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January 31, JOM6.
Teo R, 8. Stone

From L, B, Borst
THE NEUTRINO

1 have waited to write this memo until new data covering a penetm ting
rediation became nvallable. These data heve been reviewed with Drs, Kruger

snd Croetzinger at the University of Illinoie and will be described in the
latter nart of thie discuscion.

Rrsseat 3tateg o7 the Sewtrise a

The neutrine is a postulated particle emitted st the time of the dis-
integration of nucleus by slectron or nositron emiesion or by electrom can-
ture. The evidence for its existence is nurely inferential, for there are ro
exveriments which directly estgblish ite existence. The various lines of
reasonine wnop which (te ericstence 18 bared are the following:

r

1. Bete rays (mand sositrons) from a single variety of radiosctive
pucleus are not emitied with a2 single energy, but show a continuous Metribu-
tion of energy from zerc to a Fiven unner limit charmcteristic of the substance.
The vari ous nuclel oresumably are ideantical before disintegratiam and apein
after disintegration. The average anergy of the beta r™ays is about a third
of the maximum energy

?. Calorimetric measurements on pure beta sources show the energy de-
graded into heat to be identical to the averase snergy determined from the
energy disiribution wmeasurements.

1. Meintepration energies dsatermined dy other mesns corresmond to
the maximum snerpy rether than the aversge. This was first observed in the
aatural radioactive seriss where branching sometimes occurs. The sums of
the alonha nnd bets energies by either route are ldentical only if the maximus
bata emergy is used. Ths orineivie has been abundantly established in the
fleld of artificial redioactivity where conservetion of mass-energy may easily
be checked. i

H. Studles of the kinetics of beta emisei » indicate that the momentum
of the system is not conserved if the bDeta varticle and recoll mucleds only .
are consldered.
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The enumerated evidence lead us o belleve that a bDeta Meintesration
involves the enerpy of the most enerpetic narticle aroduced in the transitios,
but that an gversre bets my will show only ome-third of this amoant. This
flscreancy ie Tundamental and 1a thourht to be accounted for by the emiseior

of an unobserved narticle camable of carrying away the miseing energy and
nomen tum,

The only alfernative, considered at the nresent, is the abandonment
of the lawe of conservation of energy and momentum on an atomic scale.

Additional comnservation nrincinles of a lesr saelly visuglized nature
i.e. conservation of nuclear spin and statistics, must be discarded unlese
# neutrine having the vroper attributes ie eniiied during the Deta urocesa,

The cheracteristics of the neutrine mmy be martially charscterized by
exveriments condunted to sstabdlish itz existence. The mase when at rest mus’
be small comnared to that of the electron. It must have no charge, and will
nenetrate matter nroducing few if say lons. It has attributes of spin ard
statietice. It will carry away ite fraction of the momentum snd energy of the
System.

There has been no nositive evidence for Litis existence, for no effact
has been observed attributed to ite iateraction with matter. This interae-
tion sust, therefore, be extremely small under Lhe conditions studied. The
only nrocesses wvhich csn be said to exist with certalnty are those iavolviap
the reverse of the emission vrocese, That 1e, if we postulate the produgtion
of a narticls under piven conditions, that svarticle must, under the nromer
el reunstances, necessarily oroduce the reverse reaction in which it 18 ab-
sorbed. Such inverse nrocessss may be ealculated and nrove to be unobserve.
bly emaill.

The existence of the neutrino is consider-d by most physiciste as the
best exnlanation of a groun of fundamental erverimeatal data. Under the ae-
sumption that 1t exists, an examinaiim and evaluation of its nossible phyei-
logical effects 18 in order. The only conclusion which can de drawa from thel

v:lt is that such a harerd has not Deen found using the dala and methods awail.
able,

The Neutriso Probien

The existence of a health hezard due to the emission of neutrinos st
Hanford wust be considersd as a distinet nossidility. Attempts have baen made
by ¥igmer (CP-720. »nd ¥Wollan (CP-1140) to evaluate such a hasard

It has been estimated that about 158 of the energy sssociated with the

flesion event gooears as deta and pamma radiagtion from the fission fragments.
Approximately ome-thira of these is beta energy snd two-thirds gamma snergy.
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Under the neutrino hypothesis twice the ~mergy of the beta rays will go into
seutring energy. We are, therefore, confronted with the problem of # plle
104 of whose energy is smitted in »n undetectable penetmting form. A pile
vith & 100 mepgawatt heet outout will be a 10 megawatt neutrine source.

