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CLINTON LABO=ATORI®S
- January 31, 1945,

To R, S, Stone e
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I'rom L. B, Borst VR Py

1 hLave walted Lo write this mems until new data covering a penetreting
radiation bacame nvailetle. These datm heve been reviewed with Drs. Kruger
end Croetringer st the Lniversity of Illincis and will be describved in the

b ~ - ES £ v, S PR Loy
latter mort of this 47 eriocinn.

The mevuriio O varvioLe gt tre tires of the ais=.
integratic: of \ av oo it 1om or 9y fLeciToOn Came-
ture. “he evidenod ter.ce Ls n'“" rential, f‘r there are no
experiments wniah ¢irently entablich its iQTencet The varicus lines of

regsonine unon which 142 exiclence is cased are the followinsm:

1. Beta rays (and nositrons) from a single variety of radiocactive
aucleus are not emitted with a single energy, but show a continuous distribu-
tion of energy from zero to a g#iven unver iimit characteristic of the substance.
The varions nuclei nresumably are identicsl before disintegratiam and agsin
after disintegration., The average energy of the beta rays is about a third
of the maxinum energy.

2. Caziorimetric megsurements on pure beta sources show the energy de-
greded into héat t0 de identical to the aversge energy determined from the
energy distribution messarerents,

2. Disinte?ration anergies determined by other means corresnond to
the maximum energy rether than the aversge. This was first observed in the
natural radiosctive series where branching sometimes occurs. The sums of
the alnha and bets energlies by either route are identical only if the maximunm
beta energy is uesed, The nrincivle has been abundantly established in the
field of artificial rediomctivity where conservation of maes.energy may easily
bz checked.

b, Studles of t
of the system ie not co
are coneidered,

he xiretics of bete emiscim indicate that the momentum
ncerved if the beta ngrticle and recoil nucleus only

FESHRCHERATA

~v7

ThiLatumanl, 3 D FYREL LY

Iscureat ¢ontaine inlcrmeticon a§-obu*nn in melwmewmw Act m 1955, Ns Liansmiltal

N ot A cr the disclosure cof iis contunts i n any manner to
navhenac defenpe 0f the Uniied Siates an umauthorized pesson is prohiy \
'iu trhe meaning of the Zspilorags: &c,‘ v, o GROUP 1 \

50; 3¢ and 32. Its tranemigsion or CLASSIFICATION CANCEFLED R
*evelauton of 1ts contentsz in any manner CHANGED TO CZﬁ

soangubaorized wereosn 18 vrehibhlited by lavy.
BY AUTH. € G - PAK-/

. T H g3 e T
‘25&;[@1 5 /Dagp I0;/7;///_2‘_{




-

The enumerated evidence lead us to belleve thst a bete dieintesration
involves the energy of the most enerretic narticle vroduced in the transitico
but that an aversre beta ry will show only one-=third of this amount, This
dlecrenancy is fundamentel and is thourht to be aceounted for by the emiseic-
of an wnobzerved narticle capadble of carrying away the nissing eneregy and
nomentum,

Yne only elternntive, consifered st the wrecont, is the adbendonnent
of the lzws of conservation o7 energy and momentum 2n an atomic scele,

{0

Additional conservation nrircinles of 2 lees zasily visualized nature
i.e. conservation of nuclear spin snd statistics, mast be discarded unless
2 nentrino having the oroper attritutes is emitied during the Deta orocess.
The chsracteristics of the reutvins mev o martially charscterized b
experirente conducted e estedllsh ite exlatence. The mess when a2t rastl mus
be small comnared te thet of the eleseiron. It muwt meve no charge. sad +vill
DENetrrva ratter nroducing fev 1f sny lons. Tt heg a2itributes of snin 2i¢

statistiess, Tt «ill carry suay it froction of the momeniun and enersy =

~
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‘here hes been Lo positive evidence for L%e sxistence, for no effect
hns been observed ettributad o itf intersction with matter. YThis interse-
tion must, therefore, be extremely small under the conditione studled. The
only nrocesses which cen de gaid tc exist with curtainty are those involving
the reverse of the emission vrocess. That 1e,if we postulate %he production
of a narticle under eiven conditions, that narticle must, under the nromer
circumgtances, necescsarily nroduce the reverse reaction in which it is ab-
sorbed. Such inverse nrocsssas may be calculated anad nrove to be unobserva-
bly small,

.

