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M E S O N S  OF A B N O R M A L  C H A R G E  P A R I T Y  

By 

L. G�93 

INSTITUTE FOR THEORETICAL PHYSICS OF THE ROLAND EOTVOS UNIVERSITY,  BUDAPEST 

(Presented by K. Nagy. - -  Received 15. VIII. 1967) 

1. The quark mode l  o f  the m e s o n s  

The s t rong  in te rac t ing  part icles  can be classified b y  assuming  t h a t  there  
exist  three  f u n d a m e n t a l  part ic les ,  the  quarks .  The  f u n d a m e n t a l  q u a n t u m  
numbers  of  the  three  quarks  ate:  

Table 1 

S S I 
Q/e strangeness B spin isospin I~ 

2/a 

- -  1/3 

- -  1/3 

0 
0 

--1 

1/3 
1/3 

1/2 

1/2 

I/2 

'/2 

I 

'/2 
- -  1/2 

0 

We can imagine  ba ryons  in the  s implest  way,  as the bound - sys t ems  of 
three  quarks ;  mesons,  as the  b o u n d - s y s t e m s  of  one q u a r k  and  one an t iqua rk .  
Let  us examine ,  w h a t  k ind  of  mesons of  q u a n t u m  number s  j p c  can be pro- 
duced in this  way .  
a) I f  Px is the  space- ,  Ps is the  spin-, Pq is the  charge- reversa l  opera tor ,  then  

for every  two- fe rmion  sys tem Px Ps Pq ~ -- 1 �9 

b) I f  the  r e s u h a n t  orb i ta l  m o m e n t u m  of the  two par t ic les  is 1, the  r e s u h a n t  
spin is S, then  Px = ( - -1 )  ~, Ps = ( - -1 )  s+ l .  

c) The p a r i t y  of  the  q u a r k - - a n t i q u a r k  sys t em equals P = (--1)1 +1. 

Using these a r g u m e n t s  it is easy  to see t h a t  if  N ( > 0 )  is even,  ( N  is the spin 
of  the  meson) ,  then  we can explain  the  mesons of q u a n t u m  n u m b e r s  j P c  = 
= N -  +, N + +, N - - ,  as the  bound  sy s t ems  of  one q u a r k  and  one an t i qua rk ;  
ir N i s  odd, then  the  mesons o f J  vc  = N + - ,  N - - ,  N + + ;  if  N---- O, then  the  
mesons of j v r  = O - + ,  O ++. We shall  refer  to these mesons as mesons of  
normal  charge pa r i t y .  

Up to now mesons of q u a n t u m  n u m b e r s J  Pc ---- O + - ,  0 - %  1 - +  have  
no t  been observed.  We cannot  explain  these mesons as the  bound  sys tems  of 
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one q u a r k  and one an t iqua rk .  Let  us refer to t h e m  as mesons of a b n o r m a l  
charge pa r i ty .  Now the quest ion can be asked:  w h a t  k ind  of p roper t ies  would 
they  have  and  how could t h e y  be observed.  I t  is well wor th  examining,  whe the r  
the  fae t  t h a t  mesons of abno rm a l  charge p a r i t y  have  no t  been discovered is ah 
a r g u m e n t  in f avour  of the  qua rk  inodel, or whe the r  it  is only connected wi th  

the difficult  observa t ion  of these part icles.  
We  examine  the  s t rong  and  e lec t romagnet ic  decays  of the  mesons of 

a b n o r m a l  charge pa r i t y  of  spin 0 and 1. The decay  p roduc t s  ate  sought  among  
scalar ,  r ec to r ,  and  tensor  mesons.  We do not  deal wi th  s t range part ic les .  
De te rmin ing  the allowed decays,  we seek the  s implest  ve r t ex  for the  given 
t rans i t ion .  The effective Hami l ton i an ,  equ iva len t  wi th  the ver tex ,  is eomposed  
f rom the  f ield-functions of  the  part icles - -  pa r t i c ipa t ing  in the  t rans i t ion  - -  
and  f r o m  the der iva t ives  of  fields. Lorentz  s y m m e t r y ,  P conserva t ion ,  isotope 
invar iance  and gauge invar iance  for pho tons  is assumed.  

