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' ' ; :' '~ • ; • ! ~,_ ' 1 

: f ~· ~ -' - ~ .• l •· .• ' ; ; 

; ' 

·rh~ leve(st~~cture ~f the odd.-odd. nu?h~us ' i64:£~ 83 
. . s.ho~ldbe un~ 

der:standable from. the comparison with the neighbourhlg odcfnucl~i with 
t., ''i ~. ~3 .. ~r . N·=' 83~ By th~ radi~active' ~-t· ~decay ofth~ 'a+ 9r9und 

• > t ; , : J • ' 'l. l \ • ' <' 1 > 1 .t " ' ; { , t 1 ' ~ ~ } ~ 

state of 146 Gd mainly the low:.spin sta~es of 146 Eu are' populated. The 
'-; ••• •> i•.• • < .•' \ '.,; :, )I '."•.·:~·:· ; •••• f : • • ' .·;;,J:,·;<(;, l ·.'·> £ :~~: j t > :: ~' ;, 

h1gh angular momentum transfer of the compound nuclear:reaction with 
ch~rg~d partici~s ~ffer~ the'p~ssibilityof exciti~ghigh'~pi~ 1stat'e~~··Re:: 
rna~~. eta L I j i . ~ad~. ~se ~f the' .. ') r, .2 n) : re~cti ~nand rep6rted on the 

~~·ist~.n~e of a~ iso~eric.le~el .. with .,r~~ ~24r~.i~ ~o 1L~··~rtt~y iou~dd~~ . 
. l.ayed gamm~ transitionsof24o, 280,· 360, 390 and 480 keV.'ehergy: but 
no 'decay ~che'me'. ~~u I d. be 'est~bl i shed. 'A rnea~~rerl'lEint . I 21 . of ;the K/L 
ratio ~f the 276.k:evtra~si.tionresu.ltecii~the value 6.4 :£1:s: Th.is va·~~~ -
is c:'6mpatibi~ ~·nly~ith a lo~~u,l1tipolarity oft~is tra~sition,\vh'iCh,the~~:. 

;,f 0 ,,._ .. ~;. ;,,,_,' t .. -,,. f'i .'~;· . ~ :·.!~:~<. ' ,_·-~-·.:,:_ t~ ~'~-~-, '1i 
fore, cannot be the isomeric transition.. . , · 
.. · .. i~' o.rder to\~stabi'i~h' a decay' ~cherri~ of the 240~ ·~ iso~e~i{:stat~ 
!n 146 E~ . ~~ 'have' c~r~i~d o~t in::b~a~' e~perime~ts at'theU~JOO Heavy 

,:,lon cyClotron .. · ·'- · · · ·· ·•' · · '·· ' · ' ' ' ,,. · ·.· 
' • ' •· 1 • • ~ ' ) • ; '. l ~ • ' ' .• .. ~ • "'- . '~. ·'' 

~:,"·, f:.: .. ·,·,_·,. ' . :'l -~~~:··.i ··:··.~-- ~., 2' · .. ';',; -•,. ~ .. l { .; ~; ~,~ : ,.· 

. A metallic lanthanum foil of5:7mg/cm .. was irradiated by a care-
:~ full),' focused' I2c be~m of Sl. MeV ~nergy ·.·The profrlpt and :dEll ayed gam
'fua'r'~diatro'~ w~s'detectedbyaGe(Li)planar'deteetcl'r ·(1.

