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ABSTRACT: A system is described to reject pile-up between a pulse 
below and a pulse above threshold in intermediate energy 
experi ments. Results are given for radiative proton cap
ture measurements. 

Pile -up rejection circuits are widely used in high counting rate 
experiments. In most applications the pile-up frequency is measu red, 
in a definite inspection interval, using the typical experimental set -up 
shown in F i g. 1a. 

The pulse spectrum from a counter is fed, through a linear ampli 
fier A, to a linear gate LG, which allows pulse h eight analysis above
a threshold level Th, sel ected by the discriminator D. The conventio
nal pile -up inspector PI takes advantage of the good pulse pair resolu 
tion of the discriminator D (few nanoseconds) to inspect pulses whose 
proxiinity to each other is within the amplifier resolving time (few mi 
croseconds). These pul ses can be after rejected by anticoincidence -
techniques. 

This analysis is limited to pair of pulses both above the discrimi 
nat or threshold Th, these events being the most frequent when Th is 
low and the spectrum moderately flat. 
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FIG. 1 - a) A conventional pile -up rejection system; 
b) The proposed pile -up re j ection system. The details 
of the block diagram are given in the text. 

In many experiments, particularly at intermediate and high ener
gies' the investigated high energy particles, have to be sorted out from 
a low energy background which can be up to several order of magn itu
des higher. Atypical example is given by radiativ e proton capture (p, y) 
experiments: the photons totally absorbed by the NaI scintillator are 
detected as wide peaks on the high energy side of an exponentially de
c reasing spectrum (Fig. 2a). In these cases th e energy threshold Th 
is set as high as possible (in order to reduce the contribution of l ow 
energy pulses) and the resulting pile -u p probability b etween two pulses 
both above threshold is negligible. 

Nevertheless the high rate of low energy particles makes random 
coincidences between a pulse below and a pulse above thres hold still 
possible within the resolving time of t he amplifier . These events re&1:: 
larly trigger the discriminator D and are detected through the linear 
gate. The system schematically shown in Fig. Ib has been designed to 
reduce this kind of pile cup. Pulses from the counter C are fed, through 
a timing filter amplifier TFA (ORTEC 454), to a constant fraction di
scriminator CFD (ORTEC 473A), which selects the energy threshold 
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FIG. 2 - Photon spectrum from a radiative proton capture expe
riment : a) without pile -up rejection; b) with pile -up rejection. 
The pulse-height distribution of rejected pulses is plotted in c) . 
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Eth , and to a fast differential discriminator DT (EGGTD 101 /N ). The 
upper level of DT is set just below Eth and the l ower l evel might be 
comparable with the experimental F WHM resolu tion LIE. The output 
pulses from two discriminators are s ent to a coin cidenc e cir cuit C 
(ORTEC 418A) whose r esol vin g time i s chosen equ al to the shaping ti 
me of the delay line amplifie r A (OR TEC 46 0). The coincidence selects 
pile-up between a "signal" pulse above the energy t hr eshold Eth and a 
"background" pulse whose height is between LIE and Eth ' Th e s e events 
whi ch appear as a continu ous tail extendin g up to the peak energy (Fig. 
2c), can be s imply rejected by a further antigat e (Fig. I b) . 

The pile -up d i stortion i s redu ced in this way accordin g to the ra
tio between the resolving time of the differ ential discriminator ( "-' 150 
ns for EGGT D 101/N) and the shaping time of the linear amplifi er 
(""1 /-,S for ORTEC 460). 

In Figs. 2a, b, c the raw gamma ray spectrum fr om p-y c aptur e, 
the same spectrum after pile -up r e jection and t h e pul se h eight distri
bution of pile d up pulses are reported. 

The relat ive pile -up frequ ency can be determined using two scalers 
which measu re the ratio of coinciden ce to total rate; this ratio amou n
ted in the reported experiment to about 160/0. The pile -up rate between 
pulses both above thr eshold was instead l ess than 5 % and therefore ne
gligible compared to the statistical accuracy . 


