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ABSTRACT 1

_ The distribution in kinetic eneryy of the recoil ions associated with beta .
' rays of known energy in the beta decay of Ne 19 has been mcasured _For the o
' vcoefﬂciept' A in the theoretical distribution in the cosine qf the. angle between (
~ the outgaing electron and neutrino, (1 + \ (v/c) cos 6)s we find a value of ‘
T X=+0.14 40, 13, suggeating that the Fermi component of the beta decay lnter-

action is scalar.

 INTRODUCTION

Measurements of the e“x'e_ct'rcn'-neutriné angular correlation coefficient fdr o
~ the beta decay c»fvi-le6 have shown that the Gamow-Teller component of the beta« '

1,2

-decay inteéraction is tensor. "’ In the experiment reported here, the angular -
correlation coefficient is measured for the decay of Nel? (which can have a

mixture of Gamow-Teller and Férmiétypa interactions) in order to determine
whether‘ the Fermi component is scalar or vector. When an atom beta-decays. .
there a.re three quantities that can be measured (if the neutrino is not detected)--l L
- ‘the energy of the beta particle, the energy of the recoil ion, and the angle ¢

between these two.

In the. experimemal arra,ngement used for this experiment. .

the distribution in kinetic energy of the recoil ions associated with beta rays
_of known energy wae measured. Because of the jeometry of the experiment
and the rela.tﬁvely high energy of the beta pargfcleu that were used, all pos_éib’le

an_gl'a‘é‘_t fwete accepted, The betao'ray.energy and recoil energy are sufficient _
to complétely determine the decay, and thus to permit calculation of 8 for each’

. event, The beta-particle energy was measured with a ocintillation counter and '

# This WOrk was done under the anspiceo of the U. 8. Atomic Energy Commisuion.

- DN

J. S. Allen and W, K, Jentschke, Phys. Rev. 89, 902 (A) (1953)

‘B. M. Rustad and S. L. Ruby, Phys. Rev. 97, 991 (1955).
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the associated recoil~ion kinetic energy was determined by measuring the
time delay needed after the beta pulse for the recoil ion to traverse a known -
drift distance and hit the first dynode of an electronemultiplier tube.

_ Previous experiments 3,4 have indicated that the Fermi component of the
- vbeta"decay interaction ié scalar, 'an‘fd' our results atrengtlien this conclvusi'on.

PRODUCTION OF NEON-19

New was produced by ihe {p.n) reaction on F’w. by bombarding tightly |
packed 0.00} -inch thick lathe turnings of teflon with about 10°8 ampere of
32-Mev protons from the UCRL 40-foot linear accelerator. The active gas
diffused in an approximately 10"% mm Hg vacuum from the bombardment
target through ;. liquid nitrogen~cooled charcoal trap (which pumps air and
all impurity activities except He and Ne) and through about 15 feet of 1~inch-
diameter copper tubing to the recoil chamber and counting apparatus outside
the shielding wall. | N o

Decay curves taken with the beta counter and with the' recoil fon conntcr
both indicated a single activity, with a half life in agreement with the published
value of 18.5 2 0.5 seccm-da.5 The purity of the actlvity. as judged from the '
decay curve, was better than 99%.

RECOIL CHAMBER AND COUNTERS

Figure 1 shows the recoil chamber, the beta scintillation counter, and |
the recoil-ion counter, A good event was a Nt:19 beta decay which: (a) occurred
inside the good source volume {between the foil on the scintillator and the
movable foil), (b) sent the recoil ion through one 6f the holes of the "holey
 plate'ina direction to pass through the grid-covered hole in front of the
recoil-iim counter, and (c) had a beta-particle energy 3 1.4 Mev., Betas of

®

> W. P. Alford and D. R. Hamilton, Phys. Rev. 95, 1351 (L) (1954).
: D. R. Maxson, J. 8. Allen, and W. K. Jentschke. Phys. Rev. 97,109 (1955)

G. Schrank and J. R. Richardson, Phys. Rev. 86, 248 (1952) (L).
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thia higlf energy have two or more times the momentum of the associated
neutrino, and 8o go within 30° of the opposite direction from the recoil ion.
Because of the geometry, ‘such beta rays were certain to hit the scintillator,

