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1. Introduction 

In this series of papers we have undertaken a systematic 

investigation of spontaneously broken gauge theories, having in 

mind mainly applications to phenomena which can presumably be 

treated perturbatively. In Part I 111 (hereafter referred to as L) 

we recapitulated the familiar structure of SBGT'e with a gauge 

group C : IL. -.c N , where I( is an arbitrary compact semisimple 

group and N is a possible Abelian factor, and with arbitrary 

fermion and scalar multiplets. We have also set up a renormali

zation program, where the counterterms are those of the symmetric 

theory, and the symmetric parameters and the zeroth order vacuum 

value of the Higgs field pick up finite corrections. In this and 

the next Part we calculate the one-loop corrections to proper 

Green functions which seem to have immediate practical relevance. 

Calculations are performed in a "renormalizable" gauge, by using 

a simple quadratic gauge fixing term for the vector fields; 

this procedure may not be the most convenient one (see,e.g.{21), 

but, anyhow, it is interesting to see how unphysical degrees of 

freedom mix with the physical ones. 
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The organization of the paper is as follows: In Sec.II. 

we derive the one-loop generating functional of the proper 

Green functions. Sec.III gives the general expressions for the 

~~I Green functions up to four-point amplitudes (the compact 

forms for the propagators and vertices can be found in the 

Appendix) and in Sec. IV we exhibit the detailed form of the 

two-point functions. Pinally, in Sec.V we compute the corrections 

to the o"'" order fermion mass matrix. The three- and 
four-point case will be treated in a forthcoming paper. 

II.The one-loop generating functional of the ~P! Green functions. 

For calculating the proper Green functions we perform the 

loop expansion immediately for the generating functional, using 

the method described in IJI. Our vacuum functional is (see I. 

Case of SBGT) 

- i. c tl) r r 
"ltl) =~ "")nd~~.~ ~~~~)+";tl..f•")l =!(ohi, 

) 

where c is the generating functional of the connected 

Green functions, and 

IN t~) ,. \U • C.(f) + \IJ t t't) , 

'.A.I,.l"t) : ~ t.f., ~t .. ,. 'tc; ' 

Wr l't) ... 'C,cq. +,t,,"'f.,\~,Cf\ "'~ •. l,.,.t tt~ct,C{>t'" 
+ ~\ "t .. ..._ .... ~ .. l.f\ "'If.,. . (1) 

The generating functional of .the "\ f' t Green functions is defined 

by the Legendre transformation 

('lfl + C.t'l) ~'~('f .. ~"~) .. 0 ) 'f 'Y ::.-! C.<~) -t\~ 
~~, 

The loop expansion can be obtained by writing 

f."L. t- 'it. c.) .. \ Od~ u., 'Ia. t ~t<i) + 1 (Cf +I\)") 

4 

(2) 

and performing the expansions 

c. • ~ -t.. .. c. C.L' r = z "'- r c.'") • 
L.,.o ) L•• 

Omitting from the action the counterterms, we have 

• ) I It .J. 0 \ )0 'w (~ : 1..~" Y\'f\ + .,,,),.H'f~'f~'ft ... i:\~ Y\~...,'f,C,f\Cft(f"' 

Let us define 'i- ~ "\: C l 1 by 

&-w• 
~'f.l tt .. 4 :: \i,., ·h + i '\~n ·h -4 ~ +~ '~t"' -Tdd" • -c;;., 

( I 'f : - ~ for fermions and +1 for bosons) 

and make the shift ~ ~ <.f•-+ in the functional integral. 
It is easy to see that 

'W ttt ·h,Y ") ":: \W t-+) - ~, ~' + C' C..'"f) ) 

where 

;; c..t.f) , w-.l~) ... .; t c~ ) ) 
,_ I 

\tJO t~) '::: '2. 'f._ \!'f'lt (.-4- )~ .. l 1£," t-t): ~'\ +1~~$ 'h + 

,.... "' .1. ...... 
~'tltt) =% ... "l .. \"' "f" l'*) ct., ···"t,'V ~ ,,., . 

+ ~'\. ,~,"'~ 'h -t ...... 

(J) 

the coefficients ) l ~ ) can be written down without any 

difficulty. We get . 
1 

-

• "t 'rtt "' ( 'f ) L~<tt-'/~ tC.. +I.W{4)+1-.{tl~+"".,)i l: \lld.'f t. -: 

• r r ,.._ ·''"',... 1 -\lid~ ~f.;,~ w,.r...'f) +"- '" ~ .. ~~ ....... q,~s • t4 .... t..'l"'~ 
'\ "'- - -.; .... 

