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. . 
. . mat me.asu~.mnt o f  ene~gies and dfrecO2~n.g of neutmns a f  the . . . .  . 

top of the al;mosphem is . .  8mpor(;ant .. . for invesGiga%,atfn@; %he os&&& 
. . .  

. . of certain components o f  the t~apped rad%af;lo%? S@er and othk~s , .  
for exanlplk, have pmposed that the deeay of, albedo neutrow from 
the a$mo~phere may constitute a s6wae of trap&d protoaa the ' ' 

. . . . 

Il-P ~adfatJlon 'belt, . . 

.A.@ko(px%m l o  udexwqy $0 hvca%Qa&e albeao. ~~~yP;rons, $1 ~rst .at 
. . . . 

balPo~.n altitudes and then f r o m  sate l l i tes . : '  pxepa~atfon for 
. . 

. . . .. . tMs. the research pepopt&d . . he~e3.n concerned $he developmen% o r  a. 

suLtable Bl.mc~ionaP debeotos b' the enem p a w  40-120 Mev, 
, 

1 % ~  Bleu%~on . . De6eo%lon . . 
. . . . - NeeuG,pms, Being uncb~ged,  , . . .  . c.amoC be detectkd directl,y @by zos% 

standl691ad . . .. . countere. which are sensftlve f o LonZzs tion. Since sleutrons 
fnterqct .a.lmoa t entirely . . . th~ou@;h nuclear pmca sses ,. neutron dekoeors 

.gen@rpall$ . . .  3,nvolwa &he detecgicn:of charged se,k!ondarg pa~%Pcles ~ e b  

sul%$.ag . . f r o m  nuclear %n%.e~actione of the ineldent neut~ona. Such 

d e k e e t c ~ a  Plaolude Boron trXtXuo~&de cova$eg@a fission counters and 

p@oLonr ~ e i o l l  counf;em. 
B o r o n  $fitluolp%.&e an8 . Pias%on . d e t e c t o ~ s  employ agaciff c peact%om 

02 posit&ve & and are AnsensLtlve t o  gart%cle.~ other than neuQ~om. 
how eve^, . . t&y ,a~s \  no$ directional and ,are not suitabie for higla. 

1' snelpgles, 



reasonable efficiency a6 ;.%@I emz?g$es, I;m the idea3 case gs.oton xoe- 

co2ls Prom a pure hydrogen target ape analyzed ~9th respect to' energy 
I .  

and df~est ion,  Th%s % ~ o ~ ~ 8 0 p n ' g S v e 8  .%;he dl8wction of the %gheident 

muLron U' .me enefgy known and vice ve31"sao A n  example of such 

a detecton ts thi! lfquid hydrogen bubble chamber. For n a W a l  ~a82.a- 

8;%on, howewex=, bubble o b m b e p ~  gauffega fsom the & x Q I Q ~ s $ ~ ~ I % % ~  of 4;pSLg- 

gex03.ng them by ~andsrmn evea&z;r, Nuclear emu%ssiows conta3a a low pep- 

centage of hyd~ogea and are not read3.U adepted to satell~te telemetry. 
, 

&a the spitem cornidlered% in t U s  o~epo~ot gm%on m60ils genes~ated 

by neta&~om &s%Benb upon a hy&wg;e~a0~8 maGe~Sa1 wem analpzed by 
a set of sc$wtf lla$ion oom$eks, Since &he tame% material used 
(sc4ntillat8on plastic) coa%aQned.carbon as well as 'hgdfogen it was 

. . 

