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INTRODUCTION 

T h e repor t s which follow were p re sen ted to 
the A E C Nuc lea r Cross Sections Advisory G r o u p 
for consideration at the meet ing on 15-16 October 
1962, a t t he Lawrence R a d i a t i o n Labo ra to ry , 
L i v e r m o r e , Calif. T h e s e r epor t s c o n t a i n a n in-
formal s tatement of recent developments, changes 
of emphas i s , a n d p re l imina ry d a t a which are of 
impor tance to the cross section measurement pro-
gram of t h e A E C . T h e y are not i n t e n d e d to be 
complete and formal reports, nor do they cover all 
of the work of the laboratories relat ing to nuclear 
cross section measurements. 

T h e da t a which appea r in this repor t must not 
be quoted in publications without the express per-
mission of the exper imente r . Persons w h o migh t 
m a k e use of these d a t a for serious c o m p u t a t i o n s 
should contact the exper imenter directly to verify 
the numbers. 
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1. ARGONNE NATIONAL LABORATORY 

A. ACCELERATOR PROGRAM 
(Physics Division) 

1. Polarization of Neutrons From 
the Lir( p,n)Be7 Reaction 

A . J . E I W Y N , R . O . LANE, A . LANGSDORF, JR. 

T h e polarization of the neutrons emitted a t an 
angle of 99° from the Li7(/;,n)Be7 reaction has 
been measured using Mg, Li, and O scatterers as 
analyzers, a t proton energies from 2 to 4 Mev. 
Pre l iminary results indicate tha t the polarizat ion 
is 0 a t 2.0 M e v , rises to a p e a k of a b o u t + 3 5 % 
near 2.2 Mev , drops to 0% near 2.4 Mev, rises 
slowly to a value of about + 3 2 % at 3.0 Mev, and 
stays approximately constant near this value u p to 
4.0 Mev. (One may note that these results indicate 
a source of polarized neutrons of about 80 to 100-
kev energy.) These results can be compared to the 
results previously measured at Argonne and else-
where1 at a neutron emission angle of 50 a n d 51 
In this previous work the polarization in the reac-
t ion r eached a peak of a b o u t + 5 7 % at 2.2 Mev, 
dropped to + 2 0 % near 2.35 Mev, and rose slowly 
to a constant value of about + 3 5 % from 3.0 to 4.0 
Mev. A more careful analysis of the present da ta is 
in process. 

2. Polarization of Neutrons Scattered 
From Zr, Nb, Mo, and Cd 

A . LANGSDORF, JR., A . J . ELWYN, R . O . LANE 

T h e following is an abstract of a paper to be 
presented a t the Thanksg iv ing mee t ing of the 
American Physical Society, November 1962. 

The polarization and differential cross section for 
neutrons scattered from samples of Zr, Nb, Mo, and 
Cd were measured at five angles and at about twelve 
energies in the range 0.275 to 0.85 Mev. The source 
of polarized neutrons was the Li7(/>,n)Be7 reaction 
with the neutrons emitted at 51° with respect to the 
proton beam. Polarization was measured by deter-
mining the di(Terences between the scattered intensi-
ty without a magnetic field and the intensity when 
the neutrons incident on the scatterer were passed 
through the transverse field of an electromagnet set 
to precess the spins by 180°. The angular depend-
ence of the polarization at any given energy is usual-

'A.J . Elwyn and R.O. Lane, Nuclear Phjs. 31, 78 (19G2). 

ly similar both in sign and magnitude for neutrons 
scattered from Nb, Mo, and Cd; and this shape 
changes gradually with energy throughout the re-
gion of interest. The results on Zr, however, show 
that both the sign and the magnitude of the polariza-
tion change rapidly as a function of energy. The un-
polarizcd differential cross sections measured simul-
taneously with the polarization vary smoothly with 
energy, are similar in shape and magnitude for all 
four of the nuclei, and are in agreement with our 
previous measurements. 

B. ACCELERATOR PROGRAM 
(Reactor Division) 

1. The Elastic and Inelastic Scattering 
of Fast Neutrons 

A . SMITH, D . REITMANN 

As a portion of the continuing program of stud-
ies of the different ia l sca t t e r ing of fast n e u t r o n s 
f rom in te rmedia te a n d heavy nuclei measure-
ments of elastic scattering from I P " , UL'3S, natural 
W , and W 1 8 ' were completed. Measurements were 
m a d e at < 5 0 - k e v intervals t h r o u g h o u t t h e inci-
den t neut ron range 0.3 to 1.5 Mev. T h e neu t ron 
resolut ion was < 2 5 kev. E a c h a n g u l a r distr ibu-
tion was measured a t ten or more angles. All 
measured distributions were corrected for multiple 
scat ter ing and the experimental results expressed 
in the form 

where W, are experimental ly determined param-
eters, P t are Legendre polynomials, a n d <Jei is the 
total elastic cross section. T h e absolute normaliza-
tion of the measurements was made relative to the 
elastic scattering cross section of C at each incident 
neutron energy. T h e detailed results follow. 

a. Natural Tungsten (see Figure 1). T h e t o t a l 
elastic cross section and the five coefficients of the 
L e g e n d r e expansion of the different ia l cross sec-
t ion are given. T h e open d a t a poin ts a b o v e 1.3 
M e v denote measurements inc luding the first in-
elastic c o m p o n e n t = — 110 kev). T h e s e have 
been corrected to the elastic cont r ibut ion only as 
d e n o t e d by tr iangles. T h e cor rec t ion was m a d e 
assuming isotropy of the inelastic distribution and 
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NATURAL TUNGSTEN 1—r—i—i—r—i—r—• r-

employing inelastic cross section values measured 
at one angle, All solid da t a points refer to meas-
urements carried out with sufficient spcctromctric 
resolution to clearly resolve elastically sca t tered 
components f rom inelastic contr ibut ions. 

b. W 1 8 4 (see Figure 2). T h e total elastic cross 
section and the Legendre coefficients for the differ-
ential scattering distributions from W1"'1 are given. 
T h e notation is identical to that utilized in the 
case of natural W in the above paragraph. 

c. I /2 3 8 (see Figure 3). T h e total elastic cross 
section and the Legendre coefficients of the angu-
lar distributions are shown. As above, solid points 
refer 10 measurements clearly resolving elastic 
from inelastic components. T h e open circles refer 
to measurements including the first inelastic com-
ponen t (Q,= —45 kev, 2 + ) while the squares de-
note the inclusion of the first two inelastic groups 
( £ = — 150 kev, —45 kev). As before, the tri-
angles signify the experimental measurements cor-
rected to represent the elastic con t r ibu t ion only. 
T h e correction is based upon the measured respec-
tive inelastic cross sections a n d the assumpt ion of 
inelastic isotropy. 

d. U23S (see Figure 4). T h e total elastic cross 
section and the Legendre coefficients for the angu-
lar distr ibutions a re given. Since the first nuclear 
level in U" : i5 is very low (in the order of a few ev) 
and subsequent s t ructure complex, it is impract i -
cal to comple te ly resolve t h e elastic c o m p o n e n t 
f rom all inelastic contr ibut ions . T h u s the results 
shown inc lude inelastic cont r ibut ions with the 
elastic scattering in those cases where the Q value 
of the inelastic process is within the ins t rumenta l 
resolution function. This resolution is velocity de-
penden t and indicated in the figure by the usual 
triangles. 

2. Fast Neutron Activation Cross Section of Th2 3 2 

D . S T U P E G I A , A . S M I T H , K . H A M M 

T h e fast neu t ron activation of Th- : i- was meas-
ured at —100 kev intervals between 200 and 1.1 
Mev. T h e resulting Th'-:i:i activity was determined 
by beta count ing a suitably chemical ly p repared 
sample . T h e flux incident on the sample was de-
te rmined using the U a 3 S fission cross section. T h e 
absolute disintegration rate of the sample was de-
termined with liquid scintillation techniques. T h e 
results, t abu la ted in T a b l e 1, tend to resolve cur-
rent large discrepancies in the measurement of this 
cross section (see B N L 325V 

- v n T n : t >?' v . v 
NEUTRON ENERGY, MEV 

Figure 1. Neutron clastic scattering by natural tungsten. 
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Figure 2. Neutron clastic scattering by YV"". 
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Figure 3. Neutron elastic scattering by U-Ils. 
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3. Delayed Fission Neutron Emission 
From Th232, U2 3 S , and U2 3 8 S.A. Cox 

T h e total delayed neutron yield and its t ime de-
p e n d e n c e were s tudied for Th-'"'12, U'-'ir', a n d U' j : i s 

fission. T h e fissions were i n d u c e d by essential ly 
monoenerge t ic neut rons in the energy ranges 250 
to 1500 kev (U ' j : i 5), 1100 to 2400 kev ( U - : , S ) , a n d 
1350 to 1650 kev (Th- : i-) . For all isotopes no de-
pendence of delayed neutron periods (0.5 to 54-sec 
groups) on b o m b a r d i n g energy was noted . How-
ever, both U- : , a a n d Th'-"''- exhibi ted an increase of 
^ 2 0 % in total delayed neu t ron yield a t a n d near 
t h e fission th resho ld . T h e to ta l d e l a y e d n e u t r o n 
yield of U- : , R ' was constant t h roughou t the experi-
m e n t a l range . I n both U'"8 a n d T h - 3 - fission, no 
change in total delayed neutron yield was noted as 
the incident neut ron energy increased once the fis-
sion threshold was passed. This consistency was 
m a i n t a i n e d across t he s h a r p resonance s t ruc tu re 
in the Th' j : i- fission cross section near 1.6 Mev . 

4. Instrumentation 
D u r i n g this period extensive modificat ion to the 

ion system of the accelerator were completed. T h e 
new pulsed source is expected to a p p r e c i a b l y in-
crease the nanosecond pulse intensity available. 

C. CHOPPER PROGRAM 
(Physics Division) 

1. Fission Cross Section of Th229 L.M. BOLLINGER 

T h e re l a t ive fission cross sect ion of T h " u has 
been measu red over the energy r a n g e 1 to 10'' ev. 
T h e foil used in the measurement conta ined about 
0.6 m g T h " " . A 15% impuri ty of Th'—S in the sam-
ple caused it to be extremely radioactive, the most 
bothersome activity being an a lpha part ic le disin-
tegra t ion ra te of abou t 2 x 109 pe r sec. A gaseous 
scintillation chamber , with H e + N ; , as the scintil-
la tor , was chosen as the most su i table de tec tor of 
fission pulses in the presence of t he in tense a lpha 
activity. Wi th this system, the op t imum conditions 
were those for which the rat io of the pulse height 
for fission a n d a l p h a particles was 45; a n d the 
scint i l la t ion pulses were s h a p e d to a w i d t h of 10 
nsec. U n d e r these conditions, fission was detected 
with abou t 85% efficiency when the coun t ing rate 
f r o m the p i l e -up of a l p h a par t ic les was a d j u s t e d 
to be abou t 1 /10 c o u n t / m i n . 

T h e count ing system described above has been 
used with the Harwe l l electron l inac to s tudy the 

Table 1 

Neutron Capture Cross Section of TVJ:'-

Neutron energy, Spread, Capture cross section, 
kev kev mb 

191 38 217=t 15 
290 36 183±13 
394 36 1 6 4 ± U 
482 35 167 ± 1 1 
491 37 193±13 
493 36 178±12 
493 36 182±12 
523 50 180=5=17 

590 36 188±13 

684 38 220=1=15 
689 39 197±14 
705 50 210±20 
785 32 213±14 
791 37 196±13 
809 50 !80±17 
885 38 176±12 
887 43 195=3=13 

978 38 165±12 

988 38 152±11 

1086 39 152±1I 
1091 39 156=1=10 
1170 43 152±11 

ene rgy d e p e n d e n c e of t h e fission cross sect ion of 
T h " ! l . A l t h o u g h the count ing ra te ava i lab le wi th 
t h e small s a m p l e w a s on ly a b o u t 1 / 5 c o u n t / s e c , 
the much lower rate of background counts m a d e it 
possible to m a k e a m e a s u r e m e n t of good qual i ty . 
Resonances were observed at all of the energies a t 
which Cote et a l . s have repor ted resonances in the 
total cross section of the same sample of Th--' J . I n 
addi t ion , m a n y new resonances were observed a t 
energies > 9 . 5 ev. I n cont ras t to t h e good agree-
m e n t wi th the transmission m e a s u r e m e n t s , the 
r e s o n a n c e s r e p o r t e d b y K o n a k h o v i c h a n d 
Pevzner'1 in the fission cross section ofTh-- ' J could 
not be de tec ted . N o exp lana t ion for this discrep-
ancy has been found. A quan t i t a t i ve t r e a t m e r t of 
the d a t a is in progress. 

T h e detect ion system used for t he above meas-
urements a t H a r w e l l is now being reassembled a t 

-R.E. Cote, H. Diamond, anclJ.E. Gindlcr, Bull Am. Phys. Soc. 
II5, '117 (1961). 

"Y.Y. KonaUhovieh and M.I. Pevzner, Alomnaya Energ. 11, 47 
(1960). 



4a 

A r g o n n e for use w i t h t h e f a i t c h o p p e r . T h e ob-
ject ive is to ex tend the m e a s u r e m e n t of t h e fission 
cross section inLo t he t h e r m a l range of energy . 

2. Direct Measurements of Resonant 
p-Wave Capture H.E. JACKSON 

C a p t u r e g a m m a - r a y spec t ra h a v e b e e n exam-
ined for resonances be low 1200 ev in Mo1"' in 
o rde r to m a k e u n a m b i g u o u s ident if icat ion of reso-
nances resul t ing f rom the c a p t u r e of jft-wave neu-
t rons . In i t ia l results h a v e a l r e a d y b e e n r epo r t ed 
[Pliys. Rev. 127, 1687 (1962)] ; r ecen t ly , however , 
m e a s u r e m e n t s h a v e b e e n m a d e w i t h i m p r o v e d 
time-of-flight resolution by use of the new Argonne 
fast c h o p p e r 60-mete r s ta t ion. T a b l e 2 shows the 
abso lu te intensities of the 8.38 a n d the 9 .16-Mev 
l ines in r e sonances de t ec t ed in Mo91 ' be low 1600 
ev. T h e 9 .16-Mev line corresponds to a transi t ion 
f rom the cap tu re state to the ground state of M o " . 
Sp in a n d pa r i t y cons ide ra t ions p r e v e n t measur -
a b l e va lues for th is i n t ens i ty u n l e s s t h e c a p t u r e 
s ta te is 1". T h e intensities of the 8 .38-Mev line 
h a v e b e e n used to c a l c u l a t e t h e r e d u c e d w id th 
u n d e r t h e a s sumpt ion t h a t the transi . ' ion is mag-
ne t ic dipole . T h e va lues o b t a i n e d a r e t h e n com-
pared with the recent compilat ion of Bar tholomew 
[Ann, Rev. Nuclear Sci. 11, 259 (1961)] . Because of 
f luc tuat ions in pa r t i a l widths, t h e s t reng ths of El 
and M 1 transitions show a considerable over lap in 
the region of a tomic masses of in teres t here . Con-
sequent ly , the presence of a p r i m a r y t ransi t ion to 
the first excited s tate is no t conclusive evidence of 
p-wave c a p t u r e . O n l y t r ans i t i ons w i t h r e d u c e d 

wid ths m u c h too la rge to be cons is ten t wi th Ml 
r a d i a t i o n give an u n a r m ' ^ u o u s i n d i c a t i o n o f p -
w a v e cap ture . T h e presence of g round- s t a t e t ran-
sitions in the spectra of resonances a t 107 and 1010 
ev i n d i c a t e p-wave cap tu re f o r m i n g a 1" s ta te . In 
addi t ion , very large reduced widths for resonances 
a t 2 1 5 a n d 330 ev ind ica te t h a t t h e y resul t f rom 

_ p-wave cap tu re . Transmission measurements , con-
t ingent u p o n the avai labi l i ty of the s e p a r a t e d iso-
t o p e Mo" 5 , a r e p l a n n e d in the n e a r f u t u r e in an 
e f for t to d e t e r m i n e the r ad i a t i on w i d t h s of these 
resonances. 

3. The Total Cross Section of Cm244 

R.E. COT£, H . D I A M O N D , R . A . BARNES, 

J . R . PATTERSON 

In a cont inuing effort to extend nuc lea r system-
atics th rough the s tudy of heavy nuclides, the total 
cross section of a s ample of C m has been measured 
w i th the fast c h o p p e r . T h e s a m p l e c o n t a i n e d 
~ 4 1 . 4 m g C m , the isotopic composi t ion of which 
was 96 .50% C m 2 " , 1.60% C m " * , 1.87% Cm2"", 
0.022% C m - " , and < 0 . 0 0 4 4 % Cm-' , s . T h e experi-
men ta l work performed with flight pa ths of 25 and 
60 m has been completed as has a large p a r t of the 
analysis. H o w e v e r , at this t ime it is conven ien t to 
r e p o r t only t h e energies at which resonances have 
been observed. T h e remaining pa ramete r s shall be 
r e p o r t e d w h e n the analysis has been c o m p l e t e d . 
T h e r e a r e resonances a t 4.33, 7.73, 16.8, 22.7, 35, 
52.8, 66.5, 69.9, 85.9, 96.3, 133, 172, 181, 197, 
209 .5 , 221, 231, 263, 272.6, 360, 419 , 4 4 3 , 514, 
645, and 770 ev. 

Tabic 2 

Parameters for Resonances in Mo l ls 

Absolute intensity (photons per capture) /;„,, Mev":l 

Resonance 
energy, ev £ y = 8 . 3 8 Mcv A \ = 9 . 1 5 Mev 7 ^ = 8 . 3 8 Mev ®r„", lO""1

 ev 

45 0.006±0.00l 0.0000±0.0r>05 0.09X10'1 13.1 ±0.8" 
10T 0.019±0.004 0.041 ±0 .008 0.010±0.006b 

1 GO 0.014±0.003 0.000 ±0.001 0.19X10-' 0.55 ±0.10" 
215 0.052±0.010 0.000 ±0 .002 0.74x10-' 0.08 ±0.04" 
330 0.086±0.016 0.000 ±0.002 1.I9X10-' — 
345 0.018±0.003 0.000 ±0.001 0.25X10-' — 
570 0.004±0.001 0.000 ±0.001 0.05X10-' — 

1010 0.002±0.002 >0.012 ±0.002 — 

"Brookhaven National Laboratory Report BNL 325, U.S. Government Printing Oflice, Washington, D.C. (1955). 
,JJ.P. Marion (private communication, 1962). These values were calculated by assuming j-wavc capture. 
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Figure 5, Total cross section of selenium, 

4. Angular Correlation of Gamma Rays Following 
the Capture of Thermal Neutrons by Ni5S and Ni6 0 

R.E. COT£, H.E. JACKSON, JR., 

L.L. LEE, JR., J.P. SCHIFFER 

T h e following is an abstract of a paper to be 
presented a t the Thanksg iv ing mee t ing of the 
American Physical Society, November 1962. 

Recent disagreements in the interpretation of (d,p) 
reaction spectra" have indicated the need for accu-
rate determinations of the spins of the states in ques-
tion. In an cPort to determine the spins of several 
low-lying states in Nir'° and Ni"1, we have measured 
the angular correlation or cascade gamma rays fol-
lowing thermal neutron capture in N i " and Ni"". 
From the {d,f>) reaction work, these states are known 
to have odd parity and spins of cither | or §. Data ob-
tained with three Nal(Tl) crystals were studied with 
the Argonne three-parameter analyzer.1' The cor-
relations are believed to be accurate to about 2%. 
T h e isotropy of the correlations measured for the 
cascades through the 466-kev state in Ni''" and the 
284-kev state in Ni"' indicates spin £ for these states. 
For the 880-kev state in Nir'", a 30% anisotropy was 
obtained. This state must therefore have spin if. All of 
these states were assigned spin J by Cohen et al. 

"B.L. Cohen, R.H. Fulmer, and A.L. McCarthy, Pkys. 
Rev. 126 ,098 (1962); J .P. Schiirer, L.L. Lee, Jr., and B. 
Zeidman, Phys. Rev. 115, 427 (1959). 

bC.C. Rockwood and M.G. Strauss, Rev. Sci. Inslr. 32, 
1211 (1961). 

5. A Boron-Loaded Liquid Scintillation 
Neutron Detector Mounted 
on a Single Photomultiplier 

G.E . THOMAS 

Boron-loaded liquid scintillation neutron detec-
tors have been successfully used for a lmos t ten 
years with the Argonne fast chopper . Recen t ad-
vances in photomul t ip l ie r tube design have now 
m a d e possible grea t simplifications in the use of 
these scintillators. Because of these advances, the 
need for a fast coincidence be tween two photo-
tubes viewing the same volume of scintillator is no 
longer required. N o change has been m a d e in the 
l iquid scinti l lator itself, but cells con t a in ing the 
scintillator are mounted directly to the front faces 
of single 5-in. E.M.I , type 9579A tubes. A bank of 
three to six of these detectors is now the s tandard 
detector for transmission measurements with the 
fast chopper . A paper that describes these detec-
tors will a p p e a r in the Oc tobe r issue of Nuclear 
Inslr. & Methods. 

