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Abstract

We consider a unitary model of a massive tensor and vector field
interacting with scalars and spinors. It is shown that the scattering matrix -
not each Feynman diagram apart - can be made finite by appropriate
relations of the coupling constants, order by order in perturbation.

1. Introduction

In a recently published paper [1], we considered a model of a massive vector
field W interacting with a spinor field y and a self interacting scalar field ¢

according to the Lagrangian
L = Liree + Mpy WY WWH + AysW, W Ho +2.50° + 250", (.1)
where the unitary propagator of a vector field with mass my,,

”Zi eer  kMkY + my 2gHY 1.2)

“ k2 emy?d)  m2K%+my?)

was used. The summation in the left hand side (I.h.s.) is over transversal eigenvectors

ex only, while longitudinal eigenvectors k" are absent, so that their negative metric
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need not be compensated by ghost particles. In this way, unitarity is built in from the
very beginning.

The vertices of Figure 1 are represented in the Feynman diagrams of this model.

> = o= X

Figure 1. Vertices of Lagrangian (1.1).

Because of the momenta in the numerator of the vector propagator, the
divergences of Feynman diagrams are stronger than in the corresponding scalar case.
Compensation by counter terms would lead to new and stronger divergences, i.e., the
theory seems to be non-renormalizable. For this reason, spontaneously broken gauge
theories have been introduced [2-5] to describe massive vector bosons.

Figure 2. Vector-vector and vector-scalar vertices, excluded from (1.1).

A second formalism to describe massive vector bosons has been presented in
[1], where all masses are introduced directly into the Lagrangian so that there is
global, but no local gauge symmetry. Instead, interactions between two vectors and
two scalars, as well as three-vector and four-vector interactions, are excluded. These
have to be described indirectly, by means of an intermediate scalar field or via a
spinor loop.

Due to momentum conservation at each vertex, many momenta in the numerator
are transformed into harmless mass dependent factors. This entails a cancellation of
divergences, which has been transparently shown, to all orders of perturbation, by
using configuration space parameters. Thus, the degree of divergence of many
diagrams of spinning fields is smaller than expected by simple counting of powers in
momentum space.

It also has been shown that the divergences of Feynman diagrams with two and
three external lines and of those with four external scalars become finite by the
introduction of counter terms. Diagrams with four external vectors and those with
two external vectors and scalars cannot be renormalized by counter terms.
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However, it has been shown that the degree of divergence of the latter diagrams
is logarithmic in lowest order and, due to the restriction of the possible interactions, it
does not increase in higher orders. In consequence, the divergence of diagrams with
four external lines is at most logarithmic to all orders of perturbation and, therefore,
it is possible to construct a finite scattering matrix by imposing appropriate relations
on the coupling constants. In this sense, the formalism is renormalizable.

Thus, a narrow escape from non-renormalizibility is obtained in four steps: (a)
restriction of the possible interactions, (b) a less severe divergence criterion in the
case of spinning fields, (c) relations of coupling constants and (d) extension of the
concept “renormalizibility”, it is the scattering matrix that has to become finite, not
necessarily, by counter terms renormalized, the Feynman diagrams.

In this paper, the formalism is extended by adding a massive tensor field W,,,, to

(1.1) and we consider the Lagrangian
L = Lree + Apv WYuWWH + Apr iy v o wWHY
+ s W W H + s W, W o + 159° + Ago* (1.3)
with

Liree = 2 0pW,,y "W — L mp AW, W — 15, W, "W Y

2 — 2 2
+ My WWH 4+ (iy'o, — mg)y +30,00"0 - 3 ms o”. (1.4)

It differs from (1.1) by a tensor-spinor and a tensor-scalar interaction and it
leads to the vertices of Figure 1 and, in addition, to those of Figure 3. It is invariant
under global Lorentz transformations, but not under local ones.

Figure 3. Additional tensor vertices of Lagrangian (1.3).

The propagator of the mass my tensor field is represented by a double wave

line corresponding to the expression
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n-1,n-1
(el'e).)(eley)

2 2
w1 (KE+me?)

(K"KKPK + my %KMk + my *k“k g P + mpighPg*?)
mr (k% +mr?)

