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The angular distribution for the np —+ da reaction has been measured at 795 MeV from
2' to 178' center of mass to search for direct evidence for charge symmetry breaking forces.
No evidence for an asymmetry about 90' is found to the order of + 0.50% for the integrat-

ed asymmetry parameter Afb. Good agreement is obtained for the shape of the angular dis-

tribution with those for the pp ~d~+ reaction near 800 MeV. Definite evidence is found

for the f wave pi-on-deuteron final state.

NUCLEAR REACTIONS np —+ dm, E = 795 MeV; measured

o(8) deduced Legendre polynomial coefftcient ratios: test of charge

symmetry breaking forces of strong interaction.

I. INTRODUCTION

A restricted definition of the charge independence
of nuclear forces states that pp, np, and nn forces
are equal to each other in the same space-spin
states. If charge independence (CI) is valid, the
Hamiltonian of the system must commute with the
total isospin operator T;[H,T ] = 0. Charge sym-

metry (CS) requires the same behavior for a charge-
reflected system as for the original one, and a
charge symmetry operator Pcs, can be defined such
that [Pcs,H] = 0 if CS is a valid symmetry.

Charge symmetry implies the equality of nn and pp
forces, but this is not a suAicient condition for CS,
since the statement [Pcs,H] = 0 also has implica-
tions for the np system.

Henley and Miller' have characterized the charge
dependence of nuclear forces according to their isos-

pin dependence as follows:

Class (I): forces which are isospin invariant or
charge independent; in this case any isospin depen-

dence is proportional to r(1) . r(2), where r(i) is the

Pauli isospin operator for particle i.
Class (II): forces which maintain charge sym-

metry but break charge independence.

Class (III): forces which break both charge in-

dependence and charge symmetry of the form
Vtn —d [13( 1 ) + r3(2)]; a class (III) force differen-
tiates between nn and pp systems, but does not give
rise to transitions between states of different isospin
in the two-body system.

Class (IV): forces which break both charge sym-
metry and charge independence; these cause transi-
tions between states of different isospin. These
forces are proportional to

Vtv ——e [r3(1) —r3(2)] +ffr(1) X r(2)]3,

with [Vtv, T ]@0. Both class (III) and class (IV)
forces contribute to charge symmetry breaking
(CSB) effects.

Although it is known that charge independence is
not strictly valid, primarily due to the mass differ-
ence of neutral and charged mesons exchanged
between nucleons, no clearcut violation of charge
symmetry of nuclear forces has yet been detected. '

As pointed out by Henley and Miller, ' low energy
'So N-X scattering lengths and effective ranges
show a clear but small violation of charge indepen-
dence, but within the experimental and theoretical
uncertainties show no evidence for violation of
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charge symmetry.
Possibly the best indirect evidence for CSB forces

comes from the comparison of binding energies of
mirror nuclei, particularly He- H. Brandenburg,
Coon, and Sauer, after examination of the binding
energy difIerence for the He, H systems, conclud-
ed that 81 + 29 keV of the experimental binding en-

ergy difference of 764 keV must be attributed to nu-

clear CSB forces; the rest is due to Coulomb forces.
Friar and Gibson deduced very nearly the same
result. Another experimental manifestation of CSB
forces would be the inequality of the nuclear part of
the m+ and m. -deuteron scattering cross sections.
Pedroni et al. measured the total cross sections for
m+4 and ~ d scattering in the energy range
70—370 MeV. After correcting their results for
Coulomb eAects of the order of 3%, they report en-

ergy dependent differences, also of a few percent,
between the m+8 and m d total cross sections at en-

ergies corresponding to formation of the pion-
nucleon 5 resonance, indicating a violation of
charge symmetry. In all of the above cases, it
should be noted that large Coulomb effects must be
calculated before the extraction of any CSB portions
of the strong interaction. DifII'erences between the
nn and pp interactions, and the energy splitting of
the mirror nuclei pair He- H, can be attributed to
class (III) type forces, since although class (IV)
forces contribute in general to energy splittings of
mirror nuclei, they vanish for l = 0 states, and,
therefore, vanish for the He- H pair. Myhrer and

Pilkuhn have discussed how the mass differences of
the 6++, 6+, 6, and 6 can lead to cross section
differences for m+d and w d scattering at the ener-

gies reported by Pedroni et al. Henley and Miller'
discuss the effects of CSB in two pion exchange
processes which lead to long range forces due to
these mass diA'erences.

