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Results obtained 1n various field-theoretic models ot electrodynamics and pseudoscalar meson-nu-
cleon theory with massless pions strongly suggest that the bare mass M, of the fermion 1nvolved 18
simply related to 1its physical mass Mby My = Z, M. As a possible consequence of this relation 1t 18
suggested that the baryons as well as the electron and muon can be thought of as composite objects.

Motivated by the recent growing interest [1]
in the application of combined scale and chiral
invariance to strong interactions we were led to
study the necessary conditions [2] for these
symmetries in the framework of quantum field
theory. On the basis of the Kamefuchi-K4llen-
Lehmann representation it was conjectured that
these conditions - namely the vanishing of the
bare masses - are related to the vanishing of the
wave function renormalization constants.

In this letter we present the results of some
explicit calculations which strongly suggest that
in field theories with Yukawa coupling, in the
limit of vanishing boson mass - and only if the
limit exists - the following relation holds:

or (1)
SM = M - Mg =M(1-2),

where respectively M and M are the physical
and bare masses and Z is the wave function re-
normalization constant of the fermion involved.
For electrodynamics (QED) eq. (1) holds in the
Fried-Yennie [3] (FY) gauge and in the radiation
gauge in a specific frame, as it turns out, be-
cause these gauges are free of infrared diver-
gences. On the other hand it is well known that
8MQED is gauge invariant. Therefore ZED
has to assume a special gauge invariant value as
discussed below.

To support our main result (eq. (1)) we have
derived it exactly in lowest order and for the

i Supported 1n part by ARO(D) and the National Science
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leading terms in all orders of perturbation
theory for A) pseudoscalar meson nucleon field
theory with massless neutral pions and B) FY-
electrodynamics. We have also derived it in the
Zachariasen-Thirring model [4]. The details of
the calculation will be published elsewhere.

As 18 well-known, the bare mass of a fer-
mion can be represented in the following way [5]:

+0o0

My = [ daara)

- 00

or (2)
My = M2y +fdaa{s(a) - s(-a)],
M

where 7(a) and s(a) are understood to be unre-
normalized. The existence of the integral 1s as-
sumed which amounts to introducing a cutoff 1f
necessary. Eq. (1) can be fulfilled nontrivially
if and only if

s(ae) = s(-a). (3)

A) Pseudoscalar meson nucleon theory with
vanishing meson mass.
(a) In lowest order one obtains

@ - (g3 T o (@)
a\a

from which eq. (1) follows.

(b) Given s(2)(q), the Lagrangian of the
Zachariasen-Thirring [4] model can be easily
written down
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L= ixff(x)“,";a;1 V(x) - Moy(x)p(x)

+00
+ [aapip(a)y 3, yia) - ail(@)¥(a)] 6(a? - M2)

4+
-1gY(x) [day(a)fla).

where
f2a) = g-%a-m?s(2)(a)0(a2-M2). (5)

From eq. (5) and the spectralrepresentation of
the inverse fermion propagator one finds

40
My = M+ g2 [daf(a)/(a-M) = MZy,
where

*o (f2a@)  f2(-a)
Zy =1 -gz-{oda (a-M)2+(a+M)2 .

(c) Now we turn to the calculation of 6M and
Z9 in higher orders of perturbation theory.
Eq. (1) was checked directly to order g4 for the
leading logarithmic term. After a long and te-
dious calculation we found

2) = (g4/2(32n2)10g2(02/M2),

omtd) = -zf.,f‘) M, ()

A being a relativistic cutoff. Independently we
have obtained eq. (7) by using the powerful meth~
ods of the renormalization group, thereby heavi~
ly relying on the remarkable work of Astaud and
Jouvet [6,7]. In fact, using their results we are
1n the position to extend eq. (7) to all orders of
perturbation theory. Namely, Jouvet and Astaud
[6, 7] have shown that the leading terms of the
vertex, the fermion self-energy and the vacuum
polarization can be calculated to all orders,
provided one knows the coefficients of the lead-
ing logarithmic terms of these functions in low-
est order. In our case the coefficients are re-
spectively given by pyq = 1/1612, pyq = -1/3272
and pgq = -1/8n2. Since the coefficients of the
leading term of 6M(2) and Zéz) are equal, we ob-
tain (n=1,2.,.):

£ o ey
(an/n!)p’zll(-z +1)(-2.2+1)..,

x(-2(n - 1) + 1)log™(A2/M?2). (8)
B) FY-electrodynamics. In this case — as it

(6)
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turns out — one can literally take over egs. (5)
and (6) provided one makes the substitution

1g — e and 1/32n2 — 3/1672, thereby again
establishing eq. (1). In a direct calculation we
have obtained the following result for Z3 to
order e4:

zg*) = (5e4/2(1672)2)10g2(A2/ M2) 9)

which agrees with an independent calculation of
-(6M(4)/M) [8]. Uping the renormalization group
one can again extend eq. (9) to all orders of per-
turbation theory. Now the coefficients p1y, p21,
P31 are given respectively by -3/1672, -3/16n2
and -1,'1272 and we finally obtain (2=1,2...)

Zg!n) = M2 /0p
(e21/n) pa1(-P31 +p21)(-2p31 +P21)- - -

x(-(n-1)p31 +poy) log™(A2/M2).  (10)

Concerning radiation gauge electrodynamics
several authors [9] pointed out that an infrared-
divergence-free positive expression for the fer-
mion propagator exists. Using their results, one
easily establishes eq. (1) to lowest order.
Higher order corrections are unknown but we
conjecture that eq. (1) is true in radiation gauge,
provided one chooses the right frame.

