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We investigate the decay Otb—)Al/;With the polarized baryons ok and A. With the most general
hadronic form factors, we first study the decay branching ratio and then derive the longitudinal, normal, and
transverse polarizations of in terms of the spin unit vectors of, and A and the momentum of\. A
polarization ofAy is also discussed.
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|. INTRODUCTION H(b—svv)=[C_5y,P b+ Crsy,Prblvy*P v, (1)

Recently, some of the interest in flavor physics has beewith P, z)=(1 ys)/2, where we have assumed that the
focused on the rare decays relatedte sll induced by the theories contain only/—A and V= A-type interactions for
flavor changing neutral currefECNC) due to the CLEO the lepton and quark sectors, respectively. This can be justi-
measurement of the radiatimsy decay[]_]_ In the stan- fied if there is no contribution to the decay from right-handed
dard model, these rare decays occur at loop level and provideeutrinos. Moreover, since the neutrino masses are very
us with information on the parameters of the Cabibbo-small, we expect that in our study only—A type of inter-
Kobayashi-Maskaw&CKM) matrix element§2] as well as  actions for the lepton sector is important. In ), C, ¢ are
various hadronic form factors. The corresponding rare dedefined by
cays of heavy hadrons such Ag— Al*l~ have been stud- M
ied in the literaturd 3,4]. CL=C>(1+4a),

In this paper, we investigate the decay/of— A vv with Co=CSMg
the polarized baryons of,, and A. To study the decay, we R R
shall use the most general hadronic form factors forAhe

— A transition. It is clear that this decay is free of long CSM:% aemLVIbV{;X(xt),
distance uncertainty such as other dineutrino decays of me- N sirt6,,
sons[5]. However, there are many form factors when one (2

evaluates the hadronic matrix elements betwagrand A, )

which are hard to be calculated since they are related to thwith

nonperturbative effect of QCD. It is known that for heavy

particle decays, the heavy quark effective theHQET) X(x) =7 Xt EJF 3% —6 Inx 3)

could reduce the number of form factors and supply the in- ! Py | x,—1 (%—1)2 ik

formation with respect to their relative size. In our numerical

calculations, we shall consider the cases with and withouthere CSM stands for the contribution from the standard

HQET. In our discussions of the decay branching ratio andnodel, 5 g denote the effects from new physics,

the polarizations ofA\ and A, we shall study the standard =mf/M\2,v, and 7ocp=0.985 is the QCD correctiof]. In

model and new physics such as those with right-handed hadhe standard model, one has ti#atz=0. The constraints on

ronic currents. 6. r Will be discussed in Sec. IV. For calculating exclusive
The paper is organized as follows. In Sec. II, we study thejecays such as,— A vv, one has to evaluate the hadronic

effective Hamiltonian for the dineutrino decay ok,  matrix element of the\,— A transition. In general, one can

— Avv and form factors in thé\,— A transition. In Sec. lll,  express the vector and axial vector currents for the transition

we derive the general forms of the differential decay rate anés

the longitudinal, normal and transverse polarizationd oA . - o

polarization ofA, is also discussed. In Sec. IV, we give the (Alsy,blAp)= faury,Ua, Fifouro,, 07Uy

numerical analysis. We present our conclusions in Sec. V.

+f3q#UAUAb,

Il. EFFECTIVE HAMILTONIAN AND FORM FACTORS <A|§}’M?’5b|Ab>:91UA’}’;L?’5UAD+ ing\G',qu’)’sUAb
We start by writing the effective Hamiltonian for the in-

clusive process db—svv as T 030,UrYsUn,, (4)
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wheref; andg; (i=1,2,3) are the form factors arglis the
momentum difference of the baryons, ig= Pa,~Pa- Itis

clear that the terms correspondingftpandgs have no con-
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where pg is the momentum oB and %B is the unit vector
along the baryon spin in its rest frame. In thg rest frame,
we choose the unit vectors along the longitudinal, normal,

tribution to the dineutrinos decays for the massless neutringansverse components of thd polarization as e (i
case in the standard model, while that for the massive neu=|_ N, T), defined by
trinos, the effect is negligible. Therefore, we shall consider

only the four independent form factors bf , andg, , in Eq.

