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The parity violating polarization asymmetries of nucleon-nucleon scattering at energies be-
low 20 MeV are subject to a model-independent analysis. I discuss the asymmetries neces-
sary to determine completely the weak interaction parameters and relate them to the parity
violating observables in the thermal capture of neutrons. One of the relations provides a
check of the photon asymmetry, the observable most sensitive to models of nonleptonic weak
interactions.

NUCLEAR REACTIONS Deduce relations among nucleon-nucleon polarization
asymmetries to determine parity violating amplitudes.

The study of nonleptonic weak interactions
through parity violation in nuclear yrocesses has
been inconclusive. The Cabibbo model has been
used in successful estimates of the effects in the
a decay of '0 and in the 110 keV y transition in
"F, but in calculations of the circular polariza-
tion in the thermal cayture of neutrons and of y
transitions in other complex nuclei, the same
model has produced underestimates of at least
an order of magnitude. '

Calculations of parity violating effects employ
yotential models of both the strong and weak inter-
actions. A significant problem with current cal-
culations is that different strong interaction po-
tentials predict results which differ by an order
of magnitude for the same weak potential, although
not even the most favorable strong interaction can
alleviate the disagreements between calculations
and experiment.

The uncertainties inherent in potential model
calculations suggest the desirability of determining
the weak interaction parameters independently of
a model. A model-independent analysis of already
yerformed experiments is difficult because the
experiments measure different effects in a variety
of nuclear processes.

Recently, experimentalists have begun measur-
ing polarization asymmetries in proton-proton
and proton-neutron scattering. ' Theoretical dis-
cussions' using potential models have estimated
the magnitudes of the asymmetries and predicted
the optimum energy for their detection.

I comment here that the polatization asymme-
tries of nucleon-nucleon scattering are subject
to a model-independent analysis. I specify the
asymmetries necessary to determine completely
the weak interaction parameters and relate them
to the yarity violating observables in the thermal

where k= i(k„—k&), the definition chosen by Dani-
lov. For proton- proton scattering or neutron-
neutron scattering, the superscripts pn assume
the labels pp or nn; the unlabeled amplitudes con-
tribute only to pn scattering. The subscripts s and
and t refer to singlet and triylet spin states of
the s-wave scattering amplitudes.

Final state interaction theory' furnishes both
the phase and the energy dependence of the parity
violating amplitudes at low energies. The Fermi-
Watson final state theorem requires that the phase
of the amplitudes be determined by the dominant
s-wave phase shifts, e.g. , neglecting the small
p-wave phase shift,

(ti) =
I
t(ti)

I

eie, (a) (2)

Moreover, in the N/D formalism, the final state
scattering phase shifts and the Born ayproxima-
tion to the amplitude determine the energy depen-
dence. Since the weak amplitudes are determined
for energies below 300 MeV by single pion or sin-
gle vector meson exchange, their Born apyroxi-

cayture of neutrons. One of the relations provides
a check of the photon asymmetry, the sharpest
measurement for distinguishing among models of
nonleptonic weak interactions.

The analysis is expressed in the formalism
used by Danilov4 to describe parity violation in
thermal capture. In the approximation that only
scattering in s waves is important, the scattering
amplitude for proton- neutron scattering is:
Ai'"(k) = at,'"(k)P, + a, (k)P, +p(k) (o„+oi) ~ (k+ k')

+ pt(k)[(ap- o„) (k+k')+ (i$p x o„) (k —k')]

+ isi'"(k)[(op —(y ) (k+k') (i@i, x o )~ (k k')],
(i)
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mations vary little with energy at energies below
20 MeV. Therefore, the phase shifts produce
most of the energy variation. Since the effective
range approximation is also valid below 20 MeV,
the weak scattering amplitude factors into a con-
stant characteristic of the weak interactions and
the strong amplitude describing scattering in the
final state, e.g.

t(k) = 2'" '
I
a, (k)

I

e"8"' = r"'a, (k) .

Similarly,

P(k) = g "'a,(k),
s'NN(k) pNÃa (k)

(4a)

(4b)

This is the form of the amplitudes used by Danilov.
His notation has been modified in order to indicate
the isosyin structure more explicitly; the numeri-
cal subscripts indicate the isospin transformation
properties of the amplitude. The symbol p re-
calls that these amplitudes arise in potential mod-
els from one vector meson exchange, whereas the
m''" amplitude is produced by pion production as
well.

Four polarization asymmetries are observable
in nucleon-nucleon scattering. The polarization
asymmetry is defined by:

a~~(+ 1) —o~~(-1)
o)8„(+1)+o„„(—1)

where o„„(k)is the helicity (h =+ 1) cross section.
The asymmetries are

where the subscript f indicates that the differential
cross section is integrated over the forward hemi-
sphere, and b indicates integration over the back-
ward hemishpere. For n-P scattering, the asym-
metries are

&„,o„,= -2vk(2~(8)
I a, (k) I'

+ (r"'+p2")Re[a*, (k)a2"(k)]],

n,„&„= 2vk( 2v("Ia, (k)I'

+ (~"'+p2")Re[a*, (k)a2"(k)]]. (8b)

Thermal neutron cayture"' was the first process
yroyosed for the study of yarity violation in the
nucleon-nucleon system. The circular yolariza-
tion P„and asymmetry n are written in terms of
parity violating amplitudes:

P„o„=82}[p2"a, (0) ~ 5r"'a, (0)],

(2o„= 162I2 "'a,(0),

(9a)

(9b)

marked that measuring a„~ would help determine
the isovector amplitude m"'. If, in addition, a~„
can be measured, the amplitude can be determined
unambiguously.

