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On The Isomorphism Between Gauge Groups Before And After

Renormalization In The Presence Of Abel Subgroups And Higgs Fields

Rong Wang

kGraduate School, University of Science and Technology of China)

ABSTRACT

We qive a rigorous proof on the isomorphism between qauge qr -_us

before and after renormalization, in the presence of Abel subgroups

and Higgs fields. |'

I.

The gauge groups which contain Abel subgroups (The W-S model is a

special case of these groups) are more complicated than the gauge

groups which do not contain Abel subgroups. This complicated case was

never discussed by 't Hooft and Veltman [13, and by Lee and

Zinn-Justin L21 in their early renormalization studies. Later,

although Ross and Taylor [31 studied the renormalization of the W-S

model and the gauge invariance after the renormalization, their

discussion was not rigorous. In fact, their results were accurate

i' only within two orders of perturbation. By using the identical

equations of Slavnov, Julve and Tonin -41 found out that gauge groups U

before and after renormalization were isomorphic even in the presence

of Abel subgroups. Their method is very similar to Zinn-Justin's

discussion where the Abel subgroups were not presented.[5'1 But this

I
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_strict definition at S. Namely, for each order (4.e. each n, n

.represents n loops), SO*Z'=O must be satisf.ed. T ichieve -h:z

requirement, after n loops of renormalizntio and S, after n+1

loops of renormalization should satisfy the followinq relation:

Here, ( S + J,., -s - &.% , which re iact.s (S+ ].A.- , -.) , 13 used-

to calculate r and 7R, where 7 is the loop number parameter. • 7 " )

represents the high order correction with order higher than (n+2).

However, how to define S. of each order n and how !P tpeermin-e the
L..

high order correction o(7 "' ) were not very clear in this method. This

also was not clearly described in the paper of Julve and Tonin. This

vagueness was later cleared up by Lee -7] who was able to determine

the relation between s:., and S. In his proof, it was clearly shown

that, for each order of n, S rigorously satisfies

In this paper, we will modify and improve Lee's method. We will

give a rigorous and clear proof that the gauge groups before and after

renormalization are isomorphic in the presence of Abel subgroups, and

that for each n, S rigorously satisfies S9*Si=O.
II.

In this section the Slavnov's Identical equations in the presence

of Abel subgroups and Higgs fields will be derived. The gauge group

can be expressed as G-A

where A is not an Abel subgroup and B is an Abel subgroup. Without

fermion field, the Lagrangians which are invariant under the gauge

2
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transformation can be expressed as

~A., B., S, Afi V B

4

k., -,!. s- - (b.,o l4, - r . , I l - - 2 .' - l(* ) . .

4

where A1, is the non-Abel gauge field, B~, is the Abel- 7auge tield, s.~

and s.4 are the Higqs fields. We also choose4 . -.=- ,

VO2.

ThI agefxdnemo the Rgagei

Op." -q'( )

~ 2N/ 2

, Ij

These xpresions ae rewriten ictesgue. epne it h

Thera Ase o one gauge onldilde s the ge) is

C~ FA,)' ~ +*&s,'

L. 1). 1.3

cf n an i nea to b2o

Thnera aue traonsforatieonsy are: ds h R aue

ai

I I -

,,C F = ,+ , " , + c 44'i + ,k "), 4.

Sneti I s [- mor genra cae"-isntncssr ob

conine inz SU2 n ares not n atces. tobe12,or3

The gauge ixed ste rmationegu s are

"' *.1*. ..... .* *h.I .

Aw5 - A:m

Thee eprssins anBe erte th ag sepaddit h

geneal aseof ne aug ony (iclues he g guge |3
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and- -± .-

.. - - U6

2"+ +

Sof sygmbolgs. ante simplified unctiwonas are sd the saetm ndthes

abve axresth grou iandies ofw th on-Ae sugr:p J:ae h

L~ -. W,-B -r-

-. - - 2.. .-

2 2.

