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Renormalization of Gauge Field Theories with Spon-

taneous Symmetry Breaking in the Unitary Gauge.

by

R. Flune

II. Institut fiir Theoretische

Physik der Universitdt Hamburg

Abstract: We derive renormalization prescriptions for Yang—Mills type
theories with spontaneous symmetry breaking in the so called "unitary
gauge" yielding a mass shell high energy behaviour as good as that

of any manifestly renormalizable theory. Taking a smooth high energy
behaviour of the S-matrix as sole criterion we show, that the Slavmov
identities on the renormalization of the respective model in an
equivalent manifestly remormalizable gauge are unnecessary. Our

arguments apply only to models without massless particles.



I. Introduction

There exists up to now a variety of approaches towards the renorma-
lization of gauge field theories with spontaneous symmetry breaking

[ y]. All investigations based on one or another manifestly renor-—
malizable gauge version of the respective model aim at the verifi-
cation of Slavnov jdentities [Z_Jfor the renormalized Green's functions.
These identities iestablish relations between the renormalization

constants. Motreover they are supposed to render a proof for unitarity.

For the sake of an obvious conceptual simplification it seems desirable
to have renormalization rules at hand directly applicable to the

unitary gauge. Such rules will simplify also to some extent concrete

low order perturbation calculations. The main tool for setting up

the renormalization in the unitary (U—) gauge will be a simple proof

for the invariance of the S-matrix under point transformations of the
field variables [3] . The details of this proof tell us how to construct
from two Lagrangians related to each other through a point transformation
of their fields the corresponding sets of Green's functions giving rise
to the same S-matrix.

If one interpolates by a point transformation a renormalizable and

a formally nonrenormalizable Lagrangian - that is& in our case a gauge
field model in the renormalizable (R-) and U-gauge respectively - one
has a great amount of freedom in specifying the off mass shell behaviour
of the formally nonrencrmalizable theory. In other words, the
construction prescriptions emerging from the S-matrix equivalence
theorem leave a great deal of off-mass shell indetermenateness. This
fact has already been observed by Steinmann [4] in the context of the
renormalization of massive electrodynamics in the Proca gauge.
Steinmann's method consists in a recursive solution of the Glaser,
Lehmann, Zimmermann unitarity relations. Our arguments will be based

on the renormalization comstruction of Epstein and Glaser [5:].

As our procedure relies heavily on mass shell equivalence, we can treat

rigorously only models without massless particles. We select as concorete



examples for our discussion the abelian Higgs—model [6] and a
nonabelian simple SU(Z)model[?]. The extension of our methods to
more complicated gauge field models (that is more sophisticated
gauge groups) including spinors is straightforward.

In section II of the present paper we recapitulate the rules taken
over from [3] , which have to be obeyed in the renormalization of a.
point transformed Lagrangian in order to guarantee S—matrix
invariance. Section III is devoted to a discussion of the abelian
Higgs—model. We demonstrate first the mass shell cancellations among
the contributions from the point transformed gauge fixjng term and
the point transformed Faddeev-Popov (F.P.) Lagrangian.” Next we state
sufficient conditions to be imposed on the renormalization in the
R—gaugé in order that after the point transformation, a manifestly
unitary theory emerges, It turns out that the conditions on the

Green's function in R-gauge are weaker than Slavnov identities:

It is possible to define a unitary theory with a smoothl') mass shell
behaviour starting from gauge noninvariant renormalization prescriptions
in R-gauge. Gauge invariance (i.e. Slavnov identities) is only needed
to relate the remormalization constants, that is, to minimalize the
number of independent parameters in the theory.

In section IV we describe the modifications necessary in comparison

with the abelian Higgs-model for the discussion of the nonabelian
SU(2) model.

1)

The adjective smooth denotes here and in the following a mass shell
high energy behaviour as good as that of a renormalizable theory.

This is a generalization of the notion of tree graph unitarity

[SJ.



II. The invariance of the S-matrix under point transformations

For simplicity we consider in this section a Lagrangian with exclusively
scalar particles. The generalization of our procedure to vector particles
is straightforward.

