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Strong Decays of Resonances and Coupling Constants (*). 

G. CA~BONE 

I s t i t u t o  d i  F i s i c a  del l '  U n i v e r s i t ~  - T o r i n o  

(r ieevuto il  26 Marzo 1969) 

This  is  an upda t ing  of the  Tables  (**) published in November  1968 (1), and collects 
the  values of lhe  cvupl ing constants  re la t ive  to some classes of s t rong decays of resonances.  

The  me thod  we have  exploi ted  in order to ob ta in  s imple formulae  expressing such 
coupling constants  as funct ions of the  exper imenta l  da t a  has been widely  expla ined 
in ref. (1); thus,  we now l imi t  ourselves to give a few notes on the  in te rpre ta t ion  of 
the  Tables.  

Three  classes of decays have  been considered:  

I) decays of meson resonances of spin J into two pseudosealar  mesons;  

I I )  decays of meson resonances of spin J and na tu ra l  pa r i ty  into a vec tor  meson 
and a pseudoscalar  one;  

I I I )  decays of baryon  resonances of spin J into a baryon  and a pseudoscalar  
m e s o n .  

The  coupl ing cons tants  for the  re la t ive  processes are defined unambiguous ly  when 
we wri te  down the  expl ic i t  expression for the  inva r i an t  ma t r ix  e lement  be tween ini t ial  
and final states.  

The  ma t r ix  elements ,  Mi~,~., which correspond to the  decays of the  three  classes 
l is ted above,  are assumed to be respec t ive ly :  

I) M ~'~'~" = g~Pe C ~'t'~° qJ~'""~J P~,  ... P~,j ; 

I I )  M i~'~" = g ~ v P  C~'~'~" a~ 7 )~'2"''~'J Pl,,  " ' "  P~'j ' 

where a~ = e~Zr~ e~ Pl  P~, e ~  is the  Ricci tensor;  

I I I )  a) M h ' , ' ,  = g ~ + ~ C ' , ~ , ' , ~ ' , . . , L  Pf,,  ... P~,~ 

(*) W o r k  s u p p o r t e d  i n  p a r t  b y  U S A F  E O A R  G r a n t  68-0015. 
(°*) W e  p o i n t  o u t  t h a t  some  n u m e r i c a l  c a l c u l a t i o n s  of t h e  c o u p l i n g  c o n s t a n t s  in  t h i s  re fe rence  a re  

n o t  c o r r e c t .  
(~) G. CARBONE: Nuovo Cimento, 5 8 A ,  23 (1968). 
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if t h e  d e c a y i u g  r e s o n a n c e  h a s  p a r i t y  ( 1) s+~. 

b) ] [q G ia  = g r o w (  ~:'-, ~ T ' - " ' r  1'~,, . . .  t~,~ 

if t h e  d e e a v i n R  ~ e s : m a n e e  h a s  p a r i t y  ( 1) ~-}. 

W e  h a w ,  a d o p t e d  t h e  f o l l o w i n z  c o n v e n t i o n s  a n d  n o t a t i o n s :  i n d e x  1 a h v a y s  r e f e r s  

to t h e  d e e a y i n ~  r e s o n a n c e ,  i n d e x  3 to  t h e  p s m , d o s e a l a r  m e s o n  a i m  i n d e x  2 to t h e  r e m a i n -  

i n g  p a r l i e l e ;  C'~'~ ~, i n d i c a t e s  a C h , b s c h - O o r d a n  coef f ic ien t  (*); p~, pe ,  Pa d e n o t e  t h e  four -  

m o m e n t a  of t h e  t h r e e  p a r t i c l e s ;  i '  is t h e  t )ar t  of  p~ o r tho~ 'ona l  to  lq :  

P e ' l q  

)111 

q31Q...It,r is tit(, t e n s o r  w i t h  , l  f o u r - d i m e n s i o u a l  i n d i c e s  w h i c h  d e s c r i b e s  t h e  r e s ( m a n c e  wit.h 

f o u r - m o m e n t u m  lh  a u d  i n t e g e r  s p i n  J :  it is t r a c C e s s ,  c o m p l e t e l y  s y m m e t r i c  in  

t h e  i nd ices ,  a n d  sa t i s f i e s  t h e  t r m s v c r s a l i t v  c o n d i t i o n  lh  cf,z'~"~', = 0; 

TA BLI." 1. 

