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Equivalence of the Lagrangian formulation of Hsu and Sudarshan to the conventional
Fujikawa, Lee and Sanda formulation of Weinberg-Salam model is demonstrated.

There exist several approaches to quantization of gauge theories [1-7]. The method
presented by Hsu and Sudarshan [1] for Weinberg-Salam model consists in fixing the
gauge by use of Lagrangian multipliers and then restoring unitarity by an appropriate
choice of fictitious Lagrangian. The conventional approach by Fujikawa, Lee and Sanda
[2] adds a fictitious Lagrangian, following "Hooft [8], to restore gauge invariance. Thus
in Hsu-Sudarshan approach gauge invariance has to be proved, while in the conventional
approach unitarity must be demonstrated. The two formulations, which are comple-
mentary one to another, lead to the same Feynman rules except for the fictitious parts
which apparently differ. In this note we show the equivalence of these parts.

The fictitious Lagrangian contributes to the generating function

I = [[dgl] [dg.] exp {i [ BUIM su(x)d*x}. 6))

Here M is an operator and can be written as M = G-'+y, and ¢, are complex scalar
fields to be treated as fermions in the sense that closed loops have minus signs assigned
to them. Then it is easy to show

I = exp {Tr log M} = det M. )
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The generating function is invariant under the transformations:
A.
Go = AuPy BT BIA  Tper M > AMA™Y; 3
special cases are
a) multiplying a row of matrix M by a number and the corresponding column by its
inverse;
b) changing labels 1 = 2
B.

b~ $h  PE- b, MM, C)

(both matrix and operator transpose). Now the G~ are identical in both approaches.
For the sake of clarity we explicitly write down the matrix y in two cases

. n . gM
—igd"™(Z, cos 0+ A4, sin 0)— —ZE—S , 0 R
M —
0 ,  igd(Z, cos B+A, sin 6)— &7 s°,
[¥]es = 2¢
iG sin 00"W,” —iG sin 0*W," ,
GM GM
gl W, + —= 8~ , —igdWi4 —=s7 :
| Ul
M cos 0 GM cos §cos 20 _, |
—ie cos 00" W,F + e__zgs_ S*, —iecos 6 cot 03" W," — ——w%—ggs—— s*
M cos 0 GM cos 0 20
ie cos 00"W, + e co8 S, ie cos @ cot 00"W,” — T oSV eos & N
% ©)
0 .0
GM —
0 - M (o 5
221 |
I GM cos 0 —;
i(eA,— G cos? 0Z,)0" —7‘;35— S ,
GM cos 0
0 , —i(ed,—G cos® 0Z,)0*— ———— S°,
[lus = 2¢
- iea"W,," . iea“Wﬂ+ R
GM GM
iG cos® 00*W,” + % N , —iG cos® 00" W, + % st ,
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GM
—ieW, 3",  iG cos® OW, 0"+ 5 S* ]
]
GM
ieW, 9", —iG cos® W, "+ — S~
2 (6)
0 , 0
GM,
0 . 5°+8°
SN i _

Using relations between coupling constants g, g, e and G in the Weinberg-Salam model

[9, 10] we obtain

M —

—ig(A, sin §+Z, cos 0)3" — g2 ; s°, 0 ,

M
0 , ig(A,sin 6+Z, cos 0)5" — &2 s°,

[v]us = 2
—ied" W, , ied"W,’ )

. - GM __ , GM
i — ie cot GO*W,” + £ S , iecot "W, + 2 st ,
iG sin @ cos OW," 8%,  igcos OW, 0"+

—iG sin 0 cos W, 0",

0
0

Taking the transpose of (G~!+7)ys,

—igcos OW, d"+

M
0

—Z% (5°+59)

GM,
221

changing labels | &

2, and multiplying rows and

columns by suitable constants we get a form which differs from (G~!+7y)ys only by
quantities like [o" W;’ +(IM/E)ST]. Such quantities are zero in the gauge we are working

in [2]. Thus the theories are identical.
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