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"ABSTRACT

' We have studied as a function of energy three reactions producing

. 1 : v :
L.1-h To %9g from Tb compound nuclei and nine reactions producing DBy :

products from Dy compound nuclei. -Incident particles were BlO,VBll, Cle,

. A6 ' o
and O 6-of energy 4 to 10.4 MeV per amu. Measurements of the average re-
coll range give strong evidence that all these reactiens proceed by. compound-

nucleus formation. .We reportrangular”distributibns of the final heavy

products for all these reactions. -Frem :angular distribution data we deduce

the average total energies of photons and neutrons for.each reaction. 1In

the Tb reactions the'avé?age total photen énergy.iS;always less than 12

MeV. 1In the-Dy‘reactions the average total photon energy Varies linearly_
with total available energy from nearly O to about 30 MeV. These large
differences in total photon energy are atﬁributed to differences. in the
angular momenta of the initial compound nuclei. The rate of incfease of‘

the average kinetic energy of all neutrons (from' Dy systems) is aﬁproxiﬁately
proportienal to.the square -root of the éxcitation ene?gy. For é giveh
excitatien energy of the Dy systems the average total photen energy does

not appear~to'varvaith average angular momentum.
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ANGULAR—MOMENTUM EFFECTS ON NEUTRON EMISSION BY
Dy . AND Tb., COMPOUND NUCLEI

VGabriel;N.:Simopofffiand John M. Alexander
Lawrence Radiation. . Laboratory
University of Callfornla
-,-Berkeley, California
I.. INTRODUCTION

~ In this paper, we attempt to gain information on.the average energies

mbf,neutronsvand;photons_e@itted”from-compogndwngclei excited to energies up

to approx 125 MeV. . We attempt to separate effeétsvofgangular momentum (J)

from effects of excitation energy.(Ex) by the comparison of compound nuclei

o-having similar values of Z, A, and:;Ex but differing values of J. The prod-

149

ucts,Dyf:xq lSu

150

"5 -and. Dy%?} were observed frpm_the,cpmpound_sysﬁems}66py

lLpg).,-and'l)y o6 (formeduby.two1reactions1”C}2¢Lyg}?ﬁvgnd

Dy
12
(formed: by € +.  N&

0 16, Celuo).

Also, the product Tb149g-has been observed from seVeral&ﬂPg
comppund nuclei. Cross-section data imply that the latter reactions proceed .
from compound syétems with J 5 7.5 h]) whereas the former reactions involve
much higher‘average angular momenta.2

In this work and in previous studies average range measurements have
béeh used to tést the reaction mechanism.B‘ These measuremenfs give strong
evidence that the reactions we sfudy are reactions in which the neutrons are'
eﬂittedeith.angular distributions symmetric about 90 deg.

We report angular distribution measurements for the products previousiy

mentioned. A relationship between total neutron energy and root—méan-square

angle has been derived. This relationship assumes isotropic neutron emission

but is not extremely sensitive to this assumption. Using this relationship

and our angular distribution measurements, we obtain average total neutron
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energies and totairphotqn<enérgiestassgé?gted withﬁeach individual reaction.
In a subsequent paperuvthét.preséﬁté'cf&ésiSectibn data ﬁe discuss the over-
all énérgy éna'anguiér momentuﬁ ﬁéléﬁée‘for:these_féactions.

o Wé é§néludé:tha£ the l§ﬁ-§pin TB coﬁ?ouﬁd-nucléi that décay:to
"Tb149g dissiéate leés-than aboutleIMéV.in photons. The amdunf of photon
emission from Dy compoundunuélei df1highér spin.is.quité different; This
qﬁalitative resqlt &as pfeviously obtained b& Mbrtdn,.Choppin and'H‘a.rve&.5
Mollenauer’hasvfeported observations of photdnsfemitted'in complex nuclear
reactions.6 His results alsb indiéatevthat tqtal‘phofon energieé'increase
'Withiincréaéing-J of>£ﬁé compsundrnucleus! " OQur rééults imply thét total
fﬁdton enéréi;s ﬁp'to about 50 Mev are aséocia%éd wiﬁh neutr@n emission
from Dy compoﬁnd nuclei. Thé average kinetic eneréy of the emitted neutrons
is épproXimately proportional to Viﬁ:- The‘averége total photon ‘energy’
'iﬁéféaéég’ﬁith.inbreasing;EX~or.J,Abr bdth,-but-ié no£ propdrfional-ﬁo'*
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IT. RECOIL EFFECTS OF THE COMPOUND-NUCIEUS MECHANTSM

The basic features of the compound-nucleus mechanism_are the
following. A projectile and a target nucleus interact tortorm an excited
compound system hav1ng a mean llfe that 1s long compared w1th the time re--
qulred'for the proqectlle to traverse the nuclear diameter. The excited
compound nucleus decays by emlttlng partlcles and photons untll a stable or
radioactive final product 1s‘formed - The. angular dlstrlbutlon of the emltted
particles or photons is symmetrlc about ﬂ/Q in the frame of reference of the

compound nucleus 1f the level den51ty of the re51dual nucleus is large

i

In this work we study

eI o kS
1

systems w1th 1n1t1al excltatlon energles of about 50 to l25 MeV and thus

we assume that this approx1matlon is Justlfled

Mtﬁetwus con51der in detall the consequences of thls mechanlsm for

two recoilgpropertiésm of the final products: (a) range—straggling parameter
p , and (b) root—mean—square angle (laboratory system), (9 2 1/2. Let v
denote the veloclty glven the compound nucleus by the 1n1t1al impact of the
projectile (this is identical to the velocity of the center of mass). Let

V denote the veloc1ty in the c.m. system glven to the final product by the

Nfevaporatlon of partlcles Let 9 denote the c.m. angle between. gg and

;ﬁ; and let GL' denote the lab angle between v, and v + V. The angular

distribution of V_is designated by W(0), and the recoil distance is taken
as equal to k ly;i-j& lN , where k and ‘N are constants. The projection

R of the recoil distance on the beam direction is given by

R=Kk [ v

AN

N
+ Y |7 cos 6
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If we have the average quantity (VQ) < <?v2, and. 1f W(G) is
symmetric about ﬂ/2 then the average prOJectlon of the ranges on the

beam direction, R can~begeons1dered-tOfdepend only on v,.k,-and~N —

O 2

and to be‘independent of V andJW(9)8 -The ‘average -range R, of the

product should be associated with a_recoil energy Eg such'that

() #A)" o

where mass number is denoted by A, with subscrlpt b 1nd1cat1ng the bom-
bardlng partlcle subscrlpt R the rec01l gtom or final product and subscript
T the target The klnetlc energy of the progectlle in the laboratory
system is denoted by E

