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The inclusive rate and spectrum for a polarized,, baryon to decay to charm hadronic final states and
leptons7v in the SM and a two-Higgs-doublet model are computed. Difes) QCD corrections to the
spectrum in the two-Higgs-doublet model are also giV&0556-282(97)06121-3

PACS numbd(s): 14.80.Cp, 12.39.Hg, 13.30.Ce

I. INTRODUCTION given. Finally, a summary and discussion are presented in
Sec. V.

The semileptonic decad— X v has been extensively
studied in both the standard mod&M) anq a two-Higgs- Il. + SPECTRUM OF A,—X.7v IN THE SM
doublet mode(THDM) [1-9]. Compared with thé decay,
in addition to the spectrum of the lepton arising from the ~We consider the inclusive semileptonic decly— X 7v
decay, the various spin correlation quantities are of interedf the SM. At the tree level, for unpolarized leptons the par-
for the decay of a polarized, . It is well known[10,11] that  tial decay width can be written as
the heavy quarks produced & decay are polarized and
only charmed and flavored baryons seem to offer a prac- G#|Vepl? d3p, d°p,
tical method to measure the polarization of the correspond- dr= ———L*W,, 2E. 2E '
. . . (2’77) EH T v
ing heavy quark. The polarization transferred from a heavy
quarkQ to the corresponding  is 100%([12] in the limit
mg—o. Thus the angular distributions of charged lepton
[13,14] from semileptonic decays adf, and A . can be used
as spin analyzers for the decays of heavy quarks. The inclu- L“"=2[p¥p,+pipy—9*"p,.p,+i€* *#(p.) o(P,) 6],
sive rate and spectrum of polarized\ ,— X lv(I=e,u) )
have been computed in the 9,15,14.

The A,— X.7v (andB— X,7v) decay is sensitive to new andW,, is the hadronic tensor,
physics, in particular, models with charged Higgs bosons.

Because the charged Higgs bosons contribute at the tree

level, its contribution cannot be cancelled by other new par- WMV:(ZTF)3§X: 8 (pa,—d= Px){(Ap(v,9)]3,1X)
ticles in the models. Therefore, the calculations of charged

Higgs boson-contributions with high accuracy will provide a X(X|3,|Ap(v,S)), 3
strong bound on parameters of the models when experimen-

tal measurement of the decay is available. ; _ _ ; ;

In this paper we investigate the polarized inclusive deca;/NlthBAb Ma,v> 9 pT_+ P ands_ being the Sp_m Oft.
Ap— X;7v in both the SM and THDM. In the SM we extend .= C7.[(1—¥5)/2]b in Eq. (3) is the hadronic current.
the results of Manohar and Wi§8] to the case of a nonzero The expansion oV, in terms of Lorentz-invariant struc-
mass of the final state leptam). We calculate the spin de- ture functionsW; is defined by
pendent form factors in the hadronic tensor to theZlérder
in heavy quark effective theorfHQET) which do not con- ~ W,,,= —9,,W;+v,0,Wo—i€,,.s0“QPW3+0,q,W,
tribute to the decay rate when the mass of the final state
lepton is neglected. In the THDM we compute the inclusive

@

SwhereEH is the energy of\,, L, is the leptonic tensor,

+(quv+qvv,u,)W5+{_q'S[_g,uvvvi—'—v,uvvwg

rate andr spectrum for a polarized — X.7v included in the ; apnBNS s

. ) —le vgQFW3+ Wi+ (q,v,+q,0,) W]
Adcp/mi nonperturbative corrections and tl¥ «) pertur- prep0 AT GGy e T (G0 400 ) W
bative corrections ta- spectrum. +(s,0, 5,0, )We+(s,0,+5,0,) W5

The paper is organized as follows. In Sec. Il we calculate
the 7 spectrum from a polarized ,, decay to the order ﬂdﬁ
in the 1/, expansion in the SM. Section Il is devoted to
calculations in the THDM. Thé(as) QCD corrections to  The structure function®V; can be calculated in HQE[17]
the decay are included. In Sec. IV numerical results ar@nd results to the @ order are

