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("'. · Th~ beta d.eca.y · of ·J.1p 238 has · b~n . studied. using ~~~eral ~~t~ ·~pe.~trometer.s •. 
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enez:gie's nov de1;~miried a$ 44 ~0 1 1'?2 • 2; 9&).·, and ~029 :kev j n~1 c~!'lVe ~ion·. U.Ji¢.a t· 
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' corresponding to tt'flnsi.t'ione of 94-e and 927· kev were found.. These ''!fran~itt.ops 
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:tndi(:ate the. p~es~ce of .closely spaced. levels at· h1ghtrr elte,ttatt<m:.~ne~g~es~ 
Int~nsities ·Of converSion ·lines ~d 'bet~ grotXps were dete~li· and. campa;red;: .· 

·.vith. prev1o~s· work~ Fermi..:Kurie plots ~ontinn, the allowed sl»1pe. of · t~ .bard · 
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238 Beta Emitter Np 

I~ Beta Spectroscopy 

John 0. Be.smussett 
. Department of Chemistry and Rad.i&tion Laboratory · 

University fJf California, Berkeley 1 Ca.l.:Lfornie. 

· Hllding Sllitis 
The Nobel Institute of Plzy'sics> Stockholm 50, Sweden 

. Thomas 0. re.ssell* 
Department of Chemistry and Radiation Labora:to:ry 
University of Ca.lifcrnia, l3erlteley,. California. 

Januaey 27, 1955 

Early 1nvestigat1ons1-4 ot the decay of Np238 have shown a haJ.f life ~ 

2~1 days, a complex beta spectrum, :~vo highly converted trans·itions ot 43' .. 

8Jld, lOJ ... kev ... ~energy and. two gamma rays .of 983- add 1030-k.ev energy. The 9eta 

components were reported to have an a.llowed shape, 47 percent of the 

*Pres-ent address: Phillips. Pet;roleum Company., Idaho Falls; Idaho.· 

1. q. T- Seaberg, A. c. Wa.hl, and.J. W. Kennedy,.~.!. Tl"tmsu~1.~ E;tement:f.u 

Research Pa.pers (McGrnv•Hill Book Oo., Ine., New York, 1949) J Nat19nal 
. - • ' ' . I 

Nuclear Energy Series, Plu.toniwn Project Record, Vol. l4B' p. 13. 

2. A. H. Je.ffey 8J;ld L. B. Magnusson~ The 'l'ransuranium Elementfu . ~ea-eareh 

Fs,~er,s (McGraw-Hill Book Co., Ine., N.ew Yorlt, 1949), National Nucle~r 
Energy Series, PlutoniUm Project Record; Vol. l4B1 p .. 978. 

3. M. S. Freedmen, A, H. Jatfey, and F. Wagner, Jr. t Phys-. Rev • .121 410 

(1950). 

4. J. W. Mihelich, Phys. Rev.'§!y, 646 (1952). 
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I~ 
:! 



\ __ _ 

disintegrations belonging . to the· hard component, the maximuni energy of which 

is 1272 kev, and 53 percent to the soft component of· 258 .. kev ~nergy. 

The present paper seta forth and interprets material gained from furtber 

beta spect.roscopic work on Np238, some of "111ch bas been pfirtielly reported 

in prior notes. 5-7 

'For the Stockholm work the Np 
238 was obtained by bombarding natural 

uranium metal with protons or 12 .5•Mev energy in the 225~cm cyclotron of 

.1. 

{ . ( 

, the Nobel Institute ot Physic~;* and for the Berkeley w:rk; by irradiation 

of Np
237 with neutrons in the MrR reactor, Reactor T~sting Station, ·.q,rco 1 

Idaho.** 

The neptunium actiVity was chemicallY· purified by various combinations 

of the procedures given by Magnusson, Thompson, and Seaberg. 8 

The following types of measurements were made: 

1 •. Beta spectroscopy with the Stockholm intermediate image, long lens 

spectrotneter.9 (At a resolution of -2 percent.)· (Referred to. as 88.) 

