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Angular distributions of the analyzing power of the reaction 3H(p, n}3He have been measured
at proton energies of 6.00, 9.96, and 13.55 MeV. These data are compa, red with available
neutron-polarization data for the same reaction on a point-by-point basis and by means of as-
sociated Legendre-polynomial coefficients. In contrast to the comparison below 4 MeV, no
significant difference exists above 6 MeV between the bvo observables at the same energies
and angl. es. The data are also compared with R-matrix calculations based on the parameter
sets of Werntz and Meyerhof. The previously reported excitation fonction for the analyzing
power at 8&~. = 45 from 1.5 to 12 MeV is further documented.

NUCLEAR REACTIONS 3H(P, n}SHe, 8=6.00, 9.96, and 13.55 MeV; measured
analyzing power A(~}.

I. INTRODUCTION

In a previous letter' we reported on measure-
ments of the analyzing power A (45 c.m. ) for the
reaction Hg, n)'He as a function of incident pro-
ton energy E~. These measurements were com-
pared with existing polarization data P (45' c.m. )
for the reaction because considerations based on
charge symmetry of nuclear forces and on time
reversal indicate that I' and A should be approxi-
mately equal at a given energy and angle. The
preceding assumes that Q-value and charge-de-
pendent effects can be ignored. The result of the
experimental comparison was that I' and A. at
45' c.m. had similar excitation functions but that
the magnitude of I' was generally less than that
of A, an effect that was most pronounced between
E~ =1.7 and 4 MeV. The data were also compared
with calculations based on the levels of He from
the char ge-independent 8-matrix analysis of the
reaction 'H(P, n)'He by Werntz and Meyerhof'
(hereafter denoted as WM). The shapes of the ex-
citation functions for both P and A were repro-
duced by these calculations but the magnitudes
were not. Furthermore, the calculations pre-
dicted that P and A should be approximately equal,
in disagreement with experiment but consistent
with the symmetries mentioned above. Recently,
our experimental results for A (45' c.m. ) have
been corroborated by Brown and Rohrer' for E~
& 3 MeV.

In the present work, angular distributions of
the analyzing power A(8) have been measured for
proton energies of 6.00, 9.96, and 13.55 MeV.
Our object was to provide further precise data
concerning the four-nucleon system and to pursue
the comparison between P and A. These com-
parisons are facilitated by the existence of 'H-
(P, n)'He differential cross-section data' which
were used in associated Legendre-polynomial ex-
pansions of P(8)[do(8)/dn] and A(8)[der(8)/dQ]. For
reference purposes the previously reported ana-
lyzing-power measurements at 45' c.m. are pre-
sented in tabular form.

II. EXPERIMENTAL METHOD

The analyzing power was determined by initiating
the reaction with a transversely polarized proton
beam and measuring the asymmetry of the neutrons
produced with the incident-beam polarized par-
allel (+) or antiparallel (-) to the normal vector
to the reaction plane, n~%~ x R,„,. The dc-po-
larized proton beam was produced by the Los
Alamos Lamb-shift polarized-ion source' and
accelerated by an FN tandem Van de Graaff. The
beam was polarized vertically by spin precession
before injection into the accelerator. Reversal
of the spin direction on target was accomplished
by reversing fields in the ion source as explained
in Ref. 5. The magnitude of the proton polariza-
tion was typically about 0.90 and was measured
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by an atomic-beam technique' to an accuracy of
+ 0.015. The accelerated beam was directed onto
a cylindrical (3-cm-long by 0.8-cm-diam) stain-
less-steel gas cell containing gaseous tritium at
2.6 or 4.'7 atm absolute. The entrance foil to the
target was either a 9.8-mg/cm' molybdenum foil
plated with 2.4-mg/cm' nickel or a 2.1-mg/cm'
Havar' foil. The lower gas pressure and the Havar
foil were used for the measurements at 6 MeV
while the higher pressure and molybdenum-nickel
foil were used for those at 9.96 and 13.85 MeV.
The contributions to the proton energy spread at
9.96 MeV due to straggling in the Mo-Ni foil and
the energy loss through half the gas cell were
0.074 and 0.059 MeV, respectively. At 13.55 MeV
the values are 0.071 and 0.045 MeV. At 6.00 MeV
the straggling in the Havar foil and the energy
loss through half the gas cell were 0.030 and 0.051
MeV.