1 €,,050 “SPWE i €,,,050*SPWGY. (4)
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m, Kymp q-v , 2 Kpmpg? 8(2)(1+e) 5 Kpmy2
W1:5(Z)(7+ 6 _T)_5 (Z)(—3 M:T_a (2) 2 —Kbmb(mb—q.v)
5K,myq- 2 28 K.m 2042 _ .12
(_ZKbmb3(q2—q-v2)
x 3

1+e)m, Kpm 5K,my2q-
(1+ep) b, Ko b)_é,(z)( bMpQ U)

Ws=5(2)

. 2 Kbmbzq-v(qz—q~v2)> 2 6 3
3 282K (P q-0?)
3 1
5Kymp| 146" (2)Kymy2q-v
W, = 5(2) my+ 3 ) - 3
B 32 .12 —0(z)(1+e€,)
+5”(z)( L )), Wo=—7— 9@
-5 Kbmbz
8(z) 56" (2)Kpymyg-v X| =3 TKemy(My—q-v)
3: 2 - 3 +5”(Z)
2 8"(2)Kpmy*(0°—q-v?)
(—2 Komy?(q?—0-v?) ¥ 3 ’ ©®
>< 1
3
_—48' (DKpmy where
Y
__(iD)?
- 8(2) —4Kpm,2 5Kympq-v Kp=—(Ap(v,8)|b, —5b,|Ap(v,9)),
5= —6'(2) - 2my
2 3 3
L[ 2KympA(g®—q-v?)
+6 (z)( 3 : z=(mw —q)°—mZ, (6)
Wi:w_gf Z)5Kbm+(—q-v) and e, is defined by[3]
2 8"(2)Kpmp*(9°—q-v?) — —
+ 3 ' (Ap(v,5)| by y5b|Ap(v,9))=(1+€p) U(v,S) ¥ ysu(v,S).
(7)
VVS—_4 5,(Z)Kbmb2
2 3 ’ Ky ande, are the only unknown two parametersGm,, 2)
for the A, decay which parametrize the nonperturbative phe-
s —23(29)Kpmy nomena and are expected to be of ordArQ&D/mb)z.We
ch 3 ' will discuss them in Sec. IV. Another parametelQa(lm,;Z),
W5=0,
4 _gGa,BO-a'B
Gb:Zb<Hb(Uvs)|vableb(U!S)>v (8)
S_2 5,(Z)Kbmb b
S_T'
is equal to zero foH,= A, due to the zero spin of the light
—(1+e,)my 5Kpymy, degrees of freedom insideA,. W, (i=1,2,3) and
W2=6(2) - -5 (2)
6™ 2 6 W} (i=1,2,3,6,8,9 have already been given by Manohar

5 : - 5 and Wise[3] and W, (i=4,5 by Balk et al. [5]. We list
_ SKpmy"q-v N 258"(2)Kpmp*(9°—q-v°) them here only for completeness. From Eds3, (2), (4), and
3 3 ' (5) we get the differential decay rate
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dT'y

I',dtdxdydcos 6 ©

=A(x.t,y,7,€)+B(x.t,y,7,€)cos 6,

here
AX.t,Y, 7, €)=[—12ty+12xy— 12y n+Ky(—16t+20xy+ 16 7)]5(2) — 4 K (4t2— 4 tx— 4 ty—5txy+7 x?y — 5 ty?
+7xy?+4xp—4yn—-5xyn—5y?p—4 %) 8" (2) +4Kpy(4t—x2—2xy—y?)(t—x+ ) 8"(2),
B(x,t,y,n,€)= ;{[24t2—24tx— 12txy+ 12 x2y+24x9— 12Xy n— 24 n°+ Ky( — 24 tx+ 20 X2y
e=an
+24x7—32y7n)+ ep(2412—24tx— 12txy+ 12 X2y + 24xn—12xyn—24 7°)]8(z) — 4 K (8 t2+ 6 12
—10tx>+10t%y— 18txy—5tx?y+ 7 x3y — 5 txy?+ 7 x°y?+ 10X’ p+ 8ty p+ 2 xXyn—5x°y 5
—5xy?n—872—6x7°—2yn?) 8 (2) + 4 Kp(4t—x?—2xy—y?)(t—x+ n)(— 2t+xy+2%)8"(2)}, (10

