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1. Resonance and Thermal Neutron Scatterl ng (c. T, Hibdom, €, O. Muehlhause)

AP~ The_annqlqr scatterlng counter was used to measure varloqs thermal
and epi-thermal cross sections in a manner described in previous"qﬁarterlies,'
A modification of the method was employed to determine the thermal \
scattering cross section of Uz?s,/ This method consisted in making the
usual measurements, but both with and without a cadmium tube insideuand

running the fuil length of the annular counter, Such a tube removes all

thérmal scattered neutrons, but it also perturbs the sensitivity of the

" counter to epi-thermal neutrons. A study was made of the reduction in the

sénsitivity to epi-thermel neutrons ranging in energy fram 0,5 ev (ca cutoff}
to 2 Mev (Ra—=Be). £ reduction factor (0.4246) that was constant to less |
than 1% was found,

The above property of the scattering counter can be understood by
assumlng that neutrons (1) are only counted after thermalizationm, (2) are
thermalized after reflectlon f?om the Pgraffin moderator su?roundlng the BFB'
counting volume, Lets .r(E) be the reflection coefficient from the paraffin

at energv E,‘r be the reflection coefficient of thermal neutrons, a be the-

=r(E) o a/iar(l-a}
’ P(with €d) ~ 8 r(E) © a

P(no C4)

P(uith 0a) v g, [l-r(laaZ]

e
That is, the ratio of counting rates with Cd tube/mthoum c:d'

¥ird
* i
of neutron energy (above Cd cutoff). In fact, s1nce{;,n§5nl

. -‘5 % g ¢
~2 and r at Av,.8 a reduction factor of ~v ,Bmwould b%a exp ctedav‘-‘:f This
R RS D L T

2

ket

.
'3

o<

D

esene
. . .
.
. ®
.
XYY YY
sesene



\'l

)

- - - - - Cee -

value is in fair agreement with the one observed., The effect of fission
neutrons may be inferred by subtracting 1/0,4246 times the counting rate
with a cadmium tube from the counting rate without the cadmivm tube..
However, since the fission counting rate is an order of magnitude larger
than the counting rate due to thermal scattering_, the resulting cross
section (Kips(25) = 9,7 b) is good only to ~~ 20%, The above value is:
corrected for foil thickness (~ 62).

B, Data on scattering and tré.nsmiss,ion taken by ordinary methods are
given in Table I, Cross sections are given in barns,
of hafnium s‘catt‘_ereq resonance neutrons presented in the last quarterly
report was re-analysed and a 7.5 ev level assigned to Hf‘]:’78,- and a 6,5 ev
level assigned to Hflw.» This assignment will be checked in the coming |

quarter with the resonance region time-of-flight spectrometer, For

additional information on hafnium, see sections 3 and 5,

Table I
Element Compound or v T,
Element Used Thermal . . . ... Epi-Cd

o - CFy 3,75 3,83
P P 46T 7,54
22Tt i 30,96 62
y 9011123'?“’ Jh | 16,9 18,5 /
¥ U < 13.8 19,7

G, Thermal Scattering by He. (S, P, Harris)
i/ AL

23

A hydrogen impurity in the helium previously measured was suspected,

S.-peqtroscopically pure He was obtained for remeasurement of the thermal

scattering cross section,

in better agreement with the one obtained by :t'frapémi_séépogm__g‘g_@ig_gpnsigg

This time a value of 0,78 £ 0,08 b was obtained
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Furthermore, it agrees with a value to be expected from the scattering cross

- sections of the alpha particle nuclei, However, the above value may be

N impurity.

7 ev state in w38

lowered still further after analysis of the spectroscopic helium for hydrogen:

- D, Absorption Resonance in U238‘ at 7 Bv,

It appears desirable to derive approximate resonance parameters for the

inasmich as this material is important to the A,E.C, and

also is very unusual in that it has the lowest cadmium ratio known along

with a very small thermal absorption cross section,

E&::g: 03‘?%

where Za

rtha'
Eo

-

' - 2
\l Soa
g = {40 B el
. 'Z'Eo
2,0 b resonance abs,‘integi'al,
26 b thermal abs, cross sectiom

7,0 ev resonance energy .

total width (natural) -

: Sl =100 go, [P =305

[l= o285 ev Spg= 375 x10° b

- . I
— I

s
n

(

ao
&=

37.5 x 100
580 % 100

-i:;:- :: oi;i;fio
/} = «MR53 ev

,.[.’2 - Soa, -
P 4
:; o]::h&

e

X 7,0 = ,10L

00325 ev

These widths may be compared with the doppler width, A s

. '.Hhé effect on

A = 2\llog2-‘ e

i g
’ -M:. o . .
the thermal scattering cross section of the 7 ev level is

045 ev at ~ 300° K

s to lower it by ~v 10%,‘ The phase'woqud be normal, Also:

=

This latter value

. r )
is approximately that given by Table I:

I

za '=.31b  resonance scattering integral

923 poe
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"S:s__g,z, (19,7 - 1.1x 13.8) =380

2. Yelocity Spectrometer (L M, Boll:mger, Se Ps Harr:.s)

The burst time at 15 ,OOO rpm was redeterm:.ned by detect:.on of ¥-rays
with a scintillation counter. Th:Ls yielded a value of 15 f-(s » which is
somewhat larger than that previously used, It has the effect of increasing
the inferred energy' p.osition‘ pf a resonance, For examples As, 44 ev-dPLT evs
Co, 3.6 kev =P 6,1 kev,

®37 was measured with the chopper with almost exactly the same-
resolu‘b:txon as that empJ.ojed by Columbia, Sample thicknesses were 'éither
235 gn/cn or 4,70 gn/enf®, The burst width was 20ms between 1.4 and 5,0
ov and 15 ms between 4,0 and 2000 ev, Table IF lists the transmission dips

found by Argonne and Columbia,:

Table IT
Energy=ev | Comment

Columbia Argonne

6.3 6.3 To1

609 , T ' Doubtful, Perhaps 28

8,7 8,75 £ 15

12,0 12,1 %3

1347 13,7 * .3

16,1 15.6 & .4

19,6 197 = .5

24,40 24,0 T .7

340 . 3487 1.0

50,0 50,7 £ 2,0

80,0 A | Also seen as well at

Argonne,

120,0 '
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Ho P Schroeder, G, E Thomas' ]

& /59 phase balancing res':.sto?"placed in the detector circuit (ef
previous quarterly) had a marked effect in reducing the amplitude of the
second harmonic (reduced by a factor of 3). . However, it is important
to de'bermine its s’batistical weight relative to the zero-phase resistor,
ThlS can be read:.ly accomplished, thereby mak::_ng the settings of a g:Lven
sample more sensitive,

One preliminary run was méde on a HpO=-Do0 mixture yielding a

capture cross section for hydrogen (uncorrected for excess scattering

of hydrogen over deuterium) of A/ 0,325 b, R, Ringo's value for the
capture cross section of boron (755 b) was used for éomparison\;, A
scattering correctionn-ba% upward should be applied, In the caming
quarter, this will be determined with greater accuracy and a careful
determination of O ,(H) will be made, |

Thick sa.mples of enr:.ched Hel 77 a.nd }@78 were campared with normal
B, T (177) == 300% 50 b, F(178) =90 +20 b, Since the samples vere
thick it is not clear vhether another isotope exists hav1ng a ;I.arg_e cross
section (i.eo > 50 b), The above values are in good agreement with
those obtained in a different way (ef sece 5)e

Depleted (30 ppm 25) U30g was measured in a quartz tube hav:_ng an
inside diameter of ~8 mm, A p11e cross sectn.on of 3,25 b was obta:x.ned
However, gince R38 has the lowest cadm:.um ratlo known a s:Lzable resonance
correction (~20%) had to be made, This was'doné in the rabbit flux, and
the value there .conver'ped to the thimﬁle‘ flux via the values for th:I‘.nv)'
gold, The calculation is given below: . |

Cd R (28 rabbit) = 7.43 same thickness oxide ,
Cd R (au rabbit))' :4.93 . thin

. . . T e

XYY Y
*
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Cd R (4u th:Lmble) = 50,83 thinm

Gd R (28-thimble) = 1+ 2-§§—"’-l (743 = 1) = 8.90

4093 e
Sub=Cd e g on .1
opiid -] (28=thmb1e) 8,90 = 1 = 7,90
Sub=Cd ' /- /: . ~131
e (/v th:n.mble) 13 |
e = T e S - O

3255 Oy (28) {1 & o127 = .,oos}
Cin (28) =283 .
The 30 ppm of »35 reduces the value by #~<,02 b; therefore:
Ty (28) = 2,85
~ The al_obve value assumes fth (boron}, = 740 b and agrees well with the
latest value for 28 given by H, Pomerance at Ozk Ridge.

