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Summary. - -  Some basic properties of renormalized coupling constants 
are discussed in the framework of spontancously broken gauge symmetries. 
It  is pointed out that conventional definitions lead to some difficulties 
connected with infra-red divergences and two possible solutions are 
suggested. The ultraviolet divergent contributions to the lowest-order 
corrections are then studied and it is shown explicitly, in a number of 
particular examples, how these divergent terms cancelin the interrelations 
between renormalized coupling constants and masses. The specific calcula- 
tions are carried out in the unitary gauge of the SU~ • U x gauge model, 
using the v-dimensional regularization method. 

1 .  - I n t r o d u c t i o n .  

A very  interest ing recent development  in particle physics has been the 

s tudy  of unified models of weak and electromagnetic interactions constructed 

on the basis of spontaneously broken gauge symmetries (1). I n  fact, recent 
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investigations give strong support  to the  idea t h a t  such models are renor- 
realizable, provided tha t  Adler anomalies are cancelled internal ly  (2). 

In  this paper  we s tudy  some problems concerning the  definit ion and inter- 
relat ions of the  renormalized constants of the  theory.  This subject is of course 
of general  theoret ical  in teres t  as i t  is connected with the  renormatizat ion pro- 

gram for the  theories under  consideration. I t  is also a ma t t e r  of pract ical  

in teres t  as can be readi ly  ascertained by  examining some recent  papers and 

results concerning the  higher-order weak and electromagnetic  corrections to 
weak processes (a'~). 

Our specific considerations are carried out in the  f ramework of the  S U2 • U~ 
gauge model  (~). I t  shoulder be clear, however,  tha t  similar studies can be 
extended,  in principle,  to  o ther  spontaneously broken gauge symmetries .  

The plan of the  paper  is as follows. In  Sect. 2 we discuss a ra ther  conven- 
t ional  definit ion of the  renormal ized coupling constants of the  theory.  We 
point  out tha t  this leads to difficulties connected with infra-red divergences, 
and offers two possible solutions to this problem. In  Sect. 3 we s tudy to lowest 

nontr ivial  order the  ul t raviolet  divergent  contributions to some re levant  two- 
and three-point  functions.  We then  show how these divergent  contr ibutions 
cancel out in the  relat ions between renormalized coupling constants and masses. 
All the  calculations are done in the  un i t a ry  gauge using the  v-dimensional 
regularizat ion me thod  (7.8). Some of the  calculational procedures and, in par- 

t icular,  the  field renormalizat ion of the  massive lepton in the  presence of pari ty-  
violating interact ions,  are discussed in an Appendix.  

2 .  - D e f i n i t i o n s .  

In  field theory  renormalized coupling constants associated with tri l inear 
couplings are conventionally defined by  considering the  appropriate  three-point  

functions with the  th ree  particles on mass shell. For  example,  in QED the  
renormalized charge e may  be defined by  means of the  equation 

(1) eoZ~ Z2~(p)F~(p, p)u(p)  ---- e~(p)y~u(p) , 

(2) B. W. LE]~ and J. ZINN-JuSTIN: Phys. l~ev. D, 5, 3121, 3137, 3155 (1972). 
For an extensive review, see B. W. L]~]~: Proceedings o] the X V I  International Con- 
]erencc on High-Energy Physics at Chicago.Batavia, Vol. 4 (1972), p. 249. 
(3) G. RAZASV.KARA~: Divergences o] the higher order corrections to ~ decay in the Gauge 
theory, preprint, Tara Institute of Fundamental Research TIFR/TH/72-11 (1972). 
(4) S. Y. Lily.: Phys. Rev. D, 6, 1701 (1972). 
(~) T .W.  AeP~LQUIST, J. R. PRT~ACK and H. R. QUINN: Phys. Eev. D, 6, 2998 (1972). 
(6) For a recent summary, see A. SX~LIN: Proceedings o] the X V I  International Con- 
]erence on High-Energy :Physics at Chicago-Batavia, Vol. 2 (1972), p. 252. 
(7) G. 'T Hoor~ and M. V]~LTI~AN: Nuel. Phys., 44~,  189 (1972). 
(s) C.G. BOLLINI and J. J. GI~MBIAGI: 1~hys. Lett., 40 B, 566 (1972); Nuovo Cimento, 
12 B, 20 (1972). 
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where e0 is the bare charge, /'a is the proper unrenormalizcd vertex function 
and Z~ and V ~  describe the field renormalizstions associated with the external 
electron and photon lines. The left-hand member represents the sum of all 
the Feynman diagrams contributing to the three-point function with the two 
electrons on mass shell, evaluated at zero momentum transfer. 

