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We discuss multichannel inelastic rescattering effectB olecays into a paiP P of pseudoscalar mesons
(PP=mm or KK). In agreement with short-distance models it is assumed that initRallgeson decays
dominantly into jet-like states composed of two flying-apart low-mass resondhgds which rescatter into
PP. Since from allSmatrix elementgi|S|PP) involving PP only some (=M ;M) contribute to the final
state rescattering, the latter is treated as a correction only. The rescattering of the resonan¢blpaito the
final PP state is assumed to proceed through Regge exchange. Although effects due to a single intermediate
stateM ;M are small, it is shown that the combined effect of all such states should be large. In particular, the
amplitudes ofB decays intok K become significantly larger than those estimated through short-distance
penguin diagrams, to the point of being comparable toBher 7 amplitudes.
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I. INTRODUCTION other. Thus we are led to hadrons, hadron-level dynamics,
and inelastic rescattering effects.
Studies ofCP violation in B decays must involve final ~ In this paper we perform a simplified analysis of correc-

state interactiofFS|) effects. Unfortunately, a reliable esti- ions which should be introduced by inelastic rescattering
mate of such effects is very hard to achieve. In the analyse'é'to the SD-based description of some nonleptonic decays of

of B— PP decays P, pseudoscalar mespanly some inter- mesons. Of course, any su_ch analysis must be half-
qualitative in nature, because—in the presence of many de-

mediate states, believed to provide non-negligible contnbubay channels—it is well beyond our ability to take them

tions, are usually taken into account. Many authors reStricéccurately into account. Since it is believed tBatecays

their studies to elastic rescatteriiyP,—PyP, only. In e, o0 ang KK may provide some handle on the determi-
Regge language this is described in terms of a Pomeron exption of anglex of the unitarity triangle, we shall concen-

change. Although ilPP— PP quasi-elastic rescattering at trate on these decays: it is important to know the effects of
s=mg contributions from other nonleading Regge ex-FSis here. As shown in Ref8], inclusion of coupled-

changes are much smaller, they are not completely negligiblghannel quasi-elastic effectsr¢— KK) generates an effec-

and have been included in various analyses. tive long-distance penguin amplitude comparable in size to
The main problem, however, is posed by the sequencthe short-distance one. One may expect that inelastic chan-
weak FSI . _ . . . nels will also contribute to this effect.
B — i— PP involving inelastic rescattering processeis

Fsi We start with an SD-based model of nonleptoBiae-
— PP. Arguments have been given that it is these inelasti€ays. On the basis of standard tree-dominated mechanism for
processes that actually constitute the main source of soft F¢hese decays, enriched with the related and well-established
phaseg1-4]. It has been also pointed o[f] that nonzero models of semileptoni® decays, we qualitati\{ely es'gimate
inelasticity strongly affects the extraction of FSI phases inthe types and the number of states produced in the first stage
models based on quasi-elastic rescattering. Thus, inelast®f the nonleptonic decay. As in other existing models, we
events affect model predictions even if rescattering is ofake these states as composed of tiftging apar} reso-
quasi-elastic type only. nancesM; M, (Sec. l). These resonances are assumed to
On the other hand, FSI phases are often attributed directl{escatter intd®P through Regge exchange. _
to short-distancéSD) quark-line diagrams in the hope that ~ In order to provide the basis for an estimate of this res-
this will take into account all inelastic production phenom- cattering, we recall how in a Regge picture the unitarity re-
ena. This belief persists despite justified skepticism about th&tion involving M;M,—PP and otheri—PP processes
dominance of short-distance QCD in FSI Bfdecays(see looks like. This enables us to make a rough estimate as to
e.g.[3]). In fact, it is known that the resulting prescription What part of all inelastici—PP processes is due to the
strongly violates such tenets of strong interactions as isospilM1M.— PP transitions and, consequently, how much the
symmetry [6] (see also[7]). The origin of the problem situation deviates from the case @fuasijelastic rescatter-
pointed out in Ref[6] is the lack of any correlation between ing. Using a rough estimate for the contribution
the spectator quark and the productdafuark decay. By its  [(M1M,|S|PP)|* from an average single inelastic interme-
very nature such correlation cannot be provided by SD dydiate channeM;M,, we estimate the number of inelastic
namics. What must be involved here is a long-distaihd®) ~ channels involvedSec. I1).
mechanism which ensures that quarks “know” about each In Sec. IV we analyze the behavior of tfge— 7 and
B— KK amplitudes as a function of the number of interme-
diate states considered. We show that although effects due to
*Email address: zenczyko@solaris.ifj.edu.pl each single intermediate state are small, the combined effect
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of all intermediate states is large. In particular, amplitudes of

decays intoK K become significantly larger than those esti- d st
mated through short-distance penguin amplitudes, to the
point of being comparable to tHe— 77 amplitudes. b W —

