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Abstract: The relations between the transversity amplitudes following from the rela-  
tivistic quark model for high-energy and small-angle scattering are obtained. The 
usual a-type relations are obtained but with fixed-t-dependent phenomenological 
parameters.  The b- and c-type relations cannot be obtained without additional as- 
sumptions on the particle state vectors. 

In recen t  p a p e r s  [1, 2] the s ignif icance of r e l a t iv i s t i c  e f fec ts  in the con- 
s ide ra t ion  of s ca t t e r i ng  in the quark  model  was pointed out. 

T h e r e  a r e  a l a rge  num ber  of r e s u l t s  of the non- re l a t iv i s t i c  quark  model ,  
in p a r t i c u l a r  the po la r i za t ion  p red ic t ions  [3, 4], so it is in te res t ing  to see  
how these  p red ic t ions  change,  if we use  the r e l a t iv i s t i c  model  f r o m  ref .  [2]. 

Our cons ide ra t ions  a r e  analogous to those in ref .  [2], but we p r o c e e d  in 
a d i f ferent  manne r  and obtain compact  fo rmu lae  for  the reac t ion  ampl i tudes  
in a genera l  case .  These  fo rm u l ae  enable the immedia te  de r iva t ion  of the 
po la r i za t ion  predic t ions .  

We shall  cons ider  the r eac t ions  of the type: 

B + H  1 - ~ B *  + H  2 ,  (1) 

i +  ~+ where  B and B ' d e n o t e  ba ryons  f r o m  z octet  a n d -  decouplet  and H 1 and 
H 2 a r e  app rop r i a t e  hadrons .  

We r e p r e s e n t  m e s o n s  and ba ryons  by the superpos i t ions  of the f r ee  
quark  s t a t e s  [2]: 

IM0u)=fdp i ~ Ca l a 2 ( M ; a l ,  a2) l q l a l a l ) l q 2 a 2 a 2  ) , (2) 
a i, a i 

I B 0 ~) = f dp B ~ c a l a 2 a 3 ( B ;  a 1, a 2, ~3)[ q l '  a l a l ) ]  q2 a2 a2) l q3 a3 a3) .(3) 
a i, ai 

Here  p e n u m e r a t e s  the spin s t a t e s  of the pa r t i c le :  a i and a i a re  spin and 
uni ta ry  spin v a r i a b l e s  of the ith quark;  Ca..la2(M;~ a l ,  a2) and 
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ca~la2a3(B; ~1, a2, a3) a r e  the a p p r o p r i a t e  SU(6) C l ebsch -Gordan  coeff i -  
c ients .  The f r e e  quark  s t a t e s  a r e  defined as  follows: 

I q ~ a) = R (4)Lx(q)R- 1(~) I w 0 0 0 ~ a ) ,  (3) 

where  IwOOOaa) is the r e s t  f r a m e  s ta te  ve c to r  of the ' f r e e  quark '  and w is 
i ts  effect ive  m a s s .  The R(~)  is the ro ta t ion  o p e r a t o r  which t r a n s f o r m s  the 
x - a x i s  in the d i rec t ion  ~ of the q u a r k ' s  momen tum.  The weight funct ions 
dp M and dp B a r e  given by: 

dPM = 53(q 1 + q 2)fM (q 1, q 2)d3 q 1 d 3 q 2 ,  (4) 

dPB = 53(q l  + q 2  + q 3 ) f B ( q l  ' q 2, q 3)d3ql  d3q2 d3q3 ' (5) 

where  f M  and f B  a r e  complex  funct ions invar ian t  under  in terchange of the 
v e c t o r s  and a r b i t r a r y  s imul taneous  ro ta t ions  of all  the vec to r s .  