The exlstence of the neutrino is consider~d by most physicists as the
best exnlanation of a groun of fundamental exverimesntal data. Under the ae-
sumotion that i{ exists, an examinstim and evailuation of its wnossible physi:-
logical effecte is in order. The cnly conclusion which can be drawn from tih:®
wg{k is that such a Larerd hes not been found using the datz end methods aval
able,

The Neutrino Problen

The existence of 2 health hezard due to the emission of neutrinos =2t
Hanford must be consldered gs a distinet nossidbility. Attempts have been mace
by Wiegner {CP-720) ~nd %ellan (CP-11L0) to evaluate such a hazard.

5 It hag been estimated that about 15% of the cnerey associated with th -
Iiselon svent eowears as bets and gamma radiation from the Tission fragments .
Approximately cne«third of there is beta energy end two-thirds gamma snergy.
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Under ‘re neutrino hyvothesis twice the r~nergy of the beta rayve will go iutc
rnevtrine energv. We nye. therefore, confronted with the »nrodblem of 2 nlle
10% of vhace enerpy ig emitted in sn uandelectzdble peretrating form. 4 nile

with p 10O meppwatt heod oubnut will Ve o L0 negawatt neutrino seurce.

he oniy other coures of giwllar raraiiode i the wun. 1T ile oneory
gource {g she crrhon-nltrecgen cyvele, in which four hydrogen atoos are couver
ed to an alpha particle (eee H. A. Bethe Phys. Rev. 75, U3u (1939/ . t¥o mo<’
trons are 11bnrnteo {n the srocess topether with two BEMtTIQOSe Thete neutir
will escemne freom Lhe gun without ahsorntion iF thelr only intevacticn is the
nverfe beta orocess. Assuming no absorption nnr deg-esds®lon, the eneregv 7
at the eerinh-s surizce will be esuivaleni to that from & nenfosd tall at a
GCletvrnoe sut 20 Taet - R

-

e dazt 4oL violeslen) emacliee Tove develomad on
Supooris the enucluslon Ghat 1€ are vn
, & Rl
RS A Thals

it Fue 8% o ; . .
section of the Jedfmino T ae freat 6o 10 27 em€ Tor
1a the materigl of tre sun, ovly 10% of thnse creatod

cese oreyimity to & Henford vnit wougﬁngfnre ent Len t1m ir
of normal life, Aseuming Lititle soeorntion in tHE #iA, Mo _harard exic
Hanford, tnt if absorntion dces occur in the sun ka~/;>1G' 5) sne rwy net

nse it 58 s meane of eveluatineg the harard.

Yiener {(GP-727) bes discussed the various simcle methods of neuvtrine
interaction with matter. They are summarized here for convenience:

Y. Inverse Bets Fracesz. The inverse beta nrocess glready mentioned
involves the obaﬂ”vtlzn of a high eneregy nesutrinc by a nnclous. caveling the
immedipte emission of s beta nariticle or wmositron., The resultiage nruclevs
will frequently be radionctive and can be detected by thie mesus, The eros:
section is estiweted Yy Wheeler and Fermi to be 10 %em®, a vzliue nerbtnns
servable at Hanford, but constituting no hazard.

v
—t

. Blastic Collision with “ectrons., Tre eflegtren-usurrinoe ioteract
hae been “Panred by M, E. Nghmiae (Prec, Camh, Phil, Soc. 31, 99 (19%%)) us
a.lzrpe radivm source (u. th disinterration nrgdnets) and hesvy l2ed shieldi-

‘he crose section fouand ie less than 107 5l en gnd, therefore
hezerd wnder Fanford conditicns,
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7. Zlastic Collision with Nuclei. TFlastic collislons of neutrinos
with nuclei constitute the nrincinle £an in our knowledge, z2nd 2t is this
effect which moy conetitute g Wazard. 1If such a procese occurs, it mey be
injurisug tr tissue without being eseily detecinrd, Cur nrecent methods of de-
tection used for x-revs, radiosciive rmaterisls, eic., show only the nresence
¢f charsad or iOI‘l-L'?E;G V\.ﬂ"‘tlf‘lﬂ’-. T" tiheece Tields the methals have nroves

tielretsry Lacpileg Lrere 19 esrly rlwepyva the dielszolion or lerirzativon of

«

h

l.‘
L ctrona, snd thece secondaries are Girecily obzerved.