Internal Conversion of Capture ¥'-Rays (C. T, Hibdon, C, O, Muehlhause)

""""""""""""""""" odd were obtained on a

film densitometer, It is hoped that the following values can be wrong by
no more than a factor of 2, but more careful work is planned to insure this..
An uncertainty of 'Z 30% is needed to distinguish between ML and E2
transitions, The K/L ratios obtained were #v4, thus indicating E2
transitions for both ¢ ~rays in a single even-even isotope, Since these
X‘-nrays are presumed to be just above ground, thé probable level scheme is

as. folldws H
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5. Mltislicity o Gatiwe JiReys. (G. O, Mihlnause)

HBf178 and normal Bf was made with a pair of scihtillation counters in

coincidence, - & ca.reﬁz.’l.-backg:bund'aneﬂ.ysis.was made as outlined in
older quarterlies and Phys, Rev, 79, 277 (1950), Table III lists the

results obtained,

Table IIT
Mateﬁa.l a :ﬂ_,- Sa
il ‘ hol £ 2 0250
BeL78 3.5% 2 70 £ 20
penormal 3.6 .‘:; 2 110 ﬁ 10
49 - 5,6 L': o2 ]
call3 ho3 i o2

'._['he above figures on hafnium would indicate the existence of another

important absorbing isotope (e.go 179), since not all of the absorption in

normal hafnium is accounted for, If HF177 i associated with the 1,0 and
6.5 ev resonance, and Hi178 is asgociated with the 7.5 ev resonance, the

resonance at 2,3 ev is still unassigned,

6o Neutron Scintillating Crystals (Re Swank, G, E,. Thomas)

Add:.tlonalTl act:.vatedL:LI ‘.‘c':rystals ‘have been grown with an
improvement in pu_'l.se' height of As2,5 (cf previous quarterly). It appears
very easy to grow large crystals of this material, One or more crystals
totaling ~9 15 1lbs would meke a marked improvement in resonance neutron
detection, . The growbh of such crystals seelﬁs feasibleo Sn activated Lil
has also been grown. It has .compa.rable characteristics, However, the
fluorscent radiation from Tl is more suitable (u.v. - blue) for 5819 photo-
multiplier tubés than is the x;adiat;.’on from Sn (green). :

T 623 010
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 II. Group #2 - Reports by &, Langsdorf

Neutron TransmiSsion Cross Sectiofis in the Kilovolt Region (C. T,
Hibdpn,;A,.Langsdorf,.J.uR..Wallace,.R..E..Holland) ..... -

Neutron transmission cross sections have been measured with about 2
kev resolution in the energy range from_Z kev to 25'kev, and to higher
energies ;n some cases, The peutrons,:p:oduced by the“Li7(p,n)§e7
reaction with a van de,Graaf generator} were detegted by a highly
efficient ( f5115%) bank of boron trifluoride filled proportional counters
placed to detect neutrons emitted at an angle of 120° from the proton
beam direction, Measurements at the lower energies were made possible by
a collimator and shield around the counteis, which reduced background,
and by the high efficiéncy ébtained by many counters embedded in an array
in a paraffin moderator, Resonances were observed in Na, Ti, V, Mn, Fe,
Co,‘and Mi,

Introdpppion

| 'Hifhérfo, a gap has existed in the data on neutron cross sections
between the lowest energies that could be satisfactorily measured with
the electrostatic generator (about 15 kev) and the highest energies for
which velocity spectrometers have adequate résolution.(about 3 kev),
Several groupslwﬁ have been developing methods of increasing the upper
energy limit of time of flight spectrometers and undoubtedly in the near
 future improved resolution will be obtained,

The lower energy limit to the electrostatic generator technique as
devéloped by Barschall et al® has been determined by the rapid fall im

neutron yield of very low energy neutrons and the large background counting

1, Nuclear Sci, Abst, 5, 636 August.15, 1951, . (Refers to.CUD-65, Sec, lj.
DR=1578) - .

2, W, Selove, Phys, Rev. 76, 187 (1949), ‘

3. I[ibdon, Muehlhause, Selove and Woolf, Fhys. Rev. 77, 730 (1950),

4e A. W, Merrison and E, R, Wiblin, Nature 167, 346 (1951).

5. Barschall, Bockelman and Seagondollar, FPhys. Rev. 73, 659 (1948),

. G623 (11
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rate (for_the Li?(p-,n)Be7 reaction; no other reaction has been ?sed s0
successfully,tas yét, for thislloﬁ energy neutron work), In this work to be
reported, a new detection scheme has beeh'employed in which a massive shield
reduces the background éounting rate and the large groﬁp of boron “trifluoride
proportional counters embedded in paraffin increases the counting effic@ency
to overcome the decline in yield éf low energy neutrons, This equipment
has been briefly described6 and will be more fully dgscribed in a later
publication elsewhere, Figure 1 shows the essence of the device. |
?rocedure . ] ] '

Tﬁe‘collimator and shield, Figure 1; was set up with its axis at
119.6° to the proton beam direction, as determinéd'by triangulation with a
transit, TransmissionAsamples were plaged.immediately_in front of the
collimator hole entrance, No correqtionsvfor scaﬁtering-in by the scattering
sample are necessaryAin this arrangement, Neutron flux monitoring was
achieved by a standard boron«trifluoride " ong counter"7 placed in the neutron
flux along a line extended from the protoﬁ beam direction, Presence or
absence of a fransmission-sample does not appreciably disturb this monitor.
since scaitering by the‘facé of thé shield is already complete and the sample
scarcely perturbs the scattering equilibrium, Measurements were made with
and without the transmission samples and with and without a paraffin plug
2" in diameter bytS%“ long placed at.the scattering sample position inside
the counter aséeﬁbly in the collimated beam; Measurements without the
paraffin plug are the hackground me asurements., This technique of background

measw ement differs from the prior method involving use of a paraffin cone5’8

&, "K, Langsdorf, Jr., Phys, Rev, 80, 132 (195000
7. A, O, Hanson, J, L, McKibben, FPhys, Rev. 72, 673 (1947).
8. Jo M, Blair and J. R, Wallace, Phys, Rev, 79, 28 (1950),
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In this work the collimator was
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mator at the neutron source is

The solid angle subtended by the colli-
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and is probably mg;e‘reliablg and less likely to be diétu?bed by systematic
errors, The'paraffin plug when in position was located at a point at which
the counting réﬁe was a maximum (except in somé of the earlier exploratory
datao) ) _

The lithium targets were evaporated onto the tantalum end cap of the .
rotating target and the thickness was controlled by observing the neutron
yield during evaporat;on and then measuréd by the rise curve, as described
by Taschek,9 A typical rise curve @s shown a@_the Jef%:side of Figo‘ég
The rise curve was usually rerun before and after each day's work and a
new target prepared if the old one was foupd to be toohthiék, Proton
energiéé were measured relative to the Li(p,n) threshold at 1,882 Mev and
neutron energies calcglated as described by Hanson ef alolo Neutron
counting rates near phe 120° thresho}d are’shown at the right side of_Fig.
2, In the accompanying table, a typical measurement and calculation is

showmn,

Ener gz Resolution

The best measure of the overall energy resolutlon is attained by
observation of the measured widths of the sharpest observed resonances,
which are about 1,5 to 2 kev full width at haif-maximumo Part of the energy
spread ié due to tﬁe finite angular spread of neutrons accepted by the detector,
namely, 1° from the mean angle of 119,6°, This introduces a spread ot
about £ 500 ev which is small compared to the overall resolution observed,
The spread in energy due to target thickness measured as described above,
proton beam energy spread, and beam energy fluctuatiors together are about
double the observéd neutron energy resolution, hence, must be about 3 to A
kev, The exact relation deﬁends upon energyglo Since targets about 2 kev
thick were used, the proton beam energy spread'piﬁ%.fluctuations is not over
about 2,5 to 3,5 kev, | |
9. . .R. F, Taschek.and A, Hemmendlnger, Phys. Rev, 74, 373. (1948) e
10, A, O, Hanson, R, F, Taschek, J, Ho Williams, Rev, Mod. Phys, 21, 635 (1949).
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POTENTIOMETER SETTINGS

Fig. 2

At left: typical target thickness and threshold determination data.
120° to proton beam using collimator-detector, in the region from just below to just above the threshold for
appearance of neutrons at this angle. The point marked threshold at 120© is calculated from the threshold
point determined by the graph at the left. The tail of the counting rate curve below threshold. at 1200 was
higher here than it should have been because a small air blower accidentally was in the flux of neutrons at
" 60° to the proton beam and in the line of sight of the collimator so neutrons were back-scattered into the

detector.
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Typical Data

Neutron threshold observed at potentiometer setting 0,40420 volt,

Potentiometer sgtting for this data 0,41547 volt, Lithium target thickness '

by rise curve, 1,4 kev. .Peak neutron energy at_ll9,69 calculated 2 kev;

mean energy 1,7 kev. Time for each 40,000 monitor counts about 320

seconds, Beam current approximately 10 microamperes.,
Transmission|Detéctor |Monitér| Detector| Reduced¥| Net | 1,/1] Atoms/ | 9t Calc,
Sample Scatterer|Counts | Counts |Detector|Countd | G Barns
S S Counts x10~24
Open-beam In 40003 | 2897 2897 L NN
(1.) Out__[Z20360 | 30 302 2595 :
_ In 39670 2504 ' L g .
. I\Ta ....... . Ou't — 39968 T 292 P s 2% 12212 . 310173 06165 9°5p .
Mo In_ 40984 |1301 1270 : o]
227 | 978 J2.65 | L0500 | 1OE

%%

negligible,

Corrected to 40,000 monitor counts,
%FBackground assumed same as

.
.
.
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measured for Na, error in this assumption is
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Results

Iron, -:The iron sample used was "Puron" brand of 399913:1_1? pure iron made
by_Wegtinghouse Elec_:tric Co, kSp.eptzfog:;'aphic analysis showed no impurity
sufficient to iﬁterfere in these measurements. Figure 3 presents the results,
The resonance observed at 8,5 kev was expected to be present, as prior
unpublished resonance overlap data obtainéd by 'hhg annular chamber techn_ique
using a pile beam and a Ya.nadim detector had shown overlapping re_sonanceso
The resonance overlap me'i;hod has been described by Hibdon and Muehlhause,ll
The results on V presented in F:Lg,@ confirm the overlap of resonances at
about 8 kev, There may be a weak feSonance. in Fe at 16 kev' but the data are
insﬁ.f‘ficient to establish it, The 8,5 kev resona.rice is certainly in one

of the iron isotopes of minor abundance, |

Nickel, The nickel sample contained somewhat under one percent cobalt
impufity, and lesg of othe;- known impurities., Resonance peaks are evident
in the data (Figure 4) at 4.5 and 17 kev and possibly a weaker resonance at
30 kev, The 17 kev resonance is undoubtedly the one reported by Barschall
et a.15 at 15 kev, The lower resonance may‘be the one «qbserved in the 4

kev region by the Columbj.a University group.,:'z At this laboratory, s‘b.:cong
resona.ncé overlapping has been observed between nickel and sodium and also
nickel and vanadium (not published). One may conclude that the nickel 4.5
kev resonance, shows some overlapping with the 2,8 kev resonance in Na and
the 7 kev resonance in V,.

