


""INTRODUCTION B L . : ;,
i? ‘fThe interest in systematic study of the two—step r- decay

cascades peculiarities for complex’(* especially deformed )'
'nuclei in the excitation energy interval 2 MeV—’ (B is the'
neutron binding energy ). had been awaked at LNP JINR in 1982A
(1)]. The technique .of. »amplitude summation of coinciding
pulses [2] ( named SACP ) offers a good tool to study the
cascades intensity for E = ( E1+ E2 ), SJ*Bn Spectroscopic'
analysis ‘and. particularities of: 'this. method -are: presented

elsewhere [3] A well developed method for :spectroscopic;'

information analysis of the two step r-cascades is presented
in (41 and the dependence of the cascade intensity on their

_primary transition energy is shown in" [5]. G af?f?f‘ a!”ﬂﬁ
Although this method had prov1ded for the first xtime,

theu requirements‘ forn studying

spectrometer consisting of two Ge(Li) detectors with

relative efficiency of about lOA RGE :‘that of ‘a“‘ 76' mm
.diameter by 76 mm thick NaI(Tl) crystal at’ E =1332 keV ): will
permit one to measure cascades. f leading to some low—lying

1 MeV [6] The: use of Vsuch a"spectrometer te: 't
vobservable part of the primary r—transitions to a value of 30
- 707 .of the total prima'

higher levels were also noticed 1n

M‘transtion intensity."Cascades to
' ‘*coinCidence
,ﬁto_

fdiscriminate ‘them’ from the contlnuous background distribution

:experiments.,However,7at that time, it ‘was

-fwhich is mainly due to the Compton scattering of higher

b quanta energies. FETEIE o
o In this work - ‘we' demonstrate ““that’ ‘a multidetector'
spectrometer ( MDS ) which consists of three‘ ( br”}more'“)
detectors may provide ?aﬁfconvenient method to ‘handle the
problem. of r cascades between a. compound state‘ and a’‘large
enough number of . low—lying levels. An algorithm for the
mult1c01nc1dence analysis _ developed and applied to
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determine the cascades intensity distribution Examples based

on- experimental
Gadolinium targets, and measurements using 22 56

60 : radioactive : sources ~are; - presented

'concerning the p0551b111t1es -and sen51v1ty of the: method are.

discussed._'“'

The method is based ,on‘Jthe usel'of,,ai spectrometer
consisting of two Ge(Li) detectors
‘amplitudes of the: first -twoz;qQuanta. in a cascade, and two. (- or
. more:’) NaI(Tl) crystals, to
‘third fourth etc..) which are in: coincidence with. the first

two’ ones registered by the two, Ge(Li) detectors.;,. IR

register ' the.., other

- Now. let for example, a. compound state with.an energy. B

decay through three different; y-cascade transitions »
,’and E2 be ., the energies .registered, by ~the - two. germanium :1
fdetectors respectively and :let. E be -the, energy of the , third -
‘quantum,,of cascade,yregistered by any of .. the ' NaI(Tl)
‘~“detectors:’ Then, ‘we-have. .. IR ”;f,;;hly V,

Coiten e avyEpo 4 By o+ Ego= Bﬁ]_@'v f‘,l )

4If .one chooses .to satisfy the condition E3 > E* L (E being

the excitation .energy. of. the second intermediate state. of the

',cascade) then only the cascades with ,Bum; energy, E1+E2 < B E

;iare;PQBBible tPgbe,?QBQSterEd In practical terms this means
that' -the . cascades, with . E1+E2 .> B —E3 o cannot _,ey be
1registered Thus, the, system permits, in principle, to sure.

oonly. the. cases of full

«tinuous

- distribution under the peaks may decrease, to zero

as it will be shown later. o
It is clear, that“the,,idea of generalisation; of this
‘approach to: the . case . of measuring N cascadesf using a
mult1c01nc1dence system of M detectorsv ( 'yM > N b)h;seems"

Oobvious.

study of ; thermal neutron reaction on_ naturalf
‘Na ’ Co,~m.nd“;'

Conclusions R

to measure the coincident;

quanta Ne

Lett"‘!:"i E y |

.., measure .

absorption,and consequently the con-.
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III. . THE. EXPERIMENT

