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Exclusive rare decays of heavy baryons to light baryonsA,—Ay and A,—Al*|~
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The rare decayd,— Ay andAp,—Al*1~ (I=e,u) are examined. We use QCD sum rules to calculate the
hadronic matrix elements governing the decays. Ahgolarization in the decays is analyzed and it is shown
that the polarization parameter Ay,— A y does not depend on the values of hadronic form factors. The energy
spectrum ofA in Ap,—Al"1™ is given.[S0556-282(199)02511-4

PACS numbdss): 13.30.Ce, 12.38.Lg, 12.39.Hg

[. INTRODUCTION baryons inb quark hadronization is (10:£%)%, which is

Processes associated with the flavor-changing neutral Cu?ignificantly less than that of B mes¢8r(b—B") = Br(b
- - 1. ™ 0 1.
rent (FCNC) b—s transition have regained much attention _’BO):(39'7t2-9%’Br(bHBS):(l_O'Stl-%%] [3], hence
since the measurement of FCNC decays of the typesy the relevant analyses have t(_) wait for more data on heavy
by CLEO[1,2]. It is well known that these processes areduark decays from future colliders.
forbidden at the tree level in the standard mo¢&M) and For exclusive heavy-to-light decays one has to calculate
are strongly suppressed by the Glashow-IIiopoqus-Maianhad_ron'C matrix elements of operators in the effective Hgmlll-
(GIM) mechanism, particularly for up type quarks. On thetonian between a heavy hadron and a light hadron, which is
other hand, it is very sensitive to possible higher mass scald€lated to the nonperturbative aspect of QCD. There are a
and interactions predicated by supersymmetric theories, twpumber of papers to calculate the hadronic matrix elements
Higgs doublet models, etc. Such interactions shapebthe in exclusive rare decayB—K®)1¥1~ [5,6]. For exclusive
— s transition via operators and their Wilson coefficients ap-heavy-to-light decays\,— Al*1~ there are a lot of form
pearing in the low energAB=1 effective Hamiltonian. factors to describe the hadronic matrix elements. However,
Hence the study of such a process is an important way to teédr A, we may use the heavy quark effective theory
the Cabibbo-Kobayashi-Maskaw&KM) sector of the SM  (HQET). It is well known that HQET simplifies greatly the
and possibly opens a window to physics beyond the SM. analysis of the decay of heavy hadrons in that heavy quark
For the experimental side, there is some data on the eXymmetries restrict the number of from factors, in particular,
clusive decayB—K*y and the inclusive deca8—Xsy  for the baryonic transitioth o— light spin-1/2 baryon, there
with the branching rati¢3] are only two independent form factors irrelative to Dirac
¥ % _ _5 matrix of relevant operatofd 2]; for heavy hadron to heavy
Br(B”—~K™*(892y)=(5.7+3.3x10°, hadron transition, we only have one form factor, which is

Br(B°— K%* (892) y)=(4.0+ 1.9) X 10~5 known as Isgur-Wise functiofL0]. The computation of two
form factors,F, andF,, in HQET is the main work in ana-
Br(B—Xy)=(2.3+0.7)x 10" 4. lyzing exclusive decays ok, to light baryon.A,— Ay has

_ _ been investigated in detail by Mannel and Rocksig@a|
These data have prompted a number of studies aimed at r@sere the simple pole model was adopted to compytand
stricting the parameter space of various extensions of the S®M,,. As we know,A,— Al*1~ has not been examined yet.
[9]. Similar analyses based or_1_decays+oj B mesons have alsthe form factors; andF, in A.— A have been calculated
been performed for the transitidn—sI™l ~, which has not i, nonrelativistic and relativistic quark moddlg,8]. In this
been qbservgd ydt3] and onl_y upper limits on inclusive paper we employ the widely applied approach of QCD sum
branching ratios have been give4l: rules, which is based on general features of Q@M to

Br(b—se e )<5.7x10°5, calculate thed=; andF,. For our purpose, we can use some
expressions of Ref13] due to the similarity. We analyze the
Br(b—spu*p )<5.8X10°° A polarization. An interesting result is that the polarization
parameter inA,— Ay does not depend on the values of
and B(b—se" 1 7)<2.2x10°° (at 90% C.L). hadronic from factorsf; andF,.

