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r::·'INTRODUCTION ··t 

'The''interest in ·systematic study of -the two-'-step r-decay 

cascades pecul'i~rities''f0r complex (: especially.\,cdeformed; .) 
' ' ' '· . - - ·- ' " 
nuclei in the excitation energy interval 2 MeV+B ·(B' is the . . _. . n n . . 
neutron binding energy ) had been awaked-at LNP JINR-in· 1982 

' ' . ' ' :_ - -· 

[1]. The technique of amplitude summation of coinciding 
_,_; <-,\ '<. ,~ ... i~~ ~ -

pulses[2] (named SACP) offers a good tool to study _the 
• >' _>• • ' • ',. '· • 

cascades intensity. for ;-Ec= ( E1+,,E2 ) :!: Bn. -Spectroscopic 

analysis 'ana particularities. of:. ·this ; method are• 'presented 

els~~he~e [3]. Ai''weH ·: developi~d- 'method· •for ·. sp~ctroscopi~ 
. ' . ' ,: . ,. 

information ana'lysis' of the two-step r-cascadee 'is ' presented 

in [4] and the;·- dependence of the casca~e ·inten~ity·· 'on ·their 

primary transition energy is shown' in<T5J. . 
Although this method' :h!id provided; for· the :first·) time~ 

valuable'information about the'excitea state~ 'in-the ~~gi~~ ';, 

2' MeV + B ;·it; still 'needs' further:•'detelopements·~ \to:•: aatisf~ . . , n · .. ' . . _.. . . .. . . . . . .. .. '·· .. ·.,,? -:. .. 

the' requirements for. .. studying ;s·; r-decay "' . casca:des ~ ;;. A 
~ (.!;- - - • -~. -·· '.,• ". .,. . ' ·- . .• ' __ ·' 

s~~ctr~meter consisting of two·· Ge(Li) detectors'· w~tl\ a 

relative. efficiency, 'of about 10% ( to : tha~ · of . a 76 mm 

.diameter by 76 mm thick Nai_(Tl) crystal at'E,...=1332 keV )'will 

permit one to measure cascades · leading to some low-lying 

levels if' only the ;flnal cascaae level energ;.:~oes'~O~·~xc~'ed 
~· i MeV' [6]. The use Of 'such a.·. spectroineter•r lllnits·<th~ 
obs~rvable part of the primary r-trarisitforis· ·to. a Valu{·~f ao 
+ 1o% oi the tot~l ·primarY:. tran~ti<m ·. i~tensi ty _.: ca.ac~<ies •· to 

~ ~ " . . . ~ ' 

higher .levels' were al~o notibed: in earlier" r~r ;i coincidence 

'eii?eri~~nts. Howeve'r:, at th.B.t t,ime >·it ·~~a .i::not : · pciesible': >to 

"d.iscriniin~te · -hhem' fro~ th~ 'cd!:lt'.i~u~us. backgi'b.~rid ·. dist~ibut i~n 
·, :.." ~ . "·· > ··-: . ,·· ·;·· ,·.· ~ -· .,:.->: ~ . • '; ··.; --.'·:·-~ '..( ~- . ···-., ··;_-,j .. : . 

which is mainly due ~·to·· the :·.compton ·scattering · of higher 
·- ". • • • ~ • if • • • 

r:-quanta energies- ' : 
In this work we demoria.trate: ,;that •· ,a: 'multidetector · 

spectrometer . (. jios ) which consists of . three ( ' 'or more . ) 
. . ·. . --· ,.... . . . ·' 

dete~tors may .,provide .,·,·a:·: convenient -'• 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 

multicoincidence analysis is developed and applied to 

~ 3i.rtt!l~11r~jlo1G. KHC'iKTJT ' 
~ on~s.m~x m:e:!e;umtud · 
~ {;!1Snfr!OTEHA 
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determine the cascades intensity distribution. Examples .based . ' ' "' . . ' . ~ . 

on experimental study of .thermal neutron reac.tion, on natural. 