(4). From Egs(1) and(4), we obtain @e general form of the

transition matrix element foA,— A vv as

M= (FaUpy,Up, +GaUpy, ysUa, +Fouady, Uy

+GoUp @y, ysU,) Y*PLY, (5)
where
CrtCyL Cr—C,. ,
i i Gi=—% 0 (i=1,2. (6

In HQET, the matrix elements in E¢4) can be simpli-
fied. Explicitly, from Refs[9,10], one has that

(A[STb|Ap)=u\(Fi+BFp)Tuy,, )

where I' denotes the possible Dirac matrix and
=P,, /My, is the four-velocity ofAy,. Comparing Eq(7)
with Eqg. (4), we get

f1=g1=F+\r 7,

. Pa
e|_= =
1N
en=eLX (&, XeL),
(10)

er=&y,XeL,

respectively, wher@, is the momentum oft.
The partial decay rate for Ab(pAb,sAb)

—A(Pa,S2) ¥(p1) (p,) is given by

dr MMTdD,

aM,
d®=(2m)*6*(ps,~Pr—P1

d*p, d*p; dp,

.11
(27)32E, (2m)%2E, (2)°2E, 1y

—Pp2)

In the A, rest frame, by integrating the phase space ahd
v, from Eqgs.(5) and(11) the partial decay rate in terms of

1 the energy and polarizations df is then given by
fzzgzszzl 8
b 1 I 2A ~ > ~
_— dl'= 7|1+~ &y, |[1+Py-£4]dI, (12)
wherer=M3/Mj . Clearly, based on HQET, the form fac- 1
tors corresponding to the vector current are the same as thoggin
to the axial vector one, and the parts of the electric and
magnetic moment are suppressed by the mass of the heavy G§a2 [V Vi |2
particle. Therefore, there are only two independent form fac- dr°=3% Ei— Mil 1dEAdQ, (13
tors 3, and the form factors of the hadronic vector and 384m°M,
axial vector currents are larger than that of the hadronic elec-
tric and magnetic currents in HQET. and
- 1 | lgn ~ V. I5. I~
Ill. DIFFERENTIAL DECAY RATE AND POLARIZATIONS B, = | [(|_3+ |_49L'§Ab oL+ |_59N+ I_GeT ,
To study the polarized baryorBE Ay, or A), we write 1+ —2”eL.$Ab vt ! !
the four-spin vector of the baryon as Iy (14
-z 0
sg:pB'fB, Sp=&a+ iﬁB’ (9) where the factor 3 in Eq(13) represents three families of
Mg Eg+Mp neutrinos and, are defined by

l1=(F1?+]G1/*)(a?py, - Pa+2Pa, APa- @) +3(|F1|*= |G| )My M1 0* = (|F 2 *+|G2l*)(a*pa,- Pa
—40%p,,-APA- @)~ 3(|F2|*~[G2|> )M M1 q*— 6M , 4%p, - Q(ReF,F T —ReG,GY)

+6M,q°py, - q(REFFT + ReG,GY), (15
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;= —2ReF;GI My, (02—2p, - 0) VEL —M3 +2M , g2 VEL — M3[ReF,G] (M, +3M,)
—ReF1G3(My,—3M,) + ReF,G3 (g% +4p,-a)], (16)
|3=2ReF1GT M,y (42 +2p,, - a) VER — M3 —2M, q?VEZ —~M[ReF,G} (M, +3M )
+ReF1G% (M, —3M )~ ReF,G5 (9%~ 4p,, - ) ], (17)

Ma, 2 2 2 _ 2 Exa 2
v (EA=MDEME—9"=2ps-q) = 17 (2Ps, - APA- 9= Py, - Pa)
A A

1,=(|F1?=]G4]?) +(|Fo2+]Go)?)

