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BACKWARD ELASTIC pd SCATTERING AT 316, 364, 470 AND 590 Mev

By J. C., Alder,+t W. Dollhopf,+ C. Lunks,+¢ C. F. Perdrisat,+
W. K. Roberts, P. Kitching,* G. Moss,* w, C., Olsen,*
and J. R. Priest#**’ :

Lewis Research Center
National Aeronautics and Space- Administration
Cleveland, Chio

ABSTRACT

wWe report preliminary results from a part of the data obtained at
the NASA Space Radiation E£ffect-Laboratory for the elastic scattering of
protons by deuterons in the backward hemisphere, at a number of energies
between 300 and 600 MmeV.

INTRODUCTION

1t has been known for some time that above 300 Wev, the backward
elastic (pd) differential cross section was larger than.one would expect
cn the bases of a single-nucleon exchange mechanism, There was a renewed
interest in this problem when data at 1300 mevl, and 1000 mey2, and later
590 MeV3 became available. A possible explanation of the anomalous back-
ward scattering was proposed by Kerman and Kisslinger4.in terms of an
admixture of excited nucleon states in the ground state of the deuteron.
It was found that if the probability for the ground state of the deuteron
to be a normal nucleon and a (5/2, 1/2) nucleon isobar with invariant mass -
1688 mev, was 2 percent, the results of experiments of references 2
and 3 could be explained. The 1688 MeV isobar is the lowest nucleon ex-
cited state that can exist in the deuteron, unless both nucleons are
excited., The different possible components of the deuteron ground state
with isobars are discussed for example by Arenhdvel, Danos, and Williamss.

Along different lines, a model was proposed by Crougie and Wilkin®
who argued that for laboratory energies around 600 mMeV, triangular
graphs with a neutron- and a pion-line connecting the observed states
should be more important than the onse-neutron exchange diagram,
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A neutron-pion exchange graph is probably dominant in the process

e — dﬂ%, which is known to have a resonant-like behavior with a maxi-
mum at 600 MeV. The resonant behavior in dx final state is believad
to be associated with the (3/2, 3/2) 1236 MeV resonance in the nucleon-
pion. system, which would enhance reactions in which the nucleon and pion
exchanged have an invariant mass near that of the (3/2, 3/2) resonance,
This situation occurs also in the pd system. WilkinT calculated the
(pd) elastic cross section near 180° with no free psrameter and cbtained
excellent agreement with the data of reference 3.

In still another effort to understand (pd) scattering, Ramler et 5198
have been investigating the lower energy data in terms of single-nuclecn
exchange, single-scattering and multiple-scattering contributions. The
data below 300 MeV is being used to determine a number of parameters tc
describe the third contribution. An extrapolation of these parameters
to the energy region where other mechanisms may be important is expected
1o demonstrate the existence of new terms in the interaction. '

The  current strong interest in the pd system justified an investiga-
tien of the backward angular region for the elastic channel in the domain-
‘of energy availsble at SREL. About the time this experiment was started,
we received the data obtained at Chicago by Booth et al.9 at Ll5 MeV.
Eariier experiments were at 340 MeV10 and 660 MeV1! but included few
data points, each with relatively large uncertainty in the backward
hemisphere.

DESCRIPTION OF THE EXPERIMENTAI, SETUFP

Figure 1 is a drawing of the experimental arrangement. The experi-
ment was performed at 4 energies 590 MeV, -L70 MeV, 364 MeV, and 316 MeV.
Beams with energies lower than the noermal 590 MeV. besm were obtained by
_placing copper degraders in the upstream part of the transpert system.
Menipulation of the transport megnet system was necessary to obtain small-
. beam spots on target and small beam divergence. -Whereas the beam spot
at the target position -at normal energies was.1.8 cm by 2.5 cm (horizontal
by verticel), it was not possible to maintain this size with degraded
beam energies without adversely affecting the beam divergence. - The beanm
spots.on target at the reduced energies were 3.7 em by 5.0 em, 3.7 cm
by 3.7 cm, and 4.0 em by 4.0 cm at 470 MeV, 364 MeV, and 316 MeV, respec-
tively.