Let L and L' be two Lagrangians related through a point transformation
1= 20y, 3yl
i'(tf)=i(tf+4u,aﬂ(cf+4\,)) (0

= : Y 'n,}
“P { LF“’ ) 1 S > © denotes a collection of
scalar particle fields with possibiy_ different masses M. and rfm*{ ln,‘_’%

the corresponding collection of transformation functions, which are

supposeéd to have a formal power series expansion in the fields (174:
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It is_convenient to consider an interpolating Lagrangian
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and to construct the derivatives of the;(a" Green's functions with respect
to the parameter A. To start with we try to make the S-matrix equivalence

of L and L' in tree graph approximation transparent. With

Jc'f.x,...o[x“ { -T(i%(x‘): . %mcxn):)3t

we denote the set of all tree graphs (which are not vacuum to vacuum)

corresponding to the time ordered product of the normal ordered Fock space

operators: ig. ... ! 9"« .

The set of all tree graphs of the Lagrangian i} is
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We insert (4) into equ. (3). The terms with total derivatives in front

drop out. Of special interest is the contribution of

— 2
hi( D+m;,)t{7;, to (3):
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The first term denotes the graphs not contributing teo the mass shell,

i,qf

z
where (CJ+T“-) acts on an external line., The second term
represents all possibilities in which ([3 “+w, ) acts on an internal

propagator line thereby contracting it toaaézfunction.

) i
Repeated indices are summed over.



Writing ,Lr;‘ L 4 ‘&LL
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oh t
h‘ Jdm A d TCLalx) b A ?R(DJ( e ] Pl L, 0002 =
= ,(,w‘ jdx, At (O mg)uf,&(x +

¥ ,L“'z% [ dxp { TGO a'fff L; e Xp):.-
_ t
:ct;x ("(‘u-z)-‘)}.

(6)

Equ. (5) and (6) are the first steps in a rearrangement of tree graphs.,
Continuing the procedure it is easy to see, that the sum of the conirac~
ted graphs, not trivially vanishing on the mass shell, add up to

geometric series
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By use of the Epstein-Glaser renormalization construction it was
shown in [ 3] that the cancellation mechanism, as demonstra-
ted above for the tree graph approximation, works analogously in all
orders of perturbation theory. Namely, the S-matrix invariance is
guaranteed if one uses the free field equations of motion to define
the contributions of ﬂllncj‘Fn to the Green's functions as being
equal to those emerging from —(m,’; A »‘LR’ ‘Fg) up to the terms
whose structure is given by the tree graph contractions (7) non
vanishing on mass shell.

The important point to note is that S-matrix invariance does not
impose restrictions on the construction of time ordered (T-) products
involving no constituent l‘mn[3<fg, . This fact is the reason for the
great deal of off-mass shell ambiguity as was mentioned in the intro-—
duction. Apart from the axioms of renormalization [9] there are mno
conditions to be matched in the construction of T-products involving
no constituents A&mﬁj?g but at least one other 2 dependent term of ‘252

as factor.

We end this chapter with a.remark about the role of positive definiteness
in the Epstein~Glaser renormalization method. The main achievement of
this method is a rigorous proof of unitarity for Lagrangian field
theories in manifestly positive definite Hilbert spaces. However the
construction itself, that is, the recursive definition of distribution
valued T-products as well as the proof for the existence of adiabatic
limits (see LS] ) does not refer to positive definiteness. The Epstein-
Glaser construction recipes can be therefore equally well applied to a
nonhermitean Lagrangian (which has of course no direct physical inter-—
pretation) with possibly wrong spin-statistic assignment in order to
build up Green's functions fullfilling formal cutting rules and

causality comstraints. By imposing suitable normalization conditions

on the two point functions one assures the existence of the adiabatic
limit of the Green's functions and the existence of their "mass shell"
restrictions. The quotation marks are put in order to indicate the formal

meaning of a mass shell in this context.



Green's functions of Lagrangians - nonhermitean and/or with wrong
spin - statistics assignment - are taken in the following as an
intermediate mathematical remedy. They will be related to Green's

functions of physically interpretable models with an underlying

positive definite Hilbert space.



III. The abelian Higgs-model

a) Preliminaries

The Lagrangian of the abelian Higgs-model in t' Hooft's R-gauge after

translation of the physical scalar field is

dr = - %(Ff&v)z'{' 7 1 (u-ieA) (2 v JF:ZS)I1
2z %

_%_ ,f'l-__ _f_n_._ %(SAZ--}zl) _ gvz(g

-4 ( AP+ M) Lfa*jo* ME lei

¥
- Menr % LF
B}L A v av A/J- b
M= e,
V' is the translation parameter,tfand Sdenote the F.P and the longi-
tudinal ghost resp. .