The only other source of similar masmitude is the sun. If ites emerg
source it the cerbon-nitrogen cycle, in which four hydrogen atoms are conver

ed to an alpha varticle (see H. A. Bethe Phys. Rev. 55, 43k (1939)), twe por:

trons are liberated in the nrocess torether with two neutrinos. These neut:
will escape from the sun without adsorption if their only interaction is the

iavesse beta nrocess. Assuming no adsorption nor desradstion, the energy 71 -

at the sarth's surface will be equivalent to that from a Hegford unlt at a
distence of about 20 fee'.

T™he fact that biologicel eneclies have develoned on the earth's surfac
supports the conclusion that If these assumptions are walid, ao hepzard exies:
et Manford.

3

™e two sources differ in the arounts of shielding orovided: A Hanfo-

unit has at most 15 feet of shieldine; thc rn W00 ,000 miles. If ®he cross
section of the neutrino is as mo‘u om? for detion or gbsornt:
in the material of the sun, only 108 of those created will escape. In this
case oroximity to a Hanford .ntt would remresent ten times the neutrine hass
of normal life. Assuming 11ttle absorstion in the sun, no_lbazard exists at
Hanford, dbut 1f absorntion does oecur iz the sun (0> 10777) one may not
use it s* » mcane of eveluatine the hagard.

Wirner (CP-77) heoe discuseed the various simmle methods of neutrinoe
interaction with matter. They are susmarized here for convenience:

a‘s . ™e inverse bety nrocess already mentioned
involyes th:.ﬂ'onm of a Migh energy neutrino by a aucleus, csusing the
immedinte emission of a beta varticle or noeliron. The resulting nucleus
“111 fregueatly de radloactive and can be detected by t;u means, The croms
section is sstimated by "heeler and Fermi to be 10 “Sen® a value nerhans ot
servable at Hanford, but conestituting no hasard.

% :}m%:, T™he slectron-neutrine interac!
nae bnn mensured ss (Froe Prl. See. 31, 99 (1935)) us

a large redium sonree (with chlntwnu“ -rrmcu) and heavy lesad shileld -

The crose section found is less than 107
hazard under Fpanford comditicns.

end, therefore, constitutes
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. 'lh’!" %EWEQ ith ?“‘ Elastic collisions of neutrinoe
with nuclei constitu nhn Fav in our knowledge, end 1t 15 this
effect whieh mpy constitute a hazard. If such a process occure, it may bde
injurious to tiesue without being eselly detected. Cur nrecent pethods of de-
tection wred for x-rays, radicactive materials, etc., show only the presence
of charged or fonired narticles., In these fields the methods have proved
satisfactory because there is nearly always the dislocetion or ioniszation of
electrons, and these secondariss are directly observed.

The mresent srocess differs from most atormic nroces-es ia that the
orodugtion of iom nairs may be the rare rather then the common event., This
situstion exists since the mass of the neutrino is small in compariseon to the
maes cf the nucleus, and the energy imvarted to the nucleus is moderately
t=all, 7o nroduce ionizetion of the atom or molecule, the nucleus must liter-
ally run awnay from its least tightly bound electron. The encrgy of absndonment
of this electron 1s expressed by the following equation:

"o i i)’

abandonment energy of slectron

vhere

m = wmges of electron

hv = aspergy »f neutrine (assuming negligzible rest mass,
¥ = maes of recoll nucleus

¢ - veloeity of light.

If thie value excerde the Ltonization potentigl of the element or moleculs, the
*lectron will be left and an 17 nair formed.

T™he most favorable cease for obeerving this aveat is hydrogen which hee
» low mese snd a mrderate lonization notential. The most energetic neutripos
from %a-C striFing a hydroren atom and bouncing back the way they came =ive an
*nerey of 11.6 ev whereas the ionization notentisl of hydrogem is 13,58, Whil:
thie should theoretically not nroduce lonizetion, a coaslderable frection of
the sjected hydrogen atoms would nrobadly be found to de charged. The nroduc.
tiom »f hydrosen ions by neutrinos from the Clinton nile has bean studied by
Wnallan s? 1;50) The cross sectinn for hydrogea lLon nroductioca is less than
£ x 107 In thie work the shield wes consider~d to have no »ffrgct op the
neutrinos. This value of the crores section does nnt correspond under Hanford
comditime to 2 serious hasard.
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The interaction of neutrinos with atoms without the nroductiom o
fonized sarticles is the great unknown. There is 0o knowledge of this tyme
of event, neither the maznitude nor the nhyeiolosical consequences.

