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The problem of theZ 7 lifetime is considered in the framework beavy-quark expansioand SU(3)avor
symmetry. The lifetime of27 is expressed in terms of measurable inclusive quantities of the other two
charmed baryons belonging to the sa®id(3 )., Multiplet in a model-independent way. In such a treatment,
inclusive decay rates of singly Cabibbo suppressed decay modes have a prominent role. An analogous ap-
proach is applied to the multiplet of charmed mesons yielding interesting predictioRs qoperties. The
results obtained indicate that a more precise measurement of inclusive decay quantities of some charmed
hadrons(such asA ;") that are more amenable to experiment can contribute significantly to our understanding
of decay properties of other charmed hadr(sigch as= () where discrepancies or ambiguities exist.
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The investigation of inclusive decays and lifetimes of ever, recent measurements of ¢ lifetime by the FOCUS
hadrons containing heavy quarKy is already a mature sub- [6] and CLEO[7] Collaborations indicate a substantial dis-
ject with many fruitful applications and numerous significantcrepancy between new experimental data and the presently
achievements. The fusion of the operator product expansioavailable theoretical resul4,8]

(OPE techniques developed in the 199@3 with the phe-

nomenological insights of the 19803] has created a con-

sistent framework known as heavy-quark expansgleQE), [HEDITAL)Focus=2.29+0.14,
within which one can systematically treat inclusive decays of

heavy quarks and hadrons containing them. A host of experi-

mental data, first o hadron decays and then, with the ad- . N

vent of B factories, onb decays, have made possible a com- [7(Z¢)/7(A¢)]cLeo=2.8+0.3, @
parison of experimental and theoretical results and revealed

broad agreement with several notable exceptfoAddress-

ing these discrepancies has become one of the most impor- [7(EDITAT)]n~1.3.

tant tasks in heavy-quark physics, given that data extracted

from inclusive weak decays represent an essential input in ) ) )
research of fundamental questions of the standard model 1he results displayed above show that there is a difference

(such asCP violation) or its extensions. The increasing PY @ factor of~2 between experiment and theory. It is rea-
quantity and quality of experimental data opens new direcSOnable to pose a question whether the HQE can correctly
tions in treating inclusive weak decays which may contributedescribe lifetimes of singly _charme+d baryons. The new ex-
to the resolution of existing problems. The consideration ofPerimental data on the lifetime & are certainly out of
the inclusive weak decay rates of Cabibbo suppressed mod&gach of the calculations performed so far. However, experi-
as individual objectgnot only as a small correction to inclu- mental data for other singly charmed, weakly decaying bary-
sive weak decay rates of Cabibbo dominant mpdag- Ons (A;, E¢, and()Q) are consistent with the theoretical
ported by the application of standard symmetiisach as calculations of Refl4]. However, as the data on the lifetimes
SU(3)fiavor OF heavy-quark symmetryHQS)] traces along  of =2 and QY are presently of marginal quality, it is not
one of these directions. excluded that future updates of these lifetimes might disturb
As the HQE depends crucially on the heaviness of théhe agreement in the case of these baryons, too. The theoret-
decaying heavy quark, the predictions are more reliable incal procedure is based on some assumptieng., calcula-
the sector ob hadrons than in the sector othadrons. Nev- tion of four-quark operator matrix elements in a nonrelativ-
ertheless, rather acceptable predictions of lifetime hierarchigstic quark modelthat may limit its explanatory power in the
and lifetime ratios were obtained in the sector of charmedtase of=_ . Therefore, it is justified to investigate if a the-
hadrons too. Furthermore, very reasonable agreement wasetical procedure based on the HQE with relaxed assump-
achieved in the sector of singly charmed baryph8]. How-  tions of analysid4] can be formulated so that it might ex-
plain new experimental results. To this end, one must invoke
Cabibbo suppressed modes of decay as a new source of in-

*Electronic address: guberina@thphys.irb.hr formation.

