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1 an indebted to Mr. Glen Barbaras and Dr. W, P
Jesse ror making the boron layers, to Mr, Ieonard Treiman
and Prof.ADon ¥axtin for making'the rolonium sources; -and
to Frof. H. H, Barschall for suggesbing the experit‘ent -ané
inteiest in its progress, | o
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) Abstract
The cross section for the Blo’ll(a n)Nla’IA'rcactlons was
of 5.3 Qev. IR Ce T
o Resonancaa wor abs erved at alpha particle energies of 1,8
kY ‘,s. :q," KRR "',
2, 5, h 2 b£e9 Mev.' Poor resolutlon may explain why other resonanqes~
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mmonuc'rmu ' R
TR Nentrons are produced when alpha part:k‘.les s’qgﬁke boron, by t!le» H
two‘reac‘bions, . A NI RO |
NN n“ .f sz}_ .28 'nev'.f S
T AT N R S ) . L2 der.. e
g -:'f" Reaaom arewg;.';'en by.-Bonr;erNand Nott-ént;j:.hl and by Maurerz ror beliwing T

tha.t onJy a small fractmn of the neutrone fmm boron (of 't.he order of one :

, tenth) arise from Blo , Thus the principal neu’cron yleld from bOrOn due ,&O - r.::
N a,lpha particle bombardment is probablx d_ue tg the fert react;!.on abqu. .~

Maure:“?' and Punfer3 have st.udied the 131Q ll ( a. »n)NB’m

r«s«‘

’ -"; - .. .-

N .level Bpaci;rxg Qf Lhe intemmd:.a.tP nucleus fOI‘ the i‘irst reac un.on, NlE

. e In i:.he present. work a measuremcsnt of the cros&~section for ‘hhe SRR
R AN AL TILTINN (.-‘ f‘ .,__‘_A. . s, I Y

310 11 ( a. n)NB’u'

v-.v{
.'l .

reactlons was made by de’cermming the number or

T .:.\“ ‘

ST, T W, Beaner and Ea ¥, YotiSmitns Phys. Fiov.. 5_@, 258, 1931,
S 2’x La.urer‘ Zs. . Phys. 721, 1937 -
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'I'ho eonvent.ional arra.ngement shown z.n Fig. l was used as a meana L
of controlling the energy of the alpha~particles atriking 'bhe boron target. '

....... '- Ny O D ot
5 LT TeS T A

: »,Alpha particles from polonium coated on the small central sphere, 5 mm in
. L l .’..'.. . .l __-A . DN

: diameter, lOee & part of tho:.r energy in m.trogeh ga.s 'bei‘ore strﬂﬁg the
 thin boron target. "coated on “the ins:.de of two hamiepherical iron spinn:!ngs,

7.5 em in’ diameter. By changing the pressure of nitmgen in the chamber . . " |
one can con’crol the energy of the alpha part:cles wren they reach the boron. :‘

,1~'-- .l S W

The assenbly shown :m Fig. 3. was placed in a. graphite colqmp é

. "contamlng a sensitive BF3 prOportional counter, in order tha’c the number »

of neutrons emi’o‘ced by the boron might be xLeaSured as 2 func’cion of £'he

.__/-‘\‘ -

nitrogen pressp.re in the cha.mber. 'Bhe neut,ron measurement w:.ll be descril;zedb

. later,

Trenman of Dr Ma.rtin' 8 group at, Los Al&:aoe. ‘l’ne aonrecs vrere plaoed in

the n:.ta‘ogan a’omosphere of the ohanber imedmte]y ai‘ter tbe polonlum was.

: deposited in order to avoid oxiiation, and all ’c,he data, nrere ta.kep withm

g

The, ‘." J L .:~|_-.

| one or twe days, thereafter. The sources. x».ere ’(,ren returne& to Mr. 'h‘e;lman,

' who meaoured their strengths by a Oaloz imeter method. .
. The ‘ooron )D.yers were coated on ‘che 1ron hemispheres by Mr. Glenn T
E Barbaras and m \*l. P. Jesse a.t the he’oa.llurglcal Laboratory of the A

Col T e mg
cre ',1 . :

" Univsrs*ty Qi‘ Chicago. . In the process u.sed both sides of phe hemispheres o

were coated. Since only the tote.l amount deposited cou,ld be found by‘

'weigbmg, the Weight of boron on the inaide surrace, =3 show;} m 'I‘a.ble 11, o
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‘I‘hfhlfness S
Lem air equivalent)*

