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TABULATED _ROSS SECTIONS FOR HYDROGEN AND HELIUM PARTICLES
PRODUCED BY 62- and 29-MeV PROTONS on 197A4

F. E. Bertrand and R. W, Peelle

ABSTRACT
Tabulated differential cross sections are presented for .
the production spectra of proton, deuteron, triton, helium-3,
and alpha particles from !?7Au bombarded by approximately
62- and 29-MeV protons, Continuum cross sections are given

at 6 angles from 15 through 125 degrees, over the energy
region down to a low-energy cutoff of 3 to 13 MeV which de-

pends on particle type,

The differential cross sections for the production of proton, deu-
teron, triton, helium-3, and alpha particles produced by bombardment of
1970 by 61.5- and 28,8-MeV protons were measured over a secondary energy
range from ~ 3 to 62 MeV. The details of the experimental system and
data analysis have been reported elsewhere,1 as has been data from other
targets.2 This report gives the tabulated cross sections for the secondary
charged particles,

The incident protons were accelerated by the Oak Ridge Isochronous
Cyclotron, momentum analyzed in a 153-deg magnet, and focused on the
target in « spot of approximately 8-mm diameter. The reaction particles
from the target were detected in an all solid-state, thrce-counter tele-
scope utilizing Li-drifted Germanium as the total absorption detector.
The overall energy resolution was approximately 200 keV for most of the

data; however, the resolution of some of the data was 400 to 500 keV due
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to detector failure., The secondary particle type was determined by a
combination of AE versus E and flight time versus E methode which per-
mitted unambiguous identification over the entire reported energy range.
Data was obtained from four ADC's for each event, processed in an ou-line
PDP-8 computer, and written on magnetic tape., The data was analyzed on
the ORNL IBM-360 and CDC-1604 computers and on the PDP-8,

The gold target used was commercial gold foil of thickness
7.08 * 0,0078 mg/cm? with a nonuniformity over the area bombarded of
* 1,5%., The low-energy cutoffs for the data were determined largely by
the presence of copper contaminant in the gold target., The contaminant
was detected through the observation of a low-energy evaporation peak
(~ 8 MeV) in the secondary alpha particle data, and it was found by flame
emission spectroscopic analysis that the target contained approximately
0.2 £ 0,004 mole % of copper, in reasonable agreement with the magnitude
of the contaminant peak observed, when it was assumed that the alpha
evaporation peak from copper has the same cross section as that for 54Fe
for which the alpha evaporation cross section has been measured.1 The
gold low-energy cutoffs were set above the contaminant peak as well as
possible; however, as is observed in the figures, the spectral magni-
tudes do not go to zero at low energies as might be expected. The con-
tribution of the contaminant to the continuum cross sections is negli-
gible at higher energies, but Yoes affect by up to ~ 257 the few lowest
energy bins shown for the proton and alpha-particle spectra, The low-

energy cutoffs for the data are listed in Table 1.



Data was ohbtained at 15, 30, 50, 75, 99, and 124 degrees at 62 MeV
incident energy, and at 30, 60, 90, and 125 degrees at 29 MeV. Since the
maximum number of angles was six and since much of that data suffered
from poor energy resolution, cross sections for the excitation of dis-
crete levels in the spectra are not given except for the elastic cross
sections which are listed in Table 2. The 62-MeV secondary proton data
at the angles of 30, 75, and 124 degrees is undetermined between the
energies of ~ 24 and 34 MeV due to a temporary high threshold on the fast
signals from the second AE detector. The cross sections listed for the
affected regions are estimated on the basis of the magnitude and shape
of the spectra above and below the uncertain region, and the uncertainty
in these regions is considered to be * 10%. The resolution of the
elastic proton peak at 15 degrees for the 62-MeV data was so poor that
the total inelastic proton cross section at 15 degrees contains a few
percent of the elastic peak, and the elastic cross section is in doubt
by * 20%.

Table 3 lists the experimental parameters and the assigned syste-
matic uncertainties for the data in this report. A list of factors by
which counts are multiplied to give laboratory system millibarns
(steradian)-l are given for each angle in Table 4.

The gold data have been corrected for the effects of: nuclear
reactions in the germanium detector, collimator edge penetration, ''dead"
layer in the path of the scattered particles, multiple scattering of the
secondary protons by the AE detectors, and energy loss from the scat-
tered particles in the target. These corrections are described in

reference 1.
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The magnitudes of the 'tail' corrections for nuclear reactions in
the germanium detector and for collimator edge penetration are both de-
pendent upon the number and spectral distribution of recorded counts,
These corrections are sigaificant only for protons at scattering angles
less than about 30 degrees, where the spectra are dominated by strong
elastic scattering, and generally fall rapidly with angle within that
range. The uncertainty in the correction for collimator penetration is
taken as 20% of the correction, which is approximately proportional to
pulse height, This uncertainty is significant only at 15 deg as shown
in the table below. The uncertainty in the reaction tail correction is
taken as 25% of the correction, which rises from zero to its full value
between 37 and 45 MeV and then remains roughly constant up to the elastic
peak. The cross section uncertainty in the correction is tabulated below
for the runs in which it is significant., These uncertainties must be
combined with tne overall uncertainties of Table 3 and with statistical

uncertainties,

Uncertainty from reaction Uncertainty from collimator
Angle tail correction of 45 MeV edge penetration at 45 MeV
62 Mev
15 * 0.3 mb(ster-MeV)-1 * 0,08 mb(ster-MeV)-1
30 + 0,01 mb(ster-Mev) *
29 MeV
30 + 0.02 mb(st:er-MeV)-1



Figures 1-10 show the angle-integrated spectra for proton, deuteron,

triton, helium-3, and alpha particles from '®7Au bombarded by 61,5- and
28.8-MeV protons, respectively. The integrals over angle were performed
using a trapizoidal quadrature where the cross section at zero degrees was
assumed to be equal to the cross section at the smallest data angle and
the 180-deg cross section was assumed to be equal to the cross section

at the largest angle at which data was obtained. The angle integrals for
the 28.,8-MeV data are low in magnitude due to the lack of small angle

(15 deg) data, By omitting the 1l5-deg data from the 62-MeV integral it
was found that the 29-MeV integrals shown for protons and deuterons can be
consicdered low by 17% and 14%, respectively, when integrated over energy.
The error is much smaller (<5%) for the other particles. The broad peaks
at the high energy end of some of the figures include averages over ob-
served level structure, The figures, particularly Fig. 3, show the local
effect of the nickel foil which covered the germanium detector at about
9-, 12-, and 15-MeV for protons, deuterons, and tritons, Particles in
these regions may be registered at the wrong energy. The proton angle
integrals do not include the elastic scattering and the low-energy cutoff
for each plot is that given in Table 8,

Tables 5 and 6 are lists of the binned cross sections integrated over
angle for each particle type for 62- and 29-MeV protons, respectively, in
units of millibarns/MeV; the energy listed is for the iower edge of each
bin, Table 7 shows the energy-integrated laboratory cross section, in
units of millibarns/steradian, and ‘he average energies in MeV, at each
angle for both incident energies. The total cross sections in millibarns,

average energies in MeV, and average forward momenta in MeV/c, for the



observed particles are listed in Table 8 along with low-energy cutoffs
for the data, The secondary proton cross sections listed do not include
the elastic scattering cross sections, while the cross sectionz for the
other secondary particles include all observed events.

The uncertainties listed on all tables (unless otherwise noted)
are based on Poisson statistics only and should be used in combination
with the combined overall uncertainty (5%) shown on Table 3,

Tables 9-13 list for each angle the laboratory crore sections for
proton, deuteron, triton, helium-3, and alpha particle production from
61.5-MeV protons on *27Au, binned in 0.4-MeV wile bins at low eacrgies
and 1-MeV wide bins elsewhere, in units of millibarns (steradian-MeV)-l.
The bin energies listed are the center of the bins, Tables 14-18 list
the cross sections for the above particlec produced by 28.8-MeV incident

protons. Cross sections are listed for energies above the cutoffs

listed in Table 7.
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Particle Type

Proton
Deuteron
Triton
Helium-3
Alpha

Proton
Deuteron
Triton
Helium-3
Alpha

Table 1

Low=-Energy Cutoffs

1'7Au

Low-Energy Cutoff

61,5 MeV

3.6 MeV
4.9 MeV
6.4 MeV
12.6 MeV
12.5 MeV

28.8 MeV

3.6 MeV
4.8 MeV
6.4 MeV
12.5 MeV
12.3 MeV

Reason

Contaminant in target
Contaminant in target
Mass-3 ambiguity in TOF
Contaminant in target
Contaminant in target

Contaminant in target
Contaminant in target
Mass-3 ambiguity in TOF
No visible data in TOF
Contaminant in target




Table 2,

Tabulated Differential Cross Sections

197Au(p,p)t?”Au
Elastic Scattering

C.M.Angle Cross Section Statistical
(C.M.) Uncertainty
(deg) (mb/sr) (%)
E = 61,5 MeV
p
15 2600 20
30 34.8 0.4
50 15.5 0.5
75 0.35 10
99 0.32 3
124 0.051 12

E = 28.8 MeV
P

30 961 0.3
60 20.8 0.5
90 2,35 2.1

130 1.44 2.1
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Table 3.

