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Limits on excited t lepton masses from leptonict decays
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We study the effects induced by excited leptons on the leptonict decay at the one loop level. Using a
general effective Lagrangian approach to describe the couplings of the excited leptons, we compute their
contributions to the leptonic decays and use the current experimental values of the branching ratios to put limits
on the mass of excited states and the substructure scale.

PACS number~s!: 12.15.2y, 12.60.Rc, 13.35.Dx
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The values for the leptonict decays@1# have confirmed
the validity of the standard model~SM! @2# as the theory of
electroweak interactions at the current scale of energ
Morever, the results have reached such precision that
have opened the possibility to constrain significantly so
physics beyond the standard model, for instance, compo
ness@3,4#.

The family structure of the known fermions, among oth
regularities, has been considered as an indication to ex
that the SM fermions and perhaps massive gauge bo
possess some kind of substructure. The idea of compo
models assumes the existence of an underlying struc
characterized by scaleL, with the fermions sharing some o
the constituents. As a consequence, excited states of
known lepton should show up at some energy scale, and
SM should be seen as the low-energy limit of a more fun
mental theory.

Precise measurements of anomalous magnetic mome
muon and electron indicate that first and second family
leptons are elementary particles with a high grade of pr
sion. In these conditions, for simplicity, we take a conser
tive point of view and we assume that onlyt, nt can be
composite. They are largely more massive than the oth
leptons and their properties are less known. Then, in
work, we considert and nt leptons as composite and w
keep the other leptons as elementary. In these condition
only consider excited states of leptonst and nt . It is our
fundamental hypothesis that can be understood conside
either that the first and second family are elementary or t
associate substructure scale is much bigger than thet com-
positeness scale (Le ,Lm@Lt).

We still do not have a satisfactory model, able to rep
duce the whole particle spectrum. Because of a lack o
predictive theory we should rely on a model-independ
approach to explore the possible effects of compositen
employing effective Lagrangian techniques to describe
couplings of these states.

Several experimental collaborations have been searc
for excited states@5#, in particular ont* and nt* . Their
analyses are based on an effective SU(2)^ U(1) invariant
0556-2821/2000/62~1!/013010~5!/$15.00 62 0130
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Lagrangian, proposed some years ago by Hagiwaraet al. @6#.
Also a series of phenomelogical studies of excited fermio
have been carried out in several experiments. Moreover,
oretical bounds have been derived from the contribution
the anomalous magnetic moment of leptons and theZ scale
observables at the CERNe1e2 collider LEP.

On the other hand, an important source of indirect inf
mation about new particles and interactions is the prec
measurement of the leptonic branching ratios~BR! of lepton
t @4#. Virtual effects of these new states can modify the S
predictions for the BR, and the comparison with the expe
mental data can impose bounds on their masses and
plings.

In this paper we use a general effective Lagrangian
proach@6# to investigate the effects induced by excited t
and tau neutrinos in the leptonic branching ratios at the
loop level. We show our results as an allowed region in
(m* , f /L) plane. We find bounds for the substructure sc
as a function of excited mass and compare them with bou
obtained for different experiments, in particular OPAL@5#,
bounds coming from the anomalous weak-magnetic mom
of the tau lepton@7,8# and precision mesurement on theZ
peak@9#.

The SM prediction for the leptonic decay width, includin
electroweak radiative corrections, is

GSM~t→ ln lnt!5
GF

2mt
5

192p3
f ~ml

2/mt
2!r , ~1!

where

f ~x!5128x18x32x4212x2 ln~x!

and the factorr takes into account the radiative correctio
that are not absorbed in the Fermi constantGF , and is esti-
mated to be 0.9960.

