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ABSTRACT 

If a new hypothetical particle induces a lepton number violating process, 

it could also affect the reactions e+e- + P+/J- and e+e- + ~+r- through 

the t-channel exchange of the particle. A fit of the cross sections and forward- 

backward asymmetries measured by experiments at PEP and PETRA yields the 

90% confidence level limits on the coupling of the particle: G,, < 0.119GF and 

G,, < 0.085G~, where GF is the Fermi coupling constant. These limits exclude 

certain regions of couplings allowed by other lepton number violating searches. 
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The search for a lepton number violating process has long been a tradition of 

particle physics. In recent years the immense interest in models that go beyond 

the standard model, such as compositeness, technicolor, lepto-quarks, and new 

horizontal gauge bosons, has intensified interest in the search.“’ The lepton 

number violating process has been sought in purely leptonic processes such as 

P- + e-e+e-, 7- -b p-e+e-, p+e- -+ p-e+, and in semi-leptonic processes 

such as e-N + p-N, K+ + clr+e+p-, KE + e+p-. If a new hypothetical 

particle 2’ induces one of the lepton number violating processes, it could also 

affect the reactions e+e- -+ p+p- and e+e- -+ r+r- through the t-channel 

exchange of 2’. Within this context, we analyze the effect of such a 2’ on the 

cross sections and forward-backward asymmetries of these reactions and present 

new limits on the coupling. In the context of compositeness, Eichten, Lane and 

Peskin”’ have analyzed, in Bhabha and p-pair production, the deviation in the 

angular distribution of the cross section from the electroweak expectation, and 

‘obtained limits on the composite energy scale. The limits obtained in this paper 

can be related to the composite limits if the t-channel exchange is initiated by 

compositeness, because both analyses assume a four-fermion point interaction as 

discussed below. 

The reaction e+e- + p+p- could proceed through the t-channel exchange of 

2’ as shown in Fig. lc. We assume that 2’ has no diagonal coupling. In order to 

obtain a limit on the coupling of 9, it is necessary to make an assumption on the 

form of interaction. To facilitate comparison with the limits from other lepton 

number violating processes, the interaction is assumed to be a four-fermion point 

interaction of the form, 

L = Ge,7&) - 
lh d75)ucq4rU(d - g:rs)vc , 

where G is the interaction coupling strength, g: and g: are the vector and axial- 

vector coupling constants, with gh = g: = 1 for a V-A interaction. The unpolar- 

ized differential cross section for the process, including the 7 and Z” annihilation 

diagrams of Fig. 1, is given by, 
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x2 = -- 47ra , 

fi is the center-of-mass energy, a is the fine structure constant, GF is the Fermi 

coupling constant, Mz and I’2 are the mass and width of the Z”, gv and go are 

the vector and axial-vector couplings of the leptons to the Z”: gv = -i+2sin2 &.I 

and ga = -3. 

The addition of the t-channel exchange diagram modifies both the cross sec- 

tion and the forward-backward asymmetry “’ of the reaction. At PEP and PE- 

TRA energies, for G < GF, the effect mainly comes from the 7-Z’ interference. 

The contributions from the direct 2’ term and the Z”-2’ interference term are 

small. At PEP energy (& = 29 GeV), with G = GF, the 7-Z' interference 

decreases the cross section by - 15% and produces an asymmetry of - -ll%, 

for a V-A interaction.. These are to be compared with - 0.1% and - -6% from 

the r-Z0 interference. Therefore, there is good sensitivity to the new particle 

even at PEP energy. 



The limits- on the couplings are extracted by performing a fit on the p- and 

r-pair cross sections and asymmetries measured by experiments at PEP and 

PETRA.“’ The fit takes into &count correlations in the systematic errors within 

each experiment. In most cases, 100% correlation is assumed, except for a few 

measurements where it is possible to separate the correlated and uncorrelated 

systematic errors. The systematic errors in different experiments are assumed to 

be uncorrelated. The effect of a possible correlation is discussed later. 

The measured cross sections and asymmetries have been corrected for the 

radiative correctionsi51 to the 7 and Z” exchanges. Due to the unknown na- 

ture of the Z’, we do not correct for the radiative corrections involving the 2’. 