Titanium, Figure'fﬁ presents the resuits for several separate runs on this
éieménf.; Resonances are indicated at 19 and 23 kev with a narrow minimum
near 22 kev which was best reéelved with a thin sample, The largest known impurity
.in 'l';_l\.le titanium is 0,1 percent of nia.n‘gaﬁneseo The fall.- in cross section from

. 2 to g kev guggcots there may be a resonance below 2 kev, Reésults from

annular chamber ,measurements,uéing a vanadium detector indicated resonance

11, C, T. Hibdon and C, O, Muehlhause, Phys, Rev, 76, 100 (1949); C. T. Hibdom, ..

Phys. Rev., 79, 747 (1950),
12, W, W, HavenslgerA., and L, J. Rainwater, Phys..Rev, .75, 1296 (1949).
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- Fig. 3 ‘

Tranemission Cross Section of Tron. ‘Thickness 0.1613 x 1024 atoms/cm2.
Li target thickness 2.9 kev. ' o
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Fig. 4

Transmission Cross Section of Nickel. Thickness 0.0698 x 102k atoms/cme. Li target thickness: 3.0 kev
to 6 kev neutron energy; 3.5 kev, 7 to 24 kev neutron energy; 2.4 kev, 26 to 4l:kev neutron energy. Probable
errors of all points similar to those of nearby points for which it is shown. '
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Fig. 5

Transmission Cross Section of Titanium. Open circles: titanium thickness 0.1037 atoms/cm2, lithium
target 3.7 kev. BSolid circles: titanium thickness 0.011 x 102k atoms/cm2, lithium target thickness 3.7
kev. Crosses: titanium sample .0343 x 1024 atoms/cm2, lithium target thickness 3.1 kev. Squares: titanilm
sample 0.011 x 102k atoms/cm2, lithium thickness 3.1 kev. Probable errors of all points about the same as
for those indicated.
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Fig. 6°

Transmission Cross Section of Vanadium. Thickness .0228 x 102k atoms/cm?,

1lithium target thickness 1.6 kev to 11 kev neutron energy, 2.6 kev above.
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overlapping with titanium, which, cdmparing Fig./5 and 6, may be due to
overlap of the 17 kev resonance in V with the 19 kev resonance in Ti,
Cobalt, In Fig, 7 results of fhree runs on cobalt are presented. Resonances
ére indicated at 5.5 and 29,5 kev and a poorly resolved resonance at 8 kev
is probably present. Insufficient data was obtained to determine higher
energy resonances which may lie in the vicinity of 53, 78, and 88 kev,
The cobalt samples contained major impurities of Cr 0.5%, Fe 1%, Ni 0,5%.
Prior“pnpuplished resonance overlap observations with Na and_V.detectaps‘
arc explained by the overlap of the 5,5.kev Co resonance with the ?,§ kev
Na .resomnce (Fig”° 8) and the 7 kev V resonance (Fig. 6). Time oflflight
spectrometer data from Columbia Universityl and Argonne National Laboratory
{unpublished) had indicated a resonance in the 3 to 10 kev region which is
undoubtedly the doublet observed here at 5.5 and 8 kev,
Vanadium The resonance overlapping of vanadium and cobalt which hgd been
oBserved previously led us to measure V and Co both by_tpis nev technique,
The results for V are shown in Fig, 6, _Strong resonances are apparent at
7 kev and 13 kev, and a mrtially resolved resonance at 17 kev. There is
probably a smaller resonance neaf 23 keve, The major impﬁrity in the vanadium
semple is 0.5% carbon, Time of flight spectrome ter data had indicated a
resonance at 3300 V3 yhich has been recalculated to lie at about 6 kev,
This is undoubtedly the resonance observed here at 7Vkev°
Sodium The existence of a resonénce in sodium was first discovered3 by the
unexpected resonance overlap effect found with a manganese detector using the
annular scattering chamber, The fact that this overlap was related to
resonances near 3 kev was determined by neutron time of flight spectrome ter
measurements, The pre;ent work confirms this earlier work, and has better

resolution, especially on the high energy side of the resonances. The sodium

13, S. P, Harris, Phys. Rev, §2§-2§5-(1951)e“ o .
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Transmission Cross Section of Cobalt. Iarge graph, open circles: Cobalt thickness 0.0822 x 102h
atoms/cma, lithium thickness 4.4t kev; Crosses: Cobalt thickness 0.0419 x 102k atoms/cm?; lithium thickness
1.% to 17.5 and 4.6 above kev. Inset graph at upper right: Cobalt thickmess ~ .02097 x 102% atoms/cm?;
lithium thickness 1.6 kev to 11 kev neutron energy, 2.6 kev above. Probable error of all points about the
same as ‘for nearby points for which it is shown.
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Transmission Cross Section of Sodium. Circles: sodium thickness .0165 x 1024 atoms/ch, lithium
target thickness 1.4 kev to 17.5 kev neutron energy, 4.6 kev above. Crosses: sodium thickness .0666 x 1024

atoms/cmz, lithium thickness 7.1 kev. Probable error of all circled points similar to those for which in-
dicated, for crosses about the size of the cross.
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data is shown in Fig, 8, The first sodium sample u§ed to obtain clegrgr

results near 2,8 kev was too thin at higher epergiéé. Better data above
25 kev vas later obtained using a thicker sample, Anothernpesonagce occurs
at 55 kev which is undoubtedly the same one observed by Adair et a1 at

60 kev,
The sodium used was qQrdinary commercial metal sealed in a cylinder with
one mil thi&gﬂsteel d;aphragm covers on the ends., It was not analysed
chemically,
Manganese, The results for manganese are shown in Fig. ’9. In addition to
the resonance mentioned above, at 2,8 kev, others are clearly shown at 8, 23,
and 38 kev, Less pronounced ones probably occur in the vicinity of 60, 67,
and 78 kev,
The manganese contained about 1% iron, all other impurities less than

.01% by spectrographic analysis,
Discussion

| The4most important feature of the work reported is the presentation of a
method for extending the electrostatic generator techniques downward in neutron
energy range to 2 kev or even lower, The nev method of detecting neutrons with
a highly efficient shielded detector is responsible for this extension in
range, It is § fortumte feature of the technique of measurement at
"back-angles" (eogo, at 120° to the protoh beam direction as here employed)
that the neufron energy resolution is about twice the resolution in energy
of the proton beam and lithium target thickness, This circumstance leads us
to believe that with the use of a new 40" radius electrostatic analyser now
under construction similar to the one at‘the University of Wisconsiﬁgssufficient
resolution will be attained to permit measurements with about 1 kev
resolution down to as low as 1 kev neutron energy before running into

) H ? 5
insuperable difficulties, 923 0

1. Adair, Barschall, Bockelman, and Sala, Phys, Reve 75,.1124 .(1949). ... . ...
15. R, E, Warren, J, L, Powell,:- i*Gs . Herby, Rews Sats iInsty, 18, 559 (1947),
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Fig. 9

Transmission Cross Section of Manganese. Manganese thickness 0.051 x 1024 atoms/cmz. Open circles:
. lithium target thickness 1.4 kev; solid circles: lithium thickness 4.6 kev; crosses: lithium thickness
T.1l kev. Probable errors of all points about the game as for those indicated.
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It will also be possible to apply resonance self-detegtiqn and resonance
overlap techniques in neutron cross section measurements with this equipment.
If the scattering sample position inside the paraffin and counter assembly
is occupied by some element under ipvestigation instead of the‘paraffin
plug used in the measurements repofted here, additional data can be obtained
by transmission measurements concern@ng resonance widths and peak cross
- sections, This technique will permit determination of resonance properties
with resolution better than that afforded by the actual neutron beam energy
spread,

It mayvalso be pointed out that this equipment pefﬁits_transmission
cross section measurements with relativelj“small ;amples of rare elements
or separated isotopes, Since the neutron source spot can be held to a
region about 1/16" diameter and the angular spread of the detector is only
2 degreesy many méterials might be measured with fair accuracy in the
region of a resonance with a sample (about 5/16W diameter) weighing about
one gram, . ) |

The closing of the gap in know1edge of neutron cross sections between
2 and 15 kev will now permit more accurate calculations of interesting
thermal neutfon properties of many elements, including such properties as

the phase of scattering and the coherent and incoherent scattering amplitudes,
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IIT, Absorption Cross Section of Borom: (Co W, Kimball, G, R, Ringo, T, R,
Rlc_jnbi;Lvlgrd'.‘aptd.So ,Wexlgr . . . L

Most measurements gf cross sections for absorption of thermal neutrgns
aré”made by comparison with a standard such as boron or gold, Since these
cross sections are of obvious technological importance and the gbsorptiam
cross“section of hydrogen is of interest in nuclear theory, it was decided
40 make a careful measurement of thg absorp?ion cross section of a reference
standard, This reference cross secfion must be measured absolutely, which
means by transmission (correcting for scattering) since the alternative
schemes bring in all the difficulties of absolute neutron and ab;olute alphs
or betg counting, The reference standard should have a large ratio of
absorptioh to scattering cross section, be a 1/v absorber to quite high
energies and be mono=isotopic (so that it will be the same from sample to
sample), Unfortunately, no naturally occurring material meets these
requirements and one of them had to be abandoned, It was felt-that the
last requirement was of the least fundamental importance and could be
partially circumvented by mixing a large batch and using only material from
this one batech as a standard, perhaps later measuring a secondary standard
which was mono=isotopic, Accordingly,; boron was picked for the standard
as it meets the first two requirements very well,

Boric aeid was ignited to‘B293 and dissolved in heavy water, The
solution containing 30,20 mg of 3203 per gm of solution was placed in a cell
with glass windows which was kept at about 42° G- to avoid any danger of the
Bp03 precipitating, An identical cell was filled with pure D50 and a;so
keﬁt at 42° €, The transmissions of these two cells were measured in two
velocity ranges, one near 1000 mfsec, the other near 2000 m/sec using the
time~of=-flight velocity selector for thermal neutrons. The cross section for

RPN

323 028

.