+ 'ii: "t .. to~ Cf,. Cf\ 4 t + ~ 'hu"" q, (h 'ft ~~ '\ • 

Performing the ~ -expansion and using (cf./4/} 

I) Oct.'{ olt.l(f ('I'Ll{" "~\ tf \) ... (d.c.~ "8 )-''"' cJ."t i;F 

where "' • is boeon-boaon operator ( IC ~· ,. o " ) while - ) -- .... .... "'"'(-\- = kn(.-+)-~al"+)c.L-+)It.o,~ L-t) 
(4) 

(the arrow over ~ indicates that first fermion indices always 

refer to fermions and eecond ones to antifermions), one obtains 
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... ~ .. 
~ 

c·<.·n '& -\ll•tt) -":\"t (.")..,.. "'") 

c."\t,H:. -~w'l"') -~ T,. t..... ~e.l'i)t-; +\T.., ~~~l~)~;\ . (.'') . 
Here '-1 is our action with the countertel'1118 taken in 

zeroth (first) order and \(. J/f '= ~ J/F l-4- -:o) 

Taking into account Eq. {2 ), we arriTe at the result ... _, 
- ·"F 

rt')(J). -c.'''\q) .. ~<''c1) ·~ T .. e..... "&t:r-)1{~ -\1,t.v.. "''<.1)<5> 

with \C. e C.y.) and \7 F (:{'\ defined by (J} and ( 4). 

The '\PI. Green functions can be identified with the expansion 

coefficients in the expansion of rc'' ''1) in powers of 1 .. • 

III. Calculation of the ( P t Green functions 

As we have noted a-boTe, to get the Green functions we have 

to expand rc'? '1) and take the corre&ponding expansion coeff'i-

cients. By introducing the matrices 

(.'1..,.)"' : ': .. ._ '(vH )~.,. : '~'~"' (6) 

and denoting boson propagators by ~ and fermion propagators -by ~ the Green functions in momentum representation can 

be written in the form (the trace operation includes integration 

over the. loop momentum ' ): 

f:.tt) • t'l~ + _!_ k T.., M'l')V, ('1. 11l,-11) -,~)\1'-. b(t)\l,h,o,- ... )l&c¥) 
~(1'11\" "'"'" 

r ~ . (l>\ .. , c.•" t u. .. \ c.,) ~ "' ... , t•) • ~ .. ,. .. r b <'l) "lr' t, , , ,-" _,) -. '-"1.11) . ' 

- bl'~ \'11, t~ .~ ~-'l-t) b(h~) "~ <.-. ..... ,- ~ ,-'l) 1 ... 
+t~'lt\"1' ... t-z~ l'l'I\J .. lt,·t,t-'\)1>(1-~)v.., (~-~,,,.,) + 

+ ( j; ('I )V..,l'\ 1 t 1•'\·t) ~ (H~ )\I\{'\~~ 1• '(,-\:) + (u•\ \ f .... 'f ))1 

(8) 
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li 
I 

r,,t c.,C\~...) .. 'C·.,. .. t <.~t~~o) +"'l~H <.,q~o.) + 

+'Z.~tv.)" T.,. ~ ........ t-tbh)V~t~ 1 t> 1-'l·'f) b(t'n)\J\t<.,o~'l 1 Q, 1 1t 1 -~)+ 
(.,.~~~~,H.) 

~. \ b(•) V, t'\ 1 ' 1 -'l-~) b {'H\') \J 0, (~H 10, 1 1..-f: )C>(rlt )\It- (t-1. 1 ~,-~ ~ 
+(1.~)" Ty (' tZ (\) \J .. ('l,O, ,-•-q) b(H~) v, tH~,l-. I,_.~) b(~-'t)" 

"\J~ ('\-¥J 1¥,-\) + ~(~)\)-\ h,'c 1-1-1,. l 0 (HI,.) .,. 

.. v .. t'hlc.,Q,,f-~)bt~-~)V,. t~--,,,,--c)-

-~! i:'tJt)V,.lo 1 t 1-'l:-¥) b (H~) V.,(H~ 
1
q ,\.-\) .. (9) 

t ... ;~,o\lt) ... b (\-1.. )\Jot ('\·l..,'-.,-1-) 

The four-point function is given only for boeone: 

r..,H"" (.·~ld. l "'c~ .. t"' ~C.,I..t) + 'c~H"' (~o,l,.~) + 

+_L T .. ~ .. f-: t>(\)\J,,(.~ 1 ~~~(..~t-\)bC-.-It-t), "l(.'t'l\)1( 'f- ~ I 

(vi',"-Q.•'I:"- I"''-) .., \l\...,(,-l.o,.t 11c. 1l ,--..) + 

•tt.te)I.J, tt 1 'f,-~-'1-) e:.t'f~-.)v .. c. 11 ~-..~,lt.tt-'l-)"' 
• t:.(tt--"--t)\J~ .... l~-1..-t,l..,',-")-

-~ t>t~'I\J .. l~,f ,-,-e)t>C~H'\)V~ t~~'\ 1 o,,~+l-~) .. 

.. ~ l'-~-t) \J~: t•-e...-o..,~.o.,t-'\') M-e-t)\l .... t'l-t,l,-e\l ~ 

' ... ) .... "'...ttn)"i..,.ti_ b t~)\1 .. (1. 1 ~,-~-'\ e>C~~c\ .. 

(..,.1', .. ~ ,~le.,"-l) 

"\J~ t~+"?.t 1 ~ 1 lut-~) b ("t:-lo.-t )\Jt ~,,.,_(. 1 \c., t-e)"" 

... b'l~-tYv ... t~-t,t,-e). 
(10) 

It ie easy to identify the Peynman diagram structure in these 

expressions, \.£ ~ e> and the Tertioee "1 ° ( \1 ) and ) " 

are giTen in the Appendix of I, but they can be put in a more 

compact form which is Tery convenient, because one can perform 

the integrations preaerving the general form of the Green func-

tions and make uae of the 0 tl.. order Ward identities. This 
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general form of 1<: b and V and some useful relations 

can be found in the Appendix. 

