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Abstract Weinberg - ' t  t ioof t  mechanism f o r  r e n d e r i n g  mass d i f f e r e n c e s  
f i n i t e ,  i n  c o n j u c t i o n  w i t h  a  new r e p r e s e n t a t i o n  f o r  these mass d i f f e r e n .  
ces make í t  p o s s í b l e  t o  compute A = Mp-Mn. The v a l u e  o b t a i n e d  i s  some- 
what low b u t  w i t h  t h e  r i g h t  s i g n .  

Mass d i f f e r e n c e s  w i t h i n  i s o t o p i c  m u l t i p l e t s ,  l i k e  A = Mp - V n  

f o r  nucleons, a r e  u s u a l l y  o f  t h e  o r d e r  o f  a t imes t h e  mass. I t  i s  na tu-  

r a l  then t o  t h i n k  t h a t  these mass d i f f e r e n c e s  should be c a l c u l a b l e  as 

an e lec t romagnet i c  e f f e c t .  But nowadays, we a l s o  b e l i e v e  t h a t  p a r t i c l e s  

a r e  systems composed o f  more e lementary t h i n g s  (quarks)  and i n  such a  

case, mass d i f f e r e n c e s  among t h e  components c o u l d  account  f o r  t h e  whole 

o r  p a r t  o f  A .  I s  the  o r d e r  o f  magnitude o f  t h e  mass d i f f e r e n c e s  then, 

j u s t  a  mere a c c i d e n t ?  

I n  t h e  framework o f  r e n o r m a l i z a b l e  u n i f i e d  gauge t h e o r i e s ,  ' t  

~ o o f t l  and weinberg2 proposed a  mechan i sm whereby mass d  i f f e r e n c e s  wi  - 
t h i n  a  m u l t i p l e t  a r e  c a l c u l a b l e  r a d i a t i v e  e f f e c t s .  Weinberg showed t h a t  

even s e m i r e a l i s t i c  models f o r  A c o u l d  be c o n s t r u c t e d  and went on t o  

e x p l a i n  i n  d e t a i l  how t h e  mechanism works. Models o f  t h i s  t y p e  p r o v i d e  

a  j u s t i f i c a t i o n  f o r  t h e  idea t h a t  A should be computable. 

For a  d e t a i l e d  d e s c r i p t i o n  o f  We inberg - ' t  H o o f t  mechanism I 

r e f e r  t h e  reader  t o  t h e  o r i g i n a l  papers as w e l l  as f u r t h e r  e l a b o r a -  

t i o n s 3 " .  L e t  me j u s t  ment ion t h a t  i n  t h e  t y p e  o f  models t h a t  were s t u -  

d i e d  by these au thors ,  t h e  gauge symmetry i s  broken sponeaneously in such 

a  way as t o  leave a11 masses w i t h i n  a  m u l t i p l e t ,  equal  i n  z e r o  o r d e r .  

Mass d i f f e r e n c e s  a r e  then  c a l c u l a b l e  as r a d i a t i v e  e f f e c t s  i n s e c o n d o r -  

d e r  i n  t h e  gauge c o u p l i n g .  U n f o r t u n a t e l y ,  e l a b o r a t i o n s  o f  these ideas 

i n  t h e  framework o f  a  pure  weak- elect romagnet ic  t h e o r y  (no s t r o n g  i n -  

t e r a c t i o n s )  have shown t h a t ,  more 1 i k e l  y than  n o t ,  A would come o u t  



with the wrong ~ i g n ~ ' ~ .  

'rhe next thing to try would be an hybrid model in which Wein- 

berg-'t Hooft mechanism is incorporated into the usual formalism for A 

(Cottingham f ~ r m u l a ~ ' ~ ,  etc.). The problem with such a programme is the 

unknown siibstraction function that appears in Cottingham's expression 

when di spersion relations are wri tten for the Compton ampl i tudes6. In 

order to overcome this difficulty i will derive for the mass shift, a 

new representation to which the substraction function does not contri- 

bute. 

frfter a Cottingham rotation, the electromagnetic mass shift 

of a fermion can be writtgn 

where T ( - Q ~ , ~ v )  results from a Cottingham rotation of the contracted 

Compton ampl i tude7 

~ ( f  , k o ) = g l i V f  / d 4 s k k x  <plT~jU(x),jv(O) 

Tr 
= - CL {3k2tl(l$~,ko) - (2vZ+k2)t2(lZ( 

& = J_k2, V = pk/M and clkE is the four dimensional 

Eucl idean ;' space. 