The incident. proton intensity was monitored by scaitering protons
into a 3-counter telescope from an auxilliary aluminum target 0.6 c¢m
thick placed 6 meters downstream from the CD, target. The moniter target
was 30 x 30 cm® ‘and pictures were taken for each beam energy to insure
that -the spot 'size did not exceed the monitor target dimerisiens. The
beam monitor was calibrated using the 1°¢ (p, pn) 11¢ (Ref. 12) reaction’
on graphite targets. The number of activated nuclei was determined by
counting the annihilation photons of the positrens emitted in the decay .
of . 11¢ in a calibrated geometry. A monitor calibration was made for
each new beam energy but was not repeated every time the same energy



was set up, except for the 36L MeV beam. The two calibrations at this
energy gave results:different by two standard devistions (the standard-
deviation for each calibrgtion is about 1.5 gercent;‘the'absolute un-
certainty due to the probable error of the 1 C(p; pn)llc cross section
is 5 percent for each energy).

A single CDo target (hydrogen content less than 2 percent) 0.203 em
thick by 10 cm by 10 cm was used throughout the experiment. It was .
oriented so0.as to minimize multiple scattering of the:backward scattered
proton. Graphite targets 0,063 and 0.381 em thick were .used to measure
the background contribution from the carbon in'CDg;"Qhe:thin graphite
target had 66 percent-of the number of C-nuclei inthe CD, target, and
the thick one four times as many as:in the CDp target.

The detection apparatus was a coinciderice spectrometer (see Fig. 1).
Deutrons scattered in the forward center of mass hemisphere were detected
by three scintillators Dl,‘Dg,'D3 and three spark chambers. The three
spark chembers provided three horizontal and two verticle coordinates.
Counter D was 45.8 cm from the target, 0.21 cm thick, and 7.6 cm high -
by 10.8 cm wide. Counter D, was 61 cm from the target, 0.21 em thick,
and 7.9 cm high by 11.1 cm wide. Counter D3 was 600 cm from the target,
0.63 cm thick, and 25.4 cm high by 76.2 cm wide. ' The three spark
chambers were located at 438.7 cm, 498.7 cm, and 589.3 cm from the
target, and had sensitive regions larger than the solid angle defined
by Dy, Do, and D3. Protons scattered in the backward cm hemisphere

"were detected in two scintillators Pl,'Pg and .a set of three spark
chambers. These spark chambers also provided three horizontal and two
vertical coordinates. Detector P, was 51 cm from the target, 0,203 em
thick; end 12.7 cm wide by 5.7 cm high. Detector Ps was 0.63 em thick
and 28 em wide by 12.7 cm high. Detector P, was from 122 cm to 161 cm:
from the target during the experiment depending on the proton angle.
The. spark chambers had sensitive regions larger than the solid angle de-
fined by P; and P,. -

A coincident event was defined as EVENT =‘(Dl : D2 . D3). (Pq - PQ).
The master logic signal in EVENT was obtained from detector Do. The
time of flight of. the particle detected in the deuteron arm was meas-
ured for each EVENT using EVENT as & start signal and the logic signal from
detector D3 as the stop signal for a time to amplitude converter. EVENT
weas also used to trigger a SkV pulse generator which triggered a master
spark gap. The master spark gap then triggered a number of spark gaps
which provided the high voltage pulse for the various spark chambers. ' The
spark planes were of the copper nylon mesh type (copper wire 0,0125 cm
in diemeter, spacing 0.05-cm) with magneto-striction .readout. -

The spark chamber readouts were interfaced with the Space Radiations
Effects Laboratory on line computer via a commercigl digitizing system.
The time-of-flight information was also fed to the computer event by
event using a 1024-channel analog-to-digital converter. All input to the
computer was stored on magnetic tape slong with a run number tag and



total monitor count and total EVENT count in that run for use in replay
analysis, No discrimination based on time-of-flight was made during data.
taking, although later replay analysis included cuts framing the elastic
deuteron peak observed in the time-of-flight spectrum.