Heretofore thers has been no remson for the medical profession to in-
mtnumuuWMMhmMnﬂulmur
fragments, free radicels, and unattached stoms. Physiological reactions in-
volve hydrolyeis, oxidaiion or reduction ionie dissociation and polymerizat! o
of oresnic molecules. These reactions rive rise to conventional compound s
vhich are used or eliminated by the organism. The nroduction of molecular I~
ments doss not sccwr in pormal life processes, and consequently has clayed no
tmnortant role in shysiolosy. These fm gments oresumably are formed during
radintion thermpy, but are sccotpanied by lonized particies much more ersily
messured. The eff-cts crused by their oresence are, therefore, nl: m un
the measurable coret!tuent, lonization, and heve nol Beea distinguished frow
1t. These frasmests se we.l as ionized narticles will wroduce abmormal physi
logieal reactions, the nroducts of vhich are nresumably polsons.

Poosible nethods for the productiam of such moleculsr frasmente are
fow and undeveloved. Thermsl dissociation produces molecular frasments. bu'
rarely occure in a living orranism. Fragments say slso be nroduced by the
elastic scatteriar of epl-thermal neutrons; neutrons above the thermagl repion
and not sasily sessured by tharmal detectors but below the resion where rece!
protons oroduce soorecisbls lonizetion. A third method may be used which con
sietes of the imuresration of tissue with a radioactive substance underpoirg
K electron capture cr an isomeric transition. Molecules contalsing such on

atom are disrapted Ly Lhe nuclear transition and show unusual chemicgl re-
actions.

Perhape the ocaly sssumption that can be made ie¢ that frasments, atoms
and radicale have the s ame physiolorienl effect as fors, There le no experi.
mental evidence to support this postulate, but no better guess can be made.
The oerticles will pot B found in clusters or tracks and can only be coneid-
ered analogous to mamma rays. The tolersnce limit would them be placed at
1.6 = ! particles ner day ner gram of body tissue.

Frem this sssumtion a critical crore section -!.ho calculated. The
Asutrine croduction in a 750 mepawatt slant is 3.5 x 10 sec. If the
€rots section of the neutrino process is less tham 2 x 077, a tolerance
4088 will not have been excesded in an sigzht hour day. No assertion may be

uade »® to whether the sctual imteraction is large or small compared to this
ouanti ty .



There is reason to delleve that the cross sectiom will vary in a
resular msanner a¢ a function of atomic welght, K a

our nressnt theory. One misht sxpect that larse values would be found for
large suclel, dut this need not necessarily be trus. The best analogy that
can be drawn is that of thermal neutrom scattering. While values of seatter.
fag eross segtiane are nnt easily obtained there seems to be evidence that
thosa for adjacent elements may differ widely. In the case of the neutrimo
this misht aleo be truae. At the nresent it would be totally unwarranted to
assume that because the elastic cross section of one nucleus is small, those
of othars would be similar. The only safe procedurs would be to deternine
the value for bdbolesically immortant eiements.

If the same cross section is assumed for several suclel, the probabiii:
of their being liderated from the chemical compound will decrease with lncrear
ing welght., This 1 vurely an energy consideration, for a heavy nucleus wil)
be given a smaller recoll energy than s light one for the same neutrine enersy
The best chance of observation will be hydrosesn, and Wollan has »lready studi s
it., Assumntions were necessary to estimate the number of hydrogen atons per
hydrogen ton. Thie retio would avpesr to bg about 10 to 1. Upon this basis
the affect due to hydrogen (& = 2.5 x 1077Y) appears sot %o be dangsrous,

A more direct exverimental check of this elemeant is definitely in order.

Other diologically t.ori.nt alements are carbon nitrogen and oxypen.
Fresumably other elements occur in sufficlently small concentratiome as to be

unimportant. The detersinatim of the reaction in these elements is nrobably
out of the range of exverimental possidility at the nresent time,

Zxverimental Detection of Neutrime

The search for the inverse beta vrocess aprears to be an extremely 417.
fieult, if not imwossidle, undertaking. It has primarily theoretical intersst
for this process can never be a menace to health. This nrocess, however, i»
the only sure way to successful observetio , however diffigcult. To establish
definitely the existence of the neutrine by this method would be of extreme
imvortange, for uweon the basis of successful observation, the alternative
intersctions mirht bettear be determined,

Une nossible method 18 to subdj rebidium to the neutrinos from the
Hanford olle or storare resepycir. %7 upoa absorption of a neutrime wald
smit a beta ray to become .,8: Z 60d4). T™he etrontius so sroduced comld
then be extracted and the 1 radioactivity measured. The secsitivity of
thies method l:ﬂ.ﬁly not be adeguate to permit the observation of a ecrose
sectian of : It might, however, be possible to observe a cross sec.
tiom of 0™,
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Flectron interactia or nuclear interaction producing charged particle
hes been studied sufficiently to demonstrate the absence of a health hasarc.
This loteraction 1s lmplicitly measured during ordinary surveys. These surve :
have shown no venetrating radiation of s magnitude approaching tolerance.

