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DIFFERENTIAL CROSS SECTIONS
FOR p+'He SCATTERING FROM 19.5 TO 47.5 MeV

Renald E. Brown, B. T. Murdech, D. K. Hasell, A. M. Seurkes, and W.T. H. van Oers

ABSTRACT

Differential cress sections for *He(p,p)'He clastic seattering have boen
moasured at 11 energies frem 19.5 te 47.5 MeV. The mest forward sonter-of-
mass angle for the angular distributions variss frem 10.1 t9 15.4°, and the
most backward angle varios from 163.2 t9 173.4°. The reletive errers are
usually less than 2%, and the scale errer is 1.5%. The present data and the
existing vecter-analyzing pewer and tetal-reaction cress-ssction data are
being analysed in this energy range wsing the Les Alames Bclentific

Laberatory R-matrix cede EDA,

I. INTRODUCTION

The mass-4 system is very fundamental to the
study of the nuclear interaction and the internal
structure of nuclear systems. The breakthrough by
Faddeev' in solving the three-body problem has in-
spired efforts to find extensions for treating more
general systems.

The first results of such formulations for four
nucleons have recently appeared in the literature. **
Data for elastic scattering of protons by *He in the
present energy range should contribute to these
developments. Additionally, such data should be
useful to compare with shell-model work® or
resonating-group calculationa.’

In the energy region below 20 MeV, Hale ot al.*
performed an energy-dependent phase-shift analysis
using an R-matrix parameterization. One of the
main purposes of the study of the p+*He system that
we have undertaken is to extend this type of analysis
into the higher energy region. Thus, we first
meassured® the p+?He total reaction cross section ¢,
at 10 energies from 18 to 48 MeV. In the second

phase of this work, mmmwﬁ/nh

of the elastic differential cross section at 11 energies
from 19.5 to 47.5 MeV over the approximate angular
range 10 to 173° (c.m.). While this work was in
progress, Wauonetal"mmoumn‘thm
vector analyzing power A, at 21 .44, 24.84, 27.28, and
30.12 MeV. Wefelt it would be worthwhile to at-
tempt a preliminary fit to the three data sets juet
mentioned using the Los Alamos Scientific
Laboratory (LASL) R-matrix code EDA," g0 such
an effort is under way.”

Further experiments are planned to obtain more
information on spin-dependent observables, which
is badly needed to perform a definitive phuc-llu!t
analysis in this energy range.

II. EXPERIMENT

The experiment was performed using the Univer-
sity of Manitoba sector-focuseed cyclotron. The inci-
dent beam energy was known to within 100 keV,
with a spread of about 150 keV.

The scattering chamber used hes a 115-cm i.d.
and contains a movable array of eight detectors at
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10.00° intervals, thus spanning a range of 70°. The
angle extremes capable of being reached are 7.5°
forward and 170° backward, and the array can be
positioned to an accuracy of 0.01°. The detector
positions with respect to one another are known to
0.02°. Thus, a contribution to the relative error of
0.03° times the slops of the cross section was in-
cluded. The detectors used were either silicon sur-
face barrier or sodium iodide (T1) scintillation
detectors, depending on the energy of the scattered
protons.

The *He target gas of better than 99.8% purity was
contained in a 8.6-cm-diam cell with a 1.6-cm-high
window, which extends over a 275° angular range
and is covered by a 50-ym-thick Kapton foil. The
3He gas in the cell was kept at a pressure of about 1.5
atm and was flushed regularly to prevent the
buildup of contaminants. A thermistor, calibrated
to 0.1%, was embedded in the lid of the cell and al-
lowed the temperature to be read to a relative ac-
curacy of 0.5 K. A pressurc gauge (Wallace-
Tieman, model FA 141), calibrated to 0.5%, was
used to read the gas pressure to a relative accuracy
of £2.5 Torr.

The gas scattering geometry was defined by
means of parallel-sided front slits at a distance of
5471 + 0.005 cm from the scattering chamber
center, and rectangular rear apertures at a distance
of 32.768 + 0.008 cm, whose areas (about 0.58 cm*)
are known to better than 0.25%. Antiscattering baf-
fles were mounted between the front and rear
geometry-defining apertures.

