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C~VERSION ELECTRON AND PHOTON SPEC'I'lV\ OF 00
147 

AND Gd
l1t9 

* Virginia 5. Shirley, "farren G. Smith, and john O. Rasmussen 

Radiation Laboratory and Depart.ment of Chemistry 
University of California, Berkele;'Y, California 

.lliSTRACT 

A ne,.; gadoliniuln isotol)e decaying by electron capture with a 

29-hour half-life was found. Its mass number vIas determined to be 147 

by examination of its excitation function for production by alpha. 

. 1 b b din . f ~ 1470 Th l' t· t lOd149 partloc e om ar .enl:. 0 ;:,m
2 

3. e e eC1:,ron-cap"ure loso ope .... 

was also studied, and its half-life was 'redetermined as 9.3 ± .3 days. 
. ,147 149 The conversloon-electron and photon spectra of Gd and Gd . were 

studied. Relative photon ruldelectron intensities were determined 

for some of the t.ransi tlons, and Coincidence mea.surements "lfere made. 

From the data a few multipolarities are assigned and partial decay 

schemes are suggested. 

Present address: Department of Ph;ysics, University of Indiana 
Bloomington, Indiana 
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CONVERSION-ELEC'l'RON AND PHOTOl~ SPECTRA OF Gd
147 

AND 00
149 

Virginia S. Shirley, Warren G. Smith, and· John O. Rasmussen 

Radiation Laboratory and Department of Chemistry 
University of ' California, Berkeley, California 

INTRODUCTION 

No previous electron or gamma spectros~opic work on. any gadol.inium 

isotopes lighter than G.dl51 has been reported up to this time. The region 

around the light gadolinium isotopes is of special interest because'of the 

many sudden changes in nuclear properties seen in passing between 88 and 
1 90 neutrons. From optical spectroscopic results., Brix and Kopfermenn have 

called attention to sharp breaks in isotope shifts occurring between 160-

h . . 88 d 9C t T.l: hal.... d2 
.J h ~ . d' ff . topes aVJ.ng· an ) neu rons. ley ave so no .. e G e J-aIge . l. erence 

in the quadrupole momentf~ of the stable europium isot.opes, 'Yfhich have 88 

£lIld 90 neutrow:;. The ·first excited states of even·-even nuclei .drop sharply 

at 90 neutrons, and riell-developed nuclear rotational bands appear. The· 

large deformation approximation of the Bohr-M.ottelson model3 has been suc

cessful in describing nuclei in this region of N ~ 90 but not in the region 

of N~ 88. 

In this "rork information on the excited levels in' Eu147 ~d Eu
149 

"ra8 obtained by studying-the conversion electron and photon spectra of 

gadolinium activities produced by alpha particle bombardments on sffinarium 

oxide and deuteron bombardments on europil.UIl oxide. 

EXPERlMEl'~TAL 'PROCEDURES 

Bombardments: 

Activities were produced in~the Berkeley 60-inch cyclotron by 

alpha particles accelerated to 48 Mev and deuterons to 24 lI...ev. The samariunl 

and europium target materials verebombarded in the oxide form in ltboats tt 

stamped in lO-mil platinum foil with lj4':"lliil platinum foil covers. These 

"boats" fit into standard target assemblies, and were cooled by wa.ter 

directf:d at the back of the targets. 
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Chemistry: 

The platinum boats containing the irradiated r.are earth oxides 

were placed in hot e ,~ hydrochloric acid until the oxides dissolved. 

The platinum was then removed and a~onia was passed into the acid 

solution until the rare earths precipitated as hJdroxide~.The pre

cipitate ,.,.as w·ashed and dissolved in a minimum 8lnount of 8 !.! hydro

chloric acid. The ga.doliniu,'Uproduced "'as separated from ·the remaining 

rare earths by an ion-exchange method identical to tllat described by 
1 ' 

IJ.'hompson, Harve;;, Choppin, and Seaborg.4- The coh:ul1n (3 mm in diameter, 

5 cm in length) ,\-laB heated to 87°C by a trichLoroethylene vapor jacket. 

The eluting agent was 0.4 M alpha-hydroxyisobutyric acid buffered to - . 

a pH of 3.93 wit.h ammonium hydroxide, and the resin \-las Dowex-50 

spherical resin, 800-400 mesh size, l2}~ crofss-linked. Since the 

maximum capacity of the column \'t'as ",10 me; of rare earth.;;, it Vias 

necessary to remove the bulk of the target material by another method. 