- for all values of 9. The distribution in cos @ is then determined in a simple | '
“way from the beta~-ray energy W and the recoil ene_rgy E. I p is the beta- | _
ray momentum, ¢ the neutrino momentum, and R the recoil momentum, then

"Ré pz+q24-2-pq cos 6,

E =-§‘-;r = ﬁ;{rﬂ-z— + -ﬁ- cog 0= a+bcecos g (M= ?ecoil-ton mass) ‘
where a.' b ére constants for fixed beta-ray energy.

The recoil energy is thus a linear function of cos 0.

The "holey plate' was an aluminum plate O, 015 inch thick with 0.0%noluch- .
diameter closely spaced holes drilled through in a circular region, ceatered on '
-.the axis of the counters, Thie plate offered impedance to the flow of New gaa '
from the good source volume to the drift space, so that the éiifusiou pump, -
which pumped on the drift space and discharged into the gcod source volume,
~ could maintain an active gas density about 1/100 as great in the drift space

as in the good source wlume. {This was determined by pressure measurémenté ,'
| using stable Ne.) o |

The ¢larcoal pump maintained the air pressure at about 3 x'107" mm Hg
in the drift space and about 2 x 10 “4 mm Hg in the good source volume.

~ The movable foil was used to subtract the background of delayed coinci-—
dences due to decays in the drift space. With the foll "open. " decays in the
good source volume and the drift space could cause delayed coincidences; with
the foil "cloged, " delayed coincidences due to decays in the good source vo;ume g
were prevented because the fons could not penetrate the 0.0005-inch-thich '
aluminum foil, However, decays in the drift space could cause delayed.
coincidences, since their beta raye could penetrate the foil. A gas condnctance
 path, large compared with the gas couductance of the holey plate, was provided
around the movable foil so that the denaity.distﬂbutian of Ne” atoms was’ ‘
nearly the same with foil open or closed, ' The small change in the density
distribution was measured by using stable Ne at low presures, and the data
were corrected ﬁor this. ' : ‘

-6

.("
H
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The energy ecale and energy resolution of the beta counter were measured
by use of the pulses due to the 1.28-Mev y:rays from Nazz.'and checked with _ : '
the electrons from a magnetic beta-ray spectrograph. The full width at hali .
maximum of the pulee-height diatributmn due to monaenergetic paruclea was
about 20% of the mean energy. :

The recoil-ion counter consisted of the elcctronumultipher atructure of a
‘Dumont 6292 phototube, obtained by cutting off the photec_athade end of the - glap,a.
~ envelope. The cylindrical envelope was then waxed into 2 metal groove. :
After evacuation, the dynodea were reactivated by heating to a full red with an
1nduction heating coil. A potential of 2.5 kilovolts was applied between the
grounded grid (Fig. 1) and the first dynode. ¥ A fluorothene plug and socket '
was used on the recoil counter to minimize leakage pulaen. The recoil-ion
“counter wae tested with positive ions or electrons that could be obtained by -
heatmg a thia tungsten filament in the drift space. -The pulse-height discrimi- '
" nator was set at 1/3 the maximum height of the pu&ses due to a single electrm R
_ leaving the first dyuode {as determined by bombarding it with ionn of very
low energy). Typical tecoﬂ-im pulse sizes were much larger than thia. The
sensitivity of the counter to recoil gnergy of the recoil ions was not measured,
but should be amall because the number of secondary electrons released by -
ions in this energy range is proportional to the ion energy, while the energy
of the ions after acceleration varied oo.ly from 2.5 kilovolts for a recoil of
zero in.itial kinetic energy. to Z.? kv for a. xecoll of 260 ev hi fnitial kinetic
energy. . ' ! '

After ampliﬂcatien. the pulses from the bete. counter and frorn the reco&l ,
counter were seat to a mixing circuit, the output 01‘ which triggerad the sweep o
of a Tektronix 517 oscmoacope if the recoil pn).se was between «-0.6 and +3.4
microaeconds after the beta pulse. The amplified pulses were also dalayed