*We are gr~atly inCiebted to Dr. Hugo Att~rling, who developed and· teGtf:d 

the special target holder for 
1
the uranium rn.eta.l, and who carried. oot the, • 

' " ' . .1. ·, 

three bombardments. 

**We express appreciation to Dts .• W. ·B. Lewis, 'Richard Smith, and others e.t 

the Reactor Test Station for facilitating the irradiation. 

5. Sllttis, Rasmussen; and Atterling, Phys. _Rev. 2J.; 646 (1954). 

6. Rasmussen, Pa.ssell, e.nd Stephens, Univer~ity ,ot California Radiation 

Laboratory Unclassified Report tJCBL .. 2585, 1954 (unpublished). 

7. T. 0. Passell, Ph.D. Thesis, University of C~lifornia Radiation Labora• 

tori Unclassified Repott UCRL-2528, 1954 (unpublished). 

8. Magnut;;son, Thompson, and Seaberg, Phys. Rev. 1.§., 363 (1950). 

,..,.', 
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. 10 
2. Beta spectroscopy vith the Stockholm double-focusing spectrometer. 

(At r~solution of 0.5 percent.) (Referred to as SD.) 

' 3. 
. . ll 

Beta spectroscopy with the Berkeley double-recusing spectrometer. . . 
. . 

·(At resolution of 1.2 percent.) (~eferred to as BD.) 

4. Electron spectroscopy of' photo .and. Compton electrons from a (0.0005-

inch) uranium metal radiator vith. the Berkeley ring~f'ocusing 

solenoioal spectrometer •12 (At resolution ot ~z percent.) (Re~ 

ferred to as·BS.) 

Where duplicate informatiOtl 'WS.S obtained, we present the best or the 

average of the best determinations. In general, regarding beta spectro

scopic results, the energy measurements on the SD spectrorueter are taken 

as st~rd, since this instrument is specifically dedgned tor precision 

energy comparisons. Hovever, the energy differences of· the high-energ;>r 

conversion lines determined on the BD' 'spectrometer are pref'e_rred by virtue 

of tne much greater source strength and conaeq_uent better counting ste.t1s-i 

tics in the Berkeley work; The BD measurexnents were not as useful as SS 

. and SD for the cont-inuum and lines below 0. 7 Mev (disintegration energy of 
. ' 

2~ . 2~ Np ) because of tue larger admixture of the troublesome Rp • The SS 

measurements :fonn tbe be.;ds for spectrum shape studies or the hard beta 

9. R. Sllitis a.nd K. Sieg'ba.hn, Arkiv f8r Fys1k. ! 1 ,339 (194-9) .. 

10. A. Hedgran, Ark.iv f'l.ir J7sik 2. (1} (1952) ~ 

ll. G. D. O'Kelley, Ph.D. Thesis, Univ~reity of Californi~ Radiation 

Laboratory UnclasaH'ied Report OORL .. l243 (1951), unpublished. 

12. G. D. O'Kelley, California R~search a.nd Development Company Unelass1f1ed 

Report MTA·38 (~ l954),unpublished. 
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part.icles ,~ -as the . backgrc;>~d ·d:\.ie to scatter-ea .. ·electrons ent~ring the -eo\lnter -. .; · . ··· 
• ' . ' • ' . '.· ' .. ·' . . .. •• . . ,. ~ • ~ • • ' ' • .. • • • • • ' ' " : ' ! ~ 

0 
0 

' I < 0 ",,p~~f" ~ r 

.. 1's mimmi2ed by· ,t.h~ in:ten.n~i~t·e 'tma.ge slit ~ystem:_~ . . ; ;- -:. : 'j \. 
,. . ' -:· . . . . . ·. . ·-·. , ~ .· .. · _. • : . .. ·. ·. . . . . . : .- ... · . . . . ·.. . . -.. . . . . . . _. .. ·. ·.-.. __ :r;~, ; 

. F4,gure· 1 sbt;ivrs the: spect~ t~en With the so .spect~•tel' :in t¥,· regitfu': \.' ·-
. ' ·. . . ' ' . . ' .· ' . . ' . ' ' . • ' . ·- ,' ' . ' f ,' _.· ; . ' ~~- :., .· . .:: · .. 