A soditnn amalgam redu~tion method ",as used for this purpose. Sodium 

runalg2JJ1 is capable of reducing triposi ti ve rare earth ions t.o the 

metal and amalgamating them; and since both samarium and europium 

have dipositive states to act as intermediate ~tate6, the reduction 
+3 +? +~ 

of Sll'i and Eu ,J is wuch faster than that of Gd .). The rare earths, 

di::.solved in a minimUiu amount of 8 ~ hydrochloric aCid, were transferred 

to a separatory funnel, and 10 ml of ·water and t .. drops of glacial acetic 

acid (to maintain the hydrogen ion concentration) "rere added. 0.3% 

sodium amalgam (15 ml for 150 mg rare earths) was added and the mixture 

:3haken for 10 seconds. lIfter the amalgam layer vlaS removed, the re.., 

maining aq.ueous layer seemed to retain about lO;t of the original 

target material. The procedure 'Has repeated three times in order to 

be sure that the total rare ~a.rth mass reta.ined was under 10 mg. 

Ammonia 'Vras passed into the final aAlueous layer u..r:ri:.il'the rare earths 

precipi tated as hy'droxides. The preci)}i tate "las washed, dissolved in 

a minimum amount of 1 ~ hydrochloric acid, and finally concentrated 

into 2 drops of 0.05 ~ hydrochloric acid for adsorption on the column. 

i:.fter completing 'the ion-exchange separation of t.he remaining rare 

eart.h mass, the drops of alpha-hydroxyisobutyric acid solution contain

ing the gadolinium activity "rere combined and made 0.5 - l'~ in hydro

chloric acid. This solution Has placed on aDo~x-50, 4% cross-linked, 
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3 rum x 5 cm column at room temperature. 0.5 ~ hydrochloric acid was passed 

through until all of the alpha-hydroxyisobu:tyric 9.cid wasre,noved, and the 

activit;y was theh eluted with 8 !i hydrochloric acid. 

Instruments: 

An argon-flow-type ionization chamber was used :eor alpha counting. 

The instruments used for measuring the conversion-electron spectra of the 

gadolinium activities Here four permanent-magnet 180° spectrograph!;) de

!3cribed by 8mi th and Hollander. 5 'l'hey have fields of approJ,CiI!1a.tely 50, 

100, 200, and 350 gau8s and operate at resolutions of abou·!;, O.15}&. Gado

linium sources for them were plated onto IO-rail platinUlTI \dres from a 

solution of 0.1 M ammonium bisulfa.te at. a pH of 3.6. l'b.eprocedure us~d 

was that 3uggest;d by Harvey et al.
6 

ill \"hi.ch the wire is Illade the cathode 

of an electrolysis cell. Since the hydroxid.e ion concentration around 

the cathode is high, the rare earths are d.eposi·ced onto the Hire as 

hydroxides. The .... rire is held in a bunsen burner flame for a fevl seconds 

before placing it in the spectrograph .. Electrons frOID the source impinge 

on a pJ;l.Otographic plate. By previou,s calibration of the instruments vlith 

electrons of knmm energi:::s the energies of conversion electrons may be 

detennined accurately. '1'0 meaSlU'e the relative intensities of the electrons, 

densi tometer trace;~ of thE: spectrograph plates were made. Eelati ve inten

sities of conversion electrons were also measured .rith more accuracy \11th 

a double-focussing spectrometer.7 Tnis is a shaped-field, G)6°, prismat.ic 

sp'cctrometer ol:Jerating at about 0.3';(' resol·ution. A lOO-channel gam.l!!a 
. 8 

analy~,;er with about e.5'~ resolution Has· used to measure gamma-ray energies 

and intensities. 'I'his instrUlllcnt is a ge.mraa p·..use -he ight a.nalyzer used 

,>lith a scintilla.tion cuunterwlth a1" x i-l/2 tl sodium iodide crystal a..l1d 

photomultiplier tube. It records data by means of a magnetic-core matrix 

memory, arid is able to record at relatively high counting. rates. 