where
2 5 2
GF|VCb|2mb X 2E7’ y 2EV t q2 mT 6 me
=— = 0 = = L t=—, p=—, ==
* 10270 My My, m3 mz My,

and @ is the angle between thedirection and the\, spin in
the rest frame of tha ,,. After integrating ovet andy, one
obtains ther energy spectrum

dly

I'ndxd cos 6 (1)

=Aw(X, 7,€) +Bw(X, 7,€)c0s 6,
where Ay (X, ,€) and By(X, n,€) are given in the Appen-
dix. The —0 limits of A,y andB,y agree with the results of
Manohar and Wisg3]. The total inclusive decay width of

tively, if one uses a nonphysical gauge. It is shown in Ref.
[8] that in the Landau gauge the rate can be decomposed into
the sum of two incoherent decays:

M=My+Ms=|M|?=|My|?+|Mg|?,

where Mg=Mg+M,. Here My, Mg, and My are the
W-mediated, Goldstone-boson-mediated, and Higgs-boson-
mediated decay amplitudes, respectively. This decomposi-
tion has an advantage to simplify calculations, in particular,

Ap,—X7v can be obtained by integrating the spectrum for-the calculations of QCD corrections. We assume the Landau

mula over the range

ZHSXSl—p-I— 7.

The result is not presented here because one can easily obtdh

it from Ref.[5] by taking G,=0. PerturbativeD(as) QCD
corrections to the double differential distribution of the

energy and the invariant mass of the lepton system for

b—c7v have been studied by Je#zek and Motykd18,19.
We will use Eq.(30) in Ref.[19] in our numerical analysis
for the nonpolarized distribution of the energy.

lll. 7 SPECTRUM OF A,—X.7v IN THE THDM

We consider the THDM20-22 in which up-type quarks

gauge hereafter. Then the new thing we need to do is to

calculateMs.

For the purpose of calculatirlg s the hadronic current,,

Eq. (3) is replaced by
Ji=c(a;+bjys)b

(i=H,G), (12

with
ay=mytan B+m.cot B, by=mytan 8—m.cot B,
ag=-—my+m,, bg=—-my—m,.

Following the same steps as those in Sec. Il, a straightfor-

get masses from Yukawa couplings to the one Higgs doubletard calculation leads to
H, (with the vacuum expectation valug) and down-type
guarks and leptons get masses from Yukawa couplings to
another Higgs doubleH; (with the vacuum expectation
valuev ). Such a model occurs as a natural feature in super-
symmetric theories. For the sake of simplicity we shall use
the Feynman rules of the THDM in the minimal supersym-
metric standard modéMSSM) [23]. In a THDM there are
three diagrams contributing to the decayspectrum of
Ap— X.7v which correspond t@V exchange, Goldstone bo-
son exchange, and charged Higgs boson exchange, respec-

dr'y,

Todxdcosg ‘Humes@np)

+Bu(X,7,€,&,tan B)cos 6, (13

dr,

Todxdcosg v mes@anp)

+B,(X,7,¢€,£&,tan B)cos 6, (19
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with  Ai(x,7,€,&tanpB) and Bi(x,7,€ & tanB) (i=H,) —26°—26*+2€%—4te?—5teY),
given in the Appendix. Herel';/dx (i=H,l) denotes the

contributions to ther spectrum from the Higgs-mediated am- 6p2 1
plitude and the interference term between Higgs-mediated G_=H+p;| 6— 2In( 3 +—Yp(l—t—2€2+ e
and Goldstone boson-mediated amplitudes, respectively, and €t t
E=my/my. _3te?)
For the spin-independent ternds; and A;, our results '
agree with those obtained by Grossman and Liga&tiNote _
Go— - 6p0p3|n6,

thatB,=0 at leading order of the i1, expansion as.—0.
This is due to the chiral difference of the verticesvifand
Higgs bosons. As we can see, in the numerical analysis this

makesB, much smaller thamB,y .