Our conclusions are given in Sec. V. u

Il. B DECAYS WITHOUT FSis

In short-distance approaches to nonleptonic wBatte-
cays, the relevant amplitudes are usually expressed as sums
of amplitudes corresponding to different types of quark dia-
grams [T, tree; C, color suppresseds, W exchange;P, FIG. 1. Tree diagran(T) for B decay.
penguin;A, annihilation;PA, penguin annihilation In this
paper we concentrate ahS=AC=0 decays ofB mesons and the matrice®, given by
which are initiated by @—uud transition. In these decays

one expects that the dominant contribution comes from the 0,=1, )
tree diagranmil, with the main corrections to it provided by
the color-suppressed and penguin diagr&andP [9]. Ac- \F \/5
cordingly, neglecting contributions from other diagrams, the 5 5
SD amplitudes (P, P,),|w|B°) for B® decays into a pair of 0,= (5)
octet pseudoscalar mesoRgP, with total isospinl are ex- _ \ﬁ \/§
pressed in the S@3) symmetry case as 5 5
(mm)alwlB%) =~ —=(T+C) e
7T ) 9| W =——(T+
2 \/g _ i}
Y31 1
_ 1 5 P ofp
(KK, w[B%) =~ 5P 202 2 21z
@] 3 ! ! (6)
o= — — —
(775)2|w|B%) =~ P BoEs
T w =——
781 \/6 1 \/§ 3\/§
1) | 2y10 V10 2410
((7777)0|W|B°>=—L(T— Ec_l_ %p) where rows correspondfrom top to bottom to 27 for
V3 2 2 0O,; 8,27 for Oy; and1,8,27 for O,.

One expects that SD amplitud€sandP constitute a 10—

— o 1 20 % correction9]. Indeed, for the factor in the relation
((KK)olw|B >:§P C=T/(3r), the short-distance QCD corrections give the

value of r=(cy+c,/3)/(3c,+c)~—3 (c1~1.1, ¢,
1 ~—0.25 are Wilson coefficients while estimates in Ref.

<(778778)0|W|BO>:€(C+ P). [11] yield |P/T| in the range of 0.04—0.20.

Dominance ofT amplitudes is expected to hold for other
Inclusion of w7g and 7g7g into our considerations is man- decays initiated byb—uud as well. For larger invariant

datory if we want to maintain S@) symmetry[10]. ~ masses offu andud systems these quark-level states should
From the above formulas one may find SD amplitudes,agronize mainly as« stateg12,13. It is the rescattering

0 . . . .
Wg, from state|B%) into states(R,l| of a given isospinl  fom these states to the finBIP state that is of interest to us.
belonging to definite representatioRsof SU(3):

Wgr,=Ow, (2

with duced: one comes from the dech—>dU; the other one
originates from the recombination of theequark with spec-
tator d (Fig. 1). The values of invariant mass squags

_ =s; and s, (see Fig. 1 for definitionsare not large. The
w1 =[((KK)1|w|B®),((7°7g)1|w|B%)] (3)  well-known probability distribution ob-quark decay is

wj = ((7),|w|B®)

wg=[{(7r)o|w|BO),{(KK)o|W|B%,((7575)olW|B°)] v(9?)=2(1-g*/m})?(1+2g%/m}) @)
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Since we want to estimate rescattering at hadron level, we
need to know what hadronic states are produced in the first
stage of the decay. There are two groups of hadrons pro-
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which falls for increasingg?, the averages, beings;  SinceB has spinJ=0, we shall work with theS;_, sector
~7 Ge\2. The values o6, are smaller. Estimates obtained only. In the following we shall suppress the subscdnd

in various models for semileptonic and nonleptonic decaysts value. In Refs[8,10] it was shown that in the SQ)
yield s, around 1.5 Ge¥ or so, with the distribution Of\/S—Z symmetry case, with the effects of coupled channels in-
extending to around 2.0 or 2.5 G4¥2,14—-18. When such cluded, one should work with state$® P)g belonging to

a low-mass quark-antiquark state hadronizes, a resonancedsfinite representationR=1,8,27 of SU(3). The unitarity
produced. In the updated Isgur-Scora-Grinstein-Wisgelation for PP scattering in thd =0 partial wave and in
(ISGW2 model[16] for semileptonic decays, exclusive par- SU(3) representatiofR is

tial widths for the production of lowest-in-mass resonances

have been predicted. The resonances considered were the ) )

ground-state mesongseudoscalar®, 1'S,; vector me- [{(PP)RISI(PP)R) +; [((PP)r[SIkg)[*=1 (8
sons V, 13%S)), the P-wave mesons (tensor mesons R
T, 1%P,; axial meson®\, 1%P;; B, 1'P;; and scalar me-
sonsS, 1%P,); and the 2S, and 23S, states. The highest
(nonstrangeresonance mass explicitly considered 18] is
below 1.5 GeV. The total partial width for the production of

where, for givenR, kg labels states different fromP(P).
Matrix elements occurring in Eq8) may be expressed in
terms of Argand amplitudes as follows:

all these resonances is 5—6 times larger than the partial width PP).|SI(PP)a)=1+2ia((PP

for the production of a pseudoscalar meson. Thus, the aver- ((PPIRISI(PPIR) la((PP)r)

age partial width into a resonance is smaller by a factor of ((PP)r|Slke) = 2ia(kg) 9)
R R/ ™ R/-

