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4He(t,t)4He ELASTIC SCATTERING:
ANALYZING POWERS AND DIFFERENTIAL CROSS SECTIONS

by

R. A. Hardekopf, Nelson Jarmie, G. G. Oaken, R. V. Poore,
R. F. Haglund, Jr., Ronald E. Brown, P. A. Schrnelzbach,

B. D. Anderson, D. M. Stupiu, and P. A. Lovoi

ABSTRACT

Analyzing power and differentia,! crost-section resulta are presented in
tabular and graphical form for *He(t,t)'He elastic scattering from 7- to 14-
MeV bombarding energy. The experimental procedure is described for
measuring the analyzing powers.

!. INTRODUCTION

This report presents tabulations and graphs of
'He<t,t)*He elastic scattering data obtained recently
at the Los AlaiKoa Scientific Laboratory tandem
Van de Graaff facility. The analyzing power data
result from the first experiment performed with a
polarized triton source;1 the experimental procedure
is included for this reason. Details of the differential
cross-section experiment are reported elsewhere,*
but the data from that experiment are included here
for completeness.

II. EXPERIMENTAL EQUIPMENT AND
PROCEDURE FOR ANALYZING POWER
MEASUREMENTS

The analyzing power experiment was performed
with a polarized triton beam striking a 'He gas
target. Two detectors at symmetric angles each
simultaneously monitored scattered tritons and
recoil alphas to collect data from which the analyz-
ing powers were obtained.

The polarized triton beam % \s focused onto the
target at the center of the supsrcube" scattering

chamber. The beamline plan is shown in Fig. 1.
Entrance slits to the chamber (2.54 mraJ) were
located 60.6 cm from the center of the target. A set of
antiecatter slits (3.05 mm*) were located 40.3 cm
from the target center. A circular collimator 2.54
mm in diameter preceded the 2.5-pm-thick target
entrance foil, and antiscatter baffles followed it.
After panning through the target, the beam was col-
lected on the chamber exit slits 65.6 cm from target
center as well as on the Faraday cup which followed.
A beam position indicator simultaneously displayed
the current intercepted by the first set of entrance
slits and by the exit slits. Beam position was main-
tained throughout the experiment by keeping the
current on these slits balanced in the lefi-nght and
up-down directions. Currents on the exit slits were
added to the Faraday cup current, and the total was
recorded by a current integrator.

The target, yhown schematically in Fig. 2, was a
10-cm-diam cylindrical gas ceil pressurized with 'He
to 300 torr and covered at first with 2.5-Min-thick,
Havar foil, then Sater with 6.3-Mm-thicb Kapton
plastic film. For measurements with the Kapton
film, a 3-1 buffer was attached to the gas-cell filler
tube to compensate for diffusion losses through the
film.
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Fig. 1.
Supercube scattering chamber beamline plan (not to scale). Sti* sizes are given in the text
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Two detector telescopes viewed the target at equal
angles left and right of the beam aiis. Figure 3 shows
the detector snouts used with the gas target. Each
detector collimator consisted of a front rectangular
slit 5.1 cm from the target center and a rear rec-
tangular slit 24.1 cm from the target center. Both
collimator apertures were 2.^3 mm wide by 11.4 mm
high, giving an angular resolution of 1.0°, full width
at half maximum (F'VVHMh Mean scattering angles

iKfowt / w e r e determined to ±0.05°. Further details on the
•**" / collimators, antiscatter slits, and supercube
bl" hardware can be found in Ref. 4.

Dattctor

Fig. 2.
Schematic of 300° circular target. The target
was pressurized to 300 ton with 'He.
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Fig. 3.
Detector snouts used to hold collimators for gas
target geometry. The dimensions of the col-
limator slits are given in the text.



Kach counter telescope contained a 48-nra-thick-
thick SE detector and a 1000-jim-thick E detector.
For those events which gave rise to a .1E-E coin-
cidence, linear .iE and E signals were sent to analog-
to-digital converters (ADCs) and stored in an on-line
computer. Mass identification was performed by
computer processing; events resulting from tritons
and recoil alpha particles were stored in separate
rr.emory blocks. Alpha particles penetrated .iE
detectors only for higher energies and forward
angles. Therefore, .iE singles spectra were
simultaneously stored by means of separate ADCs.
Mas! alpha particle data were obtained in this
singles mode.

Peak sums were obtained on-line by setting
relatively narrow gates on the peaks. A visually
satisfactory linear background line was set by means
nt" a wider "background pate," end the linear
background under the peak was subtracted in the
analysis routine. For most of the data, the
background counts thus obtained were much less
than 1% of the peak sums, for some of the data
where alpha particles were detected in singles mode,
background counts approached 3%. Even in these
cases the analyzi'.g power calculations, with and
without background correction differed by less than
statistical error Corrected counts were used for the
final tabulation.