The study of nuclear collision without ionizaetion stands as the most
important and perhans most difficult procese to measure. This is due primsr!
to the lageck of a sensitive detector of stoms and free radicals, All previoue
wvork with such swmecies has besn conducted under circumstances where the flux
of the mar*icles was controlable and could be raised to a level sasily megpour:’
Nost methods used reguire tha reaction of number of molecules visuslly observ: -
ble. This is trus of work with free radicals where a metallic film is deposl ¢
or the physioal characteristices (eg. magmetic susceptibility) of the substanc.
is changed. Such methods are far too erude for the present job.

Conversations have besn held with Nessrs. Phipps and Sisppson at the
Metallurgical Laborstory during which several possidle methods were sugres!ec
The ml’ und or dipcussion at that time was the hydrogen interaction exelu.-
sively.

Only one method of detecting hydrosen atoms in small numbers has vprove
Satisfactory experimentally. That is the partiasl reduction of freshly prepar::
molybdeous oxide. This oxide, yellow in color, is reduced By hydrogen atoms
%0 a blee suboxide of some sort. The reaction seems to be nearly specific fo
:lm stoms, and, by ordinary standards, is ouite sensitive, The reactios

At be used ae the basis for several methods of detection. The oxide might
be placed adjacent to a naraffin block and exnosed to neutrimos. The reenil
hydrosen atoms from the paraffin would reduce the oxide. Quantitatively thie
nethod lacks greatly in semsitivity. A somewhat more satisfactory method re«':
on the observation of , that hydrogen atoms are absorbed and held by de
KEotinsky cement (g laboratory hMgh vacuum cement) and are .ater liderated oro:
heatine. By thie method it might be possible to utilize the hydrogen atomy
formed in gramg or pounds of cement., Under Hanford conditions this might core
within a factor of 10 or 100 of showing a tolersnce dose. The method would
reguire development and ousntitative study. :

A possible method of sheervation is by measuring the changes 1o electir -
characteristicr of an oxidized tungetsn surface due to the removal of oxide b
the atoms. Such a method is logically nossible, Dut would regquire extanéelve
develooment. ‘

Mr. Simoson surpested that while the study in hydrogen was extremely
fieult, the measurement of such an effect in lithium sight well bhe possible
His surrested method consisted of collecting the recoil nuclei from an exterd.
area of lithium metal upon a filament. Upon heating the filament, the 1ithiu
atoms are tharmally lonised and evaporate ae lons. Using a sultable poten® is
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to a collecting electrode and messuring this curreat by an qugu
eireutit, it should be vossible to mepsure a cross sectiom of W™ -’

While such an experiment aight pot give direct informatiam comcerning
ohysiology, it apoears to be the post nractical aporcach. If an effect of
sppreciadle magnitude were found, then intensive lovestigation would be in
or’gs Af 1t were possible to restrict the crose section to less than say
10770, the reaction im other elements would sresumably not cometitute »
hazard.

No sugrestions cap be made at the present time of fessible sxnerimsnty)
nethode for detecting uncharged recolil atoms in carbon, nitrogen or oxyren.

The neutrinoe has received smphasis as a possible hazard due to 1te in.
ferential existence and abundence. Other previocusly usknown radiations are,
of course, always possible. Rgdiation surveys are probably adequate to de-
termine the existence of a hagard 1f the interaction nroduces appreclisdle
lonigation. It is, of course, slways vossible to assume radiations the de-
structive nroperties of which we do not understand, This would be, however,
s fruitless sesrch -. looking for an unknown effect of an unkmown radiation.

The emergy of the flasion event 1e such as to make the production of
mesotrons nossible, thourh not probable. Charged mesotrons from flesim would
be no hagzard, since they could have little kinetic energy and small nenetratin
nowar. A neatral mesotron would have high penetrating vower and migsht be heo
ardous throush the mechanism of non-loniging collision,

During the last two monthe there have been rumers of a new penetrating
radistion observed at the University of Illinois Cyclotron. Sigce this radias -
tion seemed relevant, I reviewed the work with the experimenters, Dra. Froger
and Groetzinger. A summgry of the known promerties of the radiation is review.
ed below.