The regularization we use is the dimensional regularization 

of •t Hooft and Veltman / 5{ With a little manipulation the one

loop integrals can be written in the following form: 

11. ~t1:~ \tt"''~-"' Cw.'L+I.."-)"'/.,..,c "'" \d.~ .,_, ... 
(v...'l.-~'L-'Z.~c),. reo~.) Y:.c '-I" '<'

1
, 

.f'(ot.-v-~)o"~(-'-.~ (11) 

with f) !.. 
0 = --;;-~- 'b~"' • This form is again well suited 

to preserve generality as far as possible. (Since ~(1:) is 

always a polynomial, the sum is in fact finite). 

Two points have to be discussed here briefly. One of them is 

the problem of treating pseudo quanti ties like "t r and tt-"w~ 
for ~ ~ 4 ; a general discussion of this question can be found 

in /G/. If there are no ~ B~ anomalies 171 in the theory, 

~T identities will be satisfied if we always commute ,~ 

and ~r normally. We shall require the absence of anomalies 

and use normal commutation relations. The second point to mention 

is the question of the infrared divergencies. Though we don't 

really want to deal with I~ divergent quantities, such diver

gencies may occur at an intermediate level of the calculations 

and there are elegant methods to treat them in the framework 

of the dimensioaal regularization /BI. We simpl~ introduce 

an infrared cut-off; this step destroys the validity of some 

of the relations given in the Appendix, but the violation is 

proportional to the I~ cut-off and can be neglected in case 

of logarithmic divergencies. 

8 

IV. TWo-point functions 

In this section we write down the expressions for the 

one-loop Green functions !" ~~'\ \' ~"(\ (' ~ ~ r',. · t"':(f':\ and rot" 
' ) I I ~ ' ) 1• 

We use the notations of the Appendix and will explain some other 

notations here. Let us define the quantity ~~ as follows: 

t '1. ) I '1. ' "\. l "' ~ ~\ '1. '\. ~<>. ~ 1'> '= ";'-(). \.~ 1 4·'> I "' ..._~ -1.~ """~- ~\ -· 1H f · (12) 

i'fvo.o. , ..._" may refer to any mass and " is the Peynman para-

meter in the integrals. Then, denoting the infrared cut-off by A 

we have· 

to..~ t\''\,) = 
.. ,'I._'<. 

\o... lt\40) r <.~&- ~ '> 
" 'l \ "'"-·'- ... ,'\._, (13) 

~ 04 L• ,,.} "' ~ '1. t 'i,_ .. lf\~) -lo.4C.\~) > r o .. -"''"') 
"-~~ I 

~~( .. "',fo) = ~~o.l¥"1.·(-c-.) \ (14) 

c ~c. <."' ' ' r "'''\."'"' ... "--1... 
Q.A. • ,(,I "(~'L ..... ~)(~\-111-() \ 11.1\l\l.\\) -~)\1, (f1. 1'>) • 

-~,.,t ..... , .. \"'1'\."'""'·h..,t~>"'.c;)"'"" 1 rt~-~). (15> 

We shall use the fermion couplings in the representation where 

the fermion mass is diagonal and free of ~~ 

~ .,.\:;'-w..~") 
• L '\ "i:" A+ -+ r -
-l:.,t "~",tl..) \ to~'i'lcotot."o ·~ '"'~ 
" r~ -= ~ ~ f'~ ~" . 

(16.a) 

(16.b) 

(16.c) 

(This notation should not be confused with the familiar expression 

~ :'\""pI" 1, ). The relations (6), (7) and (15) of I take the 

form ,... ,.. :r ,. 
t"' •t , , ... r 

~ ,. 
(-1-.,~....,'C'.,'t'("'\• 

.. 
' c ~ " \ '<".;, l ,.. 
-~.c.:~'l"r~ 

9 
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"'~oi-'Cof'( 

( 17) 



After these preparations we give the list of the Green functions 

( & ~ • 0 t" '\. • 5 ')I • ~ ' • "':! ~ • r' • c.' • 1 1 are 

the renormalization constants introduced in I).In each case 
c.T 1o C f' tt_ (" . r . r \ !' refer to the countertenn (and a order term). 

boson, ghost and fennion contribution, respectively and r \ 
is the term, proportional to the gauge parameter \ 

A. r,(•) = t&t-"'"~)~- H(t\-•)r"' .. r-'\.t~-1))~"1; ~ 
•i_C..t.';~~,. -t.;i .... ...,,.i.., .. ·~ <.·f,, .. l- ~\\lo.C. ~'/.i'>..._'h + 

"(r-'1.&'/.); 1 .. tt""~'" r .. r rc1-~ ~t .... :-)"1"- ('(11.-I)P .. ~: ~ 
~(~,.)" '\. "l. 

+ n ... "(' -1-'l"!t~..: r; l- {'(t- t ~ t~'\.)~/~-"1., ~ 't: ~ "\ 

( 18) 

"" • r.. -• ... "" 
B. rat.~' C.t) ,. r "'" c.,) - c."'~ c., .... ) r.: ~ t • ) c. I'~ <.., ) l' ~" t'" -

-\ ~ti'D" (\) 
-\,_~'~'"', ... +~ f\ P .. ~"'>-): 

<r""~ "\. 

