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ANGUMR DISTRIBUTION OF NEUTRONS mRODUCED BY
40« and 80« mv a PARTICLES ON A TIJC):{ TANTALU‘VI TARGA.T‘“

- wmmm Ww. Wadman .
Lawwrence Radiation I..:ibm amry ‘ o
University of Caiifoz:nia
Eerkeley. Caﬁifo

May 1964

ABSTRACT

The angular distribution '.of noutrons has been maaaumd for 46« and
80-MaV (44.2%0.4 and 802 4, respactively) a-pazrticle beams oa a thick olo«
moenial tantalum targot. "'I‘he moasurement dmpﬁqyéd six diffevent types of
thz;'ashold reaction detectors with mwésholds ranging from 4.2 t0 42.4 MeV.
The détecﬁdm were spaced abdﬁt a xing 30 cm o dlam eémeréd about the
target.

The target waa contaiﬁed within a Faraday cup ia order to measure
the total beam current. High voltage applied to a guard ring which preceded
the cup waa used to suppress secowcxary eiectrcn emiasion.

Boefore irradiation of the detectors, the beam was shaped and camored
while being watchad by closedacircuiﬁ tolevision during the alignment.

- The izradiated ﬁzreahpm detectozs were analyzed with a 3-in. -diam X
3-in, <long Nal(Tl) eryetal and a 400~channol pula@;heigm analyzer. The
rasulting data clearly indicate the existence of a promlnent forward-difacted
neutzon flux. The forward prodominance ie more proaounced in the higher=
threshald~enorgy detectora. The ratio of the 70‘ to 0° {lux docreases with
the enexgy aé which va detector's reaction croes soction la in ite maximum |

vegion, Thias type ;>f compar§96§ {e influenced Aby’ the shapes of the cross
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sections ap & function of ém"'gv for each typ’@ of dméaczorv. ,

The total fast neutron yield W“s calculawd appR roximately by uai"zﬁ,
t}m 53‘%(:;. P) 53(30 reaction amd that :muzrcm flux which would be n@cesaaz’y
to achieve the meaaurec, activity. amd carracsu.‘w £oz' the anisotropy of '.‘lw .l
forward homisphoere. The zxaut‘ on yield a6 a fmctﬁon of cnergy appears o

ombl@ whem compamd with aata of Auen at al.
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1. INTRODUCTION

The angular distr 15 i@"'n and ym id of neut“om f:;mm 40- aad 80-MoV
a partickee haa baen mudied wii:h sevemi typea of &hmehold detacwm. _The
eaperimenﬁs Wore p@rﬁ'ea‘maé at the Bsrkeley maavy-ion Iineaa’ acceiarator and
88~hch cyclmrom Dam were ohmmad for apphcaticn to the d@aign of a high—

eﬁﬁcieney local aeusron shiaid for each accalera'coa’.

I. THE EXPERIMENT

The experihﬁénﬁ involved a target of a écﬁec&ed material, 'ﬁ'meana of
measuring the beam part&cle curront, the selectad threshold detect@m. a
devicé é@ mount the detectors at predatermin@d poaitions, and a means to
BUPPTES e éaconc}ary emiésion eléctxans from escaping the cunéht-m@a@o
uring devﬁce. vIncor;i)orat@d as pazt of the accelorator beanﬁ pipe assembly,
a quarta o;; phoaphof screon was mounted to allow visual observation of the

beam shaps and centering durlng tune ~up,

A. Threshold Dotectors

The throshold detectors werae eclected on the basis of reaction thre he

old, reaction cross section, and half life. This s a paxrt of & set of criteria
established by Riqgl@ﬂ for the selection of 29 usablo reactions involving 22
different isotopes {roza 17 dﬁffemné clemeunts. Table 1 summarices the

threshold detactors and their various propoeriies as used in this work.

;R@V-
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. Calculated Poak Pz-odﬁc"

‘ 'Reacﬁzoaﬁ‘ : Isotop@ Eae*gy of Enecrgy of
' throshold . cross . hali- d%) e beam  y-vay of
(MeV) = soction - life ouged . reactant
{barns) . {MeV) uwsed for data
T e (MoV)
Seni(mp)®8Co | . M2 0,556 Tidays 67.8 - 40, 86 0.84
59Co(a,a)®6Ma - 5.4 | 0.442 2.6hzs 400 .80 | 0.845
65Cufa, p)®5Ni 44 0.035°. 2.6hre  30.9  8G4° . 4.5
27 Al(n, a)24Na 6.7 - 0.243 4S5hve 400 - 40, 80. 4,37
20371, 22)20271 8.5 . 276 42days. 29.5 80 0.44
275a,20)8261 9.5 2,02 3days 400 40, 80 - 0.65
OBNu, 20)5TNE | 42,4 025 BThre  67.8 <80

Bo. w.z*ious ..ochaicd reagonas, it pravcaci impoesibla to woa all tha

damctma for the 40« ,.eV FUD.