Soer symb ioe are simlife side beo eonas are the sce th e iice

ab ope epresenann de and ei thb rigpt

hadA ide.

Iwhere the i in the left hand side represents a,ot, and %j in the right

*hand side; theb in the left hand side represents c, nd in theih

--p - -- xgs dr(.,. - ',)) ''

right hand side; the bin the left hand side represents ba nd i in

the right hand side.

Similar to the previous expressions, we have

Same as in Ref.7, there are the following relations:

6
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These relations do not appear in the Abel subgroups because the

structure constant is zero. Now, from Eqs. (4) and (5) we have

5- FA g16,A,) + c(- g r ~gZ~

CA" - + 4~

+ c) 9) j) + 
Pb

There are two sets of F-P fields needed to be chosen. One set is ,,

which is corresponding to the non-Abel subgroup; the other set is , "

u which is correspondina to Abel subgroup. The z.'1:e compensated terin

should be + , ,

2A~ 2 -1"-

j) M 1)$ g.., o_ - !ir& 4  - ~ - g[ -- F~!
2

a - -

- -,c,) - (cy2 2

Let's take

-Via, -1,4j + ( . ,€) , (Dj . A 1 ' ,_ ,--
- L J+ ~".j -4- ( ' - A_( '. >

2

22+ (K', - +fS.)- cl,, 4,4,) - (
* 

,,

-t- (K;--cf' ,,.- c ,4 -sgr. , ,,, +- z. !.._

+ (X L /.,. - , - -. " -."ruh +

2

where KiK:,K ,K l ,,Ua,U, and u are mutually anticommuting. In this

case, the B.R.S. transformation should be (9,L is also anticommuting

5 .* .. ..



with respet to K, .... , etc)

1, (A . -J r dt.:,;=x 3B. - (A.. J

- F i

+ +
u =. gI .-. '.8i

According t- :,. calculation, the S in Eq.(9i is invariant under the

B.R.S. transformation of Eq.(1OY Fr-m this, the :!avno, Yinti'_

equations which are satisfied by SR can be derived

o K ' A , O K 8 B , , O K ', 8 j, 8KL .8 S . I l a .. .

. .'4 8 . . s. .. ..F3" .k
-F

4  
- 4- - - U- 3
6K; 8K, BKd 8u.

F! C C'.AL 831

- V X- - 4 (C - - - 11 "=u

S '$ + A: ( 4-)2+ 1 I( Ch ,  ]: -'

S can be used to derive the (perturbation) vertex generating

functionalr. Since the integral volume element d(Aj)d(B,)d(U,)d(u,)..

d(U)d(u) is invariant under the B.R.S. transformation, the Slavnov

identical equations of I- can be obtained

af bf ar ar br ar8 I 8" 12 a
-- - + -Wa -+-- -+ o

6'K B K; K ' - L 5,

5 8F A. A-+ 51.. t - - , ' j = u,

t5 K :, , K.), U "2
2 6 8K ' y 6

Eqs.(lla) and (12a) can be simplified into.:,

"-

62

6
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Corresoondina to the Slavnov identical equatio.z . nd (121,

the ope : : Oyi:.e .- z-

- + +g,-.

1,- s+ 5_.5S 8 &~8 3B, 8K K,8

8B.,

13b

2 2 ag 2

84, OK'4 3h, OK! 0, OK; Bit 6K, 3". 5L.

They also sa.-f - -.e followinq relations 0

- ~ *, ji . + S1 =V

So, 9-O.

(Similar to the case of Ref.7, %- does not appear in the above

equations. The only difference is that some u terms appear in our

expression but not in Ref.7. Since they always show up in the forms

of u~u+uu,(=O) and uu(=O), they can be eliminated.)