The contrlbutlon to -the measured range straggllng from the dls-f

trlbutlon of v o+ V “is given by

(BB )7 =%f%%%9m&mfw@smawr”
o A 0 . '
A | | (2)

This integral has been evaluated by substituting the appropriate functions
~of velocity for ‘R and Ry. For V<<v, and for W(8) = 1 we have, te
. order (V/v)5;
iy N2y T o
((R-Ry)7) NT (VD)

. e N )

~for . .W(6) =a + b cos<6 s
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(@)D PR+ (/%)
RE 0 P+ (o/70)]
(&)
and for W(9> proportional to l/siﬁ> e,
‘ 2 2 2
R-R.)7) N (v )
S_éO__ = — . | (5)

RQ.?L.‘- o W,QV.

'Deﬁéiied calculationé by the Moﬁte'Carlo method haVéJShOWD that for “VE < < v2

the.range distributioﬁ due to evaporation effects can be”bloseiy-a??rbximated

by a Gaussian distribution with straggling parameter denoted by pnnigrhfhus
we . have
2
((R-Ry)7)
2 YT 0
0" = 5 (6)
; ’ . R R T
. o s

+ The :average square of the‘anglev=(6L ) of the recoil.atomshisagiven
by
T ' 5
2 1 -1 V sin O ' . .
,(GLv} =35 ;j-v tan I oosD W(6) sin 6 49 .
o -
o (7)
To order (V/v)5 for W(@) = 1 we have
<6L ) - 2 <V > B S (8)

3°
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For -W(8) =a+b cos? ® ' we have

ey - 2 [+ (5] (9)
L . 5v2[l + (b/Ba)]

For W(0) proportional to 1/sin 6 we have

- . » .
2 v . '
0% - L4 (10)
o v . ; : .
The equations given above show relafionships between some observable..
properties and the magnitude of the velocities,x‘and;i; The velocity“y:is,
of'course, specified by the.momentum of the projectile and the mass of the

compound nucleus:

e

| The value of (V } is determlned by the - average total klnetlc energy . T .of
the emitted partlcles in the c. m system and by the1¥ angular and energy
’;idmgtrrbutlons: The re001l ve1001ty due to.em1551on of photons can be
neglected. | |

Assume that the compeund nucleus emits nucleons in randem directions
then W(0) = 1, and we have (P?)fﬁ :2.Tn,gawhe}e P is thelﬁesultant

momentum of the final producﬂ Then we can approx1mate the recoiling mass

by ﬁ%~ (Ab AT AR) , and we have

V°) = I (12)
(g + Ay * éR?f; '




. of only about 25% in 'p, ,-and about 15% in (eL
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The total energy available in the c.m._sysfem.is Eé m + 'Q, therefore the

average total énérgy émiﬁted”as phofbnsvlTy is
T, = E, . +Q-T . : (13)

- Thus, from Eqs: (3),(6),(11) and (12) we have

v:p' o= "

o T (e a)” . W
T T (e ay e a® |

aﬁd:ffoijqé;‘(8),(il)land (lé) we have

.é;;;i N _H'(éTnj_(A£+}ATj?:,:

R e - (19)
| (3Byay) (A+ Apt Ap)

(6

In all these relationships the neutron mass is taken as unity. -
CIf the‘aﬁguiar distribﬁti@n of the emitted particles is not isetrepic,
the development is.much more complicated.  However, from Egs. (5) and- (10)
one can see that even an extreme case .of ;W(Q)_%VIl/sin © . leads teo- changes
TR 2>l/2

- .
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- III. EXPERIMENTAL TECHNIQUES AND RESULTS

In our experiments we have made observationsvof the nuclides 4.1-h

150 51

valh9g , 7.4-min Dy , and l-7.9-m:Ln«Dyl These .are the only known alpha-

vemitting'ngclides in the rare-earth region that have convenient decay periods
and favorable alpha.branching_ratios;_ Theréfore,nmeasﬁreméﬁt of the alpha -
radioactivity by ionization chambers allows us to identify'theée speéific
vpfdducfs without chemicai analysis,'thus eliminating chemical—yield'errofs.

~ In other work'we have observed that'cross:sections for T5149g'frbm

Tb compound nuclei are véry,émall.l Also Dyl5oréndnpyl5l cross.. sections
. . oL . u 9

from Dy compound nuclei are veryrlarge.u The excitation functions for Dy

150

+ ‘I'bll@g from Dy compound nuclei closely resemble those for Dy and

S _ S _ L - .
Dyl5l.br We infer that a dominant fraction of the 'I'bl % that is observed

. " . R l)_i_
from Dy compound nuclei actually comes from radioactive decay of Dy +9 to

1k . o ,
Tb 9g. Therefore we refer to the recoil properties of TbllF9g

149 -

produced

‘- .from .Dy compound systems as those of Dy

A. Range Measurements
The range measurements were made with thin targets (30 to 100 ug/Cm ),
.and thin Al catcher foils (approx 150 ug/cm?), as described previously.B’

On avprbbability scale, F the fraction of the total actfvity - that passedv

t J
through catcher foils of combined»thickness t, was plotted against t. These
probability plots always indicate that the range distribution can be des-

cribed as a Gaussian function with two parameters (the average range 'RO

and the straggling parameter p ):
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1 ‘ o R—Ro'

173 : _
Ryp(am) % V2 Rp |-

aR. (16)

‘The results of ‘the range measurements are given in Table I. The
first three columns give the: reaction, beam energy, and observed product,
respectively. The Values-of the'meaSUred quantitiés-‘Bol and 'p are given

-in the fourth and fifth columns. The measured étraggling'parameter is the
result of contributions from several sources: (a) finite target thickness
Py , (b) catcher-foil inhomogeneities pf , (¢) inherent straggling-in

the stopping process ps‘;.and (&) the nuclear reaction P, . Tf all"these

..contributions are treated as Gaussian we have

TRoiiom
ik

)The effects of Py s Py s and Py have been subtracted as previously des-

3

cribed,” and we show the values of Py in the last column.-

. The values of p, are not accurate enough to use‘in,a“quantitative

 way. We can only say that the values of p, are nqt‘inconsistent with any

conclusions deduced from the angular—distribution/results, As shown in
Egs. (14) and (15), the values of p, and (GLE) are both related to
Tn’. The major result from the range measurements is the determination of

the average range RO .
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B. Anguldr-Distribution:Measurements

