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The groups ii ( 12) and SL ( 6) suggested in/ 1-
7

/ as relativistic genera-

lizations of the SU ( 6) symmetry, have been extensively applied to study baryon 

currents/ 
5

•
8

•
9
/, scattering amplitudes etc. 

I 7/ I 5 8 9 13/ . It has been pointed out ( ct. and also ' ' ' ) that matriX elements con-

tain not only so- called regular amplitudes, constructed from the wave-- functions of 

the initial and final particles, but also irregular ones, explicitly' containing the 

particle momenta, considered as tensors, transforming according to the adjoint 

representation of the given group. lf these "irregular" couplings are excluded, 

the s -matrix violates the unitarity condition/ 
1 0-

12
/ • Several hundred indepen-

dent irregular amplitudes exist for meson baryon scattering in the U ( 12) sym-

metry, and even more in SL ( 6). However, for the two- meson annihilation of a 

baryon-antibaryon pair at rest, most of these amplitudes vanish. 

Two- meson annihilation a t rest, leading to two pseudo scalar particles, has 

been considered in a number of papers/ 
1

4-
19

/. Only regular invariants were con­

sidered in/ 
1
4-

17
/ and it was shown that they all vanish for annihilation at rest, 

so that two- meson annihilation should be forbidden. However, relations between 

the cross- sections for the production of various types of pseudo scalar mesons 

were calculated on the basis of a dditional assumptions, llke pole approximations , 

etc. The contribution of irreg ular amplitudes to the process was estimated in/ 
18

/ • 

The pp -annihila tion at rest into two pseudoscalar or vector mesons was con­

sidered in/ 
19

/ in the framework o f the non- relativistic SU ( 6) symmetry. The 

authors obtain a number of rela tions between the cross sections , most of which 

disagree badly with the experimental data. They argue that one of the reasons 

of this disagreement is the application of a non- rela tivistic theory and stress the 

necessity of a relativistic treatment. 

ln this paper we calculate in detail the octet baryon- antibaryon annihilation 

at rest into two a rbitrary mesons, taking all amplitudes, consistent with the int-

3 



rinslcally broken U ( 12) symmetry into a ccount. We show tha t the predictions 

of thls theory are also a t varianc e with the exis ting experimental res ults, althoug h 

the agreement is somewha t b e tter tha n in/ 19/ . 

Let us consider the inva riant a mplitudes, surviving for annihilation at rest. 

We take the fo llowing a r g uments into a ccount: 

1) It fo llows from the Bargmann- Wigner equations a nd purely kinematical a r­

guments, tha t a ll a mplitudes in w h ich there is at least one s u mmation between the 

baryon function indices e.g. 

-ABE C F r L M N 
'I' p p Q -'1' ¢ p p ¢D 

lA :liD B EFK C lL :at N 

are equal to zero. Here P 
1 P , are the 14~ dimensio nal baryon momenta 

Q I Q. the meson on es, Q= Q, -QI a nd '!'ABC ¢D 
E the 

baryon and m eson wave functions, transforming accor ding to the 364 a nd 14~ di-

mensional represen tatio n s o f U ( 12) res pectively. 

2) A t r est we have p = P = ~ 
I O 2 so tha t many invaria nts , in gen e--

r a J independent,redu ce to s impler o nes . 

3) The meson s g rouped in o ne U ( 12 ) multiplet, must obey a gener a lized 

P auli p rinciple, i .e . the total a mplitude must be symmetrical with r espect to the in­

t :?rchange o f the two meson functions (including the unitary parts) . It fo llows tha t 

all amplitudes, a ntisymmetrical w ith r espect to the mentioned interchange, mus t be 

multiplied by a ntisymmetrical functions o f the kinematical invaria nts 

Let u s consider these coeff icient s as functions of s a nd v = t- u 

t a nd u. 

We have 

v ~ - v under the meso n interchange a nd thus , f o r the a ntisy'Ometrical coeffi-

cients 

f( s ,v) = -f(s, -v) 

f( s,O) = 0. 

However, a t r est 

amplitudes v a nish. 

v = t- u 2( p I 0 q 0 - q I ) 0 a nd all a ntisymmetrical 

The most general amplitude of the con s idered process can be written as 

- ABq__ E F - D K - K D 
M = fl(s, v)'l' liA QB'I'EFD(¢K ¢c+¢c¢K)+ 

,- AB<;... E F - L K. D - D L K 
+ f , (s,v)V liAQB'JlEF,J¢K QL<!lC-¢CQK¢L) 

The second amplitude contributes only to processes in which 

s ons are created. 

4 

( 1) 

w o r ¢ me-

f 

I 

A s usual, we r educe U 

SU ( 3 )x f We u se the 

where 

'~'Aac = (tabd Nod-coad: 

s b · cr 
<1-A= p ((1-2._) .y, 

• I' -

b 
N ph . 

