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In the last years a series of measurements o~1 weak-interaction in neutron decay has 
been performed usiag the coincidence detector developed by O. BENKA. A_ short description of 
this detector will be presented with spccial emphasis on the problem of counting low-energy 
protons. Special care was taken in order to ensure the detection efficieacy being independent of 
partiele energy. 

l .  Introduction 

In  the  last  years  a series of measu remen t s  on weak- in te rac t ion  in neu- 
t ron  decay  has been performed.  The  essential  work  was the precise measure-  
m e n t  of the  ene rgy  spec t rum of the  recoil p ro tons  f rom f ree -neu t ron  decay 
[1, 2]. For  this purpose,  the detect ing device (developed b y  O. BENXA [3]) 
should have  a v e r y  high count ing eff iciency for the  low-energy protons  
(Tma x : 751,4 eV) under  considerat ion.  Special care had  to be t a k e n  in order 
to  ensure the  de tec t ion  efficiency being independen t  of  the  par t ic le  energy 

at  the  de tec tor  en t rance  [3, 4]. 

2. Requi rements  and layout  

According to the  neu t ron  decay  measuremen t ,  the  detect ing device 

has  to fulfil the  following requi rements  (see also [2, 4]): 
1) to focus pro tons  onto a conver te r  foil (at  U B ~ 25kV) independen t  of  

thei r  p r i m a r y  energies T at  the de tec tor  ent rance  (50 eV < T < 750 eV); 
2) to ensure a count ing  p robab i l i t y  independen t  of the  p r i m a r y  energy 

T of the pro tons ;  
3) to d iscr iminate  against  count ing  of h e a v y  ions ( f rom residual  gas, 

etc.); 
4) to keep the  background  low (for a typ ica l  r ad i a t ion -background  of 

lmr /h )  and independen t  of energy set t ing.  
On this basis,  O. BEr~xA has developed a coincidence t y p e  ion-electron 

conver te r  de tec tor  consist ing of four dis t inguishable units  [3]: 
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Fig. 1. Ion-electron converter detection system (all potentials given are negative with respect 
to ground potential). 

1) Ion  focusing and acceleration sys tem 
2) Ion  electron conver ter :  Al-foil 
3) Elect ron focusing and acceleration sys tem 
4) Scinti l lat ion-detector" 

a) Scintil lator,  glass window, photomul t ip l ier  
b) Pulse-discriminator  and coincidence-device 

The principle of this sys tem can be seen in Fig. 1. 

3. Description 

The protons (T = 50 to 750 eV) enter ing the detec tor  are accelerated 
b y  a four electrode lens to a f inal  energy T: of approx imate ly  25 keV and 
focused onto a thin conver te r  foil (Al-foil). In  order  to keep the f inal  energy 
T / i n d e p e n d e n t  of the p r imary  proton  energy T, the accelerat ion vol tage U B 
has to be varied accordingly:  UB = ( T I -  T)/e. 
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F i g .  2. Variable voltage U,~ vs p ro t on  energy T (for U B = 25 kV) 

An opt imum focusing of the protons on the converter foil was at tained 
by  varying the potent ial  U~ of the th i rd  electrode (see Fig. 1) between --2 
and --4 kV according to a calculated and experimental ly tested function of 
the proton energy (see Fig. 2). 

The accelerated protons penetrate the converter (20--40/~g/cm 2 Al-foil) 
which is inclined by  45 ~ with respect to the proton fl ight path ,  and eject 
secondary electrons from both sides of the foil (electron yield ~ at 25 kV ~ 6.5 
electrons/proton). These electrons are accelerated and focused by  two cylinder- 
lenses onto two thin  scintillator foils (NE 102 A), mounted on glass windows 
with  a potential  U s of 0 --  i k u  applied. (To ensure a constant  detection 
efficiency, also the imi ing ing  energies of the electrons at the scintillators 
have to be kept  independent  of the pr imary  energy T. For this purpose, the 
potentials U s of the scintillator surfaces -- covered with a conducting Al- 
layer -- are regulated accordingly). Two photomultipliers (RCA 8575) are 
optical]y coupled to these windows. Only coincident counts of the two detect- 
ors are accepted as proton events. 

The thickness of the converter foil is chosen in order to stop heavier 
partieles (e. g. residual gas ions) of comparable energies (see Fig. 3), thus pre- 
vent ing coincidences (mass-discrimination). To suppress background signals 
f rom secondary ions, originating from scintillator surfaces, grids at  a mode- 
ta te  positive potent ial  U Bwith respect to the scintillator surfaces are used 
(see Fig. 4). 
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Fig. 4. Variation of background counting-rate N s with grid voltage [76 

The dependences of the background on the acceleration voltage U B 
192 and the gamma-dose r a t e  Dir o f  a n  1r77-source are shown in Figs. 5 and 6. 

The coincidence background  at U z • 25 k u  and lmr /h  7-background amounted  
to approx.  0.1 counts/sec. The detect ing device is able to measure proton 

count ing rates of 0.1 cps to 2.105 cps. 
To allow a var ie ty  of measurements,  six foils of different sizes and thick- 

nesses are assembled on a rotable disk (at acceleration potential)  which can 

be moved by a ro t a ry  feedthrough.  
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Fig. 5 S[ngle-channel backgrounds Nv and N~ (V: scintilIator seeing frontside of the foil; R: 
scintillator seeing back-side of the foil), and coincident background NK asa function of acccel- 

eration voltage U B 
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Fig. 6. Backgro,nd N L vs gamma-dose tate Olr (Ir~~ 2) 

4. Resuhs  

By  means of the deteeting device described, a series of precision mea- 

surements of the energy spectrum of recoil protons following free-neutron 
decay has been performed,  using an evacua ted  longitudinal beam-tube  of the 
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A S T R A  reactor .  P r o t o n  spec t ra  were measured  f rom 150 to 750 eV, typ ica l  
count ing  ra tes  (at  7 MW reac tor  power) were 0.1 to 3 cps. E v a l u a t i n g  the  re- 
sults of the  spect ra  measured  wi th  o p t i m u m  precision,  we ob taŸ ]gAfgV] = 
=: 1.259 q- 0.017 for the  rat io of  the coupl ing cons tants .  A more  detai led de- 
scr ipt ion of this basic expe r imen t  can be found  in [2]. 
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