‘The;ahgularr&iétfibﬁtioﬁ measﬁrements,were performed by’essentially
the same method as developed by Harvey-et-a145’lo ‘A thin target layer was
3 S I Wk 1kg
exposed to a collimated beam from the Berkeley Hilac. - The Nd , Nd s

.and Ce 40. targets were prepared from enriched isotopes obtained from the

14 1l

Oak Ridge National Laboratory. The enrichments were §7.4% Nd 2 97.3% Na

9%.2% mat+o 140,

, and 99.6% Ce -A-thick-(O.QOl;in,) Al catcher‘foilzwas
- placed at somevdistance_from the target; and the cateher‘was cutiinfo rings
concentric abouf-the‘beami

‘The geometry of the appartus is shown in Fig. 1. The angular
--resolution. of the.beam was defined by two-l/l6?in. collimators te approx
0.5 deg-in somevexperiments.' In others the second chlimatorvwesvl/B»in.
in diameter, giving rise .to an angular.definition:of approx 1 deg. The
effect efAthe size.of the second collimator ‘was measgred experimentally
(see Table 'IV).

Theweatcher;foil was cﬁt by a staiﬁlessisteelecutter and a hydraulic
press into rings of'l/8-in._radiai dimension. Fach ring subtended apprex'
.1 deg. Two differentvcutters'&ere uéed} - The dimensions of these cutters
-jwere.carefully,calibrated by weighing several sets of rings cut from sheets
of uniferm Al foil. The angies defined'by each ring are given in-Table
II.

o The;results of all angular-dietributien measurements are given
in Table III. .The first two columﬁs give the beam energy and target
thickness, respectively._vAs shown in'Table 11, the two cutters had

-slightly different dimensions. Therefore, for each experiment we give the

cutter, and, for each ring, the fraetional Cross section‘per-ﬁnit angle
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AG/GAB, The,ayergge.ang;g :<6L>» was calculated by the.re;ationship o

A

@) = slejoye) @)

[

where - (6i>;,is the mean angle;of-the.iﬁh~ring'and 'AGi/0;~is_the;fraption

of. the total activity.obsenved;inhthat;ring.--The”rootfmean;square angle

 was similarly calculated: .- = |

ORI [z (20,/0) (8;°) " (19)

where (912) »is the mean squared.angle\of the ith ring. Values of Aci

less than 2% of the maximum value of Agi were not included in the summations.

‘The effect of target thickness on . .the angular distributien of Tblh9

was carefully studied for several cases. One series of these experiments is

shown in Fig. 2. The values of (GL) and - (9L2)1/2 change significantly

but not very rapidly with the target thickness,3asvshown‘in.Fig. 3. .We have

1/2

used the values of d (QL)/dW ‘and d(GLE) /aW shown in Fig. 3 to correct

these average properties to zero target thickness.‘ The assumption was made

that all reactions of the same projectile have the same'vélué“bﬁ'df(et)]dw and

d_(9L2Xl/2/dw; This. is probably a very good approximation (especially for

12

the ¢ and Ol6 experiments), because the angular distributions and recoil

velocities are very similar{ ‘The detailed angular distributions in Table
I¥I for Wi\= O were obtained by. linearly extrapolating /6/c20 to W =0 for
:l i

each ring. - This procedure becemes more uncertain, of ceurse, with .increasing

- angle.

The éffect of collimator size was carefully studied for two different

cases (Ndluu+ 122.8-MeV and 77.5-MeV Cle). The angular distribution was
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measured with ﬁwo'l/léain.:éblliﬁéﬁéréﬁfénéuiér défiﬁifiéﬂ”ﬁ”O?éjdeg:)“éﬁd
in a separate experiﬁént with thé second collimétor_l/8 in. (angular
dé%inition‘z.l deg.) vThe-average anglésyf(éL)'éﬁd‘(QLg)l/z;&ere enlarged
-_,by“0i25 and 0.30 deg resﬁectively?by the poorer angulaf‘definition of the
‘beam.  We assume .that no‘correction-is neceSSafy for'experiménts with two
1/16-in. collimators, and for the other expefiméntSJWe correcf the average
angles by the above &alues. The corrected values bf:the average éngles-are

givenuin:Table IV along withfaverage.ehergies that are discussed later.
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. IV. DISCUSSION
‘A. Ranges =

In preceding papers. we have: presented an internal-consistency argument
for using average range values tovtest_the validity of the compound-nucleus
model. 5 The lack of 1ndependent range energy data for heavy recoil. atoms
Jnecessltates th1s klnd of treatment Flrst assume that the compoundvnucleus

mechanlsm is valld° Thus Eq (l) should glve the re001l energy ER R approprlate

to the average range R Then the values of R are plotted versus ER’ as in

0"
'Flg A From thls flgure we see thatlone smooth curve flts all the measure-
”ments Furthermore, th1s curvells the.same asils consrstent w1th Tb h9 range
measurements from many other reactlons.B’ Thls test 1mplles that Eq (ljﬁglves
a correct descrlptlon of the recoil energy or, in other words, that the
prOJectlle transfers all 1ts momentum to the compoundvsystem -We concludev

\

that the most llkely mechanlsm for all these reactlons is compound nucleus .

IR
. BN

formatlon, followed by emlss1on of partlcles w1th forward—backward symmetry.

All further d1scuss1on 1s based on thls conclus1on

B. Angular‘bistrlbutlons

- From the average recoil-range measurements we have concluded.that
all the reactlons studied here proceed by.reactions for which the angular
distribution ofdtheyemittednneutrons,is essentiallypsymmetric about ﬂ/2pin
the center-of-mass system. We use measurements of the angular distribution
of‘the_flnal%products to_calculate average kinetic energy of theineutrons
and also average total photon energiespnwyﬁ

- The angular distribution of the final products depends on the energy

and angular distributions of the emitted neutrons (see Sec. II). If the
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neutrons are emitted only as s -waves, then their emission is isotropic.
However, if neutrons are emitted with nonzero f values, then forward-batkward

7

peaking is expected. - The classical,limit to this forward-backward preference

is-given by an angular distribution of the form'

- W(@) « 1/sin O .
Experimehtalxstudies of heavy-ibn reactions have shown that alpha péfticles‘
and fission fragments are emitted with anguiar distributions approéching
'.this limit; neutrons and protqns are émitted with much less forward-backward

11

peaKing. Ericson's formulation of this problem leads us to expect that

7

-ﬁosf of fhe neutrons are emitted with nearly isotropic angular diétributions.

