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Power corrections in the decay rate and distributions inB— X/ "/~ in the standard model
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We investigate the leading power corrections to the decay rates and distributions in the decay
B— X/ "/~ in the standard modéBM) using heavy quark expansig¢riQE) in (1/my) and a phenomeno-
logical model implementing the Fermi motion effects of thequark bound in theB hadron. In the HQE
method, we find that including the leading power corrections the decay Widh-X./* /) decreases by
about 4% and the branching rat§B— X/ /™) by about 1.5% from theifrespectivg parton model values.

The dilepton invariant mass spectrum is found to be stable against power corrections over a good part of this
spectrum. However, near the high-mass end point this distribution becomes negative with the current value of
the nonperturbative parameti&p (the \;-dependent corrections are found to be innocloimplying the
breakdown of the HQE method in this region. Our results are at variance with the existing ones in the literature
in both the decay rate and the invariant dilepton mass distribution calculated in the HQE approach. As an
alternative, we implement the nonperturbative effects in the dBeayX,/* /"~ using a phenomenologically
motivated Gaussian Fermi motion model. We find small corrections to the branching ratio, but the nonpertur-
bative effects are perceptible in both the dilepton mass distribution and the forward-backward asymmetry in the
high dilepton mass region. Using this model for estimating the nonperturbative effects, modeling the dominant
long distance contributions from the deca§ss X+ (J/4,¢', ... )—X/ "/, and taking into account the
next-to-leading order perturbative QCD correctionbins/ "/ ~, we present the decay rates and distributions

for the inclusive procesB— X,/* /'~ in the SM.[S0556-282(97)00107-0

PACS numbdss): 12.39.Hg, 13.20.He

. INTRODUCTION B(B— Xsy)] have also been calculated in the heavy quark
expansion(HQE) approach15,16. A guantitative measure
RareB decaysB— X/ "/~ andB— X,y are well suited  of the rapport between experiment and present estimates in
to test the standard modébM) and search for physics be- the SM is the CKM matrix element ratioV,|/|Vp| for
yond the SM. In the SM, such processes are governed by thghich a value|V,4|/|V,p| =0.85+0.12(exph = 0.10 (theod
Glashow-lliopoulos-Maian{GIM) mechanisni1], and their  has been obtained from the inclusive decay rate for

rates and distributions are sensitive to the top quark mass argl_, y [17), in agreement with the bounds obtained from
the Cabibbo-Kobayashi-Maskaw@KM) matrix elements unitar?ty of the CKM matrix[18].

[2]. First measurements of the decay rates for the exclusive It is known that the inclusive energy spectra in the decays

decayB—K* +y [3] and the inclusive decaB— Xsy [4] B—X/v, and B—Xgy are not entirely calculable in the

have been reported by the CLEO Collaboration. At the par; B . e i
tonic level, the complete leading-orddrO) anomalous di- HQE framework{16,19-21. In particular, the end-point en

mension matrix involving thé— sy decay was calculated in ergy spectra are problematic in that the energy released for
[5-7] in the context of an effective five-quark theory. First the light quark system in the decay-qX (hereX=1y or a

calculations of the gluon bremsstrahlung and virtual correcdil€Pton paif is not of orderm, but of orderA, where
tions, which are part of the next-to-leading-or@ait.O) per- ~ A=Mmg—My=0(A ocp). Hence, the expansion parameter in
turbative QCD improvements, were reported@-10 (see the HQE approach, which is formally ofO(1/Q?)
also[11,12)). The NLO virtual corrections to the matrix el- =O(1/mp), near the end-point gets replaced by a quantity
ements have been completed[i8]. A first calculation of ~ which is of O(1/K?)=0(1/Amy)>0O(1/m2), implying the
the hitherto missing NLO anomalous dimension matrix hasonset of the breakdown of the HQE method. To make con-
been recently reported ii14]. Leading power corrections in tact with experiments one has to smear the energy spectrum
(1/my) to the decay ratd’ (B—Xgy) [and'(B—X/v,), in question over an energy interval sufficiently larger than
which is often used to estimate the branching ratioAqcp. Thus, direct comparison of theoretical distributions
with experiments requires additional input in terms of phe-
nomenological models, e.g., the Gaussian Fermi motion

*Electronic address: ali@x4u2.desy.de model of[22], which incorporate such smearing. The smear-
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tions near the end poirjtl9,25. Such resummations, how- this spectrum in FLS are at variance with the results in
ever, remain so far inconclusive. [15,14 in this limit (see Appendix € In view of the im-

In this paper, we address the related flavor-changing newpending interest in the decd®— X/ "/, in particular the
tral current(FCNC) processB—Xy/ "/ =, /=e,u. (Since  dilepton mass spectrum and the forward-backward asymme-
we neglect the lepton masses in our calculation, our resultgy involving ~* versus/~ [34], which have been put for-
are not applicable to the dec&8y—X,7"7.) The SM-based ward as precision test of the SM in the FCNC sector and
short diStanCdSD) contribution to the decay rate for the hence a possib|e p|ace for discovering new phymgq,
partonic procesb—s/"/", calculated in the free quark we have recalculated the power corrections in this process in
decay approximation, has been known in the LO approximag,e SM using the HQE approach.

tion fobr some tinI;e[26]. In the rr]neanvt\)/hile, allso IthedNLg_ o To that end, we have computed the Dalitz distribution,
perturbative QCD corrections have been calculated w 'CdzB/dédﬂ, for the decayB— X"/~ (see Sec. Il for the

reduce the scheme-dependence of the LO effects in thesg .. - : . L

decays[27,28. In addition, long distancgLD) effects, Gegl;'tﬂlrtijoeﬂi\?é gg%ecz?:;i?ilgﬁt;k'g%c;rlfe?gggil:qm ;;‘ec'gl‘_o
which are expected to be very important in the deca)Jraections in the HQE a roachS In doing this \gllve aave also
B—Xy "/~ [29], have been estimated from data PP ' 9 '

on the premise that they arise dominantly from thekept thes-quark mass effects. .Integratlng over oné of t.he
. , variables, the resulting expressions for the dilepton invariant
charmonium resonancesl/s and ¢’ through the

) ot d the FB asymmetry are derived. While the power-
decay chain®— XJ/y(¢')— X</ "/~ . Higher resonances 1 ao° &l . P
(" l/}//'” o) a?so Scolrft(rlifjgt:thsough at a%educed level, Es-corrected FB asymmetry B— X"/ is a new result, not

timates of the LD effects away from the resonance region %resented earlier, our expression for the power-corrected
) o ) y 9 ilepton mass distribution is not in agreement with the one
involve specific assumptions about tyedependence of the

relevant vertices, which at present can only be obtained i) resented in FL$33]. +S|rj£:e trje derivations of the final re-
specific model§29—32. sults for dI'(B—Xy/ "/ )/ds and the FB asymmetry

The particular aspect we are interested in is an estimate of(S) are rather involved, we have decided to give the details
the nonperturbative effects on the decay distributions irpf the calculations so that they can be checked stepwise and
B— Xy "/, which take into account thB-hadron wave the source of this discrepancy pinned down accordingly.
function effects and incorporate the physical threshold in théome checks of our results in the limiting case mentioned
final state on the underlying partonic calculations. This ef-above are already possible and have been carried out. In
fects both the SD and LD contributions, and to the best oparticular, we are able to derive the result 15,16 taking
our knowledge has not yet been calculated. Closely related t&ie appropriate limit of our expressionsBa-Xy/ "/~ (see
this aspect is the question of power corrections to the partoAgain Appendix ¢
model decay rates and spectra which have been calculated We find that the final-state distributions Bi—Xs/" /"~
for the SD part of the dilepton invariant mass distribution inare not calculable entirely in the HQE approach, as the dilep-
B—Xy "/~ by Falk, Luke, and Savag@3] (FLS) using ton mass distribution becomes negative in the end-point re-
the HQE approach. We reevaluate these corrections in thigion. While this defect may be resuscitated by resummation
paper, reaching different results and conclusions than in thef the HQE-power corrections, we do not attempt this here.
FLS paper which we specify later. Instead, we estimate the nonperturbative effects on the decay