raecesaary to p~ovfdle a means of,idemt%Q~ing p~oton m c o f l  e v e n e ~ ~  

A& 98 Newo $02 example, 258 of a%E neut~ow~iPlducedt even%a are p m  

of arm ideal eollfLmated beam of pure neu~~o8as the detector uoulda Be 

exposed to kaddlatform 0% a l l  ktndss midl from a13 dllmctZo~llrs, 2h.u~ 

the degecLor would be called upon t o  ssbeoQ neu.f;rnra-%P1.duaedl event8 

$koa a l l  otkaempa wUle an aw%ieohcidence ootwtes wfll gem3.t eh~gedt 

323. BXPO%O~A Rec03.l Neaat~oga DetecGor System 

A, Qeneral Beec~=%p8%on 

The a o u t e ~ g  geoxw4xy developed fn the present rersea~oh fs shorn 
to half scale in Big ,  1, 331 the case of the countess ]Labeled "con- 

sernP%org' andB "dle/d~'@~ *he phoLomult~pl9eks view d%ifisely ~ e f l e c t S i g  



amfaces b l o w  the eoo?~espond$ne; counte~rs, The e n t m  sgrrskm is 

pBao%omalt%pl%e~ above and one below, This'scfPltfllator %a;mct%ons 
as . an, . anti cof nc5tdencte detector to elUna9;e .'ckLa~ged gadPolea. . . 

: .  A block diagram o f  ft;lae assoc%ated cea°ouf%qr i p l  pihown Z.n Fig, 2, 

A neu6ral parklcle event is def%ned by a colncldence between the 
. . 

ssnwsrto~ and de/& coum8te~s ern the abaence of a co3.ncZdent pulse 

ga tea are opened wUcla ge--6. %he h.k9&t+ts'-v9dth oonvebtoss t o  

respond ~esgect%vely %o Lhe pulses in ehe convertor, de/dx, and 

energy counters, A2Whough pos%~I%we pulses f r o m  the lase dynode 'a 
eaeh tube am used &o operate the L ~ i g g e r  @k~cu%ts, aega68ve .pulses 

f~om $he anodes axwe =ad out vda *he he%@%-to-width converGoks Go 
avo= afgstokefaon due to pulsbag of %he t~J.ggex" of~cuitrs. 

90 nanoseoonda and the anticoincidence dead time $8 450 nanoseconds. 
These Ss suffic%exat delay in the coincidence ga*e to p e a t  the 
antfcolncfdence to  lag by 15 mnoseconds m l a t l v e  to the two-fold 

co%nc%dence andl st111 eliminate %he output, 
Proeon ~.ecoflss ape se1eot;ed f r o m  otkae~ MeutmE-pmdluced even%s 

by mqu%x~lng certain m?elatfonsh%ps Beheen pulse heights the 

three counters. Xn par'cicular tihe de/clx outpait must be a p p ~ o p ~ i a t e  
. . 

?or a proeon of the obsemed energy in the em= counter. ln :&ddi- 
tlon, the pulse height an the convereor must be appropriate for a 
potion o f  the obsemed energy orfg%nal,ihg somewhere wiekafn ehe con6 

wex°k;o~,. Recollls oro%gfnat%ng In the em~gy eomtek and proceeding 

BachaxPd Wough the aya&em will not generally.show the co~mcl; 

relationship of pulse heights, S%xnllarZy, gamma ~ a y s  will not be 

able to  .&n%ea%e recoil protons ,. 



AX% sc%n%ilbla%orcs %a %he -~gstea  cone%kat of: '"po3yklaaes~~ plar%t%@ 

~IUQXJ &uu~Waotmd by Sem%-Elemnts, B e ,  nea9;ex%aP, sh%eh 

has a poQys~m~ie! barae,bs an HE4 mtPo of brl, %he an&atoo8mc%- 
dsla~a @ad the enexsgy C O U M ~ ~ T  atre pailnteah w$%h H~cleaa~ Ente~~iksea 

wUte zoe$le@k;o~ pa%wt. 221 the case of bhe e o n v e ~ t o ~  aad de/& 

csunt@xpa, wA%eh are no% vSbewed dPres9;ly by %hew pP8oLomult%p~%e~s~ 
bo%eom surfaces ellre mchBnec91 bta% no$ gol8aBaed os pa%n%sd: f Q h t  

d%$mees out of $he so%sa%%lka$s~s and illuminates the walls of $he 

The'resoL\a$ioaaa 0% a11 three eoutezrs were cheeked ~ 9 t h  cosma%c 

my /+twne.eorn seleotedl br external csun$ex°s and aksorbexgs, Pulse. 

