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According to a recent  exper iment  (~) ti le mass spec t rum of t im neu t ra l  componen t  
of p-meson appears  to be resolved into two levels,  one of which is a lmost  degenera te  
wi th  the  (o meson within exper imenta l  errors. This has raised some in teres t ing 
possibili t ies.  FUBINI (2) has proposed  a drast ic  suggest ion:  There  m a y  exis t  a vec tor  
meson, cal led F, which has no well  defined isospin and decays into bo th  of T = 0  
and T =  1 states,  v io la t ing  the  charge independence  (C.I.). The  Po and ~ peaks are 
the  manifes ta t ions  of different decay modes  of the  same part icle.  On the  o ther  hand,  
a convent iona l  way  of deal ing with  this degeneracy  h~s been given by  GLASttOW (3,4). 
According  ~0 Glashow 9o and ¢o are different particles,  but ,  because of the  small 
mass difference, the  e lec t romagnet ic  t ransi t ion be tween them can be qui te  appre- 
ciable and the  observed par t ic les  are mix tures  of t:0 and o). Tim ex ten t  to which 90 
and (o are mixed  has been es t imated  (4,5). The  theore t ica l  results for the  (kI.  v io la t ing  
decay (o-~ 2~ are reasonable,  showing tha t  Glashow's  explana t ion  is not  unna tura l .  
I t  m a y  seem, therefore,  t ha t  i t  is not  necessary to in t roduce  Fubin i ' s  drast ic hypo-  
thesis.  This does not,  however ,  necessarily mean t h a t  Fub in i ' s  hypothes is  is elimi- 
na ted .  Ra the r  it  seems difficult to tell, by  observing the decays,  which of the  two 
is realized in nature .  In  this note  we wisll to examine  the possibil i ty of finding the  
differences be tween these two theories in thei r  effects on nuclear  forces. 

For  s implici ty,  first we assume tha t  Fubin i ' s  F interdicts wi th  the  nucleon by a 
factor  ( l+ r~ ) /2  (maximum violat ion of C.I.), then the F-exchange  takes  place only 
in p-p, bu t  not  in p-n nor  in n-n systems.  The s tat ic  potent ia l  for l)-P sys tem 
~rising from single F-exchange is 

(1) V(~) =: f '  exp [ -  / q r ] / , ,  

where ] is the F sV coupling cons tant  and f+- mj.c/~. 
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Turning  to Glashow's  theory,  we denote  co and po-tields by f.~ and %, respect ively.  
The  mass or l i fe- t ime eigenstates  are g iven by superposi t ions of ~% and ~q. 

(2) 

with  u.2÷fl'~-:l. Accordingly  the  in te rac t ion  wi th  the  nucleon can be wri t ten  as 

(3) 

where  ]s and ]~ are coupling constants .  The  petent iMs arising froms ingle exehmlge 
of y,~ or qJe are respect ively  given by 

(4) 

(1) : (~/~ ÷ f l j ja  )(~], T fl/,w~ 2)) exp [ - -  ,ulr]/r , 

(fl]~ -- ~],,r~1))(/3]~ zf,r(a 2)) exp [ i, zr]/r. 

Each  f ield v iola tes  t i le C.I. jus t  as F does. But  if we pu t  /q = #-2 = / ~  the  sum 
of these  two po ten t i a l s  becomes  

(5) z2 (1 )7 . (2 )1  ]~-~ /~ra a j e x p [ -  - / J r ] / r ,  

and the  C.I. is restored.  ActuMly the mass-spl i t t ing I~-I~ will  be very  small,  st) 
the  C.I. v iola t ion due to ~ and ~t~2 will  be qui te  negligible, i t  is i m p o r t a n t  to note  
tha t  in Glashow's  theory  we have  a double t  while Fubin i ' s  F can exist  singly. 

W e  wish to discuss the possibil i ty of de tec t ing  the  effects of F-meson on the  
nuclear  forces. As noted by Fubini ,  the  effect of the  F-exchange  po ten t ia l  is expected  
to be small  at low energies because its force range is ve ry  short,  t towever ,  the  scat- 
ter ing lengths  for 1S s ta tes  of p-p, n-n and p-n systems,  ap,, a ~  and %, ,  are extre-  
nlely sensi t ive to the  var ia t ions  in the  potent ia ls .  So it  will  be in teres t ing  to es t imate  
the  effect on these quant i t ies .  

The F-exchange  potent ia l  V(r)(1)  is re imlsive and makes  the p-p potent ia l  
shallower than  the  n-n and the  p-n ones. We  have  es t imated  the var ia t ion  of a~, 
due  to V(r) by  Sehwinger~s methnd  (<v), using the  same assumptions  regarding the 
potent ia l  as those of SALPETJ~a (7), i.e. a centra l  potent ia l  for the  p-p singlet  s ta te  
consisting of an infinite rec tangular  repulsive potent ia l  of core radius r~ plus an at t rac-  
t ive  po ten t ia l  outs ide the  core of the  Hul th6n shape. 

