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ABSTRACT 

We explore the possibility of enhancing the decay 2’ + e+ey with a hard 

photon through the existence of an excited spin f lepton coupling to 2’ and 

7 while remaining consistent with constraints on these couplings from data on 

e+e--+77andg-2. F or an excited lepton mass less than the 2’ mass, we find 

that the rate can be enhanced but does not peak for high photon energies. We 

set lower limits on the couplings for the case of the excited lepton heavier than 

Z”, as a function of mass of the heavy lepton. 



--- .- . 

Recent data from the UAl and UA2 collaborations’ at CERN SPS has hinted 

at the possibility of some new physics in the interactions of the 2’ ‘s and W ’s 

beyond that of the standard model. These experiments find 3 of their 14 2’ events 

to include a hard photon. This is a far higher proportion of .@e-7 events than can 

be accounted for within the standard model with radiative corrections.2 On the 

other hand, the number of radiative W  decays observed seems to be compatible 

with the standard model. Of course, before any firm conclusions can be drawn, 

more data must be obtained and studied. Pending this, we here address the 

possibility of enhancing the decay 

2-O -+ e+e-7 (1) 

through the existence of an excited lepton (e* or p*) coupling to the 2’ and 

photon. Other approaches to the possibility of enhancement of hard photon 2’ 

decays have included the decay of 2’ through some new scalar particle.3 Also, the 

possibilities that the anomalous events are not 2’ decays but rather the decays 

of some new scalar4 or of a toponium5 state have been studied. 

We explore the compatibility of the desired enhancement with the constraints 

on .!?* couplings and masses provided by data on e+e- + 77 ’ and contributions 

to g - 2. Even if further data on 2’ decays finally turn out to be consistent with 

the standard model, the results of the present calculation may still be of interest 

for other investigations. 

In this paper, we assume the following phenomenological effective interac- 

tions of an excited lepton, !Z*, with the photon and lepton and 2’ and lepton, 
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respectively. - 

L* 9 
L lZ = 2Mcosew 

$pd‘v(al - ibl75)&Fif) + h.c. (3) 

In the above, F,, is the electromagnetic field strength tensor while FL:) is that 

associated with the 2’ . 

Jdz) = ctu a,z, - i-&z, . 

M is the mass of the excited lepton. The couplings a, b, al and bl parametrize 

the strength of these anomalous interactions. Since the preliminary data seem 

to indicate hard photon events, we consider the derivative couplings of equations 

(2)and(3). S UC h’ t m eractions could be possible for models in which the leptons 

are composite and could perhaps contribute to an anomalous magnetic moment 

for Z”, different from the gauge theory value. 

For the interactions (2) and (3) b a ove, it is straightforward to calculate the 

rate for the decay 2’ -+ l?+l?-7 and the energy and angular distributions of 

the outgoing photon and leptons. The standard bremsstrahlung and excited 

lepton contributions to this decay are shown in Fig. 1. We define the following 

dimensionless quantities 

A = M2/M; (5) 

z = 2w/Mz (6) 

E = Emin/Mz (7) 

In the above, w is the photon energy. Emin is the minimum energy of any of 

the decay products, corresponding to experimental resolution. In our numerical 
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calculations, we take E = 0.002; this corresponds to a resolution of about 1.5 

GeV. We normalize all distributions to the decay rate of 2’ into a lepton pair, 

r02 

ro = I-p0 + e+r) = 2GF Mi(a: + 6;) 
3fi7r (8) 

Here al and bl are the standard model vector and axial vector couplings of the 

2’ to leptons 

1 
at = z - sin2 ew 

We consider first the case of the excited lepton with mass less than Mz; that 

is, A < 1. For this case, the rate for 2’ + .!+.f?-7 via a real intermediate .!Z* 

subsequently decaying radiatively is given by 

IyzO + .e*.e + .t+e-7) = 24;;~~rA(1 - A)2(1 + 2A)A (10) 

where 

A= (11) 

is the ratio of the partial width of e* -+ e7 relative to its total width. If the only 

decay channel available for e* is .f?7, then A = 1, and (3) becomes independent 

of the value of a. For simplicity, we have neglected the axial couplings. The 

branching ratio for Z” -+ J?+e-7 to 2’ + .@+.4? is 

(12) 

The value of B is determined, for a given .!* mass by the Z”.4?*f! coupling, al. 

To know what al can be used in (12), we have to determine the constraints on 
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the couplings a and al. These come from essentially two considerations. The 

coupling a for a heavy lepton of mass M is constrained by the absence of e* 

effects in e+e- -+ 77 .6 The curve in Fig. 2b of Ref. 6 gives the maximum value 

of a as a function of M. The constraint on the product of aal comes from an 

analysis of Z”e*e contributions to electron g - 2 in a manner similar to what 

was carried out by Renard for 7e*e contribution to electron g - 2.7 Following 

a calculation similar to Renard,7 we also find the dominant contributions come 

from @* mixing effects and that 

4( GF@) 
x2 

aal E 5 2 X 10-l’ , 

Here m is lepton mass. This leads to the constraint 

aal 
- ( 

2 
M ’ 1000 TeV 

(A < 1) . 

