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ABSTRACT 

Mass mixing and CP violation for the B°-B° system is investigated in the 
minimal left-right symmetric gauge model with spontaneous P and CP 
violation. Significantly larger effects than in the standard model may 
be expected for CP violation in the B°-B° system. 

The minimal left-right symmetric model (MLRM) with gauge group SU(2), xSU(2)_ x 
x U(1)R_. contains a single scalar multiplet which can couple to quarks [1]. This 
scalar multiplet consists of two SU(2). doublets giving rise to two flavour 
changing neutral Higgs bosons. To achieve the correct symmetry breaking the MLRM 
needs additional scalar multiplets which do not couple to quarks, however. 

A main asset of the MLRM is the possibility of spontaneous P and CP violation 
allowing for a unified treatment of the breaking of discrete and gauge symmetries. 
In the case of spontaneous CP violation which will be assumed henceforth the left-
and right-handed mixing matrices are related to each other: 

lKR,ijl s IVij' ' i.i".2.3. 0) 
Except for a special case of so-called non-manifest CP fl] Equ. (1) is actually a 
strict equality. Moreover, in the MLRM all couplings are in principle determined 
in terms of quark masses and weak mixing angles and in terms of a single phase 
ex = arg(vw) where v, w are the vacuum expectation values of the neutral members 
of the two SU(2). scalar doublets. This phase is the unique source of CP violation 
in the quark seccor of the MLRM. 

*) Supported in part by "Fonds zur Förderung der wissenschaftlichen Forschung in 
Österreich", Project Nr. 5444. 
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The main phenomenological constraint for the MLRM is due to the YL K mass differ
ence Am.- = m^ - r̂ -,. Including QCD corrections and using the vacuum insertion 
estimates for hadronic matrix elements one derives 

M 2 £ 2.5 TeV , ^ £ 10 TeV (2) 

from the requirement that the left-right contributions to Am. should not exceed 
the experimental value. M~ denotes the mass of the heavy charged vector boson and 
K, the mass of the flavour changing neutral Higgs bosons assuming a common mass 
for simplicity. 

CP violation for light quarks in the framework of the MLRM can be summarized as 
follows [1]: 
i) The only experimentally established CP violating parameter e fixes the phase 

a. In contrast to the standard model the measured value of e can be repro
duced even with a Kobayashi-Maskawa angle 0_ = 0 as long as M- £ 0(40 TeV); 

ii) The ratio E'/E can have either sign and 

| e'/e | £6.lO - 3 ; 

iii) For the electric dipole moment of the neutron one finds 

Id I 5 4«10~ 2 5 e.cm. n 

This theoretical upper bound coincides with the present experimental upper 
limit. 

Turning now to heavy neutral mesons it is not difficult to convince oneself that 
the genuine left-right contributions can only be relevant in the B -B system. 
Dinoting the off-diagonal element of the effective Hamiltonian in the usual way 

<B°|H ff|B°> - M „ - i f , , (3) eff 12 2 ' 12 

one obtains 

|r^/r^| £ 1.5-10 3 (2.5 TeV/M2)2 (4) 

so that r.„ is completely negligible compared to the standard model value r.„. 
The dominant contributions to M._ arise from the box diagram involving W., W« 
exchange and from flavour changing neutral Higgs exchange. Including external 
mass effects and QCD corrections with A = 0.2 GeV one gets 
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LR / W S M i M l 2 / M 1 2 i = °*° 6 ( 2 - 5 T e V / M 2 ) 2 + ° ' 2 5 ( 1 ° ^ V / M H ) 2 i 0-3 (5) 

so that B°-B' mixing is not very sensitive to left-right contributions. Moreover, 
Equ. (5) shows that for B -3 neutral Hi&gs exchange is more important than W. 
exchange in comparison with K°-K . 

Let us recall that in the standard model mixing is predicted to be large for B° 
and suppressed for B°. A convenient measure of the amount of mixing is provided 

d 
by the ratio R ,, of same-sign over opposite-sign dileptons from the decay of 
B°B° pairs (e.g. for odd orbital angular momentum L) in e e annihilation 

N + + + N" 
odd (6) 

L=odd 

for which one finds [2,3] 

odd 
.o" 2 

0(1) 
for (7) 

in the standard model. 