On the basis of the known properties of the spark chambers and of the
reaction kinematics it was expected that a sufficient criterion to re-
jeet inelastic events would be the angular correlation of the proton and-
deuteron. The spacial resolutien of the chambers was good enough to-
provide a separation of the elastic events from all three-bedy final
states from deuteron breakup, quasi-elastic reactions on the carbon in
the CD, target and possible pion production final stetes as pdm or ppnw. -
The analysis of the data confirmed the initidl ‘assumption.

In this report we will present only the data for proton laboratory
angles larger than 95°; these were obtained with the deuteren detectors
at 20, 12.5 and 10°. The angle of the proton detectors were chosen from
kinematic tables. The horizontal proton detector aperture was 10, 12,
and 13°, respectively, for the three deuteron angles sbove. The horizcntal
aperture of the deuteron counters was maintained constant at 7.3°. The
aperture information given here refers to a point target. In the CM
system for the pd final states, the forward horizorital acceptance was
very nearly twice the backward acceptance. 'Therefore for every posi-
tion of the forward leg we placed the proton telescope in two different
positions in order to cover completely the forward acceptance. The
experiment was planned with horizontal acceptances closely matched in the
CM in order to minimize the number of spectrometer arm positien changes.
In the vertical direction however, the angular acceptance was always
determined by counter Ps.

ANALYSIS OF THE DATA

As soon as the information associated with each event was placed
in buffer regions of the computer memory, an attempt at geometrical re-
construction was made directly on-line, (allowing & check of the progress
of the experiment). . The data discussed here are the result of a later .
replay of the data tapes using essentially the same routines as during
the run, although with 'slightly different cuts on some of the parameters.

Eight of the 10 spark plane coordinates were agsociated with four
digitizer scalers each, the remaining two coordinates with two scalers.
Although the spark multiplicity in any of the coordinates was &alweays
small (at the most 30 percent double sparks, 1 to 3 percent triples),
the reconstruction routines were such that several spark combinations
could be tried for a given event, until one satisfying all criteria was
found. The fraction of events that required more than one attempt re-
mained small (of the order of a few percent), in part because all of the
cuts spplied were wide. The effect of increasingly narrow cuts was
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studied offline. For each acceptable event the following quantities
were calculated and stored for display at the end of a run (a typical
run' contained 10 000 events): time-of -flight, distribution‘of the dis-
tance to the spark in the middle horizontal plane for the selected tra-
jectory in the deuteron and proton detectors (a-check of the plane-
spacial resolution), intersections of both: trajectories with the target
in horizontal and vertical directions, and the distance between inter-
sections. of the two trajectories in the vertical and horizontal direc-
tions (check of the correlated origin of the event), scattering angles -
in horizontgl and vertical directions 8 and - 64, and x5, re-
spectively, and coplanarity of the two trajectories calculated as the
difference of the vertical angles projected in a plane perpendicular to.
the beam at the target. '

To avoid the need .of maintaining one of the CM solid &ngle larger
than the other to minimize border- and resolution-effects, we classified
the events in bins on the proton scattering angle §© and-displayed for
each of these bins the complete spectrum of the sum angles-(ep + Gd).
Each proton angle bin could then in first order be considered as a sub-
experiment with complementeary angle condition on the deuteron side satis-
fied, allowing for kinematics, multiple scattering of the particles in
the diffeérent counters and target and intrinsic spacial resolution of
the spark planes. Typically we divided the proton horizontal acceptance
engle into 10 bins (varying in size from 1 to 1.2 to 1.3° for the three
deuteron angles considered here), and examined also the content of two
more bins on either side of the acceptance angle. By visual inspection .
we found that ‘when the angles of the two detectors had been correctly
matched, eight bins could be used without correction for finite resolu-
tion, beam size or multiple scattering: For each one of these proton
bins ‘the correlation angle spectrum in (6. + 05) had typically a sharp
peak, usually 2° FWHM, sitting on & wider background due to weakly .
correlated or uncorrelated events, Data taken with a graphite target
never showed any peak, with the available domain of (8, + 64) merely.
filled uniformly. The background from the graphite -target was meas-
ured for every angle and for every energy. The subtraction of the C
contribution was made taking into account the numbers of carbon nuclei
in the CD, and graphite targets and the number of incident protons in
the CD, and graphite runs. Checks of the C substraction were made
both on the time-of-flight and angular correlation spectra. When no
time-of-flight cuts were applied, the continuum under the elastic pesk
in the correlation spectrs was always more important; but we obtained:
the same cross sections within statistical error, whether we applied -
cuts on the time-of-flight or not. We .also verified that when the C
subtraction did not remove the background in the correlation spectra
completely, an artificial increase of the C spectrum compatible with the
time-of-f1ight spectra would not affect the result by more than one
statistical error., All the data presented here were submitted to these
two tests. o



