PHYSICAL REVIEW D VOLUME 53, NUMBER 5 1 MARCH 1996

Hadronic rare B decays via exchange or annihilation diagrams
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The two-body mesoniB decays induced only via a singlég-exchange or annihilation quark diagram, such
asB, —D{*)"K*) andB}—D{*)*K*)~, are analyzed in the factorization approximation. We estimate the
branching ratios for those transitions into two pseudoscalar mesons, and find them to be negligibly small. The
significant effect of final-state rescattering is illustrated by takjg—D ~K°, for example.

PACS numbgs): 13.25.Hw, 12.15.Ff, 14.40.Nd

As a result of the large data sample of weakransitions illustration]:
collected on theY (4S) resonance by CLEO and ARGUS
Collaborationg 1], the hadronic decays & mesons appear B0, D)t )~ D))+
to be a valuable window for determining the quark mixing a7 s s '
parameters, probing the origin QfP violation, and investi- (1)
gating nonperturbative confinement forces. Further experi-
mental efforts towards the above physical goals, such as the B_D®*)~M* D®)OMO D)+ M~ D*)OMO
program of CLEO Il and the construction of KEK and S ’ ’ ' '
SLAC B-meson factories, are underway. i
The dynamics of exclusive hadrorzdecays, in particu- WhereM denotes arl =1 light unflavored meson such as
lar those viaw-exchange or annihilation quark diagrams, is 7> . Of a; [1]. For two-body charged transitions, the
not yet well understood. The decay rateshfexchange and following de.cay mode_s occur only via the annihilation dia-
annihilation transitions are usually argued to be negligiblydram[see Fig. 1b) for illustration]:
small due to the suppression of helicity afd) form factors _
[2]; however, a solid justification of this argument is neces- BJ—>D<*)‘K(*>°,D<s*)‘|<(*>°,
sary in both theory and experiments. Current data have given
upper bounds on some of th&-exchange or annihilation (2
decay modes ofB mesons, e.g..#(B, —D} “K9<1.2 _
%102 and A(B%—D* *K*")<1.2x10°3 [1]. A better By — K TKHOKHITMO KM ™, M~ MO,
understanding of such processes is possible in the near fu-
ture, with the accumulation of larger data samples. In experiments, some of the above processes have been
As a preliminary step towards comprehensive studies ogearched for, and upper limits to the branching ratios of
the hadronic rard transitions viaW-exchange and annihi- BS_.p(*)*K®*)~ andB, —D{*)"K*)° have been obtained
lation diagrams, this short paper concentrates on two-body 5] Nevertheless, there has not been any preliminary esti-
mesonic decays. We first survey all possible decay modes hation of the decay rate for any of these modes.

this nature by use of a complete quark-diagram scheme, and The effective weak Hamiltonian responsible for the de-
then estimate branching ratios for those channels into tweays in Eqs(1) and(2) is given by

pseudoscalar mesons. Finally the significant effect of final-
state rescattering is illustrated by takiBg — D ~K© for ex-

ample. b @ o
According to the topology of lowest-order electroweak B C”

interactions with QCD effects included, all two-body me- b % 7

sonicB decays can be graphically described in terms of ten 9 Y

distinct quark diagranig3]. In the assumption of no final- (a)

state rescattering or channel mixing, it is possible to survey

those “pure” decay modes induced only by a single quark b e

graph. We find that the following neutr&d decays occur B, C7

solely through théW-exchange diagrarhsee Fig. 1a) for & % Y

(b)
“Electronic address: Xing@hep.physik.uni-muenchen.de
!Note that the popular six-graph schefdé does not include the FIG. 1. A graphic description of the two-body mesonic decay
quark diagram for the color-matched electroweak penguin transiB y(bs) —X(ay)+Y(yB): (8 the W-exchange diagram with
tions and those for the decays where ¢oeboth final-state me- §=d or's, a=u or ¢, 8=c or u, and y=u, d, ors; (b) the
sorn(s) must be the flavor singléd). For a detailed discussion, see annihilation diagram with=u or ¢, a=d ors, 8=u or ¢, and
Ref.[3]. y=u, d, ors.
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TABLE I. Typical examples of weaB decays into two pseudoscalar mesons via a siglexchange or

annihilation diagram.