Experimental Parameters and Uncertainties

197Au Target

Thickness ] 7.02 £ 0.07 mg/cm®
Nonuniformity + 1.5%
Beam Energies 61.5 £ 0,1 MeV
28,8 + 0,1 eV
Uncertainty in number of
Protons striking target * 1%
Uncertainty from dead time
correction * 1.5%
Collimator
Material Ta
Thickness (62,28 MeV) 0.432 cm, 0.013 cm
Area (cm®) 0.522 * 1.5%
Distance (cm) 45,8 + 1%
Detector angle +* 0.5 deg
Zero angle + 0.5 deg
Angular resolution + 1,2 deg
Target angle + 0.5 deg
Beam spot diamecter 0.8 cm
Beam spot ''walk" + 0.4 cm
Collimator misalignment at
chamber center * 0.5 cm
K (for collimator scattering
correction) 2,2
Uncertainty in various corrections
to data x 2%
Combined absolute uncertainty * 5%

For all ®He and for cases where
the cross sections are unusually
small * 10%
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Table 4

List of Angles, Run Numbers, and Factors

197 A0
Lab Angle a
—fdeg) Run Number Factor
62 MeV
15 0126 6.407 x 10(-3)°
30 0131 6.113 x 10(-4)
50 0137 5.215 x 10(-4)
75 0142 6.098 x 10(-4)
99 0132 3,206 x 10(-4)
124 0136 7.315 x 10(-4)
29 MeV
30 0023 7.386 x 10(-3)
60 0022 1.048 x 10(-3)
90 0016 4,527 x 10(=4)
130 0021 5.585 x 10(-4)

2)
b)

Numbers by which the counts are multiplied to give millibarn/steradian

Read as 6.407 x 103



Table 5. Angle-Integrated Cross Sections from 61.5 MeV

Bin Energy? Cross Section Error Bin Energy@ Cross Section Error Bin Energy? Cross Section Error
{MeV) (mb/MeV) (mb/MeV) (MeV} (mb/MeV) (mb/MeV) (MeV) (mb/MeV) {mb/MeV)
Proton Deuteron Triton
3.64 0.79 0.076 4.83 0.74 0.013 6.34 0.028 0.011
4.04 1.81 0.104 5.83 0.097 0.013 7.35 0.087 0.013
4 .44 1.68 0.099 6.89 0.21 0.019 8.35 0.197 0.018
4.84 2.27 0.074 7.84 0.37 0.025 9.35 0.410 0.025
5.85 3.63 0.095 8.84 0.76 0.037 10.36 0.534 0.030
6.85 4.66 0.103 9.84 1.04 0.042 11.36 0.674 0.032
7.85 7.05 0.121 10.84 1.48 0.049 12.36 0.730 0.034
8.86 8.30 0.127 11.84 1.54 0.051 13.37 0.599 0.031
9.86 12.66 0.152 12.84 1.84 0.054 14,37 0.752 0.033
10.86 13.40 0.154 13.85 2.00 0.056 15.37 0.881 0.036
11.87 13.87 0.156 14.85 2.08 0.057 16.37 0.938 0.038
12.87 14.28 0.157 15.85 2.07 0.057 17.38 0.932 0.037
13.87 14.92 0.160 16.85 2.15 0.058 18.38 0.835 0.027
14.88 15.05 0.161 17.85 2.13 0.056 20.00 0.819 0.025
15.86 15,22 0.161 18.85 2.19 0.054 22.00 0.696 0.023
16.89 15.30 0.161 20.00 2.10 0.040 £..00 0.665 0.022
17.89 15.13 0.160 22.00 2.08 0.040 26.00 0.578 0.021
18.89 14.90 0.151 24.00 1.95 0.037 28.00 0.520 0.020
20.00 14,40 0.111 26.00 1.86 0.037 30.00 0.487 0.019
22.00 13.98 0.108 28.00 1.76 0.036 32.00 0.427 0.018
24.00 14.03 0.109 30.00 1.64 0.035 34.00 0.368 0.017
26.00 14.08 0.109 32.00 1.58 0.035 36.00 0.357 0.017
28.00 13,92 0.109 34.00 1.55 0.025 38.00 0.328 0.016
30.00 13.59 9.107 36.00 1.42 0.033 40.00 0.285 0.015
32.00 13.24 0.106 38.00 1.37 0.033 42.00 0.267 0.01%
34.00 13.29 0.106 40.00 1.40 0.034 44,00 0.258 0.015
36.00 12.34 0.102 42.00 1.39 0.035 46.00 0.203 0.013
38.00 12.47 0.104 44,00 1.46 0.037 48.00 0.143 0.011
40.00 12.08 0.104 46.00 1.54 0.039 50.00 0.120 0.010
42.00 11.41 0.101 48.00 1.71 0.025 52.00 0.045 0.006
44,00 10.92 0.099 50.00 2.01 0.048 54.00 0.005 0.002
46.00 10.88 0.099 52.00 2.70 0.055 56.90 0.000 0.001
48.00 10.22 0.096 54.00 3.28 0.056 58.00 0.003 0.002
50.00 9.35 0.093 56.00 2.06 0.410 60.00 0.001 0.002
52.00 9.20 0.096 56.03 62.00 0 0
54 .00 9.23 0.097 62.03
56.00 9.10 0.096
58.00 7.85 0.093
60.00 4.49 0.063
63.03

(continued oo next page)
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Table 5. (continued)

Bin Energy? Cross Sectionm Error Bin Energya' Cross Section Errcr Bin Energya Cross Section Error
(MeV) (mb/MeV) (mb/MeV) (MeV) (mb/MeV) {(mb/MeV) (MeV) (mb/MeV) {mb/MeV)
Helium-3 Alpha

12.49 0.011 0.005 i*.n 0.042 0.011
13.49 0.012 0.005 13.22 0.136 0.020
14.50 0.008 0.004 14,22 0.291 0.023
15.56 0.009 0.004 15.22 0.668 0.036
16.50 0.020 0.006 16.22 1.213 0.048
17.5C 0.010 0.004 17.23 1.712 0.056
18.50. 0.014 0.004 18.23 2.345 0.048
20.00 0.026 0.004 20.00 2.110 0.042
22.00 0.036 0.005 22.00 1.613 0.035
24.00 0.049 0.006 24.00 1.393 0.032
26.00 0.062 0.007 26.00 1.150 0.029
28.00 0.074 0.007 28.00 0.968 0.026
30.00 1.088 0.008 30.00 0.863 0.025
32.00 0.066 0.007 32.00 0.642 0.021
34.00 0.073 0.007 34.00 0.554 0.621
36.00 0.083 0.008 36.00 0.364 0.017
38.00 0.069 0.008 38.00 0.413 0.017
40.00 0.066 0.007 40.00 0.372 0.017
42.00 0.070 0.008 42.00 0.325 0.016
44,00 0.081 0.009 44,00 0.265 0.014
46.00 0.064 0.008 46.00 0.186 0.012
48.00 0.067 0.008 48.00 0.165 0.011
50.00 0.072 0.007 50.00 0.153 0.011
52.00 0.043 0.006 52.00 0.118 0.010
54.00 0.003 0.001 54.00 0.092 0.008
56.00 0 0 56.00 0.071 0.007
58.00 0 0 58.00 0.059 0.006
60.00 0.002 0.002 60.00 0.034 0.005
62.00 0 0 62.00 0.013 0.041
62.03 62.03

a)

Bin energy listed is the low-energy edge of the bin.

The highest bin energy listed is the upper edge of the last bin.



Table 6. Angle-Integrated Cross Sectious from 28.8 MeV

Bin Energya Cross Section Error Bin Energya Cross Section Error Bin Enetgya Cross Section Error
(MeV) (mb/MeV) (mb/MeV) (MeV) (mb/MeV) (mb/MeV) (MeV) (mb/MeV) {(mb/MeV)
Proton Deuteron Helium-3
3.69 2.05 0.250 4.84 0.063 0.015 12.72 0.003 0.007
4.09 3.07 0.268 5.85 0.079 0.023 13.73 0.012 0.013
4.49 3.15 0.271 6.85 0.123 0.029 14.73 0 0
4.89 3.11 0.173 7.85 0.208 0.037 15.73 0.001 0.001
5.90 3.46 0.188 8.86 0.391 0.049 16.74 0.002 0.002
6.90 4.56 0.214 9.86 0.696 0.068 17.74 0.003 0.003
7.90 6.30 0.238 10.87 1.004 0.079 18.74 0.611 0.008
8.91 7.12 0.234 11.87 0.868 0.071 20.00 0.006 0.006
9.91 13.36 0.302 12.87 1.634 0.111 22.00 0 0

10.92 13.36 0.312 13.88 1.649 0.102 24.00 0 0
11.92 12.93 0.309 14.88 2.099 0.125 26.00 0 0
12.92 13.79 0.329 15.88 2.341 0.135 28.00 0 0
13.93 13.18 0.315 16.89 2.450 0.143 30.00 0 0
14.93 13.83 0.326 17.89 2,931 0.166 30.03
15.93 14,69 0.346 18.89 3.002 0.159
16.94 14.31 0.346 20.00 8.415 0.199
17.94 12.91 0.330 22.00 14.736 0.389
18.95 12.67 0.325 23.08 Alpha
20.00 12.36 0.233
22.00 12.32 0.239 Triton 12.37 0.041 0.021
24.00 10.46 0.225 13.37 0.045 0.021
26,00 8.65 0.213 6.40 0.009 0.005 14.38 0.051 0.020
28.00 25.90 1.049 7.40 0.015 0.007 15.38 0.073 0.013
28.31 8.41 0.078 0.020 16.39 0.113 0.020
9.41 0.174 0.035 17.39 0.210 0.034
10.41 0.369 0.052 18.39 0.247 0.031
11.42 0.502 0.062 20.00 0.399 G.040
12.42 0.610 0.065 22.00 0.505 0.044
13.42 0.724 0.077 24.00 0.508 0.045
14.43 0.4688 0.075 26.00 0.561 0.051
15.43 0.702 0.073 28.00 0.480 0.047
16.44 0.668 0.072 30.00 0.389 0.387
17.44 0.835 0.081 30.03
18.44 1.34¢6 0.085
20.00 1.173 0.077
22.00 1.423 0.167
22.63
a)

Bin energy listed is the low-energy edge of the bin. The highest bin energy listed is the upper edge of the last bin.
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Table 7. Energy Integrated Differential Cross Sectioas