The corrections could reduce the final limits by a few percent as the radiated 

photon reduces the effective center-of-mass energy. The QED radiative correc- 

tion reduces the sensitivity of the measured cross section to the 2’ effect: the 

correction increases the cross section Ru (normalized to the lowest order QED 

cross section) by 6 QED, hence the sensitivity to 2’ is reduced by 1 + 6QED. This 

correction factor depends on the cuts on the minimum lepton momentum and 

the maximum acolinearity angle between the leptons. These cuts are different 

for different experiments, although the correction is precisely known for a given 

set of cuts. Most experiments present the measured cross section as Ru after 

correcting for 1+6Q ED, but do not give the value of the correction. For a typical 

experiment, 6QED is close to zero for e+e- + p+p- and - 30% for e+e- -+ r+r-. 

The correction, averaged over all experiments, is expected to be less than 20 and 

40% for the two reactions, respectively. These are the values used in the fit. The 

final results are relatively insensitive to the corrections because the asymmetry 

measurement has greater sensitivity than the cross section to 2’. 

The fits on the measured cross sections and asymmetries give, for a V-A 

interaction, 

G,, = (+O.O61f 0.03O)G~ 

G,, = (-0.020 f0.049)G~ , 
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with x2 of 39 for 56 degrees of freedom for the kpair and 28 for 36 degrees of 

freedom for the r-pair. Within the errors, the results are consistent with no 2’ 

and can be converted into upper limits on the couplings: G,, < O.lllG~ and 

G,, < 0.080G~, at the 90% confidence level. In the fits, the systematic errors in 

different experiments are assumed to be uncorrelated. In reality, there may be 

some correlation due to the theoretical uncertainty in the radiative corrections. 

The uncertainty is estimated to be f2% for the cross section and f0.2% for the 

asymmetry. Taking these uncertainties into account, the final results are 

G,, < 0.119GF 

G,, < 0.085G~ . 

Assuming that 2’ couples to p and r with the same strength, these two limits 

can be combined to give 

Get < 0.089GF . 

There is no need to restrict 2’ to be a V-A interaction. Other possibilities 

are V + A, and V or A. The limits for these possibilities are shown in Table I. 

The limit for a V + A interaction is similar to that for a V-A, however the limit 

for V or A is about a factor of two less stringent. In all cases, limits considerably 

below GF are obtained. 

A scalar exchange has also been studied. The differential cross section for 

this process is 

d-0 a2 -=- 
dfl 4s 

(1+cos2t9) 1 1+2gERexl + (s: +i7i)2 1x11~ 

+ fX2 + $x: + i(g; - !&xzRex1 I 

+ cos 0 
[ 
4gzRe xl + 8gEgi 1x1 I2 

- :x2 - ix: - &1. - B:)X2Rexl - 

The limits obtained are considerably less stringent than that for a V-A interac- 

tion, although the sensitivity is still below GF, as shown in Table I. 
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The limits- obtained here for a V-A interaction could be compared with those 

from other lepton number violating processes. We assume that the same parti- 

cle induces all the lepton number violating processes discussed below. The t- 

channel exchange in e+e- + p+p- is similar to that in e-e- ---+ p-p-. The limit 

obtained”’ is G,,, < 619G~. The e+e- result therefore offers an improvement of 

more than three orders of magnitude. 

The t-channel exchange process is also similar to the muonium to anti- 

muonium 

The e+e- 

nitude. 

conversion,“’ p+e- + p-e+. The limit obtained is G,, < 7.5 GF.‘*’ 

limit therefore represents an improvement of about two orders of mag- 

If the 2’ couples electrons to both the ~1 and the r, then it permits the process 

T- + e-p*er. The width for the decay is 

5 nr I’(r- + e-p*eF) = G,, G,,- 
1927r3 ’ 

where m7 is the mass of the r. The limit on the branching ratio’*’ yields a limit 

on the product of couplings, 

(Ge,G,,)‘/2 < 1.4 x 10w2G~ . 

Therefore the limit on the product of couplings obtained in this paper is not 

as stringent. However, the individual limits on G,, and G,, exclude certain 

regions allowed by the decay search. Other limits on exotic r decays, such as 

r- + e-e+e-, r- + e-p+p-, r- + p-p+p-, produce similar limits on the 

product of couplings. Some of these limits involve diagonal couplings. Com- 

parison with these limits will be meaningless if, for some unknown reasons, the 

diagonal couplings are very small or zero. In all cases, the limits”” presented in 

this paper exclude some of the regions allowed by the decay search. 