height bpectra ahowed spreads ( ~ m )  of 10-25s or roughly .5 Mew 
1 
! jlaa 6he eapre. 0% $he @onver~o8?. for exanple, I% would be gosa%ble 

. . - g~ome$qy, tau6 vZew of 0.9;he~ mom fmdaqental cause8 of spmading, 

such a. sku@ was no6 .deemed mceasaqo 

photomult5gllers selea%ed by %he manufactuxks. for good slghal-to- 
. . no%ee rat.io, %he use of Gbse .%ubea el%ri&m%ed %he need tor 

plf~%e& andl slmpl iPlad the problem of s tab i l i%y under rary%ng 

e9a99~;9po~nlaI cokadl%GLam, Pulses fmm the tubaa ax?e in $he range 

02 several polts and circuft thresholds are agpmxfmakly om-half 

'me c i rc ru i t~g  Zs comgleteXy %ransistoz?fzed 3.n anticipation of 

balloon and saf;ellfee V J O P ~ ~  In Pig, 2, the ' 'Wigge~ eiscuil$s" 



a* coanplementsq pair aaxaiBvSb~~hltors whi ch act  'as d l l s c ~ ~ m t o ~ s  

and &%ch p~ovlde the coinc%dence @%rcuit with 8tandardI.zed pulees. 
me' coincidence o b ~ o u l G  3.8 a ' s'tande~d diode. Roast-tme gate w3W1 

a  solw wing t%me of 90 nanoseconds a s  d e t e m b e d  by &he tx4gge~ . . 

.\ . :. 
pulses,  These circuits are &own 3.n deta3.1 %n Ff gs . ' 3  and 4 i..*...,:., '- ..' 

In the height-to-width conver%or (pig. 5) the aegaefwe photo- 

multiplier gulaes are passed through a shunt .gate' to an emitter 
. .  .. 

f ol lowe~ .  The emltter follower charges a capeaitor through a 
s*%es diode. The resulting dfscharge sawtooth cut;s off e t;ranr 

sis%or and cabsea a positive squape pulse of length detemnilned spy' 

the amplftude of %he sawtoo%h to appear on its collector, This 

pulse is  then aPiplffied and eventually converted to d i g i t a l  form 

fob ,readout. . . 
. . , I  

. ' .  mi, kaasut iiystem ~omp~~s ,e . s  ,a set o f  . . .  inaicator . l i g h t s  giv- 

each pulse height in d i g ~ t a l  fom. These lights are recorded on 

cohtinuously moving f l l m  by a camera c.onstructed specially for 
the purpose. .Each pulse height. is allocaeed five l ights  ao the 

aata ks quantized in steps of' one part i n  t h f ~ t y  tmo. The presence 
of a. cofncidence gate 3.a %ndlaated by a separate IZght and we~dtoos 

.other pa~aneeers am also recorded on the fllm. The entire c ir -  

cuie power requ%rennent exclus%ve of ihe fndlcator lights ts .75 
... wa't % . . . 

ClalSblra t%on Neehods 

Al-ougb a mea~wenaent of ekne type contemplaeed fn this ppoject 

does noL requS~e extreanely precise calfbration, it is necessaqr to  

i n e w e  that a pulse he%ght can be trana~lated - to  energy loss avithin 

10s accuracy in osder to  make full use of the counter resolut%on, 



Two ~ J O F  methods were used t o  ePfec6 cal%bretllon: (a)  finding 

the response $0 com3.c ray fl-masons, and (b) obta%nlng a de/dx 

w'a B c o u n t e ~  response curve for charged particles which .top i n  the 

E-counter.' . ' . Method ( a )  i s  aimpleat eo undertake, bubut it  gives, only 

one p o h t  on the response auriks. It is most useful a8 e rapid 

cheek on &he photomltfpP%er aet%laga. NeFhod. (b) $8. nost 3.m- 

.portant Because 96 gives the vew pulse .heAght correlation that 
. . 