6. The Neutron Resonances of Selenium 
R.E. COT£, J.P. M A R I O N , L . M . BOLLINGER 

T h e analysis of our da ta on Se is jus t about 
finished. T h e results a r e summar i zed in T a b l e 3 
and Figure 5. 
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Table a 

tU'tonnni't! I'nritmelei ii of Selenium 

/'.',„ ev Isotope a,„ li i 1', cv IV ev I'.XlO'.cv 

27 74 NolMttdled In till* series (il'measurement* 
113* 77" 1" r,r>± 20 0,4 ±0,1 (1,5 ±0 ,2 )X 10 0,4 ±0,1 0 ,I4± 0.02 
127"*" 7IJ orH0» 

(1,5 ±0 ,2 )X 10 

ISO"''' 77" 
175"" 77' 0.4" 105 ± 1 5 
20!) 77 0" 245<)± 950 l,«J2 ±0,5 1,52 ±0,2 0,4' 25(i ± 5 0 
270 74 fiiioo± 31100 4,(i ±1,1 4,2 ±0,1) 0.4' 0,l)(i± 0,12 
290 77 I'1 250 ± 50 0,4 ±0.1 (1.47 ±0 ,2 )X 10 0,41 ±0,15 7.0 ± I.I 
310 77 1" I350± 540 0.54 ±0,13 0.13 ±0,02 0,4' 10,5 ± 0 
m 7G" :)0()()± (Hit) 0.72 ±0,15 0,32 ±0,15 0.4" Hi,5 ± 1) 
:mi 71) 3050± (i()0 0.72 ±0,15 0,32 ±0,15 0.4" 0,3 ± 0,15 
•I42" 77" ii 43 ± 20 0,40(5±0,l 0.00(i±0,003 0,4" (),4(i± 0,05 
41)5" 77" 1" 97 ± 10 0.41 ±0,1 0,01 ±0.001 0,54 ±0,5 <J0 ± 1 0 
(if)5 77 0' 77()± 230 2.9 ±0 .0 2.30 ±0.24 
«.ri(i 70 and 77« Not studied in this series of iiieafuiieiiteiiu 0.4" 172 ± 2 0 
91)7 77 1" ll)40± 50 5,(1 ±0.(5 5,4 ±0.(5 

10! 1 i 0.27±0.4 32 ± 3 
1250 77 1" I2(i0± 390 1.40 ±0,24 1.13 ±0.1(5 
14(52 i 24 ± (5 
141)0' 77 1'' l)70± 500 1.30 ±0.40 0,91 ±0.23 
1(577 i 
1720 (77)-' 
1953 BO Not studied in this series of measurements 

"Resonance not rqtorted before. 
'•These resonance!! were not observed in the total cross section measurements, 1 lowever, llieir existence, based (in the 

capture y-ray measurements, is certain, 
'Tr=0.4 ev assumed. 
''Spin assignment made on the basis of the observation ofA'l transitions to the ground or fir.it excited slate of the com-

|jound nuclide. 
''Spin assigned on the basis of total cross section analysis. 
'Spin taken from Saclay data [ Julicri, Gorge, Huynli, Murgenstern, ami Nelter, Hull. Am. I'hys. Sue. 7. 2fW (1902)). 
"Isotopic assignment based on relative values ofthe binding energy as shown in capture y-ray coincidence spectra. 
ug='A assumed. 
'The isotopic assignment of these resonances cannot be made with certainly. Values otaf>Vn, where a is the isotopic 

fraction, are O.GX 10"*, 1. J2X 10"'. and 5.1 X10 z for the resonances at 1014, IH77, and 1726, respeclively. 
'The analysis of this resonance includes the effects of that resonance al I4(i2 ev. 
'"There is an indication of resonances at 354, 915, and 13fi0 ev. These appear in the total cross section measurements; 

but, because of the poorer resolution in the y-ray measurements, il is not possible to verify their existence. 



2. BROOKHAVEN NATIONAL LABORATORY 

A . B N L H I G H FLUX B E A M RESEARCH R E A C T O R 

T . V . SMIBHAN 

T h e con ta inmen t bui ld ing, ronsis t ing of a 170-
i't-diiun-stecl cylinder, 23 ft high, su rmoun ted by a 
(IB-fi r a d i u s hemis]jht^rc, i n c o m p l e t e . Ins ide the 
bui ld ing, the niiiin concre te founda t ions , tog* titer 
with all buried piping, most of the equ ipmen t lloor, 
t h e c o l u m n s for the e x p e r i m e n t a l lloor, a n d the 
shielded e q u i p m e n t rooms, arc complete. T h e 
cana l , except for surface chipping, is complete . T h e 
f ramework and reinforcing, as well as all buried pip-
ing on the exper imen ta l lloor, a re a b o u t i cady for 
s tar t of concrete p lacement . All m a j o r s u b e o n t r a e t s 
are p laced. M a j o r e q u i p m e n t is e i the r at the site, 
ready for sh ipment , o r unde r m a n u f a c t u r e . 

B. N U C L E A R O R I E N T A T I O N 

V .L . SAILOR, G . BRUNHART, H . MARSHAK,* 

H . POSTMA, * * C . A . REYNOLDS,T 

R.I . SCHSHMTR, F.J. SHOREFF 

T r a n s m i s s i o n circcts Tor po la r i zed m o n o c h r o -
m a t i c n e u t r o n b e a m s a n d po la r ized nuclei were 
measured for Li", B'", S c ' \ V r" (I I. Marshak) , a n d 
Co"" (R. I . Schermcr ) in the energy region of ~ 0 . 1 
e v a n d a t h i g h e r energies. L a r g e c/fects were ob-
served which will yield the f rac t ion of the low en-
ergy cross section for each spin state. T h e analysis 
is incomple te . 

Severa l r c sonanccs in T b i r ' " we re s tud i ed a n d 
t h e g v a l u e for e a c h was d e t e r m i n e d . D a t a were 
comple ted for ob ta in ing the hypcr f inc spl i t t ing in 
meta l l i c T b , b u t final results h a v e not been com-
pleted. D a t a were also ob ta ined on a single crystal 
of Mo which will p e r m i t c o m p a r i s o n of t h e mag-
netic s t ruc ture of H o with various models . ' 

T h e sccond o rde r c o n t a m i n a t i o n of the mono-
c h r o m a t i c b e a m o b t a i n e d f r o m B r a g g ref lect ion 
f rom a 92% C o - 8 % Fc crystal has been measured . 

• lVrnianent address: National Bureau of Standard;!, Wash-
ington 25, D.C. 

**Permanent address: Kaincrlingh Onnes Laboratory, Leiden, 
the Netherlands. 

f Permanent address: University of Connecticut, Storrs, Conn. 
t t l 'cri iui icnt address: Queens College, Flushing, New York. 

'The Ho single crystal was kindly loaned to us by Drs. S. 
l.envold and I'.I I. Spcdding of the Institute for Atomic Research, 
Iowa State University. 

C. DOPPLER B R O A D E N I N G 

O F THE 4 . 1 4 - E V R E S O N A N C E I N W » " 

BROTHER AUSTIN BERNABEI 

Detai led s tudies on the D o p p l e r b r o a d e n i n g of 
the -I,l'1-ev r e sonance ( W " " ) in meta l l ic W have 
been m a d e at room tempera tu re , 77°, and ' l . W K , 
Addi t iona l measu remen t s a t higher t empe ra tu r e s 
a r e p l a n n e d . T h e m e a s u r e m e n t s a re expec ted to 
p r o v i d e i n f o r m a t i o n a b o u t t h e elJ'ccls of l a t t i ce 
b inding on the Doppler b roaden ing of resonances. 

D . S L O W CHOPPER 

K. OTNES, K. O G A W A , H . MUETHER, 

H. PAIEVSKV, B. Mozen 

T h e modified slow choppe r t inie-of-f i ight spec-
t r o m e t e r is n o w o p e r a t i n g in a r o u t i n e fash ion . 
Kxper iments arc being carr ied o u t on mixed crys-
tals of N M , I - K I in o r d e r to d e t e r m i n e t h e effcct 
of n e a r e s t - n e i g h b o r NH. , ions on t h e r o t a t i o n a l 
characteristics of the NH,, ion in the body-ccntcred 
conf igura t ion . These measurements a re being car-
ried ou t as a func t ion of t e m p e r a t u r e f r o m liquid 
ni t rogen up to s 5 0 0 ° K . 

A series of m e a s u r e m e n t s on the ef icct of small 
quan t i t i e s of Ni in Pd arc b e i n g car r ied ou t wi th 
t h e p u r p o s e of t r y i n g to i d e n t i f y h igh f r e q u e n c y 
localized modes which are expected f rom general 
theoret ical considerat ions. T h e s e localized modes 
have been the subjec t of a g rea t m a n y theoret ica l 
pape r s in the last few years with very little experi-
m e n t a l ju s t i f i ca t ion . T h e cold n e u t r o n exper i -
m e n t s h a v e shown t h a t these m o d e s do exist and 
f u r t h e r work w i th this system a n d o t h e r alloys is 
be ing carr ied out . 

A good bit of the effort in the g roup is going to-
wards the design a n d construct ion of the new cold 
n e u t r o n faci l i ty for t h e B r o o k h a v e n H i g h F l u x 
Beam R e a c t o r . T h e genera l design fea tures were 
es tab l i shed a b o u t o n e y e a r ago a n d a good bit of 
cons t ruc t ion is n o w u n d e r w a y in t h e shops . T h e 
system t h a t is b e i n g buil t is a t h r e e - r o t o r m o n o -
c h r o m a t i n g t ime-of-fl ight a p p a r a t u s consist ing of 
o n e rotor sp inn ing a r o u n d a ver t ical axis a n d two 
ro to r s on h o r i z o n t a l axes. T h e ro tors a r e d r iven 
synchronous ly a n d a r e o p e r a t e d wi th a cons t an t 

8 



<J 

phase difference between the slits. At the present 
time the vertical rotor, which is the most complex 
element of the system, is ncaring completion in the 
shop, Models of the horizontal rotors have been 
spun to verify engineering calculations and have 
proved that the original design concept was con-
servative. It is hoped that the entire equ ipment 
will be completed by Janua ry 1, 1964, in time for 
installation when the new reactor will be finished. 

E. FAST C H O P P E R 

J . A . MOORE, A . P . JA IN , W . LEE, 

R.E. CHRIEN, H . PALEVSKY 

During the sccond quar ter of this year the fast 
choppe r has been used to s tudy c a p t u r e y-rays 
from Fe and Zr, with emphasis on the possibility 
of establishing the parity of the capturing state by 
studying the capture y-ray spectrum. 

Unfortunately, the protracted shutdown o f t h e 
N R U reactor at Chalk River (lasting from late 
Ju ly to the present) has delayed completion o f t h e 
capture y-ray studies. 

Da ta thus far taken on Zr suggest tha t the fol-
lowing resonances are due to p-wave neutron cap-
ture in Zr"1: E0 = 238 ev and £ „ = 4 2 0 ev. Several 
resonances at higher energies also show strong 
high-energy transitions. Since the parities o f t h e 
low-lying states of Zr"- are even, and j-wave cap-
ture in Zr !" leads to even-parity states, s-wave 
neu t ron resonances are not expected to show 
strong high-energy transitions. 

Self-indication measurements yield a prelimi-
nary value for T,,0 of 1 .2±r0 .6xl0- : l ev for the 
1167-ev resonance in Fe™. The radiation from this 
level has been compared to thermal capture y-rays 
f rom Fe. Both show strong ground-s ta te transi-
t ions; however, there is some difference in 
s t rengths for the other high energy y-rays. T h e 
isotopic identification o f t h e 1167-ev resonance 
was established with the aid of self-indication ex-
per iments with a sample enr iched in Fer '7, and 
f rom the examina t ion o f t h e y- ray spec t rum of 
this resonance. T h e fast chopper a t Brookhaven 
has been used to examine the total cross section of 
Fe from 1 ev to 10 kev. An effort will be made to 
fit these da ta assuming that a negative energy 
resonance is responsible for the shape of the cross 
section in this energy region. 

A preliminary run on Y with the capture y-ray 
spectrometer has revealed the apparen t presence 

of a neutron resonance near 19.5 ev not previously 
reported, 

For further resonance capture y-ray work a 
large 6x8- in . Nal crystal has been purchased and 
is being tested. The feasibility of coincidence work 
with this crystal in conjunction with the 3 x 3 - i n . 
crystals already in use is being studied. 

F. S I G M A CENTER 

1. Reactor Cross Section Evaluation Group 
C.E. PORTER, T.J. KRIEGER, S . O . MOORE, 

E .H . AUERBACH, N . ULLAH 

Newsletter No. 6 was issued in J u n e , 1962 ( B N L 
732). 

A digital comput ing machine program is now 
opera t ing to diagonalize randomly chosen mat-
rices of various orders. T h e eigenvalues of these 
matrices can be thought of as the energy levels of 
pa r t i cu la r families of q u a n t u m systems T h e 
nearest-neighbor spacings of the eigenvalues are 
found to have distributions remarkably similar to 
those observed for nuclear levels. The distributions 
of next-nearest-neighbor spacings, of next-next-
nearest-neighbor spacings, etc., are computed by 
the program. 

The ABACUS program for optical model com-
putations of cross sections has been used in a novel 
application to compute the scattering of slow elec-
trons by Ar atoms. T h e theory seems capable of 
yielding quali tat ive agreement with the experi-
mental Ramsauer resonance, which is analogous 
to the "Barschal l " size resonances of neutron-
nucleus scattering. An imaginary pa r t to the po-
tential has been introduced, and its effects are be-
ing explored. 

2. Neutron Cross Section Compilation Group 
J.R. STEHN, M . D . GOLDBERG, B . A . M A G U R N O 

T h e graphs for the revised version of BNL 400, 
" N e u t r o n Cross Sections - Angu la r Distr ibu-
tions," are completed. Textual and reference ma-
terial is well along toward completion, and publi-
cation is hoped for in February. 

Serious consideration is being given to prepar-
ing duplicate storage on magnetic tape of all the 
separate items of cross section da ta in the Sigma 
Center files. Advantages foreseen are flexibility, 
ease of access, and automatic presentation of de-
sired data. A program is being prepared to use the 
IBM 7090 computer as a searching device. 



3. CASE INSTITUTE OF TECHNOLOGY 

A . A N G U L A R C O R R E L A T I O N 
I N THE B '^DJOY 1 5 . 1 1 M e v ) C " * R E A C T I O N 

H.J . Kim, E.F. SHRADER 

It has been indicated by W. Tobocman and 
others that the distorted wave t rea tment or strip-
ping reactions may show its effects more sensitive-
ly in the analysis of nucleon y-ray angular correla-
t ion than in the angu la r d is t r ibut ion of the 
s tr ipped nucleon. The reaction 15.11 
Mev)0 , L ' is a particularly well suited reaction to 
study the distortion effect since the angular distri-
bution of neutrons feeding 15.11 Mev 1 ( + ) state 
shows remarkably good agreement with the Butler 
stripping pat tern while the other neutron groups 
of the reaction B"(</J)i)C1-* show rather poor fits/' 

The neutrons feeding the 1 ( + ) 15.11-Mev state 
of C1- are detected in coincidence with the 15.11-
Mev de-excitation y-ray directions of 11 ° and 90° 
relative to the incident deuterons of 2.59 and 2.29 
Mev. A pulsed beam of incident deu te rons was 
used with pulses which were < 2 n s in dura t ion. 
T h e neutrons were observed by the time-of-flight 
method in coincidence with the associated 15.11-
Mev pulse height selected y-ray. T h e accidental 
coincidence rate from nonassociated events was 
de te rmined concurrent ly by observing delayed 
coincidences arising from events occurring in con-
secutive beam pulses. 

T h e result of the n-y correlation shows marked 
departure from the plane wave, Butler theory. 

B. T H E C 1 3 ( D , n ) N 1 4 * R E A C T I O N 
E.F. SHRADER, R.L. ZIMMERMAN 

By using the neutron time-of-flight technique 
and a nanosecond-pulsed Van de Graaff the angu-
lar distribution of neutrons from the C1:l(rf,n)N1-1 

reaction have been measured at deuteron energies 
of 1.685, 2.198, and 2.70 Mev . N e u t r o n energy 
groups leading to the g round state a n d the first 
eight excited states of N1,1 have been resolved. The 
low Q, reactions can be fitted reasonably well by 
the Butler plane wave approximation permitt ing 
an I value assignment to be made. Previously ob-

•''I-I.J. Kim, D.A. Brand, and E.F. Shradcr, Bull. Am. Phys. Sue., 
Sec. 11,7 ,60(1962) . 

served" / = 1 and 0 stripping patterns for the 3.945 
and 4.91 Mev states respectively were confirmed. 
For the reactions leading to the 5.10, 5.69, 5.83, 
and 6.23-Mev states of N1'1 the I assignments are 1, 
2, 2, a n d 1 respectively. T h e ass ignment of the 
5.69-Mev state is in agreement with that of War-
bur ton and Pinkston.7 T h e reactions involving 
the ground state and the 2.31 and 3.94-Mev states 
show appreciable backward peaking in the neu-
tron angular distributions. T h e cross sections for 
all exit channels including the 6.23-Mev state are 
comparab le except tha t for the 2 .31-Mev state 
which is only 25% of the ground slate reaction. 

C. N E U T R O N TOTAL CROSS SECTIONS 
L.A. GALLOWAY 

Neutrons from a (d,n) reaction have been used 
to measure neutron total cross sections. Time-of-
flight techniques were used to identify neutron en-
ergy groups. 

For the C i : '(d,n) reaction, C l : ' was purchased in 
the form of methyl iodide at 55% enrichment . 
Targets of C' : l were prepared by cracking the 
C H 3 I vapor on a T a backing heated under vacu-
u m . These targets were bombarded by 1.7-Mev 
deuterons giving neutron groups of 1.85, 2.02, 
3.02, 4.64, and 6.88 M e v at 30° to the incident 
b e a m . T h e cross sections of Mg, Al, Ca, and V 
were measured at these neutron energies. The 
4.64-Mev group was of lower yield than the other 
groups and the presence of a d,d neutron of about 
4.4 Mev at 30° made the determination of neutrons 
under its peak somewhat complicated. Except for 
the 4.4 and 4.64-Mev groups thetime-of-flight sys-
tem successfully separated all groups of neutrons 
and m a d e possible the observation of systematic 
background fluctuations which were impor tant . 

T h e measured cross sections were (in barns): 

1.85 Mcv 2.02 Mev 3.02 Mev 4.64 Mev G.88 Mev 

M g 2 .92±0 .02 2.18±0.U2 2 .01±0.01 2 .11±0 .03 2 .12±0 .03 
Al 2 .38±0 .02 3 . 4 4 ± 0 . 0 3 2 .46±0 .02 2.10±0.0.1 1.80±0.05 
Ca 2 .04±0 .03 2 .58±0 .04 3 .98±0 .04 3 .45±0 .06 2.80±0.0G 
V 3.G2±0.02 3 .64±0 .02 3 .83±0 .02 3.61 ±0.0-1 3 .19±0.04 

"R.E. Henenson, I'hys. Rev. 90 ,420 (1953). 
MJ.K. W'arbunon and W.T. Pinkston, I'hys.Rev. 118,733 (1960). 

1 0 



4a 

The ~Li"'{d,n) reaction has been studied for possi-
ble use as a neutron source in these measurements. 
At the writing of this report the systematic varia-
tion of background has not been de te rmined for 
this "whi te" spectrum of neutrons. It has been 
shown that this systematic behavior of background 
is important and must either be eliminated with a 
y-ray insensitive detector or its magnitude must be 
determined. If neither of these procedures can be 
employed the Li7(^,n) reaction will not prove use-
ful for these measurements. 

D . I N E L A S T I C S C A T T E R I N G C A L C U L A T I O N S 

V . MADSEN, W . TOBOCMAN, H . VOLKIN 

T h e distorted wave Born approximation treat-
ment for direct interactions is being used to study 
inelastic scattering interactions. A calculation has 
been programmed for the NASA I B M 7090 com-
puter . O u r object is to try to use the direct inter-
action analysis as a probe to determine the struc-
ture o f t h e various excited states tha t occur in in-
elastic scattering reactions. 



4. COLUMBIA UNIVERSITY 

A. NEUTRON PHYSICS 

1. Nevis Synchrocyclotron Neutron 
Velocity Spectrometer 

J. RAINWATER, J .B. GARG, J . SCHIELLERUP-PETERSEN, 

A . BLAKE, W . W . HAVENS, JR. 

All the da t a taken on the six-week run dur ing 
J a n u a r y a n d Feb rua ry 1962 have been reduced 
and plotted as cross section vs energy. Two reports 
presenting the da ta arc being prepared. T h e first 
report will include the da t a on elements with 
widely spaced levels (Fe, Go, Zn, V, Ti, Cu, Ni, F, 
Al, and Bi) in the energy interval up to 200 kev. 
1 'he second report will contain results o f t h e neu-
tron total cross section measurements for elements 
having closely spaced levels (Th, Ag, Ta , I, Br, Cs, 
Pr, and Tm) up to 4 kev. 

An IBM 1620 program has been written to ana-
lyze the level-spacing distributions, and some in-
terest ing effects have been observed. However , 
more complete analysis and checks on the analysis 
must be m a d e before results will be reported. 

A computer program has been written for the de-
termination o f t h e resonance parameters, and anal-
ysis o f t h e T h resonances is proceeding smoothly. 

A series of measurements has been made to de-
termine the source of the detector background in 
the neu t ron velocity spectrometer . T h e back-
g round was found to come f rom the concrete of 
the tunnel surrounding the detector. Shielding the 
detector with P b decreases the background by at 
least an order of magni tude . A detector housing 
with ample shielding is being designed to take ad-
vantage of this possible decrease in background. 

2. Ternary Fission of UJ3S in the 
Resonance Energy Region 

G . K . M E H T A , E. M E L K O N I A N 

T h e measurements in the resonance region of 
the variation with neut ron energy of the rat io of 
yield of fission fragments to that of ternary a parti-
cles have been analyzed. T h e results in the energy 
region 8 to 60 ev cluster into two groups indicating 
a possible correlation with the y-values of the 
resonance levels, but there was only a small corre-
lation with the ratios of asymmetr ic to symmetric 
fission measured in the " b o m b " exper iment by 

Cowan et al. There have been no new runs at 
Nevis. D u r i n g the next run we expect to repeat 
the measurements to obtain more accurate results 
and also to investigate whether the observed vari-
ations could arise from other causes, such as vari-
ations in the average a energy a n d / o r the fission 
fragment energy. 