2. Isoscalar mesons of quantum numbers j P c  = 0 + -  

h is assumed t h a t  this  hypo the t i ca l  meson M is neut ra l ,  its isospin 
vanishes .  I f  the mass  of  the  M meson increases,  new decays  become allowed. 
Fig. 1 shows the thresholds  of  the com m un ica t i ng  channels.  (The mass -un i t  
is the  mass  of :t mesons) .  

Le t  us examine  the  decay  M =* 5:t. The s imples t  i nva r i an t  H a m i l t o n i a n  

is: 

1 
H(x) ---- - ~  e~~~~ ~~ M(x) [~(x)- O s ~(x)][Sv ~(x) {~(x) 0~ ~(x)}]. 

Here  M(x), qJ(x) are the  fields of  M meson and  Jr meson,  - -  in isotope spaee 
M(x) is a sealar funet ion,  ~(x) is a r e c t o r  fune t ion  - -  m is a eoupling eons tan t  
of  mass  dimension,  e~~7~ ~ is the  to ta l ly  a n t i s y m m e t r i e  pseudotensor .  We 
ealeula te  one t e r m  of the  isotope inva r i an t  Hami l ton ian .  The t rans i t ion  

p robab i l i t y  is 

w = P  --  1 --  Mo f dk 1 dk 2 dk 4 dk~ dk 5 X 
T (2 :r) ~ m ~z 

X 
(k~ kz k~)~,~~ (k~ + kz + k~ + k ,  + ks) �91 (Mo - -  ~~ - ~~. - -  ~3 - -  ~, - -  ~5) 

Vino -4- k3 Vmo + k4 2 ~00 ~- k~ Vm~oo -~- k2 V m20 -t- k2 2 ~ ~ o 

Here  m a and  M O are the  mass  of :t meson and  M meson,  ki and ei are the 
m o m e n t u m  and energy  of the  i - th  ~ meson,  we are in t h a t  eoord ina te - sys t em 
in whieh the  m o m e n t u m  of the  M meson vanishes .  We ealeulate  the  in tegral  
in the  following a p p r o x i m a t i o n :  
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a) (k 1 k 2 k3) 2 = Ik lŸ Ik212 ]k3i2 ; 

b) k t = ~ k ,  whe re  5 V ~ 2 0 2 d - k 2 = M o ;  

c) the  d o m a i n  of  i n t e g r a t i o n  is d e t e r m i n e d  b y  k;  

d) t he  masses  of  zt +, ~r- and  st ~ are  equal .  

0+A2 / ~  7 M ~  

17 

A~+ y ~ to~-f" 

f+Y ~ to~ ~+f  
to+2:t ~ ~  w+f 

* - X r f'+~ 

.'~++Ÿ ~ +e - ~ o+3rt 

O 

Fig. 1 

The  resu l t  is: (a is de f ined  as M o / m  o, ~ = c = 1) 

1 3125 mo ~3 V - 2 5 - -  1 W ~ / 1 - -  

w (2 y~)5 m 1 2  �91 

T h e  n u m e r i c a l  r e s u h s  are  g iven  b y  T a b l e  2. 

T a h l e  2 

m = m ~  

(6ec) 

2 �9 10 -17 
5 " 10 -20 

1 0 - 2 1  

1 0 - 2 2  

~ 0  

~ 0  

0,6 
6 

m ~ m ~  

2 �9 10 -s 

4 �9 10 -l t  
8 �9 10 -13 
8 �9 1 0  -14  

r (M~V) 

~ 0  

~ 0  

~ 0  

~ 0  

Acta Physica Academiae Scientiarum Hungaricae 24, 1968 



384 L. G�93 

T h e  w i d t h  of the  decay  co =, 3u is k n o w n  to  be /" ~-~ 10 MeV. The  cal~ 

c u l a t i o n  was done  in  th i s  case wi th  the  p r ev ious  a p p r o x i m a t i o n .  The  r e s u h s  are 

/727 MeV, ir  m = m ~ ,  

F = [ 0 , 0 3 M e V ,  if  m = m ~  

This  m e a n s  t h a t  our  resu l t s  a te  r a t h e r  i n e x a c t .  

