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Analysis of the A,— A .+, decay within a light-front constituent quark model
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We present an investigation of the Isgur-Wise form factor relevant for the semileptonic dgeay .
+1 v, performed within a light-front constituent quark model. Adopting different baryon wave functions it is
found that the Isgur-Wise form factor depends sensitively on the baryon structure. It is shown however that the
shape of the Isgur-Wise function in the full recoil range relevant forthe> A .+ IE decay can be effectively
constrained using recent lattice QCD results at low recoil. ThenAtl;}e%ACHE decay is investigated
including both radiative effects and first-order power corrections in the inverse heavy-quark mass. Our final
predictions for the exclusive semileptonic branching ratio, the longitudinal and transverse asymmetries, and the
longitudinal to transverse decay ratio aBe(A,— Al v)=(6.3+1.6)%]|V,./0.04027(A})/(1.24 ps), a,
=—0.945-0.014, ar=—0.62+0.09 andR ,=1.57+0.15, respectively. Moreover, both the longitudinal
asymmetry and théartially integratefllongitudinal to transverse decay ratio are found to be only marginally
affected by the model dependence of the Isgur-Wise form factor as well as by first-order power corrections;
therefore, their experimental determination might be a very interesting tool for testing the SM and for inves-
tigating possible new physicES0556-282(199)06817-4

PACS numbgs): 12.38.Lg, 12.39.Ki, 13.30.Ce, 14.20.Mr

[. INTRODUCTION In this work we adopt a relativistic constituent quark
model formulated on the light-frorLF), and, using differ-
The heavy quark effective theoffHQET) is widely rec-  ent types ofQqq’ wave functionsgwhereq andq’ are two
ognized as an appropriate theoretical framework for analyzlight spectator quarBswe extend our investigation started in
ing the properties of baryons containing a single heavy quark®f:[2] concerning the IW form factog(w) relevant for the
(Q). It provides a systematic expansion of the QCD La-decay process\p—A.+lv;. Our aim is to constrain as
grangian as a series of powers of the inverse heavy-quarfkuch as possible the model dependence of the calculated IW
mass (no). At the leading order a new spin-flavor symme- form factor in order to estimate several observables, like the
try, called heavy quark symmettHQS), arises. Such a sym- exclusive semileptonic branching ratio and variolrste-

metry is shared by, but not manifest in QCD and it is brokenlgra_ted asymmetriles_. To this Iend we V‘_’Ii" malr<]e use of r?jcelnt
by radiative corrections as well as by nonperturbative contri-attice Q.CD simu at|on§3] at low recoll, o that our mode
an be viewed as a lattice-constrained LF quark model. After

butions, which can be organized as an expansion in power,

of 1/my. The HQS allows one to derive several model-ncluding both radiative effects and first-ordemig correc-

. ; ) . . tions to the relevant form factors, our final results for the
independent relations among hadronic properties and, in pag,

ticul Il the elect Kt ii d elasti litud xclusive semileptonic branching ratio, the longitudinal and
icufar, all tne electroweak transition and €lastic amplitudes, ,nqyerse asymmetries, and the longitudinal to transverse
can be expressed in terms of a subsetiwi’ersalform fac-

: : decay ratio areBr(A,— Al v)=(6.3=1.6)% Vp./0.040?

tors [1]._In the case of the §em|lepton|c dgf:ay proc:a%s 7(Ap)/(1.24 ps), a = —0.945+0.014, aT=O‘—O.62t 0%9
—Ac+1v the vector and axial-vector transition amplitudes, 5q R,;7=1.57+0.15, respectively. The theoretical uncer-
(Ac(v")[cy bl Ap(v)) and(A(v")[cy*y°b|Ap(v)), where  tainties onBr(A,— Al ») andR,r can be significantly re-
v(v') is the initial (final) baryon four-velocity, can be ex- duced to=~12% and=1%, respectively, by integrating the
pressed in terms of only one universal functjai called the  differential decay rates up te=1.2. This could allow in
Isgur-Wise (IW) form factor £(w), wherew=v-v'. HOw-  particular to extract the CKM matrix elemenjt¢, | with a
ever, except for the normalization conditigif1)=1, the theoretical uncertainty 0f=6%, which is comparable with
HQS cannot predict the full behavior of the IW form factor, present uncertainties obtained from exclusive semileptonic
for the complete knowledge of the nonperturbative baryorB-meson decayf4].
structure is required. Therefore, calculations based on lattice We want to point out that our estimates of the theoretical
QCD simulations, effective approaches and models are neerrors include the uncertainties arising both from the model
essary in order to obtain reliable quantitative predictionsdependence of the IW form factor and the first-order power
which could allow to extract from the data important infor- corrections. In the case of the longitudinal asymmetry and
mation on fundamental parameters, such as e.g., thge (partially integratedllongitudinal to transverse decay ra-
Cabibbo-Kobayashi-Maskawé&CKM) weak mixing angles, tio our uncertainties turn out to be remarkably small. There-
and on possible extensions of the standard moai). fore, provided the effects of higher-order power corrections

are small, the experimental determination of these two quan-

tities is a very interesting tool for testing the SM and for

*Email address: simula@roma3.infn.it investigating possible new physics.
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Il. LIGHT-FRONT CALCULATION OF THE ISGUR-WISE
FORM FACTOR

In this section we just briefly remind the main points of

the light-front procedure for the calculation of the,-type
IW form factor £(w) (see Ref[2] for more general casgs

The spin structure of\ baryons can be represented by

an antisymmetri¢with respect to the two light quarkgand
q’) total spin} state[1]. In the so-called “velocity basis”

the matrix elements of the vector curre.h’t=6y"Q be-
tweenA states have the following form:

