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Anomalous magnetic moment of the muon and radiative lepton decays
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~Received 4 April 2001; published 10 July 2001!

The leptons are viewed as composite objects, exhibiting anomalous magnetic moments and anomalous
flavor-changing transition moments. The decaym→eg is expected to occur with a branching ratio of the same
order as the present experimental limit.
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Recently an indication was found that the anomalo
magnetic moment of the muonm1 is slightly larger than
expected within the standard model@1#. The deviation is of
the order of 1029,

Dam5am~expt!2am~SM!5~4.361.6!31029. ~1!

For a review of the contribution of the standard model to
anomalous magnetic moment of the muon, see Ref.@2#. The
observed effect~2.6 s excess! does not necessarily imply
conflict with the standard model, in view of the systema
uncertainties in the theoretical calculations due to the h
ronic corrections@3#. If this result is confirmed by furthe
experimental data, it might be interpreted as the first sig
towards an internal structure of the leptons~see e.g. Ref.@4#!,
although other interpretations~vertex corrections due to new
particles! are also possible@5#. A new contribution to the
magnetic moment of the muon can be described by add
an effective termL e f f to the Lagrangian of the standar
model as follows:

L5
eeff

2L
m̄~A1Bg5!smnmFmn, ~2!

where m is the muon field,Fmn the electromagnetic field
strength,L the compositeness scale andA and B are con-
stants of order one. We have included ag5-term in view of a
possible parity violation of the confining interaction.

The constants inL e f f depend on the dynamical details
the underlying composite structure. If the latter is analog
to QCD, where such a term is induced by the hadronic
namics, the constant is of the order one, and the BNL re
would giveL'2.53107 GeV using

Dam5S mm

L D , ~3!

assuminguAu51. The g5-term does not contribute to th
anomalous magnetic moment.

The magnetic moment term~2! has the same chiral struc
ture as the lepton mass term. Thus one expects that the
mechanism which leads to the small lepton masses (mm
!L), e.g. a chiral symmetry, leads to a corresponding s
pression of the magnetic moment. In this case the effec
Lagrangian should be written as follows:

L5
eeff

2L

mm

L
m̄~A1Bg5!smnmFmn. ~4!
0556-2821/2001/64~3!/037701~3!/$20.00 64 0377
s

e

d-

al

g

s
-
lt

me

-
e

The contribution of the compositeness to the magnetic m
ment is in this case given by

Dam5S mm

L D 2

. ~5!

Using the central value ofDam , one obtainsL'1.61 TeV,
i.e., L is much smaller due to the chiral symmetry argume
@6#. The 95% confidence level range forL is @4#

1.22 TeV,L,3.19 TeV. ~6!

If the leptons have a composite structure, the ques
arises whether effects which are absent in the stand
model, in particular flavor-changing transitions, e.g. the
caysm→eg or t→mg, arise.

In this paper we shall study flavor changing magnet
moment type transitions which indeed lead to radiative
cays of the charged leptons on a level accessible to exp
ments in the near future.

We start by considering the limitme5mm50, i.e., only
the third leptont remains massive. Neutrino masses are
considered. In this limit the mass matrix for the charg
leptons has the structureml 25mtdiag(0,0,1) and exhibits a
‘‘democratic symmetry’’ @7,8#. Furthermore there exists
chiral symmetrySU(2)L ^ SU(2)R acting on the first two
lepton flavors. The magnetic moment term induced by co
positeness, being of a similar chiral nature as the mass t
itself, must respect this symmetry. We obtain

L5
eeff

2L

mt

L
c̄M̃ ~A1Bg5!smncFmn. ~7!

Here c denotes the vector (e,m,t) and M̃ is given by M̃
5diag(0,0,1).

