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Abatract

A peries of measuremento of neutron flux ao a function of zititude has
been made with the following neutron detectors: bismuth fiosion ionization
chamber, protom-recoil proportional counter, and moderated and bare BF3
proportional counters. In addition, data were also taken with o Simpoon pile,
Altitudes ranged from sea level to 40, 000 feet and latitudes from 28° ¢t 49° N,
Approprintc treatment of the data can be made to yield information about the
aeutron opectrum and the average neutron enérgy. and consequently about the
dooe rate,



-3- UCRL.-8208

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

H, Wade Pottercon, Wilmet N, Heos, Burten J. Meyer,
and Roger W, Wallace

Radintion Laboratory
University of California.
Rerkeley, California

May 23, 1958

1. Introduction

When ono is charged with the responsibility for the asseszsment of re-
diation ficldo present near on intense but ghielded source of fast and high-onergy
aeutrono, it io desiroble to have o variety of neutren detectors whose senaifivity
ond officiency are woll known. Much of the effort of the Health Physics Depart-
mont at the Univereity of Colifornia Radiation L.oboratory is directed toward

1,2.3 The construction of a iarge Bi figoion

the devalopment of such datectoro.
ionization chamber made possible the direct meoaourement of very small high-
energy neutron fluxes, 4 and led to initintion of the experiment to be described.
Although the experimentel resultc have consequences in chielding
theory and coomic-ray physice, these aopects are not discucsed here. Instead,
our concern o with the rooults of primary interest ¢tc & health physicist -- the

detormination of tho neutzron dope rate,

II. Experiment

When primary coomic royo enter the sarth’e atmoophere and interact
with it, a variety of particles--including neutrons--are produced. (It is unlikely
that many neutrons ere proocent in tho primary cosmic rays becauce of their
i12-minute half e and also because of the lack of a suitnble accelerating mach-
onism. ) The ottenuntion of high-energy cosmic-ray-produced neutrone in the
atmnosphera ig analogous to the attenuation of accelerator- or pile-produced
weutroneg in concrete. That this analogy holds is because after the tranosition
reglon ic pacsed the attenustion of neutrons of all energies io controlled by the
attenuvation of the most penetrating primary particles snd gecondary neutroac,
¥n addition, for neutrons whose ezergy ic more thaa a few Mev, concrete and
niz cxhibit nearly the same ottenuation property, on the basis of eguzl area
denosity {grome per cmzég because they both congist of materinls of low atomic
rumbor. Thes, afier squilibrivm is attained, one should expect a continucus
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rneutron gpectrum, the chape of which does not vary with thickuess, and the
total intensity of which decreaces with an attenuation rate characteristic of
the moot penétrating neutrons, Moreover, the spectrum should be approximately
a simple reciprocal power of neutron energy, rear E- !, as would be inferred
from slowing-down concepta.

it ic poscible to determine 2 continuous neutron spectrum in air or
concrete with fair precision by measuring the absoclute flux at definite energy
intervalo within the spectrum. Accozdingly we calibrated a BF , counter, &
polyethylena-lined proton-recoil counter, and a2 Bi figoion ionization chamber.
The data are given in Table L.

Table I

s
——

Calibration of detectoro for determining & neutron egpecirum in air or concrete

Detector Energy interval Responsae in unito
of effective of
response
{Mev)
BF 5 counter (bare) 2¢-? and up’ counts par nenta‘tm/cm2
{vories as 1/v)
BF, counter + 5 cm paraffin 0.03t0 34 - " counto per neu%z’on/cmz
covered by 0.020-inch Cd jacket :
CHZ -lined propdrﬁona.l counter 0.03 ¢o 30 counts per Mcav/'e::xrn2
Bi ficoion ionization chamber 100 te 1000 counto per neutron/cmz

Theoe counters ond a Simpson piles {for intercomparison with other experiments})
were token to the 10, 000 foot otation at the University of California High-Alti-
tude Research Facility in the White Mountain Range in southeactern Cazlifornia
 in the summer of 1956, Subsseguently they were flown in 2 B-36 sirplane op-
erating from Kirtland Alr Force Base, Albuquerque, i‘!ewMexico ot altitudes
xmgfmg from 5, 000 to 40, 000 feet. Figure ! skows a curve of counting rate
versus atmoepheric depth that iz typical of all our detectors. The elope of
about 165 g/cmz for z 1/e reduction in intensity is aloo typical of the attenu-
ation in concrete of the 270-Mev neutron produced by the 184-inch syackrocy-
clotron and of neutrous in the Bev energy range produced by the Bevatron,
Good agmémmt wap obtained betweer the counting rate at 10, 000 feet on the
ground ond in the airplane, tending to chow that the effect of ground albedo wao
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omall. Disccrimination againct counts caused by charged particlss in the poly-
ethylana-lined counter and the Bi fiscion chamber waos provided by the output
of o blanket of Geiger tubes used in anticoincidence.