IP' 

,kO)l , (2)  

volume element in 

Writing dispersion relations, once substracted for t, and un- 

substracted for t, ', we have 

in terms o 

W, and W,. 

f the usua 

The stumb 

1 electron-nucleon scattering structure functions 

ling blocks in the use of Cottingham's formalism 



f o r  t h e  c a l c u l a t i o n  o f  A, a r e  t h e  l o g a r i t h m i c  d ive rgence  o f  t h e  i n t e -  

g r a l  o v e r  t h e  deep i n e l a s t i c  r e g i o n  and t h e  unknown f u n c t i o n  t , ( - ~ ~ , 0 ) .  

The l o g a r i t h m i c  d ive rgence  would d isappear  i f  t h e  Weinberg - ' t  H o o f t  E- 

chanism were o p e r a t i v e .  I n  t h e  s i m p l e s t  v e r s i o n  o f  t h e  t y p e  o f  model 

where t h i s  mechanism i s  implemented, t h a t  o f  S U ( ~ )  x  ~ ( 1 )  f o r  example, 

t h e  heavy neu t ra1  gauge boson (2) c o n t r i b u t i o n  t o  &I combines w i t h  t h e  

photon c o n t r i b u t i o n  f o r  a  n e t  change3 

1 1  1 - + -  - - (4 )  
& 2  c?' 4 '+mZ 

Whenever t h a t  happens we wi  ll have, i n s t e a d  o f  Eq; ( 1 1 ,  

I n  o r d e r  t o  d e r i v e  t h e  new r e p r e s e n t a t i o n  f o r  6M l e t  me s t a r t  

by d e f i n i n g  

t h e  mass s h i f t  be ing  a  f u n c t i o n  o f  

The i n t e g r a l  

i s  i n v a r i a n t  under a  r e s c a l i n g  k -+ k .  o f  t h e  mornentum, imp ly ing  t h a t  
i Z 

From Eqs. ( 6 ) - ( 9 )  we see t h a t  t h e  mass s h i f t  ( 5 )  can a l s o  be w r i t t e n  

as 



t o  which t h e  unknown s u b s t r a c t i o n  

n o t  c o n t r i b u t e  

t i o n ,  Eq. (10) 

m 
d g I 2  a ~ ( - g 1 2 , i v )  , (10) 

a( v2) 

f u n c t i o n  t,(-612,0) i n  Eq. (3) would 

I t  i s  s i m p l e t o  s e e t h a t ,  a f t e r t h e  angu la r  i n t e g r a -  

can be r e w r i t t e n  i n  t h e  f o r m  

fo rmu la  on which t h e  c a l c u l a t i o n  o f  t h e  p ro ton- neu t ron  mass d i f f e r e n c e  

w i l l  be based. 

The o f f - s h e l l  Compton s c a t t e r i n g  can be d i v i d e d  i n t o t w o  p a r t s :  

coherent  and incoheren t  s c a t t e r i n g  o f  t h e  system (quarks, e t c . )  t h a t  

composes t h e  nuc leon.  The coherent  s c a t t e r i n g  can be w e l l  approx imated 

by t h e  Born te rm s i n c e  t h e  o t h e r  resonant  c o n t r i b u t i o n s  a r e  n e g l i g i b l e  

i n  comparison6. The incoheren t  amp l i tude  can be expressed i n  terms o f  

t h e  s t r u c t u r e  f u n c t i o n s  t h a t  a r e  measured i n  d e e p - i n e l a s t i c  s c a t t e r i n g  

exper iments.  

Wi th  t h e  e l a s t i c  s t r u c t u r e  f u n c t i o n s
g  

i t  i s  easy t o  see t h a t  t h e  e l a s t i c  c o n t r i b u t i o n  t o  B i s  



express ion ,  rep laced  i n t o  Eq. ( 1  I ) ,  y i e l d s  t h e  Born c o n t r i b u t i o n  t o  

i ven  by 

The fo rm f a c t o r s  can be taken as 

where q i s  t h e  charge, t h e  magnet ic  moment o f  t h e  n u c l e o n  and 

m 2  - 0.72 GeV . Since G: and G; damp t h e  i n t e g r a n d  q u i t e  f a s t  wi t h  Q12, 

we can supress t h e  f a c t o r  (1+&12/m2) i n  Eq. (15) (2 has a l a r g e  rnass , 
Z 

v, = 90 GeV, say ) .  