0.7 or so than that for the production of a pseudoscalar me-

son. The resonances explicitly considered[16] do not Apart from the Pomeron, there are other Regge trajectories,

saturate the inclusive decay rate which is still about 2 timeg, , exchange in thiechannel contributes to quasi-elastic

larger[16]. Thus, several other resonances of masses belo‘évcattering PP).—(PP)s. When the leading non-Pomeron

2.0 or 2.5 GeV should be added to the list given above. xchange-degenerate Regge trajectofiest,, o, and a,

Assuming that the average contribution from each one i€ d thei . Ken |
similar to that just estimated, one expects that the number gind their SU3)-symmetric partners are taken into account,

types of “average” resonances produced should be of th@ne obtains thé=0 partial wave amplitudef8]:

order of 15. L 2Ri(s)
. . ] _ s
Similar or even larger number of resonance types is ex a(PP),)= 167T(ip+ - )

pected from the hadronization of tlles created from théV
boson. Thus, in nonleptoniB decays, apart from th®P
state, many other resonance pairs must be produidei , 1
=VV, ... ,PAPB,VAVB,VS, ..., etc. Exact counting of a((PP)g)= 76—
the number of all these two-resonance states is not important
for our purposes. However, it is fairly easy to give an esti- ~ 16
mate: limiting oneself to resonances of mass smaller than 2 a(PP)y)= i( iP+ R[—gf(s)+?g(s)])
GeV, this number will definitely be greater than 10, probably 16 S
of the order of a few tens. )

Clearly, there is no hope that one can reliably calculatevith
the contribution from rescattering intB P from each of (0)
these intermediate states. However, one may try to estimate f(s)=
their overall contribution in an average way. For the first In(s)
stage of the decay process, we will assume that the only (11
important amplitude is the tree amplitudeand that this s*Oexd —ima(0)]
amplitude is approximately the same for all intermediate 9(s)= In(s)—im
states considerefdor the low values ofs; that we shall be
concerned with later, this is indeed the case in &g Al- where for the leading non-Pomeron Regge trajectory we use
though this may seem a very rough assumptionsfgrwe
shall further see that our general results should be fairly in- a(t)=a(0)+a't=0.5+1; (12
dependent of it as long as there is a rather large number of , ) )
two-resonance states with production amplitudes scattereef» We have put’=1 GeV “ and, consequently, in Egs.
around the average. The next question is how to describg0) and further on botts andt are in GeVt.

iP+

(10

Fz[—%f(s>+%g(s>])
S

transitionsM; M,— PP (or vice versain an average way. 1€ amplitudes((PP)g) are independent of isospiras
This is what we shall discuss in Sec. IlI. shown in[8], where their sizes as=mjg have also been
estimated. The S(3)-symmetric Regge residuR is fixed
Ill. ELASTIC SCATTERING AND MULTIPARTICLE from experiment a8]

PRODUCTION PROCESSES IN PP INTERACTIONS

R/a’=-13.1 mbGe¥=-33.6 (13
Elastic scattering and multiparticle production processes
are related to each other through unitarity of ®enatrix. ~ while for the Pomeron one h48]
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P=3.6 mbGe¢=9.25. (14) P M,
Using the above values in Eq%0) one finds Ry M,
a((PP),;)=—0.076+0.184 £,
a((PP)g)=+0.019+0.211 (15
a((PP);)=—0.076+0.291 i
P -1 M,

while the leading non-Pomeron Regge contributiahsne

are FIG. 2. Multiperipheral production of multi-resonance state
M;iM,---M,) through Regge exchan .
a((PP),;,Reg=—0.076 IMM---My) through Regg 9%

above estimate of the number of average quasi-two-body
a((PP)g,Reg=+0.019+0.033 (16 states increases from 25 to over 60. On the other hand, two-

resonance states need not saturate(E®). Thus, there are
a((PP),,Reg=—0.076+0.107. two important questions which should be answered:

(1) How many of statek in the unitarity relation of Egs.
(8),(19) are indeed of the fornv;M,, so that they can con-
tribute to rescattering iB decays?

i (2) Can the effect of all of these states be described in
a((PP)r,Pom=7-P=0.184 (17 some average way?
At present, elastic and quasi-elastic contributions from
(cf. a=0.17 i in Ref.[2]). Omitting the Reggeon-Pomeron long-distance FSIs if8 decays are usually evaluated using
interference term, the value of the contribution from thethe old language of Regge theory. This language was used in
leading non-Pomeron Regge exchange to the unitarity relghe past also for the description of resonance and multipar-

tion of Eq. (8), after averaging over representatioRs is  ticle production processes that are of interest to us. In par-
equal to ticular, the question of the buildup of elastic scattering

(Pomeron exchangeas a shadow of inelastic multiparticle

|(PP|Sred PP)|?=4|a(PP;Reg|?~4/0.0§°=0.025. (18)  production processgsand thus the very content of the uni-

. o tarity relation of Egs.(8),(19)] was discussed extensively.
Neglecting the Reggeon contribution BP— PP one ob-  Therefore, we must recall the essential elements of an ap-

The contribution from elastic scatteringhe Pomeron in
Regge languagés independent oR:

tains, from Eq.(8), proach which dealt with that problem. The approach, pre-
52 dominantly occupied with the issue of the unitarization of