3

.
.
.



=30
.
boron at 2200 m/sec was calculated from the difference in the transmissions

of the two cells and the nominal veloeity calibration .of the velocity
selector, T@is cross section, column 4 of”Table:U@ was then corrected for

the following factors,

_ 1. True velocity, This was determiped by 1ogation of the sharp rise
-in the Be cross section as‘the.neutron wavelength becomes short enough_
fo diffract from the longest spacing in the Be crystal. This occurs at
3,95 E and results in a change of 20% in Be cross sgetion Per_percent.qhange
in Velocity in the transition region., This served to calibrate the 1000
n/sec group direetly. The 2000 m/sec group was obtained by simply doubling
the distance from chopper to counter which should have left the optical-
mechanical and electrical delays unchanged, hence, have given twice the
veloecity in any given channel,
~ 2. Counter dead time, This was determined by measuring the ratio
of counts in the first and last channels of the.velqcity selecter when it
was set on a certain region of the thermal spectrum and the total intensity
changed "by narrowing a slit of constant height, '
3o Seatéering, The scattering cross seqtion?az’of BQI,S (8.8 barns)
was subtracted and the scattering cross sectior? of the D>0 displaced
by the boric oxide was added,
ko Concentration., This was checked by chemical analyses by R. W.
Bane's group of the Ghemistry Division, In genera1? the analyses agreed
with'the calculated concentration from the weights of materials added to

the mixture, These concentrations had to be corrected for the densities at

1, C, T, Hibdom, ANL-4552, p. 6 (Dec. 8, 1950), . N T
2o R. K, Adair, Rev, Mod. Fhys. 22, 249 (1950),
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42° C. These densities were not available Qhen the first cross sections
were .calculated, hence, this factor appears as a correction.

The following corrections were considered and found negligible.

5. Empty cell transmission. These were found to be identical for
the two cells both before filling and after emptying.

6. Scattering in. "Only about 1 neutron in 10,000 would have been
scattered in, in the worst geometry unless there were a small angle
scattering which has never been seen in liquids. In any event, the cross
sections do noét seem to vary with geometry.

f. TFinite width of velocity.selector channels.

The corrections and the corrected values of the cross section are shown
in Table I. The average value with a somewhat subjective weighting of the
values is 755 ¥ 1.5 barns at 2200 m/sec.° jhe probable error comes from the
fluctuations among the groups, The cross section is somewhat higher than

6 but this is not

the previously reported values, 700,3 707,4 732,5 43,
necessarily an argument against it as a large share of this difference could
be acqounted for by variations in isotopic abundance and this value is
intended to apply only to the particular sample tested. It is intended,
however, to get at least a rough check by comparison of this boron with

gold by the danger coefficient method in CP-2. A secondary standard such

as iron will also be measured.

Fermi, Marshall and Marshall, Phys. Rev. 72, 193 (1947).
Bacher et al, Phys. Rev. 69, 443 (1946).

Sutton et al, Phys. Rev. 71, 272 (1947).

Rainwater et al, Phyes. Rev. 70, 136 (1946).
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Boron Cross .Section Measurements

Table 1

Velocity -
Selector(l .
Angle - Counter Preliminary Velocity Dead Time Scattering | Concentration ‘ Final.

Group " Setting Distance 0(2) Correction | Correction | Correction Correction o(2)
1 104. 5° 150 cm 735.4 ¢+ 1.9 barns 1.0045 1.0143 1.0022 1.0042 754.1 * 1.9
2 104. 5° 150 739.2 1+ 2.5 .9993 1.0143 1.0022 1.0042 " 754.1 £ 2.5
3 64. 5° 244 740.0 £ 3.0 1. 0070 1.0056 1.0022 1.0042 754.2 + 3.0
4 64. 5° 488 741.1 + 2.0 1.0048 1.0135 1.0005 1.0042 758.4 £ 2.0
Weighted average 755 % 1.5

(1) A1l measurements were made with a rotor speed of 60 rps.

(2) The errors given are based on fluctuations among the runs in each group and,

in the final average,

among the groups.
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IV, GCrossover Transltlon 1n Te123’ (Bernard Hamermesh and Virglnla Hnmmel)

The d:Ls:Lntegra'b:_on scheme‘-'L of Te123 (100 days) cons:Lsts of an 88,5 kev"
g_ann_na ray followed by a 159 kev line. The shell model predicts am sl ground
state with d3 /2 and hll /2 as the first excited states, If the arder of
levels is 19 d’3 /29 byq /29 then the 88,5 kev line is due to aaMj transition
and the 159 kev line is due to a ML tra.ns:Lt:Lono The Crossover,. i.e, B
hyy /o == &1 (248 kev) is an E5 transition, The validity?s3 of this level
assignment has been demonstrated previougiy., Weisskopfl*ﬁ theory predicts
that tp_e crossover ra.t_io{i;,e, %@2 is equal to 7 xlloﬁgo The present .
experiment was performed to check Igﬁls value, _ )

A sample of highly enriched Pel22 yas irradiated in the Argomme heavy
wa'termmoderated' Areactpr., Tpe gamma rays emitted were then exam}ned with
a Nal crystal and photox_nnltibliero The pulses were analyzed with a 20-channel
pulse height discm:‘iminatoro The gsource was first placed so that the
gaounting rate at 159 kev could be determined accurately, The source was
then moved as close to the crystal as possible so that the discriminator
still gave reliable results and the coumting rate at the crossover
energy was as high as possible, ' The results were then normalized,

The pulse height distributions corrected for background are shown in .
Figure 10. (i}, The normalization factor is 7,7, It may be seen that
there is no evidence of a .peak at 248 kev, The counting rates at 51, 53
and 55 volts are nearly the same, The difference in rate between 53 and 51
or 55 volts is @ & 3 .sea.les of ten, However, it is possible to set a very

conservative upper limit on the value of the crossover ratio from the

I, N.B.S, Circular 499 '

2, M, Goldhaber and A, W, Sunyar, Phys. Rev, 83, Aug, issue (1951)

3. S, Moszkowski, Phys, Rev, 83, Aug, issue (1951},

4o V, F, Weisskopf and J, Blatt, privately circulted chapter from forth-
coming book on "Nuclear Theory®, :

5, R..D. Hill, Phys, Rev, 81, 470.(1951),
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If the‘experimental cognting rgte at 53 vglts was'B standar@ldeviations
above its ob§erved value,mthen oneAwould say thgtAthe crossover had been
observed, If one uses this.valuehfor the counting rate at the crossover
energy, tpen a very high upper limit is found for the crossover,: The -
ggperimental inﬁengity ratio has to be{cqrrected for absorption in the Nal,
in @hg source and in the aluminum cap which surrounds the crystal, In
gdditipn, the intepsities“must be_corrected for ipte;nal gonversion° ‘ihe
tables® of Rose; et al were used po'find Q%K.and ﬁhe:theoretical K/L ratios?
were used to find QLLo The total Cwas assumed to i_ae g @ Of °

A The result of the above analysis is that the crossover ratio has a

very conservative upper limit of 0,5%.

One possible reason for a value that is well below the 7% predicted
by Weisskopf is that the theory is based on a single proton model, - In

the case of TeI23

s an odd N nucleus, the theory may not be very good
bgcause of the lack of electric charge., Other examplesﬁ'of this disagreement
for odd N nuclei are found in the lifetimes of the E3 transitions, In

addition, there may be effects due to cancellation of wave functions in

the matrix element which eould also give a smaller ratio,

6, M, E, Rose, G, H., Goertzel and Co L, . Perry, ORNL 1023,
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Vo Results 1n Nuclear Speetroscopz (W, C, Rutledge)

I I2-Mimute goMitol

o _'__ﬁ'izaminute'activi'_t;y pzjoduced_.by”neutr'on bomba.tjdmen't of neo=
dymium hés_ previously been associated with_BnlSlol It has also been
assumed that the parent Ndlsj" Igad a hg.?l.if«,-}ife too short to measure, as
none was observed, The present investigation enables one to assign the
1R=minute activity to REISI, a.nd a nevwly disc;overgd 27 :5=hour daughte: to
Anl5I, | |

Enriched ¥a¥90, cbtained from the Oak Ridge Natiomal Laboratory, was

~- e

activated in the Argonng reactor, The internal conversion electrons and
photor-;electr.ons from a lead radiator were investigated in a permanent magnet—
type~beta-spectrograph, Two gannn&»réjé of 85,4 and 117.1 kev, decaying

with a half-life of 12 minutes, are characteriz§d, bjr conversion lines

with work function differehces of prome‘thewﬁ, In addition, K=X=rays of

prometheum are observed by absorption in allmﬁmxﬁo Apparently these gamma~

rays follow emission of the 12-minute 1,93 Mev beta=ray, £ summary of

the gamme-rays is given in £he table belows no photo=e1ect'rori lines were
observed with th'is activity, A lead abSOI"p't:LO’l curve of the betamgamma
coineidences resolves inte two componen'ts - ong gamma-ray of 999 kev, the-
other of about 150 kevo, . The lJdter is undoubtedly an Aunresolved mixture
of the soft gamma-rays discussed above, |