Gadolinium :targets, and measurements using . 22Na, .. 
56

co, . and 

6°co radioactive sources . are presented. ..Conclusions . .J' ' .. - . ,, 

concerning the possibilities and sensivi,ty of the method. ~re 

discussed. ·.-.'f.- ~ -· .· ·1 t.;,· '· 

.. -.<:-

II. ,THE METHOD 
The .method .· is· based ori ..Jthe: use of a spectro~eter 

consisting of two Ge(Li) .detectors·.,to measure the·coincident 
' - " . ., • _.,. . ,_. -· . i•. 

amplitudes of the fir:•st two.Lquanta i~ a c~~g~de,_ and two. (.or 

more· ) Nai (Tl) crystals;. :• to register the··: pt~er . quanta 

third, fourth, etc .. )\Which arein coincidence-with ths first 
·- , . . . . . ~ ' ' . "' ~ ·- ' ,: . . .. 

two ones registered by the two.Ge(Li). detectors~ ,. 
. . ., . ""1 - "'.. . . .. .... . .- . - • ~ 

·. Now let, for. example,' a compound state with. an energy. B . .. . . ... .. . . . . . .. . • . n 

decay .. through .. three ~different~ r:-c::.asc<~;de transi tio~s.: Let .. :. E1 
and E

2 
be._ the energies . .reg_istere~ by the two germani:um 

detectors r:espect.ively _and ;let_ ,E3 be the,_ energy of, the, ~h~rd 

·quantum.· of .. cascade registered by any of ... the Nai(Tl) 

detectors. The1,1·, we· have .,. 
·. • .,·'~'El.·. + E2 + E3 = B ·, 

·! 

, '· .... ·. .. . n· . * * 
.If one chooses .. , to satisfy the conditi~_n. E3 > E (E b~ing 

.the excitation. energy .. of the second intermediate state of the 
. _,,. - "-• . . - . ., . ~ ~ .. ~-- . · •.. 

cascade);, ~hen ~nly t;he, cascad?s .'W'i t}l sum; _energy ,E1 +¥2 .< Bn-E3 
are possible to, be registered .. In practical terms this. means 

. . . ~ . -. . ' ~ ' -- . ! .J ,-, ,,. • ~- '!~ '• ~~. ~ ·--' -. 

that .~.the< cascade!". with , :' ~1+E2 .·. > .. Bn -E3 ~· 90:11:no,7 .... i -~e 
' . -

registered. Thus,.the. system permits,: in principle, .. to ,me __ asure 
~. ' ·-· ' -· .. _. - ·- -~-- ;' ~-- --~. ·. :..·' ·--~, ,..· -1·.· "'" . ..:,._·~': :',t'.' 

only .the .cases;.of full · absorption;.and consequently.the con-. 
• "· · ' • , ;l•· · ~- 1 -_~;,__.·,, ,· ·~, .. ._· .•. ...'·~- .•. · .</.. , 

.. tinuous di~:t.r:~!J.:u.t~<:m under. the peaks may ,d~crease to zero 

as it will be shown later. 

It is clear that the idea of generalisation 
' ' : "' "" '. ~ ' - !_,; ....__, - • __ • -~ 

approach· to .. the 

multicoincidence 

obvious .. 

case 

system 

of measuring. N cascades 
• ~ , _ _, ... ' ; ~ ~ < . • • : 

of Mdetectora ( M > N 
. ·.:: ..... , ... ~ ·;.·~~J:.. '.·: ~ 

t~ ,.., 

'' 2 

of this 

ua~ng a 

>. _seems 

-~ 
.I 
! 
I .,.. 
' 

~ 
•I 

:J 
! ..... 

><,: 

II I . THE EXPERIMENT 
was applied to the 

measurement of the aucceaaiv'e'; y-dec~y of- compound states 
.The above- described method 

'"·~-·-~·--~··- _ _. ·-·-·· ---
populated in slow neutron captu~e- The.apectrometer used in 

the experiment consisted ~f .'two'l1oriZontal Ge(Li) .. detectors . . -- .. \: . . . - ' 

and ·two Nal(Tl) 'acintill_ation detectors. The energy 

resolution of each of the germanium detectors was abcmt,::. 3.5· 

keV; while it was about ::. ( 10+ 12 )% for the Nai crystals), at 

the same energy,.1332 keV. The time rkaolution of any pair of 
' 60 

detectors was about ::. 10 + 12 naec for a Co radioactive 

source·: : The' relative· efficiencies of . the two germanium 

detectors were about-5 and 10% with re~p~ct'to a Nai cry~~al 
of( 76x76 mm2J dimensions. The Nai cr~stal~ .. used in the_ 

