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1/m§ corrections to the left-right lepton polarization asymmetry in the decayB—Xu*p~
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Using a known result by Falkt al. for the 1m2 correction to the dilepton invariant mass spectrum in the
decayB—Xqu " u~, we calculate the b2 correction to the left-right muon polarization asymmetry in this
decay. Employing an up-to-date range of values for the nonperturbative parametee find that the cor-
rection is much smaller than should have been expected from the previous work byefFalk
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Rare decays d8 mesons have been studied extensively inmodel including perturbative QOD long distance effects
the last few years. Such decays are forbidden in the tree-levelue to the nonperturbative physics at low scales have to be
approximation and proceed through loop diagrams onlytaken into account. Important corrections are first of all gen-
Consequently, they are sensitive to the complete particl@rated by intermediatec bound statege.g., the channel
content of a given theory and their analysis may thus shed 5y s, * 4 ~) which influence the kinematic distribu-
some light on possible new physics beyond the standargyng even far away from the resonance region. For a way to
model (SM). In this paper, we focus on the inclusive decaydea| with these effects, we refer to the literat{ife-10].

el . .
B—Xsu " u”, whereXs denotes an arbitrary hadronic final 5 qgitionally, there are nonperturbative effects due to the
state with total strangenéss 1. In contrast with the decay binding of theb quark inside theB meson. It is strongly

. expected that for inclusive decays of heavy quarks such ef-

the invariant mass spectrum of the lepton pair a forward—ﬁa cts may be incorporated by a controlled expansion in in-

backward charge asymmeti] and a left-right polarization verse powers of the mass of the decaying quark, the so-called

asymmetry[2,3] have been proposed. The simultaneoud'€a%y quark expansiéiiHQE) [11,12. The first term of this
measurement of these distributions allows one to extract th§XPansion can be shown to reproduce the spectator model.
values of the Wilson coefficients which govern the decaya/k, Luke, ang Savagki4] calculated the first nonvanish-
amplitude and contain the short distance phy$is The ing, i.e.,O(1/mg), correction to the dilepton invariant mass
values of these Wilson coefficients are sensitive to new physspectrum in the deca—X.u "~ some time ago.

ics and in a measurement of the kinematic distributions one It is this type of correction we are dealing with in the
might be able to detect deviations from the SM prediction.following. We slightly extend the work of Liu and Del-
For this reason the distributions mentioned above should beourgo [3] about the left-right polarization asymmetry by

calculated as precise as possible. presenting the b2 correction to this distribution. It should
Meanwhile a complete next-to-leading ord&L0O) cal-  particularly be stressed that in the numercial analysis we take
culation of the relevant Wilson coefficients is availafies].  into account a present range of values far (one of the

These coefficients properly include the short distance QConperturbative parameters that occur by performing the

effects and the NLO approximation considerably reduces th&lQE), and that these values differ drastically from the one

(otherwise significanttheoretical uncertainty in the final re- used in Ref[14].

sult which stems from its dependence on the renormalization The general framework for decays lil&—Xsu™u™ is

scale. the effective theory approach with the effective Hamiltonian
Apart from these perturbative calculations which rely en-as the central element. Once the effective Hamiltonian is

tirely on the spectator modédefined as the free quark decay given one can calculate the decay amplitude and the kine-

matic distributions mentioned above. The effective

ISince we neglect the mass of the leptons, all statements in this
paper apply likewise to the decd— X.e*e™. However, this de- AWhether this expansion can be justified theoretically rigorous is
cay mode is experimentally even harder accessible thastill the subject of ongoing discussiofis3]. At the moment, phe-
B—X.u" 1™, so we decided to mention only the latter one explic- nomenology seems to be the only way to judge the validity of the
itly in the text. HQE.
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Hamiltonian for the deca— X.u " ™ has been calculated full calculation Falket al. have done in order to find the
in the NLO approximation by Misiak5] and independently 1/m? correction for the left-right asymmetfyWe obtain
by Buras and Moz [6]. In our paper we entirely use the

