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Anomalous magnetic moment of the muon and radiative lepton decays
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The leptons are viewed as composite objects, exhibiting anomalous magnetic moments and anomalous
flavor-changing transition moments. The degay> ey 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 anomalousThe contribution of the compositeness to the magnetic mo-
magnetic moment of the muon™ is slightly larger than ment is in this case given by
expected within the standard modéll. The deviation is of
the order of 10°,

2
ﬂ) . )
Aa,=a,(exph—a,(SM)=(43+1.6x10° (1)

Using the central value oka,, one obtains\~1.61 TeV,
For a review of the contribution of the standard model to the.e., A is much smaller due to the chiral symmetry argument
anomalous magnetic moment of the muon, see RgfThe  [6]. The 95% confidence level range faris [4]
observed effect2.6 o excesy does not necessarily imply a
conflict with the standard model, in view of the systematic 1.22 Te\wA<3.19 TeV. (6)
uncertainties in the theoretical calculations due to the had- ) ]
ronic correctiong3]. If this result is confirmed by further ~ If the leptons have a composite structure, the question
experimental data, it might be interpreted as the first signaffises whether effects which are absent in the standard
towards an internal structure of the leptdsse e.g. Ref4]), model, in particular fIavo_r-changlng transitions, e.g. the de-
although other interpretatiorisertex corrections due to new CaySpu—e€y or 7—uy, arise. . _
particle are also possibl¢5]. A new contribution to the In this paper we shall study flavor changing magnetic-
magnetic moment of the muon can be described by addin@“omem type transitions which indeed lead to radiative de-

an effective termZ ¢ to the Lagrangian of the standard Cays of the charged leptons on a level accessible to experi-
model as follows: ments in the near future.

We start by considering the limim,=m, =0, i.e., only

eeff__ the third leptonr remains massive. Neutrino masses are not
= SAH(ATBYs) o, uF, (2)  considered. In this limit the mass matrix for the charged
leptons has the structumg,-=m_diag(0,0,1) and exhibits a
“democratic symmetry”[7,8]. Furthermore there exists a
chiral symmetrySU(2), ® SU(2)g acting on the first two
stants of order one. We have includedaterm in view of a  1€Pton flavors. The magnetic moment term induced by com-
possible parity violation of the confining interaction. positeness, being of a similar chiral nature as the mass term

The constants it ¢’ depend on the dynamical details of 1tS€lf, must respect this symmetry. We obtain
the underlying composite structure. If the latter is analogous e
to QCD, where such a term is induced by the hadronic dy- L=——
namics, the constant is of the order one, and the BNL result
would give A~2.5x10" GeV using

L

where o is the muon field,F#” the electromagnetic field
strength,A the compositeness scale aAdand B are con-

(0]
=

—

m,—
A YM(A+Bys)o,, YF"". )

N

Here ¢ denotes the vectore(u,7) and M is given by M

=diag(0,0,1).

T) () Once the chiral symmetry is broken, the mass matrix re-
ceives non-zero entries, and after diagonalization by suitable

assuming|A|=1. The ys-term does not contribute to the transformations in the space of the lepton flavors it takes the

anomalous magnetic moment. form M =diag(me,m, ,m,). If after symmetry breaking the

The magnetic moment terf2) has the same chiral struc- mass matrixM and the magnetic moment matrM were
ture as the lepton mass term. Thus one expects that the sandentical, the same diagonalization procedure which leads to
mechanism which leads to the small lepton masses ( a diagonalized mass matrix would lead to a diagonalized
<A), e.g. a chiral symmetry, leads to a corresponding supmagnetic moment matrix. However there is no reason why
pression of the magnetic moment. In this case the effectivi andM should be proportional to each other after symme-
Lagrangian should be written as follows: try breaking. The matrix elements of the magnetic moment
operator depend on details of the internal structure in a dif-
ferent way than the matrix elements of the mass density op-
erator. Thus in general the magnetic moment operator will

eff
L= 53 1 H(A+BYs) 0, uF. (4)
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not be diagonal once the mass matrix is diagonalized anthe mass density and the magnetic moment operators due to
vice versa. Thus there exists flavor-non-diagonal teifiorsa  the internal substructure. If the substructure were turned off
discussion of analogous effects for the quarks see [R@f. (A —x), the effects should not be present. The simplest an-
e.g., terms proportional t;a'MV(A-i- Bys)u. These flavor-  satz for the transition terms between the leptons flavars
non-diagonal terms must obey the constraints imposed by the is const/mym;/A. It obeys the constraints mentioned
chiral symmetry, i.e., they must disappear once the masses above: it vanishes once the mass of one of the leptons is
the light leptons involved are turned off. For example, theturned off, it is symmetric betwedrandj and it vanishes for
e— u transition term must vanish fam,—0. Furthermore A —c. In this case the magnetic moment operator has the
the flavor changing terms arise due to a mismatch betweegeneral form

|
Me Vmem, c Vmem,

R M A er A
em Ymem m ym,m_ | -
eff _ _— T e Jad nT v
L A A | Cep A m. Cur A M(A+Bys)o,, yFH". (8)
Vmem, ym,m,_
Ce. Cp.r 1
A BT A
|
HereC;; are constants of the order one. In general one may 1.5x10 °>Br(u—ey)>4.6x10 12, (15)

introduce two different matriceg$with different constants

Cij) both for the 1-term and for thes-term, but we shall

limit ourselves to the simpler structure given above. 3.3x10 °>Br(r—uy)>1.0x10 (16
Based on the flavor-changing transition terms given in Eq.

(8), we can calculate the branching ratios for the decays

— ey, T uy and T—EY. We find 1.6X 10*ll> Br( 7'—>8y)>5.0>< 10714, (17)
2 2 2
m m,m m m,
o= TR g |
A A A A using the 95% confidence level range for(6).

These ranges are based on the assumption that the con-

, M, [ymm, 2 m,\2/m_\? stants of order one are fixed to one. The upper part of the
H(r—py)=e"7—| —1 A LA (100 range for theu— ey decay given in Eq(15) is excluded by

the present experimental limit Ba(—ey)<1.2x 10" 1 [9].
mT(,/mee)2<m7)2(m7)2 Our estimates of the branching ratio should be viewed as

A

A

[(r—ey)=€ a7 A (11)  order of magnitude estimates. In general we can say that the

branching ratio for thew—ey decay should lie between
The corresponding branching ratios are, taking the conl0 **and the present limit. _
stants equal to one, The decayr— uy processes at a level which cannot be
observed, at least not in the foreseeable future. The decay

Br(u—ey)~2.8x10 10, (12 T—ey is, as expected, much suppressed compared to
— uy decay and cannot be seen experimentally.

Br(r—uy)~6.1x10"", (13 The experiment now under way at the PSI should be able
to detect this decay. If it is found, it would be an important

Br(7—ey)~3.0<10"%, (14 milestone towards a deeper understanding of the internal

. . structure of the leptons and quarks.
using the central value oka, to evaluateA. One obtains P q

the following ranges for the branching ratios: We thank Z. Xing for useful discussions.
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