= 2_ dual models(for reviews sed19]), was based on general
(1 8 +; [(PPIS[k)*=1. (19 properties of dual string models and on phenomenological

analysis of resonance and multiparticle production data.
One may conjecture that contributions to the above sum from In this approach, multiparticle production processes oc-
Reggeon-exchange-induced procesBd3—M M, (where curring in hadron-hadron collisions at high energies are pic-
M; denotes low-lying resonancwill be of a size similar or  tured as proceeding through the production of resonances or
smaller tharj(P P|Sge4 PP)|?. Thus, if all inelastic channels  clusters in a multiperipheral modéig. 2) with leading non-
k were two-resonance statdéé;M,, one would obtain from Pomeron Reggeons exchanged in between the clusters. It is

Eqg. (19) the number of the sumover all typesand numbersof resonances produced
in this way that saturates tt&matrix unitarity relation, Eq.
_ 2 (8). Forsabove the inelastic threshold but still small enough,
ntot_M%z |(PP[SIM1M;)|*/0.025 one may limit oneself to the production of just one pair of
- resonance®! ;M,. With increasing energy, the number of
P resonances produced in a single collision increases on aver-
=|1- ( 1- 8_77) } / 0.025-25 (20 age. Although the cross section for the production of a par-

ticular number of resonances goes down at sufficiently high
as the number of states contributing to the unitarity relationenergy, the sum of cross sections over all possible numbers
This should be compared with the estimate of a few ten®f resonances remains approximately constant. This con-
obtained in the previous section for the number of two-stancy of the total inelastic cross section is ensured by a
resonance states produced in weak decayB ofeson. Of sufficiently fast increase in the number of all possible quark-
course, the estimate of E(RO) is probably too low: contri- line diagrams, i.e. in the number of all possible st&téand
butions from transition® P— M M, for heavier resonances ways in which they are producgfl0].
M, are likely to be smaller and the total number of states In our case, as=m3=28 Ge\? the model[21,22 pre-
may be larger. For example, with average valuen@oing dicts that states composed of just two resonances are pro-
down by a factor of 0.6—0.7 from 0.08 to 0.0Sec. I), the  duced in the fraction of ,,,~50% cases approximately. A
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further 35% comes from the production of three resonancesp — P
etc. Although these numbers are obtainedat] for reso- ’ M, M
nances of any mass, the main contribution comes from the I

production of resonances of invariant masses squared small¢
than 6 Ge\. [The contribution from the production of ob-
jects of massny, is suppressed asré,)?[*(®~1 for larger L

my [23]]. The average mass of a resonance produced may b M, M,
estimated in various ways to be aroungy=1.5(1.7 GeV in P P

Ref.[23]), in good agreement with masg,~ 1.3 or sq18],

expected for averagés, in the SD-based models of weak (a) (b)

decays. Contributions from rescattering of states with larger

values ofs; will be suppressed because the production of FIG. 3. Quark-line diagrams for production of two-resonance
such states iP P collisions is not likely. Thus, in a rescat- State [MiM5): (@ uncrossed Reggeon exchangd) crossed
tering procesk— PP one may expect that the dominant Reggeon exchange.

contribution will indeed come from the rescattering of states

composed of two low-mass resonanddsM,. Translating . 1+S

the above expectation of a 50% shareMbfM, states in the W~(1+IA)W=——Ww. (23
unitarity relation of Eqs(8),(19) into a numbem,,, of con-

tributing channels which may connect to the state originallyrps js in fact thek-matrix prescription for the estimate of
produced by the SD dynamigse. Noy = famNior), We CON- rescattering effectfS). In this prescription, final state inter-
clude that this number should be aroungy=50%x25 " actions modify probabilities of the SD amplitudes as can be
~12 for averagga(M;M,)|~0.08 ornyy=50%x60~30  geen explicitly from Eq(23) written in the basis 0Smatrix

for averagela(M;M;)|~0.05. The latter estimate is prob- gjgenstates. Our calculations will be based on ©6).

ably more realistic since the average size of a contribution | previous sections we considered a simplified picture of
from a singleM ;M channel should diminish with growing contribution from resonance pairs in which all amplitudes

resonance masses. a(M;M,) were equal in absolute magnitude while their
phases were arbitrary. Indeed, when one row of the unitarity
IV. B DECAYS WITH FSls condition[i.e. Eq.(8)] is discussed, no knowledge of phases

If hat final . . di is needed. For the purpose of studiesG® violation the
one accepts that final state interactions cannot modify,, ,oqtion of phases is important, however. Therefore, we
the probability of the original SD weak decay,

h W . he FSI d it folllc?wz tha_t have to make a very rough estimate of the FSI phases ap-
the vectorW representing the -corrected amplitudes Spearing  in  the strong rescattering amplitudes

related to the vectaw of the original SD amplitudes through ((PP)RIA|(M1M,)g) in

[2]
W=SY2y. (21) ((PP)r|W|B)=((PP)g|w|B)

Indeed, in the basis o&-matrix eigenstate\) the above +i > ((PP)RIA[(MIM)R)
equation reduces taV, =e'%\w, ; i.e., the condition of un- MiM3
changed probability |(V,|=|w,|) admits Watson phases X((M1M,)g|W|B). (24)
only.