I t  seems natural to use a similar definition for the renormalized coupling 
constants in the gauge theories. For instance~ in order to define a renormalized 

coupling constant g,,~w for the trilinear coupling ev~W one may consider the 
sum of all the Feynman diagrams contributing to the three-point evoW func- 

tion with the three particles on mass shell. (Figure 1 illustrates the first- and 
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Fig. 1 . -  Diagrams contributing]i to evoW coupling renormalization. Figure 1 b), for 
example, depicts three distinct diagrams, with the dashed line representing a Z, y or ~. 

third-order contributions to this function in the SU: • U1 gauge model,) An 

important theoretical advantage of this procedure is that the matrix elements 
involved are closely connected with physical amplitudes and are~ therefore, 
independent of the electromagnetic gauge. In fact this definition, along with 
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a similar one for g~w,  has been  used implici t ly  or explici t ly in recent  calcula- 
t ions concerning higher-order corrections to t~ decay and lepton-~ scattering (3.5). 
There  is, however,  the  difficulty tha t  the  constants so defined are infra-red 
divergent  (9). This can be seen most  easily if one observes, for example,  t ha t  
the  diagrams of Fig. 1 describe the  ampl i tude  for W - - ~ e - + ~  and, therefore ,  

the  v i r tual -photon contr ibut ions to Fig. 1 mus t  somehow cancel the  infra-red 

divergences associated with soft-photon emission in W - - - ~ e - + 9 ~ +  7. Similar 
difficulties occur if one wishes to define the  pion decay constant  /~ and the  
pion-nucleon coupling constant  g~.= in the  presence of electromagnetism. This 
s i tuat ion is unlike what  occurs in (( pure  QED ~). In  fact ,  Z3 is infra-red 
convergent  and Z2~(p)F~(p, p)u(p)~- (Z~/Z~)~(p)7~u(p); al though Z~ and Z~ are 
infra-red divergent,  the  Ward  iden t i ty  tells us tha t  Z2 = Z~ so tha t  the  renor- 
realized charge is free f rom such divergences.  

We briefly comment  on two possible solutions to this difficulty: 

a) Separate  out the  infra-red divergent  contr ibut ions to the  three-point  

funct ion and define the  renormal ized coupling constant  in t e rms  of the  re- 
mainder.  A method  for separat ing out the  infra-red divergent  contr ibut ions 
of order a in a manner  which is independen t  of the  gauge adopted  for the  

covariant  photon propagator  has been  a l ready described in the  l i te ra ture  (~o). 
The advantage  of this me thod  is tha t ,  a l though not  unique,  it  is universal  
in the  sense tha t  it  can be applied immedia te ly  to any three-poin t  funct ion 
and, fu r thermore ,  the  separated te rms are free f rom ul traviolet  divergences. 

b) An ~l ternat ive procedure  is to define the  renormalized coupling con- 

s tant  go~ow by  means  of the  relat ion 

(2) F ( W  --~ e + ~o) + F ( W  --~ e + 9~+ ~') + ... = g~.wmw/(48n), 

w h e r e / ' ( W - > f )  means the  to ta l  decay probabi l i ty  for W-->f and ... stands for 
the  emission of two or more photons.  Clearly the  lef t -hand member  is free 
f rom infra-red divergences. To lowest nontr ivial  order only the  two first te rms 
need be considered. Note  tha t  this (~ infra-red difficulty ~ does not  arise in 

vert ices involving th ree  neut ra l  particles,  such as ~Z .  
Having thus suggested two methods  to  define the  renormalized coupling 

constants so tha t  t hey  do not  involve infra-red divergences we now tu rn  our 
a t ten t ion  to the  problem of s tudying the  ul t raviole t  divergences and thei r  

cancellations in the  relat ions between renormal ized quantit ies.  