The beam was stopped by 0.48 mm of gold which
also served as the end wall of the tritium cell.
The gas-target assembly was electrically in-
sulated from the rest of the beam line and served
as a Faraday cup. Secondary electrons were
suppressed by maintaing an insulated section of
the beam line immediately before the target at a
potential of —300 V. The beam current on the
target was monitored by a current integrator so
that each + and —run of an asymmetry measure-
ment could be normalized to the same integrated
beam current. The stability of the current in-
tegrator proved to be better than 0.3/o over a
period of 1.5 h.

Neutrons produced from the reaction 'H(P, n)'He
were detected by a cylindrical (4.4-cm-diam by
4.4-cm in length) NE-213 scintillator. The scin-
tillator was positioned directly behind and on the
centerline of the bore of a spin-precession sole-
noid which, for these measurements, was turned
off and served only as a collimator. The distance
from the tritium cell center to the scintillator
center was 85 cm. At this distance the scintillator
subtended an angle (full width) of 66=3'. Our
results are not corrected for finite geometry. A
neutron-beam profile measurement was taken at
13.55 MeV to determine the true zero of angle.
Neutrons were separated electronically from y
rays using pulse-shape discrimination. Figure 1
shows a typical time spectrum obtained from the
time-to-amplitude converter (TAC) of the pulse-
shape discrimination system. To estimate how
well the y rays were rejected, several n-y rejec-
tion ratios were calculated. The rejection ratio
was obtained by extrapolating the y-ray peak under
the neutron peak in the time distribution and taking
the ratio of their areas. The TAC spectrum shown
in Fig. 1 gave the smallest ratio calculated which

was 216:1.
The pulse-height information of the proton re-

coils was split and fed, on one side, to single-
channel analyzers which drove fast scalers, and
on the other, to an analog-to-digitial converter
(ADC). The multichannel spectrum from the latter
was stored in an XDS-930 computer.

Dead time in the electronics was potentially
important in the TAC used in the n-y discrimina-
tion. Counting rates at the start input of the TAC
were kept low so that the dead time was always
less than O. I%. The corrections to A were esti-
mated to be always less than 0.0006 and hence,
were neglected. No dead-time correction was
required for either the single-channel analyzers
or the scalers.

III. DATA ACQUISITION AND REDUCTION
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FIG. 1. Typical time spectrum obtained from the time-
to-amplitude converter of the n-y discrimination system.

The analyzing power was calculated from the
expression

N+ —N
P N, +P, N

where N is the number of neutrons detected with
the incident-proton-beam polarized parallel (+)
or antiparallel (-) to the normal to the reaction
plane; P+ and P are the beam polarizations for
the two orientations. In order to reduce the effect
of electronic drifts, the data were taken in two
cycles of + ——+ beam polarization. Each + and
—run within a cycle was short; a run typically
lasted two minutes. The beam polarization was
measured after each + or —run in a cycle.

The recoil proton distribution exhibited the
well-known shape for elastic low-energy n-P scat-
tering and served as a diagnostic check on system
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operation. In cases where the shape of the recoil
distribution indicated that background neutrons
were not negligible, target-empty runs were taken.
The target-empty runs indicated that the majority
of the background neutrons were produced in the

metal of the target, collimating slits, etc. The
target-empty runs were taken in the same + —-+
sequence as target-full runs and for the same
integrated beam current. It was observed that
at each proton energy the background was approxi-
mately isotropic. In particular, the background
exhibited no asymmetry when the beam polariza-
tion was reversed from + to —.The background
was most serious for the backward angles (&90'
lab) where the neutron energy is lower. We also
observed that the background decreased with de-
creasing proton energy.

Asymmetries were obtained during a run by
setting two single-channel analyzer windows on
the recoil-proton distribution. These windows
were designated as the lower window and upper
window. The lower cutoffs of the lower and upper
windows were typically 50 and 75%, respectively,
of the recoil one-half point of the distribution.
The recoil one-half point is defined as the pulse
height at the high-energy end of the distribution
where the number of counts per channel decreases
to one half of the counts per channel in the flat
part of the distribution. The upper cutoff was the
same for both windows and was set high enough to
include the entire rounded edge at the high-energy
end of the distribution. After each + and —se-
quence in a cycle, an asymmetry was calculated
for each window. These asymmetries were com-
pared and served as a running check on possible
electronic drifts, background, etc.

