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Charmless two body hadronic decays of the\,, baryon
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Using a theoretical framework based on the next-to-leading order QCD improved effective Hamiltonian, we
have estimated the branching ratios and asymmetry parameters for the two body charmless nonleptonic decay
modes of theAy, baryon, i.e.,A,—p(7w/p), p(K/IK*), and A(m/p), within the framework of generalized
factorization. The nonfactorizable contributions are parametrized in terms of the effective number of colors,
NE™". So, in addition to the naive factorization approadlf(=3), here we have taken two more values for
NE™: i.e.,Ne"=2 andw. The baryonic form factors at maximum momentum transi@p) (are evaluated using
the nonrelativistic quark model and the extrapolation of the form factors qﬁmo the requiredy? value is
done by assuming pole dominance. The obtained branching ratios,ferps, pK processes lie within the
present experimental upper limit.
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[. INTRODUCTION CP violation are expected to come. Theoretically many sig-
nificant improvements and developments have taken place
The principal interest in the study of weak decays of bot-over the past years. For example, a next-to-leading order
tom hadrons in the context of the standard md@) lies  effective Hamiltonian for current-current operators and QCD
in the fact that they provide valuable information on theas well as electroweak penguin operators have become avail-
weak rotation matrix—the Cabibbo-Kobayashi-Maskawagple. The renormalization scheme and scale problems with
(CKM) matrix. In factb decays determine five of its matrix the factorization approach for matrix elements can be cir-
elementsVep, Vyp, Vig, Vis, @ndViy. The dominantdecay cymyented by employing scale- and scheme-independent
modes of bottom hadrons are those involvimg-c transi-  \jjson coefficients. Incorporating all these improved results,
tions. There are also rare decay modes which proceefe exclusive two body charmless hadronic decayB ofe-
through the CKM suppressel—~u spectator tree diagram g,nq anq theit P asymmetries have been extensively stud-
and/or b—s(b—d) penguin amplitudes with, in general, ied in Refs.[2—6].
both QCD and electroweak penguin diagrams participating.

. . It is also interesting to study the charmless nonleptonic
_The study (.)f exclusive charmless nonlept_o hic bottom decay8ecays of the bottom baryon system. Recently some data on
is of great interest for several reasons. First of all, they pro- :

ceed in general through th&-loop diagrams, the so-called the bottom baryom\,, have appeared. For instance, OPAL

penguin diagrams without CKM suppression and through th{'as_ meas_ured its_ Iifetim_e and the production branching ratio
CKM suppressed spectator diagrams. Thus the salient featu Qr inclusive semllepton!c decf]. Furthermore, measure-
in charmless bottom decays is that the loop graphs are dgents of the nonlgptonlc decay,— AJ/ 4y havg also been
important as the tree graphs. In some cases the loop grap orted[8]. Cgrtamly we expect more data in the bottom
may even be dominant over the tree graphs. Furthermore, ryon sector in the near fu_ture.
most of these decays proceed through more than one ampli- " this paper we would like to study the charmles*s had-
tude with different CKM phases, there will in general be rOnic decays of thé., baryon, i.e. Ap—p(/p), p(K/K*),
interference, and so there is an opportunity to observe dire@dAb—A(7/p). Experimentally, only upper limits on the
CP violation. Hence the analysis and measurement oPranching ratios for rard, decay modes\,—pm and A,
charmless hadronia decays will enable us to understand the ~PK have been observefB]. The standard theoretical
QCD and electroweak penguin effects as well as the origin off@mework to study the nonleptonit,, decays is based on
CP violation in the standard model and provide a powerfulthe effective Hamiltonian a_pproach, whu_:h a_IIows_us to sepa-
tool of seeing physics beyond the SM. rate the_ short- and long-distance contributions in these de-
Recently, there has been remarkable progress in the studys Using the Wilson operator product expan$i. QCD

of exclusive charmless bottom meson decays both experPerturbation —theory is then used in deriving the
mentally and theoretically. Experimentally, CLEQ)] has renormalization-group improved short-distance contributions

discovered many new two body decay modes [11]. This program has now been carried out up to and in-
cluding next-to-leading order terni42,13. But the long-
B—p'K*, #'K° ="K, a%K*, p%nt wK® distance part in the two body decay—B¢M [where