; sl %
,. rfor‘ ‘che a&omic stopping pmr
iples of. energy nea.r 5 Mev. ‘

Y .‘;5;32‘5;’.3 . 3 ‘:’ . PIVRPAKAR I
‘.éls. for the abo ic s{opping power of 'boron rqlative_
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The resolution was _1m1ted by bhe spread in the enervleo of the i,
‘alpha particles resulting from the finite thickneSe of the boron target, :A?f
the thickness of the polonium source, the stragbllng of tre energ& loss, :
and the differences in the geometrical path lengths through tbe nitrogen '
gas. In Table 111 are listed esdtimates of the loss of reaolutlon due to
tLese causes, The effect of the source thickness was . calculated assuming.
the polonium layer to be pure and of unifonm thlckness. " The energy spread

listed is such that, under the assuned conditlons, about 90p of the alpha

partlcles emitted have energies differlng from tre max%gum energy by lese‘ _}“,

than- the anount listed
. | NSUTRON MEASUREAGNY

The chamber containlng the Po source and boron target was placed
on the axis of a large graphite column (approx. 5 x 5 x 9 feet) with a’

" sensitive DFB proportional counter about 58 cm away from the chamber,.also

on the axis of the‘oolumn. With this separation between the neutron SOurcegrdij;:f";

and alow neutron detector, the counting rate is relaiivelyvinsensitive to ’:”
the primary energy of the neutrons emitted by the sQuUYCce, belng appraxﬁn&toly
proportional to the number of neutrons endited per second. Assuming this '

propertionality to be exact, the neutron measurement is easily made absolute -

3
partiele source is replaced by & Ra + Be neutron source of known etrengtﬁft

by observing the counting rate of the BF, counter when,£he poloniunm alphaf.

In this way, the number of neutrons emitted from the boron under alpha

particle bombardment was measured as a funetion of the pressure of nitrogeﬁfﬂ

in the chamber, Data aré shown in Fig. 2 for three combinations of Fo soutce

and boron target, correspording te different energy resolutions. The pfobéﬁle .

error in the absolute calibration of the Ra .+ Ba source used as a standard
was about 5 per--cent.

APPROVED FOR PUBthMRELEASE"}‘
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' Sl TASLE 111 RESOLUTION. -~
Enerysy syread  Straggli ' Ynerzy loss Enerszy syrread
Alphaz particle due to source of energy in boron -due to the differercs
eNersy . trieclmess looa tarel oo In peth lengtls
ro source Fo source lav, . Thicker Thinner
#1 a0 " boron - boron
1 lLev, C.5 Mev 0.13 Lley Gell 0.72 Vsv C.41 llev 0.32 HKev
2 ] " 0‘6.0 n 0-34 " _ 0‘24 n
3 i 1 . C“.Lé [H] (..25 1 . O.M’ n
L i " 0LO m  ¢22 o 0,07 n
5 " 3t 0’03 0.32 " 0.18 1" C'.Cl 1"

Background of neutrons from iwpwrities in the Po source, from the
nitrogen gas, or from theviron hemispheres upon which the boron was deposited,
was measured by replacing the boron coated~ﬁem18pheres with uncoated iran ounes,
Background from possible pclicnium contaminatien on the boron target-was
measured by removing the Fo source, anq counting the neutrons still present.
iern measurements include, of course,.the background of the counter when no
source is present in the graphite column. The backgfound due to 811 causes
was small as may be seen from Fig, 2. |

The use of slow neutron measurements in a :raphite column to
obtain the approximate ratio of the strengths of two neutron scurcss, even
though their energies may be different, is based upen an aralysis which may
be briefly outiined as follows,

According tb elenentary age theory of the slowing‘down process5,
if a source of neutrons of a single energy is-placed in an Infinitely large

block of graphite, the spatial distribution of necutrons just reaching thermal

5., Jee, for example, E. Feraa, lieutron Fhysics {Ics Alamos Tecture Notes)
. Re E, Marshak: Rev, Mod, Fhys, 12, 185, 1947

APPROVED FOR PUBLI C RELLASE
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enargies, or the density of mééent thermal neutrons, q, is a gaussian," E
nT SN '

B

where Q :Ls the mxr.ber of neutrons emitted per second by the source.

