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Study of Lb\Lnn̄ with polarized baryons
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We investigate the decay ofLb→Lnn̄ with the polarized baryons ofLb and L. With the most general
hadronic form factors, we first study the decay branching ratio and then derive the longitudinal, normal, and
transverse polarizations ofL in terms of the spin unit vectors ofLb and L and the momentum ofL. A
polarization ofLb is also discussed.
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I. INTRODUCTION

Recently, some of the interest in flavor physics has b

focused on the rare decays related tob→sl l̄ induced by the
flavor changing neutral current~FCNC! due to the CLEO
measurement of the radiativeb→sg decay@1#. In the stan-
dard model, these rare decays occur at loop level and pro
us with information on the parameters of the Cabibb
Kobayashi-Maskawa~CKM! matrix elements@2# as well as
various hadronic form factors. The corresponding rare
cays of heavy hadrons such asLb→L l 1l 2 have been stud
ied in the literature@3,4#.

In this paper, we investigate the decay ofLb→Lnn̄ with
the polarized baryons ofLb andL. To study the decay, we
shall use the most general hadronic form factors for theLb
→L transition. It is clear that this decay is free of lon
distance uncertainty such as other dineutrino decays of
sons@5#. However, there are many form factors when o
evaluates the hadronic matrix elements betweenLb and L,
which are hard to be calculated since they are related to
nonperturbative effect of QCD. It is known that for hea
particle decays, the heavy quark effective theory~HQET!
could reduce the number of form factors and supply the
formation with respect to their relative size. In our numeric
calculations, we shall consider the cases with and with
HQET. In our discussions of the decay branching ratio a
the polarizations ofL andLb , we shall study the standar
model and new physics such as those with right-handed
ronic currents.

The paper is organized as follows. In Sec. II, we study
effective Hamiltonian for the dineutrino decay ofLb

→Lnn̄ and form factors in theLb→L transition. In Sec. III,
we derive the general forms of the differential decay rate
the longitudinal, normal and transverse polarizations ofL. A
polarization ofLb is also discussed. In Sec. IV, we give th
numerical analysis. We present our conclusions in Sec.

II. EFFECTIVE HAMILTONIAN AND FORM FACTORS

We start by writing the effective Hamiltonian for the in
clusive process ofb→snn̄ as
0556-2821/2001/63~5!/054005~8!/$15.00 63 0540
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H~b→snn̄!5@CLs̄gmPLb1CRs̄gmPRb#n̄gmPLn, ~1!

with PL(R)5(17g5)/2, where we have assumed that t
theories contain onlyV2A and V6A-type interactions for
the lepton and quark sectors, respectively. This can be ju
fied if there is no contribution to the decay from right-hand
neutrinos. Moreover, since the neutrino masses are v
small, we expect that in our study onlyV2A type of inter-
actions for the lepton sector is important. In Eq.~1!, CL,R are
defined by

CL5CSM~11dL!,

CR5CSMdR ,

CSM5
GF

A2

aem

p

2

sin2uw

VtbVts* X~xt!,

~2!

with

X~xt!5hQCD

xt

8 Fxt12

xt21
1

3xt26

~xt21!2
ln xtG , ~3!

where CSM stands for the contribution from the standa
model, dL,R denote the effects from new physics,xt

5mt
2/MW

2 , andhQCD50.985 is the QCD correction@6#. In
the standard model, one has thatdL,R50. The constraints on
dL,R will be discussed in Sec. IV. For calculating exclusi
decays such asLb→Lnn̄, one has to evaluate the hadron
matrix element of theLb→L transition. In general, one ca
express the vector and axial vector currents for the transi
as

^Lus̄gmbuLb&5 f 1ūLgmuLb
1 i f 2ūLsmnqnuLb

1 f 3qmūLuLb
,

^Lus̄gmg5buLb&5g1ūLgmg5uLb
1 ig2ūLsmnqng5uLb

1g3qmūLg5uLb
, ~4!
©2001 The American Physical Society05-1
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where f i andgi ( i 51,2,3) are the form factors andq is the
momentum difference of the baryons, i.e.,q5pLb

2pL . It is

clear that the terms corresponding tof 3 andg3 have no con-
tribution to the dineutrinos decays for the massless neut
case in the standard model, while that for the massive n
trinos, the effect is negligible. Therefore, we shall consid
only the four independent form factors off 1,2 andg1,2 in Eq.
~4!. From Eqs.~1! and~4!, we obtain the general form of th
transition matrix element forLb→Lnn̄ as

M5~F1ūLgmuLb
1G1ūLgmg5uLb

1F2ūLq”gmuLb

1G2ūLq”gmg5uLb
!n̄gmPLn, ~5!

where

Fi5
CR1CL

2
f i , Gi5

CR2CL

2
gi ~ i 51,2!. ~6!

