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Abstract

Cros3 sections for the elastic scattering of deuterons by
deuterons have been measured for incident energy of 10.8 Mev at labo-
ratory angles from 17.5 dsgrees to 57 degrees at 2,5 degree intervals,
The deuteron beam from the Los Alam;s cyclotron was focused on a thin
gas target containinz deuterium, and the scattered deuterons ware
detected in a proportional counter, A selsyn conirolled foil shutier
mounted in front of the counter prevented HoB, and H3 at angles greater

than 40 degrees, from entering the counter, Hl, and HB

at the smaller
angles, were discriminated against by using a ten channel pulse amplitude
analyzer., Typical values of the elastic scattering cross section at
10.8 Mev, in barns per unit solid angle, are given in the table for
severs]l angles in the center of mass system, The experimental curve is
symmetrical about 90 degrees in the center of mass system,

& 3° 40° s0° e® 70°  e®  9%°

0~ 0,283 0,235 0,158 0,127 0,109 0.099 0.09%




I. D=D Scattering

While the deuteron-deuteron scattering interaction is much more
complicated than a two-particle interaction, few enough nucleons are
involved to make data pertaining to this reaction of value to the develop-
ment of a muclear force thecry, This is made especially true by the
recent advances in modern computing methods,

The differential D-D scattering cross section is feirly well

1,2

known for bombarding energies below 3,5 lev s and relative values

1. N, P, Heydenburg and R, B, Roberts, Fhys, Rev, 58, 1092 (1939).
2, W, Sleator, Jr,, and J. H. Willisms, Phys, Rev, 74, 1594 (1948),

have been given in an abstract at the Seattle Heeting of the American

Physical Society. 4

4. Stovall, Allred, Erickson, and Fowler, Bull, Amer, Phys, Soc. 24, No. 6,
10 (1949).
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II. Experimant and Results
The prasent scattering study was carried out with the 10 Msv

deuteron bzam from the Los Alamos cyclotron focused into a rsaction chambar
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about 15 fest amay from the cyclotron. A proportional counter, mounted
80 as to rotate to any angle in the horizontal plane, detected the
particles produced in a thin gas target mounted in the center of the
reaction chamber, The general instrumentation has been discussed In a

previous report, 5 For this expsriment, howsever, the gas targel has beean

redesigned so that it is 7 1/2-inches long with & 9/16~inch = 3 1/2«inch
nylon winiow in each side of the target, through which reaction particles
were counted from 17.5 degrees to 57.5 degrees to the direction of the

beam in the laboraiory system, Besidss having the beam collimeted to 0.6
degrees by slits and antiscattering diaphragms as it enters the 3/16-inch
diamoter 2,5 mil nylon entrance window of the gas target, there was included
inside the target 1 11/32 inches behind this nylon window an antiscattering
diaphragm to remove the deuterons scattered by the front window, A more
detailed discussion of this tarzet is soon to be published, 6 On the

G G5 OB A W W B W S B SR P B W WR W W P AP M v W G W @ B B W 4 ® Bk S W M W B =

6, K. W, Erickson, to be publishad in Rev, Sci. Inst,

support of the proportional counter 2 there was mounted a vertical slit
adjustable to either 1/16-inch or 1/8-inch width to define the beam of
scattered deutsrons which are detectsed by the c;ounterc The reaction voluns
was defined by this slit and the 1/8-inch diameter hols immediately in

front of the proportionel counter, Antiscatiering diaphrugms between the




slits and counter aperturs removed deuterons scatiered from the slit support,
The bean current was measured with a Faraday cage., The accuracy of this

7
weasurement has besn previously checked, Inmediately in froat of the

7. BErickson, Fowler, and Stowvall, to bs published in Phys, Rev,.
proportionsl countar was mountad a selsyn controllsd foil shutter with
which 100 combinations of absorbars could be selected,

Before and after the experiment, the position of the beanm
relative to the counter window was determinsd by scanning the beam with
the counter used as an ionization chamber, The position of the beam had
remained constent to 0,1 degree,

The procedure for taking the data was essentially the same as
that deseribed in a previous report, 7 For socattered deuterons the absorber
foils in front of the counter were adjusted with consideration for the
range of triton groups which are produced by the D(d,p)ﬂ3 reaction, At
angles beyond 40 degrees, the triton group was generally excluded by the
absorber foils; near 20 degreos, however, where the range of tritons
approaches the range of scatbersd deuterons, the foils werz adjusted so
that the trltons! rangs ended just bayond the counter, The pressurs of
the counter was such that the air equivalent of the path of particles in
the counter was about 10 cm, The amplified pulses from the countor wers
analyzed by means of a ten channel amplitude discriminator, Figure 1 gives
& sample deuteron peak obtained, The abscissa gives the amplified pulse