11.2T~ 

\,li th alpha particles, one "lllOuld expect; to l1la.l~e a variety of gadolinium 
148 10 

isotope;:;. Among the w13table of these are Gd (l.40-year alpha), 

. '. . , 
"-:. 
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11-9 9 150 '. 9 1-1 
Go.' (9-day electron capture ,alpha) ,Gd (long-lived .alpha), ad > 

. 9 lC~, '. '9 
(l50-day electron capture1 ruld Gd)~ (236-day electron capture). In 

addi tion J one ;Jlig..'l)t expect to produce the unreported' iSdt,Ope, Gd1}.r.'7, by 
~-l. ,L .... l1t4 ( ) Gd,147 • ,~l,l+'T ( ; , ). Gdl~1-7 Cile react~ons 0li1 a,D' ana. i'JIuct,4n • 

Using the' permancnt-lilag..'1et spec'trogra:phsj elec"cron lines "rere 

studied relative to the lines for the 150-kev, transition, .'Which \"as 

'kl1o,"m to decay Hith a 9-day half-life frOlll gamma analyzer work. Hoff , 

RaS1il\lSsen, arid ThO!llpSOU
ll 

reported a half-life of 9 ± 1 day for Gd
1lt9 . 

We have remeasured it more accurately as 9.3 ± .3 days hy following the 

decay of the conversion electrons of the 15G-kev tra...'"lsit.ion. All lines 

\.rhE::re the energy differences bet'reen 'the conversion-electro~ energies 

corresponded to europium binding-energy di±Yerences were assigned to 

gadoliniu:m activities. Of ,these, all lines the intensities of \ofhieh 

stayed the same relative to the intensities of the lines of the 150';"Kev 
140 

transi tion were assigned to Gd ./. A second set of gadoliniUI£l'lines 

l-lith a half-life of appr~.x:il\late~y 1-1/8 days (later redetermined as 
- 1)'1 

29 hours) Has tentatively assi€')led to Gd t". T'ne rest of the gadolinium 

lines ,.ere longer-lived. ;Those resulting from .~Ghe decay of Gd151 or 

Gd153 could be positively identified. by seeing if they showed up in a 

d.euteronbombardluent designed to produce' ~nly .Gdl51 . and heavier :gadolinium 

isotopes. In this experiment natural europiWll, vlhich is composed 

~ntirely of Ki./5
1 

and Eu153 , U'aS bombarded with 24-N'Lev deuterons. A 

fe,., remaining long-liV'ed ga.doiinium lines, ... ihieh were seen in the alpha.

particle bombardments of '8m?O:;but not in the deu"teron bOllibardments bf 
~ .) 

Eu,:,O-=" could not be assigned to the decay of any isotope. ''Ineze lines 
1-1 .J 

may belong 'GO an i;::lomer of one of the gadolL.'1ium iSotopes, bu't further 

study is needed. Lines appearing in later plates "Thieh did n9t appear 
., , _ _ 1~7-149 
~n earl~er ones were aSfngnea to t:u " if, in addition, the energy 

differences betioJ'een the conversion electron energies corresponded to, 

sa::llarium binding-energy differences. Eu147 has a half-life of 24 days,9 
,~ 149 q ]~l l)-~ 
;su one of abOlit lc!O days J - and Eu -/ and. J~u .J are stable. 

Table I liBts the transitions UFisigned. to the various isotopes 

"ith the line~i seen for each. 

r~o.d fror:l the permanent-lnagnct spectrograph :rlla:tes. Energies are given 

to the nearest 0.1 kelT if ii ve cr. L'10re dj,fferont energy de"terminations 

were made and 1;0 the neareGt 1 key if less than five were made. 

" 

.-
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Table I 
-"'-' 

Transition 
Visual RelaGive IntenBities* 

\.;. Ener~ Lines 
(l-ev· seen K Lr LIl L:;rr rt1. Nl ~\.'-

Gd1l;.? 136 K VVW 
142 K H-M 
1lJ-7 K t", 
217 K \T\r:'I1 
226 K 1jllfT 

22~). :5 K L1 VVS \J 
;,11 1~1 'Irw VVw 

2h1 K VW 
261.0 K L1 VW V'l\{ 
310 K V\Jl 
31.;13 -,-

£-,.. VVH 
370 IC L1 p 

,~ vYrf.J 
3?1.;. l~ VVW 
391 K VVH 
396.2 K Ll Hl M-S F' VV\{ ,~ 

485 K V'JVi 
50:~ K VV',if 

l!Lf1 
Gd '/ 107 K VVi>i 

120 K VI'l 
126.1 K Lr t4 -~i H 
'132 ,.-

1\ W -:~{ 
149.:9 K L1 LIl '''-'vrs VV" u ill>! 