(cf. Eq. (54) of I and note that we make r (I) 
; ,. 0 for the 

definition of c.,, (I'") see item C ). 

A\"" I"' ll~"n"') ""'"' r ... (\ tp 1 = - c.~ _ ~ A "l'- c. f 1) 

t..~~ti'·'l ~ \""1.-:t,,.~.f- -"-'"!c~'--Cc.'t.,-"':!:,)1-\"'"+~"'n,-"l,Y\,..f\
- <.. ').) .)ol. ~~ (~-q'). ') 

P., ~ l C. I '1. \ 'f: .. ,'\. r "'- \ "L .. , -I 
.t(\ ,. -:.- \~ '\. -'2.f'(l-;. 1(t14-'l")(.t-1) "1. T.&t .. + 

't ("1-"11)" ' \' 
r '1. --+ <.t--'\.1"'' ... -',:, 11 ~1\l- ~<lc-. ~ 04 c.,'\~)2.? .. ~, n,h \-

+ { d.-. r ~ ~ <. "\ "'> ( <.'h.-., ) ~ .. T"' 1', T ~' ~ 2. n .. ~ .c n , ~" ') 
0 

- &~ C.•'\\) (~ .. ~" t'~c. ft' -("l('t~·l)\'"'\o-.~)P .. ,., ~,T~) 
+ 4 '\ '\ (, ... )... ~ 1.. 