{~) This point was already emphasized in ref. (5). 
(10) A. SIRLI~: Phys. Roy. D, 5, 436 (1972). See, in particular, Sect. 4 where the method 
is applied to the study of the pion decay constant. A similar procedure has been used 
to isolate the infra-red divergent contributions in the electromagnetic corrections 
to ~ decay: see A. SmLI~: l:)roceedings o] the Topical Con]erence on Weak Interactions, 
GI~Rs 1969, edited by 5. PR~NTKI and J. ST~I~V.~Gv.Ir (Geneva, 1969), p. 408. 
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3 .  - C a l c u l a t i o n s .  

In  this Section we discuss to lowest  nontr ivial  order the  divergent  con- 
t r ibut ions  to some of the  renormalized coupling constants of the  theory  and 
show explicit ly how they  cancel in the  relations between renormalized coupling 

constants and masses. Insofar  as we are idlscusslng only the  ul t raviolet  
d ivergent  contr ibutions,  we can ignore the  infra-red problem discussed in 

Sect. 2 (11). The calculations are done in the  f ramework of the  SU2 x U1 lep- 

tonic gauge theory,  with vo, e r and v~, ~ const i tut ing two independent  doublets 
and % and ~R two independent  singlets. We have not  included the  effects of 
hadrons or quarks which can be incorporated into the  theory  in the  manner  
discussed in the l i tera ture  (12). The F e y n m a n  integrals are evaluated using 
the  v-dimensional regularizat ion method  (TS) in the  un i ta ry  gauge of the  theory.  
In  this method  divergent  contr ibutions appear  as terms proport ional  to (v--4)-1 
(v is the  number  of dimensions in the  regularizat ion procedure and consti tutes 
the  regularizing parameter) .  To show tha t  a certain quan t i ty  or combination 
of quanti t ies  is convergent,  it  is sufficient to show tha t  the  residue of the  
v = 4 poles cancel exactly.  P roper  ve r tex  parts  and two-point  functions in- 

volving photons are gauge-dependent  quanti t ies;  our results are given in the 
F e y n m a n  gauge for the  photon propagator.  However ,  as pointed out in Sect. 2, 
with our definitions renormalized coupling constants and masses are independent  

of the  gauge chosen for the  covariant  photon propagator ;  it follows tha t  our 
final results enjoy the  same proper ty .  

We first consider the renormalized coupling constant  g.~ow. Figure 1 a) 
represents  the  first-order contr ibut ion while Fig. I b) - l i )  depict  the  lowest- 
order corrections. For  brevi ty ,  a single Figure  represents  several  Feynman  
graphs, for instance,  Fig. 1 b) stands for three  separate  F ey n m an  graphs with 
the  vi r tual  line represent ing e i ther  a Z-meson, a ~-meson or a photon.  The 
sum of Fig. 1 b)-I d) gives the  proper  ve r tex  funct ion with the  three  particles 
on mass shell. For  this contr ibut ion we find 

(3) __v--MOl6~g~ R - - ~  ~ @ P f ,  

(11) Note, however, that for the evaluation of the finite corrections to the relations 
among renormalized quantities, it is important to give a precise definition of the coupling 
constants which takes into account the infra-red difficulty. 
(12) Rigorously speaking, the inclusion of the multiplets such as quarks is necessary 
in order to eliminate the Adler anomalies (see, for example, B. W. L]~E's review cited 
in footnote (2)). As the difficulties associated with the Adler anomalies do not manifest 
themselves to the order of our calculations, and as there are many different ways to 
introduce the hadrons, we have neglected them altogether. 
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where 