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

provides maximum efficiency but, on the other.hand leads to' a 
. ·: ,-~, ..... ' , . 

relatively poor resolution.: The efficiency, of . the pair .of . - ' . ••' , ..... 
germanium detector's in' our experimentaL 'geometery was about ::. 

-5 ,, < ; ; < '.·. ' 60' ' 
2 xlO ·unit/decay for the.<aum peak of Co. The, experimental· 

. ;·' .. < < ,·. < ' . . 2 
arrangement is .shoWn in fig.l. Lead !iltera of 2.5 g/cm are 

uaed.to minimize· the detection ~f-the back scattered y-quanta 

·between germaniumd~tectors. 
The.block diagram of the multi-coincidence arrangement 

used in_the experment is illustrated in fig.2. The system 
,- ,:., ,,--• :_~ •. ·.-' ' ':...'."' : _: !,. · '• -_· : ~. :~:r· '.- • . ..- ... •_;! ·~ ·.:-~:(!~~1--'-' 

can, aimultaneous.ly, deal with four y-.quanta:· Pulses ·from the 

Nai detectors . are accounted for only when they : are in 

coincidence with ;the ~other two 'pulses'·. registered <by the 
_.. : s" . 

germanium detectors. For .this. pm;poae a set of delay linea is 

used, The time window for the selected coincidences in both 
' ... 

FCU and CU ~' (fig.:2), was = ·3T .. ·: This allows ( using a source 
5 . •. ., : . ' <:' 

having::. 10 decay/sec·)· the detection of over 99.9%' of the .. , _,.._, __ .·-.. ,,, . ; ' __ ,.,·_ .. · ... 

true coincidences and less than 0.4% of false coincidences. 

The block' diagram . :a£. the:"·~on~rol \l.~ita is. shown in 

fig. 3. It c~~slsta of :. 

an adapted·IBM·peraonal computer; PC( AT or XT .), 

- spectroscopic, ADGunite,! <).f.:B192 channels, 

time-digital convertors; .. TC, 

3 
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FIGURE 1 

FIGURE,-~-

D-----1 ' " ··- ·' ' 

.. !-I ·Nal~ . · .. _. __ · 
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.J 

Experimental set-up geometery for the Ge(Li) and 

the: Nai ( Tl) detectors_. 

:·Block diagram of themulti.:.colncidence system. 

• i 

;c' ~ ' 

·FIGURE' 3 . ·'Block 'Cil~~rame. of the. control system~·· 
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'' 
' 

CAMAC;, _spec,ial control circuits (SCC) ,. 

interface· board KOMA. for,, the conection between. the PC and 

the_CAMAC . . - !. ~ 

The interface board transfers the, spectroscopic\· information 

from.-,tl?,E!l ~SCC to ~the ~omputer memory through. a .--direct .. ,access 

chann~.L .The PC'!lemory~accep_ts an.;input, data· .rate_., of up -to· 

1._25_ M~byte,lsec. Th~ .SCC controls the -work of. the ADC'_s" 1 and 

also tr;ans_fers information .. ,about the ADC and_. TC ··~uni_ts _(in 

operati~n ) tq.th~ interface_board . 

The ~~asur,einents may be carried put according to, Of!e., .of 

the following ___ two ,r_egimes : ; ,-,~, 

- the multi:-dimensional ~egime whe:e;,,. the informatlon' is 

registered only when the selected ADC's are-in simultaneous 

,_oper~tion, 
-,... ' ~ 

th,E: mul ti~cha~R-!31 :\,regime where.· the· s~lected · ADC*.s ,.a~e 

interrogated 

process. 

