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C~HHTHnnAUHoHHaA CHCTCMB AnA perHCTp8~HH 
nonOltCHTe.tIbHIoIX nHoHO 

.El3·80·) 0 

OnHcwoaeTCA YCTaHooK8 AnA cneKTpoMeTpH4ccKHX H3HepeHH~ 
3apR~eHHWX 4aCTHU InHoHW c 3HeprHR~ AO 100 M~B H noOTOHW -
AO 200 MsBI H HX HAeHTH~HKaUHH. YCTaHoBKa COAep*HT apeMR -
nponeTHY., CHCTCMY H C~HHTHJlJ1R~HOHHbli1 ACTeKTOp nonHoro norno
lIIeHHfl. npl-tBOAflTCR 6nOK-CXCHa. npHHUHnHal1~HaR CxeMa 6wcTporo 
AH~peHUHanbHoro AHCKPHMHH8TOp8 H CneKTpw. xapaKTepH3Y~He 
pa60ry YCTaHoBKH. 

Pa50Ta BwnonHeH8 B na50paTopHH AACPHWX np06neH OHRH. 
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Scintillation Facility for Positive Pion Detection 

A set-up consisting 0 

a total absorption spectrometer 
catIon of positive pions for th 
descrIbed. A method excludIng 
menslonal spectra Is discussed. 

nted. 
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INTRODUCTION 

The evolution of investigat ions of pion (with the energy 
of several tens MeV) int eractions and product ion necessita
t es the development of effective facilities for pion regis
tration. In a number of cases at such experiments there 
arises a necessity to identify pions of a wide energy range 
at the background level which is many times as high as the 
effect. ~he application of rather expensive magnetic spect
rometers in these experiments is not always justified beca
use o f their usually low luminosity and of the impossibility 
of measuring simultaneously the particle energies of a wide 
range. Besides, relatively large s i zes of magnetic spectro
meters cause subs tanti al e f ficiency l osses for low-energy 
pions. 

Recently, there ap[;eared the descriptions of the so-cal
l ed" 17 -detectors" 11, I • They a re total absorption scintil
l ation detectors .in which plasti c scintillators are used. 
The described spectrometers have good e nergy resolution 
( -1 MeV) in the 10-100 MeV range and high enough effi cien
cy (~ 75%) . The ~E-E techn ique has been used in ref /1 1 to 

/ e l i dentify the partic l e s , and i n re f . t he pion identi fica
t i on has been b a sed on the stoppe d-pi on decay detection. 

The present paper de s cribes a f ac i l ity f or spe ct rometric 
measurement s of charged particl es (pions o f e ner gies up to 
100 MeV a nd p r otons - up t o 200 MeV) and t heir i dentifi ca
t ion. To per fo rm t he identification a two-dimen siona l ana
l ys i s "ve l oc ity-ene rgy" has been combi ned wi th a method 
anal ogous to t he one de scribed i n r ef./2 / . The t ime - of-f l ight 

/ 3 / has been system us ed to dete rmi ne particle velocity. The 
energy has been mea sured wi t h a tot a l absorpt i on sci ntil
lation-det ector. It should be not ed t hat t he use o f t he 
" t ime - of-flight" system combined wit h t he use o f t ot a l-ab
sorption s pectrometer fo r p i on s with e nergi es o f several 
t ens MeV is mo r e e f fec t ive i n t ype separation o f par ticles 
than ~E-E det ectors- combination . 

The described sys t em has been use d for an experimental 
study of meson production by p rotons on the nuclei at 
200-300 MeV energies of inci den t protons . The pions genera
ted in the experiment have a wide spectrum (prac t ically 



f rom 0 t o 100 MeV) and their number is considerably less 
(by s e veral orde rs at small angles) than the number of elas
tical l y s cattered protons at high general count rates. 

FACILI TY OPERATION AND PECULIARITIES OF PION REGI STRATION 

The de tection system consists of time-of-flig h t sc i ntil 
l a tion counters and a t otal absorption spect rometer pos i ti 
o n e d suc cessive ly in the a nalyse d par t i cle b eam. 

