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I. INTRODUCTION

The semileptonic decayB→Xcln has been extensively
studied in both the standard model~SM! and a two-Higgs-
doublet model~THDM! @1–9#. Compared with theB decay,
in addition to the spectrum of the lepton arising from the
decay, the various spin correlation quantities are of interest
for the decay of a polarizedLb . It is well known@10,11# that
the heavy quarks produced inZ0 decay are polarized and
only charmed and flavoredL baryons seem to offer a prac-
tical method to measure the polarization of the correspond-
ing heavy quark. The polarization transferred from a heavy
quarkQ to the correspondingLQ is 100% @12# in the limit
mQ→`. Thus the angular distributions of charged leptons
@13,14# from semileptonic decays ofLb andLc can be used
as spin analyzers for the decays of heavy quarks. The inclu-
sive rate andl spectrum of polarizedLb→Xcln( l 5e,m)
have been computed in the SM@3,15,16#.

TheLb→Xctn ~andB→Xctn) decay is sensitive to new
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-
ticles in the models. Therefore, the calculations of charged
Higgs boson-contributions with high accuracy will provide a
strong bound on parameters of the models when experimen-
tal measurement of the decay is available.

In this paper we investigate the polarized inclusive decay
Lb→Xctn in both the SM and THDM. In the SM we extend
the results of Manohar and Wise@3# to the case of a nonzero
mass of the final state lepton~t!. We calculate the spin de-
pendent form factors in the hadronic tensor to the 1/mb

2 order
in heavy quark effective theory~HQET! which do not con-
tribute to the decay rate when the mass of the final state
lepton is neglected. In the THDM we compute the inclusive
rate andt spectrum for a polarizedL→Xctn included in the
LQCD

2 /mb
2 nonperturbative corrections and theO(as) pertur-

bative corrections tot spectrum.
The paper is organized as follows. In Sec. II we calculate

the t spectrum from a polarizedLb decay to the order 1/mb
2

in the 1/mb expansion in the SM. Section III is devoted to
calculations in the THDM. TheO(as) QCD corrections to
the decay are included. In Sec. IV numerical results are

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

II. t SPECTRUM OF Lb˜Xctn IN THE SM

We consider the inclusive semileptonic decayLb→Xctn
in the SM. At the tree level, for unpolarized leptons the par-
tial decay width can be written as

dG5
Gf

2uVcbu2

~2p!5EH

LmnWmn

d3pt

2Et

d3pn

2En
, ~1!

whereEH is the energy ofLb , Lmn is the leptonic tensor,

Lmn52@pt
mpn

n1pt
npn

m2gmnpt .pn1 i emnab~pt!a~pn!b#,
~2!

andWmn is the hadronic tensor,

Wmn5~2p!3(
X

d4~pLb
2q2pX!^Lb~v,s!uJm

†uX&

3^XuJnuLb~v,s!&, ~3!

with pLb
5mLb

v, q5pt1pn, ands being the spin ofLb .

Jm5 c̄gm @(12g5)/2# b in Eq. ~3! is the hadronic current.
The expansion ofWmn in terms of Lorentz-invariant struc-
ture functionsWi is defined by

Wmn52gmnW11vmvnW22 i emnabvaqbW31qmqnW4

1~qmvn1qnvm!W51$2q•s@2gmnW1
s1vmvnW2

s

2 i emnabvaqbW3
s1qmqnW4

s1~qmvn1qnvm!W5
s#

1~smvn1snvm!W6
s1~smqn1snqm!W7

s

1 i emnabvasbW8
s1 i emnabqasbW9

s%. ~4!