) measurement of the

keV; while it was about

2.%10 -

-between germanium detectors-, iy

‘true- coincidences and less than 0 4%

-fig.3. : N
"~ an ‘adapted “IBM: personal computer, PC( AT or XT .),
-~ . spectroscopic. ADC. units of 8192 channels, iy

applied o-- the
compound states,

“The.. above-—described method ;,waslj

successivef r- decay of-

'populated in slow neutron capture.~The spectrometer; . used in

the experiment. consisted of two horizontal Ge(Li).. detectors
NaI(T1).. scintillation detectors. The
resolution of each of the germanium detectors was about = 3.5
(10—12)A for the Nal-
the same energy,_1332 keV. The time resolution of any pair of.'
10 + 12 nsec for a SOCo‘
of the
detectors were about -5 and :10% with respect to a Nal crystal
of (- 76x76 mm ') dimensions. . .The  Nal used in . the

experiment. measure 150x100 mm2 .The use of such big detectors

and - two energy

crystals . at

detectors was about = radiocactive

source.; The s relative:. efficienciesv two germanium :

crystals

provides maximum efficiency but on the other .hand ‘leads to a

relatively poor resolution The eff1c1e cy .of the pair of

germanium detectors in our experimenta fgeometery was about =
5unit/decay for the sum peak of 6000 The .
arrangement is shown in fig 1. Lead filters of 2 5 g/cm are

experimental'

used . to. minimize the detection of the back scattered r- quanta

multi;coincidence arrangement
-fig.2.  The

can, simultaneously, deal with four Y quanta. Puiaéé“?éém the

. The ‘block ‘diagram of :the
used in ~the experment is illustrated in _system
NaI detectors .are . accounted -for
coincidence with the

germanium detectors. - For this purpose a set of delay lines is

only when they . are in

other two pulses registered .by.. -the

. used. The time window for the selected coincidences .in- both
*FCU and CU ;' (fig 2),‘was :{ This allows ( using a source
having = 105 decay/sec ) the detection of over 99.9% of the

of false c01ncidences.,,

The- block diagram of*the control units ‘is. shown .in

It consists of

o= ‘time-digital convertors;: TC



RO

'Af,CAMAC special control circuits (SCC),%ggg;gfguf“
- interface. board KOMA . for the conection between the PC and
Cthe CAMAC.. ..o oo 50 arohpe f0 o i owns o moan

The interface board transfers the.,spectroscopic 1nformation;

- from .the 8CC to the computer memory through a.-direct. ,access

channel.. The PC memory ‘accepts an input data rate ;of up -to’

B ! AT e : B R ' 1.25 M.byte/sec. TheLSCC<controls the .work of .the . ADC’s,; and
; Fqé‘l hat S Sl e uE :T also .transfers information .about theNADC,gandrlTC;iunits ;(in
B SV T £ N SRR SRS (5 NG ;'f S B R ~° - operation ) to. the interface board.. -

The measurements may be carried: out according to one; f

Experimental set-up Beometery for the Ge(Di)’and i the following two, regimes =

| FIGURE 1 :

the NaI(Tl) detectors_ﬁt< j~yf; S ;“f';':i, ;;ﬁ —ithe ‘multi- dlmensional regimea where'{ithe information s’
Crweimegeort e o s o registered only when the selected ADC' 8 are in simultaneous
s L AR § ..operation, 1ﬁ;‘ . S ;;M s : vy —
X B X ‘ rbthe multi-— channel %reglme where the selected ADC' N ié;‘
';;_—_ 3;' Lol >”‘if§1 T -“1nterrogated xindependently .after the information transfer~
s ol COAn e ,The electronice 4,9894:;\, in th,i.s» evstem has »@’beer}.ed.eas:,«rihesi;
TR - ADC - oo L o earlier £7-101. . mifi.iéli«ﬁgﬁgypr . be i mariap
. 1 ggcoum e - A multi- purpose software program, using,. the PC,. .
Nal ™ to Pile-Up Rejection M B g 'performed to realise o & ;

-, the. control of the experiment S LI RO s :
-~ the . choice of the required information' by a digital window

}kselection, e

— the registration of integral spectra for each parameter,‘ﬂﬁ

—\the graphic display of different spectra on. the PC «Bcreen,

j'the recording processes using either a hard disk or.a ...