The  e x p r e s s i o n s  (2) and (3) r e p r e s e n t  the r e s t - f r a m e  s ta te  v e c t o r s  of 
m e s o n s  and b a r y o n s  as  a superpos i t ion  of ' f r e e - q u a r k '  s t a t e s  [2]. We a s -  
sume  that  qua rk  m o m e n t a  in the r e s t  f r a m e  of the hadron  a r e  n o n - r e l a t i v -  
is t ic  so  the functions f B ( q l , q 2 ,  q3) and f M ( q l ,  q2) do not vanish  only fo~: 
qi such that  Iqi /w I << 1. Since we neglect  the t e r m s  of the o r d e r  Iqi /w I z 
the p a r t i c l e ' s  m a s s  is  equal to the sum of the m a s s e s  of the const i tuent  
quarks .  To  make  the future  ca lcu la t ions  cons i s ten t  we neglect  the m a s s  
d i f fe rence  be tween d i f ferent  quarks ,  which impl i e s  that  we a lso  neglec t  the 
m a s s  d i f fe rence  be tween di f ferent  b a r y o n s  and mesons .  We use  ' a v e r a g e '  
m a s s e s  of ba ryons  and m e s o n s  ins tead  of t he i r  r ea l  m a s s e s .  The a s s u m p -  
t ions  given above imply that  the quark  m a s s  is w ½M B IM = =-~ M" 

We a r e  going to find the c .m. t r a n s v e r s i t y  ampl i tudes  of the reac t ion  (1). 
F o r  th is  r e a s o n  we define the following s ta tes :  

[ op m ) : R z (O)L x(p)R-z 1(0) I 0 0 rn ) .  (6) 

H e r e  m e n u m e r a t e s  the spin s t a t e s  of the pa r t i c l e ,  p is the modulus  of i ts  
m o m e n t u m ,  the z - a x i s  is pe rpend i cu l a r  to the r eac t ion  plane,  and the x -  
ax is  is in the d i rec t ion  of the m o m e n t u m  of the f i r s t  pa r t i c l e .  The  s t a t e s  (6) 
a r e  r e l a t ed  to the t r a n s v e r s i t y  s t a t e s  lop ~) in the following way: 

lop p~) = ~ 5~t m e -iOta IOpm) . (7) 
m 

Le t  us p r e s e n t  our  cons ide ra t ions  on the example  of the r eac t ion  of the 
type 

B +M 1 - * B *  + M  2 ,  (8) 

where  M 1 and M 2 a r e  the a p p r o p r i a t e  m e s o n s .  
Now taking into account  eqs.  (2) and (3) we obtain f r o m  the f o r m u l a  (5) 

the following b a r y o n - m e s o n  s ta tes :  
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[BM@mimj)= IB@m i) ® [ Tr+opmj) 
• a4a 5. 

= f dPB dp M ai,~ai cala2a3(B;mi al, a2, c~3)Cm3. (M; a4, a5) 

5 1 
x ® ~ [qi iai)D~iaz(qi) , (9) 

i = 1  fli 
1 

w~ere D~(q k) are  the appropr ia te  Wigner rotat ions.  The explicit fo rm of 
D-~(q k) is the following: 

, 2 w  H 

D e (qk) : (2WH(Eqk + WH)2MH(E H + MH)2WH(Eq' k + WtI) 

~EqkMH+Eq,kMH+WH(EH+MH)- i(q k X P ) a  for k = 1, 2,3 , 
× (10) 

EqkMH+Eq,kMH+WH(EH+MH)+i(q k x P ) a  for k = 4,5 . 

The notation is the following: P is the momentum of the baryon,  qk  is the 
momentum of the kth quark in the res t  f rame of the appropr ia te  hadron, 
M H is the mass  of the hadron, Eqk is the energy of the kth quark in the 
r e s t  f rame of the cor responding  hadron, Eq' k is the energy of the kth quark 

in the c:m. sys tem,  E H is the energy of the hadron in the c.m. sys tem,  and 
W H is the mass  of the quark f rom the hadron H. The relat ion between the 
energy and momentum for  quarks and par t ic les  is that imposed by special  
relat ivity.  The vec tor  P is chosen in the form 

P= p(cos 0, sin O, O) : p b .  (11) 

Neglecting the t e r m s  ]qk/WHI 2, IM/P[ 2, [qkMH/WHP] and the t e r m s  of 
higher  o rde rs  in qk we obtain: 

1 li- (qkx )o for 
D~ (q k) = 

i + ~ (qk X P) a for 

k = 1 ,2 ,3  , 

k = 4 , 5  . 