X

-M, E 4+—MAb 4(E2—-M?2
ApEad MAQ( A Y,

Ex
+<|F2|2—|GZ|2)[M—ApAb-pAq4+4Mib<Ei—Mi>q2

My M3

b b
+2(ReF,Ff +ReG,GY )| — ——Ea?pa-q+ ——q4(E3 —M3)
M » My

+2(ReF,F} —ReG,GY)[EAq%ps-q+ My, G (EX —M3)], (18)

ls=—(|F1|?=[G1|*)(2pa, AP A= a*Py, - Pa) + ([F2l?=[G2|?)a*Py, - o= ([F2l?+[Go>) My M 1 q*
+2(ReF,F] —ReG,GT )M 0Py, - 4— 2(ReF,FT +ReG,GT )M, q%pa - 0, (19

le=2ImF,G} MAb\/EAz - MA?(qZ—szb- q)+2MAbq2\/EA7 - MA?[MAbum F,GY—ImF,G%)—M,(ImF,G}

+ImF,G3)+g%ImF,G3 . (20)
|
Here the kinematics and the relationships for the form factors ) S ) 5
are given as follows: [Fil*=[Gi[*= 7 (FF= gD ([CrI*+[CL[)
q°=M3,+M{-2M, E,, 1, .

Pa, PA=My Exs
pAb'q:M/Z\b_ M Er s
pA'q:MAbEA_Mzz\!
and

Crl?+|C 1?7 1
CelHIC Lo o

3

GJG::gjgk

|CrIZ+[C* 1 .
=S JReC.CE|,

Crl?2—|C |I? i
Cal |L|+4mcﬂﬁ’

FiGk =f;0x 4 2

1
[Fil?+Gi[*= 7 (ff+ gD (ICI*+|CL[)

1 2 2 *
+5(1f-gP)ReC Ck,

From Eq.(13), we can find the decay rate of,—Avv
by integrating the energy ok. The solid angle and the nu-

~
<

(21)

dB(A,—~AW)IdE x10°(GeV™)
[« Co
AN

P I T PR RS IS S
15 2 25
E,(GeV)

FIG. 1. The differential decay branching ratio as a functior of
energy with different values dj; /f; (i=1,2). The solid curve de-
notesg; /f;=1. The thick dashed, dash-dotted, and dotted curves
stand forg;/f;=1.10, 1.15, and 1.20, while the thin ones for
g;/f;=0.95, 0.90, and 0.80, respectively.
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TABLE |. Upper table is the branching ratio fdrbHAujdecay with different ratia; /f; ; lower one

shows the branching ratio while excludifig andgs,.

91/f1=0,/f; 0.80 0.90
10°B(A,— A ) 1.498 1.530
g:1/f1 (9.=F,=0) 0.80 0.90
10°B(A,—Avv) 1.584 1.684

0.95
1.547

0.95

1.739

1.00 1.10 1.15 1.20
1.566 1.606 1.627 1.650
1.00 1.10 1.15 1.20
1.796 1.920 1.986 2.055

merical values for the decay branching ratio are shown in the
next section. In the standard model, the dominant and sub-

dominant contributions to decay rate in Ef3) are the first
and last terms in Eq(15), which are proportional to f(f

(28)

which implies that the\ polarization is purely longitudinal.

+g§) and (f,f,+0,0,), respectively. Since the form factors In this case, one has thB{ = a, andPy=P+=0. We note

of f, and g, are negative 3], the term relating to f(;f,
+010,) gives destructive contribution to the decay rate.

The three components éfA in Eq. (14), corresponding to

that, in the standard model, the longitudinal polarization of
A in Eq. (27) and the polarization of\,, in Eq. (26) are
independent of the couplings due to the cancellations be-

the longitudinal, normal, and transverse polarization asymtweenls, andl;, respectively. Thus, these polarizations in

metries ofA, can be also defined by

5 _dl(&g-e=1)—dl'({-g=—1)
" dI(&-e=1)+dl(Eg-e=—1)

(i=L,N,T),
(23

respectively.

WhenA is not polarized, that i, =0, from Eq.(12) by
summing the spin oA we obtain

0

r PO
dF:T(l'f'a/\bg/\b'eL) (24)

with

P
b |1'

(29

A\

Ap— Avv are constants and the hadronic form factors are
the only theoretical uncertainties.

We note that the transverse componeRt) of the A
polarization in Eq(14) is aT-odd quantity. A nonzero value
of Pt could indicateCP violation. In the standard model,
since there is n€ P violating phase in the CKM elements of
Vi Vi, it cannot induceP in the decay ofA ,— A vy with
polarized initial and final baryons. Clearly, if the transverse
A polarization is measured in an experiment, it could tell us
that there exist nevC P violating sources and new types of
interactions as well in nature.