The structure functionsWi can be calculated in HQET@17#
and results to the 1/mb

2 order are
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where

Kb52^Lb~v,s!u b̄ v
~ iD !2

2mb
2

bvuLb~v,s!&,

z5~mbv2q!22mc
2 , ~6!

andeb is defined by@3#

^Lb~v,s!u b̄glg5buLb~v,s!&5~11eb! ū~v,s!glg5u~v,s!.
(7)

Kb andeb are the only unknown two parameters atO(mb
22)

for theLb decay which parametrize the nonperturbative phe-
nomena and are expected to be of order (LQCD/mb)2.We
will discuss them in Sec. IV. Another parameter atO(mb

22),

Gb5Zb^Hb~v,s!u b̄ v

gGabsab

4mb
2

bvuHb~v,s!&, ~8!

is equal to zero forHb5Lb due to the zero spin of the light
degrees of freedom insideLb . Wi ( i 51,2,3) and
Wi

s ( i 51,2,3,6,8,9! have already been given by Manohar
and Wise@3# and Wi ( i 54,5! by Balk et al. @5#. We list
them here only for completeness. From Eqs.~1!, ~2!, ~4!, and
~5! we get the differential decay rate
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dGW

Gbdtdxdydcosu
5Â~x,t,y,h,e!1B̂~x,t,y,h,e!cosu, ~9!

here

Â~x,t,y,h,e!5@212 ty112xy212 yh1Kb~216 t120xy116h!#d~z!24 Kb~4 t224 tx24 ty25 txy17 x2y25 ty2

17 xy214 xh24 yh25 xyh25 y2h24 h2!d8~z!14 Kby~4 t2x222 xy2y2!~ t2x1h!d9~z!,

B̂~x,t,y,h,e!5
1
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192p3
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2Et
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mb
2
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2

mb
2
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,

andu is the angle between thet direction and theLb spin in
the rest frame of theLb . After integrating overt andy, one
obtains thet energy spectrum

dGW

Gbdxd cosu
5AW~x,h,e!1BW~x,h,e!cosu, ~11!

whereAW(x,h,e) and BW(x,h,e) are given in the Appen-
dix. Theh→0 limits of AW andBW agree with the results of
Manohar and Wise@3#. The total inclusive decay width of
Lb→Xctn can be obtained by integrating the spectrum for-
mula over the range

2Ah<x<12r1h.

The result is not presented here because one can easily obtain
it from Ref. @5# by taking Gb50. PerturbativeO(as) QCD
corrections to the double differential distribution of thet
energy and the invariant mass of the lepton system for
b→ctn have been studied by Jez˙abek and Motyka@18,19#.
We will use Eq.~30! in Ref. @19# in our numerical analysis
for the nonpolarized distribution of thet energy.

III. t SPECTRUM OF Lb˜Xctn IN THE THDM

We consider the THDM@20–22# in which up-type quarks
get masses from Yukawa couplings to the one Higgs doublet
H2 ~with the vacuum expectation valuev2) and down-type
quarks and leptons get masses from Yukawa couplings to
another Higgs doubletH1 ~with the vacuum expectation
valuev1). 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 model~MSSM! @23#. In a THDM there are
three diagrams contributing to the decayt spectrum of
Lb→Xctn which correspond toW exchange, Goldstone bo-
son exchange, and charged Higgs boson exchange, respec-

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:

M5MW1MS⇒uM u25uMWu21uMSu2,

where MS5MG1MH . Here MW , MG, and MH 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,
the calculations of QCD corrections. We assume the Landau
gauge hereafter. Then the new thing we need to do is to
calculateMS .

For the purpose of calculatingMS the hadronic currentJm
in Eq. ~3! is replaced by

Ji5 c̄ ~ai1big5!b ~ i 5H,G!, ~12!

with

aH5mbtan b1mccot b, bH5mbtan b2mccot b,

aG52mb1mc , bG52mb2mc .

Following the same steps as those in Sec. II, a straightfor-
ward calculation leads to

dGH

Gbdxd cosu
5AH~x,h,e,j,tanb!

1BH~x,h,e,j,tanb!cosu, ~13!

dG I

Gbdxd cosu
5AI~x,h,e,j,tanb!

1BI~x,h,e,j,tanb!cosu, ~14!
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with Ai(x,h,e,j,tanb) and Bi(x,h,e,j,tanb) (i5H,I)
given in the Appendix. HeredG i /dx ( i 5H,I ) denotes the
contributions to thet spectrum from the Higgs-mediated am-
plitude and the interference term between Higgs-mediated
and Goldstone boson-mediated amplitudes, respectively, and
j5mH /mb .