(1) B;(Bs) are the initial(final) baryons andV is the final pseu-
doscalar or vector mespmvolves the transition matrix ele-
and found possible evidence Br— ¢K*. Moreover, CLEO  ment(B;M|O;|B;), whereO; is an operator in the effective
has provided new improved upper limits for many other de-Hamiltonian. Calculation of these matrix elements from first
cay modes. WitlB factories Babar and Belle starting to col- principles is not yet possible and hence some approximation
lect data, many exciting years in the arenaBgbhysics and has to be adopted to deal with these matrix elements. The
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one we use here is based on the idea of factorization in which pe [ (mi+m )2— m2 (m,—m;)2— m2

the final state interactions have to be absent and hadronic = — #|A|2+ L P||3|2 ,
matrix elements in th&;—B;M transition factorize into a 8w mi2 mi2

product of two comparatively tractable matrix elements, one

involving the form factors and the other, the decay constant. 2k RgA*B)

Motivated by the phenomenological success of factorization a= — m 3

in charmless nonleptoniB decays[2—6], we would like to
pursue this framework for charmleds, decays. It is custom- -
arily argued that final state interactiof8SI9 are expected wherem;, m¢, andmg are the masses of the initial bary-
to play a minor role in charmless hadrorbalecays due to on, final baryon, and pseudoscalar meson respectiygly,
the large energy release in these decay processes. Furthbi- the cm. momentum, and x=pc/(E¢+my)
more, in the nonleptonic decays of heavy mesons,\he = V(Es—my)/(E¢+my). _

exchange contribution is known to be negligible in compari- 7O the Ap—B;V (whereVis the vector mesandecay
son to the factorizable one due to helicity and color suppresede, the general form for the amplitude is given as
sion. But theW exchange in baryon decays is not subject to —

helicity and color suppression and can be as important as aV{(Ap—BiV) =ur(ps) € “[ A1y, ¥s+Aa(P1) u Y5+ B1v,
factorizable one. The experimental measurement of the de-

cay modes\ .—3°7", 37, andA,—E°K ", which do B2(Pr)ulua, (Pi), @
not receive any factorizable contributions, indicates that
exchange indeed plays an essential role in charmed bary
decays. Nevertheless, th&-exchange contribution is ex-
pected to be less important in the nonleptonic decays of bo
tom baryons as shown by the following arguments: the

W-exchange contribution to the total decay width of heavy . Pc E¢+my
baryon relative to the spectator diagram is of the order of 87 m,
P=32771)qq(0)|/m [14]. Therefore, althoughW ex-

change plays a dramatic role in the charmed baryon case, it 2 2 *
becomes negligible in bottom baryon decays. So we have nog, — Am,RE (S"P;) + 2B,R (S+D)* Py]
taken into account thé/-exchange contribution in our analy- 2m2(|8|2+|P,|?) + EZ(|S+ D2+ P4
sis. The renormalization scheme and scale problems with the

factorization approach for matrix elements can be circumwith

vented by employing scale- and scheme-independent effec-

cyﬁhere e* is the polarization vector of the emitted vector
meson. The corresponding decay rate and asymmetry param-
gter are given agl7]

EY
2(I8°+[Pl*) + 5 (IS+DI*+Py*)
v

(5

tive Wilson coefficients. The form factors at maximum recoil S=-A4,

have been calculated using the nonrelativistic quark model

[15] and the nearest pole dominance has been used to ex- pg

trapolate them to the requiregf point. D=— =" (Ai—mAy),
Ev(Es+my)

The paper is organized as follows. The kinematics of hy-
peron decays is presented in Sec. Il. In Sec. Il we discuss

the effective Hamiltonian together with the quark level ma- P,=— Pe M31+ m;B,

trix elements and the numerical values of the Wilson coeffi- Ev\Ef+mg e

cients. Using the factorization ansatz we evaluate the matrix

elements in the nonrelativistic quark model in Sec. IV. Sec- Pc

tion V contains our results and discussion. PZ:mBl- ©)
Il. KINEMATICS OF HYPERON DECAYS IIl. EEFECTIVE HAMILTONIAN

In this section we present the kinematics of nonleptonic  The effective Hamiltoniart( for the hadronic charm-
hyperon decays. The most general Lorentz-invariant ampliress A, decays is given as
tude for the decay\,—B;P (where P is a pseudoscalar
meson can be written as