VE =WV |Qy QW ) =F (w)u(P’,s') y*u(P,s)

+[Fa(@)VF+Fa(w)v'#Ju(P’,sHu(P,s), (1)

whereu(P,s) is a Dirac spinor(normalized asTu=1), P
=M,v andP'=P+q=M_,v’, with M, being theA-type

PHYSICAL REVIEW D 60074018

({&kiy o} PY)
EQE E T

X OYE({g]}) w(Qqq,)<5,E>, (5)

where&=p;"/P* and ku pu & Fi are the intrinsic LF
variables, MO—Ei:Q,q,q,(kilani)/gi, Ei=Vm?+ k|2,
with k= (K. ,kin) and kin=3(&Mo— (k7 +mf)/&Mo).
Moreover, in Eq.(5) the curly braces{ } mean a list

of indices corresponding toi=Q,q,q’; o indicates
the third component of the quark SpiﬂR({IZi;mi})
=1I1j_q.q.q'Ru(Kj,m) is the product of the individualyen-
eralized Melosh rotationsRy(K; ,m;). Finally, ®¥*({a/})
=(1/204,001/2s) (1/204,1/207,,|00) is the canonical spin

baryon mass ang the four-momentum transfer. Since in Eq. wave function andN(Qqq,)(ﬁ,lZ) is the S-wave radial wave

(1) we are considering an elastic process,
momentum transfer squared is given §§=2M3(1— o)

and has spacelike valueg%<0). In the heavy-quark limit

(mg—) the following HQS relations holf]:

lim Fi(w)=§&(w),

mQ~>:x:
lim Fy(w)= lim Fs(w)=0, 2)
mQ~>OC mQﬁco

where the IW form factoré(w) must satisfy the model-
independent normalizatio&(1)=1 at the zero-recoil point

w=1.

In the light-front formalism all the hadronic form factors

the fourfunction, where

K= (Mg/Kq—Mgkg)/(Mg+myg),

. [(mg+mg)Kg—mg(Kg+Kq)]
P= (Mg+mg+mg)

(6)

are the internal momenta conjugate, respectively, to the Jaco-
bian coordinates

X=Tq=Tqr,
y=rq—(Mgrg+mg g )/(Mg+mg). (7)

In what follows we will consider two functional forms for

corresponding to a conserved current can always be exhe radial wave function, namely harmonic oscillatbro)

pressed in terms of the matrix elements of ghes compo-

nent of the current)*=J%+n-J (wheren is the spin-
quantization axijs moreover, a reference frame wheyé

=0 is adopted, which allows to suppress the contribution
arising from the so-calle@-graph (pair creation from the

and power-law(p.l.) ones, viz.

(h ) 1 3/4 ) 1 3/4 .

o. |p| 12a —|k|?/2a

(Qqq )(p k) ( ap) © (ﬂ-ak) © :
()

vacuum at any value of the heavy-quark mass. Thus, from

Eg. (1) one easily gets

Vil M, (Vi
MA V+i0'2

where P=(P*,P,)=po+Pq+ Py is the LF baryon mo-
mentum(with P* = \/MA2 —q?/4) andp; the quark one. Fi-

nally, the subscript. indicates the projection perpendicular merical integrations,

to the spin quantization axis.

N N

(D') S ) — P k
_ , 9
(Qqq )(p ) (aF2)+p2)np (Cllﬁ‘f’ k2)nk ( )

where

3-4
Ni(p)= \/4F[2nk(P)]/\/;ak(p)nk(p)F

3
2Np)~ 5

andI'(n) is the EulerI"-function.

We have evaluated the right-hand side of E(®, (4)
using the three-quark wave function given by Ef) and
adopting the h.o(8) and p.l.(9) radial functions. The nu-
involving six-dimensional integrals,
have been performed through a well-established Monte Carlo

Disregarding for simplicity the color and flavor degrees of procedurg5]. The heavy-quark limitifip— ) has been ob-

freedom and limiting ourselves ®wave baryons, the light-

front Ao wave function can be written as

tained by increasing the value of the heavy-quark mass until
full convergence of the calculated form factors is reached.
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We have foundsee Ref[2]) that the HQS relation&) are

satisfied at any value a@b. Thus, the IW form factoé(w) is 10 j—T——7——7—
given by F ]
0.8 | U (a) h.o. A
[ TS
1 v = 06 [ e Ty J
_ T 3 i ~ =
o= gma Tl a0 FME T
~ L . 3
0.4 T 18 T, 7
: 24> T ]
. THE ISGUR-WISE FORM FACTOR AND THE 0.2 - ]
BARYON STRUCTURE [ ]
00 X H L ] 1 1 N 1
The behavior of the calculated IW form factéfw) de- 1.0 1.1 1.2 1.3 1.4 1.5
pends on the two parametesg and «,, appearing in the ®
radial wave functiong8), (9). To investigate such a depen- 10
dence, let us consider the nonrelativistic baryon sizede- b, T T T T T T
i AN ]
fined as 0.8 | 5 S (b) pl
AN RIS ]
. 3 06 T TIIL_<06 ]
rs= \/<r2>BE E (Iri— I:zc.m.|2> ol N el 09Ty
i=Qa,9’ 04 - ~. 7 ]
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1+7° ) 02 | ~ee_ 4
—me—=* \/ T )2y, (11 X T
(1+ 77) 00 [— I . ! . ) . ! .
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o

Where 775 mq/mq/ and ﬁc_m_: Ei =Q’q'q/mi|?i /EI =Q’q'g/mi .
Since(x?) and(y?) are proportional to ld¢ and Lk, re-
spectively, the baryon sizg; can be easily written as a suit- . .