For the spin-independent termsAH and AI , our results
agree with those obtained by Grossman and Ligeti@7#. Note
thatBI50 at leading order of the 1/mb expansion asmc→0.
This is due to the chiral difference of the vertices ofW and
Higgs bosons. As we can see, in the numerical analysis this
makesBI much smaller thanBW .

Combining Eqs.~11!, ~13!, and ~14!, one obtains thet
spectrum ofLb→Xctn in the THDM:

dGTHDM

Gbdxd cosu
5~AW1AI1AH!1~BW1BI1BH!cosu.

~15!

We now come to the position to calculateO(as) QCD cor-
rections. Making use of the results obtained by Czarnecki
and Davidson@24#, Grossmanet al. got theO(as) correc-
tions of the total width ofb→ctn mediated by Higgs bosons
@8#. To get theO(as) corrections oft spectrum one can also
use their results. We find that the relation between
dGas

H(I )/dxdt anddGas

H(I )/dt is very simple, as expected. Here

dGas

H(I )/dxdt is independent ofx because Goldstone and

Higgs bosons are both scalar particles. Therefore,
dGas

H(I )/dxdt can be simply obtained by dividingdGas

H(I )/dt

by xmax2xmin , wherexmax and xmin denotex’s kinematical
upper and lower limits, respectively.dGas

H(I )/dt can be easily

obtained from Eq.~8! of Ref. @24# by multiplying the lepton
part. The results are

dGas

H

dxdt
5

A2mb
2h~ t2h!tan2b

16p2j4p3

G~cH
1 ,cH

2 ,cH
3 !,

dGas

I

dxdt
5

A2mb
2h~ t2h!tan b

8p2j2tp3

G~cI
1 ,cI

2 ,cI
3!, ~16!

where

cH
1 52 tan2b12e2cot2b, cH

2 54e,

cH
3 5tan2b2e2cot2b, cI

1522 tanb12e2cot b,

cI
252e~ tan b2cot b!, cI

352tan b2e2cot b, ~17!

andG(c1,c2,c3) is @24#

G~c1,c2,c3!5
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6p2

GFmb
3uVcbu2

A2
@c1G11c2G21c3G0#,

~18!

with

G15p0H1p0p3F9

2
22lnS 16p3

4

e2t
D G1

1

4t
Yp~22t24t213t3

22e222e412e624te225te4!,

G25H1p3F622lnS 16p3
4

e2t
D G1

1

t
Yp~12t22e21e4

23te2!,

G0526p0p3lne,

where

H54p0FLi2~p1!2Li2~p2!22Li2S 12
p2

p1
D

1
1

2
YplnS 16p3

4t

p1
4 D 2YwlneG12Yw~12e2!

1
2

t
p3lne~11t2e2!,

p0[
1

2
~12t1e2!, p3[

1

2
A11t21e422~ t1e21te2!,

p6[p06p3 , Yp[
1

2
ln

p1

P2
,

W0[
1

2
~11t2e2!, W6[W06p3 ,
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1

2
ln

W1

W2
.

After integrating Eqs.~16! over t, we gett spectrum numeri-
cally with only parameters tanb andj. As a check, we find
that our numerical results ofGas

H and Gas

I agree with those

obtained by Grossmanet al. @8#.

IV. NUMERICAL RESULTS

In order to do numerical calculations we need to discuss
the values of the parametersKb , eb , mc , andmb and the
parameters in the THDM.

A. Constraints on the parameters of THDM

In Refs. @25,26#, constraints on tanb from K2K̄ and
B2 B̄ mixing, G(b→sg), G(b→ctn), and Rb have been
given:

0.7,tan b,0.6
mH6

1 GeV
.

Also the lower limit mH6
.200 GeV has been given there.

Taking the radiative correction and the 1/mQ
2 correction into

account inB meson decay, Grossmanet al. have an im-
proved bound ofR ~defined byR5tanb/mH6) which is

R,0.49 GeV21.
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We will predict thet spectrum and total width ofLb decay
under these constraints.

