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Final state rescattering as a contribution toB—py
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We provide a new estimate of the long-distance component to the radiative tramsitipry. Our mecha-
nism involves the soft scattering of on-shell hadronic products of nonlep®niecay, as in the chain
B—pp—p7y. We employ a phenomenological fit to scattering data to estimate the effect. The specific inter-
mediate states considered here modify Be>py decay rate at roughly the-58% level, although the
underlying effect has the potential to be larger. Contrary to other mechanisms of long distance physics which
have been discussed in the literature, this yields a non-negligible modification 8°the°y channel and
hence will provide an uncertainty in the extraction\4f;. This mechanism also affects the isospin relation
between the rates f@~ —p~y andB’— p®y and may generat€ P asymmetries at experimentally observ-
able levels[S0556-282(97)06605-§

PACS numbd(s): 13.25.Hw

I. INTRODUCTION be generated by the decay oBaneson into a hadronic final
state which then rescatters inpy. It has recently been
The study of radiative rare decays Bfmesons can pro- shown[5] that soft-FSI effects are of ordang in the large
vide valuable information on certain parameters in them, limit and cannot legitimately be ignored.
Cabibbo-Kobayashi-Maskaw@KM) matrix. In particular, In this paper, we provide an estimate of a long-distance
B— p is thought to be an especially clean mode for extractcomponent td8— py which deals solely with on-shell tran-
ing the Vyy matrix elemen{1]. Although not yet observed, sition amplitudes while explicitly taking the occurrence of
this mode should be accessible for studdactories. How-  FSl into account. Our mechanism can be viewed as a unitar-
ever, the smallness of the short-distare>py amplitude ity analysis, where &8 decays into some intermediate state
raises the concern that the experimental signal could be inwhich then undergoes soft-rescattering into the finalcon-
fluenced by long-distance effects, with the possibility of theirfiguration. Of course, we are not able to account for all pos-
contributing a non-negligible fraction to the decay rate. sible intermediate states, so that in order to provide a rough
The first studie$2] of long distance contributions to rare estimate for the effect we must analyze a few specific con-
B decays employed the vector meson dominatM®ID) tributions. For definiteness, we consider th8p° and
model[cf. Fig. 1@)]. As applied to thé8— py transition[3],  p*p~ intermediate states iB° decay. In the language of
this involves the decap— pV*° (V*? represents an off- Regge theory5,6], the first of these proceeds by Pomeron
shell neutral vector meson such a8 w,$,J/#,...) with  exchange and is technically the dominant contribution, re-
subsequent conversion of the vector meson to the photomaining nonzero in the heavy quark limit. However, the
More recently, light-cone QCD sum-rules have been used tp* p~ contribution, whose rescattering is mediated by ghe
analyze the weak annihilation long-distance contribution tarajectory and is thus nonleading, can be numerically impor-
B— py [4]. Here, the main effect arises from direct emissiontant because B°—p*p~ is color allowed (whereas
of the final state photon from the light spectator quark in theB°— p°p° is color suppressedand because the relatively
B meson followed bybg weak annihilation. low value of theB mass turns out to blur somewhat the
Both these approaches suffer from some degree of thedlistinction between Regge-leading and nonleading contribu-
retical uncertainty. Besides the usual model dependence dibns. Finally, since the corrections considered here are not
these methods, in both cases no allowance is made for finéhemselves proportional td,,, their presence constitutes a
state interaction$FSl9. However, thepy decay mode can potential source of serious error in the phenomenological
extraction ofV,4 [7]. This underscores the importance of
P v obtaining quantitative estimates of such effects.