The wnresent onrocess differs frem nest atomic mrocesses in that the
vroduction of ion nairs mav be the rare raither than the commen event, Thie
situntion exists since the mass of the neutrino is smail in comparison to the
nasg of the nucleus, and the energy imnarted to the nuacleus is mederately
smpll, o nroduce ionizstion af the atom or molecnle, the nucleus must liter:

Tan avay from ite least tightly bound elzciren. The energy of abandonme
hig electron 1s exnressad by tre followving ecuption: .

b} o T 2
SO SR (_,& SN
£ v N

ST

b o
lectron

o

wheare T =  abandonment energy of
m_ = mass of elzctron
hv =  energy of neutrino {(assuming negligible rest mass)-
M < mess of recoil nncleus

¢ = velocity of light.

{f this velue exceecds the ionization potentigl of the element or molecule. ther
electron will be left and an inn nair formed.

The mnst favorable cace for observing this event is hydrogen which hes

2 low rness a2nd e mnderate ionization notentigl. The most energetic neutrincs
from Ra~C striking a hydrceen atom and bouncing back the wey they came slve an
energy of 11.6 ev wheress the ionization notentisl of hydrogen is 13,88, Wril:s
this should theoretically not nroduce ionization, & consideradbls frection of
the ejected hydrogen atems would nrobably be found to be chareed., The oradve-
iivn of hydrosen ions by neutrinos Yrom the Clinton nile has hean studied by

Wnllan gC.—léhC)g The eross ssetion for hydrogen ion nroduction is legs then
%X 1031 Am™, In this work the shield wzs considersd to have no effect on ihe
neutrinog. This value of the croes gection does not correesnond under Hanford
conditions to & serious hazard.
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The interaction of neutrinos with atoms without the nrodu?ticn af
fonized warticles is the great unimown, There ig no knowledge of this tyme
of event, neither the mamitude nor the phyeiolosicnl consequences.

vent, » .

i [ORPUN T G et R
Pavpliglare thera DRI been S Tor e medlonn prolessiin T
s 3 inT oy Wt ompous by the oroductisn of moleculnw
vesti;ate the bodily dangee brouslt =00H. By Lo sroductlsn of mo.e

-

‘regments, free radicsis, and unattrcned stoms. Fhysiologicael reaction§ 32;
volve hydrolysis, oxidation or reduction ionle dissoclation and‘nolymer1§an?
of orpsnic molecules. These reactions rive ryise to conventionail coumau?ag
which ars used or efiminated by the organism. The nroduction of molecuApT
ments does not oceur in normal 1lijfe orocesses, and consegaently hns.nlayeu o
mnortant role in ~hyeiology. These fm gments nresumably are formed durins
rediation therany, bul ave gccorpsnied by lonlzea pariicles mueh more er )

" s by La Ay e
g By i e ffirus reused by chenr nressrcs are therefore, all lumeen
: b . NP, et sed oA T
tre morecwphle covalituent, fonization, and Yeun rol Desnoaisiinesris :
* » R h ) Y - - v ‘K V,l‘
it “reze Tvoemeni® ae well as janized narticles vwill wnroduce abnormal wiu
4 PEY var2i LI o - A S

- T

Tisien resctions, the mroducts ol waleh 7€ pTARUrADLY nOLSCNE.

Pzssinie nesheds for the productim of euch moleculzr frasments ave
Tev and undeveloned. hermz) diszcoplation produces molecular frapments, o
rarely occurs in g living orpanism. Fragments may slso be nroduced by the
elastic scattering of epl=ikermal neutrons: neutrons above the thermal regicn
and not encily measured by thermal detectors but Dbelow the region where recc.
protons nroduce sporeciabls ionization. 4 third method may be used which zcov
sists of the imrregratlion of tissue with a redioactive substance undergoirg
K electron capiure cr an isomeric transition, Molecules containing such "
atem are disrupted ly the nuclear transition and show unusual chemical re-
actions.

Perhans the only ansumption that can be made is that fragments, atom
and redicels have the seme physiologiacrl effect as ions, There 1s no expar’
rmental evidence to suppor’ this postulate, but no better puess can be nmade.
The perticles will not he found in clusters or trscks and can only be consii
ered snalosous to grmma rays. The tolerance limit would then be plsced a?
1.6 x 1011 particles ver day ner gram of body tissue,