3. Mass Distribution of Fission Fragments 
by Simultaneous Energy and 
Time-of-Flight Measurements 

M . DERENGOWSKI, E. M E L K O N I A N 

An experiment is being set up to measure simul-
taneously the energy and velocity of fission frag-
ments in the rmal neu t ron fission so as to obtain 
directly the mass distribution after neutron emis-
sion. A simultaneous measurement o f t h e energy 
of the o ther f r agmen t will also be made . It may 
then be possible to get a complete pic ture o f t h e 
masses before and after neutron emission as a 
function of fragment energies. 

T h e above measurements as well as the deter-
minat ion of mass distributions in fission in the 
resonance region require the recording of two or 
three coincident parameters. Since the count rates 
rarely exceed a few per second, punch ing the in-
format ion on paper tape is sufficiently rapid . A 
three p a r a m e t e r da ta acquisit ion system is on 
order with R I D L . Three pulse heights (1000 chan-
nels each), or two pulse heights and one time-of-
flight (100,000 channels), may be recorded. Triple 
coincidence logic, in ternal amplifiers, a n d other 
features are included. Totalizing of the results will 
be performed on one or more of the available 
computers. 

4. Thermal Neutron Fission of U J 3 5 With Emission 
of Long Range a Particles 

I . SCHRODER, J . A . M O O R E , A . J . DERUYTTER 

The ratio of binary to ternary fission in IP™ for 
neut rons in the thermal region has been studied 
using solid state detectors. This ratio has been 
measured not only for pile neutrons with radically 
di f ferent Cd ratios, but also measured at 0.003, 
0.0253, 0.08, a n d 0.3 ev respectively, using the 
Co lumbia Crystal Spectrometer at Brookhaven 
Nat iona l Labora tory . N o difference in this ratio 
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lias been observed in these measurements, At pres-
ent an absolute measurement is being performed 
to normal ize the da ta , 

Single fragment kinetic energy and total kinetic 
energydis t r ibu t ionsof the fission f r a g m e n t associ-
ated with the emission of long-range cr part iclcs in 
the thermal neutron fission of UM(1 a re continuing, 

A s tudy of the energy dis t r ibut ion of the long-
range a particles in the thermal neut ron fission of 
V j :" ' which arc emi t ted at smal l angles with re-
spcct to the light fission f ragments is unde r study, 

5. Emission of Prompt y Roys 
in the Thermal Fission of U 2 3 S 

A . J . DERUYTTER, J . A . M O O R E , I . SCHRODER 

T h e p r o m p t y rays emit ted in the t h e r m a l fis-
sion of U- ,r' a rc being studied with a coincidence 
crystal spectrometer. Th i s s tudy measures the en-
ergy distr ibution of the p r o m p t y rays below 1 
Mev, T h e dependence of the energy dis t r ibut ion 
of the y rays on the total energy o f t h e related fis-
sion f ragments and the relation between the struc-
t u r e observed in the y - ray d i s t r i bu t ion a n d the 
masses of the coincident fission f r agmen t s will be 
determined, 

6. Measurement of the Half-Life of U , 3 S 

A . DERUYTTER, I . SCHROOER, J . A . M O O R E 

Solid state detectors have been used to perform 
an accura te measu remen t of the a l p h a spcc t rum 
of n a t u r a l U . T h e half-l ife of U- : , r ' will be deter-
mined from a comparison of the activity of IP''19 to 
that of U'J:,S and U 2 : " respectively. 

7. Studies of Liquids and Solids 
by Inelastic Neutron Scattering G. J. SAFFORD 

In cooperation with the members o f t h e Physics 
Dep t . o f t h e Brookhaven N a t i o n a l L a b o r a t o r y , 
exper iments a re in progress to s tudy a t o m i c mo-
tion in l iquids a n d solids. T h r e e abs t rac ts on this 
work have been submit ted to the Seatt le Meet ing 
o f t h e Amer ican Physical Society: " A s tudy o f t h e 
l iquid a n d solid phases of H F , H C l , a n d H B r by 
neutron inelastic scattering," H. Boutin, G . J . Saf-
ford, and V. Brajovic; "An investigation o f t h e en-
ergy levels in alkaline hydroxide by inelastic scat-
tering of slow neutrons," G . J . SafTord, V . Brajovic, 
and H . Boutin; " A study of ro ta t ional f r eedom in 
several a m m o n i u m salts by slow neu t ron inelastic 
scat ter ing," V, Brajovic, H . Boutin, G . J . Saflord, 
and H . Palevsky. 

8. n-p Total Cross Section J. LEBOWITZ, C. ENOELKE 

Because of unexpla ined f luctuat ions in earlier 
d a t a on the n-p total cross section at 3,2 Mev, the 
m e a s u r e m e n t s have been repea ted and the d a t a 
arc now being analyzed. 

9. Study of Neutron Polarization 
in the B " ( d , n y ) C " Reaction 

M . COPPOLA, A . SAYBES 

An a p p a r a t u s to s tudy the polarization ol 'neu-
trons leading to the first excited state of C ,1! is un-
der development . Results on the neutron angular 
d is t r ibut ions [ J .N. G a r g , et al., Nuclear Phys. 23, 
630 (1961)] show t h a i the reac t ion m e c h a n i s m 
cannot be explained satisfactorily by simple direct 
in terac t ion theory. T h e exper imenta l a p p a r a t u s 
consists of a liquid 1-Ie neutron scatterer a n d a fast 
n e u t r o n t imc-of-f l ight spec t rome te r , us ing neu-
t r o n - g a m m a pulse-shape discr iminat ion. Tests of 
coincidcnce systems using these componen t s a rc 
being made , 

10. Elastic Scattering of Neutrons 
b y O x y g e n A . SAYRES 

F u r t h e r analysis of d a t a repor ted elsewhere 
[Bull. Am. J'hys. SocSer. II, 6, 237 (1961)] indicate 
that the accuracy of the 0" ' (« ,« ) cross section de-
duced from the recoil spectra is l imited by the 
necessity of combin ing da t a from C O j , C H , , and 
C » H n r u n s . 

A gridded ion chamber has been ar ranged with 
an a lpha source to test the per formance of the 
c h a m b e r with various gas fillings at various pres-
sures. At a low pressure filling of oxygen it is ex-
pected that a sufficient number of electrons will be 
collected on the collector plate to give satisfactory 
energy resolution. Using pu re oxygen as a filling 
will enable da t a to be accumula ted more rapidly 
and with bet ter accuracy than tha t previously 
obtained. 

11. He3 Neutron Spectrometer 
D . LIGHTBODY, D . LISTER, M , A M O R U S O , A . SAYRES 

T h e l iquid H e scint i l lator was tested for light 
collection stability, using a Po'-1" a lpha source and 
q u a t e r p h e n y l wavelength shifter. T h e full width 
at half m a x i m u m resolution was 26%. T h e pulse 
height gradual ly decreased slightly, p robably as a 
result of a g radua l lowering of t empe ra tu r e of the 
photomul t ip l ie r tube . Af ter 2 h r the pulse height 
was stable with time. 
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A 3- in . -d iam p ropor t iona l c o u n t e r (used for 
elastic scattering studies) was filled (1 atmos 

M c ' - f 4 a t m o s K r ) giving 5% resolu t ion for the r -
mal n e u t r o n s for He ; i (« , / ' )T r eac t i on a n d 6% at 
E„ = 3 M e v w h e r e p a r t of w i d t h is d u e to t a rge t 
thickness. T h i s coun te r a n d a s imi lar coun te r (4-
in . -diam) will be used for clastic scat ter ing studies. 

B. CHARGED PARTICLE RESEARCH 

1. V a n de Graaff Operation 
A . SAYRES, P. O S M O N , L .J . LIDOFSKY 

T h e V a n de G r a a f T h a s o p e r a t e d sat isfactori ly 
for a b o u t 2000 hr d u r i n g this per iod using the 
original rf te rminal . A new pulse t e rmina l was re-
ceived f rom High Vol tage Eng inee r ing Corp . bu t 
has not as ye t been instal led. 

2. N e w 9 0 ° Reflecting Magnet 
L.J. LIDOFSKY, H . D O W D S , L. R O T H M A N 

T h e new mass produc t 28 deflect ing magne t was 
tested at Harvey Wells and passed specification tests 
sat isfactori ly. T h e m a g n e t was d isassembled a n d 
has been received a t C o l u m b i a . A n e w base has 
been installed on the basement level of the Pegram 
L a b o r a t o r y a n d the m a g n e t will be set u p there . 

3. Deuteron Stripping 
R. W E I N B E R G , R. H O R O S H K O , P . O S M O N , L.J. LIDOFSKY 

T h e a n g u l a r d is t r ibut ions of p ro tons f r o m the 
Mg-r'(</,/>) r eac t ion h a v e b e e n m e a s u r e d a t ~ 1 8 
angles a n d deuteron energies f rom 2.5 to 5.2 Mev. 
T h e thin N a l ( T l ) detector used was able to resolve 
t h e g r o u n d s ta te p r o t o n g r o u p as well as g roups 
corresponding to transit ions to the 1st four excited 
states. 0"'{d,p) and C y i { d , p ) groups from con tam-
inan ts were also resolved. T h e character is t ic reso-
nances of C ' " (d,p) were observed. T h e s e d a t a are 
now being t ransferred f rom p u n c h e d t ape to cards 
pr ior to analysis into cross sections using a Los 
A lamos least squares p rog ram. 

4. Deuteron Elastic Scattering 
R. W E I N B E R G , R . H O R O S H K O , P. O S M O N , L.J. LIDOFSKY 

T h e a n g u l a r d i s t r ibu t ion of d e u t e r o n s f rom 
Mg'J5(rf,(/) as well as f r o m c o n t a m i n a n t Oul(d,d) 
a n d C'"(d,d) has been m e a s u r e d a t ~ 1 8 angles 
a n d energies f rom 3 to 5.2 M e v . A sur face bar r ie r 
d e t e c t o r was used a n d cou ld c l ea r ly resolve the 
Mg-'r ' e last ic d e u t e r o n g r o u p in to a n g l e s g rea t e r 
t h a n —60° . These d a t a a re also being t ransferred 

to punched cards for fu r the r analysis. It is p lanned 
to use these d a t a t o g e t h e r wi th d a t a f r o m Mg-G 

(p,p) a n d Mg'"r'(^,/>) in a dis tor ted w a v e analysis 
of the Mg - r ' (d ,p) reactions. 

5. Beta Spectrum of N 1 2 and B1 2 

C . S . W u , Y . K . LEE, LUKE M O 

T h e large electron spectrometer has been modi-
fied a n d used to m e a s u r e t h e s p e c t r u m of B1-
and the /3+ spectrum of N t s . A chopped beam with 
synchronous detection was used to minimize back-
g r o u n d . A thin de tec tor was used to r educe possi-
ble uncer ta in t i es in the coun te r eff iciency as a 
f u n c t i o n of b a c k g r o u n d . A n t i - s c a t t e r i n g baf l les 
a n d low-Z coa t ings of baf l les w e r e used to mini -
mize sca t t e r ing effects. Af te r d a t a r e d u c t i o n , the 
shapes of the spect ra will be c o m p a r e d wi th those 
p red ic ted by t h e conserved vector c u r r e n t theory 
of beta decay. 

6. internal Conversion Electrons 
From O 1 6 (6 .06) State 

C . S . W u , Y . K . LEE, LUKE M O 

I m p r o v e m e n t in t h e de tec to r resolut ion of the 
la rge electron spect rometer has enab led the obser-
va t ion of in te rna l conversion of electrons f rom the 
E O transition between the 0 + 1st excited state a n d 
t h e g r o u n d s ta te of O 1 0 . T h e obse rved in tens i ty 
agrees closely with theory. 

7. Inelastic Scattering of Protons From N ' 4 

C . N I S S I M - S A B A T , E. BOGART, M . TATCHER, S . D E V O N S 

A search was m a d e for a possible s t a t e in N " 
n e a r the well k n o w n 2 .3 -Mev , T= 1, 1st exci ted 
s ta te wh ich migh t b e a r on ce r ta in a n o m a l i e s pri-
va te ly repor ted in t h e C , : l(^,«) a n d B l l(flf,n) reac-
tions to this region of excitation. T h e doub le focus-
ing magne t spectrometer was used at 9-kev resolu-
t i o n to s t u d y N l l(p,p')- N o ine las t i c s c a t t e r i n g 
g r o u p corresponding to any o ther s tate within 100 
kev of the 1st excited state was seen. 

8. Angular Correlations in S32 (d,p) 
J . SILVERSTEIN, T . KRUSE 

Tes t s of c o u n t i n g ra tes a n d t a r g e t s a r e be ing 
m a d e prior to the study of this reaction. 

9 . Proton Elastic Scattering 
R. W E I N B E R G , G . MITCHELL, L.J. LIDOFSKY 

T h e elastic sca t t e r ing of 13-Mev p ro tons f rom 
Mg-" has been observed a t large angles us ing the 
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external cyclotron beam. This run was interrupted 
by failure of the surface barr ier detector. I t is be-
ing repeated a t several energies between 11 and 15 
M e v and at angles from 10° to 150°. An optical 
model program for analysis of the da ta has been 
tested using 18-Mev da t a reported a t Princeton. 

le final results will be used in the distorted wave 
analysis of M.g"r'(d,p). Mg~"(p,p') was also observed 
in three preliminary runs. An analysis of da ta on 
the inelastic scattering is p l anned using a collec-
tive model description of Mg-(i. 

10. (p ,y) Studies in Light and 
Medium Weight Elements 

L. FELDMAN, M . NESSIN, B. BALIGA 

The yield of gamma rays from transitions to the 
ground state and to the first excited state following 

proton capture has now been determined for pro-
ton bombard ing energies 10 to 11 Mev and 12 to 
14.5 Mev for a number of elements. Observations 
have been m a d e in steps of ~ 100 kev throughout 
these energy regions. Measurements in the 11 to 
12-Mev region are now beginning. 

11. Hyperfine Structure of 0 1 S 

K. FELDMAN (Columbia Radiation Lab.), 
F. MORRISON 

Transitions observed between states of O i r ' using 
atomic beam techniques have now been observed 
at a n u m b e r of magnetic fields. T h e indicated 
magnetic moment of O1 5 from these measurements 
s u p p o r t the ( tentat ive) va lue of JLI = 0.718 Bohr 
magne tons reported in the last repor t to the 
NCSAG. 



5. DUKE UNIVERSITY 

A. NEUTRON PHYSICS 

1. Resonance Cross Section Measurements 
With Continuous Beam 
FARRELL, BEARD, PARKS, BILPUCH, NEWSON 

W e are in the process of ob t a in ing C a ' - , Ca ' H , 
Cr6 0 , Ni r , s , Ni , i 0 , Ni0-, Ni0'1, a n d Zn**" from the 
Cross Section Pool. T h e n e u t r o n tota l cross sec-
tions of these isotopes will be measured in the en-
ergy range 50 kev < 2 ? „ < 7 0 0 kev. T h e results will 
be used in f u r t h e r s tudies of level densi t ies a n d 
isotopic spin. 

2. Average Total Neutron Cross Sections 
TABONY, SETH, BILPUCH, NEWSON 

Since the last report several more thin samples 
have been analyzed by the p a r a m e t e r fitting pro-
gram (Nd, Gd , Er, La, Ir). T h e analysis of thicker 
samples is now in progress a n d takes into account 
both interference and Doppler broadening effects. 

A calculation o f t h e Doppler integrals 

4 (x,t ) = 1 Vi Ir t f 1/(1 -f-/J) e x p - [ ( . x - y f / U ]dy 
J-oo 

and 

4>(x,l)=l/V^t f °° 1+y a)cxp - [(A- -yY/4rt]dy 
- o o 

has been p e r f o r m e d for values of / r a n g i n g f r o m 
0.25 to 10,000. For each va lue of t t he in tegra ls 
were calculated for 400 values of x. 

3 . C a p t u r e Cross Sections FURR, ROHRER, NEWSON 

P a r t I I I of our series ( N e u t r o n C a p t u r e Cross 
Sect ions in t h e kev R e g i o n ) is nea r ly r e a d y for 
publication. 

4. Thin Targets for Production of Neutrons 
BEARD, PARKS, FARRELL, BILPUCH, NEWSON 

In the last repor t we showed the results of our 
threshold measurements on the B ' ^ / y ^ C " reac-
tion using BF 3 gas in the cryostat. W e are now re-
peat ing these measurements on the 3 -Mev V a n de 
Graa f f whe re our b e a m resolut ion can be m a d e 
~ 1 par t in 20,000. W e hope to be able to use this 
react ion to p roduce neu t rons for high resolution 
total cross section measurements . 

5. Neutron Total Cross Sections With Pulfsed Beam 

Inactive. 

6. Neutron Polarization Measurements 
R.L. WALTER, J.R. SAWERS, F . O . PURSER 

An appa ra tus is being prepared to measure the 
polarization of neutrons produced in several reac-
tions. Sca t t e r ing f rom H e will be used as the 
po la r i za t ion ana lyzer . P resen t p lans a r e to con-
struct a H e gas scintillator similar to the one which 
was used successfully a t Wisconsin.8 I n o rder to 
r educe background , a fast coincidence will be re-
qu i red between the He-recoil pulses a n d pulses in 
the neu t ron detectors. T h e first reactions to be 
s tudied will be T(/>, n )He 3 and C'-(rf ,>oN'\ Infor-
mat ion concerning the first reaction will be of val-
ue for the cur ren t s tudy regard ing a v i r tua l state 
o f t h e a particle.9 K n o w l e d g e o f t h e polar izat ion 
p r o d u c e d in this react ion for proton energies be-
low 3 M e v will a id in t h e d e t e r m i n a t i o n o f t h e 
T( / ; , n ) r eac t ion m e c h a n i s m a n d the in te rac t ion 
parameters . As the earlier experiments of Haeberl i 
a n d Ro l l and 1 0 indicate, the C ' - ^ ^ N 1 3 reaction 
migh t prove to be the best source of part ial ly-
polar ized low-energy neutrons . In add i t ion , very 
little exper imenta l da t a has been obta ined on the 
polarizat ion of neutrons produced in s tr ipping re-
act ions . Resu l t s for the C,2(d,ii) r eac t ions are of 
interest f rom this v iewpoint also. The re fo re , a 
thorough polarization study of this reaction should 
be carried out. 

7. Elastic and Inelastic Neutron 
Scattering by Time-of-Flight 

BUCCINO, HOLLANDSWORTH, BEVINGTON, 
KAPADIA, PETITT, LEWIS 

D a t a of inelast ic sca t t e r ing f r o m 23 e lements 
described in the last report have been reduced and 
analysis is nearly completed. T h e d a t a indicate a 
genera l a g r e e m e n t wi th t h e predic t ions of the 

»R.L. Walter, W. Benenson, P.S. Dubbeldam, anclT.H. May, 
Nuclear Phys. 30, 299(!9C2); P.S. Dubbeklam and R.L. Waller, 
Nuclear Phys. 28 ,414 (1961). 

"C. Werntz (private communication). See also C. Werntz 
(submitted to Phys. Rev.). 

"'VV. Haeberli and W.W. Rolland, Hull Am. Phys. Soc. 2, 23-1 
(1957). 
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Figure 6. Differential elastic scattering cross section 
of praseodymi u m. 

Fermi gas calculat ions of Ericson for a n energy 
distribution of the form 

N(E)=CEott/-r-/' exp(2 y/aU), 

where a and C are constant, 0( is the inverse cross 
section, E is the exit neutron energy, and U is the 
effective excitation energy taking pai r ing energy 
into account. 

T h e relative angular distributions of neutrons 
elastically scattered from C, Zr, Nb, Ag, Sb, Ce, 
Pr , T a , Au, Tl , radiogenic Pb , T h , a n d U have 
been measured for an incident neutron energy of 
5.00 Mev. These data were taken with a time reso-
lution of about 7 nsec and a flight path of 1.44 m. 

Rela t ive differential cross sections have been 
calculated for these samples. Optical model fits to 
the da t a have been m a d e using a local potential 
code developed at Duke* based on a U C L A code. 
T h e parameters agree well with local fits of Perey 
a n d Buck, and Bjorklund and Fernbach at other 
energies. T h e data agree fairly well with nonlocal 
potential calculations of Perey and Buck. A typi-
cal comparison is given in Figure 6 for Pr1 ' " . 

*Tlie computations were carried out in the Duke University 
Computing Laboratory which is supported in part by the Na-
tional Science Foundation. 

We are now in the process of constructing a 
larger and more versatile detector shield for use 
in our scattering experiments. Renovat ion of the 
experimental area is also in progress. An improved 
neutron-gamma discriminator is being investigat-
ed for use with the detector, and solid-state trig-
gering and coincidence circuits are being incorpo-
rated into the t iming system to improve time 
resolution. It is expected that an over-all time 
spread of 3 to 4 nsec with a greatly enhanced 
signal-to-noise ratio will result f rom these modi-
fications. 

8. Windowless Gas Target Chamber 
P A R K S , B E A R D , B I L P U C H , N E W S O N 

T h e A r ' " ( p , n ) reaction has been studied from 
threshold to 120 kev above threshold in an effort 
to de te rmine the resolution capabili t ies of our 
windowless target chamber. To obtain maximum 
possible yields from this reaction an unshielded, 
nearly 4w counter matr ix has been constructed of 
polyethylene and BF:i counters. The relative total 
yield has been measured in the region from 2.323 
to 2.464 Mev. 

Threshold appeared to occur at 2.338 ± 0 . 0 0 1 
Mev a n d the first resonance was observed at 
2.3466 Mev. In the region studied, 69 resonances 
were observed with an average spacing of ~ 1.7 
kev. Figure 7 shows a portion of the da ta over an 
energy range of 32 kev. T h e da ta were obtained 
by tak ing proton energy steps of 100 ev between 
the resonances and 50-ev steps over the reso-
nances. T h e inset in Figure 7 shows a n energy 
range of 2 kev with two resonances separa ted by 
360 kev. By setting up the same gas flow, the re-
producibility of the da ta from day to day svas ex-
cellent and yields could be changed by simply 
changing the gas flow. 