From the power corrections calculated in the HQE apsates and distributions iBB—Xs/ "/~ by invoking the
proach for the decayB— Xyy andB—X/v, [15,16, we  Gaussian Fermi motion mod¢R2]. This model has been
recall that there are no leading, i.@(1/my), corrections in ~ used successfully in the analysis of the lepton energy spec-
the inclusive rates. Likewise, in the decBy-»X./ "/, the  trum in the semileptonic decays— X/ v, [23] and the pho-
first nonvanishing corrections to the inclusive rates are ofon energy spectrum iB— Xy [9]. As pointed out in16]
O(1/m2). Furthermore, the dilepton mass spectrum inon the example oB—X/v,, this model reproduces the
B—Xy/ "/ is found to be well behaved in the HQE frame- effect due to the kinetic energy teriy in the HQE ap-
work in the entire dilepton mass range in FLB3]. In par-  proach, if theb-quark mass is appropriately defined, but
ticular, the high dilepton invariant mass spectrum in the parthere is no analogue of, (the matrix element of the mag-
ton model is found to receive moderate power correctionsh€tic moment operatpin the Fermi motion model. The dis-
typically ~10%, increasing the dilepton yield in tributions in the two approachéslQE and the Fermi motion
B— Xy "/~ (see Fig. 2 if33]). This result differs qualita- mode) are hence, in general, different, which is most notice-
tively from analogous power corrections in the lepton energyable near the end points. By construction, there are no nega-
spectra inBB— X/ v, , which are large and negative near the tive probabilities encountered in the Fermi motion model and
end-points(see' for examp|E, F|gs 5-8 in the paper bythe flnal State FhreShoms can be CorreCtly incorporated. .
Manohar and Wisg16]). In addition, taking th&/-A limit in This paper is organized as follows. In Sec. Il, we derive
the matrix element foB— X/ "/, the differential distri- the double differential distribution®s/dsdu for the decay
butions and decay rate in this process can be related to tig— X,/ "/, including the explicitO(as) and the leading
corresponding quantities in the semileptonic decaypower corrections in i,, giving in Appendix A the indi-
B—X/v,. The power corrections in the latter decays havevidual contributions to the structure functions from several
been calculated and discussed at great length byeBigi.in ~ contributing sources governing these decays. Some of the
[15] and by Manohar and Wigd 6]. We are of the opinion lengthy expressions obtained in the derivation of the HQE-
that both the power corrected dilepton spectrum and the inimproved Dalitz distribution are displayed in Appendix B.
clusive decay rat&(B— X,/ */~) obtained by integrating The power-corrected dilepton invariant mass distribution and
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the FB asymmetry ilB— X,/ /", together with their sim- wherem; and p;, are the scaled quark masses and scaled
plified versions in the limitmg=0, are also given in this momenta, respectivelyn,=m;/m,, p;=p;/my.

section. We also present here numerical comparisons in the
two quantities of interest between the parton model and the o  NLO-corrected amplitude for b—s/* /" in the effective

HQE approac_hes, as well as differelnces between our result Hamiltonian approach
and the one in FLS33]. In Appendix C, we present the o ) )
limiting case of our results foB— X"/~ and compare Next, the explicit expressions for the matrix element and

them with the existing ones in the literatUies,16). In Ap-  (Partiab branching ratios in the decays—~s/"/ " are pre-
pendix D, we show(a peripheral resultthat the energy sentgd in terms Qf the Wllson C(_)eff|C|ents of the effective
asymmetry defined if86] and the FB asymmetry introduced Ham|It+on|an obtained by integrating out the top quark and
in [34] are related. In Sec. Ill, we implement tBemeson the W~ bosons:

wave function effects and the physical threshold on the final _

state inB— Xy "/, using the NLO-corrected parton dis- Her(b—5+X)=Her(b—s+ )

tributions and the Gaussian Fermi motion mo®]. Since 4G,
the calculation of the FB asymmetry in this model involves — —=V{Vip[CgOg+ C1o010], (4
some nontrivial kinematic transformations, we have given V2

the details in Appendix E. The LD contributions in
B—Xy/ "/ are estimated in Sec. IV, using data on vector’
meson intermediate  states B—V+Xg, where 4G 8
V=[J/y(1S), ... ,4(6S)]. The resulting dilepton mass __ TOF . .

spectrljﬁn("n al)wd thelpF(B z;symmetry, incluc?ing thr()e wave func-  er(P—stY)= 2 Vtsvtb; CiwOi(m) - 5
tion and LD effects, are also presented here. We conclude

with a discussion of our results and possible improvementHere,V”- are the CKM matrix elements and the CKM uni-

here

of the LD effects inB—Xy/ "/~ in Sec. V. tarity has been used in factoring out the proddf, . The
operator basis is chosen to lleere u and v are Lorentz
Il. POWER CORRECTIONS TO THE DILEPTON indices anda and B8 are color indices
INVARIANT MASS DISTRIBUTION AND FB _ _
ASYMMETRY IN B—X/ */~ O1=(SLaYubLa)(CLgyCLp), (6)
We start by defining the various kinematic variables in the 0,=(S_,v,by 2) (CLay"
o 2=(SLaYubLp)(CLgYCLA), (7)
decayb(py)—s(ps) +/ (p+)+/ " (p-): LR
U=—(Po=P+)*+(Pr—P-)% Os=(stavibiad) 2 (Apy*ay).  ®
q=u,d,s,c,b
s=(p++p-)%
04=(S_.v.b ALpY dLa), 9
u(s,mg) = 5= (mpF me?Trs=(my=ma?]. (1) SEnb) g, @ra. O

For subsequent use, we note thpt=(E.,p-), and _ _

q,=(p++p_), is the momentum transfer to the lepton- Os5=(SLa¥ubLa) =u§m (drgY"dRra), (10
antilepton pairthenceg?=s). We also define the four veloc- amnase

ity of the b quarkv ,=(pp) /My, which we shall take sub-

sequently to be the same as that of tlBe hadron O6=(SLa¥,bLp) > (Arp7“URa), (11)
v,=(ps)./Mg. Finally, we introduce the scaled variables q=u,d,s.c,b
s andu, .
s O7=Wsaaw(mbR+msL)baF“”, (12
S=—,
my
9 — v
U o 08=WsaTiﬁaw(mbR+mSL)bBGa“, (13
u=—=2v-(p+—p-), )
my

where L and R denote chiral projections,L(R)
=1/2(1+ ys), and the two additional operators involving the

which in the decayp—s/ "/~ are bounded as follows: .
dileptons are

—u(s,mg<u<+u(s,mg) , 2 .

— M /

Oy 167725’”’ Lb,/ v,/

U(s,mg) = V[5— (1+mg)2][s—(1-mg)?]
2 JR—
4P <s<(1-mg? &) 010= 1525 ¥"L0a’ v, v5/ - (14)
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The Wilson coefficients are given in the literatusee, for 0 (NDR),
example[27,28)). 121 v (22)
With the help of the effective Hamiltonian in E¢4) the '

matrix element for the dec s/ 7/~ can be written as . . . . L
&y in the naive dimensional regularizatiofNDR) and the

M(b—s/*/7) 't Hooft—Veltman (HV) schemes. The functiom(s) repre-
sents theO(«g) correction from the one-gluon exchange in

Gra_ . off . — the matrix element 004 [37]:
= —=ViVi| (Cg —Ca0)(sy,LD)(Iy*LI)
V27 2 . 4 2
_ = o2 Ty ey Zne _3

+(CS“+C10)(S_7MLb)(I JERI) w(S) g7 3L|2(s) 3Insln(l S)

_ v — R S(1+5 -25) .
—2c¢ sioﬂyiz<msL+mbR)b)<lwl> .15 R N S i G

4 3(1+2s) 3(1-5)%(1+25)
We have kept thes-quark mass term in the matrix element 5+ 95— 632

explicitly and this will be kept consistently in the calculation +
of power corrections and phase space. The above matrix el- 6(1—-s)(1+2s)
ement can be written in a compact form:

(23

The functiong(z,s) includes the charm quark-antiquark

G . - )
M(bosss* )= \/ga VEVg (I, LU+ TR, LR) pair contribution[27,28:
v
16 - 8 [m 8 8 4 2
(18 g(z,s)=——|n(—b)——Inz+—+—y——(2+y)\/|l—y|
with 9l ] 9™ 27797 9
LYR,=1 v, LRI, (17 B e it
X O(1-y) Inl oy i
R —viTy
FL/R”‘EQ{R 7“(Cgﬁlcl°+zcgﬁg> +6(y~1)2arctan— (24)
y—1)2arctar—|,
vy—1
- g
eff a
+2ms Ciy, =L |b. (18) o 8.8 mb) s 4 N
g( ,S)—2—7—§n7—§ns+§|77, ( )

We recall that the coefficier@y in LO is scheme dependent.

However, this is compensated by an additional scheme- A2 ar .
dependent part in théone loop matrix element ofOq wherey=4z“/s. With the help of the above expressions, the

[27,28. We call the sunCE™, which is scheme-independent differential decay width becomes
and enters in the physical decay amplitude given above, with

1 Gg2a? dp. d3p_
. A dr= s — - ViV’ 53 3
Csﬁ(S)EC97](S)+Y(S). (19) 2My 27 (2m)°2E, (27)°2E_
_ . _ X(WE,, LR+ WR | LRe) (26)
The functionY(s) is the one-loop matrix element @4 and

is defined a$6,28| whereW,,, andL ,, are the hadronic and leptonic tensors,
PR respectively. The hadronic tens M’VR is related to the dis-

Y(8)=9(mc,$)(3C; +Co+3C3+Cq+3Cs+Co) continuity in the forward scattering amplitude, denoted by
1 . T/}, through the relatiorW,,=2Im T,,,. Transforming

— 59(18)(4C3+4C,+3C5+Co) the integration variables t§ U, andvq, one can express the

Dalitz distribution in b—s/ "/~ (neglecting the lepton

1 - 2
—50(08)(C3+3Cy)+ 5(3C3+ C4+3C5+Cy) massepas

2
4 di' 1 Ggfa® my! VAV 2
~£5(3C1+Cp= C5-3C), 20 dquds 2my 2n? 256r° ViVl
. a . X2 q)(Th,, L-#7+ TR, LRe
po-1+ 2 03 (21 | si,, wr L

(27)