5. Deotoctor Mounting

The threshold detecéom wm%@ mounted on a brass ring 30 em inv diapa=

ater.

as a@“mky wae mounted with the target poaiﬁm*’; ot tha contor of ﬁhe ring.

’Z“xe x'ing wao dasigméd'ﬁo bs clamped dﬁmc"@ly ‘o the beam pipra.

’rhe

W ith thia arrangemens the detector's angular location was kaown to & 4%,

C.. Tarpat Mate

vial

.The target material was selectad on the baasle of information by Tal

at al. @ fox a target of zelatively abundant newtzon yleld, and of Allen ot al. 3

on broad angular total yield of neutvons.
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Tiw targeﬁ was made o.; %antam m, and measurad 2.5 in. in diamater

smd 0. 25 in. thick. "*'hw dk"nensmn was adaﬁﬁate for @topgmg the é.s p&rtﬁczaa

o :md. fow covm'{mg the ond of i:h@ copper I”‘am&wy cup in whwh it was moumed

i
!

D. Bnam' Currehﬁ Mamﬁurem&nw
. : ’ ‘

The Faraday cup was comtmmed of oxygemime co;:par tubind,, K ,
ﬁ/ 8- fm. wall, 2.5~ in i d. ' and 4 in. ﬁo—xg. Th@ cup was {astencd to the ﬁom&aing.
fRanga wﬁi.h 3/4~in. - ang eMndoff &mulatora., Pmc@ding the eup by 3/8 in. and
fm mma standoff inaulatora wae & ring of tlm aa'no diametesr and 2 5 in. long
Ta thia ring waa applied -4600 V, o erdex to euppmaa secondary electron
emimion i{rom the target and Faraday cup to avold an incoxmct beam -curxrent

meaqur'ement. 4 ‘ ';‘hla redgced a acattering and absorpiion pmblem which weould

be present if we used a large magnet to perform the same suppression function.

: _Accurai.c‘y of this method is hoiter than #3% absolute. The beam current and

high voltage were lod through coramic feed-throughsa in the mounting flange.

.. Theose were connected to appiropriate electrical connactorae, -

- &e Beam Tuning

Prior to the lxradiation of the threshold detectors, the a-particle
beam was tuned for minirawm dlamaeter and maximum eurrent. The a}uépe
of the beam was determined visually, by use of a phosphor-coated Lucite

piug fitted over the end of the beam pipe fox the 40-MoV work done at the

“hoavy-ion linear acceleratos, and a quartz plato with etched graduations at

the» 88 -inch cy'clotron £ox' the 80-MoV worl, Eoth wore obaerved with ro-
motely conurouad cloaed—cﬁrcuu televigion wmla the beame were being tunaed

fox poaitioa and shapa. Aftor thoe shape was made émaall enouﬂh and the beam

“wae contered,. the-visual appavatus was removed and the Faraday cup with

the tantalum target was bombarded. The beam current was then maximized,
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A qui'ciz aacdnd&zy chack oﬁ'» gtmy boam was"r@ade by removing the high valﬁagéf
fzom the eupproesor ving and Q‘ﬁém:vsng %h@ﬂi*i:‘zg with the intograting beam~ , |
. éum‘emﬁ alaatz@méﬁex. \ If no ,baém curzyont é&uld be obaerved the ieaéé waia
réaum@& to thelr normlleénﬁmmtmﬁ and the: ring w;vith ﬂm thmohbid de -
tectore was mounted and accummly pmsmmwd about the mrg@e. Thm'eaﬁar.
the intaghaslng olecty omeﬁm' Was maat and the bomardm@m proca@dad. ".’x‘he

- boam-current varimioa was cammntly obaervoc% by the opemmrs. L.nng# -
torr variations ware held whhin 8%. almough showt-term variations-of le:ma |

than 2 minutes were as much: as 50%.

