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Tt is shown that the observed 10-20 per cent difference between the
n-p'and,p-p effective ranges in the lSO state implies a corresponding
difference in the effective mass of the boson system exdhanged between
the two nucleons which cannot be accounted for by known charge-dependent
effects arising from the one-pion-exchange. Since current models for
the intermediate andshort range interactions.in this state ascribe them
rrimarily to the exchange of I = 0 boson systems, we conclude that a

substantial I £ 0 component of the crossed channels may have been omitted

from these models.
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THE INTERPRETATION OF LW ENERGY NUCLEGN~NUCLECN SCATTERING

¥. Plerre Noyes, SLAC, Stanford University
The value of 2.7836 % 0.0lLF for the “SO effective range recently

obtained from p-p scattering [1] disagrees with the value of 2.51 * 0.11F

P

Py

determined from n-p scattering [2], indicating a departure from charge
independence which is hard to understand in terms of current models. For
é Zero-energy vave funétion which is close to zero at short distances (as
reguired by thg change in sign of the phase shift near 255 MeV) and which
approaches ﬁhe<asymptotic value rapidl& at long range (as required by the
relative weakness of OPE), the 5bserved effect, nailvely interpreted,
requires the n-p intermediate range attraction to be of shorter range and/or'
weaker ﬁhan the corresponding p-p interaction, waich is opposite to the
expected coulomb effect.' We present here & dispersion—theorgﬁic mbdel
which confirms this qualitative conclusion.

. The model sdopted For the lSO amplitude,” exp (iBO) sin BO/Cfaq

1 o -

= 1/(s(g®) + (~¢®)?1) 1is to take 5(g®) = A + R¢® + Cq4(1—roq2)/(1+Dq?)(1-rlq2).
One~pion-exchange}can be approximately represented by requiring this ampli--

tude to have a pole at of = om® cF/ME, . = -5 = -K® of residue
. T - .

P

I'h = Gam?()h/BMi. This is accomplished by calculating D and € from
X SR :

the equations

D

i

2 -23/(x - J) ; Y9 =1/F% - KB(x, ~“rl)/(1 + rOK?)(l-+»rlK2)‘ A

F2

[

(A + X£ - R)/K2(1/Th + g/2K - B) - ;.

C=-(1-Dk®){A+KE - R)(1+ rlxg)/K4(1 + rOKQ)

.

Here £, g, h, and %2, which take account of coulomb effects, are given

by Wong and Noyes-[3], and are equal to unity in the n-p case. To ‘take



account of mass differerces in the n-p case, we let M - 2M M /(M + M )}
) j%
o - s . . .
and X »;(m o+ 2mﬂ+;/jm o 2% ; a possible charge dependence of thg pion-
. 1 " 3 N

nucleon coupling constant can be allowed for by letﬁiﬁg G® Q@iffer in the
two cases. £ we}l&? Ty = O'# s this simple model is in gooa guantita-
tive agreement with the integral equation derived In [3]; further, the |
shape parameter s0 predicted 1s in excelient agreement w1th the experlm:ntaW

.

value given in {l}j in contrast with the (FS model obtained by letting
f = h = 1 in the ;bove equations. This two-pole formula, since it
contains only attractive Tox és, predicts a phase shift which is everywhere
positive and which lies somewhat above the cbserved values in the high
energy region. To give a change of sign in the phase shift bepween 256 and
é50 MeV in agreeménﬁ with experiment, we need §imply take 0.15 < ;l‘<v0.155.
At first sigh we might also it an émpirical phase shift at lower energy
by an appropriate cholce of T but this turns out to require -CrO/Drl < R,
and hence a model with a CDD pole that causes the phase shift to pass
through 900 at very High energy. We tharzfore re}‘LrD Ty = (Eﬂrl/-c) + €,

€ > 0. This insures that if two sdditional poles occur for ¥ < 0, the
intermediate range force will be attractive and the shorf range force will
be repulsive, in agresment with our current unders 1dpd1ng of the lSO
Anteraction. It daeé not gﬁarantee that_ﬁhese two poles will oceur on the
'physicai sheet, the alternative Eeiﬁg that they both occur on the Qecond
sheet, corresponding to a d&ffer =t type of (DD szthg*lon. Fortunately,

i
e

for r = 0.15, ¢ smell, and F < 15, solutions can be found. These
N :

three pole models predict a phase shift lying everywhere-below.the empirical

values for E < 250 MeV, so the two and three pole models bracket the

empirical situation. . Further, although the. predicted shape parameter is
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somewhat smaller for the three-pole model, it still lies within the experi-
‘ ; D

mental error assigred in [1].

R

Having determined the.pérameters £ the models fféﬂ p-p experiments,
we locate the positions ofﬁtﬁe.dne or two remaining poles and evaluate their
residues. The correspoﬁding n-p scabtering can:tﬁen be predicted by solving'
“the usual N/D equations. We find that a slighi modification of the streﬁgth
of the intermediate range attraction gives aéreem@nt with the observed n-p
scattering length, but that the predicted effective range is longer than the
. p-p value for all two and three pole models. By a correlated change in the
strength and range of this attracpion, we can achleve agreement with the.
observed n-p effective range as well as the scattering length, but only if
the effective mass of the system exchanged ig 10-20 per Cént heavier than
in the p-p case. in spite of the extreme sensitivity of the interaction
parameters dué to the closeness to the CDD situation, this remains‘true
when the charge-dependent effects in the cne-pion-exchange are included;'

i# due care is exercised in the numerical work.

The substantial charge-dependent sffect found is hard to understand
in terms 6f current models. These explain the intermediate range attraction
by the exchange of the ABC or some other I = O g-x S wave effect and the
I=0 1, while they attribute .the short range repulsion priﬁarily to thé
I =0 o .and ¢, none of which can explain the Observed effect. We conéiude
that thefe must be a substantial intermediate range COntributiéﬁ‘from the o,
which in itéelf would be surprising, or from sdme as yet not suspected I #.O
component of the x-x system. Hence, until this efféct is‘understoéd, models
of the lSO‘ interaction which are dqminaied by the exchange of I = O boson

systems should be viewed with suspicion.

-3 -
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