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Abstract 

LBL-13594 

Previous analyses have yielded lower limits on the mass of 

a would-be right-handed boson ranging from 150 to 10
9 

GeV, 

depending on the model used or the a priori assumptions made. 

In this paper, an essentially model-independent limit on 

M(WR) is derived from the ~ - KS mass difference. 

is -200 GeV. 

That Umit' 

* This work was supported by the Director, Office of Energy 

Research, Office of High Energy and Nuclear Physics, Division 
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I. Introduction. 

Left-right symmetric models of the weak and electromagnetic 

interactions based on the gauge group SU(2)Lx SU(2)Rx U(l)B-L have 2 

charged gauge bosons, WL and WR, with predominantly left- and right

handed couplings. Parity is broken at the mass scale of WR. Several 

limits on M(WR) have been quoted in the literature. 1 •2•3 

Bounds of order 109 GeV have been obtained from the constraints of 

Grand Unification
1

: given the experimental value of sin2ew (obtained 

from low energy neutral-current data), and the values of CC. EM and CC. 3 at 

low energies, and given the constraint on MGUM from the proton lifetime, 

the usual pattern of symmetry breaking_ can only be slightly altered to 

incorporate an SU(2)R group ; the .corresponding energy must be at least 

109 GeV. But this is merely evidence of the consistency of SU(S) (or of 

SO(lO)), since the value of sin2eW used as input is obtained from neutral 

current data in the context of SU (2\ x U (1) (ie. M(\-lR) = 00 ) . 

If the same data is reviewed using both sin2eW and M(WR) as parame

ters from the start, any couple of values ranging from .23 & 190 GeV to 

.28 & ISO GeV satisfies the neutral-current data to within 1.5 cr , and 

one can check that a low value of M(WR) is not r~led out by Grand Unifi

cation constraints either2• However the analysis of neutral-current data 

depends crucially on the model used ; it then becomes very interesting 

to try and obtain limits on M(WR) from the charged-current data, which 

will be much more model-independent. 

The often quoted lower bound of 300 GeV is obtained by looking for 

deviations from a (V-A) (V-A) structure of the Hamiltonian in ~ decay 



3 
and I" decay 
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A recently proposed experiment suggests an order-of-magni-

tude improvement in detec~ing these deviations4 , thereby pushing up the 

limit on M(WR). 

These results are based on the tacit assumption that if WR exists, 

Y R exists too and is massless (or as light as V L). On the contrary, 

all Grand Unification schemes where \I_R is present tend to give V R a 

very high mass, thus explaining why YL is much lighter than the associ

ated charged lepton. The mass of the Y R may range, according to the 

5 -2 6 7 . 
model, from the GUM value to 0(10 )x the GUM value , to O(M(WR)) ~n 

models where chiral symmetry is restored at intermediate energies. In 

any case, the right-handed V is too heavy to be produced in ~ or ~ 

de.cay. As Rizzo and Senjanovic pointed out
2

, one can expect, even if 

the correct theory is left-right symmetric, that : 

- purely leptonic processes will reproduce the Weinberg-Salam pre-

dictions (up to minute deviations due to the mixing of 'II L and V R) ;· 

- semi-leptonic processes may deviate from the l~einberg-Salam pre-

dictions if there is mixing between WLand WR by an angle ~; such pro

cesses will then enable us to measure tan ~ , and not M(W~) at all. 

Places to look for evidence of a right-handed boson are then non-

leptonic charged-current processes, where however the analysis may not 

be so clean in the presence of strong interactions. I want here to have 

another look at the~- K5 mass difference, after the famous prediction 

by Gaillard and Lee that m ~ 1.5 GeV 
8 

c 

~~ .... _.....--.-, 

.....--
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II. Outline of the calculation. 

