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Abstract

We verify explicitly at the one loop level the
multiplicative renormalization program, performed in an
Lbelian gauge model with spontanecusly broken symmetry.
By utilizing the two parameter gauge freedom which was
introduced in a previous note, the off-, as well as on-,
mass-shell Green's functions can be made finite after
renormalization.
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I. Introduction

In this note, we feport on oné loop verification of the
renormalization programl, perférmed in. the Abelian géuge model
with spontaneously brokeﬁ symmetry which was considered in an
;earlief publicationz.

While the renormali;abiiity of models of this nature has
been established through geheral COnsideration3, essentially\
by heavy use of Ward—Takahashi identities4, we deeﬁ it none-
theless a meaningfui exercise to perform some low order calcu-
lations to aSéertain thaﬁ‘"things go as expected“.

We shall carry ouf the calculation in,tﬁe class of renor-

’

malization gauges reported earlier .  These gauges are asso-

ciated with two continuous parameters: (i) nz, which can be
identified as the "mass" of'the gauge'excitation field o, and
(ii) £, a numerical.pa}ametef which in a loose sense plays the
role 6f the E-parameter of Lee and_Yang6. To be more Specific,

: 7
. . . . . 2 2 .
we confine our consideration to the choice &€=1 and x =m. in -

the tree approximation, where m_ is the physical mass éf the
vector particle B, in the model.

We emphasize that thé above choice is'made for the tree
approximation only. In fact thg major contribution of this note
is to point éut ﬁhat becéusé of the‘two parameter gauge freedom,
it is possible to write power éerieé in coupling constants fér
§.and nz, withﬂgoefficienté SO édjustéd that the o propégatbr
has its poié at the vector meson mass (mr) even after renormali-

zation. The off-mass-shell Green's functions (such as the mixed
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._Ap - ©® propagator and tﬁe ;ong%tudinal part of the AH propagator)
.can be made finite simultaneouély.

One may question the necegsity to héve weil defined off-
mass-shell Green's functions, so long as tﬁe S-matrix elements
are finite, We concur with this view in part. 4Howeverp in prac-
stice when radiative correctiohs, such és self energy inéertions,

" are taken into account in a problem, well behaved off-mass-shell
'Greén*s functions should facilitate divergence'isolation and
thus the calculation.

It remains to be pointed out that we are going to deal wiﬁh
only the infinite parts of the renormalization consténts. The

finite parts of the Ward-Takahashi identities are therefore not

. . . . 8
verified in this work
II. Model and Roncrmalizotion Program

. 2 9 L .
The model”™’ consists of a vector meson AH' a scalar meson ¥,
a gauge excitation field ¢, and a fermion field V. We denote the

left-handed portion of ¥ as

_._’]_; . s \;1 '.
by, = 2<l 15 V. - - (a)

and the right-handed portion as
6 = —l-(i - iy )w ' - ~ (1)
‘R 2\ 5/7 ° -
| R . 10 . :
After the Higgs-Kibble ' mechanism has been invoked, the

Lagrangian becomes

- _ 1 )2 1 4228 a®
,— 4( EN "o 2 ApA
- 3
+ gva Mg - 2,0 3% - —(ﬂz + hv2>c,r>2

v aEm , is e TR w e Sy T F o T L



(1 + iws))ﬁ.

2
1
Q
<2
3
o

R CE T _
| —v,,zvvﬂ‘l—/_z_b;\!fx—‘/.z_b!vsu-co+£,»(2)

here p is the bare mass Of “the complex scalar field

P = L (v +'x'+ i) in the limit when the symmetry ié_not broken

/2

and v//2 is the vacuum eypectatlon value of . &' depends on the
'gauge usedz, We choose to impose on the phy31cal states the sub-
sidiary condition

-1 thy51cai> = 0 : (3)

.mr cp) 1

where m is thc phys¢cal mass of A . In this case

(a Ap ; o B

=

(‘d4>\ Lt o= j‘d X L— P (B a}i A‘% —‘AC(, m‘rA q))2}

w2 1 1
_i Tr (—6 + 0B mr gv + of mr ay .
4 : (4)

A

A ol +'m_
x

where the second term on the right generates compensating ghost
loops .
Renormalization is accomplished by rescaling both the fields

and the mass and coupling parameters according to

' S) e
: A, = 2, Ay © = Z

K
by, =72 1/2( L>r " . Vg = ZRl/2< R> "
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—2 - 2 g -z .
Boo= Zﬁ pr ' Vo= er ' g = 459, ¢

b = Zhhr ' £f=2Z_f , o = Z(1 , and B = ZB . (5)