To indicate the quality of the experimental
data, Fig. 2 shows four typical recoil-proton dis-
tributions. In all the distributions the lower cut-
off was set high enough in the electronics to elimi-
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FIG. 2. Typical proton-recoil spectra. Dots are target-
full spectra; crosses are target e;npty; horizontal bars
are target full minus target empty.

nate excessive counts from noise. The low-energy
tail is due to target-empty neutrons and some y
rays. The arrows labeled I and U indicate the
lower levels of the lower and upper windows cho-
sen to calculate the analyzing power. The un-

labeled arrow indicates the common upper cutoff.
Figure 2(a) shows the recoil-proton distribution
obtained at 45.3' lab for a proton energy of 13.55
MeV. At this angle the energy of the neutrons
from the reaction is well above the energy of the
target-empty neutrons; consequently the latter
are not a problem. Figure 2(b) shows the dis-
tribution at 110.3' lab for a proton energy of
13.55 MeV. Also plotted in this figure are the
target-empty distribution and the distribution that
results when target empty is subtracted from
target full. At this angle the energy of the neutrons
from the reaction is lower, and as a result, the
contributions of the target-empty neutrons to the
total spectrum are not negligible. By subtracting
the target-empty from the target-full distribution,
however, one obtains a spectrum with the expected
shape. This subtraction does not remove low-
energy neutrons from proton-induced breakup
of the tritium or room-scattered neutrons; we
believe that these sources of background are small.
Figures 2(c) and 2(d) show the distributions mea-
sured at 45.3 and 110.3', respectively, for a
proton energy of 6 MeV. Also plotted in Fig. 2(d)
is a very small target-empty contribution.

After a run was completed, the data were
further processed with the aid of an off-line com-
puter program. In particular the deduced asym-
metries were verified to be independent of which-
ever portion of the proton recoil spectrum was
used. In order to reduce the effect of background
neutrons, the analyzing powers calculated from
the upper windows have been put in the data tables.

Repeat measurements of five different data
points were taken. Each measurement repeated
within the statistical error which was typically
+0.003. The errors in the analyzing power were
taken as the statistical error expressed as stan-
dard deviation and do not contain a contribution
from an uncertainty in the beam polarization
(+0.015 absolutely, or +1.7/&) which is regarded
as being better represented as a systematic error.

To obtain an estimate of other systematic errors,
measurements were performed at 0.3' lab, for
proton energies of 13.55 and 6.00 MeV. The re-
sults were extrapolated to 0' where the analyzing
power is zero. The extrapolated results were
0.0023 + 0.0026 and —0.0048 + 0.0023. The weighted
average of the absolute values of the extrapolated
results is 0.0037 and from this the systematic
error in A, not including the uncertainty in beam
polarization, is estimated to be less than 0.005.
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TABLE I. Angular distribution of the H(P, n) He an-
alyzing power.

0 lab

(deg) A~RA'

Ep =6.00 ~0.06' MeV

0.3
7.8

15~ 3
22.8
33.5
37.8
45.3
52.8
60.3
70.3
80.3
90.3

100.3
110.3
120.3
130.3

7.8
15.3
22.8
30.3
37.8
45.3
52.8
60.3
70.3
80.3
90.3

1003~
110.3
120.3
130.3
80.3 '
9038

0.4
10.6
20.8
30.9
45.2
50.8
60.4
69.8
78 ~ 9
90.5

101.5
111.8
121.5
130.4
138.8
146.6

Ep =9.96

10.5
20.6
30.6
40.6
50.3
59.8
69.2
78.2
89.7

100.7
111.0
121~ 0
130,0
138.1
146.0
100.7
111.0

-0.0062+ 0.0023
—0.0418 + 0.0024
—0.0726 + 0.0025
—0.1054+ 0.0020
-0.1426 + 0.0023
-0.1513+ 0.0025
-0.1496+ 0.0026
—0.1281 + 0.0032
—0.0774+ 0.0032

0.0532 + 0.0035
0.1791+ 0.0033
0.2140 + 0.0028
0.1849+0.0029
0.1375+ 0.0027
0.0983 + 0,0026
0.0738 + 0.0025

+ 0.09 MeV

—0.0673 + 0.0026
—0.1430 + 0.0027
—0.2110+ 0.0025
—0.2580 + 0.002 7
—0.2706 6 0.0030
—0.2415 + 0.0028
—0.2026 + 0.0030
-0.1566 + 0.0030
—0.1008 + 0.0033
—0.0181+ 0.0040

