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she e modes of heasy nucidh spontancous  fission
accompanicd by lght charged particles (LCP) emission appear a
subject of experimental and theoretical mvestigations for a long
time [1-3§. At the presenc Ume aumerous data are obtained and 1t
was established that enorgy socctrn of LOP (with excepting of
protlon Jetar may be well approximarcd by gaussian form. Most
probable chergies and the widihs of coergy distributions of particles
have a weak dependence on Z7/A parameter in wide range of Z and
A fissioned nuclet. AL the same time s the proton energy spectra
low-cnergy component wiii By« MeY' was observed. This cannot
be cxpiaincd as a contribution of ihe buckground from (n,p) or
(o,p) reactions 41,

' Lsually LCP ¢mission nas been measured Py the different
AE-E telescopes (1-51 which allow o deteet the particles with
cnergy threshold =12 McV/A. As it will be shown in this paper
the same rareshold of measurement can be reached by pulse shapc
analysis mcthod (PSA) of particles  identification using single
CsUTD counter 6,71 Two Csl crvstals with the thickness of .25
mm and | ¢ mm were iesied. The thin detector has a low
SCNSiivILY 1o pamma rays cmission and therefore it has the best
quality ol particles separation. However. the thick crystal is much
more suilable for cnergy measurements of fong range charged
particles. cspeciaily the proton.

Spontancous  fission source *°Cf with the intensity  of
=2%10% fi/s was situated at a distance of S mm from the scintillator.
The 20 pm Al foil wus installed w0 absorb the natural a-activity
and the visston fiagments of " °Cf. The scintiliation counter
consisted  of  CsKTH  crystal (manufactured by the Harshow
Chemical  Company)  with  the size of  10x10x1.6 mm"  or
10x10x0.25  mm'  and photomultipliecr  FEU-87  with  the
photocathode diameter of 1S mm. Both wrystals had a 5.5 um
aluminized mvlar reflecior on the front polished surface. The thin
crystal was optically connected o the 3 mm plexiglass light quide.

Scheme of data acquisition is shown in fig.la. It was based
on the lincar spiit-hbox  (Fan-In/Fan-Out). two QDC  modules
(LeCroy, Model 2249W5 needed for mtegrution of different paths



of the light output signal (front and tail) and one ADC module for
total light output colicction. Thus one can obscrve 3 different
matrices caused by these  parameters. The  best particles
identification was obtained by L({T}) versus L(Tz) plot, but for the
precision energy measurements of LCP the Liy-L(T2) spectrum was
used. The best values of gate duration. delay line between two
gates and shaping constant of the spectroscopic amplifier were
chosen as: T1=0.4 us, To=2 us, uy=0 ps, =1 ps, wsa =1.5 Us,
respectively. The counting scheme was triggered by CFD signals
with the energy threshold about 4 MeV on a-particles scale. Two-
dimensional piot L(Ty) versus Ly of -y separation from “Ra
source for the thin CsI(TI) detector is shown in fig.1b. Here the
single calibration spectrum for the total light output collection is
presented too. For this Csl counter cnergy resolutions (E=7.68
MeV) were cqual to 8%, 6% and 5%. respectively, at the Tz T
gates and with shaping constant 1.5 ps in the spectroscopy channel.
The same results were also reached Tor the thick detector.

The measurement of LCP encrgy spectra from 2L source
was about 60 hours for the both crystals. The results for the 1.6
mm CsI(Tl crystal are plotted in {ig.2 and fig.3(a,b,c). In this casc
the energy threshold of particies separation was cqual w0 1.5
MeV/A whereas for the thin crystal it was cqual to 1.2 MeV/A. As
seen from fig.2 the particles with Z=3 and Z=4 arc well separated.
The data were analysed to extract the total yields of p, t, o Li and
Be isotopes accompaning the fission of "Ct. see table 1. The
tritium and alpha spectra were approximated by gaussians with the
most probable coerzics and widths (FWHM) as follows: E,=15.9 &
0.6 McV, T',=11.1 = 0.5 MeV and E=8.7 £ 0.7 MeV, I'=6.3 + 0.8
MeV. Good agrecment with the results of [3] was found. Proton
spectrum manifests a more complicated form, it was fitted by two
gaussians with the most probable cnergies Epi=3.5 £ 0.2 MeV and
Ep>= 8.5 £ 1.5 MeV. These values arc in coincidence with carly
results obtained by silicon detectors {4]. The energy calibration for
p and r was achieved taking into account that the total light output
of CsI(Tl) detector is a simple function of e=EY 1A' 22/3) at low
encrgy [8]. Morcover the recoil protons from Pu(Be) source with



