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ELECTRON -NEUTRINO ANGULAR CORRELATION 
IN TH£ BETA DECAY 9F NEON·l9* 

Myroli L. Good and Eugene J. Lauer .• 

Radiation Laboratory 4 

U11ivereity of C&Ufornia 
.Bel"keley, Cali£ornia 

June ZZ, 1956 

ABSTaA;CT 

.. 

The dlet.r.ibution in kinetic eneriiy of the recoil ions associated with beta · 

rays of known energy in the beta decay of Ne·19 be been measured..· .F~r the 

coefficient ). in the theoretical distribution in the cosine oi the angle between 

the outgoing electron and neutrino, (1 +). (v/c) cos 9), we find a .value of 

~ = + 0.14 * 0.13, suggesting that the .Fermi component·of the beta de.cay inter- '.· 

action is scalar. 

INTRODUCTION 

Measurements of the e-lectron-neutrino angular correlation coefficient for 

the beta decay of He6 hav~ shown ·that the Gamow-Teller component of the be~•. · 
decay interaction h tensor. 1• a In the experiment reported here, the angular. . 

correlation coefficient is measured for the decay of Ne 19 (which can .have a 

mlx~llre of Gamow-Tellel' and Fermi .. type interactions) in order to determiqe 

w~ether the Fermi componertt is eeal•r or vector. When an atom beta•decaye, 

. there are three quantities that can be measW'ed (if the neutrino is not detected)-· 
. I ' • 

'the energy of ·the bela particle, the ener!;y of the rec:oil ion, and the angle <P 

betw4ten these two. In the eitperimental arrangement used for tble experlq1ent, . · 
'• ' 

the dl&tribution in kinetic energy of the recoil tona a1sociated. with beta rays 

of knc»wn ·energy wa• rnea.eured. Because of the geometry of the e:.¢perb:neilt'. 

and the relatively high energy Of the beta par~tclea that were UBed, all pos$iple 

&nJles $'-~ accepted. The beta-ray energy and rec:otl energy are suf£ieient 
.to comp~t!tely determine the decay, and thus to permit calculation of 8 for e·-.cl1,-

.·' eve~t. The beta-particle energy was meaeured with a ecintUlation counter and. · 

* 'rhis work was done under the au•pic:ee of the u. s. Atomic Ene:rgy C~mmi$8i.Oft· •. 
1 . . . 

J. S. Allen and W. K. Jentschke, Phys. Rev. 89, 90Z (A) (1953). z . . . -
\'B. M. RustadandS. L. Rubyg Pbys. 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 recoU lou to traveree a known · 

drift distance and Kit the fir.et dynode of an electron•multipUer tnhe. 
3·4 Prevf.ou.• experiments • have indicated that the. Fermi component of the 

beta decay interaction is ec:alar. and our results etrengthen. tllla conclusion. 
. ~ 

PRODUCTION OF NEON·19 

Ne19 was prod\lc:edby the (p,n) reaction on F 19, bY bombardi~g tightly 
. . . . . ·8 

packed O.OOl•inch thick lathe turuinga of teQon with about 10 · ampere of 

32-Mev protons from tbe UCRL 40-foot Unear ~ccelerator.. The active gas 

diffused in an &\j)proximately 10 -• mm Hg vacuum from the bombardment 
t 

target through a liquid nitr.ogen-cooled charcoal trap (which· pumps air and 

all impurity activities except He and Ne) and through about 15 feet of l-inch­

diameter copper tubing to the recoil chamber and counting appar.atue outside 

the shleldlug wall. .' 

Decay curves taken with the beta cou.nter and with the-.recoU ton coGnter · 

both indicat~d a aingle activity. with a ball life in agreem.eut with tit$ publiahed 

value of 18.5 • 0.5 seccmd.e. 5 The purity of the ~cttvity, as judged £rom the·. • 

decay cu.rve, was better than 99%. 

' 
RECOit- CHAMBER AND COUNTERS 

Figure 1 ebows tbe ~ec::oil chamber, the beta eeintiUatlon counter, and 

the recoil-ion counter. A good e't'~nt was a. Ne 19 beta decay which: (a) occurred 

inside .the good source volllln~ (between the foil on the scintUlator and the 

m.ovable loil), (b} eent the recoil ion through one C>.£ the holea of the *'holey 

plate" in a direction to 1)&88 through the grid-covered hole in uont of the . 

recoU•ion cou:nter, and (c) had a beta-particle energy~ 1.4 Mev. Betas of 

3 
W. P. Alford and D. R. Hamilton, Phye. Rev. 95, 1351 (L) (1954). 

4 -
D. R. Maxson. J. s. Allen, and W. K. Jenteehke, Phys. Rev • .!!• 109 (1955). 