G
Heff=T; VoV C1( ) OY( 1) + Co( 1) O5( ) ]

M(A,—BP)=ius(pp)(A+Bys)us, (p), (2
10
—_ * . .

whereu; andu, are the Dirac spinors fdB; and A, bary- thth;a C'('“)O'('“)] +H.c., @)
ons; A and B are parity-violating Swave and parity-
conserving P-wave amplitudes, respectively. The corre-whereq=d,s andc;(u) are the Wilson coefficients evalu-
sponding decay ratd’) and up-down asymmetry parameter ated at the renormalization scale The operator®, g are
are given a$16,17 given as
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OY=(ub)y_A(qQU)y_a, O%=(Ubg)yv_a(dgUs)v_a,
1= (Uub)y_a(qu)y_a 2= (Ubg)yv-a(dpUa)v-a o . Cs(M)+_7T (0)T|n7+r 3ACi(:U~)
I
O35 :(ab)vaZ (a'ql)vav INE
®) " (V+8) ——24;(ct+cp+cg),
O4(6):(qabﬁ)V7A§; (Agda)v-Av+A) ceff - C4(M)+— (0)T|n7+r ci(p)
4
3 — — ag
07(9):§(qb)V7A2 €q'(d'ad")viav-a) + 5, (CiHCp+Cy),
q!
3 _ — eff +_ HOT] b T o
Os(10/= 5 (Aabp)v-22 €q(AHALIV AV @ O lu=m=Cs(k) T Gt
qI
ag
whereQ, , are the tree-level current-current operat@s, ¢ - E(Ct+ CptCy),
are the QCD, an®,_4q are the electroweak penguin opera-
tors. (CI1CI2)(V+A) denote the usuaM= A) currents. The sum
overq’ runs over the quark fields that are active at the scale§'’| my cs(,u,)+—7T (O)Tln—+r Ci(u)
M 6i

u=0(m,), i.e., (@' eu,d,s,c,b). The Wilson coefficients
depend(in genera] in the renormalization scheme and the w
scaleu at which they are evaluated. In the next to leading + —S(ct+cp+ Cy).
order their values obtained in the naive dimensional regular- 87

ization (NDR) scheme aj=m,(m,) as[18]

eff S (O)T _ . i
+ In +r C + Ce,
c,=1.082, c,=—0.185 c3=0.014, c,=—0.035, lu=m,=Cr () + 37 P , ()t g Ce
=0.009, cg=-0.041, c;=-0.002, cg=0.054,

8 lu=m,= Cg(u)+— ‘O)Tln7+r ci(w),

Co=—1.292v, Cy9=0.263. ©) o
- o

However, the physical matrix elementB;M|Her(Ap) are  C§'| mb—Cg(,u)+ 477 (O)Tm r) oci(u)+ 8qCe
obviously independent of both the scheme and scale. Hence ’u 9i
the dependence in the Wilson coefficients must be canceled
by the corresponding scheme and scale dependence of thgff _ B VO L _
matrix elements of the operators. However, in the factoriza- Cio |- Mo ClO('U“)Jr 47 In,u T mc'(“)’

tion approximation, the hadronic matrix elements are written
in terms of form factors and decay constants which ar
scheme and scale independent. So to achieve cancellation t
various one loop corrections are absorbed into the effectiv
Wilson coefficientsc , which are scheme and scale inde- 6]

pendent: i.e., The quantitiesC;, C,,, andC, arise from the penguin-
type diagrams of the operato, ,, the penguin-type dia-

(qUu|Heff|b):2 Cieff(M)<qUu|Oj|b>tree_ (10) grams o_f the operator®;—0g, anq the treeT level diagrams

] of the dipole operatoO,, respectively, which are given in
the NDR schemégafter modified minimal subtraction scheme

() may be expressed (M_S) renormalizatioh by

herer™ and ()T are the transpose of the matricesnd

®) arise from the vertex corrections to the operators
1—04 derived in[13], which are explicitly given in Ref.