Now let's start our proof by the method of induction. First of

all, we assume that n loops of renormalization has been done. The ---

bare So after n loops of renormalization is defined by S: (equal to So

of Ref.6). It rigorously satisfies the following equations

-. ,. 8 - u, 8 iU. .,.

,A.' 6A' .' - ,.::".

- " - -- ; - - - o 13 .
6K! &; K, b" U.

The first equation means that S,, after n loops of renormalization, is

7



invariant under the B.R.S. transformations (This is true for n=O,

where- S it. After n loops of renormalization, the B.R.S.

transformaio- no.--

ant icommutinQ
8.1f, 13A,.

8K.K!

5L

Since SO is invariant under the B..S. transrz.,::n of Eq.(16), the

calculated by ':szna So instead f mu. ,Z -

identical equations. (There is one condition that the integral volume

element must be invariant under the B.R.S. transformation of Eq. (16).

It will be proved later that, after the S,, S.... etc. are

determined, the sum of the Jacobian diagonal terms is still zero. So

the integral volume element is invariant under the B.R.S

transformation.) This implies zhat

6K.4 8~ 6K;' dt..

F- - c - -I.v
S6K;- a-s.

Here F can be expanded about the loop ntimber~at first SR is replaced

by #SA1

According to the assumption of induction, i, j,''', 1 are all

limited, and ., starts to become divergent. This divergence is a

general divergence of n+1 loops. The divergences of all subloops

(less than n+l loops) have been eliminated. According to the

discussion in Ref. 5, the divergent part of I>, is expressed by

8
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Idiv(SO i,-n must satisfy:

+ S.' d: (S.

aK, SK,- u did 19

In order eim.nate tnis d4vergence, we must .. 2u: the complete

so -'-. s )f [div (S,) which satisfies Eq. (1,. .

It should be noted that S/ a does not show up both in the Slavnov

identical equations and in 9, and ,. Therefore, there are three

kinds of solutions. The first kind of solution is without F-P field;

the second kind of solution has u and :, also can have u and 7) ; t-n

third kind of solution has u but not u3. For the first two kinds of

solutions, the proof of Jaglekar and Lee :-8, is still applicable. In

other words, the local complete solutions without F-P field and wt-.

and 5a should have the form like:

20

Although expression (20) may contain the third kind of solution (see F

of Eq. (30)), it can not contain all the third kind of solutions. The

complete solution of the third kind will be discussed later. Let's

first study G.A,B,s,s+I which is a gauge invariant functional. Since

p is a local functional with dimension 4, and only ,,;,,,-A;. ... B1

- iDsfl" and V(s~s) are the local gauge invariant functionals with

dimension 4, so the general form of GQA,B,s,s + ] should be like:

G[A B,,,jt] - c () . [Al] + a'(,)j.. Io,[B1

(use the minimum renormalization, e~n-4)

For 4r, -is the operator of Eq. (13a), and,% must satisfy the

following requirements:

9



(a) The F-P charge of is +1, the F-P charge of is zero, so

the F-P charge of should be -i. (La :-2; K,7i,,T:-l; A,B,s:O; -"""

(b) The dimension of 9 is +1, the dimension of F is 4, 5o the

dimension of _" should be 3 (K,La :+2; CA ,CA,C ,C :+I ).

<c) All the indices of _4 are contracted, all --he indices of tr 7 L

also contracted, so all the indices of 7 should be contracted.

From these three requirements, " only has seven terms

k,4.sK,.a:.-ec ), -rd' o r~c ), Lou which contain K and La. No

: ~ 3 'emL~:u~ :h K rL' ~ ~ o he vIiat-

4 h bof the above three requirements. K t1. t) A. will come back to A

because of trb t. C.(G)1,t ; will come back to K st because
b of t(R)5., .&

of- -C(R) , Since the propag-ators satisfy ; 0, s 0,

,A 3;" * 0, both Kt  1! and K/ s, are excluded from 7

(d) Due to the last two of the Slavnov equations (19), K A., KAB'2

, K;s, and KIs t have to show up with U, and U in the following

forms:
(K ! - . .) .,_

(A". - uF .)B., 23 .

