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points from p-p coincidence counting with a deuterium
target [process (a)j. Figure 3 refers to process (b),
with data obtained partly by p-rt coincidence counting
and partly by counting neutrons alone, all from a
deuterium target. Data on process (c), as well as the
experimental description of the work and a detailed
discussion, are to be given later.

The curves thus obtained give some information on
nucleon-nucleon scattering. A first step in their analysis
is to obtain from them whatever information is possible
on phase shifts of the diferent partial waves.

By Fourier analysis of the asymmetric part of the
cross section limited to the minimum number of
harmonics necessary to fit the data, we find

(Po)„v= 1..348 sin28+0. 242 sin48+0. 116 sin68, (3)

(Pa) „=—0.016 sin8+0. 958 sin28

+0.324 sin38+0.366 sin48. (4)

The solid curves in Figs. 2 and 3 represent these
equations. If the sixth harmonic term is omitted from
Eq. (3) the fit is still fairly good; however, the fourth
harmonic term is necessary in both Eqs. (3) and (4)
to 6t the data satisfactorily.

From the Fourier analysis it is possible to infer some
conclusions on the phase shifts, as is to be shown in the
following letter by Dr. B. D. Fried.

This work was performed under the auspices of the
U. S. Atomic Energy Commission.
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EVERAL attempts have recently been made to 6t
nucleon-nucleon scattering data using a small

number of phase shifts. ' In particular, Thaler and
Bengston have shown that with seven phase shifts —'S,
35, 'P', 3P and a single 'D—it is possible to get a good
6t to both the p-p and rt pdifferential cross section-s
at an- energy of 260 Mev. It is of interest to see whether
the recent experiments by Chamberlain et al.2 on the
scattering of polarized protons at a similar energy are
consistent with the Thaler and Bengston phase shifts.

If partial waves with L&2 are excluded and Coulomb
sects are neglected, then, for an incident beam of

all 9S(811)812)+6S(810)512)I (2)

where S(x,y) = —S(y,x) =sine siny sin(x —y), and 81&

are the 'P phase shifts.
In their analysis, Thaler and Bengston assumed that

(a) the nuclear interaction is charge-independent;
(b) the triplet phase shifts are all equal,

~21 ~22 ~23= +2 y (3)

(c) the mixing of 'S and 'D waves, such as would result
from a tensor force or other noncentral interaction, can
be neglected. The cross section for polarized protons
scattered by neutrons is then

(da/dQ) „='(do. /dQ) „„—+ 'k ' P C„—P„(cos8)

Again, the C„are given by TBB,' while

Do=5S( E0,812) —3S( E0,511)—2S( E0,810),
and

D2 —5[5S( E2)812) 3S( E2)811) 2S( E2)810)jy

where 3EO is the 3S phase shift.
An examination of the qualitative features of Eqs.

(1) and (4) shows that they are incompatible with the
data on the scattering of polarized protons as presented
in Figs. 2 and 3 of the preceding letter. The following
points may be made: (1') According to Fig. 3, (Po)„„
contains an appreciable amount of fourth harmonic,
whereas Eq. (4) allows none; (2') The amplitudes of
the second harmonic components of (Po)„v and.
(Po)„„have a ratio o. f 1.4 instead of the ratio of 4.00
predicted by Eqs. (1) and (4); (3') The (Po)v „data.
cannot be fitted with a second harmonic term alone.

One obvious conclusion which may be drawn from
these observations is that partial waves with L&2 are
necessary, as is certainly to be expected at this energy
(k '=5.1X10 " cm). In particular, since only triplet
partial waves can contribute to the polarization, the
fourth harmonic in (Pa)v v requires at least a 2F term.
However, it may be noted that the discrepancies (1')
and (2') above could be resolved without using partial
waves with L)2. The absence of a second harmonic
term in (Po)v „e(Po)„v and the la—ck of a fourth

completely polarized protons,

(do/dQ) ~v= k '[A0P0(cos8)+A2P2(cos8)
+A4P4(cos8)+Br cosg sin8P1(cos8) j, (1)

where k is the wave number of the relative motion, 8
and p are the usual center-of-mass polar angles, and
the initial momentum and polarization of the incident
protons have been chosen along the s and y axes,
respectively. Explicit expressions for Ao, A2, and A4
in terms of phase shifts are given by Thaler, Bengston,
and Breit.' In the same notation,
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harmonic term in (Po-)„„are both consequences of
the special assumptions (b) and (c) mentioned above.
If the requirement (3') and the assumption that 'S and
'D do not mix are dropped, then the missing second
and fourth harmonic terms will appear (the former
arising from interference effects between the sS(Yo')
and sD(Ys+') partial waves, the latter from interference
between different 'D partial waves). Thus, it may be
possible to fit the data of Figs. 2 and 3 of the preceding
letter and also the ordinary rt-p and p-p differential
cross sections (for unpolarized protons) by using the
most general set of phase shifts consistent with I.&2,
together with a single 'F phase shift [to give the sin 4t)

term in (Po)o „j. .

The number of parameters available in this scheme
is 13 (12 real phase shifts plus one real "mixing pa-
rameter" for the 7=1; 1.=0, 2 part of the scattering
matrix'), while a Fourier analysis of the data will
provide 18 Fourier coefficients —2 from (I'o)„„,5 from.

(I'o)o „, and 4 and 7 from the unpolarized p-p and
I pcross sectio-ns, respectively). Of course, even aside
from the experimental uncertainties in these Fourier
coefficients, it is not likely that a unique set of phase
shifts can be found, for as can be seen from Eqs. (2)
and (5), the Fourier coefficients are by no means
single-valued functions of the phase shifts. Calculations
aimed at ending a set of phase shifts consistent with
the present knowledge of the cross sections are now in
progress.

I am indebted to Drs. Segre, Chamberlain, and
%iegand and to T. Ypsilantis and R. Tripp for many
informative discussions on polarization experiments.
This work was performed under the auspices of the
Atomic Energy Commission.
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FIG. 1. Angular distribution in the c.m. system of all the 7r's from
the reactions x +p~~ +p+~' and ~ +p~vr +n+~+.
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production of a single m'. The neutron usually goes
backward in the center-of-mass system with an average
momentum of 500 Mev/c. The sr+ and sr emerge from
the reaction with an average angle of 135' between
them in the c.m. system. The angular distribution of
the sr++sr is very similar to the angular distribution
of the sr +sr' from the reaction sr +p~sr —+sr'+p.

The center-of-mass angular distribution of all the
mesons from the above two reactions is given in Fig. 1.
There is evidence of peaks in the forward and backward
direction in the c.m. system. The forward peak contains
Inostly fast mesons, and the backward peak relatively
slower mesons in the c.m. system, as shown by Fig. 2
which gives the angular distributions of mesons of
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S has been pointed out previously, ' most sr=p
collisions at 1.5 Bev lead to the production of a

single additional m meson. Since the last note more
data have been obtained. (About 150 sr=p interactions
have been examined. ) In particular, the reaction
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sr +P—+sr++sr +rt

shows characteristics very similar to those of the
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FIG. 2. Angular distributions of rnesons of momenta greater than
and less than 350 evM/ in cthe c.m. system.


