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The forward-backward asymmetry in the angular distributionedfe™ is studied in the processes
B— Xgsete  andB— X e"e . The possibility of observing P violation through the asymmetries in these
two processes is examind$0556-282(97)03621-7

PACS numbd(s): 13.20.He

The flavor-changing neutral current transitionsvalue of the CKM matrix elements and also brings out the
B— Xe'e” andB— Xe'e~ offer a deeper proble for possibility of observing th€ P-violating phase of the CKM
the weak interaction sector of the standard model since thematrix elements in a mixture of equal numbersBoind B
go through second-order weak interactions. The basic quargarticles.
transition involved in thesb— s andb— d occur through In the lowest order of the heavy quark effective theory,
an intermediatet, ¢, or u quark. These processes can bethe process B— X4 e* e~ can be equated to the QCD
described in terms of an effective Hamiltonian which incor-corrected matrix element for the processith the p’s and
porates both the results of short distance expansion teclys representing the on-shell momentum of the particles
niques as well as the effect of virtual quark-antiquark pairs
[1]. ForB— X,e*e™ the transitions involving intermediate b(pp)—d(pg)+e () +e (qy).
top, charm andu quarks enter, respectively, with factors . . _ . _
ViV, VeoVE, and V V%, The last of these three is ex- The standard kinematical variables for this process(aith
tremely small compared to the other two; by the unitarity@ll dimensional quantities scaled to thequark masp
relation between the elements of the Cabibbo-Kobayashi-

_ (2 _
Maskawa(CKM) matrix, the first two of these become effe- =010z, $=(Q°), U=2py(Q,—dy),
cively negative of each other. Thus the CKM factors effec- ) ) 5

tively act as an overall factor with the result that there is very us(s)=[s—(1+my)][s—(1-mg)];z=ulu(s).

little chance of obtaining details of the CKM matrix, in par-
ticular its C P-violating phase from the study of this process. z is the cosine of the angle betweeq and p, in the rest
Kriiger and Sehgal2] have recently pointed out that the frame of the lepton pair. In terms of these variables and the
situation is quite different for the proce®— Xge'e . standard Wilson coefficients;’s [1], the matrix element for
There the three CKM factors, obtained from above by theghe above process can be written as
replacemens—d, are comparable so that the cross section
for the process will have significant interference terms, pos- M(Pp,01,02;0) =2\ 2GEVypViy( aldm)F, (1)
sibly opening up prospects of meaningful estimation of the
complex CKM matrix elements. Kger and SehgdP] have ~ Where
shown that the cross section for the proceBesX e*e” ot — _ _ — .
and B X4e* e~ have differences depending on the value of ~ F=Cs (d7,b)(e7,€)+Ci(dy,b)(ey y"e)
:?ﬁcgrlél\i/ln r;lae'cr:]xe:rlecrﬂﬁ?: that may be experimentally sig —2C7[diow](mbbRJrmdbL)[ey“e](q”/qz). @)

For inclusiveB decays into lepton pairs, there is another

asymmetry, namely the forward-backwaieB) asymmetry, The constanC’s are given by[1]

introduced by Ali, Mannel, and MorozunB], which again __ _ _ —2
is another pgrameter which is likely to be very usgful for 1770249, C,=1.108, Co=1.112¢10°7,
comparison of theory with experimental data. For the Cy=—2.569<10°2, Cg=7.404<10"3,
B— X.e'e™ process, this parameter is again not very '

sensitive to the CKM matrix elements and furthermore the C6=-3.144<10°2, C,=-0.315,
magnitude of this parameter is the same for Bhedecay as

for the B decay. The observations made by ewn and Se- Co=4.227,

hgal[2] however show that we may expect that these param-

eters will be more sensitive in the inclusi& decay into  ceff js given by

lepton pair with nonstrange hadrons. In this work we obtain

guantitative predlctlons for the FB asymmetry for the pro- Cgff: EHNE, 3

cesseB— X, e” e and B— Xq € . The results
as expected show considerably more dependence on théth
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FIG. 1. FB asymmetry fop=0.30.