A calibrated Brookhaven Instruments Current
Integrator (model 1000) was used for charge integra.
tion, with electron suppression on the carbon-lined
1.74-m-long Faraday cup to ensure accurate particle
collection. Because of the possible presence of a sm-
all beam halo to the incident proton beam, the un-
certainty in the beam integration was conservatively
taken to be 0.5% relative and 1.2% abeolute. The
direction of the incident beam was periodically
monitored by means of detectors having nearly iden-
tical geometry and viewing particles scattered from
a Ni foil at 15.0° left and right of the incident beam.
The beam cross section at the center of the scatter-
ing chamber was typically 0.3 cm wide by 0.8 cm
high. \

Cross sections were measured successively left and
right of the incident beam direction and then
averaged in order to cancel out any firet-order effects
thet would have resulted from the beam either being

off-center at the target or being not quite coinciden-
tal with the chamber axis. This averaging procedure
can also be shown to cancs! practically all error that
could result from a systematic deviation in the scat-

tering angles. Pulse height spectra were ac-
cumulated by stendard electronic techniques using
ADC's and a PDP-15 computer system, and
recorded on magnetic tape. For further details
regarding the experimental arrangement and
procedure see Ref. 13.

II1. DATA REDUCTION

The data were reduced to differential cross sec-
tions in two steps. First, uncorrected differential
cross sections were obtained, and second; the neces-
sary corrections were applied to these cross sections.
The proton elastic-scattering peaks were resolved
from the spectra by subtracting the bockmund us-
ing smooth background functions and, at extreme
forward angles, by subtracting the contributions
that resulted from the small amount of impurities
present in the gas cell. The statistical error in the
yields includes the error in the background subtrac-
tion. The uncertainty in the subtraction of contami-
nant yields was taken to be 20% of the correction.
Similarly the uncertainty in the deadtime correction
was taken to be 20% of the correction. Three further
corrections were applied to the data for: (1) the ef-

- fects of multiple scattering in the gas and exit foil of

the target cell, (2) the loss of elastically scattered
protons in the detector material due to nuclear reac-
tions, and (3) the effects of finite geometry. The cor-
rections for multiple scattering were estimated using
the expression given by Chase and Cox'* and were
found to be very small. The fraction of elastically
scattered protons lost from the main peak in the
spectra was interpolated from the published results*
for sodium iodide and silicon. The fraction for
sodium iodide varied between 0.5% at 21 MeV and
2.9% at 50 MeV with an absolute uncertainty of
+0.04%. The finite geometry. corrections take into
account that the measurements were done with a
finite solid angle, a beam of finite sise traversing a
gas target, and a beam that in first approximation
converges towards the target. The finite geometry
correction factor of Kan* was idapted to the par-
ticular conditions of the pressnt experimenmt. The
maximum correction occurred at forward sngles, but
was always less than 1%. The various contributions



to the relative error in the cross sections are in-
dicated in Table I, and those to the scale error are
given in Table II. Except for the 40-MeV angular
distribution, the relative errors are mostly smaller
than 2%, and the scale error is 1.5%.

IV. EXPERIMENTAL RESULTS

Figure 1 shows our messurements at 19.5 MeV
along with the results of Ref. 17 at 19.48 MeV. It is
seen that the two data sets agree quite well. Figure 2
shows our measurements at 30.0 MeV along with the
results of Ref. 18 at 30.0 MeV and the results of Ref.
19 at 30.6 MeV. The latter two data sets show more
scatter than the present sst, ss is to be expected
because of their larger quoted experimental uncer-
tainties.