The data acquisition sequence for each an^ie con-
sisted of runs of equal integrated charge for triton
beam polarization in the up-down directions. Beam
polarization I\j was determined by averaging
quench-ratio* results obtained before and after each
run. These results were determined from the ac-
celerated beam by a computer routine that
measures, with n digital picoummeier, the ratio Q of
normal beam current to quenched beam current nnd
calculates

PQ=1
I

Q

Two measurements of 1'u were made each i;rae the
routine was called; their average was stored in the
computer. In this manner, eight l\ values were
averaged for a spin-up, spin-down sequence. The
final average Py was used in calculating the analyz-

ing power. Accuracy of the quench-ratio technique
for triton beam polarization was one of the results
determined in this experiment: it was found to bt ac-
curate to within ±0.010 (Ref. 6).

Analyzing powers Ay were calculated from the
geometric average of left (L) and right (R) detector
yields for the two runs:

A v »•• —

where the arrows indicate spin-up and spin-down
beam polarizations. This method canceis the effects
of differences in detector efficiency and of errors in
current integration.1 Data acquisition and process-
ing, quench-ratio measurements, spin-direction con-
trol of the polarized source, Ay calculations, and
detector angle changes in the scattering chamber
were entirely under computer control. This freed She
experimenter to con- gntrdte on setting foreground
and background gates in the spectra and to monitor
the data acquisition.

Ar. important correction is necessary to both the
analyzing power and cross-section data when there is
a combination of a large curvature in the angular
distribution and a significant multiple scattering of
the detected particles in the target exit foil in this
case, the particles multiply scattered into and away
from the d »ector did not completely compensate
each other. The effect was especially serious for the
sharp peaks at large cm. angles where alpha pani-
cles were detected. With a Havar foil target, correc-
tions as large as 1-IDO in the cross section and 0.1 to
0.2 in the analyzing power were necessary. Much of
the As data and some of the cross-section data,
where alphas were detected, were rerun with the
target gas contained by a Kapton film. Approximate
correction formulas9 and a Monte Carlo program"
were developed and used to make corrections (usual-
ly less than 3%) to the cross-section data. The
results of the runs with a Kapton target, the for-
mulas, and the Monte Carlo program were consis-
tent. Larger-thnn-normal errors seen in parts of the
data are the result of the above problem.



III. ANALYZING POWER DATA TABLE I

Complete angular distributions of the analyzing
powers were obtained at three energies: 8.785,
10.815, and 12.250 MeV. Partial distributions were
obtained at four other energies from 10.2-11.7 MeV
near the angular region where Ay approaches its
minimum possible value of - 1 . These data have
been discussed in Ref. 10. In addition to an extensive
excitation function at Qlrt> = 28.5°, some excitation
function data were obtained at 0,Jt, = 35.0° near the
energy where a Wigner Cusp effect""2 was ex-
pected.

Energy of the bombarding beam was known to
± 15 keV with a FWHM spread of 40 keV including
the effects of foil and target-gas straggling and
machine energy resolution. The relative energy of
adjacent runs in an excitation function is accurate to
±5 keV.

Analyzing power data obtained with the polarized
triton beam are summarized in Tables I and II.
Numerical deta are tabulated in Appendix A.
Figures 4-6 show tne polarization data in graphical
form. Shown for comparison in Fig. 5 are data from
Ref. 13.

The relative accuracy of the data is generally bet-
ter than ±0.020, and much of it is better than
±0.007. Relative errors listed in Appendix A are
primarily statistical, although when the statistical
error was less than ±0.007, we took this value as a
lower limit. The limit results from our knowledge of
the background and from our observation of max-
imum fluctuation in quench-ratio determinations of
beam polarisation. It also derives from our obsprva-
iions over many years of the reproducibility of
proton analyzing power data taken with similar
techniques We believe the scale error for these
measurements (i.e.. the amount they could be renor
malized in order to minimize x* in a search) to be
1%. Thin k a multiplicative factor based on long-
term '/Dservaiions ; /" Lhe quench-ratio accuracy un-
der varying operating conditions of the polarized
source.

The data at 10.200, 11.100, 11.390, and 11.700
MeV near the A, = - 1 point (see Fig. 6) have not
been corrected for multiple scattering (since the cur-
vatures art obscure), nor repeated with a Kapton
target. The points that might have a significant cor-
rection are in those at 100° cm. and larger. This will
not affect the conclusions of the analyzing power

RANGE OF ANGULAR
DISTRIBUTIONS FOR Ay<9)

Energy
(MeV)

8.785

10.200

10.815

11.100

11.390

11.700

12.250

0cm
(deg)

26-150

61-110

28-148

56-115

61-110

61-110

26-150

TABLE II

Data
Points

31

12

58

14

12

12

30

RANGE OF EXCITATION FUNCTIONS
FOR A,(G)

Energy
(MeV)

7.0OO-J.4.20O

7.000-14.200

8.200-8.870

8.200-8.870

Tritoni.
•AlphM.