(12) 

Now in a s imi la r  way (details in appendix A) as in ref.  [2] we obtain the 
following express ion for  the amplitude fm3m4 m l m  2 of react ion (8): 
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fm3m4mlm 2 :<B*M 28m 3m 41T]BM 10m l m  2) 

.m 1 + m 3 m 2 + m 4. 
×exp I-½ip sin0 ( " B  + M-1vI ) l  fm3m4mlm2 

= ~ ~ C ala2a3 (B;al,  ca4a5(M~;a ,a ) 
ai,;3i ai, bi ml  a2, a3) m2 - • 4 5 

b.b~b. /33)Cbm4:5(M2; fi4, ~35) x Cn¢ 3 " o (B*;/31, f12, 

× ((bl t31 b4 fl4[al a la4 ~4 ) 5a2b 2 5a3b 3 6a5b 5 5a2;32 5a3fi 3 5a5;35 

+ {b2 f12 b4 f14[a2 a2 a4 a4)5alb 1 5a3b 3 5a5b 5 5al;31 5a3fl 3 5a5;35 

+ (b 3/33 b 4 t34 [a 3 a 3 a 4 a 4 ) 5alb 1 5a2b 2 5a5b 5 5alfl 1 5a2/32 5a5fl 5 

+ (b 1/31 b 5/35 lal a l  a 5 a 5 ) 5a2b 2 5a3b 3 5a4b 4 5a2;32 5a3fl 3 5a4fl 4 

+ (b 2/32 b 5/35 la2 a 2 a 5 a 5 ) 0alb 1 5a3b 3 5a4b 4 5al/31 5a3fi 3 5a4fl 4 

+ (b3 ;33 b5f15 la3 a3 a5 a5)0alb I 0a2b 2 5a4b 4 0al;31 52;32 54;34) " (13) 

Here M B denotes the masses of the baryons B and B*, and M M denotes the 
masses of the mesons M 1 and M 2. The (b i ;3i bj;3j l ak a k a l a l) is an averaged 
quark-quark amplitude: 

(.ak+;3i at+;3jh] 
(biflibjflj] akak ala l) = exp I-½iP sin 0 \---M-~B + ~ - M ]  j 

i f l  f l  i I i 
~ D ~  . (q3) D~ o(q4) D- ~ • (ql) D~ .,(q2) X f dPB M ~i rSPi Y4Pj )" lt~k 72~l • 

x (q3q4Y3~4bibj [rlqlqZVl.Y2aka l) , (14) 

where D½(qk )i' f are defined 
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1 

D~(qk )1, f 

i I-  ~ (qk × p i ' f ) ( T  for  k = 1,3 , 

+ ~ pi,  f) I ~.nw M (qk × (~ for  k = 2 ,4  , 

(15) 

w h e r e  

p i  = (I,0,0) , (16) 

]6f = (cos 0, s in  0, 0) . (17) 

Now tak ing  into accoun t  eqs.  (7) and  (13) and the r e s u l t s  of ref .  [4] we ob-  
t a i n  the fo l lowing r e l a t i o n s  be tween  the t r a n s v e r s i t y  a m p l i t u d e s  of the  r e -  
a c t i o n  (8): 

fp31141~ll12=exp [-i (M~BsinO+O)~V~(P3)N½(~l)fP3+ll14Pl+lt~2 

+exp [i (M--~ sinO+O)~V~(-t~3)N½(-~l)f~3-1~4~l-lP2 " (18) 