TAME]

CONTRIBUTIONS TO THE RELATIVE
UNCERTAINTIEG IN THE BUPFFERENTIAL

CROSS SECTIONS
Type of Unsertainty Unsertainty
Counting statistics <1% (smoept ot 40 MeV)
(including bachground subtrastion)
Deed time correction 430% of the correction
Subtraction of contaminent 420% of the correction
vields
Ttegration of the beam +0.5%
current
Detector angle +0.03°
Pressure £2.5 Torr
Temperature 205 K
Finite geometry 4£0.1%
correction

CONTRIDUIINNG 79 TR

N THR m SBME -
'l'nodm Unssstalntly
Pressure +0.0%
Tomperature +0.1%
Gas purity 20.1%
Integration of the *1.2%
boam cusremt
Energy of the incidomt £0.4%
proton borm
Energy-dograded-proten <0.1%
contamination of the incident beem -

Correction for reactions £0.04%
n the NaKT1) er i detecters
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H-uentp+'H¢¢lanmm
at a iab proton energy of 19.5 MeV end the
measurements of Ref. 17 at 19.48 MeV.
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Fig. 2
Present p+'He elastic differential croes section
at a lab proton energy of 30.0 MeV, the
measurements of Ref. 18 at 30.0 MeV, and the
measurements of Ref. 19 at 30.6 MeV.

The complete set of our measurements is shown in
Figs. 3 and 4. The differential cross ssctions at 19.5,
21.3, 25.0, 27.5, and 30.0 MeV are illustrated in Fig.
3, and those at 32.4, 35.0, 37.5, 40.0, 45.0, and 47.5
MeV are plotted in Fig. 4. The errors are usually sm-
aller than the size of the plotting symbols. Note that
data were taken at 2.5° intuvahntfotwndud.
and 5° intervals at backward angles. 'l"hg occasional
gaps that appear in the angular distributions were
caused by a deterioration in some of Nal(T1)
detectors during data acquisition. Thc/,ancular dis-

tnbutmnbowalmoothbohnmnq‘lfuncﬁonof
|

&

7 ' : \

L 1
O 20 40 60 80 KO R0 4O 60 ®O

Fig. 3.

'. .r..r T " l K ' ER ' %j L " L ‘ L4
L] L B
oL R .
F BSMW %, - 3
[ o
L] .l
i ..' .. -
N . . .
seotse,, .o. . |
n. F .'O. * . '—i
= [ a3mw o, o o ]
& f ", oo .1
g L ... ... -
b [
. L)
2 oo, (Y . _
gs; oF ~. . . E
G[ 2soMM., e ]
" \. .y e o 1
> ., . )
g i .... L]
d .0' 3 .c"o... . ° =
o ) ° . . 3
[ 27sme™, . . ]
T ..o * *.* «®® |
5 ] % .c. ]
E d ':_ .....c. % .. —:
J o . .'- % . 3
[ 300Mw'e, . S )
- ... ° . -
L % . . . -
'.. ...
D. E‘ ... .. _.:
[ hd o. ]
- . [ ] -
P P ST SEUUES SR B .‘. i 1 3
(o] 20 40 60 80 VO o 40 8O0 B0

Present p4+°He elastic differentiel cross sec-

tions at the indicated lab proton energiecs.
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onergy, with a charscterintic milkimum neer 199°
poahed dicect precesses anil buskvwasil-gonked ox-
mmmub“-“bh
studied in any great detail with the presamt ex-
perimental arrangoment. The numerical valwes of
the differential cross sections are listed in Tables IlI-

V. CONCLUSION

We report the accurate measurement of p+'He
elastic differential cross sections at 11 energies in the
proton. lab energy range 19.5 to 47.5 MeV. Thees
data, uhngmﬂnmmwr-dyﬂumh,"
mdtudmcm-nctiouc.mbﬁnﬁ-
pcudwmmmwm
using the LASL code EDA." The results of this
analysis and a comparison of our data with a simple
resoaating-group’ calculluonwillbopuhlﬂ.din
the near future.”
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TABLE Iii , * . TABLEIV