Once the chiral symmetry is broken, the mass matrix
ceives non-zero entries, and after diagonalization by suita
transformations in the space of the lepton flavors it takes
form M5diag(me ,mm ,mt). If after symmetry breaking the
mass matrixM and the magnetic moment matrixM̃ were
identical, the same diagonalization procedure which lead
a diagonalized mass matrix would lead to a diagonaliz
magnetic moment matrix. However there is no reason w
M̃ andM should be proportional to each other after symm
try breaking. The matrix elements of the magnetic mom
operator depend on details of the internal structure in a
ferent way than the matrix elements of the mass density
erator. Thus in general the magnetic moment operator
©2001 The American Physical Society01-1



an

t
s

he

e

e to
off

an-

d
s is

the

BRIEF REPORTS PHYSICAL REVIEW D 64 037701
not be diagonal once the mass matrix is diagonalized
vice versa. Thus there exists flavor-non-diagonal terms~for a
discussion of analogous effects for the quarks see Ref.@7#!,
e.g., terms proportional toēsmn(A1Bg5)m. These flavor-
non-diagonal terms must obey the constraints imposed by
chiral symmetry, i.e., they must disappear once the masse
the light leptons involved are turned off. For example, t
e2m transition term must vanish forme→0. Furthermore
the flavor changing terms arise due to a mismatch betw
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the mass density and the magnetic moment operators du
the internal substructure. If the substructure were turned
(L→`), the effects should not be present. The simplest
satz for the transition terms between the leptons flavorsi and
j is constAmimj /L. It obeys the constraints mentione
above: it vanishes once the mass of one of the lepton
turned off, it is symmetric betweeni andj and it vanishes for
L→`. In this case the magnetic moment operator has
general form
Leff5
e

2L

mt

L
c̄S me

mt
Cem

Amemm

L
Cet

Amemt

L

Cem

Amemm

L

mm

mt
Cmt

Ammmt

L

Cet

Amemt

L
Cmt

Ammmt

L
1

D M̃ ~A1Bg5!smncFmn. ~8!
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HereCi j are constants of the order one. In general one m
introduce two different matrices~with different constants
Ci j ) both for the 1-term and for theg5-term, but we shall
limit ourselves to the simpler structure given above.

Based on the flavor-changing transition terms given in
~8!, we can calculate the branching ratios for the decaym
→eg, t→mg andt→eg. We find

G~m→eg!5e2
mm

4p SAmmme

L D 2S mm

L D 2S mt

L D 2

, ~9!

G~t→mg!5e2
mt

4p SAmtmm

L D 2S mt

L D 2S mt

L D 2

, ~10!

G~t→eg!5e2
mt

4p SAmtme

L D 2S mt

L D 2S mt

L D 2

. ~11!

The corresponding branching ratios are, taking the c
stants equal to one,

Br~m→eg!'2.8310210, ~12!

Br~t→mg!'6.1310210, ~13!

Br~t→eg!'3.0310212, ~14!

using the central value ofDam to evaluateL. One obtains
the following ranges for the branching ratios:
y

.

-

1.531029.Br~m→eg!.4.6310212, ~15!

3.331029.Br~t→mg!.1.0310211, ~16!

1.6310211.Br~t→eg!.5.0310214, ~17!

using the 95% confidence level range forL ~6!.
These ranges are based on the assumption that the

stants of order one are fixed to one. The upper part of
range for them→eg decay given in Eq.~15! is excluded by
the present experimental limit Br(m→eg),1.2310211 @9#.
Our estimates of the branching ratio should be viewed
order of magnitude estimates. In general we can say tha
branching ratio for them→eg decay should lie between
10213 and the present limit.

The decayt→mg processes at a level which cannot
observed, at least not in the foreseeable future. The de
t→eg is, as expected, much suppressed compared tt
→mg decay and cannot be seen experimentally.

The experiment now under way at the PSI should be a
to detect this decay. If it is found, it would be an importa
milestone towards a deeper understanding of the inte
structure of the leptons and quarks.

We thank Z. Xing for useful discussions.
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