TheS ma.trlx may be written in terms of the matri of Thanks to CP invariance of strong interactions, the
amplitudesa:

((PP)g|A[(MM,)g) amplitudes are symmetri@s is theS
matrix). In order to estimate them we have to recall what are
the predictions of dual string models for the production of

We assume that we may treat the FSl-induced corrections ﬁ_\/o resonances in high ener@}p coliisions. I_n the Appen-
the SD decay amplitudes in a perturbative fashion. This is i X of Ref. [22] it is ;hown that the dual string mode! pre-
agreement with the ideas of the dominance of SD dynamic§jICtS that the amphtude. for th@P_.’MlM? pr_oductlon

If this assumption is incorrect, obtaining even half- ough the uncrossed diagram of Figagwill pick up a
quantitative predictions will be almost impossikief. Ref. rotating Regge phase resulting from the expression

[2]). Although this assumption may be questioned, it has an

important advantage: one may study what happens when the [—s/(5157)]*0. (29
number of contributing two-resonance intermediate states is

increased to its expected sharke,(=50%). In agreement Similarly, for the crossed diagrams of Fig(b} one has to
with the assumption of a perturbative treatment of rescatterremove the “~" sign in the above expression; i.e., the am-
ing (i.e. small contribution fromA), we expand the square plitude is real. Thus, the phase-generating factor differs from
root in SY2=(1+2iA)¥2 and keep only the first term. This the familiar one inP P— PP scattering[i.e. (—s)*®] only
leads to by a different scaling factors;s,) in the denominator. Such

S=1+2iA. (22)

014016-5
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<s5,5,<9. If one approximates; by their average values of
around (1.5 Ge\A, one finds that the average value of the
products;s, is close to 5 Ge¥. From Fig. 4 we see that for
$15,~4.7 Ge\t the phase ofgi,e is zero. Although the
phase ofg;,.| at smaller and larger values ofs, deviates
from zero quite significantly, these deviations are on average
of the order of 20° and, consequently, it is still meaningful to
talk about coherent superpositighe. with approximately
similar phasesof Regge contributions from various interme-
diate states.

Because the quark-line structure d@®P—PP and
M1M,— PP amplitudes is the same, the eigenvalues with

a dependence of Regge amplitudes on the masses of preshich the above phase factors enter into expressions for
duced resonances has been confirmed in analyses of expefM ;M ,)gr— (PP)g in definite SU3) representation®k are

mental datd24,25.

the same as those in amplitudd3R)r— (P P)g. The latter

At this point we have to take into account the fact thatwere calculated in Ref8].
Regge amplitudes describe the scattering of two colliding On the basis of Ref.8] we have therefore

resonancedl,; andM, in a state of definite momenta into a
similar PP state. In particular, the producd?dP state is a

0(27,MMy)=ard + 2f;nc((s/($1S,))]

superposition of partial waves, while we are interested in the

S;—o sector of theS matrix only. Restriction to thel=0

4 5
sector is achieved by integrating the rescattering amplitudesa(&Mle):arG{ = 3 finel(S/(8152)) + 3 Ginei(S/(8152))

a(M1M,) with P,_q(cosé) (with | being the angular mo-
mentum of theP P pair) over the allowed range of scattering

(28)

2
angled or over the corresponding range of momentum trans- 8(1,M ;M) =ar§< ~ 3 finel(S/(5152))

fer te (tmax.tmin)- Angular momentum conservation will
then admit stateM;M, with total angular momentund

=0 only. This will have no effect on the assumed form of

16
+ ?gineI(S/(slsz))>-

the SD decay amplitude since in the SD mechanism the de-

cayingb quark does not “know” about the spectator quark
and, consequently, about the valueldbr the whole system.
One calculates that fa;,s,<s the minimal value ot is
tmin= —S1S2/S, while for t,,x ONe may assumeg,,~ — .
Projecting theM ;M,— PP Regge amplitude onto th&=0
sector, i.e. integrating Regge expressions over
€ (tmax.tmin),» We obtain, up to a common overall normaliza-
tion factor, the following phase factors:
(1) For the uncrossed diagraffig. 3(a)]

2°Oexd — (Inz—im)/z—ima(0)]

ginel(z): (In Z_|7T) (26)
(2) For the crossed diagraffrig. 3(b)]
a(0) _
fipel(2) = LN @7

In(z)

wherez=s/(s;s,).
The overall normalization of contributions from ampli-
tudesM ;M ,— PP was fixed in Sec. Ill.