. DIFFERENTIAL CROSS SECTION DIFFERENTIAL CROSS SECTION
FOR ‘He(p.p)'Ne ELASTIC SCATTERING AT FOR ‘He(p.p)Ne ELABEIC SCATTERING AT
19.5 MoV (LAB) . ; 21.3 MaV-(LAB) ]
. : Palative ) 3 Polative
(: Oy Ocm. Con. Hever ‘ O O Q. " G Hroor
(dog) (mi/ar) (dog) (mber) (%) (dog) (mi/or) (dog) (mber) _ (%)
1000 2495 13.3 1403 1.0 1000 2327 13.38 -1308 12
1250 233 1671 1362 09 1250 217 1672 1278 11
1500 2408 2004 1420 0s 1500 262 WM 1M2 11 i
1780 2831 3B 149 0s 1780 24 BN 1384 11
2000 2533 2606 1462 09 2000 2339 2067 1M 12
2250 2485 2% 146 09 25 234 29 118 1.1
2500 22 NM 18 09 2500 242 3B 1980 11
250 2190 %51 1304 09 7150 2001 3852 1190 11
3000 2058 MM 1340 09 2000 187 W77 118 11
3250 1883 4290 1150 09 3250 1688 4301 1030 1
3500 1722 4621 1087 09 300 1540 4622 954 11
3750 1557 4040 980 09 3750 188 #a 813 11
000 1%3 5258 .1 0.9 000 140 5250 73 12
4280 1252 5673 818 09 425 102 8§74 77 12
4500 1117 5685 741 09 4500 %9 887 M2 13
4750 %3 6196 638 09 415 M7 6w 813 12
5000 853 8503 M9 09 5000 7.0 €505 4.0 14
5250 749 6808 328 10 5230 @55 600 462 13
5500 686 7100 486 09 5500 563 7.1l 408 11
57.50 56.1 74.08 0.7 10 57.50 “®.5 74.10 s | 14
000 480  77.03 %3 09 ©000 43 7706 N2 14
€250 404 798 33 12 6250 N5 MM 6 1.7
600 M3 K 13 0.7 6500 228 8287 N7 11
€50 290 620 7 12 €3 2281 872 25 17
70.00 4.4 80.52 05 06 70.00 206 .54 17.3 1.2
7250 201 93 173 18 7250 168 9132 145 23
7500 166 9406 147 07" 7500 M2 %407 128 11
T8 137 8% 125 18 000 992 4 M 1.2
2000 109 4 103 0.7 500 63 10467 63 14
8500 7.4 10465 714 08 9000 423 10075 480 20
90.00 484 10073 5.18 11 $5.00 314 1488 356 1.2
9500 355 11484 402 12 10000 281 11942 2.3 1.7
1000 330 11940 396 13 10500 302 1403 38 17
10500 375 1401 482 14 1000 396 1%48 527 14
11000 47 12847 643 13 11500 486 1320 708 13
115.00 614 13279 892 1.3 125.00 7.8 14168 129 19
12500 950 14102 155 12 1000 940 1497 163 19
13000 114 149 198 12 1600 110 1487 199 16
1500 132 14678 29 11 14000 129 1525 M4 19
14000 149 15280 282 11 4500 10 1815 218 14
148.00 16.8 156.14 2 09 180.00 15.3 190.70 313 14
15000 180 15000 368 09 15500 165 16319 349 14
158.00 9.1 163.18 0.3 09
10000 204 10661 442 09
16500 211 12000 487 09
17000 217 17336 487 12