D e c a y  m o d e  
d P 

J - ~ 0  4- 0 -  

9 -* K + K -  

9 -~ K L K s  

%+ ~ K K 

f' -> KI~ 

f' -~  -ffr~ 

K *  -+ K ~  
K x  ~ K ~  

K x  ~ K q  

M a s s  

( i e V )  

l -  765 ~ 10 
0 -  1016 ± 1o 

1 1 0 1 9 . 5 ~  0.6 

1 1 0 1 9 . 5 - '  1).6 
W 107o ~ 21) 

0 -  1070 ~_ 20 

2 ~ 1264 --  l0  
2 + 1514 ~ 5 

2 + 1514 ~ 5 

2 + 1514 4 5 

1 8 9 1 . 4 -  O.6 
2 1422 ~ 4 

2 -  1422 ~ 4 

W i d t h  

O h ' V )  

125  -- 2o 

25 
3.7 ~: o.6 

3.7 :_ 0 .6  
80 

145 _--25 

73 _-: 23 

73 = 2 3  

73 ~ 2 3  
4 9 . 7 - -  1.1 
9O 4- 6 

911 _-- 6 

Fl .ac i ion  Coupl ing '  c o n s t a n t  

(°o) g~14~ 

-2 80 

47 .6_  = 1.8 

"~2.8 ~ 1.9 

< 65 

- 35 

]aro'e 

72_  ~ - 12 

< 14 

.< 4O 

lt)0 

51 ~ 5  
2 . O ±  1.1 

19.0 

~:: 0 .12 (GeV) 2 
1 1 . 0  2 . 2 . 2  

1 1 . 7 - - 2 . 6  

< 0.46 (GcV) ~ 
J > 0.32 (GeV) ~ 

< 0.92 (GeV) ~ 
< 77.0 (GeV) 2 

3t).0 £ 3.O) (GeV) ~ 
< 3.08 (GcV) 2 

< 51.8  (GeV) ~ 

9.85 
(15.8 ± 2 . 7 )  (GeV) 2 
( 2.10-__ 1.3l)  (GeV) 2 

l ) e c a y  m o d e  
J - ~  1 + 0-- 

K v - , K p  

j p  M a s s  

(MeV) 

2* 1422 ~ 4 

2 -  1422 _-- 4 

2 -  1422 ± 4 

TABLE l l .  

W i d t h  I : ra( . t ion Conpli l~g c o n s t a n t  
(McX) (o  ) .11,2/4 ~ 

i 
9 0 4  6 1 33 2 3 ( 2 4 . 7 ±  3 . 9 ) ( G e V )  4 
91) ! 6 ] 11 _- 4 (ao.4 :~ 13. l )  (GcV) a 

9 0 =  6 3 . 4 ±  1.2 ( l l . 8 :L -  4.9) (GeV) ~ 

(') The Clt'bsch-Gordan coe'llicients arc normalized in such f~ wa.y tha t  ~ ICqiaia] 2= 1. 



STRONG DECAYS OF RESONANCES AND COUPLING CONSTANTS 
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Decay  mode  
J - +  ½+ + O- 

. ~ o ~  A ~ 

~155o-~ ~ 
~)1680 ~ t~7~ 

~l~a~ ~ 2V~ 
, J ~  710 ---> ,j~7~ 

~2190 ---~ ~ 7 ~  

A1236 --+ ,.~7c 

Alamo ~ ,N'~ 
A191o '->" O'~ff 
A1930 --> ,j~ff 
A ~ o  ---> Ao7~ 
A:i~o -+ JV'7: 

A14o5 -->- Z ~  
A152o ~ ~ K  
A152o ~ Z ~  
A~eTo -+ . .~K 

t 
AleTo -~ A~q 

] 

l 
A17oo -~ DY'K 

# 
A17oo -~ ET: 
A1s15 --> , ~ K  
Alsls ~ E~  
AlssO --~ J ~ K  
Alsso --> Z ~  
A21oo --> ,N~K 
A21oo ~ E~ 
A~loO ---> A-~ 

~'~1385 --~ An 
E l ~  5 ~ E ~  

E17e5 ---> ,J~]~ 
E17~5 ~ An 

E1915 -+ A n  

Z2oso --> A n  
E2oso -~ E ~  

~1530 "~ ~7"~ 

j ~  

(1/2) + 
(3/2)-  
(1/2)-  
(1/2)- 
(5/2)- 
(5/2) + 
(1/2)-  
(1/2) + 
(7/2)-  

(3/2) + 
(112)- 
(3/2)-  
(5/2) + 
(112) + 
(7/2) + 

11/2)+ l 

(1/2)-  
(3/2)-  
(3/2)-  
(1/2)- 
(1/2)-  
(1/2)-  
(3/2)-  
(3/2)- 
(5•2) + 
(5/2) + 
(5/2)- 
(5/2)- 
(7/2)-  
(7/2)-  
(7 /2)-  

(3/2) + 
(3/2) + 
(5/2)- 
(5/2)- 
(5/2) + 
(5/2) + 
(7/2) + 
(7/2) + 
(7/2) + 

(3/2) + 

~ [ a s s  

(MeV) 