(K; - c ' 24. .

(K,; - - 5

Besides, there are also some other terms which satisfy (a),(b),(c),(d)

and contain and K. They are:

(K, - c ", - cI )4. + 7 +

K; - f- l I d' +* ec).7

It can be seen from the perturbation theory that dbo and db are the

group covariant constants, et and e are constants. Since the

10
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propagators satisfy s's/ k 0, s~st ss =s 0, KI only multiplies with

c*" and c and K"' only multiplies with cf and cf.

The term, which contains L,, is not affected by requirement (d) r

and is still

La u. 21
If is operated on (22), and (24) to (28), then as mentioned

before only the second kind of solution (contains u, and Z or u and

U) will be obtained.

If f is operated on (23), then the third kind of solution which

contains BA will be obtained. But, as mentioned before, expression

(20) does not contain all the third kind of solutions (i.e., for the

Abel subgroup, the solution of Joglekar and Lee is not completed).

Therefore, the other method must be used in order to find out the

third kind of solutions.
If the perturbation is on S must have the term of- F;8u |_

(i.e., the uu self-energy term). According to the third one of the

Slavnov identical equations (19), this term of F should have the form

like
8 - B

(KA - uFM) a u

At the same time, If the perturbation is on cus/ u, r must have the

term of c st u (the Us1 u vertex of the renormalization). According

to the last two of Eq. (19), this term should have the form like

(KI - c'~

Similarly, F should aso have the term like 1.1

(K'4  - -c..),0

If _ is operated on all these terms, they will become

." -. " -. ',-." -. -. ,.'j," %" -. -.. %'%" ... " ,..." . .. . . .. . ,".. . .. . . .. - • ,. . . . .. .. . . . . . . . . . . . . .
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8 B-,

ji [(K' - c ui-I -B'JJM

Since . is invariant under the 0(l) gauge transformation, it is

zero i z o >. oerar..ad n

. .- : - 29. "

Therefore, Eq. (29) is also a solution and should be the third kind of

solution. However, it can not be written as in the form of (20V.

It also should be mentioned that'#x(23) is the only third kind ot .

solution which contains B#, and that (29) is the only third kind of

solution which does not contains B.. For the former case, since only

B. .- can cancel out

Cx - FA ' - ; -
8' J

but not the other f'nczivv3 , Bd.-

(x (23) - -, (K' - "' )""'
8B,

is the only third kind of solution* which contains B. For the latter

case, since the F-P charge of u is +1, when it shows up in r it must

be the combination of K~u, K;u, K/ u, uu, u,,u, and L.u.u. The

dimension of r is 4. Although the dimension of L~u,u is also 4, it

should be excluded. This is because the form of Lu,.... can not be

obtained from the perturbation on L f uhuc . Uu~u and uauuau which

have dimension 4 also have to be excluded. This is because uu=O and !,,

*U=O. In fact, according to the last two of equations (19), uu.,u

only can show up in the forms of , (K cj •"

or (K -uaF!" )u multiplying (K -c" i3-cuu)u, (K -c4# u,-c U)u, or

• ee F of Eq. (30)

12

• . , , .- ,o . . ,, - . , . *'.- J , o° .° - ..



(K , - F" )u. Because of this, the dimension will be more than 4. So

they should be excluded (here there is no perturbation for the vacuum

spontaneous symmetry breaking). Therefore the solutions, which

satisfy the last two of the Slavnov equations (19), have F--P charqe

zero and dimension of 4, are consistent with the perturbation, have

all their indices contracted, and do not contain B,, and u,, but contain |

u, only can have the following three combinations (Ai has a different

index and can not be included):
(K." - uF.)A.,

-,(K; - ,; - ,-'),.---"

- A1

(The reason why K s; and K7 s t do not show up here has been discussed

before.)If the three terms above also want to satisfy the first one of

the Slavnov equations (19), the only possibility is that these three

terms must combine themselvesinto the form of (29). So, (29) is the

only third kind of solution without containing B..