p II. SOFT HADRONIC RESCATTERING

Effects of final state interactiorie.g., Fig. 1b)] are natu-
P rally described using the unitarity property of ti¥ematrix,
S'S=1. This condition implies that the7 matrix,
S=1+i7, obeys
(a) (0)
discTs = 5 [(1]718) ~(1|7'1B)1= 53 (fIT1)(1[7lB)
FIG. 1. B—py via (a) vector dominance process afty final B=1T2i 29 '

state interaction effect. (8]
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For theB— py transition the contribution from the inter-  parity invariance constrains the + and — — helicity con-

mediate state is the one which is most amenable to diredtibutions to be equal, we drop thg\, superscript hereafter

analysis, and we shall detail th®—pp—py component and take for the residue couplings ~ = yX = v. Through-

throughout this papér.This encompasses the®p® and  out we use the linear trajectory forms

pTp~ intermediate states foB® decay andp*p® for B*

decay. ap()=ap+ap't, a,(t)=a+a,t. (5)
The final state interaction of Fig.(d) together with the

unitarity condition implies a discontinuity relation for the N the foIIo(\)NingOdiscussion, we limit ourselves for clari-
invariant amplitudeM g . ty’s sake toB”"—p”y decay. The Pomeron part of the FSI
—py*

occurs for thep®p? intermediate state. We obtain
2discM’, €% (N3) €5 (Ny)

—py ] ")
d*p dISCMBOHPOV
:J (277)4(277)2(1;‘135@2—mz)dfﬁ)&(pB—p)2—m2) 1 0 .
= %MBO_,IJOPO o dt/\/lpopoépoy
X MBS, M ET0er (Ng) € (N g)
d*p __ e (i)a"M
:xEx fW(Zw)25(p2_m2)5((p8_p)z_mz) 327s |\ s BO-p0p"
1:M2
O !
XMgiPPEZ(Al)GZ(Az)G:()\1)62()\2) XJ; | dteapln(S/SO)t{CO[’7Ta’(t)/2]+i}, (6)
XM BT en (Ng) € (Na), @

where 7= +1 for Pomeron exchange. Observe that the co-

with d{), being the polarization tensors pfmesons in the tangent factor will diverge at somé=t, such that
loop. When expressed in terms of helicity amplitudes, thex(to)=0. For the Pomeron, this occurs ap=—4.3

above discontinuity formula simplifies to GeV~2, which lies outside the forward diffraction peak.
Such spurious behavior has been well known since the early
2discMpg_, ,,(N3\yg) days of Regge phenomenology and is avoidable by restrict-
d*p ing the range of integration to the diffraction peak, by em-
_ 2.128(0%—m2) & —D)2—m? ploying a modified “phenomenological” amplitude or by
x%z f (277)4( ™"o(p »)o((Ps—p) 2 invoking daughter trajectories to cancel the divergence. We
. adopt the first of these procedures and find
XMp_pp(NaN) MG, (NaN2 N3N y). 3
. . . . . (P) __ Yp So
The FSI itself will arise from the scatteringp—py. We discMgo’ 0, 307 —agln(s/so)(o'%_ 0.92)

shall employ the Regge-pole description for this rescattering

process, requiring both Pomeron apdrajectory contribu- S al-1
tions. x| = Mago_, 0,0
. S —pp
To begin, however, we recall from Regge phenomenology 0

the well-known invariant amplitude for the scattering of par- < 01
ticles with helicities{\;} [6], — ( ) Meo_ 0,0, @

_t>m/2€—i7ra(t)+j )\1)\2( s

So
NqNoiAgh
MMrAha i N
Sp 2simnra(t) "Ml sy

a(t)
i ) , (4 wheresy=1 GeV. The numerical quantityy is defined to
encode the strength of the Pomeron-mediated rescattering.
where m=|\3—X\q|+|As—\,| and |J]=1. In the B—pp We discuss later how to determine the Pomeron residue

weak decay, thep state can exist in any of three helicity function yp by fitting t((g)experimental data.

configurationshA;=A,=+1, Aq=A,=—1 and\;=\,=0 The quantity disd 1o, o, must itself be inserted as input
(or in obvious notation+ +, ——, and 00). Moreover, the to a dispersion relation for M{ , . Since the
—p°y

Pomeron(and neatt=0 also the leading) exchange does s-dependent factor in Eq7) is almost constant, the disper-
not change the helicities of the rescattering particles, i.egjgn relation for the Pomeron contribution will require a