1460 
1515 
1525 
1525 
1675 
1690 
1715 
1785 
2190 

1236.04-0.6 
1630 
1670 
1880 
1905 
1940 
2420 

1405 4-5 
1518.84-1.5 
1518.84-1.5 
1670 
1670 
1670 
1690 
1690 
18154-5 
18154-5 
1830 
1830 
2100 
2100 
2100 

1382 
1382 
1765 4-5 
1765 ± 5  
1905 
1905 
2030 
2030 
2030 

1531 

W i d t h  
(MeV) 

260 
115 

80 
80 

145 
125 
280 
405 
300 

1 2 0 i 2  
160 
225 
250 
300 
210 
310 

404-10  
164-2 
164-2 
25 
25 
25 
40 
40 
754- 10 
7 5 i 1 0  
80 
80 

140 
140 
140 

36 
36 

1004-15 
1 0 0 ! 1 5  

60 
60 

120 
120 
120  

7.3 

F r a c t i o n  
(%) 

55 
50 
35 
65 
45 
60 
65 
34 
35 

100 
25 
15 
20 
25 
40 
11 

10O 
454-4  
45:j=4 
14 
33 
45 
25 
35 
65 
11 
l0  
35 
3O 

4 
< 3  

90 
10 
46 
16 
10 

5 
10 
35 
10 

100 

Coupl ing  c o n s t a n t  
g2/4n 

5.86 
27.4 (GeV) -2 

4 .69 .10  -3 
26 .0 .10  -3 

7.06 (GeV) -4 
94.4 (GeV) -4 
25 .8 .10  -2 

1.98 
24.7 (GeV)-* 

(18.9-4-0.4) (GeV) -2 
6 .06 .10  -2 
6.24 (GeV) -2 

18.6 (GeV) -4 
83 .5 .10  -2 
11.5 (GeV) -e 

2.36 (GeV) -1° 

1 6 . 8 . 1 0 - 2 ±  4 .3 .10  -2 
(87.3± 18.8) (GeV) -2 
(69.34-14.9) (GeV) -2 

0 .73 .10  -2 
9 .35 .10  -2 
1 . 9 8 - 1 0  -2 
6.88 (GeV) -2 

16.4 (GeV) -2 
(103 ± 1 4 . 0 )  (GeV) -4 
( 35.74- 4.9) (GeV) -~ 

1.08 (GeV) -4 
4.47 (GeV) -4 

45.1 (GeV) -6 
13.3 (GeV) -6 

< 28.5 (GeV) -6 

6.63 (GeV) -2 
3.90 (GeV) -2 

(10.0 ± 1 . 5 )  (GeV) -4 
( 2 . 4 0 ± 0 . 3 8 )  (GeV) -4 

5.74 (GeV) -4 
3.08 (GeV) -a 
2.45 (GeV) -~ 
7.45 (GeV) -~ 
3.33 (GeV) -a 

4.16 (GeV) -2 
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e 2 is the polar izat ion vector  of the  vector  meson;  

y, is the spinor  representin,~ the baryon wi th  spin ½: 

~Ft',..t'r. is the Rar i ta -Schwin~er  spinor  with L J 1 four-dimensional  indices de- 
ser ib inz  the baryon resonance of spin J :  it is comple te ly  symmet r i c  in the  
indices and fulfills the condi t ions  

~,~,~ TIq. . . t , z  = 0 ,  (7"P~ - - m l )  T t , , . . , ~  - -  0 .  

Data  and results  quoted  in the  Tables are ordered in the following way:  ill the  first 
colunm, we list the  decay modes  and in the  successive ones the known expe r imen ta l  
da ta  about  tile decaying par t ic le :  spin and par i ty ,  mass. to ta l  width ,  par t ia l  wid th  for 
the  considered dcca5 ~ mode expressed as percentage  of the to ta l  wid th  ; in the  last  colunm, 
one can read the  ca lcula ted  value of g2/4m 

In the  few cases in which the  expe r imen ta l  errors on the  to ta l  and par t i a l  w id th  
and on the  mass of the  resonance are known with  sufficient accuracs ,  the  resul t ing  
error on g2/4.~ has also been ewdua ted .  

All the expe r imen ta l  da ta  are those quoted  in the Tables of Rosenfeld et al.  of 
Januar)- 1969 (2). 

I wish to t h a n k  Dr. A. DI ],EVA for hav ing  col laborated to the nunler ical  calcula- 
t ions.  

(2) A. II .  ROSENFELD el al.: l ieciew o/ l 'arliele Properties, J a n u a r y  1969, UCJ{L-S039 P t  1. 