P y Y % y p.l. (b) wave functions versus [in (b) the valuen,=n,=2 has

able combination of the parameters ande. For instance, been considerdd The various lines correspond to different values

in the Cage of thezh.o. Wavze func;uon one immediately getsof the parametery,, while the ratioB [Eq. (12)] is kept fixed at
rg=\3lap+(1+ 7°)/(1+ 7)*(3/2a}).

(R B=2. For each curve the value of the baryon sigd Eq. (11)] in

In the nonrelativistic limit the slope of the IW form factor f, is reported. Finally, for the spectator-quark masses the value
at the zero-recoil poinip,=—[dé(w)/dw], -4, is propor- my=m, =0.22 GeV is adopted.
tional to the square of the baryon sizg, so that when

FIG. 1. The IW form factoré(w) calculated using h.qa) and

2
aypy— one should havej,—0. However, as suggested c12 an_5

in Ref.[2], the relativistic delocalization of the light quark B= @= e .0)= Sl 7 X S (p.l).
positions is expected to increase the slpfig and the de- ([kl%) Xk Np— 12

parture from the nonrelativistic behavior should appear when

the baryon siza'g becomes much smaller th C21+)\q” Since QCD is expected to confine hadrons within distances
where \yq)=1/myq) is the constituent-quark Compton poet larger than~1 fm, we will consider in what follows to
wavelength. For instance, puttimg,=mg,=0.22 GeV, the pe in the saturation regime, where we stress the IW form
trigger value for the delocalization effects should qg:‘ factor depends on|y on the paramq&} The physica| mean-
<1.3 fm. ing of this parameter has been already discussed in[REf.
The above relativistic effects are fully reflected in our |n coordinate space one gef8~(x?)/(y?) and, therefore,
light-front calculations for both the h.d2] and p.l. wave the two limiting cases8<1 and B>1, correspond to a
functions; in particular, we have found that the sleig isa  diquark-like and collinear-type configurations, respectively
monotonically decreasing function af,y, and saturates (see Fig. 2 of Ref[2]). There is however still another pa-
whenap ) become large enough so thiat< \/)\5+)\q2,.The rameter, namely the ratio of the light-quark massgs
interesting point is that the saturation property holds not only=mg /Mg . The sensitivity of the calculated IW function to
for the S|OpeP|2w (i.e., at small recoils but also for the I  the value ofy is reported in Fig. 2. It can clearly be seen that
form factor itself in the whole-range accessible in the de- in the lightu,d,s spectator sectofwhere basically 0.5 7
cay Ap—Ac+ly (e, I=sw=<1.44), as it is clearly illus-
trated in Fig. 1. Thus, in the saturation regime the IW form

factor does not depend on the two parametgysand a, Un practice, for any value o8 we choose the value of the pa-

separately, but only on one parameter, the rgtiovhich we
define as

rameter o) (or equivalently ap) large enough so thatg

<\/>\§+>\q2,
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FIG. 2. The IW form factoré(w) calculated for various values C \\\‘:\‘LE
of the light-quark mass ratigg=m,/mg, . The value of [Eq. z 06
(12)] is kept fixed at the valug=4 and the h.o. radial wave func- prr
tion [Eq. (8)] is considered. The solid, dashed, dotted and dot- 0.4 | 7]
dashed lines correspond tg=1.00, 0.52, 0.26 and 0.13, respec- r
tively. 0.2 b) 7
00 PRV ST R [N TR TR SR NN ST SU Y S T S S N S W1
<1) there is no significant dependence&gtv) on the par- 1.0 1.1 1.2 13 1.4 15

ticular value of ». This is not surprising, because in the

saturation regime the IW form factor is dominated by rela-

tivistic effects, which means that the typical spectator-quark FIG. 3. The IW form factoré(w) calculated a3—2 (a) and

momenta are large Compare(.j. with the Spect"itor'qua%=10 (b) using different baryon wave functions: h(solid lines;

masses and therefore the specific values of the latter play @, with n_=n,=2, 3, 4 and 8(dot-dashed, dotted, dashed and
. b , 3, , ,

[0

minor role. . o long-dashed lines, respectivily
Let us now address the issue of the sensitivity of the cal-
culated IW form factor to the choice of th@qq' radial . and represented by the solid lihemerges in our LF

wave function. In Fig. 3 we show the IW function calculated quark modelii) only the calculations witi8=2 can repro-

at various values oB using the wave functiont8) and(9).  duce all the lattice points within the quoted errors. It should
It turns out that for each value g8 the IW form factors  pe noted that the above limits g yield an allowed range
corresponding to different radial wave functions are packedor the IW function which is narrower than the spread of the
together in a narrow band, while the changednaffects |attice points themselves.

more heavily the behavior of the IW form factor. Therefore  The same range of values f@ris also suggested by the
we can state that within the-range accessible in th&,  comparison with the results of Reff6], where dispersive

— Ao+ decay (i w=1.44) thew-dependence of the IW bounzds for Zthe slopepfyy and the curvature Qy
function £(w) is mainly governed by the value of only one =[d“é(w)/dw?],—; of the Ag-type IW form factor at the
particular functional form of the radial wave function. however that the reliability of the dispersive bounds may be