‘The para.meter of the Gaussmn is r = 2 V"" where ’f is the
neatron age. ‘1’1~e age ’l" is closely related to the primry energy of the :
neut\rons, and becomes iarger as ’r,he primary energy increases, . é;ge theory
is 5. of" course, only an approxj.mation, a.nd the distrioution of nascent
thermal neutrons, q_, is not e perfect Gaueaian. : However, for the preseni; '
appncation, ‘the exact for:n of the glisbribution q is no’c important ) but only |
the amount of "apread:.ng out” cf ’che neutrons :t‘rom the source during the o
'-_slow:mg down process. In. practice, a meo.sured distributa.on, q, mn usua.lly v
. be representad satisﬁctorﬂy by a sum of two or three Ganss:.an terms having -
E &ifferent ;pa.ra.mter*‘ 5, Too " L o
If the. gra.phite b].ock in Whlch the neutrons are slowed down is
..'not ini‘mite in size, Lhe d:.str:.butlon of nascent thermal neutrons must :
satlsfy bouma.r ¥ conditiom that the neutron dem:.ty vanish at the sides _
of the block. The Age S.‘heory result for a source én the axis of a gmphite

A colunm of la.r,ge hei,,ht and square cross sect:.on oi‘ side a 3.3:6

I

,. V'.' zz ' ”zlqz L
Sy R ‘oo - n m o L : '
q = 24‘..;@' — € pz Z e ( _ )4'd CO8 ~—— n7rx cos B
- a PQ\/' 7)"}: % n,ma=at . _ . ~_d '

odd mf.egers » ‘
The origin of coo”dmatea is at the posltion of the source, and the Z-axis
coincides with the a.xis of tha colwnn.

6w Bo Fem.x: Heutron thsms (Io., Alamos Lecture Notes)
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The above @iistribution is ctaracterized by the same paraneter,
ry ¥ 2 V/?, whic‘r"-. approars in the simple Gausaian distribution for an
ini‘;initc metivm, and which servds as a measure of Lhe amount of "spreading
out" of the neutrons frow the source durias their slowing down.

The .fﬁnc tion g gives the distrioution of neutrons just reaci'zing
thermal energies, and thus repres=nis the source of trhermal neutrons iu tihe
graphite block., It may ithus be inserted as the cource function in the
thermal .neigtron"diffusion equation, and this diffusion eguation solved with
tre béundary conditions that the neulron density vanish at the sides of
the bloclk,

In this way one may calculote the flux, nv, of thermal neutrons
at any point in the graphite, as a function of the parareter Tro in the
soure: function g, In Fig. 3 are shown the rosults cf such a caleulation
for four different diztances from the source on the axis of the graphite
colunn used in the present experiment,

By cths;hg a distance frorm the source for which the curve :;LS
as [lat as: pos.éible Qv'er a large ran>e in r,, One may assuie that the
denzity of thermal njéutz‘ons& at this position will be apyroximately pro-
portional to the total source strength, Q,'and will be insensitive to the
primary energy Qi" the neutrons.

For the distance betﬁeen source and detecf,or, Z T 5% cn, used in
thls experiment, tre themna.l flux curve is seen to be fiat witldin abont
ten per cent for parameters rg .':< 45 ene  Unfortunately it is not possible
to 'éay that .this corresponds to a definite primary energy of the neutrons,
Aecording to the Age Theory approximation, rj == 42 cm for neutrons of
4 Mev, primary ederzy, in graphite, and increases only slowly with further

increase in primary energy. Howsver, if the actusl disiribution arising

. - APPROVED !(]? PUBLI C RECEASE




APPROVED FOR PUBLI C RELEASE
~]_O~

from a source of 4 Liev. neuirons were. evpressedAas 5 sui of two or three
Gauscian terns, one of them would probanl,' ha.ve a parametez 5 A Py considerably
lav 2er than 42 cme This means that the value of the strenghh_of 8 neutrgn '
source ¢f energy k4 Mev., or greater, would prebably be ‘?,oo low i measured
by compuring the thermal neutron flux from this ‘soizrcé atialx distance 2 = 58. ent
with the flux at the same position due to a standard s'ourc'e'oi‘ lower enerzy.

| Trhe Ra +Be source used as a standard in the‘p'x“ese'nt experiment is
not a Mstandurd of lower energy", of course, since the ]spectfrum of ‘neu’érons
from a Ra *Be source extonds tc quite high energies, »‘Howj‘evér, the distriﬁutiom
of nascert thermal neutrons, g, fron varicus La +§e séurgés'have been‘measured.
experimentally so that the flux of thsrmal neutrons may be ealculated with
feir accuracy. The result for one particular Ra+ Blev soixifce at a distance
z = 55,6 ca is indlcated in Fig, 3, Since the flux from thia Ra +Be 'sburee
is seen to be 10 or'. 15 ver cent below that calculated for a sowc‘e'function
#ith small rg ,.Lhe value ol the boron ( a ,n) ;rcss section may be too high
at tho low enerzgy end by about this amount; |