C...-.c, o\J' ?o.T.,?\.T~- ft..""l¥\~)T"il\l ~ 

10 

~~~ tp"') 

\ 
.. "" tt'") 

"""' " :. !......C: "Tv ~d.._ A~ tt\ .. ) Cl.t\H-co)p"'tto.t_,'lt"-t~-
'L 't'Of) .. 

A .. & - t 1>'1. ft A t A a, A fa 
-'l .. 'i.c., ... tol lt'~~ -'l\~o."' "~tt""""' ~ 1r ..... -t_,\t, ... '\., l 
tt "''"' (' •1"-'\. 

,.Ub)"i~'\.'2f't"l·';,Hf\"), [\t~~"~l'~-~\T,T.)-

-l."'t-.;,_.\To~'Tl\' k~'t' ""\ +)ch r..;,"tt,\)(p,\T.tTj\-
~ 0 

-~\t\::,,.~T(\ 4~:,\\,T., -'1.~\T011 Tl')+ 
"1.. '\ '\. (19) 

+ t"" k " ". \ \"I T p. I k ~I(\ 1 ~ 
'1. ~ t --~ ' '\ +(~"-bH'-~~,.,')\T<l' \d.\ ~ (.'2+ /,.) '-Mtt,~)\. 

'\ 0 ~ '1. 1.. 
4 C.\-\)@>o.l\tt'",c;.)? .. "')Tfo•t~"'ol''{'-k~·l''l 'S 

c. r:, l~) :. -r~';, lf) ... -•'"c .. , t~t"') 
c:r c.,, l~"'\ : \,ti ~-\ + (~\-'l:\).t(\ ~(\i. ~ b.,,,i fi')..i 

• .... "'"' r ' '" t o C o~( ( t"' \ .,.. -- T <t ~ ~ ct.s ( ~ 04 lt\ ~) \. '2. (I H)£ o. f.t fl1. ~ \ \-
1-C'b)' 0 

~ <. 'h'\-. • 'II. tl-'t .. )W ... T, 'P, ~~ +< 1-'1~ )f\6. b.rn" "t ~) 

- ~~ tp'\~) (2.<.~"'-lloO.\)CI-~) ~A.~ott\t ~- \ 

\- l'''.,. \ ti~-- ... ~)(1-~)) l>o. lot '1>, ~-)-
- :t..'!... l\f'\\)(p'L)1. (\-'Z.S) P,..T'.t t>, ~- l "\ 

c r . ") tt. "'''" • '1 A 
•h ('t =i(1,i" \ \•'>l.P\~(.f',-.'\\(Hho.t.tt\t.~f'; 

") .. f' " + 
- .. It .. "" "'"' ~I. f', J 

c~, cf\ "-"'"' "' ... {. -'1. .. -•- T., ~ rt'1-~)lt-,.\'" t\t'~"~~-i,t\ 11\+~;,)l 
2.(11'1)" • 

"'2 
"" ~ ~,.' \ \"'' P~ i,.' \ 11•,: ) s ch (~-\) & 11.~ '•"•') + 

•,. ~ "'"' ... , \ 
·~ttt.\.)'t.tt .. :l'i<.,1.tk~-t'\~)~~d.c-.('h p 8 ..... <-f,,)-.. ..." ' 

• " -Y\.~1\ .. C.t"",\)l 
+ \\I-'> t f'.. t..l\ t,', o;) (\-\) ( ,_,\ \' :3\ + (.l-t. )~!ol• \ T "~ ) " 

• 
.. ((.1·">)\)"'\Tt'\t>' -\.)t.~ c.,"~-&l~-t--""t.\))+ 

4 ~",_,..t~\o;)(•hT.tt\':Sc.\ lt"'"&t.; -v."~,,)-
- ll-') p~\ Tt- ~.,)- \;l "'"".;.' r "'\ Tl' ~"') -

- P\ ~" t•"",o;) t Tot T to "\~' ") '\ (20) 
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D. rtf\•'·):. f~~~i -~'1.'\ -tbt"'\\ -(t\-t)t"'•~"(.~-\)" 
+ t ~·\- c.. ... ')')." .... ;. l (\ .... - ~ lo.t. ') ?. .. ").l + 
~<..c. ... + h.t. '\t.. "\ s,., .. l\i + 

n e '\.) lt ... ,.., . "l "' ...... I-,, l~ a -- j'r f r C..t- ~ )f ... C>."'...) '1.-\ tflc..l'·, _1,(~.\)r,..v.:vl1+ 
• '2('ht)" ' '1. ' '\ 

~~6~ ct-:!4 c..f,.-.)(t-.-t)Po.~~ Pc.~\+n.~if"t.'li-
0 

-'-'~J"' t'+ .. ") ? ... ~~ n,~~) + 

-+ ~1. lt\ .. ") ( 'l\~1 ~'I. ~0. t~ ?c.~\ + 

~"'t"' C..t'a._ ... ~ )(I-\) l>c.~: {il ':l'~) + 
'1. (' '1. '\. "l 

~c..~ c.\1'\c,') '-L' P ... ~' Pc. ~i l s 
" 

r" 1\."''"' r .... ' "'" ... ,"_, ,. • • .. ~ ,\·Lf') ,._ ~~ "r'(l-~jt\lo.c..) '\\:.&.tt\t';"' ... r.r~ >~ 
'lt~'lf)" • \ 

• "l ,.. ,.. ,. h .... " ,... ., 

... ~o-. ... ~tf, .. )r,~~ .. r,'\tc.ri -tt ........ r~'tt~.r~-
\) "'"'L .. ,. ... ~ "' ,... ,.. 

-\\ ........ t'·ttc.f';. -'l.'ttc:.-...i'; .... f'~"\1 
r\ ~'A."" ~ 
'\ l,~L) :: U'l..')" T-.~ rtl- \ )(t-.'~-)"'"-.·' \ (2 ~"' ~~~\- \"'"';.~ ~~;·ll~ -~~::>~' \'-1•\ \ 

. ,__ ,.... .. 
• '<; \t. :ll \ l- tl \\"' \ T .t Pc.. 111 \Vt ~ \, s dco <.~o.-1) 8 1\o.. t~"',s) t 

... {. .. \. £.;.t I - t"'\;.') \~;I Po. ~~I C..t'l. b '\ - \" "\•('l .. 
I !::' '\ ..,. '1. .. \\ ,. .. c 'l ~ 1\o- (., ..... ! .. '""-"' ~ 1\o. c., ...... )"") -... 

- ~ .. 4~ c ~",.I\ ( .. ',\) ( \-\) \. ~ •"' ~--I - t-'\; I)\~~ ;I 
-l~-'• ')""'~,,..\Tot)(\ 'jl~~ l~"'cS~\ -~·\\)- (1-\)f·\ Tl' '.('\ ')-
-\ to.~,.,t~'\-.)(1-c,)p~~;o~. \ T.L \ il\ ~t-(1 "\ (21) 

E. 
rc.'ftt) = •- .... 6""' t-<.~"'-~)t~ ...... )~lf-"".,)c~"'-')-Cr,'-r('\');-

.. t • -f'; 5'\~ 
r'"t ' ~ "' - r.. ,. 'l. ( ~ • ~ ,.. ttl=- 1.0 ) ... '>\. ~().\,<.,~ ... ) 1..10.-\)t .. C.\~- ... )~I.~C>. ... 

~T)~ 0 -

+ ~. lc. p .. :. 'lite,~ .. )"~~ C.t'\~)(fl.-\) t&. p 1t~o...t .. "l w 

r \ '1: .. 1'1.. - "L '\ ...- " " 