The FSl-corrected amplitudes fBrmeson decays into states
in definite representatiori® of SU(3) and with isospin are

Wg, =[1+ia((PP)g)IWg,

+i >, e MRMMIIg(M;M,)R)|Wr (MiMy) (29)
MMy

where wg |(MM,) are SD weak decay amplitudes into
M1M,, all assumed approximately equal g, [EQ. (2),
Sec. Il. As in Sec. lll, we assume thaill amplitudes
|a((M1M,)R)| are equal to some average vahie

Although the phase o0§;,.; changes over the range of
corresponding;S,, it is very instructive first to approximate
it everywhere by a constant, namely its average evaluated at,
say, $;S,~(my)2~4.7 GeVf, whereg,., is real. The ap-
proximate reality of averagg;,e; iS a consequence of the
particular value ofs (being here equal tmn§~28 GeV)
and not ans-independent feature of the approach. s,
=4.7 GeV we get

For the Regge description to be valid, the value of

s/(s1Sp) must be large. Witls= m§~28 GeV, the product
$,S, should not be greater thas,5,)m.~6 GeV*, possi-
bly 9 GeV*, corresponding to the minimum value of
s/(s1S,) equal to 4+ 0.8. Fors; equal tos,, this corresponds

to the maximum value of resonance mass being around 1.6—

5(1)~0°
5(8)~ +180° (30)

8(27)~0°.

1.8 GeV. These are still reasonable numbers when compared

with our previous estimates ofiy,~1.5. In Fig. 4 we show
dependence of the phase gme|(m§/(slsz)) ons;s, for 1

The sum over alh,, two-resonance states will then yield
the contribution from inelastic rescattering:
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TABLE . Effects of inelastic rescattering qigP P),|W|B®) amplitudes in average phase approximation.
Amplitudes are in units of input tree amplitude

(PP), Amplitude No FSls Quasi-elastic FSls Inelastic FSls
modulus/phase Now =12 Naw =30
(7)y || 0.41 0.33 0.49 0.67
arg(W/w) 0° ~5.3° 47° 60°
(7)o || 0.58 0.44 0.44 0.61
arg(W/w) 0° —-1.4° —-16° —17°
(KK)o Y 0 0.028 0.36 0.57
arg(Ww) 223° 93° 93°
Wr (inel)=i nzmeimwm . (31 9gram (hereafter  denoted P p) (8]. Using
’ ' [((KK)o|W|BO)/{ (7)o W|B%|~ 3P /(2T) to estimate
Note that for fixedf,, the average amplitude the effective LD penguin diagram, the size Bfp is (as in
— Ref. [8]) of the order of 5% of the tree amplitudg thus
P permitting significant interference effects with the short-
_ [1_(1_§ fam distance penguin amplitude when the latter is taken from
= Ay (32)  standard SD estimates.

The main results of this work are given in the last two

is inversely proportional to/n,y. Thus, contribution from ~columns of Table .

inelastic events in Eq(31) is proportional toyn,y: the (i) One can see that thB— (), amplitudes, when
smaller the value of, the larger the summed contribution compared with their estimates taking into account quasi-
' elastic FSls only, increase in absolute magnitude by a factor

from all two-resonance states, provided their contribution inb 1 and 2. This is d he additional bt
the unitarity relatior[Eq. (8)] is fixed by the same value of Pe€tween 1 and 2. This is due to the additional contribution
oming from rescattering chaid— M M ,— 7.

f,u . Obviously, this is a general feature of any perturbative®©™! - i )
treatment of rescattering contribution from several channels, (i) An important change can be seen in phase sizes: they
the reason being thknear nature of perturbatively treated areé now one order of magnitude larger than in the quasi-
FSIs as compared to thguadratic nature of the unitarity ~€lastic case. The origin of this effect is as follows. Tive
relation. Thus, estimates of FSI effects given here are mo@gmplitude is composed of two parts: ori@pproximately
likely estimates from below: although amplitudegV,M,)  rea) is the SD amplitudew weakly suppressed by elastic
corresponding to rescattering from states composed of res¢quasi-elastigrescattering, while the other contains the con-
nances of larger masses are expected to be smaller, thdiibution from the inelastioM ;M ,— w7 rescattering. The
combined rescattering effect should be relatively larger.  latter part, being proportional téa(M;M,)w, is mainly

The amplitudes foB decays into ), ,(KE)I are cal- imaginary(for approximately read). With a large contribu-

culated from the inverse of E@2): tion from inelastic rescattering, the resulting phase must
. therefore be large.
W, =0y Wg, . (33 (iii) Finally, we see that th&— (KK), amplitude be-

. 0 comes much larger than in the case of quasi-elastic rescatter-

In Table | we give th? valqes O(f(PP)'|W.|B >'calculated ing only, and is dominantly imaginary. Since thB

from the above equation with the approximation of average (KK) ’ampl't de is fed from no-hidden-strangeness states
— . itude i -hi -

phase [Eq. (31)] for PP=#m,KK and n,y=12,30 @ . 0 . e

=0.08,0.05 respectively Predictions of the model without (M1M3), -0, one might be tempted to compare this with Ref.

inelastic rescattering, i.e. with quasi-elastic FSPP(inter- El]' Nﬁmelyl,slt V\f[a.s tih(:v;/r? thﬁre forf the T.?Sde O.f ah5|mplle
mediate statgsonly, are also given for comparison. Ampli- wo-channeis matrix that the phase of amplitude in channe

tudes are given in units of input tree amplitude lis large if the partif:le_ originally decays_to_ channel 2. In our
From Table | one can see that quasi-elastic FSIs do ndt@Se; although a similar result holds, it is not general—it

affect the decayB— (), strongly. The amplitude moduli depends on the value sfat which amplitudesi(M ;M) are

are somewhat smaller than those without the FSis. This igvaluated. Note that inelastic rescattering renders Bhe

due mainly to the *i[iP/(8w)] factor originating from — (KK)o amplitude larger than the SD penguin estimate: in

Pomeron exchange. Phase changes are small. FoB the fact, it is comparable to thB— (77), amplitude.