Here, ¢ is dependent on the dimensional regularization
schemd 27,28, with with
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. _ — A1 +3M\
TR = f d'y e VBT R(y), T2 R(0)}B) | Mg =My A= =5 ==,
(28)
— MM\
Mg+ =My+ A— (33
LYRY= [TR(p,) v utR(p )] 2Ms
s From the B-B* mass difference, one obtains
X[uR(p_)y" v R(p.)] A;=0.12 Ge\%. The quantityx; has been determined from
QCD sum ruled39,40 and data[41]. Its present value is
=2[p#p-"+p-Fps 0" (pip-) subject to a certain theoretical dispersion, estimated some-
— _uvaB 29 where between,;=—(0.52-0.12) Ge\ (Ball and Braun
Fier P, p_gl, 29 in[39)) to ;= —(0.10+0.05) GeV? (Neubert[40]).
WhereFlL/R I,-'R=TL'R given in Eq.(18). The Dalitz Concerning the definitions of the operators in Bf), we

follow the prescription given in33], in which the leading
operator Oy is defined in terms of the “full” four-
component fieldo(y):

dlstrlbutlon Eq.(27) contains the expliciO(«ag) improve-
ment, and the two distributions in which we are principally
interested in can be obtained by straightforward integrations.
B. Leading power (1/my) corrections in the decay Ooly) X bFl(ﬁ a+myTzb, (34
B—Xo/ "/ wherex=1+s-2(vq)—m?3+ie. The other two subleading
The next task is to expand the forward scattering ampli-operatorsO, and O, are, however, written in terms of the
tude T, in the inverse powers in ff,. Suppressing the two-component effective fields(y), which is related to the
Lorentz indices for the time being, this expansion can bdield b(y) through the expansion given in E@2). Of these,
formally represented as the expression fo, involving the expansion of the one-
gluon graph is obtained by a nontrivial derivation, which we
have checked, and it agrees with the one given in(E®) of
[33]. (Likewise, we agree with the expression 104 given
in Eq. (3.6) of [33].) For the sake of completeness, we give
- [(B|(’)O|B)+ <B|(’)l|B> below the explicit expression fa?, and O, given in[33],

f dy e 1 TY(B|T{T4(y),I',(0)}|B)

2— 4 " — a” A
Or(y)= LT 1y T5iD Jh— 5 (v =) °hT'y (b~ &+ g
(30

1
+ 2 (BlO2[B) + - .
b xT',iD ,h (35
and the expressions for the operatd?s, O,, and O, are  and
given explicitly in[33]. They are obtained by expanding the 16 L
propagators in the Feynman diagrams contributing to the oz(y):_S(U_a)a(v_a)ﬁhplw_ajL ﬁls)inDaiDﬁh
time-ordered product on the left-hand sideHS) of the X
above equatiortsee Fig. 1 in33]), usingpy,=myv ,+k,, 4 o
fixing the four-velocity of the externab quark field to be — —hIy(8—g+myT,(iD)%h
v, and treating the components of the “residual momen- X

tum” k, to be much smaller tham,, . 4 L

As is well known, the leading power corrections can be - —2(v—q)ﬁhFly“FZ(iDaiDB+iDBiDa)h
parametrized in terms of the matrix elements of the kinetic X
energy and magnetic moment operators, caNgedand \,, 2.

respectively, and defined as x2 mghI” llaaBFQG“ﬁh

<B|h_(iD)2h|B>52MB7\1, 2
+ ;2' GM}\QB(U - ) hrl’}/M’}/SFZGaﬁh

<B h %a“”GWh B> =6Mgh,, (3D 2. o
+ ;h( YPT 19T 5+ Fl'yBFZyQ)IDBIDah

whereB denotes the pseudoscaBumesonD , is the cova-

riant derivative andG,,, is the QCD field strength tensor. 4 N SN .

The two-component effective field in the HQE approach _F(U_Q) hy"T'1(6 —4+mgI';iD4iD .h

h(y) is related to the QCD fielt(y) through the expansion

4 "l — A A
~ 2(0=8)"hT 1 (b~ -+ Mg)T,7#iD ,iD gh.

b(y)=e'mwY h(y), (32)

D
o
b (36)

where D=D ,y*. The parameters., and A, are related Using Lorentz decomposition, the tens®y,, can be ex-
through the quantity\ to the hadron massé¢88]: panded in terms of three structure functions:
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T o= —T10,u+ To0 0,4 Tai€,a®@P . (37) (i) The contributions toT*) come from the matrix ele-
. . ) ment of those terms in the operat@g, which originate from
Wherfa the structure f_unctlons which do not contribute to theexpanding the spinor of the heavy quark fielk) in terms
amplitude in the I|m|t_of massless I_eptons have_ been Ne&f the spinor of the heavy quark effective thedrix).
glectgd. After contracting the hadronic and leptonic tensors, (i) The remaining contributions from the matrix element
one finds of the operator®, are denoted byl{® and T@, with T(9
originating from the matrix element of the one gluon emis-
sion diagram and the rest beifig® .
(i) The contributions denoted BK® arise from the ma-
:gaTsL/R] . (39) trix elemgnt of _the operato(’)l.. In the Ief':lding order in_
(1/my) this matrix element vanishes, but in the subleading
We remark here that th&; term will contribute to the FB  Order it receives a nontrivial contribution which can be cal-
asymmetry but not to the branching ratio or the dileptonculated by using the equation of motion.
invariant mass spectrum in the de@wxs/+/7 (lV) Fina”y, the Contributi%STi(s) arise from the matrix
The results of the power corrections to the structure funcelement of the scalar operatbob.
tions T; can be decomposed into the sum of various terms, Concerning the last point noted above, we recall that the
denoted byTi(j), which can be traced back to well defined scalar current can be written in terms of the vector current
pieces in the evaluation of the time-ordered product giverPlus higher dimensional operators [d$]
above:

TL/R,uV LL/R“V: mDZ[ 2§T1L/R+ (va)Z_ ZaZ_g TZL/R

S — 1 —
Tiwas= 3 TIwas) . (39  Db=vby*bt 5 Bhl(iD)*~(viD)*+s"G, N+ -,
j=012s9,6 b
(40)
The expressions for T9(vq,s) calculated up to
O(MB/mﬁ) are given in Appendix A. They contain the par- with G,,,=[iD,,iD,] and s*"=(—i/2)o*". We note that
ton model expression~gi<0>(va,g) and the power correction in deriving T, use has been made of the conservation of
in the HQE approach which depend on the two HQET-the b-number current in QCD, which yields the normaliza-
specific parameters; and\, defined in Egs(31). Note that  tion
the s-quark mass terms are explicitly kept (v q,s).

From the expressions foF{) given in Appendix A, we (B[by,b|B)=2(pg), - (41)
see thafT{®) (i=1,2,3) are of ordeMg/(m,) and the rest
T, 1O 7@ 176 and T are all of ordeM g ;/m;° Finally, after doing the integration on the complex plane

or Mgh,/mp3. Since the ratioMg/m,=1+0(1/my), we vq (see Fig. 1 in(16] for the analytic structure of,, and
note that the Dalitz distribution iB— X,/ "/~ has linear the contour of integrationwe derive the double differential
corrections in Ih,. The origin of the various terms in the branching ratio irB— X/ "/ ~. The result can be expressed

expansion given in Eq39) is as follows. as
dB - e oAy 1 SN .~ A - - R -~ A
W:BO( {(1—m§)2—sz—u2— §[2)\1(—1+2m§—mg—25+52)+3)\2(—1+6m§—5m§—8s+552)]
sdu

. . - Mo Ao momn s Aoa 4 - A . -
><(|CS“|2+|C10|2)+[4(1—m§—m§+m§—8m§s—sz—m§sz+u2+m§u2)—§[2A1(—1+m§+m§—m§+25

o o R R R R R L R o CfoZ
+10m2s+ 524+ m35?) + 3\ (3+ 5mZ— 3m2 — 5mS+ 45+ 28m2s+ 552+ 5m§sz)]]| ! |
s

—8{[s(1+m§)—(1—m§)2]—l—5)\1(—1+2m§—m§+s+m§3)+)\2(5m§—5m‘s‘+23+5m§s)]Re(CSﬁ)C$ﬁ
+2[2+ X1 +58,]US RE(CENCrot4[2(1+m2) + A1 (1+m3)+X,(3+5m?)]u Re(cm)c';“}

X B[U(S,Mg)%— U?]—E4(S,U) S[u(S,Mg)%— U] — Ex(s,U) 8'[U(S,mg)%— az]) , (42)
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whereX ;=\, /mZ and\,=\,/mZ. The auxiliary functions is the phase space function f6(B— X;lv) in the lowest

E.(s,u) (i=1,2), introduced here for ease of writing, are order (i.e., parton modeland the functionk(m) accounts
given explicitly in Appendix B. The boundary of the Dalitz for both theO(as) QCD correction to the semileptonic de-
distribution is as usual determined by the argument of théay width[22,37 and the leading order (i,)* power cor-

6 function and in the (§,s) plane it has been specified ear- rection[15]. Written explicitly, it reads as

lier. The analytic form of the resu{#2) is very similar to the

corresponding double differential distributions derived by K(r”nc)zl_Mg(fnc)Jr h(_mgl (45)
Manohar and Wise in16] for the semileptonic decays 3m 2my,