In an independen t check on the resolution of 
the Duke 3-Mev Van de Graaff accelerator, it was 
found that if the "homogenizer"1 1 was employed, 
a beam spread hal f wid th of 100 to 150 ev was 
consistent with the measured C':i(p,y) thick target 
yield at 1.76 Mev. In the case of Ar we assume 
tha t the ^nergy spread from the accelerator is 
comparable to the CKI measurement even though 
the m a c h i n e energy is greater . T h e r ema in ing 
sourccs of energy spread are Dopple r effect and 
target thickness. O u r ta rge t was m a i n t a i n e d at 

"P.B. Parks, H.W. Newson, and R.M. Williamson, Rev. Sci. 
lmtr. 29 , 8 3 4 - 9 ( 1 9 5 8 ) . 
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^ ; 6 0 C K to insure tha t no solid could bui ld up on 
the walls o f t h e target c h a m b e r . Th i s leads to a 
Doppler 1/e wid th of ~ 7 0 ev. T h e observed 
resonances in Ar showed half-widths as small as 
140 ev a n d as la rge as 440 ev with the major i ty 
having between 180 and 220 ev half-widths. Since 
these numbers include the natural width, Doppler 
sp read , m a c h i n e energy sp read , a n d the target 
thickness, it can easily be seen tha t the target 
thickness is < 1 0 0 ev. At present a s tudy is under 
way to determine if the observed asymmetry of the 
resonances might in some way give a bet ter esti-
mate of the target thickness. 

An a t t e m p t was also m a d e to observe the 
Ar"'(p,p'y) reaction but in no case was the inelas-
tic y observed with sufficient intensity to permit 
a n y analysis. Also, a LiG loaded glass crystal was 
employed in a n unsuccessful a t t e m p t to take the 
angu la r distr ibution o f t h e (p,n) react ion. How-
ever, we were able to m a k e some 0° , 90° aniso-
tropy studies by utilizing the two halves of the 4w 
BF3 matrix counter. 

At present an analysis of all the Ar data is under 
way. Another experiment involving improved an-
isotropy studies is being considered since this type 
of da ta can indicate t h e angu la r m o m e n t u m of 
the existing neutron and spins and parities of states 
in the compound nucleus. 

1. 

B. CHARGED PARTICLE REACTIONS 

C " ( d , p ) C 1 3 Reaction 
K A T M A N , TILLEY, GERKE, W I L L I A M S O N 

T h e Cl"(d,p)Cui reaction is being investigated 
in the range of incident deuteron energies from 2 
to 3 Mev. T h e purposes o f t h e investigation are (1) 
to ascertain the relative contributions of the direct 
interaction and compound nuclear reaction mech-
anism, (2) to test the validity o f t h e distorted wave-
Born-approximation theory o f t h e (d,p) reaction in 
light nuclei at low energies, and (3) to test the pre-
diction of Wilkinson to the effect that stripping re-
actions should follow the Butler p lane wave de-
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Figure 8. Angular correlations between second group 
protons and de-excitation gamma rays. 

scription most nearly when the Q, values are nega-
tive and the b o m b a r d i n g energies a re low. 

For these purposes the yields of the second and 
third excited state proton groups were measured as 
a f u n c t i o n of d e u t e r o n e n e r g y a t severa l angles 
se lec ted wi th a view t o w a r d analys is of the 
resonances. 

Angula r distributions of the protons were meas-
ured a t several energies both on and off resonance. 

A n g u l a r correlat ions be tween t h e p ro tons a n d 
t h e de-exci ta t ion g a m m a rays of C i a we re meas-
u red at energies on and off resonance. I n each 
case , a n g u l a r cor re la t ion m e a s u r e m e n t s were 
m a d e in t h e r eac t ion p l a n e a n d in o n e o r m o r e 
planes perpendicular to it. 

Analysis of the d a t a is not complete . However , 
t h e analysis of the p.,-y co r re la t ions a t 2.35 a n d 
2.50 M e v (shown in Figure 8) supports the predic-
tions of Wilkinson in tha t the reaction p lane aniso-
tropics do not a p p e a r a t t enua ted ; the axes of sym-
m e t r y coincide wi th t h e C 1 3 recoil axes, a n d the 
a z i m u t h a l p l ane correlat ions are isotropic within 
the experimental error. 

.j.1. Resonance Inelastic Proton 
Scattering Measurements 

KYKER, BILPUCH, NEWSON 

Considerable s tudy has been given the feasibil-
ity of measur ing compound nucleus resonances in 
the inelastic scat ter ing of protons by in te rmedia te 
even nuclei . T h e a n g u l a r d i s t r ibu t ion of the de-
excitat ion y ray is easily measured a n d yields con-
s iderable information about the spin a n d par i ty of 
t h e c o m p o u n d s ta te . A n y res idual a m b i g u i t y in 
the level assignments could be resolved by proton 
pene t rab i l i ty calculations a n d by the presence or 
absence of anisotropy in the (p,p') scattering. I t is 
hoped t h a t such measuremen t s on a series of nu-
clei in t h e range 2 0 ^ Z ^ 3 0 will yield useful infor-
m a t i o n on level fpacings , a n d possibly pro ton 
s t reng th functions, in these nuclei. 

A p re l imina ry investigation of t h e Fe50(/?,j£/y) 
reaction has been carried out recently using a thin 
n a t u r a l - F e target . Abou t 40 resonances in the re-
gion 2 . 6 8 3 . 0 0 Mev were observed, and pre-
l iminary angular distributions have been obtained 
for a few of the stronger resonances. Al though con-
siderable refinement in technique is still necessary, 
o u r results thus far suppor t t h e feasibility of reso-
nance studies by this method. 

3. Neon Drive-In Targets SAWERS, WILLIAMSON 
A t t h e t ime of the last repor t we h a d m a d e 

n a t u r a l neon drive-in targets. W i t h p ro ton ener-
gies be tween 2 a n d 3 M e v t h e y rays f r o m the re-
act ions N e a " ( p , p ' y ) and ~Ne"(p,p'y) were visible 
a f t e r b a c k g r o u n d s were r educed . H o w e v e r , with 
the present equipment it has proved fairly difficult 
to o b t a i n h igh qua l i ty N e t a rge t s us ing drive-in 
t e c h n i q u e . T h e r e f o r e t h e ine las t ic y's a r e be ing 
s tud ied wi th a gas cell t a r g e t using b o t h n a t u r a l 
N e a n d t h e isotope Ne 2 2 (60% e n r i c h e d ) . Reso-
nances in t h e y yield as well as the a n g u l a r distri-
butions of t h e y's are being studied in the same en-
e rgy reg ion . Also, us ing solid s t a t e de t ec to r s we 
have observed the reactions Neao(rf,/;y), Ne'"(rf, py), 
a n d Ar3Q(d,py) with thick drive-in targets (proton 
energy loss ~ 5 0 kev). 

4. Charged Particle Scattering Chamber 
GERKE, LOVETTE, TILLEY, WILL IAMSON 

A versati le scat ter ing c h a m b e r using semicon-
duc to r counters has been designed a n d construc-
t i on is n e a r l y c o m p l e t e . T h e r o t a t i n g a s sembly 
consists of a n l l%- in . -d i am pla te a t t a ched to 
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in.-diam hub which passes through an O-r ing vac-
u u m seal and is a t tached to a h a n d l e outside the 
chamber . In this manner the advantages of having 
a large rotating assembly are achieved without the 
d i s a d v a n t a g e of having to ro t a t e a la rge area 
against a vacuum seal. T h e rotating assembly rides 
aga in s t a n d is held in posit ion by T e f l o n thrust 
bearings. O n e set of bearings is mounted inside the 
c h a m b e r and the other outside. T h e bear ing pres-
sure is controlled by set screws at tached to the out-
side hand le . An a n g u l a r scale is s t a m p e d on the 
side o f t h e ro ta t ing pla te a n d readings a r e m a d e 
through a glass window in th^ side o f t h e chamber. 
T h e a n g u l a r position may be read to '/io of a de-
gree using a vernier scale m o u n t e d inside the 
chamber . A rotat ing assembly is installed in both 
the top and. bottom plates o f t h e chamber . 

Six equally spaced 60° grooves a re cut in each 
o f t h e ro t a t i ng plates in w h i c h c o u n t e r moun t s 
m a y be p laced . M e t r i c scales a r e p l a c e d a long 
each groove so tha t the counters m a y be set a t a 
g iven d is tance f rom the center o f t h e c h a m b e r . 
T o allow electrical feed th rough to the counters, 
six O R T E C C - 1 3 O - r i n g s e a l e d connec to r s are 
p l aced t h r o u g h the base of bo th o f t h e ro ta t ing 
hubs . This ailows the lead wires to be rotated 
a long with the counters a n d prevents mechanical 
interference from the wires. 

Va r ious types of target m o u n t s can be used; 
they are held in one or both of the sliding O-ring 
seals a t the top and bottom of the chamber . These 
seals are carried in Delrin liners so tha t the target 
ho lder is insulated f rom the rest o f t h e chamber . 
T h e present holder is of the l adder type and car-
ries four targets. 

Before en ter ing the c h a m b e r p roper , the inci-
den t b e a m passes th rough a pa i r of def in ing slits 
14 in. apa r t in the en t rance tube . These slits and 
the larger ant iscat ter ing slits behind them arc all 
m o u n t e d in a Ta - l i ned SS t u b e a n d m a y be re-
moved as a uni t t h rough the c h a m b e r . A quar tz 
pla te with a hole in its center slightly larger than 
the first slit is moun ted just ahead of this slit. T h e 
hole in the quar tz is at the center of radius of a ball 

jo int , one side of which is a t tached to the chamber 
and the other to the beam pipe. In order to align 
the c h a m b e r , t he b e a m is first c en t e r ed on the 
quar tz , which may be viewed through a glass win-
dow in the beam pipe, a n d t h e n the c h a m b e r is 
moved about the ball jo int unti l its centerl ine lies 
a long the b e a m axis. This position is de te rmined 

either by using a quar tz plate in the Faraday cup 
posit ion or by max imiz ing the b e a m c u r r e n t on 
the Fa raday cup. T h e al ignment is carr ied out by 
using a horizontal plate and screw jacks mounted 
on a special table. 

T h e Fa raday cup, which is l3/t in. in d iam and 
6 in. long, is l ined with T a . I t is i n su l a t ed f rom 
t h e rest of the chamber by a Teflon insulator. 
S e c o n d a r y electron emission f r o m the F a r a d a y 
c u p is suppressed by a ring which may be biased 
negatively with respect to the cup. T h e entire 
F a r a d a y c u p m a y be replaced by a q u a r t z plate 
for beam al ignment purposes as mentioned above. 

In order to reduce hydrocarbon bui ld-up on the 
th in self-support ing targets to be used, a 15 1/scc 
high- throughput Vac Ion p u m p has been mounted 
on the chamber . T h e only connection between the 
chamber and the Van de Graaff vacuum system is 
t h rough the small beam defining aper tures in the 
col l imator . A large l iquid nitrogen t r a p has been 
built to go in the beam tube and should effectively 
isolate the two vacuum systems. 

T h e first project to be u n d e r t a k e n us ing this 
c h a m b e r will be a s tudy of the yield curves and 
angular distributions of charged particles from the 
reactions G13(rf.<0C ,n and C , : ' ( d ,p )C" . 

C. GENERAL 

1. 3 -Mev Van de Graaff Energy Resolution 
KYKER, BEARD, FARRELL, PARKS, BILPUCH, N E W S O N 

T h e last N C S A G repor t i n c l u d e d resolut ion 
m e a s u r e m e n t s on the contro l led p ro ton beam 
di rec t f rom the 3 -Mev V a n de Graa f f . W e have 
extended these measurements since instal l ing the 
cylindrical analyzer and homogenizer on this ma-
chine. An u p p e r limit on the residual b e a m energy 
spread at the 25 ° port (with control and energy anal-
ysis on the H H -f- beam at the 180 port) is 220 ev us-
ing the homogenizer. This is to be compared to —400 
ev in the earlier measurements on the direct beam. 

An a t t e m p t to repeat the measu remen t s in the 
absence of D o p p l e r b r o a d e n i n g (us ing the low-
t e m p e r a t u r e windowless gas target c h a m b e r cur-
rently being developed here) was inconclusive clue 
to our inability to produce a " th ick" target. 

2. 4 - M e v Van de Graaff 
BEVINGTON, BUCCINO, BILPUCH 

At the present time we are in the process of try-
ing to improve the energy resolution f rom our 4-
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Muv machine, We have added a Hereon in tlie 
terminal to remove charge from the belt and Nome 
improvement in imiehine stability was observed, 
We are now adding a screen at the base of the 
Van tie Graafl', and through a constant current 
supply we will be assured of a constant charge 
density on the belt, in the past, corona discharge 

from the needles to ihe belt lias been observed to 
fluctuate In intensity, producing an unstable con-
dition in the energy control system. T h e generat-
ing voltmeter is also being modif ied to improve 
long lemi stability. The substitution of an ae digi-
tal voltmeter for the signal rectifier lias removed 
the nonlinearity previously observed, 



6. HANFORD LABORATORIES 

A . P U L S E - S H A P E D I S C R I M I N A T I O N 

D . G . FOSTER, JR. , J . T . RUSSELL 

T h e fol lowing abs t r ac t was p resen ted at the 
A m e r i c a n Phys i ca l Socic ty m e e t i n g in Sea t t l e , 
Wash ing ton , August 27-29, 1962: 

Simple I'tilsc-Sliapc Discriminator for Fast Timc-of-
Fligin Scrvicc. J.T. Russell and P.O. Foster, Jr. We 
are using a simple ioni/.ation-density discriminator 
which is particularly convenient for fast-neutron 
thne-of-flight service. The input signal, with a decay 
time of 15 /xsec, feeds 2 parallel channels composed 
only of passive elements. In one channel, it is clipped 
to 0.2 /tscc and strctched back to 15 /isec. In the other 
channel, it is fed through a diode identical to the 
stretching diode in order to cancel out nonlinearitics. 
The 2 channels then feed the inputs of a difference 
amplifier, which is the first interstage coupling am-
plifier in a commercial nonovcrloading amplifier of 
the Ghasc-Higinbotham type, The input signal is 
derived from the last reasonably linear stage of the 
protomultiplier, and fed to the discriminator unit by 
a cathodc follower and 70 ft of cablc. When adjusted 
to reject 99% of all recoil electron pulses, the circuit 
has a threshold Tor recoil protons of about 0.8 Mev 
Tor stilbene, or 0.9 Mev for Nli-213, on a photomulti-
plier 2 in. in diam. 

B. F A S T N E U T R O N T O T A L C R O S S S E C T I O N S 

D . G . FOSTER, JR., D . W . G L A S G O W 

M e a s u r e m e n t s were cont inued on the p rog ram 
of n e u t r o n to ta l cross sect ions us ing t h e pu l scd -
b e a m t ime-of-f i ight t e c h n i q u e wi th t h e 2 - M e v 
V a n de GraafT. T h e s e m e a s u r e m e n t s ut i l ize the 
con t i nuous s p e c t r u m of neu t rons f r o m t h e thick-
t a r g e t lA\d,n) r eac t ion a n d a flight p a t h of 6 m. 
T h e neutron energy interval of 3 to 15 M e v is cov-
ered with a resolution of 0.45 n s e c / m a n d a statis-

t ical precis ion of 2.5% or b e t t e r . M e a s u r e m e n t s 
h a v e n o w b e e n c o m p l e t e d on t h e f o l l o w i n g 23 
e l e m e n t s : Li , N a , K , Al, Fe , C u , Bi, I n , T a , Ca , 
Ba, P b , Sr, Co , M g , Y, N b , V , Zr , Ag, Sn , M o , 
and W . T h e da t a for these measurements have not 
b e e n c o m p l e t e l y processed. S o m e of t h e ear l ie r 
measu remen t s in this series will be r e run with the 
present t echn iques before the d a t a a r e released. 
T h e results of a r e rneasu remen t of the tota l cross 
section of N a with present t echn iques h a v e elimi-
na ted a discrepancy in the energy scale compared 
wi th the d a t a of Meier et al. n e a r 3 Mev . 

C . S C A T T E R I N G O F S L O W N E U T R O N S 

F R O M W A T E R 

D . A . KOTTWITZ, R . B . S M I T H , O . K . H A R L I N G 

Measu remen t s of the inelastic sca t ter ing of neu-
t rons from room tempera tu re water were complet-
ed for inc ident n e u t r o n energies u p to 0 .4 ev and 
e n e r g y changes u p to 0.25 ev. T h e s e results were 
p r e sen t ed a t the I A E A S y m p o s i u m on Ine las t ic 
Scat ter ing of Neu t rons at Cha lk River , September 
1962, in a p a p e r entit led " T h e Sca t te r ing L a w for 
R o o m T e m p e r a t u r e Light W a t e r " by D .A. Kot t -
witz and B.R. Leonard , J r . 

F u r t h e r measurements with h igher energy reso-
lut ion were completed on the quasi-elastic compo-
nen t of the scat ter ing of neu t rons f rom room tem-
pera tu re water. T h e results of these high resolution 
m e a s u r e m e n t s s h o w e d a b r o a d e n i n g of t h e ob-
served peak wi th scat ter ing ang le which was con-
s is tent wi th t h e ea r l i e r low reso lu t ion m e a s u r e -
ments . 

I n s t r u m e n t a t i o n is be ing tes ted for e q u i p m e n t 
to measure slow-neutron scattering by the rotat ing-
crystal time-of-flight technique. 

2 2 



7. LAWRENCE RADIATION LABORATORY 

A. PROTON ELASTIC SCATTERING 
BENVENISTE, MITCHELL, FULMER 

. T h e different ial cross sections for elastic scatter-
ing of p ro tons f rom Ni"'1 a n d Zn 0 4 were measu red 
a n d compared in a search for evidence t ha t a sym-
m e t r y energy t e rm is needed in the real potent ia l 
o f t h e n u c l e a r opt ical mode l . T h e analysis o f t h e 
d a t a is comple te . T h e observed shift in t h e curves 
r e p r e s e n t i n g t h e ra t io a{Q)/oH(Q) [ w h e r e a l t{8) is 
t h e R u t h e r f o r d cross sect ion] is s h o w n to be con-

Tabic 4 

Ni"' Level Structure 

Previously 
Level 9.60-Mcv data 11,7-Mev data known data 

1 1 .33±0.02 1.34 ± 0 . 0 2 1.34 
2 1 .79±0 .03 1 .88±0 .10 
3 2 . 2 4 ± 0 . 0 3 2.30±0.0G 
4 2 . 5 6 ± 0 . 0 2 2 . 6 0 ± 0 . 0 4 
5 2 . 9 4 ± 0 . 0 2 2 . 9 3 ± 0 . 0 6 
6 3 . 1 3 ± 0 . 0 2 3 . 1 5 ± 0 . 0 4 
7 3 . 5 3 ± 0 . 0 2 3 . 5 5 ± 0 . 0 2 
8 3 . 7 9 ± 0 . 0 3 3.83 
9 4 . 1 7 ± 0 . 0 5 

10 4 . 3 8 ± 0 . 0 5 

Table 5 

Zn" ' Level Structure 

Previously 
Level 9.60-Mcv data 11.7-Mev data known data 

1 0 . 9 8 ± 0 . 0 2 0 . 9 9 ± 0 . 0 2 0.99 
2 1 .78±0,02 1 .77±0 .03 1.78 
3 1 .92±0 .04 1.91 ± 0 . 0 4 
4 2 . 2 8 ± 0 . 0 2 2.31 ± 0 . 0 3 2.29 
5 2 . 5 9 ± 0 . 0 3 2 . 6 2 ± 0 . 0 5 
6 2 . 7 3 ± 0 . 0 2 2 .74±0 .05 
7 2 . 9 8 ± 0 . 0 2 3 . 0 3 ± 0 . 0 5 3.0 

8 3 . 2 7 ± 0 . 0 3 (double level) 

9 3 . 5 3 ± 0 . 0 2 
10 3 . 8 4 ± 0 . 0 2 (double?) 
11 4 . 1 2 ± 0 . 0 2 
12 4 . 2 7 ± 0 . 0 3 
13 4 . 4 9 ± 0 . 0 3 
14 4.66±0.05(multiple) 

s is tent w i t h t h e p r e s e n c e of a s y m m e t r y e n e r g y 
t e r m , C(M-Z/A ), w h e r e C = ; 4 0 M e v . T h i s is in 
r e a s o n a b l e a g r e e m e n t w i t h t h e resul t s of o t h e r 
observations. 

C o m p a r i s o n o f t h e b a c k a n g l e d a t a y ie lds an 
est imate of 16 m b for the c o m p o u n d elastic scat-
t e r i n g cross sect ion of Zn 0 4 a t 9 .60 M e v . At 11.7 
M e v t h e d a t a s h o w n o c o n t r i b u t i o n f r o m c o m -
p o u n d elastic scattering. 

B. INELASTIC PROTON SCATTERING 
BENVENISTE, FULMER, MITCHELL 

T h e level s t r u c t u r e of Ni"'1 a n d Zn 6 4 h a s been 
s t u d i e d by ine las t i c p r o t o n s c a t t e r i n g fo r b o m -
b a r d i n g energies of 9.60 a n d 11.7 Mev . T h e pro-
tons were observed in a "par t ic le n a m e r " detector 
composed of a gas propor t ional coun te r a n d a p-n 
j u n c t i o n solid s ta te de tec tor . Spec t r a were meas-
ured a t several angles. A t each of these, i ndepend-
e n t exc i t a t ion energy m e a s u r e m e n t s w e r e m a d e 
by c o m p a r i s o n wi th we l l -known states in c a r b o n 
a n d oxygen. T h e results of these observa t ions are 
presented , toge ther with previously k n o w n levels, 
in T a b l e s 4 a n d 5. 