IV. NUMERICAL ANALYSIS

In this section, we study the numerical values of the decay
branching ratio and polarizations of,— Avv in the stan-
dard model and theories of new physics, respectively. As
mentioned in Sec. |, in general there are four hadronic form

From the above equation, we may write the polarization of i 107
Ay as Pa, defined by S 0
es— sk
PAbEaAb, (26) L:< i ...
3 Ittt
. ) ) R ) Ifg\ 6 L }.5.: - -~
when §,=0. For unpolarized\;,, i.e., £, =0, one obtains 2z ;f’,z—”” e
that % g =
< L Y
% 4 .{,
PA = a/AeL y (27) :
2 -
where [
TABLE II. The branching ratio for the different values of the  =e——
| teM 15 2 25
Borel parameteM. E,(GeV)
M B 15 1.7 1.9 FIG. 2. The differential decay branching ratio as a functior of
10°B(Ap—Avy) 1.780 1.566 1.554 energy withf,=g,=0 and different valueg, /f;. The legend of

g,/f, is the same as Fig. 1.
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5,
A
v
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—

dB(A,—AVV)/dE x10°(GeV™)
N

.

AN
S

" P T R PR S ST S N S W'
15 2 2.5 — .
E,(GeV) FIG. 4. The elliptic closed curves represent the decay branching

A

ratios from inside in turn ag1.0,1.3,1.6,2.5,3)0x 10" °. The lines
FIG. 3. The differential decay branching ratio as a functiodof in first and third quadrants correspond By =a, being 1.0,

energy with different values of the Borel parametéti=1.5  *0.8, £0.5, and+0.3, respectively.
(dashed ling M =1.7 (solid line), M= 1.9 (dot dashed ling

IV B that by requring the longitudinal polarization of be-
factors, f; andg; (i=1,2), for theA,— A transition. But, ing less than 1, the parameters &fr can be further con-
under the assumption of HQET, the four, relatedApand strained.
F,, becomes two. For simplicity, we take HQET as a good
approximation and use the results of Re¥] where F; and
F, were calculated by using the QCD sum rule approach. ) i i
However, in the approach there is an undetermined param- In the standard modeln this subsection, we estimate the
eter, so called the Borel parametévY, introduced for the ~decay branching ratio oA,— Avv in the standard model
suppression of the contribution from the higher excited andvith and without the assumption of HQET. It is known that
continuum states. It is found that 1.5 GeWl<1.9 GeV so far there is no full calculation on the form factors of
from the analysis of Ref3]. For our numerical calculations, Vvector and axial vector currents for baryonic decays. There-
if it is not mentioned further, we tak®1=1.7 as an input fore, for the non-HQET case, we still use the results of Ref.

A. Decay branching ratio

value. [3] but take several values gf /f; (i=1,2) around one re-
The new physics parameters &f and g can be limited quired by HQET. In Table I, we show the decay branching
by the decay branching ratio @‘—>XSV;, given by[7] ratio with different ratios ofy; /f; . From the table we clearly
see that even the differences gf/f; are up to 20%, the
X o7 2 2 2 influence on the decay branching ratio is only at a few per-
B(B XSVZ) = Baem  [Vid® X:(x) 7 cent level. Since we know thép (g,)<f, (g;) by Eqg.(8)
B(B—X.ev) 4msinto, [Ve? F(2) «(2) due to the suppression of the heavy quark mass, if one ex-
) 5 cludes the contributions df, andg, by takingg,=f,=0,
X (|14 8"+ 6rl%), (29 there will be 15% deviation on the decay branching ratio.

. . In Figs. 1 and 2, we show the differential decay branching
wheref(2) is the p_hase-space factor(2) is the QCD cor- ratio as functions of the\ energy. We note that in Fig. 1

rection forB—X.ev, z=mc/m,, and  denotes the QCD  there s a turning point arouril, ~1.9 GeV. The ratios for
correction to the matrix element di—svv. By taking  g;/f;>1 are higher than that af;/f;<1 in the higherE
B(B—X.ev)=11%, f(2)=0.49, x(z)=0.88, =0.83 and region, whereas it is opposite for the lower one. The reason

m(m) =165 GeV, and using the limit oB(B—X.wy) IS due to the second term ofF1|*~|G4|*)q? in Eq. (15).