This paper is organized as follows. In Sec. Il we write
However, to analyze the helicity structure of the effectivedown the SM effective Hamiltonian governing transitidns
Hamiltonian mediating the transitidn—s, such analyses are —sy andb—sl*|~, and give some information on the cor-
not enough since the information on the handedness of theesponding Wilson coefficients. In Sec. Illl, we compute the
quark is lost in the hadronization process. To access the héarm factorsF,; andF,, by using QCD sum rules. Sections
licity of the quarks, analyzing the decay of baryons is thelV and V contribute to the analysis of decaéy,— Ay and
only way. One experimental drawback of baryon decay comA ,— Al 17, respectively. In Sec. VI, we discuss our nu-
pared with B meson decay is that the production ratd gf merical results along with some relevant points.
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TABLE I. Wilson coefficientsCi(u) for A(Nf’)s— 225 MeV, u operator responsible for dechy-svy is O, while operators

=5 GeV, andmn,=174 GeV; NDR scheme. responsible for decap—sl*l~ are 0;,04,0,7. Because
05 does not include lepton fields, it has to be combined with
Cy —0.243 ¥l vertex and lepton fields to contribute be—sl*1~. The
Cy 1.105 result operator is O4=(e/16m%)mysa,,(1+ v5)q"/
C, 1.083x 1072 T
C4 ~2,514x10 2 ablyi. . . .
s We would like to writeOg, O,9andO7 in forms allowing
Cs 7.266<10 for non-SM couplinggomitting the color indices
Cs —3.063x10°?
(o -0.312 2
. = " _
gio —441:738 Og= 3072 (sy*(hy—hays)b)l y,l,
e’ —
Il. EFFECTIVE HAMILTONIAN Oq0= W(S‘y’“(hv— hays)b)l v, vsl,
In the SM, the Hamiltonian relevant fdr—s transition
consists of ten operato®;,i=1, ...,10. Neglecting terms g2 _ _
proportional toV,,Vi, (the ratio|V ,Vid Vi, Vi is of order 0= Wmb(s%y(gv—gAys)q"/qzb)l ¥,
10 2), the effective Hamiltonian takes the forih4] &)
G 10
Hy= 4—vav:22 Ci(w)Oi(w), (1)  wherehy,gy andh,,g, are the vector and axial vector cou-
V2 i=1 plings respectively, in order to discuss possible effects of
models beyond SM. In general the parametgfrandh, in
where 0,0 may be different from those i@y and for the sake of
— — simplicity we consider the case of same parameters as shown
O1=(SLa¥"*bLa)(CLgVuCLp), in Eq. (3). In the SMhy=1h,=1gy=1g,=—1 if we ne-
_ _ glect the mass of strange quark in respect to b quark.
O2=(SLaY*bLp)(CLgYuCLa) As mentioned in Sec. |, the heavy quark symmetries re-

_ _ _ strict the number of form factors to twd2]:
O3=(SLa¥*bLa)[(Ugy Uip) +- - - +(bLgy.bip)],

(A(p,s)|sTb|Ap(v,5"))=ux(p,S)H{F1(p-v)
_ _ _ +UF,(p-v)}luy (v,s)).
Os5=(SLa¥Y*PL)[(UrgYuUrp) + - - - +(brgy.bRre) ], @)

04=(SLa¥*bL ) [ (UL, ULa) + - +(BLgyubLa)],

=(g * u. + . +(b; . : . ;
O6=(SLa7"PLp)L(UrpYuliRa) (brg¥,bRa)], The following section contributes to the computationFaf

e o andF, by QCD sum rules in HQET.
O7= 16,2 Mb(SLa0™ Dra) F 1
IIl. COMPUTATION OF F,; AND F,

a
;Laa-ll«v(_) brs Giw In Ref.[13], using QCD sum rules, we computed the form
2 o factors of Ay, to p transition. Here we follow the approach

and use the same expressions obtained in the work.