Theoretical calculations have been carried out for
two experiments which are sensitive to class (IV)
CSB forces. The presence of CSB forces can be
tested in n-p scattering by comparing the polariza-
tions of the neutron elastically scattering at a c.m.
angle 8 with that of the proton at (m —8) or in an

experiment which compares the analyzing power for

np scattering with that for pn scattering. Calcula-
tions indicate that polarization differences between
the polarization of the neutron and the proton are
due mainly to electromagnetic interactions (one-

photon exchange), and are of the order of several

tenths of a percent. Cheung, Henley, and Miller
have also carried out theoretical calculations for the
second experiment,

'
the measurement of the angular

asymmetry about 90' of deuterons produced in the
np ~de experiment. They calculate a cross-
section diAerence at the extremes of the angular dis-
tribution

Ao o(0) —o(180)
o 0.5[o(0) + o(180)]

of 0.8% for neutrons incident at 577 MeV. The
asymmetry arises mainly from the ~ —g mixing
occurring through electromagnetic forces. Cheung
has carried out a similar calculation at 800 MeV for

mixing.
As first suggested by Yang, if the strong interac-

tion is charge independent (isospin conserving), the
cross sections for the tmo reactions

np ~dK (3)

must differ exactly by a factor of 2. That is, dif-

ferential cross sections measured at the same center
of mass energy for the two reactions must have the
same angular dependence and diAer only in magni-

tude. A comparison of the shapes of the two reac-
tions requires accurate measurements for both reac-
tions, as mell as corrections for Coulomb effects and

for (n,p) and (a+,m. ) mass differences. Considering

only the np ~dn. reaction, if CSB forces are not
present, the np ~dn. angular distribution must be
symmetric about 90', since for reaction (2) identical
particles are in the entrance channel. Cheung, Hen-
ley, and Miller show that the presence of either
class (III) or class (IV) CSB forces leads to an
asymmetry about 90 degrees. This test of the asym-
metry about 90', which we report on here in a mea-
surement of the full angular distribution from 2 to
178 degrees at 795 MeV, does not rely on any other
measurement, or upon Coulomb corrections, and so
provides a direct test for charge symmetry breaking
forces.

In 1952 Hildebrand" reported the first measure-
ment of the np ~d~ angular distribution, and
found no asymmetry about 90. The most accurate
recent np ~ dm measurements are those of Bartlett
et al. ' and of VA'lson et al. ' However, Bartlett
et al. were not able to detect the need for a cos 0
term to fit their np ~de data. Wilson et al. were
able to place an upper limit of about l%%uo on the
real part of the ratio of isospin violating to isospin
conserving amplitudes.

Both of the measurements of Refs. 12 and 13
used a continuum neutron beam. Due to the reac-
tion kinematics, deuterons corresponding to center-
of-mass angles both greater and less than 90' are
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over the laboratory angles from 0 to 4 degrees is

shown in Fig. 4. The peaks near 1600 MeV/c and
850 MeV/c momenta result from deuterons from
the np ~de reaction, emitted near 0' and 180',
respectively, in the center of mass. The diA'erence

in size of the two peaks results from the difference
in the Jacobians which translate the laboratory cross
sectio'ns to the center of mass. The momentum re-

gion between the peaks contains deuterons associat-
ed with double pion production. ' All the

np ~de deuterons are emitted in the forward direc-
tion into a cone of a half angle of approximately
15; and since the spectrometer has an angle accep-
tance of approximately 4', it was possible to mea-

sure the full deuteron angular range with four posi-
tions of the spectrometer.
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FIG. 4. A deuteron momentum spectrum obtained
near 4 degrees. The two peaks near 850 and 1550
MeV/c result from the np ~ dm reaction for deuterons
emitted near .180 and 0 degrees, respectively, in the
center of mass. The deuterons between the two peaks
result from double pion production.