LrII HI I'll V'il1'l :yr"'M '\ri 
2hJ,l K L1 V-VVW VV'~v 

253 K VVViF! 
~~fl2. f7 K Ll-II T,j \nrvl 

1>!1 Wi'! 
;::9[;.3 Ie Lr 'H-X.1 ~! 

31:-6, ., K 1.r vs I'.} 

Mr .1' VH VVV't1 I~I 

461 K VV''ftT 
h~)6 K Lr-n VV~J VVV:w 
517 K VVW 
534 K VV\{ 
750 K L1 V'vT-fi VV\'Y,'-! 
1')0 l( . ·V"ffw " 

? 
Gd' 28.9 Lr LIl Lll1 M ~l W 

£;11 Nr M ,VVW 
77.'7 K VVw 

11~·.7 K L1 LII V" ,., M VVV1.J 

L:rlr Il'lr Nl masked VVW V'TW 
:'. 115.5 K Ll Lll 'J.S ,M VVif 

l'\ MI N vvr.,~ VV\~ I '. 15h.e v Lr M-S W A 

r. NI NI ');11{ V1rv\<J 
I~ 198,3 K LI 'vI vV'vf 

329 IC VW 

(continued) " " 
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Table I - continued 

·Visual Relative Intensitiss* 

K Ll LII LIn 1\ N 
.1 

_ 11(7-1){.0 Ji!u. ;/ 
38. Lr trII Ny 

u 

VV'W VVW VVW 

* 

53 
66 
68 
69 

121.3 

219.8 
277 

LI 
K 
K 
K 
K 
It!I 
K 
J.C 

LIII 

LI 
NI 

LI 
Lr 

Yil'itl VViol 
VTtl 
1'4. 
v ..... r 
1>1"'8 VI,'f 

ml VVy);[. 
W \j'V'l'd 

8 _. si:;rong:1 ["I == moderate, H == Heal.;:, V = very. 

. , . _ ;, , . . _ 11~'7 12 . 
Ssmarnl:m ox~dc enr~chea to 05 atorrac :percen"t. 1.n tin!., "nth :the ether 

15 percent chiefly Sm14~) and Sm
1i

+9, Hc';=; bOt-:ubard.ed with alpha particles in a 

Faraday cup assembly_ A i3tacked-fo11 technique .. fas used so that excitati.cn 
14 . ·148 .' 

functions cculd be determined, 'l'he function for th~ Sm 7 (a,3n) Gd react:l:On 

,vas obtained by alpha-counting tte ejpJrt target samples, " a...-i.d the function for the 
'1\''7 lk' . 

Sm "T (Ct,;~n) erd .';7 reactior~ 'VIas detendncd by ccu.nting the samples in the 100-

cha:lliv:tel gal1.ll!la pulse-height G.<"'1alyzer and integrating the 9-de.y, l50-kev peak in 

each plate. A func"tion for the 29-hour activity Has detern.,ined ir; the sarrie 

vla~1 u~;ing tilE: 22)-t:ev peak, a.nd its' fon-u and position are clearly "t~hOHe expected 

of.'an (a,J{.n) reaction. Thus, ue have assigned the 29-hour activity to Gd147 . 

The best half-life deterrained for Gd147 
"\oTaS meas·ured by following the 

decay of th~ 229-kev :photoJ.x~ak ,,11th the 10()-chs.:rmel geJ1IDla aI'..alyzer. This half

life of 29 hourEi is consiG·tent with half-live~; of 30 hours found in resolvil'lg 

K ' ~, ""1 d .. ~h' r,:al47 d ;'d1h9 l-x-ray ana U€J.gel'-NUe_ er ecay curves Dreo '" cJ.r u-u. an LT componem ... ·$. 

