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An experia%at(l) has been perfformed to detect the free neutrino,

It appears probable that this aim has been accaaplished although further
confirmatory work is in Progress,
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has been sr:a.‘lcu.l.an&;eii(25y 3 from bata decay theory to be given by the expreasion:
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Wprys. zev. 0, ko2 (1953); 50, 493 (1953).

Important changes from the detector described inm this referemce imcluds
the use of Dument KI177 photcmultiplier tubes and & sodiwun silicate.

titaniue dioxide reflecting surface.

(2)

E. Konopinski, H. Primakoff (private cemmunications) .

(3)Iafe find it convenient o label the neutrine accompanyiag /3, emissgion

as [, and that accm&paaymg/& emigsion as i
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The cross section for the reaction employed,



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



vhare
o’ & cross section im barms
P,8,v = momentum, wese, and velocitysof emitted positron {cgs umits)
¢ = velocity of light (cm/sec)
2rh

Ga

Planck's constart (cgs units)

"

dimensionless lumped S -coupling comstant (= 55 from
measurements of meutros and tritium 3 -decay) ()

An estimate of the fission fragment neutrimo spectrum has beem mede dy
Alvarez oz the basis of the work of Way and w:l@ar(” . Froa this

aobarns.

information, we calculated the expected cross section® be 6x10°
Consideration of the momentum balance shows that the positron takes off
moat of the available emergy.

The delayed-colncidence techmique employed made use of the positron
to produce the Pirst pulse and the Y's from the Mu#ron captured iz the
Cd loaded scintillator solutioa for the second pulse(), The predtcted
first pulse spectrum due to the positron has = threshold at 1.02 Mev,
assuming both amaihilation gammas are collected, rises to a maximum at
a few Mev and falls towerds zero with lmcreasimg energy, vanishing in
the vicimity of 8 Mev., Neutroa capture times im the vicimity of 5 usec

were employed.

(ME. J. Konopinski and L. N. Langer, Amnual Review of Huclear Science,

(Anmual Reviews, Inc., Stamford, California, 1953), Yol. 2, p. 261.

(S)L. W. Alvarez, UCRL-328 (1949); K. Way and E. P. Wigner, Phys. Rev. 73,
1318 {1948). work im progress at this lsboratory tends to imdicate

that these predictions are lovw,
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The detector was set up im the vicinity of the face of = Hanford

reacter(s) and was surrounded om all sides by 2 shield comprised of 4 to
6 feet of paraffin alternated with 4 to & {nches of Pb. In order to
nininize the affecta of tube nolise and to eliminate the couniing of
individual tube after-pulses, the 90 photcmuliipliers were divided imto
two banks of 45. The signal from each bank was emplified by a corresponding
lizear amplifier apd fed to two independent pulse-height selecting gates,
onz of which wes gset to accept pulseé characteristic of the positron sigaal
emd the other to accept those cheyacteristic of the neutzon-capture gammas;
The output pulses from the two "positron” gates were then fed 0 & coimcidence
circult with 8 resolving time of 0.3 microsecond, and thoge froz the two
"asutron” g&té@ 0 & zimilex circuit; When & pulse appeareé‘at the output
of the "positrom” coimciderce circuit, am 15 chammel time-delay apalyzer
(with 0.5 microsecond chemmel wmtasj was triggered. If a a;eccami pulse then
appesred at the output of the "seutrén“ coincidence circuit withia nine
ricroseconds after this, a count was registered iz the appropriate chanmmel,
recording in this memner the mumber of "delayed-coimciderces” obtaimed and
the delay time for each. The amplitude of the first or "positron’ pulse
ﬁaa simultaneously recorded for each éeslayed palr by delaying all signals
from one of the banks im a third linear amplifier and ther impressing them
oR a tea~chazmmel pulse-height amslyszer vhich was gated vwhenever s delayed-

(S)Ou? estimate of the 1~ flux at the detector iz at present classified and

hence caanot be glven here.
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coincidence was obtained. The expected delayed-coincidence rate, allowing
for detector efficiencies and for gate settings, was 0.1 - 0.3 counts/minute.
The apparatus was checked using a double-pulser designed for the purpose and
by observing commic-ray p-meson decay withi:_; the detector. The system was
energy calibrated using a c°60 source in the center of the detector as

well as by the Rl 6 activity in vater piped tran within the pile t0 around
the detector.