R = 

(4b) Mo = - -  i g-~~ 

is the lowest-order matrix element, a =  (1--y5)/2 , go is the unrenormalized 
coupling constant, s ~ is the polarization vector of the W-meson and Pf stands 
for (( finite part ~> of the corresponding Feynman diagrams. 

l~igures 1 e), 1 ]) and 1 g)-i i) depict the field renormalizations of the ex- 
ternal e, ~ and W, respectively. These quantities can be obtained from the 
corresponding two-point functions which are studied in Appendix A. In par- 
ticular, in that  Appendix we discuss the determination of the field renormaliza- 
tion of the electron in the presence of parity-nonconserving interactions. Using 
the results of Appendix A, we obtain 

gG [i-- m~ 1 
(5) le) = M0 16~2 [ R -~ mw~ 1 -- ~ -t- Pf , 

2 
(6) ] / ) -= - - -M g~ 3 m~ 1 

o 1 6 ~  4 ~ ~ + P f  ' mw v-- 

]1 
(7) lg) Jr lh) -t- 1i) = -- M o ~ -I-/~ v----4 + Pf" 

The sum of eqs. (3), (5)-(7) gives the complete contribution of order go ~ to the 
three-point function: 

1 3  1 
(8) V = -{- le) ~- 1/)  q- l g )  -4- l h )  + 1i)  ~- - - M o  16~2 2 v - -  4 ~- P f "  

Thus, we have 

(9) go~ow = go[ l - -  ~g~  o (13 v--41 § 2 4 7  O(go~)]" 

The corresponding calculation for g,~w is obtained by  replacing m~-~m~. 
Note that although eqs. (3), (5) and (6) contain divergent contributions pro- 
portional to the squared lepton mass, such terms cancel in the sum of eq. (8) 
and, therefore, in the final answer of eq. (9). This is necessary for the success 
of the renormalization program as otherwise the ratio go~ew/g~,~w would have 
turned out to be divergent! This ratio is, in fact, finite and calculable in this 
theory in terms of such parameters as ~, R, m~/m w and the lepton masses (5.6). 
The constants go~ow and g ~ w  appear naturally in the calculations of higher- 
order corrections to iz decay and to neutrino-lepton scattering (3.5). The actual 
calculation of the finite parts of go~ow/g~w is of interest in the detailed studies 
of such corrections. I t  may also be of interest in the distant future if it becomes 
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feasible to  t e s t  e-~ universa l i ty  by  measuring the rat io 

F ( W  -~ e - +  9o)/F(W-~ pt-+ 9.) 

with a precision of order ~. 
Turning our a t t en t ion  to the  renorm~lized charge, we note  tha t  only the 

renormalizations of the  external  photon line need  be considered as all o ther  
contr ibut ions vanish for q = 0 by  v i r tue  of e lectromagnet ic-current  conserva- 

t ion. The re levant  diagrams are depicted in t~ig. 2. By  gauge invariance the 

w ,̂ w 

g) 

~Z ~ ~Z ,_.m ~ L~ 

. ~ r  h) i) 

Fig. 2. - Diagrams contributing to charge renormaliz~tion. 

sum of the  diagrams involving the  Z vector  meson in Fig. 2 ]) and 2 g) must  
be propor t ional  to  D~,v{q)(q2g~O--q"q~)ee, where D z is the  Z-meson propagator.  