The time-of-flight spectra for the CD, and graphite target were
systematically different. Whereas at the two highest energies, the only
difference noticed was in the position of the deuteron peaks, at the
lower energies shape differences: were also noticeable. ' At 590 MeV the
"deuteron" pesk (that we interpret as origirnating in quasi-elastic C(p, pdj
reactions) was late for the graphite ‘target by about 0.20 ns/m relative
to the elastic deuteron peak characteristic of th.e'CD2 data, at L70 MeV
this delay increassed to about 0.25 ns/m. At these two energies the
widths of the graphite "deuteron" peak was only slightly larger thsn
that of the elastic deuteron pesk (in agreement with what is known of
the Fermi momentum distribution of deuterons in carbon as observed by
Sutter et al,12); the deuteron pesk from the graphite target was however
riding on some continuum which we have not yet identified. At the two
lower energies the graphite-target. "deuteron" pesk was also late (0.4
ns/m at 364 MeV, 0,9 ns/m at 316 MeV) but also significantily wider than
the elastic peak (up to twice at the lower energy). It is likely that
at least part of this widening is the result of the smearing from in-
ternal momentum of the deuterons in carbon, but this point has not been
checked quantitatively yet.

The number of graphite-target events falling within the time-of-
flight window. applied on the CD, data shows a systematic dependance
both on the incident energy and on the proton scattering. angle 0. .
Whereas .at 590 MeV a comparison of the time-of-flight spectra from the
CD, and graphite targets indicates that we subtract the background pre-
cisely, it.is possible that we have not subtracted: enough background at
the lower energies (the difference spectrum shows a shoulder remaining
on the side ‘of slow particles). However, if we assume that the differ-
ence spectrum should have no shoulder and multiply the graphite spectrum
by an appropriate factor to meke the shoulder disappear, we find cross
sections that differ from those quoted below by less than the statistical
error. The maximum ad-hoc factor by which the C background should be
multiplied is about 2.5,

The background subtraction for the CD, data was maximum at the highest
energy and the smallest value of Eb = 98°: 3T.7 percent. (E' is the
laboratory angle of the proton detector centerline.) The mlnlmum cor-
rection .applied to the CDo was at the lowest energy and for the largest
value of By = 144°: 1.5 percent. One might be tempted to interpret
these fractions in terms of probasbilities for a deuteron to exist in
carbon. However this is permissible only if the experimental solid
angles were large enough to accept all events, regardless of the emount
of decorrelation resulting from the Fermi momentum of dsuterons in car-
bon nuclei. It appears that we did not have a large enough solid angle
for that. It is understandable that as the energy of.the indident parti-
cle decreases, the number of "deuterons" in the graphite target background
should do likewise, as.for smaller momenta of the outgoing particles the
decorrelation from Fermi motion becomes more severe, Also, for increasing
proton angles the proton momentum gets smaller and the Fermi mementum in-
creasingly throws the protons out of the solid angle. -



In short we understand the general features of the energy- and
sngular-dependance of the graphite-target data but there remains ‘an un-
certainty as to the exact amount of background to be subtracted.  Thus"
it appears safe to assume that thére may -be a systematic error from the
smallest to the largest angle at—any given energy of about 5 percent- due
to background subtraction.