_at the co1wers1onl:tnea of ·-the_ l02·:.~-k¥v' -~- i'a,y~ No~e :·the·l.Ule-~ .a.s~~grt_eq. · ,·y;·:· · 
. -to Np23~ prese~ti . ~n ~mall· ··amount·~·-.- By ~~s of: the· :w~l;l-.kn~ ~trong co~~e~~ ·,· _:{ :_ 
~1·6~ lines ·or. ·Ni>239 ±t -~aa "Mssib~e··.tb·ni~e ri~h-~ticms·t~r-th~·:~·~lJ.·· ~~~--··.' .·_-·:{~~- · 
temine.Uon or t!U.• ,/ilCtivitY:. wOn oomput~ tbe i.ntensl.tie~ ,of the ~et~ ::, : :1·, • 
~pmpo~ents •13 . . . . > 1. · . • ·: ._.:: ·-j~·:: _ .. 

. Fig\tre 2 sh~-.;~s .the spe~t~~ t~en vith the ·:an spe~t-~ter -ot -the ~ip~ , ~·- ;; . 
' ' • • ' • /' • • 1 • , ,'" ~- .. ; j ... ~ •• ~ ~'£;: '1 j 

above J'OO gaua~ ·em~ . The· K li~es of. the tour .higb-ener'~ -~: trans1_:t~~-s · _ . ~i.' .· 
' . ' .- . . " '.- ' ' ' ·. '.' ' ' ; :' ' ' .' ' ' ; .' . . . ' . . '•. ' ... •. .: :. ' . .. .. . ' '_I.:( ' 

. are .. elee.rly ev'iden~--~ The :artolrs labeled t~~~-~ -~4 M ~ines -~b p'p~t ~-~he,-. ·1~L--· ·· ... · 
ca.l~ul~ted.abscissf.i for the fGiot -of the leading ed8e of the line (~o~t: 2o- . :~t. 

' ••• ._''. • ,,_;·.: • ·_ ,, ·-. _-.-- ... r ·,_· --- __ • •• ·.~.-._- .... ~ .... :· __ !,;· .--·~.~----':_·:,-:·'ii('' 

gauss' em to the right :at tl}e_ pee.kL The _t4nla;b$led arrow ~t · 3887 gau$8. ~m : :'·: ;:, : 
• . • . • ' • ' ' : • . -._. : •• ' . . ~ • • • . ~- . . : t' .. 

points _to the c~cuJ.ated.poatti~n 6r tb:e rr" ;tine of a t'rarisitt~n--.iltQ. keY: J.:et)S. · ·' · .-
.:. 

'•,. 

.. i. 

energy· than the ·most ·.eri~~et~c ·~· r&.':f.• _ (Wi,th'· .. the-9-~ca.y .. f?ch~~·:·~~r~posed· .. · 

. ·'. 
in the· art1c1e1~ :':foll~ing this 1 ··which we refer to. as paper :zi ,. ~ 1 t .ts · ilt!p¢r·~ .: 

. . ' . . ', . ·. . . ·,· ~· '. . . . ~ ·.:' . ,· ' . . ,' := ... ' -r·,' ··~ ; ·, ' ~. ~ .. '_.,. . : .~ 

·· ... -_ . 

t~t t() search· f~r ·aU(!h' e; ttf;mEI~t1on~') ·. There. ~s._no·-ey+<ienc~ .to%: this ·i~e,·-· 
. . . ·' ' .' . 