B— (X, Xy)/ v, . Further comparisons with this work in the \here the two functions are
V-A limit for the single differential and integrated rates are a1
given in Appendix C. ~ s A
It has become customary to express the branching ratio g(mC)_(Tr B Z)(l_mC) tao
for B— X/t /"~ in terms of the well-measured semileptonic
branching ratioB for the decaysB—(X.,X,)/v,. This - N - ~4 ~6 ~g
fixes the normalization constafs, to be, h(me) =N+ W[_% 24m; — 72m;+ 72m;— 15m;

c
3a? |V?svtb|2 1

By= —, (43 —72miinm,] . 46
0 S|16’772 |Vcb|2 f(mc) K(mc) C C] ( )
where Finally, after integrating over the variable we derive
. Ny g g A the differential branching ratio in the scaled dilepton invari-
f(mg)=1—8mg+8mc—mc—24m;Inm, (449 ant mass foB—Xy/ /"
d—B—zB Eal(é me)[(1—m?)2+s(1+m2)— 28]+ 1 1—4m2+6m?—4m8+mé— s+ m?s+ m?s— més— 352 — 2m2s?
0s~ 2Boj | gus:ms N N 3( mg+6m;—4mg+m;— S+ mgS+mgs—mys— 3s mgs
—3mgsz+553+5m§s3—2s4)A(A = )+(1—8m§+ 18mé—16mS+5md—s—3m2s+9mis—5més— 155%— 18m2s?
u(s,mg

g . .o . A
— 15m?82+ 2583+ 25m2e3 — 10s4)ﬁ
u

1 S.

(ICEM2+]Cy®) +

gmé,ﬁws)[z(lﬂﬁi)(l—rﬁi)z

R P PO
— (14 14m2+md)s— (1+m2)s?]+ 3(2- 6m2+4mi+4mS—6ms+2m°— 55— 12m?s+ 34mis— 12mSs

A~ ~ A A~ A g~ A pn ~ A A A A ~ A A~ 1
—5mS3s+ 352+ 29m2s?+ 29m2s?+ 3mEs?+ s°— 10m2s®+ mis®— s*— m2s*)——

+4(—6+2m2+20m¢— 12m°— 14m8+ 10m2°+ 35+ 16m2s+ 62mis— 56m°s— 25mEs+ 3s?+ 73m?s?+ 101Im?s?
|cg?

S

ST ;omnmgrm g moms A
+15m582+ 553 — 26m25%+ 5ms® — 554 — 5MZe%) ——=—
u(s,mg)

+] 8u(s,my)[(1—m2)%2—(1+m?)s]

A2

+22mZs?+ 45mgs? — 75— 15m3s?)

Re(csf%cs“] : (47)

u(s,m)

Another interesting quantity is the FB asymmetry define{i3h,35:

o 2 2
dA(s):fldde_fO d<B ,) 49

= = = d
ds odsdz -1dsdz

wherez=co% is the angle of/* measured with respect to thequark direction in the dilepton c.m. system. The leading
power corrected expression for the FB asymmetfg) is
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dA(S
ﬁ:_ﬂgo'
ds

—6mZs+38%)\;+5(—9—6m3+15m?—14s

—30m?s+155?)\, |Re(CEM Cyy

J’_

+3mi+2s—6mZs+3s?)A\,+2(—7—3mZ—5m}

+15m8— 10s— 24m2s— 30mZs+ 9s?

+ 15r”n§§2)x2} Re( cm)csffJ .

Aaaon S np oag o
2[u(s,mg)]°s+ §(3—6ms+3ms+23

. 2 . .
4[u(s,ms)]2(1+m§)+§(1+m§)(3—6m§

dA ~on S N s
—=—2By}|2(1—5)%s+ = (3+2s+35%)\,
ds 3

+5(—9— 145+ 158°)\,|Re(CEM Cyy

+

A, 2 o
4(1—s)2+§(3+23+3sz))\1

+2(—7—10s+9s)\,

RE(C40)CS" J . (52

A direct comparison of our result for the dilepton invari-
ant mass distribution given in E¢51) above can now be
made with the differential decay width dI'(B
—X¢/ "/ 7)Ids derived in Eq.(3.21) of the paper by FLS
[33]. To that end, one has to take into account (iigvious

From the experimental point of view, a more useful quantitynormalization difference between the decay width and
is the normalized FB asymmetry, obtained by normalizinghranching ratio, rewrite the quantitiéé andB' used in FLS

d.A/ds with the dilepton mass distribution3/ds:

dA_ dA /dB
ds ds/ ds’

This asymmetry, which we recall is defined in the dileptondBg g -
c.m. system frame, is identical to the energy asymmetry in= = ds =4By(1-s)
troduced in[36], which is defined in theB rest frame, as

shown in Appendix D.

The results derived for th®(«as)-improved and power-
corrected Dalitz distribution, dilepton invariant mass, and FB
asymmetry inB— X,/ "/~ are the principal new results in
this section. It is useful to write the corresponding expres-
sions in the limitmg=0. For the dilepton invariant mass

distribution, we get

daB

1. - . .
d—AzzBo 5(1—5)2(1+ 25)(2+A\q)+(1—15s?
S

+108%) A2 | (|CEM?+]Cygl?)

+

|Cf? . A
X——+[4(1-5)%(2+\,)
S

+4(—5—-65+ 7%2)X2]Re(C§ﬁ)C$ﬁ] .

The (unnormalized FB asymmetry reads as

4 o - - Al nga
§(1—s) (2+5)(2+N1)+4(—6—3s5+558°)A,

[33] in terms of the Wilson coefficient€S", CE" and C,,
used by us, withA”¥t=C&+C,; and BR = —2CS", and
drop the explicit O(«g) improvement in the coefficient
ce as FLS did not include it in their calculations. The
resulting expression is

1 . .~ 1 N a
§(l—s)(l+25)+E(5+3S—252))\1

(ICEM2+]Cygl?)

1 A
+ 5 (1415 10s?)\,

+ 4 15 1+2 2 1+S)A
§( s) T §( S)A 1
e eff| 2 - S )¢
—10(1+5)\, ||CT*+| 4(1—5)—-2 —3ts N
+2(5—7S)A, Re(cgff)csff] . (53)

We would like to make the following observations.

(i) The results derived herdeq. (52)] and in FLS[33]
[Eq. (54)] reproduce the known parton model expression for
the dilepton invariant mass distribution in the limit—0
and\,—0.

(i) The power corrections themselves, i.e., the expres-
sions multiplying the constanis, andX ,, aredifferentin the
two derivations.

(iii) The power-corrected dilepton invariant mass distribu-
tion derived by us retains the characteristis bhiéhavior fol-
lowing from the one-photon exchange in the parton model,
in contradiction to the observations made[88]. This dif-
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FIG. 1. Dilepton invariant mass spectruh(B— X.e"e~)/ds in the parton mode{dashed curyeand with leading power corrections
calculated in the HQE approachkolid curve. The parameters used are given in Table I.

ference can be seen by comparing the two expressions multistribution multiplicatively by the facto[1+)\1/(2m§)],

tiplying the Wilson coefficientCS"|2.
(iv) Leading order power corrections in the dilepton masspyer, this factor is hardly different from)1Hence, the nega-

distribution are found to be small over a good part of thetive probability near the end point is largely driven by the

dilepton mass. However, we find that the power corrections magnetic moment term..

become increasingly large and negative as one approaches (vi) A comparison of the dilepton mass spectrum resulting

s—s™ Since the parton model spectrum falls steeply neafrom Eq. (51) of this work and Eq(3.21) in FLS[33] [i.e.,

the end poins— s™ this leads to the uncomfortable result Ed. (53) given abovg is shown in Fig. 2, where we have

that the power corrected dilepton mass distribution becomedsed the input parameters given in Table I, except that we

negative for the high dilepton masses—in contradiction tohave setms=0 to conform to the limit in which these two

the observations made [B83]. We show in Fig. 1 this distri-

i.e., no new functional dependence%jms introducedmore-

equations are derived. The two curves differ in the lasge

bution in the parton model and the HQE approach, using theegion with ours becoming negative before the kinematic end
central values of the parameters in Table I.

(v) We note that the correction proportional to the kinetic

point is actually reached. o
The normalized FB asymmetd4(s)/ds in the HQE ap-

energy terrrfxl renormalizes the parton model invariant massproach and the parton model are shown in Fig. 3. We find

that this asymmetry is stable against leading order power

TABLE . Values of the input parameters used in the numericalcorrections up t&=<0.6, but the corrections become increas-
calculations of decay rates. Unless otherwise specified, we use thagly large and eventually uncontrollable due to the unphysi-

central values.

Parameter Value
My 80.26(GeV)
m;, 91.19(GeV)
Sirf6y 0.2325
mg 0.2 (GeV)
me 1.4 (GeV)
m, 4.8 (GeV)
m 175+ 9 (GeV)
“w 5732 (GeV)
A& 02145522 (GeV)
aoep 129
ag(my) 0.117+0.005
B (10.4+0.4) %
N —0.20(GeV?)
Np +0.12(GeV?)

cal behavior of the HQE-based dilepton mass distribution as

s approaches™ (see Fig. 2 Based on these investigations,
we must conclude that the HQE-based approach has a re-
strictive kinematical domain for its validity. In particular, it
breaks down for the high dilepton invariant mass region in
B—X/ /.

