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Callan and Glashow and Keuffel have proposed the exis tence of U and W par t i c les  respect ive ly ,  to explain 
the tack of zenith angular  dependence of cosmic  ray  muons in the exper iment  by the Utah group. Arguments  
a re  presented  to show that  both these  hypotheses  are  implausible .  

In a r e c e n t  p a p e r  B e r g e s o n  e t  a l .  [1] h a v e  p r e -  
s e n t e d  e x p e r i m e n t a l  e v i d e n c e  t h a t  c o s m i c  r a y  
m u o n s  of e n e r g i e s  > 500 GeV h a v e  to b e  p r o d u c e d  
to a g r e a t  e x t e n t ,  i f  no t  a l l ,  in  p r o c e s s e s  o t h e r  
t h a n  t h r o u g h  t he  d e c a y s  of p i o n s  and  k a o n s  a s  w a s  
w i d e l y  b e l i e v e d  h e r e t o f o r e .  T h e  a r g u m e n t  b r i e f -  
ly  s t a t e d  r u n s  a s  fo l lows :  If  t he  m u o n s  a r e  i n d e e d  
t he  d e c a y  p r o d u c t s  of p i o n s  o r  k a o n s  one  would  
e x p e c t  a l a r g e r  n u m b e r  of m u o n s  of a g i v e n  e n e r -  
gy a t  g r e a t e r  z e n i t h  a n g l e s  b e c a u s e  of the  p r o -  
g r e s s i v e l y  d e c r e a s i n g  d e n s i t y  (with z e n i t h  a n g l e )  
of the  a i r  in  the  r e g i o n  of a t m o s p h e r e  w h e r e  m e s -  
on p r o d u c t i o n  i s  c o p i o u s  a n d  t he  r e s u l t i n g  i n -  
c r e a s e  in  t he  p r o b a b i l i t y  of p a r e n t  m e s o n s  d e c a y -  
ing  i n to  m u o n s  in  c o m p e t i t i o n  w i th  n u c l e a r  i n t e r -  
a c t i o n .  A b s e n c e  of s u c h  an  i n c r e a s e  a s  w a s  t h e  
c a s e  in t h e  e x p e r i m e n t  of B e r g e s o n  et  a l .  [1] i s  a 
c l e a r  i n d i c a t i o n  t h a t ,  by  a n d  l a r g e ,  t h e  o b s e r v e d  
p a r t i c l e s  a r e  e i t h e r  no t  m u o n s  (nor  any  o t h e r  
p a r t i c l e s  we know of) o r ,  i f  t hey  a r e  m u o n s ,  t hey  
a r e  p r o d u c e d  t h r o u g h  s o m e  o t h e r  p r o c e s s .  

C a l l a n  a n d  G l a s h o w  [2] p r o p o s e d  t h a t  w h a t  
B e r g e s o n  et  a l .  [1] had  o b s e r v e d  w e r e  not  m u o n s  
bu t  a new k ind  of p a r t i c l e s  (which  the  a u t h o r s  
c a l l e d  U - p a r t i c l e s )  t h a t  w e r e  p r e s e n t  in  the  p r i -  
m a r y  c o s m i c  r a d i a t i o n .  A c c o r d i n g  to t h e s e  a u -  
t h o r s ,  t he  U p a r t i c l e s ,  c o n s t i t u t i n g  0.1% of p r i -  
m a r y  f lux ,  a r e  s i n g l y  c h a r g e d $ ,  h e a v i e r  t h a n  
2 .5  GeV,  and ,  in  g e n e r a l ,  m u o n - l i k e  in  t h e i r  i n -  
t e r a c t i o n  w i th  m a t t e r  in  o r d e r  to  b e  a b l e  to  s u r -  
v i v e  to t he  d e p t h s  of o b s e r v a t i o n .  K e u f f e l  [3] 

* Work supported in par t  by the National Science 
Foundation. 

** On leave f rom Tata Inst i tute of Fundamental  Re-  
search ,  Bombay-5,  India. 

$ Strict ly speaking, there  is no evidence that  the pa r -  
t ic les  are  singly charged,  no one ever  having m e a s -  
ured the charge of par t ic les  penet ra t ing  to depths 
>2000  h g / c m  2 (1 hg = 102 g). 
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m o o t e d  the  i dea  t h a t  the  m u o n s  o b s e r v e d  by t h e i r  
g r o u p  m i g h t  b e  the  d e c a y  p r o d u c t s  of i n t e r m e d i a t e  
b o s o n s  ( W - p a r t i c l e s )  w h i c h  c o u l d  b e  p r o d u c e d  
on ly  a t  h i g h  e n e r g i e s ;  he  a l s o  e s t i m a t e d  t h a t  
m u o n s  f r o m  s u c h  a new p r o c e s s  ( W - m e s o n s )  n e e d  
b e  on ly  of the  o r d e r  of 4% a s  m a n y  a s  c h a r g e d  
p i o n s  of the  s a m e  e n e r g y  a t  p r o d u c t i o n .  S ince  a t  
t h e s e  e n e r g i e s  on ly  £ 9% of p i o n s  d e c a y ,  a r e -  
l a t i v e l y  s m a l l  p r o d u c t i o n  a m p l i t u d e  of W - m e s o n s  
c a n  v e r y  e f f e c t i v e l y  c o m p l e t e  $$ w i t h  a m u c h  
l a r g e r  p r o d u c t i o n  a m p l i t u d e  of p i o n s  a n d / o r  k a o n s  
a s  f a r  a s  m u o n  i n t e n s i t i e s  a r e  c o n c e r n e d .  