The  coe f f i c i en t s  N~(U) and  N½(U) a r e  de f ined  [4]: 

1 1 
fo r  /~ = -~ , 

1 for  /~ = - 3  , 

fo r  p = - ~  , 

0 in a l l  o the r  c a s e s ,  

N~(U) = 
(19) 

1 for  P = - 3  , 

0 in all other cases. (20) 

The relations (18) are also valid for the reactions of the type (I). 
The averaged quark-quark amplitudes (14) satisfy the same relations 

following from the parity conservation as those satisfied by the transver- 
sity amplitudes *. Under time reversal they behave in a different way. 
Using the time reversal and rotational invariance of the qq amplitudes one 
cannot obtain without additional assumptions the b- and c-type relations for 
the transversity amplitudes of the reaction (1) for 0 ¢ 0. The b- and c-type 
relations can be obtained for 0 = 0, but in this case the spin-flip vanish, so 
these relations are trivially satisfied. One can imagine that for very 

* The proofs of this and the following statements are given in appendix B. 
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sma l l  0, such that  p sin 0 << Iqi I they can be a lso  valid.  Then the b-  and c-  
type re l a t ions  a r e  of the fo rm:  

= / tLl+/13 + ~ +  ~ )  + i0(tz 1 + t~2 + tz3 + ~t4)l fu3/14#1/~ 2 ( - 1 ) N e x p  Iip sin0 \ MBB M 

× f - /~3-  U4- p 1- U2 ' (20) 

for  P l - / ~ 3  = ~ 4 -  P2 ¢ 0 in the case  of the b - type  r e l a t ions  and for  
I~tl - P31 = I P 2 -  P41 ¢ 0 in the case  of the c - type  re la t ions .  H e r e N  de- 
notes  the total  num be r  of b a r y o n s  and p s e u d o s c a l a r  m e s o n s  pa r t i c ipa t ing  in 
the r eac t ion  (1). The non- t r iv i a l  b -  and c - type  re la t ions  can be  exact ly  de-  
r ived  for  the r eac t ion  NI 1 +V ~ M 2 +V, where  V denotes  a vec to r  meson.  
Bes ides  the fact  that  such r eac t ions  a r e  not obse rved ,  the use  of the vec -  
t o r - d o m i n a n c e  model  can give re la t ions  for  the p r o c e s s e s  NI 1 +7 ~ M 2 +7. 

At the end we shal l  s u m m a r i z e  and d i scuss  our  r e su l t s .  
We have used  in a consequent  way some  p a r t i c u l a r  addit ivity a s s u m p -  

tion. This  a s sumpt ion  does  not depend on the Loren tz  f r a m e  in which the 
ca lcu la t ions  a r e  p e r f o r m e d  so we do not have the f r e e d o m  of the choice of 
the phenomenologica l  p a r a m e t e r s ,  namely  the ro ta t ion  angles  defining the 
' addi t iv i ty  f r a m e ' .  

It was  shown that  only fo r  s m a l l - t  one obtains the a - type  re l a t ions  for  
the t r a n s v e r s i t y  ampl i tudes  which a r e  ident ical  to the usual  r e l a t ions  but 
with f ixed and expl ici t ly  given phenomenologica l  p a r a m e t e r s .  T h e i r  t - d e -  
pendence is not l inea r  so tes t ing  of these  p red ic t ions  cannot  be made by the 
s imp le  ave rag ing  ove r  all  t and s.  M o r e o v e r  for  the l a r g e r  t one cannot 
without addit ional  a s sumpt ions  obtain the a - type  re la t ions .  The use  of the 
exact  Wigner  ro ta t ions  (10) would lead to the r e p l a c e m e n t  of the s p e c t a t o r  
K r o n e c k e r  5 by some  qk dependent m a t r i c e s ,  and so the b reakdown of the 
usual  p red ic t ions .  