UL ANALYSIS OF THE DETECTORS

' The irradiated threshold dotectors weore counted wi»h a 3-in. -dmm

: ><3-&n. &;odmm zoamm (Nmt) cryatal ina matched window conﬁgummon. cmapléd
,to a 400-chaamai pulaa—hmigm mmlyzer. ""hira spectrometer was caiibmted at |
lﬁeasﬁ daily with a 37csor ‘491{ Bource. The pu}.se-hemh: analyzer was housed

in a fully air- condx%ioned and m.mldity centx'oned room. - e

The Nal cryetal was maun&:ed'inam@ a cava ma.de of solid blocks .of

- sexpenting. (Serpanthe fe a mxmral minez’ai matas‘ial tkmt has been iound to

P contain very Mtde if any raqioacﬂvhy. 3) The bacxgroumd countitw x.‘ta mame

 the aerpamma cave is 450 cogma Pox miauta §or the 400-channel backgmunc.

apectxum. fzom 0. 080 to a..:.Z MaV.
mach mresl.@m detactor was coumau m 3 0 cm from the actual face of
the ’\:s.l CA ystal. The re aul &mt y-xay ap@cﬁra ware uwaed during the reductwn .

5

vof the data.

@
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V. RESULTS

Th@ reduction of y-ray apect tra to neutron density amd anergy imarval
was performad in @wemiany ﬁhe fonowmg ordm: |

The appropriate y-ray energy phoﬁopeaka WeTe aelec%d in accord&nce
with the product of the reaction fm tl*e thz eshold detector. The couma m
appropriate channela of the spectromete“ readom wore awnmed 80 that the '
‘BAe energy inmrval'_waa ugod for @ach A\ z:ay_ of a gwcm ener gy F om &ha'
summed photopeak were subtracte& both the Ibé.élcgrounﬂ and the Comp‘;on'
distribution from higﬁer-energ& Y raﬁja in tho spectrum. 1,6
| The total counts in the photopeak v«éz:e corrected for decay and satue
zaaion. A cormcuon was mado for the sbundance of the y ray forx the decay
sc‘mme for each type of diaimegrauon. 7’3 T he {oils waere weizhed beiara

irradiation to the marest G.1 mag, and the wﬂwh t was corrected for pm‘cem

, of ﬂm threshold motooe praaam. This allowed &lw results to be put in termse

of 4. OZX 4022 atoms of the threahold reaction ﬁeotop@. when weight wae am—

plied ae a factoz to the ksotope & denaity. This process normalized all data

In both accelerator beam aliﬂnmama;' c&rcumatancea were such that

| we had to accept an of faeﬁ beam. Fo mvzattaly thia was only & horizontal
" caisplacemem. This offcet was corractad i‘m by calculmmg the ﬂux dansity

~ fox the diffexent mdii involved, uahg the im’m se-~square velatlonship. ’I‘he

actual angle at which the threahald detactor lay with respect to the new beam
center ﬁa incorporated in the mta. ’I“he 40-a-9.ud §0<MoV irradiation rates
were nm'malised to -p.A vates, The data wme corvected fox coun&ing

g;eommtx'y and total absolute eﬁ'ﬂciency fmﬂ t}m size of tho Nal cryaml. \wx'ay o

enevgles, dietance of ﬁhe aampio from t‘he cryetal, and sample size and thicke

NO08. 4
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A center~of-mans {c.m, } transformation was conaldered for puvposes :
vof comparison;. howawer. we wm'e mﬁ‘.aram@d ﬂahny in i:he Babamtow symem. }
It 1 considered ;hat auch ate agafoa‘matioa would not be as meaningful in light | e
- of the target thicknaas and pre;.airoducﬁon Ha-;;;i:;réicie acattermg. incident em'xgyz.
degradation, and poatproductmn nemron acaécérinn and an@rgy degradation
prior to detection {n the th.eaimld doatactors. ‘Laatly, the ,x‘elative masaes of
.,kw taxget and projectile aucled _cauaa a mla?&yeiy small change iﬁ the tiérxﬁ-”
formation from the lab to tha c#m- system. leonce. the data will be éonsideréé
cmiy in the labcramry syatem‘ |
In ordew to attempt an intercompariﬁon o§ the mhative neutron flux |
necesaary to produce the obaerved and cormctad activities for each tyne of
threshold dotector, & broad aaaumonon wWas made. O‘.\ the baeis of tho calcu-:

ﬁ_a_‘

lated highest value of rfaacﬁion cxosn mection‘for the desired roaction,
:;:;tib to one barn wae datérmihéd. ‘2nd all déai:a were corrected aéccrdﬁmly.
The ramltam information was arranged in ehe order of the energy at which
the macdon crosa-saciion peak occurred and was found to be gen@rally

accaptable.