0 ~ 0880 + 0.0040
0.15344 0.0038
0.15776 0.0046
0.1083+ 0.0036
0.0772 + 0.0031

—0.0157+ 0.0037
0.0875+ 0.0022

0.4
7.8

15.3
22.8
30.3
37.8
45.3
52.8
60.3
70.3
80.3
90.3

100.3
110.3
120.3

Ep =13.55 + 0.08

0.5
10.5
20.6
30.5
40.4
50.1
59.-6
68.9
77.9
89.5

100.4
110.7
120.4
129.4
137.8

MeV

—0.0047 + 0.0026
—0.0467+ 0.0020
—0.0988 + 0.0022
—0.1658+ 0.0021
—0.2366 ~ 0,0025
—0.2821 + 0.0030
—0.2484 + 0.0028
—0.2122 + 0.0032
—0.1500 + 0.0035
—0.1105+ 0.0031
—0.0517 ~ 0.0035

0.0196+ 0.0042
0.1158+ 0.0050
0.1568+0.0055
0.1270+ 0.0058

E rrors are statistical standard deviations.
Ep is proton laboratory energy at target center.

'b, Ep is the sum (in quadrature) of the half-width at
half maximum of the theoretical straggling in the en-
trance foil to the gas cell plus half of the proton energy
loss as it passes through the gas.

Ep =10.00+ 0.04 MeV.

IV. RESULTS AND DISCUSSION

A. Tabulation of data

TABLE II. H(p, n) He analyzing power near 45 c.m.

E &gag b

(MeV) A ~bA c

1.51 + 0.06
1.67 + 0.06
1.76 + 0.14
1 ~ 85 + 0.05
1.92+ 0.05
2.01 + 0.05

2.13~ 0.05
2.26 + 0.05
2.51 + 0.11
2.76+ 0.10
3.00+ 0.10
3.50 ~ 0 ~ 08

4.00+ 0.08
4.92 E 0.13
5.94+ 0.12
6.94 + 0.11
7.94+ 0.10
8.50 + 0.10

8.95 + 0.10
9.45 + 0.10

10.46 + 0.09
10.96 + 0 ~ 09
11.46+ 0 ~ 09
11.95 ~ 0.09

46.7

45.9
45.6
45.1
45.4
45 ~ 1

45.3
45.2
45.3
45.2
45.4
45.3

45.3
45.4
45.3
45,4
45.4
45.4

45.4
45.5
45.4
45.4
45.4
45.3

0.1810+0.0055
0.2983 + 0.0053
0.3515+ 0.0052
0.3983 + 0.0040
0.4340 + 0.0041
0.4616+0.0040

0.4804 + 0.0045
0.4701 E 0.0039
0.4156 + 0.0031
0.3454+ 0.0025
0.2807 + 0.0026
0.1848+ 0.0035

0.1032 + 0.0025
—0.0245 + 0.0022
—0.1391+ 0.0024
—0.2069 + 0.0023
-0.2394 + 0.0022
-0.2563 + 0.0021

—0.2636 + 0.0020
—0.2652 + 0.0045
—0.2865 + 0.0052
—0.2874 + 0.0046
—0.2 735 + 0.0043
—0.2699+ 0.0042

~ Ep is laboratory energy at target center.
b AEp is defined as in Table I.

Errors are statistical standard deviations.

The experimental values of the analyzing power
are given in Table I. The errors are statistical
and are expressed as standard deviations. Sys-
tematic uncertainties including that of the beam
polarization are not included. In Table II we
document the data of our prior communication'
on A at 45' c.m. as a function of energy. For
these data the laboratory angle was near 33'
and we observed that the direct 'H(p, e)'He neu-
trons were well above the background neutrons;
consequently, target-empty runs were not re-
quired. For proton energies below 3 MeV the
analyzing power changes rapidly with energy;
here the tritium gas pressure in the target was
reduced to 0.8 absolute atm for most of the mea-
surements. Below 3 MeV the contributions to
proton energy spread due to straggling in the Havar
foil and energy loss through half the gas cell were
typically 0.03 and 0.04 MeV, respectively.
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B. Least-squares analysis

A least-squares analysis was made of the A(8)
data by fitting' the data to the expression'

4

N
U'

~Pt
K

CII

cI
~A
8

0
I

Q

4)
bf)

Q

~H

8

CII

~W

8
Q

~&
V

~H

CD

+I

O

CD

O

Cb

CD

H

O

LA

O
CD

CD

«D

CD

I

CD

CD

+l

CD

CD
CD

CO

Cg
LQ

CD

H

LO

O

I

CD

CD

R

I

lQ
O'