"Electronic address: shrvoje@thphys.irb.hr Let us begin our analysis with a brief discussion about the

ISimilar to the still present problem of theA2)/#(BY) ratio or  inclusive weak decay rate. The principal result of the HQE is
the recently escalating problem of th€=[)/7(A}) ratio. the expression for any inclusive weak decay rate of a heavy
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hadron given as a series of matrix elements of local operatonslinkowskian dynamics. It appears that the small correc-
with the inverse mass of the decaying heavy quark as ations that one safely neglects in the Euclidean regime often
expansion parameter turn out to be enhanced in the Minkowski regirfiel,12,.
The Wilson coefficients themselves are generally not free of
nonperturbativeénonlogarithmi¢ terms. They are generated,

Gﬁm% , 1 * . (Hg|Op|Ho) e.g., by small-size _instantor[ﬂl]. Si_milarly, per_turbative
I'(Ho—f)= 3|V| M > Co— 53| corrections appear in the soft physics of matrix elements.
192m Ho| D=3 Mg Generally, the truncation of the serig® in a5 and conden-

) sate terms is known to be necessary since both series are
factorially divergent{13]. Therefore, a “practical” calcula-
whereD denotes the canonical dimension of the local operation at any given order; and mé” will have a “natural
tor Op. The coefficientsc, are calculated perturbatively uncertainty” coming from the higher-order terad"** and
(therefore given as a series dry). V stands for a product of mJ("*1)  The “natural uncertainty” also includes ordinary
Cabibbo-Kobayashi-MaskaweCKM) matrix elements ap- uncertainties such as the uncertainties in quark masses,
pearing in a given weak decay mode. For the sake of practi ., etc. The uncertainties beyond this “natural uncer-
cal calculations, one has to truncate the series at some poigfinty” are considered to be violations of quark-hadron dual-
in the series hoping that the disregarded remainder of thgy,
series does not contribute Significantly to the final result. The Resolutions of the prob]ems stated above presumab|y lead
quality of such an approximation depends on the magnitudg, the explanation of discrepancies between present experi-
of the expansion parameter, i.e., on the speed of convergenggental and theoretical results. Since the contributions of
of the series. The underlying hypothesis is that the inclusivgyjgher-dimensional operators, uncertainties in matrix ele-
hadron decay rates can be described by calculating the inClynents andn,, as well as effects of duality violation are all
sive quark decay rates—the ansatz known as quark-hadrqptertwined in the full expression for the weak decay rate, it
duality. The ansatz is not trivially obvious as one can see bys very difficult to distinguish precisely which of these fac-
inspection of the leading term in E(R). The decay rate is tors causes the problem and should be improved accordingly.
given by I'*®~mg, and this expression haprima facie  One possible strategy is to eliminate or reduce the impor-
nothing to do with the hadrons in the final states. This istance of all(in practice as many as possipfactors but one
however, misleading since the summation of hadronic widthsn order to test the influence of the remaining factor. In this
of different channels agrees with the widths computed at th@aper we adopt this strategy and implement it using symme-
quark levef Another problem stems from the matrix ele- tries in multiplets of heavy hadrons. Investigations along
ments appearing in the expansion. They are dominated bsimilar lines(connecting the charmed with the beauty sector
nonperturbative dynamics and therefore so far there has begfere performed in Ref§14-16.
no systematic way of calculating them. The matrix elements The standard procedure of truncating the set®ss to
of several operators of the lowest dimensions can be detekeep operators of dimensiong@ecay operatdrand 5(chro-
mined by applying heavy-quark effective theoffQET),  momagnetic operatpf which are insensitive to the light-
lattice QCD, or, in some cases, extracted from the leptomuark content of the heavy hadrdat least on the quark-
energy spectra, but the matrix elements of some operatogiuon operator level Operators of dimension 6, which are
essential for understanding lifetime differences of heavy hadsensitive to flavors of light quark&our-quark operatoys
rons(e.g., four-quark operatorare still not generally calcu- also have to be kept in order to describe lifetime differences
lable in such a manner, but one must recourse to quark mogyithin multiplets of heavy hadrons. The effects of four-quark
els, which introduces the undesirable feature of modebperatorg(clearly presented in Ref4]) are traditionally re-
dependence. A further source of uncertainty is the heavyferred to as W exchange, positive and negative Pauli inter-
quark massmg. Since in the leading order the inclusive ference in baryons, and W annihilation, W exchange, and
weak decay rate depends on the fifth powemgf, very  negative Pauli interference in mesons. We shall adopt this
small uncertainties in the determination of this mass paramprocedure along with the assumption ®8(3)a,0r Symme-
eter can lead to a significant uncertainty in the inclusivetry at the level of matrix elements. The validity of this as-
weak decay rate. Finally, using a truncated expression insumption and its influence on the final result will be dis-
stead of the entire series raises the possibility of violation otyssed below.
quark-hadron duality11,12), which emerges as another pos-  We start by expressing decay rates of individual Cabibbo
sible source of contributions beyond the present theoreticahodes for singly charmed baryons within the framework that
control. we have set. As already mentioned, operators of dimension 3
The OPE was originally formulated for deep Euclideanand 5 are insensitive to the lighantiquark content of a