Gaillard and Lee evaluated an effective Lagrangian for an sd-. sd 

transition. Having obtained an effective point-like Fermi interaction, 

they estimated the K0 -K0 transition amplitude by doing all possible 

Wick contractions of the 4 quark operators contained in :( eff with the 

K0 and K0 states, and then using PCAC. Their final step was to relate 

the above amplitude to the~- K
5 

mass difference. They worked in the 

framework of the Weinberg-Salam model, with'2 quark generations ; they 

used the convenient Feynmann gauge, since diagrams where ghost scalars, 

present in that gauge,are exchanged 

(mq/~Y' ((.1 

give a contribution of order 

(m being a quark mass) 
. q 

with respect to the usual box diagram (Fig. 2a). 

~ ' Therefore they only had to compute the Feynmann diagrams correspon-

ding to the combination of quark helicities of Fig. la (all left-handed), 

that is diagrams of Fig, 2a and 2b. I now want to repeat their approach 

in the context of a left-right symmetric model proposed-by Mohapatra 

and Senjanovic 7 I will restrict myself to the case where WL and WR 

do not mix (ie. they mediate purely left- and right-handed charged weak 
' ' 

currents), and to 2 quark generations, and I will afterwards give argu-

ments showing that the result does not change appreciably if there is a 

* slight WL- WR mixing, or if there are 3 quark generations. 

In a model incorporating right-handed currents, the helicity 

*A large WL-WR mixing would have been detected in semi-leptonic 

charged-current experiments, even if VR is heavy. 

~ --· 
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combinations of Fig. l(b,c,d) must be considered in addition to Fig. la. 

The 4-quark operator for each .combination is obtained by considering a 

box diagram of the type drawn in Fig. 2(a,b,c,d), where riow the bosons 

exchanged can be any neutral set of 2 among : 

- a left- and a right-handed charged gauge boson w
1 

and WR ; 

- 2 neutral gauge bosons z1 and z
2 

(each with left- and right-

handed couplings) ; 

- 6 Higgs bosons, 2 charged and 4 neutral, which form an (SU(2)
1 

* doublet x SU(2)R doublet), needed to give masses to the fermions. 

All the diagrams corresponding to configuration (lc) can be obtai-

ned from the ones corresponding to (lb) by exchanging the 2 outgoing d 

quarks. 

First, the divergent part of the diagra;:•s relevant to each helicity 

configuration was evaluated (in the. physical unitary gauge), to make sure 

that the computation was being carried out consistently. Then finite 

amplitudes were obtained for all diagrams in Feynmann gauge. Approxima-

tions were made with the assumption that all the bosons (including the 

Higgses) are at least as heavy as w
1 

: all terms of order 

( mquark. / \
1 

can then be safely neglected. 
7 ~oson) 

A complicated expression is then obtained for ~eff' containing 

4 terms i ff b d for the 4 helicity configurations, ;L ff being e a, ,c, e a 

the Gaillard-Lee result, with an extra term from double Higgs exchange. 

' 
* Even though there are no flavor-changing neutral currents, the 

·neutral Higgses do have non-diagonal couplings, which are needed to 

generate the Cabibbo angle. A neutral Higgs and a Z, or 2 neutral 

o ·-o 
Higgses can thus be exchanged between K and K . 

·-,....._ .._.. 
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The 4-quark operator is of the form (V-A)(V-A) for ~eff a' 

(V-A)(V+A) for ;(eff band ;teff c' (V+A)(V+A) for ;teff d" The corres

ponding K0
- K0 transition amplitude can then be evaluated by making all 

possible Wick contractions, and using 

- PCAC for J.. eff a and t.eff d : 

(1.(.•\i ~ .. '(! 4\o')(O\ s tt-t,clllc."> s ~~1. ...... ~ 

PCAC and the free Dirac equation for leff band t eff c 
9 

( ... ~ ... ..... 4) (.o\ r Ys c\\ I(") c o"" < o \ s cr r- Yr cl· \ k•"> 

Care must be taken in ;[ eff b and £. eff c, since the corresponding 

operator is not invariant under a Fierz-transformation, unlike the 

others the product of 2 axial-vector terms and the product of 2 pseudo-

scalar terms will both contribute. 

