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Failure of Microscopic Causality in Meson-Nucleon Forward Scattering

1It  has been established that at least for IT - N scattering  the

assumptions of Lorentz invariance, microscopic causality, and the asympto-

tic condition imply that the scattering amplitude satisfies a dispersion

relation with non-negative "absorptive" part.  As the A-N cross-section

does not seem to diverge at infinite energy, no more than two subtractions

are needed to reduce the scattering amplitude to dispersion relation

form.

2
We have shawn that under these circumstances if the forward

scattering amplitude is expanded about elastic threshold in the relative

momentum, k, as
00

f(k) =  f.k                       (1)L-' 3               ·
j=0

then if we define the intermediate functions

A(k) = [f(k) - fo - flk]/k2
00                                                (2)

B(g)  = A[ilt(1 +  fer-1) 41/[1 +  f'Y-11  :  bj(-1) j       ,
j=0

]X. Symanzik,  Phys. Rev. 105, 743 (1957) ·
2
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where Y gives the location of the left-hand cut, then

C( V )    =  n    bo    -    ( 2ln   2    -   1)blv

m                                                   (3)

+  [2(1 - 2-n) C (n) -1][(n - 1)!]bn< - V)n
n=2

=F  S c .v)nZin
n=0

=0.4516b0 - 0.3863blv + 0.6449b2v2

- 1.60621 3V3 + 5.3644104vlt ...

forms a series of Stieltjes. Such a series has the property that

m+ncm    ... C
..

D(m, n) = det  :    ' . : >O   m S=  O,1, . . . (4)
cm + n "' cm + 2n n = 0,1,...

In particular,  for  n =  0,  eq  ( 4)  implies  c >o.    If we expand the S,P'...

scattering parameters as

k cot 6 = -(1/a ) + *r k2 + ...
S          S     '   S

(5)

k3   cot  6    =   -( 1/a ) 3
+ ...

then

c(v) = O.4516  [3ap3 - as2(as  - trS ) 1
(6)

-    0.3863  [a    3( a         -    r     )   ]V + ...
S s s
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3



./
./

The experimental data for F-N scattering are3

al = 0.178k - 0.01k3,  33 = -0.087k _ 0.07kS

all = -
0.06k3 a   = - 0.12k                  (7)

3
31

3a   = - 0.2k
53   =   0' 635k313

where this is the so-called Fermi solution.  Thus the scattering para-

4
meters are

3
I -2-:  as=  O.087, rs -18, 3ap3=-1.15

(8)               1
1                                 3I= · - :  a  = -0.178, r * 0.5 38   = - 1.352 s  s p

1     These values cause both the coefficients of V' and Vl to fail to      '

,/have the causal sign for the I = 3/2 case, and the coeff. of V' to fail

in the I = 1/2 case.  While the values are not accurately determined, the

experimental accuracy seems to be sufficient to firmly determine the                  :

signs fot the I = 3/2 case and to therefore imply that the Fermi set of

phase shifts for IT - N scattering violates microscopic causality.

The situation with K-N scattering is less clear experimentally,              ·

but tends to suggest the same picture.  The scattering parameters are
5
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I = 1:  a  =  0.29 f 0.015, rs = 0.5 * 0.15S

( 9)
I = 0:  a  = -O.04 f O.04, r . -6

S                      S

where the sign of a  for I=0 appears to be known.  We can check only

the coefficient of V in C(V).  The results are strongly non-causal for

I=0 due to the sign of as and the large negative value of rs.  For I=1

the results are inconclusive.  The coefficient of (-V) has the sign of

(a  - rs) = - 0.21 f 0.15.  This result has the non-causal sign, but isS

sufficiently inaccurate that better experiments may change it.

We wish to thank W. R. Frazer and J. Young for a helpful dis-

eussion of this problem.
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