Lawrence Berkeley National Laboratory
Recent Work

Title

THE FLUX AND SPECTRUM OF COSMIC-RAY-PRODUCED NEUTRONS AS A FUNCTION OF
ALTITUDE

Permalink

https://escholarship.org/uc/item/4sf359vZ

Authors
Patterson, H. Wade
Hess, Wilmot N.

Mayer, Burton J.

Publication Date
1959-01-13

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/4sf359vz
https://escholarship.org/uc/item/4sf359vz#author
https://escholarship.org
http://www.cdlib.org/

UCRL ngﬁf@w
@g]y :Z |

UNIVERSITY OF
CALIFORNIA

Ernest Of awrence
Radiation
oﬁabomto\ry

BERKELEY, CALIFORNIA

o SOZe - 1300

i
'Z"a



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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 its 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, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



UCRL-8208
Revised

UNIVERSITY OF CALIFORNIA ;><
* Lawrence Radistion Laboratory
Berkeley, California

S Contract No. W-T405-eng-48

THE FLUX AND SPECTRUM OF COSMIC-RAY-PRODUCED NEUTRONS
AS A FUNCTION OF ALTITUDE

H, Wade Patterson, Wilmot N, Hess, Burton J. Moyer,
and Roger W, Wallace

January 13, 1959 —

E3aa U

Printed for the U. S. Atomic Energy Commission



-

UCRL-BCE
-De Revised

THE FLIX ABD SPECTRM OF COSMIC-RAY-PRODUCED NEUTRONS
AS A FUNCTIOH OF ALTITUDE

- H, ¥ade Patterson, Wilnot N, Hess, Burton J. Moyer
and Roger W, Wallsce

- Lawrence Rediation lLaboratory
- University of Californis
Berkaley Californis

January 13, 1959

Abstract

A Beriss of messurements of neutron flux &8 & function of sltitude hae
been _made #ith. the following neutron dstectors: bismuth fission ionization
chamber, proton-recoil proportional counter s and modgrgted end bare BF'.S
propértional counters. In addition, data were also taken with e Simpeon pile,
Altitudes ranged from ses level to 40,000 feet and latitude.»: fv’rom 28° to &9050
Appropriaste trestment of thelda.ta ean be made to yield dnformmation about the
neutron spoctrum and the ﬁvamg«e asutron energy, and conseguently sbout the

dose rate,
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TEE FLOE ASD STPECTHUY OF COQIU-RA-PROUUURS WRUTROES
A A FUNUTION OF ALGIWDE

H. ¥ade Patitersgon, Yilmou R, kess, Durbon J, Noyer
apd Hoger W, ¥ullecs

Tewrence Radistion Laboratory
Unlversity of Californin
Berzeley, Californis

demaacy 13, W56

Y. Imsroduction

When dm:—: ig charged vith *tm_- regponeinility for the assesument of
radiagtion fields pmaént_near an iotense out shielded source of fasat snd high-
e ﬁ:gy neatroas s it 15 desiradle to have m wurlety of neutron detpeinrs whose
sensltivity and efficliency nre woll known., Muach of the efiort ol tae Healtn

Paysics Departoent et the Undvarsiiy of Californie leawrence Radisiion labowmiory

. ' g 1,2,3 .. .
is directed towsrd the develomnent of suth datectors,” ’“?~ The constraction of

8 lerge Bi Tission .'ianimzifxr{ chagber mede possible the :ﬁirmct mogsurarint of
Cvery small hi@ﬁz—-@nex‘gy_ neatron i’hmﬁi‘&,k and ied to Inftiation of the experiment
to be described,

'Alt&angb the experimental resulis hove tonsequences in shieldiug theory
emd cu.miﬂ-mq; physics, these ae;p&c%;é /I lmt discussed here, Instesd, our
concern is with the results ot primnry interast $o & health physicist--ihe
‘determination of the neutron doss rate,

iT. Tuperipent

When pripsey counic rays enter the corth's stnospuere snd interact
with 1%, & variety of perticles~-including neutroni--ace producsd,
urlilely that many osutronsg are present in the peimary commic rays bsgause ol their