5 G. Schrank and J. R. lUchardeon, Phys. Rev. !!• Z48 (195Z) (L). 
'· 
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' this. high energy have two or more times the momentum of the aaaocta.ted . 

neutrino. and eo go within 30° of tbe opposite direc.tion from the recoil ion.· 

Because of the geometry, such beta raye were certain to hit the seiutUlator, 

for all values oi e. The distribution ln cos 9 ie then determined in. 811Qpie 

· way frorn the beta•ray energy W and the recoil energy E. U p is tb.e .bet•· 
ray momentum, q the neutrino momentum, and R the recoil monumt~ then 

' . z 
R 

E =.·"'FZ * + Jtf- cos 8 = a + b cos 8 (.M = recoll•lOll male) 

where a, b are constants for fixed beta-raY: energy. 

The :re(:oU energy le thus a linear functlou of coa 6. 

The '"holey plate" w•~ an aluminum plate O.OlSlnch th.tck With 0.0061'!inc~­

diarneter cloaely spaced holes drilled through in a clrcUJ.a.r region, centered .em . 

the axis of the counters. Thll 'Plate offered impedance to the flow of Ne 19 ~·. 
from the good •ource volume to the drift apace, eo tbat the 4ltfuaion pump, 

which pumped on the clrt£t space and diecharged into the· good source volUJ'Ile, · .. ···. 

·could. maintain an active gal density about 1/100 ae great in the drift space 

as iu the good source V.lwne. (Tble was detertnined by pressure measurement$ 

uaing stable Ne. ) 

Theclarcoal pump maintained the alr.pr4!laav.re at ab~ 3 x'lo•6 mm Ii&· · 

ln the drift space and about Z x 10•4 mm .Hg in the good source volume. 

The movable foil was \l.aeci to subtract the backgrounc:l of delayed coinct· 

deuces due to decays in the drift apace. With the fotl "open, .. decay-. ln the 

good source volume ~d the drift space could cause delayed colncldenc~a; with· 

the foU "do$e4, " delayed c:oincldencea due to decay• lu the gOOd aourc~ vo~Wne 
were prevented bec;ause the lone could not penetrate the 0.0005·lnch•tblch 

alwniaum foU. HoweVer, decaya in the .drift apace could cause d(i!layed .. 

coincldeilces, stnce their .beta rays could. penetrate the foil. A gas couciucta~ce 

path, large compared with the gaa coud"tanc:e of the holey plate, wae provided 

around the movable foU so that the density dl~tribUtiCJD. of Ne 19 a tome wa8 

nearly th.e •ame with foU C)pen or eloaedr : The small change ia the den;slty 
distribution wae meaaured by uing · atabJe Ne at low .. preeurea, an<l the data 

were corrected (or thia. 
t 
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The energy scale and energy resolation of-the beta coW>.ter were mea•urecl 

by use of the pulses due to the 1.Z8·Mev y:rays Crom Na22, ·and checked with 

the electrons !rom a magnetic beta•ray epectrogrcapb .. · The £ull width at hall 
. • . # 

maximum of the pulee•heigbt diatribution due to mon.oeaergetie particl's wa.a · 
about ZOo/o of the mean energy. 

The recoil-ion counter conehted of the elecCI'Oa•tnu.lCiptier structure o£ a · 

~wnont 6Z92 photoiube, obtained by cutting o£f tb• photocathode e1Ul of the .glaee. 

envelope. The cyUndrical eovelope · wa• then waxed into • metal groove. 

After evac:uati.on, the dynoclee were reactivated by hea.tlug to a full red with ali 

induction heatleg coU. A potential of z;s kilovolts was applied between the 

grounded grid (Fig. 1) a\nd the ftrit dynode. • A nuorothhe plug and socket 

was used on the recoil COWlter to minimlze leakage puJ,1e1.. The- recoU.o.Lm 
·f 

counter_waa tested with positive lone or electrons that ¢ould be·obtaluec:l by · 

heating a thin tungsten fllament in the. drUt space. ·The pulee·hidght· dlsc!'lmt• 
nator was set at 1/3 the maxh:numhelght of the pulees due to a single elec~ort· 
leaving the flr•t dynode/ (ae determiued by bombarding it. With ·loa• of very 

low energy). Typical recoU-ton pulse elzes wer.e much larger than thie. The 

sensitivity o£ the counter to recoU ~nergy of the recoil ions was not meae.\ared, 

b~ ab.O\Ud be enaa.U because the nwnbe.- of aeeon:dary electrons releaeed by 
iona ln. this energy range ie proportioaal to th. ion energy. while tbe energy 

of the ic:ma after acceleration varied only from 2.5 ldlovolte for a recoU o£ 

zero initial kinetic energy, to .2.1 kv tor a.tl-etoll c>f zoo ev i~~ initial klne~ 

energy. 

