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The rare modes of heavy nuclei spontaneous fission 
accompanied by light charged particles (LCP) emission appear a 
subject of experimental and theoretical investigations for a long 
time [1-3]. At the present time numerous data are obtained and it 
was established that energy spectra of LCP (with excepting of 
proton data) may be well approximated by gaussian form. Most 
probable energies imd the widths of energy distributions of particles 
have a weak dependence on Z2/A parameter in wide range of Z and 
A fissioned nuclei. At the same time in the proton energy- spect;a a 

- low-energy compc:>nent ;,.,ith Ep91 MeV was q~served: This_ cannot 
be._ explained as a contribution of the_ backg~:ound from (n,p) or 
(cx,p) reactions [4]. _ _ _ _ -- _ . \ 

- - Usually LCP emi~sion has been measured by the differe~t 
AE-E telesc~pes [1~5] which allow io d~teci the particl~s-wlth 

energy thre;hold "'1-2 MeV I A. As it will be shown in this paper 
the same threshold of measurement can be reach~d by pulse shape 
analysis method _ (PSA) of particle~ identification. using - single 
Csl(Tl) counter [6,7], Two Csi crystals with the thi~kness of 0.25 
mm and : 1. 6 mm were tested, The thin detector has a low_ 
sensitivity to gamma rays emission and therefore 1t has the ·best 
quality of particles separation. However, the thick crystal is much 
more suitable for energy measurements of long· range charged 

·particles, especia!Jy the proton. _ · _ ._ - - -
Spontaneous fission source 252Cf . with th~ intensity of 

"'2* 104 ff/s was situated at a distance of 5 inrll from the scintillator. 
The 20 J-Lm AI foil was installed to- absorb the natural a-activity 
and the fission fragments of _ 252Cf, The . scintillation counter 
consisted of Csl(Tl) _ crystal (manufactured by . the Harshow 

-Chelnical Company) wit)l the size of 10xl0x1.6 mm3
, or 

10x10x0.25: mm3 and photomultiplier FEU-87 with "the . - . . . . ' . 
photocathode diameter of 15 rom. Both crystals had a 5.5 J-Lm . -

aluminized mylar reflector on the front polished surface. The thin 
crystal was optica!Jy connected to the 3 rom plexiglass light quide. 

Scheme of data acquisition is shown in fig.la. It, was ba~ed 
on the linear split-box (Fan-In!Fan,Out), two QDC modules 
(LeCroy, Model 2249W) needed for integ~:ation of different paths 
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of the light output signal (front and tail) and one ADC module for 
total light output collection. Thus one can observe 3 different 
matrices caused by these parameters. The best particles 
identification was obtained by L(T t) versus L(T 2) plot, but for the 
precision energy measurements of LCP the L101-L(T,) spectrum was 
used. The best values of gate duration, delay line between two 
gates and shaping constant of the spectroscopic amplifier . were 
chosen as: Tt=0.4 !lS,_ T2=2 !lS, ti=O !lS, t2=l !lS, 'tsA =1.5 !lS, 
respectively. The counting scheme was triggered by CFD signals 
with the energy threshold about 4 MeV _on a-particles scale. Two' 
dimensional plot L(TI) versus Loot of a-y. separation from 226Ra 

· source for the thin Csl(Tl). detector is shown in fig.! b. Here the 
single calibration spectrum for the total light output collection is 
presented too. For this Csl couiller energy resolutions (Ea=7.68 

'MeV) were equal to .8%, 6% and 5%, respectively, ~t the T,, TI 
gates and with shaping constant 1.5 !lS in the spectroscopy channel. 
The same results ;,ere also reached for the tl)ick d~tector .. 
- . " - . . 25? 

The measurement of LCP energy spectra from -cf source 
was about· 60 hours for the both- crystals. The results for the 1.6 
mrn Csl(Tl) crystal are plotted in fig.2 and fig.3(a,b,c); In this case 

· the. energy threshold of particles separation was eqmil to 1.5 
MeV/A whereas for the thin crystal it was equal to 1.2 MeV/A. As 
seen from fig.2 the particles with 2=3 and z=4 are well separated. 
The data were analysed to extract the total yields of p, t, a, Li and 
Be isotopes accompaning the fission of 252Cf, see table I. The 
tritium and alpha spectra were approximaied by gaussians with the 
most probable energies and widths (FWHM) as follows: Ea=I5.9 ± 

. 0.6 MeV; ra=ll.l ± 0.5 MeV and Et=8.7 ± 0.7 MeV, r,=6.3 ± 0.8 
MeV. Good agreement with the results of [3] was found. Proton 
spectrum. manifests a more complicated form, it was fitted by two 
gaussians with the most probable .energies Epi=3.5 ± 0.2 MeV and 
Ep2= 8.5 ± 1.5 MeV. These values are in coincidence with early 
results obtained by silicqn detectors [4]. The energy calibration for 
p and t was achieved taking into account that the total light output 
of Csl(Tl) detector is a simple function of. s=E312/(A112 Z113

) at low · 
energy [8]. Moreover the recoil protons from Pu(Be) source with 
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Ep=2.2 MeV were used to check this calibration. Because of low 
' statiStics most probable energies and the widths of energy 

distributions of Li and Be isotopes were not extracted in these 
measurements. 

In summary, the possibility to usc Csf(TI) for the 
identification of LCP in the spontaneous fission start u~ E;;,1.5 
MeV/A is demonstrated. A low sensitivity of this ·counter to 
-neutron and gamma background was shown. There is a current. 
interest in the reaction channel identification in connection with a 
rare mode o( simultaneou·s. a-a, a-p emission [9]. For this purpose 
a 47t array of thin· Csi(Tl) scintillators could be used for energy and 
angular distribution measurements of LCP accompaning fission of. 
different spontaneous sou!·ces. 

The <~;uthors would like to thank Prof. V.V.Avdeichikov for 
useful discus_sion. 

The authors acknowledge the supp<(rt of the RFFI (Project 95-02-
05676-a). 

Table I. Parameters of light charged particles spectra emitted .in 
· 1 fi · · c '''cr tnp e ISS !On 0 -·- , 

. 
. 

LCP E""' (MeV) FWHM (MeV) Yield oer 104 a I o · · 8.5 + 1.0 ' 7.2 + 1.5 186 +35 
t 8.7 + 0.7 6.3 + 0.8 798 + 77 
a 15.9 + 0.6 11.1 + 0.5 10000 
Li 28 + 13 
Be . 

63 + 22 
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Fig. I. Layout of the elcctron'ics (a) and calibration spectrum from a 
.,26 . ' - ' - Ra source measured with the 0.25 mni Csl(Tl) detector(b ). · 
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Fig.2. The identification of LCP in the spontaneous fission of 
252

Cf 
by PSA method with th~ 1.6 mni Csl(Tl) deteetor. 
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Fig.3. Measured energy distributions of protons, tritons and ~lpha- · 
· · particles (symbols) and gaussian approximations (lines). 
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