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The'éxperiﬁéhts'reiated with the h-p interaction cross éection cén be
classified as follows:;‘vl) Measurements of the total cross section; 2) Meas-‘
urements of differential cfosé'séctioné (angulaf distributioné) from 3 MeV on.
The‘enefgy regioh between O and 3 MeV has been studied only thféugh-experiments
of typé l; dué to the‘obviousvexperimental difficulties involved in expefiments'

of type 2. The radiative.capture cross section 1s of the order of 1.5% of the

rtotal cross section at zero energy and drops with = l/v law, and therefore the

total cross section is essentially a measure of the elastié_cross section.
The information on p-p interaction is obtained in the same energy region through
experiments of type 2, because of the experimental difficulties in performing

experiments-of type 1, and also because of.problems intrinsic to the Coulomb

‘interaction in the limit of zero energy. It is possible that thé scattering

parameters extracted for the n-p interaction at low energies, depend on im-
plicit assumptions about the processes that take place during-the,interaction.
It 1s well known that when the n-p scattering parameters were first -

obtained, there was no question about the absolute distinguishability of neutron

~ and proton. It can then be assumed safely that the interaction can be described

by a wave equatidﬁ with a short range potential V = V() and a wave function.

w(;v without any defined symmetry,véatisfying Schﬂadinger'é equation

[+ ¥(2)) 9 = 2 9()

S
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Neverthéiess, whgnx higher energy éngulér distributions became avail-
able it yaé observed that n;ﬁ sc%ttefing Eetﬁeeh 10 and 100 MeV exhibited a
persistent symhetry around 9Oo CM, similar to the p-b scattering symmetry. The
"explanétion" of this striking)phenomenon of the interaétion of Qistinguishabie
,particles,'whichtneverthelessxexhibits featuréSvof the!scéttering ofiindistin-
guishable;particles, was attributed to a Serber2 "force" and tbva potential

that can be written as

V=v(r) (a@+BM,)

M12 is the Majorana exéhange operator and & + f = 1. The n-p scattering sym-
metry requires O ~ B =~ 1/2. This.eXﬁlanation haslhhe.weli known‘property of

eliminating the odd waves. The Schr8dinger equation would be

T () V*‘,V(r) B ~p(D) B uD L)

It i1s mééningless as it stands, but it can be reduced to a palr of ééuivaient-

equétions.writing'
WD) = ZE) +u(D) + Ly - (D) =og +e,  (2)

Substituting into (1) we can separate the equation into the twb fo}lowing

equations
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TevE)leg =B, . (3)

™, =EQ | (W)

The sum of (3) and (L) regenerates (1). The conclusion is also well known,

~ the scattering potential affects only even Wéves, and odd waves remain in the

beam. The scattering amplitude corresponding td‘@s is of course

. . l . "
. 2(6) = 2(£(8) + £{(m -6)] (5)

. . S '
and therefore we obtain the same'scattering amplitude for S-wavé scattering
as if the‘scaﬁtering potential were simply V = V(r), without the exchange

operator. The choice O = B ~ 1/2 is'indicatéd by the symmetry of thelexperi-

& &

ﬁéntal angular distributions. If isvalso apparent that it involves equalL
probabilitieé for.no excﬁange‘and for exchénge when any paif n-p interacfs. .
it thiS‘is'the case it wouid be impossiblé to attribute cerﬁaint& to the
nature of an outgoing nuéleon (neutron or proton) throughout the interaétion.
What are the éonsequences of a loss of idehtity of the intéracting nucleons?
Is there a significantldifference.betwgén'this loss of identity énd the indis-

5 1.

tinguishability of identical: ﬁarticles? Quoting Landau and Lifschitz in

. quantum mechanics, identical particles entirely lose their individuality,"

and we might say that what‘hOIds-for identical particles, holds for the un-
identifiéble pair ﬁ-p,lif an éxchange proqus can océur during'theAinteractiqn. f
0f course, with this assumption wé obpéin a different normalization‘of‘the

wave function, and.of‘the’scattering amplitudes, in agreement with'thévclas—

sical limit,% whereasvtﬁeiéurrent Serﬁer‘force.freatment doeg‘not agree wifh it. :

In the general case Q #£ B and then the Schr8dinger gduation is

V) (e p M) YE =B UE . (6)
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An equation of type (6) requires eigenfunctions of well defined sym-

metry, as

-¢s=\—/%2—[”¢/(?)’+w(-_’)_]v'~”__ R (-
SRR CC ' (8)

the normalization is consistent with the analogy to -the case of identical
particles. The Eq. (6) gives rise to the following equations through the use.

of (7) and (8)

[T + V(I')] ’WS = E "¢/S
and . ‘ .

o . \ (9)
AT () (e-B)) ¥y =By, |

Obviously WS,A =42 ®S,A'~ The scattering amplitude correspbnding to ws in

26) = & [£(6) # £(m - 0)] . S (10)
Let us consider classically, é charge exchange scattering process particles
distinguiéhable only by their charges,-and:assumé-that there are equal ampli-
tudes for the direct and exchange processes. - The-cfoss—éection_is

5(0) = °(29) + ".(g_'e)l | o ()

. Half of the particles are scattered Tdifectly? through 6 (compared to .
the same dynamical proceés without exéhange), while‘half areAscattered through
© with an exchange of the "label" charge. Therefore, classicaliy, we would .

coneider exchange (spin or charge) a& & non-dymanical process that eimply
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exchanges the labels on incoming and target particles. However, quantum ‘

mechanically, there is, of»coursé,'interference of the amplitudes for the

direct and exchange processes. These interference terms vanish in the clas-

slcal limit. The normalization of the scattering amplitude which gives (ll)
in the limit thatvinterference terms vanish in precisely (10).
The consequences.of the alternate normalization obtained thrdugh>our '

assumption is straightforward, the scattering length of the lSO n-p inter-

- action, analog to the s-wave p-p interaction, becomes

a®-20 o 6.7

in excellent agreement with the p-p scattering lengfh aspp =~ 17 (corrected.

for.Coulomb effects) and with the most recent value for thé n-n scattering

length asnn - _16.4 f.5
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