kinematics and its net effect was to factorize perturbativeheavy hadron. Nevertheless, their coefficients comprise a
short-distance physic&Vilson coefficients from soft, non-

perturbative ongmatrix elements On the other hand, the
quark-hadron duality is the concept dealing exclusively with 3therefore, it cannot be studied in lattice QCD, which is essen-
tially a numerical Euclidean approach.
“There are no operators of dimension 4 owing to color-gauge in-
2As nicely demonstrated in (#1)-dimensional QCG9—11]. variance.
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phase-space correction coming from the fact that some of the
resulting quarks in the decay of a heavy quark have a non-
negligible mass compared with the heavy-quark mass. Thus,
contributions of operators of dimensions 3 and 5 have
slightly different values in the treatment of various Cabibbo
modes of the decay of the heavy quark. In the caseqofark
decays, these corrections are generally not large and we shall
neglect them in our initial treatment. Their effect will be
taken into account in the discussion of our results. The as-
sumption ofSU(3 )., Symmetry guarantees that the matrix
elements of operators of dimension 3 and 5 are the same for
all hadrons in anySU(3)4,r Multiplet of heavy hadrons.
These approximations allow us to describe the contribution
of the aforementioned operators with a single quartifyin

all Cabibbo modes, for all members of the multiplet, up to

the product of the CKM matrix elements specific for everyfqor =

individual Cabibbo mode. The coefficients of four-quark op-
erators also include phase-space corrections owing to the
massive particles in the final state of the decay of the heavy
quark. In this case, however, these corrections are at the per-
cent level and can be safely disregarded iquark decays.
The contributions of these operators of dimension 6 for the
case of baryons can then be expressed in terms of several
parametergunder the assumption @U(3)av0r SYmmetry
related to the aforementioned types of four-quark effects: W
exchange (¢, Negative Pauli interferencd’(¢gin), and
positive Pauli interferencel(,osin), again up to the CKM
matrix elements. Analogous claims are valid in the case of
charmed meson decays. We should emphasizeltisaare
conveniently chosen combinations of products of coefficients
and operator matrix elements which appear in expressions
for the inclusive weak decay rates of all Cabibbo modes. As

we do not engage in a direct calculation of matrix elementsfor Eg, For the decay rates of the semileptonic modes one
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all these matrix elements can be taken as determined at thgbtains (=e, u)

same scalg, i.e., there is no need for the hybrid renormal-
ization in the case of four-quark operators. One needs to
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. : SL
know nothing else about the matrix elements of the opera- Vo2 =135,
tors. In such a suitably defined theoretical environment one cs
can express inclusive decay rates in a straightforward man- T
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for £2. One can introduce the following notation for the
CKM matrix elements:|V.42=|V,4%=(cosé)’=c?> and
[Vedl?=|V,e?=(sin 6)>=s>. Combining relations from Egs.
(3) and(4), one obtains

_ c? — T
FCHSdU(E;’) :?[FCHSSJ(A;L) + FCHddU(A:)]
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standing of charmed meson lifetimes, can also be a testing
ground of our approach because of a higher quality of avail-
able experimental data for charmed mesons. Therefore, we
conduct our analysis on 8U(3)gayor antitriplet of charmed
mesons. The inclusive weak decay rates for individual
Cabibbo nonleptonic decay modes af&s(used in the me-
sonic case are different from those used in the baryonic case
although the notation is very similar