A b e t t e r  r esu l t  c a n  be expec t ed  in  t he  s t r o n g  decays  M =~ A + B. 

T h e i r  d y n a m i c s  is wel l  d e t e r m i n e d  b y  s y m m e t r y  r e q u i r e m e n t s ,  a n d  the  

i n t e g r a l  can  be c a l c u l a t e d  exac t ly .  The  coup l ing  c o n s t a n t  is d imens ion l e s s ,  i t  

is chosen  as 1. This  co r r e sponds  b e t t e r  to  the  coup l ing  c o n s t a n t  of s t r o n g  

i n t e r a c t i o n s .  The  f ive t r a n s i t i o n s  are m a t h e m a t i c a l l y  e q u i v a l e n t ,  t he  s i m p l e s t  

H a m i h o n i a n  is 

H(~) = M(~) 0~ V~(~) T~~(~), 

where  V, . (x)  a n d  T~~(x)  a te  the  fields of the  ver  a n d  t enso r  meson .  We  s u m  

over  the  p o l a r i s a t i o n  s t a t e s  of the  pa r t i c l e s  of the  f ina l  s ta te .  The  resu l t s  are 

g iven  b y  TabIe  3. 

T a b l e  3 

decay a r (see) T (MeV) a z (set) /" (bleV) 

M =~. co + f 

M =~ oJ + . f "  

M =~ q~ + f 

M =~ qb -4- f '  

M =:~ o + A,~ 

15 

17 

17 

19 

16 

3 �9 10 -2s 

3 �9 10 -~s 

2 �9 10 -2s 

2 �9 10 -zs 

2 �9 10 -2s 

2300 

2300 

3500 

3500 

3500 

16 

18 

18 

20 

17 

6 . 10 -~6 

6 �9 10 -zs 

4 - 10 -z6 
4 - 1 0  -26  

5 . 10 -2~ 

10 ~ 

10 4 

1,7 �9 10 ~ 

1,7 �9 10 4 

1 , 4  �9 1 0  4 

The  e l e e t r o m a g n e t i c  decay  M ==~ 37 c a n  be d iscussed  as t he  decay  

~o =~ 37 (See [2]). The  re su l t s  are 

{ 58 �9 10 -1o sec, if  m = m ~  a n d  Mo m~. 

- 1 0  -5 sec, if m = m e  

The  s imples t  H a m i l t o n i a n  for the  M =~ 2 + + V t r a n s i t i o n s  is 

e ~(x) = 
m 

8~ M(x) 0,, ~~(x) Gr(x) �9 

T h e  n o t a t i o n  is t he  s a m e  as p r ev ious ly ,  Fov  is t he  e l e c t r o m a g n e t i c  f i e ld - t enso r .  

The  resu l t s  a te  g iven  b y  T a b l e  4. 
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Table 4 

385 

(.er �9 (~r 
decay 

a m = m ~  ro=mO a m = m ~  m ~ m  0 

M = ~ f + 7  

M = ~ f ' +  7 

M = ~ A , , +  7 

10 

11 

10 

10-23 

2 " 10 -2t 

lO-2t 

3 " 1 0  -22  

6 " 1 0  - 2 ~  

3 " 1 0  - 2 0  

11 

12 

11 

2 �9 1 0 - 2 ~  

1 0 - 8 3  

5 �9 1 0  - 2 4  

6 �9 10 -~3 

3 �9 10 -~ 
2 . 10 -22 

V. G. GnISHIN a n d  G. I .  KOPYLOV [1] refer in  t h e i r  p a p e r  to  the  possi-  

b i l i t y  of the  M =~ ~t + + ~t- A- 7 t r a n s i t i o n ,  b u t  t h e i r  H a m i l t o n i a n  is n o t  

g a u g e - i n v a r i a n t .  I t  can  be p r o v e d  t h a t  a g a u g e - i n v a r i a n t  H a m i l t o n i a n  c a n n o t  

be  c o n s t r u c t e d .  There fo re ,  we e x a m i n e  the  t r a n s i t i o n  M =~zt+ A- u - A -  