As m~ =~ 0, D ~ is not  singular as q-->0 and therefore  the  sum of these two /tv 
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diagrams must  vanish in tha t  l imit.  The  same is t rue  for the  diagram in- 
volving the ~-meson in Fig. 2 f) and for the  mat r ix  elements of Fig. 2 h) 
and 2 i). The  other  diagrams give a to ta l  contr ibut ion 

(10) 2b) § 2e) § 2d) -t- 2e) = leo ~ioy u~s~ [ 16~ 2 ~ + Pf , 

where e0 > 0 is the  bare  charge of the  posi tron and ieogo~auesa is the  lowest- 
order mat r ix  e lement  corresponding to Fig. 2 a). Thus on the  basis of eq. (10) 
we obtain 

[ ) ] (11) e = e  o 1 - -  eo 13 ~ 3 0 ; - 4 )  + P f  + 0 ( 4 )  . 

The rat io ge~ow/e can be obta ined by  dividing eq. (9) b y  (11). Using the  
relat ion 

8mw/mw) (m~ ' (1 --  2 2 
e ~  mO ~ ~ - I - - R  (12) g~ [ z] (1--  ~ ~ ' 

where (m~ ~ and (re~ 2 are the  squared bare  masses of the  W and Z mesons 
and ~m~v and 8m~ the  corresponding mass shifts, we obtain 

2 - - 1 - -  § 

g: (l--R)[(1~ 3- 13 { I - - R } ) - ~  +Pf] +O(g:). + ~ - ~ -  _ 

The mass shifts 8m~ and 8m[ can be obta ined f rom ~he analysis of the  two- 
point  functions for the  W and Z mesons. Using the  results of Appendix  A 
we have 

8m~v 8m~ go 2 1 3 / 2 R _ 1  1~ 1 (14) 

Inser t ion  of eq. (14) into eq. (13) shows t h a t  in fact  the  residue of the  r = 4  
pole exact ly  cancels in the  rat io of the  renormal ized constants.  Note tha t  
evaluat ion of the  finite parts  in eqs. (13) and (14) would essentially give the  

leading correction to  the  lowest-order formula 

e ~ g ~ o w ( 1 - R ) +  ' = 0(go~ow) �9 

As a fur ther  example,  we consider the  renormalized vo,oZ coupling constant.  
The diagrams of order go and g] are depic ted  in Fig. 3. Again we find tha t  the  
proper  ver tex  diagrams Fig. 3 b)-3 d) and the field renormalizations of the 
externa l  particles Fig. 3 e)-3 h) contain divergent  contr ibutions proport ional  
to  m 2 bu t  such te rms cancel in the  overall sum. The final answer can be writ- 
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Fig. 3. - Diagrams contributing to vvZ coupling renormalization. 

t e n  as 

(15) g~o~z (g~ ' '~'�89 - ~/~ 1-~-C~ ~ - ~ + R  ~_~+~  +O(gt). 

The absence of d ivergent  t e rms  propor t iona l  to m~ in eq. (15) implies t ha t  

g, onz/g~v~z is finite, as expected.  Dividing eqs. (11) and  (15) and  using the  
re la t ion eo/(g o + g'o ~) [ 1 - -  o o ~ o o 2 ~ - -  (mw/mz)  ][mw/mz]  we find 

(16) 5 ~ ~(1-R)+R(1-2R)/~m~ ~ 

+ ~g~ _~(~ - _~) 2R - ~ ; ~  + Pf + O(g~) 

In se r t i ng  eq. (14) into eq. (16) we ver i fy  t h a t  the  residues of the  ~ = 4 poles 

cancel in the  expression for (e/g~o~oz) ~. 

Thus, we have  shown in some simple examples  how the  lowest-order di- 

vergent  corrections cancel against  each other  in the  relat ions between renor- 

realized coupling constants  and masses. This is of course necessary for the  

success of the  renormal iza t ion  p rogram (*). Fur the rmore ,  the present  discussion 

(*) ~Yote added in proo/s. - After having submitted this paper for publication we have 
received a preprint entitled Renormalizat iou o/ Gauge theories W-decay  and p.-decay 
by T. W. APPELQUIST, J. :R. t)RIMACK and H. R. QUINN. Among other subjects, these 
authors have independently studied the renormalization of the SU~ • U 1 model in the 
unitary gauge, and have also analysed in detail the role of the infrared divergences in 
the renormalization program. 
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establishes a convenient  f r amework  to s tudy  the  leading finite corrections to 

lowest-order relationships between the renormalized constants of the theory. 