_FC—PSdU(A;’), FCHSEU(D-F)
_ _ —:F35+Fnegint=
FC_)SSJ(E;)"FFC_)ddU(E:) |Vcs|2|vud|2
:FC—>S§J(A;')+FC—>dEU(A:)’ (9) I-‘c—>SSJ(D+)_
T o 12 L3ss
Vesl ! Vud?
FC—‘dSU('—' +) — FC—»SEU(A:) (13)
FC—»dEU(D-%—)_F . .
for the nonleptonic decay rates and from E®, (7), and AR =1ast Lannt Lnegine
(8) we have
FC‘)d;U(D‘F)
T:F35+Fann
Ts(E)=Ts(E [FSL(A )-Ts(EQ] (10 [Vedl?| Ve
, _ forD™",
for the semileptonic decay rates, wheré's (X) B
—re-si(x)+re-dn(x), X=2; 2% A’ . Expressions [e—sdupo)
(9) and(10) show that all contributions to the total inclusive W: 35 Uexch
weak decay rate ¢E | are expressed in terms of some of the csi 1 ¥ud
analogous contributions 0‘(C+ andEg. In this way, we have Fcﬁs;(Do)
succeeded in expressing the lifetime of a “problematic” ——= a5 Texche
baryonZ_ in terms of quantities of “nonproblematic” bary- [Vedl Vi
onsA; andE{. If we introduce the notation (14
. T c—»dEu 0
ar A+)_[rcHssu(A;)_{_FcaddU(A;r)] r (D ):F35+Fexcha
Aszl,AS:O( c/— Ftot(Ag—) ! |Vcd|2|vud|2
(11) FC*?ng(DO)
the final expressiofiafter neglecting all terms-s?) for the —|V 2|V |2:F35+ L exch
ratio specified in Eq(1) becomes cdl 1 ¥us
for D%, and
=N c? N _
r(A*) -1+ 2+ 2 BRac=-1as-0(A¢) pe-sdypy
VTV 35t L anns
2 + |Vcs| |Vud|
vo 1= S| e D (9 <
) o) PRau (B IO
T g 12 +35T LannT L negints
S2 . -1 |Vcs|2|vus|2
+2| 1+ —|BRgi(A{) (12) (15
I‘cﬂdEU(DJr)
S
This type of analysis can be extended to the sector of W: 35;
charmed mesons. The hierarchy of charmed meson lifetimes cdl 1¥ud
is in general well understood in the framework of the HQE e daly i+
[17], although some discrepancies exist that motivate alter- I (D ):F AT
native approachd48] and raise corresponding controversies [Vedl?[Vusl? et

[19]. We shall pursue our analysis in the framework of HQS

and perform a model-independent analysis. This analysidpr DJ . For the decay rates of the semileptonic modes one
apart from its intrinsic value as a contribution to the under-obtains (=e,u)
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FCASTVI D+
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|VCS|2
FC—»dTW(DO)
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|Vcd|2
for D, and
— Ty +
FC S I(Ds): §|5_+1-‘SL
ann
|VCS|2
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for D . Combining relations from Eq$13) and(15), one
obtains

_ 2 _ _
FC—»SdU(D;') :_2[1"C—>SSJ(D+) +FC—>ddU(D+)]
S
_FC*)SEU(D+)
FCHS;J(D;’) + I‘CHdEU(D;)

— FCHSEJ(DJr) + I‘cﬂdau(D+)
(19
4

— S —
I‘CﬂdSU(D;r) ZEFCHSdU(DJr)

for the nonleptonic decay rates and from Ed$), (17) and
(18) we have

2
FSL(D:>=FSL<D°>+%[FSL<D+>—FSL<D°>] 20

for the semileptonic decay rates, wherd’g (X)
=re=shix)y+re-d(x), Xx=D*,D°DJ. Expressions

(19) and(20) show that all contributions to the total inclusive
weak decay rate db_ are expressed in terms of some of the

analogous contributions db* and D°. Let us comment
briefly on the findings of Refd.20—22 which indicate that
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of charmed mesons. Let us point out that although the ex-
pressions for semileptonic inclusive decay widths are calcu-
lated using the HQE, the relations among thieuch as Eqg.
(20)] simply state that inclusive semileptonic widths for all
three charmed mesons are very close, which is satisfied very
well experimentally[5]. Therefore, the possibility that the
HQE does not describe semileptonic inclusive widths ideally
(although contributions of higher dimensional operators
should be investigated before making this statement définite
does not bare a consequence on our final results which de-
pend only on the relations among semileptonic decay widths.
If we introduce the notation

[FCﬂSEJ(DJr) + FCHdEU(DJr)]

BRyc-—1as5-0(D")=
(D)

(21

we obtain the following final expressioafter neglecting
terms~s*) for the ratio of lifetimes oD andD* mesons:

(D7)
1-BR.(D/))
T(D;)[ (Dg)]
C2
=—1+ 2+§ BRyc-—1a5-0(D ")
2 +
c\7(D")
+2| 1- — | ———BRg(D°
52) 209 su(DY)
2
+2| 1+ — |BRg(D"), (22)
S

where BR(D.) denotes the branching ratio of the leptonic
DS — 7"y, decay

Once we have obtained the resuli®) and(22), we can
clearly see their theoretical and experimental appeal. These
relations have an intrinsic value since they express the life-
time of one charmed hadron in terms of measurable quanti-
ties of other two charmed hadrons belonging to the same
SU(3)favor Multiplet. This result represents exploitation of
advantages of the HQE at a new deeper level. The approach
that leads to Eq912) and(22) also suppresses some of the
problems referred to in the introduction. Let us briefly dis-
cuss these problems in the light of our approach.