Frem this ~ssumntion & critical cross gection may be calculated. The
neutrine vroduetion in a 250 megawatt plant is 3.5 x 10 8 ‘?/seca If the
€ross gection of the neutrino procesa 1s less than 2 x 1077, & tolarance
do8@ will not have been excezded in an eight hour day. No asser¥ion may be

iade £3 to whether the sctual in%teraction ie lsrre or small compared to thi:
ouantity,
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There is remson to believe that the cross sestion will very in 2
regular mannar as a function of atomic weight, atomic number, etc,, based on
our nresent theory, One might expect that larse values would be found for
large nuzlei., but this need not necessarily be true. The best analogy that
esn be drawn 1s that of thermal neutron scattering. While values of pealter.
ing cross s2ctims are not epsily cbtalned there zesme to be evidence that
thoee for adlscent elements wnv &7 7 fer wvidely oLt oence 21 the e ins
thie mirnt alao he trae AL the mresent 14 wonll D2 wolally vawvarranisd to
assune that becpusze the elastic cress srection 27 one nuclzus is snall, theee
of others would be similar, The only safe procedure would be to determine
the value for biclorically imwortant elements.

If the same cross section ie assumed for aevaral ouclel, the prodabili:
of their being liberated from the chemical compound will decrease with incroe:
ing weight., This ie »urely an energy consideration, Tor a h2avy nucleuv wi .
be given & smaller recoil energy than & 1ight osne £ar the ¢came neutrine eners
The best chance of cbservation will be hydrorea, and ¥ollar nas »lrealdr stuil .

1t. Agpsur»tiong were necessary to estimate the nuaber of hydrogen atonz vesr

bydrogen ioun. This retis would anasenr 2 be zhant "0 to

-

i, Unen this trels

% e TanpeToUe.

o

the effect due to hydwopen (o~ T 2.

& more direct experinantzl checls o

[ AN
P

2ly in ord:-.

Other biolcgically important elements are cardon nitrogen and dxygen.
Presumadbly other elements occur in sufficlently smail concentrations as to bz
unimportant. The determinatiom 0F the reaction in these elements is arobvably
out of the range of exverimental possibility at the present time.

®xnerimental Detection of Neutrino

The search for the inverse beta process apnears to be an extremely dif-
ficult, if not imvossidble, undertaking. It has orimarily theoretical intersst.
for this nrocess can never be a menace to health. This nrocess, however, is
the only surse way to successful observatim , however difficult. To estgblich
definltely the existence of the neutrino by this methed would be of extreme.
importance, for uonn the basle of sucressful observation, the slternative
interactions might better be determined.

Une nossible method 18 to subjegt rubidium to the neutrinos from the
Hanford nile or storage reservoir. RD > upon absorption of a neutrino wuld
emit a beta ray to become SrSB(Tl Z 60d). The strontium so oroduced could
then be extrscted and the induced radioactivity measured, The senslitivity of
this method on&d nrobably not be adeauate to permit the observation of z cros:
Bectimn of 10™ em©, It might, however, be possible to observe a cross sec-
tion of 10-40,




Llectron interactia or nuclear interaction producing charged partic:
hes been studied sufficiently to cemonatrate the absence of a health hnzerd
This {nleraction 1e implicitly mesmsured during ordinary surveys. These sur::
have ghown nd nenetratingz radiation of a magnitude mpnroaching tolerance.

Trne gtudy 27 nueclear 2olliclan without itorniretion stands as the nos.
impartaat ani perhans mest difficelt yprocess to =easure., This is dus primeo
to the lgck of a sensitive datectcr of atoms and free radicals, All oreviovs
work with such svecies has basn conducted under circumstances where the flu:
of the nnrticles was controlable end rcould be raised to a level easily reas:.
Moet meothods used reguire thz reaction of nuwler of moleculee visually cbse.
ble, This is true of work with free radicale where a metsllic film 13 denos
or the unysical chrracteristics ileg. magnetic suscentibility) of the substr
L8 chauzed. Such methods ars far toc crude for “he preesent Job.

Jerversations have beun held with Messrs. Phipps and Simnson 2t ihe
Metallargtenl Laboratsry during which several nossilie methods were ang-ech
M - . N 0 :

The provles wder ciscuesion at that time was the hydrogen ir-eractizn exo
Fivelwy,