As shown in Section II, the value of ‘<ei>'l/2

is not vefy seﬁéitiVéJéo
wsmall éﬁisotropies in neutron emission.- |
Let ué aésume initially'that all‘neutrohé are émittéd isotfoﬁibaily.‘
LE?oﬁiwﬁqs. (13) énd (15) we ‘can calculate the average energy eva‘.t‘ced.?ét.s;)ﬁj
ﬁ;ﬁgtons, ahd.the average:kinetic energy of the neutrons for eaéh réaction.
;;%ﬁé“fesulfs bf these calculations aré.giveh inATable-IV. First.ﬁe give
the bombérding energyj fhenlfhe average angles’ (GL) and (GLe)'l/2
correctedvfor target ﬁhickness and angular definition of the beam. 1In the
last:three columﬁs-we givé'fhe total available energy (Seeger's mass formula
’ﬁég usedlg), the average total kinetic energyvofbthe.neutfons, and average
“total photon energy. We estimate that the values of T have a standard
error from experimental sources of not ﬁore than about 10%.

If the neutrons“arevnof emitfed”isotropically; the true energieé
will differ from those given in Table IV. The maximum alteration due to
this effect can be estimated from Bq.” (10), which indicates that (9L2)

for isotropic neutron emission is approx 33% greater ‘than for W(6) « 1/sinf.
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Thus, .if all the neutrons are emitted-with th;s extremely gnisotroPic
'angular.distributién, theﬁAthe;ﬁéﬁtron.kiﬁetic energies:shouldvbe increased
by about 33% (see Eq. 15). 1Also,.£he £otalJpﬁoton ene;giesvshould\bé
correspondingly decreased-(see;Eq. }é)f” In this papér-we proceed ;ithlthe

' discussion_based on thé'abproximation‘of.isotrdpy. Fér this reason the‘
neutron energies:in Tabie iV_ére frébably.somewhat‘too small,Jahd the |
thton energies are too‘lapéé. Notéfhat these eprofé’are systematic.» There_
fore they prob%bly hévgonly gismall effect on thé depeﬁdence offﬁn :gnd

EY on ?eact?on ?ype apd Pombarding energy. Precise measurements_pf range
.straggling.due to the velocity distribution woeuld give a test of th;; N
gppggximatiop. L o

o Tw~In Figf 5 we plét the averﬁge total ph@?én energy fi &I agaipsﬁvthe
total available'energy. There is a . striking difference betweepgphg-?egctions

149 150 51

- ) ) " i
.Jleading te Dy .7, Dy ~ , Dyl and those leading-to Tb 9g. Increasing...

the available energy leads te a rather slowly increasing photon energy

. for :’I‘bl49g

‘reactiens. But for Dy reactions most. of the available energy
greater than about 10 or 15 MeV is dissipated by photon emission.
There 'is a small internal-incongistency.in the Tﬁ values that

;- we have calculated. These values become negative for two cases; this effect

r;: 1s. on.the border -line of our experimental errors. Also this result depends

on the_masses used to cglculated-Q values. We hgvevused Seeger's mass
Termula for both the target and heavy pr;odl.lct‘nuclei'.l2 If the angular
.. distribution of the neutrons;is.Peakgd(forwafd~gnd bagkward, this .in-
consistency is even more pronouncedﬁ |

Log

1
. As discussed in another paper, the reactions leading to Tb

L")

‘probably involve only systems Qﬁﬁleﬂangular momentum (< 7.5 h);l The

results of this study imply that for these Tb cempound nuclei of low spin
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‘photon emission doés nofféompeté faVorably'with neutron emissidn.”.Thei

14,9) Dy150 151

réactiOnsfleading to Dy , énd-Dy have very high-érossfséctioﬂs;
thus the obServed products must.be forﬁed-froh'compouhd nuciei,thét hévev
énguiaf momentum distributiOﬁs typicai of most compound sysﬁéms.z Preéumably,
this pfimary angulér—momentum'disﬁribuﬁiqn gives rise to a lérée numﬁer of
éomﬁound nucléi of high spin'.2 As’ the excited nuclei decéy, thé.angular
momentum must_be removed by particle and.photon emission. Angular'moﬁeﬁtum
bar}iers increase the ;ifetime fofrneutron emission,'and fhus photon emission
becomes é COmbetitive process; Grover has described the feéturésvéfwthis'
.competition.li'” | | |
Anothéf way of presenting our‘expérimental results is“to pi@f %ﬁé
k.avé}ége enérgieé ber'emitted néutron versus fhé available energy per neutron
“(E;:$.+ZQ)/X. These pléts are shown in Fig. 6.v Plots of crossISeétibn”
versus available energy per neutron lead to very similar results for these
' 19 . 150 .-151

and-other similar reactions. The reactions (HI, xn) Dy~ 7; Dy -, Dy~

1498 411 peak

all
peak’at about 5.9 MeV.per neutron. The reactions (HI, xn) Tb
at 3 to 4 MeV per neutron.~ l
—1hog . . . . -

The Tb reactions give values of Tn and T& that are expected
' from evaporation theory without angular momentum effects. Increasing avail-
able energy goes mainly into kinetic energy of the neutrons. For Dy reactions
the'average kinetic energy of the neutrons increases rather slowly with
available energy. For the smaller available energies almost no energy goes
to photons. For the higher available energies the ?hoton and neutron energies
are comparable.

Tt has frequently been gssumedﬂthat the classical rotational energy

. _ L .
of a compound nucleus is not available for nuclear evaporation.l Thus this
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rotatienalkenergy is expected te'be disipated by additienal photon emission.
Our results, hewever, are not cons1stent with thls idea. The reactions of

12
C w1th Ndlhy ‘ang - of 0 6w'uth-(-‘,'ellLO beth form Dy 156

compound nuclel. Over
'the‘energy reglon of our studles, the average squared angular momenta dlffer'
by about 25% for a glven Value of the exc1tatlon energy And. yet 1n.F1gs.
‘5 and 6 the. values of Tn and TV are usually 1ndlst1ngu1shable.:'Aipossible

u9

except1on is for Dy productlons at-energies near-tnreShoLi.