A n g u l a r d i s t r ibu t ions for the first exci ted s ta te 
of e ach n u c l e u s h a v e b e e n m e a s u r e d a n d in te r -
p r e t e d in t e r m s o f t h e Bu t l e r t h e o r y . T h i s work 
shows tha t there is reasonable ag reement wi th the 
sphe r i ca l Bessel f u n c t i o n j . r ( k a ) w h e r e a = r0A'/3 

f e rmis , if r0 is t a k e n to be a b o u t 2.0. T h e j.r(ka) 
d e p e n d e n c e is expected in view o f t h e known spin 
a n d pa r i t y ( 2 - f ) of these states. T h e r a t h e r large 
va lue of r„ r equ i r ed seems to be c u s t o m a r y in the 
s imple But ler theory t r e a t m e n t . 

C. PHOTONUCLEAR CROSS SECTIONS 
OF Ho 1 6 5 A N D Tb 1 5 9 

R.L . BRAMBLETT, J . T . CALDWELL, S . C . FULTZ 

M e a s u r e m e n t s on (y ,n) a n d (y,2n) cross sections 
for Ho I G B a n d Tb i r , D h a v e been c o m p l e t e d for the 
p h o t o n ene rgy range f r o m 8 to 28 Mev . T h e for-
mat ion cross section for the c o m p o u n d nuclei have 
been e x a m i n e d for s t ruc tu re , a n d n u c l e a r defor -
m a t i o n p a r a m e t e r s have been o b t a i n e d . F igure 9 
shows the nuc lea r format ion cross section d a t a for 

2 3 



4a 

Ho 1 " 5 . T h e solid curve represents t h e s u m of two 
L o r e n t z curves wi th pa r ame te r s given in T a b l e 6. 
O t h e r d a t a de r ived f r o m t h e m e a s u r e m e n t s a r e 
also given in T a b l e 6 (for w h i c h a r ep re sen t s t h e 
nuc lea r level density pa rame te r , Qj, is t h e intrinsic 
q u a d r u p o l e momen t , and W denotes the wing cor-
r ec t i on to t h e L o r e n t z curves ) w h i c h ef fec t ive ly 
e x t e n d the e x p e r i m e n t a l i n t e g r a t e d cross sect ion 
to inf ini te energy. 

D. PHOTOFISSION CROSS SECTION FOR U 2 3 S 

C . D . B O W M A N , G . F . A U C H A M P A U G H , S . C . F U L T Z 

A p r e l i m i n a r y m e a s u r e m e n t of t h e (y,J) cross 
sect ion for U" 3 6 was u n d e r t a k e n by use of the 
L i v e r m o r e g a m m a - r a y m o n o c h r o m a t o r a n d a 
m u l t i p l a t e U 2 3 5 fission c h a m b e r . T h e efficiency of 
the c h a m b e r for the detect ion of fission f r agmen t s 
was d e t e r m i n e d b y us ing t h e c o u n t i n g r a t e ob -
served w h e n the c h a m b e r was p laced in a neu t ron 
b e a m whose intensity h a d been ca l ib ra ted a n d b y 
u s i n g t h e k n o w n (n, f ) cross sec t ion . T h e prof i l e 

Table 6 

Ho1 0 5 Tbir"J 

['"cdE 
•Al 

f'"ac/E+ W 

On 

r . r, 
K 
E> 

a 

Q.« 

2.37 Mev-b 

2.68 Mev-b 

200 mb 
249 mb 

2.65 Mev 
4.4 Mev 

12.10 Mcv 
15.75 Mev 
22.0 Mev-1 

7 . 4 0 ± 0 . 0 9 b 

PHOTOFISSION CROSS SECTION OF U' 
a- ( y , F ) = <7 ( y , f ) + cr ( y , n f ) + • - • 

2.45 Mev-b 

2.73 Mev-b 

184 mb 
208 mb 

2.9 M e v 
5.8 M e v 

12.2 M c v 
15.5 M c v 
32 M c v -

6.30 ± 0 . 8 3 b 
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a n d in tens i ty of t h e g a m m a rays i r r a d i a t i n g t h e 
chamber was measured a n d thus a n absolute cross 
sect ion scale was d e t e r m i n e d . P r e l i m i n a r y d a t a 
obtained from the U- 3 5 measurements are given in 
Figure 10. T h e error bars represent only the statis-
tical errors in the points. 

E. N O R M A L I Z A T I O N O F T H E E P I T H E R M A L 

U 2 3 5 F I S S I O N C R O S S S E C T I O N 

C . D . B O W M A N , G . F . A U C H A M P A U G H , S . C . FULTZ 

T h e ear l ier fission cross section m e a s u r e m e n t s 
which h a v e b e e n r e p o r t e d in U C R L 6926 were 
n o r m a l i z e d b y e x t e n d i n g r e l a t i v e cross sec t ion 
m e a s u r e m e n t s d o w n to 0.03 ev w h e r e t hey were 
matched to those near thermal value. This me thod 
of n o r m a l i z a t i o n i n d i c a t e d t h a t t h e fission cross 
sections generally accepted in the 5 to 60-ev region 
a re a b o u t 20% too la rge . A n a d d i t i o n a l exper i -
m e n t has been carr ied ou t to verify these new val-
ues for the fission cross section. Scattering mater ia l 
in the b e a m was significantly reduced a n d t h e open 

b e a m n e u t r o n s p e c t r u m was m e a s u r e d by use of 
both BF:, tubes and a thick LiGI crystal. T h e open 
b e a m neu t ron spect ra o b t a i n e d wi th the two de-
tectors are in excellent ag reemen t with the earlier 
e x p e r i m e n t . A l t h o u g h the observed cross section 
c u r v e was sl ightly mod i f i ed n e a r the s t r o n g res-
onances by the change in scat ter ing geometry , the 
resulting normalizat ion o f t h e 5 to 60-ev da ta were 
the same as reported in U C R L 6926. T h e effect of 
t h e improved sca t ter ing geomet ry can be seen in 
F igure 11 where the solid line represents the da t a 
repor ted in U C R L 6926, and the d a t a points were 
o b t a i n e d wi th the improved geomet ry . It is clear 
t h a t w h e r e t h e c u r v e m a t c h i n g was c a r r i e d ou t 
above a n d below the region of s t rong resonances, 
t he two curves are in good agreement . M o r e detail 
on the d a t a in the lower energy region is given in 
F igure 12. As in Figure 11 the points were obtained 
wi th the improved g e o m e t r y whi le the solid line 
th rough them was obtained with the earlier geom-
et ry . T h e s e m e a s u r e m e n t s the re fo re con f i rm the 
results repor ted in U C R L 6926. 



8. LOS ALAMOS SCIENTIFIC LABORATORY 

A. NEUTRON INDUCED REACTIONS 

1. Capture G a m m a Rays MOTZ, JURNEY, CARTER 

A new i r r ad ia t ion a n d m e a s u r e m e n t system of 
very h igh sensi t ivi ty for t h e obse rva t i on of (n,y) 
spec t ra has been ins ta l led a n d tested. A solid 
source c a n be placed in an evacua t ed Bi-shielded 
channel t h r o u g h the O m e g a West Reac to r thermal 
co lumn so t h a t only the target mater ia l is viewed, 
or the c h a n n e l can be filled wi th a gas target , the 
central region of which is viewed. T h e background 
f rom this a r r angemen t is extremely low and sources 
less than one mil l ibarn mole are clearly seen above 
background. I n addi t ion to ob ta in ing a high signal-
t o - b a c k g r o u n d ra t io for t h e i r r a d i a t i o n , it is also 
essential for t h e o b s e r v a t i o n of low cross-section 
nuclei to have bo th high sensitivity a n d a d e q u a t e 
resolut ion for the de tec t ion system. An excellent 
combina t ion of these confl ict ing sensitivity-resolu-
tion character is t ics has been o b t a i n e d in an an t i -
co inc idence N a l sc in t i l l a t ion c o u n t e r assembly 
commercial ly purchased . Ini t ial da t a have yielded 
excel lent results f r o m Ar a n d N e gaseous targets 
a n d indicate t ha t sources of only a few mill igrams 
to 100 m i l l i g r a m s of o n e - b a r n m a t e r i a l a r e suf-
ficient. T h e sys tem is well-sui ted to en r i ched iso-
tope t a rge t s of l ight nuc le i or to cases w h e r e the 
spectra a r e not expec ted to be too complex , such 
as f rom Pb . 

2. Neutron Polarization Experiments 
PERKINS, S I M M O N S 

T h e polarizat ion in n-p scat ter ing at 23 Mev has 
been re -measured using an improved experimental 
setup. T h e angu la r distr ibution o f t h e polarization 
is in substantial agreement with da t a taken earlier. 
D a t a were t aken us ing two di f ferent sca t ter ing 
samples, one being a factor of four larger t h a n the 
other , to check on the possibilities of errors arising 
f rom mul t i p l e sca t t e r ing of neu t rons or detect ion 
of g a m m a rays f r o m GVi(n,n'y) reactions. 

A m o c k u p of a t r ip le sca t t e r ing e x p e r i m e n t 
using 2 3 - M e v n e u t r o n s was t r ied to discover the 
magn i tude of the background. Neutrons were scat-
tered tw ice f r o m plas t ic sc in t i l l a tors a t 45° a n d 
detec ted in a final n e u t r o n detec tor . T r ip l e coin-
cidences were seen a t the r a t e of several h u n d r e d 

per h o u r a n d the resolving t ime was measured to 
be S 5 nsec. C h a n c c coincidence background was 
d e t e r m i n e d to be a small f rac t ion of the t rue rate. 
T h e measured rates agree favorab ly with ou r ex-
pectat ions. Prepara t ions arc therefore being m a d e 
to measure one o f t h e t r iple scat ter ing parameters 
o f t h e n-p system at 23 Mev. 

3 . Inelastic Neutron Scattering CRANBERG, LEVIN 

Systematic d a t a on Pb-'"', Pb'J"7, and B P " have 
been t a k e n as a f u n c t i o n of n e u t r o n e n e r g y a n d 
sca t te r ing angle. I n c i d e n t energies of 2.5 a n d 4.1 
M e v have been investigated a n d the a n g u l a r range 
covered is f rom 30° to 150°. T h e detector sensitivity 
has been c a l i b r a t e d f r o m 0.8 to 4.1 M e v by ob-
serving t h e a n g u l a r d is t r ibut ion of sca t te red neu-
trons f r o m the hydrogen in polyethylene . A split-
t ing has been obse rved in to two c o m p o n e n t s 60 
kev a p a r t of t h e 2 .7 -Mev s ta te in Pb'J"7 a n d more 
t h a n five here to u n r e p o r t e d s tates h a v e been ob-
served in Pb'J"7 and Bi'J"!l at excitat ions between 2.7 
and 3.5 Mev . Aniso t ropy of two to o n e has been 
observed in t h e n e u t r o n g r o u p c o r r e s p o n d i n g to 
the 0 + s ta te in Pb-"" a t 1.13 M e v . Th i s is in ac-
cord with p re l iminary H a u s e r - F e s h b a c h calcula-
tions. Deve lopment work is con t inu ing to improve 
resolution and reduce background . 

4 . C a p t u r e Cross Sections DIVEN, HOPKINS, SILBERT 

A la rge s o d i u m iod ide c rys ta l (11 V2 X 11 in.) 
has been purchased a n d is being set u p to measure 
n e u t r o n c a p t u r e cross sections in t h e kev region. 
T h e first c a p t u r e cross sections m e a s u r e d will be 
those of fissionable mate r ia l s . T h e q u a l i t y o f t h e 
crystal is excellent. 

B. REACTIONS INDUCED BY CHARGED PARTICLES 

1 . E x c i t e d S t a t e o f H e 4 SILBERT, SMITH, JARMIE 

! L o w energy sca t t e r ing of t r i tons by pro tons 
should have a direct b e a r i n g on t h e proper t ies of 
the first excited s ta te o f t h e He'1 nuc leus believed 
to be a 0-j- s t a te a t a b o u t 2 0 - M e v exci ta t ion . 
F i n a l d a t a h a v e been t a k e n a n d a n a l y z e d on 
H(/,/>)T. T h e H(J,/>)T cross section has been meas-
u red f rom 163 to 525 kev c.m. energy a n d exhibits 
a b r o a d m a x i m u m of 240 m b / s r n e a r 275 kev 
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(c .m, ) for a c .m, s c a t t e r i n g a n g l e of 120°, Mow 
this structure! alfocts the ques t ion of a r e sonance 
in Me1 must awai t theoretical analysis. 

2. Experimental Study of the (He3 , f ) Reaction 
BLAIR , W E G N E R 

Recent reports from Lawrence Radia t ion Labo-
r a to ry h a v e s h o w n t h a t the (/>,«) reac t ion on 
m e d i u m - w e i g h t nuclei ( 5 0 < / J < 100) excites the 
g r o u n d isobar ic s ta te of the res idual nuc leus , i.e., 
the state which is the ana log of the g round state of 
the target nuclcus. Tliey have also shown tha t cx-
citcd isobaric s ta tes may be r e a c h e d t h r o u g h the 
( /V ' ) react ion. T h e ( H c ' V ) reac t ion , which leads 
to the s a m e final nuclc i , has the a d v a n t a g e s o f a 
c h a r g c d final pur t ic lc a n d a lower b a c k g r o u n d 
f rom c o m p o u n d - n u c l e u s e v a p o r a t i o n , Resul ts a t 
L A S L i n d i c a t e t h a t the ( H e ' V ) r eac t ion cxci tcs 
p r inc ipa l ly the isobaric s tates in m e d i u m - w e i g h t 
nuclei, e.g., T i l s , lV'1 , Fe''", F e " , Fen s , and na tu ra l 
Ni , bu t tha t the cross section is lower by an order 
of m a g n i t u d e t h a n the cross sect ion for the ( / v ) 
r eac t ion to these states. T h e low cross sect ion to 
some extent offsets the advan tages men t ioned . For 
l i gh t -we igh t n o n - m i r r o r nuc lc i , (p,n) r eac t ion 
s tud ies s imi la r to those a b o v e h a v e not been re-
ported. It has been found that the (He'1 , /) reaction 
on the l ight-weight non -mi r ro r nuc lcus Mg-" ex-
citcs some other states as strongly as isobaric states, 
and the cross sections a r e in general several times 
la rger t h a n t h e cross sect ions obse rved in the 
med ium-weigh t nuclci. 

3 . ( H e 3 , n ) Reactions MANLEY, WELLS 

(He'1,; ') a n g u l a r d i s t r ibu t ions for He'1 energies 
be tween 18 a n d 25 Mev h a v e been e x a m i n e d for 
reveral targets between C a n d C u . N e u t r o n detec-
tors w i th th re sho lds of ~ 1, 5, a n d 12 M e v have 
been used. All a n g u l a r d i s t r ibu t ions a r c s t rongly 
p e a k e d f o r w a r d with ha l f - ang l e s of t h e o r d e r of 
20° for the highest energy neut rons de tec ted . This 
angle a p p e a r s to i nc r ea se m o n o t o n i c a l l y as the 
neu t ron threshold is lowered. 

4 . ( H e 3 , 2 p ) React ions MANLEY, STOKES 

Prel iminary d a t a on the (He : ',2//) react ions have 
been t a k e n wi th Be" a n d C 1 - ta rge ts . I n o r d e r to 
have a comple t e descr ipt ion of the p re fe rcncc for 
energy division between the two protons , t h e N u -
clcar D a t a two-dimensional ana lyze r was used to 
cor re la te the pu lse heights of t h e two p r o t o n de-

tectors, T h e d a t a points fell in to two or th ree dis-
t inct lines on the 3 2 x ^ 2 ma t r ix of the a n a l y z e r 
display, These lines cor responded to the (^-values 
of k n o w n s ingle levels o r g r o u p s of levels in the 
residual nuclei, In genera l , there was a somewhat 
uniform dis t r ibut ion on c i ther side o f a po in l rep-
resent ing equa l pro ton energy division, with no 
s trong preference for a par t icu lar energy ratio. By 
m o v i n g the c o u n t e r s in a c o m m o n p l a n e which 
con ta ined the b e a m axis, ev idence was o b t a i n e d 
lor a d i f f rac t ion s t r u c t u r e in which t h e yield for 
various reaction groups behaved clifl'eiently as the 
c o u n t e r angles were var ied , It will be of interest 
to c o m p a r e these kinds of d a t a wi th the a n g u l a r 
behavior of ( I / , / J ) reactions for the same final states. 

C. FISSION 

1, Charged Particle-Induced Fission 
BRITT, W E G N E R , G U R S K Y 

M e a s u r e m e n t s with a s e m i c o n d u c t o r de tec to r 
sys tem a n d a t w o - d i m e n s i o n a l a n a l y z e r have 
yielded informat ion on the mass dis t r ibut ions and 
the detai ls of the kinetic energy release f rom a 
scries of charged part icle-induced fission reactions. 
T h e fissioning c o m p o u n d nuclei r a n g e f rom T m 
for which the mass distr ibutions arc symmetr ic , to 
Pu for w h i c h the fission is p r e d o m i n a n t l y a sym-
met r i c . In a n i n t e r m e d i a t e reg ion , t h e c h a r g e d 
part icle-induced fission of Ra"-'" yields comparab le 
contr ibut ions of symmetr ic and asymmetr ic fission. 
All of the results arc quant i ta t ively consistent with 
a two-mode hypothesis for the fission proccss and 
ind ica te t h a t wi th in each m o d e the d i s t a n c e be-
tween the c h a r g e centers of the two f r a g m e n t s a t 
the scission point is approximate ly the s a m e for all 
mass divisions. T h e results show a lower total 
kinetic energy release from symmet r ic fission than 
from a s y m m e t r i c fission, i nd i ca t i ng t h a t t h e dis-
t a n c e b e t w e e n the c h a r g e cen te r s a t t h e scission 
point is about 10% greater for the symmetr ic mode 
t han for the asymmetr ic mode. 

2. Lifetimes of Fissioning Nuclei STEIN 

M e a n l i fe t imes of t h e c o m p o u n d nuc le i U2 : i" 
a n d Np- : l s h a v e been m e a s u r e d for f o r m a t i o n by 
fission spcc t rum neutrons. These lifetimes a re zero 
wi th in the sensi t ivi ty of the m e t h o d b u t u p p e r 
limits of lower va lue t h a n previously k n o w n m a y 
be d e t e r m i n e d f rom the d a t a . T h e tota l a n d par -
tial l ifetimes for these fissioning c o m p o u n d nuclci 
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Table 7* 

Error 
Neutron energy (standard 

Nuclide and energy spread V deviation) 

I F " Thermal 2.460 0.026 
280 ± 90 kev 2.476 0.033 
440 ± 80 kev 2.489 0.033 
980 ± 50 kev 2.539 0.035 

1 .08± 0.05 Mev 2.497 0.030 
3 . 9 3 ± 0.29 Mev 2.967 0.040 

UMB Thermal 2.412 0.020 
280 ± 90 kev 2.425 0.022 
470 ± 80 kev 2.443 0.022 
815 ± 60 kev 2.458 0.026 

1 .08± 0.05 Mev 2.517 0.026 
3 . 9 3 ± 0.29 Mev 2.921 0.030 

l t .5 ± 1.0 Mev 4.601 0.075 

Pu-'" Spontaneous fission 2.177 0.026 

Pu-'»' Thermal 2.816 0.028 
250 ± 50 kev 2.915 0.039 
420 ± 1 1 0 kev 2.941 0.046 
610 ± 70 kev 2.889 0.041 
900 ± 80 kev 2.988 0.041 

3 . 9 0 ± 0.29 Mev 3.404 0.039 
14.5 ± 1.0 Mev 4.916 0.119 

*These results are based on v for spontaneous fission of 
Cfjr'- of 3.751 ±0 .000 . Absolute measurement of spontane-
ous fission v of C P - yields f>=3.751 ±0 .030 . 

a r e r e l a t e d t h r o u g h t h e w i d t h s s ince r = r / + r „ . 
T h e l imits d e t e r m i n e d in uni ts of 10~" sec are : 
a ) for U- : , ! ' , T < 6 , T , < 4 0 , T „ < 7 ; b ) for N p M 8 , 
r < 4 , T , < 9 , T n < 7 . 

3 . V H O P K I N S , D I V E N 

Resu l t s o f t h e m o s t r ecen t m e a s u r e m e n t s o f t h e 
n u m b e r s of p r o m p t n e u t r o n s e m i t t e d p e r fission 

a r e s h o w n in T a b l e 7. A n a b s o l u t e m e a s u r e m e n t 
of i> fo r t h e s p o n t a n e o u s fission of C f h a s b e e n 
m a d e . All o t h e r m e a s u r e m e n t s a r e r e l a t ive to this 
v. T h e a b s o l u t e e r rors a r e c o m p l i c a t e d by t h e fact 
t h a t t h e C f J 5 2 v u n c e r t a i n t y p r o d u c e s a sys temat ic 
u n c e r t a i n t y in all o the r values o f f ' . Also, the errors 
in the relat ive m e a s u r e m e n t s a r e not ent i re ly inde-
p e n d e n t . I f t h e C f " ' - v u n c e r t a i n t y a n d t h e e r ro rs 
a s s o c i a t e d w i t h t h e r e l a t i v e m e a s u r e m e n t a r e 
t r e a t e d as i n d e p e n d e n t , a n d a r e c o m b i n e d in the 
u s u a l m a n n e r , t h e n t h e s t a n d a r d d e v i a t i o n s for 
t h e a b s o l u t e va lues will b e s l ight ly t o o l a rge . T h e 
n e u t r o n e n e r g y s p r e a d s a r e m a i n l y d u e t o t a r g e t 
thickness. 