This behavior of the dilepton mass spectrum in
B— X/ "/~ is not unexpected, as similar behaviors have
been derived near the end-point of the lepton energy spectra
in the decay8— X/ v, in the HQE approachl6]. To stress
these similarities, we show the power correction in the dilep-
ton mass distribution as calculated in the HQE approach
compared to the parton model through the ratio defined as

dB/ds(HQE) — dB/ds( parton model

RHQE(s)= -
(=) dB/ds(parton model

(54)

The correction factoR"Q5(s) for B— X/ /'~ shown in
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0.000012 |
0.00001 |
-6 FIG. 2. Dilepton invariant
8.x10 [ mass spectrurdB(B— Xt e )/
ds with power corrections calcu-
6 x10 °F lated in the HQE approach. The
solid curve corresponds to our cal-
_g culation and the dashed curve re-
4.x10 | sults from Eq.(3.21) of FLS[33]
with mg=0. The other parameters
2.x10_6 L are given in Table I.

Fig. 4 is qualitatively similar to the corresponding factor in leads to a reduction in the decay width by.1%, using the
the lepton energy spectrum in the ded&y>X./v,, given  values of\; and\, given in Table I. Moreover, this reduc-
in Fig. 6 of[16]. Finally, we note that we have been able totion is mostly contributed by thé ,-dependent term. We
derive the power corrected rate for the semileptonic decaygecall that the coefficient of the; term above is the same as
B— X/ v, obtained by Manohar and Wise [16], taking  in the semileptonic widti'(B— X,/ v,), but the coefficient

the appropriate limits of our calculations and taking into ac- ¢ the A, term above is larger than the corresponding coef-

count the dlﬁerence$ in our no'rmallzatlon of states and CONg iant (= —9/2) in the semileptonic decay width. Hence, the
ventions, as shown in Appendix C.

; ; 2 /+ -
Finally, since the HQE-improved expression for the deca}}a)\?gvreartkfgrrfi(r:r?iﬁ:rsbgE]Eﬁd);ﬁizg? and I'(B—Xy""/7)
rate including thes-quark mass effects is rather long, we '
give below the results in a numerical form

- A lll. B-MESON WAVE FUNCTION EFFECTS
IHRE=TP(1+CiA;+Co\y) | (55) IN BoX/*/~

whereT® is the parton model decay width far—s/*/~ In this section, we present our estimates of the non-
and the coefficients depend on the input parameters. For thgerturbative effects on the decay distributions in
central values of the parameters given in Table |, they hav8— X,/ "/ ~. These effects are connected with the bound
the valuesC;=0.501 andC,= —7.425(see Table ). This  state nature of thB hadron and the physical threshold in the

FIG. 3. FB asymmetry(nor-
0.5t malized d.A(B—Xe*e )/ds in
o ————— N the parton model and with power

\ corrections calculated in the HQE

/ approach. The solid curve corre-
\/ 0 T G NG sponds to the HQE _spectrum and
the dashed curve is the parton

model result. The parameters used
are given in Table I.

w>
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FIG. 4. The correction factor
RMQE(s) (in percentage as
- defined in Eq. (54) for the
-3r dilepton mass spectrund5(B
—Xg/*/7)Ids. The parameters
used are given in Table I.

B—X¢/ /"~ in the final state. In order to implement these with the normalization/ dp p?¢(p)=1. The distributions
effects on the decay distributions By X,/ "/, we resort  from the decay of thé& meson at rest are then obtained by
to the Gaussian Fermi motion model introduced2@]. In  convoluting the appropriately boosted partonic distributions
this model, theB meson consists ofla quark and a spectator with the Gaussian distribution. The resulting spectra and de-
antiquarkq and the four momenta of the constituents arecay rates depend essentially on two paramegigrdetermin-
required to add up to the four momentum of Bieneson. In  ing the nonperturbative width of the momentum distribution,
the rest frame of th&® meson théb quark and the spectator andmy [or equivalentlyW(p)], which determines the height.

move back-to-back with three momengg=—p,=p. En-  In the Fermi motion model, the problem of negative prob-
ergy conservation then implies the equation abilities encountered in the HQE approach for the high dilep-
ton masses nea&— Sy, IS not present, which motivates us
Mg = \/m§+ 52_,_ \/m§+ 52’ to use this model as a reasonable approximation of the non-

perturbative effects in the entire dilepton mass range. The
success of this model in describing the inclusive lepton en-

which can only hold for all values df, if at least one of the erav spectra iB— (X. X.)/ v, and B—X_.v strenathens
masses becomes momentum dependent. We treat the Speq}ﬁ%yhoge —Xe Xy sy g

tor quark my as a momentum-independent parameter; the

b-quark mass is then momentum dependent and we denote it N the decayB—Xy/"/", the distributiondB/ds de-

by W(p), pends on the Lorentz-invariant varialseonly. So, the Lor-
entz boost involved in the Fermi motion mod@oppler
Wz(p)zMBermqZ—ZMB [pZ+m2 +mg2. (56) shift) leaves the dilepton mass distribution invariant. How-

ever, since thé-quark massw(p) is nhow a momentum-

Theb quark, whose decays determine the dynamics, is giveﬂgpendent quantity, this distribution is gffected due to the
a nonzero momentum having a Gaussian distribution, wittfiference[W(p)—m;] (mass defegt which rescales the

the width determined by the paramefsr, variables and hence smears the dilepton distribution calcu-
lated in the parton model. For different choices of the model
4 —p? A parameters [f,m,) corresponding to the same effective
d(p)= —3exr{ —2-); p=|p|, (57  b-quark masgW) the dilepton mass distributions should be
\/;DF Pr very similar [24], which indeed is the case as we have
checked numerically but do not show the resulting distribu-
TABLE II. Wilson coefficients used in the numerical calcula- tions here.
tions corresponding to the central values given in Table I. The situation with the FB asymmetrgor the energy
asymmetry is, however, quite different. Being an angular-

Coefficient Value dependent quantity, it is not Lorentz invariant and is sensi-
c +0.3805 tive to both the Doppler shift and the mass defect. We give in
cef ~0.3110 Appendix E, the Dalitz distributiqudzl“(B—>Xs/f/‘)/
ChOR +4.1530 dsduin the Fermi motion model, given the partonic double
Cuo — 45461 distribution d’I'(b—s/ "/ ")/dsdu in the b-quark rest

frame. These details, hopefully, will be useful in the analysis
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FIG. 5. Differential branching ratidB/ds for B— X/ "/~ in the SM including the next-to-leading order QCD corrections. The dashed
curve corresponds to the parton model with the parameters given in Table | and the solid curve results from the Fermi motion model with
the model parameterpg ,my) =(252,300) MeV, yielding an effectivb-quark masgW)=4.85 GeV.

of data inB—Xy/ "/~ due to the popularity of the Fermi B(B—Xe'e )=(8.4+2.3X10°°,
motion model.
As we calculate the branching ratio for the inclusive de- B(B—Xu*pu )=(5.7+1.2x10°°
cayB—Xy/ "/~ in terms of the semileptonic decay branch-
ing ratioB(B—X/v,), we have to correct the normalization B(B—Xgr* 7 )=(2.6£0.5x1077 (58)

due to the variabl®-quark mass in both the decay rates. To

get the decay rates in this model one first implements th%vhere in calculating the branching raff§B— Xor* ), we

wave functlpn effects and then integrates the ;pectra. FiXinHave included the-lepton mass terms in the matrix element
m, but varying the model parameteps andm, yields vari- [31]. These uncertainties, typically 25%, are much larger
able effective(momentum dependenb-quark Ta§S<W>' than the wave-function-dependent uncertainties, and so the
We recall that the decay widths foB—Xs/"/" and  theoretical accuracy of the SD part in the SM in these decays
B— X/ v, in this model are proportional t0N°) [8]. Hence g not compromised by the nonperturbative effects.
the decay widths for both the decays |nd|V|dua”y are rather We show the resumng di|epton invariant mass distribu-
sensitive to(W). This dependence largelput not exactly  tion in Fig. 5 and the FB asymmetry in Fig. 6, where for the
cancels out in the branching ratl§B— X,/ /7). Thus, sake of illustration we have used the values (m,)
varying (W) in the range(W)=4.8+0.1 GeV results in =(252,300)(both in MeV), which correspond to an allowed
AT (B—Xy/*/7)IT=+10.8%. However, the change in set of parameters obtained from the analysis of the measured
the branching ratio itself is rather modest, namelyphoton energy spectrum iB— Xgy, using the same model
AB(B—Xy/ "/ 7)IB=*2.3%. This is rather similar to [9]. We see that the dilepton mass distribution is very stable
what we have obtained in the HQE approach. against Fermi motion effects over most part of this spectrum,
The theoretical uncertainties in the branching ratios foras expected. The end-point spectrum in this model extends to
B—Xy/ "/~ from the perturbative part, such as the onesthe  physical kinematic limit in B—Xy /",
from the indeterminacy in the top quark mass, the QCD scale™®=(mg—my)?, which obtains fom(X) =my , as opposed
Aqcp and the renormalization scaje, have been investi- to the parton model, in whics™=(m,—my)% The two
gated in the literaturf27,28. We have recalculated them for thresholds can be made to coincide for only unrealistically
the indicated ranges of the parameters in Table |. The resulkigh values oim, andmg. The FB asymmetry shows a more
ing (SD) branching ratios and their present uncertainties areénarked dependence on the model parameters, which be-
found to be comes very significant in the high dilepton mass region.
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FIG. 6. Normalized differential FB asymmet(y,?(s)/dsfor B—Xs¢/ "/ in the SM including the next-to-leading order QCD correc-
tion. The dashed curve corresponds to the parton model and the solid curve results from the Fermi motion model with the model parameters
(Pe,mMg) =(252,300) MeV, yielding an effective-quark masgW)=4.85 GeV.