On the contrary, 1n a Yukawa theory with
scalar coupling, eq. (1) is not likely to hold be-
cause of the well-known infrared divergences
for vanishing boson mass. Indeed comparing the
expression of Zg, and 6M in lowest order **

A2
zZ2) - 1- (21612 faL
7 0

N fldzzz[-Mz(l -2)2 + AM2(1-2) + p2z + L2) ,
0 [M2(1-2)% + u2z + L2)?

2
A
GM((yz) = - (/1622 M [dLx
0

- fl dzz(1+2)

(11)
0 M2(1-2)2 + p.gz + Lz

one readily sees that, while Zg; is infrared di-

vergent, SM® is not. Again using the renor-

malization group, one can show that eq. (1) does

not hold for the leading terms of Z2¢ and 8M, in

all orders of perturbation theory.

** The subscript 0 denotes the scalar meson contribu-
tion.
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Let us now discuss the implication of our re-
sults:

1) Egs. (6), (8) and (10) strongly suggest that
eq. (1) is true in general, independent of any
perturbation theory considerations.

2) In order to be true in general for QED
eq. (1) can onlg hold 1n the form zero equals
zero, i.e., MYED = ZQED = 0 (we exclude
the trivial case Z?ED = 1), The value ZQED= o
is suggested by the fact that 5 QED g gguge in-
variant. Clearly in perturbation theory we have
no convincing indication that Z?ED equals zero.
Furthermore in gauges other than FY or radia-
tion gauge eq. (1) does not even hold, basically
due to infrared divergences. Therefore we ex-
pect Z QED _gtobea property of an exact solu-
tion 1n the sense of providing an eigenvalue
equation for the renormalized coupling con-
stant [10]. (See point 5) below.)

3) Taking for granted that ZED equals zero
we are naturally led to the composite particle
condition [11] and this therefore suggests that
not only strongly interacting particles but also
leptons (with the possible exception of the neu-
trinos, because they have no direct electromag-
netic interaction) can be thought of as compo-

site objects and should show some structure at
very high energies,

4) Due to the Ward identity the vertex re-
normalization constant Z ?E equals ZzQED. If
2QED vanishes, ZQED must also vanish. This
conclusion agrees with that of other nonelectro-
magnetic models [12] of the vertex function re-
normalization constant. Furthermore, Kallen's
[13] result for the vertex function at large mo-
mentum transfer might after all be true, if
ZQED = 0, such that n this case there no longer
arises any difficulty [14] due to gauge depend-
ence of the result.

5) If zSED = 0, MFED vanishes also [15]. In
this case Astaud and Jouvet [6,7,16] have shown
(without assuming M =0) that Johnson's [17] re-
sult on the asymptotic behaviour of the vacuum
polarization tensor, namely that it only diverges
like a single logarithm, holds to all orders 1n
perturbation theory. Also they showed that the
unrenormalized change e2/4m = a,, has a fixed
value ay¢ in this case, determined * by the
root of

Ho(ME/R2 =0, agg) = Wolag) =0. (12)

Hy(}, ) — being identical to the famous Gell-
Mann - Low function ¥(B) [18] — 18 the exact
kernel of the integral equation for the photon

*Subscript zero denotes the cas MgQED =0,
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propagator. There is then no implied contra-
diction [19] if we have «, fixed. since the re-
ncgglx)allzation %tbarge a is fixed also: namely by
Z3F*P(@)= M3"P() = 0 [16].

6) Due to the equivalence theorem [20] we
conjecture that eq. (1) also holds for the pseudo-
vector coupling theory, especially because the
1Iimit of vanishing boson mass exists. Further-
more there 18 a deeper physical reason for the
existence of this limit 1n pseudoscalar theories
— 1n contrast to scalar theories as exhibited by
eq. (11) — namely the conservation of chirality
[21]. Although the simple pseudoscalar coupling
theory has no chiral symmetry in the La-
grangian, it can acquire this symmetry if and
only if Zg = 0 and M # 0 [2, 22]. Therefore also
in yg5 theories we come to the conclusion that
Z9 =0, which is highly plausible in view of the
success of the bootstrap hypothesis.

7) From the discussion above we learn that
the bare mass of fermions (leptons and baryons)
should actually vanmish. This leads to the re-
markable situation where the bare leptons and
baryons cannot be distinguished T and to the
possibility of an underlying fundamental matter
field [24], which would represent these massless
degenerate bare fermions.

The author 1s very much indebted to Profes-
sor L. Evans for some very 1lluminating dis-
cussions and for critically reading the manus-
cript. He also thanks Professor B. Jouvet for
making his interesting paper available prior to
publication and Professor R.Jackiw for useful
discussions in Boulder.

T See 1n this connection a similar observation by Nambu
and Jona-Lasino [23]

References

[1] P. Carruthers, Nucl. Phys., to be published.
(2] P. L. F.Haberler, Symposium on Conformal and
de Sitter groups, Boulder (1970).
[3] H. Fried and D. R. Yenne, Phys. Rev. 112 (1958)
1391.
[4] F. Zachariasen, Phys. Rev. 121 (1961) 1851-
W. Thirring, Phys. Rev. 126 (1962) 1209.
[5] W. Thirring, Principles of quantum electrodynam-
1cs (Academic Press, Inc., New York, 1958).
[6] M. Astaud and B. Jouvet, Nuovo Cimento 63A
(1969) 5.
(7] M. Astaud, Nuovo Cimento 66A (1970) 111; disser-
tation (June 1969), unpublished.
(8] Z. Bialynicka-Birula, Bull. Acad. Pol. Sc. Math.
13 (1965) 139.
[9] I Bialymicki-Birula, Phys. Rev. 166 (1968) 1505,
and references therein.
[10] P. L. F. Haberler, to be published.
[11] B.Jouvet, Nuovo Cimento 5 (1957) 1.

717