wax1 be used to  afmgl@ out %he macoil gsotona f r o m  background. 
% be s w e  o f  the absolute eaerw kesporrse the correlation curve 

so: obtained. must be f ittied t o  the m 2 n i m m  :ionlz2ng ( ,&-meson) 
puiae hk%ghts w i t h  the use of o Oheomtical .de/Bx vs B relatZon- 
sh%p mdUied  by s~int~1Pat0~ responses 

Cal%bratfon data axe not Ancla~ded In this report because 6he 
work is still fn ~ B P O @ ; ~ S ~ B B .  B~ePPxnMaqr data W i c a L e  the feas%- 
bSfiQr of Mese aa1fbral;ion mehods and they have been used $XI 

analyz8ng lhe neu%ron data obtahed  %o data. 

tli Results of Neasummeaf; 
10 run8 have yes been mde t o  obeafn the daea eventually de- 

s%md, &ha% as, the raeuC~an albedo f l u  a t  ehe top of the atmos- 

phere. BQoweveao, a numbex- 0% mans have been made a$ Albuque~gue 

aq@. a$ Samd%a Crest. The 8ystem had an effect%we overall effi-  

olenoy of appmx$mately 1s. -TO axlalgse the resuf ts the data points 

we= gloIiLed on a graph of de/&i:'.w~i, a4: comtex- z-esponsea, A 

typical plot i s  ahown fn Pig.  6. It w i i l  be noted that the points 

tend :to l i e  along a c w e  s-lar to the thsoseLfea1 de/& - E . . 

. . ewe. mese events may thus Be idenkffied as gso%en keeoils 



: (atte~ comgarfson with mmeaon . pcinta) , . 'We sepaate group. of 
- po%n%s ly%ng below the curve fts caueed by g a m ,  sags. Some 

. . . .  . . . . 

scat8e.md points may be du& to scattered paptlcles'  ,... . . traveling back- 

'$t ~3.11 be seen thet.,the apparatus does single out reco i l  pro- 

tons fagply well. 1Ce shoyld a180 be ~aoeed baclward-gobg ,re- 
colls origfnating in  the E-counter vrill-lie 'on 'a cume withappro%&= 

mately' a revemed slope. 
. . 

. . 
. . A prelMnary mea~urement, .was, made to . . d  . .etewine the diFectional 

reeponse, An indlca t ibn  .'.of the, result  is . *.gfven . by the fact  that 
... .. , 

;... 
. . the . ra . tie' of upward-pointing . .countl.& . .  rs te:. to doamward-pointing 
. .. counting rate was eight t o  one,. In thfs energy ra,we one would 

expect veqr f e w  neutmns $0 be traveling upwards, so this mt%o 

roughly one out of elght events is amb4guoaa~~as to  dlnectfon. 

' A t t e m p t 8  ere being made t o  deetpwrlne how eerfously @he ev@nt~ 
. . 

in carbon w%ll compli,cqte We . -analysis . 'and runs are be* ma& 
. .  . 

with 8% fferent:%R-C ratios. to deeenhine t N 8 ,  Prelimins~g resblge 

indscate that the contributions to the measwed recoils fmm 
. . 

carbon and from hydroggn are imughly the same. ThPs ~esult' is . b 

me research w8P1 be continued u d e s  a NASA grant wfth &he ahn 

developing e b a l l ~ p n ~ b o r n e  package and uxidertaHn&$ several fl+ghts. . . . . 

Deta$bed caEfb~aLBon runs w i 1 . J  be taken eo 1m-e correct data 

a n a l y ~ i g .  The balloon data w i l l  be analyzed to' determ4ne h%gh energy 
. . 

neut~om albedo flux and, . . i$' posoabls, saectr~lpl . . s.Wpe. 





O s c i  l -  
--. 

l a t o r  
I 

. 
y 

\ 
/ 

+ 

C o n v .  : T C 

I 
t 

\ 

\I 

, 
t G a t e  > 

/ 

H W 

1 

T C %* 

T 
1 G a t e  

r 

G a t e  

\ I  

I 

? 