IV.

All the independent solutions which satisfy the requirements of

Fdiv (Sr) have been found. They are (from (21) to (29)):
(n -,)

S- .'.A,], B - .[ B

c - -ID,.i, D -
2

E - (K'- iiFA)A.

- A1 - (Kl .~Abh

BA4,_ i F ( , , , .
&4F,

8i t  '..'.

S- 6(" - .- c)'; -"

H - -S(K~t 
- -.

__ 4CA U. +

) -(K - - jXd.cr +- ec,+)

r13 .
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Bit

p - +,, '),"I

.. j :(- - d' - ,'=)(4-,- + ed) -

- aS" (.d:4" -+: f,-:

L- - L3 . -
L- u 30

For convenience, these twelve independent solutions are

rearranged. ""hey become:+ - il],1 - K - "-1-  aS - '  + =- - - ( K': + .--- . _1 ..
2 B., 2 0g 25L, 2 5K, 5u*

31n,"

(It will be zero i .4, g a operates on the terms containing gA.

2JA' 2 og

B- L - Be -3

2 8B, 2 ag' 2 3K. a" a")

ac" 2 ad., 31b

(For all those terms containing g'BS will become zero it they are K
operated by B g

2 B,. 2 bg'

a::-t
c + 2 -a + (K- -+ c - ,-)S 31c2 a,, 2 di' 2 , a ; act" a8'.

+ A-+, a + C,+ I-S, -ar,,0 +- 31d-.

D - V(,*),

E +K -- A,-- + + U-8 + - + sh
3A, K.' 6". 3Ud' 31c5c" 8c*" SL

( --6 , _ ____' r, _. £_
-- ch. ac + C16 8f / -a,

-F + L---BP + K',-1- + -+ U
8u au 31f

-- + c..

31 h ""P 31

-- G - K' "CAh'-- 8 ,- '7 - f

I $ oil

&K' ' act 
31h

-K ar

14
.> -- . . . .. . . . . . ' -" - - " " - • '- "".-.. ., ... .-. '.- - . . ''' -. " -'- . i - . . . . .. " .. , . - .- , ,.- > > -L -. -, " -. .. , ,.



- ( d4) - , 31)
S(4, + +3 ii ¢

2 " 31k

+ .k ,

L 311

So, the general form of [div (S"

1' div (S.) ae)(31a) + a'(.)(31b) + e"()(3c) + ;(.)(31)

. +-t #(,)(31e) - - #'(e)(31f) + #;'(o)(31g) ::

+ T(.X3Ih) "+ 8(e)(3ii) + 8,(e)(31;)

- r(e)(31k) + 7(e)( 311)

-, ., ,L.+ X 2'(, , '"

22 all 2

+ ( + + -+ 
,,j_ ....

2 2 K

,..'"+ _ ,+ #', "--f+ ,-, + ?
2. J K a. +

22.i+ #- (-,<) +( ° -- )+ ) -("-L: +
2 2-

Some points should be explained. They are:

(a) Since u and have common renormalizat.on constant Z, so let

(e) = 0.

(b) Since s~ and s,# have common renormalizatlon constant Z,~ (i.e.,

the Z~ of ss propagator), so let

'" (( ) (e- ) (e)-- " ° "

(c) -es (s) can be eliminated by the renormalizaton Of Ain

15
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Eq. (2) (For example, we can choose A ,-A-- 1'*;(*)) . There is

an indeoendent Z,.

£(4 -- (?%.4 c!' + eC"A)8,( iI
I: "; u - -( .; : + *4)~A.. [-

33a!V
Let

where

(Z') - t- '7 Z., + ,7'z' U) + ""+ "Z, , G- :'
- 1 -~- ~ +- .+ .