Figur·2 I gives the excitation f'ttnctions fcr alpha-induced reactions on 

Q.. .•• 
147 . .:= It vTac not possible to calcuJ.ate libsolute cross section~ with any 

confidence because of lacl\: of kno ..... rlcdge of the detailed decay schemes of Gd
l1

}7 
149 .co • ~ 'oS> llJ.8 

and Gd and. 0 L "ehe halr -ll.l. '= of Gd . " , 

Figure II shm-Js the galllma spectrum of Gd,147, and :V"igure III give,s the 
11 (" 

spectrum of Gd'.7 Since energies \fere accurately known from permanent-magnet 
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'. spectrograph wurk, (;omplex peaks could .be resolved with :;lome cQnfi.dence,nnd 

Yihere pe;;}~s were small and indefinite, upper limits for phot.on intensities 
, . 1~1 

'\. could. be set. The values of Davisson and Evans -' "rere usediri correcting 
ll~ 

for absorptiun throug,.'l lead ab~orbcrs. Curves fropt Kalkstein and Hol1a..T}der 

\·rere ~sed t.o obtain Nu.! crystal counting cfficien.;:ies. No photopeakB were' 

seen for any of thotie tram;i U.ons not assigned to the decay of a particular

gadolinium i~~otoliC. In lat'.::!r rune on the loo-channel ge.olllia .analY'~er the' 120-

cl -10 1 t ." . 1- J '" ~ E ll.q R 1 ti 1 an l:: - tev ·ransJ. C:i.ons . rom l;rlC ueca;y OJ:U were seen. '. e :a" ve e ectron 

intensities viere measured. ".rith the double-focusing 's11ectrometer and. also. from 

the perma.ncnt ma.gn~t fill";,.£:-: by use ofa phcy toden:3i tomet'=r. Because of the 

ma.ny corrections nec2::;;saxy in obtaining intensit:i..cs from the denzitot:lcter, 

more meaning is a"'-;;ached. tv t,he value·s obt(i.ined from' t.he double -focusing 

spectrometer. 
" ~ .147 .. 

'l'anle II gives the intensi t:y value s for some or the gammas OI Gd 
" n.l49 149 anuu-Q. . Ia. ·the case of Gd the electron intensities are given relative 

to an intensity' of 1.00 for t.he K-line of the 3!.u.:i.'!-kev tra.naitioil,and in the 
11.,-

case of Gd' -'-1 the Gallle 'iJring is done using the K-line of the 396.2-!{.ev transition. 

To put. the relt1.ti ve photon intensities 0!1 the same scale as the electron inten-

i ~ . 1" - i' f th 149 f" • ." • 'Gd149 d'''' . 9 5 ~ s ·v~es. mn ·ClPO..lar 1;1(:,8 . or .. e • ';J -r;.cv "tranf:JJ.·~lon 01 . an::'2. -Kev 
. - Ij'7 

tr811sition of Gd 't were considered. L-subshellconversion coefficients 
F' l6~ 

calculo.ted by ROGi.;! :; and K-shell conversion coefficients calculated by .sli';'" 

,-rere used. in assigning multipolarities to the::;e tral1si~ions. Since Sliv's 

K-6hell comrersion coefficients are very Bimilar to Rose 1 s in the region of 

Z = 63, K/L ratios could b€ c:o:rrpared wit.hout nOl"!llalization. FrQllJ KfLr ratio.s, 

L ~ubslleli ratios., a.."1d K/r,\ ratios 7 both the 149.9- and 229.5 -key transitions 

apwar t.~ be nl8.Jgne·c;ic dipole (or p:)ssi!Jly M.e) transitions. Electric multi

polarity assig,--nnent for eit,her transitioiJ is ruled out because of the small 

8JllCunt of conversiQn int-he LrI subshell, and higher magnetic multiJ...'Ole orders 

~'ere not cunsid.er0d because of· their long lifet:Lmes and because of the lack of 

conve.rsion in the ~IIaubshe:ll. In doing coincidence '-lork on these isotopes 

nej.ther trru.lsi ti on 'tiaG fou:n.d to be delayed (i. e ., both lifetimes le SG than a 

mil1i·micro:3econd) . ASSUlll1nt;; that both of these transitions were megnetic 

dipole, the relative 11110-con intenrdties were nOl'mali'6ed to give these transitions 

the proper K~shell conversion coefficients. Grunmas for which phOto.."'13 but no 

c.;onv:::rBion electrcnc t,.ere seen r;.re placed :!.i:} pare:"ltheses. Their er.:.ergies are 

lL.'1certain by :sever8~ ki10yolt::;. 

