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Abstract. Based on the Bethe-Salpeter formalism and the general relativistic covariant quantum

[reld theory. we 1llustrate with a simple composite model that the observed deviation of (g— 23,

can be an effect of the substructure of muon and give the constraints on the radius of muon in dif-

ferent cases of light constituents and heavy constituents.
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1 Introduction

Recently, the E821 group!’ reported their
measurement result for the anomalous magnetic

moment of the muen as

a, = 5;—2 = 11 659 202014)(5) < 107", (1)

In the Standard Model(SM?¥, the ancmalous mag-
netic moment, &M, is estimated to bel*

2, = 116 591 597(67) ~ 107", (2)
where the error is mainly from the hadronic contri-
bution the magnitude of which is still under de-
bates, From these results one chtains present devi-
ation from SM

A, = @™ — oM = (4.3 1.AY £ 107" (3)
If this discrepancy is confirmed it will give a hint of
new physics. There have been many works for ex-
plaining this discrepancy along dilferent directivns,
In particular, supersymmetric loop clfects and ra-
diative mass mechanism have been reviewed iu Ref.
I'?]. The reason of the deviation has also bLeen

B3, preunic models™

probed in technicolor models
and other new physics. In Ref. “1]. the deviation

ts attributed to the presence of heavy exotic cnlured
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tepron and extra Z-boson states arising in a preonic
maodel and essentially the bound state description of
lepton is not touched In their calculations. The
cunstraint from the anomalous magnetic moments
of leptons on possible substructure of leptons has
been analyzed in terms of general formalism for de-
~coihing a bound state in early 80's%. In the non-
relativistic theory of bound state. where the bind-
ing energy and the inverse radius £~' are much
smaller than the mass of the bound state . the mag-
netic moment of the bound state is the wvectorial
sum of the magnetic maoments of the constituents.
This would contradicts the precise experimental
data for «, il p is such a bound state!l” . It has been
~Lown that this is not the case for the relatrvistic
hound statel® . In this paper. we will consider the
theoreticat implication of the E821 new tesult 1 a
suompoasite model of lepton, based on the bound
~tate description of muon and the general relativis-
te vovariant quantum feld theory. We generalize
tlie previous investigations to higher orders in a
aad nclading both the heavy and light constitueat

“ases. We shall repeat some previous derivauons 1n
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order to make the paper self-contained. For the
sake of simplicity we calculate the anomalous mag-
netic moment of a muon in a simple compasite
model in which the lepton 1s assumed to be a hound
state composed of a fermion and a scalar boson.
We show that the deviation. 8z,. can be a signal
for compositeness of muon and poses a constraint
on the charge radius ol muon {and tlie masses of

constituents il constituents are heavy).

2 Matrix Element of Electric Cur-
rent of Composite Particle at the
Lowest Order in o

For simplicity. we assume that the lepton 1s
the hound state composed of a charged fermion and
a neutral scalar boson which we shall also call as
preons for convenience. We shall contine us in this
article to the relativistic tightly bounded states
with R™' > m, and R™' > m;. where R is the
charge radius of the composite lepton and me is the
mass of the charged fermionic preon. We shall con-
sider two cases. In the case A, the mass my. 15 of

'and much heavier than .

the same order as R~
In the case B. mf and »n are both much smaller
than R™!. In this case, if the force hetween the
preons is some conlining gauge interaction. there
may be an approximate global chiral symmetry
which naturally results in the small lepton mass

m,. Essentially R7'is also the confinement scale of

PP ,g) = (P + %. sl [P — Loy =—

2 (2m?

- _ 3 g
=T P+ ) G

where g is the momentum of photon.
fo= AP — ek =1,

and A, is the propagator of the scalar preon.

1 fd*k[f', -~ ﬁ{‘ﬁ + ijf’:]h[f + lfjk - %

the gauge interaction.

The general Lorentz and space inversion in-
variant Bethe-Salpeter { B-S) wave [unction for a
composite lepton composed of a fermionic and a

scalar preon 18
¥l p) — J’d&e-ﬁ'wou'[ .,.cr| = @ _TIJ ] |P,s)
= f + Lrawery . (4)
M

where ¢ and @ are fields of the fermion and bosonic

preon respectively., p=p + ¥, P=p, 4 p, is the

momentum of lepton, p = (mup, — mep,)/<mp +

71} is the relative momentum between preons. mmy

and . are the masses of the bosonic preon and

fermionic preon respectively. The two cases men-

tinned above ate: A. pe=0( R™') » m, B.mem,

-

< R7-, In Eq. (4) the constant M with mass di-
mension i1s introduced for convenience, f,= F,{F »
prp Y= F(P,p}. (:i=1,2), are real functions cor-
responding to the 5 wave state, and «*(P) is the
Dirac spinor with spin component s, = 5. It 1s
straightlorward to derive from invariance under

space-time inversion that the B-§ wave function for

a lepton final state is
) = EJ{P)(II +25) . (5)
The simplest diagram for the lowest order
electro-magnetic interaction of composite lepton is

lustrated in Fig. 1. The corresponding bound

state matrix element is %'