IEVAU
L Proton® Deuteron Triton Helium-3
ab -
Angle © % AG- = ot Acs # codd ot A" ot acS H cod
deg {mb/sr) (MeV) {mb/sx) (MeV) (MeV) {mb/sT) (MeV) (MeV) {mb/sr) MeV) (MeV)
61.5 MeV Protons Toncident
15 338.9 £+ 1.5 36.6 3.8 42.3 £+ 0.5 41,1 4.9 6.69 + 0.2 1.01 <+ 0.08 40.0 12.6 +
30 123.2 + 2.4° 36.4 3.7 20.3 £ 0.1 36,2 4.9 4.81 £ 0.1 0.59 * 0.02 &40.0 12.6 ;-
50 81.5 % 0.2e 32.6 3.7 10.3 = 0.1 31.3 4.8 2.86 + 0.04 0.31 x D.01 36.1 12.5 i
75 35.6 £ 0.7 27.6 3.7 4.6 X 0.1 26,2 4.9 1.44 £ 0.03 0.12 % 0.01 33.8 12.5 i
99 21.0 £ 0.1 e 23.0 3.7 2.4 + 0.1 23.1 4.9 0.79 ¥ 0.02 0.057 + 0.004 32.2 12.6 %
124 12.9 + 0.24 19.8 3.7 1.4 £+ 0.1 20.8 4.8 0.4& £ 0.02 0.02& + 0.004 27.5 12.5 %
28.8 MeV Protons TIncident
30 66.9 + 0.7 18.2 14.8 £+ 0.3 20.3 4.8 2.7 £0.1 0.02 £ 0.01 17.0 12.5 +
&0 21.5 £ 0.2 18.1 5.5 + 0.1 19.4 4.8 1.1 % 0.03 0.001 + 0.001 19.0 12.5 %
20 9.1 £ 0.1 16.7 1.5 £ 0.03 18.0 4.9 0.4 % 0.01 0.002 £ 0.001 19.6 12.6 +
130 8.3 £ 0.1 14.5 0.7 £ 0.02 16.6 5.2 0.2 * 0.01 0.002 £ 0.001 18.7 13.5 k4

a)The proton cross sections do not include elastic scattering

Peor

Cutoff energy {(low-energy)

C)Theae uncertainties are statistical omly

d)Average ENergy

e)These errors include uncertainty in the cross sectious at these angles - see text

¢T

P N



16

Table 8, Total Cross Sections - 197py

_ — Lower Energy
gt AT E pc Limit
Particle (mb) (MeV) (MeV) (MeV)

61,5 MeV Protons Incident

Prot - 654.6 + 2.7 31.9 143.2 3.6
Deuteron 86.0 = 0,4 33.1 219.0 4.8
Triton 21.3 = 0.2 25,4 199.4 6.4
Helium-3 2.3 £ 0.1 37.1 289.6 12.5
Alpha 32.0 + 0.2 27.0 157.9 12,6
28,8 MeV Protons Incidentb
Proton 259,6 + 1,5 17.5 86.9 3.6
Deuteron 52.6 £ 0.7 19.5 161.3 4,8
Triton 10.7 £ 0,02 17.5 165.1 6.4
Helium-3 0,05 + 0,02 17.8 147.9 12,7
Alpha 5.85 £ 0.2 24,0 192.0 12.4

a) does not include elastic scattering
b) the angle integrals for the 28.8-MeV data are low in magnitude due

to the lack of small angle (15 deg) data., By omitting the 15-deg
data from the 62-MeV integrals it was found that the 28-MeV integrals
listed above for protons and deuterons can be considered low by 17%
and 14% respectively. The error is much smaller ( < 5%) for the
other particles.
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61.5-MeV Protons Incident
(Elastic Scattering not Included)
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Tabulated Cross Sections

61.5=MeV Protons Incident on 197Au:

Proton production
Deuteron production
Triton production
Helium=~3 production
Alphea particle production

28.8-MeV Protons Incident on 197Au:

Proton production
Neuteron production
Triton production
Heliuwm~-% productlon
Alphe particle production
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2.766 C.132
2.629 C.,129
2.979 0,128
3.300 C.145%
2.027 C.127
Nl .0

TABLE 1O,

3C DEG - RUN 131

ENERGY
(NEV)
5.3‘
6.35%
7.25
8.3%
9.36
10.36
11.!7
12.37
12.27
14.38
15.38
14.38
17.39
18.30
19.39
20.40
21.40
22.40
23.41
26.4)
25,42
26.42
27.42
20,43
29.43
30.43
31.48
312.46
33.44
34.45
35,45
35,45
37.46
38.46
39,46
rONS |
41,47
42.40
43,68
Yere)
4%,49
46069
47.49
48,50
49,59
5C. SN
£1.51
52.51
53,51
56,52
55,52
0.0

SIGMA ERROR
(MB/SR-MEV)

G.021 0,004
G.0M14  (.CC3
C.02! 0.0C4
0.0%9 0.00%
G.OBS 0.107
0.133 0,009
0.192 0.011
C.250 2,013
C.27¢ 0.013
0.22% 0.014
G.252 02.C1S
0.342 0.0l4
C.260 0.015
C.39" 0.M5
0.412 0.016
0.38c 0.015%
Tt [.N15
(.42 7,016
¢.2e1 0.015
D.406 J.016
C.413 9J.Cls
C.437 0.016
C.4&& 15,016
Q417 .76
0.432¢ 0.015
C.420 3.016
0470 7,016
0.30¢ 9.016
0,405 02.015%
D.429 n,016
0.42C 0.016
0.392 0.01S
C.286 D0.MS5
0.37% 0.015
0.371 0.0'S
0.410 T,.716
0.38C¢ 0.0'5
0.3 0,0!5
Q.282 2,015
0.392 0.015
C.421 D.Cl16
C.38 0.NM15
C.4%2 0,017
0.422 72.016
G662 J.017
Co.htse 2,017
0.452 0.017
N.496 N, 017
C.AE2 2,723
1.46C 0.020
0.972 0.024
n.o s.C

DEUTERON FROM A = 197 BOMBARDED BY 52 MEV,

%0 DFG - RUN 137

ENERGY
(MEV)
5.29
5.30
7.30
8.31
9.31
10.21
11.32
12.32
13,32
14,33
15.33
16.34
17,34
18.34
19.35
20.35
21.25
22.36
23.36
26.27
2%5.37
26.37
27.38
28.38
29.38
30.39
31.39
32.40
33,40
34,40
35,41
36,41
37.41
18,42
39,42
42,43
41,43
$2.83
83,46
46 44
5,44
56,45
£7.45
48,46
49 ,4¢
50.46
51,47
52,47
53.47
56,48
55,48
0.0

SIGMA ERROR
(MA/SR-MEV)

0.C13 J.003
C.03e 2J.202
0.023 0.323
C.C39 )J.004
0JL73 0.206
0.297 0.007
0.149 0.009
f.172 0.229
0.218 0.011
0.235 0.011
r.287 0N.C11
0.263 D.011
0.2%% 0.012
C.298 J.212
0.29¢ 0.012
C.258 0,012
0.273 D0.C12
0.300 J.012
0.278 0.012
n.324 0,013
0.202 0.013
0.25% 0.011
N.263 3J.012
G275 2.012
0.2%7 0.012
0.2¢1 3.011
Ue227 2.011
0.237 0.011
0.232 0.211
0.212 C.010
0.22¢ 0.011
0.220 0.011
C.271 2.012
0.211 0.010
0.2)2 0.010
C.211 0.012
C.178 0.01C
c.158 0.009
2.153 J.009
0.173 0.009
C.1%2 0.009
(.1%9 3.729
0.172 0.009
0.171 0.009
0,178 0.010
0.153 2J.009
0.112 0.0C8
C.1%5 0.029
£.229 0.011
C.34r 3,013
0.157 0.009
9.0 J.0

PROTONS.

T5 DEG -~ RUN 142

ENERGY
(MEV)
5.33
6.33
1.3‘
8.34
9.34
10.34
11.34
12. 3‘
13.34
14.35
15.35%
16.35%
17.35
18.35
19.35
20.35
21.35
22.3¢
22.36
24,36
25.36
26.36
2T.25
28.36
29.37
30.37
31.37
32.37
33.37
34.37
35.37
36.3%
37.38
38.38
39.38
40,38
§1.38
42.38
43.39
§4.39
§5.39
46.39
47,39
48.39
45.329
50.40
51.40
52.40
53.40
54.40
55.49
55.93

SIGMA ERROR
(MB/SR-NEV)

0.005 C.002
C.007 0.002
0.015 0.003
0.02% 0.004
C.067 C.006
0.092 0.007
C.133 0.009%
C.118 0.0(8
0.145 0.009
0.165 0.010
C.179 <C.010
c.187 0.011
0.169 0.010
C¢.171 ©.012
0.179 ©.010
C.172 0.010
6.157 C.01C
0.162 0.010
0.127 0.009
¢.170 0.01C
0.138 0.009
0.143 0.009
0.126 0.009
0.111 0.008
C.122 0.009
0.114 0,008
0.105 0.008
0.103 0©.008
Cc.084 ©.007
0.085 ¢.007
0.096 0.008
G.C85 ©€.007
C.07¢ 0.C07
0.07TC 0.007
0.057 0.0C6
C.065 C.0C6
0.051 0©.006
0.054¢ 0.006
C.045 C.005
0.052 0.006
0.049 0.0CS
0.0645 (.005
0.040 0.00S
0.041 0.005%
C.C33 0.004
0.029 0.004
0.028 0.004
0.03%5 0.005
0.055 0.006
0.059 0.006
©.002 C€.001
0.0 0.0

99 DEG - RUN 132

ENERGY
(MEV)
5.36
6.34
T.35
8.35
9.3%
10.3¢
11.36
12.3%4
13.27
14.37
15.37
16.37
17.38
18.38
19,38
20.39
21.3’
22.39
23.40
24.4C
2%.4C
26.40
27.41
28.41
29.41
0. 42
31.42
32.42
33.43
36.43
35.43
36.43
37.%4
38.44
39.44
40,45
“.‘s
42.45%
43,66
&5.46
45.46
46.46
47.47
48,47
.47
S0.48
i.48
$2.48
53.49
54.49
55.34
0.0

SIGMA ERROR
(MB/SR-NEV)

0.065 0.001
0.006 0.001
0.012 0.002
0.027 0.003
0.042 0.004
0.062 0.004
0.103 0.006
0.069 0.005
%2.109 0.006
0.110 0.006
0.109 0.006
0.114 0.006
C.10%5 0.006
0.1064 0.006
0.099 0.006
0.103 0.006
0.091 0.0C%
0.093 0.00%
0.089 0.00%
0.091 0.00%
0.069 0.005

0.072 0.005
0.065 0.00%
0.058 0.004

0.054 0.004
€.050 0.004
0.048 0.004
0.039 0.004
0.040 0.004
0.03¢ 0.003
0.025 G.003
¢.028 0.003
0.022 0.003
0.022 0.003
0.024 0.003
0.022 0.0C3
0.020 0.003
0.015 0,002
C.013 0.002
0.01¢ 0.002
0.014 0.002
0.009 0.002
0.011 0.002
0.008 0.002
0.009 0.002
0.012 0.002
0.009 0.002
0.011 0.002
0.013 0.002