(1.5)

The summation in the left hand side is over double transversal tensors ee’ only.
These satisfy the relations

ee' e’k =ee':ke" =ee’ 1 kk =0, (1.6)
with notation
ab :cd = (ac)(bd), .7

so that longitudinal (kk) and half longitudinal (ke or ek) eigentensors of the
propagator have eigenvalue 0 and no ghost fields have to be introduced to
compensate for their negative metric. Thus, unitarity is guaranteed as long as only
double transversal (ee’) external tensors come in and go out.

To make this paper self-supporting, the method of [1] is summarized in Section
2 and the degree of divergence of the Feynman diagrams resulting from (1.1) is
discussed in Section 3. In Section 4, we show that the Lagrangian (1.3), unlike
Lagrangian (1.1), does not lead to a finite scattering matrix, though the formalism of
[1] is applied to obtain a reduced degree of divergence.

In Section 5, we show that the Lagrangian

[Me

L = Lfree + oty Verpw sWH s Wy r v fWH )

f=1
n ¢ 3 4
+ kVSW“W o+ 7\.5([) + 7\.5(]) , (18)

in which tensor interactions with several spinor fields, according to Figure 4, are
allowed, whereas tensor-scalar interactions are excluded, does lead to a finite
scattering matrix, provided that the number of participating spinor fields is at least
two (g > 2).
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P T e

Figure 4. Tensor-spinor and vector-spinor vertices of Lagangian (1.8).

X >~

Figure 5. Tensor-tensor and tensor-scalar vertices, excluded from Lagrangian (1.8).

2. Massive Vector, Scalar and Spinor Fields

Configuration space parameters are used to show transparently the cancellation
of part of the divergences. The formalism may be found in [1] and a summary is
given in this section. We illustrate the method by means of the most simple scalar
two-vertex diagram of Figure 6.

my

=4

myp
Figure 6. Two-vertex scalar diagram.
Its expression in N dimensions is

J.dnk]_dnkz 6rl(p_kl_I(Z)
(ky? + m?)(kp? + my?)

_ (2n")? (mymy)®
(2m)"

jd NxelP Xk, (myx)k (Mo X). 2.1)

The Lh.s. is the momentum space expression, the right hand side (r.h.s.) is the
configuration space expression. The functions ki, (mx) of order

b=2n-1 (2.2)

are the Fourier transforms of the propagators. They differ by a factor (% mx)‘b from
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Hankel functions [6] with a purely imaginary argument,

ko (Mx) = (£ mx) P Ky, (mx), (2.3)
and satisfy the Euclidean Klein Gordon equation

0,,0"kp (mx) = mkp (MX). (2.4)

Properties like series expansion, asymptotic behaviour, recursion relations,
differential equations and splitting formulas, are found in the appendices of [1].
From the r.h.s. of (2.1), the near threshold expansion is obtained by doing angular

integrations jd”)“( and radial integrations jdxx”’l. Dimensional regularization is

introduced according to

AT
Id”x - J.dxx”+28‘lJ.d”>”<, (2.5)
0
where
T=m+m,-p (2.6)

is the threshold. Term by term performance of the integrations yields a sum of 16
near threshold expansions,

/2,y ko=

ReCKDRo® (ko) Ro°(kRo'(kp) | (mpAY?
(e+n/2+09/2+ky +ky) (e+n/2+09/2+K +Kp) 2T

L RCGR ) RCGRY ko) (mzA)“’
(e+n/2+0/2+k +ky)2 (E+N/2-b+0/2+k +kp) 2T

Y R k)RS (ko) ,n(mlAjz __ Ri'(k)Rp° (ko)
(e+n/2+0/2+k +kp) '\ 2T (e +1/2+q/2 + Ky +kp)?

L RE'RE(kp) | (muANE(mpn
(e+n/2+0q/2+kg +ky) 2T 2T
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~ Re’ (k)Rp" (k2) In( mlAjz ~ Re’ (k)Ro" (k2) In(mzAjz
(g+n/2+q/2+k1+k2)2 27 (g+n/2+q/2+k1+k2)2 27
REGORE () RE()RE(ko) (mzA)_Zb | (mlAjz
(e+n/2+0/2+k +ky)® (E+N/2-b+0/2+k +kp){ 2T 21
) R" (k)RS (k) ( mzAj_ZD . ReMkRR%(ko) (mlA)‘Zb
(s+n/2—b+q/2+k1+k2)2 2T (e+n/2-b+qg/2+ky +ky)\ 2T
RY* (ky)Ry" (ky) mA Y (mpA )
e+n/2-b+q/2+k +k 2T 2T
(e+n/ 0/2 + kg + kp
_ Ro" (k1)Rb™ (k) (mlA)Zb
e+ 3n-b+a/2+k +k)? L 2T
Ry (k)RS (ko) mA "2 (maA )2 27)
2T 2T ' '