" 
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Gamma 
energy 

. (kev) 

229.5 

241 

261~0 

310 

370 

3S.~S. 2 

(517) 
(570) 
(635) 
('('70) 
(900) 
(:to(~0 ) 
( 1292;) 

107 
126.1 
.149.9 

244 
272.7 

298.£\ 

3J~-6. 7 

11-61 
496 
517 
531~ 
(650) 
'(50 
790 
(937) 

Line 

K 
11 
HI 
HI 

K 

It 

K 

K 

T" .\. 

L1 

K 
LI 
MI 
NI 

K 
1'1 -LrI 
Ilfr 

K 

Lr 
I( 

Lr 
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J?able. II 

Electron 
intensity from 
,double-focussing 

Electron 
intensity frOll! 

. spectrometer <iensitorieter 

1.93 
0.36 

0.25 

1.00 
O.11~ 

0.55 
0.19 

O 1':'0 • -.:17 

0.49 
0.09 

LO() 
0.23 

1.57 
0.29 
'. ? 0,.11 
0.06 

o.ol;. 

0.09 

0.13 

0.16 

.. 1.00 
0.31 

4.30 
o.~~ 
0.18 
0.06 

0.03 
0.05 
·0 .. 06 

o.·).j.4 
. 0.08 

_1.00 
. 0.20 

, " 

UI"I.';); "591, , 'YJ.u.- j . ~""Rev •. 

Photon 

1,:. h 

< 0.'75 

2.1 

?2 

1.1' 
1.2 
G.6 

h.G 
4.9 
1.5 
'0. '72 

< 0.32 
< 0.26 

S.6 

< 0.33 
< 1 .• 0 

5.9 

3.6 

< 0" ...... J.:") 
.~i.i 

o ')" .J'" 
o~84 
0.76 
0.55 

< 1.4 
< 1 h • 'r 

0.67 

'-::.-.: .. -

Total 
. transition 

15.1 

0.04 

0.09 

< 0.88 

6.3 

1.1 
1.2 
2.6 
4.6 
4.:1 
1.5 
0.72 

< 0.32 
< 0.26 
13~.7 

< 0.33 
< 3_.2 

6.5 

4.9 

< 0.32 
0.32 
O.81l. 
0.76 
0·.55 

< l.J~ 
< l.l!-

0·.67 
.- --._-------,._._------------===.::============== ,----=-------.. _----_._-. _ .. _"--------, 

"
"',').. 

-. ;~. 

.. 
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COTI~CIDENCE r·m;,/l.8UREHE'Jrl'S 

Table III gives the result.s of coincidence measurements :made on a 
• 'J 

mixed'Sru11].J1e of Gd147 and. Gd
1 '!-9 by Strominger. 17 At the same time he lookeo. 

for positrons and was' able to set limits on the positron emission to K-capture 

decay ratioB. The l:L.-nit 

~'+/K < o.4~ and that; fer 

ll~q 
for ;)081 tron emission by Gd "vlaS de't;ermined to be 

1\.7 . 
Go. '-+ to be < 1. 2(~. 

Table III 

Gate 
gamma energy 

(kev) 

150 

229 

750 

DISCUSSION OF RESULTS 

Energy of gaPJ.lP.as in 
coinciden~e (key) 

350 
500 
760 
390 
760 
930 

750 

150 
/"0 0,) , 

11~9 
'T'he multipo1arit:/ of the 149.9-:kev t.ransition ill Gd dec:ayrie,s 

already been discussed as being either 1'11 or M2. Although the Ml assignment 

has .alre8.dy been assUJ.1'led in nor;:;i.9J.L~illG the photon int.ensities, thti £.12 pos-· 

, silli1i ty ,,,as considered to dt:~'t.erJ.i!ine if the .fir,,/;.i aSG1.:rmption \oms correct.,' 

If' the 149.9-kcv gamma \lere an Ml tran::;ition, ~~he, 346.~(-kev gamma would ha'\fe 

a K-shell conversion coefficient of O.lLj :!: .02 <mel' a KILl re.;tlo of 5.0. ± .6, 

'These are botll consi<Jt.ent. with an M2 tratl;;ition (C1\. ::: 0.190; KILl = 5.30).. 