2, 27.5-Howr gEalSl /

A 27,5=hour beta-ray, whose energy is measured by alum:imnn.

absorption as 1,1 Mev, is emitted from P, About 15 gama-rays (tabulated

‘below) are associated with this activity., The conversion lines from these

_ gamma rays shpw work function differences of samerium, It is thus

concluded that the 12-minute activity ic the parent of the 2%.,5=hour

1. 3. K, Varingky, ©, E. Gletdenin, TOES 2 paper 1943 B. H, Ketelle, ORNG .
May Quarterly Report, .19490 ‘
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daughter 1n Pm.151 Thls is the usual case where the half;llves of members
of a chaiguwitp-odd mass‘numbe?s ;ncrease successively down the ehaina
Alﬁminum absorption curves of beta~electron coincidences show ﬁhg betaf
ray to be in coincidence with conversion electron groups of 150 and 330
kev, which may be reaéonabiy agsociated with gamme~rays of about 165 and
340 kev measured in the spectrograph, Aluminum absorption curves of
gamma=electron coincidgnces show gamma=rays to be in coincidence with
conversion electron groups of 40; 147, and 330 kev, which again may be
associated with ngMEqays of about'65? 165, and 340 kev, Lead absorptiom
curves of betéagamma cdincidenees showwthe beta~ray to be in coincidence
with the 340 kev gamma=ray, Further experiments are being conducted on

this activity so as to make it possible to mropose a decay scheme,
3. 15-Mimte 421@101 and 16-Minute 4330101

The gammaprays assoclated with 15~m1nute Mblol and lé-minute TcIOI
"and prev1ously reported in the quarterly report by internal conversion
studies as 191,2 and 306,9 kev respectively, are confirmed by using lead
and uranium as secondary radlatorso This rules out the possibility of
the 150 and 260 kev gamma-rays, reported in scintillation spectrometer
S'l;udies:,,-2 as being unconverted and ﬁot observable by the present internal
conversion technigues,

40 3o5=;='Bﬁnute 343979 °

The gamma-ray of 95.9 kev asscciated in a previous quarterly report

with a l6-mimute half-life has been found to have a 3,5 minute half-life,

7., B, der Vatoosian, Phys, Rev. 83, 223 (19500 o .. T
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Radiée-" HE1E Mode of Electronm

Energy

" Proposed” Gaﬁrié;Ray
Isotope Life Decay - Energy Interpretation Sum Energy
S A (ko)
w5l 1g B-emission 402 gt 85,4 85.4
64,8 K 110,60 1100
v} < 117,31 117,1
7801 I%gn 8503
83,8 M 85,4
330,0 i%,,n 117.2
115,5 W 171
S By lead absorption %%
ol 27,5 hBremission 17,8 K- 6407 64,
| 18,9 ® 6508 65.8
22,8 B 6957 69,6
3R 6 Auger
3704 Auger
53,1 &% 100,08 | 99.9
5702 %QH 6hoT o
58,3 17y 65.8(105.2(105.0)
61,9 12,11 69.4
63.1 M 648
6401 Ve 6508
69,2 K° 116,1 116,2
92,3 Li;gn 99,8
9.1 KO(L) 144,0(104,6)  LhikeO
© 103,2(weak) (M) (104..9)
109,0(weak) L3 1y 116,5
| 623
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Radio= HAlf Mode of  FElsctrom  Proposed ~  Energy Gamma~

Isotope Life Decay . Energy Interpretation Sum Ray Energy
' __(@(ev)f' (RKev) (Kev)
116,3 K 1632 1630
121,1 ° 168,0  168,0
30,2 K 17,1 177.0
13644 (weak) Lg ,IT 3.9
155.5 L;?{’sn . 163.0
16004 Iin 16749
. 1615 - g0 208,4  208.3
169.4 12 g1 19
174,09 W 1766
185,0 e 231,9 2319
186,5 () 278
19208 2 2397 239.9
-
228,3 K‘ﬁII 275,2  275.2
2326 Lii’ll 2403
251,7 K4(P)  340.0
293.2 x4 340.1  340.2
324,0 L% (Fb)  339.8
| | 332,9 lilfn 34004
- By lead absorption 615
Wl 15 m Bremission 4.6 K(m) - 11,0 B Souversion
. 103.2 K(Pb) 19E,5 191,2
686 LD 19,0
- 175.9 L(Pb) 1914
Tl 16 n B-emission 190,7 . k(W) 307,1  306.9
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4,00
-
Radio- Half Mode of Electron Proposed’ Energy Gamma=
Isotope Life Decay Enei'% Interpretation Sim Ray Energy

(Kev (Kev) (Kev)
218,5 ‘K(Pb) 306,8
- 290,8 . . L(®) 306,3

Ip the study of__'bhe 275 hourAPmlﬁ;l_f, a very weak gamma~ray of 121,8
kev w:.th work functiop differgnc_es of samarium was attributeg_i to 97hour
europiu;n whlch decays by Ke=capture, There is a possibility that it is

associated with Pm151, but this could not be definitely established,
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Vi, Measurement of the Iscmerlc State of4_33046 (20 Seconds)
(S B, Burson and W; Co Rutledge) B

_ The energy of a gamma-ray which is associated with the 20~-second
igomeric state of 218046 (repo;ted byLM,‘Geldheber‘agdygg 0, Muep;heuee,
Phys. Reve T4, 1877 (1948)) has beeri meaeured by spectrographic means,

A semdpermahent magnet type internal convereion elect;on spectrograph was
used with the field set at 457 gauss, The vacuum lock of 'b};e camera.

" chamber allowed.the seurce‘to be inserted into pdsitiop between 12 and 15
seconds after ectivation in the reactor, Eaetmap p}atee with a 25 micron
N.T.Bo emplsion were“ﬁsed, 85 successive activations and exposures
produced tﬁo meagurable lines tabulated below:

Electron Energy Proposed Energy Sum Gamma-Ray

(Mev) Interpretation (Mev) Energy

, ' - (Mev)
041795 K 0.1840 0,184
0.18% : 0181

E, der Mateosian and M, Goldhaber (Phys. Rev, §§? 115 (1951)), on
the basig of measureme@is made with a scintillation‘speetrOmeter, have
assigned an energy of 0,135 Mev to what is presumably this same gemma ray,
Our higher value of 0,184 Mev brings the point for this isomer on a lifetime=-
energy plot into even better agreement with the 1 = 3 group than is

indicated by M, Goldheber and A, Sunyar in a report to be published latew,
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VII. Product Compounds Formed by Recoil Jodine Atoms in’Diluté Solutions
of Ethyl Todide in Bengene and Iodine in Benzene (Frances Mohr and
S. Wexler)

A, ¥ntroduction

| Aimost from the discovery of neutron activation, interest has been
shown in the reactions undergone by the energetic recoils résulting from
_tﬁe emission of gammamraysa:'"2 More recently, identification of ®he products
formed by halogen recoils in organic solveﬁts has been used to test ;he
4’;iquid cage theory of activity retentionDB”A In this theory, the reactions
in the liquid phase produced by atoms formed in-the n, & process are described
in terms of slowing down by elastic collisions, dissociation of solvent
molecules, and eventual reaction of. the molecular fragments and the free atoms

556 In this report we present the first results of our

7128

'in a liquid cage.
study of products formed by recoils in benzene solution., The high
neutron flux available froem CP-3' has made possible investigations using
very dilute sclutions of.iodine énd ethyl iodide., To the irradiated solutions
appropriate organic iodigemgfrriers were added‘and the miktures were frac-
N

tionally distilled, CHéIlgg, 02H51128 and 06H51128 were found in the collected
fractions,

B. Materials and Procedure

Reagent grade benzene was store& over sodium for about two weeks and
then distilled from the sodium, - The carriers methyl iodide, ethyl iodide -
apd phenyl iodide were each distilled through a packed glass column. Middle
- fractions were taken; The reagent grade iodine was used without further
purifisation,

A 15 m1 aliquot of the dilute solutions of GéHSI or I, in CgHg was

irradiated near the reflector of the "goat hole® for thirty minutes in a

1, E. Gluckauf and F, W. Fay, J. Chem. Soc. 390 (1936).

3

- 5.

2, W, F. Libby, J. Amer. Chem, Scc, 62, 1930 (1940).
L. Friedman and W, F, Libby, J. Chem. Phys. 17, 647 (1949).
4o J. M, Miller and R. W. Dodson; J. Chem. Phys., 18, 865 (1950).
5, W, F, Libby, J, Amer. Chem. Soc. 69, 2523 (1947).
6. J. M, Miller, J. W. Gryder and R, W, Dodson, J. Chem. Phys. 18, 579 (1950).
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flux of 1011n/s§c/cm2° The irradiated solution was transferred to a separa-~
.téry funnel, 5 ml of benzene containing molecular Io and 20-30 ml of each
organic iodide were\gdded as carriers and the solution was then extracted
with 0,06 M NaHSO3 solution. The irradiating tube made of boron-free glass
agd the stan@grd taper stopper were also rinsed with the bisulfite sol_ution°
The organic phase was fhen fractionally distilled through a three foot packea
glass column. In the first group of experiments a middle fraction of approx-
imately 15 ml of'each carrier was collected, Later; 3 ml fractions Qere
teken continuously. The gamma activities in the distillates and in the
aqueous phase were measured in a higﬁ pressure ionizaticn chamber, Thé half-
life of each saﬁple was followed to assess radiochemical purity. The
gctiyity was corrected for decay and for the volume distilled. From the
total 25 min 1128 activity measured in each experiment the percentage of
activity in each collected portion was calculated.