As far as left-right symmetry is concerned the situation is more interesting in 
the case of CP violating observables. CP violation in virtual transitions is 
governed by the quantity 

Z = <BH|BL> = -j Im(r ] 2/M ] 2) (8) 

where |B > are the neutral mass eigenstates. A realistic measure of CP violation 
is given by the total lepton charge asymmetry (again for L = odd) 

2Z R. 

L=odd 
N N 
N + + N" 

odd 
1 +R (9) 

odd 
-2 10 , Z -4 + . 

10 and thus I is expected to In the standard model [2] Z. = 10 " 
d s 

be in the range 10 - 10"^ for both B° and B° because of the larger mixing in the 
B -B system. The smallness of Z,, Z is due to the fact that the dominating terms s s ' d s ° 
for M f 2 and r.2 have the same phase. 

In order to exhibit the genuine left-right contributions to CP violation we now 
set 0^ = 0. With 
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M' 
sin o LR (10) 

, LR. SM, o ¥ D = arg(M /M ) 
LR 12' 12' 

one arr ives at an approximate upper bound 

|Z| -£ (40 GeV/m t ) 2 {0.002 (2 .5 TeV/M 2> 2 + 0.009 (10 TeV/Mj,)2} (ID 

taking into account (5) and |sin o T R| <_ 1. Therefore, |z| £ 10 for both B, and 
B and consequently l" may be two orders of magnitude bigger than the standard 
model result. Very similar conclusions [1] £pply to exclusive decays where again 
left-right contributions may increase the standard model predictions for B° 
asymmetries considerably. 

Enhancing CP violation in the B -B system crucially depends on the existence of 
a large phase o T R. In principle, aT_ can be calculated in the MLRM as a function 
of the Higgs phase a, of quark mass ratios and of weak mixing angles. In practice, 
this cannot be done analytically and one has to resort to a small-phase approxima
tion [1] where all quantities are calculated to first order in 

sin a = 
»b 
HL sin a 

In a first step cne diagonalizes the quark mass matrices for a = 0 by orthogonal 
transformations. The resulting eigenvalues y are the quark masses up to signs. 
The relative signs of the y are physically observable and characterize different 
models. To first order in |w/v|sin a one obtains 

. (s ) s in o L R | = |w s in a / v | - | u c / u g + Vthb\ (12) 

A 1 1 C (S) 
A large value of sin a, requires 

LK 
sign(yc/us) sign(ut/pb) (13) 

leading to 

sin o (s), LR ' 2 sin a (14) 
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The CP violating phase a is determined by e and depends once again on the relative 
signs of the u . It turns out that there are essentially only two distinct cases 
depending on the sign of the left-right contribution to AHL . The final result for 
the parameter Z (for both B and B ) is given by 

with 

1 + 0.02M^/M2 
0.02f (40 GeV/m ) 2 — - (15) 

1 + 0.07M^/M2 

3-10 < 0 
f = for AnL* . (16) 

0.05 - 0.5 > 0 

Comparing with (II) one observes that the maximally possible values for Z can only 
LR be reached for Am. _ > 0. Although the uncertainty of long-distance contributions 

to AIIL ,, precludes any definite conclusion the standard model short-distance term 
tends to be too small so that a positive left-right contribution is theoretically 
preferred. In the opposite case, left-right symmetry is irrelevant for CP violation 
in the B -B system. 

In order to check the validity of the small-phase approximation we have also per
formed numerical calculations for arbitrary a in a specific model where the weak 
mixing angles are constrained by quark mass ratios. These calculations confirm the 
predictions of the small-phase approximation in general although the maximally 
possible values of Z are not attained in this special model. 

In summary, the MLRM can only be distinguished from the standard model in the heavy 
quark sector by investigating CP violation in the B -B system. Compared to the 
standard model the total lepton charge asymmetry may be enhanced by two orders of 

-2 magnitude and may reach a level of 10 .A necessary condition for observable 
effects is a positive left-right contribution to AnL„. 
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