1

8 cm'2 '*. II m'm) 
~·_,'<'• ... , ;· ;"• '~ •• :j '1'• ,;.,(:} ',,:'-.~·", ,"~ ,-'•-;,',' ~,• ~-·>.:•;,_.,' \•'; ".,·~\ ·~·.:,";fi·~·::-·,_-~·.i j" f']~ ,'•¥·'•v;: 

, 'and a '43 em' coaxial detector. ,The'time-energy spectra were 'recorded 
with a 2048 channel analyser:~io~Cii~'ensibnally'-~'rranged 'for -8x256, 



4x512 or 2xl024· channels. Besides of the natural beam bunching with 
237 ns period duration we made use of the millisecond beam pulsing of 
the·cyclotron /3/ . The beam-on time amounts to I ms,th,e beam-off 
time 2 ... 4 ms,with a decay time of about 10/!s.Each timing cycle was 
started at the end of a cyclotron pulse, the lengths of the 8x2001ts time 
intervals were. determined by a quartz generator of lqt s period duration. 
In consequence of the analyser dead time of about BO,t s the first time 
channel does not contain the full amount of events, which has been cor-
re~ted by an empirical.f~~tdr. ,. . . .. . . . . . . . .·· 

· ''· ;fi.g. 1:.· ~how~ 'the -~Ht·a-iried prcimpt gamnia •sp~ctr~m; measured\.Yith 

th~- La em 3 d~te~t~~. ·c~upled to:an ORTEC-Iao'F pr~~mplifi~r.'The . 
~nergy . ~e~o·l-ut i ~n amounts. to' 2 k~ V: Because. th~ :~p~htrum w~s. me as~ red 
d~~irig th~ I ·~·s bea·~ 'puis~; besides ~f pr~mpt gamma .I ines' also' I i~~s 
;,vith n~lif~ti~e~((1~7m E~/ a~e of prominentlnt~n~ity:+he. co~'pu.tEir cal
cul~ted g~~m~ ray int~ri~itie~ (I ) are given iri t~ble j together .~ith' 

... ' .. ·. . .. . •, . ' .. y 2 . j .. . • •. "·., •. ,... . • : • • .• : " 

the respective values obtained from two other measurements. The smooth 
curv~~ iri Fig~ I ~~e com~uter,fits'witn'·a G~~ssi~n'lirle shape.'Thecal~u
lation~ we're,ca~ri~d ~'Jtby use Of the prog~am' GAMMA 141 . F6r the' 
en~rgycal ibrati.on -~he. kh~wn :en'e~gy values' cit' 147mEu. have been u~ed. 

, The gamm'a transitions ·outgoing fro..;, the is.omer.ic le~el in'. i46 Eu 

are shown in the delayed spectra ~f Fig.·2.·:whi~h_were m~asur~d aft~~ 
the ~n~ of th; bea~ puls'e:: jhtabie I tne intensity v~lue's-pf c'urv'~: .1 ( 1 J 
. •. . . . . ' . . '; . . .. :' ... ; , .. : • . .. . . . .. • . : . • . . ' )' 3 

ar·e summarized. For the timing conditions of this measurement see the 
subscript of figure 2. Besides of the strong transitions 27s.·o:'358:2 ari'd 
377.1 keV weak gamma ray lines at 293.7 keV, 317..keV and an unresolved 
peak at about 136 keV have been observed. ·For:cladfication a remeasure
ment of the low. energy part of spe~tr:um A-has beenperforl'!led \Yith better 

e~ergy ~es~luti<)~.'~rtie res~_Jtof this m~asure~e-~t is;d~pi~t~d);y t~e insert 
above curve A,. but in, a somewhat different scafe.' The 138.8 keV linebe
.longsto.aJ(mg~liv~d decay, whe~eas ihe t3s.s kev line t~dowstilesa.me 
decaytim~ as.th.e. ~~~1~~delay~djransitio~s. ·• . · ·. •·· ·.. ,. ·.·· . 
' ' .,. ,, . . ~ ': . . ':' } ' . . . . ... 
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I beam bunching with 
is~cond beam pulsing of 
s to I ms,the beam-off 
:ach timing cycle was 
ths. of the 8x2001! s time 
1r of Jq!s period duration. 
1ut 80 f! s the first ti ni'e 
1ts, which has be.en cor-