The effective Wilson coefficients? '’

as[2-6] N N
Ci=—|TG(my)+ =G(m) | ey, (12
eff )T At At
1 | p=m,= C1(M)+_ |n7+r Ci(u), (13)
1i ~ -
Cp=[G(mg)+G(my)]cs
Cgff p=my T CZ(M)+ _77 (O)T|n7+r Ci(ﬂ)l + %: b é(mi)(C4+ C6),
2i i=u,d,s,c,

074001-3



R. MOHANTA, A. K. GIRI, AND M. P. KHANNA PHYSICAL REVIEW D 63 074001

2m TABLE |. Numerical values of the effective Wilson coefficients
Co=— —2ceff  ceffe 1 043, ¢ for b—s andb—d transitions evaluated &*/m2=0.499 for

g (k%) ¢ g b—s and atk?/m2=0.5 for theb—d processes.
8 [ Nyx Nex b—s b—d
Ce=—§(A—G(mu)+ .G(me) [ (c1+3Cy), o
t t ce 1.168 1.168
csff —0.365 —0.365
G(my)= E_G(mq o), cs'f 0.0225+i0.0043 0.0224i0.0038
3 ceff —(0.0467+10.0129) —(0.0454+i0.0115)
L ceff 0.0133+i0.0043 0.013%i0.0038
1 m°—kx(1—-x) ceff —(0.0481+i0.0129) —(0.0475+i0.0115)
G(m.k,u)= _4fo dx X(l_x)'”( 2 ) - A ey, —(0.0299+10.0356)  —(0.0294+i0.0329)
cta 0.055 0.055
It should be noted that the quantiti€, C,, andC,  c§'/a —(1.4268+i0.0356) —(1.426+i0.0329)
depend on the CKM matrix elements, the quark masses, the!/ a 0.48 0.48

scale u and k?, the momentum transferred by the virtual

particles appearing in the penguin diagrams. In the factoriza-

tion approximation there is no model-independent way t0=g 4 MeV, my(m,)=90 MeV, m,(m,)=0.95 GeV, and
2 . . ’ f . s

keep track of thek dependenpe, the.actuallvaluek?hs my(my) =4.34 GeV. Thus we obtairk2/m§20.5 for b

model dependent. From the simple kinematics of charmless

nonleptonicB decays 19] one expectk? to be typically in = duu transitions and?/m; = 0.499 forb— suutransitions.
the range Using these values & the estimated values of the effective

renormalization scheme and scale independent Wilson coef-
m2 m2 ficients forb—d andb—s transitions are given in Table I.
Lk 2, (14)

) ) ) ] IV. EVALUATION OF THE MATRIX ELEMENTS
Since the branching ratios depend crucially on the param-

eterk?, here we would like to take a specific value for it from  After obtaining the effective Wilson coefficients now we
the above-mentioned range. Here we will use for the twovant to calculate the matrix elemef8¢M|O;|A,) whereO;
body penguin induced decay$,—B;M as done for the are the fo.ur quark current operators I_|sted in m) using
charmlessB— PP decays[20]. Assuming that in the rest the factorization approximation. In this approximation, the
frame of theA, baryon the spectator diquarks both in the hadronic matrix elements of the four quark operators
initial and final baryons have negligible momentum and the(ub) ) (qu) 4 is split into the product of two matrix
momentum is shared equally between the two quarks of thglements (M |(qu) v—)|0) and (Bg|(ub)y—a)lAp), where
emitted meson, the average momentum transfer or Fierz transformation has been used so that the flavor quan-
—quu transitions[g=d for A,—p(w/p) andg=s for A,  tum numbers of the currents match those of the hadrons.

—p(K/K*) and A (#/p) transitiong is given as Since Fierz rearranging yields operators which are in the
color singlet-singlet and octet-octet forms, this procedure re-
(k?)=mp+mi—2m,E,. (15 sults, in general, in matrix elements which have the right

flavor quantum numbers but involve both singlet-singlet and
The energyE, of the g quark in the final meson is deter- octet-octet current operators. However, there is no experi-
mined from mental information available for the octet-octet part. So in
the factorization approximation, one discards the color octet-
Eqt+ VES—mi+mi+ VA4(EZ—my)+mi=my, (16)  octet piece and compensates this by treakipg the number
of colors, as a free parameter, and its value is extracted from
wheremy,, mq, andm, denote the masses of the decaying the data of two body nonleptonic decays.

quark, daughteg quark, and thel quark created aswau pair The matrix elements of the/(— A)(V+ A) operators, i.e.,
from the virtual gluon, photon, oz particle in the penguin (Og and Og), can be calculated as follows. After Fierz or-
loop. dering and factorization they contribute [&2]