Combining Eqgs.(11), (13), and (14), one obtains ther H=4p, Liz(p+)—Li2(p)—2Li2<1— p_)
spectrum ofA ,— X.7v in the THDM: P+

dI' rrpm 1 16|03t 5
Todxdcosg~ Awt At An)t(Bwt B +By)cos 6. +5Y,in 5 —YyIne|+2Y,(1- €%
(15
2

We now come to the position to calcula® «;) QCD cor- + ?pglne(lﬂ— €%),

rections. Making use of the results obtained by Czarnecki

and Davidson24], Grossmaret al. got the O(«a) correc- 1 1

tions of the total width ob— c7v mediated by Higgs bosons  po=—(1-t+¢?), ps==J1+t2+e—2(t+e2+ted),
[8]. To get theO(ay) corrections ofr spectrum one can also 2 2

use their results. We find that the relation between

dFH(')/dxdtanddFH(')/dt is very simple, as expected. Here . v =E|np_+
H(l) pi_po—p?u p_2 P ’
dr',t//dxdt is mdependent ofx because Goldstone and
H|ggs bosons are both scalar particles. Therefore, 1
dF';S(')/dxdt can be simply obtained by dividingl“';s(')/dt WOE§(1+t—62), W.=W,*ps,
DY Xmax—Xmin: WhereXnya, and X, denotex’s kinematical
upper and lower limits, respectivelgil“';'s(')/dt can be easily 1 W,
obtained from Eq(8) of Ref.[24] by multiplying the lepton Yw= EInVT'

part. The results are

After integrating Eqs(16) overt, we getr spectrum numeri-
cally with only parameters ta@ and ¢. As a check, we find
that our numerical results d1’§s and F'as agree with those

obtained by Grossmaet al. [8].

H
dla,  \2min(t—p)tar?p
dxdt 16m2£%p,

1 .2 .3
1—‘I(CH ycH 1CH)1

dr,, J2miy(t-p)tan B
dxdt 8m2E%p,

I'(ct,ct,cd), (16) IV. NUMERICAL RESULTS

In order to do numerical calculations we need to discuss
where the values of the parameteks,, e,, m., andm, and the

arameters in the THDM.
=2tarfB+2€%colB, ci=4e, P
cd=tar’B— e?cofB, ci=—2tanB+2e%cot B, A. Constraints on the parameters of THDM B
. R In Refs.[25,26, constraints on ta@ from K—K and
=2e(tanB-cotpB), c/=—tanB—e°cotB, (17 B—B mixing, I'(b—sy), ['(b—crv), andR, have been

iven:
andT'(ct,c?,c®) is [24] g

my
0.7<tan B<0.6.———

as Fmglvcb|2 1 GeV'

67 \2

I'(ct,c?,cd)= [c!G, +c2G_+c3Gy],

(18 Also the lower limitm,; >200 GeV has been given there.

Taking the radiative correction and the’rif-j correction into
account inB meson decay, Grossmaet al. have an im-
proved bound oR (defined byR=tan g/my+) which is

with

G, =poH+poP3

9 16p3
E —2In<

E

1
+—Y,(2—t—4t%+3t3
4t pl R<0.49 GeVl.
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We will predict ther spectrum and total width ok, decay  where
under these constraints.
B*
B. About the parametersKy,e, and my,,m, h=——, (21

K, and e, characterize the ﬂdz corrections to the decay
distribution for A,— X.rv and are nonperturbative quanti- and my=1(my+3my«), H=B, D. Therefore, if we
ties independent ain, . Since quarks are not free physical choosem,=5.1 GeV, the other parameters will‘be
particles,m, and m. cannot be determined directly by ex-

periment. However, we can estimate them by the phenom- m.=hm,=1.65 GeV,
enological analysis of the heavy hadron spectra to the order
1/mqg . From the effective Lagrangian in HQET, the mass of 0.142n; GeV
a heavy hadron can be written E80—32 Kp= 2 ~0.009, e,~—0.006.
b
_ | | N L .
My, = Mo+ A(le’J ,S)+ a9 + b(r, ’S)<5Q.j| If we choosem,=5.044, which is a critical value based
Q Mg Mq on Eq.(19) [32], other parameters will be
+--, (19

m.=1.63 GeV, K,~0.006, e,~—0.004.