O

CO

I

O

I

Cb

CD

H

CO

O
CD

I

O

CO
LA
CD
O

00

CD
CD

Ce

lO

O
I

Cb

O

CV

O
O'

I

LQ

O

CD

Cb

CD

I

CO

+I

CD
C4
CD

I

Cgl
O

O
H

t
O

O
CD

CD

I

CD

O

CD

I

C5

Cg

O

I

LQ

O

ID
LPJ

O
I

O
+I
O

I

O
O'

H

CD
I

Cb O

O O
O O

CS O
O CD

I I

II4LX

k'
d A(8) = p A, (A)P', (cos8) .dg

In the expression, do'/dQ is the unpolarized c.m.
differential cross section, k is the magnitude of
the c.m. wave vector in the initial channel, P,'-
(cos8) are the associated l.egendre polynomials,
and A, (A) are the expansion coefficients associated
with the analyzing-power parameter. The values
for k'(do/dA) were obtained from the Legendre
coefficients of McDaniels et a/. 4 A linear inter-
polation mas made between their coefficients at
13 and 14 MeV to obtain the coefficients at 13.55
MeV. Their coefficients at 6 and 10 MeV mere
used in fitting the 6.00- and 9.96-MeV data.

The normalized g', defined as the X' per degree
of freedom (number of data points minus number
of adjustable parameters) was used as the crite-
rion for determining the goodness of fit to the
data. The number of coefficients L „was varied
from one to five and a fit to the data was calcu-
lated for each value of /, „. We observed that
in general the normalized y' decreased as the
number of parameters mas increased from one
to three but that no significant decrease was ob-
tained for values of / greater than three. The
results of this least-squares analysis of the data
are presented in Table III. At 13.55 MeV the data
are equally well fitted with l =2 or 3. At 6.00
and 9.96 MeV, however, there is unambiguous
evidence for a P', (cos8) term, whose significance
mill be discussed below.

A least-squares analysis was also made for
neutron polarization data"0 at 5.97, 9.87, and
13.55 MeV. The data of Hef. 11 at 6.0 and 10.0
MeV, which disagree somewhat mith those of
Hef. 9, were rather arbitrarily not included in
this analysis. The expression fitted is

2
do' IIIRX

k'
d P(8}= p A, (P)P,'(cos8),

l-x

with the notation of Eq. (2). The resulting coeffi-
cients A, (P) are presented in Table III. At 6 MeV,
A, (P} and A, (P) coefficients agree with those ob-
tained by WN (Table A.l of Ref. 2) from the anal-
ysis of other data. The A, (P) coefficients for
both E = 2 and E = 3, however, disagree sig-
nificantly with the corresponding experimental co-
efficients of WM. These disagreements reflect
disparities in the different measurements of P(8)
(see Fig. 2). The normalized g' of the present
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analysis says that E =2 is adequate to describe
the polarization data of Ref. 9.
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C. Comparison of P and A

In Fig. 3 the angular distributions of P and A
are compared at 6.0, 9.9, and 13.55 MeV. The
analyzing powers are given by the squares which
are as large or larger than the error bars as-
signed for these points. Polarization data are
indicated by the open circles (Refs. 9 and 10)

and triangles (Ref. 11). At 18.55 MeV the ex-
perimental A's and P's differ by more than 1
standard deviation only for the 15 (lab) point.
At 9.9 MeV the 100' points disagree. The 35'
polarization datum of Ref. 11 is also not con-
sistent with either the polarization of Ref. 9 or
the analyzing power. At 6 MeV there is some
disagreement between the different polarization
measurements but the average is not significantly
different from the measured analyzing power.
We conclude that at these energies there is no

significant difference between the measured values
of A and P.

Another quantitative comparison between P and
A is in the associated Legendre-polynomial co-
efficients (Table III). For I =2, six pair of
A, (A) andA, (P) canbe compared. Of these only
the A, coefficients at 9.8 and 13.55 MeV differ
for P and A by more than one standard deviation.
For I = 3 there al e nine pair. TI1e A coefficients
at 9.9 and 13.55 MeV and the A, coefficients at 9.9
MeV differ by more than one standard deviation.
These differences are expected statistically.