Orly ona method of deteclting hydrogen atoms in small numbers has vro-
fatlsfactory exverimentaily. That is the vartial reduction of freshly preo:
molybdenun oxide. This oxide, yellow in color, is reduced by hydrogsrn aton:
Lo a blur suboxide of tome sor%. The reaction seems to be nearly snpec:fic
hydrogen atoms, end, by ordinary siandards, is guite gensitive, The reacti-v
might be used as the basis for several methods of detection, The oxide misr*
he nlaced adiacent to s varaffin block and exnosed to neutrinos. The reroil
hydrogen atoms from the naraffin would reduce the oxide. Quantitatively thi:
method lacks greatly in sensitivity. A somewhat more satisfactory method r:s
on the observation of PhippsD that hydrogen atoms are absorbed and held by ic
Kotinsky cemant (a laboratory high vacuum cement) and are later liberated u-::
heatine. By this method it misht be vossible to utilize the hydrogea atomp
formed in grams or nounds of cement. Under Hanford conditions this might i
within a factor of 10 or 100 of showing a tolersnce dose. The method wouls
reguire development and quantitative study.

A possible method of observation is by memsuring the changes in electr: .
characteriestices of an oxidized tungsten surface due to the removal of oxide -
the atoms. Such a method is loeirally nossible, but would require extensive
develoopment,

Mr, Simoson surgested that while the study in hydrogen was extremely :
ficult, the measurement of such an effect in ilithium might well be possible.
H1s surrested method consisted of collecting the recoil nuclel from an exte:’
area of lithium metal upon a filament. Uvnon heating the filament, the lith: .-
ztomg are thermally ionized and evaporate as ions. Using a suitable potent:.
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to & collecting electrode and meapuring this current by an annlii&er,
circutt, it should be vossible to megsure a Cross section of 107

While such an eygeriment misht not pive direct informatia concarnine
ohysiology, 1t apvezre to be the most wractical aporoach. 1If an effect of
nopreciadle megnitude were found, then intensive investigation would be in
Arder:s 4T 1t were moscible tn Teet-ict the emase geation to lecs than sny
10“339 the rerctlon in other clomente would nresunably not constitute -

Razgrd,

No suprestions can be nade at the present time of feasitle exnerimentin:
methods for detecting uncharged recoil atows in carbdbon, nitrogen or oxyeen,

Cther Penetrating Radiantions

The neutrino hae received emphasis as a posslble heazard due to iile Lo
ferentinl existence and abundence. Othser previously unkncwn radiationt are
o course, slways ﬂOvr*u«eo Fedignion surveys are probably adeguate Lo de-
ternine the exstencs of ha»ax. if the interactlon vroduces spnreclabdle
iontzaticp., 1t i=, of cours slwsve moezible to assume 1gdletions “he §
etructiy :

& ‘rv*u.tﬂﬂ BeaATCH ~a oxing for gn unktnown effect o0F an uniknown radiavidn.

- wronertien of whie h we 4o not vndarelend, This weuld bas, nuveven

The energy of the fiasion event ig such as to make the vroductiop o<
mesairons nossible, thouzh not probdabie, Charged mesotrons from fissicn woul-
be no hazard, since they could have 1little kinetic energy 234 smail panetratic
©0wPr, A neutral mesotron would have high vpenetreting power gnd might be ho: -
ardous through the mechanlsm of non-ionizing collision,

During the last two months there have been rumore of a new venetrating
radlption observed at the University of Illincis Cyclotron., Since this radiz-
tion seemed relevant, I reviewed the work with the experimenters, Drs. Kruger
end Groetzinger., A summary of the known proverties of the radiation le revie:s.
ed below.

1. The radiation ie associated with the 10 MY deuteron beagn of a cycl
tron and is observed through five feei of water and 1 foot of lead, It must,
therefore, consist of uncharged particles, not gamma raye and yresumadbly not
neutrons,

2, 1t produces lonizling secondary narticles, presumadly electrons, whi:
have energies un to & MV, These secondaries consist of one narticle per ever™
or two particles traveling in opposite directions., This proces2 must oresuns™.
not be s scattering process,

B LoD oom
P
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3., The eecondaries show no orientation effect, s0 tha kinetic eneryry
of the primary must be small comvared to the enersy llbpratea in vroducing
seconderies.,

4. The small yteld of =rimaries is indenenlsnd {(within ezxoeTiim .o
error; »f trhe tarzet mntarinl.

This evidence is believed by the emmerimenters to iandicate the nrocuc’.
of light neutral mesotrons of mass about 20 electrons which undersgo gponianc:
disintegration into electgon naire., Using this interpretation and the helf
life of the meegotron (107 scec), one may estimeste that one varticle is mroc:..
per 10°~ deuterons.