notation introduced in Ref6] and we refer to this paper for dALR  dASR dASR
the operator basis, the analytic expressions of the Wilson 4 = e + 45
coefficients, and for the details concerning the NLO calcula- S S S
tion.
Let us now consider the left-right asymmetry. It is defined dAG" _ T(b—cl™y) | 2 Vts (1 32
as ds f(z)-k(z) '
dA"R/ds= dIr'/ds—dIR/ds, X Cyd (1+ 2%)Re(58“)+60(7°)eﬁ],
where dASR I(b—cl™v) VtS
~ == f | tb| 2 2(1 S)
R ds (2)-«(2)
5= (Pu++p,-) My ~ - -
X C1d KTR(N1,9) +K5 (N 2,8)],
is the scaled four-momentum transfer to the muons and h defined=mm./ d
dr'Y/ds (dTR/dS) denotes the invariant mass spectrum for a'* ' W€ GeiNEd=mc/m, an
decay into purely left-hande@ight-handedl muons. Instead A Ay ) A _
of calculatingdl'*/ds anddI"'?/ds separatelyd A-R/d's can Ki®(\1,9)= prvalSe 25°+35+5)Re(C§"
alternatively be obtained directly from the invariant mass b
spectrumdI’/ds. With the operator basis used in RE6], —2(3s—-5)CclVem,

dI'/ds s derived in terms of the Wilson coefficien® and
C,o. The corresponding operat@q contains a vector cou- LR - Ao -5 - ~ o
pling of the muonsQ;, an axial-vector coupling. Defining a ka2 ()‘2'5)=2mt2){3(_105 +156+1)Re(Cg")
left-handed and a right-handed operator by
—6(7s—5)CleM,
QL=Q9~ Qi Qr=Qo+Qio,

dA;™/ds denotes the spectator model result. It agrees with
one obtainsdl'/ds in terms of the corresponding Wilson the result in Ref[3]. The functionsf(z) and «(z) are the

coefficientsC, andCg by the simple substitution phase-space factor and the one gluon correction to the decay
b—cev given in Egs.(2.31) and (2.32 of Ref. [6]. The
Co=C_+Cr, Cu=Cr—C,. Wilson coefficientsC{?¢ C&" andC,, are also defined in

Ref.[6], Egs.(2.3), (2 28, and(2 8). Note that the effective
Since the remaining operatog, - - - Qg contain only vector coefficientCg" depends explicitely os because it contains

couplings to the muons, one finds in this basis the influence of the operato®;- - - Qg. Finally, dAgR/dAs
denotes the mﬁ correction, given in terms of the two HQET

dA-R dI’ dr parameters\; and \,. A definition of them as matrix ele-
ds :g T 4s ments can be found in Ref14], Eq.(2.21).
Cr=0 € =0 Let us now examine the size of the correction compared

with the spectator model result. In doing this we do not in-
The final result may be transformed back to the b#&¥js corporate the long distance effects due to intermediate
Qj0 and re-expressed in terms 6% and C;,.2 Following  resonances. We do not neglect them because they are small,
these steps one reproduces the result for the left-right asynin fact, as already mentioned, they do have a large effect on
metry in Ref.[3] if one starts with the invariant mass spec- the shape of the spectra even far away from the resonance
trum as given in Ref[6]. Keeping this procedure in mind region. The common way to deal with these resonances is a
one can extract the mF correction to the left-right asymme- simple replacement otr:e“ by Ce“+ Res@) (see, e.g., Ref.

try from the 1m2 correction to the invariant mass SpeCtl’um [10]) Where the funcnon ResI |S Chosen to produce reso-
given in[14]. We stress that it is not necessary to repeat theygnce peaks at the masses of the intermediatébound
states. The relative correction to the spectator model, how-
ever, is nearly the same with or without this replacement of
*Note that CS™. So, for simplicity, we show the nonresonant results
dr drt dr drR only
- — and — -
ds Cpm0 ds ds ds

c.=0

becausedl'/ds]c,-o contains right-handed components due to the 4This is not the case for the mf correction to the forward-
operatorsQ;, - - - Qg which cancel against the same terms present inbackward asymmetry, which cannot be extracted from the result in
dI'/ds|c, -0 by taking the difference. [24].
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FIG. 1. The left-right asymmetry in the decd—Xqu*u~ FIG. 2. The dilepton invariant mass spectrum in the decay