The present conclusion, therefore, is that at
6.0, 9.9, and 13.55 MeV there is no significant
difference between the measured polarization and

analyzing power of this reaction. In our previous
work, ' we compared A measured at 8, =45' with
literature values of P from 1.5 to 12 MeV. At
6 MeV, the two observables were equal but,
above S MeV, they appeared to disagree. The
new polarization measurements'" remove this
disagreement at 9.9 and 13.55 MeV. The new data
do not extend below 6 MeV, however. The large
difference between P and A at 8, =45' between
1.7 and 4 MeV is still not understood.

D. 8-matrix calculations

O.I—

0 II (

-O.I—

-0.2—

-0.30
I I I I I I

20 40 80 80 IOO l20

Blab(d89 )

FIG. 3. SH@,n )SHe analyzing power (squares) and po-
larization data from Befs. 9 and 10 (circles) and Hef. 11
(triangles). The broken lines indicate R-matrix calcul, a-
tions based on WMI and the solid lines indicate those
based on VFINII.

The observables P and A were calculated" with
the two sets of A-matrix parameters of Werntz
and Meyerhof. ' The sets are designated' by WMI
and WMII. The results are compared with the data
in Fig. 3. The conclusions are similar to those
of our previous studies of A at 8, =45' c.m. from
1.5 to 12 MeV, ' of P at 13.55 MeV,"and of polar-
ization transfer coefficients at 13.55 MeV' and at
0' from 3 to 16 MeV. 'O'" Namely, these sets of'

parameters account almost always for the signs
but not the magnitudes of the various observables.
The shapes of the angular distributions are also
not very well described. On the other hand, these
calculations do say that P =A at least to within
the accuracy of present polarization measure-
ments. That result is in agreement with our con-
clusions at 6.0, 9.9, and 13.55 MeV.
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E. Further considerations

The experimental results yield a simple relation-
ship between two of the collision-matrix elements
U ~&. „which are defined in the references of
Ref. 2. The initial channel spin and orbital angular
momentum are designated by s and l and they
couple to total angular momentum J. The primed
quantities refer to the exit channel. We restrict
the quantum numbers as was done by WM, namely
l &2 and J &2 and we neglect triplet d waves.

The associated Legendre-polynomial coefficient
of the analyzing power A, (A) is given in terms of
the collision-matrix elements by'

solved by new polarization data.
A fit of the angular distribution of A(8) with

associated Legendre polynomials shows the ex-
istence of a P', (cos8) term at 6.00 and 9.96 MeV.
This term is related to a simple expression of
U~~ and Uppity if only angular momenta with l &2,
J & 2, and s &1 if l = 2 are considered.

A-matrix calculations with the parameter sets
of Werntz and Meyerhof confirm our previous
conclusions that the signs of these analyzing pow-
ers, polarizations, and polarization transfer co-
efficients are reproduced, but quantitative agree-
ment is lacking. The good precision of the present
data emphasizes the disagreement.

under the above restrictions on &, l and J. To the
extent that these restrictions are valid, this simple
combination of U matrix elements is given as
A, (A) in Table III at 6.0, 9.9, and 13.55 MeV.

Further, less simple relationships that obtain
if P=A are given in the Appendix.

V. SUMMARY

We have measured angular distributions of the
analyzing power A(8) of the reaction 6H(p, n)6He

at 6.00, 9.96, and 13.55 MeV. The present results
are not significantly different from the neutron
polarization P(8) at the same or nearby energies.
The previous suggestion of a difference between
P and A at the two higher energies has been re-
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APPENDIX

If P=—A, the approximate equality may be ex-
pressed in relationships between the U matrix
elements. For simplification the quantum numbers
are restricted as in WM to l &2 and J &2 and

triplet d waves are ignored. From the expressions' for A, (A) and A, (P):

™(31/2 U1010U1101 3M2 U Uplll W U 0111*)

From the expressions for A, (A) and A, (P):

Iln( —2' U Ullpl* —
2 M2 UplplU0111 26M2 U1111Ullpl*)

(A1)

16 ™(2~2 U1111U0111 2 ~ U0101U1101 2~U1111U0111

(A2)

And from A, (A) and A, (P)

16 ™(~ U02 0111 ) 16 ( 02 1101 (A3)

These equalities hold to the extent that A, (A) =P, (A) as indicated in Table III if the restrictions on I, s,
and J are valid.

It should be noted that parameters derived from a charge-independent R-matrix analysis are not suffi-
cient to guarantee these equalities or that P =A. Q-value effects and charge-dependent effects outside
the channel radii break the symmetry between P and A.
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