-- .+ , v .+ + ' ,,. 33 C

Here the zerotn uraei" does not have spontaneous breaking, Arid 0.,=.

VI(.)) V16+1 are gauge related (related to c I ,

cancelling terms of the polliwog diagram. They can be eliminated by

renormalization as following:
" -.. -((z,)., + (,,).+') - (+ (,,,).))

+ 12 1) + 1 ' S
.+ .+

-+* (( + -+.~~+ + ,,.z,+. ..,

+ I ,f(..i;) - + + ,i,,,.,))( z,).-

1 ~ 34a
2+ l~t~ + o(014).

Similarly, we have

',*..-~t*- "
1 Z .4.1 i+ +t i*+) *+I + 001D 34b I

Again, le*

-: _(Z3 .),,,, U*( _ - Z,),-.

. / .-, , i4,.- (2 .'~,) ., . ,,_..34c

If every (Z), is expanded by

"" ~~34d ".-''

~~~(Z). -- lzm u + " + n' . -34-'-

then we have --

0 ,*' '".. 1 , - A ,.) - - , ' z i .+ , , , + o ( ,,' 0::)'L
2

16
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% I

" We also car. 7-.- -ieqiect- ), svmbol)

Z~a '"ZZ ."" Z , Z, "

Z.' 2"K,,,, K . (-)" K,:. L- (Z 3),nLo,

2. 7ZI/22z 1nz n

+ Z, ~ -2,,' i, z, ',
K,'- "- *- Cj - Cg ".'

Z!4A
z A . S 

34l'

11 C C) 4 %,.-.z, z'

Combar 32 ,, then the 3 ti

Z3(--! a( a)

2 2 2

-r(- ~ e + .. 2Z' I-
22 2 2.

-~ 2

2 
2

2; 0)3

If the- , and u of S are r,:)laced by ,
• ,, , • ., • ° and u t en.,

SSii and , then is redefined as

Similarly, if they are replaced by Ac(, ,B, ,s,, ,s., , K(u,, .... u, , and u..

, then S a is redefined as S'. After these replacements, we have

- (S.) -+ - .) 1- o(, ). 36

Because of Eqs. (32) and (35), (S$. -S,1) (-o(7"')) will cancel out all

the divergent terms 7'"[div (s.) (-o(7"); this is a general

divergence of (n+l) order) of (s:). But this will not affect

those terms with an order less than y So, for,.,(s, ), not only

those limited terms '', y,..7 are still limited, 7'also becomes

limited. This is the result we want for the renormalization.

17



Since s,,., and s.10 are obtained from the variant transformation of

S , the Slavnov identical equations should hold after the variant

-ransforma- .. ..

___ _ - -- --- -- _ -- - U, &-t

- bS, b.5 bS. 1  s, S . -~cJ U,a .,t, a,,.,. -L ,, 8K. , , 5u." 1
.. ,,o ' -+ l)

&, '+l, #l'P.+l> J,'A',

.+II + 0(+)(C Al2- 40 ± -~i(~.,)(C .+~~ .~~0a.+~ C ).+i.

From the multiplication "L dzion (Eq. :4) of the renormalization, we

have (see ex-rF!-- - -.

I ;(C")-* I (°,cy - 1(,,.± I!(82

2 2

So the gauge fixed term is invariant under renormalization. Because

of the following equation (from Eq. 35)

Z3( -+ - ± i.i, Z( 1 + -Z.+)-

2 2 2 2 2

we have (the equation above is true for each order)

z z 3 =z'z

3  'Z 3--.

So, after eliminating the common constant factor, Eq. (37) can be

rewritten as

8. 5.. N., +8S 8S% ~ S - 5S" - U, - _

&'.- o 8 k $ a30 . [L,

_ e, A , , S .. 8S' , - o
3K,4 6K' 6K"+ 8u

SK! -iT c,, 39.

It is obvious that Eq. (39) can be proved rigorously, and is

consistent with Eq. (15). So, it can be used as a starting point for

the higher order renormalization.

It should be noted that the first one of the equations (37) implies

that S' is invariant under the following B.R.S. transformations (Eq.

18 .;



10 is under the 'arlant transformation):

C , 0 0

6". f"4a 0 0

+ + (ACu . )all

Tryin .4.~n L\i~o m t o aga1. i ,U .+1 + ,O, ., * ) A , ! z-.:f

,A 4a~4c.~5. q

,' a , ,,, . + l - ( o . + . *lo - o.

into.AIB,......accoding to Eq (34. Among. thoseL qauq rix" t'ms

FA- a nd ~F B,, are not renormalized. For the B.R.S.

transformation which is related to 6uand u, F A; and 4-F"B are

invariant before and after renormalization. Because of these, we

should choose

Then we have:
. . ) , ,

w he a i nt b f r a atr reno +rl iat on Becaue(of these we -2'-

.. s h o u l d c h o o s e 
'" "8",

S - F(( , + + c:Aa 2+