where (Sq-j1)=3[I(I+1)—ji(j;+1)— 2] with J and j, We will use these two sets of values and discriminate
being the spins of the hadron and the light degEes of freehem by the first ,=5.044 GeV and second rf,=5.1
dom inside the hadron, respectively. The paramateepre- GeV) set, respectively, in the numerical computations.
sents contributions coming from the effective Lagrangian in Using the parameters given above, we obtain the total
the mg— o< limit, and a andb are, respectively, associated width in terms of tang andmy as follows:

with the kinetic energy and the color magnetic energy of the

heavy quark inside the hadron. In the present case, "

W_ ~1 1
a(0",0,0)=m2K, and b(0",0,0)=0. It is shown that r_b_Cw+DWaS’
ep=< —2/3K,, [29]. Furthermore, one can takg= —2/3K, if
one omits the contributions of terms arising from double ri‘+r1

|
ZCﬁ—I—DﬁaS,

insertions of the chromomagnetic operdtd7—29. Starting T
b

from Eq. (19), it is shown [32] that one can obtain
a(37,4,0),m; [andA(37,3,0),b(}7,£,0)] by using the ob- 2,

served masses of the doubleBs*(B) and (D*,D) if choos- F—=C\2N+ D3as,
ing m, as input. Furthermorea(0*,0,0), which is the pa- b
rameter we need, is determined [32,3]

R
my _ _ " =C}+Dfas, (22
a(0%,0,0)= 7—-[(my —mp)—(m, —mg)] "
where
1" 1
+a 7,5,0 , (20 C\lN: 0.109,
J
. 0.0141(0.253+1.16 tafB) 0.0141(0.025+0.112 tafiB+0.239tafiB)
H: —_ 2 + 4 3y
3 3
Di,=-0.0476,
. 0.00804(—0.165-0.577¢*—0.374 taRB— £*tarf 3 — 0.331 tafip)
H §4 ’
C3,=0.112,
) 0.0139(0.262+1.19 tarkB) . 0.0139(0.0256+ 0.107 tadB-+ 0.245tafi3)
HT ™ 2 4 ’
3 3

DZ,=—0.0493,

1The experimental data used in RE32] have been improved since then. Our data are from [R&].
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02 0.0082(—0.163- 0.574%2—0.37 takB— £’tarf3— 0.328 tafiB)
H™ z! :
3

(23

The superscript (i=1, 2) in Egs.(22) and(23) denotes that range of tan3 which is interesting physically, say,
theith set of values oKy, €,, m., andm, is used. tanB3<<60, the normalized width changes roughly 5-15%
The explicit dependence of the total width when tam8 changes from 20 to 60 anahy,+ is fixed. The
I'tiom=T'w+T'y+T, (normalized to the electron chanpel normalized width changes the same order of magnitude for

on tanB andmy is plotted in Fig. 1. It should be noted that fixed tan3 and changingny+ from 200 to 400 GeV. From
the absolute value df 1y iS very sensitive tan,. Using  Egs.(22) and(23) it follows that thea corrections decrease
the ratio between the width7,,,, andT'§,py Separates the the total width by roughly 20% which is larger than that in
theoretical and experimental uncertainties and deletes ththe SM. Because, when tg®>1, C,, is proportional to
|V¢p|2m factor which is not well known yet. From Fig. 1 the r?(—1+0.2r?) andD}, is proportional to—r?(1+0.3r?),
following remarks can be drawr{l) The normalized total wherer=Rm,, one can obtain constraints anfrom the
width is not sensitive to the values of the parameters irmeasurement of the total width.