D . I N S T R U M E N T A T I O N 

1. Mobley Compression System 
M C K I B B E N , CRANBERG, LEVIN 

B e a m a l i g n m e n t has been ach ieved a n d test ing 
wi th a b u n c h e d b e a m c o n c l u d e d . T h e h a l f - w i d t h 
o f t h e g a m m a b u r s t f r o m t h e t a r g e t is 0.7 nsec as 
m e a s u r e d by a t i m e c o n v e r t e r . A v e r a g e c u r r e n t s 
u p to 3.2 /xA h a v e b e e n b r o u g h t u p o n t h e t a r g e t 
w i t h 4.0 juA m e a s u r e d in to a b e a m c u p a t t h e be-
g i n n i n g o f t h e t u b e to t h e b u n c h e r . T h e b u n c h e r 
will w o r k w i t h 0.7 nsec over -a l l r e s o l u t i o n u p to 
6 - M e v p r o t o n s a n d e v e n h i g h e r w i t h loss of 
resolut ion. 

2. King-Size Tandem Van de Graaff 
HENKEL, M C K I B B E N 

T h e b u i l d i n g is s c h e d u l e d to be c o m p l e t e d a n d 
t h e t a n d e m installed by late fall of 1963. T h e pres-
e n t 8 - M e v e lect ros ta t ic acce le ra to r c a n be used as 
a n i n j e c t o r fo r t h e t a n d e m a n d b o t h m a c h i n e s 
c a n be used s e p a r a t e l y . 



9. OAK RIDGE NATIONAL LABORATORY 

A. NEUTRON REACTIONS 

1. Parameters of Neutron Resonances 
in the Tin Isotopes 

T . FUKETA,* J . A . HARVEY 

T h e f o l l o w i n g is a n a b s t r a c t o f a p a p e r t o b e 
p r e s e n t e d a t t h e C l e v e l a n d M e e t i n g o f t h e A m e r i -
c a n P h y s i c a l S o c i e t y , N o v e m b e r 2 3 - 2 4 , 1 9 6 2 : 

Measurements were done in the energy range from 
30 to 10,000 ev with a time resolution of 10 nsec/m 
using the O R N L fast chopper and the 180-m flight 
path (measurements on the other five Sn isotopes 
were reported by l'.A. Khan and J.A. Harvey [Bull. 
Am. Phys. Soc. 7, 289 (1962)]). The metallic sample 
thicknesses were 0.20 and 0.15 in. for Sn11-' and 
Sn 1 ", respectively, and 1.0 in. for S n ' " and Sn1-1. 
The sample of Sn""' was an oxide powder, and had 
a thickness equivalent to 0.057 in. metal. We ob-
served 12, 7, 4, 6, and 5 resonances in Snn-'1"'nr'-1--' 
nmi 1-jî  respectively, in this energy range. Measure-
ments were also made with a 45-rn (light path upon 
4-in. thick natural Sn and all ten enriched isotopes 
from 50 to 0.2 cv with an energy resolution of 1.5%. 
Even below 30 ev several new resonances, which had 
not been previously observed, were found. Detailed 
corrections for "missed" resonances must be made to 
obtain average level spacings and strength functions. 
The resonance parameters, average level spacings, 
the s-wavc strength functions, and the nuclear radii 
are reported. 

2. Parameters of the Neutron Resonances 
of the Stable Isotopes of Tin 

F . A . K H A N , * * T . FUKETA,* J . A . HARVEY 

A p a p e r b y t h e a b o v e t i t l e w a s p r e s e n t e d a t t h e 
L o w - E n e r g y N u c l e a r P h y s i c s C o n f e r e n c e , H a r -
we l l , E n g l a n d , S e p t e m b e r 12-14 , 1962. 

3. Neutron Total Cross Section 
and Capture Measurements 

on Separated Zr Isotopes R.C. BLOCK 

T h e f o l l o w i n g is a n a b s t r a c t of a p a p e r p r e s e n t -
e d a t t h e L o w - E n e r g y N u c l e a r P h y s i c s C o n f e r e n c e , 
H a r w e l l , E n g l a n d , S e p t e m b e r 12 -14 , 1 9 6 2 : 

The O R N L fast chopper time-of-flight neutron spec-
trometer was utilized to make transmission measure-
ments on isolopically enriched samples of Zr"" (97.8% 
enrichment), Zr" (90.9%), Zr'- (95.7%), Zr!" 

"Visiting Investigator from JAERI, Tokai, Japan. 
**Visiting Investigator from AEC, Pakistan. 

(96.5%), and Zr!,li (57.3%). In the energy range from 
—0.5 ev to 40 kev, there were approximately 3 reso-
nances observed in Zr'", 5 resonances observed in 
Zr"'-, 5 resonances observed in Zr1", and —-7 reso-
nances observed in Zr"'. Eleven resonances were re-
solved in Zr"1 up to 3000 ev, and an j-wave strength 
function of ( 1 . 0 ± 0 . 3 ) X 10"1 is assigned to Zr"1. A 
new weak resonance was observed in Zr"1 at —450 
cv in these transmission measurements; this level was 
also observed in capture measurements with the 
Rensselaer Polytechnic Institute's linear accelerator. 
It is interesting to note that of the 7 resonances ob-
served in Zr"1 below 1600 cv, 4 of these resonances 
had a I V of < 3 % of the average 1\," for all 7 levels. 
This indicates that some of the small resonances in 
Zr'''1 may be due to p-wave neutrons, 

4. Neutron Radiative Capture Measurements 
With the RPI Electron Linear Accelerator 

J .E . RUSSELL ( R P I ) , R . W . HOCKENBURY ( R P I ) , 

R . C . B L O C K 

T h e W c a p t u r e d a t a h a v e b e e n c o m b i n e d w i t h 
t r a n s m i s s i o n d a t a in o r d e r t o a n a l y z e t h e r e so -
n a n c e p a r a m e t e r s . T h e fo l l owing s p i n a s s i g n m e n t s 
h a v e b e e n m a d e in r e s o n a n c e s o b s e r v e d in t h e 
t a r g e t n u c l e u s W l s ; l : 

£ = 144.8 ev , g= V4; 
£ = 1 5 4 . 8 ev , £=>/»; 
£ = 1 5 7 . 6 ev , 
£ = 1 7 4 . 6 cv,g=3A. 

5. G a m m a Ray Spectra From 
Low Energy Neutron Capture 

G . G . SLAUGHTER, J . R . B I R D , * 

G . T . C H A P M A N , J . A . HARVEY 

T h e f o l l o w i n g is a n a b s t r a c t of a p a p e r t o b e 
p r e s e n t e d a t t h e C l e v e l a n d M e e t i n g of t h e A m e r i -
c a n P h y s i c a l Soc ie ty , N o v e m b e r 22 -24 , 1 9 6 2 : 

Equipment for the study of gamma-ray spectra from 
low energy neutron capture has been installed at the 
Oak Ridge Research Reactor. T h e fast chopper, 
with the high intensity rotor, is used to provide a 
neutron beam, and the gamma-ray detector is a 
heavily shielded 9 x ' 2 - i n . Na l crystal. A flight path 
of 5 m allows the determination of neutron energies 
with an energy resolution of ~ 1 5 % . T w o types of 
measurement have been made in initial experiments: 
(a) the study of thermal neutron capture in small 
quantities of separated isotopes, and (b) the study of 
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capture in the resonance region. For example, thermal 
capture spectra have been observed for nine of the 
Sn isotopes. Each spectrum shows a number of prom-
inent gamma rays as well as many that arc poorly 
resolved. Capture in Cu has been compared for the 
first two resonances at 227 ev (Cu"5) and 580 ev 
(Cu"'') and for the nonresonant capLure at various 
energies below the resonances. The nonrcsonant 
spectra arc very similar and differ from the spectrum 
for the 580-ev resonance which is similar to that ob-
served at higher neutron energies [ J .R . Bird, J . H . 
Gibbons, and W.M. Good, Physics Letters 1, 2C2 
(1962)]. These results arc of interest Tor testing the 
suggestion that direct capture is important in Cu. 

6. Thermal Neutron Capture Cross Section 
and Resonance Capture Integral of Ce 1 4 0 

P . M . LANTZ 

A measurement has been made o f t h e activation 
thermal cross section of resonance integral ofCe 1 1 0 

by i r r ad i a t i ng C e " " resul t ing f rom the decay of 
fission p roduc t B a " ° in which Cd filters were uti-
lized. T h e activation product , C e 1 " , was measured 
by 4j7 be ta -gamma coincidence counting and beta 
absorpt ion in Al using a ca l ib ra t ed e n d window 
G e i g e r - M u l l e r t ube . T h e m e a s u r e m e n t s were 
m a d e in the pneumat i c tube facility o f t h e L I T R . 
Values of 0 . 5 9 ± 0 . 0 6 and 0 . 4 8 ± 0 . 0 5 b were found 
for the the rma l cross section a n d resonance inte-
gral respectively. 

Table 8 

Elemental Neutron Capture Cross Sections 

o„ mb 

z Element E„= 3 0 ± 7 kev £ „ = 6 5 ± 2 0 kev 

15 P 7 ± 1 0.5 0.2 
17 CI 1 1 ± 4 4 2 
19 K 1 6 ± 2 4 ± 1 
20 Ca 1 0 ± 1 3 1 
22 Ti 2 9 ± 3 5 1 
25 Mn 2 2 ± 2 9 1 
31 Ga 103=t 9 56 5 
33 As 3 5 0 ± 32 175 16 
34 Se 9 4 ± 8 51 5 
37 Rb 1 8 0 ± 16 89 8 
52 Te 9 7 ± 9 35 3 
56 Ba 6 1 ± 5 33 3 
63 Eu 2 5 6 0 ± 2 3 0 1580 140 
72 Hf 5 1 0 ± 45 3 f -4- 30 
75 Re 900 ± 80 5 50 
76 Os 300 ± 27 17u ± 16 
77 Ir 795 ± 70 450 40 

7 . Effective Neutron Capture 
Cross Section of Ce1 4 1 

P . M . LANTZ, C . R . BALDOCK 

T h e effective neut ron cross section of C e " 1 has 
been measured by i r rad ia t ing C e " " in the M T R 
to form C e " " by a double neu t ron c a p t u r e reac-
tion. T h e Ce1"1 source was very pu re hav ing only 
9 p p m Ce" ' - measured by neu t ron activation and 
mass analysis. T h e Ce"~ produced in the 113 and 
226-day i r radiat ions, moni to red with d i lu te Co, 
was de t e rmined mass spec t rographica l ly a n d by 
neu t ron act ivat ion. M e a s u r e m e n t o f t h e Ce11- by 
neu t ron act ivat ion enta i led the be ta c o u n t i n g of 
13.8-day P r " 3 , t h e d a u g h t e r of 3 - m i n C e " 3 . A 
va lue of 3 0 ± 3 b was found for the effective neu-
tron cross section where <!>„,/<!>, was 12. 

8 . Correlated Energy Measurements for Thermal 
Neutron-Induced 3-Part ide Fission of U 2 3 5 

H . W . SCHMITI , J . H . NEILER, F .J . WALTER, 

A . CHETHAM-STRODE 

E n e r g y correla t ion m e a s u r e m e n t s of part icles 
emitted in 3-particle fission have been carried out 
in a t h r e e - p a r a m e t e r e x p e r i m e n t involv ing 128 
X 1 2 8 x 4 channe ls . Par t ic les f r o m the t h e r m a l -
neu t ron - induced fission of U2:,r ' were inc ident on 
Si surface barrier detectors. Si of 600 ohm-cm was 
used for the h e a v y - f r a g m e n t de tec tors a n d Si of 
3400 ohm-cm was used for the two thi rd-par t ic le 
detectors. All detectors were abou t 4 cm- in area 
a n d were opera ted u n d e r essentially o p t i m u m 
cond i t ions [see for example1 , S c h m i t t , Nei ler , 
W a l t e r , a n d Silva, Bull. Am. Phys. Sac. II, 6, 240 
(1961)]. T h e energy of each o f t h e two heavy frag-
ments was recorded in 128 c h a n n e l s ; t h e th i rd-
part icle energies were divided into four groups in 
the r a n g e 6 to 30 M e v . Mass d i s t r i b u t i o n s and 
other correlat ion da t a for b ina ry a n d t e rna ry fis-
sion of U a M a r e compared . T h e s trong preference 
for emission of the a lpha part icles a t a n angle 
s o m e w h a t less t h a n 90° with respect to the light 
f r a g m e n t , as r epor t ed by T i t t e r t o n [Nature 168, 
590 (1951)], was observed. 

9. Neutron Capture 
R.L. MACKLIN , T. I N A D A , * J . H . GIBBONS 

F u r t h e r m e a s u r e m e n t s of 30 a n d 65-kev neu-
t ron c a p t u r e cross sections have been m a d e with 
the 1.2-m liquid scintillator. T h e results are shown 
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in T a b l e 8. C r o s s s e c t i o n s a t 30 k e v h a v e b e e n 
m e a s u r e d f o r S m , S r , a n d Z r i s o t o p e s u s i n g t h e 
f a s t M o x o n - R a e d c t c c t o r a t t h e O R N L p u l s e d 3 -
M e v V a n d c G r a a f T . C a p t u r e cross s e c t i o n s ( f r o m 
10 to 5 5 k e v ) w e r e m e a s u r e d w i t h Y' s ' ' , Pb-"11, 
P b - " 7 , F , ! ' , s u l f u r , a n d S n m - ' - H s a m p l e s . 

10. Evidence Concerning the Importance of "Direct" 
or "Potential" Neutron Capture at Low Energies 

J .R . B IRD,* J . H . GIBBONS, W . M . G O O D 

T h e f o l l o w i n g is a n a b s t r a c t o f a p a p e r p r e s e n t -
e d a t t h e I n t e r n a t i o n a l S y m p o s i u m o n D i r e c t I n -
t e r a c t i o n s a n d N u c l e a r R e a c t i o n M e c h a n i s m s , 
P a d o v a , I t a l y , S e p t e m b e r 3 -8 , 1962: 

It has been recognized for several years that "direct" 
capture processes can be important at low energies. 
Lane and Lynn have shown that an appreciable 
fraction of certain thermal cross sections may be due 
to this process. Neutron capture y-ray spectra have 
been measured in the resonance region (E„ = 30 kev) 
and compared with corresponding thermal capture 
spectra. Major differences occur for many nuclci. In 
particular, isotopes of Ni, Cu, and Pb show many y 
rays which would be expected following compound 
nucleus formation, but which are weak or absent in 
thermal capture. Such results support the conclusion 
that these mass regions arc important in the consid-
eration of direct capture. 

11. Gamma Rays From Neutron Capture in Lead 
J . R . B IRD,* J . H . GIBBONS, W . M . G O O D 

T h e f o l l o w i n g is a n a b s t r a c t o f a p a p e r t o b e 
p r e s e n t e d a t t h e C l e v e l a n d M e e t i n g of t h e A m e r i -
c a n P h y s i c a l S o c i e t y , N o v e m b e r 2 3 - 2 4 , 1 9 6 2 : 

Measurements of 30-kev neutron capture [J .R. Bird, 
J .H. Gibbons, and W.M. Good, Physics Letters 1, 262 
(1962)] have been extended to allow results to be ob-
tained for a variety of neutron energies. A neutron 
flight path of 50 cm and a time resolution of J2 asec 
FWHM (full width at half maximum) makes possi-
ble the observation of individual resonances in the 
energy range 10 to 100 kev. A three-dimensional ana-
lyzing system with 16X128 channels is used for the 
simultaneous measurement ofneutron and gamma-
ray energy. Targets of natural and radiogenic Pb 
show resonances in lJb'-'"" at 18, 22(?), 27, and 45 kev 
as well as the well-known resonance in Pb-"7 near 45 
kev. The shape of the latter for the 7.41-Mcv ground 
state transition in Pb'-'"s has been studied and intensi-
ties of three transitions in Pb'-"7 have been obtained 
for each of the other four resonances. These intensi-
ties change markedly from resonance to resonance 
but the average values cannot be explained in terms 
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of the expected multipolaritics unless wave capture 
is important for these resonances. 

12. Measurement of a for U 2 3 5 as 
a Function of Neutron Energy 

G . DESAUSSURE, L . W . WESTON 

A m e a s u r e m e n t o f a { — a c / a , ) f o r U'- : , r ' a t n e u -
t r o n e n e r g i e s of 3 0 a n d 6 4 k e v w a s p e r f o r m e d 
u s i n g a 3 0 - p l a t e fission c h a m b e r in t h e c c n t e r of 
a 1 . 2 - m - d i a m l i q u i d s c i n t i l l a t o r t a n k . T h e c h a m -
be r w a s b o m b a r d e d b y pu l ses of n e u t r o n s o b t a i n e d 
a t t h e 3 - M e v V a n d e G r a a f f b y t h e L i 7 ( / y i ) B e 7 

a n d T ( / » , n ) H e : i r e a c t i o n s a t t h e t h r e s h o l d . T h e 
r a t i o o f t h e s c i n t i l l a t o r p u l s e - h e i g h t s p e c t r u m in 
a n t i c o i n c i d e n c e w i t h t h e fission c h a m b e r to t h a t in 
c o i n c i d e n c e w i t h t h e fission c h a m b e r p r o v i d e s t h e 
v a l u e o f a . T h e v a l u e s o b t a i n e d w e r e 

a ( 3 0 ± 1 0 kev ) = 0 . 3 7 2 ± 0 . 0 2 6 , 

a ( 6 4 ± 2 0 k e v ) = 0 . 3 1 5 ± 0 . 0 6 0 . 

T h e m a j o r s o u r c e o f u n c e r t a i n t y of t h e m e a s -
u r e m e n t s is a s s o c i a t e d w i t h t h e e x t r a p o l a t i o n of 
t h e p u l s e - h e i g h t s p e c t r a b e l o w a b i a s o f a b o u t 2 -
M e v y - r a y e n e r g y . ( B a c k g r o u n d r a d i a t i o n b e l o w 
2 M e v is t o o l a r g e t o p e r m i t a c c u r a t e m e a s u r e -
m e n t o f t h e p u l s e - h e i g h t s p e c t r a . ) 

T h e r e s u l t s a r e in g o o d a g r e e m e n t w i t h t h e r e -
s u l t o b t a i n e d b y H o p k i n s a n d D i v e n fo r t h e s a m e 
p a r a m e t e r [Nuclear Sci. and Eng. 12, 169 ( 1 9 6 2 ) J . 
O f c o u r s e , t h e t w o m e a s u r e m e n t s a r e n o t e n t i r e l y 
i n d e p e n d e n t as t h e s o m e w h a t a r b i t r a r y e x t r a p o l a -
t i o n o f t h e p u l s e - h e i g h t s p e c t r a t o z e r o p u l s e 
h e i g h t w a s o b t a i n e d , in b o t h e x p e r i m e n t s , w i t h 
s i m i l a r c r i t e r i a . 

13. Fission Cross Section and Fragment Angular 
Distribution for Fast Neutron-Induced Fission of U 2 3 4 

R . W . LAMPHERE 

T h e f o l l o w i n g is a n a b s t r a c t o f a p a p e r p r e s e n t -
e d for p u b l i c a t i o n in Nuclear Phys.: 

The fission cross section of U - " has been remeasured 
to 4-Mcv neutron energy with greater detail in order 
to accurately delineate the extrema. Results arc be-
lieved to be somewhat more accurate than those 
previously reported by the author. The fragment 
angular asymmetry A defined as the ratio of frag-
ment emission at zero degrees to that at ninety de-
grees to the neutron beam was measured from 0.4 to 
3.8 Mcv. At 843, 1050, and 37-10 kev the 3 0 / 6 0 de-
gree fragment intensity ratio was also measured and 
normalized to A. Strong sidewise peaking with A 
= 0.50 (normal to the neutron beam) was found at 
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500 kevat which point the total fission cross section 
is 0.50 b and rising smoothly. At 843 kev the cross 
section passes through a maximum of 1.26 b coin-
cidentally with a maximum o f l . 8 0 in A. From 843 to 
1050 kev both cross section and A fall smoothly to 
minima of 1.10 and 1.13 b, respectively. Above 1050 
kev both cross section and A rise somewhat irregular-
ly. A remains very nearly constant al 1.20 between 
1.5 and 3.8 Mcv. 

As suggested by Wheeler the dip in cross section 
can be explained in terms of enhanced competition 
from inelastic neutron scattering. A modified Hauser-
Feshbach type of analysis indicates that scattering to 
vibration-rotational levels known to exist above 790 
kev in serves to depress the cross section for 
fission. 

The changes in A are explained in terms o f the 
theory of A. Bohr which postulates that fission occurs 
through distinct channels akin to the A'-band struc-
ture seen in heavy asphcrical nuclei at low excita-
tions. On this basis approximately 62% of fission at 
500 kev goes via a 3 / 2 —band while most of the re-
mainder goes via a 1/2 + band. At 843 kev only 14% 
goes through the 3 /2 — band, the rest proceeds via a 
strong 1/2— band and the much weaker 1 /2 + 
band. The reason for the strong fall in A between 843 
and 1050 kev is unclear. Some fsrissibilities are sug-
gested. 

The sequence of fC bands indicated for U 2 "* near 
the saddle point deformation is 1/2 + , 3 /2 — , 1/2 — , 
with separations o f the order of a Tew hundreds of 
kilovolts. 

14. Differential Neutron Cross Sections 
With a Few kev Energy Spread J.L. FOWLER 

Apparatus designed to determine neutron angu-
lar distributions with good energy resolution (J .L. 
Fowler , P r o g r a m of the Southeas te rn Section 
Mee t i ng o f t h e Amer ican Physical Society, Ab-
stract 13, 1962) has been used to measure the dif-
ferential cross sections of neutrons scattered from 
Pb J 0 S (99.75%) at twenty-one different energies 
between 700 and 1750 kev. Fourteen o f t h e meas-
urements were at resonant energies [ J .L . Fowler 
and E.C. Campbel l , Phys. Rev. 127, 2192 (1962)]. 
For the first several prominent resonances the in-

; terference between the resonant phase shifts and 
potential scattering (predominantly j-wave) allows 
one to assign the /-value by inspection. These as-
signments are as follows: 

E0, kev r, kev I 

723 5 .0±1.0 5 /2 2 
769 5 .5+1.0 3 /2 1 
821 10.0±1.0 5 /2 2 
855 5 .0±1 .0 3/2 2 

As the neutron energy increases, potential scat-
tering phase shifts other than i -wave become im-
por tan t , so tha t a more quant i ta t ive analysis be-
comes necessary. A F O R T R A N code has been 
writ ten for the 7090 compute r to calculate theo-
retical angular distributions as a function of reso-
nance parameters and potential scattering phase 
shifts in order to compare with the experimental 
results. 