Decay mode Quark diagram CKM factor Wilson factor Branching ratio
B, —D K° annihilation ViupVies a; 8.1x10°°
B, —DJK° annihilation ViV a; 4.2x10710
BY—DJK"™ W-exchange Ve Vig a, 6.5x10° 8
BY—D K" W-exchange ViVEy a, 2.1x1071
BY~D* 7~ W-exchange VeV a, 1.2x10°8
BY— D0 W-exchange VepVis a, 1.2x10°8
BY~D =" W-exchange VoV a, 1.5x107°
BY— D% W-exchange ViupVes a, 1.5x107°
B, —K K° annihilation VepVig a, 6.3x10°°
B, -7 w° annihilation VepVig a, 1.1x10°7
B, —K ™ a° annihilation VepVis a, 6.7x10°®
B, — K7~ annihilation VepVis a; 6.4x10°°

Gk — —
-‘//A/’Zeff:EVcbvﬁq[Cl(qU)V—A(Cb)V7A

+cy(cu)y_alqb)y_a]+ (uec)+H.c.,

)

where g=d or s, V represents the Cabibbo-Kobayashi-
Maskawa(CKM) matrix, andc; andc, are two Wilson co-
efficients at the scal®©(m,). Assuming a generic decay
modeB s(b8)— X(ay)+ Y(yB) as illustrated in Fig. 1, one
can factorize its amplitudéXY|.7.4B) into a product of

where f35 is the decay constant of thB; meson and
Fi(m%g) is the annihilation form factor. The perturbative

QCD calculation gives F3(mg )=i16mafg /mg  [9],
which is primarily absorptive. In estimating the branching
ratios of B;— XY, we take ag(m,)=0.20, a;=1.15, and
a,=0.26 [5]. The central values of meson masses can be
found from Ref.[1]. The average lifetimes d8,, By, B,

and B, mesons are taken to be 1840 2, 1.50<10 *2,
1.34x 10 2 and 0.5<10 2 s, respectively1,10]. Consid-

three terms: the CKM factor, the combination of Wilson co- €1ing the constraints of unitarity on the CKM mathik[11],

efficients, and the matrix element of color-singlet currentsWe adopt |V,q|=0.9744, |V |=0.9734, |V {=|V
=0.22, |V.,|=0.04, and|V,,|=0.08V.,|. We also input
fg,=fg,=0.196 GeV,fg =0.212 GeV,fz =0.48 GeV, and

For example,

Ge

V2

(DK e By ) =

or

Ge

(Dg K* |- 7| BY) = —=ap(Vup Vi) Q

2

wherea;=c; +c,/3, a,=c,+¢4/3, and the hadronic matrix

-0
al(Vu bV:s)QsDcuK

—wt
Dg K
ucd

elements are obtained from the definition

(4a)

(4b)

Mg, =6.25 GeV[12,10. The numerical results are listed in
Table I.

From Table | we observe that all 12 decay modes have
negligibly small branching ratios in the context of the factor-
ization approximation and the form factor model used above.
The suppression of decay rates mainly arises from the small-

ness ofFi(méb) and|V,,|. For thoseW-exchange-induced

channels, the smaller Wilson factar also suppresses the

decay rates to some extenfiag|?>~7%). Note thatQ}};

«(my—my) comes from the application of a constituent
U(2,2 quark model[8], and this may lead to large suppres-

sion and uncertainty ifny andmy are comparable in mag-
nitude (e.g., B, —K~K® and 7~ 7). In comparison with
Subsequently we treat; anda, as free parameters, in order our rough results forBJ—>DS_K° and BgHD;K—, the
to phenomenologically accommodate the contribution ofexisting data give #(B, —»DsK%<1.1x10® and
color-octet currents which has been neglected in the aboy%)(gg_)D;K—)<2_4X 1074 [1,5].
najve factorization approximatidi6, 7]. The matrix elements e anove discussions do not take into account the re-
(2,55 can be Lorentz-invariantly decomposed in terms of thescattering effect of final states due to strong interactions.
decay constants and form factors; however, many difficultiesch effects may give rise to mixing of a “pure” decay
exist in evaluating the relevant annihilation form factors.  mode (via a single quark diagramwith others, including
Jor simplicity and illustration, here we only calculate {hose which were not originally coupled to this weak chan-
Qs for the case that boti andY are pseudoscalar me- ne|. Thus it is necessary to estimate the magnitude of final-
sons. Following the work of Bernabeand Jarlskog8], we  state rescattering for those transitions listed in Egsand
obtain (2). For illustration, here we takB, — D ~K° for example to
demonstrate that significant channel mixing can completely
2_ 2 a2 ruin a “pure” decay mode. .
LCmyct my)™=mg ] P2 (m3,). © An isospin analysis shows thBf, — D ~K° may mix un-