A- e + A- e - .  Th i s  t r a n s i t i o n  is of s econd  order ,  f i r s t  t he  M m e s o n  p roduces  a 

~ + n -  pa i r  a n d a  v i r t u a l  p h o t o n ,  t he  p h o t o n  p roduces  in  the  second  s tep  an  

e l e c t r o n - - p o s i t r o n  pa i r .  The  s imples t  H a m i l t o n i a n s  a te  

H(x) = e A . , (x )O. , (~+(x)~- (x ) )M(x) ,  
m 

H(y)  = eA~(y) ~(y)  7~ v2( Y) . 

The  c a l c u l a t i o n  was  m a d e  w i t h  the  same  a p p r o x i m a t i o n  as p r e v i ous l y .  The  

resu l t s  are :  

T a b l e  5 

life time 

m =  m~ 

a = 3  

7 �9 10 -la 

2 �9 10 -14 

6 �9 10 -16 

2 �9 10 -14 

6 �9 10 -le 

2 �9 10 -14 

4 " 10 - l e  

1 0 - 1 4  

4 �9 l0 -le 

10-14 

4 �9 10 -16 

10 -14 

3. I sosca la r  m e s o n s  of  q u a n t u m  n u m b e r s  j P c  = O - -  

Let  us n a m e  our  h y p o t h e t i c a l  m e s o n  G. Fig.  2 shows t he  t h re sho lds  of 

the  c o m m u n i c a t i n g  channe l s .  

The  c a l c u l a t i o n  of the  t r a n s i t i o n  p robab i l i t i e s  is the  same as in  2. The re -  

fore, we give the  r e s u h s  on ly .  I n  the  decay  G =~ 3n  the  t r a n s i t i o n  p r o b a b i l i t y  

decreases  because  of the  h igh  c e n t r i f u g a l  ba r r i e r .  I n  our  a p p r o x i m a t i o n  the  

decay  G =~ 5z~ is e q u i v a l e n t  w i th  the  de c a y  M =~ 5n,  i ts  r esu l t s  a te  g iven  

b y  Tab l e  2. 
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3 8 6  L. GALFI 

The  resu l t s  of  t r a n s i t i o n s  G =~ 3 7 a n d  G =~ 2 + + 7 are the  s ame  as in 

t h e  case of  the  M meson .  One  can  c o n s t r u c t  for  the  G =~ ~ + -r ~r- + e + + e -  

t r a n s i t i o n  a c o m p l i c a t e d  H a m i l t o n i a n  on ly  wh ich  c o n t a i n s  m a n y  d e r i v a t i v e s ;  

t h e  t r a n s i t i o n  p r o b a b i l i t y  decreases.  

1 9 J  M~ 

~o+A2 17 

f+?  r 1 3 / . /  ,L 9 + f  
7/+~ i / . 7  v to +f, 

3~ ~ r +  7 

,'~+ + ~ - +  e + + e -  

O 

Fig. 2 

~ .~,Mo 

x+~ ~ 

Ÿ L~ ~ ]. 
~ . ~ ~  - v+f, 

4 7 ~ ~ " ~ + 7  

[ ' ~  1 ~++:~-+e*+e- 
o .,t++Ÿ _+e++ e _ 

Fig. 3 

Acta Physiea Academiae Scieatiarum Hungarieae 24, 1968 



MESONS OF ABNORMAL CHARGE PARITY 387 

T a b l e  6 

decay a ~ (sec) /" (MeV) a r (set) r (MeV) 