(deg)

28.5"

28.5"

35.0*

35.0*

9cm
(deg)

49.6

123.0

60.6

110.0

Data
Points

60

15

12

12

calibration in Ref. 10, but these particular data
should be used with caution in a numerical analysis.

A preliminary report of the polarization data has
been presented."10"

IV. DIFFERENTIAL CROSS SECTION DATA

The differential cross-section data9 included in
this report were taken with an unpo'arized triton
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Fig. 4.
Excitation function for the 'Hett.t^He analyz-
ing power.

beam ir> an Ortec* 60-cm scattering chamber.
Relative and scale errors are listed in the tabula-
(ions. Energy errors are the same as those discussed
with the analyzing power data. Angular width of the
doublo-siit system was 0.3° FWHM. and the final
accuracy of the measured angle was ±0.03°.

Tables III and IV summarize the differential crof •
section data; complete tables are provided in Appen-
dix B. Figures 7 and 8 show the data in graphical
form.

V. DISCUSSION

Experimental procedures and numerical data
have been reported for accurate measurements of the
4He(t,t)4He reaction from 7 to 14 MeV. Both the
analyzing power data and differential cross-section
data are presently being used (with data from other
laboratories in both the alpha + triton and "Li +
neutron channels) in an R-matrix analysis of the 'Li
system." The solid lines in Figs. 4, 5, 7, and 8 are
preliminary R-matrix predictions which were ob-
tained without using a complete set of the present

A, 00 .^J-

Fig. 5
Angular distributions of the analyzing power
for lHe(t,t)4He elastic scattering. The open
square points at low angles at 12.25 MeV are
from the double-scattering measurements of
Keaton et al. (Ref. 13).

•Orlrc tor . Oak Ridge, TN. .77H.W.
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Angular distributions of the analyzing power
for 'He(t,t)'He elastic scattering near Ay = - / .
Stolid lines only connect data points as Q visual
guide.

data, ,n particular the final analyzing powers. The
indication is that both the cross sections and the
analyzing powers will have a strong influence on the
fit.

T\BL£ III

RANGE OF ANGULAR
DISTRIBUTIONS FOR O (G)

Energy
(MeV)

8.230

8.580

8.790

8.980

9.880

12.000

(deg)

22-155

22-155

22-155

22-155

22-155

22-155

TABLE IV

Data
PoinU

22

18

17

24

27

17

RANGE OF EXCITATION FUNCTIONS
FOR a (9)

(Energy

0..0
(deg)

15.0*

15.0"

28.5*

28.5b

40.0"

•Triton*.
"Alphas.

= 7.600-10.000

(deft)

26.3

150.0

49.6

123.0

69.0

MeV)

Data
Points

21

21

22

21

21

Although it is not apparent in the figures as
drawn, a careful s^udy of the data and the R-matrix
fit dues indicate a slight anomaly near 8.4 MeV
where a Wigner Cusp" s l is espected. The effect is
certainly not very marked, and further precision ex-
periments should be done if the nature of the cusp is
to be explored.
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APPENDIX A

ANALYZING POWER Ay FOR 4He(t,t)'He

©lab
CdegJ

15
17
20
2?
25
27
30
32.
35.
37.
40.
42.
AC.
*» J •

47.
50.
52.
51;.
57.
40.
37.
35.
??.
30.
29.
27.
26.
25.
22.
20.
17.
15.

.0

.5

.0

.5

.0

.5

.0

.5

.0

.5

.0
5

5
0
5
0
5
0a

5a

0a

5a

0a

0a

53
0^
0*̂
50
0a

5a
oa

•He<t,t)4H

9cm.
Cdeg)

26.3
30.6
35.0
39.3
43.6
47.9
52.2
56.4
60.6
54.8
69.0
73.2
77 "5
/ f . <

81.3
i/5. 3
89.3
93.2
97.0
100.0
105.0
11O.0
115.0
1 ?0.0
122.0
125.0
128.0
130.0
135.0
140.0
145.0
150.0

e 8.785

Ay(9)

-0.169
-0.157
-0.132
-0.103
-0.055
-0.003
0.045
0.090
C.045
-0.134
-0.332
-C.559
— A iL f.A

-0.715
-0.720
-0.634
-0.615
-0.5/5
-0.563
-0.526
-0.458
-0.258
0.168
0.383
0.627
0.717
0.710
0.575
0.446
0.350
0.257

MeV

Error

0.007
0 007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
n nci7

0.007
0.007
0.007
0.007
0.011
0.007
0.007
0.007
0.011
0.010
0.009
0.008
0.007
0.007
0.007
0.007
0.007
0.007

9lab
(deg)

35.
37.
40.
42.
45.
47.
50.
45.
42.
40.
37.
35.

