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3 % g % : 2 The neutron total cross secticns of several single erystals (Si, Cu, sapphire), several poly-
2fsex o & crystalline sarples (Cu, e, Be, C, Bi, Ta), ard a fine pouder copper sacple have been
§ H 3c c2 measured foom 0.GG2 to 5 eV. The Cu powder and polyerystalline Fe, De and C cata sxqibit trhe
23 0_ 2 c % expected atrupt changes in cross section, The cross secticn ¢f the sinzle crystal of Si is
$2ds H g smosth with only scall broad fluctuaticns. The data o two "single™ Cu crystals, the
g€ sapphire crystal, cast B8i, and rolled sacples of Ta ard Cu have many rarnow peaks ~ 1673 oY
a8 ,uS?® D
>3 2o 82 wide. High resolution (0.33) transmission reasurenents were tade ot the :.057-€Y rescrance
@aa€®2§ in 2*%u and the 0.433-eV rescnance in 19%Ta, both at room and low tecgeratures to stucy tre

effects of crystal binding. Althougn the charnges in Dcppler breadening with tecperature were
apparent, no asyrmetries due to a recoilless contribution were ctserved.

{si, Cu, Be, C, Bi, Ta, Sapphire, or, E, = 0.002-5 eV, 3.05T-eV resonance 2*Spu, solid state
effects, Doppler broadening]

The thermal =p%icn of the atcms in the sample also in-

Introduction
fluences the cross secticn of 3 muclear rescrance. In
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In the thermal energy region the =easured total cross
section cften depends on tre physical form of the
sarple. The total cress sections of polycrystalline
materials such as Be, C and Fe shcWw abrupt changes of
~ 2 tarns or ~ 30% at energies corresponding to scat-
tering at 180° from lattice plares in thg crystal as
snown in Figure 1. At highrer energies, < J.2 eV, so
many planes are involved that the cress section is
quite swooth (providing there are no ruclear resonan-
cesl, At energies 1 aV, the recoil emergy is suffi-
cient that the atoms are knocked out of the lattice and
the free atom cross secticn is ctserved. Severe self-
shielding or extinction effects can occur in the ther-
mal energy region if the crystal grains are rot very
fine (~ 107* cx); the observed cress section of a poly-
erystalline meterial can be reduced by several barns.
The cross section of a single crystal at therzal
energies can be very small at rcco temperature and can
be reduced even further by cooling the crystal. Large
sirgle crystals are in use both at room and low tem=
peratures as neutron band pass filters! to pass thermal
neutrons while excluding fast neutrons and gamma rays.
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Fig. 1. Total ¢ross secticns of polycrystalline Fe, C
and Bs.

tyis(ting sclentist frcm Muclear Aesearch Centre-liegev, Beer=Sheva, Israel.

1937, Bethe and Placzek< calculatec the Ioppier Sroace
ening assuming a Maxwellian velociry distrizuticn of
gas atozs. In 1939, Larb?® calculated the rescrance
shape for muclei bound in a Detye crystal. In the weak
binding limit where the Dcppler width, 3, pius the
natural width, T, is > 295 (Jy = Letye temperaturs),
the cbserved rescnance snare Would 2e the sas2 as for a
Zas, mut an effective terperature which is scmewhat
greater than the temperature cf the crystal must be
used. lamb also gsredicted that if an atom were more
tightly bound in the lattice, i.e., medium binding
where (4 + ) ~ 28y, some fine structure should appear
in the rescnance stape. Several experiments nave been
performed to ctserve the structure of rescrances in
both sclids®»51% and gases.®'7 For a erystal at a tem-
perature < dy and for a low energy rescrance with a
small I, Lazh showed that a "recoiiless” Greit aigner
peak coula be expected, as well 2s structure cr general
orcadening at higher energies. TrazmellY nas pointed
cut that a detailed study of the 1.457-eV rescnance in
<40py mignt be able to give detailed informaticn con-
cerning the orysial vitrational spectrum. Secertly,
Liou and Cnrien? studied this rescrance using bcth
metal and oxide samples.

Experimental Method

The neutron total cross secticns of several single
crystals (siliccn, copper, sapchire), several pcly-
crystallire sacgles (rclled Cu, armeo T., sinteres Ze,
grapnite, cast Bi and rolled Ta) and 2 fine prwder
copper sacple were measured frem G.002 to 5 eV, The
measyrerents were made at ORELA using neutrons Srom the
water moderated Ta target with the iinac procucing ~ 30
nsec pulses at 25 Hz. A 1 om tnick 171 om gia, 5ii
glass scintillator was located at 17.870 a resulting in
a neutron energy resoluticn 2/t = 0.3%. A faw 23—
surements were made on the "single™ copper crystal with
a 25 mm dia. °Li glass scintillator to reduce the angu-
lar divergance of the detected neutrons. The sacplses
were placed at 9 @ and the effect of 3 smali rotaticn
of the Cu "single" crystal from tne direction of the
neutrcn beam was studied. Sarcples were alternated with
an open bean arnd tackground samples every ~ 30 cinutes;
runs were of 1-2 cays duration.