III. RESULTS AND DISCUSSION

A. Corrections to the data
795 MeV neutrons as shown in Fig. 5. To minim-
ize events caused by 490 MeV neutrons, the beam

chopper was adjusted to minimize the size of the
early beam satellite. The relative sizes of the beam
satellites were monitored in the off-'line analysis by
means of the np ~pn elastic scattering reaction
which was measured simultaneously with the

np ~d~ reaction. A two parameter plot of neu-

tron Aight time versus proton momentum showed
the satellite peaks clearly resolved from the main
burst for the high momentum charge exchange pro-
tons. An on line monitor of the satellites enabled
the size of the early satellite to be kept at less than

The beam chopper at the ion source allowed
some contamination from beam bursts 1 micropulse
( 5 nsec) on either side of the main beam pulse;
that is, a small satellite burst was present on either
side of the main burst. The neutron Aight path
length from the liquid deuterium to the liquid hy-
drogen target was such that any 490 MeV neutrons
produced by protons in the early beam satellite
would arrive at the liquid hydrogen target at the
same time as 795 MeV neutrons from the main
beam burst; these 490 MeV neutrons would produce
np ~ dm deuterons at a laboratory angle near 11'
with a momentum of 950 MeV/c, . kinematically in-
distinguishable from deuterons near 11' produced by
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FIG. 5. The two-body reaction kinematics showing
deuteron laboratory momentum versus angle for the
np ~dm reaction at 800 and 500 MeV. Note that near
11 degrees, deuterons from both incident energies appear
with the same momentum.

FIG. 3. The mass spectrum obtained with the spec-
trometer for charged particles resulting from all incident
neutron momenta. Protons and deuterons are unambigu-
ously separated.
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0.7% that of the main peak. In order to correct for
deuterons produced by contamination resulting

from the early. satellite, cross sections from the mea-
surements of Aebischer et al. ' were used; the
resulting correction for the np —+ dm deuteron yield
for 795 MeV for a laboratory angle near 11' was
3%. A further correction was applied to the neu-
tron monitor yields, since the monitors were not
able to distinguish neutrons in the main burst from
those from satellite bursts. This correction, namely
the percentage of neutrons resulting from the satel-
lite proton bursts, ranged from 0.7% to 1.8%.

Target empty runs were made at all angles to
provide data for background subtraction. This
background resulted primarily from deuteron pro-
ducing reactions in the Mylar entrance and exit
walls of the liquid hydrogen flask, and varied from
~ 3% at the larger angular positions to 13% at
0 degrees. Dead time effects in the data acquisition
were accounted for and ranged from 4% to 11%.

Some deuterons were lost primarily due to break-
up in traversing the liquid hydrogen target and spec-
trometer. The fraction lost is momentum dependent
and this leads directly to an angle dependent error
which is manifest as an asymmetry in the center-of-
mass cross section. Two prescriptions have been
used in the past to calculate the magnitude of the ef-
fect. In one case' the deuteron-nucleus total cross
section is built up from the neutron- and proton-
nucleus cross sections, multiplied by a screening fac-
tor: o~ = (cr„„+o~q ) )& 0.97. The nucleon-
nucleus cross sections are given by
u~g ——[(A —Z)o~„+ Z(x~p] X [1 —0.155A ].
The data for the nucleon-nucleon total cross sec-
tions are taken from the compilation in Ref. 18.
An alternative method' approximated the cross sec-
tion for the various materials as os ——ad~A
Using the parametrization of the total nucleon-
deuteron cross section given by Seagrave, the two
prescriptions agreed for our particular application to
within + 0.3% over the range of deuteron momenta
covered. The correction ranged from 1.3% to
4.2%.