To pass over from (1) to the U-gauge formulation of the model one
has to apply on the scalar particle Z and the scalar longitudinal ghost S

a point transformation
i

L5
(L’5'+°£+v')=€“ (¥{+'U') (2)

Following the lines of chap.ll we use also the interpolating point

transformation
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We set:

1'7* = OER(A/"" g(g")i”‘)J 2(3:”%;)) >
0(-§=o = "{'R ; _ R
‘i'A--’I 4{,0 + AL | (3)

U]

«Jinenotes the U-gauge Lagrangian with a Stilickelberg-split [ld] 2):

, | )
Lo = -4 (Fu) v g |0k +ie (- 22) (2o |* -

mtz mt 3 omt g 4 A* 2
e — PR — ——— — — .’.

AL comes out as the result of the point transformation (2) on the F.P.
ghost part and the gauge fixing term of Lp {the latter without the term
quadratic in the fields )

AL = = (3uA*+ MEYM (5in = (242) = §) -
—%z(M%-(z+v)—§)z+ dup™ oy -
- Ml - Meﬁo*( o9 %(zmr)— v)‘f (3b)

To prepare the ground for the subsequent discussion we make the following

remark:

2) _ . . .
For the U-gauge fields §A'=4 )§ﬂ=4 we omit the index A .

- 11 -
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The Lagrangians (1) and (3) are first of all synonymous with the
corresponding sets of tree graphs. Using the B.P.H.Z. renormalization
framework we would have to specify a set of counter terms with
coefficients worked out as power series in the Planck comstant h.
However, as we rely on the Epstein-Glaser construction, we start from
the Lagrangians (1) and (3) as they stand. That is, m and M are to
be considered as the physical masses of the particles3) and 1V and e
are taken as fixed'parameters marking the starting point of the
inductive Epstein-Glaser constructionh). It will turn out that the
choice of normalization of the R-gauge Green's functions in higher
orders of perturbation theory is to a large extent arbitrary

(within a minimal subtraction scheme), if we only require for the
U-gauge theory interpolated from the R-gauge version a smooth mass
shell high energy behaviour (besides. causality and unitarity). We will
state below the normalization conditions to be observed in order to

keep contact with the results of other authors [}].

ITI. b Mass shell cancellation ofllL'contributions

The interpolation by the point transformation (2a) from (1) to (3) does not
lead directly to the desired resuit because of the disturbing termAL.

We have to show that the Green's functions involving vertices ofAL cancel
out on the mass shell.

We anticipate here one condition to be imposed on T - products

T (2 Ly (xa)e .,._:Iu,(x,,,,):) W

Lx Luod (G - 4 G140
2 MY L2 . QuA®)?

("
m
+Ez+2

- MEALL

3) In the case of the R—gauge Lagrangian II.I1 we don't insist om a

rigorous particle interpretationm.

&) Tn B.P.H.Z. terminology our procedure is a hard quantization.

_12_
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In the normal product expansion of expressions like (4) bf‘i and A/J.

have to occur in the Wick ordered operator parts only in the combi-

nation B/“_ = (A-/u - 5-%'-5- )

—

T(:Zu_(xq): L.l °(u. (xn):)._._.

LTS

= :(B”‘(m))d‘%f"(xq)...(B#“CXJ)MQ P (%) Td‘(ﬁx1 X ) (5)

{ i, P‘S = all Wick contractions

Td‘!” denote the vacuum expectation values of the T-products of the
respective submonomials of Iu .
The factorization property (5) is an obvious necessity in view of the
fact that it is the field Bp,’ which corresponds to the physical vector
particle. The Stiickelberg split of Bﬂ'into AM and éﬁ ; is an
auxiliary remedy.
Assume that all T-products of type (4) fullfilling the requirement (5)
have already been constructed. We go on to define T-products involving

B(x)=(3uA%+M%)( - M)(é«ﬁ-—i— (T+v)-5) o AL

as factor

T o TCL) i e )i Blxags): ) ®

The construction of the expressions (6) proceeds by induction in n.
Assume that T-products of type (6) with less than (n+l) points have already
been defined. In order to construct the (n+l)-point product (6) aleng

Epstein and Glaser's lines we consider first

ntd ! -— '3’
D (o XusXnaa)= 2 LTI, xndd, T(II G T @

jUj’= {X1~-— Xn%
In3= ¢

3#¢ - 13 -
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T3 %) = TCIa): o da (%) BUOxny): )
T(I) = T(:L(xp:...:l} (xp01),
(X xid = 30, Oxjon Xje) =

T denotes antichronological ordering.