T h e r e  a r e  a l r e a d y  t h r e e  l e t t e r s  p u b l i s h e d  
c o n t e n d i n g  t h a t  n e i t h e r  t he  W [4] n o r  U [5,6]  p a r -  
t i c l e  h y p o t h e s e s  s e e m s  to b e  l i ke ly .  In t h i s  l e t t e r  
we p r e s e n t  a d d i t i o n a l  a r g u m e n t s  to  show t h a t  
n e i t h e r  of the  two h y p o t h e s e s  s e e m s  to b e  p l a u s i -  
b l e .  

T h e  p a r t i c l e  i n t e n s i t y  i s  shown  a s  a f u n c t i o n  
of d e p t h  in  f ig.  l a ,  t he  d a t a  f o r  w h i c h  a r e  t a k e n  
f r o m  fig. 1 of B e r g e s o n  e t  a l .  [1]. S ince  t h e s e  
a u t h o r s  found no a n g u l a r  d e p e n d e n c e ,  t h e i r  d a t a  
p r e s e n t e d  in d i f f e r e n t  z e n i t h  a n g u l a r  i n t e r v a l s  i s  
a l l  c o m b i n e d  and  a s i n g l e  c u r v e  i s  d r a w n .  B a s e d  
on the  p r o p e r t i e s  p r e s e n t e d  f o r  U p a r t i c l e s  in  re f .  
2, a r a n g e - e n e r g y  r e l a t i o n  [e .g .  7] i s  d e r i v e d  and  
the  i n t e n s i t y  d e p t h  c u r v e  in f ig.  l a  i s  t r a n s f o r m e d  
to i n t e g r a l  e n e r g y  s p e c t r u m  of t he  U p a r t i c l e s  a t  
t he  top  of the  a t m o s p h e r e  a n d  shown  in  f ig.  l b .  
S ince  the  p a r t i c l e s  a r e  p r e s c r i b e d  to be  m a s s i v e  
and  not  to e n j o y  s t r o n g  i n t e r a c t i o n s ,  t he  r a n g e -  
e n e r g y  r e l a t i o n  i s  a l m o s t  l i n e a r .  T h i s  i s  v e r y  
m u c h  un l ike  the  c a s e  of m u o n s  w h e r e  t he  p a i r  
p r o d u c t i o n  and  b r e m s s t r a h l u n g  l o s s e s  d o m i n a t e  
to  m a k e  the  r a n g e - e n e r g y  r e l a t i o n  v e r y  n o n - l i n -  
e a r  at  t he  e n e r g i e s / r a n g e s  we a r e  c o n c e r n e d  

$$ This s ta tement  is t rue  only if the decay branching 
ra t io  of W-mesons  into muons is not very  small .  
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Fig. l a .  The par t ic le  in tensi ty  as a function of depth. 
The data are  taken f rom fig. 1 of Bergeson et al. [1]. 
lb .  The implied in tegra l  energy  spec t rum of U par t ic les  
at the top of the t e r r e s t r i a l  a tmosphere  derived f rom 
the curve in fig. l a  and the p rope r t i e s  of U p resc r ibed  

in ref .  2. 