The above feature is relevant because any constraint O?Jagued by the effects of the so-called anomalous thresholds
S

the value of leads immediately to a constraint on the shape ee, e.g., Refl.7]). With this caveatin mind, the theoreti-

of the IW functioné(w) in thefull w-range. In other words, Ccally allowed domain in thefw—ciw plane[6] is shown in
if our calculated IW function is expanded in a series of pow-Fig- 4b) together with our results corresponding to various

ers of (w—1), the coefficients of this expansion are not in- Values of 3. The dzlsperswe bounds suggest a quite strong
dependent of each other, but their values are related to tHePrrelation amongyjy, andc,y, which is indeed reproduced
value of 8. In order to constrai8 our predictions fog(w) N our calculations only fo3=2. In conclusion, the results
corresponding to various values gfare compared in Fig. Presented in Fig. 4 imply the dominance of collinear-type
4(a) with the recent lattice QCD results of R¢8], which

have been obtained only at low values of the recoil. It can be

seen thati) there is a sharp sensitivity to the value®fso 2We have checked that the valge= 100 is fully representative of
that our predictions fo€(w) cover a quite large range of the limiting caseB— o for the calculation of the IW form factor
values; however, an upper bound éfw), corresponding to  &(w).
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FIG. 4. (a) The IW functioné(w) calculated for different values
of B and compared with the lattice QCD calculations of H&i.
(open dots and squapesThe triple-dotted-dashed, dotted, dashed,
long-dashed and dot-dashed lines correspong+d.5, 1.0, 2.0,
3.0 and 10.0, respectively, using the h.o. wave functi®n The
solid line is the result obtained @= 100 using the p.l. wave func-
tion (9) with n,=n,=2. Adapted from Ref{2]. (b) Curvaturec,
versus slopgy, for the IW functioné(w). The dotted lines identify
the allowed domain determined in R¢6]. The open dots corre-
spond to our results obtained for various valuegdnd the solid
line is just an interpolation curve.

configurations in the structure @qq’ baryons.

PHYSICAL REVIEW D 60 074018

uncertainty in the evaluation of thpartially integrategl ex-
clusive semileptonic branching ratio, defined as

®max

dr’ _
B py - (Onad =7, | o S (A A,

do

(13
wherer, is theAy mean lifetime ¢, =1.24£0.08 ps(8])
and dI'/dw is the differential decay rate for thap— A,
+1v, process. As for the latter, one haee, e.g., Ref9])

dr — dar — dry —

do (Ao=Ad )= (Ap— Ad ) + 5 (A=A m),
(14

with the longitudinal(L) and transvers€T) parts given by

2

L - |2: 2 CMAC 2
o Ao Acdv)= (277)3|Vbc| 1M, [[Ha20
+[H 12071, (15
2
drs — z LA Pa My ,
o A= Adv)= 27T)3|Vbc| M, [[Ha24]
+[H_12-4/%], (16)

whereGg is the Fermi coupling constan¥,, is the relevant
CKM matrix element ancpAc= MAC\/wz—l is the momen-

tum of the daughter baryoi . in the A, rest frame. Within
the SM the helicity amplitudes are given by
HAC,AW:HYC,)\W_HQC,)\W' (17)
whereHY and H” are the vectorV) and axial-vector(A)
helicity amplitudes, respectively, and and,y indicate the
helicity of the daughter baryon and the one of Weboson,
respectively. The vector and axial-vector helicity amplitudes

can be expressed in terms of the vector and axial-vector form
factors aq9]

In what follows we will estimate the model dependence

due to the nonprecise knowledge of Qg g wave function
using the results of the calculations of the IW form factor
(10), obtained adopting the h.o. radial functi(®) at 8=2
and the p.l. function9) with n,=n,=2 at §=100. These
two form factors, which will be denoted by, (w) and

éu(w), represent our lower and upper bounds to the IW form

factor é(w), i.e., & (w)<é(w)<¢y(w), corresponding to
constrain the shape @{ ) by the dashed and solid lines in
Fig. 4. A simple polynomial fit for thew-dependence of
¢ (w) andéy(w) can be found in the Appendix. From Egs.
(A1), (A2) of the Appendix the slope of the IW function at
the zero-recoil point results to be,,=1.35+ 0.55.

IV. ANALYSIS OF THE A,— A +|v, DECAY

The constraints on the shape&{fw) obtained in the pre-

vious section can be used to reduce the model-dependence

07401

HYjzn= =2 My My (0F DFT(0),
HY = — 2V M (@ D[ (M
120~ "7 ApT A o

=My )FY A (@) =My (0= 1D)FY (o)

=My, (0= DFFA(0)], (18)
where the upper and lower signs stand for the ve@fpiand

the axial-vectofA) case, respectively, and the amplitudes for
negative values of the helicities can be obtained according to
the relationHY{ _, =+(-)HY" .

In the heavy-quark limitifig—c) one has

FY(0)=F(w)=¢&w),

8-5
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Fidw)=F34w)=0. (19
Including first-order ]nh% corrections to the HQS resu(t9)
the six form factorsY® become[9]
Flo)= + A 2x(w)+
1(0)=§(w) om.  2m, [2x(w)+&(w)],
A §(o)
P = v e
A (o)
Falw) =" Tvo

A A A
Filw)=&w)+| 5 2m.  2m, )2X(w)+§(w)

+1)
A §(w)
P =~ Tra
A ()
3(w)—m 1+w’ 20

F¥<w>=CY<Z>{§<w>+ o

— A —
Fi(0)=Ci(w)§(@)+ 5 -C3(w)

w—1
+§(w)m

FY(w)=C

w—1
S(w)—

F?<w>=Ci‘<Z>[§<w>+

— A —
F2(0)=Ca(e)&(@) + 5 -Co(w)

§w)]=7

F4(w)=Ch(w)&(w) +5— A

A
(w)f(w)+

A A 1)
2me —)[ZX(ng(w)lT

CA(w)

PHYSICAL REVIEW D 60074018

where AEMAQ—mQ-i- O(1/mg) is the binding energy of
the baryon in the heavy-quark limit ang(w) is an (un-
known) subleading function subject to the conditinfl)
=0.