HQET. The value of the normalized width for the second set The r spectrum for some typical values of fgilandm,, is

of parameters is 3% larger than that for the first &tin the  calculated and the result is plotted in Figs. 2-5. The predic-
tions in the SM are also plotted in the figures. Here dhe
corrections for the spin-dependent term are not considered.
We can see from Figs. 4 and 5 that the spin-dependent spec-
trum is quite different for <1 andr=2 (note that we have
the constrainty <0.49 GeV'!, my,~2.5, andmy+=200
GeV from experiments, as mentioned bejofEhe reason is

as follows. We know from the Appendix thaBy
=(—Jr2y/8 £2)By~—r*yBy/4. That is, it depends ort".
Forr=<1, B4<<By. As pointed out in Sec. llIB, is negli-
gibly small compared wittB,y due to the chiral difference of
b-quark couplings tow and H.. which is deduced from
model Il of the THDM. Therefore, the spectrum is almost the
same as that in the SM, as can be seen from Figs. 4 and 5.
Forr=2, By is as the same order of magnitudeByg so that

By andB,, tend to cancel each other, which makes the spin-
dependent distribution of theenergy very small and a little
dependent on the energy, as shown in Figs. 4 and 5. Thus
one can say that if the spectrum is somewhat more isotro-

0 20 40 60 80 100 120 140 160 180 200
tang

()

0.6

-5 {5
03 o
o 05}
z°
Jo o4
&
¢ 026 04
> <
a8 ¢
Eox +: ?
A < 0.3
t i
022 < ": — a=02,tang=1
b/ * e 0,=0.2,tan =20
0.2 4 ,P P * === o=0.2,tanf=50
02020 40 6 s 10 10 10 160 180 200 ) ;pff{p 8 - g::ﬁj;‘.::ii“
tan3 S/ o O ,=03,tan(=20
0.1} 45 O —— &,=03,tanf=50
0 O -+ a=03,tanf=90
®) 6 A — a=0.2,SM result
O — a=0.3,SM result
0.0 - - *
. . . 0.7 0.7 0.8 0.85 0.9 0.95 1.0 1.05
FIG. 1. Total width (normalized to the electron chanheh 5 we
X= 7./nlb

terms of tanB andmy, , using the(a) first (m,=5.044 Gey and(b)
second (n,=5.1 Ge\j set of values. The curves terminating at
tan =100, 150, and 200 correspond ma, =200, 300, and 400
GeV, respectively.

FIG. 2. 7 spectrum for differenzg and tang, my=200 GeV.
The first set of parameter values(=5.044 GeV is used.
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0.6 " , . . " — 0.0
*16:6‘6»_ :
05} -0.05
04 -0.1
f :
o] Jas]
< 0.3 m -0.15
+ : +
3 i o 2
< § P * — a=02.anf=1 as]
- *oee =0.2,tan3=20 y
0.2 PPy * - Zs=0.2,t::ﬂ=50 02
/o * oo @=02,1an=90
i’ O — 0,203 tanf=1 — tang=1
°/ O o a=03wng=20 |  ®& | | tanB=20
0.1 /¢ O ——— a=0.31an8=50 0.25 A
e O - a=031an=90 tanf=50
6: A — a=02,SMresult | {0 tanﬁ: 90
O — a,~0.3, SM result A —— SMresult
0.0 . - -0.3 : ) - :
0.7 0.75 0.8 0.85 0.9 0.95 1.0 1.05 0.7 0.75 0.8 0.85 0.9 0.95 1.0 1.05
x=2 E/my x=2 E,/my,

FIG. 5. 7 spectrum for different ta, my=200 GeV. The sec-
ond set of parameter valuesif{=5.1 Ge\j is used.O(«s) correc-
tions are not considered here.

FIG. 3. 7 spectrum for differentrs and tang, my=200 GeV.
The second set of parameter values,€5.1 GeV is used.

pic than what the SM predicts, the THDM with large gn

(>80) andm,=200 GeV is preferred in describing its na- The as corrections are included in the numerical computa-
ture. For the nonpolarized term, as can be seen from Figs. tions for the spin-independent terms of thespectrum. Our
and 5, and the spectrum is very similar to thatBoflecay results show that the spin-dependerspectrum is significant

since the difference betweek, decay andB decay comes €nough to be seen.
from the 1MmZ corrections. We have also calculated the same quantities in a THDM.