<7.7X10"%[8], we obtain the constraint o] g as follows: While loweringE, , g% will be increased; and iE, is over
' 1.9 GeV, because of entering the sl region, the term

|1+ 5L|2+ | 5R|2< 19.3. (30) becomes less important.
For completeness, in Table Il we present the decay
Clearly, as we can see from E(B0), large ranges for the branching ratios for different values of the Borel parameter
values ofé| g are allowed. However, it will be shown in Sec. and in Fig. 3 we show the differential decay branching ratio

TABLE lll. The branching ratio from new physics for the different parameters,odnd 5 with g; /f;

=1.
(6. ,6R) (—2.25-0.50) (-1.25-1.50) (0.10,0.25) (0.50,2.25)
10°B(A,—Av) 4.32 451 2.65 19.5
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TABLE IV. The average polarization ol,, and longitudinal TABLE V. The average polarization asymmetries for different
and normal polarizations ok with and withoutf, and g, in the values of§; and g from new physics withy; /f;=1.
standard model.

— — — — oL Or lOZEAb 10°P, 10°Py
10°Pg. 10°P, 10°P, 10°Py
i b —2.25 —0.50 —4.91 —14.68 —8.59
f1/9:=1,/g,=1 —7.40 —31.30 5.42 -1.25 —-1.50 6.81 23.05 —2.84
f1/9:=1f,=9,=0 —8.66 —27.12 0 0.10 0.25 —6.38 —20.67 —4.77
0.50 2.25 2.51 711 —11.42

with A energy. We see that for the smaller Borel parameter

there is a larger deviation (14%) comparing with that forwith and withoutf, andg,. To illustrate the numerical val-

M =1.7. Finally, it is interesting to note that by defining  ues of the polarizations, we define the average polarization
asymmetries as

Emax )
, (B=Ay,A), (31) PFJ PIAEA/M,,, i=Ap,LLNT, (32

min

f dlr%agdE,
aB:—
f dIr’°de,

whereE z,=(M3 +M3)/(2M,) and E =M .
_ — In the standard modelAs discussed before, if there exist
we have thatvy~—1 anda, ~—0.33. only left-handed interactions, the coupling dependence for
New physicslf the hadronic sector involves only the left- the longitudinal and normal polarization asymmetries will be
handed interactions, from Egd5) and(22) we see that the cancelled between the numerator and denominator. While for
decay rate depends g€, |2. However, if the right-handed the transverse part, since there ared®violating phase and
current interaction is included, the dependence becomdsng distance effect, it is expected to be zero. It is clear that
(|CrlI?+|CL|?+ReC_C}). Since the interference term is as- the theoretical uncertainties for the polarizations are from the
sociated with a large product of form factofsg,, even for  hadronic transition form factors and the CKM matrix ele-
a smallCy case, the physics beyond the standard model stilments.
makes a sizable effect. In Table Ill, we take a few allowed In Table IV, we show the average longitudinal and normal
sets of ¢, ,8g) from new physics and show the decay polarization asymmetries of and the polarization\,, with
branching ratio ofA,— A vv. and withoutf, andg, in the standard model. From the table,
we see that the effects & andg, are between 13-17 %. In
o _ the HQET limit, the dominant term of the\ normal
B. Polarization asymmetries polarization asymmetry is proportional to—(f;f,
To discuss the numerical values of thepolarizations we ~ +9192)d°p - g and this contribution is negligible whefy

assume thalt, /1,8, - £, is small so that we shall neglect this 2"d92 are small. _ _

. b . New physicsTo search for the new physics effects, in
term in our calculations. We also assume that=0 when  Fig 4, we plot the contour diagrams with several fixed val-
we study theA,, polarization. For the form factors df and  yes of the decay branching ratio and the longitudinal polar-
gi, we will use the relations in E8) and consider the cases jzation of A. Here we have assumed that there are no phases