4 i

4}

- FOR *Netp,p'ile BLASTIC SCATTERING AT FOR *Ne(p.p)'Ne BLAGTIC SCATTRENNG AT
’ 25.0 MV (LAB) 2.5 MeV (LAB) .
Relative Rolative
[ . b [ em Herer Qi s On n Eeper
(deg) )  (eg) (mier) %) (og) (mier) Weg) (miver) %)
850 230.1 1130 1232 34 10.00 199 1340 93 18
1000 188.3 13.30 1045 2.3 12.50 1791 1674 W09 15
1250 1921 16.73 108.3 21 18.00 109 20T WS 18
15.00 32012 2008 1141 22 17.50 189 2.9 1078 14
1750 203.3 2338 1162 20 20.00 181 200 045 14
18.50  208.7 Hu™® 179 1.9 22.50 1783 3000 1088 14
2000 2023 20 1165 19 25.00 1632 339 %8 14
250 1923 2% 1113 . 16 21.50 1400 3% N5 14
2500 1789 3327 1061 13 © 30.00 1327 W82 ™A 14
7750 1064 %54 N9 1.6 37.50 7 80 W is
2850 1505 3.8 9.2 1.9 . 40.00 09 5268 57 15
3000 1494 %8 N 16 T 42.80 09 580 41 218
3250 1343 4303 820 16 " 45.00 08 898 03 15
3500 1202 . 4625 44 21 50.00 “s &1 2.7 14
3150 1066 n4e 070 16 52.50 87 616 13 19
850 1038 5072 8.7 2.1 55.00 2.7 niis s 11
000 M4 5263 €03 16 60.00 82 7712 115 15
4250 82 5578 M1 17 62.50 208 200 161 20
4500 722 85891 478 18 T 86,00 162 &M 129 4.0
4150 638 8201 431 1.7 70.00 120 8861 10.1 14
485 573 624 %20 26 72.50 103 N9 -8 25
5000 543 650 374 16 75.00 847 MMM 1R 17
5250 469 6813 330 19 71.50 700 9685 640 25
5500 2.3 7115 263 11 80.00 550 %852 538 24
5750  35.1 7414 259 22 85.00 372 144 AT 28
6000 293 7.0 221 1.6 90.00 206 10081 288 16
6250 245 8002 190 22 100.00 153 11948 186 25
.00 206 8291 164 11 106.00 172 1400 221 2.7
6750 176 85.76 - 144 22 110.00 1M 18M 268 1.8
2000 150 8858 128 20 115.00 245 17286 387 4.7
75.00 10.4 94.11 2.3 13 120.00 311 13708 481 23
80.00 708 99.49 6.7 0.9 125.00 M 108 638 52
85.00 461  104.72 4.6 11 130.00 507 14501 M7 21
$0.00 308 10078 3 13 136.00 607 1448 110 27
95.00 233 1470 264 13 140.00 695 15254 132 20
100.00 202 11946 2.4 13 145.00 796 18617 158 28
106.00 211 124.08 272 13 150.00 893 1072 183 24
110.00 250 12852 342 12 158.00 981 1821 W4 225
115.00 17 128 4.81 20 160.00 193 1086 224 22
120.00 408 137.01 .27 19 106.00 108 17001 0 25
130.00 650 1499 114 11 170.00 112 118 N2 23
136.00 7.74 148,81 14.0 0.9 =
146.00 997 15616 197 0.9
18000 112 16071 . 230 0.9
15500 121 16320 258 09
10000 128 16683 278 0.9
10800 - 134 17001 297 0.9
17000 139 17338 313 12
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TABLE VI TABLE VIl

