
533 
NEUTRINO COUNTING 

G. Barbiellini 
CERN and INFN-LNF Frascati 

ABSTRACT 

By counting the massless neutrinos which exist in Nature the number of massive 
sequential leptons ( "asthenons") are also counted. A laboratory experiment based 
on the chain of reactions 

e+e- -+ V 1 -+ VITTI 
L�v\i 

can count the number of neutrinos . V '  is the first excited state of the quark
antiquark bound system. When qq ground state V decays weakly into vv, the only 
detected particles in the final state are the two pions recoiling against the 
missing mass corresponding to the V .  

RESUME 

Le nombre des neutrinos de masse nulle est egal a celui des leptons massifs 
sequentiels ( "asthenons") . Une experience a faire avec un anneau de stockage e+e
sur la chaine de reactions 

e + e - -+ v ' -+ VnTI 
! _._  vv 

est capable de compter le nombre des neutrinos differents . V '  est l e  premier etat 
excite du systeme l ie quark-antiquark (qq) . Quand V ,  l ' etat fondamental (qq) , se 
desintegre faiblement en vv , les seules particules detectees dans l ' etat final sont 
les deux pions qui reculent centre une masse manquante egale a la masse du v .  
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One  of the mo s t  s t r i k i n g  f e a t u r e s  of wh a t  has b e e n  

d i s c o v e r e d  i n  p a r t i c l e  p h y s i c s  i n  t h e  l a s t  f e w  y e a r s  i s  

t h e  r e g u l a r  p a t t e r n  f o l l ow e d  b y  t h e  " f undame n t a l "  p a r t i c l e s . 

Q u a r k s  and l e p t o n s  a p p e a r  i n  d o ub l e t s  and  f ami l y  r e l a t i o n s  

c an b e  f o undb a s e d u p o n  t h e  v a l u e  o f  t h e  m a s s  and / o r  t h e  

c h a r g e . T h e  l e p t o n s  ( wh i c h c o u l d  m o r e  p r o p e r l y  b e  c a l l e d  

" a s t h e n o n s ") a p p e a r  i n  d o ub l e t s ; t h e  n e u t r a l  p a r t n e r  o f  t h e  

c h a r g e d  l e p t o n s , t h e  n e u t r i n o , h a s  v e r y  l i g h t  o r  z e r o  ma s s .  

An  i mp o r t a n t  q u e s t i o n  t o  b e  a n s we r e d  i s  whe t h e r  t h i s  r e g u -

l a r  p a t t e r L  o f  t h e  " f undame n t a l " p a r t i c l e s  w i l l r e p e a t  

i t s e l f . I f  h e av i e r a s t h e n o n s  e x i s t  i n  n a t u r e  and  t h e i r  

n e u t r a l  p a r t n e r ,  t h e  n e u t r i n o s , have  z e r o  m a s s ,  n n  e xp e r i 

m e n t a l  p o s s i b i l i t y t o  v e r i f y t h e  e x i s t en c e  o f  t h e s e  p a r 

t i c l e s  a t  en e r g i e s  l ow e r  t h a n  t h e i r  ma s s e s w o u l d  b e  t h e  

c o u n t i n g  o f  n e u t r i n o s . Many p o s s i b i l i t i e s  f o r  n e u t r i n o  

c o u n t ing  h a v e  b e en s u g g e s t e d . l )  Th i s  n o t e  d e s c r i b e s  

a n  ex p e r im e n t a l  p o s s i b i l i t y f o r  n e u t r i n o  c p u n t i n g ,  b a s e d 

o n  t h e  c h a i n  r e a c t i o n .  

+ -
V ' --'> V  ( 1 )  e e - li lf L.+ utr 

The r e a c t i o n ( 1 )  i nv o l v e s  t h r e e  s t e p s :  i )  th  'o p r o d u c t i o n 

o f  a b o un d  s y s t em o f  a q u a r k - a n t i q u a r k  s y s t em ( q  q )  i n  t h e  

f i r s t  r a d i a l l y  e x c i t e d  s t a t e  V ' , i i )  t h e  d e c a y  o f  V '  i n t o  

t h e  g r ound s t a t e  V o f  t h e  ( qq ) s y s t em and t w o  c h a r g e d  p i o n s , 

i i i )  t h e  d e c a y  o f  V i n t o  a n e u t r i n o - an t i n e u t r i n o . The e x p e -

r i me n t a l  s i g n a t u r e  f o r  r e a c t i o n  ( 1 ) i s  t h e  d e t e c t i o n o f th e  

n rr  s y s t em t h a t  w i l l  s h o w  t h a t  t h e  m i s s i n g  ma s s  c o r r e s p o n d i n g  

t o  the  V ma s s  h a s  d i s ap p e a r e d . 

In t h e  f o l l ow i n g  we c a l c u l a t e  t h e  p o s s i b i l i t y o f  d e t e c t 

i n g  t h e  r e a c t i o n  ( 1 )  f o r  V = Y ,  t h e  r e c e n t l y  d i s c o v e r e d  h e avy 

me s on Z ) J ) T h e  d e c ay p r o b ab i l i t y � f  t h e  V i n t o  two n e u t r i n o s  

d i v i d e d  b y  t h a t  o f  t h e  d e c a y  

R 

. + 
i n t o  e , e i s  



wher e  N i s  the  numb e r  o f  n eu tr ino  f l avo r s ,  MV i s  the  mas s 
the  v e c t o r  m e s on , e the  e l e c t ro n  char g e , QL ' QR , Q are  the  
weak and e l e c t r i c  q uark charge s ,  GF i s  the  F e rm i  c on s t ant . 
A s s um in g  unive r s a l i ty o f  the  weak n eu t ra l  current  coup l ing  
as  i n  t h e  We i nb e r g - S a l am theory  and  s i n2ew = 0 . 2  

R = v 
4 ( MV / Mp ) x 1 . 2  Q 1 / 3  { N 1 0- S 

N 1 0- S 
v 

4 ( MV / Mp ) x 0 .  1 2  Q = 2 / 3  

Th i s  quant i ty has  b een  c a l c u l a t e d  f o r  V = J /i/' 4 )  

f o r  V = Y 

- 4  R
y 

= 1 . 2  x 1 0  x N 
v 

The e • p e c t e d  event  r a t e  from  r ea c t i on  ( 1 )  f o r  V 

n = 
v v  + -e e 

and i s  

Y i s  

o f  

whe r e  NY '  i s  t h e  numb e r  o f  p r oduced  Y ' , BY '  i s  t h e  b r anch ing 
r a t i o  f o r  the  d e c ay Y ' -'> Y n n  and B

Y- e +e 
rat i o  f o r  the  Y d e c ay i n t o  e+ e-

i s  the  b r anch ing 

The va lu e  o f  the  By , 5 )  i s  =0 . 2  and that  o f  B y� e+ e- i s  =0 . 0 3 6 ) . 
To d e t e c t  few  event s  from  r ea c t i on  ( 1 )  the  numb e r  o �  

p r o d u c e d  Y '  has  t o  b e  l arger  than 1 0 6 f o r  N� = 3 .  I f  the  numb er  
o f  new neut r i n o s  i s  smal l ,  the  b ackground f r om the  d ecay 

i s  t h e  mo s t  s ev e r e  

n n  {e+ e-� µ+µ- und e t ec t ed ( 2 ) 
and the  exper imental  a c c e p tan c e  f o r  r e a c t i on  

( 2 )  h a s  t o  b e  very  c l o s e  t o  one . 
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