\ ,  
N 

- 

L 

E n e r g y  \ 
/ 

G a t e  

-> 

I 
G a t e  > 

T C 

H W > \ 
/ 

. . \ / 

w 
. G a t e  

LI 
F 

I \ I I 
t 
t 

/ 

G a t e  > T C Y 
\ ' \ G a t e  H W 

- 
\ 
/ 

1 

T C 
A n t i -  
C o i n .  - 

. ' 







* :.: . . . 
0 I 

: 
. 

1 i .  . 9 

, - I I . . , . .  

. . 
, . , , ,. ,J. ._. , , : '& --.- -, . . . . - - -  . . .- -- -- - - a  L i . . i  ; .--- ! . . 1 - - / . A  





U. S. ATOMIC ENERGY COMMISSION 

PUBLICATION FORM 

This form is to be used by the AEC and its contractors when they originate documents as a result of 
scientific and technical work done with AEC funds. When such documents are to be submitted for publica- 
tion in the scientific and technical journals, or are to be published as unclassified research and development 
reports, or when they are submitted for declassification, one completed copy of this form should be submitted 
for each document to U. S. Atomic Energy Commission, Technical Information Service Extension, P. 0. 
Box 62, Oak Ridge, Tenn. Release approved by our Patent Department. 

1. Documont title 
DEVELOPMENT OF DIRECTIONAL DETECTOR FOR HIGH ENERGY NEUTRONS 

2. @hor(s) 
Universi ty of New Mexico (C. P. Leav i t t )  

3. Contract number under which 4. Document date 
document was prepared 

AT-(29-1)-789 under Sandia's P. 0.. 51-5134 ~ a n u a r ~  1964 
5. Document is (check one) SCH Topics 1605 and 1614 

Unclassified Submitted for declassification 

6. If information in this document is also contained in a project report, indicate number ......................................... 
. ' Is this information identical? a Yes a No 

7. If information in this document has been superseded by another report, indicate number ................................... 

8. Is rc:".iiion of 'this information planned? Yes NO 

If so, will copy suita5le for dissemination 'os forthcoming? 0 Yes NO 

9. Issuing installation intends that this document be- 

a. Submitted for publication in a scientific or professional society journal. 
(See Note I . )  Give name of journal .......................................................................................... 

........................................................................................................................ b. Given orally i t  

10. Distribution information (check approprl'ate box and strike out inappropriate word where choice is given) : 
a. Distribution has been made in accordance with TID-4500, Standard Distribution Lists for USAEC 

Nonclassified Research and Development Reports. Copies (have) (have not) been sent to OTS. 

OTS sale price ........................... 
b. Distribution by the AEC Technical Information Service is (permitted) (r-- See below. 

.................................. c. Distribution should not be made far the fulluwi~l~ ~,tasans: ..... ;.== ............. 

11. In the event the document is printed and given wide distribution by the AEC Technical Information Service Exten- 
sion, it is requested that .............. copies (maximum of 25) be made available to the author for distribution to those 

especially interested in the subject field. These copies should be addressed to: 

................................................................................................................................................. 
(Name) (Installation) 

., . 
12. Correspondence relative to publication, disposition, or content of subject document should be addressed to: 

13. Submitted by: n Technical Information Sect ion 
-. Sandia Corporation 

..... ~ C U W - . . ~ Q I % . . ~ . ~  (hame) ............-- A l b ~ ~ ~ . . . ~ K . ~ w c ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  111 tl- 

Louise D. Pa t terson 
WVD:3411-1:omg 
Copy to :  5 February 1964 ........................................................................ 
H. F. Car ro l l ,  DeclassIBr. (Date) 

J. E. Davidson, 3152-2 Three copies sent  f o r  reproduction and 
C. Dean, 3421 d i s t r i b u t i o n  a t  t h e  d i s c r e t i o n  of DTIE. 
J. M. Hart ,  4321 
F i l e ,  3411-1 