The leptonic branching can be calculated in terms of
observedt lifetimes, t5(290.061.2)310215 s, and the
measured value for the mass of thet lepton, mt51777.0
60.28 MeV. With these, it is possible to estimate the the
©2000 The American Physical Society10-1
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retical values for the branching ratio of the electronic and
muonic modes: Be

th50.177760.0007 and Bm
th50.1728

60.0008, respectively, which are now in good agreem
with the experimental results:Be

expt50.178160.0007 and
Bm

expt50.173760.0009, once the theoretical uncertainties
properly taken into account@1#. We have also considered th
quantityRt , which is defined as

Rt5
Gt2Ge2Gm

Ge
. ~2!

Using the measured values of the leptonic branching rat
one finds the value

Rt
expt5

12Be2Bm

Be
53.6460.019. ~3!

In order to study limits on the scale of compositeness,
shall consider the contribution to the decay width, due
indirect effects induced by excitedt* andnt* at the one loop
level. For hypothesis the other leptons are considered e
elementary or with their excited states decoupled due
much bigger compositeness scale. We consider excited
mionic states with spin and isospin1

2 , and we assume that th
excited fermionic acquire masses before theSU(2)3U(1)
breaking, so that both left-handed and right-handed st
belong to weak isodoublets~vectorlike model!. The effective
dimension five Lagrangian that describes the coupling
excited-usual fermions, which is SU(2)3U(1), can be writ-
ten as@8#

Le f f52 (
V5g,Z,W

TVLlL̄smnPLl ]mVn

2 i (
V5g,Z

QVLlL̄smnPLlWmVn1H.c., ~4!

whereL5nt* ,t* represent the excited states, andl 5nt ,t,
the usual light fermions of third generation. A pure le
handed structure is assumed for these couplings. The
pling constantsTVLl are given by

Tgt* t52
e

2L
~ f 1 f 8!,

Tgn* n5
e

2L
~ f 82 f !,

TZt* t52
e

2L
~ f 8 cotuW2 f tanuW!, ~5!

TZn* n5
e

2L
~ f 8 cotuW1 f tanuW!,

TWt* n5TWn* t5
e

A2sinuWL
f 8,
01301
e
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where L is the compositeness scale,f 8 and f are weight
factors associated to theSU(2) andU(1) coupling constants
and uW is the weak mixing angle. The quartic interactio
couplingsQVLl are given by

Qgt* n52Qgn* t52
e2A2

2 sinuWL
f 8,

~6!

QZt* n52QZn* t52
e2A2 cosuW

2 sin2uWL
f 8.

The coupling of gauge bosons to excited leptons in a v
torlike model are given by the following renormalizable L
grangian~dimension four!:

Lren52 (
g,Z,W

AVLLL̄gmVmL, ~7!

FIG. 1. Diagramatic representation for the contribution of t
leptonic tau decay amplitude. Box and dashed blobs represen
contributions of excited tau and tau neutrino.

FIG. 2. Self-energy and box corrections contributing to lepto
tau decay.
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which isSU(2)3U(1) invariant. The coupling constants a
given by

Agt* t* 52e,

Agn* n* 50,

AZt* t* 5
~2 sin2uW21!e

2 sinuW cosuW
, ~8!

AZn* n* 5
e

2 sinuW cosuW
,

AWt* n* 5
e

A2sinuW

.

The contributions of the excited leptons to amplitude
the leptonic tau decay at the one-loop level are represente
Fig. 1. We consider the tree level amplitude plus the le
box and vertex corrections which are represented in Fig
and 3, respectively. The dominant contributions from t
radiative corrections are given by the interference betw
the SM term and the new contributions from excitedt* and
nt* . We find that the decay width can be written as

G5GSM~11dG (RC)!, ~9!

where the SM part is given by Eq.~1!, and the expression fo
the new part, takingmt* 5mnt

* 5m* , is

dG (RC)5
a

f ~ml
2/mt

2!r
S m* f

L D 2

~L1V1B!, ~10!
01301
r
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wherea is the fine structure constant. The functionsL, V
and B correspond to the interference between the SM te
and the leg, vertex and box radiative corrections, resp
tively.