1
Calculation of the Cross Section:

Theé cross section for each proton bin of width Aep around ep
was calculated from '

a_ _ N(QP)_x cos etgt o . AB i} height of P,
2
. p . .
de AQp_x n x I;x Esc~. . 57.3 distance to P2

C
events (after proper background subtraction) that where reconstructed;
etgt is the angle of the target plane with the normal to the beam, n
is the number of deuterium nuclei within the CD, target and I =
(Monitor) x (Calibration) is the number of incident protons in a run,
Ege is the overall spark plane efficiency, and includes both_sparking'
and reconstruction efficiencies. The definition and estimate of the ef-
ficiency Eg. present some inherent difficulty. We evaluated Eg, as -
the ratio of the total number of reconstructed events in a run that
satisfy a number of conditions described below (and which did not include
time-of-flight), to the number of "true" triggers (EVENT), defined as
the difference between real triggers and chance coincidences - EVENT =-
(Dy * Do » D3) 56 ns (P * Pp). Implied in the definition of "true™
triggers is the assumption that chance coinciderice EVENT were not re=
constructed; we verified experimentally that EVENT triggers had less
than 5 percent probability to.be reconstructed,.

where N(8.) = (Nap (6_) = N_(8_.)) is the number of elastic deuteron
p’ CDo""p P

The condition imposed on reconstruction were of three types.

First each group of horizontal and vertical planes on the deuteron and-
proton side (for a total of four groups) were scanned for tracKks in the
order HD, HP, VD, VP .(for horizontal deuteron, horizontal proton, and
so on). A track was defined as two .sparks through which. 'a straight line
projected to the target would intercept the target within prescribed
distances from the target center (either vertically or horizontally).
Or, for the horizontal coordinates, where three planes were available, -
it was first checked whether a straight line through the first and last
plane's sparks would intercept the middle plane within chosen distance
from a spark in that plane; then the target intersection test was made;
Second, the events having passed the first test where checked for cor-
relation in origin: +the distances between the two intercepts from the-
selected tracks on each side had to be within prescribed values. Fail--



ure at any of the previously mentioned checks resulted in further scan-
ning for other sparks which would give satisfactery two-correlated-
track events. The fraction of true events (defined previously) that
would satisfy the two tests before mentioned was usually between T0

and 80 percent; lower efficiencies were observed when one of the spark
planes showed obvious poor sparking efficiency (usually..due to insuffi-
cient gas flushing) or when the fraction of accidental coincidence in
EVENT was large due to too high a beam intensity or bad stochastic
properties of the beam., The fraction of accidental triggers was kept
under 10 percent for most CD2 runs, but was usually larger for graphite
targets.

The third check was related to the coplanarity of.the events:
two~-body final states must be contained in one plane. The efficiencies
calculated for coplanarity cuts of +5° (twice the observed FWHM) seem
to be too low; the cross sections we obtalin this way are systematically
larger than those without coplanarity requirerent. To check whether this
discrepancy was relsted to the way the spark chamber efficiency was
evaluated, we redefined an efficiency E§. as the ratic of the number
of reconstructed events with & time-of-flight corresponding to a
deuteron (+0.55 ns/m from the elastic peak) to the number of "true"
triggers within the same -time-of-flight interval. It was found that
Ege v BEge to within 1 percent.

Figure 2a shows a typical time-of-flight spectrum for CDs and
graphite targets. Figure 2b shows the corresponding correlation
spectrum (6, + 64). Flgure 2c .shows the coplanarity spectrum for all
proton angles with- = 10°, The coplanarity angle is defined as
x = (xp/31n 8p ) + (xdysln 04), where end x4 are the angles rela-
tive to the horlzontal plane of the proton and deuteron trajectory,
respectively.