(s+%n—2b+q/2+kl+k2)

The r.h.s. of (2.7) has to be considered in the limit for A — oo and details about the
angular expansion coefficient Ag(q) and the radial expansion coefficients Rgo(k),
R (k) and Ril(k) are given in [1].

Possible infinities are found as a denominator factor, caused by the close to zero
X integration, and it is seen that if

In-2b>0, (2.8)

all terms in the summations of (2.7) are finite. In four dimensional space (n = 4),
the last term gives an infinity for %q =k; =k, =0. Due to the exponentially

decreasing character of the integrand of the r.h.s. of (2.1), the sum of the remaining
summations converges in the limit A — oo,
72
2.7) = I finite terms. (2.9)

Compared with the Feynman parameter method, this way of computing Feynman
diagrams is circumstantial in the case of Figure 6, but the method has advantages
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when applied on diagrams with overlapping divergences. The latter are mixed
together by the Feynman parameters, but well separated in configuration space.

In [1], the formalism has been extended to a general scalar Feynman diagram
with 1 internal lines with masses mg;, m;; (1<i< j<V -1), V verticesand L

loops. By counting the orders of the functions k,(mx) in the integrand, it is found

that infinities, caused by near zero X -integrations, occur if

Inv-n-Ib<o. (2.10a)

Counting of loops and internal lines in momentum space yields
nL — 21 (2.10b)

as degree of divergence. (2.10b) is in agreement with (2.10a) because of the equality
L+V =1+1 and the degree of divergence of a scalar Feynman diagram is

-2 x l.h.s. (2.10a).

Introduction of spin leads to momenta in the numerator. The expressions of the
two-vertex vector diagrams of Figure 7 are

my my

o .
i m; i
; ms
diagram 7a diagram 7b
my
my
2 Do 2o
Coom
mz
diagram 7c diagram 7d

Figure 7. Two-vertex diagrams with vector lines.

.
diagram 7a/b/c/d = jd“kld“kzes”(p-|<1 k)DL (211
(k™ + m ") (ko™ + my%)

with

 (kygka, + Mg, )(kotkoY + my?gHY)

a ’
m12m22

(2.12a)
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(kg ke + M2 )W (ko + o)y w

Th 5 , (2.12b)
m
2 2
T, - ek m AL (2.12¢)
m
Ty = Tr{ye(y.ky + m)y.e(yk, + my)}. (2.12d)

Momenta in the numerator correspond to derivatives of the ki, - functions and each
derivative 0, lowers the denominator factor of the corresponding expansion by %
Hence, infinities are found if

%n(V—l)—bI—B—[%F]sO, (2.13)
in which B is the number of internal boson lines, F is the number of internal
fermion lines and [% F] is the integer of %F and the degree of divergence is at

most -2 x l.h.s. (2.13). Thus, the diagrams of Figure 7 seem to be quartic, cubic,

quadratic and quadratic, respectively and they seemingly result into a non-
renormalizable theory.

However, momentum conservation, which means substitution of

kiky =24k +ko® = (ky —k)®} (2.14a)

into (2.12a) and substitution of

k' = pH — k4 (2.14b)

into (2.12b) and into (2.12d), reduces the number of derivatives, since (k; — k2)2 is
the square of an external mass and also the internal momentum squares k12 and
k22, though off the mass shell, become squares of masses when using the
differential equation (2.4). Nor the r.h.s. of (2.14b) causes a raise in the number of

derivatives because of the equality (y.kz)2 = k22, which becomes a mass square as

well. Thus, the configuration space expressions become

@120) - @) [(m? +mp? - pP?
(27'C)n 4m12m22
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x J d "xe'P*ky (Myx)ky, (MyX), (2.15a)
n/2y2 2b
2120) - 22722 (mum;)
(2m)"
1; 2 2 2\ O
S 1m” +my® — p)Wy.Xwxkp .1 (M X)Kp (M2 X)
x I dxe'™*| + L im,? (n — 3)Wy.Rwxky (Mg X)kp 1 (MX) ., (2.15b)