In the end, it turns out that the major correction to the Gaillard-

Lee K0
- K0 amplitude comes from the diagrams of Fig. 3a & 3b. When one 

decreases the mass of wR'from infinity to a value for which the correc

tive term is as large as the Gaillard-Lee term, the contribution of all 

the other diagrams is an order of magnitude below that of diagrams 

Fig. 3a & 3b.* 

The amplitude obtained from diagrams 3a & 3b is an expression 

symmetric in the masses of w
1 

and WR, but it reaches the same magnitude 

as the Gaillard-Lee amplitude for a mass of WR ~ 200 GeV, for which the 

total amplitude can be written in the form: 

* In other words, for any mass of WR, the presence of the Higgs sector 

and of the 2 Z 1 s modifies the Gaillard-Lee result by 10% or less·, 

depending on the Higgs masses. 
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Even though there is some uncertainty in relating ;/. eff to ·the 

~- K
8 

mass difference, as indicated by Gaillard and Lee themselves, 

and emphasized by numerous papers 
10

,it is still true that one cannot 

add to the original K0
- i• transition amplitude a piece of equal magni-

tude (and opposite sign) without upsetting seriously the explanation of 

the KL- K
8 

mass difference. 

M ( W ) 
.R 

~...--_ ,.--~ 

One can therefore set the lower limit : 

> 200 GeV. ,..., 

III. Comments. 

The small contribution of the diagrams involving the Higgs sector 

or the neutral gaugebosons*justifies a posteriori the assertion made 

earlier that the limit obtained on M(WR) is essentially model

independent. Only the presence of Higgses having a hadron-like 

mass would upset it seriously. 

In the more general case of mixing between WL and WR, the 

physical gauge bosons w
1 

and w2 have both left and right couplings, 

since: 

( ::) (

CoO!. ~ 

=. •\'"' ~ 
s '"" ~) ( ~ .... ) . 

c.oa~ 'WI\ 

The diagrams considered so far involve the "usual" couplings 

(W1 left-handed, w2 right-handed), and the amplitudes must be multi

plied by an even power of cosS. In addition a new set of ·diagrams 

involving the "unusual" couplings must be taken into account, with 

a factor sinPS, p = 1 to 4, in the corresponding amplitudes. Since 
...... 

S is known to be small, the above limit is essentially unmodified. 

When one adds a third quark generation, mixed with the first 

two in the weak sector according .to a K-M type matrix (with o = 0; 

CP violation has been ignored throughout this paper, and by Gaillard 

and Lee as well), the diagrams are all affected differently; diagrams 

3a and 3b are still the dominant correction to diagrams 2a and 2b. 

The relative correction is multiplied by a factor 

* See footnote page 6. 

~ ,.....=.:.• 
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M(W~)/wo.t ) 

M (w~..)/w.~. 

which is N 1 as long as mt (( M(lvL) . 

In any case, the Feynmann integrals have all been simplified using 

the fact that m (( M{bosons), and the whole computation should be worked 
q 

out again if the top quark (or any. charge +2/3 quark) was close in mass 

to WL. 

L:.o .. ~ ... 
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IV. SUI:llllary. 

The lower limit on the mass of the right-handed boson, N200 GeV, 

obtained in this paper by requiring that the explanation of the ~- KS 

mass difference given by Gaillard and Lee remain valid' as to the order 

of magnitude even if WR exists, has been shown to be essentially model

independent, provided that the mass scales of the quarks ~nd the (gauge 

and Higgs) bosons do not overlap. 

It may also be possible to obtain another such lower bound from 

the analysis of non-leptonic hyperon decays, and this subject is now 

being investigated. 
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Figure Captions 

Fig. 1. The 4 helicity ~ombinations contributing to the K0 
- K 0 

transition amplitude. Asymmetric combinations (e.g. 3 

left-; 1 ·right-handed) give a 0 amplitude. 

Fig. 2. The 4 possible ways to exchange a neutral pair of bosons. 

In general, W can be any boson (gauge or Higgs). 

Fig. 3. The major correction to the Gaillard-Lee result comes 

from these diagrams. 

\) 

"' ' ·---- ~ ... 
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