Using the Dirac equation. it 1s easy to ohtain by a straightforward calculation

P =g P~ Ly, Fgy — f?[:r._.ﬁ}]f-g"-aqs) :.ul P — iJ . (7

o

2
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where Fiiigty =8, + 3E A V_,:-—%—N—Pllmr—%‘if,., - =T+ 4 M’z TéM,._,SE. (8
s my o, 1 - o L . _2_ _m ¢
Ftory = 35l + o S = Vo T A T e 9

In Egs. ¢8Y and ¢9) the Lorentz invariant

functions S, etc. are defined by and

el N T R
S] —_ (211_-}‘ fl-ﬂf] ¥ |‘ 'i Tj 7 kll || .
. = tk YL I

S: (2w )Jd ek
S$, = (2 ‘RS54

g j dRFf Ak, =V oP, + VG, -

‘zm*_[ AR ff R, = VP,

mm*,[ dUhf oA TR b
= TPPP;..P\-

- {a.q. + 170, . (1

Fig. 1 The lowest order diagram of the clectro-magnetic -
teraction of a composite lepton 10 the composite mode]
of leptons. The solid (dashed) liite represents the

fermmonic (bosonic) preon and the wave line repre-

sents the photon.

The left sides of the last rwo formulae in Eq. (10)
is even in g. hence there i= no the terms linear in ¢,
in the right sides of them.

It follows from Eg. (8> that the normalizavon

condition of electric charge is

'7
S0 + Tm} — TI Viptoy —
%T,,,.cm:l . 11>
which can approximate]y be written as
S.(0> -I— T 0y =1 (127
f o /M = 1.
. 1 —i ;
7(0 = — dtbtinT, Lkt
4 (zmj PV LR E 3

Let us choose M to make the integral of

F A7 1o be of the same order for 7, j=1,2.

From ¢13) we have

Ti0y=0OtR™%) 5,00 . (14>

Sinee V,, (0% and V(0> are of the same order of
&8

(0. we obrain from (8).¢9),¢(12) and (14>

Fooory .M
F ) M FCR (15)
where ', and (; are constants of the order 1.

Eq.
Eq. €(25) of Ref. [6] derived with a different ap-
Authors of Ref. [6] asserted that M

In our opinion, M =m 18

{15) is in agreemenc with the result in

proach.
should be equal to me.
likely to hold in theortes with vector or pseudo-vec-
tor anteractions as a chirality flip along the fermion
line is required for the F, term. However. it may
not be true for scalar or pseudo-scalar interacton.
where a natural guess is M=0(R7'). In case A,
s and B! are of the same order, these two possi-
bilities coincide and from ¢(15% the anomalous mag-
netic moment of ¢ from compositeness at the lead-

ing order of a is

— [ 7
a, = o|‘ = | (16
In case B, me<? R, from (15} we obtain:
m| |
. (17}
for M=O(R ') and
I mym
ar = O Rl*‘;.l . (18)

for M=0tmg).

Therefore., «, can be suppressed linearly or

quadratically by Ot R~
=(MR”

dynamics.,

*} depending on whether my
Y or m:<< R "and also on different internal

From the above results, the magnetic moment
af the bound state is found to approximately be the

Iirac magnetic moment e/2m at the zeroth order of
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@ provided that the charge radius of lepton is small

enough.

3 Radiative Corrections at o order

It is necessary to examine the radiative correc-
tions in higher orders of o in the composite model
in view of the agreement between the experimental
data and the standard model prediction for 4, up

the order 107 which is of the order («/x)*. In this

Ty 1
Fu - (21,()1

Jd‘p}'—f.--_%{ b %! i,,;f,«'f-‘j,-ll - i, « A

seclion, we will consider radiative corrections to
the anomalous magnetic moment of composite lep-
ton ar the « order.

To iHustrate how the correcticns {from com-
posireness at the o order is suppressed let us con-
sider first the case A. mr=0{(R""'32> m. For sim-
phuity we set mp=mp=sm in this section. The sim-
plest diagram at this order is shown as Fig. 2 and
the corresponding matrix element is given by

! [ P
T [ 5 pj (19)

—*k)—l—m},Fi{ij—fé)-i—m

where A =

4 ‘*j':}f"z
g (2::)“J d'4 k- '

1)
po=%tp— 5.