l~"\ ":. (!.G')' ~.a ( -t"l'l-~) lt\"') ""- ~"'\\ f-\(\t:.-•)\:" "r-.: t~~~.~?.Y\ 

~(.,d-e; ~~c..(.\''\~) \otf> <.f,-:.. ).{\'> (.~~ .. ~) .. (22) 
o ,. ,. "" L 

., 1tt."" l .. - .... ) \1.>) 
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r 
I 

,] 

F. r,~.t'><.,"'). f"'r"\'>c..'f'"') 
\ 1t .... '"' • • 

I"\\ t•"') ::: O:C'l "'n. + - T~ .(_ <.v..-1) ~ d\ 'i~~ li\.,) PC). 'to~ if\ t 
\ ,. "2.('h)" " 

I . 

-+ \ J.c; 1\ 'l.l\1\ (. ~.,, .. ) '> ( lt"'-· I) ll-~) -\"\ \ T o1 i (\ 1 
I) 

(23) 

For the transition to 

1t. ""h r( 'c.-\\ Hv..) ~ 
'fl. ~ 4 , one can use the rule 

'1. \ 

t -f.~o11"'fl~ -tt...n~r~,.)H.4)"t'HC4)1) 
Here 

-. ""'"' 
b~o, : t-1)'2.-lo. 

l't-~ )'. 

1&. ~'2. 

u •. --,)~n."'~C") \ ~">1 

and rlt is defined by 

r l~) r:::. <t.,./1,~'2-l. - r~,. ( r t .,. "E '):. t~,-.+~'2 ~ 
p, ... ~e.-~). ~ .... 'c.- '2. '£ 0 

A definite choice /9/ of the renormalization constants will 

be discussed in the next paper of this aeries. 

v. Finite corrections to the fermion mass matrix 

As an immediate application of our formulae let us investi

gate how the one-loop corrections modify the CJt\... order mass 

matrix of the fermions. Chooeine the counterterms according 

to 't Hooft'e prescription /9/ and performing the integrations 

in (22) we get 

rc.p) -,..:;)ere._.) -r, ~'A:lw \ 
(24) 

where 

r.t¥''> -~-:. -ct·"'\.~'l:c.l~-.;.)t,. -t. .... f\ .. ,"~t~('l'-~)c. 
~ f, l~ro~ot">.)~ l-'!t'o. C ~ L0

o..t. l~"")- f. L'o..t. ~"')"'\n~.,.( o.. + 
1:. 1\ ~ ,.. ' ~ ,. 

~t \'c.. f-. L..:~ t•"'' + ¥' L""' tr )"\lt~o.{\o. -

-(L\c.L,"-) +'2. ... .:"-4:-.,tL.0L\C.\'"')-LI)I\L(~")) ~ 
"'•-" 
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+ (. '\. "' '"' ' • ) W..c..-~'--\' 1:::-r.;:: lL'04 t.."')-LI\t,<.t"\ .._ 
~~o., -(I"' 

+ : .... l~ ..... ~ ........ -~""""""'))fo..~« .. i .. -..... --~ 
- \ oL(\ (.f -lt. 'l {(\ t..C. t ~c. (f"')+ ~ t~(> <t'' )1tt ... f tl. 4- ~) {25} 

with . "'" ~ .. lot l'l.) -\ -'1.' I: 04 • - C) t04 t, \ .. J 

'r • 
, l..t. C..•"') ., ~ ch. ~" f.M.\~1:1.4. <.''\,.) \ 

b 

{26) 

and ~'A' is th~ modification of the scalar vacuum expectation 

value, the form of which we anticipate from our next paper: 

~').~ "';~'It"' r-~i \ .. { ........ "'~~~o.Z" ('O .. "C\ -~Po.{~i,~~o.'\'A ... + 

+ 'hco. ~ ~ ~ "1 ~ t..... t."' \ '\"' • ~ "\ • (27) 

The one-l~op corrections to the fermion masses in a general 

gauge theory have been determined by Weinberg 1101. Our calcu

lation differs from his in that we work with diagonal fermion 

masses and obtain somewhat more explicit results. In the renor

malization scheme we work with ~here is no question of divergent 

corrections changing the general structure of the fermion mass 

111atrix. 

To determine the mass correction we write rtp) in the form 

f't,)., H,_"')r -~Ct"'\ ~C.t~"')C.,---~~c.p'"))CC.p"') 

and by using standard perturbation theory we get that in a 

subspace with a given ""'., 

b\o.~ .., ~ ci;;+r.t·\( .... z)c,.)+ +".w.+~~, ... ~>CA+Y."1~. 
t\o, .. ':. """) 

(26) 

This expression gives the splitting of the degene_rate fermion 

masses. i.e.,gives the s,mmetry breaking corrections to the 

14 

so-called natural symmetries 111 •121 of the mass matrix. 

Since it is hezmitian and free of Ts , it can be diagonalized 

in the corresponding subspace by an ordinary unitary transfer-

mat ion. 

Putting together (24) and (28) one obtains 

'b ... ~ ... ~0 ..... \ +~< .. ')""'~ 4 l.c.~e) .... t -t-f>lf') ...... "' + 
(29) 

l .. ,.-:: .... ") + be..\) .... ~ 4 ~&'>. .... t . 
&c.,.. is a correction which can be incorporated into the 

original mass without changing ita degeneracy structure: 

~h"'bl) --t f'\ ~ ~ ~ ,. 1\ ~ (l : t'-1-.._l,,., ... ~+.,.t, l~t~ ... ~~~?.),<.c",~t-, )J" 