+ (n = Ymywwkp (myx)ky, (Mo X)

(2.12¢) = (Zﬂn/z)z(mlmz)Zb Jdnxeip.x
| (2n)"

< J1 + (€273 (M) — 141 — n(e )My (M ko (M%), (2.150)

(2.12d) = (2n"2)? (mmy)? g2 J 4" elPX
(2m)"

X {— Lmy?my? @) XK1 (MX)Kp.4(MoX)
+1(m? +my® - p? + 2nmymy)ky, (mlx)kb(mzx)} (2.15d)

and, considering the sum of the orders of the ky, -functions minus the power of X2

in the integrand, the reduced degrees of divergence are found to be logarithmic,
logarithmic, quadratic and quadratic, respectively, which is less strong than indicated
by (2.13).

Relations of momenta correspond to relations of derivatives in configuration
space. Therefore, the relations (2.14), above demonstrated in the case of diagrams
with two external lines, remain valid if all three lines of a vertex are internal, i.e., off
the mass shell. Thus, reduction of the degree of divergence happens in any diagram
of spinning fields and the divergence criterion (2.13) may be replaced by the less
severe criterion

vV -DIn-bl - By, + Ve ~[3F]<0, (2.16)
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in which B, is the number of non-neighbouring internal vector lines, Vgy is the

number of vertices of an internal vector and two spinors. The degree of divergence
becomes at most -2 x I.h.s. (2.16).

3. Possible Diagrams and their Divergences

Because of our restriction of the possible vertices according to the Figures 1 and
2, the structure of a general Feynman diagram, resulting from the Lagrangian (1.1),
is restricted. It consists of a number of loops of spinors and vectors. A spinor or
vector loop may be open, i.e., starting and ending as external lines, or closed.
Moreover, an open vector loop may start or end at a spinor. Furthermore, spinor
lines may be interconnected by a number of vectors and vector lines may be
interconnected by a number of scalars. Scalar lines may be interconnected by scalars

through (p4 or qos vertices. Examples of possible two-, three- and four-vertex

diagrams are drawn in the Figures 8-10.

Higher order diagrams may be considered as obtained from lower order by
insertion of internal lines or closed loops. In this way, diagrams of Figure 8 are
obtained from those of Figure 7.

quadr. divergent quadr. divergent quadr. divergent
diagram 8Aa diagram 8Ab diagram 8Ac
quadr, divergent quadr, divergent quadr, divergent
d1 agram 8Ad dl agram 8Ae diagram S8Af
quadr. divergent quadr. divergent quadr. divergent
diagram 8Ag diagram 8Ah diagram BAi

Figure 8A. Two external scalars.
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A = —»—f—/:t:ll—*

quadr. divergent quadr. divergent quadr. divergent
diagram 8Ba diagram 8Bb diagram 8Bc

Figure 8B. Two external spinors.

quadr. divergent quadr. divergent quadr. divergent
diagram 8Ca diagram 8Cb diagram 8Cc

Figure 8C. Two external vectors.
In all these cases, the increase of V, I, B,, and [% F], caused by the insertion

of an internal line, may be considered and it is seen that the I.h.s. of (2.16) either
remains unchanged or decreases. An exception is diagram 7a, which is logarithmic
divergent whereas insertion of lines leads to the quadratically divergent diagrams
8Ab, 8Ac, 8Ae and 8Af. Another exception is the diagram 10Ca. Insertion of a
scalar lowers the degree of divergence by two, but it is raised by two after insertion
of a second internal scalar. The general behaviour, also in cases of exception, is that
insertion of lines or loops does not lead to a higher degree of divergence.