Two forward-backward asymmetry measure-
ments provide additional information about the
parity violating amplitudes. The forward-back-
ward asymmetry is defined by:

&„„o„„=[o,(+1)—o,(- 1)]- [o,(+ 1)- o, (- 1)],

(2 g =-4vkp22Ia22(k) I',
o.„„o„„=—4vk p,""

I
a","(k)

(6a)

(6b)

where g„denotes the total cross section and

q = ~~ (I, p „)a,(O)[a, (O) a2"(0)],1
(los)

a,„&,„= 4 k[2~"'Ia,(k)I'+r"'Ia, (k)I'

+ p('"
I

a&"(k)

o„,.„,= 4.k[ 2.()Ia,(k)I "()I.,(k)I

+ pkn
I
aPn(k) I2]

(6c)

(6d)

For n-P scattering asymmetries, the ordering of
the subscripts np indicates polarized neutrons in-
cident on protons, and the opposite ordering in-
dicates yolarized yrotons. McKellar' has re-

S (10b)

In principle, the measurements described in
Eqs. (6), (8), and (9) provide eight determina-
tions of the five amylitudes describing parity viola-
tion in the nucleon-nucleon system. A single mea-
surement determined the P-P or the n-n amplitude.
Each of the n-P amplitudes is determined in at
least two ways:

(j.)
=162},(0) ( '")

1
162k I a,(k) I'

1
8wk I a, (k) I

'

I a, (k) I

' a, (0) ' 1 1

(8) I (0) 888 " " " " 88 (0) )

(11b)

(11c)
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1 21 a, (k)l
ksk(l (k) I' —Is (k) I') " "s s+s"

I (k) Icos(8 8 )
( s I cl ))

I a, (k) I

' a, (0) 5 1

, (k) I', (0) ksk l, (k) I' " " s" " 88 (8) ' ')
1 2 I a, (k) I

8 k(l (k)l' —l, (k)l') "s" " "
I (k)Icos(8 —8 ) " " " ") '

(12b)

(13a)

(13b)

where a, (k) = a&"(k) in this set of equations. A use-
ful test for both experiments and calculations is
provided by Eqs. (9a) and (9b):

(n„~(y„~ n~„-g~„)=,
)

k ia, (k) ~'(ng„). (14)
qa, (0

Since both sets of observables measure the am-
plitude m"', which may vary by an order of mag-
nitude according to the model of weak interactions,
the relationship is a low energy consistency check
of the crucial parameter in the study of M = 0 non-
leptonic amplitudes.

The other amplitudes do not vary as much as n'"
with weak interaction models, but their analysis
is necessary for a complete understanding of par-
ity violating processes. The isospin structure of
the amplitudes p~" is revealed in the decomposi-
tions:

PP (0) (2& (&)
'v'10 ~ (15a)

nn (0) (2) (1)
'~10 ' (15b)

pPn p
(0) ~p (2) (15c)

There are precisely three isospin amplitudes and

they are uniquely determined by the three nucleon-
nucleon amplitudes.

Theory does not suggest that any of the isospin
amplitudes are negligible. Naively, octet domi-
nance suggests that the isoscalar amplitudes are
much larger than the isotensor. However, as a
phenomenological description of pion decays of
baryons, octet dominance may not apply to NNp
amplitudes. ' Moreover, in calculations of the
thermal neutron capture circular polarization
[cf. Eq. (9a)j the two isoscalar amplitudes almost
cancel. ' The dominant contribution to P„ is pro-
duced by the isotensor amplitude, which must be
enhanced by two orders of magnitude to explain
the experimental value. Isotensor dominance' has
been proposed, but its theoretical justification has
yet to be provided.

Whether isoscalar or isotensor amplitudes dom-
inate cannot be resolved without analysis of the
isovector amplitude p"'. Appearing as the iso-
vector (~;~', +r', r,') in potential models, the ampli-
tude arises in the factorization approximation from
products of neutral currents such as J'„J', or

J',J', , where the superscripts are SU(3) indices.
The isovector amplitude does not occur in the
Cabibbo model, which contains only charged cur-
rents. However, neutral currents occur in many
models of the weak interactions. In the d'Espagnat
model" and the Salam-Weinberg" gauge theory,
the neutral currents which enhance w"' also pro-
duce a significant p'" amplitude. Hence, if neu-
tral currents are as important in nonleptonic pro-
cesses as they are in semileptonic processes,
there is no justification for disregarding the iso-
vector contributions to p"," and p&~. The isoscalar
and isotensor amplitudes cannot be extracted from
p~~ and p~" alone.

The prognosis for performing the experiments
capable of accurately determining the isospin am-
plitudes is not promising for several years. Of
the measurements of P, " and a»' already made,
only the measurement of P, has unambiguously
observed an effect. Measurement of P, and a are
currently being performed, " and n» is being mea-
sured more precisely. With the availability of
monoenergetic, polarized neutron beams and po-
larized proton targets, experiments to measure
z~„and a.„~ are conceivable, if difficult. The po-
larization asymmetry e„„is the most remote of
the necessary experiments, since neutron-neutron
scattering experiments have not been done at all.
The alternative is a neutron-deuteron scattering
experiment, but the extraction of the asymmetry
parameters at the low energies required for a
model-independent analysis appears to be a diffi-
cult theoretical problem. However, such an ex-
traction is essential if theoretical arguments can-
not be developed to discount the isovector corn-
ponent of p",".

Fortunately, determination of the isovector z"'
requires less difficult experiments and provides
the most information about nonleptonic weak inter-
actions.
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