The  mass of the F-meson has been taken  as 770 5[eV. The results, ] eboS(a,~), 
for r - 0 ,  0.3, 0.6-10 ~s cm are given in Table  I. A reasonable  va lue  of r~ will be 
between 0.3 and 0.6.10 -is cm (s). If the F- .V ver tex  has the  factor  (l~-/~ra) instead 
of ( l + r a ) ,  the  contr ibut ions  of F-exchange  to VDV, V~, and Vp, are given by  (1) 
mult ipl ied by (1+2)x/4,  (I -2)2/4 and (1 -  22)/4, respect ively .  Being propor t iona l  
to the s t rengths  of the  var ia t ions  in lhe potent ials ,  8 ( a~ ) ,  3 ( a~ )  and 8 ( a ~ )  wi th  
2~¢. t a, re easily obta ined  from the  value  of 8(a.p-r, 1) wi th  2 =  1. Tile assumption of too 
smM1 a value of 2. will make  Fubini 's  hypothesis  less interest ing.  
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Evidence  for two o ther  mesons ~ and ~, wi th  masses around 560 MeV, has been 
obta ined  in recent  exper iments .  Spin-par i ty  1- has been suggested for bo th  the  
mesons.  On the  exper imenta l  side ~ appears  to have  1- while  some evidence  (9) has  
been repor ted  for spin-par i ty  0-  for the  ~ meson.  If we assume the  l -  ass ignment  
for bo th  of the  mesons, a s i tua t ion  similar  to the  P0, ~o pair  is also seen to exist  here, 
W e  h a v e  considered this possibil i ty also. The  corresponding meson will  be denoted  
by  F '  and other  corresponding quant i t ies  also wi th  a prime.  The  results are shown 
in Table  I. 

TABLE I. bo=h2/Me2=28.81 fermi.  M is the  nucleon mass. 

r,, (in fermi) 0 0.3 0.6 

ap, (in fermi) 18.1 16.5 15.7 
bo(a~ - -  a ~ )  0.37 0.53 0.61 

]-2b o 8(a ;~)r  8.47 2.22 0.85 
]'-Zbo $ ( a ~ ) r ,  13.90 5.34 2.75 

The  va lue  of ti le scat ter ing length  ap~ in the  p-p system as der ived  f rom the  
da t a  (after e l iminat ion of the  Coulomb effects) is dependen t  on the  assumed shape 
of the  w a v e  funct ion  of the  potent ia l .  SAL1)ETER (7) has m a d e  an analysis  assuming 
tha t  the  po ten t ia l  consists of a ha rd  core plus an a t t r ac t ive  Hul thdn  potent ia l .  
His results  are quo ted  in Table  I. 

F o r  an=, ILAKOVAC et al. (i0) have  recent ly  made  an analysis of the  proton spec t rum 
f rom d(n, p)2n tak ing  into account  only the  n-n in te rac t ion  in the  final s tate,  and have  
obta ined  a va lue  a=n=(22=L2)fermi  (*). The  error  g iven  is en t i re ly  s ta t is t ical  and 
does not  conta in  es t imates  of the  accuracy of the  theory.  They  noted tha t  the  shape 
of the  pro ton  spec t rum is defini tely sensi t ive to the  va lue  of a , ,  and  is ve ry  useful 
fori ts accura te  de te rmina t ion .  On the  o ther  hand,  a~= is precisely known as 
ap.=(23.69~-0.06)  fermi  01L There  is a sl ight bu t  definite difference be tween  bo/a,p 
and bo/a,n=l.216±O.O03, as shown in Table  I. 

Now let  us discuss the  F-effect  on the  differences among  ap,, ann and am. 

i) a D p -  ann- Le t  us have  an idea of the  order  of m a g n i t u d e  of the  F-effect .  
If  r~=0.3  fermi,  we have  $ ( a ~ ) F = 2 . 2 2 p / b  o fermi  -I ,  or subs t i tu t ing  a rp=  16.5 fermi,  
we have  3app-- = 21.0] 2 fermi.  If the  coupling s t rength  is ]2 ~ 1 as suggested by  
Sakurai ' s  (12) es t imat ion  on the  basis of the  nucleon s t ructure ,  t he  F-effect  is qu i te  
large. Besides the  F-effect,  the  magne t ic  in te rac t ion  also des t roys  the  charge  sym-  
met ry ,  g iving a small  cont r ibut ion  to a p p -  a~,_ in the  same direct ion with the  
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F-effect (6,7,13). If the F-meson exists, we shall have ann ~-apr.  The result of 
ILAKOVAC et al., though it is not very accurate, is unfavorable to the existence of 
the F-meson. 

ii) app --a~)~,. If ]2> 1, the C.I. violating effect of F well exceeds the observed 
difference b o ( a ~ -  a2~). Besides this F-effect and the magnetic interaction, the 
effect of 7: -+, r: ° mass difference destroys the C.I. These three give contributions 
with the same sign to a~,~- a~n (6,7,1a). Especially the pion mass difference effect 
(examined up to two plan exchange potential) seems big enough to explain the gap 
between Vpp and Vp~. If we accept this, then very little room will be left for the 
F-effect and therefore the F-effect estimated above will be too big. 

Finally we would like to note the effect of the heavy mesons on the L .S t'orce. 
Following S*KURAT (n), it is very attractive to consider that  vector mesons would 
provide an unified explanation for an L . S  force of the required sign and magnitude, 
a repulsive core in the ,N~-& :~ system and a strong attraction in the ~°-2V system. 
These three are all difficult problems to explain in terms of the plan theory. If a large 
portion of the L . S  force comes from the F-mesons, violation of the C.I. will be 
observed, for example, in polarization phenomena. TINLOT and WARNER (15) have 
measured the polarization in the quasi-elastic p-n scattering and compared it with 
the theoretical prediction of BtCEIT et al. (16). But at present it seems to he prema- 
ture to infer about the charge being independent of this data. 
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