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the 23Na(ny)2UNa r eac t ion (o • 530 nib), while the f a s t neutron f l u x w i l l be 
measured by the 27Al(n,K)21lNa (a - 115 mb), the 5*Mn(n,2n)51jMn (a - 1000 mb), 
and the (a - 105 mb) r eac t i ons . The reac t ion product y ie lds w i l l 
be determined from the y-ray a c t i v i t y of the decay products . The 27Al(n,«<) 
reac t ion permits the measurement of the f a s t - t o - t h e r m a l r a t i o independent of 
de tec tor e f f i c i e n c y and of unce r t a in t i e s i n the nuclear decay scheme p r o p e r t i e s . 
The use of the ^Mn(n,2n) reac t ion ( threshold - 10.I4I MeV) permits the 
measurement of the cont r ibu t ion of the Li^D-produced neutron f l ux , independent 
of the r eac to r f i s s i o n neutron f l u x . 

The possible use of Li^D as a source of lii-15 MeV neutrons f o r ac t iva t ion 
of products f o r nuclear spectroscopic s tud ies i s very much dependent on the 
f a s t - t o - the rma l r a t i o we obta in . With a projec ted thermal f l u x of lO1^ n/cm2«sec 
and a conversion r a t i o of 10"^, we should be capable of competing with 
accelerator-produced DT neutrons (maximum: 

1010n/cm2 •sec a t the t a r g e t ) 
using Ti-T t a r g e t s f o r producing a c t i v i t i e s with h a l f l i v e s below 10 hours 
and a r i s i ng from reac t ions with 1 = 10 mb. However, if the conversion r a t i o 
i s only about 10 , we w i l l be l imi ted to the study of a c t i v i t i e s with 
T 1 / 2 5 1 hour and with a = 100 mb. (C. Papanicolopulos and R. A. Braga) 
U.O X-RAY AND ELECTRON SPECTROSCOPY WITH RADIOACTIVE SOURCES 

U. l L^-subshell x- ray f luorescence and Coster-Kronig y ie lds 
Preliminary work on the measurement of the mean L^-subshell x-ray 

f luorescence yield v̂ ^ of Gd (Z - & ) through the decay of 1 .81 year ^ E u 
was attempted with our cooled, windowless S i (L i ) e lec t ron de tec to r in 
coincidence with a second Si (Li ) x-ray de t ec to r . This experiment cons i s t s 
of gat ing L x-ray spec t ra with L^-subshell conversion e l ec t rons . I t f a i l e d 
from severa l experimental d i f f i c u l t i e s , pr imar i ly the i n a b i l i t y of our e l ec t ron 
de tec tor t o de tec t e lec t rons below about 50 keV and the low coincidence 
geometry. We then made a survey of a l l poss ib le rad ioac t ive sources t ha t 
might be su i tab le f o r L^-subshel l measurements using t h i s method, and found 
t h a t f o r one or more reasons, such as excessive nuclear cascading in the 
decay scheme, low energy L^ e l ec t rons , poor true/chance coincidence r a t i o , 
or low counting r a t e s , none would give a success fu l experiment. Cases 
considered include 

1 5 5 E U , 2 3 3 P a , 2 0 1 T1 , 1 S 5 A U , l 5 9 Dy , 1 3 9 Ce, 1 9 1 0 s , 1 7 % , 
and Cases which would work (low nuclear cascading) but where the L. 
conversion e lec t rons l i e below 50 keV where our de tec tor has inadequate 
s e n s i t i v i t y are 2 0 1 T1 , 1S>1Cs, 1 5^Au. Cases which would o f f e r sane good 
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p o s s i b i l i t i e s f o r t h i s measurement a l so are and but 
we a re unable t o obta in t h i n , vacuum-deposited, or isotope-separated 
sources of these nuc l ides . For these reasons , t he program of measurement 
of L^-subshell q u a n t i t i e s with our e l ec t ron de tec tor has been abandoned* 
We are using t h i s de t ec to r f o r higher energy conversion e lec t ron spectroscopy 
in s t ead . {W.S. Lewis and M.S. Rapaport) 

In general , conversion e lec t ron spectroscopy requi res the preparat ion of 
very t h i n sources t o avoid se l f - abso rp t ion problems. In add i t ion , point sources 

( < 2 mm d ia ) are required f o r prec ise comparison of d e t e c t o r e f f i c i ency obtained 
with d i f f e r e n t sources . We the re fo re have inves t iga ted a method f o r 
preparat ion of t h i n , point sources which involves the c a r r i e r - f r e e micro-
e l ec t rop l a t i ng of the rad ioac t ive isotope from an organic so lven t . This 
"molecular p l a t ing" technique, f i r s t described t>y P a r k e r i n v o l v e s the 
formation of a metal complex with the solvent a t a high vol tage gradient 
(1000 vol t s /cm) . The metal complex migrates t o the cathode and p r e c i p i t a t e s , 
the r a t e of deposi t ion being a func t ion of the c u r r e n t . We used low cur ren t s 
which increased the source homogeneity a t the expense of longer p la t ing t imes . ^ 
Currents and vol tages were continuously monitored during the p l a t i n g . 