. indep~ndent ly after the. informa·t'ion · transfer 

i..,···J· 

The electronics used 1 in this -_f'!Yste~ .. ha:s bee!>: u ~espri?ed, 

e~z;liep [7-l!J)· ,, :it.<:·''£_...._. )'-$;:~1 :~~- J..-~-~ !.:._~ ' 

A multi-purpose; software progr~, usi~g,, ~!te PG,.;_.}s .. 

. performed. to rea}}!3e-. ; .:·; <'·'.'C(<•:.J \.h ..:;:\~· ·.".,.J.I .:· ;:~ 

the control _of.the 'experiment,._ ·-·· 
:.· ; •. ~ ••• • ':;i.l.)... •.. .• ' • _., ... ~-- .:\"":: 

the.choice of, the required.information; 
) - J • ., ',, ' ' 

by a digital window. 

selection, 

the registration of integral-spectra for each,pa~ameter, 
' , •. • · ·• · ~ 0:· , ,• ; ,..:Ji-' .,. .I .1 ~. 

-.the graphic display of different.spectra on.the PC,,screen,. 
l ' • -· . • .• '> . ;- • -." ~ ' . •~:; \,_,, .;_ • - ,_.: ~::>c • .;; ;:;_; .. t " .... ·-' 

the _recording processes using, either .. a _hard disk or._a , . 
,_., •'- -··--:::.._.;, '. ,•·,. •.:·.·;o:.· ·"-· .. _.-,j •. \,",· '•<>a..,~:--.· J~).,.< ~~ '<_._..,J _.,:_. 

. magnetic tape or. by transferring spectra• to- the PDP. 11/70._ 
,' ,_,. '•.-: .~'-' .: '.)'.\ > e .;.,• :,-,' ~ ..,· '•",

1 ; > '~-l- t ,, ~ ;:,_H'·~· ;.... "" 

computer through a: local network.. . , . . . . \ " : \ ~ ~· ,. . , . ' 
.,_.,,, 

IV .. RESULTS AND DISCUSSION 
·' ;·,L - J 

The,mec;1sured spectrum,using the technique ,of _sWilllied 
, •.. _. < ·.. ' ' . ' ·-·· '' 1 . 22 ', ; 

amplitudes of-coinciding pulses ( SACP ), for .the Na. and 
60 ... ':.:: ;., .,,-, ·., ··. . . . ... ·,. 

· Co radioactive sources is shown in fig·. 4. The upper, part· of 
~ -~·;;._;_ "-. ~ .. • ._ i .: l~< • -~ • - ' ~- ·J' • ' ., •• , ';.~ .. ·- • ~·--

the figure presents the coincidence pulses from the two 
~ ~. ~-.:-.<--· -~~ ,,,. ':·:· 

germanium detectors only ( in absence of pulses from the 
-• ~- ' ~ -~ " . . " ': ' .. ; ~ 

5 



third Nai detector ),; while the lower part corresponds to the 

coincidence pulses'. from the germanium detectors when· they are . 

in coincidence with a third pul~~ ( of ~n energy "=llOO keV·: 

registered by any ·of the Nai detectors.· .. .i •• ' "' 

The figure·· c·learly. shows a coriside'rable continuous· 

background distribution; in 'the upper· part and a· ·remarkable 

absence of it in the ·lower part of···the figlire: It·'·is· afso 

true that the peak intensity decreases, •for 'the·same storing 

time, by a factor of 5+10jtimes·(Jdependent 'on the 

experimental geometery ); but the absence·of the .background 

is.theprivilege which enables one to.'build· the· intensity 

distribution ·.even for' ' weak· two-step y..::decay cascade 

transiti'ons~ 
: ! r~ 

In complex nuclei, there are always a lot of cascade 

pairs with E
1

+E
2 

=' const'.; especially when 'the' cascade'''energy 

is., large enough. For some of .. these cascades,' the intensity is 

so small that it merges in a continuous distribution; the 

case of' neutron resoriances· of deformed m.lcfei. In such cases'~ 
the absence of the b~~kgrouitd facilitates{th~ sthdy Of flie' 

y-decay cascades'~· l_f: " 

