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ANGULAR DISTRIBUTIONS FOR nt p - 1°n AT 315 AND 371 MeV*

Richard J., Kurz and Don L. LindT

Lawrence Radiation ILaboratory
University of California
Berkeley, California
July 6, 1964
We report here an analysis of the angular distribution of the reaction
xp - n°n incorporating four classes of data: (a) previously-published
y-angular distributions at T _ = 317 and 371 Mev™ (Tﬂ_ = incident n  kinetic
energy); (b) the neutron differential cross section at T.- = 374 MeV in the
* o % *

range 84 < en < 133 deg (en = c.m,-system neutron angle =n - eﬂo, * denotes
c.m.-system variable), (c) neutron differential cross sections at T - = 313

3

. *
and 371 MeV in the range 21 < en < 123 deg”; and (4) the differential cross

*
section at Qno = 0 deg calculated from the forward-direction, fixed-momentum-
transfer dispersion relations for pion nucleon scattering.LL A least-squares

analysis was performed to fit these data to the c.m.-system differential cross

section in the form:
N
do * *
3o% (cos Qﬂo) = E: aﬂfk(cos Gﬂo) . (1)

£=0
The y-data were incorporated into the least-squares analysis
*
according to the procedure used by Caris et al, IT dc/dQ is represented
as in Eq. (1), the expected experimental y-angular distribution in the c.m,
system, taking into the account the y detection efficiency of the experimental

system, is given by:

N 1
ag” % dxP, (k)_
T (cos 97) = z: a,P, (cos 9 /| , (2)
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where x is the cosine of the angle between the photon and the no in
the c.m, system, y and n denote the motion of the 7° rest system with respect
to the c.m, system, and e(k) is the y-detector efficiency as a function of
the photon lab-system energy, k, which in turn is a function of x and cos 9;,

The present analysis started with the uncorrected data of Caris et
al, (see Table IV, Ref. 1). The correction of the observed distributions to
take into account photons originating from the reactions = p - 1°x°n and
ﬂ_ﬁop was reperformed., The availability of more precise information on these

5

reactions made a more accurate estimation of the correction feasible.” For
each reaction we assumed that the ﬂo's had an invariant phase-space energy
distribution and an isotropic angular distribution in the c.m. system. We
calculated the corresponding lab-system distribution of photons in energy
and angle, dgd/dkdﬂ, with a normalization determined by the total cross

- *
sections for the n°x’n and n nop reactions, To obtain the values of dcy/dQ

used in this analysis, we subtracted the quantity,

inel dgc(k,e )
_d_O‘_d_Q (97) = [dk akas 2 - e(k) , (3)

from.the uncorrected data pointé of Caris et al. We used their original
values for the remaining corrections that they discuss. The values used
in the least-squares analysis are given in Table I,

The neutron data provided information on the portion of the angular
distribution in which the uncertainties in the y data are greatest. The
relative magnitude of the calculated corrections to the y-angular distribution
is greatest for 9; > 90 deg. In addition, the statistical weight of the y

data is lowest in this region.
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Two experiments with similar neutron detectors and time-of-flight
techniques were performed to obtain the two classes of neutron differential
cross section data, It was not possible to make a separation between.the
neutrons from the n p —anon reaction and those from the ﬂonon reaction for
6, < 40 deg with the arrangement of the experimental system used in the
Tﬁ_ = 374 MeV measurements., To provide a clear separation for en > 10 deg
the second set of neutron measurements of Tﬂ_ = 313 and 371 MeV were made
with a configuration of.the system yielding higher neutron-energy-resolution.
The values of the neutrgn differential cross section in the c.m., system that
we used in the least-squares analysis are given in Table I,

The forward-dispersion-relation values of the differential cross
section at 6:0 = 0 deg that we employed in the analysis are also given in
Table I.

We performedlthe least-squares analysis with (a) the recorrected
y data alone, (b) the neutron data and the dispersion-relation points, and
(c) all data simultaneously. The results are given in Table II. At

for the various data) and 371 MeV the probability

T - =315 (the average T
~of fit was not significantly increased for N > 2 for case (a) and for N > 3
for cases (b) and (c). At T__ = 315 MeV for case (c) the y-data point at
cos e; = - 0,869 was deleted since the inclusion of this point decreased the
probability of fit for N = 3 to 0,03, Similarly, at Tﬁ_ = 371 MeV the y-data
point at cos 6; = - 0,955 was deleted since the inclusion of this point
decreased the probability of fit to 0.001,

The differential cross section for = p —>non at Tﬁ_ = 315 and 371 MeV
as determined by the least-squares analysis of the recorrected y data and by

the analysis of the combined data are plotted in Fig. 1. The non-zero value
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of a3 obtained in the combined data analysis is consistent with the require-
ment éf at least D-waves in other analyses of pion-nucleon interactions at
Titz 310 MeV.,6 Howevér, the behavior of the angular distribution in the
region of 9:0 = 180 deg is not consistent with any of the SPD~solutions of
Vik and Rugge. The same comment applies to the results of measurements of
the neutron polarization in TP —>Hon at Tﬂ_ = 310 MeV.7 The differential
cross section obtained here corresponds most closely to predictions obtained
from SPDF-solutions II and IV of Vik and Rugge°8 We note that the SPDF-solution
IT of Vik and Rugge is preferred by the recent theoretical analysis of pion-