(29.a) 

~(. ... ) .... and bt"-) ""' are the contributions of the zero 

mass and massiTe vector boaons, respectively: 

~ f\ ,. i\ ';i:"' 0. 

: - ~ ..._~ t..... \o.~ ('~-\A "'t 11 ole p.. l C. 

"\. ~ "\.' ~ ... "\. 
- .( Lo C..,)(- k" ("'., _..,.,) -1- "'o. +-"'s. )t 
• ~&>~ "c. .... -.... ... 'L .... '2 "' 

..... 'Z "" .. \1.1~ ... .. 
\'1. '1. .... ""'1, '\, ... '1. ""'1. .... \ ~ ~ (l....k"-1}-~---£: t..,"" - ~e (l...k~e +\ l-
w~ ~~ ' 2~~ 

... ( '1. "') ~ • .. ';< ;:- ,o. 
u.c. ~cs. +-""'c. (t,,,.,,.'~-\) \ (+."''ltc.ot"' ·H.~~:ttc."-~e. ~~ 

z...,.~"'-t->.~"' _ - (29 b) 
"- ,., ,. 1\ ,.. \G. • 

- ~ .... t. L""" c ..... ) C.~w: tt, -tlo::' + ~\C n: .. -t\C ) " 

"L" .. '!1'2~~; u(,..)...,t. 

'l. c .. 
1'2. t\ 0(.11:)""" 

(29. c) 

Sc~)..,.., givea the correction due to the physical Higgs 

scalars: 

., • L" ( ,. ,. .. + t. • ~ • 1'h &c.~)._C. r ...,t. Pc. t .. ;-) f"~l'c. f'lp +- f'l~ ftef"f' Jc. ~ 

'~ "')(.: ... ..!!. ,. 0. ~-. .. ._,c. C..•.. r-,~c.f'lp +-{'~ r._f'l, ), . 
(29.d) 

IS 



~en .... , the Goldstone boson contribution can be transformed 

into an additional vector boson term by using third equation of 

(17) 
'\. -

'1. ~ &' ... '" "") • " 1'2~t oc.,_) ... ._ :.-w.~ M\ U-.......,•~ U: 1c.ttc.-\:." +~ ttc.~~ ~~ 
'<. 

and finally, 

'!.'h"'b~"). -w.t 
~h ..... 

(29. e) 

(the "tadpole term" in 110/)is 

.. ~ r...tr'\.a...,..'\.'«p -"!!~"'Lt..t-\"".)p~p'?.p' +,, 
~'I. " "'l I ,. "+ )o. 

+l.:."'~-.. r~r1,(f"p+rp r. 
(29.f) 

As it has been shown in 1101 all logarithms can be calculated 

by using an arbitrary mass unit: a change in the mass unit 

influences only ~ 0 w.. ~ w.. does not depend on the 

gauge parameter \ and is free of infrared divergencies. 

Experimental facts indicate that vector boson and possibly 

also Higgs scalar masses must be ~ tha.n the known fermion 

masses. Therefore, it is reasonable to consider (29) in an 

approximation with 'M/M, .,../\" small. Below we give f.W>. up 

"'! '\. to order "" 1-'\" and ""' I to' 'I. 

't. .... ~ : ~0 .... ~ + &~ ..... ~ 

(. ............ \) 
(JO) 

where t:.o .... is again a term which does not split natural 

symmetries and 

'!l'l.'\t"'&,.w.t '"' ....... (\-~t...-.:-\Li,~, o~.f,.f,.)~-
-~ .... ,.(.t. ... "';-~ + ~rt...k"" t.l.(\-t...~~~.:n'\· 

"'" "'" •."' ' -..,. ::- ,.._ A ,. , .. 

"- "' •C.tiCttc.{ll.-1-l:~rRctltlto 
+ ...... - 11-.L ( '\. '>(. ) (_" " ,... ';;'" 0. 

...... ~ O....koc- ~ ~"nc.-l:~e+-l:~e.ttc.~'C~t. + 

" " 1 "' ( ' .... .... -, (t r" • ~ " 'io. ~w. .. \-"' +-\ l...\"p -~\";- (.' w.., -lllc.) l 'lpllc, p+f'pttc.C'P ' 
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.... IN.\. .. ..... .. '\. " " ~ • 
+ .... c.C-\+t. ... l"', +...Jt q,.._L! --" 1(r~nc.~"'p~r+tt r~~o. 

~"'""' .... ;:- '2\"~ p .. p t. 

+.!...,. ~--~ \".,~p-'1.'(1' -~1'-\"l.~~"',)p)p''Ap' + 
r" ... •"1.""\.1,~ ... , .. 

+l~t. ...... rp};_'-r>p+~"'pl,. 
(JO.a) 

We did not check the detailed coincidence of the expression 

(29) with that of 1101: the two expressions are of the same 

structure and in the special cases, analyzed in 1101, they give 

the same result. 

As an interesting case for natural symmetries it was 

suggested by Weinberg 113/ that in some theories the electron 

mass may naturally be zero in lowest order, and, if appropriate 

vector particles are present, higher order corrections can give 

"ww. ... -="-""'r ( 'W\. r- : muon mass). Such corrections are given 

by the second term of (JO.a). Now, if the masslessness of the 

electron is the consequence of the fact that the electron has 

no Yukawa couplings to the scalar mesons, the corrections, as 

(JO.a) shows, are proportional h w.;: I 1'\~ • Indeed, 

(