A proper definition of the (n+1) point product is obtained by spllttlng
+

(see [5] ) p* 1, that is, one looks for a retarded product Rn+l(

> X, ) whose support is contained in

n’ '
i X = {7\,‘ 'D'\'M‘g € Rll(ﬂ.M) (3(1. m.+4) O (\( Xn+1)>/ O) 1 (‘h-l'”'}

X

such that the support of (Dn+1 + Rn+1) is in V' = -V~ . (The support of
Dn+1 is contained in viuv if up to this point we followed the Epstein-
Glaser recipes).

The T-product (6) is then given by

+ — 13}
T™ = R (Ko Xy Xmaa) = 2 T(I)T(T, %) A) ®
| Judl = {x.. X}
Ind = ¢
I ¢

. . +
Note that the second term on the right hand side of (8) as well as p" ]

is already defined under the assumptions made above.

Taking into account the factorization property (5) and the identity

{T((uAP + M3 (An- é?i )>

=, (a/&A)&-"MS)(X)(_Ah —,;-45' (‘})o>+=0 5.)

2) The free field propagators resp. Wightman functions to be used can
be read off from the quadratic terms in (I) or (3):

- (X-})
ke AY(L)) S oo L At Sd%e
, TCAM A (), ) )

efc.

- 14 -
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it is easy to see that the following induction hypothesis for T(n)

. . . +1
1s consistent and that it can be reproduced for T ': The factor

(Jp,ﬂf‘a-P4.§ ) appears in the normal product expansion of the
operator expressions (6}, (7), (8) always in the Wick ordered operator
parts. All terms in which (a),,Af‘ +M 5 ) is contracted into an

internal propagator or Wightman function line vanish identically.

Next we inspect T~products invelving two factors.
B=(3xA" +M3) M (s %‘(_Efﬂ)'?)

Exploiting the permissible ambiguities in the construction of the
retarded functions we achieve the following net result: In the normal

product expansion of

T( :Iu(x,,):,“:za (ke ) :B(Knu).': B(Xms2): ) (9)

appear besides terms:

:(Sﬁﬁ*‘ + Mg)

expressions of the form

(O (Kaag= X T Zw(x,):...:zu(x,t)::Mz(%%(¥+¢r)*§):("«+4)) (10)

and terms with ghost loop structure“(to be explained below).

The contributions (10} to (9) arise, naively speaking, from the contrac~

tion of two factors(d, AM+ M into the same propagator line
vt &

(o TUORAR M (Ko MO A%+ T (i) ST 8 K= Xmia) (1)

with no other internal line connecting the vertices th and Xm4z .
Terms in which a second line connects the vertices Xmiy and Xn&z
in (11) are striked out. This way of proceeding is justified by invoking

the permissible ambiguities of remormalization: terms with factors

(o TURAME G (G A M) aopens

in the inductive construction first at places where they only contribute

to the totally coinciding point of the respective T-product distribution.

_15_
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Expressions of the form (10) can be defined such that they vanish

together with the T-products involving the M2~terms of ﬁ;,ﬂ :

TELak): Lo (x,) (~M1)(s€~»%(1+v)- ) (X ):)

Finally we have to exemplify what we mean by ghost loop structure:

Consider the normal product expansion of the two point functions

1B(x,):Bl4): =:eM (o §(a+v)f1r7(x)e M{cos %(xw)— U)(%):
(B0 (‘j)}f' )RR B (12)

N F.p_'(‘}) = (~1): eM(cos —%:(zﬂr)—v)(x)e, M(cos %(i+v)-u)(7,):

Lgo@*gloyt CgrGapigldT + - ()

FP = L{J'*Me(cm%(iﬂ')”v)({?

The relative minus sign between the terms written out in (12) and (13)

comes from the Fermi quantizatiomn prescription for the F.P, ghosts.