',: 

·. The. ~onverSion line ·ener,gy arid ·.intenst.ty· data li.r,e s~rlze~ . tn Tabl~ l : .. 
. . ' .. -~ .. ' \ . . . :. . . . .·. ;· .. -' . . . ~: 

The ene~gy- t1~:r~~ .a11e based 'o~ averages O:r_th~·-best S~ciek~~lln;o~ .Berkei~:-._ · 
. . ' . . . - . . . . . . ' . . ' . ' . . . -. . ~ ' 

-_,,. 

data.- 'A;s the intensities.· ~re_ of con's,idera.l,)l:e im:pOrtance in_' construct~/ 
• ·' ' •• , o ', ' I ' • • ••• 

'r.l 

.. 
-~ .. . 

: , ... ~ ' ' .'. . . . 

13• 'Rfitgar~u~g th~ shS:pe or' thE! N~239 ~peet~ s~. a: .•. Slltt~s 1 At'kivi rat ·~~·:; . 
-,•._, 

Astr. Fysfr 12!\'(3) :(l947h · 
. ' 

,,. 
: '1 ';, 

paper). 
' ' . 

._:.' 
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10 ·, 
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~. •' ... i' . . . ~ •. 

. the .de¢~ 'sch~e ~d; ·as th~re.i~. some· :va·ria.i.io~ ~~~·:tntw~Js~t-iej; obt~triea in . ' 
·'farious .s:tudles, ·Table I ·inelude~ three ·tntenaity' :i:olumriat· <)ne :f~r ·.the·. 

~ • f ' ... ) • • ., • • •• •• ' " ••• ·, • -:.. • • •• • • •• 

-~ wrk o£ 'Freedmen et al., 3 on~ foit: S~tis .et· ai.? and. one· ·fcrr .tbe BD ~or~· .· 
. -~........... '-~ . 

-;. •. 

- . l~ - ·•. 

·f.:· 
: ,·· .' .f -

.. ' f, ~: .. 
• . • ,· ' ~ ' .: .• .'!. . • . ',f .-..·:i ' . ) · .. '. 

· Th~re 1s r8ir· a.gr~ement ~n t~ int~~ity t1~s bet~een th~· d.:itrerent. · · · · · · · · · -:, 
' ' • I •' 'I > ) .' ; • J . I' ' •l • ' \, ' ' I • '• J ' : • l (~ • ,' 

s_nvestiga.tions except for· some ·extremely ~eak ~1$11 energy lines arid. ex<!ept . . · 
.) •· • • • ' • ' • ·'i • 

. for the lowe~t ·energy 2.1.8•kev :-Ltl:~4- ~fue~ · :~~ _s~9h low energies s.l?~ot;d: :_,"- : · · .. . . · ... 
'• ' ' ', •· . . . ' . •I ' 

me~er measureme~ts .. are subject;. 'to ~om~ ®ce~ainty frOlll ·counter ~1nt.t9w.·. ·. :: · ::· :::··;:;!(_. · · ·. 

t~nSlliiss~ori losses·~ In tn~ :w~~~- ot:_Slitis:~ ~.5 the,.lov. ~~~-~.cu~ .. ott'. ·:.:-;-:: .·:· -~. ·. 

·or the be;e. speot~ (windOw or Hon..,..:r t~llns, oac11 oi about 15 ~>i b,.~il ' :' ., j( 
thickness) ~s ~~·.about 209 aau·sa e~, _and ~h~lz: inte~$1tt~f· ?f ·~1144, Ltll~\,,._,_ :' '_.: . . ·. ·1: 

· ·· 'MO. MN044 li·sted til Te»~e '! _cont11in cor;r~r:t!Orts,>ot 22; i3·1 · and· J ;percent;, : ··: : ·.· _ · : · -:.r~ .• 

reapectiv¢1y. _In ·'view of. the d~sagreem¢nt, the. tot$! intensity figure ;·t:~~~- : ',: ·:::: · :·iJ:: 

·' .•. ~::~ 
. )~ ~ . 