~~~~aid - 0( , , a .-

8$,. - f,( F"B, + ,41,4 + cO-+), -4

where+

Here, (42) Is the B.R.S. transformation related to Eq. (39) (sn,, is

invariant under the B.R.S. transformation), and is also the general

19



form of the B.R.S. transformation of (16). Replacing n+1 by n, (42)

will become (16).

COMoarison between 42) and !10):

(a) In Eq. (10), s,9, s;=g/, but in Eq. (42), S3 a3nu are

translated by Eq. (43). This is necessary for the elimination of the

divergent terms 1,and z/' (gauge related vacuum expectation vaslue

which appeared during the renormalization process.-

(b) Between Eqs. (10) and (42), the following relations hold:

In other words, 61b will become bare ,.etc. after the

correction of (n+l) order perturbation. These bare ~ trand Ct

still satisfy (from Eqs. (44) and (6))*

This is the same as Eq. (6).

(c) Exchanging i and Iin Eq. (45), we have

fo( =, can be treated as a matrix. For different c, M''s are

mutually independent. So, we have

0. 46

Since f.61 - So faCA, -! .Ti >rnulies

47
IC.

Therefore, under the B.R.S. transformations of Eq. (42), the sum of

20



I

the Jacobian diagonal of the functional integral volume element is

zero and the Jacobian is 1. The Slavnov identical equations of f at

(n+l) order can thus be obtained. (i.e., Eq.(17), is derived by st.,

This will guarantee that the same renormalization process can be

continued for the next higher orders. C

(d) The qauge transformations which are co-rresponding to Eq. (42)

are (let

8b., - ; ( () , . -.-

8, " i -- _______' gr * (7').+ g , )

2 ( Z 3).4, ()..----

,; i { ( 2 ). , 4 r, o 1 ( ).., ":8 -s± ,2). (rO.., g',;62. /,43

It can be seen rzaam .), (c), and (d) that th ..- . ' constants of

gauge groups before and after renormalization are one to one

correspondence, and that the Abel subgroups are still Abel subgroups.

This is the proof of the isomorphism between gauge groups before and

after renormalization.

In the presence of fermion fields 5b, and 9, since qA; and g'B -

appear in ,,r and., they are zero after the operation by Z 3._,

2 a' 2 3 2 d, This will only give new renormalization constants

Z, and Zq, but will not affect the overall renormalization. The

fermion field coupling with the Higgs field will give new coupling

constants and then new renormalization constants. But again this will

not affect the overall renormalization.

If the vacuum spontaneous symmetry is broken, then the discussion

of Zinn-Justin and Lee L2J is applicable. No discussion will be given

Vr
here.

21
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The method in this paper also can be applied to the case with

several subgroups.

[

IL

or
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