N1=A3,A2=\4. In view of this and noting that the photon single subtraction. Approximatinggzl, we have
helicity must havg\ | =1, we omit the 00 helicity configu-
ration from further consideration. This is equivalent to mam-M(BF(’)Lpoy(mé):ME%LPOV(O)
taining the condition of gauge invariance. Moreover, since

N epM ) f’ﬁ ds

1 L : /1800 4m§S(S—m§)

One should keep in mind, however, that for tBeanatrix to be
unitary, inelastic effects such as diffractive dissociatidecay of b €p g
the B into ap and a jet of particles which recombine into the ZMEOL’,OY(O)‘*‘?MBOH,JOPO'”( 1- HZ) .
final statg or any other intermediate state with suitable quantum P
numbers must also be pres¢ht. (8
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We now turn to the procesB®—p*p~—p°y. The for- BSW description of the nonlepton transitiong 9]. In this
mulas derived for the leading Pomeron contribution of Eq.model, the amplitude for thB%»*p~ transition is
(7) are readily applicable to this case if one replaces the

Pomeron trajectory by the trajectory, but now with Ge . _ —
J=—1. This yields for the discontinuity function MBO(p)—»p*(kpp*(kz):EvuqudaKP (kz)[dy*ul0)
discMgo 0, X(p* (k) [u,(1+ v5)b|B%(p)),
Yp S\ % 0 (13
=— — MBOHP+[’7J‘ .
16ms |\ sq tmin where a;=1.03 [10]. We adopt standard notation for the

. matrix elements:
X dte®"SY 1 +itar wa(t)/2]}, D
(p~ (kp)|uy*d|0) =T ,m,e*“(k;),
Yo So

= E —a’ln(s/s )(0.92— 033)
Op 0 <p+(kl)|u’)/,u,b|Bo(p)>:rnBTm6,uvaﬁ6* V(kl)k%pﬂv(kg)a
s\@ -1 P
X s ’ Mpo_, 0,0 (14
0 I
) (p* (ky)[Uy, ysb|B(p))=(mg+m,) ek (k) Ay(K3)
S\ %"~
=¢ | — Mpgo_, + .-, 9 €* (k) -k 2
”(so) B =pTe _W(p+kl)”A2(k2)
where €, is analogous to the quantityp of Eq. (7). The 2€* (ky)-Ky

asymptotic behavior, - —kz—kzﬂmp[Ag(kg)
2

BO—p0y

; (p) %=1
dISCM— (sio) " (10) —Ao(k3)].

In what follows we assume the& behavior of the form fac-

justifies in this case use of an unsubtracted dispersion relggs 1o be of the simple pole form, and filg=m? we obtain
tion for the amplitude, P

MBOHp+p7

hy

° %1 V(k3)= ————=h
(p) 2y _ % S\ 1 2 22 v
MB%—q)Oy(mB)_;MBoﬂp*p* _LmZdS(s_O) o mé 1 k2/mB*
P
q ) ha
€ = s A(Kd)= ~——=h, (i=0,....,3, 15
2—pM3—>p+pff i g i(k3) TokgmE, A ( 3 (15
77 4mp\/§(5_ mg)
. \/S—o 2m —mg with hY:O.33hAl: hA2:0.28[9]. This gives for the ampli-
=L ——In—"—Mpgo_,+,- (11)  tudes in Eq(12)
m Mg 2m,+mg R '
. . L G
where we approxmat&gzo.S. The above discussion is ex- a=—fv WVEm a,f (mg+m )h
g dMpdy B Ap
tendable in like manner tB* —p™ y decay. J2 e P
3
Ill. THE WEAK DECAY VERTEX G
b= — _FVubV’JdalfpﬁhAz, (16)
The most general form for the weak amplituBe-pp is \/5 BT p
[8] ,
b CZEV bV*dalf —th
v ubTu Pmg+m, V'
MB(p)ﬁp(kl)p(kz):e*ﬂ(kZ)e* (kl) ag,uv_'—ﬁp,upv \/E B 4
P