0
5
0
5
0
5
0
0«
5a
0*
5a
0a

a

4HeCt.t)4He 10.200

9cm.
Cdeg)

60.6
64.8
69.0
73.2
77.2
81.3
85.3
90.0
95.0
100.0
105.0
110.0

Ayce)

0.197
-0.039
-0.312
-0.575
-C.778
-0.894
-0.963
-0.980
-0.986
-0.951
-0.919
-0.884

MeV

Error

0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.00/
0.007
0.007
0.007
0.007

alpha particle detected.

a alpha particle detected.



*HeU.t)*He 10.815 MeV

Cdeg)

16
18
20
22
24
26
28
30
32
34
35
3L.
37.
37.
38.
40.
42.
42.
44.
45.
46,
47.
48.
48.
50.
46.
52.
45.
54.

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.0

.5
0
,0
0
5
0
0
0
5
0
oa
0
oa
0
Oa

0

Cdeg)

28
31
35
33
41
45
48
52
55
59
60
62
64.
64.
65.
69,
72.
73.
75
77.
78.
81,
82.
84.
05.
88.
88.
90.
91.

.0

.5

.0

.4

.9

.3

.8

.2

.6

.0

.6

.3

.0

.8
,7
,0
,3
,2
6
2
9
3
1
0
3
0
5
0
6

0
0
0
0
0
0
0
0
0
0
0.
0.
0.
0.

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

¥

.216

.279

.340

.400

.444

.478

.490

.477

.421

.309
,237
,143
052
003
045
267
480
531
664
732
799
869
918
939
946
981
984
999
990

0
0
.007
.007

0.007
0.007
C.007
0
0
.007
.007

0.007
0,
0,
0,
0.
0,
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

.007

.007
,007
,007
,007
,007
008
,007
009
007
008
007
008
007
007
007
007
007
007
007
007

alpha particle detected.

Av(e) Error 6].ab 8Cn,. AyC6) Error
' Cdeg) Cdeg)

44.08
56.0
42.5a
42. Oa

58.0
40. Oa

38. O a

37.5a

37. O a

36. Oa-
35. O a

34. Oa

33. Oa

32.0S
31.Oa

30.5a
30. Oa

29.5a
2S.Oa

28. Oa

27. Oa

26. Oa

25.5a
24.0"
22.0«
20,0«
18.Oa
16.Oa

92.0
94.7
95.0
96.0
97.8
100.0
104.0
105.0
106.0
108.0
110.0
112.0
114.0
116.0
118.0
119.0
120.0
121.0
122.0
123.0
124.0
126.0
128.0
129.0
132.0
136.0
140.0
144.0
148.0

-1.006
-1.004
-1.002
-0.997
1.002
-0.979
-0.953
-0.968
-0.980
-0.971
-0.965
-0.907
-0.855
-0.565
-0.090
0.158
0.375
0.420
0.430
0.369
0.302
0.150
0.056
0.004
-0.089
-0.174
-0.204
-0.232
-0.266

0.007
0.007
0.007
0.007
0.008
0.010
0.012
0.007
0.007
0.010
0.007
0.012
0.013
0.018
0.023
0.020
0.020
0.018
0.016
0.015
0.013
0.013
0.012
0.009
0.008
0.006
0.010
0.010
0.010
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*HeCt,t)*He 11.100 MeV

©lab
Cdeg)

32
35
37
40
42,
45.
47.
50.
45.
42.
40.
37,
35.
32.

.5

.0

.5

.0

.5

.0
5
0
0a

5*
Oa
5s

Oa

5a

m.
Cdeg)

56
SO
64
69
73
77
81.
85.
90.
95.

100.
105.
110.
115.

.4

.6

.8
,0
.2
.2
.3
.3
,0
0
0
0
0
0

AyC8)

0.432
0.270
0.030
-0.265
-0.526
-0.737
-0.881
-0.948
-1.000
-1.006
-1.000
-0.995
-0,975
-0.720

Error

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

00 f
007
007
007
007
007
007
007
007
007
007
007
007
Oi3

a alpha particle detected.

Slab
Cdeg)

35.0
37.5
40.0
42.5
45.0
47.5
47.se
45.0a
42.5a
40.03
37. Sa
35.0a

HeCt,

ecn

t)*l

Cde'g)

60,
64.
69.
73.
77.
81.
85.
90.
95.

100.
105.
110.

6
8
0
2
2
3
0
0
0
0
0
0

He

A
i

0.
0.

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

11.700

rC8)

348
069
269
579
795
902
960
986
988
981
973
920

M«V

Error

0
0
0
0
0
0
0
0
0
0
0
0

.007

.007

.007

.007

.007

.007

.007

.007

.007

.007

.007

.007

a alpha particle detected.

4He(t,U*Hfc 12.250 MeV

Slab
Cdeg)

35.0
37.5
40.0
42.5
45.0
47.5
50.0
45.Oa

42.5a
40. O a

37.5a
35. O a

a

«HeCt.t)*He 11.390 MeV

ecm,
Cdeg)

60.6
64.8
69.0
73.2
77.2
81.3
85.3
90.0
95.0
100.0
105.0
110.0

AyC9)

0.320
0.051

-0.246
-0.537
-0.750
-0.890
-0.957
-0.988
-0.998
-0.992
-1.002
-0.962

Error

0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.008

alpha particle detected.