0.01¢ 0.002
0.0 8.0
0.0 0.0

0%



124 DEG - RUN 136

ENERGY
(MEV)
5.29
6.29
7.29
8.30
9.30
10.3¢
11.3"
12.31
13,31
14,31
15.32
16,22
17.32
18,22
19.32
21.13
21.32
22,22
23.34
24.38
25.34
26.34
27.35
28,35
29,15
20.35
31.36
32,26
33,36
24,37
35,37
36.37
37.37
38.38
20,138
40.38
a1.38
42.30
43,39
44,29
45,79
#6.40
47.4C
&840
49,41
50.41
51.41
52.41
3,42
54,42
55,15

SIGMA

ERROR

(MB/SR-MEV)

0.0C2
0.003
c.ore
0.021
0.062
0.060
0.068
0.061
n.0T7
0.077
0.072
0.068
C.074
0.061
C.0%5%
0.065
0.063
0.047
0.052
0.023
0.027
6.r3
0.028
0.027
9.019
0.023
0.020
f.r12
0.020
0.014
0,013
0.014
0.014
n.0n9
8,713
0.008
0.°CY
n.t07
0.006
o.o"
0.004
0.003
0.007
©.0C1
0.003
0.003
0.0C2
0.003
0.006
0.0C2
0.0

0.001
0.002
¢.072
0.004
0.006
0.0n7
0.007
0,007
0.007
0.007
0.007
0.007
C.007
0.007
0.008
0.,0C7
0.007
0.90&
oANS
0.005
0.004
0.005
0.00%
0,004
n.oo‘
0.004
0.004&
C.003
0.004
0,003
0.003
0.003
0.003
0.003
0.003
0.002
0.002
C.0N2
0.002
0.002
0.002
0.002
0.002
n.or
0.001
0.002
0.001
0.002
0.002
0.001
0.0

TABIE 10 {cont.).DEUTERON FROM A = 197 BOMBARDED BY 62 MEV. PROTONS.

ENERGY
(MEV)

SIGMA ERROR
{MB/SR-MEV)

ENERGY
(MEVY

SIGMA ERROR
(MB/ SR-MEV)

ENERGY
(MEV)

SIGMA FRROR
(MB/SR-MEV)

ENERGY
(NEV)

SIGMA ERROR
(MB/SR-NEV)

¢



1% DEG - RUN 126

ENERGY
({MEV)
6.°7
T.97
&,98
9.99
13,.9@
12.070
13.01
14.7M1
15.02
16.02
17.0?
18.04
19.04
20.0%
21.rS
22.C6
23.07
2477
?5.08
26.09
2719
28.1C
29.1C
37.11
.12
12.12
33.13
34.14
35.14
26.1%
37.1‘
38.16
30,17
&",17
41.18
42,18
43,19
44,20
£%.2C
&8.2%
8722
48,22
49.22
50,23
51.24
52.2%
£3.2%
“he28
55,27
56.27
57.28
58.28
59,29
60.3C
61.30
61,9

SIGMA ERROR
INB/SR-MEV)

0. c.C

0025 1,013
0.02%% 0.0!5
0.0%0 0.018
n.C69 r.C2)
0.053 ¢©$.018
0.116 0,027
0.057 n.019
C.169 N33
0.18& 0.024
0235 n,029
(,182 0,725
0.176¢ 0.033
0.185 0.0%
C25T7 D N4"
0.212 0.037
0.166 0.032
T.173 €022
0.227 0.028
0.17¢ 0.034
n.2Ar 0.026
0.191 0.035%
0.18* 0©.035
N4 000
0.207 0.026
0.189 0,031
C.232 C.738
0.113 0.027
N.104 0,035
N.166 CL.C32
0.171 0.033
0.117 0.027
r.188 0n.C3
0,158 0,032
0.16% 0.032
C.159 n.032
C.168 0,732
0.181 0.025
0.143 2.0
n.co% C.025
0.1C2 0.025%
0.13¢ 0,029
2,782 0.n23
0.082 0.022
0.074 0.C22
N.022 n.C1s
0.023 0.012
0.006 0.0C6
ﬂ-c
-0
.0
.n)f
«0C
«CC
N C

200300
[- K- 3

o

TABIE 11.

3C DEG - RUN 171

ENERGY
(MEVY
6.85
T.85
e. !6
9.86
1C.26
11.07
12.87
13.87
14 .8
15.e8
16.88
17.%9
12.89
19.90
2".9?
21.90
22.91
23.91
264.91
25,92
26.92
27.92
28.93
29.93
30.93
31.94
32.9%
23.95
34.95
35.685
36.96
37.96
38.96
39.97
40.97
41.97
&2.92
43.98
46,98
4% .99
46.99
“.00
49.CC
50.00
51.01
52.71
53.01
54.02
55.02
55.77
0.0
0.0
0.0

Q00
[~ NN -]

SIGMA ERROR
(MB/SR-MEV)

0.00¢ 0.0C2
Q0rE N2
0,026 0.0C4
0.047 0.005
C."68 CT.CCH
0.086 0.007
0.093 0.008
0.re4 C.055
0.148 0.009
0.167 0.010
0.15¢ 0©.C10
0.18¢ 0.011
0.163 0.010
c.l82 0.r11
N.IST  Q.01n
0.161 0.010
nN,15)  p.0L10
C.13¢ 0.0(9
C.167 0.C19
D146 3.0C9
C.147 1.0O09
0.13% 0.0C9
0.138 0.009
C.129 1.7f09
0.119 0.009
0.121 0.009
0.112 C.0M8
0.162 0.008
0.109 0.008
CiTh 2.0TR
0.12* 0.0Cao
0.001 0.007
C.102 N.0C8
0.096 0.008
0.08! 0.007
Cc.002 2J.0C8
0.082 0.007
o.ces 0.007
0.C86 D0.0C7
n.02e 0.007
0.0 0.007
0.06T DJ.006
C.C4E  CL.0C5
0.042 0.00%
C.052 D.0(6
C.C36 N.005
0.024¢ 0.0C4

C.001 C.001
0.00% D.072
6.0 0.0
0.C c.0
C.0 G.0
6.0 0.0
0.0 0.0
r.c 9.0
0.0 0.0

S0 DFG -~ RUN 137

ENERGY
(MEV)
6.95
T.15
8.96
Q.85
13.87
11.87
12.87
13.88
14.8%
15.84
16.89
17.89
18.90
19,99
20.90
21.91
22.91
23.9}
24,92
25.92
26.93
27.93
28.93
29.94
20.94
31.94
32.95%
33.9%
34.95
35096
36.95
37.97
28.97
39,97
40,98
41.98
42,99
43,99
44,99
46,00
4T7.00
L3 0 1)
49.01
50.01
51.02
52.02
$3.02
56,03
55.03
$5.68
0.0
0.0
0.0
0.0
0.0
0.0

SIGMA ERROR
(MA/SR-MEV)
0.006 0.002
72T Y022
C.023 0.002
C.046 0.005
0083 J.006
0.07% D.006
0.079 3.006
«2%3 0.7M5
0.115 ©.008
0.12% 0.00%
D.124 0.C08
0.13% 0.008
0.120 0.00C8
119 D.0C8
G.115 0.008
0.096 0.007
0.1% C.027
0.0 0.007
0.121 0.007
C.00% 9,007
D4 2.007
¢.083 0.007
0.576 0.336
c.les 0.7
0.274 0.006
0.051 2J.006
<267 0.6
0.C50 0.206
0.04% 0.005
0.752 2.005
0.05¢ 0.005
0.250 0.005
0742 0005
0.C4¢7 0.005
0.034 0.00%
C.l32 93.0224
0.332 0.004
0.22¢6 0.034
C.027T 2.054
0.3* 0.004
0.022 0.203
0,020 0,033
C.010 0.002
©.011 D0.002
0.016 €.303
c.C1n 0.002
0.C03 0J.001
(.02 N.5I1
0.77C 2.021

0.C 0.0
0.0 DD
C.C o2
G2 0.2

Ny 0.0
0.3 3.0
0.0 0.0

TRITON FROM A = 197 BOMBARDED By 62 MEV. PROTONS.

15 DEG - RN 142

ENERGY
(NEV)
€.83
7.84&
8.84
9.846
1G6.84
11.84
12.84
13. a‘
14.8%
1%.8%
16.85
17.85
18.85
19.85
20.85
21.84
22,85
23.886
24,86
2%5.8%6
26.856
27.86
28.87
29.87
30.87
31.87
32.87
33.87
34.287
35.88
36.8"
37.88
3s. 0%
39.8%
$0.8%
41.8%
42.488
43.8¢
84,89
£5.89
56.89
£T.89
“8.89
§9.29
50,90
51.90
52.90
53.90
54.85
0.0
0.0
0.0
000
Gad
0.0
0.0

SIGMA ERROR
(MR/SR-MEV)

C.C0& 0.002
CN05  C.CC2
0.013 0.003
C.C31 C.00&
0636 0. 005
0.060 0.0C6
0.071 0.0C7
C.074 C.007
C.C36 0.005
0.CTY C.007
.co0  C.007
N.0T64 C.007
0.0¢6 C.00¢&
C.C68 C(.00u
C.073 0©.C07
0.0%9 0.00¢
D55 C.006
0.044 0.005
0.0%4 0.006
0.038 C.005
0.039 0.00%
0.030 0.004
0.032 C.00&
C.031 0.004
0.034 0.00%
0D.030 C.004
0,022 (.0C4
0.023 0.00%
G.C18 (€.033
C.018 C.0C3
0.021 0.004
0.C10 0.0C2
.01 C.0103
G.011 <.,003
.01y ;003
C.01G <.0¢2
0.00¢ 0.002
¢.011 ©.002
0.01C C.002
0.010 €.0C2
C.007 C.002
¢.0C3 ©€.001
0.00% 0.002
¢.003 0.001

005 0.0C2
0.003 0©.001
.0 C.C
C.000 C.CO00
0.C00 0.00)
C.0 0.0
[ ot C.D
c.0 0.0
0.0 C.0
C.0 0.0
C.C c.0
0.0 0.0