The angular and momentum resolutions of the
spectrometer were not adequate to resolve the
np —+de deuterons from contamination due to the
np ~dy reaction, except near the kinematic angular
limit. Corrections were made for this contamina-
tion by subtracting np ~dy cross sections from the
data. The np —+ dy cross sections were obtained by
using detailed balance to transform the 405 MeV
yd ~ np cross sections of Keck and Tollestrup ' to
the equivalent —800 MeV np ~dy cross sections.

For these corrections the neutron flux and target
thickness factors were estimated from the absolute
np ~ dm cross sections, which were assumed to be
one half the pp ~de+ cross sections of Ref. 22.
The np ~dy corrections varied from ~ 0.1% near
170 c.m. to 0.5%%uo near 70 c.m. The other deu-
teron producing reaction, np ~ d(mm. ), was easily
separated kinematically from the single pion pro-
duction reaction over the whole angular range.

B. np ~de angular distribution data
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FIG. 6. The angular distribution for the np ~de
reaction measured in the present experiment, plotted
versus cos (8, ) with 8, that of the deuteron. the
symbol V (5) is for center of mass angles less than

(greater than) 90 degrees. The solid line represents the
6th order Legendre polynomial fit which best describes
the data.

For each event, the deuteron center-of-mass angle
was calculated from a combination of the measured
neutron Aight time, and deuteron laboratory angle
and momentum. The neutron momentum was
determined from the flight time to —25 MeV/c,
the deuteron momenta to —1%, and the deuteron
angle to —6 mrad. The events were then binned
directly in the center of mass in angular bins of
three degrees. The relative differential cross sections
are listed in Table I. The measured angular distri-
bution is shown in Fig. 6, with 8, being that of
the deuteron. The symbol V (5) indicates data for
angles less than (greater than) 90' c.m. The errors
shown are statistical only. The solid curve is a sixth
order Legendre polynomial fit to the data, using
even orders only. The coefficients are listed in
Table II. The inclusion of the sixth order term im-
proves the quality of the fit significantly.
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TABLE I. Relative differential cross sections for the np ~dm reaction at 795 MeV, nor-
malized to provide a maximum value of 1.0. 0, is that for the deuteron. The errors are sta-
tistical only.

0,
(deg) cos (0, )

do/dQ+ ado/dQ
(relative units)

2.01
4.64
7.62

10.54
13.35
19.14
22.52
25.55
28.53
31.51
33.40
37.53
40.05
43.49
46.52
49.50
52.48
58.50
61.54
64.11
70.53
73.51
76.49
79.53
82.51
85.43
88.52

0.999
0.993
0.982
0.967
0.947
0.893
0.853
0.814
0.772
0.727
0.697
0.629
0.586
0.526
0.473
0.422
0.371
0.273
0.227
0.191
0.111
0.081
0.055
0.033
0.017
0.006
0.001

0.985
0.948
0.870
0.949
0.950
0.899
0.949
0.947
0.939
0.943
0.929
0.908
0.876
0.776
0.796
0.740
0.729
0.567
0.556
0.512
0.456
0.379
0.3?3
0.357
0.356
0.341
0.356

0.071
0.041
0.042
0.046
0.049
0.056
0.046
0.045
0.044
0.045
0.081
0.032
0.038
0.025
0.024
0.024
0.024
0.023
0.021
0.025
0.023
0.023
0.022
0.021
0.021
0.021
0.012

91.50
94.48
97.52

100.50
103.48
106.51
109.49
112.47
115.51
118.49
121.47
124.50
127.48
129.55
130.46
133.50
136.48
139.46
142.50
145.02
148.45
150.69

0.001
0.006
0.017
0.033
0.054
0.081
0.111
0.146
0.185
0.227
0.272
0.321
0.370
0.405
0.421
0.474
0.526
0.577
0.629
0.671
0.726
0.760

0.314
0.321
0.308
0.328
0.371
0.402
0.431 .