A. Noutron Flux and Angylax Distribution

he neutron flux for each threshold detector was calcuiatéd in the ace

capted mannez on the basis of total aboolute activity and czross sectlion,

The plota of the angula_r distribution §§ noutrons are shown in Figs. %
and 2 fozr the 40-MaV and 80-MaV a~-particle bombardments, "mspaétﬁvely.
The plots are of the calc_:ﬂawd ﬁ@utr.@iﬁ flux a8 a function of laboratory émgle
for the various threshold detectors used. In this manner of presentation,
the imegratealneutron flux greater ﬁaéu ﬁm reaction ﬁhx;éshokd enexrgy can bba | -
moze easily recognized. Whoen one compazes thé‘data according to éaérgy

. L -
u A3
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for the higheat value of reaction cross section, the copper data seem low and .

- thé lodine data seam high. "Fox lack of m@i’g threshold detector mﬁ’owma‘sion.

p—

. the 40-MaV data appear veasonable. One rmight expeact a larger difference

betwean the data for aluminum é.nd jodine m_vlig;h\t of the cheervation of the 80s .

Me'V informa'ﬂa'n. The uncertainties in the values of the reaction cross

*

~ @action and the relatiom of sach foik’a "zeu%ron flux to that peak value may

introduce uncex'taﬁnﬁies that range over a fac‘tor of five. (See Appendix and
’“igg. 40 amd i2.) Conversion from p‘zotopeak counts to neutron fux ie cone
sldesred to be % 15% with the axceptﬁons of the ca'spa:r. fedine, and thallium
(n, 431) data. Tho couanting matim:ic@ fo the p"m%peaaa vary §rom 0.29 to
zOOTl waich vary from 2.4 to 7. 9%. An variations affect
the entire set of ﬁhreahold detoctor daﬁa. and do not change the shape of the
The relative dlatributions of neutrons ae a fmaction of angle ave plotted

in Fige. 3 and 4. The polar-coowdinate mlatiom of all the detectors axe

normaliced to sevo cﬁegmes. i becomes apparent that the peak reaction

crogs~-section value is somewhat more influontial on the shape of the distri.«

bution than ﬁhé threshold energy. The relation beﬁwveexj& any point on the rela-
tive plots and the fux plots of Figs. 1 and 2 is easily determined cithes by

direct comparison or from the wmultiple of the 0° flux and the relative value of

Ii‘ig. S o 4.

Figure 5 is a olat 0£ the. mtm of the ?0"’ to 0° flux., The rémim tand

to indlcate fairly good agz‘aem@m between thm:;hum detectors in terms of the

emrgy’ fox the highest value of reaction cross soction. trong evidonce ia

&~

indicated here for agreemerit with the methods of comparison and reducticn.

A shown ln Fig. 5, all ratios of the feils fall on a aémilagar_m‘mmiv: line -

axcept for the threshold detector which would be most :ai&rongly.aff@cted by

'
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scattavaed neuﬁ'oaa. _53Ni(n. ) 5300 {n the 80-MeV case. Tha 40-MaV scat= :

v.‘:az‘inm pxoalem Wa s conmiderably lass. . B E A

An intereating polnt to noto is the incluaion of the 203'1‘1(:2. 4:m) ZOOTI '
maction values obmfsmd from me §0-MeV bo*nbardmem. . The cakcmlatad
| threahold dor this rea»tion is ahou& 27.5 MeV. (""he‘cr‘o% aéction a6 a
function of energy canaot be calculated wmx ﬁhe computes: prog‘mm now in

- upe here. 2) - S

"B, Fast Noutroa Production

Uaing the low—energy nickel reaction dam far the total intagratad

flux, ‘one can calculate the apptoximatca fns&-mutron yiaid that msu}\tad from

each bowzba‘ dmem. x{nowing &ha irmdia}tion d&stauce of 15 cm, and the calcu-

lated neutwon ﬂux as a function oﬁ angl«a. on@ can treat &he dam fm twma of
the mveme aquare z‘elmiomhip. and tkm emiaeion (C}) can be avalmted.