The set of relevant helicity amplitudes can be written using
. (12) explicit form of the polarization vectors. The connection be-
tween the transverse helicity amplitudes and form factors in
Eq. (12) is[2]
The quantitiesa,b,c can be interpreted as partial-wave am-
plitudes as they exhibit the respective threshold behavior of M;; =a+ x>~ 1c, M,, =a— Vxé—1c, (17)
S,D,P waves. To proceed further requires knowledge of
{a,b,c} for both theB%—p%° and B°—p*p~ weak de- wherex=(mj—2m3)/2m>. For completeness, we note that
cays. Since no data yet exists for tBe-pp transitions, we branching ratios for th&— pp decays calculated from Eq.

must determinga,b,c} theoretically. We have employed the (17) amount to Bgo_, ,0,0=4.8X 107, Bgo

+i£26 Vaﬁkfpﬁ
m;, *

—pTp~
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=2.1x107° and Bg-_,-,0=1.5x10"°% where all three The biggest source of uncertainty for the short-distance con-
pp helicity configurations have been summed over. tribution is clearly the magnitude of,4. The above range
leads to a range of branching ratios for the short distance
IV. NUMERICAL RESULTS component
SD

Before numerically estimating the long-distance effects in sp BO_ 50y . s
B—py, we first recall the determination of the short- Bgo_p0,= —pwr — =10 '—107%, (23
distance(SD) contribution which arises from the effective BO

Hamiltonian[4 . o .
amiltonian(4] with B3>, - =2Bgo o, . Itis this large theoretical spread

G which has motivated an experimental determination of
HSD:_F(thV;ch;ffo7+ ), Bg_.,, as perhaps the best solution to tig problem. At
V2 present, however, even the largest theoretical values are still
considerably smaller than the experimental upper bounds
em— Bgo_ ,0,<3.9x10 > andBg- . ,-,<1.1x10° [12].
O7=g 200, (1= v5) F*'D, (18) Upon including both short-distance and long-distance

(LD) contributions, we obtain
where CS=—0.306. The amplitude for the short-distance

B— py contribution is lql L L
FB—>97=8—2(|M§D++MITD+|2+|MSD +Mp 9.
24
M o— = CEy et 2
sD \/E tbVtd™~7

The long-distance amplitudes are in turn summed over con-
em, tributions from the Pomeron anal trajectories,
me*”(qv)\y)e* V(kla)\p)zFS(o)[e,uuaﬁk%pﬁ

NN NN
. MEe=BPM 3+ BOM?. (25
_I(mBEngV_ p,uqv)]r (19)

Using Egs.(8) and (11) and dropping the subtraction con-

where ), A, are the respective photon, rho helicities andstant but keeping the terms which are clearly related to res-
Fq?=0) is a form factor related to thB-to-p matrix ele-  cattering, we obtain

ment of O;. It is estimated from QCD sum ruldg] that
FS0)=0.17 for B°-p% and FS(0)=0.17y2 for

B~ —p~ . The short distancB— py matrix element can be pP= €p ( 1— ) Bl = € \So 2m,—mg

=—In — —In .
written in a form similar to Eq(12) with the identification , T Mg 2m,+mg
(26)
. Gg em, N .
aSP=j TthVfdcsﬁF mBEyFS(O), Also needed for estimation of the FSI effect are the resi-
2 T

due functionsyp and y,. For the Pomeron case, we use
experimental data on photoproduction gff mesons from a
nucleon targef13]. Upon calculating the differential cross
SD_ _ pSD—j &mzvthde$ﬁ%§Fs(0). (20  Sectiondo/dtatt=0 from the matrix element of E¢4) and
NP 2 applying the quark-counting rule to relate Pomepm-and
Pomeronpp couplings, we obtainyp=4.53. Actually we
use twice this value as the final-state photon can arise from
¥%ither scattering vertex. Fgr exchange, we usgp—p*n
data [14] together with the isospin relation

These can be related to the set of helicity amplitudes b
using Eq.(17) which then contribute to the decay rate for