0.482
0.513
0.508
0.628
0.651
0.695
0.844
0.747
0.771
0.829
0.856
0.900
0.920
0.941
0.883

0.011
0.012
0.011
0.012
0.012
0.014
0.014
0.026
0.028
0.029
0.015
0.015
0.016
0.063
0;020
0.020
0.020
0.022
0.022
0.023
0.041
0.066
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TABLE I. (Continued)

0,
(deg) cos'( 0, )

do./dQ + ado/d 0
(relative units)

151.49
154.47
156.07
157.45
160.49
166.44
169.42
172.40
175.38
178.02

0.772
0.8 14
0.835
0.853
0.888
0.945
0.966
0.982
0.994
0.999

0.974
0.929
0.952
0.967
0.940
0.868
0.927
0.970
1.000
0.937

0.030
0.03 1

0.118
0.035
0.035

0.043
0.034
0.043
0.060
0.027

10 mb/sr (4)

where P; are normalized Legendre polynomials.
Bartlett et al. ' have argued that the important CSB
transitions from the initial isospin 0 part of the np

system to the final isospin 1 m d system are

a( ——Pi~ S)1 3

a2 = Pi~ D3

a3 ——It 3~ D31 3

(5)

These transitions interfere with the dominant charge

symmetry conserving transition a 0
——'D

2 ~ P2,
which gave the angular distribution the dominant

shape of a second order Legendre polynomial. This

interference gives rise to odd orders of Legendre po-
lynomials in the angular distribution.

We have applied least squared fits to the present

data using the functional form

(6)

C. Tests for symmetry about 90' c.m.

The results of Cheung's calculations at 800 MeV
read to any asymmetry about 90' c.rn. which can be
parametrized

Acr(8) = [o (8) —o(~ —8)]

= [0.277P t + 0.204P3 + 0.036P5]

A o. Each row in Table II contains the results from

a separate least squares fit in which the free coeffi-

cients are those with nonzero entries. Data points
near 90' c.rn. were observed to have consistently

high 7 contributions in the fits. All searches were

repeated after removing four points from the data
on either side of 90'. The results of these searches

are presented as the last three entries in Table H.
We observe no statistically significant odd order of
Legendre polynomial, except perhaps for A &/A p in

the first group of coefficients. With the data points
near 90' removed, A 5/A o is consistent with zero.
The seventh column in Table II lists the degree with

which the data agrees with the results for Cheung
for b,cr(8) at 800 MeV. A value of + 1.0 would

indicate complete agreement. For this comparison
we have assumed that

o(np ~der ) =
~ o (pp ~de+ ) of Ref. 22. Note

that the maximum predicted value of Acr(8) occurs
at 0' and is equal to —0.5 4Mb/sr. To detect an

asymmetry of this size would require the coefficient
ratio for the odd P; to be determined to better than
+ 0.005, about double the precision of the present

experiment.
An asymmetry about 90 can also be expressed as

a forward-to-backward cross section ratio A&,
where

m/2 7r

A~ = f crdQ —f odQ

Odd powers of P;, from one to five, as well as the
. form for hcr(8) from above, were used to search for
asymmetry about 90' c.rn. The result of the
searches are tabulated in Table II as ratios of each
Legendre coeAicient to the zeroth order coefficient

m/2

X f, od&+ f, od& (7)

The results for A~ from the present experiment are
also listed in Table II as percentages. Again, except
for A~ calculated from the A &/A p coefficient of the
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D. Comparisons with pp ~de+ angular distribution

data near 800 MeV

If charge independence is valid, then at the same
center-of-mass energy the differential cross sections
at each angle for the np ~ dm reaction should be
exactly one half that for the pp ~ dm. + reaction.
Neutron-proton and ~+ —~ mass differences, and
Coulomb effects would affect this equality. Abso-
lute cross-section values were not determined in the
present measurement. It is possible, though, to
compare the shape of our np ~ dm. angular distri-

bution to pp —+du+ data sets near 800 MeV. In
Fig. 7 are illustrated the m+d ~pp data of
Richard-Serre et a/. , which corresponds to an