Figure 5 shows an analogous SACP spectr'U'm from a''·" 56
c6 

radioactive source. In this exainple, the caa~'ade energ·y> is 
' . . . . { . ?- • ' . ~ , .. ~: i ~' . " ' . . ' - .. -· . ··, ! • ' ; • •• -. -

comparable ·with. that of the'' neutron binding energy. in 

even-odd deformed nuclei. It is clearly.seen from the lower 

part·'()£ ther figure. that the' background under the peaks is 

cons'i'derably ~uppressed~ '::by'· about ~everai 'orders 'of 

magnitudes: according 'to' 'th~ threshold' energy: appii.eci to the 

thi'rd de'te~tor. The vaiues''· (RV 'of .:the;~:~atio' 'bet~een "the 

.background ( area ~nder the' peak,') ; a~d; th~,;:·pekk area 'at 

different cascade energies with different::threshold energies 

( E3 ) ar? listed in table 1. . ·. . . 
·ri~sc~ibed'here is a method,'for' meS:suring triple y-

coincide~~ea~ 'This metho~ ;.can be ap;iied.' tb· the study of· th~ 
r-cS:~cade trans.itions :i~· c·omplex nuclet: ·A~ an ri!u·a~rkti~n. 
a target of 'riatural · Gadol.inlum was irradiated in a · b;;ak' ~f 
~hermal n.eutron~ from the I:EiR-30 pulsed reactor ' ( JINR, DUENA,) : 

6 
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FIGURE 4 

pulses 

N 

2100 

E:E, 

,.) __ . 

A spectrum of 

SACP )• for 60co 

summed 

and 22Na 

amplitudes' of coinciding 

radioactive 

sources measured• with two Ge(Li) detectors: Th.e 

lower part shows the same spectrum when using the 

third; Nai (Tl) ,, detector with a threshold.energy 

E3"= 1100 keV. -~ (: J' 

10000 

N 
1000 

100 

U1 
>-z 10 w 
> j 

w 
N 

600 

,400 

200 

~- i 

FIGURE 5 .. The,upper par:t displays.aSACPspectrum;for 56co,~ 

as, in fig.;; 4 ,,c_c.wh:lle ;the• ·lower .. par:t shows the 

same spectrum; but taken, at• ,,. different ,;-threshold 

:cepergy, •. E3< ·, :.·.,'7.•:< . .r· ~· •. t :~ .. <i 
. . ~·;,;~'~ -~ .-. ' .., ~- ' . ~-~' _;, 
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TABLE 1. 

Background ( area under peak ) to peak area ratios.( R ) 

for some different cascade energies with different threshold 
'' .;, 56 . 

energies E3 ~rom the measured SAGP spectra_ of Co. . The 

values in brackets represent-their relative'errors 

,,: 

----------------------~--------------------------------------
R(%) 

-c~~~~d;-;~;;;;----~~;1~~------g;;1~1-----~~o~7-----~;:o ___ _ 
MeV MeV MeV -MeV MeV 

-----=--~--.------:-----:---------------------------------------~-- ~ 

. 2.09 14{3) 37(3) 68(5). 68{5) 
2.60 .. .··.·, -- 45(6) 112(fD 204(2) 
3.00 -- 31(6);, 110(7.) 296(4) 
3.26' -- 52{4) 242(3). 
4.'10 -- -- -- 32(3) 

--;-.------------456--------------------------------~----------

:~ 

6 

,· 

E3>1.0. MeV 

II) 

350' f~ 
+· n· 
<0 

.N 

r g 25~ j/f B UeV 

~ 150: ~~ 
-o 

~~ 10· 

.50!~~~.--~ 

E3=0 MeV 

<0 
N 

0 
10 

-~ ~~-

·--

<0 
II) 

I- I 

-50'' I I, 1·1 I 1,1 '.'I I 1'1'1. I 1 1.1 J 

2950 ... 3200 .3450 3700 3950 
·' · · CHANNEL· 

Parts-of SACP spectra.for somer.:..cascades induced

. by thermal neutron capture. on. natural Gadolinium 

:; targ~t ,:~PP_lying different; threshold energies E
3

. 

, The part . to .the right coz:responde .. to E
3 

.. = 0 . ; i.e 

without using any of the Nai detectors. 