Ep=2.2 McV were used 10 cheek this cadibration. Because of low
statistics most probabic  cnergics wno e widths of cnergy
distributions ot Lo and Be sotepes were not extracted in these
measurements

In summary, the possibility o use CsKT1: for  the
identification ot LCP in the spontancous fission  start up E=1.5
MeV/A 15 demonstraicd. A Jow sensitivity of  this counter to
neutron and gammua background was shown. There is a current
interest in the reaction channel identification in connection with a
rare mode of simultancous a-o. a-p emission (9], For this purpose
a4 array of thin Csle T seintllators could be used for cnergy and
angular distribution measurements of LCP accompaning fission of
different spontancous sources.

The authors would fike to thank Prof. V.V.Avdeichikov for
uscful discussion.
The authors acknowiedge the support of the RFFI (Project 95-02-
05676-a).

Table 1. Paramceters of hight charged particles spectra emitted in
triple fission of = CF.

LCP | Ea (McV) | FWHM (McV) | Yield per 10° «
8.5 ¢ 1.0 72+ 1.5 186 + 35

t 8.7 + 0.7 6.3 * 0.8 798 + 77

o 15,9 - 0.0 11.1 + 0.5 10000

Li 28 =13

Be 03~ 22
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Fig.1. Layout ol the clectronics (a) and calibration spectrum from a
2R source measured with the 0.25 mm CsI(Th detector(h).
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Fig.2. The identification of LCP in the spontancous fission of *>*Cf
by PSA mcthod with the 1.6 mm CsI(T) detector.
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Fig.3. Mcasured energy distributions of protons, tritons and alpha-
particics (symbols) and gaussian approximations (lincs).
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TIpIHAMAET O HTOMTHCRE Ha HPENPHHTEL COOOUIEHHH OO0beIMHEHHOTO HHCTHTY TR
sHEpHbIX Mcceioanni 1 «Kparxie coobuenua OUSH».

VeraHosAEHE CICAYIOWIAS CrOsMOCTh MOMTHCKK Ha 12 MECSUEB H3 HLaHus
OUSIH, Brscdas nepecbLiKy, 10 OTAEABHBIM TCMATHYECKHM KAaTETOPHAM.

Huacke Tematnxa l{eHa 11OANMCKH
Ha Tol

22600 p.

copet LICOKHX JHEPTHH
3. DKCnepHM

TaJibHdA HEHTPO!IIHAA (Pr3iKa

4. TeopeTrueckas PHIHKA HUIKMX IHCDITH

5. MareMartuka B - 14800 p-

12000 p.

6. Slgepuas CNEKTPOCKOTNMA W DAJHOX UMM

7. @u3KKa TAKEALIX HOHOB

8. KpuoreHuks

9. Vexopatenn 12200p.

10. ABToMaTu3agus VOPAbOTKH IKCHCPHMEHTAABHBIX NAHHBIX 12200 p.

11. BoluncaHTe 15HAM MATEMATHKE M TEXHHKA 14300 p.
2 Xewws T T o,
13. TexHika Q)mﬁqccxox 0 '3Kcnepume.‘;'1‘a o 21300 p.
14. Hecoienosatius 1B§pn£xx el m mmxocfﬂ‘x ﬂrzrlﬂcprm,'mr;meironamu 7200 p.
15. DkcnepHMeHTalIbHAS rpui';};xa AUCPHBIX pégi;mm 7

OpH HU3KHX IHEPTHIX 2600 p.
16. HON;METI)HH u Q);;';dxrara;urnumr o - o 2200 p.
17. Teopust KOHAEHCHUPO JAHHOTO CC rosHus - 12200 p.
18. Hcnoap3zosanue peavynéb;a—Tor:lw_wrﬂ-v S

| METOOB PYHAAMEHTATBHLIX (PHIHUCCKUX HCC/ICHOBAHMIM

B CMEXHBIX ODA4CTAX HAayKH M TEXHHUKH o 1800 p.
19. buodu3nka 1800 p.