99 0EG - RUN 132

ENERGY
1e€v)
5. 8%
7.88
.25
9.85
10.86
11.e6
12.86
13.87
16.87
15.87
16,00
17.88
18.88
19.0¢
20.29
21.ne
22.80
239
24.90
25.9C
26.91
27.91
28.91
29,92
10.92
31.92
32.92
3.0
34,93
35,93
35.9¢
3704
24,94
39.9%
WQQS
£1.9%
42.9%
43,96
44,96
45,96
46.97
48.97
49.98
50.e8
si.op
52,08
53,90
L7818
o.¢
2.0
0.0
o.o
a.c
c.0
0.0

SIGEaA  ERROR
(MB/SR-MEV)

C.0C02 0.001
0.004 G.001
0.01% 0.0C2
¢.033 Q.02
C.N3T C.003
0.048 0.00&
C.C48 0.0(4
C.C46 C.MT&
0.042 0.004
0.040 0.0C&
C.068 C.CO&
0.043 0.006
9.038 0.00
0.035 n. 003
0.02% 0.00%
0.03C 0.003
0.028 0.003
0.003
0.02C 0.003
G.C20 0.003
0.018 G.0C2
0.016 0,002
0.008 0.CC2
0.01% 0.002
0.€13 0.002
0.012 0.002
0.009 0.002
0.005 0.001
0.012 0.002
c.Cco08 0.002
0.006 0.001
0.005 0.0601
C.006 0.0C1
0.00% 0.001
0.002 ©.001
g.00& 0,071
C.00¢ 0.001
0.002 0G.001
C.001 0.0C)
0.0C3 0.00%
0.001
0.001 8.5
0.001
0.001 0.001
0.001 Q.0
0.00! 0,000
0.0 o.o

CeC 2.0

0.0 0.0

0.0 0.0

c.0 0.9

o.o o.o

G.C C.0

0.C 0.0

0.0 0.0

0.0 0.0

-
¥,
i e

F



124 DFG - RUN

EN-TRGY
{mMFY)
5,084
T.25
2.85
Q8%
10.75
11.86
12.8¢6
13.0¢
14,25
15.87
6.8
17.27
18,87
l1q.82
2T .00
21.78
22.%9
23.89
24,89
2%.89
26.90
27.90
2R.90
29.90
.91
31.91
32.91
33.91
24,92
25.92
36.92
37.92
38,93
30,91
40.93
41,94
47 .94
43,94
44,94
&5,9%
446,.9%
47.95
48.9%
49.96
50.9%
51.96
52.96
53.97
54,52

SIGMA

136

ERROR

(MB/SR-MFY)

0.0C3
0.0C7
".r!‘-‘
0.022
0.072
025
0.032
9.028
N"28
0.026C
0.024
J.021
0.019
N.01¢&
0,018
0.020
0.011
N.C15
L0110
0.012
G007
7.C1C
0.0C6
0.007
C.(rS
0.001
0.004
n-“c’
0.002
0.001
f.nC2
0.002
0.004
Q.0ry
0.001
0.001
5.0

0.0

0.001
Q.71
0.001
¢.001
Q.0

.0

0.001
¢.0C2
NL.0r2
C.004
0.0C%
L0615
0.00%
0.005
C.0n4
0.004
0.004
C.004
0.004
0.003
C.O0r4
0.004
0.0C3
C.0C3
0.003

CLis.

c.ce2
0.CC3
0.002
¢.n02
C.002
0.001
0.002
n.nny
0.901
C¢,0C1
0.C01
C.0C!
0.002
N.001
0.00
0.001
(‘.o
c.o
0.001
C.C2.
0.001
0.001
C.0
0.0
o.o
6.0
0.0
C.C
G.0

TABLE 11 {cout.)

ENERGY
(MEV)

SiGMA ERROR
(MB/SR-MEV)

ENERGY
(MEV)

TRITON FROM A = 197 BOMBARDED BY 52 MEV.

SIGMA ERROR
{MB/SR-NEV)

EMERGY
(MEV)

PROTONS.

SIGMA ERROR
{MB/SR-MEV)

ENERGY
INEY)

SIGHNA ERROR
(MB/SR=-MEV)

14



15 DEG - RUN 126

ENERGY
(MEV)
13.11
14,117
15.12
16.12
17.13
18.14
19.14
20.15
21.16
22.16
23.17
24.17
25.18
26.19
27.19
28.2"
29.2¢
10021
31.22
32.22
33,23
34,24
35,24
36.25
37.25
38.26
29.27
40.27
41.28
42.29
43,29
44,30
45,.3C
46.31
47.32
48.32
49,33
5'.3‘
5l.34
52.3%
53.35
54,26
55.27
56.37
57.38
58,28
59.39
60."~
61.40
61.96

SIGMA ERRDR
(MB/SR-MEV)

C.C06 0,006
0.0 0.0

0.004 0.0C5
0.0€9 C.0C7
0.0 0.0

0.0 0.¢

N.0 C.C

0.0 0.0

0.006 0.006
0.0 c.0

0.006 0.006
0.013 0.009
N.019 0,011
0.013 0,009
0.025 0.013
0.C02 C.0r4
0.030 0.014
0.026 0.013
c.ne3  C.C17
0.013 (.0C9
0.019 C.011
0.038 0.C16
r.N15  0.010
0.032 0.014
0.N54 €,019
0,151 C.C1n
0.03% 0,016
0.032 0,014
0.025 r.C13
0.045 0.017
0.C41 0.016
0.033 0.015
0.071 0,021
0.036 0.015
C.C43 0,017
0.049 0,018
0.044 0.017
~.037 n.C15
0.014 0.00°
0.0%56 0.019
'Oq

. 9
oM

RRER)
* s 0 s ®
PO DOOIO

200090000

00200000V
DOOMNOOIO00D

TABIE 12.

3C DEG - RUN 131

ENERGY
{MEV)
13.02
14.02
15.03
16.03
17.04
la.o‘
19.04
20.05
21.05
22.05
23.06
26.06
25.96
26.07
21.07
28.07
29,08
30.08
31.09
32.09
23,09
34,10
35.10
36.10
37.11
38,11
19.11
40.12
a1.12
42.12
43,13
44,13
45.14
“. “
47,14
48,15
49,15
50.15
51.16
52.16
52,16
S4.17
55.17
55,85

0.0
0.0
o.q
6.0
0.0
0.0

SIGMA ERROR
(MB/SR-MEV)

0.002 C.001
0,001 0.0CY
c.0n2 0.001
0.001 C.C{1
0.003 0.001
0.CC2 0C.0C1
0.rC2 0Q.0C1
0.002 0.001
0.002 0.001
0.004 D,.2MN2
0.0C5 0.002
0.00% 0.002
D006 T.002
0.011 0.003
0.01% 0.00?
.01 C.NC2
0.01C 0.002
0.01®¢ 0.003
0.02C n.0C4
0.014 0.00%
0.014 0.003
C.Cl9 02.0C3
0.023 0.0C4%
0.C14 0.063
022 D.CTH
0.017 0.003
0.013 0.003
0.02% 0.004
0.015 0.003
0.017 0.C03
c.012 D.0r3
0.01°9 J.0C3
0.022 0.004
0.019 0.003
c.c1¢ 0.0C3
0.018 0.003
¢.C2C 0.003
C.C38 0.005
0.034 0.005
0.0264 0.0CS
0.717 0.003
0.006 0.002
c.001 0.001
0.0 .0

0.0 0.0

o.o o‘o

c.r 2
0.0 0
0.0 0
0.0 0

HELIUM=-3 FROM A = 197 BOMBARDED BY 62 MEV.

5C DEG - RUN 137

ENERGY
{MEVY
12.97
13,98
14.98
15.98
16.39
17.99
19.0n
20.00
21.00
22.01
23.01
26,01
25.n2
26.02
27.03
28.03
29.03
30.04
31.04
32.04
33.05%
34,95
3%5.06
36.06
37.06
38,07
39,07
40.07
41.08
42.08
43.09
44.09
45.09
46.11
47.10
48.10
49.11
SN.11
51.12
52.12
53.12
54.13
55.13
5%5,.81

0.0
0.0

SIGMA ERROR
(MB/ SR=-MEV)

0.002 0©.001
c.001 0.001
¢330 0.00)
0.001 0.001
0.C04 0.001
0.022 2J.321
0.301 0.001
0.004 0.001
f.273 J.301
0,235 D.002
0.007 0.002
C.038 J,.001
C.276 «202
c.008 0.002
0.007 ©€.002
C.C2% C.002
0.C16 0.003
0.013 0.003
c.013 0,203
0.011 0.002
0.C12 0.032
C.C16 2.3)3
0.012 0.002
0.C011 0.002
C.0)9 0.002
0.013 0.003
0.006 D0.002
0.C11 J.232
0.012 0.003
0.012 0.002
2.797 .22
0.006 0.002
0.C11 C.002
0210 2,322
C.CJ6 D0.002
0.007 0.002
0.7YT 0.72
c.028 2J.002
0.008 0.002
0.007 2J.322
C.032 C.001
0.501 0.001
0.2 0.0

".} q.g

0.0 0.0
0.0 0.0
0.0 t.7
C.0 0.0
0.0 0.0
OQP 0 D

PROTONS .