200 I I I I I I I I I I I I I I I I I I I

first group, we find in the worst case

Afb = —(0.15 +0.50%) when a first order Legen-
dre polynomial is used, that is, A~ is consistent
with zero. Bartlett et al. ' quoted a determination
of A~ ——1.0+ 2.8%, and Wilson et al. ' averaged
results taken at eight energies to obtain

AIb
———(0.36+ 0.66%), with AIb determined at

each energy to no better than 1.6%%uo. Wilson's results
for AIb must be considered questionable in view of
the disagreement between the shapes of the angular
distributions of Wilson et al. with recent results for
ir+d ~pp+ (Refs. 23 and 24) and np —+ dry (Ref.
25) measurements. Cheung, Henley, and Miller
deduced a theoretical value at 577 MeV of
AIb ——0.16%, and at 800 MeV, Cheung's calcula-
tion predicts that A~ ——0.11%.

equivalent proton energy of 810 MeV (CI), the 800
MeV pp ~ dm+ data of Mutchler et al. (&&), and
the 800 MeV pp ~dn+d. ata of Nann et al. (a).22

We have multiplied each data set by a normaliza-
tion constant to provide a better visual comparison
of the shape of the data sets to the solid curve.
The solid curve represents the angular distribution
of the present np ~d~ measurement and is calcu-
lated from the sixth order even coefficients of Table
II. Qualitatively, there is excellent agreement
between the curve and the pp ~de+ data sets. To
make a more quantitative comparison we examine
the coefficients of Legendre polynomial fits which
describe these pp ~d~+ data. Since the authors of
Refs. 22 and 26 did not use a sixth order term to
describe their data, we have refitted these data and
list the resulting coefficient ratios in Table III. No
further comparison with the data of Ref. 27 is made
since the five data points are insufficient to support
a sixth order fit.

The result of the comparison, displayed in Table
III, shows that there is complete agreement
between our np ~de data and the data of
Richard-Serre et al. , and small disagreements,
just outside the errors, with the results of the more
precise data of Nann et al. These small differ-
ences may reflect effects due to the n —p and
m. + —m mass differences, and the Coulomb forces
present in the initial and final states for the
pp ~de+ reaction, but absent in t'he np ~de
reaction. Kohler has calculated such angle
dependent effects on the value of the ratio for the
cross sections o(pd —+ Hir+)/o (pd ~ Heir ) at a
proton energy of 600 MeV. A similar calculation
for the present reactions would be valuable.

180
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0.0 0.2 0,4 0.6 . 0.8
cos (Oc ai )
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1.0

A2/Ao Reference

0.805 + 0.024 —0.188 + 0.036 0
0.810 + 0.024 —0.212 + 0.040 —0.067 + 0.048

TABLE III. Legendre polynomial coefficient ratios to
the zeroth order coefficient obtained from a least-squares
fit to the data of Refs. 22 and 26, as well as for the
present experiment.

FIG. 7. Angular distributions for ~+d ~pp
[Richard-Serre (Ref. 26)] and pp ~ dm+ [Mutchler (Ref.
27) and Nann (Ref. 22)] for proton energies near 800
MeV. The solid line represents the 6th order Legendre
polynomial fit which best describes the np ~ dm data of
the present experiment.

0.804 + 0.015 —0.213 + 0.016 0
0;795 + 0.016 —0.213 + 0.016 —0.047 + 0.020

0.809 + 0.011 —0.250 + 0.013 0
0.827 + 0.012 —0.247 + 0.013 —0.071 + 0.017

22

This
work
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TABLE IV. A, 8, and C coefHcients for the expres-
sion of even-powers of cos0 which describe the np ~ dm

angular distribution of the present experiment. Note the
drastic change in the coefficients when the order of the fit
is increased to include a cos 0 term.