After a.mpli!tcation; the pube.e from die beta cou.nter and ftom the tecoU 

counter were sent to a mixing clrcu.lt, the output of w~ch tdgg~.red ~e sweep 
1 . . . " 

of a Te~Urouix S 17 oec:Woscope U the reco'U p~ee ·waa betweea .:.:o~6 and· +3.4 

microseconds after the beta pulse. The ~unplified pUlses were also delayed 

an.d applied t.o the two vertical plates of the otdlloacope. A 35•mm ;,trip. 

camera photographed the pairs, of pu.laea. The pubes were disptaiyed in· a !Um 
.... . 

viewer, and for each pair of pulaea the height of the beta pUlae wa• me~aured 

• Thh grid was a double grid, eapeclally designed to rnlntmtze leakage o! 
the high_ accelerating field iftto &be fleld ... free drift apace. 
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to give the energy of the beta particle, and the time delay of·the recoU pulse 

after the betA pulse was measured to give the. eGergy oi the. recoU ion. The 

random eoincidenoe backgro"nd as· measureci by a separate euler and _mixetr. i" 

. circuit which counted the reeoU p~aes that occurred between 40 and 80 micro-

seconds after each beta pulse .. 

· RESULTS 

.•.. 

, .. 

Thtt experiment was run fqr approx.Unately five 16-hou.r days~ alterna.tiug 

between "£oil open" and "'foU closed .. -.bdut ~very Z5 minute'••. After the: film 

was read to give the beta. ~nergy anclrecoU ion tiJ'M deJJLY· for eac:~ pair o£: ·., 
puleea, the data were divided into eteveu1. equal bet&""energy windows betwee11 ' · 
1.4 and 1.9 Mev. Each of these ·~ts of data was aru)lyzecl separately by cai· 
ctllating the recoU.•ion delay time a for &be edge·• of co' 9 wt.nclowa, ·each O.Z5 . 

·t.Uiu}wide, for a decay in which the beta particle had the mean energy for ~t 
beta Windo•, and c:ounttug the numbe.r of delay t.imee that feU la each of these 

coe fi; window a. Fine.Uy, the data for Ule eleven beta-eaergy. win<low~ were 
. • .! , • ' " 

added, to fonn a ''4ietrlbuti~ in cos 6 including aU the data. This pr9CedtJ:re 

was c:a:rrled out for all the "fQU open" data and .for aU ~e t•toU cloaed'1 uta. •. ·· 
. ·the .random count as deduced from Uae rimdo~ acale-t' ·\we eubt.ra.ctecl fr-om 

ea.:ch, ancl then the "foU closed" data were subtracted. froi'n the· ••toU open., 

. data. Figure Z ahows the measured <11atdbution, and aleo shows: the .. foil 

closed.., background and random background. 
t,, .I '6 

The theoretical diatdbUCiOG in coa e, ( 1 + ·~ v /c cos 6}, was averaged 

over the enea-gy reeol.utiou of the beta CO\Ulter and the di4trib\ltiou tu drift 

dietaacee from different regions of th• aood eowrc:e volume to give a predicted · 

distribution A!-Sl (coa B) + ~ Sz (cos Dl]. The average 'V'a.lu~ of S! (CO$ B) le 

zero, therefore the couetant A was deterQU.acd by ~&ldng th$ average. value 

of A S 1(cos 9) equal to tb.e average of ,the experimental cuve_.' The theoretical ~ 

curvett for four values of "- are plotted on Fig • .2. The d.evlatf.Oll.Of the "- = 0 

cu.rve from a rectangle mea•urea the resolution of the apparatus. The effect 

of countlng 80me antdhllatlon y raya was small but waa· included i~ calcW..Uag -~. 

·these .curve e. 

b S. R. de Grott and H.tA• Tolhaek1 Phyeica ~~ 456 (1950). 

l :· 
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A. leaat•squares fit of the theoretical cut-ve to the da~ of Fig. Z gives 

"- = + 0.14 ~ ·O.ll. For the tensor-vector interaction •. + l/3 S ·x. < + t and for 
. ' 

the te11sor-sealar combination, ·1 ~ ·"' ~ + 1/3, so that the result given suggests · 
. . 

that the . .Fermi component of the beta-decay interacttQn. is sealar, .in agreement 

with previous determination·s~• 4 None of the three determinatie)tla of ~ ove%;.. 
. . . . . . . . . ' " . ' . 

lap, but a weighted average of our result with that oi Allen: et al. agrees well 
With the eJtpected value. ft)r teneol' plus scalar ·Of -0.05 • 0.05, and ne-ither 1a 

ln aerioue diaagreeme1:1t with it. ( Fig. 3. ) 
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FIGURE CAPTIONS 

Fig. 1. Vacuum cha~ber, re.coil counter, at1d beta•ray scintillation counter. 

Fig. 2. Distribution in cos 8 of Ne 19 bet& .. decay events. Solid rectangles. 

give the measured distribution .in cos 8, · with random background and 

foil·elosed background subtracted. The dotted rec~a.ngl!I~·are the ~oil· 
closed background with foil-closed randorris subtracted, and the solid 

curve labeled R is the foil-open random background., Height of 

rectangles is two times the standard deviation. 

Solid curves are theoretical, with instrumental resolution foldeei in. 
' . 

for various values of >-.. 
Fig. 3. Determinations of >..' for Ne 19• The expected values for T, S, and 

T, V are arrived at by using the Ne 19 and o14 ft. values. 3• 7 

~--:~ 

. -~. 

,,. 
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J .. B. Gerhart, Phys. Rev. 95, ,Z88 (1954). 
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