;:"' A ,. \0. ' A I' ~ ;:: 0. 
~" '"-"- '' ,. '2 ....... L-t"'-t"' +-t~o\." ), -:it~~?.\ Cr;'l~ 

~ 
thu~ the ~~ ~~ term does not contribute. Georgi and 

Glashow 114/ give an example where the electron picke up a mass 

of order ,1. w-.1" 

heavy lepton e 

by such a mechanism; the trick is that a 

has a coupling ,.,. ,I. Mr l~oo c. as a result of 

convenient mixinge. Cases, where the massleseness of the electron 

comes from a special choice of the scalar vacuum expectation 

value ~ seem to be much more complicated 1141. 
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Appendix 

We give here the compact form of the propagators and vertices 

we use in calculating Green functions (the Faddeev-Popov ghost 

contributions are treated separately). For this purpose let us 

introduce the following matrices acting on the indices of the 

fields (we write down only the non-zero elements in the defini

tions): 

1': ~"'" \"" .. h b.,r~ ; p : pI'\"" I ol. "' -~I" boil\ \ ~ : t. oil\ : 1;_, ('. 
'b b - -

t. I" ~" :: - ~ !'"' e. ~"" ~ '"'i.r - ? -£ ; l lf"' - I" 

~·. ~,. ... :e.,~T\') .. ; \: ~'"' =~ .... 

t: t.\-. ... S.,o; s:, £C.\"o/) ::41 I ~\=-A., 'ic. :0 

Q. .. •• (e.,'\ • ._ ::C..4-o; )~ol ~ Q.co( .... 

Q. ... ·. C..i...,l.Lo;•li...,h., :i"''" ... -e.ol~~ 

( .Q.., -= t..., for bosons} 

p.. (.~ .. '\t (\ :: (" \" (" .. \'> 

n.,·. (n\),, .. ~.,~~\ (no summation over <i) 

'lt._: <.~.,)~ ::toO\ ~t 

(A.1) 

(A.2) 

(A.J} 

(A.4) 

(A.5) 

1' ~ ... :: ~ (vector}, 'l n, .. ,((scalar}, 'I'll:.,=~ (fermion) .. .. .. 
The definition of t.,~..,. 40 ,'>-\ ,s .. ,~., lA.\\ 

in I. We note here some useful relatione: 

can be found 

- '\ - "1. '\ .,_ 
pq "' -(f'\ 1t., \~ ::-\o\ ( \-\ : vector mass)~ '-. \" • t-" ~ : o ( t': scalar 

mass) 
()'t .. , 1 ~p "'f, ~t,t =--', ~~ 2.-{ \ ~~ =~?:.o 

II 

p o... : -e.., p ... - ~"" T • llli e.., t e., ~ : - ~ .... T .c. 
1 

T - T - i -p .. - .. ' \ =~ \ t.., .. -e., 
(A.6) 

With the&e matrices the inverse propagator ~ , the propagator 

b and: the vertices v.. .., v.., c; can be expressed as follows: 

\(Ct)= lt.'Ci)4~\-'p ( \ gauge parameter matrix) 

IL'Ct)= ~0lt) -~r +-i~ 4 ~P 

'l 0
(.p) • -£. (.~.,-"'-"') for boaona 

a ~ - "" for fermions 

{p4\) l£c. 11).,-~.,~-'p , c.·~,)~'c11): ~·( 11 )c~"'\=o 
"''\ lt'~n '&-,"'i ,.\ 

~l•)• b•{p)+~'Y"l~+¥\\,C.'\+-t) 

Z.'{t): e.,O(.I')- i~ "tt;'c.,)p 

r:.•t,\: b\C.t). re:,'t .. 
'1. ~"' ) ' .. '"" t - _, 

lb ... )~i 

I""' ::-, P~,.~f\ 

... o.,,(~ 

(A. 7) 

b(p): ~ , ... _ .... ;-
ep· .. )' ,.. 
5 .. ":. ?e. 

r~''lt, c..~+-.: )i:~ 1~ 

\ 
iiP., f> ::-tpt>\ '":.-t>•.., p~ 

pb( .. ) .... -t .. \{\41') \ pt>·(·)·C>·(p)~-:0 

t>t•)f & -~ ... t~ti1~ , ,t>·t~h~"'' \j)·c,,\·i'\' 
'4~(.•'\\) :\l~tpo."\ +"P•~t +tt.~l.. 

(A.8) 

"~ t'\)•'J~ "t, ..... f. "1t.t .. ~ 
0 - .. 

"""~ =-i. .. tot-~oti,.+'C ~"" 

~~ 
' 

= 'ir~al' ~l~-t'~ 

·~-=i"'\-1'~"' 
\- T -

~"' = -~ ... =rt,~.-1:,,.~ 
• A• flT .a'· '·l ,., av,: ,u,-v,~ 

'l~ a l~,. :-C.~ -~;\'>.~ 
l\1.~)~, : l\J·, )c.~ -=(:l"~")t 

~oo.\\ :{_y•c.)o.., a -~~'t (A.9) 
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(~·q>'')\J, lfO,~) :i.,. lc.'t-lc.)-"-~ ... (~)~.· 

\J,.llc.cn)q-t): -"-'C.Io)e..,. ..-i.,• "'~· .. <.-a.)· 

0'\.1.. order \I.J T identities) 

pv:Cr- = f~-~"' ) \J~r~ .. fr~o(. 
r~~ =-~~(> ~"(f,.-i'\\.: 

", .. ~. ... (.~~ l..l \ = \J!"'"" {A.lO) 

\lcol""'""(\: -"\l""(t..At.Lf\"t.f\tllo~)~ ir-(\ ['Ttt 1TI\l-; (T.c,if\\)l ... 

- l ._, ( 1 C'T .« 1 i ~ ""\ + l S.. i o< 1 i' (\"\ ) t r 
~ ~ I 

'\/\ = - i:,.,lQ.;~~"\'t.~ ·"~h \ "~i = -~-i 

For the ghost one has (see I., Appendix} 

b.J.(\ Cn"") = ~ 1 
I ~~ 

~ .,t t> ~ l ~ C\ 1,.) :. - ~ ~ol (\., 'l" ' 
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