for 8 r. We note thafCg|>|C_| corresponds tax,>0,

while |Cg|<|C.| is for a,<0, since a, is related to
|Cr|2—|C_|?. The forbidden regions in second and fourth
~
S oaf R
0.5 _—././'
A
ot
-1+ —_
T T S 0.5} \\\\
0.2 03 04 0.5 : o o —
E/M,, y o
FIG. 5. The distribution oP,, as a function ofe, /M, with 012 — '013 — 014 — 05
various new physics parameters of ( 5g), where the solid, dotted, EM,,
dashed, dense-dotted, and dash-dotted curves correspodd @y, (
(0.10,0.25, (—2.25-0.50), (0.50,2.25, and (—1.25-1.50), re- FIG. 6. The distribution oP, as a function oE, /M Ay Legend
spectively, ands, expresses arbitrary value. is the same as Fig. 5.
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Q‘z 1 [ Q:. 1
08}
/
L . y
06 . s
L ) P
K Ve
04| 7
02k -7
L
[ . K esa — ]
B T P SR 0.—."_.__.‘|....|....|
02 03 04 0.5 02 03 04 0.5
EyMy, EyMy,
FIG. 7. The distribution oPy as a function ofE, /M, . Leg- FIG. 8. The distribution o as a function ofE, /M, with
end is the same as Fig. 5. various new physics parameters of ( 5g), where the solid, dotted,
dashed, and dash-dotted curves correspond-t8.1+0.5,—-0.1
quadrants denote not onlw,>1 but alsol,sy/I;>1.  —0.05), (-25+15,-15-i), (-2.1+0.5,-15-i), and

Therefore, we obtain a further constraint @p g that (1 (—2.5+1.5,-0.1-0.05), respectively.

N 5L). gnd 9r should take the same sign in qrder to have thetion to be less than 1. From the table, we see thatGke
F:ondmon Of_a/\gl' When the decay branchmg ratio a‘w. violating polarization can be large. In Fig. 8, we shBw in
in Ap— Avv are measured, we can determine the magnitud@srms of theA energy.

of C, andCg and the relative sigiisame sigj of them but

not the individual. V. CONCLUSIONS
From Eqgs.(19) and (22), we see that if the theory in- ) -
volves only the left-handed interaction, i.é8,#0 and Jg We have studied the decay &f,— A vv with the polar-

=0, Py, is the same as that in the standard model because &€d baryons of\, andA. The general form for the decay
the cancellation of the coupling constants. For the cas hranchmg rlart1e and ,th? pola;rlzatlonrfmg andA in terms of
where sz 0, the dominant terms fdPy, are proportional to elr?etﬂgritar?g;?gliqgggl ?éorﬁavzv?oﬁﬁgntﬁ;e?ﬁe deca
£2C,C% and f,f,(|Cr|?+|C|2). As we know thatf,<0, ! Y

. — branching ratio ofAb—>Av7 is between 1.5 to 2010 °.
< * . . . . .
f2,<f1 and C, Cg>0 from the c;onstramt Olry<1, even o average longitudinal polarization of is around 30%
with a small value of Cg|, the sign ofPy can be changed

v - - while that of the normal one is small. Moreover, since there
from the positive(SM-like mode) to negative. If the oppo- 5 noCp violating phase from/,, V%, the A transverse po-
site sign ofPy is measured experimentally, it clearly tells us |5yization is expected to be zero. The magnitude of the aver-
that there is new physics of the right-handed interaction. Ihge A, polarization is below 10%.

Table V, to show the new physics affect for the polarization ~\ith new physics, such as the possible right-handed in-
asymmetries of polarized, and A in the dineutrino decay, teraction of §5=0.50, the decay branching ratio can be as

we list the averag@ longitudinal and normal and , polar- large as 4 105, and the magnitude 3 andSA become
ization asymmetries with the same sets 8f (6g) as Table ’ - b

Il The distributions for the polarizations of, andA with ~ Smaller whilePy gets larger. In theCP violating theories,
respect to the\ energy are shown in Figs. 5-7, respectively. the CP violating transvers@ polarization can be up to 16%,
For the transverse polarization asymmetRy) which is which could be accessible in future experiments.
related toC P violation, from Eq.(20) we see that it depends
on Im(1+ 8,) 8% . Thus, a nonvanishe@P violating phase
S, or 8g will induce P. In Table VI, we just show a few This work was supported in part by the National Science
possible sets ob, and 6z, where the blank values denote Council of the Republic of China under Contract Nos. NSC-
the exclusion by the condition of the longitudinal polariza-89-2112-M-007-054 and NSC-89-2112-M-006-004.
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