These values of. average neutron and photon energles are asséciated -
nvith:spec1f1c reactlonslnvolv1ng neutron em1ss1on.‘iMollenauer s observations
of:pneténs are, en tne etherAhand,-not-assoeiated.with.such specific reactions.
.B§.£éféréhcexté”£hé excitation.functions, we can extract information about
average energles of'all neutron emlttlng reactlens .‘Ekcitation.functlens-fer

h9’ Dy , Dy reactlons peak:at Bbout 5.9 MeV per

all the (HI, xn) Dy
&emltted neutren.LL rThus;fif we combareTn and TY values at'5.9'MeV per
neutren;‘we getaa.measure éf the variatienﬂof these quantities'witninumber
(Xj-eflneutrons.or excltation.energy (Ei).' ‘The values of the average
neutron‘energies‘(at”5;9rMerper neutrOn) in Fig. 6?areiprepertienal to-

(Ex)o A#0.15 .

The average photon energy per emitted neutronvcerrespendingly
decreases with Ex. The excitation functiens give information related to
) che energy and angular momentum of the flrst neutron emltted ‘in the evaporatlon

_casea@e. A more detalled cemparlsen of the results of thls study w1th ex-

eitation,functlen,measurements is glvensln a.follow1ng’paper.



“18- - UCRL-10099-Rev .

. C. Conclusionsh
' CEIR

To summarlze this study we may llst the follow1ng concluS1ons"
(a) The reactlons 1nvolv1ng neutrOn emission that e have studled proceed

156

by:compound-nuoleus formatlon (b) The decay of Dy ex01ted to 65 to ,

125 MeV. is almost the same for ‘Clg + Ndluu-and for O-6 Celuo 1n”sp1te-~-
of a dlfference of about 25% in (Je) Compound nuclel of low spin (as
measured by reactlons formlng Tb 9g> have very dlfferent decay propertles

149 150

-from those of high spln (as measured by reactlons formlng Dy 'D& Ty and

151): (d) The: low spln compound systems dlss1pate less. than about 12

MeV 1n photons; the remalnlng energy appears as klnetlc energy of the emitted
-neutrons.' (e)vvTheTcompoundisystemsAoﬁvhlgher.sprn dlss1pate?ionvthe’ayerage,
-about one-half the1r avallable ex01tatlon energy by- photon em1551on | (f)

For a glvenyreactlon, ‘the average total photon energy. (TY) increases almost
vllnearly with the avallable energy, and extends to TY values of approx1mately
3@ MeV for avallable energles of 50 to 60 MeV (g) The averaée kdnetlc

energy. of the neutrons 1ncreases approx1mately as the square root of the

excltat;on_energy.
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Table I. Range measurements in Al.

Reaction Bdmbarding " Observed . Average Measured . Nuclear
. ehergy,Eb . product raﬁgé;'Ré. straggling-- . reaction
(1ab) R (ﬁg/cmz) parameter,p  straggling
(MeV) . . 'A'.h.parameter, pna

- 140 16

e 01 6.0 ST 0.996 . :6!183 ' o.ogto,035
py° 0.991 0,190 0.10240.03
140.0 : ,_Tblu9_ 0.953 . 'o.186 - 0.083%0. Ok
 Dy}5O 0.958 . 0.197 | 0.105%0.03
128.1 ; Tbl49 0.910 . ~d;196v” 0.089%0.033
py° 0.912 . 0.z02 0.10+40.03
112.4 “Tp149 0.803 . 6;193 a0
©100.4 ,Dy?Sl. 0.758  0.200 e
100.0 . Dy?5l 0,730,  ;:.0.196 ~ 0
| 88.2 . Dylsl 0.677 -'”:itoL199:"‘» ~ O
Nd14h+ ¢ 120.5 Tbl%9 0.661 no;zhs " 0.08240.03
- Dy%5o 0.656 . 0.248 0.085%0.03
95.0 Tb}49 0.549. "_v4d,2%& o0
,_Dy%50 0.551 "o°2£3‘5'. ~ O
Dyt o.ssh H::6,237 ; x O

#The value of pn is given only if-it-is significantly different from zero.
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Tabie.II; Angles defined by each
o cutting edge (deg)

_Ring . CutterAl‘ Cutter 2
. number .
oo . 0 0
1 - R
T 116 1.0k
2 o _
2.10 " 2.0k
3 o L :
3.12 3.07 -
N - _
A L.15 o ha1z
5 o o :
. '5.16 - 5.15
6 o o R
- 6.16 6,18
7 S
’ T.15 117
o 8.17 " 8.21
9. _
9.19" - 9:19
10. o e
- 10.19 - 10.19
11 - o
o - 11,18 - 11.16
12 . = o g o
12.13. 12.15
13 - L
13.1% 13.17
14 . o
: - 1k.15 14.10

15

_ ';;;Efi; 15,08 15.08
16 |
T Tisloz 16406

aFor,each ring the inner and outer angles are
given. The outer angle for any ring is the
- inner - angle: for- the- next - :




Table IIT. Angular distribution results (Continued)