The type sepa ratio n o f partic l e s i s pe r f o rmed by i so l a 
ting the corresponding regions on the two - d i mensional ampl i -
tude distr ibutions o f signals c oming from the time- o f 
flight s y s tem a nd from t he total a b sorpt ion s p ectrometer . 
Afte r t h i s o ne s hou ld make the spe ctrum ana l y s is o f the 
interac t i on pro duc t componen t o n e is intere sted i n. During 
t he separatio n of p i ons from prot o n s a log i c s ystem fo r 
p ion ident i fic a t ion (a nalo gous t o t he one describe d in 
ref~2 /) can be s witched on. The p e cul i a rities o f 17+ -me s on 
stopping and o f it s s ubsequent deca y are u sed f o r s p ectro 
s copic measurements and pion i dentification in the tot al 
absorption c ounter. On i ts stoppin g in the scinti lla t or 
a pio n decays acc ording to t h e scheme 

+ +
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The muon emitted in the pion decay h a s a def i nite e nerg y o f 
4 . 13 Me V and the energy of the posi t r on emitted in the muon
deca y is be t ween 0 and 53 MeV. That is why to determine with 
the highest resolution -the p ion energy i t is necessary to 
integrate the signals from both t he pion and its decay muon 
but not that from the muon decay positrons. The probabi lity 
that a pion has decayed but that its decay muon has not de
c a y ed reaches the max imum 94. 8 % for the time of 117 n s . The 
fi x e d! contributions into the energy release made b y the de 
c a yed muon are easily taken into account du r i ng the spectra 
processing . The presence of a constant amplitude s.ignal from 
a 4. 13 t-1e V muon in a given time interval after the pion 
pulse, i s a flag used for pion identif i cation. 

BLOCK- DIAGRAMME OF THE FACILITY 

The block-d i agramme of the facility i s shown in ~. 
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Fig.l. Bl ock-d ia
gram of the fac i
l i ty. 

• 

C-l and C-2 ate the base counters of the time-of-flight 
system, C-3 is a veto counter; C-4, a total absorption 
spectrometer (pion detector) . 

SThe counters C-1 and C-2 hav e the sizes 40 x 40 x 3 mm
and 80 x 80 x 5 mm 3, respectively . In the count e r C- 2 t he 
scintillator is scanned by two photomultiplie rs (XP 20 20 ) 
to compensate the spread in time caused by the uncertainty 
i n the place of particle's entry into the scintillator. 

The C-4 pion detector scintillator h a s the sha pe o f a 
parallelepiped one end o f which is changed i n to a c one. 
The side facing the beam has the sizes 180 x 180 mm 2 and 
the opposite one, turned to the PM (XP 20 40 1, has the 
diame ter 140 mm. The lenght of the scintillat or h as been 
chosen to be 250 rom so that it could fully home the range 
of 100 MeV pions. The signals are received from t he PM 
anode and 13th dynode. The anode Signal is used as a log i
cal signal and the dynode signal is used for spectroscopic 
measurements. 
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The veto counter C- 3 o f the size 200 x 200 x 10 rom 3 

with a hole (di ameter 80 rom) in the center is used t o ex
clude f rom considerati on t he parti cles passing throu gh the 
edge of the s c intil l ator and capable o f leaving the detec
tor wit hout stopp ing in i t . 

Pulses f rom t he count e r s C-1 and C-2 on passing through 
timin g s hapers (S1-5 3) come to "st art " and "stop" i nputs 
of a t ime-to- amp l i tude c onverter (TAC) • A negativ e TAC 
s ignal comes t o t he analo gue -to-digit al converter (ADe) . 
Signals from the 51 - S 3 o utputs come a s well i nto the coin
c i dence ci.rcuit CCl. The output signal from t h e CCl a ppears 
if the re is no signal at t he anticoinc idence input a nd the 
Signal from the C-4 has already a rrived . 

The discrimi n a tion of low amplitude background pul ses 
from a pion detector is performed with a d i scr i mi nator 01. 
The CC1 shaped-by - du ra t ion signals are the control signals 
for TAC , selecto r-integrato r (SI) /4/ and coi ncidence 
circuit CC 2 . 