G = ~ z r +  o 

G =* X + oJ 

G =~ X + q~ 

G:=~ u +o9 

G =r u + q~ 

7 

13 

15 

10 

12 

10 --24 

lO-2S 

2 �9 10 -~5 

2 �9 10 -2~ 

4 �9 10 -35 

700 

7000 

3500 

3500 

1750 

8 

14 

16 

11 

13 

2 �9 10-zs  

3 - 10 -26 

5 �9 10-26 

5 �9 10 -z6 

8 - 10-z~ 

3500 

2 �9 104 

1 , 4  �9 104 

1 , 4  �9 104 

8 �9 1 0  s 

T a b l e  7 

(Coupl ing  c o n s t a n t  is m = m0) 

decay a ir (sec) T' (MeV) a r (sec) [ '  (MeV) 

G =:~ ~o + f 

G =*. to + f "  

G =~ qb + f 

G = * #  + f "  

G :=* ~ + A 2 

15 

17 

17 

19 

16 

8 �9 10 -2s 

4 �9 10 -2s 

4 �9 10 -25 

2 - 10 -25 

4 �9 10 -25 

825 

1750 

1750 

3500 

1750 

16 

18 

18 

20 

17 

5 - 1 0  -26  

3 - 10 -26 

3 - 10 -26 

2 �9 10 -20 

5 - 10 -26 

1,4 �9 10 l 

2 - 104 

2 �9 104 

3 - 104 

1 , 4  �9 104 

4 .  I s o s c a l a r  m e s o n s  o f  q u a n t u m  n u m b e r s  j p c  ~ 1 - +  

L e t  u s  n a m e  o u r  t h i r d  h y p o t h e t i c a l  m e s o n  L .  F i g .  3 s h o w s  t h e  t h r e s h o l d s  

o f  t h e  c o m m u n i c a t i n g  c h a n n e l s .  T h e  c a l c u l a t i o n  o f  t h e  t r a n s i t i o n  p r o b a b i l i t i e s  

i s  t h e  s a m e  a s  p r e v i o u s l y ;  t h e  r e s u l t s  a r e  g i v e n  b y  t h e  f o l l o w i n g  T a b l e s .  

T a b l e  8 

m = m~ m = m o 
L =~ 4.-~ 

z" (see) F (MeV) 

a = 5  

6 

7 

8 

(~~r r (M~V) 

7 �9 1 0  - 2 s  ~ 0  

3 �9 10 -~~ ~ 0  

7 �9 1 0  -21  0 , 1  

2 �9 10 -21 0,3 

6 �9 10 -l~ 

3 �9 10 -t7 

6 �9 10 -xs 

2.. 10 - l s  

NO 

~ 0  

~ 0  

~ 0  

I n  t h e  d e c a y  L = ~ f - 4 - f '  a r e  s i m i l a r  r e s u l t s ,  t h e  s u m m a t i o n  o v e r  t h e  

p o l a r i s a t i o n  s t a t e s  i s  v e r y  c o m p l i c a t e d .  T h e  H a m i l t o n i a n  f o r  t h e  L =* 49, 

t r a n s i t i o n  a n d  t h e  c a l c u l a t i o n  a r e  v e r y  c o m p l i c a t e d .  T h e  l i f e t i m e  o f  t h e  t r a n s -  

i t i o n  1 + +  =~ 4 7 i s  e s t i m a t e d  b y  G R I S H I N  a n d  K O P Y L O V  [ 1 ] ;  - c , ~  1 . 2 3  s e c .  
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3 8 8  L. G � 9 3  

T a b l e  9 

( C o u p l i n g  c o n s t a n t  is m = m ~ )  

(~~c) 

L ==> X -k f "  

L = ~  X + f  

L =Ÿ u -4- f "  

L ==~ u -k f 

L =~ Ÿ ~- A~ 

18 

16 

15 

14 

11 

r (~~~) 

3 �9 1 0  - 2 3  

3 �9 1 0  - 2 2  

3 �9 1 0  - 2 2  

9 �9 1 0  - 2 5  

1 0 - 2 ~  

decay  

2,3 

0,2 

0,2 

770 

0,6 

19 

17 

16 

15 

12 

(~~c) 

2 �9 1 0  - 2 5  

2 �9 1 0  - 2 5  

6 - lO-Z~ 

lO-2a  

3 �9 1 0  - 2 4  

L = x + ~  a = l l  2 = 9 "  

12 z = 2 "  