In HQET, the matrix elements in Eq.~4! can be simpli-
fied. Explicitly, from Refs.@9,10#, one has that

^Lus̄GbuLb&5ūL~F11v”F2!GuLb
, ~7!

where G denotes the possible Dirac matrix andv
5PLb

/MLb
is the four-velocity ofLb . Comparing Eq.~7!

with Eq. ~4!, we get

f 15g15F11ArF2 ,

f 25g25
1

MLb

F2 , ~8!

wherer 5ML
2 /MLb

2 . Clearly, based on HQET, the form fac

tors corresponding to the vector current are the same as t
to the axial vector one, and the parts of the electric a
magnetic moment are suppressed by the mass of the h
particle. Therefore, there are only two independent form f
tors F1,2 and the form factors of the hadronic vector a
axial vector currents are larger than that of the hadronic e
tric and magnetic currents in HQET.

III. DIFFERENTIAL DECAY RATE AND POLARIZATIONS

To study the polarized baryon (B5Lb or L), we write
the four-spin vector of the baryon as

sB
05

pW B• ĵB

MB
, sWB5 ĵB1

sB
0

EB1MB
pW B , ~9!
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wherepB is the momentum ofB and ĵB is the unit vector
along the baryon spin in its rest frame. In theLb rest frame,
we choose the unit vectors along the longitudinal, norm
transverse components of theL polarization as êi( i
5L,N,T), defined by

êL5
pW L

upW Lu
,

êN5êL3~ ĵLb
3êL!,

êT5 ĵLb
3êL , ~10!

respectively, wherepW L is the momentum ofL.
The partial decay rate for Lb(pLb

,sLb
)

→L(pL ,sL)n(p1) n̄(p2) is given by

dG5
1

4MLb

MM†dF,

dF5~2p!4d4~pLb
2pL2p1

2p2!
d3pL

~2p!32EL

d3p1

~2p!32E1

d3p2

~2p!32E2

. ~11!

In theLb rest frame, by integrating the phase space ofn and
n̄, from Eqs.~5! and ~11! the partial decay rate in terms o
the energy and polarizations ofL is then given by

dG5
1

4 F11
I 2

I 1
êL• ĵLbG@11PW L• ĵL#dG0, ~12!

with

dG053
GF

2aem
2 uVtbVts* u2

384p6MLb

AEL
2 2ML

2 I 1dELdVL ~13!

and

PW L5
1

11
I 2

I 1
êL• ĵLb

F S I 3

I 1
1

I 4

I 1
êL• ĵLbD êL1

I 5

I 1
êN1

I 6

I 1
êTG ,

~14!

where the factor 3 in Eq.~13! represents three families o
neutrinos andI i are defined by
I 15~ uF1u21uG1u2!~q2pLb
•pL12pLb

•qpL•q!13~ uF1u22uG1u2!MLb
MLq22~ uF2u21uG2u2!~q4pLb

•pL

24q2pLb
•qpL•q!23~ uF2u22uG2u2!MLb

MLq426MLb
q2pL•q~ReF2F1* 2ReG2G1* !

16MLq2pLb
•q~ReF2F1* 1ReG2G1* !, ~15!
5-2
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I 2522ReF1G1* MLb
~q222pL•q!AEL

2 2ML
2 12MLb

q2AEL
2 2ML

2 @ReF2G1* ~MLb
13ML!

2ReF1G2* ~MLb
23ML!1ReF2G2* ~q214pL•q!#, ~16!

I 352ReF1G1* MLb
~q212pLb

•q!AEL
2 2ML

2 22MLb
q2AEL

2 2ML
2 @ReF2G1* ~ML13MLb

!

1ReF1G2* ~ML23MLb
!2ReF2G2* ~q224pLb

•q!#, ~17!

I 45~ uF1u22uG1u2!FMLb

ML
~EL

2 2ML
2 !~2ML

2 2q222pL•q!2
EL

ML
~2pLb

•qpL•q2q2PLb
•pL!G1~ uF2u21uG2u2!