The functionsL, V andB are given by

FIG. 3. Vertex corrections contributing to leptonic tau decay
L52
3
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wherejz5(mZ /m* )2, jw5(mW /m* )2, jL5(L /m* )2, sw
5sinuw and cw5cosuw . In the following analysis we take
mt* 5mnt

* 5m* and f 5 f 8.

The loops contributions of the excited leptons were eva
ated inD5422e dimensions using the dimension regula
ization method, which is a gauge-invariant regularizat
procedure, where the pole atD54 is identified with lnL2.

We should notice that since we are including nonren
malizable operators the results of the loops are, in princi
quadratically divergent with the scaleL. However, since we
are restricting ourselves toSU(2)3U(1) gauge invariant
operators, the final results for the physical observables ar
most, logarithmically divergent. In other words, all quadra
~or higher! dependence onL is simply cancelled by counter
terms coming from the high-energy theory. At one loop
best only a logarithmic dependence on the scale of n
physics can be extracted purely from the low-energy eff
tive lagrangian.

We evaluate the renormalization constants by impos
the on-shell renormalization conditions on the renormaliz
transition amplitudes. In this scheme we compute the d
grams of the externals legs to obtain the renormalization
the lepton wave functions taking the mass of the particles
the experimental value.

To obtain bounds for the excited mass and the subst
ture scale we compare our theoretical results:Be

th5Ge
th/Gt

@whereGe
th is given by Eq.~9!# with the experimental value

of Be
expt, Bm

expt and Rt . We find that the most restrictive
bound come fromBe

expt and then we use it to put limits onL
and m* . We considerBe

th as a function ofm* and L and
then the limits are obtained by comparingBe

th(m* ,L) with
the experimental value ofBe

expt.
In Fig. 4 we show our bounds showing the allowed

gions for the excited lepton masses and the ratiof /L at 95%
C.L. The curve that limits the region is obtained intersect
the functionBe

th(m* ,L) with the experimental valueBe
expt

6DBe . It is understood that the nonallowed region s

FIG. 4. Dashed zone represents the allowed region at 95%
The curves represent bounds coming from~a! leptonic tau decay,
~b! single production at OPAL and~c! weak-magnetic moment o
tau lepton.
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corelated bounds for the excited lepton mass andL. To com-
pare our results with other bounds we include in this figu
the results from OPAL Collaboration and bounds comi
from the weak-magnetic moment of thet lepton on theZ
peak@5,7,8#. Moreover, in Fig. 5 we include a comparatio
between ours results and bounds coming from precis
measurements on theZ peak@9#. It is important to observe
that the bounds from the leptonic tau decay are safe in
L.m* region where the decoupling of new physics work

Finally we study the decoupling properties of the ne
contributions which cancel out in the limit of the large su
structure scale and fixed excited mass. The results are sh
in Fig. 6. The curves represent the variation of the new c
tributions (dGRC) with L for differents values ofm* .

Summarizing, we have considered the possibility that
lepton tau and their neutrino have some kind of substruct
We have modeled the interactions involving their excit

L.

FIG. 5. Excluded regions in theL versusm* plane~below the
curves!, at 95% C.L., from~a! leptonic tau decay and~b! precision
measurements on the Z peak.

FIG. 6. Decoupling properties of the new contributions as
function of L for different values ofm* .
0-4
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states through a renormalizable Lagrangian~vectorlike
model! and an effective dimensio´n-5 operator that couple
ordinary particles with excited particles and gauge bos
and we have considered that the other leptons are eithe
ementary or their compositeness scale is much bigger
the tauonic one. By computing the contributions of the
interactions to the radiative corrections of leptonic tau de
and by comparing them with the well measured branch
ratios, we have obtained bounds on the excited state ma
ic-

l
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and the compositeness scaleL. This bounds are more restric
tive than others obtained from direct productions@5#, from
radiative corrections to weak-magnetic moment of thet lep-
ton on theZ peak@7,8# and from precision measurements o
the Z peak@9#.
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