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Note on the baryonicB—Apzn’ decay
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In this short report we examine the exclusive three-b&dyxpn’ decay using a simple pole model
involving a scalar intermediate resonance state. Our aim is to test the recently formulated hypothesis that
charmless baryoniB decays could occur mainly in association wigh or .
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In a recent paper by Hou and Sddi], the general prob- intermediate state. Diquark models and sum rules are cer-
lem of searching for new ways to estimate charmless barytainly the most complete approaches to baryonic detsses
onic B decays was addressed. The thesis is that charmlesise discussion ifi9], see alsq10]), anyway, in many cases,
baryonic B decays may be more prominent in associationsimple pole ideas have provided reasonable estimates of sev-
with »" or y. In particular, attention is focused on the exclu- eral exclusive processes.
sive proces8— 7' Ap, taking the cue from the experimen-  In this report we will consider a pole model of th
tal observ,atlon of the unexpectedly large modes 7'Xs  _, ;' Ap interaction involving as intermediate meson state
andB— 'K [2]. the K} (1430) scalar resonan¢&1]; in other words we will

Since the enhancemefBr(B— 7'K)=8x10°] was oBis> 1’ K*
established by the CLEO Collaboration, many studies aimed>>ume that the decay proceeds as fol 7'Ko

at investigating its nature have appeared. An interesting pro=> 7' Ap. The effective couplingKAp and Kz Ap have
posal to explain the phenomenon is that based on the sufeen computed in Ref12] in the framework of a nuclear-
procesh—sg* —s»’g, where the virtual gluomy* emerg- soft-core model. It is interesting to observe that the latter
ing from the standard model penguin amplitude couples tg¢oupling is suggested to be almost ten times bigger than the
n' via an effectivegg* »' vertex related to the gluonic tri- former (see Tables VI and VIl in Ref12]), suggesting that
angle anomaly3]. The structure of this vertex was reexam- the K (1430) state is a quite better candidate for being con-
ined in Ref.[4], where the running of the .effective coupling sjdered as the intermediate stateBin- 7' Ap.
of 7" to gluons, assumed to be constant in R8f, was also The diagram we consider is shown in Fig. 1 while in Fig.
taken into account. The possibility that tgg® »" vertex 5 e show the diagram supposed to be responsible fopthe
C.OU|d be dangero_usly affec_ted by out of control nonpe_rturbaéoup“ng to theB meson8]. The penguin interaction and the
2;‘; T:)ze%ir\:\élaisndsg;g]s e‘lqk:g Fezr%g.rgse%rzee EL#rtgh*egr C,”t(';)'ﬁ?] n'gg vertices are depicted effectively as two black spots,
oling in theB— D7’ decéy has been explored in zﬁﬂ n while the interaction of the almost-on-shell gluGarrying

) momentump) with the light quark line is represented with a

Ref. [8] a “nonspectator model’ has been introduced to smaller spot. This “nonspectator mechanism” has been used
tudy the inclusi 'X th lusi K&y ' : . .
study the inclusivéB— "X, and the exclusiv — " in Ref. [8] to predict theBr(B—K#') branching ratio. In

decays: the gluomg of the gg* »' vertex is supposed to be | . ) )
emitted by the light quark inside tH& meson, while the* this report we mgrely uie :che model to B;H,Kn and af-
terwards to predicB—Kg »'. Once theBKg »' coupling is

comes from thdo—s penguin amplitude. ) ,
Taking advantage of the latter mechanism, we estimat§"OWn, using the pole model we estimate tfir(B
" Ap) with the Breit-Wigner approximation for the inter-

the B— n’/Tp branching ratio using a simple pole model — 7 .
according to which this decay proceeds via an intermediat@'ediateKg . - , o
scalarmeson. A pole model is also used in Rgf] to gain a The effectiven’gg vertex is given by

guantitative estimate @ — »’ A p, but the intermediate state
there assumed is & meson which makes the pole approxi- . A
mation questionable because tKeis clearly quite off its B Ko
mass shell. As already noted [ih] it would be preferable to
exploit the idea of ag* emerging from the penguin ampli- T
tude and fragmenting into a diquark pair rather than rely on n
the simple picture of an intermediate state mediating the .
baryonic decay. The former approach takes care of the short FIG. 1. TheB—Apz' decay is modeled to proceed via the
distance dynamics which is instead completely lost wherintermediate scalar resonanig (1430). With respect to the calcu-
considering only the long distance contribution due to thdation sketched in Ref1], whereK is taken in place oK , here
we are considering the more reliable case in which the intermediate
state is not heavily off its mass shell. Moreover, the effective cou-

*On leave of absence from INFN, Sezione di Pavia, Pavia, Italypling of K_SKD, calculated in Ref[9], is definitely stronger than
TElectronic address: antonio.polosa@cern.ch that of KA p.
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FIG. 2. According to the model used), is coupled to the vir-
tual gluon produced in the Sk— s penguin amplitude and the soft
gluon radiated by the light quark in thg

A“T(gg— ') =iH (g%, p?m? ) e P pg, (1)

where the form factoH(0,0mf?,) is estimated to be approxi-
mately 1.8 GeV?! [3]. Here we consider the’> dependence
of H described in Ref[13] (see Fig. 13 in Ref.13]), where

qzszy,+2poE,,, (see Fig. 2 Our starting point is the ex-
pression for the amplitude @&— K #’ obtained in Ref|[8]:

, 2CHfgfy
(n KlHeﬁ|B>:_|T
X(Pg APk P—Ps PPk a)
__ 2CHfafy .
“gprz  MePo
2 2 2
Mg—M_—M
X (mB_EK)EK_%,
2
where

S — 1
Her=i1CH[SY,.(1— v5) T?0](a7,T%q) — €“7“ q,pg .-
p2
()

The latter equation is a combination of Ed) and of the

flavor changing verteh— sg[14], according to the model in
Fig. 2. The second factor is tlggy g vertex,q being the light

qguark in the heavy meson. THe constant is built with the
Inami-Lim functionE [14] according to

G|: Qg

C= 2 5 VioVid EO) — E(xo)], 4
where
2 x2(15— 16x; + 4%?)
E(xi)=—3In(x)+ . In(x;)
X (18— 11x; — x?)
Tt o3 ©)

12(1—x;)3
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FIG. 3. In the nonspectator model there is an important depen-
dence on the cutoffA chosen. In our case we uge just as a fit
parameter. We fit th8—K ' to predictB—Kg »'. The experi-

mental value indicated by the horizontal line selects
=0.23 GeV.
Ex= VM +pk,
2 2 2 12 ©
ol = mB+mK—mn,_ 2]
Pk 4Jné K

Assuming the cutoffA=0.23 GeV in Eq.(2) (A
~ Agcp), and considering alspy, the energy of the almost-
on-shell gluon emitted softly by the light quankg~A, we
reproduce fairly well the experimentally observed central
value of Br(B—K#')=7.8x10"5.

Having fitted the parametey (see Fig. 3on the observed
rate forB—K#', oncepg is chosen to bgy=0.25 GeV,
we can now consider the case of Be>K§ »’' process writ-
ing, after Ref[8], the expression for its amplitude as

ZCHfoKg
I * - H
(7Kg [HerlB) =+ —-

X(pg-q PKg'p_pB'png'Q)- (7)

We take the definition and the value of the leptonic decay
constanthg in Ref.[15]:

s mié =0.0842+0.0045 GeV. (8)

Using the amplitude given in Eq7) we readily compute
the branching ratio:
Br(B—Kg»n')=3.4x10°. 9

To perform this estimate we use a value for Bhéorm factor

. . 2
x;=m2/mé,, m; being the internal quark mass and we as-9iven by H=1.5 GeV'* instead of the H(0,0m;))

sumeag=0.2,f3=0.2 GeV, andfy=0.167 GeV.
The second equation in E() is obtained in the center of

mass frame of the decayirl§ and averaging on the direc-

tions of the gluon radiated by the light quark in tBesystem
(see Fig. 2 Obviously

=1.8 GeV . This is because we take into account the form
factor suppression extensively described in Ré&B] (see
Fig. 13 of Ref.[13]).

The latter prediction is functional to compute tBe for

the proces8— Apz’ using the coupling
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(eff)
gK;Ap

N

computed in Ref[12]. (In Ref. [12] the symbolx is used

=283, (10)

rather tharKy ; see Ref[16]). The expression for the width

is given by

G1G;

F(B—Apy yr=———
( pn )KO 16(27T)3m%

(mg—m r)z 2
XJ 7/2 dq2)\1/2(m§,q2’m”’)
(mA+mp)

1 1

2 2 2
*_q2)2+I‘K*mK* q2
0 0 0

X 2
(my

XANY(g?,mi ,m2), (1)

where G, and G; are, respectively, #(g'S)? and
[(7'K¥|Hex|B)|?. The N function is the K#én triangular

function defined a& (x,y,z) =x?+y?+ 72— 2(xy+yz+Xx2).

This appears in the integrated two-body phase space for

spinless decaying particke

[(a—b+c)= ——\Y4(m2,m2,m2)|gand?,

6mrmj

12
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the same and the Breit-Wigner formula is implemented.
Equation(11) allows for a prediction of the branching ratio:

Br(B—Ap7n')=6.0<10"7, (13)

which is sensibly lower than what was expected in REf,
namely Br(B—Ap#')=2.4x10"°. Varying smoothly the
value ofpy and selecting accordingly the value of the form
factorH from Ref.[13] and the value of the cutoff in order

to fit B—K %', we find a nice stability of th&r obtained in
Eqg. (13). Even more stable against variation of the param-
eters is the value oBr(B— »'K{). It is worth noting that

F(B—>/Tp17’),<3 IT(B—K%7')=0.18. However, it should

be stressed that, due to the intrinsic model dependence of our
approach and due to the complexity of the baryonic decays,
these results have to be understood as order-of-magnitude
estimates. Interestingly, what emerges here is that a simple
pole model, suggests a quite reasonable rate for a charmless
baryon-antibaryon final state produced in association with

in a B decay.

This exclusive mode could be soon reconstructed by the
BaBar and Belle Collaborations and our straightforward cal-
culation provides the possibility to test the nonspectator
model in Ref.[8], the nuclear-soft-core model in Réfl2]

&hd, more basically, the anomaly picture in R&f.

Once observed meson baryonic modes could also offer
new paths to explore fundamental topics such as the extrac-
tion of CP violating phases.
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