3F2MLb
ELq41

MLb

ML
q4~EL

2 2ML
2 !G1~ uF2u22uG2u2!F EL

ML
pLb

•pLq414MLb

2 ~EL
2 2ML

2 !q2G
12~ReF2F1* 1ReG2G1* !F2

MLb

ML
ELq2pL•q1

MLb

2

ML
q2~EL

2 2ML
2 !G

12~ReF2F1* 2ReG2G1* !@ELq2pL•q1MLb
q2~EL

2 2ML
2 !#, ~18!

I 552~ uF1u22uG1u2!~2pLb
•qpL•q2q2PLb

•pL!1~ uF2u22uG2u2!q4PLb
•pL2~ uF2u21uG2u2!MLb

MLq4

12~ReF2F1* 2ReG2G1* !MLq2pLb
•q22~ReF2F1* 1ReG2G1* !MLb

q2pL•q, ~19!

I 652 ImF1G1* MLb
AEL

2 2ML
2 ~q222PLb

•q!12MLb
q2AEL

2 2ML
2 @MLb

~ Im F2G1* 2Im F1G2* !2ML~ Im F2G1*

1Im F1G2* !1q2Im F2G2* #. ~20!
to

-

ves
or
Here the kinematics and the relationships for the form fac
are given as follows:

q25MLb

2 1ML
2 22MLb

EL ,

pLb
•pL5MLb

EL ,

pLb
•q5MLb

2 2MLb
EL ,

pL•q5MLb
EL2ML

2 , ~21!

and

F jFk* 5 f j f kF uCRu21uCLu2

4
1

1

2
ReCLCR* G ,

GjGk* 5gjgkF uCRu21uCLu2

4
2

1

2
ReCLCR* G ,

F jGk* 5 f jgkF uCRu22uCLu2

4
1

i

2
Im CLCR* G ,

uFi u21uGi u25
1

4
~ f i

21gi
2!~ uCRu21uCLu2!

1
1

2
~ f i

22gi
2!ReCLCR* ,
05400
rs
uFi u22uGi u25

1

4
~ f i

22gi
2!~ uCRu21uCLu2!

1
1

2
~ f i

21gi
2!ReCLCR* . ~22!

From Eq.~13!, we can find the decay rate ofLb→Lnn̄
by integrating the energy ofL. The solid angle and the nu

FIG. 1. The differential decay branching ratio as a function ofL
energy with different values ofgi / f i ( i 51,2). The solid curve de-
notesgi / f i51. The thick dashed, dash-dotted, and dotted cur
stand for gi / f i51.10, 1.15, and 1.20, while the thin ones f
gi / f i50.95, 0.90, and 0.80, respectively.
5-3
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TABLE I. Upper table is the branching ratio forLb→Lnn̄ decay with different ratiogi / f i ; lower one
shows the branching ratio while excludingf 2 andg2.

g1 / f 15g2 / f 2 0.80 0.90 0.95 1.00 1.10 1.15 1.20

105B(Lb→Lnn̄) 1.498 1.530 1.547 1.566 1.606 1.627 1.650

g1 / f 1 (g25 f 250) 0.80 0.90 0.95 1.00 1.10 1.15 1.20

105B(Lb→Lnn̄) 1.584 1.684 1.739 1.796 1.920 1.986 2.055
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merical values for the decay branching ratio are shown in
next section. In the standard model, the dominant and s
dominant contributions to decay rate in Eq.~13! are the first
and last terms in Eq.~15!, which are proportional to (f 1

2

1g1
2) and (f 1f 21g1g2), respectively. Since the form factor

of f 2 and g2 are negative@3#, the term relating to (f 1f 2
1g1g2) gives destructive contribution to the decay rate.

The three components ofPW L in Eq. ~14!, corresponding to
the longitudinal, normal, and transverse polarization asy
metries ofL, can be also defined by

Pi5
dG~ĵB•êi51!2dG~ĵB•êi521!

dG~ĵB•êi51!1dG~ĵB•êi521!
~ i 5L,N,T!,

~23!

respectively.
WhenL is not polarized, that isĵL50, from Eq.~12! by

summing the spin ofL we obtain

dG5
dG0

2
~11aLb

ĵLb
•êL! ~24!

with

aLb
5

I 2

I 1
. ~25!

From the above equation, we may write the polarization
Lb asPLb

defined by

PLb
[aLb

, ~26!

when ĵL50. For unpolarizedLb , i.e., ĵLb
50, one obtains

that

PW L5aLêL , ~27!

where

TABLE II. The branching ratio for the different values of th
Borel parameterM.