Since the degree of divergence does not increase in higher orders, it may be
concluded that:

(a) divergences of diagrams with two external lines (Figure 8) are at most

quadratic and, therefore, their infinity may be removed by counter terms of the kind
i 2 — .
0,0, O W, O"WY, iyoty, ¢, WWH, yy;

(b) divergences of diagrams with three external lines (Figure 9) are at most
logarithmic and, therefore, their infinity may be removed by counter terms of the
kind ¢, W W, and yytyW,;

(c) divergences of diagrams with four external scalars (Figure 10A) are at most
logarithmic and a divergence may be removed by a counter term of the kind (p4;

(d) diagrams with four external spinors, diagrams with two external spinors and
vectors and diagrams with two external spinors and scalars (Figure 10B) are finite;



TAMING OF DIVERGENCES IN A UNITARY MODEL ... 13

(e) diagrams with more than four external lines are finite.

finite

log. divergent
diagram 9¢

log. divergent
diagram 9b

diagram 9a

finite

log. divergent
diagram 9f

log. divergent
diagram 9e

diagram 9d

Figure 9. Three external lines.

e

finite \ finite

log. divergent

log. divergent
diagram 10Aa diagram 10Ab diagram 10Ac diagram 10Ad
Figure 10A. Four external scalars.
finite finite finite
diagram 10Ba diagram 10Bb diagram 10Be

Figure 10B. Four-vertex diagrams with external spinors.

A J -~
log. divergent log. divergent log. divergent
diagram 10Ca diagram 10Cb diagram 10Cc

Figure 10C. Four-vertex diagrams with external vectors.

Diagrams with four external vectors and diagrams with two external vectors and
scalars (Figure 10C) are logarithmically divergent. The removal of these infinities by



14 E. MENDELS

counter terms, which would be of the kind (W, W )2 and W, W o2, causes new

and stronger divergences and the situation would transit from bad to worse. This
way has not been chosen in [1] and will not be chosen in this paper. Instead,
relations are imposed on the coupling constants in such a way that their divergences
disappear. This is possible because of the fact that the divergence of all diagrams
with four external lines is at most logarithmic.

4. Non-renormalizibility of Tensor-scalar Interactions

In this section, the method of the preceding section is applied on the Lagrangian

(1.3), where a tensor field WV has been added to the model. Using the propagator
(1.5), it is seen that the expressions for the two-vertex diagrams of Figure 11 are

diagram 11a/b/c/d = Id Myd k8" (P — Ky — ko)

Tasb/scrsd 1)

X
(k2 + my?)(kp? +my?)

with

2 2 4
(ky, Kay kagkag + MKy ki, Qe + MKy KigGyp + MG 9v6)
x (Ko"ko"kaPko + My2katkoP gV + my2katkog"P + mytghPg Vo)

m14m24

T, = , (4.23)

p}»”w

msz

diagram 11a diagram 11b

my
m;
r " r
e (o S et
m_’

diagram 1lc diagram | 1d

Figure 11. Two-vertex diagrams with tensor lines.
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2 2
(ke ke kagkag + Mok, ki Gye + My ke ks Gy

4 _
My G O )WY (ko + ma)yPw

T, : , (4.2b)
my
EHE(,epe‘;y (kz“kzvkzpkzc + mzzkzukngvc
2y, uy, VP 4 _upvo
TC:+m2k2 k2”9 +mig 9") , (4.20)
my
Ty = epeve e Tr{yMyY (vky + m)yPyC (yrky +my)}. (4.2d)

Since more momenta are present in the numerator of the tensor propagator (1.5),
diagrams with internal tensor lines are stronger divergent than the corresponding
vector diagrams but, as in the vector case, many of these momenta may be
transformed into mass dependent factors by the relations (2.14) and (2.4). Using the
relations of Appendix E of [1], the configuration space expressions of the diagrams
of Figure 11 become

(4.2a) = {n(n -2)+

2, 2, 2 2 2\2
(M +my® = p?)* +8(n - Hhm°my*(my* + my* — p?)
16m14m24

 @n"%)? (mymy)?”
(2m)"

J d"xelP*Kk,, (Mg X)kp (M), (4.3a)

(2"/2)2 (mym,)?°

4.2b) =
(4.2b) 20"

[amseos

« [Li(n = (n — 52wy AWk (MyX)Kp .1 (M)
— (0 — 1) 2myWwk, (M Xk (M), (4.3b)

(22"72)2(mym,)?®
@2n)"

(4.2¢) = j d "xe Pk, (M)

X Hl +(eXe'X)? —eeefe' % — (e.i)z}kb(mzx)

+%{2(n +2)eRe'%)? — (€' - (n+1)(eX)? + (ee)? — (n+ d)ee'efe' X
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+1 }kb+l(m2x) + %{(n +2)(n + 4)(efe'X)? —4(n + 2eeexe R

—(n+2)(E %= (n+2)(eR)? +2(ee)? + 1}kb+2(m2x)}, (4.3c)

@.2d) - ZDHmm)™ oy [ane
en)"

X H— % (2e.e’2 - 1)(m12 + mzz - p2 ) + mm, (2ee’ — 1)}kb(m1x)kb(m2x)

- % (mlmz)z(e.f<2 +e' %% - 2e.e'e.)”<e’.)”<jx2kb+l(m1x)kb+l(m2x)} (4.3d)

From the close to zero behaviour of the integrand of these expressions, it may
be seen that the degrees of divergence of the expressions (4.3) are logarithmic,
logarithmic, quartic and quadratic, respectively.