It can be easily verified with the help of. the Epstein-Glaser method
that contributions to T-products with equal graphical structure -

the simplest example noted in (12) and {(13) - can be defined to be
equal. The additional signature factor for the F.P. ghosts render the
cancellation among the terms with ghost loop structure (see equ. 12)

and the original F.P, ghost loop contributions.

By now it should be clear what strategy one has to follow in the inductive
construction of T-products withAd factors, in order to achieve their
mass shell cancellation. We confine ourselves to spell out the basic

ingredients giving the following (exhaustive) enumeration of situations

- 16 -
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one encounters in the normal product expansion of T-products involving
ACL terms6'):

o{.) At least one factor (ap?q’w'l' Mg) appears in the Wick ordered
operator part. These terms drop out on the mass shell because pf

transversality of the physical vector particle.

A) Terms in which two factors (3/.4 A* + M g) are contracted into the

same propagator line cancel all contributions derived directly from
2 . 1
-2 (s (z +v) - §)
¥-) Expressmns ‘&vlth contractions of (Q#A}"-}Mg) with fields ofI

vanish identically. The necessary and sufficient condition to achieve

this result is the factorization property (5).

g, ) All parts of T-products not listed under ot }-— )w:.th

(Qu A%+ ME)(- -M) ($4m. E (%H-’U‘) z) factors have ghost loop structure
and vanish together w1th the corresponding original F.P, ghost loop
contributions. The crucial points leading to this conclusion are first-
the Fermi quantization prescription for the F.P. ghosts and second the
simple relation between the point transformed gauge fixing term

(i.e. that part which is linear in A (}:4) ) and the point transformed
F.P. ghost Lagrangilan

FP o=-¢ "Me (oo (34 v) -v')
Q( a/u,Ar“' + Mg)(-—-M)(M E (‘i:+”l)’)-%)l2:,1 are connected by

(M am 5 (any -§)= —_Me(méﬁﬁv)-v). (14)

6. We use for this purpose a somewhat abbreviated and therefore

'naive' language. It is easy to attain a standard satisfying all
pretensions of rigour by penetrating through a lengthy and straight-

forward discussion using at every step the Epstein-Glaser method.

_17_



IIT. ¢ Renormalization prescriptions in the unitary gauge

It is important for the subsequent discussion to note which parts of

J\Ucome frommdependent and){independent terms of ofkréspectively.

dy= -4 (F Y +i'i](a/“_-,;g/\#)-((ﬂv)(/i-ﬂ)*

+7 w0 —f(aw) FARU-A) 4 i A %—(zw))lz—

- ’%1 (24 K(m%(%ﬂr)*[%v)))z -

-2 (242(eon £ )= (24K L5 A+ Ao L Gz vw) I+

+ [ g2+ k(w’é%: @) - G )JY) -

Z
_g’"g’..z ( C5(=2)+ A s % (2404 [zﬂ(mf—r(zw%(zw)ﬂz)

+B#L{?3FLF*"MZIL{”L -JMegf*iLf, (15)
iu';-—i"—F;v i(a g) + l( t)-

mt_2 _0__Y_L_1_'__3__fm, 4 MY 2
-7t gt Tt m-LAA “:T +

;
+——-(A"L)(2+1r) +2€ A/La TIX: A,»S'“%U A)E K
+ 4 (Gl ) + “z“ryg% '

+ 6 (,A“”A))l},:fi

(16)
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We are interested in (15) only in so far as we extract from the inter-
polating;dﬂ) theory the rules to be respected in the renormalization of
the much simpler Lagrangian ‘LU = 4%-4 - AL , in order to
obtain a smooth mass shell behaviour.

The main result of chap. II was, that an appropriate handling of the
point transformed part of the kinetic energy, which is linear in},

is uniquely responsible for S-matrix invariance.

In particular S-matrix invariance does not impose restrictions on the
definition of T-products not involving this term. We used the indetermi-
nateness left over after the requirement of S-matrix invariance already
tacitly in the preceding section, when we constructed the T-products
with ﬂf,vertices. We exploit it further by constructing the contributions
to the Greens functions of terms O (I1-A) in (16) such that they cancel

out for A =1,

We are left over with the Lagrangian:

Lo =~ o+ 2008 ()" + § AL o) -

LomEooa o ML QuAM  owm ™y
A 7 7t T et

+ 2R AL NS W] Qe (32030 +

terhu Rt an

_19.....
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Note that the remainhu;lterms are not subject to restrictions imposed by

S-matrix invariance.