—(KK), decays, quasi-elastic FSls affect the amplitude sig- " our approach the fullFSI-correctegl amplitudes for

nificantly: the amplitude driven in SD dynamics by the pen-B— (KK), decays vanish since

guin diagram(here vanishingreceives a contribution from (1) we have assumed that only the tree amplitddes

the coupled-channel-generated long-distance penguin diaonzero and
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(2) the rescattering from the isospih= 1,1 ;=0) state of p2
(M1M5), -1, which in principle might feed the finalKK), 0.2
channel, is zero.
The dependence of the LD rescattering-induced effective 0.15
penguin diagram on the isospin channel—with vanishing
(largg effects in thel =1 (0) channel—should be compared 0.1
with the SD mechanism which assigns the same size and 0 05
phase to penguin amplitudein both the KK), and KK); '
decay channels. This is a general feature of long-distance e I 1 T 5%
dynamics: the size and phase of a quark-level diagram de-
pend on what isospiiSU(3)] amplitude it contributes to FIG. 5. Distribution ofs;s, in model defined in text.

[10].
Although the above expectation of FSI effect larger thanT L . .
; e . This yields the average value of “effectiveth,, equal to
that naively expected is fairly general, we have to analyze i 45 ywhich is also tk?e value obtained frothhquCCMM

some detail our assumption of replacing #8,-dependent ~7 "™’ . —
: o distribution of \'s, (see e.g. Ref18]) if contributions from
h i h h hase. h 2 . -
phase ofgine with an averagdand vanishing phase. Suc ¢my<1 GeV are replaced with contributions aty

an assumption would be well justified if a large fraction of . X o .
MM, states led to phases close to the average. Since for 3L GeV. Usingp(my) as in Eq.(34), it is straightforward

given value of the produd; s, the phase is fixed, we need to to e.valuate the distributiop; of 5,5,. This dist.ributior}(Fig.
know the density of two-resonance states as a function o$) is peaked atslsz~2LGe\/‘, its median 99'”9 at
s;s,. Regge modeld23] predict that the dependence of 3-6 GeV and the averags;s, at 4.4 GeV. The tail above
la(M;M,)|2 on mfn. is proportional to ]ﬂhfﬂ for larger val- 9 GeV contributes a few percent only. Thus, the assump-

ues ofmy, . This fall of the distribution for larger mass val- tion of s,5,~4.7 GeV* used in our previous discussion ap-
i o o pears quite reasonable.
ues should be clearly visible already at the beginning of the \yjitn two-resonance statdsspread ins;s, according to

region wzhere using the Regge description becomes sensiblgisiributionp, (larger values ok=1, . . . n,y correspond to

Le. atmy ~4 GeV? or so. The distribution o6, in SD  gates with appropriately larger values36,), it is simple
models vanishes even fas{éris fairly negligible aboves,  to analyze the predictions of the model numerically. We are
~(2.0-2.5 GeVj]. Since we want to estimate corrections interested in the question how the FSI effects change when
to SD models, direct use of the mass distributions generateldeavier and heavier intermediate stakeare included. For

in SD models might seem to be the simplest and most naturalecays into states in definite representations of3jlthe
choice. Furthermore, as the rescattering of states with largemmplitudes of interest to us are therefore

values ofs,; is suppressed by the small size of the contribu-
tion from transitionsM;M,— PP, one might use the SD
distribution ofs, as that ofs; as well. The problem is, how- ) ) SR S8
ever, that a significant part of the SD distribution f (or WR,I(n):[1+|a((PP)R)]WR,I+|kZl eawg (35
s,) corresponds te, (or s;)<1 Ge\2. On the other hand, -

Regge amplitudes assume the fornj 8f(s;s,) 14" only for

$1,5,>1 Ge\/i.l For s;5)<1 Ge,VZ- one should replace \yheren is the number of intermediate inelastic states con-
S1(z) With (a") ""=1 GeV". Thus, if Regge phases are 10 be gijered (6zn<n,,,) and 8(R,s;s,) are given in Eq(29).
reasonably evaluated, we must use an appropriately modified |, Fig. 6 we present predictions of thedependent ver-
distripution ofs,. We moqlel this situation ir_] th_e simplest gjon of Eq.(33) for the absolute values and phases of the
possible way: by assuming that the distribution mﬁ,,k amplitudes o decays into ), and (KE)O states. These
= Vsi vanishes below 1 GeV and above 2.25 GeV, whilepredictions are given as a function of the numbef inter-

n

in between these values it is given by mediate states considered. We show the case myifh= 12
(for n,y=30 one obtains very similar plots with features
p(my)=2.88-1.28ny, . (34)  discussed below being even more pronouncddie point

most to the right in each pldt.e. atn=n,);) corresponds to
a large value ofs;s,, where Regge approximation breaks
IThe vanishing of the rescattering contribution can be seen adOWn. Consequently, this point should be discarded. One can