15
17
?0
22
25
27
30
32
35
37
HO
42
45
47.
47.
45.
42,
40.
37.
35.
32.
31.
30.
28.
27.
26.
25.
22.
20.
17.
15.

elab
Cdeg)

.0

.5

.0

.5

.0

.5

.0

.5

.0

.5

.0

.5

.0

.5

.5a

.03
,5a

53
Oa

5a

25a
Oa

75a
5a

25a
Oa

5a

08
5a
Oa

"Cffl
Cdeg)

26.3
30.6
35.0
39.3
43.0
47.9
52.2
56.4
60.6
64.8
69.0
73.2
77.2
81.3
85.0
90.0
95.0

100.0
105.0
110.0
115.0
117.5
120.0
122.5
125.0
127.5
130.0
135.0
140.0
145.0
150.0

A

0
0
0
0
0
0
0
0
0
0
-0
-0
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
0.
0.
0.
0.
0.

-0.
-0.
-0.
-0.
-0.

«C6)

.727

.801

.851

.886

.909

.896

.867

.795

.578
,124
.505
.851
,933
.395
.873
.819
810
806
772
580
117
202
512
591
467
197
062
481
746
889
950

Error

0.007
0.007
0.00/
0.007
0.007
0.007
0.007
0.O07
0.007
0.007
0.008
0.007
0.007
0.007
0.007
0.009
0.008
0.007
0.009
0.009
0.009
0.010
0.009
0.009
0.008
0.008
0.008
0.007
0.007
0.007
0.007

8 alpha particle detected.
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Ct,t)H
Excitation Function 9jab - 28.5 deg

t
WeV;

tritons alphas
3cm. ™ *9-6 deg © o a - 123.0 deg
AyC9) Error AyC93 Error

t
(MeV)

tritons
9tm. - 49.6 degr
AyCe) Err or

aiphes
9cm.- 123.0 deg
A

7.
7.
7.
7.
7.
7.
7.
7.

.000

.100

.200

.300

.400

.500

.600

.800
8.000
8.200
8.300
8.350
8.375
S.400
8.425
£.450
8.475
8.500
8.5^0
8.600
8.650
8.700
8.750
8.800
8.850
8.900
9.000
9.100
9.200
9.400

-0,804
-0.802
-0.767
-0.706
-0.616
-0.501
-0.374
-0.108
0.073
0.202
0.242
C.261
0.271
0.268
0.279
0.288
0.294
0.304
0.310
0.299
0.277
0.126

-0.023
0.024
0.131
0.208
0.278
0.314
0.338
0.365

0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007

0.273 0.008
0.279 0.008
0.253 0.008
0.253 0.008

0.214 0.008

0.191 0.010

0.254
0. 492
0.770
0.596
0.431

0.013
0.011
0.011
0.011
0.011

0.358 0,012

0.25? 0.013

. i l .
11.

9.600
9.800

10.000
10.200
10.400
10.600
10.800

.000

.200
11.400
11.600
11.800
12.000
12.200
12.300
12.400
12.500
12.600
12.700
12.800
12.900
13.000
13.200
13.400
13.500
13.600
13.700
13.800
14.000
14.200

0.377
0.395
0.413
0.427
0.440
0.463
0.485
0.515
0.548
0.585
0.633
0.681
0.748
0.848
0.910
0.952
0.933
0.804
0.642
0.503
0.416
0.356
0.316
0.299
0.306
0.304
0.294
0.307
0.289
0.293

0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0,007
0.007
0.007
0.007
0.007
0.007

0.269
0.272

0.014
0.017

Excitation Function

CMeVD

8.200
8.300
8.350
8.375
8.400
8.425
8.450
8.475
8.500
8.550
8.600
8.700

tritons
9Cm. - 60.6 deg
Ay(95

0.212
0.202
0.191
C. 190
0.182
0.178
0.182
0.181
0.185
0,161
0.145
0.063

Error

O.008
0.008
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007
0.007

9lsb - 35..0 deg

alphas
9cm. - 110

AyC8)

-0.398
-0.420
-0.435
-0.447
-0.457
-0.476
-0.482
-0.500
-0.502
-0.548
-0.608
-0.642

.0 deg
Error

0.010
0.010
0.010
0.010
0.010
0.010
C.010
0.010
0.010
0.010
0.010
0.010
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APPENDIX B

DIFFERENTIAL CROSS SECTIONS ff<9) FOR <He(t,t)'He

*H«(t,t)*He 8.230 HeV

Seal* Error • 0.40X

*B.(t.t)*He 8.S8O MeV

Scale Error • 0.40Z

6 l»b
(deB>

12.50

15.00

20.00

22.50

25.00

27.50

30. GO

32.50

35.00

37.50

60.00

<3.Q0

50.00

35.00*

32.50*

30.00°

27.50°

25.00 s

22•50*

20.00*

15.00 s

12.50*

(ab/ar)