£,=Cg+0c(3C1+Cy+3C3+Cy+3CsCq) — 1/294(Cs
+3C,) — 1/29,(4C3+4C,4+3Cs+Cg) +2(3C3+Cy
+3C5+Cg)/9, (4)
£,=(9:.—9u(3C.+Cy),
where
gq=—8In(My)/9+ 8/27+ 4y/9— (4+ 2y )3+ X B(X)
X[IN(L+X) = In(L—=X) =i 7]+ V= x0(—X)
x[2arctatil/\/—x)], 5)

with yq=4m§/s,x=1—yq. The parameteh is the ratio
VupVig ViV and can be expressed in terms of the

Wolfenstein parameters as

)\:p(l—p)—nz—in
(1=p)%+ 77

(6)
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FIG. 3. FB asymmetry fop=-0.30.

will see, the region which we will be interested in is below
the resonance region and we will therefore neglect them. We
shall also set the mass of tldequark and the electron zero.
With the matrix elemtent given as above, the differential
cross section for the process—d+e*e” can be worked
out as

2

o _ _ eff| 2 2 _ 214 _
T ds- C(L—9{(CE"*+Cly[2+ 25+ —272%(1-9)]

+8 Ci2—(1-s)(1—-2))]/s
+8ReC§MN[2C;—52Co] —16C1Cr2z},  (7)

whereC is an overall constant. With this expression the nor-
malized FB asymmetnA(s) defines as

[ [5-121]dzD(z.s)

A(s)=

Large distance effects can also be included in this scheme by

adding to the expression f@’;ﬁ suitable Breit-Wigner forms
corresponding to thd/y, ' resonances. However as we
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FIG. 2. FB asymmetry fop=-0.07.

[ fo+/21]dzD(z,s)
—3[sC,reCE"+2C,Cs]
 (1+29)[|CSM2+ C2]+ 4C2(2+ 1/s) + 12C,re CE™
tS)
whereD(z,s) is the left-hand side of E(S6).
The above expression refers to the transion

b(p,)— de’(a)e (dz). By the CPT theorem, the matrix

element for the proceds(p,)— d e (qg;)e*(q,) is given
by M( pp, 92, 91 ; A* ). Thus but for the imaginary
part _of N\, Eq. (6), the FB asymmetry of the process

B—Xy4 €" e~ would be exactly the negative & decay.

TABLE I. FB asymmetry averaged betwees=0.05 and
s=0.35 forB, B, andB+ B systems.

p For B ForB For
B+B
0.30 0.086 -0.103 -0.014
-0.07 0.086 -0.094 -0.006
-0.30 0.080 -0.086 -0.005
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The difference in the magnitude of tH& and theB FB  Wwe also show the value of this mixed asymmetry parameter
asymmetry would thus directly measure thdP-violating ~ averaged over a range sffrom 0.05 to 0.35, well below the
phase of the CKM matrix. region of the resonances.

Figures 1-3 show the calculated values of the two asym- The magnitude of the FB asymmetry is of the same of the
metry parameters for three values of the parameter the ~ order as th&CP asymmetry inBB— Xy e’ e~ and will be
experimentally allowed range fof =0.34. As can be seen, within observational range at future colliders. Improvement
there is some dependence on the value of the parameter Of statistics would perhaps also the make the asymmetry ob-
The study of the FB asymmetry B decays would thus be servable in a beam containing equal number8 @indB'’s,
useful confirmatory data in pinning down the value of CKM which experimentally would not require any “tagging” and
matrix elements. is thus an interesting possibility .

The difference between thB and theB asymmetry is | would like to thank the International Center for Theo-
most pronounced, below tiiky threshold, as expected. This retical Physics at Trieste where this work was done. | would
raises the possibility of measuring the asymmetry in a bearg|sg |ike to thank Professor L. M. Sehgal for going through
containing an equal number BfandB particles; this would the manuscript and for pointing out a very recently com-
then be directly proportional tey. In Figs. 1-3, we have pleted similar investigation whose results match the ones
shown the values expected for a mixed system. In Table Iguoted here.
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