«l{pa"fkue coogmcrim OUSIH» \5——6 BbIIIYCKOB) 15000 p.

[Toanucka MokeT BuiTs oqiopMiena ¢ 11000y Mecaua roia.

OpraHH3auMaM # JILAM, 3aHHTEPECOBAHHBIM B NOIY4EHHH wsnaunii OMSH,
CReAyeT TepeBecTH (Ml GTHPUBMTE MO 1OYTE) HeOoGX OUMYI0 CYMMY Ha pacyeTHbiH
cuer 000608905 Jlybuenckoro cmnnana MMKB, r.JlyGHa Mocxobckoi 061acTH,
uug. 141980 MPO 211844, ykazap: «3a HOANHCKY HA H3[4aHHA OWsIH».

Bo n3bexadue HeaOpa3yMeHHH HEOOXOAMMO yBEAOMUTD M3IATERbCKHA OTAEN O
NpOM3BEAEHHOH OMUIATe H BEPHYTh «Kapvouky NOANNHCHUKA», OTMETHR B Heil HOMEDA
M HAIBAHMS TEMATHYECKHX KATErUPHi, Ha KOTopele OHOPMIAETCH MHOLIHCKE, 11O
anpecy:

141980 1. [lybna MockoBekoi obm.
y.1.&Konuo Kiopu, ©
QUWUSH, n3patensckuid oTaes



®omuue A.C. i ap E15-95-236
3ametka K 1pumenennio Csi(Th-1erexTopa s perdctpauuy

I8 -
JIETKHX 3apsKeHHBIX 4acTHU B CMIOMTAHHOM JesieHnd ~ ~Cf

Honyvena uileH rHUKALINS JIerKHX 3apsSKeHHbIX YacTull ¢ Z < 4 M raMMa-KBaH-
TOB, UCHIYLUEHHBIX IPH CIIOHTAHHOM [1€HEHHH S32CF, CLMHTHISUHONHBIM 1eTEKTO-
pom Ha ocHose KpucTtatia CsI(TI) meTogom ananuia GOPMBI UMITYJIbCA BICBEUHBA-
Hust. MHKINO3HBHbBIE CHIEKTPBI NETKUX 3APAAKEHHBIX 4ACTHL ObUTH U3MEPEHbBI C HH3KHM
3HEPreTHUYECKUM 110poTom = 1,5 MaB/A B npucyTCcTBUH HEHTPOHHOTO H ramma-choHa.
[TapameTpsl p, f, O CHEKTPOB B TPOHHOM [elIEHHH 232Ct, u3mnieuenHble M3 BTHX
JaHHBIX, COBIIAJAOT C PAaHHUMU Pe3y/ibTaTaMM, HONYYEHHBIMH APYTHMH METOMAMH.

Pa6ora seitiosiiena s Taboparopuu saepibix peakunid um. I H.dneposa OUAH.

[penpuHT OFBEAHHEHHOTO HHCTHTYTA sdepHbix HecTeaoBanuin. dybua, 1995

Fomichev A.S. et al. E15-95-236
A Note on the Application of CsI(T1)-Counter
to Light Charged Particle Detection in the Spontaneous Fission of B2t

Emission of light charged particles with Z<4 and gamma-rays
from spontaneous fission of 232Cf has been identified by scintillator detector based
on CsI(TI) crystal using pulse shape analysis method. The inclusive energy spectra
of light charged particles were measured with a low energy threshold = 1.5 MeV/A
in presence of n —7y background. Parameters of p, 1, o spectra in triple fission
of P2Cf extracted from the data are in coincidence with early resuits obtained
by other methods.

The investigation has been performed at the Flerov Laboratory of Nuclear
Reactions, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 1995
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