For numerical calculation we have taken the CKM matrix
elements expressed in terms of the Wolfenstein parameters
with the valuesA=0.815, A =sin 6,=0.2205,p=0.175, and (BeM|Og|Ap)=—2>, (M|q(1+ y5)q’|0)
7=0.37[6]. Using the mass renormalization equations with q’
three loopg function, the values of the current quark masses —
are evaluated at various energy scales in [&f]. Since the X(Bia' (1= ys)b|Ap). 17
energy released in the decay maotlg—p= "~ is of the order
of my,, we take the current quark mass values at the scal&sing the Dirac equation the matrix element can be rewritten
pu~m, from [21] as my(my)=3.2 MeV, my(my,) as
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TABLE Il. Values of the form factors at zero momentum transfer evaluated using the nonrelativistic

quark model

Decay process f1(0) m;f,(0) m;f5(0) 91(0) m;g,(0) m;g3(0)
Ap—p 0.043 —0.022 —0.009 0.092 —0.02 —0.047
Ap— A 0.061 —0.025 —0.008 0.107 —-0.014 —0.043

(BtM[Og|Ap)=—[Ry(B¢|V | Ap)
—Ry(Bi|AL[A)UM[(V-A),[0), (18

=338 MeV, my=322 MeV, mg=510 MeV, and mj
=5 GeV. Ny is the flavor factor:

with Nfi = flavor spir{ p| babbl A b>flavor spins (22)
2mg,
a (mb_ mu)(mq+ mu) ,

2 N
= My my) (Mg my) which is equal to /2 for A,—p and 143 for Ap—A
(19) transitions[17]. Since the calculation of thg? dependence
of the form factors is beyond the scope of the nonrelativistic
where the quark masses are the current quark masses. Theark model, we will follow the conventional practice to
same relation works foDg. assume a pole dominance for the form faaiébehavior as
Thus under the factorization approximation the baryon
decay amplitude is governed by a decay constant and bary-
onic transition form factors. The general expression for the
baryon transition is given as

Ry R,

f(0)

(1—g%/md)?’

2 2 900
f(a%) 9(a%) 1—qimd)?’ (23

<Bf(pf)|v,u,_A;L|Ab(pi)>
=ug, (P){f1(0®) v, +if2(a%) 0,97+ f3(d)q,,

—[92(0%) 7, +192(0%) 0,.,9"+ 93(a”)d, ] ys}ua, (PD),
(20

wheremy (m,) is the pole mass of the vect@axial vectoy
meson with the same quantum number as the current under
consideration. The pole masses are taken &g
=5.32 (5.42) GeV andm,=5.71 (5.86) GeV for b

—d (b—s) transitiong 17]. Assuming a dipolg? behavior

for form factors and taking the masses of the particles from

whereq=p;—p;. In order to evaluate the form factors at Ref.[9], the obtained values of the form factors at zero mo-
maximum momentum transfer, we have employed the nonMentum transfer are given in Table II.

relativistic quark mode[15], where they are given as

Ay
2m;

) Am Am
f1(am)/Ngi=1— 5—+

2m;  4mm, )(mierf_”Am)

Am
8mym; mg

(m;+m¢—nAm),

1
— —mf(mi+mf— nAm)

f3(qm)/Ngi= >m  am
1 |

A

- m[(mi+mf)ﬂ+ Am],

2 N +Am/T 1 1
91(qm)/Nii=n+— mm,  mmg 7,

) Al 1 1
9a(Am)/Ni=— 7| = 7, (2D

with A=m;—m,, Am=m,—m;, g3=Am? =1, andmg

The matrix elemen{M|(V—A) ,|0) is related to the de-
cay constants of the charged pseudoscalar and vector mesons
fp andfy as

<O|AM|P(Q)>=|qu,u1 <0|AM|V(€:CI)>=fvmv€,L (24)

The decay constants for the neutral meséres, 7° andp°)

are taken to be 1/2 times that of the corresponding charged
mesons. Thus we obtain the transition amplitudes for various
A,— B;P decay modes as given below.