QX% = (XY|(aB)y_al0)0[(3b)y_alBs).  (5)

My — My

Opfs=i———
@B my+my
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der rescattering withB; —D°K~ and B—D°K° [13,14.

+3 T T

Note thatDK? is a purel =1 state, and8]— DK occurs o —_ | I
only through a single color-mismatched spectator diagram 102 b 1
[3,14]. In contrast,B, —D°K~ takes place via both the :
color-mismatched spectator graph and the annihilation one. 10t £ 3
Ignoring_ final-state  interactions, the amplitude of R(A¢) | ]
BS—DPK® can be factorized as 10° E<0itfe>0 E
- 107 £ E
(DK el BY = sV VIITIEE (7) ;

V2 ol

o -200°  —100° 0° +100°  +200°
where the hadronic matrix elemeﬂﬁ§§0 is obtainable from A¢

the generic formula

_ — FIG. 2. The change dR(A ¢) as a function of the rescattering
I3 5,=(X|(@B)y-al0)(Y|(7D)v-alB) phase shifth .

= —i(mg,—m§) fxFo (M%) ®)

for Bﬁ(bg)__)ﬂag)_w(ag)_ ‘Under isospin invariance, The sign ambigouity of¢ arisgos from the unkqoown relative
one findsIT2 K =TI2K " andQ2K =00 X°  After taking ~ Sign betweerI7c{ a”dQsDc%KK- The size oflI{.5 can be
into account the rescattering effect B K°, DK° and estimated with the input§ *(0)=0.38 andfpo=0.253
DK ", the transition amplitude d8; —D K can be writ- GeV [6,12]. We approximately obtain{~+18.8. The
ten as change ofR(A ¢) as a function ofA ¢ is numerically illus-
trated in Fig. 2.
_= _ Gr 50k — It is clear that the significant rescattering effect
(DK% ZerlBy )= ﬁ(VubVé‘s)[(azﬂﬁcg (|A¢|=50°) can dramatically enhance the branching ratio
_ _ of B, —D K to the level~1078. In this case, the transi-
+22,00 K%)elo— g, 10K gid1], tion is indeed dominated by the contribution from
©) BS— DK andB, —D°K . ConsideringddK scattering via
a t-channel exchange of Regge trajectories, Deshpande and
where ¢y and ¢, are the strong phases 60 andl=1 Dib have estimated the strong phase shié and obtained
states. It is obvious that the contribution of the rescatteringan(A ¢)~ —0.14[14]. This result has a twofold ambiguity:
term  T2.X  to (DK 74B;) disappears if for A¢~—8° R(A¢) deviates only a little fronR(0); for

ucs

Ap=;— po=0[14]. As a result, we find the effect of non- A¢~172°, R(A$)/R(0)~10* may appear. Note also that

vanishingA ¢ on the branching ratio d8; —D ~K°: R(A¢) is insensitive to the sign of, due to the fac{¢|
_ >1.
.%’(BJHD‘KO)MWO Certainly the above calculation approaches have many
R(A¢)= uncertainties which are unable to be removed to the limit of

7 - -KO
By =D 7K sg=0 our present understanding of tNé-exchange and annihila-

_ (A tion transitions. Thus the relevant quantitative results might

=1-¢ SIFKA¢)+§25"‘2(7>a (10 not be trustworthy, but only serve as illustration of the pos-

sible qualitative effects. A reliable examination of the true

with role of W-exchange and annihilation quark diagrams in dif-
ferent types of hadronic ra®® decays deserves further theo-

DOK ~ . .
a, [I;es retical and experimental efforts.

=

T . (1)
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