It is of some ·interest to collect. as ·in. Table _Ix· yet .. Otber 4-eiei'itiiha- . . ' .. 
' .. ' •, Jl', 

·_.···l·~.-~_r:··., . 
. :. ;. ' ' .~ 

'. ~-}::' 

. con\ferpicn 'l1,Jles ot the· 44~kev t~IMlidtton\h~~·.ho~ ·\)~Em -given much: Weight: irt .. 
' ' 

tne cpnstruotio~ .(jf a··decay se~eme~ :. 
' ' ' • . I 

I : • •,·: 

., sured em the l3D ·~aetrCI!leter the t·el.ative -~t~eities: o.t ·1:_~se lit)e$ ·.u~in.g' · .. · ... _:·r· · .. 
. 'both Np 2 3S and em2~2 sample~.· . A . 'Ve·~ . t~: ~Qtmter windo~·:w~s ti.se~:,: ~~t -~o:~: : , :. '· J. 

,• "M• O 

0 

~t,'· 
. . . : ' . 

- ' . - . \ '. 
transmission correction was made. · ·· , , · · ' ' 
. . . . .. ·.. . . . 1 . ' 16 .. '... . .. ' ,·, . .: ' : ' . ' ; 

Dunlavey and.J3ea.b.t?.rg 5 and D'I.UllaYey . ·have .determined L;(M,.N+Q) ri;~i9S ... ·. 

. ltith Cm242 : sampi~s .by- t~lt. oP~t.ins.tn 'e).ectrort .. s~hsiti~e .pho.togmpM,c > ;, 
• • • • . . "! .' • ·. ·_._ •• 

'•,., -~· 
- • t"' ~ 

l ·:-

. .' · . 

~- -~ '· 
. emulsions, and thetr resUlts are ·p~e!.serited,. tn Tf:l.bl~ :ti (:().;eo. 

' • ' " • I , - ' 

: :._ >t' 
·::..... 

15•· .. D. -C~. Punlavey· ani G·•. ~· 8eaborg, Phys; ~~v:·· :.§I, 165', (195~). · 

16. nf. c.· D1lnlav~y ,_ .wapti'bi1$hed. re~ts. (1953) (llO electron·_~bi~e~d~n¢~"·.' .. ·· 
0 

·, ' • 0 '. , - 0 ' • ' 1 •• •, o, ;- !,•,: 

. event!$. counted). 
' ' • • J 

. ..... :. ..:, . ..... .. 
__ ·) .· 

- ... 

. . · -.. ~ . ,. . - . 

,', '. 



· Table I 
238 Conve~sion Lines Accompanying Beta Decay of Np 

Abundance per· 100 beta disintegrations 
Electron Electron Shell El.ectron binding Gamma ~¢rgy Freedman, SUitis, P~fi~tK~ i~~"W;fO:. 
momentum line converting energy (Pu)l7 · Ja£fey J. Ra.smussen.z · meter (previous. l.y 
gauss em* energy* WaE,Pler.j Atterlins' UIJreported) 

503 21.8 ~I 22.2 44.0 38 28.7 

549 25~9 Lm: 18.1 44..0 20 21.0 

671 38.2 MJ:r 5.6 43.8 44.0 i4 ** 678 ("·, 39o.O MIII 4.6 43.6. 

7l3 42.9 N 1.~ 44.3 15.2 ___.--

3.2 
720 43.7 0 0.3 44.0 • 
991 8o.l LII 22.3 102-.4 

i011 84 .. 1. Lni 1.8.1 1.02.2 102.2 
1.4 

• 0.9 - co 
I 

1.9 

' 1097 96~7 ~!~III -5.0 101.7 1.2 0.7 
·~·--

40!+6 8o5.3 K 121~7 927 0.05 0.03 

ll099 8J.9 •. 8 K 121.7 942 ... 0.10 0.07 
L - - .- !"' O.o6 

4259 864.4 IC 121.7 986 0.,_3 0.26 0.20 
L 0.13 

.• 0.04 .. 
") . 