We have shown that  the b-  and c - type  re l a t ions  cannot be de r ived  exact ly  
for  0 ¢ 0 without addit ional  a s sumpt ions .  However ,  for  v e r y  sma l l  such 
that  - t  << Iqk I they can be expected  to be approx ima te ly  sa t i s f i ed  but a l so  
with f ixed phenomenologica l  p a r a m e t e r s .  The reg ion  of the val idi ty  of these  
r e l a t ions  can be p robab ly  en la rged  by a sui table  choice of the weights  (4) 
and (5) or  addit ional  a s sumpt ions  on the qq ampl i tudes .  

Although the s impl i f i ed  model  cons ide red  h e r e  can have nothing to do 
with r ea l i ty  we should l ike to s t r e s s  once m o r e  [4] that  one should t e s t  the 
b -  and c - type  r e l a t ions  m o r e  p r e c i s e l y .  

The  au thors  a r e  v e r y  indebted to P r o f e s s o r  J.  Wer le  for  valuable  d i s -  
cuss ions  and his kind i n t e r e s t  in our  work  and to P r o f e s s o r  H. J. Lipkin for  
r ead ing  the m a n u s c r i p t  and fo r  his c r i t i c a l  r e m a r k s .  

APPENDIX A 

We shal l  sketch he re  the de r iva t ion  of the fo rmu la  (13). Using the k ine-  
ma t i ca l  r e l a t ions  for  the m o m e n t a  of the s p e c t a t o r  qua rks  [2] in our  ap-  
p rox ima t ion  
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- t l  =q 5-q7  = ~B  p(pi_pf) = q 6 - q 8  , 

WM p(p i_p f )  
- t2  = q 9 - q l 0 -  M M 

and the additivity assumption we obtain the following equality: 

~ Cala2a3(B;al,a2,a3)Cam4;5(M1;a4a 5) 
fm3m4mlm2 = ai, fi i ai,b i ml  

X C b lb 2b3 (B*; fi 1, f12, $3)Cbm4:5 (M2; f14 ' flS) f dPB dPM 1 dPB* dPM 2 
m 3 

× D~ ~, (q 5)D~ a, (q6)Da, a (q7)Da ' a (q8)Sa '/3' 6 , . ,  6 
~1~1 ~2~2 1 1 2 2 1 1 a2P2 al°16a2b2 

× 53(q5 - q7 + t 1)53(q6 +q8 + t 1)D~4~,4(q9)Da,4a4(qlO)Sa,4f4 5a4b4 

X 63( q 9 - q 10 + t 2)D~3Y3(q 3)D~5Y4(q4) 

(A. 1) 

x (q3 q4Y3 y4 b 3 b 4 Iz]q lq2YlY2 b 1 b2>D1a3(q1)Dy2a5(q 2) 

+ other t e rms  . 

Now using the relation for the approximate Wigner rotations (11): 

D~ik(q5)Dkai(q7 ) =D B'a'z ~ (- n~)~P sin 0\ = 6~ia i exp I p s i n 0 i  ~ (ai+fii) 1 

we obtain 

~ cala2a3(B, ala2a3)...cb4b5(M2,~4{35 ) rn 4 fm3m4mlm2 ai ,{3 i a i, b i ml 

rip sin 0 ip sin 0 1 
xexp  [. 2M B (al+fll+a2+¢12) 4 2 ~  (a2+f12) 6flla16f12a2 

X 8blal  8b2a2 f dPB M D~fl3Y3(q3)'''Dy2a5(q2)+ other t e rms  . 

(A.2) 

, ( A . 3 )  

(A.4) 

From eq. (A.4) one immediately obtains eqs. (13) and (14) with dPB M 
written explicitly in formula (B. 11) of appendix B. 