-t

Target

Bombarding Practional eross section per unit angle 20/0t9 (deg'l)
energy, (1ab) thickness Cutter ) - U . .
(Me% LA - - Ring number .
(ngfen®) 1 2 3 y 5 6 71 8 9 10 w1 a2 13 u 15 16 7 18 (o) .(si)l/a
A ‘ . Ndllm[Cle 5n1Dy151 i
T7.5 17.0 2 0.036 0.086 0.123 0.140 0.137 0.115. 0.09% 0.07% 0.052 0.038 0.025 0.018 0.015 0.011  (0.007) {0.005) (0.004) 5.39 6.26
77.5 77.0 1° 0.039 0.080 0.116 0.139 0.127 0.119 0.101 04,076 0.054% 0.0k1 0.027 0.021 0.015 0.01k  (0.008) (0.006) (0.004) (0.003) S.63 6.5
83.4 30.9 2 0.040 0.100 0.135 0.149 0.140 0.117 0.105 0.075 '0.047 0.029 0.01% 0.013 0.010  (0.005) (0.003) hooh 5.66
%.0 30.9 1 0.050  0.089 0.114 0.129 0.133 0.137 0.101 0.080 0.059 0.037 0.02k 0.013 0.010 (0.006) (0.004) (0.003) 5.25 5.88
N (el?, ginny150
9@.0 3019 1 0.048 02088 0.114 o.ius 0.149 0.117 9.699 0.072' 0.048 d;057 0.027 (0.017) (0.012) (o.ooé) (0.008) (0.004) - 5.2%  6.04
'99.7 30.9 3 © 0.054'5  «0.120 5 0.147 0.131 0.107 0.082 0.061 0.038 « 0,014 -  0.012 0.006  (0.003) ) 5.22 5.93
111.6 30.9 1 e 0.049 5 «0.120 » 0.133 0.133 0.109 0.086 0.066 0.045 « 0.02% -  0.012 0.008  -0.005 (0.003) 5.56 6433
122.8 76.8 1 — 0.04k4 o «0.09 - 0.115 0.126. 0.106 0.092- 0.078 0.058 « 0.037 -  0.029 0.016 0.012  0.005 6.2 7.09
) : Cne e, o™ ]
9.0 30.9 1 (0.054) 0.085 0.119 0.152 0.1%#6 0.120 0.106 0.077 0.046 0.028 0.018 0.0+ 0.011 ~ (0.006) (0.004) 5.03 5.76
99.7 30.9 2 « 0,067 » 0.121 0.139 0.143 0.129 0.103 0.075 0.051 0,035 « 0.016 -  0.008 0.006  (0.003) 5.05 5.80
111.6 30.9 1 ©0.03% 0.082 0.118 0.139 0.138 0.126 0.103 0.088 0.057 0.039 « 0.020 -  0.012 (0.008) (0.005) (0.004) 5.40 6.15
122.8 30.9 2P < 0.047 - « 0,112 » 0.130 0.129 0,110 0.090 0.068 0.048 0.035 0.02k 0.013 0.008 0.006°  (0.004) 5.73 6.51
122.8 10.8 1 " 0.058 - «0.125 » 0.141 0.126 0.110 0.08% 0.063 0.040 « 0.022 -  0.008 0,004 0.002 5.21 6.01
122.8 30.9 2 « 0.051 —» «0.121 » 0.135 0.126 0.1i1 0.086 0,065 0.046 « 0.022 -  0.012 0.007°  0.004 5.48 6.22
122.8 76.8 i « 0.046 - «0.111 -» 0.120 0.122 0.105 0.091 0.069 0.053 « 0.032 -  0.018 0,012 0.009  0.006 (0.00%) (0.003) 6.01 6.88
122.8 0 « 0.057 - «0.127 - 0.145 0.128 0.110 0.083 - 0,062 0.039 « 0.018 -  0.007 0.003  0.0015 5.09 5.84
T : : Celuoiols 5n)t 151 -
89.7- 36.4 2 0.062 ©0.142 0.187 0.188 0.167 0.100 0.063 0.030 0.01k 0.010 0.006 0.006 ‘ 3.85 L.ho
101.0 36.4 1 0.053 0.142 0.186 0.189 0.145 0.113 0.075 0.048 0.019 0.011 0.00% 0.002 k.00 &.53
m.o 2 0.045 0.129 0.159 0.120 0.079 0.043 0.020

21.0

0.177 0.184

0.011 0.005

10.002

0.001

L.08 L.70
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Tablg IITI. Angular distribution results

: r -1
Bombarding Target F‘ract.ional. cross sec#ion. per unit angle m/amv -(deg ) N

energy,’ (18b) thickness Cutter o L ] = Fing number o
(Me% L .o . . e . o i ,
(na/en) . 1 2 3 b 5 3 7 8 9 10 1 12 13 W 15 16 17 18 (6) (95)1/2
h.lhl(‘cm Lm)Tblhgg .
517 . . 27.2 2P 0.046 0.107 0.155 0.169 0.149 0.121 0.090 0.055 .0.039 0.020 0.012 0.007- (0.004)% (0.002) 4.51 ‘5,15
>59.6% -30.3 1® 0.0k 0.108 0.149 0.155 0.151 0.128 0.09% 0.065 0.040 0.02F 0.016 0.008 0.006 (0.004) k.69 5.35
_67.8 27.2 P 0.033 0.089 0.132 0.149 0.150 0.133 0,100 O0.07% 0.045 0.030 0.018 0.012 ©C.008 0.005 4.97 5.64
0.1 30.3 2P 0.033 0.079 0.126 0.147 0.144 0.132 0.111 0.083 .0.050 0.037 0.019 0.008 0.007  (0.005) 5.09 5.73
’ 'mlh‘e'islo 7n},1,b1h95 ’ C ' ’
:_'75.1 25.2 1° (0.031) 0.067 ‘0.092 0.112 6.122 0.118 0.111 0.089 .0.083 0.06% 0.042 0.026 « 0.016 - - ~ 0.002 - 597 6.77
102.b 25.2 2® (0.024) 0.035 0.049 0.069 0.079 0.096 .0.098. 0.098 0.090 0.082 0.062 0.067 « 0.045 « 0.022 -  (0.011) 7.78 - B.64
9.2 27.4 2 (0.059)°0.078 0.095 0.11% 0.126 0.122 0.101 0.088 0.062 0.056 0.03% 0.019 0.012 0.008 (0.005) (0.003) N 5.54  6.37
103.7 27.h 2 (0.025)'0.047 ©.073 -'0.099 0.10% 0.112 0.109 0.112 0.07% 0.075 0.051 0.037 0.028 0.013 0.010  (0.007) (0:.005) (0.003)__6:69 7.53
103.7 89.0 1 (0.026) 0.046 0.069 0.090 0.099 0.108 0.101 0.096 0.081 0.071L 0.057 0.043 :0.037 0.023  0:007 (0.011) (0.008) (0.006) 7.13 8.07
103.7 0 0.025 0.048 0.07+ ©0.100 0.107 0.113 0.111 0.110 0.078 0.075 O0.048 0.03% 0.02h 0.008 : 6.50 -7.29
112.8 27.4 1 (0.027) 0.043 0.067 0.083 0.101 0.113 0.108 0.09% 0.085 0.075 0.053 0.044  0.036 0.025 0.023 {(o.om1) (0.007) (0.005) 7.13 8.04
. Ndll‘ggclz 30)0 151 ’
55.6 30.7 P 0.048 0.130 0.159 0.173 0.160 0.115 0.08% 0.045 0.031 0.0l 0.010 0.006 ) o3 483
70.1 30.7 1 0.043 0.106 0.137 0.159 0.157 "0.124 0.0% 0.072 0.040 0.026 0.014 -0.008 0.008 bT3 5.37
-Ndlgegciz, 1;n)2[150 .
70.1° ©30.7 ® 0.043 0.101 0.158 0.170 o.i}g& 0.118 0.087 0.057 0.042 0.028 0.015 0.013 (0.009) 468 5.36
83.4 30.7 : 21? 0.033 0.0 0.13% 0.153 0.151 0.130 0.099 0.070 0.047 0.030 0.017 0.011 -0.006 0.00k “h.g2 5.57
92.0 30.7 1° 0.036 0.089 0.119 0.138 0.6 0.129 0.110 0.086 0.053 0.036 0.022-0.015 0.009 0.00k 5.18 5.85
. : Ndlh?{cla_‘ o) 1hg =
83.4 30.7 2° 0.038 0.097 0.136 0.159 0.153 0.125 0.095 0.065 0.046 0.027 0.015 0.010 0.007 0.005 k.82 5.49
9.0 ) 30.7 1° 0.038 0.093 0.132 0.152 0.146 0.132 0.102 0.075 0.049 0.030 0.021 0.0l1 0.007 0.00k 4,98 5.6
100.6 30.7 1° 0.036 0.088 0.126 0.147 o0.142 0.129 0.110 0.079 0.05% 0,032 0.021 0.012 0.008 0.00k 5.10 S.77
111.7 30.7 1° «0.053 > 0,110 0.132 0.137 0.130 0.110 0.088 0.06% 0.0k3 0.028 0.018 0.010 « 0.005 - 5.43 6.15
122.8 : 30.7 P 0.038 0.066 0.092 0.115 0.127 0.12% 0.112 0.09% 0.075 0.053 0.039 0.02% ¢« 0.013 - (0.00k4) 5.84 6.58