Figure 12. Four-vertex tensor-scalar diagrams.

In the same way, the tensor-scalar diagrams of Figure 12, are seen to be
quadratic or quartic divergent.

The divergence of some of the diagrams of Figures 11 and 12 still are too strong
to be renormalizable, despite the reduction by means of the relations (2.14) and
(2.4).

5. Cancellation of Divergences

Because of the latter conclusion, tensor-scalar vertices are excluded and
interactions of the tensor field with only spinor fields are allowed, so that diagrams
like 11a, 11c and those of Figure 12 do not occur. Therefore, we consider the
Lagrangian (1.8), describing g fermion fields, interacting with a tensor and a vector

field. The vector field is interacting with a self interacting scalar field, a tensor-scalar
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interaction term is omitted. Under these conditions, internal tensor lines only occur
between two spinors and the momenta in the numerator are transformed by (2.14b)
into momenta in traces of spinors or between the external W and w. Using the
formalism of Section 2, they become squares of masses. In this way, the momenta in
the numerator of the tensor propagator do not raise the degree of divergence, the
venom-teethes of internal tensor lines are extracted and the divergence criterion
(2.16) remains valid.

In the way of Section 2:

« the divergences of a diagram with two external tensors are quadratic or

logarithmic and may be compensated by counter terms of the kind apwwapw i

and W,,W H.
« the divergence of diagrams with two external spinors and one external tensor is

logarithmic and may be compensated by counter terms of the kind ¢y, v,y FWHY,

Moreover, counting the number of y.e ’s and y.k ’s of the fermion loop, it may

be seen that:

diagram 13a diagram 13b

diagram 13c diagram 13d
Figure 13. One-loop diagrams with three internal spinors and an odd number of
external vectors.

* the two diagrams 13a and 13b with three external vectors and one (anti-)loop
of three fermions are cancelling each other, which is Furry’s theorem [7] in lowest
order; the cancellation is also found if two external vectors are replaced by tensors,
like in the diagrams 13c and 13d;
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* in Figure 14, where one or three vectors of Figure 13 are replaced by tensors,
the contributions of loop and anti-loop are equal, so they do not cancel, but the
diagrams are finite since the number F of internal fermions is odd.

=2 x diagram

diagram 14a diagram 14b

=2 x diagram

diagram 14c diagram 14d

Figure 14. One-loop diagrams with three internal spinors and an odd number of
external tensors.

In the case of diagrams with one (anti-)loop of four spinors, it is the other way
around:

« the divergence of all diagrams of Figures 15 and 16 is logarithmic, as argued
in the beginning of this section.

« the diagrams of Figure 15 with an odd number of external tensors and vectors
are cancelling;

« the diagrams of Figure 16 with an even number of external tensors and vectors
are equal, so they are not mutually cancelling;

y A + A ¥ =0
diagram 15a diagram I:')l:\

r » + L v =0
diagram 15¢ diagram 15d

Figure 15. One-loop diagrams with an even number of internal spinors and an odd
number of external tensors.
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N

A - + A A

=2 x diagram

diagram Ibz;\ diagram 16b

N -

¥ 4 + A ¥y =2 «xdiagram
diagram 16c¢ diagram 16d
- >
Y A 4 Y =2 xdiagram
+
> <
diagram 16e diagram 16f

Figure 16. One-loop diagrams with an even number of internal spinors and an even
number of external tensors.

The above points are clear in the cases of the demonstrated lower order
diagrams and are proven in higher order by induction, in the way of Section 3.

: N s

> . -l
> > > > L

//(Tiagrzlm 17Aa /(dJiagmm I?A& diagram 17Ac Aiagram 17Ad

+ similar and higher order diagrams + internal wave lines replaced by double wave
lines + arrow lines replaced by double arrow lines.