(2 — EyI gy F Lp, — EY b opmE N

p'l:%prr—gm (20

Firstly, let us consider the contribution of the f; term in the B-S wave function (4). Using both the

Dirac equation and the symmetry of integrand under permuiing Feynman parameters, it is easy to show

that (19} can be transformed inta the same form as Eq. (7Y. which is expected from the conservation of

electric current,

In calculating the anomalous magnetic moment ¢° can be put to zero. The correction to F; () from

Eq. ¢19) ts absorbed by the normalization condition #,101=1. We know by examining Eg. (19} that the

contribution to F,(0) comes from the term

%mE(P+ |u|P*—|C2 7

ld*pj (Pp.g=1) A"‘]H

20l — oy — PSR po,

i
2

b oy — 2] — 2 —

From the normalization condition (12 af electric
charge and (14), we have
5101 = (1 (22)
in the present case M=0(R ™) =) (om; .
m=> RV my. so O(en/m) rerms can be ne-
glected. When the momentum of the internal preon
P/2+4 p 15 1n the Euvclidean region. the term in the
square brackets in the denominator of the integrand
in the second line of (21} is larger than m*. There-
fore, once the wave function can be continued into
the Euclidean region, as verified by Wick[™, the
contribution af (21) to the anomalous magneric

moment 15
,

A A . e
O'l. 2m _OlGER’-‘,a' .

LR+ Y+ mr] (21

The conclusions witl not change when the contribu-
tion from the f. rerm of the B-S wave funcrion (4)

15 included.

P

EEELT T

Fig.2 The ¢ order diagram nf the electro-magnenic interac-
i i a composite lepton 10 the caomposite model of

leptens.

Sinular analvsis can be carried out for the case
B K7 where @ in the denominator of (21) can

be neglected. A difference arises if in addition M=
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O{me). In that case the( f,/M ¥ term dominates
and instead of (22} we have

T

The cantribution of the 7% term can be obtained by
replacing fT by (F/M¥p%in (217 . Using (24) we
find that the contribution to the znomalous mag-
netic moment of Fig. 2 is Ota{em /2R3 1f m<
R and M=0(m).

When the “very strong'’

interaction binding
preons into a lepton is considered . 1t will bring cor-
rections to the electro-magnetic vertex of the
fermionic preon. Accordingly. there will appear
much more complex diagrams. I{ we assume that

the constituent fermion interacts with the con-

stituent boson through exchanging bosons, we get
diagrams in Fig. 3 in lowest orders. Such diagrams
can be calculated with the spectra representation of
the B-8 wave function. The details of the analysis
can be found in Ref. [5]. From such analysis we
found that the contribution to F,{0) from any indi-
vidual diagram. which contains B-§ wave functions
and additional finite number of propagators of the
preons or the particles mediating the “very strong™
interaction, is suppressed by O R} or O{a mR )
at the order . However. can the QED result for a,
at the o order approximately be obtained in the
composite model and how large is the devwiatign

from the QED result? This question is answered as

[O“l)‘VS.

Fig. 3 Some examples of complex diagrams, The dashed line reprecents the bosan which mediates the “very strong” interac-

tion.

Adding infinite diagrams. we will get the pole
term contribution of the bound srare (see Fig. 3).
The four point Green function 2% in Fig. 4 con-
tains the pole of the lepton bound state. It was
shown in {citedh)} that this diagram gives the same
correction as that in QED ac¢ the order a f

R‘L:> .

Fig. 4 The diagram cerrespounding che crannbuton of the
bound state pole term. The c¢rrcles with “T " and
2™ lor " 27" inside ic denote che electrn-mag-
netic vertex of the bound state st the Inwest order 1n
a when K¥for K )=m" and the 4-pome Green lunc-
tien respecrively, K=P+4 and K'=— 7" 4% in the di-

agram.

4 Conclusions and Discussions

Apparently, the above results may be general-

ized to arbitrary orders in a and we have

u,‘=afm+0(%] : (25>

trr the case A and

|

uF:diMﬁ*O{Rﬁj] ' (262
or a, = a4+ O( r;"_n;‘ s {273

for the case B, {26) is valid for theories without a
chiral symmetry and (27} is valid for theories of
the confining gauge interactions with an approxi-
mzte global chiral svmmetry. In Egs. (25), (263
and (27} we have assamed R~ m;., which is nec-
easary when including the electro-weak corree-
tions.

Stmilar conclusions can be obtained if the

sralar preon is charged. In contrast with the non-
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relativistic loose bound state, the magnetic mo-
ment of a relativistic tight bound state is not of the
vectorial sum ol the magnetic moments of 1ts con-
stituents. When the radius of the bound state is
sufficiently small, the bound state bhehaves as a
whale in electro-magnetic held. Iike ;. paint parti-
cle does. Altheough our conclusions are obtained n
a simple composite model, they depend only on the
dimension analysis and the analytical property ni
the B-S§ wave function. So it is expected that the
conclusions will stand also in other moere complex

models.

It is obvious from Eqs. (25, {25} and (27)
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