wi th .  The  s t e e p  d e p t h  d e p e n d e n c e  of the  i n t e n s i t y  
i s ,  t h e r e f o r e ,  r e f l e c t e d  a s  a s t e e p  e n e r g y  d e -  
p e n d e n c e  of the  U - p a r t i c l e  s p e c t r u m .  To a f f o r d  a 
c o m p a r i s o n ,  the  s h a p e  of t he  p r i m a r y  p r o t o n  
s p e c t r u m  i s  a l s o  s h o w n  in  f ig.  l b .  N o t i c e  t h a t  the  
e n e r g y  s p e c t r u m  of U - p a r t i c l e s  i s  v e r y  s t e e p  
e v e n  to s t a r t  w i t h  a n d  f u r t h e r  s t e e p e n s  v e r y  r a p -  
id ly  w i t h i n  a s h o r t  r a n g e  of e n e r g y .  T h e r e  i s  a n  
o v e r w h e l m i n g  a g r e e m e n t  t h a t  the  p r i m a r y  c o s m i c  
r a y s  a r e  a c c e l e r a t e d  a n d  c o n t a i n e d  by  the  s t e l l a r ,  
i n t e r s t e l l a r  a n d / o r  i n t e r g a l a c t i c  m a g n e t i c  f i e l d s .  
P r o t o n s  and  U p a r t i c l e s ,  b o t h  b e i n g  h e a v y  and  
s i n g l y  c h a r g e d ,  wou ld  b e  t r e a t e d  a l i k e  by  the  m a g -  
n e t i c  f i e l d s  t h a t  a c c e l e r a t e  a n d  c o n t a i n  t h e m  and  
i t  i s  h a r d ,  a l m o s t  i m p o s s i b l e ,  to d e v i s e  m e a n s  
of d i s c r i m i n a t i o n  b e t w e e n  the  two s p e c i e s .  T h e  
U p a r t i c l e  h y p o t h e s i s ,  t h e r e f o r e ,  d o e s  not  a p p e a r  
to  b e  a l i k e l y  one  * 

T u r n i n g  to the  W - p a r t i c l e  h y p o t h e s i s ,  we 
m e n t i o n e d  e a r l i e r  t h a t ,  in  o r d e r  to e x p l a i n  the  
d a t a  B e r g e s o n  e t  a l .  [1] t he  n u m b e r  of m u o n s  p r o -  
d u c e d  t h r o u g h  t h i s  p r o c e s s  i s  r e q u i r e d  to b e  ~ 4% 
of t he  n u m b e r  of p i o n s  of t he  s a m e  e n e r g y .  T h i s  
would  i m p l y  t h a t  the  c r o s s - s e c t i o n  crW N f o r  the  
p r o c e s s  

N + N ~ N  + N  + W  + n g  (1) 

w h e r e  n >/ 0 wou ld  h a v e  to b e  in  the  r a n g e  10 -26  
to 10 -28  c m  2 d e p e n d i n g  upon  the  d e t a i l s  of the  i n -  
t e r a c t i o n .  T h e  s m a l l e r  v a l u e  of 10 - 2 8  c m  2 c o r -  
r e s p o n d s  to  t he  m o s t  e f f i c i e n t  m e c h a n i s m s  of 

* This objection has  been independently r a i sed  by the 
Utah group [8]. 

e n e r g y  t r a n s f e r  f i r s t  to  the  W and  t h e n  to muon .  
We p r o c e e d  w i t h  t he  d i s c u s s i o n  w i t h  t h i s  s m a l l e r  
v a l u e  f i r s t .  C o n s i d e r  the  f o l l o w i n g  i n t e r a c t i o n s :  

v + p ~ / ~  + W + N ,  (2) 

# + p - - - * v  + W + N .  (3) 

c r o s s  s e c t i o n s  cr~W N and  ~rW N a r e  c l o s e l y  r e -  T h e  
l a t e d  to  aW,,.  To o u r  k n o w l e d g e ,  t h e r e  a r e  no 
p u b l i s h e d ~ e o r e t i c a l  p r e d i c t i o n s  f o r  a W  N a t  t h e s e  
e n e r g i e s  ~> 1000 GeV.  D e t a i l s  of p r e c i s e t h e o r e t -  
i c a l  c a l c u l a t i o n s  a p a r t ;  the  important point here 
is to recognize that a ~ N  w h i c h  d e p e n d s  on a s e m i -  
w e a k  and  a n  e l e c t r o m a g n e t i c  o r  s t r o n g  v e r t e x  
bears a close relationship to ~vWN and aW N w h i c h  
d e p e n d  on a s e m i - w e a k  and  an  e l e c t r o m a g n e t i c  
v e r t e x .  At  M W ~ 1 GeV,  p u b l i s h e d  [9,10]  t h e o r e t -  
i c a l  c a l c u l a t i o n s  i n d i c a t e  (rW~,T ~ 10 --32 to 10 - 3 4  
c m 2  and  crW N ~ 10 -36  c m 2 / Y f  we a d o p t  t h i s  s a m e  
r a t i o  of c r o s s - s e c t i o n s  a t  e n e r g i e s  ~ 1000 GeV, 
the  i m p l i c a t i o n  i s  t h a t  one  shou ld  b e  p r o d u c i n g  
W - m e s o n s  in  v e r y  h igh  e n e r g y  vN c o l l i s i s i o n s  
wi th  c r o s s  s e c t i o n s  ~ 10 - 3 0  to 10 - 3 2  c m  2. T h e  
s e c o n d a r y  m u o n  f lux f r o m  r e a c t i o n  (2) i s  t h e r e -  
f o r e  g i v e n  by  $ 

oo f E r N  Z 
lV(l~) = f I ( E v ) ~ - - a W N d E  v (4) 