The effect of radiative corrections on the HQS relations
(19 is to relate the vector and axial-vector form factors to
the (renormalized IW function ¢(w) as follows (see, e.g.,
Ref.[10]):

Fl(0)=C!(0)éw),
Fw)=Clw)é(w), (21)

where CY™(w) with i=1, 2, 3 are renormalization-group
invariant coefficients, which have been calculated and tabu-
lated in Ref.[10]. A convenient parametrized form of the
w-dependence of all the six short-distance coefficients
CY®(w) can be found in the Appendix. The inclusion of
both radiative and I, corrections leads to the following
expression$10]:

o
+ 2me [2x(w)+&(w)]},

0= v
2x(@)+ &(0) |51 C Y(w)| 2x(w)
2
~ 135G )+ CY(0)]é(w j
v B A v
mC y(w) ZX(w)+§(w) o [c ()| 2x(w)

2
——[cv<w>+cv<w>]§< )]

2m

3w+1
2x(0)+ &) T

A A
+ame | CA@)[2x(@)

2 A
1746t (@)+Ch(w)]é(w) |,

3w+1 A A
2(0)+ £(0) T | + | CH@I2X(@)

1+w

2 A
(o) ]+ 7 1Ch (©)~Ch(w)]&(w) 1, (22

wherew=w+ (A/my+A/my)(w—1).
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In this work we calculate also various partially integrated asymmetries, namely the longitag{agl.,) and transverse
at(wmay asymmetries, defined as

S

®max
Jl do K(®) [[Hyzd?=[H_120?]

a (Wmax) = f , (23

®max
K(w) [[Hyzd?+[H_1207]

S

1

S

®max
fl do K(w) [[Hypd?~|H_yp1/°]

ar(®wmax) = J’ , (24)

®max
K(w) [[Hypa?+H_12-1/?]

g

1

whereK(w)E[Gé/(Zw)3]|Vbc|2(q2pAcM AJ12M,,), and the ratio of the longitudinal to transverse decay rReH @may.,
viz.

®max dFL —_
Jl do E(Ab—ﬂ\(;' V|)
RUT(@max) = fwmax dr',

0 —
1 dw

. (25)
(Ap—Adw)

Finally, the(partially integratedllongitudinal A ; polarizationP, (wmay) (as defined in Ref9]) can be easily obtained in terms
of 8 (Wmay, ar(®may aNdR /r(wmay) as

ar(wmay) T A (@man) Ryt(@may

PL(®may = (26)
e T+ Rur(@ma)
|

Note that within the SM all the various observabl@3)—  various asymmetries using fa(w) the results labeled in
(26) are independent of the specific val(@nd uncertainty ~ Ref.[11], but considering either a positive or a negative sign.
of [Vpl. It turns out that the branching ratio is modified by about
We have evaluated the exclusive semileptonic branching-2%, while the effect on the asymmetries is well below
ratio (13) and the various observables given by E@3)—  +1%. Therefore, in what follows we adopt the approxima-

(26), using the expressiond9)—(22) for the relevant form tion x(w)=0 and inflate the theoretical error of the calcu-
factors entering the helicity amplitudésd) and adopting the lated branching ratio by addinga2% uncertainty.

two IW functionsé, (w) and ¢,(w), determined in the pre- We have first investigated the sensitivity of the observ-
vious section. Up to first-order i, corrections, the values ables(13) and (23)—(26), integrated in the wholev-range

of the quark masses), andm; are given bym,=M, —A  accessible inAy—A +1v [i.e., for oma= win=(M3
and m=M, —A, with M, =5624 GeV and M, M%C)/ZMAbM A, =1.44], to the radiative corrections in the
=2.285 GeV from the Particle Data Grou’DG) [8]  heayy-quark limit[see Egs.(21)]. Our predictions, corre-
Thus, in Eqs(20) and(22) there are only two unknowns, the g5onding to the average the semidispersion of the results
subleading functiorny(w) and the baryonic plndlng eNergy ohtained using(w) = £, (w) andé(w) = &, (w), are reported
A. In Ref.[3] themq dependence of the lattice QCD results j5 Tapje |. It can clearly be seen that PQCD corrections
has been investigated, obtaining that the value — _ B
=0.75"1"2 GeV andy(w)=0 are consistent with the lat- lower Br(Ab_}Acl_V')zBrAb*Ac' n(@w) e.md ar=ar(o)
tice points. Moreover, the subleading functiqfw) has Py about 10%, while the other asymmetrigs=a, (w,) and
been recently calculated using QCD sum rules in Ref]  PL=P.(w) as well as the rati®R =R r(w,) are only
and within the quark model of Ref12]. In both calculations marginally modified.

the resultingy(w) turns out to be quite smalbf the order of Then, since the HQET parametérgoverns the strength
a few percent in particular it has been found to be negative of the 1/mq corrections, we have investigated the sensitivity
in [11], while both positive and negative subleading func-of the (totally integratedl exclusive semileptonic branching
tions have been obtained il2] according to the values ratio and asymmetries to the specific valuedofboth with
adopted for the quark-model parameters. Thus, we have caknd without radiative correctionsee Egs.(22) and (20),
culated the exclusive semileptonic branching ratio and theespectively. Our predictions are reported in Tables Il and
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TABLE I. Results for the(totally integratedl exclusive semileptonic branching rar(Ap,— Al v)) [in
% at|V,=0.040 andr(A,)=1.24 ps[8] ], the longitudinala, and transversa; asymmetries, the longi-
tudinal daughter-baryon polarizatid®h and the longitudinal to transverse rafp,r obtained for the decay
processAp,— A+ 1y in the HQS limit (ng— ) without and with radiative correctiorisee Eqs(19) and
(21), respectively. The values reported are the average and the semidispersion of the results obtained using
fw)=¢ (w) and é(w) = ¢y (w) (see text and Appendix