12-mingte hal? Xlfe and aleo bocauss of the lack of suitable accelersiing nech-

anism,) The attemuetion of high-onsrgy commic-ray protuaced postroans Ln the
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 atmosphere is anslogous to the attepnuation of accelersbor- or pile-produced

naybrons in cbnc:éte. That this annlogy holds is because after the transitlon
reglon 45 passed the attenuation of neuirons of all energles is controlied by the

attenuation of the most penetrating primary perticles and secondary neutrons. In

addition, for neutrone whose emergy is more than a Tew Kev, concrete and air exhibit

mearlyithe‘saﬁe éttenuation property, on the basis of egual ares density {grans

per éﬁz),’because they both coansist of materials of low atomic mamber, Thus,

aitei eﬁﬁilihriﬁm 1é‘a£taine&, one should expect a contlimicus neubron spectrum,

the shspe of'whi¢h does not vary with thickness, and the %otal intensity of which
decreases with an attemntlon rete characteristic of the moss penetrating nsutrons,
Marécvér, e spectrum should be approximately e simple rveciprocal power of neutron
energy, near E'l, a6 would be inferred from slowing-down concepts,

It ie possible Lo determine such s contlimicus neutron spectrum in ailr or

“eoncrete with falr precision by measuring the abscliute flux at definite energy

intervals withic the spectrum. Accordimgly we calibrated a BF, counter, a
: -t

polyethylens-lined proton-recoil counter, and & Bi fission ionization chamber in

known neutron fluxes, The data are glven in Tadle i,

Teble 1

Calibration of detectors vor determining & mEULron Specirum iB 8ir or concrete

. Detector  Emergy iaterval - Response ip units
of effective Cof
response
{¥ev)
EF3 counter (bare) v 1077 ana up : counts per neutron/cm2
- {varies as 1L/V}
BFQ counter + 5 cm payaftin 0.0% to 1k counts per nentron/cm?

covered by 0,0x0-inch C4 jacket

;2
- CH,,~1ined proportifonal counter 0,03 to 30 counts per Mev/cm

Bi fisgion ionization chamber 100 to 1000 counts pexr naatron/cma
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These counters end a Simpson oile {for intercosgarison with other experiments)

were togen o ﬂh‘,. 10,000 feot station ot the x,lm,vuwz ¥ ol valiforsda High~Altitus

Bewearcz Fueility ia t@w Viilte Movutain Ssnge in soulleasters Tsalilornie in the
pummer oF 1956, Subsequently they were [iowm in o 3-30 ajrplane operading rom

kir‘h_ﬂnd, Aix **‘erc @ “ié a6, Albwguergees, Now Mouzico sl aliitwdas ranging vom 5,000

hi

to 40,000 :i‘um. E‘igu.r:& 1 ghes o cutve of cousting rate versus atwoepherle deai
thet is typicel of all owr detectora, The slope o6 shout 146% glowm Jor a ife

reduction in Intensity is also typical of the atienusbioa ip cunercts of tha

270 -¥ey pewtoon produced by the 18k-ineh synchrocyciotoon and of geatiross in the
Bev energy range produced by the Hevatron, Good agreoment waz obialned tebveen

the coundlag rate ot 10,000 feebt n the ground and in the sirsplaae; tending §

show that the 2ifced of gronnd albedo wes ennll, In this exper imnh diseriminat
w,mm,:mt counts tanosl by charged sarblclies aa the palyetibviene-lined ecumter aad
the Bi Iiselcn chamber was provided by the ouiput of a Yianzct of Oeiger Libes
used in anticoinoidence,

Figure 2 shows the peutrom spectrg cbimined at 10,000 jeet. Mot ths
shape ':sf tals spectrus 1o indepondent of albitude s evidmnced by the Swet tost
all the newtron detectors, regardleans of energy sensitivivy, gave the same olope
Yor enyves similar to Fig., ). This neulron onergy spec um {E), L& Ghiadand
Irem the countipg rsies of the various deteciors in the foileseing way., Tae
cornting rate U of dedector x  is gliven by