The problem of convergence seems rather important in
charmed baryon decays. The operators of the lowest dimen-
sion in Eg.(2), which are neglected in our approach, are
some operators of dimension(@hich are insensitive to the
light content of the heavy hadrpfollowed by the operators
of dimension 7 and higher. In our approach, all operators that
are insensitive to the light content of heavy hadrons give the
same contribution to the inclusive weak decay rate of each
Cabibbo mode(up to the CKM matrix elementsand for

SThis mode contributes significantly only to the decays offie
meson and therefore cannot be related to the analogous decay rates

the HQE could not reproduce semileptonic inclusive widthsof other members of th8 U(3)gayor Multiplet.

114004-5



B. GUBERINA AND H. STEFANCIC PHYSICAL REVIEW D 65 114004

every hadron within a giveBU(3)gao multiplet. If we look  ues. From the final relation for baryo(2) and meson§22)

at the relationg9), (10), (19), and(20) as relations between it is evident that theoretical predictions depend on the
exact inclusive weak decay rates for individual Cabibbobranching ratios of the singly Cabibbo suppressed nonlep-
modes(and not only as approximations with several lowesttonic modes BRc- —14s-0(A¢) and BRic-—14s-0(D ™),
dimensional operatoyswe can see that contributions of all respectively. These values are not available from experiment
light-flavor insensitive operatof®f any dimensiopget can-  and their determination represents a crucial step in numerical
celled. Thus, these relations are correct up to the contribuanalysis. An estimate of these quantities can be obtained in-
tions of higher light-flavor sensitive operators. Since apariirectly from exclusive modes and depends on the quality of
from four-quark operators there are other operators of dimendata for these modes. From the flavor quantum numbers of
sion 6 in Eq.(2) but they are all light-flavor insensitive, the the final decay products in heavy-hadron decays one can de-
aforementioned relations get the first correction from thosgermine which Cabibbo mode governed that particular decay

operators of dimension for highey which are light-flavor  5¢ the quark level. The only exceptions are the modes
sensitive. Therefore, relatiorn9), (10), (19), and(20) are in

the form that ameliorates the convergence issue —ssu and c—ddu which lead to the final hadronic state

The phase-space corrections represent corrections Whié’H'th the same flavor quantl_Jm ngmbers. How_ever, this fact
are different in various Cabibbo modes, depending on th&©€S not pose a problem since in all expressions the decay
number of massive quarks in the final state. Still, relationd@€s of these two modes appear in the form of sum and
(9), (10), (19), and(20) are in such a form that the effect of therefore there is no need to make difference between them.
phase space is significantly reduced. Let us consider the fir§tom the flavor quantum numbers of the final states of any
equation of Eq.(9): the sum of decay rates of two modes Particular exclusive mode one can determine whether it was
with one s quark in the final state equalsip to the CKM  governed by the Cabibbo dominant, singly Cabibbo sup-
matrix elementsthe sum of decay rates of modes with two pressed, or doubly Cabibbo suppressed nonleptonic modes at
and zeros quarks in the final state. Numerical values of thethe quark level. An analogous conclusion follows for semi-
phase-space corrections to operators of dimensions 3 andl&ptonic decays. It is, therefore, possible to obtain a decay
[17] indicate that the sum of corrections for twguarks and rate for any Cabibbo inclusive modgll decay channels
zero s quarks in the final state is very close to the doublecoming from the same Cabibbo mode at the quark el
correction for ones quark in the final state. The effects of summing the decay rates of associated exclusive modes. In
phase-space corrections largely cancel. A similar situatioperforming this procedure one encounters the effect of quan-
appears in all other relations in E@S), (10), (19), and(20).  tum interference. Namely, different final states originating
Therefore, inclusion of phase-space corrections does not Ngrom the same quark decay mode can mix owing to final
tably worsen the accuracy of the aforementioned relations. siate strong interactions. The most notable manifestation of