One of us (A. S.) would like to thank Prof. A. E. RoDRiGUEZ i0r the warm 

hospitality shown to him at La Plata University~ where part of his work on 

this  subject  was (lone. He  is also indeb ted  to Prof.  J.  l~. P~IMACE lor  ve ry  

in teres t ing and  i l luminat ing conversat ions.  

A P P E N D I X  

I n  this Appendix  we discuss some aspects of the evaluat ion of the  regularized 
two-point  functions (i.e. the self-energy parts)  to lowest nontr ivial  order. F r o m  
the corresponding expressions one obtains the field renormalizat ions and mass  
shifts used in the calculations of Sect. 3. 

The integrals are evalua ted  wi th  the  aid of the v-regularization me thod  (~,8). 
I n  this scheme t ransla t ion of variables  is permissible and all integrals can be 
reduced to 

f d~k (k,), i(- i),-~ L,+,---,. r(l + ~/2)r(m- l - r/2) 
(A.~) (2~) ~ [k~- i; + i~]o, - (2v~)" r(~/2)r(m) 

This expression defines the regularized integral, with the number  of dimen- 
sions v playing the role of the  regularization parameter .  Divergen t  intervals  
exhibi t  simple poles a t  ~ = 4. 

A.1.  - E lec tron  two-po int  funct ion .  

After  performing the  mass renormalizat ion,  we find t ha t  the divergent  
pa r t  of the electron two-point  funct ion (Fig. 4 a)) can be wri t ten  as 

(A.2) Z'r - -  Z'o(m) = B ( p  --  m)  4- C ( p -  m) 2 4- D ( p  - -  m)  3 -  

- -  A p y s - -  Epy5(p  2 -  m 2) -F P f  , 

W , Z , ' ~ , e  

Z , ~ W , ~  Z , ~ , r  I 

, i / " ~  P -~  _ _ L - -  n . . . .  - , (  - -  - -  - - ~ - -  - -  - -  - -  
e e W W W W 

a) b) c) 

e P 

" ~ - - - -  W W W W 

d) e) 
Fig. 4. - Diagrams contributing to electron and W-meson two-point functions. 
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where m stands now for the lepton mass and 

(A.3) 

(A.4) 

g~ [ 2 ( 1 - - R )  m~] 1 

g: [ m~ t 1 A = 1 6 ~  v~ (l--R) _ ~ ,  
?~w P 

4 '  

and C, D and E are known constants  proport ional  to ( v - - 4 ) - L  57ore, how- 
ever~ t ha t  the te rms  involving C, D and E do not  contr ibute  to the field 
renormal izat ion of the electron. This is obvious for the te rms involving C 
and D. On the other  hand the t e rm proport ional  to E can be wri t ten as 
E ( p - - m ) p y d p - - m ) ,  thus it gives no contr ibut ion when inserted into dia- 
g ram le). 

We mus t  then take  into uccount the contr ibutions of B ( p -  m) and Aioy 5 
to the field renormalizat ion of the electron. The appearance  of the last  t e rm 
is, of course, due to the fact  thnt  the interactions are pa r i ty  violating. We 
discuss two methods  of taking into account  the effect of the last  term. 

i) Following Hi ida ' s  suggestion (~), one replaces the free Lagrangian  of 
the electron by  

(A.5) do  = ~[iy" ~(1 + Aye) - -  m ] ~  

and adds a compensat ing eounter te rm --  ~iyt' 8,Ays~ which cancels the --ApV5 
te rm in Z'. 

I n  this formulat ion the (( free spinor ~) u '  is not  a solution of Dirac 's  equa- 
t ion bu t  ra ther  it satisfies 

(A.6) p(1 + Ays)u' = mu' . 