15 DFG - RUN 142

ENERGY
(NEV)
12.99
13.99
15.0¢
16.00
17.00
18.0C
19.00
20.00
21.00
22.01
23.01
24.01
25.01
26.01
27.C1
28.C1
29.02
30.02
31.02
32.02
33,02
34.02
35.02
36.03
37.03
38.03
39.02
4C.03
41.03
42.33
43,04
46,04
45.04
46.04
47.04
48.04
$9.04
50.04
51.05
52.05
53.05
54.05
55.05
55.5%

o.o
0.0
D.0
0.0
000
0.0

SIGMA ERRDR
(RB/SR-MFV)

0.001 0.001
0.0 0.0

C.C01 C.061
0.0 G.0

0.001 0.001
c.C C.0

0.001 0.001
0.002 0.C01
c.001 C.D001
0.004 0©.002
0.004 0.001
0.005% C.002
€.C05 0.002
0.003 0.001
0,006 0.0C2
C.C0T C.002
0.006 0.002
0.005 0.002
0.C09 G.002
0.002 0.07)
0.005 0.002
r.003 C.001
0.003 C€.001
0.001 0.001
0.006 0.002
0.006 0.002
0.003 0.001
n.001 ¢.CC!
0.003 0.00?
0.002 0.00}
C.0Cs C.002
0.006 0.C02
0.002 0.C01
C.00% C.002
0.002 0.001
C.002 0.001
0.002 0.001
0.001 0.001
0.002 0.001
€.002

EEEEERD
QOODODODAIOO

)
COOVDONNHNON

99 DEG - RUN 132

ENERGY
(MFV)
13.06
14,07
15.07
16.07
17.0¢
18.08
19.08
20.09
21.09
22.09
23.09
24.1C
25.1¢C
26.10
27.11
28,11
29.11
30.12
31.12
32.12
33.32
34,13
35.13
36.13
37.14
38.14
39,14
&0.1%
41.15%
42.1%
43.15
&4,16
5,16
45,16
&T.17
48,17
49,17
S0.18
s1.18
52.1#
53.19
$4.19
54.99

o.¢
o.o
o.C

OOV
° )
DD

SIGMA ERROR
(MB/SR-MEV)

o.o 0.0

0.00C <©.000C
0.00C .00C
0.000 0.000
0.001 0.00%
0.000 0.00GC
0.0 0.0

0.001 0.001
n.001 C.0CL
0.002 0.00!
0.003 0.001
0.0C2 0.0C1
0.002 0.001
0.002 0.001
0.002 0.0¢1
G.004¢ 0.001
0.003 0.001
0.002 0.001
C.204 0.001
0.001 0.001
0.001 0.071
¢.002 9.001
0.003 0.001
0.002 0.001
0.0L2 0.001
0.001 0.00!
0.002 0.001
c.001  0.001
0.002 0.001
0.000 0.000
0.C01 0.001
0.002 0.0C1
0.001 90.00)
0.0C1 0n.00)
0.0 0.0

0.001 0.000
0.C 0.0

0.001 0.000
0.00 0.001
0.0C0 0©.0C0
0.0 0.0

0.0 0.0

0.C 0.0

0.¢ 0.0

0.0 9.0

o.o o'o

c.C ¢.C

0.0 0.0

0.0 0.0

c.C 0.0



L,,MuimWyw g e

124 DEG - RUN

ENERGY
(MEV)
12.9¢
13,96
146.9%
15.97
16,07
17.97
18.07
19,98
20.98
21,92
22.99
23.99
24,99
25.99
27.00
28,0
29.00C
c.c0
171
32.C1
33.91
34,71
1%5.°?
26.02
27.02
28.03
319,03
40.07%
41,12
42 .04
43,04
44,04
45,06
46.05
47.0%
48,05
49,CS
Lo Y
51.06
52.06
53.78
54,07
54 .69

136
SIGMA ERRDR
(MB/SR-MEY)
G000 €00
0.002 0.001
0.0 0.0
.0 a0
0.001 0.001
0.0C1 0O.CC?
c.0nr1 c.0M
0.000 ©.000
0.0C2 0,001
nor1 0.0r1
0.0 0.0
0.0 0.0
0.0¢(1 C.0M1
0.0C1 0.0C1}
0.901 0.CC1
J.01 C.ONY
0.000 0.0C0
0.001 0.001
0,072 (.07
0.001 0.0C1
2.0 0.0
0.0C1 .00
e 0.0
0.0 0.0
0.nC1 h.0C1
" 0."
0.0 0.0
r.0 n,0
nL.n C.0
0.0 0.0
0.001 0.0C1
G.C .0
0.0 C.0
0.001 0.001
0.0 C.0
0.0 0.0
0.0 0.0
o.n t'.n
0.0 0.0
0.001 0.0C1
n.7 Cof}
0.0 0.0
0.0 0.0

TABIE 12 (cont.j.

ENERGY
{MEV])

SIGMA ERROR
{MB/SR-NCY)

HELIUM-3 FROM A = 197

ENERGY
{MEV)

BOMBARDED BY 62 NMEV.

SIGMA ERROR
(MB/SR-MEY)

ENERGY
{MEV)

PROTONS.

SIGMA ERROR
(MB/SR-NEV)

ENERGY
(NEVY

SIGHA ERROR
(M8 /SR-NEV)

T



15 DEG - RUN

ENERGY
(MFV}
14,41
15,42
16.43
17.42
12,44
19,44
2C.45
21.46
22 .46
23.47
24 4R
25 .48
26.49
27.49
28.%C
29.51
3.5
3,52
12.53
33.57%
34,54
35,54
36,55
37.%¢
38.56
39,57
AC, 58
41.58
42.%9
43,59
44,60
45,61
46.61
47.62
48,62
49,63
50,64
51.64
52.6%
53.¢6
54 .66
55.67
55.67
5T.68
58.80
59.69
60.70
81.6N

0.C
0.¢C

SIGMA

126

ERROR

(MB/SR-MEV])

n.012
0.021
0.086
N.C96
0.207
0.186
N.3462
0.303
O.2rA
0.287
0.224
0.228
0.335
180
0.218
n.1e3
0,172
0.237
0.130C
0.114
0.210
0.135
N.072
0.227
0.128
N.094
o.180
0.106
7.158
0.088
0.113
7.131
0.041
0.112
0.079
0.049
0.07C
0.0013
0.065
0.058
5.031
N.72%
0.038
0.C19
n.n39
0.0C6
0.013
0.024
0.0

0.0

C.CC9
¢.012
0.023
C.025
0.0?6
0.024
D.Ca7
0.064
0.043
C.082
0.038
0.028
0.086
0.034
0.037
0.0
C.r33
0.029
0.029
C.027
0.027
0.029
c.021
0.039
0.029
C.024
0.4
0.026
0.022
0.024
0.027
t.029
0.016
0.027
C.C22
0.018
0.021
C.024
0.02¢
0.01¢
D.C14
0.C12
0.016
C.011
0.016
0.006
0'009
0.014
0.0

0.0

TABLE 1%,

3C DEG - RUN

ENFRGY
(MEV)
14.28
15.28
16.28
17.29
18.29
19,29
z{"ao
21.30
22.20
23.31
24.31
25.31
26.32
27.32
28.33%
29.33
30.33
31.34
32.34
33.3‘
14,35
35.35
36.35%
27.36
38.36
39,36
40.37
41.37
42.38
~3.3’
44,38
45,39
46,39
47.39
48.40
49.40
so.‘o
51.‘1
52.41
53.41
54 .42
55.42
56,43
57.43
58.43
59 .44
60.44
61,44
61.97

0.0

SIGMA

ALPHA FROM A = 197 BOMBARDED BY 62 MEV,

131

ERROR

(MB/SR-MEV)

t.rie
0.02°
0.062
0.097
0.167
0.2246
Q.27C
0.25%1
0.232
0.236
0.229
0.2%59
C.224
0.226
0.208
¢.211
0.195
0.17%
C.153
C.140
0.109
0.1C1
0.049
0.130
0.145
0.123
0.108
0.086
0.9
0.098
0.082
0.072
0.061
o.ob‘
C.04G
0.05¢C
0.053
N.05%
0.024
0.027
0.043
0.034
0.N37
0.02C
0.024
C.021
0.C16
c.011
0.01%
0.0

c.or3
0.004
0.006
c.0n8
0.010
0.01?
0.012
0.012
0.012
0.71C
0.012
0.013
0.C12
0.012
0.011
0.011
0.011
0.010
7.010
0.010
0.008
2.0C8
0.008
0.009
2.009
0.009
0.008
0.007
0.0C7
0.008
0.007
Q.007
0.0C6
0.006
0.0C5
0.005
0.006
00006
0.0C5
0.005
3.C05
0.005
0.005
N.0C4
0.004
0.0C4
0.003
J.0C3
0.013
0.”

SN DEG - RUN

ENERGY
(MEV)
14.28
15.24
16.29
17.29
18.29
19.20
20.30
21.30
22.31
23.31
24.32
25.32
26.32
27.33
28.33
29.31
30.3%
31.34
32.35%
33.35
34.35
35.36
36.36
37.36
38.37
19,27
40.3%
41.38
42.38
43.39
44.39
4%5.39
46.40
47.40
48.41
49.41
50.41
Sl.42
52.42
53.42
54.43
55.43
56.44
5T.44
58.44
59.45
60.45
61.45%
61.98
NN

SIGMA

137

ERROR

(MB/SR-MEV)

G018
0.026
752
(294
0.155%
C.217
€.230
0.210
0.20¢e
n.1%9
0.194
0.197
C.155%
0.152
0.154
n.123
0.129
0.114
n.137
0.086
C.074
0.257
C.024
9.059
0.068
C.282
0.07C
0.2%1
0,048
¢.250
C.062
t.0%9
€.027
0.023
0.223
0.032
0.220
0.C18
0.C19
0.017
C016
0.010
0.009
«207
0.010
0.325
0.004
0.002
0.0
0.0

C.0a3
0.004
0.205
LC7
0.009
¢.011
L.211
0.010
0.010
0.C10
0.010
0.010
(.009
0.009
0.009
0.208
0.008
0.008
0.237
0.007
0.006
0.205
0.004
0.006
t.006
J3.006
0.C06
3.005%
0.20%
0.005
C.005
0.CJ25
0.004
0.003
0.223
0.004
0.003
0.003
2.003
0.003
2.333
2.002
0.002
0.C02
0.002
0.002
C.C01
0.001
0.0
o.)

PROTONS.