"height, The orlinats gives the mumber of pulses per two volt interval
having tne magnitude given as the abscissa, Since the tritons were near
tho end of their range when they entered the counter, the energy lost by
them in the counter 1s higher then that due to the scattsred deuterons,
Therefore, ths peak from the triton gronp lies above that of the deutsron
group. From the known thickness of absorbers in front of the counter, and
from the rang? energy curvs of deuterons and tritons, one calculates the
expactad position of the triton peak relative to the deuteron peak. For
almost all of the curves obtained the calculated position and the observed
position agreed well, In a few cases, however, wherc the triton group
endod part of the way through th2 counter, uncertainties in the thickness
of absorbers used causad large variations in the ionization due to the
triton peak, In such cases where the triton peak wﬁs not resolved the
triton pulses were counted in with the deuteron peaks and ths resulting
data was later corrected for the triton contribution, by use of the
measured D(d,p)H3 cross section,

The curve indicated by the crossas was obtalned by adjusting
ths absorbers to stop the deuterons before thsy entered the counter,
This gives the counter background. Since the absorbors were adjusted by
remote control while the cycloiron beam wgs held constant, and since the
background run wns taken immedietely after the peak run, the shift in
background dus to changing beam conditions was minimized., For the condi-
tions used in this experiment, the buckground under the peak was, on the

average, 8,3 percent of the peak counts. A number of checks werc tried
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to test the validity of the backgroumd corrections, For pairs of runs

at certain angles, the pressure of deutsrium gas in the terget was changed
by as much as a factor of two., Although the background ralative to pexk
varied by a factor of two, the cross section obtained from the data was
the same to within the reproducibility of the measurements (the order of
2,5 percent), In mnother test, runs were made at certain angles in which
the thickness of absorber in the path of the scattered deuterons was
decreasad from 27 cm air equival:znt to 17 cm air equivalent, Under thess
conditions the number of counts in the peak remained constant to about two
percent,

Imnediately after each run, the ensrygy of the deuteron beam was
determined by magnetic deflection, 2 During the course of the experiment
the beam ensrgy varied by 112.8 percent, but all ths data was corrscted to
the average energv. For this correction, the rate of change of cross
section with energy was estimated from interpolation between data from
lower energy 2 and the p}esent data, Sincs the maximum corrsction for
enzrgy was only 2,5 percent, this procedure introduced a negligible error,

Figure 2 is a plot of the differential cross section in the
conter of mass system as a function of center of mass angle, The root
meen square deviation of the points from the smooth curve is 12,5 percent,
This is about the spread expected from the consideration of the statisti-
cal error, the variation of the heam position, the random error in current
determination, and uncertainty in measuring the background, Systematic

errors, such as errors in aligning the slits, measuring distances, and

3




absolute current measurements, amount to 2.5 percent, Combining this error
with the random error of the points, we estimate the curve in Figure 2 is
good tot 3,5 percent,

The curve through the points is accurately symmetrical about 90
degress, which is a further check of consistency of the data, The points
designated by solid circles were obtained by opening the first defining slit
for the scattered deuterons from 1/16 inch wide to 1/8 inch., The fact that
the points so obtained 1is on the smooth curve through the previous points
is a cheok on the reliability of the slit measurements, The lattsr points
also indicate that a decreazss of the angzular resolution of the counter
system by 33 percent has no observable effect on the data even in the stesp
region of the curve,

IT1, Conclusions
The preliminary results from photographic plate detection at 40

degrees, 60 degreas, and 80 degrees using & 19 Mev beam8 agree with the

8. RosmS Tallmadge, and Williams, Bull., Amer, Fhys, Soe, 24, No, 3, 16
(1949).

10,8 Mev data within the limits of error., Over the angular reglon of the
measurements the scattering is almost entirely nuclear, Calculated coulcmb
acattering at 35 degrees smrunis to 4,7 percent of the total differential
scattering cross section for 10,8 Mev., For comparison the D=D scatiering
at 3.5 Nev is included in Figure 2, 2 The differential croszs section is

somswhat lower for the higher energy data; at 90 degrees the ratio of thae




cross section at 10.8 Mev to that at 3,5 Mev is 0,523, For 10.8 Mev
scattering the cross section remains more nearly constant over a wider

angular region near 90 degrees than for 3.5 Mev scattering.




CAITIONS FCR FIGURES

Fig, 1 =~ Distribution of rulses from proportional counter due to
dsuterons scattsred at 32,5 degrees, The crosses represent
the background obtained by stopping the deuterons before they
reach the counter,

Fig, 2 =~ Differential cross section for deuteron seattering in the

center of mass systen,
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(I) SCATTERING CROSS SECTION IN 102" cm?

FOR 108 MEV DEUTERONS
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(I) SCATTERING CROSS SECTION IN 10 cm

FOR 3.5 MEV DEUTERONS
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