R
O8= Tg,2M>

Oue e’ _ NI To computeF; and F, within the QCD sum rule ap-
9 16777(3'-“7 L)l vl proach we need to consider the three-point correlator
e’ _ — Lo
O10= 1672 (SLaV*bLa)l v, vsl. 3] II(P",P,2)= iZJ’ d*x d*y ek-x-Py
Here @, are color indicespg  =[(1* ys)/2]b, and o*” X(0|TT*(x)h,(O)T's(0)j(y)|0),  (5)

=(i/2)[v*,y"]; e and g5 are the electromagnetic and the

strong coupling constants, respectively. The Wilson coeffixf the flavor-changing currefi,I's and of A, current]® and
cients are given in Table [116,6], where NDR denotes the s cyrrentj, whereP’=m,v +k andz=P-v. The baryonic
naive dimensional regularization scheme &fffl denotes the  ¢cyrrents forA, are

modified minimal subtraction scheme. The coefficients’ de-

pendence on regularization scheme must disappear in the de- - aber - Tam™  burc

cay amplitude if all corrections are taken into account. The j"=€e(a,"CI'ray)hy,
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wherel" has two kinds of choiceys and ys¢. We chooseys

PHYSICAL REVIEW 39 114022

whereP, =(1+9)/2, A=m,, —my, 0=2k-v andf, , f,

for the sake of simplicity since the numerical differencesare the so-called “decay constants” which are defined by

resulting from the different choices ¢f are not significant

[15].
The three-quarkensor currentgor proton andA are[17]

J:)—(Xl X2,X3) = U'M’)’sda(xl)Ub(Xz)CUWUC(Xs) €,

‘]T\(Xl Xg,X3) = U”V75da(X1)Ub(Xz)CUWSC(X3) €2,

After Fierz transformation, they can be writtenSs P form
Jp(X1,X2,X3) = AL UA(X3) UP(X) Cy5d°(X1)

+ y5U(X3)UP(X2) Cd°(x,) ] €2,

JN(X1,X2,X3) =4[ $%(X3)UP(X2) C y5d°(Xy)

+ 755%(X3)UP(X) Cd(x,) ]€2°.  (6)

The similarity allows us to use directly the analytical expres-
sions obtained in the sum rule analysis pfinal state to
compute the form factors ok final state if we neglect the

mass of s quark.

After inserting a complete set of physical intermediatedoub|e Borel transformatiom—s M . P2

states, as the phenomenological consequence ofFEqwe
have

2

H(P’,P,Z)=fAbfA(w_—2K)

P+my
XP+F[F1(Z)+F2(Z)w]W+I’eS, (7)
A

—/ 2/ Ve 2vz
_ZfAbfAFle_ZAM_mAT: 0 dV 0

0

1 —s/T—vIM
dspperte =

(O Apy=fau,  (p(P)jIO)=Fru(P). (8

They can be found in Reffl5,18 and Refs[17,19, respec-
tively. To obtain Eq(7), we have taken into account E@)
and the heavy quark limit.

By introducing the assumption of quark-hadron duality,
the contribution from higher resonant and continuum states
can be treated as

ppert(VvS-Z)
res= fD/dVdSmT). (9)

The regionD’ is characterized by one or two continuum
thresholdsv., s.. From the theoretical point of view,
I1(P’,P,z) is combination of the perturbative contribution
and the condensate contribution. In order to incorporate the
above assumption, we should express the perturbative term
in the form of dispersion relation

(i=1,2,
(10)

wherei=1,2 denote the different terms associated V¥th

and F,, respectively. In the standard way, we employ a
—T in order to sup-
press the higher excited state and continuum state contribu-
tions. Because th&U, violation effects are small in QCD
sum rule analyses of three point functions for mes(®@,

we expect the effects are probably even smaller for baryons.
Therefore, we neglect the s quark mass in calculations and
quote from Ref. [13] the analytical expressions of
p'(v,s,2),i=1,2 and the condensate contributions. Thus, the
resulting Borel transformed sum rules 6 andF, can be
written as

i '(v,5,2)
Hpert(w,Pz,Z):J dVdS(V_pw])}W

%@Dz

1 i 4B —4B(1—4BIT)IM2=882/(TM) —2A/M—m2/T
_W<OZSGG> 1—? e dﬂ,_ZfAbfAmAer A

0

1

_ [y ZVZdS 2 e STy 4 GG) ™ 1_4_B Eef4B(1*4E/T)/M2*832/(TM)d
= v o Ppert 4 As 0 T/ M A

(11)
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— FIG. 2. Form factof,(z) with different values of Borel param-
FIG. 1. Form factoiF1(z) with different values of Borel param- (2) P
eter T and M.
eter T and M.
and 55%y), still hold here. One can see from Figs. 1 and 2 that

R=F,/F,=—0.42 atq?=q?,,, Which is almost the same as
that of p final state.