3247.0
2364.0

1275.0

900.S

613.7

400.7

251.0

1S6.1

100.60

77.04

72.79

92.80

111.1

115.7
87.84

6S.93

71.68

106.1
i no 5
XOU. J

301.3

653.7

871.7

8 c . . .

a . 90

26.27

34.96

39.29

43.60

47.89
52.17

56.42

60.65

64.84
69.01

77.24

85.30

109.97
114.97

119.97

124.97

129.98
1 "%L Qfl
iJHi7O

139.98

149.98

154.99

1078.0

793.1

439.1

314.9

218.5
145.5
93.21

59.34

39.27

30.96

30.19

41.28

53.61

35. Jl
26.03

19.90

20.19

29.26
AQ Q1
H g i O-L

80.09

169.0

223.0

Rel .
Error

(Z)

0.60
0.40

C.40

0.40

0.40
0.40

0.45

0.50

0.60

0.60
0.60

0.50

0.70

2.0

0.9

0.9

1.0

1.1

n on
l/i 7U

0.80

0.60

0.60

6l.b
(deg)

12.50
15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

55.00

35.003

32.50a

30.0Oa

27.50°
25.00*

20.00*

15.00*

12.50*

"Alpha

XiS
2812.0
2G25.0

1102.0

562.3

268.9

138.5
98.71

95.01

91.59

78.65
63.27

40.25

27.87

32.59

61.51

219.6

504.1

670.7

• e . . .
(deg)

21.90
26.27

34.96

43.60

52.17

60.65
69.01

77.24

85.30

93.16
109.96

115.00

119.97

124.97

129.97

139.98

149.97

155.01

particle detected.

(•b/ar)'

933.9

679.3
375.3

200.2

99.81

54.07
40.93

42.26

44.18

41.60

19.30

11.93

8.041

9.181

16.95

58.37

130.3
171.6

Rel.
Error

<X>

0.40

O.«0
0.10

0.40

0.40

0.49
0.49

0.52

0.46

0.71

0.9

0.9

1.0

1.1

1.5

0.70

0.60

0.60

*Alph« partlcla dataetad.



(deg)

12.50

25.00
30.00
37.57
40.00

45.00
•50.00
55.00
37.50"
35.00*

32.50*
30.00»
25.00"
20.00"

16.76"
15.00"
12.50*

'Alpha

*H«(t,t )*Ba 8.790 MaV

Ssala Error • 0.40X

0 ( 9 ) l . b
(ab/«r)

2549.0

539.1
240.8

72.25
62.28

66,26
76.43
74. SO
88.85
70.10

51.82
41.10
76.25
225.5

388.0
48S.0
638.1

9c.«.

21.90
43.59
52.17
64.97
69.00

77.25
85.29
93.17

104.96
109.97

114.97
119.97
129.97

139.99

1*6,50
149.99
IS*.99

partlela dataetad.

<«b/»r)°

846.5

191.9
89.37
29.CS
25.83

29.47
36.86
39.40
27.99
21.38

15.36
11.85
21.02
59.94

101.2
125.4

163.2

•cl.
Error

0.46

0.40
0.40
0.60

0.60
0.56
0.70
0.90
1.0

1.0

1.1

1.3

1.3

1.0

0.90
0.80
0.70

olMh
Lma

(dec)

12.50
15.00
20.00
22.50
25.00
27.50
30.00
32.50
35.00
37.50
40.00
45.09
50.00
55.00
37.50"
35.00"
32.50"

30.00*
27.50"
25.00*
22.50*

20.C0*
15.00*
12.50*

Scala

<T(fl)

(.b/ir)

2636.0

1932.0
1062.0

760.5
534.7

364.9
343.4
165.9
113.5
89.14
79.91
83.64

88.09
79.96
89.40
67.68
46.06

33.96
39.36
71.44

138.4

240.6
534.0
711.9

t)*He J.98O KaV

Error - 0.40Z

9 c .« .
Wet)

21. Ml
26.27

34.96
39.29
43.60
47.88
52.16
56.'3

60. C4

64. (.6
69.01
77.44

85. ?0
93.16

104.96
109.98
114.96

119.98
126 SJ
129.97
134.98

139.98
149.98
154.93

875.4

648.1
365.7
265.9

190.3
132.5
90.34
63.09
44.33

tt.B3
33.13
37.20

42.50
42.34
2C16
20.64
13.65

9.796
11.09
19.69
37.41

63.93
138.1
112,1

le i .
Error

(X)