3UW. Parker, e t a l . Nucl. I n s t r . & « e t h . 26, 255 (196U). 
3 5N. Se to f f , e t a l . , Nucl. I n s t r . Meth. 06, 308 (1967). 

Such pla ted sources were prepared from solu t ions of 
137 ^ and CsNO^ in isopropanol so lvent . Some 10 to 15 m i c r o l i t e r s of aqueous 

rad ioac t ive so lu t ion was in j ec ted i n t o 2 ml of solvent i n a Teflon p l a t i n g c e l l . 
The p l a t ing was done on 2 mil (0.002-inch) Be cathodes a t 1000 volts/cm and 
cur ren t s ranging from O.U to 10 mil l iamps. The p l a t i ng time was from 2 hours 
f o r 2l4lAm to 5.7 hours f o r The microplat ing c e l l consisted of a 
thermostated Teflon cy l inder tapered t o a cy l inder 2 mm high and 1.5 mm d i a . 
near the cathode. The p l a t i ng so lu t ion was coaxed in to t h i s c ap i l l a ry by 
applying a piece of d ry ice t o the bottom of the cathode backing m a t e r i a l . The 
small diameter p la ted source r e su l t ed in extremely poor p l a t i ng e f f i c i e n c y f o r 
t he amount of time required f o r source p repara t ion . Typical e f f i c i e n c i e s were 
8J , 0 .8£, and Q.% f o r Am, Cs, and Co, r e spec t i ve ly . However, t h i s technioue 
could be qui te u s e f u l when extremely high s p e c i f i c a c t i v i t i e s are t o be 
deposi ted as a "point" source. This work c o n s t i t u t e s a sec t ion of the PhD 
t h e s i s of Mr. W. S. Lewis. (W. S. Lewis) 
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L.2 M M m r w r o t of Mean L-Fluoreacence ' f i e lds f w Double Vacancy S ta te s 
in Indium 
The e l ec t ron c apture (EC) decay of 1 1 3 Sn ('11$ days) i s a vary convenient 

source of double vacancy a tonic s t a t e s in indium (2 " h9 ) . Vacancies In the 
K s h e l l a re c rea ted both in K-capture decay (PR - 0.75) t o the 392 keV l e v e l In 
indium, as wel l as i n the i n t e r n a l conversion of the 392 keV t r a n s i t i o n " 
O.UU). Thedecay of these K-ahell vacancies through K-Auger e l ec t ron emission 
leads t o f i n a l atomic s t a t e s in In charac ter i sed by double (LL)- and (LX)-
vacancy s t a t e s . 

The princ ip l e i s to measure L x ray spectra in c oincidence with K-shell 
conversion e l e c t r o n s , the counting r a t e of the coincidence spec t ra being 
CL(e~) a n d t o C 0 B P * r e * rays in coincidence with K^ x rays , C ^ ^ y K •< 
The r a t i o of these two coincidence r a t e s I s r e l a t ed t o the average L x-ray 
y i e l d s in the fol lowing way, 

CL(«k) ' C L(KJ " <Ce- ' V tnKL<*><SL<2)/*KL> * « W R > 

where C e . i s the number of K-shel l conversion e l ec t ron gate counts , Cg i s t h e 

number of K^ x-ray gate counts , n^^(A) i s the number of L- she l l vacancies present 
in the double vacancy s t a t e s per K-shell vacancy, n ^ f R ) i s the number of L-she l l 
vacancies present in s ing le vacancy s t a t e s (crea ted by the emission of a K^ x ray) 
per K-shel l vacancy decay, co^(2) i s the mean L x-ray f luorescence y i e ld of the 
double-vacancy atomic s t a t e s , and i s the mean L x-ray f luorescence y ie ld 
fo l lowing K^ x-ray emission. 