Ppert= 3277403[—22303—(—3-1— z(v+22))°
IV. DECAY Ap—Ay

20 2
T3 (=stz(v+22)07], As analyzed in Ref[2], the long distance contribution to

Ay— Ay is negligibly small, so we shall only consider the
[s—22%+2z(—v+0)]q vs+8Z short distance contribution to the decay. The matrix element
of the operatolO, between the initial and final state is

(A(p.s),v(k,e)|O7|Ap(v,s"))

plzaertz 647 a3
4 2ur )2 1SSt (12

with o= \—4s+ (v+2z). It should be mentioned here that

e _
we only retain the condensates with dimension lower than 7. = meM(p,SHSUW(Qv—9A75)b|Ab(v,s’))
In the numerical analysis, the “decay constants” and some
other constants we used dr€5,18,19,3 X{y(k,&)|F#”|0). (14)
my,=5.64 GeV, m,=1.116 GeV, In order to study the helicity of the final quark, we concen-
trated on the decay rate of unpolarizég baryons into light
fr,= J/0.0003 GeV, baryons with definite spin directions. We obtain the decay

rate from Eqs(4) and(14) as follows:

f,=0.0208 GeV, A=0.79 GeV, c2G2 e |2
B I'=—( ?thb)z(W> mgm3, (1—x?)
(qg)=—(0.23 GeV?, (13 .
gvtaa
(2GG)=0.04 GeV, x[ > [(1—2x2+x)|F |2+ 2(x—2x3+x®)F,F,
Again, owing to the small difference betweg@nand A + (= 2x* 4 x0)[F5| 2]+ gvga(v - S)[(2x— 2x3) [F4|?

both in their mass and “decay constant,” the results here are
similar to those of Ref[13]. With the thresholdv,=3.5 +2(2X2—2X4)F1F2+(2X3—2X5)|F2|2]], (15)
GeV, we can have a reasonably good windowHgr where

15 GeW4T/m,=M<1.9 GeV. The results are given in .

Figs. 1 and 2, respectively, where the different curves correwherex=m,/m, . Our result is exactly the same as that of
spond to different choices of the Borel parameters. The comRef. [2] with real F; and F,, as it should be. In order to
ments made in Ref{13] concerning about the sum rules, compare the result with experiment we rewrite the rate in
such as the condensates dominance propédy about terms of the polarization variables as defined in R2F.
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I=Ty1+ af)- S,1, (16) to the disadvant_age of HQI_ET gpplication, which qutifies Eq.
(4), for the recaoil at this point is the largest, we still assume
wheref) is the unit momentum vector of the andsS, is its that the heavy quark _symmetries are applicable to some ex-
spin vector. From expressiofi5), it is straightforward to t€nt at this point. Taking=0.20, we have
find that 20v0a

a=0.38<———>—, (19
2X  20y0a (9v+9a

10D (gl @

and

C2GZ e \2 , . I'y=(1.06-0.16x10"Y(g2+g2) GeV, (20
1—‘0_ 2 ( ts tb) 16’772 mbmAb

where the uncertainty is rooted in the uncertaintie pand
X (1=x2)3(F1+Fx)2(g5+ga). (18 F,. In the SM, we takey,=1, go=—1, the corresponding
branching ratio is
Equation(17) is different from that in Ref[2] and means
that the polarization parameteris independent of the form Br(A,—Ay)=(3.7+0.5x10°° (21)
factorsF, andF,. The conclusion tha# does not depend on
the hadronic structure has also been obtained in R4i.
However, in Ref[21] F, = 0 has been assumed so that the
conclusion is trivially obtained and the factox/21+x2) in
Eq. (17) is missed there. The QCD sum rules analyses give The decay of lepton final state is a little more involved
that F;=0.50+0.03 andF,=—0.10+0.03 at the poinp® than that ofy final state in the integration over phase space.
=(mAb2+ mAZ)/(ZmAb):2.93 GeV. Although this pointis The relevant matrix elements of the process are

which is within the range obtained in Rg2].