1. The radiation is associated with the 10 MV deuterom beam of s cyelo-
tron and is observed through five feet of water and 1 foot of lead. It must,
therefore, coneist of uncharged particles, not gasme rays and o esumebly not
neutrons.

2. 1t sroduces ioniging secondary varticles, oresumably electrons, wh! -
have snergies un to § MV, These secondaries consist of one sarticle per sven®
or two particles travelinsg in opposite directions. This process must presuma’ !
not be a seattering process,
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1. The secondaries show no orientation effect, so the kinetic energy
of the primary must be small compered to the energy liberatel in nroducing
secondaries,

L. The small yleld of nrimaries is independent (within experimental
error) of the tarset material,

T™ies evidence is believed by the emerimenters to indicate the nroduci)
of light neutral mesotrons of mase about 20 electirons which underge spontaneocu.
disintegration inte elect oaire. Using thie interpretation and the half
Iife the mesotron (107" sec), one may estimate that ome marticle i sroduce
per 10 0 deuteronsg.

4 sht mesotrong have been reported as a component of cosmic rays by v
Schein at the University of Chicage. Very little is knowsn about them, but L7
thay exist they are vossible products of fission. FNobody knows how they are
oroduced or what their nroperties are. They must therefore, be looked for in
connection with pile radiations.

br. K. Z, Morgen hae undertaicen a search, but at the oresent time is
unable to report defimitely the presence of such a penetrating rediation e
has been atle Lo show that If it ie & compomert of pile radiation, nc havard
existe from ilomization due to gecondaries.

T™e promerties of this narticle are similar te the neutrine in thet 11
carries no charge, “ae a comparable kinetlc meee, and has only a small inter-
action with matter. Arruments concemning elpstic collision without ionizat! on
apnly here gae well as to the nsutrine,

Becompendations

The nrevious material hae sketched our nresent knowledse concerning
pensirgting radiatiams, showing where our knowledse is incomplete. To attempt
to 11l all such sane would be prohiditively costly, yet to igmore the possi™’
harards 1 not wise. The reasonabdle course i¢ to accest the most important
oolnts and to base further action unon information pained.

The moet sipnificant point avpears to me to be the physiologicel offsc
of uncharged molecular fragments. These are formed by epithersal neutrons, an
say be produced by neutrinoes and light mesotrone. If the tolerance dose were
larger than for charged varticles, the nsutr.no nroblem would becore less im
rortent by virtue of thies fach.

Or. Nordheim feele that if a cross section of 10'h ems is experiments
ly detectable, the inverse beta nrocess shoald be investigated. T™is ls not
based uwoon a health hasard, but rather that positive results would greatly i:-
erease our knowledge and understanding of the whole problem.
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A search for lithius atoms osroduced by elastic scettering of neutrinos
“opears to be the most satisfactory approach Lo the scattering without iontge-
tion prodlem. It seems less important than the establishment of a tolerance.

Work should be continued to evaluate the immortance of light mesotron
production.

Summgry

The existence of » neutral varticle of small mnss (emlled the neutrimo)
is reguired by experimental evidence related to beta decay. The best present
alternative reguires the abandonment on an atomic scale of the lawe of comser-

§ vation of mass, energy and momentun.

RE—

The Fanford pile, in ite ﬂd-u" rivgls the sun as a neutrine source.
[ Cross seeticaue of Loterest less than 107 3 o® are thereby ruled out,

FPosaible neutrine interactiame are threefold:

q L. The inverse bdeta process involves the absorvtion of a neutrine and

-duulh‘f ® positive or negative electron. Fredicted cross sec-
tiom 107" on?.

7. R¥lastie collistiam with orbdital electroms. Croes section 10 o’

3. Wiestic collisiam with nuclel.

a. Regultine in ‘onigatian. Crose section in hydrogen < 5 3 10_3'1-.

b. Hesulting in uncharged atoms, radicals, ste. No data known.
Assuming physiological effectis equivalent to loms, a cross
section rreater than 2 x 107°7 would exceed tolerance. BEa-
e on hydrogen indicate thie to be less then 2.5 »

rs e

\\

Gzverinents to evalustie theee effects are exceedingly diffiguls.

L. A cross section of xo"‘° for the inverse beta process right

be achieved.
7. A eroes section of m‘" for hyd atom oroduction might
be measured. A cross section of for lithiun atoms

should be possible. No poseible experimental methods are know
for carbeon ol trogen and oxypen.
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