Had we used the exact Wigner rotations (10) instead of the approximate 
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ones (11), the product  of the ma t r i c e s  D~(q 5)D(ql) would have the following 
fo rm 

D/3ik(q 5)Dkai(q 7) = A/3iai(q 5, q 7) , (A. 5) 

where  A/3iai(q5,q 7) is non-diagonal,  q i -dependen t  matr ix.  In that case ,  

without additional assumpt ions ,  the ampli tudes  fg3/~4 p 1/~2 with I/~3 - P 1 [ > 1 

would not vanish, which is in contradict ion with a- type  relat ions.  

APPENDIX B 

We shall invest igate the p rope r t i e s  of the averaged  qq ampli tudes (13). 
We shall wri te  these  ampli tudes  in a different  but equivalent way: 

(b 1/31 b4/34 1 a 1 a 1 a4 a4 > = C f dPBM (q3 q 4 b 1/3 1 54 fi4 [ r I q 1 q 2 a 1 a 1 a4 a4 >, 

(B.1) 

where  C is the same exponential factor  as in eq. (13) and 

<q3q4 bl/31 b4/34 [ ' r [ q l q 2 a l a l a 4 a 4  ) 

= (p,O,q3, bl,/31;p, Tr+O,q4, b4/341"r]p,O, q l ,  al, al;P,  Tr,q2, a2, a2) , (B.2) 

where  

[P,O,q,d,e> = Rz(@)Lx(P)Rzl(O)R(~)Lx(q)a-l(~)[W,O,O,O,d,~>. (B.3) 

The opera tor  R(q) is the opera tor  represen t ing  the rotation turning the x-  
axis  into the direct ion of the vec tor  q .  To der ive  re la t ions  between 
(bl/31 b4/34 ] a l  a l  a4 a4> s temming f rom the par i ty  conservat ion and the t ime 
r e v e r s a l  invarianee of r we shall notice that 

PIP,  O, q,  d, ~) = 71Rz(8 + rr) Lx(P)R-zlOr + O) 

× R(4)Rz(rr)L (q)Rzl(Ir)R-l(~l)lw, o ,o ,o  , d,y) . (B.4) 

Using eq. (B.4) and the rotational invariance of r we obtain: 

(q3 q4 bl fll b2/32 [r [q lq 2 al  a l  a2 a2) = 7/1 7/2 7/3 774 

x (-1) al+a2-/31-f12 (q'3q'4 bl /3152/32['rtq '1q'2alala2a2) , (B.5) 

where  

q i = - Rz(-~r) q i " (B.6) 
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Now let  us notice that: 

0, q ,d, ~} = Rz( 6)Ry(n)Lx(P)R; I(~)Rzl( o) T 

× R(q)Ry(~)Lx(q)Ryl(~)R - l (q)( -  1)s-~ lW , O, O, 0, d, -~) . (B.7) 

Taking into account the equali t ies:  

T + T T  = T + , 

<q3q4 51/31 b2fi2 IT+T TI q l q 2 a l  a l a 2  a2} 

= < q 3 q 4 b l f i l b 2 f i 2  I T [ q l q 2 a l a l a 2 a 2  } (B.8) 

and using the rotat ional  invariance of T we obtain f rom eq. (B.7) the follow- 
ing relat ions:  

I q 3 q 4  bl  ~l b2~21Tlq l q  2 a l  ~l a2~2 ) 

= e x p [ - i O ( f i l + f l 2 - a l - ~ 2 ) ] < q l ~ 2 a l ~ l a 2 a  2 1 T t ~ 3 ~ 4 b l f i l b 2 f i 2 > ,  (B.9) 

where  

qi = -Rz(O)Ry(-n) qi • (B. 10) 

One way for the der ivat ion of the re la t ions  for  the averaged qq ampli-  
tudes implied by the re la t ions  (B.5) and (B.9) is to invest igate the invar i -  
ance of the me a su re  dPBM under change of the var iab les  qi  ~ q i  and 
qi -~  q~. To do this we wri te  more  explicit ly dPBM. After  some simple in- 
tegra t ions  with 53 functions coming f rom the sca la r  products  of the specta-  
tor  state vec to r s  we obtain 

dPBM = [ f f s ( - q 5  - q l ,  q 5, q l ) f B * ( - q 5  - q 3  - q l , q 5  +ql ,q3)d3q5]  

x f M l ( -  q2, q2) fM2(-q4 ,  q4 )53 (q l  - q3 - 2ql) 