M 1.5 1.7 1.9

105B(Lb→Lnn̄) 1.780 1.566 1.554
05400
e
b-

-

f

aL5
I 3

I 1
, ~28!

which implies that theL polarization is purely longitudinal.
In this case, one has thatPL5aL andPN5PT50. We note
that, in the standard model, the longitudinal polarization
L in Eq. ~27! and the polarization ofLb in Eq. ~26! are
independent of the couplings due to the cancellations
tween I 3,2 and I 1, respectively. Thus, these polarizations
Lb→Lnn̄ are constants and the hadronic form factors
the only theoretical uncertainties.

We note that the transverse component (PT) of the L
polarization in Eq.~14! is aT-odd quantity. A nonzero value
of PT could indicateCP violation. In the standard mode
since there is noCP violating phase in the CKM elements o
VtbVts* , it cannot inducePT in the decay ofLb→Lnn̄ with
polarized initial and final baryons. Clearly, if the transver
L polarization is measured in an experiment, it could tell
that there exist newCP violating sources and new types o
interactions as well in nature.

IV. NUMERICAL ANALYSIS

In this section, we study the numerical values of the de
branching ratio and polarizations ofLb→Lnn̄ in the stan-
dard model and theories of new physics, respectively.
mentioned in Sec. I, in general there are four hadronic fo

FIG. 2. The differential decay branching ratio as a function ofL
energy with f 25g250 and different valuesg1 / f 1. The legend of
g1 / f 1 is the same as Fig. 1.
5-4
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STUDY OF Lb→Lnn̄ WITH POLARIZED BARYONS PHYSICAL REVIEW D 63 054005
factors, f i and gi ( i 51,2), for theLb→L transition. But,
under the assumption of HQET, the four, related toF1 and
F2, becomes two. For simplicity, we take HQET as a go
approximation and use the results of Ref.@3# whereF1 and
F2 were calculated by using the QCD sum rule approa
However, in the approach there is an undetermined par
eter, so called the Borel parameter (M ), introduced for the
suppression of the contribution from the higher excited a
continuum states. It is found that 1.5 GeV<M<1.9 GeV
from the analysis of Ref.@3#. For our numerical calculations
if it is not mentioned further, we takeM51.7 as an input
value.

The new physics parameters ofdL anddR can be limited
by the decay branching ratio ofB→Xsnn̄, given by@7#

B~B→Xsnn̄!

B~B→Xcen̄ !
5

3aem
2

4p sin4uw

uVtsu2

uVcbu2
X2~xt!

f ~z!

h

k~z!

3~ u11dLu21udRu2!, ~29!

where f (z) is the phase-space factor,k(z) is the QCD cor-
rection for B→Xcen̄, z5mc /mb , andh denotes the QCD
correction to the matrix element ofb→snn̄. By taking
B(B→Xcen̄)511%, f (z)50.49, k(z)50.88, h50.83 and
mt(mt)5165 GeV, and using the limit ofB(B→Xsnn̄)
,7.731024 @8#, we obtain the constraint ondL,R as follows:

u11dLu21udRu2,19.3. ~30!

Clearly, as we can see from Eq.~30!, large ranges for the
values ofdL,R are allowed. However, it will be shown in Se

FIG. 3. The differential decay branching ratio as a function ofL
energy with different values of the Borel parameter:M51.5
~dashed line!, M51.7 ~solid line!, M51.9 ~dot dashed line!.
05400
d

.
-

d

IV B that by requring the longitudinal polarization ofL be-
ing less than 1, the parameters ofdL,R can be further con-
strained.

A. Decay branching ratio

In the standard model. In this subsection, we estimate th
decay branching ratio ofLb→Lnn̄ in the standard mode
with and without the assumption of HQET. It is known th
so far there is no full calculation on the form factors
vector and axial vector currents for baryonic decays. The
fore, for the non-HQET case, we still use the results of R
@3# but take several values ofgi / f i ( i 51,2) around one re-
quired by HQET. In Table I, we show the decay branchi
ratio with different ratios ofgi / f i . From the table we clearly
see that even the differences ofgi / f i are up to 20%, the
influence on the decay branching ratio is only at a few p
cent level. Since we know thatf 2 (g2)! f 1 (g1) by Eq.~8!
due to the suppression of the heavy quark mass, if one
cludes the contributions off 2 and g2 by taking g25 f 250,
there will be 15% deviation on the decay branching ratio

In Figs. 1 and 2, we show the differential decay branch
ratio as functions of theL energy. We note that in Fig. 1
there is a turning point aroundEL'1.9 GeV. The ratios for
gi / f i.1 are higher than that ofgi / f i<1 in the higherEL

region, whereas it is opposite for the lower one. The rea
is due to the second term of (uF1u22uG1u2)q2 in Eq. ~15!.
While loweringEL , q2 will be increased; and ifEL is over
1.9 GeV, because of entering the smallq2 region, the term
becomes less important.