We are now in a position to read off from (17) the renormalizationm
prescriptions in the U-gauge: Construct the T-preducts, involving only

A independent terms with a minimal number of subtractionms. Add the
T-products witilidependent terms of dimension 5 and 6 such that a unitary
and causal theory emerges (especially, the factorization property III.
b.(5) has to be fullfilled). The infinitely many subtractions necessary
for these T-products are, apart from the axiomatic constraints, to be

chosen arbitrarily.

Remarks: 1.) A minimal subtraction scheme for the T-products of the R—
independent terms provides in view of the S-matrix equivalence of R-

and U-gauge a smooth mass shell behavicur for the whole theory.

2.) The unitarity and causality constraints are fullfilled if one
proceeds along the following lines: The T-products of the.%.independent
terms are constructed so that the formal cutting rules (with respect

to the A independent part of the interaction) and the causality rela-
tions are respected. Using the Epstein-Glaser construction this is
automatically built in. All c~number two point kernels of the normal
product expansion of A independenﬁ T-products have to be assigned the
correct massland wave function renormalization (that is, a pole at the
point of the physical mass with unit residue). The prescriptioms, given
50 faf, are quite general and not at all restricted to gauge field models.
The only specific rule to be observed in order fhat the rl independent
Green's functions can be completed by the ﬂ dependent ones to a manifestly
unitary and causal theory concerns the factorization property III, b(5):
(Amputated) graphs differing from ea;h)other by one attached external

line, which is either Fyhor %wglline , are defined equal.

7. . \ . .
)That is, .terms in the normal product expansion of the T-products, which

go over into one another by substituting one fieldp»;in the Wick or-

dered operator part by field aZtE .
M

- 20 ~
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Obeying the same rule also in the construction 4 la Epstein-Glaser of
the A dependent T-products we fullfill the factorization requirement
ITII. b. (5) which together with the cutting rules (now with respect to
the whole Lagrangianlb), the causality relations and the correct mass
and wave function renormalizations render the axiomatic respectability

of the U-gauge theory in the Stiickelberg-split formulation.

3.) Using the normalization conventions for graphs with vertices emerging
from the A independent terms of (17), as they are specified for the same
graphs in the R-gauge approaches of references [f] , we obtain with our re-—
cipes the same S-matrix results as by calculations based on R-gauge
prescriptions of [1] . However these normalization prescriptions are

not a necessity in order that we can pass over via the A - interpolation
from R- to U-gauge. We have for this purpose to follow the (weaker) rules
given under 2.).

In particular, no Slavnov identities for the R-gauge Green’s functions

are needed.

4.) Different choices of the infinitely many subtractions, mentioned
under 2.)]1ead to a finite number of different S-matrices corresponding
to the different possibly non gauge invariant normalization pre-

scriptions in the R-gauge.
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IV. The nonabelian SU (2) model

In t'Hooft's R-gauge the model under consideration is given by [7 ]

Lo =-5 (B + § & (DuC(DMO)) -
M M (4 B - A (#e R
R h wF %—"(%2 ' K-)Z- 4-6>F Z-» K>
-‘E(a/;?}r* fMK) e IrP - MGy 4
s (2red) - Mz +Re)g
SR AICEL U S E i A

T = Pauli matrices, ’L T  unit matrix,

F is the translation parameter of the spontaneous symmetry breaking,

> > :
% denotes a physical scalar particle. K and NF stand for the longitudinal

and F.P. ghosts respectively.

- 22 -
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To pass over to the U-gauge we perform the following substitutions

in (1):

>
KT

(+ZRA +iRT ) =g BF (2'+72F) 4, .

-
4Kz

i KT

_23_

(2)

(3)

(4a)
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The point transformations (2) and (3) have to be executed one after the

8.)

other because otherwise the recipes of chapter Ilare not applicable

The renormalization prescriptions for iu which give a smooth mass shell
behaviour are analogous to those for the abelian model (and are justi-
fied by the same arguments): Identify the part ofo{:u coming from LR and
the part coming in through the interpolation (in the language of the

preceding chapter the A dependent andlindependent terms)

-SRI S E N2 ot omh oyl
OLU=_-L—!-(B[W) + () - 2% -

’h’l}

" A6F?