15. Excitation of Collective States by Inelastic 
Scattering of 14 -Mev Neutrons 

P . H . STELSON, R.L. ROBINSON 

Neut rons of 14-Mev energy from the d-t reac-
tion have been used to excite collective states in 
Pb, Bi, Ni , Zn , and S. Absolute differential cross 
sections have been obtained for the excitation of 
the octupole (2.5 Mev) and hexadecapole (4.1 
Mev) states in Pb and of the quadrupole (2.24 
Mev) state in S. T h e results are in general agree-
ment with the predictions of the direct interaction 
theory of Buck and of Bassel, Drisko, and '-jatchler. 

16. Excitation of Collective States by Inelastic 
Scattering of 14-Mev Neutrons 

P . H . STELSON, R .L . ROBINSON 

A paper by the above title was presented at the 
In ternat ional Symposium on Direct Interactions 
and Nuclear Reaction Mechanisms, Padova, Italy, 
September 3-8, 1962. 

B. CHARGED PARTICLE REACTIONS 

1. (p,r>) Cross Sections 
J . K . BAIR, C . M . JONES, H . B . WILLARD 

Pre l iminary measurements of (p,n) total cross 
sections have been m a d e uti l izing the T a n d e m 
V a n de Graaf f a n d the graphi te sphere neutron 
detector. Elements bombarded to date are Li", Li7, 
Be", B'°, and B11. 

2. The Optical Model With Nonlocal Potentials 
F. PEREY 

A paper by the above title was presented at the 
Internat ional Symposium on Direct Interactions 
and Nuclear Reaction Mechanisms, Padova, Italy, 
Sep tember 3-8, 1962. I t has been publ i shed [F. 
Perey a n d B. Buck, Nuclear Phys. 32, 353 (1962)]. 
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3 . The Calculation of Elastic and Inelastic Proton 
Scattering Wi th a General ized Opt ical Mode l 

B.BUCK 

T h e following is a n abstract o f a pape r submitted 
for publ ica t ion in Nuclear Phys.: 

An extension of the optical model is considered in 
which a state of quadrupole collective motion is 
strongly coupled to the nuclear ground slate. T h e 
calculations include a spin-orbit potential and the 
s imultaneous coupled differential equat ions of the 
problem are solved numerically on a high-speed 
computer . Exper imenta l data on the scattering of 
medium energy protons from T i , Cr, Fe, Ni, and Zn 
are analyzed. A good average optical potential is de-
termined and conclusions arc drawn about the ener-
gy dependence of the parameters. Evidence is pre-
sented for the validity of the collective model. N u -
clear deformabilities derived by fitting the inelastic 
differential cross sections are in good agreement with 
those determined by electromagnetic methods. Vari-
ous limitations and ambiguities of the model are dis-
cussed and possible improvements are indicated. 

4 . Analysis of A n g u l a r Corre lat ion for Inelastic 
Proton Scattering on FeS 6 and N i 5 8 

G . R . SATCHLER, E. SHELDON* 

A paper by the above title was presented at the 
In t e rna t i ona l Symposium on Direct Interact ions 
a n d R e a c t i o n M e c h a n i s m s , P a d o v a , I ta ly , Sep-
tember 3-8,1962. 

5. The Elastic Scattering of Alphas by O 1 8 

D . POWERS, J. FORD, T . HAYES, H . B . WILLARD 

Differential elastic scattering cross sections have 
been measured for 2.4 to 3.5-Mev alphas on 0 1 S at 
center-of-mass angles cor responding to the first 4 
zeros of the L e g e n d r e po lynomia ls . Of t h e eight 
resonances previously observed in this energy re-
gion by the 0 l s ( a , n ) N e 2 2 reaction, spin and parity 
assignments have been m a d e to six levels by the 
combined exper imenta l da t a . 

6. Coulomb Excitation of Osmium Nuclei 
F.K. M C G O W A N , P . H . STELSON, R.L. ROBINSON 

C o u l o m b exci ta t ion measu remen t s have been 
m a d e by proton a n d a -pa r t i c l e b o m b a r d m e n t of 
metallic targets enr iched in the different isotopes 
of Os, T h e B(E 2) 's for exci ta t ion of the first 2 + 
state in Os ' s s , Os1"", a n d Os , ! l- arc larger than the 
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single-particle estimate by factors ranging from 70 
to 100. T h e B(E 2) for excitation of the second 2 + 
state is about 0.1 of the B(E 2) for excitation of the 
2 + state. T h e sign of S=(E2/Miy/- in the 2 -^2 
t rans i t ion is nega t ive and the B (yV/1,2—>2)'s are 
exceedingly small , being a b o u t 10~:i t imes the 
single-particle estimate. 

S ta tes in Os1S7 a t 74, 75, a n d 187 kev a n d in 
Os1M ' a t 69.5,95, and 219 kev are directly Coulomb 
excited. T h e predictions of the symmetr ic to ta tor 
model o f B o h r - M o t t e l s o n wi th ro ta t ion-par t i c le 
coup l ing inc luded do not agree with the experi-
menta l results for Os , S 7 . 

7. Coulomb Excitation Wi th N e J 0 Ions 
R . C . RITTER, P . H . STELSON, F .K . M C G O W A N , 

R.L. ROBINSON 

T h e following is an abs t rac t of a pape r sub-
mitted for publication in Phys. Rev.: 

Neon ions with energies ranging from 8 to 15 Mev 
have been obtained by the acceleration of doubly 
and triplv-charged ions in a 5.5-Mcv Van de Graaff. 
These projectiles have been used to study Coulomb 
excitation in 18 nuclei ranging from Li7 toTh'-':'-. In 
particular, the levels of Ti ' 7 , V'", Fe5 7 , N i M , Zn'17, 
Ge7 ', and As70 were investigated. N e w spin assign-
ments were obtained for the 93 and 184-kev stales in 
Zn"7. A unique spin assignment is obtained for the 
320-kev state of V5 1 and the multipolarity mixture of 
y ray is established. 

8. A Comparison of (p ,d) , (p , f ) , a n d ( p , « ) 
Reactions Exciting the Same Final States 

J .B . BALL, C . B . FULMER, C . D . G O O D M A N 

A p a p e r by the above title was presented at the 
In te rna t iona l Sympos ium on Dircct In teract ions 
a n d Reac t ion Mechan i sms , P a d o v a , I t a ly , Sep-
tember 3-8, 1962. 

9. ( p,t) Double Pickup Reactions 
W i t h 2 2 - M e v Protons 

C . D . G O O D M A N , J .B . BALL, C . B . FULMER 

E n e r g y spec t r a a n d a n g u l a r d i s t r ibu t ions of 
(/>,/) react ions on Zr isotopes a n d ne ighbor ing 
nucl ides were measured . On ly a few final levels 
are strongly excited. These are interpretable as the 
results of p ickup of two neutrons f rom shell model 
states. Levels a re observed which represent the dif-
ferent possible couplings of the angu la r m o m e n t a 
of the resul tant hole states. 
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10. ( p,d] Pickup Reactions With 2 2 - M e v Protons 
on Targets Near N = 5 0 

C . D . G O O D M A N , J .B. BALL, 

C . B . FULMER 

(p ,d) energy spec t ra a n d a n g u l a r di f ferent ia l 
cross sections have been measured a n d are com-
p a r e d for seven ne ighbor ing nuclides. T h e cross 
section for the d 5 / 2 neu t ron p i ckup increases as 
the level fills. Compar i son of r educed widths ex-
tracted with distorted wave calculations shows an 
effect of shell model residual interactions. Residual 
interact ions are also observed t h rough other fea-
tures o f t h e spectra. 

11. Resonances in the C 1 2 ( 0 ' 6 , a ) M g 2 " Reaction 
F.E. D U R H A M , M . L . HALBERT, 

C . D . M O A K , A . ZUCKER 

With 0 1 + ions accelerated by the T a n d e m Van 
d e Graaff , the excitation funct ion for the reaction 
C'' - (O1 0 ,a)Mg-i w a s m e a s u r e d for the first five 
states in Mg' J l . T h e over-all resolution was 45 kev 
(center-of-mass), and strong fluctuations in the ex-
c i ta t ion func t ion were observed t h r o u g h o u t the 
inves t iga ted energy region, f r o m 25.10 to 26.10 
M e v excitat ion in the c o m p o u n d nucleus Si'-8. If 
t h e resonances are due to the interference of ran-
domly distributed levels in the compound nucleus, 
o n e may conc lude t h a t its l i fe t ime is n o shor te r 
than 0 .7x10--° sec. 

12. Charged-Particle Cross Section Compilation 
F . K . M C G O W A N , W . T . MILNER 

T h e purpose of this activity is to con t inue the 
compilat ion of nuclear cross sections for charged-
particle-induced reactions. In scope and form, the 
compi la t ion will follow the plan of previous ver-
sions in Los A lamos Repor t s LA-2014 and LA-
2424. T h e "best va lues" of the cross sections will 
be presented in graphical form with the grid lines 
reproduced. In addi t ion, the da t a will be given in 
t abu la r form for all charged-par t ic le - induced re-
actions, including heavy ions, at all energies. 

A l i terature search for the years 1948-1961 has 
been comple ted . T h e b ib l iography con ta ins ab-
s t racts of the papers f r o m this l i t e r a tu re search. 
D a t a for the elements M n through S m are being 
compiled in t abu la r form. 

13. ORNL Tandem Accelerator C.D. MOAK 

T h e vol tage ra t ing o f t h e T a n d e m accelerator 
has been increased f rom 6 to 7.5 megavolts; thus 
the proton energy r ange has been extended from 
12 to 15 Mev and data have been tak?n at 15 Mev. 
Oxygen ion energy range is increased from 42 to 
52.5 Mev . T h e accelerator has 'bevn used to cali-
bra te special fission detectors using Br ions as arti-
ficial fission fragments with energies ranging u p to 
100 Mev. For heavy f ragment cal ibrat ions, I ions 
a re now being used. 
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A , T O T A L C R O S S S E C T I O N O F P a 1 " 

F ,B, S IMPSON, R ,P , SCHUMAN 

Mcjasurciiictits on the dccnyctl l>iia''i;l samples 
were taken in the thermal and resonance regions 
on the M T R last chopper in order to de te rmine 
the a m o u n t of U'J:I:I p resent in the samples and 
thus the effective sample thickness of l,a''1,,;l at the 
time of measurement, T h e measurements 011 Pa'J;i:i 

sample No. 1, whieh was used to measure the total 
cross section between 1 and 0 ev, agree within 5% 
with the n u m b e r o f a t o m s / c m - calcula ted from 
the i r radiat ion t ime a n d llux, T h e measurements 
on Pa'-'111 sample No. 2 do not agree well with such 
calculations, and indicate lliat the thermal (0.025 
ev) cross section previously reported as ~ b 
should be cont:clcrl lo a preliminary value of —70 
b. T h e da t a below I ev also indicate the presence 
of a small resonance a t 0,31! ev with a peak cross 
section of ~ 4 0 b. An addi t iona l T h sample has 
been p r epa red for i r radia t ion in order to repeat 
this series of measurements. 

B. PREPARATION OF SEPARATED P a ' » 
J . W . C O D D I N G 

T w o experiments have been performed to dem-
ons t ra te a c o m b i n a t i o n scavenging-ext rac t ion 
process for the recovery of g ram amounts of Pa-:': | 

from irradiated T h . T h e first was done using half-
level concen t r a t i ons of Pa a : " a n d U2: , : |, a n d the 
second used full concentrat ions of each. T h e gen-
eral recovery schcmc is as follows: i r rad ia ted T h 
con ta in ing Pa'-'™, U'-:':|, L P " , a n d some fission 
products is dissolved in a nitric acid-hydrofluoric 
acid mixture yielding a solution with a protactini-
um concentration of about 1 g / l . T h e initial sepa-
ration of p ro tac t in ium f rom U a n d T h is accom-
plished by scavenging the pro tac t in ium from the 
dissolver solut ion M n O . fo rmed in situ. H y d r o -
chloric acid dissolution of this precipitant yields a 
solution from which protactinium can be preferen-
tially extracted with diisopropyl ketone. Back ex-
tract ion with hydrogen peroxide provides a con-
centrated protactinium product from which Pa ;Or, 
can be prepared for a chopper target. It was found 
tha t the full-level concentrat ions used in the sec-

ond experiment enhanced protact inium recovery 
and despite the higher protactinium concentration 
the scavenging efi ieieney was not impa i red but 
was actually improved, Alpha pulse height anal-
yses were clone 011 evaporated samples o f t h e feed, 
prec ip i ta te p roduc t , a n d ext rac t ion product for 
run 2. It was found that protact inium was decon-
t a m i n a t e d f rom U by a fac tor of 0.6 du r ing the 
M n O a p rec ip i ta t ion s tep a n d by a fac tor of'1/1 
d u r i n g a subsequen t l iexonc extract ion, (Diiso-
propyl ketone was not avai lable for these experi-
ments,) It is expected tha t the extract ion of pro-
tac t in ium will be great ly enhanced by replacing 
hexone with diisopropyl ketone. Consideration is 
also beinggiven to including in the process a sccond 
precipitation step to take advan tage of the higher 
decontamination available dur ing scavenging. 

C. F I S S I O N M A S S Y IELDS O F U J 3 5 

A S A F U N C T I O N O F N E U T R O N E N E R G Y 

K .T . FALER, R.L. TROMP 

Experimental work in this study was completed 
with five irradiations of U-;,r' (two at 0.04 ev with 
neu t ron crystal spec t romete r neutrons, two with 
C-fi l tered neutrons f rom the MTU. cold-neutron 
facility, and one consisting of a Cd-covered back-
ground determination in the thermal column). All 
da ta were processed and the final results are shown 
in Tab le 9. 

Table «J 

Variation of l'cak-to-Valley Ratios for U"ln 

Fission Yields as a Function of Neutron Energy 

Energy, cv It Standard deviation 

0.0002 0.765 0.044 
0.001 0.875 0.042 

Thermal 1 . 0 0 0 0.032 
0.010 0.880 0.047 
O.OGO 0.783 0.021 
0.100 0.796 0.059 
0.250 0.730 0.022 
0.284 0.746 0.026 
0.330 0.708 0.022 
0.500 0.841 0.033 

All cpi-Cd 1 . 1 8 1 0.081 

3 5 
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T h e b e h a v i o r of the R va lues (pcak- to -va l lcy 
ra t io at ene rgy E n o r m a l i z e d to tha t at t h e rma l ) 
r e m a i n s a n a n o m a l y aL very low energies , Such 
behavior is unexpec t ed in the region where no 
resonances exist in U'-':ir\ 

D . F I S S I O N C R O S S S E C T I O N O F P u 2 4 1 

T. W A T A N A B E , O . D . S I M P S O N 

Measurements of the fission cross section of Pu" " 
near thermal energies have been carried out on the 
M T R fast chopper at a flight pa th of 4 in in order 
to de t e rmine more accura te ly the shape of the 
the rma l fission cross scction for P i r " . T h e results 
of these a n d ea r l i e r measu remen t s a r c being pre-
pared for publ ica t ion . 

E. TOTAL CROSS SECTION OF Pu238 

T . E . Y O U N G , F . B . S I M P S O N 

Measurements on the present Pir™ sample have 
been c o m p l e t e d . I t was n o t e d t h a t the ofl-reso-
nancc cITectivc cross section of this sample appears 
to be inc reas ing wi th t ime since t h e s a m p l e was 
pur i f i ed ; p r e s u m a b l y this is d u e to the format ion 
of an impur i ty such as oxygen or water. It is hoped 
t h a t chemica l analysis of this s a m p l e will pe rmi t 
app rop r i a t e correct ions to be made . 

F. P R E C I S I O N M E A S U R E M E N T S O F T O T A L 

A N D P A R T I A L C R O S S S E C T I O N S 

O N T H E C R Y S T A L S P E C T R O M E T E R 

R . R . SPENCER 

T h e general exper imenta l approach in this a rea 
h a s b e e n t h e a p p l i c a t i o n of t imc-of - f l igh t tech-
niques to the Bragg neu t ron beam in order to sep-
a r a t e t h e effect of the var ious o rders of Bragg re-
flection. A F e r m i - t y p e c h o p p e r was m o u n t e d on 
the a r m of the spec t rometer a n d t h e time-of-fiight 
of the B r a g g n e u t r o n s ove r a n ^ 2 - m flight pa th 
was used to s e p a r a t e the orders . T o t a l cross sec-
tions were then de t e rmined by s t anda rd transmis-
sion techniques, with two exceptions: backgrounds 
were de te rmined s imultaneously with sample and 
o p e n coun t s by observ ing the de tec tor pulses oc-
c u r r i n g at flight t imes not associated wi th the 
Bragg orders ; also the total cross section was deter-
mined a t several energies s imul taneous ly by utiliz-
ingsevera l B r a g g orders. Extension of this system to 
measuremen t of part ial cross sections is obvious. 

For the present cxpct t h r ee -channe l 
transistorized time-of-fiigh vas developed 
for use with the chopped n appropr ia te -
ly small c o u n t i n g d e a d u<. vnc t ime channe l 
was set to c o u n t on ly t h e first o r d e r B r a g g neu-
trons, a second was set to inc lude only second 
o r d e r Bragg neu t rons , a n d a t h i rd was set to de-
t e r m i n e the b a c k g r o u n d pulses. T r a n s m i s s i o n 
measu remen t s on a s t a n d a r d Au s a m p l e a rc now 
in progress and will be compared to measurements 
on the s a m e s a m p l e with the M T R fast chopper . 

In add i t ion to cross-section m e a s u r e m e n t s the 
t imc-o f - f l i gh t t e c h n i q u e was used to s t u d y the 
composi t ion of the Bragg neu t ron b e a m from the 
Be (0002) planes. Forb idden Be (0001) reflections 
were observed at severa l crysta l o r ien ta t ions . In 
addi t ion , a forbidden Be (0003) reflection was ob-
served at several or ientat ions . These forbidden re-
flections a rc u n d o u b t e d l y caused by mul t ip le re-
flection within the crystal latt ice a n d can in some 
cases constitute a major portion of the Bragg beam. 

G. HALF-LIFE DETERMINATION 
OF LONG-LIVED Ho 1 6 6 

B. KEISH, K . T . FALER 

T h e half-life measu remen t of the long-lived iso-
mer of Ho""1 was based on a specific activity meas-
u rement o f a sample i r rad ia ted to 5 . 6 x 1 0 " ' n / cm" 
a n d on the a s sumpt ion t ha t all decay goes via the 
180-kev g a m m a ray t r ans i t i on . M a s s analysis of 
t h e i r r a d i a t e d H o s h o w e d t h a t 0 .6% was Ho"1". 
Since no direct m e a s u r e m e n t of the in te rna l con-
version coefficient of 180-kev g a m m a ray had been 
m a d e , the theore t i ca l ly c a l c u l a t e d v a l u e of 0.30 
was assumed to be corrcct. T h e largest uncertainty 
in the d e t e r m i n a t i o n was in we igh ing the 20 - f ig 
s a m p l e . T h e half- l i fe va lue c a l c u l a t e d wi th esti-
m a t e d u n c e r t a i n t y is 90,OOOrt 18,000 years. Th i s 
va lue gives a f o rma t ion cross scction of a b o u t 1 b 
to this isomer, which is consistent with the absorp-
tion cross section and with the cross section for for-
ma t ion of the short-l ived (27 hr ) isomer. 

T h e cross scction for f o r m a t i o n of 27-hr Ho""1 

by n e u t r o n a c t i v a t i o n was f o u n d to be 6 4 ± : 6 b. 
T h e d e t e r m i n a t i o n was m a d e us ing a Co flux 
m o n i t o r a n d m e a s u r i n g t h e ac t iv i ty of t h e Ho"1" 
w i th a 477 (i-y co inc idence c o u n t i n g sys tem. T h e 
decay rate of the source was followed as a check on 
the puri ty of the sample . 
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H . I S O M E R Y I E L D R A T I O S 

S . KEISH 

T h e p r o g r a m for accura te ly d e t e r m i n i n g yield 
ra t ios of isomers p r o d u c e d by n e u t r o n ac t iva t ion 
h a s b e e n d r a w n to c o n c l u s i o n a n d all t h e d a t a 
have been prepared for publicat ion. T h e following 
va lues of yield ra t ios a re i n c l u d e d in the ar t ic le . 
For S b l " " , l " m , the yield rat io for t he rma l neut rons 
was d e t e r m i n e d to be 0 . 0 6 6 ± 0 . 0 0 8 by 47T /3-y co-
incidence coun t ing of the two isomers in the same 
s a m p l e . For I n " '•11"n

) the yield ra t io for t h e r m a l 
n e u t r o n s was d e t e r m i n e d to be 2.1 ± 0 . 1 a n d for 
e p i - c a d m i u m n e u t r o n s 2 . 4 ± 0 . 2 . T h e m e a s u r e -
ments were m a d e by count ing samples in a s tand-
a rd i zed posit ion wi th an e n d - w i n d o w /?-propor-
t iona l c o u n t e r . A n abso rbe r was used to p reven t 
count ing of electrons from the u p p e r isomeric state 
w h i l e t h e d e c a y of t h e i somers w a s f o l l o w e d . A 
100-fold re - i r rad ia t ion of each s a m p l e was neces-
sary in o rde r to ob ta in good coun t ing statistics for 
t h e longer- l ived isomer. Au-foil mon i to r s were 
used to c o m p a r e the neu t ron exposures of the two 
i r r a d i a t i o n s . F o r m a t i o n cross sect ions w e r e also 
d e t e r m i n e d for the two isomers (for t h e r m a l neu-
t rons only) by s t a n d a r d i z i n g the c o u n t i n g set up 
wi th a R e , s s source. T h e best values o b t a i n e d for 
these cross sections a re : 3 . 9 ± 0 . 4 b for the forma-
tion of 72-sec I n ' " a n d 8.1 ± 0 . 8 b for the fo rma-
tion of 49 -day I n u , m . 