B. About the parametersKb ,eb and mb ,mc

Kb andeb characterize the 1/mQ
2 corrections to the decay

distribution for Lb→Xctn and are nonperturbative quanti-
ties independent ofmQ . Since quarks are not free physical
particles,mb and mc cannot be determined directly by ex-
periment. However, we can estimate them by the phenom-
enological analysis of the heavy hadron spectra to the order
1/mQ . From the effective Lagrangian in HQET, the mass of
a heavy hadron can be written as@30–32#

mhQ
5mQ1L̄~ j l

P ,I ,S!1
a~ j l

P ,I ,S!

mQ
1

b~ j l
P ,I ,S!

mQ
^SW Q• jW l&

1•••, ~19!

where ^SW Q• jW1&5 1
2 @J(J11)2 j l( j l11)2 3

4 # with J and j l

being the spins of the hadron and the light degrees of free-

dom inside the hadron, respectively. The parameterL̄ repre-
sents contributions coming from the effective Lagrangian in
the mQ→` limit, and a and b are, respectively, associated
with the kinetic energy and the color magnetic energy of the
heavy quark inside the hadron. In the present case,
a(01,0,0)5mb

2Kb and b(01,0,0)50. It is shown that
eb<22/3Kb @29#. Furthermore, one can takeeb522/3Kb if
one omits the contributions of terms arising from double
insertions of the chromomagnetic operator@27–29#. Starting
from Eq. ~19!, it is shown @32# that one can obtain

a( 1
2

2, 1
2 ,0), mc @andL̄( 1

2
2, 1

2 ,0),b( 1
2

2, 1
2 ,0)] by using the ob-

served masses of the doublets (B* ,B) and (D* ,D) if choos-
ing mb as input. Furthermore,a(01,0,0), which is the pa-
rameter we need, is determined by@32,3#

a~01,0,0!5
hmb

12h
@~mLc

2m̄D!2~mLb
2m̄B!#

1aS 12

2
,
1

2
,0D , ~20!

where

h5
mB* 2mB

mD* 2mD

, ~21!

and m̄H5 1
4 (mH13mH* ), H5B, D. Therefore, if we

choosemb55.1 GeV, the other parameters will be1

mc5hmb51.65 GeV,

Kb5
0.142mc GeV

mb
2

'0.009, eb'20.006.

If we choosemb55.044, which is a critical value based
on Eq.~19! @32#, other parameters will be

mc51.63 GeV, Kb'0.006, eb'20.004.

We will use these two sets of values and discriminate
them by the first (mb55.044 GeV! and second (mb55.1
GeV! set, respectively, in the numerical computations.

Using the parameters given above, we obtain the total
width in terms of tanb andmH as follows:

GW
1

Gb
5CW

1 1DW
1 as ,

GH
1 1G I

1

Gb
5CH

1 1DH
1 as ,

GW
2

Gb
5CW

2 1DW
2 as ,

GH
2 1G I

2

Gb
5CH

2 1DH
2 as , ~22!

where

CW
1 50.109,

CH
1 52

0.0141~0.25311.16 tan2b!

j2 1
0.0141~0.02510.112 tan2b10.239tan4b!

j4 ,

DW
1 520.0476,

DH
1 5

0.00804~20.16520.577j220.374 tan2b2j2tan2b20.331 tan4b!

j4 ,

CW
2 50.112,

CH
2 52

0.0139~0.26211.19 tan2b!

j2 1
0.0139~0.025610.107 tan2b10.245tan4b!

j4 ,

DW
2 520.0493,

1The experimental data used in Ref.@32# have been improved since then. Our data are from Ref.@33#.
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DH
2 5

0.0082~20.16320.574220.37 tan2b2j2tan2b20.328 tan4b!

j4 . ~23!

The superscripti ( i 51, 2! in Eqs.~22! and~23! denotes that
the i th set of values ofKb , eb , mc , andmb is used.