As the parameters of the Fermi motion model are not Y(é)—>Y’(§)EY(§)+Yres(§), (59)
presently very well determined from the fits of the existing
data[9,23], one has to vary these parameters and estimate the AV
resulting dispersion on the distributionsBa- X/ /. We WhereYyeds) is given ag{34]
show in Figs. 7 and 8 the dilepton mass distribution and the
FB asymmetry, respectively, indicating also the ranges of the
parametersi{g ,m,). The resulting theoretical uncertainty in

al(Vi—117)My,

Y S(A) 3 c
S)="—kK = :
re a Vi=g(19), . .. (6s) M\,iz—smbz—|M\,il“Vi

the distributions is found to be modest. 60)
IV. LD CONTRIBUTIONS IN B—X//*/~ and
Next, we implement the effects of LD contributions in the _
P cO=3cP+cP+3cP+cP+3cP+cy. (61

processe8— X/ " /. The issues involved here have been
discussed recently if80—32 and so we will be short in this
part. The LD contributions due to the vector mesdhg and

' and higher resonances, as well as te)(continuum

Here we adopk = 2.3 for the numerical calculation80]. Of
course, the data determines only the combination
i ) ; . .k C(9=0.88. The relevant parameters of the charmonium
contribution, which we have already included in the coeffl—resonances 1s, ... 5S) are given by the Particle Data

clent Ce » appear in _thes{Ly#bL)(ey“e) lnterac_:tu_)n t?‘”“ Group[18], and we have averaged the leptonic widths for the
only, i.e., in the cqefﬂqent of the operat@ry. Th|§ implies decay modes/—/*/~ for /=€ and /= u. Note that in
that sucﬁh LD contributions should chanGg effectively, but o 4aholating the dilepton masses away from the resonance
keepCS" andC,, unchanged. In principle, one has also a '—Dregion, no extrag? dependence is included in the (q?)-
contribution in the effective coefficier@S™; this, however, V; junction. [The g2 dependence written explicitly in Eq.
has been discussed _eXtenSiver in the context of th%o) is due to the Breit_Wigner Shape of the resonar]ces_
B—Xsy decay and estimated to be smpdR,43. The LD  This is an assumption and it may lead to an underestimate of
contribution is negllglble "ClO' Hence, the three-coefficient the LD effects in the lows region_ However' as the present
fit of the data onB—X¢/ "/~ and B— Xy, proposed in  phenomenology is not equivocal on this issue, any other
[35] on the basis of the SD contributions, can be carried oughoice at this stage would have been on a similar footing.
also including the LD effects. In accordance with this, toThe resulting dilepton mass spectrum and the FB asymmetry
incorporate the LD effects iBB—Xs/ "/, the function  are shown in Fig. 9 and Fig. 10, respectively. The two curves
Y(s) introduced earlier is replaced by labeled SD and SBLD include:



4118 A. ALl, G. HILLER, L. T. HANDOKO, AND T. MOROZUMI 55

(450,0) —
(310,300) -----
8 (310,0) - ]

dB/ds 107

0 1 1 1 ~]
0 5 10 15 20 25
s

FIG. 7. Differential branching ratiaB/ds for B— X/ "/~ using the Fermi motion model for three different pairs of the model
parameters{ ,m,) =(450,0) MeV (solid curvg, (310,300) MeV(long dashed curyeand (pg,my)=(310,0) MeV (short dashed curye
yielding the effectiveb-quark masseéW)=4.76 GeV, 4.80 GeV, and 4.92 GeV, respectively.
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FIG. 8. Normalized differential FB asymmetdy?(s)/dsfor B—Xy/ "/~ using the Fermi motion model for three different pairs of the
model parameterspg ,m,) =(450,0) MeV (solid curveg, (310,300) MeV(long dashed curyeand (g ,mq) =(310,0) MeV((short dashed
curve yielding the effectiveb-quark massesW)=4.76 GeV, 4.80 GeV, and 4.92 GeV, respectively.
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FIG. 9. Differential branching ratidB/ds for B— Xy "/~ calculated in the SM using the next-to-leading order QCD corrections and
Fermi motion effect(solid curvg, and including the LD contributionglashed curve The Fermi motion model parameterB«(,m,) are
displayed in the figure. Note that the height of thes peak is suppressed due to the linear scale.
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FIG. 10. Normalized FB asymmetbﬁs) for B—X/ "/~ calculated in the SM using the next-to-leading order QCD corrections and

Fermi motion effect(solid curvg, and including the LD contributionglashed curve The Fermi motion model parameterB«(,m,) are
displayed in the figure.
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(i) Explicit O(ag) improvement, calculated in the parton which the existing results suggest{&3]. Our calculations of
model[27,28§]. this distribution and the integrated rate do not agree with the

(it) Nonperturbative effects related with the bound stateones obtained in FLE33]. We have presented the details of
nature of theB hadrons and the physical threshold in theour computations here, including the power corrections to
final state inB—Xs/ "/, using the Fermi motion model the FB asymmetry not calculated earlier. In line with the
[22] with the parameters specified in the figures. analogous calculations for the lepton and photon energy

In addition, the SB+-LD case also includes the LD effects spectra in radiative and semilepton® decays, we have
due to the vector resonances, contributing(lgff as dis- found that the HQE approach has a limited region of appli-
cussed earlier. cability in describing the dilepton mass spectrum in

Finally, the parametric dependence due to the Fermi moB— Xy~ /. In the latter case, the use of the leading-order
tion model is shown in Figs. 11 and 12 for the dilepton masHQE approach in the high+region results in unphysical dis-
spectrum and the FB asymmetry, respectively, and compareddbution and hence can not be used for comparison with
with the case of the parton model in which case no wavedata. Excluding the higk-region, the power corrections to
function effects are included. These figures give a fair estithe dilepton mass spectrum and the FB asymmetry are, how-
mate of the kind of uncertainties present in these distribuever, found to be small. The inclusive decay rate
tions from nonperturbative effects. In particular, we drawI'(b—s/ /") receives small power correction in the HQE
attention to the marked dependence of the FB asymmetry tapproach, typically {4%), which is similar to the one in
both the LD(resonancesand wave function effects, which is the semileptonic decay widih(b—u/v,) but not identical.
particularly noticeable in the regiom,,>m(¢'). The Despite progress in some sectors, the problem of incorpo-
dilepton invariant mass spectrum, on the other hand, is veryating nonperturbative effects in weak decays remains theo-
stable except at the very end of the spectrum, which igetically an intractable problem. In the present context, the
clearly different in all three cases shown. structure functionsT;’s entering the decay distributions in

B— Xy "/~ are not known from first principles in QCD.
We have modeled the nonperturbative effects in
V. CONCLUDING REMARKS B—X¢/ "/~ using a popular Fermi motion mod¢p2],

We have investigated the question of power corrections tavhich allows to incorporat®-hadron wave-function effects
the decay rates and distributions in the FCNC procesand the correct threshold in the final states. Since this model
B—X/ "/~ in the HQE framework. Our motivation here gives a good description of the existing data on the lepton
was to check if indeed the entire dilepton mass spectrum imnd photon energy spectraBndecayd9,23], we hope that it
these decays is calculable in a theoretically controlled senségscribes similar nonperturbative effects in the decay

1000 . : . | .
parton mode| —— |
Fermi motion (450,0) ----
Fermi motion (310,0) ----- |
100 -.
10 | \\ -
~
e
[ 1 n ]
e
@
el
01 | _.
0.01 | '.‘ -.
'i;
0.001 ] \ . . !
0 5 10 15 20 25

s

FIG. 11. Dilepton invariant mass distribution B+ X,/ "/~ in the SM including next-to-leading order QCD correction and LD effects.

The solid curve corresponds to the parton model and the short-dashed and long-dashed curves correspond to including the Fermi motion
effects. The values of the Fermi motion model are indicated in the figure.
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05 1 1 1 1
0 5 10 15 20 25
S

FIG. 12. FB asymmetry foB— X,/ "/~ in the SM as a function of the dimuon invariant mass including the next-to-leading order QCD

correction and LD effects. The solid curve corresponds to the parton model and the short-dashed and long-dashed curves correspond to

including the Fermi motion effects. The values of the Fermi motion model are indicated in the figure.