A. A,—B;P transitions
1. Ay—pm~

Since in this case the final state has isodpin3/2,1/2 we
have Al =3/2 and 1/2. From the flavor-flow topologies for

b—duu transitions, we find that the isospin decomposition
of the effective Hamiltonian is as follows: the tree diagrams
haveAl=3/2,1/2, the QCD penguinsl =1/2, and the elec-

troweak penguina | =3/2,1/2 components. Hence both tree
and penguin diagram®CD as well as the electroweak pen-

and m, are the constituent quark masses of the interactinguin diagramgcontribute to this channel and hence the am-

quarks of initial and final baryons with values,

plitude is given as
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M(Ay—pm) receive contributions from tree as well as QCD and elec-
troweak penguins diagrams where&g— Ap has only tree

G — . . and electroweak penguin contributions. Thus we obtain the
=IEfwup(pf)({Vuqudal—thth corresponding transition amplitudes as follows.

X [ay+ayot (ag+ag) Ry ]} f1(M2)(m;—my) 1. Ap—pp~

2 2 * _ *
+fa(m)mZ]+{VypVigai— VinViglas+ap M(Ay—pp™)
+ (a6 +ag) Ry I} ga(M7) (My+my) G
- _F * 1
~g5(m2)m2]y)up,(Py). (29 T2 e Up(P)
2. Ay—rpK™ X [[VupVigas— VioVia(as+aso J([f1(m7) — fo(m?2)
It can be seen from the flavor-flow topologies for X (my+mp) ]y, +2f2(m2) (pg) , —{[g1(M2) +go(m?)
—suu transitions that the effective Hamiltonian has isospin X(mi—mf)]?’;ﬁZgz(mi)(pf)M}Ys)]UAb(Di)- (28)

components such as the tree diagram with=1,0, QCD

penguin diagrams withh 1 =0, and electroweak penguin dia-

grams withAl =1,0 components. Since the final stapeK{ 2. Ap—pK*~
has isospin 1 and 0, we hawd = 1,0 for this process. Thus

we find that tree and QCD as well as the electroweak pen- B

guin diagrams will contribute to this channel and we obtain M(Ap—pK*T)

the amplitude as G
F _
= —TfgxMyx€* 'uup( pf)[[vubV:sal_ thst
s V2
N\ _F — * _ *
M= PO =1 7 TiiplPo) (VunVita ~VioVis X (@ +a10) ([ F1(Mie)~ o mie ) (my+ )],
X[ag+ g0+ (8 +ag) Ry [} F1(M2) +26,(M)(Pr) .~ {[91(Mige) + g Mi,)
X (my—my) + fa(mg)mg 1 +{VypVias X (M= mp)]y,.+202(Mic ) (Pr) o} ¥6) Jua (D).
—VpVidast+aet (agt+ag)Ry]} (29
X [ga(mg)(m;+my) 3. Ap—Ap°
—ga(MQ)mMg]ys)ux, (P1)- (26)
M(A,—Ap°)
3. Ab—’Aﬂ'o GF J—
—_ - *
For Ay— A 7® we have onlyAl =1 and from the flavor- =7 ToMpe™ Ua(pr)
flow diagrams forb— suu processes, we find that only the 3
tree and electroweak penguin diagrams will contribute to this X [{ VypVE@r— Vi Vi E(a7+ ag) )([fl(mg)
channel:
= fo(mp) (mi+mp) ]y, +2f2(m2) (py)
M(Ay—A70) o e
—{[92(m?) +go(m2) (M —mg) ]y,
Ge, — * * 3 2
:|7fﬂ.UA(pf) Vuqusaz—thVtS 5(39_37) +2g2(mp)(pf),u}75) uAb(pi)- (30)
X{[ f1(m2)(m;—my) + f3(m2)m?
{al (m f o ] The coefficientsa, ,a,, . .. ,a;p are combinations of the

+[gy(m2)(mi+mp) —gg(m>)m2]yshu, (p). (27)  effective Wilson coefficients given as

B. A,—B;V transitions ff ff ff 1 ff
S _ By 1=Chi_1+ - Coi » @=Ch + ——Chi_q,
Here we obtain the transition amplitudes fag— BV Ne (N
decay channels. As seen from the flavor-flow diagrams for
A,—B¢P processes, in this case also thg— pp andpK* i=12,...5, (31
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TABLE lll. Branching ratios for various charmless,— B;M decay modes.