For completeness, in Table II we present the dec
branching ratios for different values of the Borel parame
and in Fig. 3 we show the differential decay branching ra

FIG. 4. The elliptic closed curves represent the decay branch
ratios from inside in turn as~1.0,1.3,1.6,2.5,3.0! 31025. The lines
in first and third quadrants correspond toPL5aL being 61.0,
60.8, 60.5, and60.3, respectively.
TABLE III. The branching ratio from new physics for the different parameters ofdL anddR with gi / f i

51.

(dL ,dR) (22.25,20.50) (21.25,21.50) (0.10,0.25) (0.50,2.25)

105B(Lb→Lnn̄) 4.32 4.51 2.65 19.5
5-5
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CHUAN-HUNG CHEN AND C. Q. GENG PHYSICAL REVIEW D63 054005
with L energy. We see that for the smaller Borel parame
there is a larger deviation (14%) comparing with that
M51.7. Finally, it is interesting to note that by defining

āB5

E dG0aBdEL

E dG0dEL

, ~B5Lb ,L!, ~31!

we have thatāL'21 andāLb
'20.33.

New physics. If the hadronic sector involves only the lef
handed interactions, from Eqs.~15! and~22! we see that the
decay rate depends onuCLu2. However, if the right-handed
current interaction is included, the dependence beco
(uCRu21uCLu21ReCLCR* ). Since the interference term is a
sociated with a large product of form factors,f 1g1, even for
a smallCR case, the physics beyond the standard model
makes a sizable effect. In Table III, we take a few allow
sets of (dL ,dR) from new physics and show the deca
branching ratio ofLb→Lnn̄.

B. Polarization asymmetries

To discuss the numerical values of theL polarizations we
assume thatI 2 /I 1êL• ĵLb

is small so that we shall neglect th

term in our calculations. We also assume thatĵL50 when
we study theLb polarization. For the form factors off i and
gi , we will use the relations in Eq.~8! and consider the case

FIG. 5. The distribution ofPLb
as a function ofEL /MLb

with
various new physics parameters of (dL ,dR), where the solid, dotted
dashed, dense-dotted, and dash-dotted curves correspond to (dL,0),
~0.10,0.25!, (22.25,20.50), ~0.50,2.25!, and (21.25,21.50), re-
spectively, anddL expresses arbitrary value.

TABLE IV. The average polarization ofLb and longitudinal
and normal polarizations ofL with and without f 2 and g2 in the
standard model.

102P̄Bi
102P̄Lb

102P̄L 102P̄N

f 1 /g15 f 2 /g251 27.40 231.30 5.42
f 1 /g151,f 25g250 28.66 227.12 0
05400
r
r

es

ill

with and withoutf 2 andg2. To illustrate the numerical val-
ues of the polarizations, we define the average polariza
asymmetries as

P̄i5E
Emin

Emax
PidEL /MLb

, i 5Lb ,L,N,T, ~32!

whereEmax5(MLb

2 1ML
2 )/(2ML) andEmin5ML .

In the standard model. As discussed before, if there exi
only left-handed interactions, the coupling dependence
the longitudinal and normal polarization asymmetries will
cancelled between the numerator and denominator. While
the transverse part, since there are noCP violating phase and
long distance effect, it is expected to be zero. It is clear t
the theoretical uncertainties for the polarizations are from
hadronic transition form factors and the CKM matrix el
ments.

In Table IV, we show the average longitudinal and norm
polarization asymmetries ofL and the polarizationLb with
and withoutf 2 andg2 in the standard model. From the tabl
we see that the effects off 2 andg2 are between 13-17 %. In
the HQET limit, the dominant term of theL normal
polarization asymmetry is proportional to2( f 1f 2
1g1g2)q2pL•q and this contribution is negligible whenf 2
andg2 are small.

New physics. To search for the new physics effects,
Fig. 4, we plot the contour diagrams with several fixed v
ues of the decay branching ratio and the longitudinal po
ization ofL. Here we have assumed that there are no pha
for dL,R . We note thatuCRu.uCLu corresponds toaL.0,
while uCRu,uCLu is for aL,0, since aL is related to
uCRu22uCLu2. The forbidden regions in second and four

FIG. 6. The distribution ofPL as a function ofEL /MLb
. Legend

is the same as Fig. 5.