For the spin-independent terms of thespectrum arising
from the Higgs-mediated amplitude and the interference
term, we have calculated tf@(as) QCD corrections to the
double differential distribution. Together with tle, correc-
dtions in the SM given in Ref[18], we obtained all thex
corrections to the nonpolarized double differential distribu-
tion (and so the total widthin the THDM. The numerical
results show that the branching ratio &Af,— X 7v in the

V. SUMMARY

In summary, we have calculated the rate anspectrum
of the inclusive semileptonic decay for a polarize
Ap—X.7v to 1/m§ order in the Irh, expansion in the SM.

0.0 THDM is of approximately 25% of that in the electron chan-
nel and the spin-dependentspectrum can be used to esti-
mate the size of ta@ and my+. The spectrum depends

-0.05 dominantly onR if tan 8>1 so that from the measurement
of the angular distribution of a polarized,— X.7v in B
ol facth)ries within the coming years one can obtain constraints
- onR.
‘:f It is obvious that substituting the-quark massn,=0 for
M -0.15 m, one immediately obtains the decay rate andpectrum
+B for a polarizedA ,— X, 7v. And with minor changes one can
aa) extend the results in the paper to the inclusive semileptonic

0.2 decay of a polarized\ .— Xs 47v. It is interesting to calcu-
late theag corrections to the spin-dependent term of the
spectrum.
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APPENDIX: EXPRESSIONS OF A; AND B; (i=W,H,I)

N n
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N
+2 Kb3(1T+Z)5( —5x2—15€e*x?+20 e®%?+ 25x3+ 21 *x3— 10 %3 — 50 x* — 6 €*x*+ 2 €®x*+50x°— 25 x°®

(—1+e®+x—1)%(3x+3eX—5x°—ex°+2x3—4 n—8 €’ p+10xn+3 eXn—5x2n—4 p°+3x7?)

+5x'+147+6 €*p—20€®y—70x7+78 €*xp— 80 ®xn+ 115x29— 147 €*x? n+ 44 5x% p— 403+ 60 €*x3 7
—10€%37—80x*n—6 e*x*p+86x°7—25x8 9+ 70 % — 126 €* 9+ 152 €5 5?— 280x 7%+ 300 €*x °— 80 €®x 5?
+370x2 9% — 147 €*x2 9?4+ 20 ®x? 5% — 130x3 %+ 21 e*x3 52— 80 x* ?+ 50 x° %+ 140 °— 126 €* > — 20 €%
—420x 73+ 78 e*xp®+ 370x% 53— 15 *x2 93— 40x3 53— 50 x* 3+ 140 *+ 6 €* p*— 280x *+ 115x2 p*+ 25 x37*

+70 7°—70x7°—5x%7°+ 14 ), (A1)
Bw= o4 1+€e*+ 2(1- 2=3x—€X+2X°+4 n+3 € n—5xn+3 ) + 04 ) 1+ €%+
w—m(— €+X—1)(1- € —3X—eX+2X°+4 n+3 e n—5x7+3 7°) fbm(— €+X
(—x*+47)
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tar’BVx°—4 7

_ 3y 5 2
1254(1—X+77)5[L( 18 ex+ 36 €°x— 18 €°X+ 54 eXx

—8€?p+10xy+3eXxn—5x°p—4 7*+3x5%)]+Kyp
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_37]\/X2—4 p(—1+ €+ x—7y)? Wxe—4ng
E(1-x+mn)? E(1-x+n)*
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where
F=2tarfB+2€e’cofB, J=2tarfB—2€e’cotB, L=4e.
When ta8>1, Egs.(3), (4), and(5) reduce to

4

r
AHzTnAWJrO(r“tanB’Z), (A7)
_ M 4 -4
BH——TBW+O(r tan 87, (A8)
6 preyx°—4 g 202 2 P
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