V. DECAY A,—Al*I~

e?
(A(p,s),1 7 (p1,51),1 " (P2,52)|O7|Ap(v,8")) = 16 2 M(A(p, 5)|50',w(9v gA75) b|Ab(U s'))

X(17(p1,51),1 T (p2,S2) [T ¥#1]0),
e? _
<A(p7s)1| 7(p1131)7| +(p21SZ)|O9|Ab(UIS,)>: W(A(pis)|SYﬂ(hV_hA’)/S)b|Ab(Uis,)>

X(17(P1,80, 1 (p2,52)[1741]0),
e? _
<A(pls)!| _(plisl)!l +(p2132)|OlO|Ab(v!S,)>: W<A(pis)|57,u(hv_hA'y5)b|Ab(v!SI)>

X(17(p1,81),1 7 (p2,52) [T ¥*¥°1/0). (22
|
To obtain from the above expressions the differential width Cef=Cq+(3C,+Cy)
with respect to the enerdy of A is a matter of algebra, we
obtain ) ki al (y—1717)M, o
+
(x.9) —MZ+im, T, 2
ar A(y) +s-vB(y) (23) |
-—= S-v ,
dy "V Y where
wherey=E/m, . The expressions ¢i(y) andB(y) are not h _ 4I , 8 16 x? N 4 [ax? 1
presented here for they are too tedious. They can be found in (x,8)= 9 nx 27 9 s 9 S
eprint hep-ph/9811303. The numerical information associ- ) 5 "
ated with them can be found in Fig. 3 and Fig. 4. In the ot N retan 4
expressions, we have replacgg with CS'", which takes the s
main long distance contribution into consideration by the
following formalism[14,22,23: if s<4x? and
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FIG. 3. The spin-independent term of the spectrurty)A FIG. 4. The spin-dependent term of the spectrum:
[(WYZ=XP)1yIB(Y).
2 2 2
h(x,s)=— flnxz— E_ 1_6X_+ E 1 41 o Ai if s>4x2, with x= m./my, ands=q2/m§(q2= Mlzﬂ,). Asin
9 27 9 s 9 S S Sec. V, we write the total width in the form of E(L6)
1+ \1-4x%s I'=Ty[1+a'p-S,]. (25)
X[ IN|——xx| —in
1—\1-4x%/s Our calculation yields

I'=(0.00493+0.004%2+ 0.007Hhpa+ 1.6402 — 0.006%hy+ 1.64h%)(1.00+0.24 X 10~ 17 GeV

B 0.004%)% + 0.004%)5 + 0.007F zhp + 1.6405 — 0.006%hy + 1.6

a

X (1.00+0.08), (26)

where the uncertainties are mainly rooted in the uncertaintiedistance piece. Fok,— Al "1~ we have taken into account

of F; andF,. In the SM, we takehy=1h,=10y=1, ga  the main long distance contributions included in the coeffi-

=—1, then T’ gives the total decay width (6.571.58)  cientCg'".

X 10" GeV anda’ = — 0.54+ 0.04. The differential widths, As we have mentioned in Sec. 1V, in applying QCD sum

A(y) and[(Vy?—x?)/y]B(y) (the spin-dependent term of rules analysis forAp,— Ay, we need to assume the heavy

the energy spectrum in the rest frame/of), are given in  quark symmetry is applicable at its most disadvantage phase

Fig. 3 and Fig. 4, respectively. space corner. For the procesg— Al*l~, the heavy quark

symmetry works well in most of phase space. In particular,

one can see from Fig. 1 that the form factor becomes

larger when z approaches the zero recoil point so that its
In this paper we have analyzed some features of the rareontributions to the decay are dominant.

decaysA,— Ay andA,— Al "1, using an approach based  Our results show that the total decay widifi(Ay

on three-point function QCD sum rules to compute the rel— Al*17) is larger than that foA ,— y, which is due to the

evant form factors. dominance of the long distan¢eesonancecontributions to
We have considered only the short distance contributiorthe decay\,— Al *1~. From the expressions of E(L9) and

for A,—Ay. There are some estimations on the long dis-Eq. (26), in addition to that the total width of lepton final

tance contribution in Ref2], the results turn out to be neg- state is greater than that ¢ffinal state, its polarization effect

ligibly small, the decay\A,— A y is dominated by the short is more remarkable than that of final state either. So the

VI. DISCUSSIONS
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measurements of polarization parameter in the dekgy O and examined their effects in rare decaysAgf. It is
— Al*1™ is of a complement to those ih,— Ay inorderto  expected that the measurements Af—Ay and A,

discover new physics. From EQ6), we can also find that — A"~ will give us some information on physics beyond
the contributions to decaj,— Al*1~ mainly come from the SM.

Og andOqg.
We emphasize that the polarization parameterAip
—Avyis independent of t_hg hadronic struc.ture/bfin the ACKNOWLEDGMENT
heavy quark limit so that it is a good quantity to probe new
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