I.il, El; aBel E~; a:~s:i,l!:nments could. be ruled ou't; becauze they woUld have K

shell con-'lersion coefficient::: lower by a factor of 4- or more. Ii' the 149.0-

key gamm,a vrere' 8ll t.!2 trrulsi tic!!, t.he 32;..S. '{ -key g81m,na i'fI.;uld have a K-r:;hell 

conversion coefficient; of 1.7 :1- • -2, vhich j,s a:t least a factor of 9 greater 

than the theoretical valnef3 for tre.:mdtionG of' mu1tipo1ari'~;y less than thl'ee. 

It therefore Geems likely t~hat the l·U assignment to the 149;9-ke"V gamma, and 

subsequent HZ ar;sigIl.Iacnti.;o ';.;he 34,,5 ~ 7 ·-l<:e', g8l.C!i13 OX€! corr<~c';~. III adeli tiol'l, 

an assignment could be rr.Gul~ to the;.)8.8-1~ev gamma. '1.ni8 transition has ::1 

" 

"~' 

.~ J : 

.... : 

.:." 

'I ,,' 
'" 

'.'''.' 
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K-shell converE~ion coefficient of 0.08 ± .01 and a. K/Lr. ratio of 5.5 ± .'7, 

both consis-cent "lith 8JlI.ll (<\: = 0.077; K/~= 5.92). E2 was ruled out. as 

,~, a :possible assigrllnent becaLlse a fairly strong ~ line ~"ras seen but no 11:1 

~ ,.' 

or Lrlr If ';;he tra.nsitiOJ! \-i'ere &n E;:;, the LxI line would definitel.y be seen. 

r:u~\>lm-l ruled. out bccaur,;e ol i t~:; high 0'1C' :81 becausG of its 10 .. 1 OX, and high.er 

multipole ord'?rs lJE:caus-e of th0ir long lifetime,.;.. Nothing ma:;i be $a,id about 

'i~h(: Flultipole Grder~, of 'U.1i':; ether tra.11$itic'De, except, th,at of the ~W2. 7 -kev ga:..rma. 

El lllay be ruled out as a muHipo19 .. :ci ty :for 1:;.hi8 tr8.11si'c,i.on because tb.etheoretical 

vE'~ue of '1c for an El tyc'.U1U i tion is O. 017a.:.""1c1. the 272.7 -key gamma has -a mini..~um 

~ > 0.061+ :±. .008. !~o definite 111Ul-i:,ipola:l'ity assigr .. :ments can be made . t,oany 

of ~he Gdl~'7 transitionH. 
~ . 11~'7 . "Alh9 li'igure IV shows partial decay SChCIUt=fJ lor Cid and IJU These 

schemes are uni(.!.uel.ycC'w3istentI'Tith the available ::;ne.rgy, intensity, and. 

co:Lncid(~l1ce d.ata, lJut are fro: from complete. The ir complexity is evidently 

s'uch thaT; J ",i tho .. rc fux-th",l' information about each trans i tion, the. gammas may be 
. _11.3 

fi tted into Se"\T8ral di:ff'ert~nt :3chemeG. An IBM 6)0 COLlput.er progr31u \olaS m,ed 

t(~ determine all caSG(:; where l:rw::J.s of t~TO tra:nsi tion er",:.::rg1e::; agree \<:ithin O.l'}b 

"11th anothcr ene:cgy or sum of two other energies. Table IV 'tabulates the results 

or t11113 c.:Jmpu.riso;:'l. 1"'11e tnll1sition,.energy 'values are reported to a greater 

nllliliJerof 6ignif:I.cant fif;'Ures ill this table tharl they are else\-There in the· 

payerj a.lthouiYl Ule abG(:.lLli~e; value.s ;)fl.;h(; enl'rgies 8J.~e not knovm to better 

tha.n O. 5;,~ ,Gile relative '2 Yler'6J' values EJ:re lkobabl;y GCn1o-wha:t "t:€1iter. 

Ta:blc IV ----_ ... --------_.------------_. . ... - ..... ----------.~.--..... ----.--
--.---------.----------,-----,-----~---------------

106. t': 
V 

11°.r, ./ c 
12:6.1 

132 '0 
11:-,).) 

r. 
H 

c 
.D 

G 

H 

345. r{ 

Code I12t.ter 

J 

N 

o 
p 

Q, 
------------------------ ---.--.-,-.--.,--.----,---------.-------~------

Sl..lls.lS li'o1.md 

E ;- Ie ::: i~i D .. 0 = E + I~ 

F + G ::::. }.i D + F :: K + 0 
';7 
.C -)- II ::: N I: ;- K :::: F + G 
G + " . ~'l = p Tr~ 