FOR ‘He(p,p)’He ELASTIC SCATTERING AT FOR *He(p,pV'Sie ELASTIC SCATTERING AT
20.0 MoV (LAB)’ 32.4 MoV (LAB)
(-] /™ Ocm. om, Bever : Oua LY Ocm. Oem. Bever
(dog) (mivor) (dog) - ) (%) (dog)  (mWor) (dog) (mb/or) (%)
1000 1543 1340 884 13 s50 1567 1140 N5 16
1250  100.3 1674 %3 . 11 1000 1549 1341 87 18
1500 179.4 2008 11016 10 1250 1714 1675 964 15
1750 1808 2340 1030 11 1500 1749 2000 920 14
2000 1725 271 W2 12 1750 173.1 24 N6 15
2250 1618 002 939 11 1650 1717 U474 %6 1.7
2500 1499 3330 879 11 2000 167.3 2673 9.1 1.6
2150 1350. 2658 801 11 2250 1538 200 83 18
3000 1207 3983 725 - 11 2500 1409 3332 826 1.6
3250 1085 4307 68 11 27150 1255 .50 44 1.6
3500 934 ®29 517 11 2850 1187 379 707 1.6
3750 810 H8 58 12 2000 1108 08 684 17
4000 708 5267 451 12 ‘ 3250 968 400 589 17
4250 604 5583 3.2 1.2 3500 . 834 #31 515 - 16
4500 517 3896 M2 12 , 3750 715 051 M8 17
4150 . 440 6208 2.7 13 85 63 5079 412 2.0
5000 374 65.14 258 1.2 ©00 508 5280 M2 19
5250 317 o196 223 1.3 25 519 5586 337 20
5500 270 721 194 1.2 4500 423 5898 280 19
5750 226 %19 167 1.7 475 %87 6208 248 20
.00 193 7715 148 12 4850 334 632 27 25
6250 162 82007 125 17 5000 318 8516 216 1.7
6500 138 8296 . 110 1.2 5250 . 258 821 182 26
67500 121 25.52 9.88 2.2 5500 219 7.23 158 18
70.00 975  98.64 818 14 5750 191 %2 141 25
72.50 831 91.42 7.17 22 000 161 T8 122 19
75.00 688 9417 6.11 14 €5.00 114 8229 908 19
80.00 480  99.55 4.52 13 70.00 800 8867 871 15
85.00 335  104.77 338 14 75.00 566 9419 504 15
90.00 237 100.84 252 15 80.00 300 . 957 348 1.8
95.00 178 11475 . 202 17 © 8500 264 10480 2.4 17
100,00 1.31  119.51 1.58 27 90.00 183 10088 196 19
105.00 143 12411 1.84 2.1 95.00 146 11477  1.66° 20
110.00 178 128.56 2.44 19 100.00 128 11953 156 21
115.00 205 13288 2.9 18 105,00 132 12413 10 20
120.00 266 13706  4.11 18 110.00 133 12850 182 2.0
12500 323 L0 520 18 1150 168 13290 248 20
130.00 394 145.02 6.80 14 ) 120.00 202 13707 313 22
135.00 472 148.84 8.57 13 125.00 238 14111 390 19
140.00 550 15256 105 1.2 130.00 280 14504 499 1.9
145.00 629 15619 125 12 135.00 352 14805 6.3 1.6
150.00 702 15973 144 11 140.00 438 15257 833 1.6
155.00 775 16321 164 11 145.00 522 15620 103 15
160.00 823 10664 179 10 150.00 508 18074 121 15
135.00 63 1622 135 48
160.00 644 100856 140 48
108.00 €48 17002 144 14

17000 €64 17337 150 14



TABMEIX .- TABLE X

FOR *Ne(p;»)'Ne ELASTIC ICAH-NG AT FOR "He(p,p)°Ne BLASTIC SCATTEMNG AT

3.0 MaV LABD) . " as NeV, (LAB) ¢ ‘
teg) (wb/er) - (dog) (mb/or) %) {dog) (ml/er) @l_t) (/o) (%)
1000 1370 1342 NS 1.3 850 123.7 11417 6.9 32
1250 . 1835 1676 982 1 1000 1310 1342 73R 28
15.00 100.2 20.10 0.6 10 : 1500 1406 2011 845 25
1750 1570 2842 N4 11 1750 404 =~ 2043 B0 25
2000 1499 %74 8O 11 1850° ‘1408 nw 8BS 25
2250 1381 004 850 1 2000 1443 275 - 828 2¢
2500 1254 3333 T34 11 250 1325 3008 7.7 25
2750 1105 361 654 1.1 2500 1158 ° 3338 6.7 25
3000 972 . 287 583 1.2 2750 1035 %6 613 25
32.50 8.1 43.11 51.1 11 2850 - 98.2 3793 84 15
3800 722 433 u5 11 000 888 NN 832 16
37.50 - 612 M54 B4 1.1 3250 760 4313 462 1.8
4000 521 5272 832 1.3 300 645 4438 NS 1.6
425 437 55.87 284 1.2 3750 545 #5361 1.7
4500 369 5001 244 1.2 385 . 502 - 5083 3.7 - 1.7
4750 305 62.11 206 1.3 415 ' 237 -62.14 160 32
5000 25.7 .19 177 1.2. 5000 - 202 .21 139 30
5250 217 6824 153 15 §5.00 14.7 7129 108 1.7
55.00 18.1 7126 130 1.2 5750 123 74.28 908 32
51.50 15.1 742 111 1.6 5850 119 - 75.46 8.85 3.2
60.00 12.6 721, 9.51 11 0000 105 7.3 1793 26
625 108 80.13 8.% 20 65.00 7.44 8305 591 2.7
65.00 908 8302 7.21 13 70.00 5.28 8872 441 1.5
61.50° 762 85.08 6.22 2.2 7500  3.76 94.28 3.34 1.5
70.00 632 M8 5.30 1.2 80.00 255 = 99.63 2.40 1.6
7500 462 9422 4.10 1.5 85.00 1.95 104.86 196 - 17
77.50 382 9693 349 31 90.00 141 10092 150 1.8
80.00 3.7 9.0 3.08 95.00 1.00 11483 1.4 21
86.00 2.41 10482 241 100.00 0981 11958 1.19 21
90.00 180 10000 . 192 105.00 0911 124.18 1.18 20
$6.00 138 11480 |, 187 110.00 0970 128.83 133 19
100.00 117 119.56 1.42 11500 - 1i1 13294 1.62 19