4414 ' 907.6 . K ~21.7 1029 . 0.3 0.22 0.20 
L - - - 0.08 0.04 
lf,N,O - - .. 0.06 0 .. 02 

*Calibration for 44 .. kev gamma l~~~frOltt 'l')i &A ll~~- t~-;~~~s 1IPA = 5~.11 f-rom the work Of Meyer and Sehm1dt.l8 
Calibration f'or lOz;..ke\r gamma· lines from Th B F line taken· as He:¥ c 1388.56 trom the vork Of G. L1ndstr&t .. l9 
Ca.llbraticm ~or higher energy l.ines from csl37·K line taken as lip - 3381.3 trom the work of G .. Lindstr8m, K~ 
Siegbahn .t and A. B.. Wapstra. 20 
The SD measurement_ of ~bsolute energy of K5)86 is used, but the energy differences to other high energy ltnes 
is tr$en :frotn BD vork. . · . . · · . ·. > 7 · · · 

**Berkeley meas~ts give the Mn;Mm:K,O ratio- as 1.85:1.35:1-.. (See Pas"sell. ) 
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..-. 

.~··· . .. . ' . ·, .· , .. 

Inte~eities ·bf P.ohver.Sion L~es·~r. th.e.·41t~ev:T~~it16ri· .. :· ·>:· .. : ··.· -:~ ......... . 

· Ratio 

: · .. · / . .. · .. ' · · · . . Be.rke).ey . ·· .. · Iru.nla.V,ei · re• . ~~ ·. 
Freedman Slltis Passeu7 · .double'.· ·punlavey, · .determtmtt'-al' ·et. e.J..,21 .. · 

. ·~ !_±. 3 · ~ :@ ·c~242 . r~cuss1llg7 s~~b3~~lfby sam~ 
6 

. ~:- ~2--ry · . . .. 
. 'Np238 Np23B : . : .. ·· .• ·.I4P2~_, ;:. ; ·cm24 .... ' m:~hg!i4a ' .. ·~·~·~:i)[~~t±·. 

1.44 : .. .. ·. '1.,'26.· .. ·" ·• .. · ,. · ....... ·-'~:>~i~·~ ~ ·.· 
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. TM~• tabLe~ ·~ that iM ·~~~ct~on rMt~r (b~,tbe ·.~···~. 2;,~s ~~~~~-~~~·~~: ?f .. 
for .high atomic numbers j,s considerably less pr~nQuJ;l:eed .tfiruf'th~ ·z ~· 0 appJ"Q)Ci..O : . rt .' 

'·· .. - .. . ·. :,_; :. ... _.:~ . ' . ·."·.' ~~-:-·t·l .> -_.~- .·_·:_ · .. ·~.' .. -- :- ·.' ~-i .. ·,.;: :.;/:;··:::.~:jtt··.' .. ·· 
·m:ation correction ·.scmiet.:l:mt>rs used: •. In· the' coriv~n~lotia.l. ·ll'ertni•K\iltf plGt .. ot ,pfg.,. l ,• ·· .. ;;~ .· .··. 

• ' • ·'- • • . ' 1. ' ' ·••• ! . _,-_ . . ' :. . " . "'"• ::•. -~.·-·: ... . ' , . . r . , ~ .. , . . ... ··:_. i· 1. 

(where the Fermi. t'l.:inc:tion W$s· obtatned.· fr.~ 'the ~~tlona.l.lluree.u ¢f. .. s~~~d:s:· ., .. ·: ··• 
·.·_ .-·-·_ : . ~ .... _·· .. · _.~---. ··-·. : .. ·_:·-~- ·.,-:· .. ).· .· _·.· --_::·._ ·:-~---·~:_:_.··:~}:' 

tables23) e.~ $hown e.· sti'li.:tgnt solid. ~i~ and. a aas))ed A£· ~, e ;~a,. 'i~Q.e. -~-~i~u.; .... ; >>> . 
~. . . . ' ' . . .' . ' . . ,· ' '~ . ' ' ·., . ' ., '. . . . ·. '. ' . . .:- . . . . ' 

lated. f~ :the ta~l:~s :Gf aose fi!\ !t:_.22 Tne .enGtpoint e.ne~~ie~ wet:e) -~:~$~~ .to:·.· :.: ·. -: , . 
'· • I, ' 