follows. Thel =1 state 0fM;M, is antisymmetridi.e. of the form ~ S€€ that forB— (7)o the size of the amplitude does not
(M*M~—M~M™)/\2], while the rescattering contribution due to depend very strongly on and is close to the value of the
the uncrossed diagram of Fig(a8 is zero when evaluated in be- input FSi-free amplitude((7)olw|B®)]|, which is 0.58.
tween the antisymmetric staf¢M;M,),_;) and the symmetric Furthermore, the FSl-induced phase is still relatively small
state|(KK),) [for the definitions of states, see Hd) of Ref.[8]].  (of the order of —5°). This cannot be said of th&
Rescattering through diagram of FighBcannot change the type of — (KK), process. Here, the absolute value of the amplitude
quarks and, consequently, cannot induce a transition from the nggrows fast with the increasing number of intermediate states.
hidden-strangeness statd ;M) into |KK). In addition, already ah=4 or so, the phase becomes close
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arg [W((mm) o) ] plitudes a (i.e. contributions from individual intermediate
C2 i e T8 10 12 ” channels are overestimated. However, the trend of the re-
-2 . sults expected for the case of smaller amplitudenay be
-4 c . seen from Table | and Eq$31),(32). The column ofn,y,
-6 T, =30 corresponds to a smaller value of average amplitude
-8 . =0.05. The connection existing between the values.gf
-10 to a stems from the assumption that at enesgymé a two-
-12 . resonance state is produced in approximately half of all in-
elasticP P collisions. As long as this fractionf§,,) is kept
[W{ () o) | constant and the perturbative treatment of FSls is valid,
0.6 ST smaller values of amplitudes—after summing over all in-
0.575 : - termediate channels—result in rescattering corrections to
0.55 ) weak decays larger than naively expected. One may also try
0.525 ’ to estimate roughly the rescattering contribution in a direct
3 i s 51513 ™ way (i.e..without l_Jsin_g the \_/alue of%M) by just adding
0.475) . rescattering contributions with amplitudeyM,M,) as-
0.45 sumed to be of the order af( PP) or so(in agreement with
experiment Then, for the number of average intermediate
arg [W((KK)o) | states taken as equal to the number of final states in standard
220 models of SD decays, i.e. of the order of 10 or more, one is
200 bound to obtain a large rescattering effect. Note that our
180l - whole approach starts with the generally accepted features of
160 the SD decay(and resonance productipmechanism and
140 . assumes that subsequent FSIs may be treated perturbatively.
120 We have shown that even in this case the corrections tend to
100 e become large. Of course, if they are too large, the whole
2 4 6 g 10 12" perturbative scheme of their estimatigas well as the SD
mechanism for the description & decay$ ceases to be
| W {(KK)o) | .
viable.
0.25
0.2 . V. CONCLUSIONS
0-19 We have discussed multichannel inelastic rescattering ef-
o1 fects inB decays intor7 and KK. Generally accepted fea-
0.05 . tures of short-distance decay mechanism have been assumed
: 3 i : 51513 0 as part of our input. These assumptions included estimates of

the types and number of resonances produced in two-

~ FIG. 6. Dependence of FSl-induced effects on the number ofesonance states initiated by thesuud transition. Rescat-
intermediate channels included. tering of these two-resonance states into the final state con-
sisting of one paiP P of pseudoscalar mesons was evaluated
to 100°, not far from the previous result of 98Table )  under the assumption that such FSIs may be treated pertur-
obtained for constant phases. One can also see that when tbatively. The basis for this evaluation was provided by ex-
number of intermediate states approaches its maximum aisting knowledge about how the inelastic multipartiGleso-
lowed value, the size of thBH(KE)O amplitude becomes nance production inP P collisions is correlated with elastic
significant when compared to the trBe» (7 ), amplitude. PP (Pomeron exchangescattering. This knowledge permit-
As the number of intermediate states increases, the londed us to estimate that at=m3 PP scatter into a two-
distance-induced penguin amplitude starts to dominate oveesonancé/l;M, state in approximately 50% of cases. Thus,
the SD one(which was estimated at 0.04-0.20 of the treethe total size of rescattering froM M, to PP was fixed.
amplitude[11]). Furthermore, assuming applicability of Eq.  Using the Regge model for the description of ttigM ,
(1), one estimates from Fig. 6 that at largethe effective — PP processes, we have shown that the rescattering contri-
long-distance penguin amplitud@  is around 0.6-0.8. butions from the individual intermediate channels add ap-
This should be compared with the input or effectivam-  proximately coherently. As a result, the combined effect of
plitudes which are around 1.0. Thus, the long-distance effeaescattering through many two-resonance intermediate states
tive penguin amplitudes become really large. was shown to be quite large. This was demonstrated under
Large rescattering effects obtained above stem from athe assumption that FSIs may be treated perturbatively. If
approximately coherent superposition of contributions fromthat assumption is overoptimistic, reliable estimate(joe-
several intermediate channel®ne might argue that in the sumably even largerFSI effects will almost certainly be
calculation of this paper sizes of individual rescattering am-much more difficult.
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