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S u m m a r y .  - -  A consistency condition has been derived for the inelastic 
process : : - + p ~ + n .  The nonnull condition is found to be violated 
when numerically tested. 

1. - I n t r o d u c t i o n .  

ADLER (1) has shown t h a t  PCAC leads to a cons is tency  condi t ion  involv ing  

the  s t rong  in te rac t ions  alone. Such condi t ions  have  been der ived and  veri- 

fled for AS = 0 and  AS ----- 1 currents  in elastic processes (1.5). ADLER (5) has 

f u r t h e r  exploi ted the  PCAC hypothes i s  to  re la te  the  ma t r i x  e lement  for any  

s t rong- in te rac t ion  process wi th  the  ma t r i x  e lement  for  the  cor responding  pro- 
cess in which  an  add i t iona l  massless,  zero-energy  pion is involved.  I n  this 

pape r  we will derive a cons i s tency  condi t ion  for the  inelast ic  process ~ - + p  --> 
--->~+n and  tes t  it fol lowing essential ly the  m e t h o d  of Adler  (~). 

2 .  - D e r i v a t i o n  o f  t h e  c o n s i s t e n c y  c o n d i t i o n .  

B y  PCAC we m e a n  the  hypo thes i s  t h a t  

-- i ~/:2mxg~(O)m~ 
(1) ~,,J~ = Cq,~ = g=.,vxK..v.,~(0~ g~ '  
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where mx is the nucleon mass, m~ is the pion mass, g~(0) is the ~-deeay axial 
vector  coupling constant ,  g=o~x is the renormalized pion-nucleon coupling 
constant ,  K=aoo~,(0) is the pionic form factor  of the nucleon evaluated  a t  
zero pion mass, and ~ is the renormalized field operator  which creates the pion. 
As the kinematics of r : - p - + ~ - ? n  is identical with the kinematics of rzA-A ~ > 
--> r~A-3~" the consistency condition in the ~ case is easily obtained from the 
condition in the = case by  replacing gxx~ by  g~ox. We g e l  following 
ADLER (~-a), 

g~v~ g ~ v  K~o~o~ (0) . 
(2) A'~--o(0, 0, 0) = 

m~ 

3.  - T e s t  o f  t h e  c o n s i s t e n c y  c o n d i t i o n .  

The fixed-t dispersion relation for the invar iant  ampli tude describing the 
rc--p scat ter ing is 

A(O, t) ---~ ds~ ImA (s ' ,  t) s' s s' u " 
0 

The integral  has been evaluated by  taking contributions from the low-lying 
resonant  states ~'*(1470) and 2V*(1550). Taking contr ibution of the ~'*(1470) 
s tate  below the threshold from the Born te rm we get 

(3) 

o~ 

f [1 A(s, t) ---1 d s ' I m A ( s ' ,  t) S ' - - s  s' + 
~ o  

�9 1 
-[- (M* -- m~v)g:v*~xg,:xx [ M,2 - 

1] 
- -  § M , ~ -  �9 

8 

The contributions from resonances above the threshold are obtained by  using 

the Brei t-Wigner formula. We use the relations 

(4) 

(5) 

s = m~, - -  2mxr  B + 2mxv ,  

u ----- m ~  - -  2mo~VB - -  2mx~ 

to rewrite eq. (3) as 

(6) A(s, t) = ~ (Iv' ImA(v ' ,  vB, = -- --  v v'~- V + 

+ (M* - m) V2g,~xAo,g~or ~ + M ,  ~--~ , 



C O N S I S T E N C Y  C O N D I T I O N  F O R  T H E  I N E L A S T I C  P R O C E S S  7 ~ - ~ - p - - - > 7 } ~ - l ~ i  1 2 3  