The explicit dependence of the total width
GTHDM5GW1GH1G I ~normalized to the electron channel!
on tanb andmH is plotted in Fig. 1. It should be noted that
the absolute value ofGTHDM is very sensitive tomb . Using
the ratio between the widthGTHDM

t andGTHDM
e separates the

theoretical and experimental uncertainties and deletes the
uVcbu2mb

5 factor which is not well known yet. From Fig. 1 the
following remarks can be drawn:~1! The normalized total
width is not sensitive to the values of the parameters in
HQET. The value of the normalized width for the second set
of parameters is 3% larger than that for the first set.~2! In the

range of tanb which is interesting physically, say,
tanb,60, the normalized width changes roughly 5–15%
when tanb changes from 20 to 60 andmH6 is fixed. The
normalized width changes the same order of magnitude for
fixed tanb and changingmH6 from 200 to 400 GeV. From
Eqs.~22! and~23! it follows that theas corrections decrease
the total width by roughly 20% which is larger than that in
the SM. Because, when tanb@1, CH

i is proportional to
r 2(2110.2 r 2) and DH

i is proportional to2r 2(110.3 r 2),
where r 5Rmb , one can obtain constraints onr from the
measurement of the total width.

Thet spectrum for some typical values of tanb andmH is
calculated and the result is plotted in Figs. 2–5. The predic-
tions in the SM are also plotted in the figures. Here theas
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 forr<1 andr>2 ~note that we have
the constraintsr ,0.49 GeV21, mb'2.5, andmH6>200
GeV from experiments, as mentioned before!. The reason is
as follows. We know from the Appendix thatBH
5(2Jr2h/8 j2)BW'2r 4hBW/4. That is, it depends onr 4.
For r<1, BH!BW . As pointed out in Sec. III,BI is negli-
gibly small compared withBW due to the chiral difference of
b-quark couplings toW and H6 which is deduced from
model II of the THDM. Therefore, the spectrum is almost the
same as that in the SM, as can be seen from Figs. 4 and 5.
For r>2, BH is as the same order of magnitude asBW so that
BH andBW tend to cancel each other, which makes the spin-
dependent distribution of thet energy very small and a little
dependent on thet energy, as shown in Figs. 4 and 5. Thus
one can say that if thet spectrum is somewhat more isotro-

FIG. 1. Total width ~normalized to the electron channel! in
terms of tanb andmH , using the~a! first (mb55.044 Gev! and~b!
second (mb55.1 GeV! set of values. The curves terminating at
tanb5100, 150, and 200 correspond tomH5200, 300, and 400
GeV, respectively.

FIG. 2. t spectrum for differentas and tanb, mH5200 GeV.
The first set of parameter values (mb55.044 GeV! is used.
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pic than what the SM predicts, the THDM with large tanb
(.80) andmH>200 GeV is preferred in describing its na-
ture. For the nonpolarized term, as can be seen from Figs. 4
and 5, and the spectrum is very similar to that ofB decay
since the difference betweenLb decay andB decay comes
from the 1/mb

2 corrections.

V. SUMMARY

In summary, we have calculated the rate andt spectrum
of the inclusive semileptonic decay for a polarized
Lb→Xctn to 1/mb

2 order in the 1/mb expansion in the SM.

The as corrections are included in the numerical computa-
tions for the spin-independent terms of thet spectrum. Our
results show that the spin-dependentt spectrum is significant
enough to be seen.

We have also calculated the same quantities in a THDM.
For the spin-independent terms of thet spectrum arising
from the Higgs-mediated amplitude and the interference
term, we have calculated theO(as) QCD corrections to the
double differential distribution. Together with theas correc-
tions in the SM given in Ref.@18#, we obtained all theas
corrections to the nonpolarized double differential distribu-
tion ~and so the total width! in the THDM. The numerical
results show that the branching ratio ofLb→Xctn in the
THDM is of approximately 25% of that in the electron chan-
nel and the spin-dependentt spectrum can be used to esti-
mate the size of tanb and mH6. The spectrum depends
dominantly onR if tan b@1 so that from the measurement
of the angular distribution of a polarizedLb→Xctn in B
factories within the coming years one can obtain constraints
on R.

