the Goldbergv_ar-Trelman pro-
the estimateP(®)/|P|~0.7. From the definitior{33), calcu- cedure to perform the unitarity sum, and refined the Regge
lated with the parameteks,,= 0.24 anddg,,= 0.64 given in model by the |ncll_JS|on of both thie and u-channgl trajecto-

Ref. [13], we can extract the weak angle defined asy ries. We emphasize that the analytic continuation in the ex-

— ; - ternal mass could be kept under control in the present con-
=arg(/egpt ogw). In Elg' 4 we show the variation of as text, since the Regge dynamics is rather univef@sllong as
a function of¢ for ¢p= 7/6.

the masses are small with respect to the energy
With the improvements mentioned above we reconsidered
IV. CONCLUSIONS the analysis of thd°— " 7~ decay previously made, and
discussed also the proceBs — 7K *. In the present calcu-

In the present work we brought several improvements taation we restricted the sum over intermediate states to the
the dispersion formalism proposed in REf] for investigat-  lowest pseudoscalar mesons, and invoked flavor symmetry to
ing the hadronic parameters B nonleptonic decays. The reduce the number of unknown amplitudes. The credibility
main modification consists in the discovery of an additionalof the results relies on the validity of the assumption that the
term in the dispersion representation. The new dispersionigher states do not contribute significantly in the dispersion
relation is given by Eq(6), where the first term can be ap- relation. There are several arguments in favor of this assump-
proximated by the factorized amplitude, and the dispersiveion. First, our results show that the dominant contribution is
variable is the mass of the final meson which does not congiven by the Pomeron. Higher mass states are suppressed by
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FIG. 4. The weak phasg=arg(r/e3;»+ dgyw), as a function of

FIG. 3. The real part(solid curvg and the imaginary part the strong phase differenes, for ¢p= /6.

(dashed curveof r defined in Egs(33) and(34), as functions of the
strong phase differencé, for ¢p= /6.
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