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In recent papers (1.~) two of the present authors (C.S. and K.P.S.) have demonstrated 
that ,  if we invoke the short-range massive strong gravi ty  field (mediated by f-mesons) 
with a coupling constant G~, which is considerably larger than the Newtonian con- 
stant G~ corresponding to the weak massless gravi ty  field of EINSTEIN (mediated by 
massless gravitons), it appears that  general relat ivi ty plays a crucial role in determining 
the masses of elementary particles. In fact reasonable values were obtained for the 
hadron masses by invoking strong gravity (2). 

Also in another recent paper (3) the present authors have shown tha t  the massive 
spin-2 f-meson is a (massive) Yang-Mills field for the general-co-ordinate transformations. 
I t  is by now well known tha t  the electromagnetic interaction of hadrons is different 
from that  of electrons (4). For instance application of the Dirac equation to the proton 
or neutron yields entirely wrong values for their  magnetic moments. While leptons 
directly interact with the massless photons of the electromagnetic field, the hadrons 
interact  with the gauge nonet of vector (spin-l) mesons (p, 9, co, K*) which includes 
the p~ having the same quantum numbers as the photon and hence called the 
heavy photon. Thus a hadron like proton emits and reabsorbs p~ which have 
a finite transition ampli tude for conversion into photons which in turn could be 
absorbed or emitted by leptons (e.g. electron). This two-stage picture of the electro- 
magnetic interaction for hadrons is now generally accepted (4). Now the existence of 
massive spin-2 mesons, in particular the f~ having identical quantum numbers 
as the graviton, strongly implies an analogous situation for the gravitational inter- 
actions of hadrons. That is, the f-meson plays the role of a massive graviton for 
hadronic gravitational interactions just as the p0 is the massive photon for hadronic 
electromagnetic interactions. The quantum gravitat ional interaction of hadrons proceeds 
via the interconversion of the spin-2 mesons to Einstein's gravitons which in turn couple 
directly to leptons. Fur ther  it is interesting to note tha t  the spin-2 mesons f (1270 MeV, 
2 +, 0 +, Y =  0), f '  (1514MeV, 2 +, 0 +, Y =  0), K* (1420MeV, 2 +, �89 Y =  1), A2 (1310MeV, 
2 +, 1-, Y =  0)e tc .  form an SU3 nonet, with f and f '  being analogous to co and 
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of the  spin-1 nonet .  Hence t h e y  can arise f rom a <~ mix ing  >> of an SU3-singlet B and 
the  isospin singlet  of the  SU3-octet  Y. F r o m  the  oc te t  mass fo rmula  of 0KVBO and 
GELL-MANN we get  m r = 1545 MeV, and the  mix ing  angle is found  to be around 35 ~ 
(close to the  ~-o) mix ing  angle) and in agreement  wi th  the  SUe theore t ica l  p red ic t ion  
t g 0  = 1/~/2. W i t h  this mix ing  angle we find t h a t  t he  mass of the  un i t a ry  singlet  
spin-2 resonance (unobserved) is abou t  1360 MeV. 

All  th is  s t rengthens  the  belief t h a t  the  g rav i t a t iona l  in te rac t ion  of hadrons  at t he  
q u a n t u m  level  is also a two-s tage p ic tu re  like the i r  e l ec t romagne t i c  in teract ions .  As 
shown earl ier  (2) the  coupling cons tan t  for this  s t rong (f) g r av i t y  is much  larger  t h a n  
the  Newtonian  constant .  A major  puzzle  of e lementa ry-par t i c le  physics is the  exis tence 
of two stable par t ic les  (i.e. those hav ing  infinite l i fe t ime) ,  the  p ro ton  and the  electron,  
w i th  such a large mass rat io.  In  w h a t  follows we shall a t t e m p t  to explain th is  mass 
anomaly  as arising from the  different  mechanisms of the  g rav i ta t iona l  in terac t ions  for 
hadrons  and leptons  (i.e. the  abi l i ty  of the  p ro ton  to t ake  par t  in s t rong g rav i t a t iona l  
in te rac t ions  also) just  as the  anomalous  e lec t romagne t ic  proper t ies  of the  nucleons 
can be t raced  to the  different  na tu re  of the i r  e lec t romagne t ic  in teract ions .  