TABLE V. The average polarization asymmetries for differe
values ofdL anddR from new physics withgi / f i51.

dL dR 102P̄Lb
102P̄L 102P̄N

22.25 20.50 24.91 214.68 28.59
21.25 21.50 6.81 23.05 22.84

0.10 0.25 26.38 220.67 24.77
0.50 2.25 2.51 7.11 211.42
5-6
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STUDY OF Lb→Lnn̄ WITH POLARIZED BARYONS PHYSICAL REVIEW D 63 054005
quadrants denote not onlyaL.1 but also I 2(3) /I 1.1.
Therefore, we obtain a further constraint ondL,R that (1
1dL) anddR should take the same sign in order to have
condition ofaL<1. When the decay branching ratio andaL

in Lb→Lnn̄ are measured, we can determine the magnit
of CL andCR and the relative sign~same sign! of them but
not the individual.

From Eqs.~19! and ~22!, we see that if the theory in
volves only the left-handed interaction, i.e.,dLÞ0 and dR
50, PN is the same as that in the standard model becaus
the cancellation of the coupling constants. For the c
wheredRÞ0, the dominant terms forPN are proportional to
f 1

2CLCR* and f 1f 2(uCRu21uCLu2). As we know thatf 2,0,

f 2! f 1 and CLCR* .0 from the constraint ofāL<1, even
with a small value ofuCRu, the sign ofPN can be changed
from the positive~SM-like model! to negative. If the oppo-
site sign ofPN is measured experimentally, it clearly tells u
that there is new physics of the right-handed interaction
Table V, to show the new physics affect for the polarizati
asymmetries of polarizedLb andL in the dineutrino decay
we list the averageL longitudinal and normal andLb polar-
ization asymmetries with the same sets of (dL ,dR) as Table
III. The distributions for the polarizations ofLb andL with
respect to theL energy are shown in Figs. 5–7, respective

For the transverse polarization asymmetry (PT) which is
related toCP violation, from Eq.~20! we see that it depend
on Im(11dL)dR* . Thus, a nonvanishedCP violating phase
dL or dR will induce PT . In Table VI, we just show a few
possible sets ofdL and dR , where the blank values deno
the exclusion by the condition of the longitudinal polariz

FIG. 7. The distribution ofPN as a function ofEL /MLb
. Leg-

end is the same as Fig. 5.
05400
e

e

of
e

n

.

tion to be less than 1. From the table, we see that theCP
violating polarization can be large. In Fig. 8, we showPT in
terms of theL energy.

V. CONCLUSIONS

We have studied the decay ofLb→Lnn̄ with the polar-
ized baryons ofLb and L. The general form for the deca
branching rate and the polarizations ofLb andL in terms of
the general hadronic form factors have been given.

In the standard model, we have found that the de
branching ratio ofLb→Lnn̄ is between 1.5 to 2.031025.
The average longitudinal polarization ofL is around 30%
while that of the normal one is small. Moreover, since the
is no CP violating phase fromVtbVts* , theL transverse po-
larization is expected to be zero. The magnitude of the av
ageLb polarization is below 10%.

With new physics, such as the possible right-handed
teraction ofdR50.50, the decay branching ratio can be
large as 431025, and the magnitude ofP̄L andP̄Lb

become

smaller whileP̄N gets larger. In theCP violating theories,
theCP violating transverseL polarization can be up to 16%
which could be accessible in future experiments.
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FIG. 8. The distribution ofPT as a function ofEL /MLb
with

various new physics parameters of (dL ,dR), where the solid, dotted
dashed, and dash-dotted curves correspond to (22.110.5i ,20.1
20.05i ), (22.511.5i ,21.52 i ), (22.110.5i ,21.52 i ), and
(22.511.5i ,20.120.05i ), respectively.
TABLE VI. The average transverse polarization asymmetry (P̄T) for CP violating theories with different
complex parameters ofdL,R andgi / f i51.

102P̄T
dR50.11 i0.05 dR51.51 i0.5 dR520.12 i0.05 dR521.52 i1.0

dL50.11 i0.05 1.39 3.22
dL50.51 i0.1 1.00 3.11
dL522.11 i0.5 2.53 1.50
dL522.51 i1.5 1.88 16.39
5-7
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