Br(%) a. ar P Rur

HQS 6.65-1.41 —0.931+0.009 -0.488:£0.012 —-0.763+0.018 1.630.12

HQS + PQCD 6.0721.27 —0.93%-0.009 -0.539-0.012 —-0.785:-0.018 1.610.12

lll. It can clearly be seen that the first-orderni4 correc- In Fig. 5 the uppefcorresponding t&(w) = &¢y(w)] and
tions yield an increase of the calculat&t(A,—A.lv)  lower [corresponding tct(w)=¢ (w)] results for the par-
(about 10% atA =0.75 GeV), which is partially compen- tially integrated exclusive semileptonic branching ratio
sated by a corresponding decrease due to radiative correBry .4 1,,(omay), oObtained adopting the valueA
tions. Thus, radiative plus first-order power corrections affect=0.75 GeV in Eq.(22), are shown and compared with the
only marginally the exclusive semileptonic branching rati(_),HQS results Egs. (19)] and with the lattice predictions of
so that the model dependence turns out to be the most inkef [3]. It can be seen that our results are always well within
portant source of uncertainty dr(Ap— Aclv)), the longi-  the range of values given by the lattice QCD simulations and
tudinal asymmetry,_ is only slightly sensitive to both radia- that radiative plus first-order power corrections modify only
tive and 1Mmq corrections, the effects of radiative andidd  slightly the HQS results. If the integration over the recoil is
corrections are opposite in the longitudinal to transverse deimited to w,=1.2, then the resulting uncertainty on
cay ratioR,r, but the total effect is smaller than the uncer- Bra, A,y (@mad reduces significantly te=12%, though at

tainty due to the model (_jep(_endence, a_nd _the transversge price of reducing the number of the events by a factor
asymmetryar and the longitudinal\ ¢ polarizationP, are _q 44 (see Table |i. This implies the possibility to extract

remarkably affected by radiative andig corrections, while "~ M matrix elementgV, .| with a theoretical uncer-

their model dependence is quite smaller. tainty of =6%, which is comparable with present uncertain-

Similar conclusions hold as well ‘?‘ISO for the partlally N ties obtained from exclusive semileptoriemeson decays
tegrated observables at,,,< wyy, , as it can be seen in Table

IV in the case of the exclusive semileptonic branching ratio The dependence of the various asymmetii28—(26)

Bra,—adw(@mad (see also Fig. 6 later onTherefore, tak- 00, s jllustrated in Table V and in Fig. 6, where the
ing into account both the model dependence and the sengjttice predictiong 3] for R, /r(wmay) are also reported. All
tivity to the 1/mq corrections in the whole range of values the observables considered do depend on the specific value
0<A(GeV)=1, our final predictions(including radiative  of (.., so that in comparing witlfuture) data the precise
correction$ are Br(Ap,—Acly)=(6.3£1.6)%  w-range of the experiments has to be taken into account. In
[Vpe/0.04042 7(Ap)/(1.24 ps), a, =—0.945-0.014, Fig. 6 the HQS results are also shown for each observable. It
ar=—0.62-0.09 andR  ,/r=1.57+0.15. The corresponding turns out that radiative plus first-orderrii corrections are
result for the longitudinalA . polarization isP,=—0.82 relevant for the transverse asymme#tiy( w,,,) and for the
+0.05. longitudinal A . polarizationP| (w4, at any value ofo,,y,

TABLE Il. Results for the(totally integrated exclusive semileptonic branching rar (A,— A¢lv)) [in
% at|V,=0.040 andr(A,)=1.24 ps[8] ], the longitudinala, and transversa; asymmetries, the longi-
tudinal daughter-baryon polarizatidh and the longitudinal to transverse rafy,; obtained at different
values of the binding energy without including radiative correctiorjsee Eqs(20)]. For the meaning of the
errors see Table I.

A (GeV) Br(%) a, ar PL Rur
0.00 6.65-1.41  —0.931+0.009 —0.488-0.012 —0.763-0.018  1.630.12
0.25 6.81%1.45  —0.934-0.009 —0.521+0.012 —0.777-0.018  1.630.12
0.50 703151  -0.9370.009 —0.559-0.013 —0.793-0.017  1.64:0.12
0.75 735158  —0.942-0.008 —0.604-0.013  —0.814-0.016  1.650.12
1.00 7.82-1.70  —0.948-0.008  —0.658+0.013  —0.839+0.015  1.670.12
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TABLE lll. The same as in Table I, but including radiative correctipsse Eqs(22)]. For the meaning
of the errors see Table I.