"'ra,aJ.r 

b 
·v a 

baryon, pse! tdoscalar a nd veo 

( 1) to the form 

where 

M = a 
1 

('I' i q 'I' )( cf ¢ ) + 

+ -
·(q( )(q() +a • ('l'i~ 

.. 
• • lll'P ( I' (v q'P P + 

+ a 9 ('l'·yo 'l')<f"I'VPO t I' 

a I 

a 2 

a = - 6 g I K (N N ..a_F -D-K F" \ a a 

- -
a, = 3& 1 (NN 0 .... !FVVF )­

a 

•e 3g 1 (NN0~F VV F) 
a 

a = -2g [(NNa
0 

FVV 0 & I - -• 
a, = 3 &, (NN 0 _.2•PVF)+ g 

a 

•a = 3g 1 [NN 0 _l.F VPF) 
a 

a, a -2& 1 [(NN.&.D- F PV 0 • 
8 

10 2g 
1
[(NN .!o_.vP 

• 



e show that the predictions 

?, experime ntal res ults , although 

·ing for annihilation at rest. 

:1s and purely kinematical a r­

t o ne summation between the 

1ensiona! baryon momenta 

d '!'ABC ¢~ the 

·ding to the 364 and 143- di-

h a t many invariants , in gene--

iplet, must obey a gener a lized 

;:,trical with r espect to the in­

..mitary parts). It follows that 

:1tioned interchange, mus t be 

::at invariants 

a nd v = t- u 

t a nd u. 

We h a ve 

for the a ntisy,nme trica l coeffi-

and all a ntisymmetrical 

r ecess can b e w ritten as 

( 1) 

in which w or ¢ me--

{ 

f 
V' 

As usua l, we reduce the amplitude ( 1) with respect to the subg roup 

SU ( 3 )x f We use the rela tions/ 
1 / 

b 
where N 

P b [ ( 1- ..!...f) .y 5 ] "' ¢ + V b [( I - ..!!_ )y ] fJ ( 
• f1 a,_, a f1 f1 a f1 

are the unitary parts a nd t/Jy 

( 2) 

( ] ) 

¢ the 

baryon, p se! tdoscalar a nd vector meson wave functions respectively, and reduce 

( 1) to the fo rm 

where 

M = a 
1 

('I' i ~'I')(<{¢ ) + a 
2 

('!' i~'i' )( ( + 0 + ....!... a 
8 

(tji" iq 'I') 
K 2 

+ - + - " + -
•(q( )(q() + a• ('i'i('i')(( q)+a 0 {'l'i( 'l')(~q) + a

8 
('l' .y

0 
'!') . 

a 2 = 3g
1 

(NN F VV F) 

a 3 = - 6g 1 K(NN ..a...F -D-« F. V V F)+ 2g, [(VXNNF+K(D-bi V )-(V)(NN F+K(D -..l... F) V)] 
a a a 

a ~ • 

3g 1 (NN
0 

.... h VVF)+g 2 [3(NN 0 _~F V)-(t'lN)(V)](V) 
• 3 

a
8 

=- 2g 
1 

[(NN .!o-F VV 0 ) -(NN)(VV )] 
2 

a 7 = 3 c1 (NN 0 _..arPVF]+ g
2 
[3(NN 0_~F P)-(NN)P](V) 

• • 
a 3 = 3g 1 [NN 0 _~ F VPF] - g 2 [l;NN

0 
-liF P)-(NN)(P)](V) . \ . 

a 1 =-2g 1 [(iiN.&.D-F PV 0 ) -(NN)(PV)] 
2 

a
10 

2g [(NN. VP)-(IlN)(PV)] 
1 -H>-F 

2 

5 

( 4) 



Here we have 2 2 ,I_ 32ft ~(1+ · ~) ,. ,. 
& - 128fft..!!!..(m 

2 
-p. 

2
) 

2 -,. 

and e.g. " - ...!... - - ·- - ,. - - - --
(NN F"pp ,.) • Sp [ NNPP -R'NPP + NNPP -NNPP] 

'Taking the square module of ( 4), averaging over all factor and specifying 

the unitary parts to the wave functions of concrete particles, we obtain the re-

sults given in tables 1 and 2 for PP and Pll annihilation at rest. The fi-

nai results are independent of the assumed baryon and meson masses and dep~nd 
2 2 

only on the values I & 1 I and I &
2 

I ( except for phase- space considerations). 

A comparison with experimental d a ta shows that the agreement is very poor, even 

if all irregular couplings in U ( 12) are taken into account ~ a compllotion of 

experimental d ata on the two- meson annihilation is given in/
19 

) • For pseudosca­

lar mesons our results agree with the calculations o! Hussein and Roten/ 
18 f • 

The authors are indebted to J.A. Smorodlnsky Cor helpful discussions and 

comments . 

Process 

p + p .. 