(13) 

We have not included the corrections to g - 2 proportional to uf. These could 

provide further constraint on al. We proceed as follows. Taking the UAl, UA2 

data at face value implies a branching ratio B of about (3/14). Using A = 1 in 

(12), and B = 3/14, we can calculate al as a function of M. We find 

M( GeV) 20 40 60 80 
a1 0.052 0.11 0.20 0.61 

The constraint (14), then leads to values of a: 

M 20 40 60 80 
amax 3.83 x 1O-3 3.64 x 1O-3 2.92 x 1O-3 1.29 x 10-s 

These values for a lie considerably below the constraint curve given in Fig. 2b 

of Ref. 6. Thus if one attempts to explain the large branching ratio B in terms 
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of excited e* intermediate states, one does not run into any-difficulties with 

constraints provided by data on electron g - 2, e+e- + 77 , etc. In this respect 

we agree with the conclusions of Ref. 8. The choice of mass M for .4?* then comes 

essentially from considerations of energy and angular distributions obtained by 

the decay products. In this sense we agree with the considerations put forward 

by Cabibbo et al.’ For instance, the distribution in photon energy is flat for this 

excited lepton explanation of the enhanced 2’ radiative decay rate. This is not 

consistent with the hard photon events observed. 

We turn now to the case of the decay’ proceeding through an excited lepton 

with mass greater than Mz; we find the rate relative to I’0 to be the following: 

r(zo + ‘+‘-7) = R = 
r. ‘6r(a;+b;){16(a~+bi) kn2 (&) -$ 

+2Li2 c -) + a (5 + 34(1- 34 + f (1 - 2+h (A)] l--E 

+ Re[a;(bh + aal)] (i) [A(1 - A)‘&(1 - i) + f - i A + AZ] 

(b*bi - a*a;)(bbl - aal) + (b *a; + bia*)(bla - alb)] 

x [&{ -;+gA+6A2-9A3+(l-A)(l-6A2+A)e,(l-+)} 

-A(l-4A){ -Liz($) +Liz( 2AAm 1) + fj h2 (2 - i) - i en”(2)) 

- -I- - l+ 3A - 3A(l- A) .&z(l - 31) 12A 
(15) 

Here A > 1. We have neglected the light lepton mass. The coefficient of each 
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term reflects its origin. That is, the first term- is the standardbremsstrahlung 

contribution2; the second arises from the interference of the bremsstrahlung con- 

tribution with the decay through an excited lepton. The third term is the excited 

lepton contribution. Of course, in the limit A + 00, Eq. (15) reduces to the 

bremsstrahlung rate. The dilogarithm (Spence function) is defined as follows 

Liz(z) = - 
= &&(1-t) 

/ 
dt 

t - (16) 
0 

For our numerical study of the enhancement of the radiative 2’ decay rate, we 

neglect the axial couplings b and bl relative to the vector couplings, a, al. Then 

taking a and al real by C and CP invariance, the relative rate (15) becomes a 

quadratic equation in (aar). In Fig. 2 we display the solution to this equation 

as a function of A for two values of the relative rate R = & and A. The dashed 

lines are for E = 0.03. The solid line is for E = 0.002 and R = A. The two curves 

for R = & illustrate the logarithmic dependence of the bremsstrahlung rate on 

E. The curves correspond to lower limits on the coupling aal needed to achieve 

the desired enhancement of the radiative decay. For example, to obtain a relative 

rate of 3/14 with a 120 GeV/c2 excited lepton, the dimensionless coupling aal 

must be greater than about 70. 

We also display, in Figs. 3 and 4, some kinematic distributions for the decay 

(1). These are all normalized to a relative rate I/I’0 of 3/14, with E = 0.002. 

The differential distribution with expect to z = 2w/Mz is given for A = 1.125, 

1.5, 1.97 in Figs. 3a,b,c, respectively. The limits on z are 2~ 5 z 5 1 - E. The 

distributions peak at large z; that is, the decay into hard photons is enhanced, 

as desired. (The peaking at low z is the standard bremsstrahlung behaviour.) 
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The differential rate in cos6, where 8 is the angle betweenthe photon and 

electron momenta is given for the same values of A in Fig. 2a,b,c, also normalized 

to P/I’0 = 3/14 and with c = 0.002. The distribution peaks sharply at large back- 

ward angles. From kinematic and spin considerations, one expects the photon 

and the less energetic lepton to be separated by a small angle. That is, for decay 

through an e*-, the photon should be nearer to the positron; cos0 peaks towards 

-1. For decay through an e*+, the photon should follow the electron; however, 

this region of phase space is suppressed for E corresponding to a realistic value 

of experimental resolution, so peaking at cos 8 -+ +l is not so pronounced. (The 

lower limit on cos 8 is -1 + 2c2 while the upper limit is 1 - 8c.) For an extremely 

small value of c, the peaking at cos 0 = +l is more pronounced; however, this is 

not to be expected experimentally. 

To conclude, we find that an excited lepton explanation of the 2’ radiative 

decay events is not inconsistent with other constraints if the lepton mass is less r 

than the 2’ mass. However, our phenomenological interaction does not explain 

the tendency to hard photon events observed experimentally. For the case of 

the excited lepton mass larger than the 2’ mass, there is an enhancement for 

our interactions (2) and (3) of hard photon events as well as a tendency for the 

photon to make a large angle with the electron. We place a lower limit on uur, 

the product of the photon and 2’ couplings to the excited lepton, as a function 

of heavy lepton mass. We emphasize that further experimental information is 

necessary to make firm conclusions. 
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FIGURE CAPTIONS 

1. The Feynman Diagrams for radiative 2’ decay. 

2. Lower lim it on the coupling aal for given values of R and resolution, as 

a function of excited lepton mass. The curves are labelled with the corre- 

sponding values of R and E. 

3. Differential rate with respect to z, a dimensionless quantity corresponding 

to photon energy, relative to the decay rate of 2’ into leptons for (a) 

A = 1.125, (b) A = 1.5, (c) A = 1.97. 

4. Differential rate with respect to cos8, where 8 is the angle between the 

photon and electron momenta. (a), (b), and (c) correspond to the same 

values of A as in Fig. 3. 
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