120.00 1.4 137.11 192 20
130.00 184 14507 3.18 18

10500 111 1416 143
11000 . 117 12861 161

N
DerrBDUNOOVOOVDIALR

115.00 134 13292 1.98 135,00 227 14888 4.13 16
125.00 212 14113 347 140.00 208 - 152.60 5.11 16
130.00 250 14508 448 145.00 345 - 156.22 8.8 1.5
135.00 310 14887 5.64 150.00 3w 150.76 8.01 14
140.00 373 15258 710 185.00 430 16324 9.14 3.7
180.00 482 150.75 .92 11 160.00 47 10808 105 37

156,00 . 5.22 16323 111 11
100.00 573 108665 125 1.0



TABLE XI N  TABLE XII

DIFFERENTIAL CROSS SECTION DIFFERENTIAL CROSS SECTION
FOR *He(p,p)’He ELASTIC SCATTEKING AT FOR *He(p,p)"'He ELASTIC SCATTERING AT
40.0 MoV (LAB) 45.0 MoV (LAB)
Relative Relative
B1ay L™ Oc.m. Tem. Errver G L= Gem. Oem. EKrrer
og) (mber) (dog) (mer) _ (%) , og) (miver) (dop) (mier) (%)
7.50 1514 16.08 8.1 7.0 8.50 100.7 1143 609 L7
10.00 126.2 13.43 70.4 69 10.00¢ 1209 1344 €73 1.5
1250 1426 16.78 80.0 68 1250 1297 16.79 726 1
1500 1434 20.12 80.9 6.8 1500 '130.7 20.14 736 C 14
17.50 1355 23.45 77.0 44 1750 1243 2347 M5 14
2000 129.7 28.77 74.3 32 18.50 1228 48 0.9 1.8
2250 1183 30.07 08.4 3.2 2000 -116.2 26.79 0865 1.5
25.00 1055 33.37 61.7 3.2 2250 1036 30.10 508 1.5
27.50 92.1 36.64 54.5 3.2 25.00 90.1 33.40 526 1.5
30.00 783 39.91 46.9 3.0 2150 ° 716 3668 458 14
32.50 66.5 43.15 404 30 3850 . 348 5090 219 25
35.00 55.9 46.38 M4 30 40.00 30.2 52.81 19.2 1.5
37.50 474 49.58 29.7 33 . 4250 4.4 55.97 15.8 15
40.00 38.5 52,76 U5 33 45.00 19.8 5.10 131 1.5
42.50 32.3 56.92 20.9 3.1 47.50 15.9 62.21 10.7 1.6
45.00 26.8 59.05 11.7 3.1 50.00 129 85.29 8.87 1.6
47.50 22,1 62.16 149 3.7 52.50. 10.6 68.34 745 1.9
52.50 14.8 68.29 104 3.2 55.00 8.56 71.37 6.15 . 1.6
55.00 123 71.31 8.85 4.1 60.00 5.83 71.32 4.40 16
57.50 10.3 74.30 7.58 4.1 65.00 4.14 83.13 3.9 1.6
60.00 8.49 71.28 6.41 35 70.00 2.98 88.81 2.50 14
62.50 7.03 80.19 5.44 33 75.00 2.27 94.34 2.02 1.5
65.00 6.04 83.08 4.90 3.2 80.00 1.70 99.71 1.60° 1.5
67.50 5.16 85.93 4.21 4.3 85.00 1.32 104.93 1.32 1.6