The problem of calculating matrix elements is in our ap-yis effect is that summing of the branching ratios of all
proach completely avoided. From the span of lifetimes Ofg, | ;sive modes taken from Ré6] can lead to a result well
charmed hadron$5] it is clear that four-quark operators

. ) . = P> over 100%(e.g., forD® or D). To minimize this effect, we
must play a very prominent role. Since, in contradistinction

A . . %nvoke the following procedure: we calculate the inclusive
to operators of dimension 3 and 5, the matrix elements o . . )
decay rate of singly Cabibbo suppressed modes by summing

four-quark operators cannot be calculated in a model- ! . X
independent way, it is clear that even a modest inaccuracy i e decay rates of all appropriate exclusive dpcay modes;
their determination may lead to significant deviations from!1€" We calculate théotal decay rateby summing decay
the correct result. Moreover, a recent analj&] indicates rates of_all exclusive mode_zs and_ then divide the two numb_ers
that there might exist serious deviations from some standartp obtain the wanted ratio. Using the sum of all exclusive
approximations, such as the valence quark approximatior’fT‘OdeS instead of the measured lifetime for the total decay
Evading these pitfalls is one of the greatest advantages of oliat€ insures the same treatment of interference effects in both
approach. guantities in the ratio.

Another advantage is that all crucial relations in this paper Other quantities appearing in the expressi¢hg) and
do not depend on the heavy quark magsin the case when (22) are lifetimes and s_emlleptqmc branching ratios, Wh|_ch
the assumed symmetries apply. In the realistic case, the for@f€ @ standard part of information on any weakly decaying
of relations(9), (10), (19), and(20) reduces the dependence particle. In general, they are well measured and available in
of results onmg, significantly (to the level of breaking of Ref.[S]. _ . _
underlying symmetries Let us first consider the presently very interesting ques-

Finally, there remains the assumption ®0(3)ayor SYym- tion of the 7(E )/ (A ) ratio. The sum of branching ratios
metry. The effects of breaking of this symmetry were ana-0f all measured exclusive decay modes is approximately
lyzed in Ref.[4]. From that analysis one can conclude that50% which shows that the set of available decay modes is
the effects ofSU(3)y..r breaking are generally less than not complete. The branching ratio BR-_;as—o(A¢) is
30% and probably significantly smaller. Therefore, we ex-obtained at the level of 0.02850.0115, which is probably
pect the same level of accuracy in our treatment, too. an underestimated result since only a few exclusive modes

After the discussion of theoretical advantages and limitacorresponding to singly Cabibbo suppressed modes are avail-
tions of our approach there remains an important problem o#ble[5]. Another problem is the lack of data on the semilep-
confrontation of theoretical findings with experimental val- tonic branching ratio of thag baryon. This value can be
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taken from[4] to be BRy(E%)=(0.092+0.006). As the cedure changes the central value at the permille level while
contribution coming from BR(ZY) is the nonleading one the error is almost halve@ven with this reduced errors our

[the leading one coming from the BR_ _1 xs_o(A )], this WO results are in a & interval.

mixing of theoretical and experimental results does not in- N procedures presented so far are by no means re-
troduce a significant model dependence. Still, only the futurétricted to the calculation of the lifetimes &, and Dy .
arrival of experimental data on BRE?) will complete the Any inclusive quantity(such as semileptonic branching ra-
set of experimental values needed for a fully consisten{'_os) for thg§e hadrons can be expressed by means of |n<_:lu-
analysis. The rest of the data is taken to[5&BRg (A ) sive quantities of the other two charmed hadrons belonging

—(0.045:0.017), 7(A})=(0.206:0.012) ps, andr(Eg to the same multiplet. Similar relations can also be estab-

_ . . lished in multiplets ofb hadrons bearing in mind that, e.g.,
=(0.098~ 00 19) ps. The analysis using the fet of rflram'phase—space corrections in thease can be substantial. Nev-
eters specified above yields a result for #{eg, )/7(A.)

ertheless, the full success of this approach is dependent on

ratio which is far above th_e new experimental results and hag...,mulation of experimental ditand measurement of in-
a very large error. The principal reason for such a result cal

e Qiusive decay rates of suppressed decay modes.
be seen from Eq(12). The value of BRc-_1as-0(A¢) IS

o 2, 2 : : Considerations displayed in this paper are motivated by
multiplied by a large factoc®/s”, which makes the final recent experimental results on charmed baryon lifetimes and

result very sensitive to the value of this branching ratio. The[he need to establish whether a standard existing formalism

conclusion stemming from this analysis is that the presentl;ean be brought into agreement with these results by elimi-