where ~ = ro+r~, vo = m~+m~/2mr ~md M* is the mass of ~*(1470). The high- 

energy behaviour of A is given by v ~~ where ~ is the Regge parameter  of the 

le~ding trajectory.  The only qmmtum numbers which may  be exchanged in 

the t-chunnel of ~ - + p - - > ~ + n  are P ( - - 1 / ,  G = - - 1 ,  I : 1  ~nd A = 0 ,  i.e. 
the quantum numbers of the A~. For  A,~ we have ~(0) ~ 0.35. Therefore, the 

integral does not (,onverge and a subtract ion is necessary. If  we make this 

subtr~ction at v = P ~md then fix v = v~ : 0 in the resulting equation, we have 

co 

(7) A(0,0 ,  ] ) = A ( v 0 , 0 , - - l ) - -  :~ Jd~! v,(v,~_v~) + 

vo 

(M*--  m.~,)~/2g~v.v,g~v,v - M , ~  s 

( , +  1) 1 _ _  _ _  ~ 

M .2 -- s ~'1//*~ -- u ~ =v0 
~,B~O 

The subtraction constant  in (7) is expressible in terms of scattering length d~ 
on using the equations 

and 

A (v, 0) 2( i'i" + m~,) 2( W-- re.r) 

co 

l~/q ~ = Z ( ~ , _ -  d,+)z(2~ !) (mK)~(,_,, 
/=2  ~ " 

CAMPBELL and LOGAN (6) found tha t  an s-wave resonance accounts for the 

enhancement  of the reaction near the threshold. They also found disagree- 

ment  among the various solutions as to whether or not Pll is resonant. More- 
over, since both 7: and v} are pseudoscMur the lowest angular momentum state 

is an s-state. Therefore, by the partial-wave threshold behaviour, we expect 

~n production near the threshold (1488 MeV) to occur in s-waves. As ~ has 

zero isospin, tile total  isospin is �89 Thus the quantum numbers of low-energy 

~}-production are ,%1. In  view of this, in our calculations we keep only the 

s-wave scuttering length. We find tha t  d0 = 0.163 and A(vo, 0 , - - 1 )  = 5.15. 

Finally we shall consider the rescattering integral in (7). Since only s-wave 

is domim~ting, we sh~dl calculate the contributions to ImA(v ' ,  0 , - - 1 )  from 

(6) F. IJTCHIYAMA-CAMPBELL and R. K. LOGAN: Phys. Rev., 149, 1220 (1966). 
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the ~('*(1550) pole only. The value of integral comes out to be 1.16. The contri- 

but ion of the last term in eq. (7) is equal to 12.06. Combining all these terms 

we have 

A(O, O, - -1)  = 5 .15- -1 .16  -1- 12.06 = 16.05. 

The r ight-hand side of the consistency condition comes out to be 8.41 using 

g~x,/4z~ ---- 14.5, q~vx = 4.69 ~nd (by the Goldberger-Treiman relation) K~ox~(0 ) = 

= 0.87. Therefore, the consistency condition does not appear to hold good 

for the inelastic process considered within the approximation of our calcula- 

tions. The positive off-mass-shell correction cannot alter this conclusion. There- 

fore, the use of the consistency condition to evaluate the off-mass-shell ampli tude 

should be resorted to with much care. 
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R I A S S U N T O  (*) 

Si b dedotta la eondizione di eonsistenza per il processo anelastieo r r - q - p ~ q - n .  
Risult~t ehe, ore sia controllata numerieamente, la condizione di non nullit~ ~ violata. 

(*) T r a d u z l o n e  a cura  d e l l a  R e d a z i o n e .  

YC~OBHe CoF~acoBaHHOCTH ~ I ~  Heynpyroro npouecca ~+q-p  ~ ~%n.  

Pe3mMe (*). - -  B~,~no Bblae~eHO ycaoB~e cor:mcoBanHocTa ~ a  Heynpyroro npottecca 
7 r - + p ~  ~+n. t;~,Ino na~eno,  ~TO HenyneBoe yc~oBne HapymaeTc~, npa npoBe~teHarI 
qHc.qeHHt,lX pacqeTOB. 

(') llepeee3eno peOamtueft. 