B—pyas ¥,(vp°—p"p ") v,(yp—p*n)=2 to obtainy,=7.6.
The recent review of the CKM matrix given in Re¢fL1]
. lq| 1 . citesp=0.05 andn=0.36 as providing the best fit to current
Fa_py :87Tm§(|MSD |2+ Msp |?), (21)  data, where and 7 are the Wolfenstein parameters

= 3 —1 = 3 —n—I1
whereq is the photon momentum. Vup=AN(p=im), Vg=AN(1=p=in)., (27

In our numerical work, we have adopted for the CKM
matrix elements the valug41] and which corresponds t/,4/V,,|=2.8. Assuming these
central values, we obtain for the short distance and short-
Vig plus-long distance branching ratios the respective values
ub

SD — tot -
22) Bgo_ ,0,=7-3x107", Bgo_ 0 =7.8X1077. (28)
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FIG. 3. Dependence of isospin violation upon the CKM param-
FIG. 2. Dependence of the FSI effect upon the CKM parameteeterp.

component, and such is the case here. Defining a parameter

Figure 2 displays the effect of varying the 7 values over A to measure the isospin violation as
their allowed rang¢ll]. The upper and lower curves define

the band of allowed values for the ratio . 1T,
(Bg’éﬂpo,/—BgoDapoy)/BgoDﬂpoy. The upper curve is seen to A=1- 2 Tgo_ 0,

be about 8% for virtually the entire physical rangepof

(29

1
—p0y

we display in Fig. 3 the dependence of the effect upon the
Wolfenstein parametes. The isospin violation is found to
be largest for large.

Final state rescattering effects may sometimes, although The FSI mechanism described here will not markedly af-
not always, modify the usual analysis of decay processedect theB—K* y rate. The leading CKM contribution would
The situations where rescattering can be important are thosevolve aD} —D* intermediate state and thus be very sup-
where there is a copiously produced final state which camressed since the soft-scattering requires a Reggeon carrying
rescatter to produce the decay mode being studied. In odhe quantum numbers of ti2 meson. The nonleading CKM
case the most important channeBis-p* p~, which is color  amplitudes, involving contributions from light-quark inter-
allowed. It is also proportional t¥,,,, instead ofV,4 so thatit mediate states, are proportionalMg, and are likewise very
is clearly a distinct contribution, and one that becomes morsuppressed.
important if V.4 is at the lower end of its allowed range. Our  Finally, we point out the implications of our work to ob-
results should also be adjusted upward or downward if théaining a CP-violating signal. SinceB— pp decay is gov-
measured branching ratio proves to be larger or smaller thagrned by CKM matrix elements which differ from those de-
that predicted above using the BSW model. scribing the short distancB— py transition, the necessary

The magnitude of thepp—py soft scattering for condition for CP violation is satisfied. We consider the
B°— p%y, summarized in E¢(28), is seen to occur at about CP asymmetry
the 8% level. This differs from the QCD sum rule estimates
of Ref.[4] which found a 10% long distance contribution to
Bg-_.,-, but only a 1% effect fo3go_, ,0,,. Our result is —
especially noteworthy in view of the many other possible e pytlBopy  BepytBepy
contributions to the unitarity sum and the finding of Ré&f]
that multiparticle intermediate states are likely to dominateWe have studied the resulting effect numerically. The FSI
Thus, although it is not possible at this time for anyone toare found to increase the amplitude ®%— p°y but reduce
completely analyze the long distance component, it seemis for B— p®y. This is what gives rise to the asymmetry and
plausible that the FSI contribution has the potential to occumve finda=7%. As with our other results, we take this mag-
at the 10% level and perhaps even high#e concur with  nitude as an indication that experimentally interesting signals
comments in the literaturg2,4,16 that a deviation from might well exist and should not be ignored in planning for
isospin relations based on the short distance amplitade, future studies.

Bg-_.,~,=2Bgo ) will be evidence for a long distance

V. CONCLUDING REMARKS

a= |FBHP7’_ FB*HPY' _ |BB*>P7_ BB*HM|

(30

—p0y.
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