' ' . . . ·' .- . ~ •, . .. . -. . '. . . ,, ·~---: 

give .quillt~t1ve beat J'its ·ts the e"~r:i.mental:· ;pt')ipts ~n. ~eh ·ea$e. ·.Part.~.·ot. '· .· , 
··'' • __ t, '• 

the ·spectrulll &.re 6i>s~ured by soft .bet~ 'raya .or bi'higb ~~f&Y conversion .ltn$8.~;. ; .•. · .. · 
.. ', ' ~ .·. .:~. ' '_ . :_ · .. · ... , _: .· .· : '-. :.· ~ . '~ ·~·,~- :· .' ·.' .- -·.' -~; ·. _._: ·._ ~ .. ___ :·: :·_~~- .. -~.-· ,:_-~_:.,.· ·:. 

We are inclined to gi V'$ ·most weight· to • the f;i:~ ne£t:r the '~d.· of' the Spef:trlfin:~ <: : , . . . ·'· 
--·1! - • ••• • ' .' . • .•• - '·. • _,' ··....., ... • ' •· •. :,. -, . . . 

Tli~re the :slope~ .of ~lov~d arid roi'bidden -spectra are quite ditteren~, nth 
J· . . . '.: · .... · .. '· ... ' .·.... .. · .. ·.· .. ·, .... ,·. · .... ·.·· ... 

the · ciata a.greeipg :much b~'ter :w1 th. the ~liNed. ;Line. Y~X7 'pert1:l'l~nt· ~o 'the· · .. 
. - ' . ·. .. ' --. ·- .. ' . ;· . 

· . If. th~re wer¢ adnilictu~~ of· !-Vo groups ._with .·endp()ints dtt:fe';i~· by. onl,y 44· .. k~-)-.. 
· it would hardly be :Possi~le to :~ete~~ i·h~i~ ab~~<ies bY: t'esol~i:t<in ·Qt. e. .• ·;:. 

: .:-.·. 

· Fatxnt~1Curte .plo~:.:: ·our beli-ef .that '#M/ OO:J:ii.beta. spec~~:ctlr#Ji.ets 6r ·e~e~htialiy: · ~:. ·. 
. : .. : . .- . (, .. S· ~-- . . . .. . . ·. _.' · .. : . ·•• .. ·.:._: .. : .· .. ,·· :- .·.· ; ·.·;.- .. ',_'_ ·: :· _; ·• -.. ~ · •. ·:·- .-.. .-: . .' 

a single $I'OU:P .goulg .io ,th~ ~~kev first.,..~x~.ited~ s~ate~ is· bued: bn L.;;,~~raY"'. . . .. ','-:f_, 
. . . ' . ' . ,.. . . . ; . .. . .. . i4 ... · ,· .. " .. .-.:·, .. · ....... · .... '. ·.· . , .... ·:· 'f•' . 

beta coi~c.i~~mef ~r.k .reported·,~ p~pe(I;t .· ." ('l'he ~o~t~ey -~es~~ prev:t~'~:.' :· :_: ·~ ... ·. 