Figure 2 chowo the neutron spectrum obtained at 10,000 feet. That
the chape of this spectrum io independent of altitude ie evidenced by the fact
that all the neutron datectors gave the same slope for curves similar to Fig. 1.
Curve G containo our data above 10"2 Mev and Curve H above I Mev. It was
ﬁeceaoary to calculate the spectrum: at energies below these bec\auee the amount
of hydrogenous material present, which influenced the counting rate of the bare
B!‘s counter, wac not conotant, For example, during the airplane flights it
wac common to carry oo much as 15,000 gallons of gasoline., Curve G has
been shaped and ageigned values below 10'2 Mev from comsideration of Cm
production ia the atmosphere. Curve H is moade to decreace ot energies less
than thermal, becouse of obeorption and capture of thermal neutrons in nitrogen;
it io calculated for energies grenter than thermal up to } Mev, according to
slowing-down theory. The dots that we do have near thermal energies seem
to lie closer to Curve H.

1iX. Doge Calculations

The dose rate due o neutrome at 10, 000 feet is given by

107 Mev
dooe rote = j a{E) 1/A(E) dE ,
10-? Mev

where n{E) ie the neutron flux at energy E and A(E) is the flux at cnergy E per
dose-rate unit., This integrol may be approximated by

(e —

dooe rato = W [T7AJE}] AE .

Values for [ 1 /Aiq E)] can be developed from data found in NBS Haadbook 63,
Figure 3 shows the percentzges of the total neutron dose rate at 1¢,000

fset verouo AE for Curves G and H. The sum, in urits of rem per year, is also

given for each curve. Notice that the greater rem value under Curve € io due

to the larger dose contribution from meutrons in the energy interval 20"2 to 1 Mev.
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The rem dose rate at any "'pressure altitude' past the transition region can be
calculated by referring to Fig. I, which indicates that the neutron spectrum is
conptant and thereby demonotrates the altitude dependence of dose rate. Table
11 givos neutron dene rates, uoing Curve G and the data in Fig, 1.

Table il
Neutron dose rate Presoure agtitude Altitude above
{rom /year) (g/em®) sea level

{foet)
0.042 i034 0
0. 322 860 5,000
0.324 700 10, 000
£.29 470 20,0060
7.45 190 40,000

Tobias givea dooe rates that are about one-half thepe values. 6 However, hie
eotimate ic based on the counting rate of a balloon-supported BFS counter, and
he had no measurement of fast-neutron flux,

_ Algo Fig. 3 chowo that 75% or more of the neutron dose rate in an
equilibrium spectrum in air or concrete may be determined by using a poly-
othylene-lined proportional counter and bare and moderated Bﬁ‘s counters.,

IV. Conciusiono

Conclucions of interest to health physiciots nre ao follows:

1. Although the chapes of the neutron spectre in nir ond in concrete
may be significantly different at energies below 1072 Mev, thip does not strongly
affect tho neutron dose rate. In any eircim, the determination of the thermal -~
neutzon dooe rate io not difficult.

2. By fer the largest contribution to total neutron dose comes from
neutrono in the snergy interval 0.01 to 30 Mev. Furthermorae, this portion of
the neutron dose can be determined eacily. Refer to Table I and notice that the
energy regione of responee of the polyethylene-lined countor and of the BFB
countar with 5 cm of paraffin covered by 20-mil Cd are essentially the same.
Algo notice that the polyethylene-lined counter responds in units of counts per
3 ev/cmz, while the moderated BE‘3 counter reeponds in units of counts per
nEUiFONns /e:mz. Therefore if menpurerento coincident in tirme and locaticn are
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made with these two detectors, one may immediately determine the neutron
flux ond the mean cnergy per aeutron,

Mev/cmz/l:ouut + {neutrong /cmz [count) = Mev/neutron ,

ix the energy interval of greatest importance for health physics purposes,

Thio work wac done under the auspices of the ¥, 8. Atomic Energy
Commiocaion,
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