0.40
0.40
C.40
0.40

0.40
0.40
0.40
0.40

0.50
0.58
0.62
0.S1
0.51

0.70
1.1

0 .9

1.0

1.0

1.6

1.2

1.0

0.80
?.V0
0.(0

"Alpha pcrtlcia dataetad.
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0

(d«8>

12.50
15.00

20.00
25.00
30.00

30.00

12.50
15.00
36.63

37.50

60.00
42.50
45.00

47.50
50.00
52.50
53.85

55.00
57.50
40.0Oa

35.05"
30.00"

25.00"
20.00"
15.00*
15.00*

12.50*

4H»<t. 0*H« 9
Seal* Error •

(•b/ar)

2023.0
1496.0

856.2
476.00
255.6

257.1

190.1
146.6
12«,4

120.2
104.8

94.59
88.10

81.80
76.32
68.59
61.62

58.36
48.82

73.11

si.m
9.V24

50.95
188.0
198.1
198.1

507.5

21.91
26.27

34.96
43.(0
52.17

52.17
56.41

60.65
63.39

64.81

69.02
73.14
77.25

81.30
85.29
89.27
91.18

93.17
97.00
99.96

109.89
119.9'

129.99
119.98
ISO.00
150.00

m.9e

.880 itaV
0.401

(•b.'ar)'

671.6
SOI. 2

294.7
169.4
94.88

95.46

72.18
57.21
51.08

48.29

43.45
40.56
39.20

17.81
16.70
34.61
3.7.94

30.90
27.21
23.85
10.13S

2.863
14.05
49.96

102.9
103.0
129.8

Kal.

(X)

0.40
0.42

0.40
0.40
0.40

0.40
0.40
0.42
0.37

0.47

0.52
0.45
0.40

0.5i

0.45
0.51
0.90

2.00
0.80
0.61
0.84

1.2

0.80
0.80
0.49
0.50
0.90

9J.b
(dtg)

12.50

15.00
20.00

25.00
30.00

35.00
40.00

45.00
50.00

45.00*

40.00*
35.00*
30.00*
25.00*

20.00"

15.00*
12.50*

'Alpha

*H«(t,
Scala

o(0)
(cb/ar)

1187.0

988.6

685.7

432.7
; /6 .7

117.7

71.78
67.50
71.61

98.84

J8.79
34.95
15.92
71.04

195.6
339.2
433.8

t)*H« 12
Error »

8
C»*B>

(dec)

21.91

26.27

34.97

43.61
52.18

60.63

69.0*
77.26
85.11

89.9S

99.97
109.96
119.9o
129.97

139.97
149.9"
154.90

ptrtlcla dacictad.

.00 NaT

0.40S

o(6) c m

(ab/ir)

393.9

331.5

235.9

154.0
87.85

45.93

29.76
30.02
34.54

3*. 95

25.70
10.66
4.591

19.60
51.99
«7.»9

103.)

K c l .

error

0.40

0.40

0.40

0.40
0.40

0.50

0.60
0.S6
0.51

0.70
0.80
1.2

2.0

1.2

1.0

0.70
0.70

gAlph» partlcla dacactad.
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4H«{t,O*H« OS.00" lab) Triton* Datactad

Seals trroc - 0.40X

l t . ( t , t ) He (28-50* Uh) Tr l tom Datacted:
I idea t ion function
Seal* I r ror • 0.401

<K«V)

7.600

7.800

8.000

8.200

8.300

8.391

8.500

». 580

8.650

8.700

8.750

8.800

a.f.so
8.900

9.000

9,100

9.200

9.400

9.600

9.8*4

10.000

0 < 9>Lb
(•6/ar)

2728.0

2657.0

2529.0

2387.0

2311.0

22*0.0

2136.0

2031.0

1888.0

17*5.0

1720.0

1881.0

1971.0

1979.0

1924.0

1859.0

1809.0

1704.0

1608.0

1317.0

1446.0

8 c . . .
(<iei)

26.26

26.25

26.26

26.27

26.27

26.27

26.26

26.26

26.27

2f.27

26.27

2t.27

26.27

26.27

26.27

26.27

26.27

26.28

26.28

26.28

26.27

(ab/ar)

915.3

891.4

848. *

801.0

775.5

?51.3

716.7

681.4

63J.3

565.6

576.9

630.9

661.2

663.9

645.5

623.4

6G6.9

571.7

539.2

S08.9

4S4.8

Del-
error
( I )

0.40
0.40
0.40
0.40
0.40
0.40
0.40

0.40

0.40

0.40

0.40

0.40

0.4C

0.40

0.40

0.40

0.40

0.40

0.40

0.40

0.40

E t
(H»V)

7.600

7.800

8.000

8.200

8.300

8.350

8.391

8.500

8.600

8.650

8.700

8.750

s.eoo
8.850

8.900

9.000

9.100

9.200

9.400

9.600

9.600

10.000

(•b/ar)

354.3

336.6

332.7

334.2

336.8

337.4

338.4

334.9

339.0

340.6

342.0

328.4

313.8

307.7

309.9

311.9

312.7

312.9

313.7

312.5

309.9

306.1

0c.ci.