C. Results and Discussion

The data from the "middle fraction" experiments (Table V) demonstrates
| the formation of 02H51128 and 06H51128 following radiative capture of neutrons
by 1127 present either as molecular iodine or as ethyl icdide in the benzene
ébll;tions° Although the bercent of radio-phenyl iodide formed seems not
to depend on the target iodine molecule, the fraction of the activity appear-
" ing as 02H51128 is considerably higher when inactive ethyl iodide is irradi-
ated, This remains true when molecular iodine in a concentration low
relative to that of ethyl iocdide is added to react with any impurities present
in the reégents (Expo 6 and 7, Table V), Thus, it appears that reaction of
the recoils with impurities is not a likely cause of the presence of radio-
-ethyl iodide among the products,

‘However, the finding of 7128 activity in the bengene fraction suggested
the presence of products other than ethyl and phenyl iodide so a more thorough

investigation of the distribution of activity in the distillate was performed.

T 623 042
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Exp. " Mole Fraction

Y-
TABIE V

Irradiated I Compound

I

1

2

3 3,4%1073
A 3.4x1073
5 3.4%1073
6 1.7x10=4
7 1.7x10m%

CoHsI CoH 5T CeHe,

3.4x1073 7.7 4o3

3.4x1073 8.2 6.5

<1 <1

1.1 1.7

1.5 1.5

3.2x1073 ba? 3.2

3.2x10™3 6.1 2.9
TABLE VI

Normal Boiling Points of Added Carriers

Carrier B. P, (°C.)
Methyl Iodide 42.5
Ethyl Todide, 68
Bengzene 80
Iodobenzene- 182

Percent of I128 Activity in Distilled Fractions

CeHsT
12.4
16.5
11.9
11.2
o4
12,7

13.3

The distillate was collected in a continuous series of 3 ml fractions. A

preliminary experiment in which a solution of I in benzene was irradiated

Percent of Total I128 in Various Fractions

and no organic iodide carriers were added showed the presence of two active

iodine fractions, one distilling with the first several 3 ml benzene

" distillates and the greater part remaining in the pot after collection of

sevénteen 3 ml benzene portions. This was followed by runs in which organic

" jodide carriers were present during distillation, The boiling points of

‘the carrier compounds of interest are given in Table VI.
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1128 in each fractiop, corrected to exactly 3 ml of volume, is arranged
in Table VII adjacent to the'tegperature_at‘thekhead of the column
~ during the period of cc:llt—ac:’tiont3 Ip Exp, lbmolecular I, was the target;
CgH5I and‘C6H5I were the added carriers. The constancy of the percgntage
figures (i.e. the specific activity of I128) in the temperature region
of 68=72° C, and at 1820 C. again demonstrates the formation of radio-
ethyl gnd radio-phenyl iodides, The higher percent of activity in the
first collected portion suggests the presence of GH31128 among the
prqducts, and in Exp. 2 methyl iodide was included among ﬁhe carrierse.
The relatively constant specific activities of the fractions boiling
at 42° C. makes the presence of active methyl iodide likely. Ethyl
iodide was the principal iodine target in Exp, 3. In the distillate
one finds CHBIIZS, 02H51128 and 06H51128, Comparing the specific acti-
vities of the corresponding fractions for the three experiments, one
sees that the percent of radio-iodine in each cf the lower boiling
portions is higher in the irradiated CyHsI-benzene solution than in the
Io~benzene solutions. This is particularly true of theethyl iodide
fractions boiling in the range 66~-72° C, The presence of 7128 activity
in distillates boiling at temperatures between those of pure ethyl iodide
and benzene is disturbing, but may be due to inability of the distilling
column to resolve the two completely. This is indicated by the slow rise
of boiling temperature between 70° and 80°, accompanied by a decrease in
specific activity of ﬁhe collected fractions. Nevertheless, this region
is being investigated more thoroughly.

Finding of active ﬁethyl,-ethyl and phenyl iodides as products in
the reactions of recoil 1128 atoms throws scme light on the mechanism
of the reactiqns° In the liquid cage model an ensrgetic iodine atom,_

initially with energy of a few hundred electron volts, is slowed down

O
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 TABLE VII

Variation of 1128 in Collected Fractions as Function of
Distillation Temperature -

CCUExpe 1 Exp. 2 ‘Exp. 3
Mole: fraction of Mole fraction of Mole fraction of -
Ip = 3.4x10™3 I, = 3.4x10~3 I, = 1.8x107%
N Cg§51 = 6,5x1073
Temp . % 1128 Temp . ¢ 7128 Temp o % 1128
Range @ in 3 ml Range in 3 ml Range in 3'ml
(%c.) Distillate (°c.) Distillate (°c.) Distillate
65~72 0.4 41 0,06 31=43 0.2
72 0.8 A2 0.08 43 0.2
72 0.1 42 0,08 43 0.3
68=72 0.1 42 0.09 43=45 0.3
68 0,1 L2=L4, 0,1 45<55 0.5
68 0.1 4L4=57 0.2 55-65 0.9
68-69 0.1 58-68 0.2 66=70 1.1
69=70 0.2 68-172 0,08 71=72 1.1
.75-78 0.5 T2 0,02 7R-73 1.0
- 78 0.3 72=73 0,01 73 0.9
78 0 74 0 74 0.9
179 1.4 T4 0] T4 0,9
- 182 1.5 T4=15 0 7576 0.8
182 105 75 Oo 01 76"“77 008
182 105 75 0 77"'78 007
182 104 75“‘76 0008 78"’79 006
' 76=77 0,08 79 0.2
77-78 0 79-178
77“"78 0 182 O ° 8
78=80 0 182 1.0
80=100 0 182 1.2
179"’182 0 09 182 1 02
182 0.9 i82 1.1
182 0.8 182 1.3
182 0.9 182 1.2
182 0,9 182 1.4
182 0.8
182 0.8
182 0.9

by cpllisions with benzene moleculeso‘ Eventually, the recoil is slowed
dOWﬁ sufficiently so that it lacks the energy necessary to escape from

Athe particular liquid cage of benzene molecules in which it happens to be
present. The 1128 then combines with fragments of benzene molecules resul-
ting from previous collisions which are in the same cage. According to this

- picture, the presence of CH31128 and 02H51128 among the products suggests
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that a'bgngepg molqule may beAlargely shattered in a”co%lision with“an
enérgeticﬂiodine atom._'Further, since the activity of the 02H5I128 is
ggeater wheg_ethyl iodide is the target than for I, either some part of
the energetic recoils recombine with the ethyl radicals from the initigl

?upturg of thenbond fgllowing radiative»capture; or énergetic 1128

atoms
may exchange with an inactive ethyl iodide molecule during the slowing

. down period,
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VIII. Yield and Fraction of Positive Gold Recoil Atoms (S. Yosim)

.Hb?k has been continued on the yield of radioactive gpld recoi% gﬁoms
and the fraction of them that is positively charged. The effect on this

fraction of varying the applied positive voltage is shown in the following

table.
Chamber 2xY (%)»= # Positive Recoils Voltage

51 72,6 . o
sp% 70.8 596 1500
54, 34.2 18.8 1500
55 64,0 S

58 4502 61.8 1500
59 19,2(?) N '

60 bhood 50,0 22%
61% 71.2 ' 61.2 92

4oy

*FilmAprepa;ed and irradiated without exposure to the atmosphere.

- ¥%Y = number of recoils collected divided by the number of recoils

creatgd in an ideal top layer of source.

o The_vaiues of chambers 60 and 61 are only approximate, as the decay
curves must still be followed. However, it is interesting to note that the
effect of a retarding field is marked even for only 22.5 volts applied, This
does not neceséarily imply that the energy of the recoil atom is less than
2205 volts. One must remember that because of the Auger effect, the charge
on the recoil atom is likely to be greater than one electronic charge.
Further, these experiments in which the applied voltage is varied indicate
the Ve of the free recoil ion in space but says nothing of the initial Ve
immediately fpllowing the emission of the capture & -rays. We shall continue
the work by applying still lower potentials to see, if possible, where the

voltage effect ends,
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IX. Convers1on Electrons from Capture If-Rgzs in Gold (s, Yosnn)

The existefice of soft internal conversion electrons associated with

neutron capture ¥ ~rays has been shown for a variety of nuclei by various
methods, ™ |

;n order to test the hypothesis that the positive charges found on .
approximately 60% of recoiling gold and indium atoms are formed as a result
of such internal conversion of capture }rmrays, it was desirable to demon-
strate the presence of the conversion electrons with gold,

A method previously applied by Muehlhause was used, This involved
covering with an X-ray film a thin gold foil. (10 ng/cm?) mounted on lucite,
placing this in a hollow bismuth box and exposing the entire system to the
thermal beam of CP=3', In order to differentiate between the internmal con-
version effect and secondary effects such as’ the photoelectric and Compton
effects, lead absorbers were placed between the gold foil and the film, If
" the darkening were due to internal conversion only, the lead would be a very
effective absorber since its neutron capture cross section is low. However,
if the darkening of the film were due solely to the secondary effects, the
.lead would act as a source and would be indistinguishable from the gold

since the atomic mumbers are approximately the same. |

In one experiment, half of the lucite was covered with gold., On each
half, lead and aluminum foils of various thicknesses were placed., Exeamin-
ation of the film showed that some blackening was produced by the lead which
was directly on the lucite. However, the blackening due to the gold was more
intense, This indicates that while the secondary effect is present, the dom=
inating one is that of internal conversion, . A film which was exposed to the
radioactive gold for an equivalent time wes blank, This eliminates the
possibility of the beta particles from Anlgs causing the blackening, Aluminum
absorbers indicate that the radiations are quite soft., We expect to measure

the half thlokﬁess and range of the radlatlon by use of a_densitometer.