- and applied to the two vertical platée of the asciuaacope. A 35.mm otrip.

camera photographed the pairs of pulses. The pulses were dis;ﬁayed in a film
viewer. and for each pair of pulsea the height of the beta pulse was: measured

% Thie grid was a double grid, especially designed to minimize leakage of
the high accelerating field into the field-free drift space.
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~ to give the _enérgy of the beta particle and}lﬁhe time delay of the recoil pulse
after the beta pulse was measured to give the energy of the recoil ion. The

random coincidence b’&c":kground wads measured by 2 separate scaler and mixes: .

circuit which counted the recoil pulses that occurred between 40 and 80 micro- |

aeconda after each beta pulsm

. RESULTS

~ The expériment was Tun far appxozdmatﬂyrfive 1,6-#:9-&: days, alteranating

 between "foil open" and "foil closed" abdut every 25 minutes. After the film -

was read to give the beta energy and reeoﬂ ion time dchy for each pair ai
pulées, the data were divided into eleven equal bau-energy wiudowc between
‘1.4 and 1.9 Mev. Each of these sets of data was analyaed separately by eal-
culating the recoll-ion delay times for the edgeo of cos @ windows, each 0. 25

‘unit wtde. for a decay in which the beta particle had the mean energy for that '
xhef.a window, and counting the number of delay timea that fell in each of theae

cos 6 windows. Fina.ny. the data for the eleven beta-enetgy windows were
added, to form a &xetribution in cos @ including all the data. This procedure
was carried out for all the “foil open' data and for all the "foll closed” data.
_the random count as deduced from the random scaler waa subtracted £rom

. each, and then the “foil closed" data were subtracted from the “foil apen” _ o

. data. Figure 2 shows the measured distribution, and alao uhows the "foii
closed' background and random background. . I
The theoretical distribution in cos 8, (1 + kv/c cos 9), was avera.g'ed

over the energy resolution of the beta counter and the distribution in drift
distances from different regions of the good source volume to give a predicted
distribution A' S (cos 8) + \ Sz {c¢ose eﬂ The average valne of Sa lcas B) is
zero, therefore the counstant A waes determined by making the a.verage value
of A S {cos 6) equal to the average ‘of the experimental curve. The theoretical -
curves for four values of A are plotted on Fig. 2. The deviation of the A = 0

curve from a rectangle measures the resolution of the apparatua. The effect

of counting some annihilatlon Y rays was small but was tncluded in calculating
‘these curves.
[

S R. de Grott and H,, A Tolhoek, Physlca 16 456 (1950)

£



 with previous determinatiéns
‘lap, but a weighted average of our result with that of Allen et al. agrees well °
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A least-squaren fit of the thedretical cutve to the data of Fig. 2 gives .
A=+ 0.14 #0.13, For the tensor-vector interaction, +1/3< A < +1 and for

the tensor-scalar combination, -1 < A< 4 1/3, so that the result given suggests

that the Fermi component of the beta-decay interaction is scalar. in agreemen&
34 None of the three determinations of \ overs

with the expected value fm' tensor plus scalar of -0.05 % 0,05, and neither £a :

e in serimu disagreement wth it. (Fig. 3.)

n
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FIGURE CAPTIONS

Fig. 1. Vacuum chamber, recoil counter. and beta-ray scmtillation counter.
Fig. 2. Distribution in cos 6 of Ne 19 beta - decay events., Solid rectanglea

Fig.

give the measured distnbution in cos 9, with random background and
foil-closed background subtracted. The dotted rectang'y_;:s are the foil- |
closed background with foil- closed randoms 8ubtracted.mand the sohd
curve labeled R -is the foil-open random ba.ckground chght of
rectangles is two times the standard deviation. )
Solid curves are theoretical, with metrumental re solution folded in,
for various values of \. ’
3. Determinations of x for Ne 9 " The expected values for T S, and

19 and O14 37

T,V are arrived at by using the Ne £t, values

b

J.

B. Gerhart, Phys. Rev. 95, 288 (1954).
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