9

nucleon scattering of Donnachie et al, The angular distribution at

Tﬂ_ = 315 and 371 MeV presented here deviates from that determined from the

v data alone in a manner which is in agreement with the predictions of an
energy-dependent phase-shift analysis of pion-nucleon scattering by Roper.,8’lO
The predictions by Roper at Tn' = 310 and 370 MeV are alsc plotted in Fig. 1.
.He used the data of Caris et al. in his analysis as well as all other
available data on pion-nucleon scattering (including the neutroh polarization
data referred to above). At both energies, dG/dQ* for 9:0 > 90 deg is lower
than the predictions by Roper., At 9:o = 180 deg, isotopic spin considerations
place a lower limit on dc/dQ for np - n°n in terms of the differential cross
sections for nip —anib at o, = 180 deg.

@ 2z (%) : ()

If we use the available data on elastic scattering,ll this limit is
0.77 + 0,20 mb/sr at T - = 310 MeV and 0.13 + 0.06 mb/sr at T - =370 MeV,
The values corresponding to the N = 3, combined-data fit of Table II are

0.50 + 0,11 mb/sr and 0,07 + 0.07 mb/sr respectively. Thus the present
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charge-exchange angular distributiorsat 9:0 = 180 deg are barely compatible
with this limit.

It is a pleasure to thank Dr., L, David Roper for his helpful
discussions and cooperation in transmitting the results of his phase-shift
analysis. We are grateful to Dr., T. D, Spearman for pointing out the limit
on charge-exchange differential cross sections at 180 deg. We are indebted
to Dr. Victor Perez-Mendez, Professors Burton J. Moyer and A. Carl Helmholz

for their interest and support.
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FIGURE CAPTION

Figure 1. Differential cross sections for n p »%n, — N = 3,
combined-data fit; -.- N = 2, ¥ data fit; -- predictions by

the phase-shift solution of Roper.



Table I. x p — non Angular Distribution Data
a b c a
cos 6, dcy/dQ* cos 0. dc/dﬂ* cos 6. dd/dQ* cos 60 dO’/dQ*
(mb/sr) n (mb/sr) o (mb/sr) T (mb/sr) -
T - 317 MeV 313 MeV 315 MeV
1.000 2.80+0,20 - 0,536 1.77+0.20 1.000 ,3040.57
0.889 2. 4h+0,15 - 0.385 1.40+0,14
0.779 2,18+0,1k - 0,222 0,73%0.07
0.598 1.64+0,11 - 0,050 0. 44+0,04
0,225 0,80+0,06 0,125 0.27+0.03
- 0.199 0,29+0,05 0.297 0.23+0,02
- 0.589 0.21+0,0k4 0.461 0,27+0,03
- 0.869 0.39+0.0k4 0,612 0,32+0,04
- 0.952 0.31+0,05 0.745 0.37+0.0k4
0.853 0.41+0.05
0.933 0.46+0,10 &
T - 371 MeV 374 Mev 371 MeV 371 MeV
1.000 2,59+0,17 - 0,678 1.69+0,17 1.000 3.65+0,.65
0.970 2,25+0,15 - 0,545 1.31+0.13 - 0.545 1.59+0.16 '
0.882 2,12+0,13 - 0.400 0.97+0,10
0,766 1.84+0,11 - 0.233 0.62+0,06 - 0.233 0.60+0.,06
0.577 1.23+0,08 - 0,062 0,41+0.0k
0,194 0.60+0.05 0.113 0.22+0.02
- 0.230 0.23+0,0k4 0.500 0.14+0,01
- 0.610 0.14+0.05 0.74%0 0.11+0.01
- 0.877 0.05+0.05 0.932 0,10£0.01 =
- 0.955 0.26+0.05 &
L
N
(a, b, ¢, and 4 refer to the designations in the first paragraph of the text,) &
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Table II., Results of the least-squares fits?of the differential

. - o}
cross section for w p - n n to the form

N
do * *
o (cos eno) = E: a,P, (cos eno)
£=0
. Probability
Ta- N &g a1 &5 a3 of Fit
(MeV) _ (mb/sr)
315 a 2 1.31+0,04 1,86+0.08 1.57+0.11 - 0.57
b 2 0.92:0,0h 1,1720.08 0.960.07 - 1073

3 1.13#0.06 1.7330.14 1.50%0.13 0.L4+0.09  0.88

c 2 1.,16+0.03 1.62+0.05 1,31+0.05 - < 1o'LL

3 1.21#0.03 1.8820.06 1.61+0.06 0.45+0.06  0.40

371 a 2 1,0040,03 1.62+0.06 1,12+0.08 - 0.15

b 2  0,60+0,02 0.89+0,05 0,44+0.,03 - < 1o‘LL

3 0.80%0.03 1.37+#0.08 0,96x0.07 0.31+0.0k 0.75
c 2  0.77+0.02 1,26+0.03 0.67+0.02 - < 1o'u

3 0.89%#0.02 1.57#0.04 1.1320.0k 0.38:0.03  0.12

a. 7 data only.
b. Neutron data and forward direction dispersion relation point,

¢, All data conmbined.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission™ includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