It is obvious that substituting theu-quark massmu50 for
mc one immediately obtains the decay rate andt spectrum
for a polarizedLb→Xutn. And with minor changes one can
extend the results in the paper to the inclusive semileptonic
decay of a polarizedLc→Xs,dtn. It is interesting to calcu-
late theas corrections to the spin-dependent term of thet
spectrum.
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APPENDIX: EXPRESSIONS OF Ai AND Bi „ i 5W,H ,I …

AW5
Ax224 h

~12x1h!3 ~211e21x2h!2~3 x13 e2x25 x22e2x212 x324 h28 e2h110xh13 e2xh25 x2h24 h213 xh2!

12 Kb

Ax224 h

3~12x1h!5 ~25 x2215 e4x2120 e6x2125x3121 e4x3210 e6x3250x426 e4x412 e6x4150x5225x6

15 x7114h16 e4h220 e6h270xh178 e4xh280 e6xh1115x2h2147e4x2h144 e6x2h240x3h160 e4x3h

210 e6x3h280x4h26 e4x4h186x5h225x6h170h22126e4h21152e6h22280xh21300e4xh2280 e6xh2

1370x2h22147e4x2h2120 e6x2h22130x3h2121 e4x3h2280x4h2150x5h21140h32126e4h3220 e6h3

2420xh3178 e4xh31370x2h3215 e4x2h3240x3h3250x4h31140h416 e4h42280xh41115x2h4125x3h4

170h5270xh525 x2h5114h6!, ~A1!

BW5
~x224 h!

~12x1h!3 ~211e21x2h!2~12e223 x2e2x12 x214 h13 e2h25 xh13 h2!1eb

~x224 h!

~12x1h!3 ~211e21x

2h!2~12e223 x2e2x12 x214 h13 e2h25 xh13 h2!12 Kb

~2x214 h!

3 ~12x1h!5 ~5 x215 e4x110 e6x225x2121 e4x2

14 e6x2150x326 e4x322 e6x3250x4125x525 x6136 e4h236 e6h125 xh251 e4xh222 e6xh2100x2h

110 e6x2h1150x3h16 e4x3h2100x4h125x5h160 e6h2150xh2151 e4xh2220 e6xh22150x2h2221 e4x2h2

1150x3h2250x4h2236 e4h3150xh3115 e4xh32100x2h3150x3h3125xh4225x2h415 xh5!, ~A2!

AH5
h tan2bAx224 h

8 j4~12x1h!3 ~12e22x1h!2@L~6 ex26 ex2212 eh118 exh212 eh2!1F~3 x13 e2x25 x22e2x212 x324 h

28 e2h110xh13 e2xh25 x2h24 h213 xh2!#1Kbh
tan2bAx224 h

12 j4~12x1h!5 @L~218 ex136 e3x218 e5x154 ex2

2120e3x2166 e5x2236 ex31132e3x3260 e5x3236 ex4248 e3x4112 e5x4154 ex5218 ex6172 eh296 e3h

124 e5h2342exh1480e3xh2210e5xh1504ex2h2720e3x2h1264e5x2h2180ex3h1360e3x3h260 e5x3h

2144ex4h224 e3x4h190 ex5h1288eh22384e3h21192e5h22900exh21080e3xh22390e5xh21756ex2h2

2792e3x2h21102e5x2h2136 ex3h2184 e3x3h22180ex4h21432eh32480e3h31168e5h32828exh3

1672e3xh3254 e5xh31216ex2h3296 e3x2h31180ex3h31288eh42192e3h42234exh4136 e3xh4290 ex2h4

172 eh5118 exh5!1F~25 x2215 e4x2120 e6x2125x3121 e4x3210 e6x3250x426 e4x4

12 e6x4150x5225x615 x7114h16 e4h220 e6h270xh178 e4xh280 e6xh1115x2h2147e4x2h144 e6x2h

240x3h160 e4x3h210 e6x3h280x4h26 e4x4h186x5h225x6h170h22126e4h21152e6h22280xh2

1300e4xh2280 e6xh21370x2h22147e4x2h2120 e6x2h22130x3h2121 e4x3h2280x4h2150x5h21140h3

2126e4h3220 e6h32420xh3178 e4xh31370x2h3215 e4x2h3240x3h3250x4h31140h416 e4h42280xh4

1115x2h4125x3h4170h5270xh525 x2h5114h6!#, ~A3!