Evth 

w h e r e  I(E v) i s  the  d i f f e r e n t i a l  m u o n i c  n e u t r i n o  
e n e r g y  s p e c t r u m ,  f the  f r a c t i o n  of t h e  n e u t r i n o  
e n e r g y  the  m u o n  r e c e i v e s ,  N the  A v a g a d r o  n u m -  
b e r ,  ~ the  e n e r g y  l o s s  of the  m u o n  p e r  g / c m  2, 
Z the  a t o m i c  n u m b e r  and  A the  a t o m i c  w e i g h t  of 
t he  m e d i u m .  T a k i n g  the  p u b l i s h e d  [12] v a l u e s  of 
I(E v) and  the  i m p l i e d  c r o s s - s e c t i o n s  fo r  (~WN, one  
e x p e c t s  f o r  the  n e u t r i n o - p r o d u c e d  m u o n  flux d e e p  
u n d e r g r o u n d  ~ 10 - 8  to  1 0 - 1 0 / c m 2 . s e c . s t  f o r  
M w ~ 23 GeV (Ev = 1000 GeV).  T h i s  e x p e c t e d  
f lux g o e s  e v e n  h i g h e r  f o r  l o w e r  v a l u e s  of M w .  
In t he  two d e e p  u n d e r g r o u n d  n e u t r i n o  e x p e r i m e n t s  
in  Ind i a  [13] and  in  South  A f r i c a  [14],  t he  m e a s -  
u r e d  n e u t r i n o  i n d u c e d  m u o n  f lux i s  on ly  

1 0 - 1 2 / c m 2 . s e e . s t .  T h i s  i s  c l e a r l y  two, p o s s i -  
b ly  f o u r ,  o r d e r s  of m a g n i t u d e  l o w e r  t h a n  t he  e x -  
p e c t a t i o n s  in  the  W - m e s o n  h y p o t h e s i s  w i th  the  

~ w w i n d i c a t e d  c r o s s - s e c t i o n s  of a/4N and  a . . . .  
W ~ 2 If  on t he  o t h e r  h a n d ,  fiNN ~ 10- c m  , t hen  

aW N would  b e  c o r r e s p o n d i n g l y  h i g h e r .  The  n e u -  

See ref .  11 for  deta i ls .  Notice that  many of the un-  
ce r ta in t i e s  in the deduction of W-produced muon flux 
like the decay branching ra t io  of W into a muon, the 
f ract ional  energy the muon rece ives  in a W decay 
etc.  are  common and hence do not affect the ra t io  
of cr W and (rvW N NN 

~ See next page. 
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t r i n o s ,  g e t t i n g  a b s o r b e d  in the  o v e r l y i n g  r o c k  
s e l d o m  r e a c h  the  d e p t h s  of the  e x p e r i m e n t s  in 
r e f s .  13 and 14 and  the  a r g u m e n t  a d v a n c e d  in the  
p r e c e d i n g  p a r a g r a p h  d o e s  not  apply .  The  h i ~ h e r  
c r o s s - s e c t i o n  ~ N '  h o w e v e r ,  i m p l i e s  tha t  a ~ N  
i s  c o r r e s p o n d i n g I y  h i g h e r .  T h i s  r e s u l t s  in a -  
s t r o n g  a t t e n u a t i o n  of the  v e r t i c a l  c o s m i c  r a y  muon  
b e a m  u n d e r g r o u n d .  The  m e a s u r e d  [15] v e r t i c a l  
m u o n  i n t e n s i t y  v a l u e s  d e e p  u n d e r g r o u n d  c o n t r a -  
d ic t  t h i s  a l t e r n a t i v e .  

We c o n c l u d e  tha t ,  whi le  the  e x p e r i m e n t a l  r e -  
s u l t s  of B e r g e s o n  e t  a l .  [1] con t i nue  to  be  of g r e a t  
i n t e r e s t  and to p r o v o k e  thought ,  the  U and  W p a r -  
t i c l e  h y p o t h e s e s  a d v a n c e d  to e x p l a i n  t h e m  s e e m  
to be  un l ike ly .  

The a u t h o r  w i s h e s  to t hank  the  I n s t i t u t e  of 
S c i e n c e  and T e c h n o l o g y  of the  U n i v e r s i t y  of 
M i c h i g a n  f o r  s u p p o r t  and P r o f e s s o r  L a w r e n c e  
W. J o n e s  f o r  h i s  h o s p i t a l i t y  and e n c o u r a g e m e n t  
a t  the  U n i v e r s i t y  of Mich igan .  

:H: One can invert the argument to say that the observa-  

PP YN ~ " • " ' 
3.1 × 10-34 cm 2 corresponding to M W = 2.4, 7.3 and 
23 GeV respect ively .  
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