Transmission measurements were also mde on 2“UPy sam-
ple using a 17.850-m flight path at 4G0 Hz. A Ca
filter was used %o eliminate overlap neutrons and 2 om
of Pb to reduce the intensity of garma rays fric the
target. Measurements were rade at room tecperaturs ang
at 95 K which i3 much lower than the Lebve texperature
(~ 175 K). In the 1 eV enerzv region ~ 40CC0 counts
per channel were collected for a channel widsh of 0.5 x
103 eV, The sample was an Al-Pu alloy containing only
0.726% 2*%py with a thickness cf %%y of 2.12 x 16°%
a/s. The wniforzity cof tne saspie was ~ 2§ over tne
area used. The I3 =etal sarpls consisted of 5 1.5 =
thick rolled sheets and was =easured at 11 ¥ ana rocs
tecperature wIing a repetiticn rate of 25 ikz. The
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"').'1105 sarple was a fine powder and was ~easured 3t
room texperature and 175 K. Sacn saspie was measured
for severil cays at each tecperature.

Cata Analysis

The time-of-flight spectra were corrected for the Zdead-
time of the tive digitizer, 1,1 usec, and a constant
roca hackground which was <13, Transzissicns were
computed using the monitor counts from a fissicen chan-
ber; the total crcss secticns were cocputea from the
average thicknesses of the samples.

The resonance parameters for the 1.057-eV resonance in
240py were obtained by R. F. Carlton using the code
SAMMYL0 and by R. R. Spencer using the ccde SICB.!!

Results and Discussion

The total cross secticns of polycrystalline Fe, € and
Be samples are snown in figure 1. The scattering cross
section for this Arcco Fe sacple is ~ 9 tarns in the
thermal energy rezion and drops to ~ 1 btarm at 3.0050
oV, which corresponds to twice the lattice spacing cf
the 1,1,0 planes for Fe; Fe is body centered cubic with
a = 2,56645 A. At lower energies the scattering arises
from isotope incoherent scattering {0.4 b) and thermal
inelastic scattering; the latter can be reduced by
cooling the sample. The other breaks arise from planes
with nigher !Miller indices. Recently, Johnson and
Bowman}Z have observed a large number of these breaks
at higher energies in samples of rolled Fe.

The scattering cress sections of sintered Se and C
(graphite) are ~ 5 b except at low energies. {The
absorption croas sections of Be and C are only 10 and 3
mbs.) The breaks in 3e at 5.3 and 6.9 meV are well
known, Wut the intermediate cne at 6.5 meV nhas not been
reported previcusly, probzbly because of insufficient
energy resolution. The size of the step depends on the
number of atoms in the reflecting plane and the Lebye-
Waller factor. Above eacn oreak the ctherent scat-
tering cross secticn has a 1/E energy dependence. At
low energles the thermal inelastic scattering can be
reduced to <0.1 b by cooling the samrle. Thick filters
of polycrystalline materials have been used at reactors
to produce beaxms of "cold"™ neutrons.

The total cross sections for the coprer powder sample
and two different meastrements on a "single" ccpper
qerystal are shown in Figure 2. The scattering is ~9
barns for the copper powder tut cnly ~ 2 barns for tr.
nsingle® crystal. This reduction is ccnsistent with
the ccherent cross section of 7.5 b. The remainder
arises froc isctope and spin incoherent scattering

(~ 0.5 b), and therzal inelastic scattering. In addi-
tion, there are rany narrow peiaks asscuiated with lat-
tice planes in the single crystal. The widths of the
peaks is a measure of the mosiac spread cf the crystal,
the angular resoluticn, and the neutron energy resolu-
ticn. The two lower curves are for the saze Cu crystal
but oriented differently with respect to the direction
of the neutron beazm. Additioral measursments have been
made rotating the crystal by ~ 0.2°, and the peaks
shifted appreciably in energy (~ 1 meV) with this small
change in angle.

The data for cast Ei are shewn in Figure 3. The scat-
_tering is ~ U0% of that expected from the free atom
scattering of 9.3 barms. The extincticn effects are
due to the large size ¢f the crystallites in this cast
sample. The two low energy peaks at 3.38 and 4.22 eV
are only ~ 0.04 meV wide. Since the atsorption and the
spin incoherent crass sections of Bi are very small, 9
and ~50 mbs respectively, a filter of a cold large
single crystal of Bi in a reactor neutrcn deam would be
a valuable tecnnique for eliminating gazoa rays and
greatly reducing resonance and hign energzy neutrons
frea the neutron beam,

T T T

Cu POWDER 1/N = 8.17

L4 {barna)

H
]
[ ]
-
o L ¥ I P
oo 002 003 0.4
NEUTAON ENERGY (sV)
Fig. 2. Total cross sections of Cu posder and two

measurements on a "single” Cu crystal.
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Fig. 3.