L ~ ~ + g a = 1 3  ~ = 6 "  

14 z = 6 "  

10 -23 sec F = 7 M e V  

10 - 2 ' s e c  F= 350 MeV 

10 -2~ sec  /~ = 1160 M e V  

10 -2~ sec F = 104 MeV 

F ( M e V )  

3500 

3500 

1160 

7000 

230 

T a b l e  1 0  

L =~ n ~ A- 2 y  a = 2 3 4 

q : m ~  

* ( s e c )  

m :  m~ 

6 �9 10 - ' s  

2 �9 10 - ' ~  

6 �9 10 -18 

2 �9 I 0  - ' ~  

2 �9 10 -19 

6 �9 10 - l s  

T a b l e  11 

q - e  + A - e -  a = 3  4 5 6 7 8 

m =  m~ 

~(sec)  

m = m ~  

6 �9 lO - l e  

5 �9 10 -13 

4 - 10 - ' ~  

4 �9 10 -xa 

3 �9 I 0  - ' s  

3 �9 10 -13 

1 0  --16 

9 - 10 -14 

1 0  --16 

9 �9 10 -14 

1 0 - 1 6  

9 �9 10 -14 

T a b l e  1 2  

decay  
a m = m z t  m = m Q  a m - - m ~  m = m  o 

L =~ co + ? 

L ==. 45 q- ? 

6 �9 1 0  - 2 1  

6 �9 1 0  - 2 1  

2 �9 1 0  - 2 0  

2 �9 1 0  . 1 9  

2 �9 1 0  - 1 9  

6 �9 1 0  - 1 9  

3 - 1 0  - 2 2  

6 - 1 0  - 2 8  

6 - 1 0  - 2 2  

I 0 - 2 0  

2 �9 lO - s ~  

2 �9 1 0 - 2 ~  
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MESONS OF ABNORMAL CHARGE PARITY 3 8 9  

5. The production of the abnormal mesons 

How could the M, G and L mesons be produced? The direct reversal of 

the decays examined does not  seem suitable. The possibilities ate:  nucleon as 

target ,  charged st or K mesons as bombard ing  particles. I f  the creating of  
more than  two particles is allowed, then for instance the decay M =~ to 4- 4- f 

can be used in the following way:  the quan tum numbers  o f f m e s o n  can be 
produced,  as the bound  state of p ro ton  and ant iproton;  the to meson decays 

into three st mesons. Let  us write the decay M =* to 4-4-f in the form: M =~ 

=~ st 4" Jr 4" st 4-4- P 4"/3. In this way  M meson can be created in the reactions 

I t  can be proved tha t  the scat ter ing st 4" N =* M 4" N (N = nucleon) 
is forbidden because of CP-invariance and isotope invariance.  I t  seems tha t  

the simplest scattering,  in which M meson (similarly G and L meson) can be 
created is: K -  4- p =~ A 4-4- M. In  similar scattering st meson is created too:  

K -  4" P =~ A 4" ~z~ The ratio 

R ~  ~(K- 4" P=;" A 4" st~ 
r 4- p ~ A 4. M) 

was es t imated;  

R ~  3 if M M ~ 1000MeV, K = 4 0 0 0 - -  
MeV 

C 

(K is the m o m e n t u m  of the K meson), R ==~ l ,  if K increases. •t sectas tha t  

M mesons are produced with comparable  probabi l i ty  to st mesons, bu t  the 
number  of M mesons is smaller than  the number  of st mesons. 

6. The discussion of the decays 

W h a t  can be said on the basis of the results? I r  mesons of abnormal  
charge par i ty  would exist, perhaps their electromagnetic  decays could be 

observed. In  tbese decays few particles are created;  the meson, which is 

created in decay M =~ meson 4" photon ,  decays in general into two or three 
mesons, and the width is no  greater  as 10 MeV. The widths of the s t rong 

decays ( M ( G , L ) ~ A  4- B) are so great, t ha t  these resonances cannot  be 

observed. 
How could one observe for instance the M meson? One must  bombard  

a proton target  with K -  beam of m o m e n t u m  4 - - 5  GeV/c. The first possibility: 

three photons  are found immedia te ly  behind the target ,  and there is a s t rong 
max imum in the distr ibution of  the energy of the photons  about  100--200 

MeV. In  a bubble chamber  one could see the e +, e -  pairs, produced b y  the 
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p h o t o n s .  T h e  s e c o n d  p o s s i b i l i t y  is t h e  d e c a y  M : ~ s t  + + J t -  + e + + e - .  