(<!««>

49.58

49.58

49.59

49.59

49.59

49.59

49.58

49.60

49.60

49.60

49.61

49.60

49.61

49.61

49.61

49.62

49.61

49.61

49.60

49.60

49.60

49.60

0 ( 0 )
C . . .

(ab/ar)

129.8

123.3

121.9

1^2.4

1?3.4

123.6

123.9

122.6

124.2

124.8

125.3

120.3

114.9

112.7

113.5

114.2

114.5

114.6

114.9

114.4

113.5

112.1

Rcl.
error
U)

0.40
0.40
0.40
0.40
0.40
0.40
0.40

0.40
0.40
0.40
0.40
0.40
0.40
0.40
0.40

0.40

0.40
0.40
0.40

0.40
0.40
0.40
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*I«(t,t)*«» (40.00* 1.1.) Trltou D«t«ct*4

teal* Error • 0.401

*««(t.t)*R« (28.50* Ub) Al*t>aa tfetactat

Sealt Error • O.40S

(K«V)

7.600

7.800
8.000
8.200

8.300

8.391
8.500
8.580

8.650

8.700
8.7S0
8.800

8.850

8.900
9.OP0
9.100
9.200

9.400
9.600
9.800

10.000

°<8>Ub
<•*/«)

26.92
37.09
53.86
69.97

77. »5
82.71
90.92
99.61

105.9

103.2
76.02
61.39

66.97
71.44
81.24
87.82
91.55
98.13

102.0
103.0
105.*

69.00
69.01
69.01
69.03

69.0*
69.01
69.01
69.01

69.01
69.0i
69.01
69.01

69.01
69.01
69.02
69.02

69.02
69.02
69.02
69.02
69.02

(«b/.r>

11.16
15.38
22.34

29.01

32.32
34.29
37.70
41.31

43.93
42.76
31.52
25.46

27.77
19.62
33.68
36.42

37.95
A0.69
42.28
42.70
43.7*

Error
(I)

0.90
0.90
0.80
0.75

0.75
0.73
0.70
0.70

0.70

0.70

0.75
0.75
0.70

0.70
0.65
0.65
0.65
0.65
0.60
0.60
0.60

h
(KaV)

7. MO
7. MO
8.090

8.200

a. 300
8.350
8.391
8.500

8.600

8.650
9.700
8.750

8.800
8.850
6.900
9.000

9.100

9.200
9.400
9.600
9.800

10.000

°<e>l,,b
(mb/.r)

174.2
133.0
98.65

70.97

59.76

54.65
49.85
38.05

25.31

18.33
15.10
29.62

42.56
42.39
39.05
31.63
27.17

23.74
19.20
16.16

13.89
12.76

e c . . .

123.01

123.01
122.99

122.99
122.9<»
122.99
123.0
122.97

122.97
122.97
122.97
122.98
122.97
122.97
122.?7
122.96

122.9?
122.97
122.98
122.98

122.98

122.9*

<•*/«>

49.52
37.M
28.04

20.1*

It.98

15.54
14.17

10.82

7.194
3.211
4.292
8.422

12.10
12.t)3
11.10
8.994

7.724

6.7U
S.46O
4.592
3.947

3.628

*tl.
Error

(X)

3.0
3.0
3.0

3.0

3.0
3 .0

3 .0

3 .0

3 . 0

3.0

3.0

3 .0

3 .0

4 . 0

4 .0

4 .0

4 . 0

5 .3

S.O

6.0

6.0
6.0

17



ic (15.00* la'o) Alphas Detected

Seal* Error • 0.401

Et
(HeV)

7.600

7.800

8.000

8.200

6.300

8.391

8.500

8.580

8.650

8.700

8.750

8.800

8.850

8.900

9.000

9.100

9.200

9.400

9.600

9.844

10.000

o<0'lab
(nb/er)

889.9

829.0

754.7

677.0

640.8

597.2

556.9

504.2

434.7

362.2

373.2

494.0

540.7

546.7

528.6

509.2

488.9

459.0

437.3

409.2

393.9

9c...
(dcg)

149.99

150.00

149.?5

149.9/

149.98

149.98

149,90

149.90

149.97

149.97

149.98

149.97

149.97

149.97

149.97

149.97

149.91"

149.97

149.9/

149.97

149.96

0(0)

(ib

2.(0

114

19:.

175

165

154

144

130

112

93

96

127

139

141

136

131

126,

118,

113.

105,

101.

cm.
/ar)

. i

.4

.1

.1

.7

.4

.0

.4

.4

.64

.48

.7

.8

.3

.7

.7

,4

,7

.1

,8

,6

Rel .

(

0

0

0

0

0

0

0

0

0

0,

0,

0,

0,

0.

0,

0.

0.

0.

0.

0.

0.

S)

.53

.54

.57

.59

.60

.62

.65

.58

.62

.67

.77

,67

,64

,64

,65

66

67

69

70

72

74
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