75 OEG - RUN 142

ENERGY
(MEV)
lz. 6‘
13.64
14.65
15.65
16.65
17.65
18.565
19.65
2C.65
21.66
22.66
23.66
24.66
25.66
26.66
27.66
28.67
29.67
30.67
31. 67
32.57
33.67
34.67
35.67
36.6%
37.6%
38.68
39.68
40.068
41.6%
42.68
43,69
44.69
45.69
46.69
47.69
48.69
49,69
50.70
51.70
52.70
53. 70
54.70
55.70
56.70
57.71
58.71
59.7!
60.71
61.6)

SIGMA ERRQR
{HMB/SR-MEV)

0.003 0.001
¢.C1¢ 0.003
0.C19 C.0C2
C.045 0.00%
0.079 (0.007
C.11% ¢.C0R
C.194 C.011
0.191 0.011
C.162 0.010
C.172 0.012
C.144 0.009
C.118 0.008
C.116 G.0C8
0.101 0.008
0.092 0©.008
0.087 0.007
0.7 0.007
0.083 0.007
C.0T0 0.007
0. 066 0.006
0.051 0.006
C.C50 C.006
0.052 0.006
0.042 0.005
¢.011 C.003
C.01%5 0.003
c.013 0.002
0.C20 0.0C2
0.018 0.003
0.019 0.003
¢.C17 C.003
n.011 0.003
0.019 (C.002
¢.010 ©.002
C.C12 0.0C3
0.007 0.002
0.007 C.002
0.C07 C.0C2
0.007 0.002
0.005 0.002
0.003 ¢.001
0.004 0.002
0.00% 0.001
0.004 0.002
0.001 0.001
0.001 0.001
C.004 0.002
0.004 0.001
0.003 0.001
2.0 0.0

99 CEG - RUN

ENERGY
(MEV)
12. 71
13.72
14,72
15.72
16,73
17. 712
18.72
19.72
20,74
21. 74
22. 74
23.7%
24, 7%
25. 715
26.76
27.76
28.7¢
29.76
30,77
31.77
32.77
33,78
34.78
35. 78
36. 79
37.79
38,79
39,79
40,80
41.80
42,80
43,81
&4, BY
45,81
46.62
47.82
48,02
49,22
50.82
51.83
52,82
53. 04
54, 84
55. 84
56.85
57.8%
58,85
59, 86
60, 8¢
61.69

SIGMA

132

ERROR

(MB/SR-MEV)

0.003
0.011

0.020

0.049
0.099°
C.144
0.193
G.183
0.151
0.125
0.109
0.079
C.084
0.062
0.05%5
0.040
0.047
0.040
0.03%
0.033
0.031
C.026
0.0
0.016
0.0C8
0.015
0.012
N.010
0.011
0.008
c.nCe
0.006
0.003
0.003
0.00%
0.002
0.002
0.0C3
0.001
n.0C2
0.0C1
0.C02
0.001
0.001
0.000
0.001
0.009
0.000
0.00C
0.0

0.0061
0.002
0.003
0.004
0.0046
0.C07
0.008
C.008
0.0C7
0.006
0.006
0.00%
0.20%
0.004
0.004
0.0C4
0.004
0.004
0.003
0.003
0.003
0.063
0.003
0.002
0.002
0.002
0.002
¢.0C2
0.002
0.002
0.0C2
0.001
0.001
0.001
0.001
0.001
0.0C)
0.001
0.001
0.001
0.001
0.001
0.000
0.000
0.000
0.00¢C
0.000
0.000
0.000
0.0



124 DEG - RUN

ENERGY
(MFVY
12.56
13.56
14,56
15.57
16.57
17.57
18.57
19,58
2C.58
?1.%8
22.5R
23,5
24,50
2%5.59
26.60
27.6°
28,60
29.60
30.61
21.61
22.61
33,61
34,62
35.62
36.62
37.62
38.43
26,63
&r,63
41.863
A2.64
43,64
&a 04
85.6%
A6, 6%
A4T7.65
48,65
49.66
SC.66
51.66
52.66
53.67
54,67
£5.67
56.67
57.68
c8.68
59.68
&D.68
51.59

STGMA

136

FRROR

(MB/SR-MFV)

0.0C3
0.008
0.022
N,e2
0.118
0.144
QARG
0.157
0.1138
N80
0.061
0.081
€.059
N.722
0.031
0.n27
n,02¢
0.020
0.N22
0,015
0.C10
0.00¢
N."1¢&
0.015
0.0C4
0.NCE
0.006&
0.00%
D004
0.002
0.004
0004
0.0

0.001
n.C

0.001
0.001
N,

0.C01
0.0

001
NN

0.0

c.001
0.0C1
0.0

0.0

0.C

0.0

0.0

¢.001
0.0C2
0.004
r.Co7
¢.00¢c
0.010
r.r11
0.011
0.010
n.(re
0.0C7
0.007
C.0r7
0.00%5
0.005
N,0r 4
0.0C4
0.004
C.CN&
C.CC3
6.003
0.002
rf.0r3
0.002
€.002
0.0C2
0.002
0.002
o.cn2
0.001
0.002
c.or2?
0.0
0.0C1
C.C
0.001
C.C0!
n.n
0.001
0.0
C.0C1
n.0
0.0
n.001
oC1
0.0
0.0
C.P
0.0
0.C

TABIE 15 (cont.}.ALPHA FROM A = 197 BOMBARDED BY 62 MEV. PROTONS.

ENERGY
{MEV)

SIGMA ERROR
{MB/SR-MEV)

ENERGY
1MEV)

SIGMA ERROR
{MB/SR-NMEV)

ENERGY
(NEV)

SIGMA ERROR
(NB/SR-NEV)

ENERGY
(MEV)

SIGMA ERROR
(MB/SR=-NEV)



3" DEG - RUN

ENERGY
(MFY)
3,85
4.25
4.656
5.36
6.37
T.27
8.38
9.3¢
10.30
11.47
12.41
13,41
14.42
15.43
16,43
17.446
"B.45
10,485
20.4¢
21,48
22.47
23.48
24,48
25.40
26.50
27 &0
?8.16

SIGMA

23

ERROR

(MB/ SR~-MFV)

n, 796
0.879
0.%87
%.92¢C
1.029
1.420
1.718
1.540
?.451
2.7CO
2.655
2,103
2.781
3.011
3.472
2.484
3.195
2.2°8
012
3.415
3.423
3.458
3.15%
2,99
3,684
2.028
11.349

r.121
0.127
0.128
c.0e2
0.090
0.102
r.112
C.106
0.134
DL.1461
0.140
0.151
Ne143
0.‘.‘9
C.180
f.16C
C.153
0.1%56
r.149
C.1%8
0.158
0.159
C.152
O.148
0.164
r.122
0.527

TABLE 1k,

&0 DEG - RUN

ENERGY
(NEV)
3,719
&.20
4,60
5.37
6.31
T2l
8.32
9.22
10.33
11.33
12.35
13.34
14,35
15.35
16.36
17.36
18.3%
19,37
20.37
21.38
22.78
23.39
24.39
25.40
26 .40
27.41
28.06

SIGMA
(ms/7s
0.C57
0.058
0.0n¢
C.07C
0.121
0.188
C.298
0.399
0. 9%
1.062
1,071
1.172
1.195%
‘.2?1
1.331
1.342
1.240
1.182
1.132
1.207
1.162
1,144
1.629
0.929
G.922
C.394
1.811

PROTON FROM A = 197 BOMBARDED BY 29 MEV.

22

ERROR
R=-MEV)
c.N12
0.012
0.01%
0.0C9
0.011
0.014
0.018
0.020
0.032
0.0n23
0.023
0.035
3.035
0.036
0.027
C.N37
0.026
0.025
0.034
0.035
0,025
0,n35%
2.033
0.031
t.C21
g.02¢
0.079

90 DEG - RUN

EMERGY
{MEV)
3.89
‘.29
4.69
5.39
6.40
T.40
8.41
9.41
10.41
11.42
‘2 .‘2
13.42
14,43
15.43
16.43
17.44
18,44
19.45
20 .45
21.45
22.45
23.48
246 .46
25.47
26.47
27.48
28,03

SIGMA

16

ERROR

(MBR/SR-MEV)

0.737
0.040
N.024
0.034
C.CA7
0.072
D.196
0.295%
0.659
D528
0.601
0.555
t.585
0624
0.592
0.527
0.477
O.004
C.ob4
0.427
0.428
0.356
0.232
0.268
0.188
0.178
0.323

7.007
0.007
0.205%
D.004
0.005
0.006
0.00%
0.012
0.017
3.017
0.016
2.016
0.216
0.017
0.01¢
N.C15
0.01%
0.D14
0.C1l4
0.014
0.014
t.013
0.012
0.011
0.009
0.009
0.D38

PROTONS.

130 DEG - RUN

ENERGY
(MEY)
4.19
4.60
5.30
6.30
T.31
8.31
9.32
10.32
11.32
12,33
13.33
14.34
15.34
16.35
17.35
18.36
19.35
20.36
21.37
22.37
23.38
24.38
25.39
26.39
2T7.40
27.92
0.0

SIGMA

21
ERROR

{MB/SR-MEV)

0.227
0.257
0,224
0.168
0.20%
0.712
00363
0.823
0.674
©,598
0.563
0.535
0.519
0.476
0. 443
0,347
0.318
0.274
0.285%
0.260
0.201
0.155%
0.139
0.104
C.095
0.0

0.0

0.018
0.019
0.011
0.010
0.011
0.013
C.01%&
0.021
0.019
0.018
0.018
0.017
0.017
0.018
0.016
C.014
¢.013
0.012
C.013
0.012
0.011
0.009
0.009
0.008
c.0C7
0.0

0.0

ENERGY
(MEV)

SIGMA ERROR
(MB/SR-MEV)

8¢



3¢ DEG - RUM 23

ENERGY
(MEV)
5.21
532
T.22
8.33
9,24
1C.34
11.3%
12.3%
13.3%
14.37
15.38
15.28
l?.!‘
18.39
19,40
23481
21.%1
22.42
23-0r

SIGMA FRROR
MR/ S2=NEV)

B.G n.n

0.01% 0.010
0.022 0n.013
0.737 0.1
0.060 0.021
D.123 0.030
0.16" (0.N324
0.114 D0.029
0.3%44% 0,050
0.261 C.044
0.437 0.057
0.520 0.082
0.59& C.086
0.827 0.078
0.822 0.078
0.991 QJ.085
3.340 0.157
5.967 0.209
0.247 0©.110

TABIE 15.