S
fd‘h
L \E (1) % [y} 4g
% X
| J
h
. ey 5 - [ ey K -
Hhore LB} is the efficlepey of detector x in eountg/nedt/en”, The sbooliute
, & 24

efficiencles ol all ol the Jdetochors have Deen meadulal over a wide range of

enecssias by velng seversl calidbretad anautroan sourecs, he asguleone oaslg

apectrum 43 Avtersined Ty oa uolal aed arvor sulutios to the ahove integrsl. Yhe

e

inn
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intensity of o{k} is changed In aliferant energy repionc wntil the caleulated
counting rotes ce .&.}.1‘ datectors agres with the experiment, 3Below 10 Kev the

daape of the spechrum can be calealobed by ueubtron slowing down and capture thoory.
The peak in the spectram al aXouwt 1 hev {8 due to the productior of evaporation
aeabrons,

1IT, Dose Celouiations

The do=e rate due L0 gsentrons at 10000 feet 18 gilven by

dose reate o ;/ {8} 1/A{E) a,
{
whare uib; 13 the nsubren flog ot energy ¥ and AlE) is the {lun et encryy E por
Jose-rate unit. This infezral way be wpproxilumted by

pammax:

dose rate ) B (i) Ui/a, 23] om,
Vaiwes for [1/4 i(fi)] can Le developed frow datn found in 58S Hondvook 03,

Pigure 3 chows the perceptage o1 the total noutron dose rete ot 10,000

* i .. . 4 ar, - . [ — . o< g K e - EX . . CRp
fegh wareus ob Jor the spectrun given io Minre <, e sam, fao units of rem por

yens, 18 2lie given., ine rem douve rate at any pressure wioltode” past thoe
traneition region can be ealoulated ey roferving to fig. 1, vhich indlcates thet
the neshbron sgpoctsum 15 eonstact and Shorery fenonsiretes the pliitude dependencs

af dose retz, Table II pives neutron dose rutes &t toe pressurs sliitudes of

inverest,

Altitude above
sea level
{feet)

fieution doBe rate
{wesn/ gonr)

025 1074 e
OT3 850 5,000
R 70 143,000

- ‘%" -’ ::) :‘?'?JJ ity Fﬁ') G

G i Lo 40,000

v . an

aadd e



LR L Ged 08

-7 Revized
Yobins pives dose rates et are aboutl vas-ball tsese wlues,” However, his

estieate 15 based on the counting ute of 2 halloon-supported BV counter, and

*

he had np ddrect mensurspent of fast-neabron Jlax,
4lst Pigare 3 shews thet 75% or move of tho neubron dose votws in aa

egulilibteiue spectro in air or oonerebz may be determined by using & poly-

ane-lined proportionsd countur aud bave and noderaled m’,{ counters,

-

Teat

ethy

Y, venclurions

Conelasions o dinterast o hemlih physicisis sare a8 Zollows:

1, Although the shapes of the prutron gpecira in air and ln concrate
wey be signilicaatly differont ot essrgies below 107 Hev, thiz does nob styongly
alfect the neutfrm dose rate, .Xm any event, the detesminetlion of the thersel-
n&mﬁrmn dese rate lv not Adrficelt,

7., 8By far the ergest contribution to total neutron dose comes Iram
neutrons in the énergy interval 0,10 to 30 Hev, Furihermore, this poriion ol
thie peutron SoHe can be‘* determined ousily. Beler o Tabls T and notice bthai the
anecgy reglons of response of the polyethylens-liued couater and of the DY
. o

counber with B e of paralfin coverad by &0-xil G4 are gusentislly the same,

Aleso potice that the polyethylene-lined counter resyonda fo unlts ol couants pavw
-

Meviogr , while the sodercted BF, connter responds in univw of counts per
4 3

newtronfon . Yherefore I messurenents colacifent io tine and lovabion sre
wade with these two detectors,; one muy Lmnedialely deturmine the aevtron lux

and he menn onerygy per peuliyron,

.
Ly Y

b o e 0t et <o P s/

Mev/om Jeount < {(neutronsicn Joount) - Mev

" :

in the energy intorvel oFf arésvest isoortance far heglidl physics pucposes,

Gouml vsice,
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R’ELATIVE NEUTRON COUNTING RATE
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