The relatively wide spectrum observed for the ccplanarity angle
is not as bad as it might seem if one realizes that through projection
of the vertical scattering angles . and X3 on the plane perpendi- .
cular to the beam at the target, we are multiplying these angles and
therefore their error by typical factors of L.6 on the deuteron side,
1.5 on the proton side'(these numbers are-valid for 12.5° deuterons
and 130° protons). Furthermore, because we had only two vertical co-
ordinates in each telescope, the rejection of spurious sparks could nct
be as efficlent as for horizontal projections. We feel that the results
obtained with checks one and two above are better than those for which
check three has been added. The cross sections presented in the next
part are obtained without coplanarity requirement (checks cne and two
~only). :
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RESULTS AND DISCUSSION

The cross sections were first calculated for every proton angle
bin as described in the previous part. A weighted average was then ob--
tained taking two bins at a time.  The results are given in tables I to IV.
The data in these tables are differential cross sections averaged over a
2° interval for Opep < 111.5°. over 2.4° for 118.L° < 8, < 136.6° and
2.6° for epcm 3_137.25'(the Sp m values are for 590 Meg ﬁhey‘vary'
slightly as a function of energyg.

Figure 3 shows 1og(dc/dQ)pey . &8s :a function of cos (8,.,) at
590 MeV, 470 MeV, 364 MeV, and %1% MeV., The errors in tables I to IV
and figure 3 are statistical only. As discussed in the preceeding -parts,
we estimate possible systematic errors as follows: (a) at a given
energy, over the angular range presented, +5 percent; (b) from one
energy to _any other, +8 percent; the latter number includes 5 percent:
for the'lgc(p, pn)llc cross section uncertainty, 1.5 percent for statis-
ties 'in the monitor calibration, and 5 percent for uncertainties on
beam characteristics reproducibility (beam spot size, position at the
monitor target, and divergence).

The data as presented here is averaged over a proton angle interval -
which corresponds to the angular resolution on the correlation angle
(ep + 83), given the proton bin used in the data analysis. The precision
of angle measurements is estimated as (a) +0.1° on the reproducibility of ep,
(b) #0.01° on the reproducibility of 84, and (c) +0.025 for the abso-
lute position of the deuteron counter relsastive to the beam line (0.3 cm
at 600 em). - '

In figure 3a.we show also the results of out 1969 experiment at
590 MeV (Ref. 3). The new cross sections are systematically 20 percent
lower and we have presently no explanation for this discrepancy.

A . comparison of the data plotted in figure 3 leads to the follewing
remarks, In the half-logarithnic representation chosen the CM cross sec-
tion is very nearly linearized. It .is not obvious that a cos epc
displey is. the most meaningful one, beyond the near linearization %b-
tained. We notice that if we call -t the four-momentum transfer
squared, then

t

cos 6 = 1 +
penm .

2pcm'

where Pom is the CM momentum; therefore the cos 6 om 'representation’

shows in fact directly the -t dependance of the (M cross section. On

the‘other'hand if g 1is the Fermi momentum of the neutron in the single-

nucleon exchange process, then
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2 =
cosecm=~—q— -2
P 2 b

' Pem

. therefore the coé 6 om representation is not meaningful if the process
is dominated by s1ngle-neutron exchange., A g-representation would be
better.

It is obvious from Fig. 3 that for any given value of 6,., or -t
displayed, the CM cross section is nearly the same (to within #10 percent)
at the three hlghér energies. By extrapolating visually to cos epﬂm = -1,0
straight l1ine fits in Fig.. 3 we find values of (dcr/dQ)c 180° shown as
a function of the proton laboratory energy in Fig. L. Data from other
experiments have been included (see references in INTRODUCTION). We
hgve dropped the ancient results of Refs. 10 and 11. The energy region
between 100 MeV and 300 MeV shows a fast drop of the CM cross:section
and is well understood (Ref., 8) in terms of single-neutron exchange and
multiple scattering; the cross section is directly related to |¢(A)|2& the
momentum space single-particle.deuteron wave funetion squared A= |A
is defined as in Ref. bL: :

K = out _ g
2

in

where 3 and E are CM momenta. Around 300 MeV we cbserve a definite
flattening of the 180° CM cross section. It appears also likely that
the. cross section will start dropping again just above 600 MeV: the data
" points:at 1000 and 1300 MeV show a fast drop indeed.