Wi th  an i n t e g r a t i o n  by p a r t s  and a p p r o p r i a t e  changes o f  va-  

r i a b l e s  t h e  i n t e g r a t i o n s  i n  Eq .  (15) can be per formed y i e l d i n g 1 0  

i n  terms o f  R = ~ M ' / V ;  = 4.30. A f t e r  a l l  t h a t ,  t h e  Born term c o n t r i b u -  

t i o n  t o  t h e  p ro ton- neu t ron  mass d i f f e r e n c e  was computed as 

The c o n t r i b u t i o n  from t h e  incoheren t  s ~ a t t e r i n g  t o  t h e  mass 

d i f f e r e n c e  i s  



In 
where t h e  T a r e  as i n  Eq .  (3 )  w i t h  t h e  s t r u c t u r e  f u n c t i o n s  r e s t r i c -  

t e d  t o  t h e  d e e p- i n e l a s t i c  r e g i o n .  The dominant p a r t  o f  h 2 ) ,  which wi l l 

be seen t.o be sma l l ,  i s  'O 

where t h e  Mi(j,&2) a r e  t h e  Cornwal l-Nor ton j moments o f  t h e  non- s in-  

g l e t  combinat ions ~ f - ~  - F Z - ~  . Whenever t h e  c a l  l a n - ~ r o s s "  r e l a t i o n  2 

2 s  Pl = F 2  l 2  ho lds  (as expected) , Eq.  (20) reduces, a f t e r  the t r i v i a l  

V i n t e g r a t i o n ,  t o  

To s i m p l i f y  t h i n g s  I took  & = 2 GeV, A = 0.2 G ~ V  and, f o r  

s i x  f l a v o u r s ,  d2 = 1/2. From an i n t e i r a t i o n  o f  ~1~ - F : ~  g i v e n  i n  Ref .  

(14) 1 o b t a i n e d  M2(2,4 GeV ) = 0.018. Then, a  numer ica l  i n t e g r a t i o n  o f  

Eq .  (21) gave A ( ~ )  = 0.04 MeV. The complete p ro ton- neu t ron  mass d i f f e -  

rence i s  thus, - 
A = A ( ' )  + = - 0.54 MeV , (23) 

a lmost  w i t h i n  a f a c t o r  two o f  t h e  exper imenta l  A = - 1.29 MeV. 
exp 

We have here  a framework i n  which A can be comple te ly  c a l c u-  

l a t e d .  A ( ' )  was ob ta ined  from a subs t rac ted  Born te rm b u t ,  as i t  can 
15 

be shown , an unsubs t rac ted  B o m  term16 leads e x a c t l y  t o  t h e  same r e -  

s u l t .  So, some o f  t h e  a m b i g u i t i e s  t h a t  p lague t h e  usual  fo rma l i sm ba- 

sed on Cot t ingham formula do n o t  appear here.  



The Weinberg- ' t  Hooft  mechanism takes  c a r e  o f  t h e  h i g h  momen- 

tum d ive rgence  whi l e  t h e  use o f  Eq.  (1 1) makes unnecessary t h e  know- 

ledge o f  t h e  s u b s t r a c t i o n  f u n c t i o n  t,(-6j2,0) (and c o n t r i b u t i o n s  f rom 

f i x e d  p o l e s  i f  they e x i s t ) .  W i t h i n  t h i s  framework we can now >earch 

f o r  ways o f  improv ing t h e  c a l c u l a t i o n  and o b t a i n i n g  a b e t t e r  v a l u e t h a n  

(23) .  
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RESUMO 

A conjunção do mecanismo de Weinberg- ' t  H o o f t  para t o r n a r  f i -  
n i t a s  d i f e r e n ç a s  de massa e de uma nova representação para essas d i f e -  
renças de massa, t o r n a  p o s s í v e l  o c á l c u l o  de A = Mp-Mn. O v a l o r  o b t i d o  
é um pouco pequeno, mas o s i n a l  é o c o r r e t o .  