. + . . . .
available data o exc_luswe modgs are insufficiently ac nating or reducing some of its uncertainties. Our formalism
curate and abundant to insure a reliable result. A more exten:-

. : ; Bfocures model-independent results with the assumption of
sive and precise measurement of exclusive decay modes

A7 (especially Cabibbo suppressed o " however, lead some symmetnes. Apart from these deswa_ble propertles, Fhe
. . " — theoretical appeal of our approach consists in expressing
to interesting new predictions a8, .

Numerical analysis in the sector of charmed meson deSome measurable quantity of a heavy hadron in terms of
X ysl i~ ) ) measurable quantities of other heavy hadrons from the same
cays is more promising. Addition of the branching ratios of

all exclusive modes oD " gives a value of 110%, which SU(3)savor Multiplet. This feature enables us to set a new

shows that the data on exclusive decay modeB bfcan be course in testing the formalism of inclusive weak decays.
considered complete. The branching ratio Using relations such as Eqgl2) and (22) one can use the

BRyc—_1xs-0(D ") attains the value 0.1400.026. Other data for those hadrons the decays of which are more ame-

lsss “en_ffom Rl [5 e 8R,(D)-011z ol o erperimenal deeminaton to produce preitons
+0.019, BRy (D% = 0.0675+ 0.0029, 7(D*) = (1.051 P

+0.013) ps, andr(D%) = (0.4126+0.0028) ps. Using the verification(as in theEc+ case. As any advantage, this one
- ! ' S ' ) has its price, too. One has to introduce inclusive decay rates
expression(22) one obtains t_he Valu@T(Df)/T(D;)][l of singls Cabibbo suppressed modes which so far ha)\//e not
—BR,(DJ)]»,=2.63+0.98. This result obtained from theo-

; ! . ) been measure(hs inclusive modes Use of data on exclu-
retical considerations can be compared with the value for thg;, o decay modes can give a reasonable estimate of neces-
same quantity following from the experiment. To this end

. + 'sary decay rates. Nevertheless, the full strength of our ap-
we use the experlmfntal valuegs] 7(Dg)=(0.496  hroach would manifest itself if direct measurements of
+0.0095)ps and BRD)=0.07+0.04. This leads to a jnclusive decay rates of singly Cabibbo suppressed modes of
value  [7(D7)/7(DJ)I[1—BR(DS)]exy=1.9710.096. A+ should be possible in the near future. Even better and
Comparison of these two results shows that they are consignore detailed data on exclusive decay modes\ $f could

tent within their errors. A relatively large error of the result j,nrove our understanding of new experimental data on the
obtained through relatioi22) originates to a great extent =+ lifetime.

from the expressiori20) where the inclusive semileptonic CThe real challenge now faces the experimental commu-

+ . . . .
decay rate oD is expressed in terms of respective quanti-piy, There is a clear indication that by measuring the param-
ties for the other two charmed mesons. In this relation a larg@ars of one heavy hadrom () we can draw definite con-
2/a2 Al i +
factor %/S muitiplies a small - quantity I's,(D™) lusions on the other heavy hadrdg {). These conclusions
—T's (D7) (the inclusive decay rates for these two Chf_irme(fnay clarify the question of applicability of the HQE in
mesons are numerically very clgsén the final expression, charmed decays or at least decide WheEEiérreaIly fits into

this fact contributes very little to the central value, but gives,[he so far successful description of charmed barvon lifetime
a significant contribution to the error sind&s (D*) and hie}archy ' P y

I's (D°) are treated as independent quantities and their indi-
vidual errors are significantly larger than their difference. This work was supported by the Ministry of Science and
The consequences of these facts can be better observed if ofechnology of the Republic of Croatia under the Contract
performs the following analysis. For the sake of error analy-No. 0098002.

sis, we take thaFg (D) andI'g (D°) are identically equal

(while in reality they differ by the small Cabibbo suppressed——

correction. This approximation removes the problematic ®The upcoming high-statistics measurements, especially for
term of a large factor multiplying a small quantity. This pro- charmed baryong24], are in this respect very encouraging.
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