« A8 6600T-TIIN

~ve-.



Table ITI.' Angular distribution results (Comtinued)

. B X -1
Bombarding | Target Fractional cross section per unit angle ag/gff (deg ~)

energy, Eg (1ab) thickness Cutter
(Mev

Ring number

W S )
(ug/cm2) 1 2 3 b 5 6 7 8 9 10 11 12 13 1h 15 16 17 18 (6, (ei)l/g

Celh0(016 6n)D 150

101.0 36.4 1. 0.063 0.1%.0.166 0.185 0.167 0.120 0.079 .0.024 0.0%2 0.008 0.008 0.00k - . " 4.03 \}.59
111.0 21.0 2 . 0.085- 0.129 0.177 0.18% 0.159 o.izq 0.079  0.043 0.020 0.011 0.005 0.002 0.001 . ) o k.08 "k4.70
121.1 364 2 0.0477 0.124 0.151 '0.177 0.166 0.151 0.080 0.05%% 0.040 0.021 0.013 0.006 _ o ’ L L 5,06
130.4 36.4 2 0.038° 0.110 0.158  0.177 0.153 0.12% 0.089 0.059 0.03 0.022 0.007 0.003 - : . C. ka2 4.gy
139.2 21.0 2 0.040 0.108 0.16% 0.171 0.160 0.120 0.09% 0.055 ,0.033 0.019 0.008 o.b03 ) ) ‘ - 4,37 u.gé
111.0 21.0 2. 0.043 0.120 0.161.°0.172 0.158 0.120 0.086 0.055 0.030 0.016 0.007 0005 0.002 0.0006 . B . 433 h.or
11.0 T2.8 To1c 0.043 0.107 .0.150 0.163 0.153 0.126 0.09% 0.06% 0.037 0.022 0.013 0.007 0.005 0.004 - T L heh “5.28
11}.9 -0 - ©0.043 0.125 0.165: 0.175 0.160 0,;18: 0.083 0.051 O,oz7 0.014 o,ooﬁ 0.00k  0.0004 . ) o - bhe20 .76
121.1 36 T 0.045 0.122 0.15% '0.170 0.158 0.128 0.092 0.058 0.034% 0.013 0.010 0.006 k.39 ,u.gé
130.4 36.4 1 0.047 0.11k 0.157 0.169 0.156 0.125 0.093 0.058 0.033 0.020 0.008 0.007 kb3 5.0
139.2 36.4 1 0.046 0.110 0.153 0.166 0.153 0.135 0.09L 0.059 0.037 0.019 0.009 0.007 0.003 - k.50 5.09
139.2 21.0 2 0.043 0.113 0.157 0.171 0.156 0.127 0.088 0:061 0.033 0.018 0.008 0.00k : ' 438 k.o
163.0 36.4 1 0.039 0.091 0.130 0.1k9 0.146 0.135 0.110 0.077 0.053 0.030 0.017 O.

009 0.003 : 493 5.5

B'I‘he energy-degrading_ foils were damaged by the bean.

Pme second collimator was 1/8 in. . o .
®Values in parentheses were obtained by graphical extrapolation. . . - . - . . T ’ o

1

A3 6600T-THON
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- Table IV. Average angles and. energies

‘Total

Bombafdlng Corrected Corrected Average - Average -
energy (lab) = average ‘root mean available total neutron. total photon
By (MEV) angle (9 square angle energy, - energy, T, energy, T

: (deg ) (deg.) E_ *+a(Mev) (Mev) (Mev) T
1&1(012 hn)Th 1hog

> 57.7 3.9k .49 > 6.2 < 6.2 > 0.0

> 59.9 4.08 '4;64‘. > 7.9 < 6.8 BN 1.1

67.8 k.40 L.98 - 15:2 9.0 o 6.2

70.1 448 - 5.02 17:3 9.% 7.9

' 1&6(B10) 7n)Tblu9g
75.1 5.5 6.25 15.7 12:8 o 2.9
102. 4 1 7.35 .8.12 b2 29.5 C11.7.
‘ Ndih6(Bll,8n)Tbi49g -

90.2" 5.10 5.83 :_ }f17.8_h 1h.6 3.2
103.7 t6.so | .29 30.3 ¢ 26{3n = 4.0
112.8 ;?6.94 ' l"fj.éo‘ R 38.8 32.8 6.0

f‘, 142(012”39)b&151

55.6 ;f3.61_ W11 :¢ ,9;3 5.0 4.3

70.1 T 'u;66“ _:¥22}6} 8.2 T

‘ | 1&2(012’.L;)D&150

70.1 406 4.65 4.7 8.1 6.6

83.4 “v4;30 ' 4.86  27.0 -10;5 16.5

92. | 456 5.14 3.9 .13;0 » 21.9
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Table IV Average angles and energles (Cont )

vBombarding;_'Corrected~ '+“Corrected“*»;4Total"*»fAverage' 5““AVéragéi*“
energy (lab) average’ Ja, root - mean available total neutron total photon
.Eb“(MeV) . angle (QL .. square:angle  energy, energy, T - ‘energy,’ T.