70.00 4.34 88.75 3.64 3.7 90.00 1.02 110.00 1.00 1.6
72.50 3.64 91.53 3.14 38 95.00 0.876 114.90 0.906 19
75.00 3.4 94.28 2.79 33 100.00 0.715 119.65 0.867 21
77.50 2.80 96.99 2.56 5.0 105.00 0.626 124.25 0.808 19
80.00 2.34 99.66 2.21 38 110.00 0.614 128.70 0.845 1.8
82.50 2.20 102.29 2.14 1.7 115.00 0659 133.00 0964 1.9
85.00 1.76 104.88 176 4.2 120.00 - 0.754 13717 117 1.8
90.00 1.36 109.94 14 33 125.00 0.950 141.20 1.58 1.8
95.00 1.06 114.85 1.20 4.3 130.00 1.11 145.12 1.93 1.5
100.00 0.902 119.60 1.08 4.2 140.00 1.60 152.64 3.08 14
105.00 0813 124.20 105 34 160.00 2.73 106.68 5.98 1.3
110.00 0.847 128.65 116 34 170.00 3.00 173.38 6.81 13
120.00 1.16 137.13 1.80 4.1
125.00 1.33 141,17 2.18 4.2
130.00 1.67 145.09 289 3.2
135.00 2.06 148.90 3.7 3.2
140.00 241 15261 4.60 3.2
145.00 3.00 156.23 5.98 38
150.00 3.23 150.77 .06 3.0
155.00 3.55 163.25 7.56 34
160.00 3.91 166.67 8.54 3.1
165.00 4.11 170.04 9.17 6.8
170.00 4.29 173.38 2.7 68

W . ¢ 8 2t



12

850
10.00
12.80
15.00
17.50
18.50
20.00
22.50

25.00
27.50°

38.50
40.00
42.50
45.00
47.50
50.00
§2.50
55.00
§7.50
60.00
62.50
66.00
67.50
70.00
75.00
80.00
85.00
90.00
95.00
100.00
105.00

-110.00

115.00

12000

125.00
130.00
135.00
140.00
145.00
150.00
155.00

“160.00

165.00
170.00

5.06

118
0.931
0.764
0.629
0.560
- 0543
0573
0.829
0.761
0.925
1.12
1.3
1.57
1.81
2.08
2.0
244
2.52

20.15

2481
23.80
~30.11
2341
3.0

5092 ..
5283

5.9
.13
2.2
.32
.37
7.8

-74.38
T7.84
80.27
83.16
86.02
0.8
4.8

C 4

10496
11002
114.93
119.68
124.27
128.72
133.02
137.18
141.22
145.14
148.94
182.65
166.28
150.80
163.27
106.08
170.05
1739

Melative
m. Hever
(mber) _ (%)
e 24
“e 1.7
[ T} 15
[ X ] 14
[ %] 14
6.2 19
Q2.4 16
580 15
».2 1.5
419 1.6
19.1 26
168 1.7
136 1.7
113 1.7
2.29 1.7
7568 1.7
6.17 20
5.4 1.6
445 18
3.82 14
3.06 26
2.7% 1.7
2.8 23
211 1.5
1.68 1.5
1.40 1.6
1.18 . 16
0.904 1.7
0.890 19
0.763 1.9
0.74 1.9
0.748 18
089 19
(X [ ] 19
125 18
1.61 15
204 15
2.58 14
3.13 14
3.74 1.3
4.4 13
5.04 1.3
5.48 14
5.12 1.7