8 

} "':; I 

' . TABLE .2. 
A list:.<>f some new intense two-step :r-decay 'casc~des ~.:1.~ 

'i58 ' ' ' ' ' . . '~ ' • . . ,. 
. Gd· compound'·, state .. ·· 

-------·---:-~--...:::;,. ____ '7~-----;::----~'7":-.7----------:-t------7-------:-

T r. a<~~~ ~, i .t i o n s I n t e n s i t y 
~· 

-------;,:7_.:.:.._-:-_----:-----:-:-.::---~.:-~i~~;:-..:...:. __ :-------:------------------

primary '' :·'secondary 

( keV ) <!reV ) 

level 

( keV ) 
. 4 

( per 10 decay ) .. 
------------·---------------------------------:---~-~-----.-:---------

5972 1965 0 . 12 ( 1) 
<<''···· J, 

5678' 2259 0 10' (2) 
",:_" 

.,5577 2360 '.· 0 5 .<?> 
5281 2657 0 5 (2) 

5135 2802 o· 7 ( 1) 

----------------------:---.------------;-------------:--~----------

5662 '2195 80 20 .( 3) 
.:,- . ' 

5653 2204 80 11 (3) 

5177 2680 80 30 '(3) 
16, ( 3) 

''" ".;r· 

5058 2800 80 

4929 2929 . 80 17 (3) 

----~-~-------------~-~~-----------------------------------~-

5660 2~16,' 261 11 (2) 
. •. ' . -,' ~ I:':; . ·' 

5236 2440 261' .. 9 (3) 
·~ " _ _: __________ ~..:_:,._ _______ _:.. ______________ ~---.----':""'"-----------:---:---

A.l 

Remarks 
a) many unknown (experimentally resolved ) cascades are 

obs~rved with smalXer. !riten~·i ty or' ~t .. higher energy':· 
. ' - ~ :.. . ., -:, . .·· ;:', ' '~ ' ~ ;~ ;_ (7 i {' ' .. ' 

intermediate states: · · 

b) . average erro:r in the measured t~a~sf:{ion 'energies was·' · " 

about. :::. 1 keV. 

c) .. co111pa~i~c;m with 

A!. 

',..<· 

data in:, re-f·. bn. 
'·:: ~-:.: .: t'~~,. 

·I ..-. -~ .< 

( ; ~ ~ \ _ .... :: 

·:: ;,;; 

. ~ t 

9 
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Parts of different·SACP spectra measured in this experiment 

~re present~d in fig.6. Th~ low effidency·'of the= germanium 
' • > , ,, , ' v. ~ ' - . . . '· .•. : ' : ! 

detectors used ( 5 and 10% ) explains the· low: ·data 

acquisition rate· in the measured SACP spectra·: Ho~ever; we 

have succeeded in--reporting some new intense. twO-st~·P caeca-
•• •··.. ,. .... . .. < ••. •• •• •• • • . . 158 

des comparing to · [ 11 J. Some of these cascades fOr- Gd com-

pound states are given in table 2. The average error ... in:.~·the 

measured transition energies was about - 1 · keV. There are 
' ' "'J ~ e ' 1 ' • 

many other cascades' observed experiment'ally;; not listed . in 

the table eitiu3r becau'Se .. of th~ir .. low 1ntesity . or . beca~se 

they are leading t~ higher int~fmediate 'level states. ·Thus 

the technique of triple coincid~nces of y::q~anta allows'\ one, as 

it is showm in fig.6, to detect· cascades· leading to ·'final 

levels with energies Ef > 1 Hey, L e the' ·~a~cades leading to 

the ground and first two excit~d states in' case of 158ad. ·The 

use Of more efficient detectors ( of about 30% or greater) 

will provide better possibilitl~s of accounting for cascades 

leading to . final states witl"l:, energie~ Ef> 1 MeV. 'The 

necessary' statistics needed in ~hch cases ( about 5000 

10000'ev~nts for each sum peak) may takEil ~bout 200 hours to 
;; 

:measure. 