(dg) (e) Ohg) Ehfmww)' (Mev) - ® S (Mev) Y
142(012’ 5n)Dy 149
83.4 4.20+" Y78 .0 116.8 10.1 ' 6.7
92.0- .36 . 4,93 ’zu;¢ 11.9° ¢ 12.8
100.6 © L.u8 . 5.06° 32.7- 13.7 19.0 -
111.7 k.81 . 504k 42,9 o 17.5 ¢ | 25.4
122.8 . 5.22 5h 87,>' m553:1 , 22.5 30.6
144(C12;-5 )D 151 '
7.5 L.h8 - 5.23 15.2 11.1 . b1
83.4 .57 - 5. 25 _‘ 20.7 12.2 o 8.5
ok.0 - 4.88 547 30.5 .9 - 15,67 -

144(C12 6n)b§L5O

9.0 4.87 . 5.6k, 226 - 15.8 6.8
99.7. - 4.85. % 5.52 27. 8% 16.0 11.8
111.6. 5,19 5,92 38.8" 20.6° «  18.2
122.8° 5.32° ©  6.06 49. 2+ 3.8 2550
Ndlﬁh(%}Z} 7le§149.

9.0 - h66 5.35 . 12.4" W -1.7
g 5 e e 4 SETTRET T BT T
111.6 5.03 ' 5.7k 28.6 19.3 9.3
122.8

5.09 5. 8L 39.0 21.9 17.1
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Table IV Average 'rzauri'gl‘esé ‘and energies (Cont)

. Bombarding _Co.r.rected-.r', . Corrected . . -Total:. ~ Average - “Average -
energy -(lab) average . .- root mean available: total neutron total. photon
B (MeV) angle (9L> square angle  energy,  energy, T energy, TY
' (deg.) . (9 ) (Geg. )‘.Ecm‘*Q(MeV) (MeV) C(Mev) T

o, 16 | |
e 4 (0 1 . 5n )D 151

89.7 3.63 . | k.16 : 15.4' 11.0 . L.

101.0 .3.78 , ,“;37 ) 25.5"'._ 13.0- 12.5
111.0 . - 3495. -~ 4,55 | .” 35 N 16;1;‘ o 18.h

04016 150

0>, 6n)Dy

i

101.0 3.81 b33 ”117,5 ”: 13;3 | k.3
111.0. 3.95. . k.55 26;5, S16.1 . 105
121.1 h.2z2; - 480 - 35.7 ) 9.6 - 16.1
1304 k.20 . kL1 Mo 20.3 T
139.2 k.2 . h:77' ,5i'9, 22.3 29.6

1&0(016, 7n)D 149

11140 4.20- - W76 w178 ERS

121.1 . haare | L.70 o [25;5 : -19.0 | : '6f5'
130.4 .21 = v4.75.i 33:8" | : 20.9-_, ‘ 12;9~
139.2 - Lh.26 . k.82 0 0 hl.g  _ ' 23.0 | 18.7
163.0. 4,711“;‘, -Wé;gg.hriw- éé;i | 32.3 . | 30.8
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L3

“*Catcher foil
(cut into rings of 1/8in.
o , radial dimension)
- 8,25in-—==—697 in.—=
% R (Y: ' [ *
- Beam —— S ~ —] Faraday cup
First collimator . ‘
1/16 in . Water-cooled ,
PRI copper .
Foils for energy - PP , Second collimator
degradotion : I/16 or 1/8in.
mounted here. ' Target mounted
; T here
- MU.25763
Fig. 1. Schematic diagram of the apparatus used for angular-
, d.iS_tI‘ibl.ﬁltiOl‘fl. measurement_s_. ’
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Fig. 2. The effect of target thickness on observed angular-
distribution. The target thickness W is denoted for ﬁﬁCh
curve in pg/cm=.. These data are for the reaction NaL
+ 123-MeV €12 5 pyl49 4 . a . o
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MU-26038

3. The dependence of (a) the.a p2y95age angle (6.) and (b)
the root-mean-square angle (9 ) on target thlckne s W.
Curves A ﬁ e for the reaction NA1*64+ 104-MeV Bl — Tbt
1 +125Mev012—>Dy19+7n ,
¢ for Cel*0 ¢ 139:mev 016 = Dyt 4 Tn; and

D for Cel*0 4 117:Mev 016 s pylt9 4 :
The numbers in parentheses-denote - the slopes of the curves in

deg/ (ug/cu).

9g + 8n;
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Fig. 4. Average fange.‘RO v1n Al vs- the c ulated regp 1 energy ER
Symbols are as follows: Dyto+ E°; DyEiSm i 5 © .. Open Do
symbols are for the reactions 012 +.NA-TT; closed for Ol6+ Ce

The smooth curve is-from reference 3.
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Total photon energy vs total available energy.

The

upger curves are for Tb compound nuclei and the product
: I%,u9gh-;Theﬁlower'curves-are.forny'COmpound'nuclei and
prqducts-Dylh9,prl5o;“and Dyl51.‘

neutrons is indic&ted'forfeﬁﬁg

pritl(cl2
Na146 (B1L,
nalk2(cl2]
Ndluu(cle
Ndluu(cle’

J

celt0 (16’

Ln)1*98 O 5 Na ,
8n)To 49/ 3ANd142(Cl2’
yn)Dyl30 © ; Ndlue(Cm’
sn)Dylol O ; mallt(cl2,
T)Dy#9 O  elt0(ol6]
6n)Dyl5O A ; Ce140(016,

(BlO

7n)Tb149g 9;
zn)Dyol x ;
5n)Dy1t9 (X ;

The number of emitted
curve. “Symbols are as follows:
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Fig. .6. A#e;agé totalAénﬁrgyiof“phdtons~(a)'and average energy of
neutrons (b) vs available energy per emitted neutron (E.  + q)/x
. for reactions in which x neutrons are emitted. .Symbols are as
“in Fig. 5. e o
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_This report was prepdred 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,'expréSSed 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. o

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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