One  m u s t  i d e n t i f y  t h e  f o u r  c h a r g e d  p a r t i c l e s ,  a s h a r p  m a x i m u m  c a n  be  ex-  

p e c t e d  in  t h e  d i s t r i b u t i o n  o f  e n e r g y  a b o u t  3 0 0 - - 1 0 0 0  MeV. T h e  t h i r d  poss i -  

b i l i t y  is t h e  d e c a y  M ~ 2 + m e s o n  + 7" T h e  m a s s  o f  t h e  M m e s o n  is t h e n  

a b o u t  1 0 0 0 - - 1 8 0 0  MeV. One  c o u l d  o b s e r v e  t h e  p h o t o n  on t h e  bas i s  o f  i t s  p a i r  

p r o d u c t i o n ,  t h e  2 + m e s o n  - -  for  i n s t a n c e  f m e s o n  - -  on t h e  b a s i s  o f  i t s  

st + - -  s t -  p r o d u c t i o n .  

Summary: W e  saw t h e  s i m p l e s t  p r o d u c t i o n  o f  t h e  a b n o r m a l  me sons .  

F ig .  4. shows  t h e  d o m i n a n t ,  o b s e r v a b l e  d e c a y  a n d  t h e  e x p e c t e d  l i f e t i m e  o f  t h e  

3~~ ~ 10 ~ l~ 
:t +zt- e + e -z~ 10 -16 sec 

2-meson + 7 z~ 10-22sec 

0 1 2 5 10 15 (in Zt-meson mass) 

Fig. 4 

M m e s o n ,  a s a  f u n e t i o n  o f  i t s  mass .  W e  t h i n k  t h a t  t h e  s t r o n g  d e c a y s  can  be  

o b s e r v e d  in  a v e r y  s h o r t  m a s s - i n t e r v a l ,  t h e i r s  w i d t h s  i nc rea se  v e r y  q u i c k l y .  

One  m u s t  o b s e r v e  t h e  G u n d  L mesons  s i m i l a r l y .  
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ME3OHbI HEHOPMAJ]bHOI7I 3APM~HOI7I qETHOCTH 

dl. FAJ~d)M 

P e 3 t o M e  

B pa60Te pacCMaTpHBaIOTC~t Me30HbI - -  B ~fiJIbHe~meM 6y~eM ttX Ha3blBaTb Me3oHaMH 
aHOMaJlbH0~ 3ap~;tH0~ qeTHOCTtl - -  KOT0pble He IIpe~CTaBJI~I[OTCYl CBfI3aHH0~ el4eTeMo~ KBapKa 
H aHTHKBapKa. I/Ice.rie~ytoTefi CHJIbHMe H 3JleKTp0MaFHHTHble pacna~bl TaKHX Me30HOB. Bbl6H- 
patoTe~ FOCII0~CTByIOIKHe fla6J]m~aeMble BH;Ibl pacnaaoB, oI4eHHBaeTCH o~HAaeMoe BpeM~I 
)t(H3HH KaK ~byHKIJ[H~I 0T t~aecbI Me30HOB, HaKoHeII, HII~yTC~{ Ha~r IIpOCTble ClI0C06bI B036y)K- 
~eHH~[ Me3OHOB. I/IHTepecHo HceJ]e~OBaTb, qT0 qbaKT He0‰ IBaeM0CTH Me30tIOB aHoMaJabH0~ 
3ap~~H0~ qeTHOCTH CJly)KHT JIH apFyMeHTOM M0~edlH KBapKOB~ H.ffH CB~3aH TOJIbK0 J1HIIIb C 
Tpy~HOH Ha‰ TaKHX qaCTHIL 
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