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The experimental upper bounds on rates for the muon radiative decays u —e +y +vy and
u—e +v are used to give lower bounds on the mass scale of the constituent particles in a com-

posite model of leptons.

The proliferation of leptons and quarks makes us
suspect that there might be a substructure in them.!”
There are several questions, however, to be resolved
in composite models of leptons and quarks. Some of
them are listed below: (1) whether the rapidly in-
creasing mass spectra of the observed leptons (and
quarks in a sense) can be understood, (2) why
orbital-angular-momentum excited states and higher-
spin states are not observed, and (3) how the elec-
tron and the muon can have Dirac magnetic mo-
ments with the accuracy shown by precision measure-
ments of the g —2 factor.’

The last question? was answered by several groups®:
If the constituent particles of which the leptons are
composite systems have large mass ( > 107 GeV),
the present g —2 experiment is compatible with com-
posite models. On the other hand, questions (1) and
(2) are puzzling and further study is needed. Re-
cently the author,* and independently Akama and
Terazawa,® have computed the mixing matrix for
quarks and leptons in a composite model.*® In Ref.
4, the author has assumed that the potential is a sum
of a local potential and a portion which depends on
energy and angular momentum,

V(LED=V(r)+V/(E) , 1)

8

thereby circumventing'? the difficulty of questions
(1) and (2). In this Communication, we discuss
another question® for composite models: (4) how
flavor-changing radiative processes, such as u—e +vy
and u —e +7y +7v, can be small.’

In a composite model®~® where leptons and quarks
are assumed to be S (/=0) excited states of spin-%

and spin-0 particles, the observed leptons e, u, and 7

25

are 15, 25, and 3S states. In the case of the hydro-
gen atom, the metastable 2.5 state decays into the
ground state predominantly by two-photon emission
(with a decay time -;— sec), while one-photon emis-
sion by the magnetic-dipole transition is a rather slow
process'! (~2 days). Below we examine analogous
processes for composite leptons in which the photons
are emitted purely electrodynamically (i.e., without
considering the effect of weak interactions and neu-
trino mixing).

. p—e+y+y

The rate for the transition ;sH —sH+vy +7y is
computed in Ref. 11,

I(,H H++)34e26"21 @
28 15 YTy __8?75_5 m ,
where a =#%2/me? is the Bohr radius and
44<1<7.1 . 3)

If we assume that the potential of the composite sys-
tem is given by Eq. (1) with

V() =— "‘Cr'" , @)

where acficis the coupling strength of the Coulomb-
type interaction, the decay rate for u —e +vy ++y can
be read off from Eq. 2) (f=c=1),
4
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where M is the reduced mass of the constituent parti-
cles and the excitation energy w is given by

o=m,—m, . )

The power of the length scale 1/Mac in Eq. (5) is
dictated by the fact that each electric-dipole emission
contributes a factor e/Mac in the amplitude. The
numerical factor in Eq. (5) is determined by the con-
dition that Eq. (5) reduces to Eq. (2) when the sub-
stitution w =E{® —E = %maz and Mac=ma is
made.

From Egs. (5) and (6), it follows that

1/4
all my
127 T(u—eyy)

Mac=m,,[

Using current experimental data,’

_6
7—‘;—%%0‘1 =1.82sec! , (8)

and inequality (3), we obtain
Mac>29x10° GeV . ©)

[(p—eyy) <

II. u—e+vy

The magnetic-dipole transition rate for ,sH —sH
+1y is given by!!

2 ()
I'(,sH —sH +‘y)=759—[%] o . (10)

The power of cin Eq. (10) indicates that the
magnetic-dipole transition is a relativistic effect and is
proportional to 8*=(v/c)*. [Note that the factor
1/¢ is associated with one-photon emission since
k%dk = (1/c*) w?dw, and (e/mc)? is attributed to the
magnetic-moment operator squared.] The rate
should be proportional to the length scale squared.
Hence, the transition to the composite-model calcula-
tion reads (A=c=1),

2
- 128 4 5|1
I'(pw—e+y) 50 an[MaCl . an

The coefficient of Eq. (11) is determined by the con-
dition that Egs. (10) and (11) coincide when the sub-
stitution B=a, v = %maz, and Mac=ma is made
in the latter.!? Noting that

B=ac 12)

for the composite system, and using Egs. (6) and
(11), we obtain

1/2

M _16 [1 amy, 13)

2 8172 T(n—e+y)

The experimental data,

T(u—e+y) < -1292—2-11%—;?- sec1=0.86 x10™* sec™! ,
(14)
gives a bound
M/ac>55x101°GeV . 15)

Eliminating ac from Egs. (7) and (13) or from Egs.
(10) and (15), we obtain

4m, Ioz“m,,3 1
M= S ae
9 [487T(u—eyy)[T(n—evy)]
or
M >13x%x10"GeV . a7n

The bound given in Eq. (17) is independent of the
magnitude of the coupling strength ac.
If one makes the assumption that

ac=a , (18)
Egs. (7) and (13) give bounds on M,

M >4.0x10°GeV , 99

M >0.40 x10° GeV , (15"
respectively, while the assumption

ac=1 (19)
leads to

M >2.9x10° GeV 9"
and

M >0.55x10" GeV , 15"
respectively.

The bound given in Eq. (17) corrresponds to the
value of the coupling strength

ac= -3}2—01 , (20)
which is very unlikely. Assuming that

ac>a , (21)
we conclude that

M >10°GeV . (22)

The above bounds on the mass scale for composite
particles should be compared with the one obtained
from the precision measurement of the g —2 factor
of the muon,?

M >10" GeV .

Earlier works!® give an estimate of 1.7 X 10° GeV for
the lower bounds of the composite-system mass scale
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from the u — ey experiment.

We have presented lower bounds on the mass scale
of a composite model from a constraint given by the
experimental upper bounds of u —ey and u —evyy.
Although our discussion is based on nonrelativistic
calculations, the conclusion is expected to be valid in
relativistic calculation, since the gross features of the
estimate are dictated by dimensional factors. Of
course, the constraints discussed in this text are
peculiar to the radial-excitation model of the lepton
generations.

Finally, it should be pointed out that the problem
of finding a consistent picture of a composite model
which gives the small mass scale of the observed par-
ticle spectra from a much larger mass scale of the
composite system stays with us as an unsolved ques-
tion.

The author is greatly indebted to Bob Lewis, Joe
Sucher, Bill Williams, Tom Sterling, and R. Akhoury
for useful discussions. The work is supported in part
by the U.S. Department of Energy.
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