( f‘(zw‘F)
o MK K A >, \2 Ziy1Y,
03, £y Z—.((a}*%f‘)»f(MK))

'

Pi*-

f:.]

M -
! 2
"1(—‘}—_3”“!() z+2rzF)+9’—3—L~Kg

+ o a2 ™M e (5)

\g/w = aﬁ% - dy %w %U%M%ﬁ)@ (Ady K+%v>

Define the T-products of A idependent factors with a minimal number of

subtractions. Add the T-products with ',\ dependent terms so that correct

8.) The interpolation method described in chapterIl applies to Lagrangians

with interactions mvolv:mg no_ higher than first derivatives. The point
‘,
transformed texm --(3 % +MK) contains a second derivative of K.

If we perform the point transformatioms (2), (3) ome afterthe other a QK

appears only in the second step as part of the transformation function
of B, where it does not matter.

...24_
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mass and wave function renormalizations, cutting rules with respect
tooﬂu , causality relations and the transscribed factorization
property .-I1X.b.5 are satisfied. The remarks at the end of the section

ITII.c apply without exception also to the nonabelian model.

The omnly point requiring some further discussion in comparison with
the abelian case concerns the mass shell cancellations ofﬂi‘terms.
The points o.) to y.) of III.b can be immediately taken over to the
nonabelian model. All that remains to be done is to find a similiarly
simple connection as (14) between the A dependent part of the gauge
fixing term and the point transformed F.P. ghost Lagrangian. The

latter can be writtenm in the form

FP < ?3"* MJF(P C}B#ur*(% @.,F
LF*(i-H(@ ¢,

> >, -),T ‘k’rT (6)
o <L R KL KL X
5 e “T&F S0 WKy tEE ayy fTEFN W
T L (7B A (3 g
2 L= NM | y AL p
> "Z’ . ;RHL [ |K!It
Es ) i o Vi F > Ei Z o VL F

Introducing the transformation matrix A‘J,K, of the left handed

nonlinear chiral transformation

we can write (6) as follows:

FP =

e

*r§
’ ((J(a,u K%

t—4

K"y
A ——

ZF
e

_25_
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s A ot
*Maf*“? '5_‘" Ape e = My* A je Lf M

Equ. (7) suggests a point transformatzlon of the F.P, ghosts:

SK

P X Yio2 A
A G YAERATS ¢ (8)

which translates (7) into

= %l (5 EOTARE IO

SK, (}H"’Jii’ .

~ ¥ Lo e 2" 0.

— Ml(‘f _;__E__LF?-fMa/wLF SK; LPQ’ b (9)
| t o

and & i into

: ~ ~ / Iy _ i - M
A = F.'P.(\.f? ,hfrk12) ?_(c)/u% +Mﬁ)
' ~
A >/ u > \2
Equat.~ions (9) and (10) represent‘the analogon to the relations

III.b.14 for the abelian Higgs model. They guarantee, that those
parts of the T-products with factors

I - - -7
(aﬂ§”+m;¢')(8};?i”*+ MK - (a,ut}“ +MK))

not listed under III.b. a) = y) have ghost loop structure and can
. . . f‘“*- ~

therefore be manipulated to vanish together with the \{7 LF ghost

loop contributions. One has to note in this context, that also the

o~

. ¥
point transformed ghostshf LF have to obey Fermi statlstlcs

_26_
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V Conclusion

The main purpose of this paper was to single out the essential
ingredients necessary for the renormalization of unitary gaugé.

field theories with smooth mass shell behaviour. Slavnov identities

do not belong to these essentialé.(They may be rather regarded as a
convenient technical remedy, in proving unitarity.in R-gauge formulations
{see D!] )). It is an open question what kind of anormalies we obtain
starting from a non gauge invariant renormalization in the R-gauge (oniy
fulfilling the weaker conditions of chapters III and IV) and interpo-
lating to tﬁe manifestly unitary gauge. Our conjecture is that the
exclusion of anormalies in the equations of motion and in the Ward
identities for the spontaneously broken reflection symme try of the scalar
particle, together with the requirement of mass shell smoothness, fix the

S-matrix uniquely.
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