Calling u the solution of Dirac 's  equat ion pu = mu, writing u ' =  ( 1 - - c y s ) u  
and neglecting terms of O(g~), one finds c = A/2. Therefore, the (( zeroth order ~ 
t e rm  (Fig. 1 a)) gives now a contr ibut ion 

(A.7) . g o - ,  ~ = _ i  go (1 Ays)y~avv =-(1 A 

Thus the overall  effect of the t e rm Apy5 in the corrections to W---> e - + ~ e  
is to give a contr ibut ion (A/2)Mo, which we have  included in eq. (5). The 
contr ibut ion of B ( p -  m) can be calculated in the usual manner  and gives 
(B/2)Mo, af ter  taking into account  the factor  (1/~/Z2) ~ 1 - - B / 2  in the re- 
duct ion formula.  

ii) An a l ternat ive  al though somewhat  more  involved method  is to rescale 
independent ly  the fields ( (1- -ys ) /2 )e  and ((1 § ys)/2)e. I f  we write 

2 e = 2L 2 ' ~ e = , ~ 2R 2 ' 

(13) K. HIIDA: Phys. Rev., 132, 1239 (1963). 
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the free Lagrangian generates the counterterms 

~ 7~(~) _ 1) ~' i7 ~ ~ g e '  - -  (A.8)  50o.~. = t~2~1 ~,(,) _ 1) ~' i7 ~' O~,ae' + t ~ ,  

~ n ( , ~  Vz~ z~] e' ~' - [  ,~ ,~ ,~ . -1 )  - ~ 

Adjusting -2L7'(") _ 1 and ~g(~) -- 1 to cancel the terms B ( p  - -  m)  - -  ApT5 in Z~(p) -- 
- -  X~(m) gives 

(A.9) ZC,) I = B + A + P f ,  2 L ~  

(A.10) Z(') 1 B - - A + P f  2/i~--  ~ 

If  we now express the interaction term gTXav~Wa in terms of the renormMized 
field e' we see tha t  a factor ~ ~ l +  (Z2~--1)/2 is introduced. This con- 
tributes a second-order correction ((Z2~-- 1)/2) 21/0 = ((A + B)/2) M0 + Pf, in 
agreement with the previous method. 

A . 2 .  - V e c t o r - m e s o n  t w o - p o i n t  f u n c t i o n s .  

We illustrate the procedure with the W-meson two-point functions. The 
polarization tensor zoo(q) is defined as (-- i )  times the Feynman  diagrams 
depicted in Fig. 4 b)-4 e) with the external legs extracted. We find 

(A.11) (w) :ro~ (q)= 

go ~ ~o.(q) [2~ 7 q: 5 
167r~ + / ?  §  § ~ww(--- ~ 1 ~-_~)-q'R'l 1 - -  + ~ R -  6 ~ w j ~ 2 4  

gX m ~ -  [3 (  1 - ~ w~o~ k 1 - - '~  R 2/t - ~ 2 m ~  + ~-w J ~ Z - i - l - e f '  

where 

(A.12) :~o~(q) = q~ g,,~-- qo q~ . 

If  we write:  

(A.13) ~o~(q) = B(q~)go~ ~- C(q ~) qo q~, 

the squared-mass shift ~m~ and the conventionally defined renormalization 
constant  Z~ w~ are given by 

(A.14) 3m~v = Re B(m~v), 

1 d d_ReB(q~) , 
(A.15) z(3W ~ = 1 -- �9 dq 2 ~'-~w 
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Using eq. (A.11) we find 

and 

~a --  16z~2L 3 + 2 / ~  ~ - P f .  