,,, ' ' ' ' 

spectr~m. m~a~urecJwith 
·'F; p~eamplifier. Th~ ... 
1~ ;~pedrum was. rnea·sured 
aamh,a Jines Mso.Hnes 
~t~~~ity. The cor-Qput~r cal
;,i~:table l'together'.with 

ne~~urements. •· The smooth 
i~h ~I ine shape. The 'calcu
GAMMA/4/ ·. F~r ·the 
4t,;,£u have been used: 
' ,<'······· : < : • • • •• '146 . 
'is'omeric level·'" 'E,u 
ch ;..,;ere measured after 
w·v~iJe's of c'urv'e' A ( 1, ) 
' "·: ..... ' ,' • • • > • ' 3 
:his· rrie'asurement see the 
nsitions 275.0:'358:2 and 
3J7.keV and an unresolvetl 
:C::J~rification a remeasure

been perfor~~~ with better 

~~n-tls,depi~tedby th.e insert 
J'e: The 138.8 keV line be
ce'\lline f~llo~s the same ·- .·, ',, ,; .. •. ···- . ,• 

t: 

I 

The decay curves of Fig. 3 have been concluded from the two:-dimen
sional time energy spectra. The half-life values of the weak transitions 
agreewithin the experimental errors with.that of the strong transitions .. 

The mean value a~ourits to T ~ ~c 235 ± 3 1! s. · · '/ 
In a special runwith the43 em 3 Ge(Li).detector transitions of 

higher energies have. been ·sea~ched for. In the energy range up to "'2MeV 
nofurther:gamma transitions with about 235,! s half-Jife have beenfound. 

By mearis of.a NaJ(TJ) scintillation counter: and the 43 em 3 Ge(U) 

detector a coincidence measurement between the delayed gamma transi
tions was performed; The time gate was opened for a time i nterva I of· 
800 11 s, beginning with 500 f! s after the end of the beam pulse. In the . ·. 
scintillation counter sp~ctrum ·windows have been set on the 275 keV peak 
and on the unresolved peak ofthe 358 and 377 keV lines. The 275 keV 
transition was fo~nd to be in coincidence with both the·358 and 377 ~eV 
transitions .. 

In order to identify ttie reaction products prompt and delayed gamma 
ray spectra have been measured at 5 different energies of the inc~ming . 
particle, degraded by calibrated aluminium foils. · · · · · 

·· ·The time gates were seton the ns-beam-burst and on the time in.:. 
terval between 100 and 200 ns after the burst. Normalizing th'e intensity· 
values with.the intensity of the 229:2 keV transition in 147m.Eu ( Tw-}OOns), 
we obtained the· relative excitation functions drawn in Fig. 4, from which 
we conch.lde thatthefound delayea transitionsbelong to the re.a.ction 

.. •· I 1? f-a( 1.2C;, 5 n) ~46 m Eu .. ·For comparison also the excitation func-: 

tion of .th~ known 396 keV transition in 147·m En has been drawn. The exci
tation functions ofthe J35.S keV and the 293.7 keV lines were tc~ken.from 
the prompt spectr~,because these lines are very weak·in the delayed ·: 
spectra,'):>Ut.havestrong prompt componentsi:whereas the317 keV transi;,. 
tion is 've.r,y weak in both spectra.< .... .. '·.. <. . .. 

5> 



3. Decay Scheme 
~~ :~:<; i ;· \" '. '· l ,'-' ~ " ,:" ~. --~· ·~ ;> ( , . 

····· ';'·'Based,'on-·th~:resutt of. the :coincidence rrieasurement,•the energy· 
and intensity balance 'oHhe p'rompt and delayed spectra~ the decay sche
me of the isomeric state has beem concluded. In Fig. 5 also the. levels ·' 
known from .the . ;. 1.

46 Gd ·. decay are drawn. · : · 
. ••., ; FromJhe delayed gamma·ray.spectrum (Fig;;2) we estimated ari 
upp~r I lmit ofthe intensity of delayed J<X rays of europium and obtained . . . . . ' . 

for the _sum of the K-:conversion coefficients of -all delayed transitions 
, ·,a K<JO -? ,. Besides of the 275 keV transition also·the 358 and 377 k(N • 
transitions should, therefore,havelow multipole order.(EI,- E2, Ml) and 
cannot be,the isomeric.transitions .. The not yet assigned 135:5.keV tran
,s_ition is fo-be ruled. out because of its strong.prompt component·(table 1). 