! Amcomputer through a 1oca1 network

IV RESULTS AND DISCUSSION ‘ : . .
) The measured spectrum, using _the technique ”of summedV
amplitudes of coinciding pulses ( SACP ), for the“‘22N f_Aﬁd;<
60Co radioactive sources is shown in fig 4 The .upper. part ofi

the figure presents the;;coincidence ‘pulses from the’ twolg

{FiéUﬁEié-fﬁjﬁlockyaigéfémé,of the control systemy: - © ‘. : ,
e R R RNV TR S S Pt AN B T SRR P . german um detectors only ( in absence of pulses from the,



third Nal detector ), while the* lower part corresponds to the fkw?
coincidence pulses from the: germanium detectors when ‘they are\‘
in coincidence with a third pulse ( of an energy >1100 keV- )" '

registered by any ‘of the- NaI detectors.~

-The * figure - clearly shows :a considerable ‘continuous -

background distribution in- the upper part “and Va"remarkable

absence of it in the- lower part of ‘the "figure. ~It "is- also

true that the peak intensity decreases,{for”thelsame“ storing

time, by a factor of 5*10,ftimes»V(W“dependent ‘on " ‘the

experimental .geometery ‘); but the absence of““the .. background'_’»*

is the privilege which enables one - to " build“the ‘intensity
distribution: “even” for - - weak* two-step “yidecay cascade

I [ A TSI T

trans1tions. :
In complex nuclei there are always a lot of ‘cascade

pairs with' E1+E2 =7const., especially when the cascade” energy BN

is’ large enough For some of these cascades, ‘the’ intensity ‘is

80 small that it merges in a continuous’ distribution; the

case of neutron’ resonances of deformed nuclei In such cases,
he‘

the absence of the background facilitatesa

5

-+ 56

y decay cascades.v

Figure 5 shows an’ analogous SACP spectrum 'from a " 9%co

radioactive,source. In this example, the cascade ‘energy”‘is

comparable ‘with that of thefineutron“‘bindingr'energy»*in

even-odd deformed nuclei. It is clearly. seen from “'the ‘lower
- part" ‘0f the- figure that the background under ‘‘the peaks“'is

considerably suppressed “by about e several £ brders' “of
magnitudes, according to the threshold energy applied to “'the
third detector. ‘The’ values‘ (R)J*“ ““th %

;background ( area under the pea 1

between “the

: s peak ‘area “at
different cascade energies with different threshold energies
q E3 ) are listed in table 1.: P S W
Described here is 'a method for measuring triple r-

Vcoincidences-gThis method can ‘be applied to “the study of thef
Y- cascade transitions in complex nuclei As an illustration,
a target of natural Gadolinium was irradiated in a beam of

‘thermal neutrons from the IBR—SO pulsed reactor (JINR DUBNA)

/ -

—

study of the’
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FIGURE 4 : A spectrum of

60

1500 ;21800 . 2100 2&00 £; 2700

£,
summed amplitudes'
and 22 Na radioactive

sources measured: with two

l? pulses ( SACP ): for~

of - coinciding

Ge(Li) detectors.” The

lower part shows the same spectrum when using the

third:; NaI(Tl),"
E 1100 keV.
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FIGURE 5-: _The- upper part displays .a’ SACP: spectrum: for -
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: TABLE 1 ] .

Background ( area under peak') to peak area ratios e R B)

for some’ different cascade energies with different threshold

energies E3 from the measured - SACP spectra of 56
values in brackets represent their relatlve errors

. R(%) e
Cascade energy L E >1.4 El>1.1 fé—;af; ——————— =0
HeV . SMev SMev Hmov 3oy
f2.09’ Co @) w313 ¢ eB(5) . 68(5)
2.60. S = . 245(5) 112(5) 204(2)
S -- BB 110(7). 296(4)
'“a;iva* f,——‘f~;:- Venies 1IN B2(4) 242(3)i
-= -~ — sl 32(3)
450 ¢ T T
 FE»1.0 Mev . E3=0 Mev
F TR - T
F o ©
“350° F&
s :
1 e}
ik Ww
B DS H
) : 250 -+
a8 3 5508 Mev
- :.—’ﬁgl.' kL
150 F 183
et 3 e I
: o + M
i [ r~
~ i s
. NPT S it 1 S
Eq - t“;‘

.x.*l.’...l....’i;xlu

2950 3200 3450 3700 3950
* :CHANNEL- -~

,?Parts of SACP spectra: for some.y-cascades . induced~ﬁ
‘iby:thermal5neutron capture on.natural Gadolinium °
-3targetfapplying different*threshold energies E

3

w1thout using any of the Nal detectors.
8 .

,C°f - The

The part to_the right corresponds to: E o= 03 lie . : .