Figure 4 shows the data for single crystals cf Si and
sapphire. The scattering of Si at trerzal snergies is
only ~ 103 of its value atove a few eV energy and
arises from inccherent scattering (9 cb) and therzal
inelastic scattering., This "perfect" single crystal
has a very small mosiac spread; hence, the intensities
of any narrow peaks are too scall to be cbserved. The
sapphire “single™ crystal shows much structure due to
the mosiac spread. The gradual increase of the cross
secticn in Figure 5 is due to the Debye-kalier facter
and the small broad fluctuations with ~ 50 meV spacing
may be due to crystal vibrations.

The transmission of the rolled Ta sarple (consisting of
15 1.5 thick plates) is shcwn in Figure 6. The
sharp break at 11.3 meV correspends to scattering from



1,1,0 planes expected for a sazple with small crystal-
lites. The sharp peaks are protably cue to conerent
scattering from lattice planes sicilar to that coserved
with the Cu single crystal. The.-brcad structures st
be cozbinations of snarp breaks, overlapping clusters
of narrow peaxs and pessibly pnenons.
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Fig. 5. Total cross section of the Si single
crystal.
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Fig. 6. Total cross section of rolled Ta.

The transxzission data for the 1,057-¢V rescoance in
440p, are shown in Figure 7 with fits frco the ooce
SAMY using the free gas agproximation for tre Zoppler
breadening. ihe effective texreratures used for the
two measurezents were 22 K ard 300 K tased on a Tetye
tecperature of 175 £. The goocness of {it was J.G51 for
the cold run and 0.33 fcr the rcom tesperature run.
Eoth runs zave exactly the same rescnance =R EY of

1.0565 = J,0C02 eV, Ja-\.es ef 30.6 = 0.4 28 for Iy
ana 2.35 2 0.02 ==V for ©, were ottained froo the cold
run and 30.8 = 0.6 meV and 2.37 = 0.02 ==V from the
room temperature run. The uncertainties <o not incluce
systemiic uncertainties. A 9° K uncertainty of the
effective tecperature of the cold sample would groduce
a 0.6 meV uncertainty on Iy, The average value cf I,
of 3.7 = 0.6 =eV is somewhat lower trhan tre mcst
recent determiration.? Irclucing an ct.zted uncer-
tainty cf 22 for the sa:pl thickress, the average
value fer Iy of 2._;6 * 0.05 =V agrees with that co-
tained by Liou.?

Traorell!? has estimated that at %5 K approxizately 763
of the absorption by tnhis resonance snculd be in the
undisplaced (Mcsscauer) peak and snculd have the
nuclear width I. Tre rezaining 308 should be at higher
energies and should be Coppler broacdered. The reccil
energy after nevtron atscrpticn by this resonance is 4
meV. At room temperature cnly 17% would be in the
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Fig. 7. Transmission of the <“VPu sample at % i

(top), transaission at 293 K {bottom) and ratio
(aiddle). The statistical uncertainties in ihe nezicn
of tiie rescrance are U.Z% fcr the trans=issicns ana
@.3% for the ratio.



recoilless !bssbauer peak. 7The axcellent agreezent fcr
both temperatures using "re zas accrexifaticn and the
fact that poth gave tne 3ace rescnance erergy is not

13 not censistent with the precictea change in the
irtensity of the recoilless peax for tnese 2 terpera-
tures. The midcle curve in Figure 7 =ncws the ratic cf
the measured transrissicns alt the LWo faryeratures Com~
pared to the ratio cf calculatisns using tre zas
approxiration. aAny appreciable change in the intensity
in the recoilless ~eax frcu the cold to rocm ter-
perature snculd procduce a noticeadie asy=etry. JSimi-
lar data on the 0.433-eV resonance in :2%Ta also did
not show any asycmetry.

Conclusions

In the thermal energy region the physical form of a
sample can have a large eoffect cn the measured ictal
eross section, Some crystalline materials and "single®
crystals can nave iar'.;e self snielding and exnidit
narrow peaks arising frem the mosaic spread of the
crystal. No convincing evidence was faund for a
recoilless peak for the 1.057-eV rescnance in 2%9py or
the 0.433-e7 rescnance in 19%Ta.

Research was spcnscred by the Division of luclear
Sciences, U.S. Pepartment of Energy, under Contract No.
W-TU05=-eng-26 with the Union Carbide Ccrporation.
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