An appreciable delayed-coincidence background (-5 c/min) vas observed
vhich was independent of pile power. The function, delayed-pair rate per
unit time vs. delay tjm;, vhich was obtained for many background delayed-
pair counts, rises from zero at the origin to & maximum at about 3.5
microseconds and then tails exponentially characteristic of the Cd
concentrations used, ;folloving closely the ﬁi‘edicted function obtaiﬁed in
e Monte Carlo calculation for neutron captufé in the detector. As the
energy of the second pulse of each pair was also characteristic of the
gammaa radietion from neutron capture in Cd, it may be assumed that the
second event of each pair »vas due to0 the presence of a neutron in the
detector.

A covering GM blanket which reduced the p-meson counting rate dy
75 percent when turmed on in anticoincidence reduced this delayed pair
rate insignificantly. A six-foot thick water shield installed above the
detector and capable of absorbing at least 30 percent of the coemic-ray
nucleonic component also falled to change the delayed-pair rate significantly.

Subsequent work in an underground location in which the cosmic ray background
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is greatly diminished indicates that the Hanford background is probably due
to cosmic rays, for example, neutrons arising from a1~ capture in shield
materials, stars vhich include neutrons and gamma rays energetic enough to
create electron-positron pairs, showers, etc.

' The change in delayed-coincidence counting rate when the pile went from
full power to zero pover wag detected only for a first pulse gate setting of
fromv 2 to 5 Mev., The accidental background obscured the pile signsal belov_
2 Mev, Table I liste details of the various runs. Least squares fits of
the observed counting rates in the delayed-time channels lead to the
following results:

P;le up: (four runs totailing 10,000 seconds) -; 2,55+ 0,15 delayed c/min.

Pile dowm: {three runs totalling 6,000 seconds) 2.14+0.13 * "o

l?:ifference due to the pi,fLe: 0.51 £0,20 " " ‘
Thii difference is to be compared with the predicted ~1/5 c/min due to

20 barng for the process.

neutrinos, using an effective cross section of ~6x10
It ips to be remarked that a emall channel overlap in the time delay analyzer
would be reflected in an amplified percentage decrease in the pile differeﬁce
nunber. HMeasurementg of the mumber of fast neutrons leaking from the pile
face made with nuclear emulsion plates and consideration of thé detector
shielding employed rules out neutron-proton recoils as cmusing this difference.
A more detailed report is in preparation. It iz difficult to properir
acknovwledge the many contributions to all phases of this experiment. Ve

vish to thank our colleagues: E. C. anderson, L. J. Brown, D. Carter, F.
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B. Harrison, F. N. Hayes, C. W. Johnstome, Lt. F. R, Powell (USH), R. L. Schuckh,
Capt. W. A, Walker (UBA), M. P, Warrem, T. J. White, and J, G. Winston for
thelr devotior to the task. Dr. R. Bard of Washington University was most
belpful im discussions relative to cosmic rays.t The staff of the Hanford
Eagineering Works has been womderfully cosperative durimg the Ranford phase

of the :mk.




TABLE I

LISTING OF DATA

RUM PILE LENGTH OF RUN NET DELAYED ACCIDENTAL

STATUS (sECOHDS) PAIR RATE ¢/m  BACKGROUED

RATE c/m
1 Up Looo 2.56 0.8k
2 Up 2000 2.46 3.5%
3 Up hooo 2.58 3.11
b Down 3000 2.20 045
5 Down 2000 2.02 0,15
6 Down 1000 2.19 0.13
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