1 . . ' 

The energy of the:missing isomeric transition is assumed to be small_er 
tha,n the K binding energy of. Eu , i.e. EY < 50 keV. The single particle 
estimation shows that the measured half-life corresponds to an M2 cha-

racter of.~uch a transition. , .. 
Some hints on the spin assignments of our level scheme: in Fig .. 5 

gives the {:3 :!:decay of 146 .Gd . -; From gamma ray, conversion electron and 
I ifetime measurements· there is strong evidence for a pure Ml cascade 
connecting the levels 385 keV (I~), 230.3 keV (2-· ), 115.6 keV. (3--) and 
,th~ grolJnd state ( 4-: ) .. No transitions known: from the /. 46 Gd decay were 
found in the isomeric deexcitation;.which·probably goes via high spin le
vels. Because no branchingfrom the 275 keV level to the:3-::: levelwas 
observed we,conclude that its spin should be I ~ S. Within .the experimental 
error of the K/L ratio 121the 275 keV.transition may also be ari E2 tran
sition, and the value .177 =6- is. favoured; The nearly equal intensity of. both 

transitions outgoing from ·the 652 ke V ·I eve I indicate~ r' that the· 294. and 
the 275 keV 'levels, have probably the same·spin .. From the inultipole order 
estim.ated above for the 358 and 377 keV trahsitions follows a spin value 
7 or 8 of the 652 keV level. As is shown in the following section, for the 
isomeric state 1

77 
=.9 + is to be expected. The ass~med M2 character of 

the isomeric transition favours 1 77 
= 7 - for the 652 keV level. 

6 
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surement~· the energy 
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•europium and·obtained 
II delayed transitions 
lso·the 358 and 377 keV 
order.(EI, E2, Ml) and 
ssigned 135:5 keV tran-· 
mpt component'(table 1). 
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4. Discussion 

A corilpari~~n with then~ighbouring odd A nuclei. with Z= 63 o~ 
.N= 8~.givessomE! hint~ onthe nature ofthe 1:rEu 83 le~els. lnFig:·6. 

the'experime~.t~lly'()bserve,d excitatiorl'energi~s of one'-quasipa'rticle; pro
ton states in the.odd A europium nuclei (Z~ 63) are 'compiled. lnte.~po~· 
lating between the neutron numbers 82 and 84 we obtain for N = 83 'th~ 
mean value_~': Oke'(( d;; 2 ,), 280 l<eV( g 7h) and 670 k~V f h 11;;). In 
the N = 83 isotones ' !f Sm 83 and : 

1!:ca 83 the gr~uhd 'states are cha
racterized bythe p 3!2 .·,neutron configuration andihe 'fir~t excited sta-'' 
tes atS94 and.II5J keV, respectivel·y;'by'the {7f2 . neufr~n st~te .. For 

Z = 63 the n1ean value of the p 3/2 stat~ ~mount~ to 10l5 keV. We. 
assume, that in, ·1:: Eu~3 the lowest lying states a.re .formed by the . 

neutro.n coupl,ed• to t~e proton s~ates, (d 5/2 r Jl (~ 712 r 1 
. I ( h 11h) 1 , 

The energy d1fferences between the centres of gravity of, these: tWo-quasi
particle multiplets are nearly equal to the above-mentioned mean valu~s 
of the odd-proton excitation energies. Not taking into account differen~es 
of the multiplet splitting due to differences of the wave functions the 
centres of gravity and the lowest' lying m~ltiplet states h~ve nearly the 

s~me energy distances f_ror;n,eac~ o~h~r.O~ t~e left~hand_ side of ,F!g.5 the 
expected e~ergy va!u~s _()f the. lowest-lying state,s of the 'tw()-quasipar- ·: 
ticle rriultiplets are.draw~ together ,with the spin values c~iculated from 
the Brennan-Bernsteincoupling ·rules/51 . ; ' · ·. · · . 