× 5 3 ( q 2 - q 4 - q 2 ) d 3 q l d 3 q 2 d 3 q 3 d 3 q  4 , (B.11) 

where 

W t l  __ ~ (pf_ pip, W 
t2 -- ~MM (pi_ pf) 

Now using the p rope r t i e s  of the f - f u n c t i o n s  one can see f rom eq. 
(B.11) that dPBM is invariant  under change of var iab les  ( B . 5 ) q i - ~ q i ,  
t i -~ t} = t i. F r om this fact  s tems immediate ly  that 
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(b 1/31 b 2/321 a l  a 1 a 2 a 2} = 7172 73 74(-1)al+a2-/31-/32 <b I/31 b 2/321 a l  a l  a 2 a 2> , 

(B.12) 

so the averaged  qq ampli tudes  sat isfy the same re la t ions  s temming f rom 
the par i ty  conserva t ion  as  the usual t r an sve r s i t y  ampli tudes do. However,  
the dPBM is not invariant  under  the following change of var iab les :  

" . " 

q l - ~ q l  = 3 ' q2 ~ q 2  = 4 , q3  ~ q 3  = 1 ,  

q4 ~ q  = q 2 ,  q 5 - ~ q 5 = q s ,  t i - ~ t i = ~ [ i = - t i  . (B.13) 

Using the p rope r t i e s  of the f - func t ions  we obtain f rom eqs. (B. 11) and 
(B. 13) the following re la t ion  

(b l f i l  b2fi2 ]al  a l  a2a2 ) : C exp[- i0(f i l  +fi2- a l -  a2)] 

X f d~B M < . . . .  , q 3 q 4 a l a l a 2 c ~ 2 ] 7 t q l q 2 b l / 3 1 b 2 f i 2 )  (B.14) 

where  

dPBM = [ f  f B ( -q5  - q 3' q 5' q3) fB*( -q5  - q"l + q l '  q5 - q l '  q l )d3q5]  

X fMl(-q4,q4) fM2' . -~"~ .2 '~(, ~"q3 2 t l )  

× 5 3 ( q 2 - q 4  " - t 2 ) d 3 q l d 3 q 2 d 3 q 3 d 3 q 4  . (B.15) 

The dfiBM is equal to dPBM only for  t 1 = 0, if fB  = fB* and fM1 = fM2'  

s ince all f - func t ions  a re  not t rans la t ional  invariant .  If t 1 is ve ry  small  in 
compar i son  with the qi ,  one can expect  that the r ep lacemen t  d~BM by 
dPBM will not make much di f ference,  which implies  the following approxi-  
mate  resul t :  

<b 1/31 b 2fi21al a 1 a 2 a  2) = exp[-iO(/31+/32- (~1- a2)] < a l a l a 2 a 2 [ b l f i l  b2fi2 > " 

(B. 16) 

The re la t ions  (20) a re  immedia te ly  obtained f rom eqs. (B.16) and (20) and 
f rom the resu l t s  of ref .  [4]. Analogous re la t ions  to (B.16) were  usually as-  
sumed to obtain the b- and c- type  re la t ions  [3,4].  

One should also notice that d~MM = dPMM , i f f  M does not depend on the 
kind of the meson.  

F r o m  the re la t ions  (B. 14) one also obtains the p ro p e r  re la t ions  between 
the reac t ion  ampli tudes frn 3 rn 4 rnl rn2 and the reac t ion  ampli tudes 

grn 1 m2 rn 3 m4 of the t ime-  r e v e r s e d  react ion.  
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