A (GeV) Br(%) a, ar PL Rur
0.00 6.071.27  —0.939+0.009  -0.539r0.013  —0.785-0.017  1.610.12
0.25 6.11-1.27  —0.941+0.008 -0.571+0.013  —0.798:0.017  1.5%-0.12
0.50 6.18-1.29  —0.943+0.008  —0.604-0.013  —0.812+0.016  1.5720.11
0.75 6.28-1.31  —0.946+0.008  —0.651+0.013  —0.830+0.015  1.55-0.11
1.00 6.44-1.34  —0.950+0.007 —0.701+0.013  —0.851+0.013  1.530.11

whereas botl, (wma andR 7(wnay are only marginally — suggests that smaller corrections can be expected i the
affected by radiative plus first-order power corrections.— A transition with respect to thB—D* (D) case, thanks
Moreover, the model dependence on the various asymméo the absence of hyperfine splitting effects related to the
tries is generally quite limited and it reduces @g,, de-  finite mass of the charm quark. Nevertheless, we feel it is
creases. In particu|ar, our uncertainw B[‘/T(wmax)y which mandatory to check that our ﬁndingﬁarticularly those for
is always much less than the one presently achievable bijie asymmetriesstill_survive after the inclusion of second-
lattice QCD calculations, reduces 461% atwp,a=1.2. To  Order power corrections. .
sum up, both the longitudinal asymmetay(w,,) and the Before closing th!s section, we want to present our esti-
longitudinal to transverse decay raf) ;1(wma=1.2) rep- Mates of the exclusive semileptonic brancrlng ratio and the
resent very interesting quantities to be determined experiasymmetries for the decay procéSg— = .+ v,, where the
mentally in order to test the SM and to investigate possibldight spectator quarks are s (ds) pair. As already illus-
new physics. trated in Fig. 2, we do not expect that the IW form factor is
All the conclusions obtained so far are based on E2.  modified significantly by the presence of teeguark mass
for the form factors, i.e., on the inclusion of power correc-instead of thai(d) one; this does not imply that the IW form
tions up to first order in Ihg. The second-order power factors forAg- and Eo-type baryons are the same, because
corrections toFf andFy+Fy+F} at the zero-recoil point of possible differences in the radial wave functions in the
have been estimated in R¢L3] and found to be of the order two heavy systems. In the absence of a more precise knowl-
of a few percent. In the case of tiBe—D* (D) transitions edge ofSU(3) breaking effects, we assume the same range
important effects of second-order power corrections may bef variation of the parameteg, i.e., 5=2. Moreover, both
present(see, e.g., Ref14]); however, amodel-dependent the binding energyA® and the physical threshold
analysis[15] of 1/mj corrections in mesons and baryons =(M25b+ MZEC)IZM =, Mz_have to be determined. Since the

TABLE IV. Values of the(partially integrateflexclusive semileptonic branching raoy . 1, (@max
in % versusw,, [see Eq(13)], calculated afV,¢=0.040 andr(A)=1.24 ps[8] for the decay process
Ap—Ac+lv . The columns labelled HQS, HQEPQCD, HQSH1/mg and HQSFPQCD+ 1/mg corre-
spond to the heavy-quark limihg— < [Egs.(19)], to the inclusion of radiative correctiofggs.(21)] and
of the first-order 1y corrections, as given by Eq&0) and(22) with A=0.75 GeV, respectively. For the
meaning of the errors see Table I.

Omax HQS HQS+PQCD HQSH1/mg HQS+PQCD+1/mq
1.05 0.43-0.01 0.42:0.01 0.44-0.01 0.43-0.01
1.10 1.15-0.07 1.16:0.07 1.19-0.07 1.13-0.07
1.15 1.97:0.17 1.88-0.17 2.08:0.19 1.94-0.17
1.20 2.84-0.33 2.69-0.31 3.03-0.35 2.79-0.32
1.25 3.72:0.52 3.49-0.48 4.010.56 3.64-0.50
1.30 4.57-0.74 4.26-0.68 4.97-0.81 4.44-0.71
1.35 5.39-0.98 4.99-0.89 5.90-1.09 5.19-0.93
1.40 6.16-1.24 5.65:1.12 6.79-1.38 5.87:1.16
1.44 6.65-1.41 6.07:1.27 7.35:1.58 6.28-1.31
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FIG. 5. Partially integrated exclusive semileptonic branching ra-
tio Bry, A 15 (®@mad in % versuswpay [see Eq(13)], calculated at
|Vp =0.040 and7(A,)=1.24 ps[8] for the decay procesd, -1
—A.+1v. The solid and dashed lines correspond to our and lat: o ®
tice QCD result§3], respectively. The lower and upper solid lines
are the results corresponding to the use &b)=¢ (w) and
é(w)=¢y(w) in Eq.(22), respectively, i.e., including radiative plus
first-order 1Mmg corrections withA=0.75 GeV. The dotted lines
are the HQS resultbsee Eqs(19)]. The vertical dot-dashed line
indicates the physical thresholal,~1.44.

FIG. 6. Partially integrated longitudinal asymmey(®may)
(a), transverse asymmetrir(wmnay (b), longitudinal daughter-
baryon polarizatiorP (w4, (¢) and longitudinal to transverse de-
cay ratio R jr(®wmay (d) versusw,y for the decay procesa,

—A+1y,. The dotted and solid lines correspond to the results

c quark mass should be the same in the two decay process@ained in the heavy-quark limjsee Eqs(19)] and using Egs.

A A 410 d 5.5 41 M. — A (22) with A=0.75 GeV, respectively. The lower and upper lines
b AcTlV ANt =p==cTiv, We assumeMy are the results corresponding £6w) = ¢, (») and &(w)=&,(w),

=Mz —A®. Using the experimental valueMz_

respectively. In(d) the dashed lines correspond to the lattice QCD
=2.466 GeV[8]we getA(S)ZO.931 GeV. In an analogous results of Ref[3]. The vertical dot-dashed lines indicate the physi-
way for theb-quark case, we consider thmAb—A= Mab

cal thresholdw,,=1.44.

TABLE V. Values of the(partially integrateflasymmetrie®, (wma,) [EQ- (23)] andar(wmay) [EQ- (4)],
the longitudinal daughter-baryon polarizati®h (wmay [Eg. (26)] and the(partially integrated ratio of
longitudinal to transverse decay ra& 1(wmay) [EQ. (25)] versuswp,ay for the decay procesa,— A,
+1v,. Both the radiative and the first-orderrig corrections, given by Eq¢22) with A=0.75 GeV, are
included. For the meaning of the errors see Table I.