At this point we like to interpret Fig. 5 as a clear indication of
either another reaction mechanism beside single-neutron exchenge and
multiple scattering, or another component in the deuteron ground state
wave function beside the knowm S and D states. What is now needed is
a detailed theoretlcal interpretation of the data in the energy range
300 to 1300 MeV,
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TABLE I. - p-D DIFFERENTIAL CROSS SECTION AT 590 MeV

Proton Leboretory R Proton | cos § om Center-of-mass Momentum
laboratory differential -~  center-of-mass : -. differential transfer
scattering  Cross section: = . scattering cross section gguered

angle "~ . ‘end error : angle - and error -t >

®p,16p’ (g_g) . A (g_g)- O pem? L (d_c) . A (g) {Gev/e)”
deg NG jgp T A2/ gp deg: . Q) = N\ gy
ub/sr wb/sr
95.5 16.2‘_,:1.'& 1 130.9 0_.655' ok ,6 +2,2 71,67
97.5 16.9 + 1.k 132.6 677 - 26.T + 2.2 1.70

"99.5 18.9 + 1.L - 13h,3 .698 31.3 # 2.3 1.72

101.5. 20.0 * 1.k 136.0 - .T19 349 + 2,5 1.74

105.5 23.3 4 1.3 '139.1 756 W3+ 2.5  1.T8

107.5 2kl + 1.3 1ko.7 JTTh 48,5 + 2.6 1.79

109.5 2h.h #+ 1.2 k2,2 - ©.T90- 50.0 * 2.5 1.81

111.5 28.5 + 1.3 143.6 .805" ~62.1'+ 2.8 - 1.83

118.45 31.8 + 1.0 148,14 852 81.3 + 2.6 1.87°

120.8 33.6 + 1.0 150.0" .866 90.1 + 2.7 $1.89 -

123.2 37.0 +1.0 151.5 877 104.0 + 3.0 1.90

125.6 36.9 + 1.0 153.0 .801 108.0 *+ 2.9 1.91

130.5 39.4 + 1.6 155.9 | 913 - 125.0 i.s.o ©1.93
©132.5. 37.6°+ 1.6 157.1 "~ 921 12k.0 + 5.0 S 1.9h
- 134.6 39.8 + 1.6 158.2 929 ~ 136.0 + 6.0 1.95

136.6 39.7 + 1.6 - 159.3 935 141.0 + 6.0 1.95

137.2 139.6 + 1.5 159,71 938 1%0.0 + 5.0  1.96°

139.8 41.8 # 1.5 161.1 .9L6 155.0 + 6.0 . . 1.97

k2. h 4k.0 + 1.5 162,14 .953 170.0 * 6.0 1.97

145.0 45.2 + 1.5 163.8 .960 - 182,0 + 6.0 1.98
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TABLE II. - p-D DIFFERENTIAL CROSS SECTION AT 470 MeV

Proton Laboratory Proton cos © Center-of-mass Momentum
laboratory differential center-of-mass PCM 3ifferential transfer
scattering cross section scattering cross section squared

angle and error angle and error -t 5

deg 42/ . = \92/p deg aQ) g = \aR/ o

wb/sr . S : ub/sr
97.5 21.6 +.0.9 131.7 0.665 32.5 +:1.3 1.33
99.5 23.5 +:0.9 133.L 687 37.2 + 1.k 1.35

102 23.% + 0.7 135.5 .T13 39.2 + 0.8 1.37

105.5 28.4 + 0.9 138.3 Tl 51.8 + 1.5 1.40

107.5 ~ 28.5 +0.9 139.9 .T65  5h.L+ 1.6 1.k2

109.5 © 31.6 +0.9 1h1.h .781 62.1 + 1.7 1.43.

112 33.6 + 0.7 1k43.2 801 70.7 + 1.5 1.hk

118.4 39.7 + 1.1 1bT.7 .8k5 95.9' + 2.6 1.48.

120.8 ho.1 + 1.1 149. 4 .861 107.0 + 3.0 1.k49

123.2 bh,5 +.1.1 150.9 87k 119.0 * 3.0 1.50

125.6° Lh.6 + 1.1 152,14 .886 124.0 # 3.0 1.51.