1, Hoffman and Bacher, Phys. Rev. 54, 6
2, Amaldi and Rasetti, Ricerca Sci. 10, 115 (1939)
3. Muehlhause and Hibdon, Abstraqbg,Heshlngben;Meehlngy &mp Phys. Socey

April 1951, JariE D man ge8




Mass Spectroscopy

X, Reports by Mark G. Inghram

1, Fission Yields (Ellis Steinberg, L. E. Glendenin, D, C. Hess,
' ‘ Mark G. Inghram)

In the previous quarterly report (ANI~h659) the fission yields of the
girconium isctopes in a 5.3 year old zirconium sample were giveﬂ° We havej
now measured the molybdenum isotopes from the same sample, The results

are given in Table VIII, B _
| Table VITT

Yields of Zirconium and Molybdenum Isotopes from U235 Fission

" Element Mass - Fission Element Mass Fission
Number Yield Number Yield
Zr 90 5,02 . Mo 95 6425%
91 5.49 97 5093
92 5.62 98 5.90
o 93 6.02 100 646
9l  6.o0m |
95 6.15 )

# Normalized to the smooth radiochemical fission yield curve at
these points. :

A plot of these yields shows a peak of 25 per cent at mass 100 which does
not appeaf on the radiochemical curve, This peak corresponds to the peak
observed in xenon at.Fass 13L by Thode, It is femfting to explain these
fine structure peaks as due to closed shells in the primary fission nucleus,
i, e., at Teégho To check this hypotheéis further, we have extractea Zir-

conium and molybdenum from the fission of 233, 'Only preliminary calculations

.
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have beén made; the necessary corrections for multiplier discriminations,
etc .y have not yet been made, There is, therefore, no point in quoting
values normalized to the radiochemically determined fission jield curve.

Table II gives the rough preliminary data.

Table II.

Yields of Zirconium and Molybdenum Isotopes from U233 Fission

T Relative
Element Mass Fission Element Mass Fission
Number Yields : Number Yield
Zr 91 1.1 Mo 95 1.2
92 1.2 96 01
93 1.2 o7 =z 1.0
9)4 1.1 98 . 1,0
96 = 1.0 100 of

Plots of these data show an excess in the 98 and 100 position over that
expected. The yield at mass 96 is a case of direct yield of Nb96 fission,
mFrom the practical standpoint it is apparent that the use of Tc99bas
a measure of the amount of fission can Jead to ambiguous results. This
isotope does not lie on the smooth fission yield curve in either U235 or
y233 fission, hence assuming the smooth fission yield gives a measure of

fission which is too high,

2. Double Beta Radiocactive Décay (R. J. Hayden, M. G. Inghram)
A search for an example of double beta radicactive decay has‘been made
by extracting the daughter element from geologically old minerals and

looking for an isotopic excess due to thé‘decay process, Previous results

.
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have indicated the possibility of double beta decay in the case of xenon
gxtracted from 1.5 x 109 years old Bi2Te3° ~The'particular process in
question is o
)
1130 —_— Xel30 . 2B,
,$he resplts, however, were seriously complicated by the relatively large
amounts of Xe1?9 and Xe'3! found in the samples investigated. It was
postulated that these excesses were due to neutron absorption in Te1?8
and Tel30, In order to test this hypothesis we have investigéted the
xgpgn;fgom an andalusite—seric%te rqu containing BizTgéo This rock shggld
have a much lower uranium content than rufile which was the rock used in
our earlier investigation. The results indicate that the exces§wé§9igpgg -
at Xelz?vand Xe130 do not result from a spontaneous process inftéiiﬁ?iﬁm§§5ﬁ$"fi
are of_ust_ec'onpglarymor:‘A'_Lg:“Ln'° The previous explanation of peutron aﬁsorpﬁigﬁ o
still appears the most tenable. The excess peak at mass 130 is such as to
igdicate a half=1ife for dguble beta decay somewhat longer than our pre-
vious value of 1.5 x 1021 years., This increase brings the half=-l1ife intq
closer agreement with.the half-life predicted from the Dirac theory of

the neutrino,

3. Dissociation Energiés of Alkali Halide Molecule-Ions (W. A. Chupka)

Early studies of ion emission from hot salts have been concerned
mostly with the identification of the ions emitted; the determination of
the relative amounts of both positive and negative ions and the variation
of emission with time, temperature, and concentration of iml;uritiesl’z° A
few studies of thermodynamic equilibria among gaseous ions of salts have

been reported, such as those of Helmoholtz and Mayer3 in their experimental
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@eqsurements of lattice energies of some alkali halides., MoreArecently
complex iéns of the type NaKCl* have been observed in the mass spectro-
meter,h The purpose of the present experiment was to study the ion
emission from alkali halides and to determine the binding energy of these
gémglex’iops by measuring the equilibrium constants for their dissociation
at a series of temperatures.

Most of the present investigation was restricted tp complex ions of
the type M2X+ emitted from the pure alkali halide MXOI The equilibrium
constant for the folloWing reaction was measured at a series of teﬁperatures.

(1) M, x"(é

.
) T W(g) * ()

The slope of a plot of 1In Ke’ the natural logarithm of the equilibrium
constant,rversus 1/T, where T is the absolute temperature, gives the change

in heat content, & H, for the reaction from the equation

(2) .d" ln,,K; - AH
d (/19 R

The .A H for the reaction is also calculated by‘estimating the change

in entropy, AS®, for the reaction and using the equatioh

(3) AH°

AF° + TAS®

- RT 1n X, + TAS°

where the superscripts indicate that the substances are in their standard
states which will be chosen as the gases at one atmosphere of pressure.
The change in heat content at absolute zero, ALH(OOK), is then obtained by

' subtracting from ¢;H(T°K) the difference of the quantities (H—Ho) for

023 (52



products and reactants, where (H—Ho) is the difference in heat content of
the substance at T° K and at 0° K,

The method of measuring the equilibriuﬁ constant consisted of
‘measuring the ratio M*/MQX+ for ions emitted through a slit in an oven
containing the alkali halide. This ratio, together with the Qapor pressure
of the alkali halide which is assumed to be that of the pure alkali halide
at the temperature of the oven,-gives the equilibrium constant. “

Measurements have been made on four salts. Typical ion ratios are
recorded in Table IX. Since M*/M X" is the equilibrium constant for the

reaction

W Wy = Wemma) * Hg

the data should obey the equation

u* = 1000 3 1000
(5) logyg — * C = A( MY ) - = logyn( )
10 X+ T o ~ XM

The last term in this expression results from the assumption that

(6) C;)(Products) - C;J(Reactanté) = «22 R.
The constants A and C were evaluated from the temperature plots. Values
of £>H1(8000 K) for the reaction given by equation (4) were obtained from

equation (5) by means of the relation

(7) d 1n (M+/MZ x* = AH

=

d (1/1) R

the AH for the reaction given in equation (1) was then obtained by adding
the AH of vaporization of MX. This value can be corrected to 4H at 0° ¢

by subtracting the difference of the quantity (H = Ho) for products and
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4Ta.b1e IX
KC1 KBr
. K* - 1obo o Kt 1000 (o

Llog) g — - (°x) logyp —— (°K)
.210 1,399 2955 1.376
W77 1.376 . 2910 1,354
.128 © 1.354 -8L6 1.333
Al 1.333 0792 ‘ 1.312
056 1.312 J12 1.293
,007 1.293 663 1.272
- J022 1,272 585 1.254
- 102 0 1.236 | 0536 «1.236
" 452 1.201

i'eacﬁan,ts,, This cor_r.ec_tion can be calculated by standard methods,

A Second method of calculating the heats of reaction is as fo;LJ.owso
The equilibrium constant at 800° C is determined from equation (5)
'(correct'ing by a factor to give the ratio of the total concentrations |
of M* and MpX) togethe.rA with the value of the value’ of the vapor
'pressure of MX taken from the literature, The value of A S°, the change :
in entropy of the ,reactioﬁ for the substances in their standard states
is calculated by standard @ethods and used in equation (3) to obtain
AHO at 800° «K. The various quan%\iti.es calculated are swn_mari_zed in

Table X. -

. .e .o' . ‘&:’23

.
3
.
3
.
.
.

ssasee
eses
ese e
(A XX J
XX RN Y]
aeeess
X R R Y]
[ XXX R ]
. @90 R0
.o e °
XX XXX ]
L
[ X X1 )

.
.
.
.
.
..

€=
94
[Fa



=56

Table X
J&HC® (Theoretical) 800°K | &H® (Dissociation) 800K
Ion in K cal/mole in X cal/mole
Entropy Calculation Experimental values
NapCl* L6 - L2+ 3
K,C1* ' L3 L1 + 3
K Br* Lo 37 + L
Rb,C1” L1 bo- + 5

The agreement of the measured values, though they can be considered
as only preliminary, with theoretical values gives confidence in the

applicability of the method.

1. 0. W. Richardson, "The Emission of Electricity from Hot Bodies",
Longmans, Green and Co., London, lst ed, 1916, pp. 234-82.

2o A. L. Reimann, “Thermionic Emission", John Wiley and Sons, Inc.,
New York, 193L, pp. 273-85.