Wmax ac ar P Rur

1.01 —0.282+0.001 —0.159+0.001 —0.201+0.001 0.51%0.001
1.05 —0.571+0.002 —0.338£0.001 —0.423+0.002 0.576:0.001
1.10 —0.725+-0.004 —0.451*+0.003 —0.557+0.006 0.65%0.002
1.15 —0.808+0.005 —0.521+0.005 —0.643+0.006 0.745:0.005
1.20 —0.858+0.006 —0.569+0.007 —0.701=0.007 0.842:0.011
1.25 —0.891+0.007 —0.603+0.009 —0.743+0.009 0.951%#0.019
1.30 —0.913+0.007 —0.626+0.010 —0.775-0.011 1.088:0.032
1.35 —0.929+0.008 —0.641+0.012 —0.800+0.012 1.226:0.051
1.40 —0.940+0.008 —0.649+0.013 —0.819+0.014 1.4040.081
1.44 —0.946+0.008 —0.651+0.013 —0.830+0.015 1.54&0.110
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—A®; using the previously determined value®f®, we get  high accuracy by the following quartic polynomials in the
Mz, =5.805 GeV, which is in reasonable overall agreementecoil variablew—1, viz.

with the lattice QCD results 5.7 *3 GeV from Ref.[16].

Finally, from the obtained values of th&q-type baryon A A A

masses one has{J)=1.39. Thus, after including radiative & u)(®)=1-py)(@—1)+Cyuy(w—1)?—d uy(w—1)*
plus first-order 1 corrections(22) to the relevant form
factors our estimates air(=,— =l v,) = (7.9+2.0)% [at
|Vpo =0.040 and 7(E,)=1.39 ps [8]], a (Ep—En)
=—0.947+0.013, ar(Ep—Elv)=—0.620.11, P (B,
—EJy)=-0.87£0.05 and R (Ep—Er)=1.60
+0.14.

+i ) (0=—1)% (A1)
where the values of the parameters are

p2=1.884, ¢, =2.241, d,=1.626, f =0.5143,
V. CONCLUSIONS

The Isgur-Wise form factor relevant for tha,~Ac ~ 52_qgy57 ¢,-05388, d,=0.2594, f,=0.06308.
+1v, semileptonic decay has been calculated in the whole
. , : : ; ; (A2)
accessible kinematical range adopting a light-front constitu-
ent quark model and using various forms of thgq’ wave

function. It has been shown that the IW form factor is sen- e stress that neither a linear nor a quadratic polynomial
sitive to light-quark relativistic delocalization effects, leading js gple to reproduce accurately taebehavior of the form

to a saturation property of the form factor as a function of thefactorsg,_(w) and&, () in the whole range of values of the
(nonrelativistig baryon sizg(11). Moreover, the behavior of . L —
recoil accessible in the decay,— A .+1v;.

the IW function turns out to be largely affected by the baryon d .

stru_cture, being sharply diffe_rent in the case _of diql_Jark orfici-(la—rr:ti‘ ré’i(lil)t(sw(;f :gsocrzalguilst'sgf[;)g]thczshgt fﬁi?rf]grewcoef
collinear-typeQqq’ configurations. The comparison with re- _ ! )

cent lattice QCD calculationis3] at low recoil suggests the =1.8 as follows:
dominance of collinear-type configurations with respect to
diquark-like ones and allows to put effective constraints on v )
the shape of the IW function in the fud-range. Then, the Ci(®)=1.136-0.297§ v—1)+0.011490w—1)

Ap— A+ I?, decay has been investigated including both ra- —0.03536w—1)3,

diative and first-order Ing corrections to the relevant form

factors. Our final predictions for the exclusive semileptonic

branching ratio, the longitudinal and transverse asymmetries, VN _

and the longitudinal to transverse decay ratio Big A, Ca(w) 0.08485+ 0.0464%w—1)
—Alv)=(6.3-1.6)%V,:/0.040%7(A,)/(1.24 ps), a, —0.027920w—1)%2+0.01263w—1)3,
=—0.945-0.014,a7=—0.62+0.09 andR,=1.57+0.15,

respectively. It has also been shown that the theoretical un-

certainties orBr(A,— A¢lv)) andR, ;1 can be significantly CY(w)=—0.02133+0.007972w— 1)
reduced to=12% and=1%, respectively, by integrating the 5
differential decay rates up te=1.2. This could allow the —0.001840w—1) (A3)
extraction of the CKM matrix element¥,| with a theoret-
ical uncertainty of=6%, which is comparable with present
uncertainties obtained from exclusive semileptdBimeson and
decays. Finally, we stress that, provided the effects of higher-
order power corrections are negligible, the small uncertain- A )
ties found for the longitudinal asymmetry and tfpartially C1(w)=0.985%0.2069w—1)+0.04899w—1)
integrated longitudinal to transverse decay ratio make the . 0.0016840—1)3

) i " . . do—1)°,
experimental determination of these quantities a very inter-
esting tool for testing the SM and investigating possible new
physics. A )
C5(w)=—0.1220+0.07378w— 1) —0.04062w— 1)

+0.0134Tw—1)3,

APPENDIX
The results of the calculations of the form factdig w)
and §y(w) (see Sec. Ili, performed in the wholeo-range C4(w)=0.04203-0.02193w— 1)+ 0.008658w— 1).
accessible in the decay,—A.+lv;, can be fitted with (A4)
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