This technique provides, in addition to tha·t reported 'in 

[3); a method for measuring caci~ades betw~en excited sta'tes . .· - * . ·. ; :··: . . 
at energies (E ~ l+ 3 MeV) with a considerable improvement of 
' - <, " :. < ~ • 

the'peak to background-ratio. This aliows' one to construct 

the Y-:decay schemes for complex nuclei ( in the ex~itation 
energy region up t~· 3 M~V and hlgher. ) and to ···re~e'al 'the 

r-de'cay mode~ 6/an' low-lyin~'~tates; iri ;,;i :~nfl.;;ro;;J enough 
. . ' ' .. 1't ' 't· . 

spin window. This information is necessary; for instarice, to 
' ')' • O 't ...... ~ I 0 ~ ,,. • ' 

·solve the pr,obl~m of' two phonon stat~~ ··in····defo~~~d nuClei 
+ . . . ... 

[12), and to determine the total width of 1 states ( by 

measuring their branching ratios for' different decay'riiodes ) 

in even-even deformed nuclei through which the giant magnetic 
·.,.__· 

dipole resonance is fragme.nted [13) ~ 

In our experience it. is quite sufficient just to study ' . •' .. _ ... 
the two-step r-cascade :transitions in complex deformed,nuclei 

' ·I ,. 

in the excitation energy region arround 2 

above the ground state; as these cascades 

cmd even,....~d·d de.forined 'n~cle:i)' ~ont'ain about 
'\ . . . .. ' . . . ' .. 
total intensity .. of P;r"l~ary transitions. 

V. CONCLU~IONS 

MeV (and h~gher) 

in the even-even 

50 ~- 90% of' the 

The . results of this experiment lllustrat·e) the 
., .. ~- 1 ... ; . '. .. t . . ". . ' . ~ - " - ... . .. -- . _/ 

possibilities of using• the multi,..-coinciidence. technique to 

meast1re r-'decay cascades in comlex deformed nu~l~i ·and :~e may 
con~lud~ thai . : .. 

- the method provides a considerable improvement of the line 

shape of the. S~CP · s~ectra and g{~es better values .· for 'the 

background to ;~e~ .are·a' rati~:· Mcireove~~ the b~;~kground,' in 

some cases, can 'j;~\::om~eletely ca~celled,. · 
- th~ metha'd • suc·c~eds ;'io resol~~' smite ca~cades iri some 

complex measurements such as the . cases' of' '·irradiatirig 'an 
. . . 
isotopic admixtur~s, · • · 

the meth.oa,·u_lii~h-efficiency.detectors are used, ie ·a 

good tOol to study the important practical cases; such as 

(~-decay and mono-energetic neutron capture, 

the method, in principle, can be used to identify the y

cascades ()f two or more transi tiona· by making use .of. other 

reactf.ons; in which the. energy dispersion of r-radiation 

does not much exceed the· energy resolution .. of the used 

~odium iodied -~rystais: 

'1 l ::. ,.... :_"", " '~: 
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M.A.An~ ~-a~. 
YeT~pexaeTeKTOpH~~ cneKTpoMeTI 
anH ~3y4eH~H cno~Horo KackaaHc 
raMMa-pacnaaa 

Pa3pa5oTaH ~ np~MeHeH anro~ 
H~x cosnaaeH~~ an~ onpeaeneH~s 
HOCT~ KaCKaAOB y-'-pacnaaa. B Ki 
neHo 3Kcnep~MeHTanbHoe ~3Y4eH~ 
He~TpOHOB C HaTypanbH~M raaon~ 
H~KaM~ 22 Na, 56 Co ~ 6 °Co. 05Cl 
a~ ~ er6 4YBC~B~TenbHOCTb~ 

Pa5oTa B~nonHeHa B naoopaTc 
0~~~-

Coo6~eaHe 06'be,z:umeHHoro HHCTHTyTa 11, 

A 1 i M.A •. et a 1 . 
Four-Detector Spectrometer for 
Complex Cascade_y-Decay 

', 

An algorithm for .multi-caine 
ped and applied to determine tl 
ty distribution. Examples base< 
of thermal neutroh reaction on 
measurements using 22 Na, 56 Co, 

· ces are presented. Conclusions 
ties and ·sensit.ivity of the me1 

The investigation has been ~ 
ry of Neutron Physics, JINR. 
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