B—Xy/ "/~ as well. We have estimated the dispersion onremaining theoretical uncertainties on the perturbative part
the theoretical predictions for the dilepton mass and the FBliscussed in Sec. Ill, the distributions shown in Figs. 11 and
asymmetry resulting from the present uncertainty in thel2 have an overall uncertainty of order25%.
model parameters. This dispersion is marked in the high
dilepton mass region in the FB asymmetry, but the dilepton
mass spectrum is remarkably stable. Hence, in the very high-
s region, nonperturbative effects are important and have to We thank Christoph Greub for helpful discussions and
be included in order to have a reliable comparison of thecorrespondence on implementing the Fermi motion effects.
SM-based distributions and data, as and when they becomeT.H. and T.M. would like to thank C.S. Kim, T. Onogi, M.
available. Tanaka, and A. Yamada for useful discussions. L.T.H. would
Finally, we have incorporated the LD effects using data inalso like to thank the theory group at KEK for the warm
B decays and the measured properties of the resonancesHhospitality during his stay at KEK. The work of L.T.H. was
the charmonium sector. As discussed in the literature, this isupported by a grant from the Ministry of Education, Science
not sufficient to uniquely determine the dilepton distributionsand Culture(Mombusho, Japan. The research work of T.M.
away from these resonances. In that context, we note that theas been partially supported by the Deutscher Akademischer
vector-meson-dominanc&/MD) approximation of the old Austausch DienstDAAD) and the Japan Society for the
vintage[44] is often invoked to model th@? dependence of Promotion of Scienc¢JSPS, which made a visit to DESY-
the -V junction, gy(g?). This VMD framework has been Hamburg possible, where this work was completed.
used to estimate the LD effects B Xgy [43]. Theoretical
uncertainties from these aspects in the dilepton mass distri- o
butions inB— X/ "/~ have been discussed [32]. We APPENDIX A: THE FUNCTIONS T{’(vq,s)
hope that data from HERA on the photoprqduct|onJ¢)¢// In this appendix we list the expressions for the decompo-
and ¢’ (and other resonancesan be used to implement the . . . ~ o~ . .
g2 dependence of the effective vertices to eliminéie at sition of the stru_ctureA furlc'gonﬁ'_i(ug,s), (i=123) in
least reducethe present theoretical uncertainty from this terms of the functiond"(vq,s), with j=0,1,2s,9,, rep-
source. However, as the HERA data on the relevant proresenting the power corrections lm—s/"/~ up to and
cessesy* (q%)+ p—J/ (') +p are still preliminary and a including terms of ordeMB/mﬁ and explicitly keeping the
q? dependence has not yet quantitatively been extrddfsld ~ s-quark mass dependence. The origin of these individual
we do not attempt to undertake an improved treatment of théerms is explained in the text. The parton model contribu-
LD effects inB—Xy "/~ here. In view of this, and the tions T(®) are given in Eqs(A1)—(A3):

ACKNOWLEDGMENTS
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LIR 1 Mg
T,© ——;m—{(l vQ)|C§"+ Cyof?+ —[(l+m )[2(vq)?—s(vq)—s]—2m s]|CS"?
4 . . . .
+g[vq—s—mi@q)]Re{(csﬁicm)*cs”]] , (A1)
R 2 Mg 4
= ||c +clo|2—§<1+m§>|0$“|2] : (A2)
R 1 Mg _ 4 A~ oA ~ 4 _
T =2 —|Csﬂ+cm|2—§—2[2(vq>—s][1—m§]|03ﬁ|2—§<m§+1>Re[(csﬁ+cm>*C$”]], (A3)
LR 1 Mg 1 2 . -
Ty =—§W(M+3>\z){ 2[5~ (] ||CETF Cad?+ 5 [s 2(vq)2]—7[s —2s(vq)— s(vq)2+2(vq)3]]
8
X (1+m?)|CeM2—(s—vg?)m?3= Re(ceff+clo)*ceﬁ] (A4)
L/R 2 Mg 2 “ 4 .
T, —§—<x1+3x2> +52va|| ~IC8"F Cag”+ = (1+mg) |7 (A5)
L/R 2 Mg 1 - _ 411 . 1 . . . N
T == 3 s Mt 30| 2 (1-vQ)ICE'F Cud?~ 5| S v Lp[S+8(08) 2 (v3)7]
. 4
X (1-m3)|C5f|2 vqm Re(Cg+Clo) Ceﬁ] (A6)
(2)L/R 1 Mg 2 2 4 22 ~222 A ~ 22 22 A
§m—b3)\ 3[5 (UC]) ]+ (1- UCI)|C +C10| —@[—45—12‘7155 + 3sx+9mgsx—4s“vq
— 4m2s?vq+ 7sxvq+ 7m2sxv g+ 12sv g%+ 20m2sv g2 — 6xv g2 — 6m2xv g+ 4sv g+ 4m2v g°s
4 e
— 4xvq®—4mixv®— 8vq*—8m2ug*]|CEM 2+ ~—5[48°~5sx—4svq+4mZsvq+3xvq—3mixvq—4svq?
SX
+2xv612+4va3—4ﬁ1§va3]Re{(cgff:clo)*csff]] , (A7)
LR 2 Mg 4 A 3 2 . _ 4 .
T, =T3m3M F[S—(UQ)Z]—F—;UQ (|C§ﬁ+clo|2—§(1+m§)|C$ﬁ|2) : (A8)
1M 4 . . 5 4 . s . -
T2 = = 2 28N | 5[5 (v@)2]— —5||CE™ C1g 2+ [ — 482+ 55X+ 8500 — 6xv | + 45002 — 4x0 4% 8v ]
3mb X X SZX3
. 4 . . . .
X (1-m2) |cEM2+ gﬁ[(4s—3x—4vq2)(1+mg)—ZXUq]Re[(Cgﬁiclo)*C$ﬁ]] , (A9)
R 2 Mg A A _ R
T, = (A1 30\ [(5—va)RE (C§"F C19* C5"+2m2| C5"?] (A10)
T,9""=0, (A11)
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2 M
MR- = — B (M 3N)RE(CEFC*CEN (A12)

TS(S 3
X Mp

ur 1 MB ~ _ 4 AgA A A ~ ~ ~
T, :Fm_bs)\z[_(1_UQ)|CSﬁ+C10|2+§_2[5+3m§S+S(UQ)(1+m§)_2(UQ)2(1+m§)]|C$ﬁ|2
4 . . -~
+g[s—vqu—m§>]Re[<cs”Icm>*C$ﬁ]} : (A13)
ur —2 Mg _ 4 ~ _
T2 = S g3 2| ~IC8TF Cad?~ = (14 m)|CF2 -4 RY(CT'= clo)*csﬁ]} , (A14)
L/R - 1 “A B _ Zl A~ A~ ~ Zl N _
T =5 s e |CS“+clo|2+§—2[2<vq>—s]<1—m§>|6$“|2+§<1+m§)Re[<CS“+cm>*csﬁ]], (A15)

1 2 Ay
2 x ettmva)

1M 4 N moa A aon non A -
T, m—ng (N + 3)\2){ |CM+Cyg2— @[—23— BM3S+ Sx+ m2sx+4m3svq+4vq?

+4m2vq+2sv g2+ 2m2sv g2 — 2xv g% — 2m2xv g2 — 4v g — 4m2v g°]| CEM|2

4 e
—§7[—23+2vq—2m§vq+25vq—XUq—qu2+2m§vq2]Re[(CSﬁICm)*C$ﬁ] , (A16)

)L/R

. .
T, ICSﬁICmF—§(1+m§)IC$“I2 , (A17)

1 2 “
;—p(l—UQ)

L
_mb3( 1 2)

1.1 U B
VA~ sz (1-va)[2(va) —s] | (1-md) |5

ur Mg 1 . _ 4
To = 5 (M +38o)| — 2 (1-00)|CE"+ Cud*+ =,
b S

2 . A e n
—§[2+2m§—x—2vq—2m§vq]Re{(Cg“1C10)*C$ﬁ]] . (A18)

In the above expressions, the variaklés defined ax=1+s—2(vq)—m2+ie.

APPENDIX B: AUXILIARY FUNCTIONS  E,(s,0),
AND E,(s,0) IN THE DALITZ DISTRIBUTION  d?B/dsd(b—s/*/~) IN THE HQE APPROACH

In this appendix we give the auxiliary functios (s,u) andE,(s,u), multiplying the 8 function & u(s,mg) —u?] and its
first derivatives’[ U(s,ms) — U?], respectively, appearing in the power corrected Dalitz distributidn-irs”*/~ given in Eq.
(42) in the text:
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=) 5{2)\1[1—4m§+6m§—4m§+mg—2m§s+4m‘s‘s—2mgs+2m§s3—s4+u2(1—2m§+m§—2m§s+4s+sz)]
+3h(1—m2+8)[ —1+7m2— 11m2+5mé+ 11 s+ 10m2s— 5més— 155°— 5m2s?+ 55°

. 4 oy mg e g on e
+u2(1—5m§+5s)]}><(|cg“|2+|c10|2)+£{2x1[1—3m§+2mg+2m§—3m§+m§°—10m§s+18m;‘s
—6mSs—2més+ 16m?s?— 6m2s®+ 2mis® — s*— m2s*— U%(1— m2— m?+mé+ 45+ 2m2s— 2més+s?
+mZs?)]
+3Ny(1—m2+8)[3+2m2—8mi— 2mé+5mS+ 35— 35mZs— 27mZs— 5mSs— 115%+ 8m?3s?— 5m2s?
+58%+5m2s%+ U2(3+8mZ+5m: — 55— 5m2s) |}|CE" %+ 8 §A1(1—4m§+6m§—4m§+m§—s—m§s+5mgs
—3mSs+s?+3mis?— 53— mZs®) + N o(1— m2+s)[4— 3m2—6mZ+5mé— 65— 4m2s— 10mZs

_i"" N _om2__Epd = e Ea2
3)\15+)\2(7 2mg—5m;+2s+ 10mgs—5s9)

+252+5mgs?+u?] | Re(C§M CS+ 4su
S RE(CEMC oot SO — 4R {31+ M2) + 38 5(5+ P Ml — BMS+ 25+ 42
9 10 3 1 S 2 S S S S

+10mis—3s?—5m2s?)]C,4* CS", (B1)

aAn 24 Ao aiom A A np g Ay A
Ea(5,U)= gh1(1—mi+9)2U(s,mg)?| (1—2mE+mi— 52— U?)(|CE"2+|C1d?)