BH52
Jr2h

8 j2
BW , ~A4!
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AI52
3 hAx224 h~211e21x2h!2

j2~12x1h!2 ~2 e212 tan2b2e2x22 xtan2b12 tan2bh!2Kb

hAx224 h

j2~12x1h!4 @6 e2212 e416 e6

224 e2x124 e4x136 e2x2214 e4x2224 e2x316 e2x412 e4x4124 e2h24 e4h236 e6h272 e2xh124 e6xh

172 e2x2h18 e4x2h26 e6x2h224 e2x3h28 e4x3h136 e2h224 e4h216 e6h2272 e2xh218 e4xh2136 e2x2h2

16 e4x2h2124 e2h3212 e4h3224 e2xh316 e2h41tan2b~26112 e226 e4124x248 e2x124 e4x236x2172 e2x2

226 e4x2124x3248 e2x318 e4x326 x4112 e2x4230h148 e2h234 e4h196xh2144e2xh164 e4xh2108x2h

1144e2x2h226 e4x2h148x3h248 e2x3h26 x4h260h2172 e2h2234 e4h21144xh22144e2xh2124 e4xh2

2108x2h2172 e2x2h2124x3h2260h3148 e2h326 e4h3196xh3248 e2xh3236x2h3230h4112 e2h4

124xh426 h5!#, ~A5!

BI5
3 he2~211e21x2h!2~x224 h!

j2~12x1h!2 1eb

3 he2~211e21x2h!2~x224 h!

j2~12x1h!2 2Kb

h~12e22x1h!

j2~12x1h!4 @222 e2x120 e4x

12 e6x162 e2x2230 e4x228 e6x2252 e2x314 e4x314 e2x416 e4x4110 e2x522 e2x6192 e2h2104e4h112 e6h

2360e2xh1236e4xh120 e6xh1448 e2x2h2126e4x2h18 e6x2h2176e2x3h24 e4x3h22 e6x3h212 e2x4h

12 e4x4h18 e2x5h1272e2h22152e4h2272 e6h22660e2xh21156e4xh2118 e6xh21420e2x2h216 e4x2h2

24 e6x2h2220 e2x3h228 e4x3h2212 e2x4h21264e2h3256 e4h3112 e6h32328e2xh314 e4xh3132 e2x2h3

16 e4x2h318 e2x3h3180 e2h428 e4h426 e2xh422 e2x2h424 e2h51tan2b~2 x24 e2x12 e4x26 x2110 e2x2

24 e4x214 x326 e2x312 e4x314 x422 e2x426 x512 e2x512 x6216h116 e2h174xh260 e2xh12 e4xh

2120x2h166 e2x2h176x3h216 e2x3h22 e4x3h28 x4h26 e2x4h26 x5h264h2148 e2h21212xh2

2108e2xh222 e4xh22228x2h2154 e2x2h214 e4x2h2176x3h216 e2x3h214 x4h2296h3148 e2h31212xh3

252 e2xh322 e4xh32120x2h322 e2x2h314 x3h3264h4116 e2h4174xh426 x2h4216h512 xh5!#, ~A6!

where

F52 tan2b12e2cot2b, J52 tan2b22e2cot2b, L54e.

When tanb@1, Eqs.~3!, ~4!, and~5! reduce to

AH5
r 4h

4
AW1O~r 4tanb22!, ~A7!

BH52
r 4h

4
BW1O~r 4tan b24!, ~A8!

AI52
6 hr 2Ax224 h

~12x1h!
~12x1h2e2!21O~r 2tanb22!. ~A9!
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