The nighest neutron energy which.is importart in ths present

meas:rements in 5.2 Mev, This 15 the energy of & neutron emitted in the.
Joruuxd  directict by a 5.3 Mev. alpha particle 3trikﬁzg'a 133'l nucleus, and
leaving the residual nucleus, Nlh, in its ground state, Thus the measured

croos seclion as shown in Fig. 4 ray be relatively low-abt the high ehergy erd.

THE CRC33 SECTICN .
In Fig, 4 is shown the cross section for t}"e ijo’ll ( @ ,n)NlS ,}.A
reaciions as a function of the alphe particle energy. The enerzy was taken
1o be the average energy of alpha particles in the boron layér, taking into .-

account energy lossos in the Po source and in the voron layer, as well as

APPROVED FOR PUBLI C RELEASE
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in the nitrogen gas. Because of poor resolution, the cross section shown
in Fi’g. 4 at a given energy is, of course, an average over & .small energy
interval determined by the resolution width.

Tre cross section is:

I
C I
_ NS
where I = nunber of neutrons exitied per sccond.
3 = nunber of alpha particles striking the borer. per second.
"N = thickness of the target in boron atams/cm?.

The alpha particle energies corresyonding to the four rescnances
sugzested by curve 3 of Fig., 2 are listed in Table .'IV.' . For comparison are
. ') . . .
licted the eight resonances observed by Ma_urer‘f and those rcsonances observed

by Finfer’ with Th ¢' alphe particles, which lie below 5,3 Hev.

TABLE IV

Erergy of the alpha particles at ‘rescrance.

Present ?apér_ : Maurepk : ; F_::un_i_'f_{_
L8 Yev. 1,90 Mev.
2,5 . L 2,68 L 2465 Mev,

3.15 13425
| 3.59 360
. 42 . * Le25 ;"' L,XC
LSS hds
Ly 185 o ka3
| 5,02 o .S,Qa

-

#These energies, which differ slizbtly from these listed by Mawrer, were
found from Maurer'!s ranges uasing the newer range energy relation given by

Bolleway and Mvingatoz\l“.

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE
- u -

The fact thal, fewer resonancaes were obs'.erved in ‘Lhe rresent
e}:I}:r:ZJ;f:nt;. than were found by Lééurgr and hy Funfor pay be cme to the
relativel; rocr resolution indicated in Table IIr.

From the cross scction, ¢, as a function of the alpha particie
ererzy shown in Fip. 4, the total neuvli-n iell from Po al)ta purticles on
a thich boren target has been calsulated, The rusult is, for the thick -
target yield: | |

19 ngutrorxs ror 106 Po aipl’;a rarticles,

This is in good agreement with the value of 22 neutvons per lOé Po alpha
particles measwred direclly by Roberts7 and 19 reutror: per 106 Fo alpha
particles found by Segre and ';a'iegande.

An estimate of tke probable crreor in the cross section shown.in

Fige 4 would be about 20 per cent,

[ X4

is Je he hoderis: Kanmttan Project .tepsrt CF-86L -
8, L. Segre and C, #legand: Los alamos Jeclassified Heport LADC~A1
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Fige 3o
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CAFTIONS

Experimental arrungement of the alpha particle source
and the boron target.

»umber of neutrons emibted in the pE-sit (. a ,’n)Nl3 14
reactions as a funericn of the pressure of nitrozen in -
the chamber, |

Flux of thermal neutrens as a funetien of the parareter
ros Of the zource functionm, 2 is. the ‘f.iistance from the
source along the axis cf the graphite ¢oluan. The arrow
rarked "Ra + Be" indicates the value of '—’-X- éalcu.’l;zted
from & noasured distribution q for one Ra +3e source, at
%= 55,5 cm, |

Cross sectiou Por the pio, 11 (e ,n)i\’»]‘}’u‘ reactions as

a function of the energy of the alpha particle,

APPROVED FOR PUBLI C RELEASE
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VACUUM CHAMBER

IRON SPINNINGS WITH
BORON COATING
DIAM 7.5 cm

Po ON NICKEL
SPHERE 5 mm

CONNECTION TO PUMP AND
NITROGEN FILLING SYSTEM
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