Decay processes NEff=2 Neff=3 NEff= oo Expt. [9]
Ap—pm 8.52x 1077 9.29x 1077 11.57x 1077 <5x10°°
A,—pK~ 1.38<10°°© 1.54x10°© 1.87x10°6 <5x10°°
Ap—A7° 1.2x10°8 1.58x1078 3.22x10°8 -
Ap—pp~ 1.22x10°8 1.38x10°8 1.55x10°6 -
Ap—pK*~ 2.99x10° 7 2.71x10°7 4.075<1077 -
Ap—Ap° 1.93x10°8 2.52x10° 8 5.1x10°8

whereN¢'" is the effective number of colors. The terms in be reliably predicted within the factorization approach even
Eq. (31) are proportional t&= 1/N¢'" originating from Fierz  in the absence of information on nonfactorizable effects.
rearranging of the operatof3; to produce quark currents to

match the quark content of the hadrons in the initial and final C. Classification of the factorized amplitudes

states after adopting the factorization approximation. This . . o .
well-known procedure results in general in matrix elements 3 Applylngl_'ih((aj eff?cyt;ve I;amlt;mar(?), the factontz)?ple d
with the right flavor quantum number but involves both color ecay amplitudes 1on,— B¢ decay processes obtained
singlet-singlet and color octet-octet operators. In the naiv ithin the generalized factorization approach are given in
factorization approximation one discards the color octet- 9s.(25)—(30). In general the two body charmleBsmeson

octet operators. This amounts 1o haviNfo=3. To com- decays are classified into six classes: class-lI decay modes

pensate for these neglected octet-octet and other nonfactodrOminated by the extemall/ emission characterized by the
o Lo R . arameter,; class-1l decay modes dominated by the color
izing contributions one treat§= 1/N§ff in Eq. (31) as a b L y Y

h logical f or T intain th dicti suppressed intern&l/ emission characterized by the param-
phenomenological free parameter. 10 maintain the preadic 'V%teraz; class-lll decays involving both external and internal
power, it is assumed that is universal(i.e., process inde- \y emisions described by, +ra,; class-IV decays domi-
pendenk for classes of decays sharing similar k'nemat'cs'nated by the QCD penguin pa’rametaﬁRaG' class-V
This treatment Is kr_10wn as _the “generalized factorization odes, those whose amplitudes are governed t')y the effective
hypothesis.” In the literature, it has often been assumed th y

the same effective parametdf'" can be used to account for ﬂ:)ee ];Egéergf:géeagé & aa:]r(ljdaag, class-Vl modes involving
nonfactorizable contributions to the matrix elements of all Assuming the same classi?i%da.tion for charmlagsdecays

the operators in gf'fe effective W?fak Hamilton@-4] or that o oy find the classes for the decay processes in which we
two parametersl''(LL) andNg''(LR), referring to the op- are interested.

erators with structure M—A)(V—A) and V—A)(V+A),

respectively, would suffice to account for these decays 1. Ay—p(alp)

[5,6,23. A recent analysis o0B—D data givesNﬁ”~2 _

[23]. Analyzing a number of measured two body charmless These decays proceed at the tree level throbghuud
nonleptonicB decays Ali and Greuli2] have obtained the @nd at the loop level vid—d penguin diagrams. Since in
range as 2N& <. On the other hand, Mannel and Rob- terms of the Wolfenstein parametrization

erts[24] have used®''= to study the nonleptonic decays

of Ay baryons. So in order to have an idea about the magni-
tude of the branching ratios, here we have taken three sets of
values, i.e., 2, 3, and, for the effective number of colors. In

theory ¢ can be obtained by calculating the octet-octet and?'€ ©f the same order of magnitude, it is clear that these
other nonfactorizing contributions and can in principle bed€cays are tree dominated as the penguin contributions are

different for all operators. It was also recently shown in theSUPPressed by the smaliness of the penguin coefficients.
QCD factorization approach by Bene&eal.[25] that¢ is in Hence these decay modes belong to the class-I category.
general operator and channel dependent. Since we have

takenNE'" to be universali.e., operator and channel inde-
pendeny, there is the likelihood of some uncertainties in our
predicted values.