The SI integrat e s a signal from the 13th d ynode o f the 
C-4 wh i ch passes first through the Yl ampl i f i e r . To f it 
the peculiarities of pion registr a tion the i nteg r a tio n time 
has been 100 ns. A negative s igna l from the SI line ar out 
put comes to the ADC-2 and a positive signa l i s s ummed up 
with a TAC posi tiv e signal in t he input of the d i fferent i al Cl....... r-I 

d isc riminator 03 . The ampli t udes o f these si.gna l s may be 
varied by attenuators ATT2 a nd ATT 3 . 

The summed up signal is ana l ysed by the 03 c o nnected to 
the coincidence circ uit CC4 which c ontrols the ADCs. The 
purpose of ATT2, ATT3 and 03 units i s to exclude extra in
formation overloading the "on-line" operating computer. 
Figs. 2a and 2b s h ow typical two-di.mensional spectra (ener
gy + time -of-flight) measured in the experimental study of 
pion production by protons. The events to be excluded from 
consideration at separating pions from protons are located 
i n these Figures in the right-hand upper corner. The dis
crimination principle i s the following. Let A and B denote 
the amplitudes of signals coming from ATT2 and ATT3; and 
C, a constant corresponding to the 03 upper threshold (the 
lower threshold equals 0). The coordinates of the two-di : ~ . r., .:;; -'illl,1 ~-:..... ::I: ~ ' r. r, ., ::: II -~iii -- : ~I
mensional spectrum points corresponding to the data coded 
by the ADCl and ADC2 will be seen then in the left- hand _. !~ !!!: = 1 , 
part of the spectrum under the straight line n A + k B = C, :::z:ll !! 1:1 1:1 !~ r- ~ 
where nand k are the attenuation c o e fficients. The angle can 
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c oordinate axes. Thus the neces sary mode of t wo-dimensional 
d i sc r imination is sel ect e d by varying C, n and k v a l ues. 

Othe r units o f the facil ity (fast differential di scrimi
nator D2 and coi nc i dence c i rcuits CC2 , ee3) are used for 
pion i denti f ication and s uppression of other particles. Th e 
s ign al appears i n t he D2 output only in case t he input 
pul se amplitude penetr a t es i n t o the window o f the d i fferen 
tial d i s crimina tor adjust ed f or 4.13 MeV decay muon pul s es. 
This signal r e a che s the CC2 output i f i t arr i ves wi thi n t he 
t ime T int erval which is de f i ned by a c on t ro l pul se f r om 
the eel c ircuit . This t ime interval begins in 6 T t ime im
mediately a fter t h e pion signal. For T a nd 6T the fol 
l owi n g values hav e b e en selec t ed: T=80 , 6T=20 ns; 45% o f 
the d ecay muon p u l se s ge t i nto t h e T i n terval . Sin c e t he 
t i me of t h e output signal arriva l f r om CC2 c i rcuit i s de
fi ned by t he arr i val o f t he muon decay signal and ha s a 
p r o b abilit y cha racter it is n e cessary t o e n s ure the timing 
acco r ding to the pion pul s e. The coincidenc e c i r cuit CC3 i s 
use d for thi s purpos e . The s igna l f r om t h e CC2 is a c ont rol 
sign a l for i t and the t i mi n g i s performe d accorin g to the 
Signa l from t h e D1 output . The MCs u s e d are bui l t up in 
t he CAMAC s t andar d and are interfaced to a HP-21 16C c omp u 
t er . The t wo- dimens ion al spectrum i s o f 256 K 256 c hannels . 
For data collecti o n t h e assoc i ati ve technique has b een 
used . 

FAST DI FFERENTIAL DISCRItH NATOR 

To separate the 4.13 MeV muon pulses a fast differential 
discr iminato r has been used. I t s ba s ic purp ose is the se
l ect i on o f low ampl itude pul s es wi th a maximum of 0.5 V 
against the backg round of p ul se s t he amplitudes of which 
are higher by one o rde r . The s chemat ic diagram of the cir
cuit is shown in Fig .3. I t includes an input emitter fol
l owe r (T17 T3) , differentiating element (0.25 m cable and 
Ml- l differential r ece i ver) ,discriminating element s Ml-2 , 3; 
M2) and an output univibrator (M 3). 