For ease in calculating Q. the change of the slope of neutron ﬂux a8

a ﬁmction of angle was consldered to be a simple axponamiai. almouﬂh the .

aat& did diwlay a auc'“xt vaziatacm Accamtgng for the variation would not

ch&nge b‘w reauktam Q hy mo.@ .an 5%. | ""L.a avalw»ion fonowm

(h‘
Lo

8

LR L ¢(9)2wr28h@dt’1 e o .

. w ' e
2w 72 1  $(0)sin0d0

ey
PRSI qg,o‘ 5 P ain 6ad + 2w v ¢kf . 8inddd

°~. : S - ' Q’i

-
PR
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where ., . L , o ; T

A {15 em,
:;»‘ - n/cmaamc ’ M. A
_9 -n. a.'-ag,le ;rom mcuiam beam (mdﬁam). |
_é. u"'O 98.»6 f@r &0~ M@Vaon :.a | |
s 4.022 fm.' 40-Mav 6 on Tm.

$ ® flux co*wtant. minimum value cf c:z.

‘ami @ﬁ @ angle beyond which n:oﬂ oxiots (w 60")
" The tutal amiamion in teams of 4w star di.mm f@ ’w wor‘q wim QOQM@V mkpha

' 'm.,t utalum waa evmm&a& at €.‘. s 4,.96X iO"w L'A/BQC-HA. The yioia fm* g0~ MaV

@ boam on ﬁam‘a wn was ev.ah.ated as Q= 3. O XM)M ﬁ/B@C"‘-LA. Bod’a values

- are apps oximaw. an \the mcahod af d@tcrmimtﬁon wae the use ox me

°Ni(n. p) reaction, The &zrwhold, 0. Oﬂ of hm p@alc reaction cmaauwcﬁon
eNATZY, ie 4.4 MeV. The mau}ta should be accuraw to 325 70, |
in compazring uw two partca of the ﬁﬁt@ﬂra fom ﬁ"a @qua%oa (1). it was
notad ﬁme for both uupa”ﬁicﬁe enerwiea. appmdmataly 55% of the total emis.- "

slon pasmd ahxough the forward two atwaaiam. The ratio of Ch@ Qs (@mma '

| sion) s 4614, This is conalde rably hﬁnhm’ m:m the 8:4 ratio that the authos

has meaauma with a lomﬂ cmnter fox' 50« m& ﬁﬂO-M@V alphas. In the étﬁ@mpt

to ex.aiain the difforence in pmducﬁion mtioa betweon these data and the lomg~

couries data. geveral "’eoci @“p‘, nations were brou'mﬁ soz'th. uza moat satw-
Sactozy saemed to ba that cﬁfmed by Hazvey, , 40 which qeals whh &w s.eaction
Q for {a, xzx) ﬂn tantalum. Appm@nﬁly tho (a, n) reaction has a very aman

probabliity bacam.& the roquired ez‘zaz’gy is smn@r than the Coulomb ‘barr}@?
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of the a?a:em. Noutzon promac&ian become@ av&d@m wiah alphas g em;e:c 'e‘.h;n

about 20 M@V. 'I‘hca ;ﬁroauctmu threshold Ss aﬁw abous ﬁ:m eanm:“y maion oz

" (ca....m) mz' tantalum, w,d £o ﬁ:I " Amer e.m@a, aa it is conﬁraﬂad ‘by the @ms‘ y 5

av*imble in the cemp@umd—nucleua syaﬁam. “ N '
in compaxﬁ.nﬁ, the Qoz'agamg with tha:a;a ww. one data. pomt fox n@mron ?l v

yie d f@r %.hick targots was fo*a.nd in Auen at a.!;. . and amwu hitis an - |

@.ﬁmgomﬂ.on. it tends to ccmwm the @fp.&@ﬁa@ﬁ by Ha.z've:y. 10 Figum 6

showe the threo ﬁomﬁ—neuwonnyiald points w a famc‘cf.cn of a-éa:»:ticle energy.