Figure 17A. Four external vectors.

- s e

ry
'
ry

'
'

diagram I?B}“ diagram l?"Bbx

> >l g
L ——

diagram ITB:J\

diagram 17Bc

+ similar and higher order diagrams + internal wave lines replaced by double wave
lines + arrow lines replaced by double arrow lines.

Figure 17B. Two external tensors, two external vectors.
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-+

k L L 4 A

’I:Jiagram 17Ca diagram 17Cb diagram 17Cc diagram 17Cd
+ similar and higher order diagrams + internal wave lines replaced by double wave
lines + arrow lines replaced by double arrow lines.

Figure 17C. Four external tensors.

The removal of the divergence from all these diagrams by counter terms, which
would be of the kind (\N“W“)2 and (VVHVW”V)Z, causes new and stronger

divergences.

However, we choose the way out that also has been followed in the vector case.
Due to the fact that the divergence of the diagrams of Figure 17 is not stronger than
logarithmic, to all orders of perturbation, the scattering matrix, which is the sum of
these diagrams multiplied by a pre-factor, becomes finite (not each diagram apart) if
the coupling constants satisfy the equations

v v Ws, Vs \L :

i Ler FTApy PV hys VShg 'S (=) F x (diagram17Jq) | 0
a0 ® SEra(L-1) B
—_— + —_

q (zn)z

with J = A, B, C.

(5.1)

If there is only one fermion field and no vector-scalar interaction (g =1,
Mys = 0) there are three equations for two coupling constants, which is too much.

The most simple Lagrangian allowing a solution of the latter equations is that of two
fermion fields, without tensor-scalar and vector-scalar interaction (g = 2,

Ars = Ayg = 0), i.e., with only spinor-tensor and spinor-vector vertices, as drawn
in Figure 4. In this way, the four coupling constants belonging to the vertices of
Figure 4 are restricted by the three relations (5.1) and it is possible to construct a
finite scattering matrix, order by order in a perturbation approach.

Secondly, the case g = 2 and one scalar field interacting with the vector field,

is considered. The vertices are those of Figures 1 and 4. They lead to the diagrams of
Figure 17, complemented by diagrams with vector-scalar interactions, and to those

of Figure 18. In this way, there are six coupling constants (presence of (p3 vertices
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leads to finite diagrams), restricted by the three relations (5.1) and by the two
relations

lim Z XFTVFTKFVVFV XVSVVS XSVS (-)'F x (diagram18Jq) _0
e—>0¢ =

SEraqL-1) 52
—_— + —_
q (zn)z
with J = A, B
\ 4 Y 4
/)giagram 18Aa r’(d}iagram 18Ab diagram 18Ac

+ similar and higher order diagrams + internal wave lines replaced by double wave
lines + arrow loops replaced by double arrow loops.

Figure 18A. Two external vectors and scalars.

r Y
b

L L

diagram 18Ba diagram 18Bb

diagram 18Bc
+ similar and higher order diagrams + internal wave lines replaced by double wave
lines + arrow loops replaced by double arrow loops.

Figure 18B. Two external tensors and scalars.
and in this case too, it is possible to construct a finite scattering matrix, order by
order in a perturbation approach.

6. Conclusion

A unitary model of massive tensors and vectors in interaction with spinors and
scalars, leading to a finite scattering matrix, is possible in the case of two spinor
fields with direct spinor-tensor and spinor-vector interactions. Vector-scalar
interaction is possible, but not necessary. Tensor-scalar interaction is excluded.

Divergences of diagrams with two and three external lines may be removed by
counter terms in the Lagrangian. Diagrams with four external lines have a
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divergence, which is at most logarithmic, and can only be removed by a counter term
in the case of four external scalars. In all other cases of four external lines, a finite
scattering matrix may be constructed, order by order in perturbation, by relations
between coupling constants.

The formalism is massive, and massless fields may be described in our model by
considering the limit of a small tensor mass. Self-interactions of the tensor field are
excluded. The latter may be approached by considering the diagrams of Figures 13-
18 in the limit of large masses of the intermediate spinor loops.

The formalism is covariant under global, but not under local Lorentz
transformations. In this way, non-renormalizable divergences, as found in the locally
gauge invariant formalism [8-10], are avoided.
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