As is. knowrl'from the even' Tb isotopes ( A.= 148 150. lSi) iorig-
. I I I 

I ived isomeric states are formed by the rr( huh ) 1 v( f 7h) I . . c~nfi
guration, which, therefore • 161 1 is.assumed to form also the 'isomeric 

I 46 . " . ·. ' . . . . . . '. " ' . . . 
state in Eu_.,The exp~ctedenergy of the lowest,lying state. of this con-
figuratio'n agrees we'll with)he experimental'data: . .. . ,· . . ' . 

Verypn)bab.ly one of the pr'opose~ ,6 ~·le~~~~ tog~ther 'with the le

vels pop:ul~t~~ i~ ~~.~ .. 146 ·c~ d:_c.ay ar,e.rriefl]~~~~ of the·bro~_en.'';(d~;~ )~1 

v(f
7

; 2 J multiplet, whereas the other 6 level a~id the 7 -IEivel at 
. 652 keV belong to the ( g7! 2 ( 1( f 7/2! 1confi,guration. ~his is confi,rrlied 

':·'..',;:' 

7 



by the following considerations: in pure two-:-quasiparticle multiplets of 
different configuration the energy'v~l~~~ of the odd and even spin states 

lay on two separated.~urves /7<, as shown jn Fig. ;7. If the ITll!ltiplet 
splitting is pref,~renti.~ily- c~use~ by_th~ vyign.e_r f~rces.the. ·~:.: :.·/ dia

grahl, is inverted' if we g~ over fro~ it'pa~ticle~p·a~ticie (hole~hol~i.con:< 
figu~ation t~ ~- particle:.hole 'co~fig~ration, becauseth~ si g~ .ot" the wig~· 
ne/for~es'is chlm:ged.:' '" . . , ' ·: : -. :: .. ; : .. : •·. 

_<Drawing.th~···E :- ( diagr~mof th,~··wi£~:iev,~l.~:we ge(the .~ame 
co'urse as for a' partiCle-hole configuration, which is in,accordance with 

·the ~ssumed ~~~~l'str~ct~re. ·- -

.. ·'Admi~t~res of other clos~Jying configurations 'll)ay c~-use d,isloca~ 
tion and deformation of these curve~: Especi~lly the ~dd'spinstates · 
seem to dis'agree,~ith.thetheore.tically p~editte:d b~h~viour, as shown 

' .. . : .. . . . . I . ··, , ·. . , . . . . 

by the neighbouring isotone 142 Pi ,B; :A siight shift of the even I 

.curve m~y cause the_ discrepancy .betwee~ ,the expei-i:nentaiYy obsei-Jed 
ground state spin 4 a~d the value 5deduced frorn the 8n~~n~n:.i3ernstein 
.r.ul'e. · ·. . . . . · · · · · ·. · . ·:· . <.· _ 

·''·' 
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Ej /keV 

135-5 + 0.1· 

2'75.0 + 0.05 

Table I. Relative gamma intensities 

54 + 3 

100 

IJ'Z 

25.8 + 

100 

IJ'.3 

2 1.95 + 0.2 

100 

293.7 + 0~1 116 + 6 50 + 3 /1.9 .:!:. 0.2 

317.0 + 0.8 ~5 0.99 + 

358.2 + 0.1 43 + 3 49 + 

377.0 + 0.1 47.:!:. 4 40 + 3 44 + -

The intensity values have been calculated for I y i from the 
prompt spectrum, when the time gate was set on a single nsbeam burst, 
I ,,2 from the prompt spectrum in Fig. I, measured during the I ms 

pulse, I Y1 'from the delayed spectrum in Fig. 2 . 
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(curve B) after the end of the beam pulse (700 11 s pulse duration). The 
efficiency curve of the used Ge(Li) planar detector is shown by the in
sert. 
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