Aiso paotzed is an 8 w pro&uctio;.—iaumaw Ima thro%h txw 50- and ﬁOO-—MaV

e pa.nta in the curve. . -,

b R

I A?PLICATEON oF Rﬁzsums L SR

| | Applica*‘ion th@ rasults of this imfo mation is in the ﬂesign ci a local "
| tahiald"xﬂ conﬁguraﬁiou fo. tha two acceieaato.s mcntionad Tha work pz‘e-‘ "
' ,aenmd hem wae m:m}ied mimulmn@ously wim ahenua.txan chamcwrwucs for
the samelmm:on energiw. and &lm rasui»anﬁ; effacsivenasa of varioua mick-
¥ CET-TY-M 4 @hielcﬁnfr was c.et@smimad ior the and 90°, |

One of the critoria for 1oeal a‘ﬁ.aldin@ of the sources «:f neutrons in an -
e&gerlmemal cave ia that one man. of avemﬂe aizrong&h. be aale« to 7 move 1
Thie requﬁr—ed t&m‘: the lazgae ‘aat@nmyow bo constructed of several independe
ently movable ploces. | o - |

The reduction 52‘ mau‘tvron ﬂﬁx m:h iﬁ&raéaiﬁ:@ énél:@ énd ‘&ha. mrongl;
. ﬁx)‘z.'ward pmuomi*ms:ca of t’rzo 49 i;*h-@msmv; néutron' cémp§nezat ’p%mﬁﬁ@d 'a
' saumtiva design of the m;iem conﬁgurutmn that ie about 3 foet thick in the
forward Gl rec&ion and ‘i‘foot as 90%, Thoe maas Was comimre_d to ba divlicied
into "zée;e@ parts: é cyiiﬁd@z to £ over ﬁhe Faraday cup, énd twé dleco of

43 in. of concrate to £it againét the end of the eyliadrical shleld. HKach would
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be on it own mp«amd frome whhh is broader at the bottom to lowaer ﬁhe _' ‘
centor of ggmvity. and nArFower at the {roat to azk’.aw one set of whools ;m&
the {rame to roll partly into the othow framoes.  The sbleld for fmdatm;;m :
collimators and for targets onclosed in smaall apparatus consists of two ha'.lf -

eyiindors which are brought together from tha opposite sides of the beam o

pipe or structure. . . These @hielda also will wm on tapeved {rames suc‘x as
- those m’@nﬁi@md'pbavi@uﬂy. Oaviouely the tapw muat be oriem‘.@d to porit

the two to £t togethaey. - B ‘ ‘

R@@ulya of detual ew«.@ of t%w ama shiaid conﬁgumuow will be obtalned |

L dwh\, ma £au and wiuﬁw Qf w&a. and ﬁmormﬁ&on will be pubuahed shorﬁ*y

W

therealtes.

oy L
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sox b
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FIGURE CAPTIONS

.‘ Fig g Angular"dist:iéauﬁou of :;eu:::ém frera the €0-MeV a-particie
- Lombardient of a @hick_t;;ntalum mrgé,ﬁi;'- ‘Neamrou fAux at .iﬁrdmu;
a8 a function of ;Qberai{:#y angie dor aiqxél,. aluminum, and iedine
gihxaahéid dawctor‘a. - SREETY L '
- Tig. 2. -Azigular dintxrib uucm o». neut; ons fz:c.m the 80-MeV a-part icle
‘ bombazdment ofa thﬁca. t«.hta.lum wuga  Neutxon Jux at 15 em
‘a9 a function of laboratogy angle for abekel (. p), coppor, aluminum, w
‘cobalt (n,e), thalllum (nl,'zn). ioﬁim.' f;i’cx:ai {n, ?.in),. and ﬁhal.lium '
{n, 402}, Foactions. V o
mg. 3. Angular dist—fﬂbﬁt&eg of noutrons &‘ézﬁ the 40-MoV a-particie
| bombardmant oi & thick tantalura mrget. - All detectoxe are nox.
mkiaed to 0%, : |
Fig. 4. Anﬂular dtets ibut&on o neutrons gmm tlm 80~-MeV a-particle
' bombar&mem of a m.ick Mnmlum mrget. Al Qatactors are nox -
maliznod at 0°*,
Fig., 5. Ratlio of 70° neutron flux to 0° muﬁmn flux for both &Xm 40-MeV
| amﬁ 80»M@V a.-«p:smicla bambardmanm oi‘ tantalum,
Fif:. 6. Total mutrén prod@ction for 30-MaeV, 40-MoV, aud 30-MaV
o paruclas on tantalum {30-MeV a data {rom Allen et al. ) and the
8:1 vatio lne plotied through the 50 and ﬁOO-MeV anergy poiats,

&8 measured with a long cmmaaz.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report-
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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