Quantities with the subscript r are said to be renormalized.
- This multiplicative renormalization pfogrém is regarded
as successful, if by adjusting the 2's, all tﬁe S-matrix ele-
ments are made finite, while the Ward-Takahashi identities re-
main true. We claim that, af least at the one loop. level, even
the off—mass—shell Green's functions can be rendered finite,
It can be shown that for any arbitrary but finite ¢ and B,

L -1/2
Zg . AA

+ finite part. 'A_ (6)
This differs froh the situation in the unitarity gaugel, which
corfésponds to Fhé limit o » «, where the relation in Eqg. (6)
is not true.
We introduce thé furﬁhérAnotations

Z's =1 + L's ; | '.(7)
where the L's are at least of the Qrder of square of = JE;,
and f?. | o |

The physical masses of Ap(@), X, and ¥ are, respectively,

mr = grvr , : . (8a)

2 2 ’ '

o= 2hrvr P 4 (8b)
and Lomg frvr/_2 . (8c)

The perturbation prescription is summarized in the appendix.

IIXI. Results —

We will not spell out the details of the calculation, since
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they!are straightforward, tedious, and ﬁostly unilluminating.
What we have done is to extract, to second order in g, .

Vg;, and fr' the divergent parts of all the radiatiye correc-

tion £o {(¥), the two point, and thé three point functions by

using £, of the appendix. Renormalizability then

+ £
int gauge '
dictates that these divergent terms should be cancelled out

by the corresponding'counter,terms in & Note that

‘counter’

these are non-trivial requiremerits, since there are altogether

) . : 12
twelve conditions due to (XY and the propagators’ , plus seven

. . - . 3
due to various three point vertlcesl .  On the other hand,
there are twelve renormalization constants only.
In the vacuum expectation (X) and self-energy calculation,

there are occasions when we encounter gquadratically divergent

integrals. Although not necessary, we find it most convenient

to define them by the diménéion~interpolation technique of
- 14 '
't Hooft and Veltman™ .
All in all, we find that the followingiset of renormaliza-
tion constants will lead to the Vanishing {(X) and finite on and

-

off-mass-shell propagators and vertices >

LA = -—2Lg = -Xx
L =1L = 2x - 2
" o
LL = -X —.y
L = -
R Y
LY-= 2x - y
= -6x + 4y + G(m /p)zx
" r {on

RReA

—_8<me/p>2 (me/mr>2x + lO(h/l6W2>T(2 ; En)



L, = =3/2 x + 2y

L =-x+y

1/2 x

and

5 A
. 2 .
L po = —(Lh + 2Lv> %r + Lim{- d
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‘ r
where T's are the gamma functions.
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Appendix:

We want to write down the .ingredients for developing a
perturbation series. In the followiﬁg, all operators are in
the interaction representation. |

The propagators in thé Feynman-‘'t Hooft-Stueckelberg

gauge are

(a0 2% ), = —5 T x - ¥

((A”(X) @(y)>+> = ((@(X) A“(y)>+> =0,

.<<m(x) m(y)>+> =-% 5 L s b6 (x - ¥)
' -9+ m - 1e
‘ 1 1.
(Ixx) xv)),» =+ 8(x - y) .
( . >+ i —82 + p2 _ e '
A —_ A 1. q
and Qe Ty ),y =5 5(x - y) .

m + 7y - %B - ie

The interaction Lagrangian is decomposed into three pieces

;I - £counter + Sint + £gauge
where
_ — 2 2 2> 1/2
counter (Z“ e+ 2y 2y h. vy Zy Zx Ve X
P IR RN R (RO
+ <ZA - l) [ i au Av av AH, -3 a“ A i

L(z2 ; . a¥
-5 \%" %, m Sz, B, B
L ( 2 ' ( p>2
== - Z
> \Zg 1) A\ B
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: _ 1/2 _1/2 _ 1/2 > ( ) _
, (Zf 2 z25 ZX -1 me/mr 9. ooy
_ 1/2 . 1/2 _ 1/2 ) ( ) - .
(Zf ZL Zx Z -1 me/mr 9, 1 Yg b o

and

rd4x By = —-iTri{n | 1 +
v gauge

Note that the relation
h_ v + M = 0
is true, which results in vanishing {(¥X) in the tree approximation.
The perturbation series is now obtained by the standard

procedure.
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