0.232 + 0.003
0.308 + 0.004

—0.510+ 0.009
+ 0.239+ 0.060

0
—0.650 + 0.066

E. Comparisons with NN —d n. angular distribution
data

0
0,8

0.6

a 04

02

0.0
Q)
& —o.z

(o —0.4

—0.6

m-0.8
Q3

1 0
0.0 0.5 1.0 1.5 P.O

Kinetic Energy (GeV)

FIG. 8. The energy dependence of the Legendre poly-

nomial coefficient ratios A2/Ap, A4/Ap, and A6/Ap for

the best fits to data of Refs. 24 (5), 26 (0), and 31 ( V)
and the present. experiment (0). The data of Refs. 24
and 26 have been converted to the equivalent pp ~de+
proton energy. The curves serve only to guide the eye.

Legendre polynomials including sixth order best
describe the present data. Inclusion of an eighth or-
der term destabilizes the solution, with the leading
coeAicients becoming poorly determined and chang-
ing drastically. Traditionally, a functional form in-

volving powers of cos0 has been used to fit the data
below 1000 MeV. With a cos 0 term included, the
expression has the form

do
dQ

= K(A + cos 8+ B cos 8+ Ccos 8} . (8)

Theoretical calculations have recently appeared
which give the energy dependence of the 3 and 8
coefHcients for the above expression. To facilitate
comparison of the present data with other data sets

and calculations we have fitted our data using the
above functional form for both up to fourth and

sixth orders, and list the results in Table IV. Note
that the addition of the sixth order term to the series

alters significantly the lower order term the 8
coeAicient changes from —0.510 to + 0.239. This
dramatic change simply reAects the nonorthogonali-

ty of the series of powers of cos0, and indicates

that the use of such a series to parametrize the data

and results of theoretical calculations is misleading.

We strongly recommend that the use of a power
series in cos0 be discontinued.

The presence of a sixth order Legendre polynomi-

al implies that deuteron-pion angular momentum

states of a least I = 3 are presept. The data of
Heinz et al. ' has indicated the presence of f-wave

pions between 1000 and 3000 MeV. Recent pre-

cision measurements at LAMPF " for the m+d ~pp
reaction also require the presence of a sixth order

Legendre polynomial. The energy dependence of
the Legendre polynomial ratios for the data of Refs.
24, 26, and 31, as well as the present measurements,

are shown in Fig. 8. We have refitted the data of
Ref. 26 at 750 MeV including a sixth order Legen-

dre coeAicient. Note that the scale for the A 2/A0 is

compressed by a factor of 2 with respect to the oth-

er ratios. The curves serve only to guide the eye.
The arrow near 275 MeV indicates the de+ thresh-

old. The results from the present measurements are

shown at 795 MeV with the symbol 4. The agree-

ment of the present data with the trends indicated

by the previous data is apparent. The A PA 0 coeffi-

cient is clearly nonzero at 795 MeV, and from the

trend exhibited, this coeAicient could persist to rath-

er low energies. Thus, f wave pions ma-y be signifi-

cant at energies below 800 MeV, and analyses

which assume only s, p, and d wave pions may also

be incorrect.

IV. SUMMARY AND CONCLUSIONS

We find no evidence of an asymmetry in

np ~ dm angular distribution data about 90' c.m. at

795 MeV to the order of + 0.50%, and, therefore,

no evidence for CSB forces. The recent calculations

of Cheung, Henley, and Miller, and of Cheung in-

dicate that an asymmetry might exist at the le~el of
0.11%—0.16%%uo. The detection of an asymmetry at

this level will require an experiment with more than

double the precision of the present measurement.

Our work can be compared with the result of
Pedroni et al. who deduce CSB effects at the 1%
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level in the measurement of ~+8 and m d total
cross sections near the b, (1232) resonance. It
would appear that the CSB mechanisms are dif-

ferent in the two experiments.
We observe small differences between the shape

of our np ~ dm angular distribution data and the

pp ~d~+ measurements of Nann et al. The22

differences might result from n —p and m+ —~
mass differences, as well as from Coulomb effects.
We find definite evidence for the f-wave pion deu-

teron final state at 795 MeV, and from the trend of
the A sI'A q Legendre polynomial coefficient ratio,
speculate that f-wave pions persist to lower energies.
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