129.9 6.1 + 1.3 155.0 906  135,0 + 4.0 1.53

132.3 7.1+ 1.3 156,14 .916 146.0 + 4.0 1.54

13k.7 50.6 + 1.3 157.8 .926 163.0 *+ 4.0 1.54

137.1 51.k + 1.3 159.2 935  172.0 # L.0 1.55

139.7 Lh.5 + 1.0 160.6 .9h3 156.0 +-4,0 1.56

1k2.3 h5.8 + 1.0 162.0 951 167.0 + k.0 1.56

1hh.9 45.6 + 1.0 163.4 958 173.0 + 4.0 1.57



TABLE III. - P-D DIFFERENTTAL CROSS SECTION AT 365 MeV

Proton laboratory - Proton cos Center-of-mass Momentum
laboratory differential - center-of-mass P differential transfer
scattering cross section ) scattering - cross section squared

angle and ‘error . angle and error -t 5

ep,lab' (@_) N A (d_o,) epcm, x (g‘l) . . A <.d£_> (GeV/Q)

deg ) 1gp = N/ g | deg aQ) = \ae/
. ub/sr T wb/sr
99.5 23.9 + 0.6 132.5 0.676 37.3 +.0.9 1.03

i01.5 27.2 ¥ 0.7 13k4.2 697 3.7 +'1.1 1.05

10L.5 31.3 £ 0.8 136.7 728 55.6 + 1.5 1.07 .

106.5 34,0 #0.9 138.3 STAT 63.3 # 1.6 1.08

108.5 - 32.7T+0.9 139.9 - .T65 63:4 + 1.7 1.09

11C.5 32.7 + 0.9 1h1.h .782 66.1 + 1.8 1.10
- 112.5 33.9 + 0.9 142.9 798 71.1 #1.9 1.11

121.5 37.8 + 0.9 149.2 859 . 95.h + 2,3 1.15

12,5 39.3 + 0.8 151.1 - .876 105.0 + 1.0 1.1

131.8 L3.0 + 2.1 155.7 911 - 131.0 # 1,0 1.18

13k4.2. L7k + 2,2 157.1 921 150.0 + 4.0 1.19

137.2 43.6 + 1.9 . 158.8 - .932° 1kk.0 + 3.0 1.19

Wid 46.7+ 0.9 161.1 .9k 16L.0 * 3.0 1.20

1kk,0 ' br.2 + 0.9 162.5 - 9547 172.0 * 3.0 1.21

146.6 L.k + 0.9 163.9 .961 168.0 * 3.0 1.1
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TABLE IV, - p~D DIFFERENTIAL CROSS SECTION AT 316 MeV

Proton Laboratory Proton cos 8 Center-of-mass Momentum

laboratory differential center-of-mass - pe di fferential transfer

scattering cross: section scattering cross section squared
angle and error "~ angle and error -t 5
deg 4aq 1ab aQ 1ab deg age em aq om

ub/sr f wb/sr

109.0 bo.k +-0.7 139.9 0.765 Thoh + 1.5 0.939
111.0 39.9 * 0.7 1410 .782 79.7 1.5 .9k6
113.5 38.5 + 0.7 143.3 .801 81.3 + 1.6 .958
122.3 34.8 + 0.8 1kg.k .861 87.0 + 1.9 .990
12h.7 38.6 + 0.8 151.0. .875 100.0 + 2.0 .997
127.1 Lo.T + 0.8 152.5 .887 111.0 + 2.0 1.00h
130.2 38.1 * 0.7 154,k .902 - 111.0 + 2.0 1.01
132.6 38.6 + 0.8 155.9- 913 117.0 + 2.0 1.02
135.0 37.8 + 0.8 157.3 .923 120.0 + 3.0 1.02
137.4 3L.5 +0.8 158.7 .932: 112.0 + 3.0 1.03
140.1 38.6 + 0.7 160.2 .9l 130.0 + 2.0 1.03
1k2.7 , 41.6 + 0.7 161.6 .9k9- 146.0 + 3.0 1.0k

145,95 39.9 + 0.6 163.4 .958 148.0 + 2.0

1.0k
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