With  this conventional definition of Z(3 w), eq. (7) is given by (Z(~ m -  1)(Mo/2 ). 
The field renormMizations of the Z, y and v and the mass shift of the 

Z-meson are obtained in the same manner. We list the results: 

2 
(A.18) 7,<~o) 1 -  go ~ 3 m~ 1 

~ 2  - -  1 6 z ~  2 2 m ~ v  v - -  4 -]- Pf  ' 

(A.19) Z(3 Y)- 1 -- go 2 13 ( l - - R )  1 
8~ ~ 3 v--- 4 ~- Pf  ' 

8z~ 2 -- + 3 R  R ~ 4 - k P f ,  

(A.21) 3m~ g~ [ 17 35 26 m~-km~] 1 
mz -- 16~ 2 -- 3- -k 6R 3 R mw~ j v ~  ~- P f .  

We make two further  observations: i) as there is no mass counter term for 
the photon available in the theory, the polarization tensor j~o~-(Y) for the photon 
must  be proportional to P~(q)  in order to satisfy gauge invariance; ii) to 
order go 2 the Z and y mesons can transform into each other. Because the Z 
and y are not degenerate in zeroth order, this mixing can only contribute to 
our results through the diagrams of Fig. 2 ])-2 i). As pointed out in the text, 
however, at  q ---- 0 such matr ix elements vanish by virtue of gauge invarianee. 

�9 R I A S S U N T 0  (*) 

Si diseutono alcune propriets fondamentali delle costanti di accoppiamento rinorma- 
lizzate nel contesto delle simmetrie di gauge spontaneamente infrante. Si metre in 
rilievo che le definizioni convenzionali portano ad alcune difficolt~ connesse con le diver- 
genze infrarosse e si suggeriscono due possibili soluzioni. Si studiano poi i eontributi 
alle correzioni di ordine inferiore divergenti nell'ultravioletto e si mostra esplicitamente, 
con numerosi esempi partieolari, come questi termini divergenti si eliminano nelle inter- 
relazioni fra costanti di accoppiamento rinormalizzate e masse. Si eseguono i calcoli 
specifiei nella gauge unitaria del modello di gauge SU2• U1, facendo uso del metodo 
di regolarizzazione v-dimensionale. 

(*) Traduzione a cura della Redazione. 



~3~  c . G .  BOLLINI, J. J. GIAMBIAGI a n d  A. SIRLIlff 

3aMeqaHH~, IcacammHec~t nepeHOpMHpOBaHHbIX KOHCTaHT CBH3H KaJIH6pOBOtlHblX TeOpH~. 

PesmMe (*). - -  B paMrax  CIIOttTaHHO HapymeaHbIX ram~6poBo~ub/x CHMMeTpI4~ o6cym- 
~a~OTC~ HeKOTOpbIe OCHOBHbIe CBO~CTBa neperIOpM~pOBanHb~X KOHCTaHT CB$I3H. OTMe- 

qaeTc~, qTO 06merlprIHaTb~e ortpe~eaenrlH npnBo~flT i< HeKOTOpbIM Tpy~HOCTHM, CBn3aH- 
nbIM C HHqbpaKpaCHblMn pacxo~MOCTZMH. H p e ~ a r a m T c f l  ~Ba BOaMO~KHb~X pemerm~. 
3aTeM Hccne~ytOTC~t ynbTpa~HoneTOBbIe pacxo)xHmHec~ Brna~bt  B nOllpaBIO4 n n 3 m e r o  
riopa~Ka H ~IBI-[O noEa3blBaeTc~ Ha pa~e  qaCTHblX npeAey~oB, raK STH pacxo~H~necH H3IeHbI 

B3aHMrIO yH~qTO~KalOTC~I B COOTHOIneHHaX M e ~ y  IIepeHOpMHpOBaHHblMH KOHCTaHTaMH 

CBa3H r~ MaccaMrL I/poBO~aTCa cneurm~m,~e  B~,~qHcaema~ B ymIrapHo~ i~aan6poBre 
)Xaa SU~ • U~ raar~6po~o~mo~ Mo~enr~, /acno3I/,3y~l v-Mepm,~ MeTO~ perya~pn3atmrL 

(*) llepeae3eno pe3aKgueft. 