158Gd compound state

TABLE 2 _g;;

’6’;
i 5 ‘ finaI; -
primary secondary Lt e e L
i L > level R R P I R
(kev) (kv . (kev)  (per 10% decay )
5972}‘; . 1965 o ) 112”"'(‘1) o
5678 5 2259 iQ E Tﬂidj(?)
5577 : 2360 .0 : 5;(2)
S0 7 (1) »

o . m@

.bee2 . 02195 o
5653 Lo 9904 ',:A tsov:.\ ‘, ‘ | ”';1 (é)‘;: :
5177 . 2680 © .80 303

sos8 =0 8O 16 (3)
4929 2929 - BO- .. . . 173

i,Remarks." ;
a) many unknown ( experimentally resolved ) cascades are

PRERE O

observed with smaller intensity or at higherE energy

A 4 TESTYE

& intermediate states.;\f" N ’
‘b) average error in the'measured transition energies wasﬁf
‘ about 1 keV. i ‘ o A

wc) oomparison with data in.ref [11]

[y




’Q Parts of different SACP spectra measured in -this experiment. , SR e s G e : ~ '

'.are presented in fig 6 “The” low effiCiency “of - the- germanium in the excitation energy region arround 2 MeV (and higher)
detectors used ( 5 and 10% ) explains ‘the low: *data~ » above the ground state, as these cascades ( in’ the even ‘even
%and even—odd deformed nuclei) contain about 50 - 90% :ofy»the

<total intensity of primary transitions.»

acquisition rate in the measured SACP spectra. However,'”we

have succeeded in reporting some new intense two- step cascaf

»»»»»» - 158

des comparing to [11]. Some of’ these cascadés’ for Gd ~ com-

. pound states are given in table 2. The average error -.in::the ,-V' CONCLUSIONS : : i - b Sl
.The - 'results of this experiment ‘illustrate ‘the

;possibilities ‘of using the multi coincidence

measured transition energies was about ~ "1 . keV. There are

many other cascades, observed experimentally, not listed (technique to

the table either because of their "low intesity or because measure Y decay cascades in comlex deformed nuclei and we may

J‘,, -

they are leading to higher intermediate ’lsvel states. Thus 'conclude that :

the technique of triple coincidénces of y quanta allows one as —ﬁthe method provides a considerabls 1mprovement Of the line

it is showm in fig.s, to detect: ‘cascades leading to “‘final ‘shape of the SACP spectra and gives better values\ for the‘

levels with energies ‘Ef > 1 MeV i.e the cascades leading to ,#background to paek area ratio. Moreover, the background’ in;

158Gd The _" some cases, can be compeletely cancelled

the ground and first two excited states in case of

. ) C t A
use of more efficient detectors ( of about "30%° or greater) thhe me hod succeeds to resolve some cascades in, some

will prOVide better possibilities of accounting for cascades

jcomplex measurements such ‘as the' cases of irradiating an

Y

By 1 t T
leading to final - states with energies E > 1 MeV. The iSOtOP c admix ures,”

: : ‘- the meth high ef t re “is “a
j;,necessary statistics needed in such cases N { about 5000 = € me id 1f gh e ficiency detec ors Sre used B: é\
: : ‘good t dy th tant t : as.
10000 events for each sum peak ) may take about 200 hours to good tool to study the impor ant prac ical cases such» as
‘ . e . 3-decay and mono energetic neutron capture; -
::(measure. ‘th th d in ri ci l 'can be used t id‘ tif th Cym
- - e metho n e, e e o en -
This technique provides, in addition to that reported “in : p P y e

: e N : ,cascades of two or more. transitions by makin use of other
[3], a method for measuring cascades between excited states : o £ :

: reactions, in which the ‘ener dispersion of adiation
~at energies (E 1+ 3 MeV) with ‘a considerable improvement of 24 P v~7 r »13 1on;

- o . does not much exceed the"ener ,resolutioni f the'~used{
the peak to background ratio. This allows one to construct 8y o ° L

Con e e : sodium iodied crystals.
the y decay schemes for complex nuclei ( in theV excitation o ; e

energy region up_ to 3 MeV and higher ’Q' andi“to'treveal"the

r- decay modes of all low~lying states,’ in ‘3? narrow enough

kspin window This information is necessary, for instance, to ﬂ&
Lsolve the problem of two phonon Jstates in' deformed nuclei
[12], and to determine<the‘total width of 1 tates'“( by
_measuring their‘branchingtratios for different ‘decay ‘modes ) t
in‘even-even deformed-nucleikthrough which the giant{magnetic .
dipole resonance is fragmented [13] ‘ - ‘M . » i’
In our experience it.is quite sufficient just to study l
the two step Y- cascade :transitions in_ complex deformed nuclei

10 , L e e o
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