S UV [ 0:-4 L My mg o
+4(1—mZ—mZ+ms—8m2s—s?— m2s?+ U+ m2u?)—— + 8(1—2m3+ m?—s— mZs)Reg CEMH CE"
s

+4sURe CE™ Cyo+ 8u(1+m2)Re(C) CE| . (B2)
|
APPENDIX C: THE DECAY RATE I'(b—s/*/7) IN THE We remark that our hadronic states and the ones used by
V-A LIMIT AND COMPARISON Manohar and Wise are differently normalized, with the two
WITH THE EXISTING RESULTS related by
In this appendix we compare our results for the power
iy g d [M)=\2Mpg [M)M" (e

corrections in the decaB— X/ "/~ with the ones for the
decaysB— X./v,, derived by Manchar and WiseMW)

[16]. In doing this, we shall reduce the matrix element for the Hence, the forward scattering amplitudes are related

decayB— X,/*/~ to the one encountered B—X./v,, through,
obtained by the replacements, 1
— MW
1 T,.= WBT’” . (CH
Co= _Clozi , (CY
Likewise, the matrix elements of the kinetic energy and
Co=0 the magnetic moment operators in the HQE approach are
77 VY (CZ)
related,
Gra 4G Ni=—2my*Ky, C6
(ﬁ Vi e( 5 Ve 3 177 2MeKe (o
3\ ,=—2m,°Gy, (C7)

This amounts to keeping only the CZ-A contribution in
B—X/"/". A +3N,=—2my?Ep=—2mp2(K,+Gp) . (C8)
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Note further that our structure functiois are dimension- momentum in the dilepton c.m. system, corresponds to the

less, as opposed to the ones employefl®il. Thus, events in whichE_>E, in the B-meson rest frame, where
E. represents the = -energy. To that end let us suppose that
(T MW= _ (T1) (C9) in the dilepton c.m. systeni," is scattered in the forward
! 2Mg’ direction. In this frame, the four-momenta6f and/ "~ are
given as
(T2)
Ty)MW=— = C10
(T2 2Mg (€10 p,=(ep},p) . (D1)
(Ta) -—
mw_ _ 3% p,=(&—pP;,—PL) , (D2
(T3) IMamy (C1y w [ L

where pj>0 is the longitudinal momentum ang, is the

With these replacements, the structure functioms, B i h ith th
i=1,2,3 given in the text and Appendix A in this paper agreetransverse momentum. Boosting the momenta with the ve-

with those in MW up to the indicated normalization factors locity of B meson () tak_es one to th&-meson rest frame,
in the V-A limit. Note that the functiomA, defined in Eq. whereE. andE_, are given by

(3.4) of [16] transcribes ta\o=m,?x in our notation, with

x defined in Appendix A. 1 v

After integratingT ., L** in the complexvq plane, we E.=e \/1_U2_pH =02 (D3)
have also compared the double differential distribution
(1I,)dr/dy d¢?, given in Eq.(5.2) of [16]. Taking into
. LS . . 1 v
account that our differential distributions are defined in terms E =¢ +p , (D4)
of the variablesi ands, as opposed to the variablesand Vi-v? V1-v?

y with y=2E, used in[16], and making the variable trans-
formationy=u—2vq, we reproduce their result.

Finally, using the corresponden¢€l1)—(C3), the differ-
ential dilepton distribution irb—s/*/~ reduces to(with

implying that for forward scattered , in the dilepton c.m.
system, one ha&, <E_ in the B meson rest frame. By
using the definition of the FB asymmetry [i84,35, we ob-

me=0) tain the following simple relation to the energy asymmetry of
S
[36]:
ar 1 . - -
—=T 5(1—8) (1+2s)(2+\q) dA(g) 1 d28 o d2B
ds > =f A dz—f —dz, (D5
ds odsdz -1dsdz
+(1—158%+ 10&3»12), (C12
wherez=cod,
which, on integration gives .
dA(s) .
1. 9. — ds=BA, (D6)
r=rkb (1+ E)\l_i)\z) ) (C13 ds

whereI'® is the parton model decay width. The above ex-Where  A=[N(E_>E.)=N(E,>E_)J/[N(E_>E,)
pression agrees with the well known result of Bagial.[15].  +N(E+>E_)] is the energy asymmetry defined [86].
Doing the same manipulation on the corresponding expredd€nceA of [36] is identical to the normalized FB asymmetry
sions by FLY33], we get instead A calculated in this paper. That the two quantities are related

can also be seen by writing the Mandelstam variahlele-

17, . fined iously, in the dilept t d th
FLS_ b 17 previously, in the dilepton c.m. system and the
=l 1 gt 13y (€19 B meson rest frame,
where in"F-S also only theV-A contributions are kept. This A A a PP,
disagrees with our result as well as with the ong1if]. u=-—u(s)cof=2(E,~E-) . ©7)
APPENDIX D: EQUIVALENCE OF FB ASYMMETRY APPENDIX E: DALITZ DISTRIBUTION
AND ENERGY ASYMMETRY IN B—X/*/~ dZF(B—>XS/+/_)/dS duAND FB ASYMMETRY

. . . . IN THE FERMI MOTION MODEL
In this appendix we address a peripheral issue, namely

that the quantity energy asymmetry, introduced 36|, is We start with the differential decay rate
simply related to the FB asymmetry, defined 8#,35, and d®'g/ds du dp describing the decap—s/ "/~ of a
is not an independent quantity. It is easy to show that thenoving b quark having a mas#/(p) and three momentum
configuration in whichl * is scattered in the forward direc- |p|=p with a distribution ¢(p), which will be taken as a
tion, measured with respect to the direction of Bweneson  Gaussiar{22]:
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FIG. 13. Phase space boundaries for ie and p integrations with fixed values o6 and u drawn for s=15 Ge\? and
u=8.9 Ge\,. The integration regiogsolid curve is given by the intersection af’, (short dashedand + u(s,p) (long dashed curyeThe
Fermi motion parameters used amg:(m,) =(450,0).

dl's u (p)2 1 it , ( mg2 ﬂ
. — max ’ s, _ C tlc a1
ds du dp Ju;nin du p (ZS( ) \/U’ZTVV(F))ZS 3( p (l | | 10| ) W(p)
2
| ds du} (ED

which can be read off directly from Ed42) in the limit
Here,d?I'y/ds du is the double differential decay rate of a A\;=0; i=1,2. Note that the Wilson coefficie@S" also has

b quark at rest and can be written in the case ofan implicitW(p) dependence, as can be seen in the text. The

b—s/*/" as integration limit foru’ is determined through the equations
d?T, EVEVAL Gg? 1 3a? Uha=min[u’ ,u(s,p)] , (E6)
ds au VeVl 1553 W(p)® 1672
X[Fi(s,p)+Fao(s,p)u’ +F3(s,p)u’?] , Umn=max[u’,—u(s,p)] , (E7)
E2
€2 where

and the three functions have the expressions

u;% Mi 4sMg?+u? | (E9)
F1(s,p)=[(W(p)>—ms?)?—s](|C§"|*+[Cyq?)
4| W(p)*—mg?W(p)?—mg*+ W 6)2 8sm? Ew=VW(p)*+p* , (E9)
M W(P)? | i1 and
—SZ(1+W(p)) |3~ 8l s(W(p)?
+m52)—(W(p)2—m52)2] u(s,p)={s—[W(p) +mg]*H{s—[W(p) — ms]?} 10

x Re(CCem) (E3
A typical situation in the phase space is displayed in Fig.
13. Integration ovep gives the double differential decay rate
F,(s,p)=4s Re(CE"C,0) +8(W(p)2+mg?)C,CEM, (Dalitz distribution including the Fermi motion. The result
(E4 is
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d’r Gg?

B_VV 2 3azJApmaxd 1 . |
ds du du_| 1Vl 1923 1672 Dmk‘@(p) 1(s,p) In

4127

Unaxt VUmax +4W(p)?s

UpinT VUjnin2+4W(p)®s

1
+F2(8,p) [VUna? +4W(P)*s— Vufy +4W(p)*s]+ Fs(s.p) 5 [ur’nax

- ur,nin \) ur,nin2+ 4W( p)zs_ 4W( p)ZS In

Uph=1[s—(Mg+My)?][s—(Mg—My)?] , (E14
and

(E15

My=max{ my ,mg+mgy] ,

Ural+4W(p)2s

Unaxt VUmae +4W(p)?s

[

with m, the spectator quark mass ang the kaon mass.
Since the calculations are being done for an inclusive decay
B— X/ "/, we should have put this threshold higher, say
starting frommy +m_, but as this effects the very end of a
steeply falling dilepton mass spectrum, we have kept the
threshold inB— X/ "/~ atm(Xg) =m.

Uit VUjnin2+4W(p)?s
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