,c' + :2 ;:::: L + O· 
0;, 

+ rI ::: (\ r' + Ii ::: If + H :'"1 '" 
I.,~' 

H + 0 K + :L 
---------.---.. ----~-- -----, ~-.. ---. 1 
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'Inc number of su:m~ of two energies ,,ri't:.b one energy, expec:Lectby ch~ce 

is 1.4 and the·,number of sums of t~ro "rith t'iW expected by chance:: is 3.2. For 

this. reason one mo.:>" 'att.ach ,[,0111'2 statistical significance to 't.he Gums of two 

,-Ii t11 one; but probably' not. to those of t,·;o }lith tyro. 
11,<; 

The )t96.6-kev state in the levels of Eu ' iGof special, interest 

because of po,::;;;ible is()7.l1criS1i1, since it is depopu..lated by a 34-6. '7 -l'~ev M2 

tra.'1sition. 'The theoretical mean life for this trcmsition, using l-ioszlw-wski,s19 
-8 

formuJ.a, vTaS calculated to be -v6 x 10 l',;ec. Thus, the lifetime of this state 

is probably mea:~urable by delayed-coincidence t<3chni'lue;:;., but toTe have not had 

the opportunity tc:at~.;empt the measurement. 
11'7 No rotational structure is immediately ob·"ioU6 in the levels, of Eu C 

l~ ~ and Eu . In Coulomb excitation ,rork Heydenburg and Temmer
Co 

fUl.md 8.,definite 
" 1'·'; 

ground-state rotational band in Eu )-)(90 'neutrons) and cUitorted rotq.tional 
151 (('8" ) structu:re in Eu (j') neutron:;; • ~'!'lcli~ "a"h':-~. +'ll'~~'r 'i:"ul~7 and' 'I'he present 'fork... '- ~~'" v.'::'v .'-' 

1)") , , 
Eu Y'., ha.ve very complex level .schemes vJithout a:ppa;rent rotational ba.nd structure. 

'l'hei:r proximity to the closed, S2-ne· • .rt;i~on shell :f!robal)l~i fa.vors a f:::pherical 

rather than spheroidal nucleel" e'luilibriw.l1 sl1ap~. 
7'1 ")2 

theorcticlJ.l treatmen'cs ~ ,Co 

ha.\'e correlated. levels and :flropert:;'-es of even-c· .... en nucle1 in thi;:; intcrmediate 

regic;n between t1le clo:.icd shell!3 amI onset of stable sllheroiclal d'~forJr!ation. 

Theoretlcn.l 1-rorh: on odd-raass nuclei of the in'cer:acdia:te re,gion vroLlld 'be of 

\';e 'I;;15h to acknOt"led,;e the assi;;trulcc of Dr. Jack N. Hvllander in 

in(;cl':9reting re:]ultG oo~ainecl frod the llermanent"1.;l8.g:;1ct spectrograph,,; and of 

Dr. Donald Stromil1gerin making coincid;:mc~ ri\e::J,S1.lr'~I:lent.:3. He r:USO \:118h to 

thanl: 1:. B. jon2G and ttl'?! :-:rev 01: the 13E:rl",ele:y !.)() -'inch cyclotron -for help' ,dth 

'bo:r;b8.rd'7\ents and Health Cht::~1iGtry for moni "(,or service and tm'f;et.tra:nsporta:tion. 

'l'his ".rork' va::.: ])erformed under the auspices of the U.S. '/1 ,~,OiUj.C EneZ"gy COl:'iJillission. 
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Figure I 

Figure 11 

Figure ill 
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FIGURE CAPi'lOliiS 

E..xcitation function for alpha-induced reactions on 
~ 147 
,?TIl • Ordinates are in arbitrary units. 

s.odiurll iodide Gcintillation ga.h1Ina spectrum bf Gd.1!q 

(background subtracted). The 150-kev peak is the 
149 stronge:.:rt photopeak of Gd :1 present in small 

abundan~e in the l}d.
1Lq 

sample ... 

1)--" 
[30dium iodide scin-tillatioIl,samma ::spectrum o·fOd ~~> 

(background subtrac·ted). 

. 14;7 lkJ 
P .. al d ih f ·G·d ar·ld ,;1d .." -' • ar"Gl.· ecay sc'ueme . or ~ 
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