60 DEG - RUN 22

ENERGY
{MEY)
5.25
1. zﬂ
B.27
9.27
10.28
11.28
12.29
13.29
14,29
15.30
16.30
17.31
18.31
19,32
20.32
21.33
22.33
22.91

SIGMA ERROR
{MB/S R-MEV)

0.004 D0.002
0.003 0.002
0.010 0,003
0.015 0.00%
0.037 0.006
0.057 D.008
0.116 93.011
0.119 0.01}
0.16& D.013
C.214 0,015
0.237 0.0186
0.277 0.017
0.255 D0.016
0.311 0.018
0.274 0.017
D.468 D0.022
1.204 0.035
1.6%%5 0.042
0.032 D0.015

90 DEG -~ RUN 16

ENERGY
{MEV)
5.34
635
T35
8.3%
9.36
10.3%
11.37
12.37
13,37
14.38
15.38
15.38
17.39
18.39
19,40
20.40
21.40
22.41
22.9%

SIGMA ERROR
(MB7SR-MEV)

0.006 0.002
0.0 0.002
Dl 2.002
0.012 D.0D2
0.D029 0.004
040 0.0C&
0.250 0.005
0.037 0.004
B.375  0.J06
0.LT4 0.006
0.092 0.006
0.132 9.0D7
0.125 0.007
0.071 D.00&
0.0%4% 0.206
D.158 D.0D8
0.254 0.011
0.252 0.011
D2 2.0

DEUTERON FROM A = 197 BOMBARDED BY 29 MEV. PROTONS.

130 DEG - RUN 21

ENERGY
{MEV)
5.70
6. TO
T.7T1
2.7
9.72
18.72
11.73
12.73
13.74
14,74
16.75
17.75%
18.75
19.76
20.77
cle17
22.25%
0.0

SIGHMA ERROR
(M8/SR-MEV)

0.006 0.002
0.004 0.002
C.007 (.0062
0.011 0,002
0,016 0,003
C.040 0.005
0.087 U365
0.03%5 0.004
0.062 D0.0086
0.06% 0.00%
0.053 0.00%
0.039 ©.0C5
0,046 0.00%
C.04& 0.005
C.0&1 0.00%
0.073 0.006
0.120 0.008
0.074 ©€.017
c.t C.0

ENERGY
(MEV)

SIGMA ERROR
(MB/SR-MEY)

6%

Er vl T

NPT

A



30 DEG - RUN 23

ENERGY
{ney)
6.82
T.83
8.03
9.84
10.8%5
11.85
12.86
13.87
14.87
15,88
16,89
17.89
18.90
19,890
20 .91
21.92
22.52

SIGMA ERROR
INB/ SR~NEY)

D.0 0.0

0.0 0.0

0.007 0.007
0.721 N,n015
0.071 0.023
0.107 0.028
0.111 D.029
0.171 0.03%
0.16&6 0.035
0.147 ©,013
CJlaé ©,032
0.185 D037
N.28C D.C4S5
D.390 0.054
0.251 0.043
0.530 C.0862
D656 C.15%

TARIE 16.

50 DEG - RUM 22

ENERGY
(MEV)
6,81
T.21
B.B2
9.82
10,83
11.83
lz. 8‘
13.84
14.85
15.85
16.86
17.86
18.87
19.87
21.88
22.43

SIGMA ERROR
{MB/S F~MEY)

0.001 D.AF1
0.001 0.001
0.008 0.003
0.013 D.00&
0.04% 0.007
0.049 0.007
0.T72 ©£.009
0.067 0.008
0.058¢& 0.008
0.072 0.009
0.070 0.009
D.08% 0.009
0.143 D.012
0.171 0.013
0.057 0.008
0.138¢ 0.012
C.0 2.0

90 DEG - RUN 1%

ENERGY
(MEV)
6.90
T.99
8,91
9.91
10.91
11.92
12.92
13,93
14.93
15,93
16.94%
17.9%
18,94
20.95
21.33
0.0

SIGMA ERRDR
(MB/ SR-MEY)

£.991 0.021
0.001 D0.301
0.004 D.DO1
0.2% 0,332
0.016 0.003
0.027 0.003
B.027 D.I94%
0.033 D.004%
0.027 D.D04
D.03% DR.004
0.030 D0.004
0.037 D004
2.051 0.005
0.053 0.005%
0.012 0.002
0,348 2J.205
0.0 D.D

TRITON FROM A = 197 BOMBSARDED BY 29 MEV. PROTDNS.

13¢ DEG -~ RUN 21

ENERGY
INEV)
T.31
.31
9.32
10.32
11.32
12.33
13.33
14,34
15.34
15.35
17.3%
18.35
19.386
20.3%
21.37
21.95
0.0

SIGMA ERROR
(MB/SR-NEY)

0,001 0.001
6.001 0.001
0,007 0.302
0.011 C.002
0.010 0,002
0.01% 0©.003
0,025 0.004
0.015 0.003
G.021 0.003
C.921 0.003
0.0186 0.003
0.023 0.00&
0.024 0.004
0.014 0.003
0.0'6 0.002
C.0 6.0

0.0 0.0

ENERGY
(MEY)

SIGNA ERROR
NS /SR~MEY)

Oh



3r DEG - RUN

ENERGY
{MFV)
13.01
14,02
15,02
16.C3
17.04
18.04
19,05
20.06
21.06
22.07
23.08
23,468

.
0.0
0.0
9.0
0.0

23

SIGMA ERRDR
(MB/SR-MFV)
N0 0.0
0.007 0.007
0.0 n.p
B0 N
0.0 0.0
0.0 C.0
G.N O.r
0.0CT ©.007
0.0 0.C
0.0 c-n
0.0 0.0
0.0 0.0
.0 0.0
0.0 0.0
0.0 0.0
1.0 ¢.0
0.0 0.0

TABIR 17.
60 DEG - RUN

ENERGY
{MEV)
12'9‘
13.9&
14.95
15.95
16.96
17.96
18.97
19.97
m.gg
21.98
22.99
23.5%

0.0
0.0
u-o
0-0
0.0

SIGMA ERROR

22

(MB/SR-MEY]
0.0 0.0
C.C 9.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 2.0
0.{01 D0.001
0.0 0.0
0.0 0.0
C.C Dutd
0.0 0.0
0.0 D0
0.0 B.0
0.0 0.0
0.0 0.0
0.0 C.D
0.0 0.0

90 DEG - RUN

ENERGY

(MEY)
13,22
14.23
15.23
17.24
19.25%
20.2%
21.25
22.26
23.03
0.0
0.
0.
a'
o]
¢]

[-Je RN R&]

1¢
SIGMA  ERROR
{MB/ SR-NEV)
0.0 B.D
0.0 0.0
C.C 2.9
0.0 0.0
0.0 0.0
Cc.02C ©0.208
c.000 0.000
0.0 0.0
C.07C¢ D.DBO
0.0 0.0
0.0 j e
D2 3.0
0.0 0.0
0.0 D.0
T2 g.t
0.0 D.D

HELIUM-2 FROM A = 197 BOMBARDED By 29 MEY. PROTDNS.

130 DEG - RUN

ENERGY
(MEY)
13.99
14,99
16.00
17.00
18.00
19.31
20.01
21.02
22.02
23.03
24.03
25.03
26.0%
27.04
28.95
29.05
29.78

21
SIGMA ERROR
{MB/SR-MEV]
0.0 0.0
0.0 0.0
0.0 0.0
0.001 0.001
0.0 0.0
C.001 0©.001
0.001 0,001
0.0 0.0
0.0 C.0
0.0 0.0
0.0 0.9
c.0 C.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

ey

-

ENERGY SIGNA ERROR
(MEV) IMB/SR-MEY)

I



30 DEG - RUN 23

FNERGY
IMEYV)
12.81
13.861
14.562
15.63%
15.463
17.64
18.85
19,565
za.“
21.57
22.87
23.62
24,69
25.69
%.7@
27.7
28.71
29.62

SIGHA ERRDR
{MB/SR~NEV)

0.01% 0.010
0.012 O0.009
0.015 0.010
D‘n n-c

0.002 0,004
T.019 0.012
0.049 0.019
0.029 0.015
0.1C7 C.028
0.086 0.02%
0.107 0.028
D.119 r, 030
0.09% 0.027
D.128 0.031
0,132 C.031
0.187 0.0237
0.142 0.032
0.113 0.r32

TABLE 18.

60 DEG — RUN 22

EMERGY
IMFV)
12.59
13.59
15.60
16,61
17.61
18.462
21.63

22.

23.6d
254.65%
25.8%
26.55
2784
28.87
29.59

SIGMA ERROR
{MB/SR~MEY)

0.00% 0.002
0.003 D.0C2
D.003 C.0L2
D.000 0.001
C.00%5 0.002
0.010 0.0C3
0.021 D0.005
0.021 0.00%
n,032 C.008&
0. 036 D.006
0.049 D.007
0.056 3.008
0.060 0.008
G.06& D.008
C.061 0.008
0.056 0.008
0.050 0.007
0.052 0.0C8

99 DEG - PUN 186

ENERGY
IMEY)
12.87
13.88
1%.88
15.88
16.89
17.89
18.89
19.90
20.90
21.99
22.91
2%.91
24.92
2%.92
26.92
27.9%
28.93
2%9.71

SIGMA ERROR
{MB/SR~MEV)
0.0 0.0
0.031 8.301
C.C33 5,001
0.007 0.002
0.011 0.932
0.012 DJ.002
0.01% 0.233
0.012 3.2322
G.012 0.203
0,020 J.003
0.024 0.003
D.023 23.203
D.019 0.003
0.812 0,002
9.315 0.093
0.012 0.002
0.013 0.002
=213 3,223

AMPHA FROM A = 197 BOMBARDED By 29 MEv. PROTONS.

130 DEG - RUN 21

ENERGY
{NEY)
13.79
14. 79
15.79
16.80
17.89
18,281
19.81
20,82
21.82
22.82
23.83
2%. 83
25.34
26.84
27.85%
28.3835
29.568

0.0

SIGMA  ERROR
{MB/SR-NEV)

0.001 G.081
0.002 G.D01
0.010 ©£.002
0.009 0.002
0.019 0.003
9.01% 0.003
0.01%5 0.003
C.012 0.003
0017 C.003
0.016 ©.003
C.012 G.003
N.014 ©.003
0.013 0.003
0.014 D.D03
0.004 0.001
0.007 0.002
0.006 ©.002
6.0 C.0

ENERGY
IMEY)

SIGMA ERROR
(MB/SR-NEV)

eh
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