1 

+­" , 
+ -

K K 

KOKO 

+ -
p p 

0 0 
p p 

K +* K- * 

KO* KO * 

6J6J 

<Po"' 

Po"' 

<dcp 

Table 1 

p p annihilation into two mesons 

Averaged square of 
matrix element 

2 

'I I • 
4 I' I I 

2 

I '• I 
2 

14 I 'I I 2 

I c,l 
2 

231 , ,I 
2 

2 

3,6 I & I I 

I c ,I • + 21 c, I • 
2 2 

S.5l , 
1 
I + 6.51 , 

2
1 

3,21,,1 2 

S.51, ,I 
2 

6 

Cross section ( phase­
space taken into account) 

3 

I 'I I 2 

3, .4 I, , 12 

2 
o,ss I, ,I 

9,21, ,I 
2 

0,481' ,·12 

2 
7,9 111 1 

2 

1.21 c ,I 

0,56(1' ,1
2
+ 2lg ,1

2
> 

2 2 
0.361 , ,I + 4,11 c ,I 

1,1l~t,l 2 

1.61 , ,I 
2 

<:-

~ 

1 

,+p-,,-p+ 

K + K-;K-K+* 

J{O K*~ Ko j(*o 

TJPO 

XP 0 

, o.po 

X"' 

TJlU 

,o (U 

x<P 
TJ<P 
"o ·q, 
cpcp , TJX, ,o X , rr07J 

Pn ... rr o"-
- 0 K K 

p 0 p­

K*- K*o 

.pp-

p-TJ 

P-X 

""" 
q,,­

,op­

,-l 
K- K*0 

K.._ K0 

<up 

, X 

"TJ 

pO a nr 

Averaged 
of matrix • 

21 i 

l i 
281 
19 

6,~ 

3,7 

7,< 

1,1 

2,8 

5,5 

5,5 

8, . 

8, . 

1,1 

fc 



r all factor and specltying 

.rticles, we obtain the re­

mlhilation at rest. The fi-

d meson masses and depend 

.ase- space considerations) • 

.greement is very poor, even 

account (a compll4tion of 
. /19/ ) en 1n • For pseudosca.-

Hussein and Roten/ 18 f 

>r helpful discussions and 

Cross section ( phase­
space taken into account) 

3 

·1 ·12 
. g 1 . 

3,.4 I ' • Ia 

0,85lc 1
2 

1 

9,21' ,12 

0.-48 I ' • I a 
2 

7,9 I '• I 
2 

1.21 c ,I 
2 2 

0,56<1 c I + 2lc I > 
1 2 

0.36lc /+ 4,11& 21
2 

1.1l&a12 

1.61 c 21 a 

1 

tr+p-,tr-p+ 

K + K-* K-K+* 

' Ko K*~ Ko i("o 

'IPo 

XP 0 

1to,po 

xw 

"o ·.p 
¢¢ ' 'IX' trO X ' trO'I 

2 

4,3 I' • 12 
2 

S.3l, ,I 
2 

o,44l '• I 
2 

t.9l '• I 
3,7Jg,l2 

21 '• 1
2 

1,3Jg 1 f +0,6Jg 2J2 

2 2 
0,66Jg 1 l +0,33Jg 2J 

5,51&, 12 +2.8lg2l
2 

0,331 g 2 Ia 

0,161 g2l 
2 

1.4 I g2l
2 

forbidden 

T"dble 2 

3 

3,91 g 1 Ia 

4,21 g ,1
2 

0, 31 g 1
2 

1 2 

~35\'/la 
1,71' ,I 

2 

0,25(2Jg 12+1& 12) 
1 2 

2 2 
0,23(2Jg,l + 1&21 ) 

2,3(2Jg/ +1 &212> 
fo rbidden 

0,09 1 g 2 Ia 
0,961 g 12 

2 

pn a nnihila tion into two meson s 

Pn ... "o,.-

"'" 
cptr­

"OP-

1T-l 
K- K*0 

K"- K 0 

w p 

" X 

"'I 

Averaged square 
of matrix element 

21 g 1 1
2 

I ' • I a 

281, 1 I 
2 

191,, I 
2 

6,51 g 112 

3,71 g / 

7 .• I• 1 12 
2 2 

1, 11 g 1 I + 5,5 Jg2l 

2.8 I g 2 1
2 

S.5l g / 

5,5 1 g 12 
1 

8,31 g 11
2 

8,31 g 1 1
2 

2 2 
1,1Jg 11+ 1,3Jg 2l 

forbidden 

7 

Cross section ( phase- space 
taken into a ccount ) 

2 I, 
1 
I 

2 

2 
0,85 I g 1 I 

2 

16.4 I ' • I 

6.91 '• I 
2 

2.161 , ,I 
2 

2.8 I g, 1
2 

2,91~: ,I 2 

4,5(2Jg 1 12 + Jg /) 

1,9Jg/ 
2 

4,6 1 g 
1 
I 

2 
4, 61 g, I 
6,~ 1 g 12 

1 

6.61, ,I 
2 

2 2 
71&

1
1 +8,3 1& 21 
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