The limit on the exotic decay’111 p- + e-e+e- provides a very stringent limit 

on the coupling, 

(G,Ge) ‘i2 < 1.0 X 10s6 GF . 

Again, comparison with this limit will be meaningless if G,, is very small or 

zero. In any case, the limit on G,, excludes some of the region allowed by the 

decay search. Similar stringent limits’121 have also been obtained in the K decays 

KE + e+p- and K+ --) de+p-. The limits involve the quark sector and, again, 

the limit on G,, excludes some of the regions allowed by the searches. 

The sensitivity of the e+e- search increases as the square of the center-of- 

mass energy and will therefore continue to improve with new high energy colliders. 

The search in p and K decays will eventually be limited by the background and 

beam intensity. Experiments at the TRISTAN e+e- collider could reach the 

sensitivity of the exotic r decay, which is being limited by the event rate with no 

prospect for significant improvement in the near future. The sensitivity will be 

further increased at SLC and LEP if the colliders run at off the Z” resonance. In 

multi-TeV colliders, the sensitivity of the e+e- search will reach that in ~1 and K 

decays. 

The particle being studied is assumed to be a gauge-boson like particle. Other 

possibilities are doubly charged Higgs or technicolor candidates. Limits on these 

possibilities depend on the models assumed and are not pursued here. 

In conclusion, new limits are presented for searching for a lepton number vi- 

olating process in e+e- interactions with large momentum transfer. These limits 

exclude certain regions of couplings allowed by other lepton number violating 

searches. Prospect for improvement in the near future is good. 

I am greatly indebted to my colleague M. L. Per1 for stimulating discussions. I 

would like to thank J. P. Alexander, W. de Boer, J. Ellis, F. J. Gilman, H. Harari, 

J. C. Pati and Y. S. Tsai for useful discussions. 

7 



FIGURE CAPTIONS 

1. The production of p+p: through the t-channel exchange of 2’ (c), in ad- 

dition to the 7 (a) and Z” (b) exchanges. 

Table I. Upper limits on the coupling of the new par- 
ticle, in unit of GF, for V-A, V+A, V or A, and scalar 
interactions (at the 90% confidence level.) 

V-A V+A V or A Scalar 

G =P 0.119 0.117 0.233 0.231 

G,T 0.085 0.083 0.168 0.601 

G?L 0.089 0.087 0.175 0.218 



REFERENCES 

1. See, for example, H. Harari, Fundamental Forces, ed. by D. Frame and 

K. J. Peach (St. Andrews, 1984), P. 357; R. D. Peccei, New and Exotic 

Phenomena, ed. by 0. Fackler and J. Tran Thanh Van (Les Arcs, Savoie, 

France, 1987), P. 431. 

2. E. J. Eichten, K. D. Lane, and M. E. Peskin, Phys. Rev. Lett. 50 (1983) 

811. 

3. The forward-backward asymmetry is defined as 

, 

where Nf and Nb are the number of particles in the forward and backward 

regions. 

4. The measurements used in the fit are those compiled by U. Amaldi et al., 

Phys. Rev. D36 (1987) 1385. 

5. See, for example, B. W. Lynn and R. G. Stuart, Nucl. Phys. B253 (1985) 

216. 

6. W. C. Barber et al., Phys. Rev. Lett. 22 (1969) 902. 

7. B. Pontecorvo, Sov. Phys. JETP 6 (1958) 429. 

8. B. Ni et al., Phys. Rev. Lett. 59 (1987) 2716. 

9. H. Albrecht et al., Phys. Lett. 185B (1987) 228. 

10. If 2’ participates in diagonal interaction, the e+e- limits will be more 

stringent because of the addition of an s-channel exchange diagram. 

11. U. Bellgardt et d., Nucl. Phys. B299 (1988) 1. 

12. Particle Data Group, Phys. Lett. 170B (1986) and H. B. Greenlee et al., 

Phys. Rev. Lett. 60 (1988) 893. 

9 



e- 
l-88 (a) 

e- CL- 
(b) 

e+ cI+ 

e- 
‘- 

CL 

(c) 5942Al 

Fig. 1 