(normalized to the total decay width of tBemeson. The solid line  B—Xu* ™ (normalized to the total decay width of tBemeson.
represents the spectator model result. The shaded area correspofdie solid line represents the spectator model result. The shaded
to the left-right asymmetry including therf correction, varying ~ area corresponds to the spectrum including the? 1¢orrection,

A, between—0.6 Ge\? and —0.1 Ge\2. The upper edge of the varying\; between—0.6 Ge\? and—0.1 Ge\2. As in Fig. 1 the
area is given byr;=—0.1 Ge\?, the lower edge by\;=—0.6 upper edge of the area is given by= —0.1 Ge\?, the lower edge
GeV?. by A\;=—0.6 Ge\2. The dashed line is the result obtained by Falk

) ) ) ) et al. usingr;=0.5 Ge\~2.
In the Appendix we give a list of the numerical values of

all input parameters we used. Some remarks should be made
concerning the nonperturbative parameteysand\,. From
the B—B* mass splitting the numerical value b} is well
known to be 0.12 Ge¥[15]. \; is much less understood. In
Ref.[14] A ;=0.5 Ge\? was used in the numerical analysis.
These values led to an enhancement of roughly 10% over the

As long as\; is poorly known, the following numerical
formulas might be useful. They describe the relative size of
the 1m? correction to the spectator model results of the in-
tegrated left-right asymmetry and the branching ratio:

N LR
full range ofs in the invariant mass spectrum. This value of A%:( Lz +0.28| X 15.3%,
N1, however, is no longer appropriate. Even if there is still Ao GeV

some controversary about the magnitude, the sign jofs
strongly believed to be negative. There have been attemptsto  AB[B—X.u ']
calculate\; using QCD sum rule§16—19 and, alterna- BB—Xg u'] =(
tively, to extract it by a fit to the data frol® andD decays st #- o
[20,21. Even an upper bound has been proposzti-24.
However, the values found lie in the range
—0.6GeVV=<\,;=<-0.1 GeV?, which is quite large.

In Fig. 1 we plot the spectator model prediction with an
without the 1m2 correction. The influence of the correction

never exceeds a rate of 3.5% in the highegion §=0.4) [=1ALR_ 4 74 10"

H tot 70 . ’
and maximally reduces the spectrum by 9.5% for very small
values ofs. We emphasize that the smallness of the correc-
tion is due to an accidental cancellation of the corrections
kiR and k5R. With N;~—3\, the functionski® and k5"

almost cancel in the high region. For the integrated left-

A
GeV?

+0.28| X 12.0%.

Note that the ng correction depends linearly ooy, there-
fore these formulas are valid for all valuesof. They also
qimply that forx,=—0.28 Ge\? (and\,=0.12 GeV?) one
obtains the spectator model results

B[B—Xu u']o=6.03x10 6,

It is instructive to compare the size of tharf/correction
: _ ' to the left-right asymmetry with that of other unkown cor-
right asymmetry the correction lies between3% and  rections or uncertainties preventing a precise theoretical pre-
—5% compared to the spectator model result. . diction of this quantity. We looked at various sources of