For Rb8 '1 ,8""', t he yield ra t io (for t h e r m a l neu-
trons) was de termined by first count ing " to d e a t h " 
t h e 560-kev g a m m a ray e m i t t e d in t h e d e c a y of 
the 1 -min isomer a n d then (on t h e s a m e sample) 
coun t ing the 1080-kev g a m m a ray emi t ted by the 

Table 10 

Thermal Cross Sections and Resonance Integrals 
Determined in VH-2 in M T R 

Resonance Cd ratio 
Target nuclcus o1", b integral, b in VH-2 

Very thin Mn 13.1 14.0 17.4 
2-mg Mn metal 13.4 11.3 21.8 
Very thin Co 39.1 74.6 10.2 
Very thin An (98.8)* (1558)* 2.11 
2-mg Au metal — 805 — 

Very thin I F " —5.4 381 1.25 

*Gold standards assumed to measure flux. 

18.7-day isomer. T h e yield ra t io was f o u n d to be 
0 . 1 2 ± 0 . 0 1 . T h e cross section for the formation (by 
t h e r m a l n e u t r o n ac t iva t ion) of the 1 - m i n isomer 
was d e t e r m i n e d us ing t h e s a m e c o u n t i n g t ech -
n i q u e but. i n c o r p o r a t i n g a Au-foi l f lux m o n i t o r . 
T h e cross section was found to be 0.061 ± 0 . 0 0 6 b. 
T h e cross sect ion for t h e f o r m a t i o n (by t h e r m a l 
neu t ron act ivat ion) of the 18.7-day isomer was de-
t e r m i n e d by 4TT fi-y co inc idence c o u n t i n g of a 
weighed s a m p l e a n d by us ing a Co flux moni to r . 
T h e v a l u e o b t a i n e d was 0.46 b b u t this m u s t be 
cons ide red t e n t a t i v e un t i l c o n f i r m a t o r y expe r i -
m e n t s a r e comple t ed . 

I . M E A S U R E M E N T O F R E S O N A N C E I N T E G R A L S 

J . R . BERRETH, R . P . S C H U M A N 

Resonance integrals were measured by i r radiat-
ing samples of very thin Co, Au , M n , th icker M n 
a n d Au , a n d U2-1" inside a 1 - m m - t h i c k C d shield 
in the V H - 2 vertical hydraul ic rabbi t in the M T R . 
An u n s h i e l d e d i r r ad i a t i on of the s a m e ma te r i a l s 
was also m a d e in the same position. 

P re l iminary values of resonance integrals, ther-
m a l cross sections, and Cd ra t ios a re given in 
T a b l e 10. T h e act ivat ion of Co, Au , a n d M n was 
d e t e r m i n e d by abso lu te g a m m a c o u n t i n g of the 
1.33, 0.845, a n d 0 .412-Mev g a m m a rays , respec-
tively. T h e U" : lT in the U'-':,li was d e t e r m i n e d af ter 
purif icat ion of the U . T h e U23B was de termined by 
a l p h a c o u n t i n g a n d a l p h a pu l se ana lys i s of t h e 
pur i f ied U . T h e U" : '7 was de t e rmined by absolute 
g a m m a coun t i ng of the 0 .208 -Mev g a m m a peak 
and by 477 yS-y count ing . T h e U' j :u! r esonance inte-
gra l is s o m e w h a t h ighe r t h a n the v a l u e of 310 b 
c a l c u l a t e d f r o m the r e s o n a n c e p a r a m e t e r s . T h e 
r e sonance in tegra l of C o agrees well wi th t h e ex-
pected va lue of 75 b de termined by Eas twood and 
W e r n e r at A E C L . 

J . L A T T I C E V I B R A T I O N S I N B E R Y L L I U M 

R . E . S C H M U N K , R . M . BRUGGER, 

P . D . RANDOLPH, K . A . STRONG 

A p a p e r w i th t h e fo l lowing a b s t r a c t has been 
accep ted for publ ica t ion in the Phys. Rev. 

Measurements of the dispersion relations for waves 
propagating in the [0001] and [OHO] directions in 
Be have been made using the M T R phased chopper 
slow-ncutron velocity selector. In the [OlTO] direc-
tion only one of the transverse modes was available 
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for investigation, that having atom displacement 
normal to the basal plane. Two distinct frequencies 
were observed at the center o f t h e Brillouin zone for 
the optical branches, and the corresponding branches 
are referred to as upper optical and lower optical. 
For both symmetry directions, the upper optical 
branch corresponds to the mode of vibration having 
the polarization vector parallel to the hexagonal axis. 
Pertinent frequencies in units of lO13 sec"1 are: (at 
the center o f t h e zone) upper optical, 1.99 ± 0 . 0 7 ; 
lower optical, 1 .33±0.04; (at the zone boundary in 
the [0001] direction) lower optical and transverse 
acoustical, 1.01 ± 0 . 0 6 ; upper optical and longitudi-
nal acoustical, 1 .57±0.07; (at the zone boundary in 
the [0110] direction) upper optical, 1 .69±0.09; low-
er optical, 1.63 ± 0 . 0 8 ; longitudinal acoustical, 
1 . 5 4 ± 0 . 0 8 ; transverse acoustical, 1.21 ± 0 . 0 5 . The 
mode of vibration for a particular phonon was de-
termined from the region of reciprocal space in 
which the transition was observed. The initial slopes 
of the acoustical branches agree well with the clastic 
constant data, except for the longitudinal branch in 
the [0001] direction. Lattice dynamics models of 
Bcgbie and Born and of Slutsky and Garland (the 
latter extended to include interactions with fourth 
and fifth nearest neighbors) give limited agreement 
with the present data only when the force constants 
in the models are evaluated from the neutron scat-
tering data. 

K . P H A S I N G T W O C H O P P E R S 

F R O M A M O T O R G E N E R A T O R SET 

R . M . BRUGGER, K . A . STRONG 

A p a p e r wi th the fol lowing abs t r ac t has been 
accepted by Nuclear Inslr. & Methods. 

Two Fermi-type neutron beam choppers have been 
successfully phased when driven by fractional horse-
power synchronous motors with power supplied by a 
motor generator source. A simple and accurate 
method of varying the phase is described. Results 
indicate that this relatively inexpensive chopper 
drive system is as satisfactory for certain neutron 
time-of-flight experiments as a system employing an 
oscillator and power amplifiers. 

L. S C A T T E R I N G O F S L O W N E U T R O N S 

F R O M L I Q U I D S O D I U M 

P . D . RANDOLPH 

T h e processing o f t h e da t a for scattering of neu-
t rons of 0.025, 0.07, a n d 0.1 ev f r o m samples of 
liquid N a (5% scatterer) a t 100°, 150°, and 200°C 
cont inues . T h e ag reemen t be tween these da t a 
when in tegra ted to give the di f ferent ia l cross sec-
tion do/d£l and neutron diffraction da ta obtained 

by H e a t o n is good. F rom pre l iminary in terpre ta-
t ions o f t h e d a t a , the following t en ta t ive conclu-
sions a re d r awn : (a) T h e convolution approx ima-
tion of V i n y a r d is no t val id , (b ) T h e ex t r apo l a -
t ion m e t h o d of EgelstafT does not give a u n i q u e 
P{P)- ( c ) C o n s i d e r i n g only t h e d a t a a t la rge 
m o m e n t u m transfers and Four ier t ransforming to 
the in t e rmed ia t e funct ion, a u n i q u e p(l) is ob-
tained. For a wider range of a , this is not true. 
Th i s says t ha t over a l imited r a n g e of the seir 
co r re l a t ion func t ion o(r,l) is gauss ian in r whi le 
over the extended range of r, a(r,t) is not gaussian. 
T h e shape of p{t) indicates that a t small times, the 
motion of a N a a tom behaves like a free gas while 
a t longer times, the a toms behave like solids. Still 
longer t imes w h e r e p(t) behaves l ike a d i f fus ing 
liquid were not accessible in this exper iment , (d) 
Finally, evaluat ion of the zero ' th and first mo-
ments a t d i f ferent values of m o m e n t u m t ransfer 
gave values of 1.3 and 3 times the theoret ical val-
ues, respectively. T h e zero'th moment is in reason-
ab l e a g r e e m e n t with the theoret ica l ly p red ic ted 
value of 1, while the first moment is in marked dis-
agreement with the theoretically predicted value. 
Energy a n d angu la r resolution have been exclud-
ed as causes for this discrepancy. 

M . C 2 H 6 , n - C 4 H , 0 , H 2 S , a n d N H 3 

R . M . BRUGGER, Y . D . HARKER 

D a t a a t 0.025, 0.07, a n d 0.1 ev for s amp le s of 
CnH,,, «-C.,H10, H.jS, and N H 3 have been obtained 
and converted to the scat ter ing law presentat ion. 
T h e d a t a a re in t e rna l ly consis tent a n d agree in 
magn i tude wi th total cross section measurements . 
Correlat ion between these da t a and the dynamics 
of the molecules is being pursued. 

N . C O L D M E T H A N E 

R . M . BRUGGER, Y . D . HARKER 

D a t a at 0.025, 0.07, a n d 0.1 ev for a s amp le of 
m e t h a n e gas a t — 148°C have been obta ined and 
converted to the scat ter ing law presenta t ion. T h e 
d a t a show interest ing differences c o m p a r e d with 
room tempera tu re m e t h a n e da ta . Explana t ions of 
these d i f ferences a re be ing p u r s u e d . A l iquid 
m e t h a n e sample holder has been constructed, and 
scat ter ing measurements with this sample should 
s tar t in Oc tober . 
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O . P O L Y C R Y S T A L L I N E B E R Y L L I U M 

R.E. SCHMUNK 

Pre l iminary da t a for a 10% scat terer of pow-
dered Be have been obtained at 0.1, 0.07, and 
0.025 ev. These da ta are being processed. 

P. C O L D N E U T R O N FACIL ITY 

K . A . STRONG 

Using the phased chopper velocity selector a t 
the M T R cold neutron facility, data for scattering 
at 90° from samples of H , , NH : i , C H „ C,H,„ 
C :,HS, and C.,H„, have been obtained. These data 
are being compared with previously obtained data 
for CH., and C,H.S. If the agreement is satisfactory, 
data at other angles will be obtained. 

Q . S C A T T E R I N G O F N E U T R O N S 

BY L A R G E M O L E C U L E S 

H.L. M C M U R R Y , L.J. G A N N O N , D . SPEAS 

T h e slow neutron scat ter ing f rom polyatomic 
molecules is strongly influenced by the vibrational 
motions. Calculations which take proper account 
of quantum effects can be laborious when the neu-
tron energy exceeds the characteristic energy for 
one or more of the normal modes. Studies in this 
laboratory suggest tha t when the neutron energy 
exceeds a characterist ic vibrat ional energy suffi-
ciently, the mode may be treated classically. This 
greatly reduces the work required to calculate the 
scattering by high energy neutrons, par t icular ly 
when one or more modes have characteristic ener-
gies near kT. 

A program has been written for the I B M 7090 
which takes advantage of this simplification. The 

Table 11 

Criteria for Treating Vibrations Classically* 

Range of Bx=EJkT Conditions on B,, = E„/kT 

0 < 11,, 

2 
4 < ^ < 8 

* Ex is the characteristic energy of the A mode, E„ is the 
incident neutron energy. 

input data for any molecule include the character-
istic energies of the normal modes, together with 
the elements in the transformation matr ix which 
relates the displacements of the atoms to the nor-
mal modes. Cri ter ia a re bui l t into the p rogram 
such tha t the mach ine decides when a classical 
t reatment can be used. T h e first criteria tried are 
shown in Table 11. Based on calculations on CH.,, 
C 3 H S , a n d some other molecules, they are ade-
quate only when there are no modes with Bx near 
to or less than one. Here , B k = E i / k T a n d E x de-
notes the characteristic energy of the mode. 

A more satisfactory cri terion a p p e a r s to be a 
relat ion which should insure the val idi ty of the 
short collision time expansion. It is 

(ml,/my'^(mSrXy^Ex<cEoCj,. (1) 

In Equat ion (1) the S,.x is the factor which relates 
the square of the displacement Ar of atom v to the 
A normal coordinate. The <f> is given in terms of the 
incident neutron energy E„, the scattered neutron 
energy E and the cosine of the scat ter ing angle, 
i«> by 

<#, = ( £ - £ „ ) / £ 0 - t - 2 - 2 ; u V W „ • 

In de termining the mass m„, the t ranslat ional 
and rotational degrees of freedom are treated like 
normal modes. For molecules in the gas phase, all 
these modes have zero frequency. In the liquid or 
amorphous solid phase they can be treated as os-
cillations, or as free motions depending on the 
model used to describe the liquid. T h e mass m is 
computed from 

( lM.)=( l /m)- t - 1 /32 x Sr x . (2) 

In Equat ion (2) the sum on A includes only those 
modes with zero characteristic f requency. In the 
gas phase, this includes the rotational and transla-
tional degrees of freedom and then mv is jus t the 
value obtained from the Sachs-Teller mass tensor. 

T h e problem is to find what value of the con-
stant, c, makes Equation (1) a valid criterion. The 
equation is being tested by means of calculations 
on CH.,, C :,Hg, and other molecules. 

R. S C A T T E R I N G F R O M L I Q U I D M E T H A N E 

G . W . GRIFFING 

T h e experimental results of Stiller and Haute-
cler on the scattering of neutrons by liquid meth-
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ane can be qualitatively understood according to 
a moc-iel in which the molecule is free to rotate as 
in the gaseous state and in its translational motion 
it drags a number (perhaps as high as 50) of mole-
cules along with it. For a detailed comparison, it 

appears necessary to assign other degrees of free-
dom by which the neutron and liquid can ex-
change energy. It is not planned to carry this work 
fu r the r unti l exper imenta l results which will be 
conducted at the M T R become available. 



11. RICE UNIVERSITY 

A . L O W B A C K G R O U N D S Y S T E M FOR N E U T R O N 

A N D G A M M A R A Y E X P E R I M E N T S 

W I T H T A N D E M E N E R G I E S 

J. RICKARDS, B. BONNER, 

G . C . PHILLIPS, P. STELSON 

In order to obtain low background levels the 
t andem proton beam is stopped in a neutron sink 
lined with a borax shield, placed 30 ft away from 
the target. T h e targets employed are thin enough 
to prevent excessive scattering of the b e a m onto 
the vacuum tube walls. The beam is aligned with 
t h e aid of a remotely re t rac tab le q u a r t z viewer. 
For fu r the r precision in the b e a m focussing and 
a l ignment , a remotely opera ted p lunger was in-
stalled on which the b e a m cur ren t is measured. 
T h e cu r ren t is minimized on a T a disk with an 
Vi-in-diam orifice and maximized on a slug behind 
it. After passing t h rough the ana lyz ing magne t 
exit slits a n d a shielding wall , the b e a m has no 
significant obstruction except a %-in.-diam cross 
section region where it passes through a magnetic 

Figure 13. Slow neutron background with 
and without Ni'r,s target in beam. 

focussing lens. A sphere counter was used to moni-
tor neutrons along the beam tube, and indicated 
that the focussing l imitations a re strict and that 
the worst background source was the magnet ic 
focussing lens located 15 ft in f ront o f t h e target. 
Best results are obtained for energies above 7 Mcv 
when the b e a m is lined u p both electrically, as 
described above, and with a min imum counting 
ra te in a moni tor neut ron counter placed at the 
magnetic lens. Tests made by stopping the beam 
in a 99.94% enriched Nir'8 slug behind the target 
indicated that the neutron background is higher 
by a factor of 30 a t 9 Mev [below the Ni r ,8( p,n) 
threshold] t han tha t from the unobs t ruc ted sys-
tem. T h e results at various energies are shown in 
Figure 13. 

The technique now seems to be adequate to al-
low the determinat ion of a very large n u m b e r of 
g round state and excited state (p ,n) threshold 
measurements. 

B. NEUTRON GROUPS 
FROM THE PROTON BOMBARDMENT 

OF C1 3 , Al2 7 , AND Ni4 2 

J. RICKARDS, B. BONNER, G . C . PHILLIPS 

By using the technique of stopping the tandem 
proton beam in a neutron sink 30 ft away from the 
target , neut ron thresholds from the proton bom-
bardment of C1 3 have been observed. T h e special 
slow and fast counter ratio showed a peak corre-
sponding to the ground state of NKi and one broad 
peak corresponding to the second a n d th i rd ex-
cited states, which are about 50 kev apa r t . It 
should be noted tha t all excited states of N 1 3 are 
proton unstable . No evidence was found for the 
first excited state. T h e experiment was carried up 
to an energy of 10 Mev covering the energy range 
where the mirror nucleus C 1 3 has been found to 
have two excited states; however , no fu r the r 
thresholds were observed. T h e exci ta t ion curve 
from both counters followed the general shape de-
te rmined at the Universi ty of Wisconsin u p to 7 
Mev where neu t ron background became exces-
sive. By using the ground statf; Q, value as calibra-
tion, the excitation energy of the second state was 
found to be 3.464 Mev. 

41 
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Figure M. Slow/fast neutron counter ratio 
with C 1 :'(/v) reaction. 
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Figure 15. Slow/fast neutron counter ratio 
with Ni"a(/»,n)Cu"'J reaction. 
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Figure 16. Slow neutrons at 0° 
from Ni"-(/),/i)Cu"- reaction. 

There is no obvious explanation of the failure to 
observe the first excited state thresholds . An Al 
foil ~ 4 kev thick was used for observat ion of 
thresholds in the Al-7( p,n)Si"7 react ion. Thresh-
olds were measu red for levels f r o m the g round 
stale to the fourth excited state. The excitation en-
ergies obtained for the first four excited states are 
0.782, 0.958, 2.166, and 2.651 Mev, respectively, 
in very good ag reemen t with spect ra ob ta ined 

• from the Si 2"(He : , ,a)SF reaction. 
A thin Ni"- foil 98.7% enriched was ob ta ined 

from O R N L for an exploration of excited states in 
Cu"2. T h e energy was varied in 7-kev steps from 
threshold to about 2.5 Mev excitation. Thresholds 
were observed for the ground, first, and second ex-
cited states only, although more states are expect-
ed and have been observed by g a m m a decay of 
Cu"-'. T h e ground SLate threshold is at 4.809 Mev 
b o m b a r d i n g energy and the first a n d second ex-
cited states are at 0.042 and 0.295-Mev excitation, 
respectively. T h e 0° exci tat ion curve showed a 
very complicated structure, with at least 40 reso-
nances evident in the region s tudied, which cov-
ered from 10.8 to 13.1 M e v excitation energy in 
Cu" : l. Figures 14-16 show some of the curves 
obtained. 

C . R A D I A T I O N 

F R O M T H E T A N D E M V A N D E G R A A F F 

R . R . P E R R Y , H . D . SCOTT 

Opera t ion o f t h e t andem Van d e Graaf f with 
deuterons has been delayed because of the in-
creased radiat ion hazard compared with the op-
eration with protons. T h e radiat ion was found to 
be primarily produced at the accelerator terminal. 
Walls of concre te blocks have been buil t a t the 
following locations: a) in the high energy end of 
the accelerator room; b) against the outside wall 
opposite the accelerator t e rmina l ; and c) across 
the gap between the control room and the experi-
men ta l room. T o absorb thermal ized neut rons , 
holes in the concrete blocks have been packed 
with borax. T h e gas stripper was modified so that 
the beam hit only T a instead of Be and Al a t the 
en t r ance to the s tr ipper . It was then found tha t 
operation o f t h e accelerator with 10-Mev protons 
produced no neutrons at the terminal . However, 
the g a m m a radiation a t a position 1 ft away from 
the nearest tank wall to the stripper ent rance was 
1 rem/hr . 
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D. PROJECT TO USE C1 2 AND NiS8 

AS TARGET BACKINGS AND BEAM SLITS 
IN THE TANDEM 

G . C . PHILLIPS 

T o d a t e no s izable quan t i t i e s of C 1 2 of su i tab le 
form have been prepared by the Isotopes Division; 
however , t h e d a t a of Sect ion A a b o v e po in t s ou t 
t h e ex t r eme chemica l cleanliness requ i red for the 
mater ia l . 

P r e s u m a b l y the Ni r '8 disks, p r e p a r e d a t O a k 
Ridge , were as clean as possible yet they p roduced 
in tense yields of n e u t r o n s below t h e Ni58(/>,H) 
th resho ld i n d i c a t i n g t h a t they were s o m e w h a t 
con tamina ted by other elements. 

E. E N R I C H E D S I L I C O N J U N C T I O N C O U N T E R S 

T . A . RABSON, G . C . PHILLIPS 

N o ac tua l progress has been m a d e on this project 
except tha t the laboratory facilities for counter prep-
ara t ion have been obta ined a n d the construct ion of 
coun te r s f rom o rd ina ry Si will c o m m e n c e shortly. 

F. I N T E R N A T I O N A L C O N F E R E N C E 

I N FAST N E U T R O N P H V S I C S 

A n I n t e r n a t i o n a l C o n f e r e n c e in Fas t N e u t r o n 
Physics will be held at Rice University, February 26-
28,1963, celebrating the Semicentennial of Rice Uni-
versity and honoring the late Professor T .W. Bonner. 