137kt resofrong have teen raported as a comgponent of cosmic reye OF
Schein at the Universiiy of Chicago, Very little iz kneww aboul them, but -
they exie’ they are wossible products of fisslon. Licbody xnows how they &
nroduced or whet thelr nroperties are., They must therefore, be looked ot
connection with niles redisticnez,

Ly, X, 2. Morgen hae uvndesrisiken e search, bul at thsz vresent tinme i
unable to vevort definitely the nresenze of chh a penetrating radiation.
has beez able to thow that if it 1¢ a component of pile radiation, nc hazay?
exleils from ionizastion due to seconderies,

The oronerties of thig warticle are similar to the neutrino in thet 3
carries no charge, has a compgrable kinetic mess, and has only s small lnter:
action with matter, Arguments concerning elegstlie collision without ionization
apply here as well as to the neutrino,

Recommendations

The nrevious material has sketched our nresent knowledge concerning
penetrating rediatioms, showins where our knowledge 13 incomplete. To attem
to 11l e11 such gavs would be prohidvitively costly, yet to ignore the posei™
hazarde is not wise. The reascnable course is to sccees the most important
points and to base further actlon uvon informstion gained.

The most sipnificant point avpears to me to be the physiological effec:
of uncharged molecular fragments. These are formed by epithermal neutrons, v
may be produced by neutrinos and light mesotrone. If the tolerance dose wer:
larger then for charged warticles, the neutirino nroblem would become less in-
rortent by virtue of thisg fact.

Dr. Nordheim feele that if a cross section of IO'hO cms is experimer?t
ly detectable, the inverse beta vnrocess should be investigated, This is nct
based upon a health hazard, but rather that pesitive resulis would greatiy ir
crease our knowledge and understanding of the whole problen.

.r:)jf‘**
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A search for lithium ntoms produced by elgstic scattering of neubtrino:
appears to be the most satisfactory spproach to the scettering without ionr ;:

tion problenm.

Yorkk should be continued to evaluate the immortsnce
produciion,

“Unrianr Vi
s

It seems Less important than the establishment of a toleranc:

of lieht nesotrs:

The existence 0f a neutral varticle of small mrss (called the neutrin.

is required by experimental evidence reimted to bela decey-
alternative requires the abaudonment on zn atomic scale of
vation of mass, energy and momentun.

The bes: wies n
the lews 2f connwe

The Hanford nile, in its V1cinity&_rtv§le the eun z2 & nertring pou-.
Cresns =octione of interest leee taan 10777 oo o3p thareby Tuied out
Pon=ible peutriro intergetima gre thraefcld.
L. The inverae bata wrores: invelves the zbiorntl: Y 1
enizelion of & mosntive or negntive slicatran Fredisted o
1 3
tion WO 77 ep©,
>, Rlzstie callisicn with orbital electrens, Orose eection < M0 °
I, Blestic collisim with nuclei,

a. Resultine ip ionization. Cross section in hydrogen </ 5 x 10

b. Resulting in uncharged atoms, radicals, etc. No data known.
Assuming physiological effecgg egulvalent to lons, a cross
sention greater than 2 x 1077 would exceed tolerance., Iz~
perigentg on hydrogen indicate this to be less then 2.5 =

-y
1077 em“.,
Fxvneriments to evaluatbe these effects are exceedingly diffigulzs.
It . .

1. A cross section of 10 for the inverse bete nrocess mighd

be achieved.
< -2 : .

2. A cross saction of 10 7 for hydrogen atom wrodiction nmight
be measured. A cross section of 10777 For lithium atsus
should be possible. ¥Wo woseible experimentsl methodsz are kpoe
for carbon nitroger and oxyegen.
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Lavrence Radiation Laboratory
Berkeley, California

Dear Dr. Wakeriing:

In accordance with your request, we have reviewed the material from ..

Dr. Hamiltonts files identified on the enclosed list and have taken
action as indicated below.

We have determined that the following document cannot be declassified
and must retain ils present classification of Secret, Restricted Data,
. Group 1: ' o

Memorandum dated January 31, 1945, to H.
L. B. Borst, subject: "The Neutrino". -

S. Stone from

A1l other material shown on the list has been declassified without
deletions. We are returning the copies sent to us for review.

Very truly yours, .

. : - -

- . ;f./,lgq - / /

//

e i// Lz v L/

Raymond A. Carpenter, Acting Chief
Declassification Branch

Inclosures:
As stated above

CC: Mr, E. C. Shute, Mgr, DAN
Mr. R. A. Anderson, PAT, HQ Documont{z) tiensmilied hoiewiih contain(s)
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