The given circuit has a differentiating element in the 
input part which enables to get rid of the low-frequency 
background , clipp the input pulses and adjust just during 
the experiment the differentiation parameters to the input 
signal shape using the "Control " output. 

The specifications of the circuit are as follows: the 
range of input Signals is 075 V; threshold adjustment , 
8 mV -;. 0.5 V for signals with r r =5 ns; maximum rate is not 
l ess than 100 MHz. 
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MEASUREMENT OF FACILITY CHARACTERI STICS 

The ad justment of the f ac ili t y and the me a s uremen t of 
i t s paramet ers has been per fo rmed on t he me s on c hannel o f 
the J I NR synchrocyclotron. Pion and pr oton beams have been 
us ed . The t ime-of-f light ba s e i n t he measur ement s was 
4.5 m. The measurements have shown that the p i on de t e ctor 
has good e ne rgy l i neari t y for pi ons and muons in the r ange 
10- 100 MeV f or prot ons/5 . 

u The pion identificati on l ogic has been adj u s ted by s e .... 
co lecting the D2 (Fig.l. )threshol ds and differentiation pa
0 

.-< rameter. Figure 4 demonstrates vividl y the operat i on o f t he 
C logi c. Figure 4a shows the time-of-flight spectrum a t the 

..... 0 switched of f p i on identification l ogiC and Fig.4b s hows it 
+J 
til at pion i dentification logiC swi tched on. The energy depen
U ..... dence of pion r egistration efficiency at the swit ched on 

...... .... identi fication system is shown in Fig.5 . The efficiency of 
+J 
C muon suppression i n this energy range exceeds 99%. A.n im
<1J 

"0 portant factor affect i ng the operation o f t he p i on i denti..... fication logic is t he qual i ty of PM pulses shape . T 
C 
0 achieve high efficiency the pulse t r ailing edge should be .... 
Po freed of "ringing" caused by oscillati ons i n t he spuriOUS 

...... vibrational contours between the PM dynodes. We coul d not 
0 yet eliminate completely these oscil l a t ion s i n the used type
c 
0 ..... ....,J til 
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o f PM. This hampers t he rea ching o f equal l y h igh efficiency 
for pions of a wide ene rgy range. Neverthe less i t is pos
sib l e to o b tai n h i gher e f f ecienc y for a narrower range o f 
particle energies. 

When a nal ysing the s pectra obt ained with the total ab
sorpt ion counte r s it is nec e ssary t o take i nto accoWlt the 
distort ions caused b y the nuc lear interact i on of p i ons with 
the scintilla tor matter. The s pectrum c an be also distorted 
by. p osi t rons from the decay mu on s which get int o t he s ignal 
i ntegr a t ing int e rval . The c a l ibrat ion measur e ments at di f
fe rent pion e nergies make possibl e t he spe ctr a cor rection s . 
Simultaneous l y with t h e total absorp t ion count er energy 
dete rmination the re a rrives independ e nt spectrometr ic i n 
format i on from the time-of- f light s y s t em . I n a ctual e xper i 
mental conditions the time-of-fligh t base was 1 M. The a c 
curacy of time-of-flight system i s c omparab le to the t otal 
absorption counter accuracy especially for t h e low-energy 
part o f the spectra . Thus, f or 500 ps time resol ution of 
the time-o f-fli ght system t he accura cy o f e nergy determina
tion f o r 20 MeV pions is 1.7 Me V. The pion detector ener gy 
r esolution i s 1 . 5 MeV. I n contr a st t o t he energy spect r a t he 
time-of- flight s pectra are free of these distortions. Due 
to thi s the c ompari s on of time- of-flight spectra transfor 
med into spectra wi th the total absorption count er s pec tra 
permits the evaluat i on and corresponding correction of the 
spectra under measurement. The fact that the facility para 
me ters do not dec r ease at rat her high count rates (up to 
10 6 I/cl can be regarded as an advan t age of t h e desc r i b ed 
facility . 
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