With this small correction in mind, it is interesting t0 yncertainties, a complete list of the corresponding errors is
show again the mﬁ correction to the invariant mass distri- given in Table I.
bution with negative values of;. This is done in Fig. 2. The  The most important error stems from the lack of the next-
overall correction is significantly reduced compared to theo-next-to-leading-order QCD calculation. This truncation of
result in Ref[14]. As in the case for the left-right asymme- the perturbative series manifests itself in the renormalization
Ery, the correction to the spectator modelﬂis at most 3.5% fokcale dependence of the spectra and integrated rates. By
s=0.4 and maximally differs by 5.2% near0.1. The cor- varying the renormalization scaje betweenm,/2 and 2,
rection results in a maximal decrease of the integrated specke., in such a manner that in,/u remains smajl we esti-
trum of 3.8% forh;=—0.6 Ge\2. In comparison, the inte- mated the corresponding uncertainty to be abatg%.
grated spectrum increases by 9.3% takingas high as the Apart from this we have to cope with our insufficient knowl-
value used in Ref.14]. edge of the masses of the top and charm quark, which enter
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TABLE I. Various sources of uncertainty for the integrated left-  The numbers of Table | show that the'nﬁ/ corrections
right asymmetry as well as for the total branching ratio of the decayare numerically not very significant compared to all the other
B—Xgu"u”, in order of their numerical importance. For the first ncertainties presently existing. However, two remarks
two entries, see the explanations in the text, should be made. On the one hand, we would have arrived at
a much larger correction of about 10% if we had used the old

; LR/ ALR
Uncertainty due to ... AATTAg ABIB value \;=0.5 Ge\? as in Ref.[14] (which was published
Long-distance effects +15% +10% only three years agolt is interesting to note that at the
my/2< u<2my, +8% +*2% moment most experimental and theoretical developments are
m;=(167+6) GeV +6% =7 % in favor of the assumption that them@ corrections are ge-
m=(1.4+0.1) GeV 6% 6% nerically small. On the other hand, ther/ corrections are
B[B— Xl "] +4.8% +4.8% quantities of principle interest. Assuming the validity of the
|Vis/Vep|?=0.95+0.04 *4.2% *4.2% HQE, their existence is a fundamental and predictable prop-
as(Mz)=0.118+0.003 *1.5% *0.2% erty of QCD. So they should be calculated independently of
m,=(4.8+0.3) GeV *0.7% *1.1% their actual sizéwhich, of course, is by no means known
ms=(0.1+0.1) GeV *0.7% +0.6% priori). Even if today the overall error is dominated by the

uncertainties in the SM parameters, one cannot say how this
picture will change during the forthcoming years.

through loop diagrams and the phase-space fd¢@r Both In this brief work we presented the nonperturbative
of these masses give rise to an uncertainty of roughly;/m?2 correction to the left-right asymmetry for the rare decay
*+6%. The errors due to the Cabibbo—Kobayashi—MaskawaB_)xs,uuf_ With a present range of values for the param-
(CKM) matrix elements and the semileptonic branching ratioetem1 we found a correction as small as roughly 4% for the
are not large, but also comparable to thengl/correction.  integrated left-right asymmetry. We also showed the invari-
The other inaccurate known paramters, includiegMz)  ant mass spectrum with these new valuesXprand found

and the masses of the remaining quarks, affect the left-righthe correction significantly smaller than in Rgf4].

asymmetry only by a small amourite., not more than N.P. was supported by the German Bundesministerium

*1%). Apart from these rather trivial dependences on thefijr Bildung und Forschung under Contract No. 06 TM 743
parameters, there remains one potential systematic erroind DFG Project No. Li 519/2-1.

namely the long distance contributions duetoresonances.

Modeling the resonances as in REf0], we estimated them

to enlarge the left-right asymmetry by roughly 15% APPENDIX: INPUT PARAMETER

(whereby this number depends to some extent on the applied

experimental cups In the worst case, lacking anything bet- m,=4.8 GeV,m;=1.4 GeV,ms=0.1, m,=0, m;=167
ter, the associated error should be taken to be in the sanfgeV, My=80.2 GeV, u=5 GeV, [Vy|=1,
order of magnitude than the correction itself, albeit we would|Vs/V | =0.95, sifey=0.23, a=a(Mz)=1/129,
call this a very conservative and perhaps unnecessary pessis(M;)=0.118, B(B— X, »)=0.105, \,=0.12 Ge\?,

mistic view. —0.6 GeV?=)\;=<-0.1 Ge\? (see text
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