VipVig=AN3(p—in), VpVi=AN3(1-p+in)
(32

TABLE IV. Asymmetry parameter «) for various charmless
A,—B¢M decay modes.

eff_ eff_ eff_

It should be noted from Table | that the dominant coeffi- ~coo Processes Ne =2 Ne =3 Ne ==
cients area; anda, for current-current amplitudes,, and Ap—pm~ -0.77 -0.77 -0.77
ag for QCD penguin induced amplitudes, aag for elec- Ap—pK~ -0.77 -0.77 -0.77
troweak penguin induced amplitudes. Furthermore, it can A,—A#° —-0.89 —-0.89 —-0.89
also be seen that the coefficierts, a,, ag, andag are in Ap—pp~ -0.71 -0.71 -0.71
generaIN§ff stable, whereas the others depend strongly onit. A, —pK*~ —0.68 —0.68 —0.68
Therefore for charmless decays whose amplitudes depend A, — A p° -0.78 -0.78 -0.78

dominantly onNE'" stable coefficients, their decay rates can
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2. Ay—p(K/K*) below the present experimental upper lImBR(A,
—pm/pK)<5x10° [9]. It should also be noted that the
decay modes\,— A (7/p) have the smallest branching ra-
tios in comparison to the others. This is so because these
VubV:s:A)\4(P_i77)r thvgz—A)\z, (33 decay modes receive contributions from CK_M as well as
color suppressed tree and electroweak penguin diagrams and
the magnitude oiV,,Vy, being approximately (#) times moreover they are dominated by the Iattgr. IF is naively be-
larger than that of/,,V*,. Hence these processes are domi-lieved that in charmlesk decays the contributions from the

nated by the QCD penguin coefficients and belong to clas§/€ctroweak penguin diagrams are negligible compared to
\Va QCD penguins diagrams because of the smallness of elec-

troweak Wilson coefficients. Thus the estimated branching
3. Ap—A (7 p) ratios for Ay,— A(m/p) are one order smaller than th,
. —p(7/p),p(K/K*) transitions.
These decals proceed at the tree level through int&khal El)'(o éﬁ?nﬁ"far{ze,)using the next-to-leading order QCD cor-
emissionb—uus and viab—s electroweak penguin dia- rected effective Hamiltonian, we have obtained the branch-
grams. Since the magnitude 8f, Vi is larger thatV,,,Viis,  ing ratios and asymmetry parameters for charmless hadronic
these decays are dominated by electroweak penguin diay, decays, within the framework of a generalized factoriza-
grams and belong to class V. Since the electroweak coeffiion. The nonfactorizable contributions are parametrized in
cients are smaller than those of tree and QCD penguin coeferms of the effective number of colofs®'". So in addition

ficients, the branching ratios for these type transitions are ig, the naive factorization approacN§'=3), here we have
general smaller than the other decay modes that we ha\‘[ﬁken two more values desff’ ie. Ngffzz and«. The

considered.

These decays proceed at the tree level throhghuﬂs
and viab—s penguin diagrams. In this case,

baryonic form factors at maximum momentum transtqf;,)(
are evaluated using the nonrelativistic quark model and the
extrapolation of the form factors fronqufn to the requiredy?

After obtaining the transition amplitudes for various de-value is done by assuming pole dominance. The obtained
cay processes we now proceed to estimate their branchifganching ratios forA,—pm, pK processes lie within the
ratios and asymmetry parameters. Comparing the evaluatdiesent experimental upper limit. Though the branching ra-
transition amplitudes for\,—B;M processe$Eqs. (25—  tios for these modes are small, they could be accessible at
(30)] with the corresponding generalized amplitudes given irffuture hadron colliders with large production. Furthermore,
Egs. (2),(4) one can easily determine the coefficieAtsB, ~ With large data om\, baryons expected in the near future,
A;, A,, By, andB,. Hence the branching ratios and asym-these decay channels will serve as a testing ground to look
metry parameters are estimated with E®,(5),(6). Using for CP violation in and beyond standard model.
the various pseudoscalar and vector meson decay constants
(in MeV) such asf,=130.7, fx=159.8, fx =221, andf,
=216, the estimated branching ratios and asymmetry param-
eters are presented in Tables Ill and 1V, respectively, for M.P.K. would like to thank the Department of Science
three different sets of the effective number of colors. It isand Technology, Government of India, for financial support.
seen that the branching ratios are maximum K§f'=c;  R.M. and A.K.G. acknowledge the Council of Scientific and
however,« is stable for all three sets. The estimated branchindustrial Research, Government of India, for financial sup-
ing ratios forAp—pm andpK for all three sets oNﬁff lie port.

V. RESULTS AND DISCUSSIONS
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