3. Helmholtz and J. E. Mayer, J. Chem.Phys., 2, 245 (193L).

L. R. J, Hayden, Phys. Rev. ZQ, 651 (19L48).,

L. Argon Geological Age Method (R. J. Hayden, M. G. Inghram)

The argon age of Essonville CGranite has been determined as Ooé‘x 109
years., The geological age of this granite is known from uranium-lead
data quoted in the previoﬁs quarterly report (ANL~L659) to be of the
order of 1. x 107 years, This low result points out that argon ages even
on such crystaline rocks as granites are definitely in error; the degree

of error varying with the degree of alteration of the rock or mineral.
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Thus argon ages can be taken as only a lower limit of geological age and
probable ages extrapolated from the apparent age will require a great

deal of experimental calibration.
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XI, Thfésho;a‘values of Internal Conversion Coefficients for the K-Shell
' (BovI."Spinrad and L. B, Keller)

Recent gomputations of the internal conﬁersion coefficients for the
K-shell have been reported for various Z and for k (‘3~ray energg):greater
than 0,3-0.5 electron ma‘sseso‘1 The extrapolation of these results to lower
énergies is uncertaingﬁn;two reasons% first, the mathematical formulation
of the problem is of suéh complexity that no simple extrapolation rule can
be used; second; the numbers are computed fqr unsgreened wave functions,

In an attempt to résolve the mathematical difficulties, computations
have been made on the threshold values of the conversion coefficients.
These computations were performed by teking the limiting values of the
formplae of reference (1) as p, the electron momentum, approaches zero
positively° Under these conditions, many simplifications arise, and it is
possible to compute the results on a desk machine,

The results are tabulated in the table following. The notation is

‘that of reference (1). Since screening has been ignored, the threshold

energies for which these results were computed were those obtained from

v 1
the relativistic single electron model; given by k = 1 ~ (1 =’[9K232)2o
Figures in parentheses indicate the power of 10 by which the number must be

multiplied,

1. 'Roée, Goertzel, Spinrad, Harr, and‘Strong, Phys, Rev. 83, 79 (1951).
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Threshold Values of Internal Conversion Coefficients for the K-Shell

(The number in parentheses is the power of 10 by which the corresponding‘nuhbers are to be multiplied)

z a, a, a, a, a, B, B, B, B, B,
10-| 7.329(3) 18409 | 4.2817) | 1.340(9) | 2.867(10) || 4.222(2) | 2.219(5) | 3.472(7) | 2.587(9) | 1.124(1D)
20 | 4.510(2 .251(® 596(5) | 1.2328) | 6.459(8) || 1.087(2) | 1.415(® | 5.471(5) | 0.874(6) | 1.084(8)
30 | 8.720(1) .030(3) 06003 | 1.9229 | 4338 || 5.075(1 | 2.803(3) | 4.867(® | 3.919(5) | 1.842(6)
40 | 2.403(D) .606(2) .600(25 9.300(2) | 1.123(3) || 3.072(1) | 8.942(2) | 8.830(3) | 3.892() | 1.003(5)
::EEE: 50 | 1.085()) | 3.742(D) 3| g 112D | 50260 || 21231 | 3.881() | 2.374(3) | 6.466(3) | 1.032(H)
::::: 60 | 5.190(0) .081(1 .623(1) 105D | 48340 || 1737 | 2.033(D | 5.215(2) | 1.484(®) | 1.626(
g::::' 70| 2.713(%) | 3.604(0) 2210 | 15089 | 54700 D || 15481 | 1.225(2) | 3.303(D) | 4.257(D | 3.158(2
;:f::: 80 | 1.636(0) .334(0) 516D | 3.1520D | g.905(-2) 1.528(1) | 8.304(1) | 1.605(2) | 1.436(D | 7.637(D)
f::::f 88 | 9.989(-1) | 6.6220-1) | 3.5510-1) | 1.004(-1) | 2,977(-2) || 1.764(1) | 6.582(1) | 9.549(1) | 6.576(1) | 2, 714(1)
:::f:§ 96 | 6.601C°D | 3.661C D) | 1.848C"D | 4.991(-2) 8.4520-3 || 2.313(1 | 5.608(1) | 6.060(1) | 3.304(1) | 1.034(D)
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XIT. Thermodynamic Functions on the Generallzed Ferml—Thomas Theory

(Malcolm K. Brachman)

Recently, equations of state of the elements' based on the gener-
alized Fermi-Thomas theory have been developed. It has been shown® that
exchange effects may be neglected for high temperatures, and they will
not be considered here. In the pabt, the pressure has been obtained by
calculating the rate of flow of momentum through the surface of the atom,
which is assumed to be a sphere of radius a. It is also possible to find
the pressure from the free energy or the logarithm of the partitioen function.3
The purpose of this note is to show that the pressure calculated from the
free energy using the genersglized Fermi-Thomas model for arbitrary tempera-
tures agrees with that found by mechanical considerations baged on the same
model, and, in addition, one obtains expressions for the entropy and the
specific heat.

Our model leads to the kinetic energy den'sity,1L

56 = 3w 51 (o +peve)) (12)
and the electron number density
M 3/2 “‘3/2 '
plr) = 3 (@m)=p 11/2 (M + Bev(r)), (1p)

where V(r) is the total potential, VNi;Vé, and.B’Zi(kT)"l. Here Vy is

the nuclear potential %; , and -V, satisfies Poisson's equation with the
charge density ep(r) 2p_- The boundary conditions are the vanishing of
the total potential and the electric field at the' surface of the atom. The
volume integral of (la) is the kinetic energy'Ek. and that of (1b) is Z,

" the nuclear charge. The potential energy Epot is

Eop © % J/A PV aT- \/” Pev aT =E _ +E y , (2)

R. P. Feynman, N. Metropolis, and T, Teller, Phys. Rev. 75, 1561 (1959).

H. Jensen, Zeits. f. Physik 111, 373 (1938).
R. E. Marshak, P. M. Morse, and H. York, Ap. J. 111, 21k (1950\
The notation is the same ag that of reference 1, except that our

p = -pe of it.
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=61~
where 4 7 is 4 7 r2dr. By mathematical manipulation, one-fin&s the virial
theorem A
Eygin= %P v <3 Epot | ' .(3')-,
The difference between our calculation and previous ones is that the pressure
is obtained by macroscopic rather than microscopic consideraﬁiﬁnﬁx
The pressure p and the entropy 8 are found from the frée energy
F'; Eiot - TS, where T,iq the absoiute temperature, by means‘of the thermo-
dynamic relations .

p= - (35)q, | . - (ba)

5= - ~<g.—1;.>v : | | (ko)
The basis of our work is the Gibbg-Helmholtz equation in the form
Brot = 35 LBF] . )
of which we obtain the indéfinite integrdal. This is done by integrating
the various terms of Ey,4 by parts and using the relations between the
derivatives of EK(r) and p, obtained by differentiating (la) with respect
toa, B, and r, including the cross derivatives. Employing Green's theorem,
one finds .
F=- %Ekin ~E, o + ZkTn (6)
From the relations (4a) and (4b) it Follows that

p= %.EK (a) , | : (Ta)

1 (5 ‘ ._ :
The first of these is the value obtained from mechanicdl corsiderations.
The second in conjunction with the virial theorem yields Fermi's relation
_ Ee,Nfz‘" T Be,e > : (8)

in the limit as TS tends to zero.
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The specific heat at constant volume, Cy, given by the relation

Cv==- 8 (g/_ﬁs&)v ’ (9)

may be expressed in the form
k3 - 1z 1 3Vel® =am . rvET (10
3 chr- 5p v+ 3 Ee)e“" gEe,N - ZEﬁ BB -%a_.T]B._Dp(a)aJB. (1@)

This differs from that given in reference 1.
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XIII, Alphas and Gammas from the Proton Bombardment of Be9 (D. R, Inglis
and R, E, Malm) _ '

) In the proton bombardment of Be9, resonances have been observed! in

the yield of alphas; gammas, deuterons, neutrons, and scattered protoms.
The only known resonance above about 1 Mev is at 2.6 Mev and has been
obssarved2 for both gammas and neutrons, the latter in the reaction yielding

8 plus neutrons plus protons. The gammas

1% plus protons, or perhaps Be
have been attributed! to the reaction Be=:9(p,d)L16*(“ai)L16, and if /this

were the case the same resonance would be obsefved in the low-energy

alphas of this reaction. Preliminary observations have been made of these
alphas and the gammas from a Be target about 10~ em thick without backing.
The two groups of alphas, corresponding to the ground state and the 2,19

Mév excited state’ of Lié, were observed in a 16 inch, two=dimensi§na1
focussing magnetic spectrometer whieh has recently been put in operation

in connection with the Argonne statitron., The varyiﬁg yield of product
particles, observed in a proportional countérg as the magnetic field was
~varied, is shown in Fig.11{a). The peaks correspond to both groups of

alphas and to protons scattered elastically from Be, C, and O, The gammas
were observed with a Nal crystal, no attempt being made at energy discrim-
ination. The proton emergy was varied through a small range near the expected
resonance, and the resonance was observed for the gammas as previously
reported,2 but not for either group of alphas, as shown in Figoll(b)° This
means that the resonant gammas are not associated with the 2,19 Mev state

of L:"Lée By the rough absorption technique, their energy has been estimated?
as about 3,0 Mev if they are monochromatic., This could be a rough average

energy if they are not monochromatic, It is suggested that the gammas are

1.  Hornyek, Lauritzen, Morrison, and Fowler, Rev. Mod., Phys. 22, 291 (1950).
This contains further references,
2, W. J. Hushley, Phys, Rev, 67, 34 (1945).
'3,_ Browne, W1111amson, Cralg, and Donahueg Phys. Rev. 83, 179 (1951).
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the result of cascade emission after simple proton capture; perhaps about
as indicated by the broken lines in% Fig.11(c), though doubtless with some

greater complexity.

k.. F. Ajzenberg, Phys. Rev, 82, 43 (1951).
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