The values of n ^ A ) and n ^ f R ) can be ca lcu la ted from experimental data 
on Auger e l ec t rons and x rays f o r Z • U9 published in the l i t e r a t u r e . I f there 
i s a s u b s t a n t i a l increase i n the mean L-fluorescence y ie ld of double vacancy 
atomic s t a t e s a s compared t o t h a t of s ing le vacancy atomic s t a t e s , as had been 
expected from s t u d i e s a t lower Z in charged p a r t i c l e bcnbardment s t u d i e s , t h i s 
experiment should give r e s u l t s t o an accuracy in the range of 10 - 20 pe rcen t , 
the main l im i t a t i on in accuracy being our knowledge of the quant i ty n ^ ( A ) a t 
Z » U9. 

113 
A microCurie drop-evaporated source of Sn was prepared on a t h i n Mylar 

f i l m . High r e s o l u t i o n , cooled S i (L i ) de t ec to r s are employed t o d e t e c t indium 
L x rays (= 3.5 keV), K x rays (2U-28 keV), 392 keV K-shel l conversion e l e c t r o n s , 
and 392 keV L,H,N**shell conversion e l ec t rons . A f a s t - s l o w coincidence system 
in conjunct ion with a Nuclear DAta ND-Ulj20 multiparameter analyzer i s employed 
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t o measure t h e coincidence r a t e s . The ampl i f i e r s (TC-205 and TC-205A) a re 
adjus ted so t h a t one ADC un i t accepts L x rays and K x r ays , while the o ther 
ADC u n i t accepts K x r ays , K-shell conversion e l ec t rons , and L,M,N---shell 
conversion e l e c t r o n s . The prompt coincidence events are se lected by gat ing 
the ADC u n i t s with pu lses derived from a TAC u n i t which correspond t o prompt 
coincidence events . A s p e c i a l f e a tu r e of the decay of i s t h a t the 392 
keV l eve l l i e s between a ton ic s t a t e s created i n the EC dacay and those crea ted 
by i n t e r n a l conversion ( i e , there i s no nuclear cascading) . 

In addi t ion t o the experiment on the double vacancy y ie lds cu r r en t ly in 
progress , an attempt w i l l be made to f i n d answers t o some of the remaining 
quest ions concerning the EC decay of ' o r example, a b e t t e r experimental 
value f o r PR, the t o t a l K-capture p r o b a b i l i t y , or the r a t i o P j / P j j * the r a t i o 
of p r o b a b i l i t i e s f o r L and K capture , can be obtained using the f luorescence 
y i e l a s measured in the present experiment, i f one can obtain an accurate value 
f o r the r a t i o of t he L and K x-ray i n t e n s i t i e s , in t h i s decay. 

Plans are underway t o modify the geometry of the windowless, ga te-valved, 
cooled Si(Li) e l ec t ron de tec tor housing t o improve t h e coincidence geometry, 
which i s too low t o permit the L^-subshell measurements described in Sec t . b . l . 
This modif icat ion a l so w i l l permit i t s use as an x-ray d e t e c t o r . 

(Drs. P. Venugopala Rao and D. V. Nix) 

5 .0 EQUIPMENT ADDED DURING 1975 

Our Nuclear Data Dual-parameter ND-Uii20 computer-based analyzer 
was expanded t h i s year with a t h i r d ADC un i t and an add i t iona l UK of b u f f e r 
memory a t a cost of $3950 in non-ERDA funds . The analyzer now has a t o t a l of 
11,268 words of memory ava i lab le f o r da ta s to rage . This expansion allows the 
simultaneous acqu i s i t i on of data from two de tec tors and a t ime-to-amplitude 
(TAC) converter t o be s tored in three 2000-channel groups. Al l energy events 
and t h e i r time r e l a t i o n s h i p can be recorded on the magnetic tape while 
displaying se lec ted por t ions of the spectrum. During August, 1975, the 
analyzer was returned t o the f ac to ry near Chicago f o r a thoroughgoing 
r e p a i r of the multiparameter u n i t , and i s now operating we l l . (W. S. Lewis) 

We have on order a new Qe(Li) Y-ray and x-ray de tec to r which has s t a t e - o f -
t h e - a r t s p e c i f i c a t i o n s : 1.65 keV FWfK or b e t t e r guaranteed reso lu t ion a t 
1332 keV a t 1000 counts/sec ( ^ C o source) and deadlayer shaved t o l e s s than 200 
microns f o r good x - ray de tec t ion down to 22 keV (10^Cd source) . The e f f i c i e n c y 
i s 656 or b e t t e r a t 1332 keV of t h a t f o r 3 x 3-inch Nal(Tl) . A 3000-volt 
Tennelec TC-9U1 b i a s supply and a Canberra Model 1U12 spectroscopy a m p l i f i e r , 