One can wr i t e  Eins te in ' s  equa t ions  wi th  a cosmological  t e r m  for the  f-meson 
field ]u~ and this  will  p rovide  a de S i t t e r - type  met r ic  for t he  space wi th in  an e lementa ry  
par t ic le  (see ref. (x)). I t  can be shown t h a t  the  field equa t ion  for a massless l inear  spin-2 
field gu~ coupled to itself in the  manne r  prescr ibed by the  Yang-Mills  hypothesis  reduces 
to precisely t he  Eins te in  equa t ions  /?u~= 0, wi th  Ru, being the  Ricci  tensor  (5). In  
the  l inear ized app rox ima t ion  R u v ~ g u , ,  what  suggests t ha t  the  appropr ia te  nonl inear  
Yang-Mills field equa t ion  (see ref. (a)) for an f-meson (with rest  mass m 0 mus t  be  

(1) RU, = - -  lm~]/~, . 

This is just  t he  Ens te in  equua t ion  (Rz~--A]u~) with  a cosmological  constant  defined as(1) 

1 2 (2) A = : m~. 

The s implest  solut ion of these equa t ions  is the  de S i t te r  solut ion having a space wi th  
cons tan t  cu rva tu re .  A masslcss Dirac  par t ic le  (such as a neut r ino)  in a curved  space- 
t i m e  satisfies the  equa t ion  

(3) ?~o ;u  = 0 ,  

where ; #  is the  covar ian t  der iva t ive .  This  leads to t he  curved-space  Kle in-Gordon 
equa t ion  

(4) d;~ + ~ R v  = 0 .  

Thus the  massless Dirac field acquires  a rest  mass g iven  by m 2 =  ~R.  For  the  de 
S i t te r  space impl i ed  by eqs. (1) and (2) 

(5) m = V ~  = m' ~/~" 

Using the  mass obta ined  earl ier  for  the  spin-2 singlet  we have  m =  960 MeV, very  
close to the  nucleon (proton) mass. 

(i) E .  A.  LORD:  Proc.  Camb. Ph i l .  Soc., 69, 423 (1971).  
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Or course, if  one s tar ts  w i th  the  Dirac equa t ion  for a massive par t ic le  such as the  
e lect ron,  this would  i m p l y  the  acquis i t ion of an addi t iona l  mass g iven by  m 2 =  �88 
owing to the  cu rva tu re  in the  par t ic le  region caused by  the  s t rong g rav i ty  field. 

The foregoing analysis shows tha t  the  difference in the  pro ton  and electron masses 
perhaps  arises f rom the  fact  t h a t  the  former  in te rac t s  wi th  the  s t rong (f) g r av i t y  field 

and acquires  an addi t ional  mass ~ / ~ =  m. In  our  case this addi t ional  mass has 
t he  va lue  of about  960 l~eV. Since the  e lec t ron does not  take  par t  in f -grav i ty ,  we 
have  A = R = 0 and the  equa t ion  becomes the  usual Di rac  equa t ion  in fiat space- t ime.  
The origin of the  mass anomaly  be tween the  e lec t ron  and the  p ro ton  thus  seems to lie 
in the  abi l i ty  of the  p ro ton  to undergo f -g rav i ty  in terac t ions ,  in addi t ion  to ord inary  
inf ini te-range massless g rav i t a t iona l  in teract ions .  I t  is in teres t ing  to connect  this wi th  
o ther  recent  works (6.7) by  two of us (C.S. and K.P.S.) .  By  using the  Ker r  me t r i c  (which 
is an exac t  par t icu la r  solut ion of the  Eins te in  field equa t ions  tha t  represents  the  gravi-  
t a t iona l  field of a ro t a t ing  body)  i t  can be shown, by  assuming hal f - in tegra l  quant ized  
values  for the  angular  m o m e n t u m  J of the  ro t a t i ng  body  (i.e. J =  �89 t h a t  the  
mass of the  body  cannot  be less t han  

he 1�89 
(6) i = 1~2-~1 = 1.6.10 -~' g ,  

where Ge is the s t rong (f) g r a v i t y  coupling.  Thus  g iven  the  coupl ing cons tan t  G~ one 
could  unders tand  w h y  the  lowest  baryon  mass is of t he  order  of the  p ro ton  mass. 
Fu r the r ,  no t ing  (s) t h a t  t he  pro ton-e lec t ron  mass ra t io  is roughly  g2/e2, where  g2/hc~ 14 
is the  dimensionless coupl ing  cons tant  for t he  s t rong  in te rac t ions  and e2/hc is t he  
e lec t romagne t ic  f ine-s t ruc ture  constant ,  gives an in teres t ing  re la t ion be tween  the  
coupl ing constants  for s t rong g rav i ty  and s t rong  in teract ions ,  i.e. 

( hc ~ e 
(7)  g = \~-~,1 ~/~, 

m e being the  e lectron mass. 
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