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A l$>
Mcasurcmcnt of fast neutrón flux in a reactor by 

means of thrcshold dctcctors

(Receired  22 June 1959)

C o w a n  and O 'B rien  (1956) and C o h é n  (1951) suggested the 
(n, p ) thrcshold reaction on 3,P yielding 2-62 hr 31S for tlic 
m casurcm cnt o f the y ¡cid o f neutrons from  accelerators. This 
rcaction has advantages over the 32S (//, y?)32P (half-life 14 3 
days) process for the m casurcm cnt o f  fast neutrón fluxes in a 
reactor sincc the latter process which has form ed the standard  
proccdure to date ( R e in h a r d t  and D a v if s , 1958) requires a 
neutrón flux a-bout 70 times higher in order to give the same 
activity.

The interpretation o f fast neutrón flux m easurem ents by 
activation is som ewhat am biguous since it involves on  the one 
hand a definition o f the lowcr energy limit o f the fast neutrons 
and on the o ther hand a  knowledgc o f the neutrón energy 
spcctrum . In the case o f a reactor the only reasonable choice 
for the latter is to  use the íission spcctrum .

In view o f the changos in the neutrón energy spcctrum  as 
the neutrons dilTuse through the m oderator it is im portant to 
know how far m easurem ents with 31P (/;, /))31Si and with 
32S(/í, />)32P are equivalcnt at ditTerent neutrón energics. A 
study o f the cross-sections R ic a m o  (1951), G r u n d k  el al. 
(195S), H u b e r  and  H u r l im a n n  (1955) and A l le n  el al. (1957) 
indicatcs that the cxtrapolatcd thrcshold encrgies are equal and 
that the ra tio  o f  the cross-sections is roughly constant a t different 
energics if the resonances are snioothed out.

To check this conclusión, \vc have irradiated pairs o f  samples 
( op.c o f phosphorus and one o f sulphur) in therm al fluxes o f 
101" n/cm ’ sec in the R .A .l reactor ( A l sin a  F u e r t e s  and 
G am ba  1958). The irradiations werc carried ou t in various 
positions in the graphite and between the fuel elcments so 
as to give a range o f fast fluxes varying by a factor o f 300. 
The activities o f  3'Si and 32P showed the same ra tio  in all cases 
w ithin the accuracy o f ou r measurements.

Exam ination o f the publishcd cross-sections for the fission 
neutrón energy spcctrum  gives (t32P/<t32S =  0-44, whereas 
H u g h e s , S p a t z  and  G o l d s t e in  m easured 0-63. O ur experi­
m ental valué is 0-51 with a probable erro r a round  0 03. W ith 
o u r ra tio  and the publishcd cross-sections o f the 32S(rt,/?)32P 
process we calcúlate 0 085 barn for the cflective cross-section 
o f the 3'P(n, p )3'S¡ reaction using a lower neutrón energy limit 
o f 2-0 MeV and 01 1 5  barn for 2-5 MeV.

As a  rule either red phosphorus is irradiated (washed with 
alcohol to facilítate spreading o f  thin layers for counting) o r 
lithium  phosphate. l f  too m uch 32P is form ed by therm al 
neutrón activation its eflcct can be reduced by m eans o f a 
cadm ium  container, chemical separation o r both. F o r chemical 
separation  irradiated lithium  phosphate o r 'am m o n iu m  hydro- 
phosphate is dissolved in water containing a  know n quantity  
o f H .S iF , with a  drop  o f H F  and H..¡02. The 31Si is precipitated 
by adding saturated  KC1 and alcohol. The K 2S iF , is filtered ofT 
and washed with alcohol and then the 31Si is counted, corrections 
being applied for potassium  activity if  neccssary. The yield 
o f K 2S íF s is determ ined by weighing and  it should be noted 
that 31Si is transferred quantitatively to S iF „" .

This m ethod may be used as a  very sensitive test for fast 
neutrons if red phosphorus is counted with a  thin-walled glass 
countcr surrounded by n rcmovnble glawi cylindcr. W ith a 
counter 1 4 0 m m lo n g  and 20 mm diam eter we have counted 
31S¡ in 20 g o f phosphorus with an efliciency o f 9 per cent. In 
this way a flux o f very roughly 100 fast neutrons/cm ! sec can be 
observed o r a single burst o f about 2 x  10® n/cm*.
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Cadmium ratio measurements with thin and thick gold 
foils and their relation to reactor spectra

(R e c e iv e d ll  November ) ^ ^

I n  this note a  m ethod is given for obtaining corrections to 
cadm ium  ratio  m easurem ents for flux depression íft th<’ foil 
and  flux perturbation  efleets in order th a t the result m ay ~be 
used in descriptions o f  the reactor neutrón  energy spectrurr..
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