.~ repG>rted . \'laS shown to be in. error by :lat~:r e~z:'itfi~ts. ·using the .. fllame . ·· · ... · 
,. . ' •• ' '1,_ • ,- ,.,. ' ·~ ' • ' i ' . 

app~~tu.a~) ·~~ t1t-'for·:tne.•lowel' .~.ilerg;s/_pol~ts :of:F1~. ·J:~~ems ·l;>~tter fo~. the,· . " 

forbidden .shape; but:._th1s '~ be.'du~_.to -~:~nt:qmptet~ su.btraetion ~~-the ,.~G.39 . ··· · 
• •• • ' ' • - ' ' ' • • ' ' • • t • • ' ~. .. • ' .·' • f •• - ' - . 

sp~trum/ ~~d.points of)tbiah :a~ .. tndioated. by. ah."olir~ ~n Ftg·. 3~ ,;. .. · . .:.' · · · 
·. ' .· ~ ' . . ,. -.-:. ,,_ . :' -·,·, .· ·.· ·, .... · .. '. ~- '' . -.,· ·- _. ·.· .. -~--~ -~ 

·. · ~hus., ,we. su:pport.~tlie 1c,otielua:i.9n ot.·.Ftee~ ~t ·ai.'3. ~~~ t~e ti&:rct .beta 
! ' . : ., . . ..- .... · _. ~ :·: ··~- .'' ~ ............. .".';' ,, !'-; '::··· 

. group has al.it>Wed. shl!.pe 1 . $ld we :find ali Efn~t:gy l, 25· ·:·MiifC! c:0~$red <wittbthei't .··. 
1.·272 ~ev.. . . . . . . . . . . ~ . . . . . . . · . . . . , · · .. , .' : , · . ·_. ~·' 
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~u- ·. _ ··-·· . ·.·. _··. ucRL~~a5_2: . ··_.-.·. l 
. -~~~-~- 4 ehws a· Fermi~Ku'rie :plot of ··~h~-.s~· pete. ;:ont1m1Um"· t.rbtti .S$ ·'. ··. :_ .. f 

' data at~er jSUbtraetion or' hard bets.' elld' wp.239 -beta ~P~t'rfbutions •· " Part-il:.:·.- .' .. ~~--.. ' ; ·l 
of.· the· -spec~~ ar~ pbsQu~ed 'by co~verdon·:~j_nee. ·. The. Fem~K,ul-!e ;i~t ~ia:s.~.··.· - :·~~~---. 

" ' .. · :, . .. .·· .. ; :' 
.. ? ' . ~ . i • 

a. det'inite :ct;lr'lrature,· indioa,ting the, probabfe presence 'of tnor~ th.tin one - ' l '.·. 
soft beta g~oup, ·b~t it 'is not ":felt·· ~tmt the· d&t~ -~~e -~£.sUfficient· e.~~ut"atfy.· : ,. · J 
t9 Ju~tiJCtfl!W reeolUti<>n of tlt~ plot, ~' en4P41!rt; ~ tile ""1"t ~e~t~e:' __ <· .. _ 'J·· 
-ao. tt b~ta.·grou.-p a~~ tq· be ab·o-ut,o_._~7 ~-':in satisf'a~tory ~reem~nt wit~:·:~·.,· .. :: :· 1, 
the ,0.-25~:MEW _of Fre~ !l-!!_.3 . .. . .. . l-· 

' ' ' ' ' ' ' j 
· · · · ~e··int_ensity ·rat'i() betw~en soft ·peta t9.Y:e ~a .hi:iM ~t~ grtltrp$ ·-~.s.S " .: ·· · ~ . .. . . . . . ' 'i: ' ' . 

· rouDd tQ be 55t45 ~n ~1>.1• Wv~~tigat~o~. n.~o ~i<> ~B}n so,o<i•·asr"""""'t . · ·. r····· 
with 'the ratio ~3:47 of F-ree4man et al. · .· , · . · :.<4 · - '' ·•.,' · ... '' - . ·. ·--. " •,. 'f·· .. . 

r~ .. ...... -
~l'lloscol'Ic MEASURDI!ll'i' at ·UitAimllt IIAII~ i>lli7.00~ .·.···. _ ~8 . . 

'In order ~o st~ tne relattve 1ntens1t1es;,·of' the high ·energy·~ rei.y.s. :-'· ··r~ < :< .. 
(unresoiyable by $cintillatipn spect:x;orr~ter) .t.he. sp~~tn,.im. ot .eleatrone. eJe~i.\e~-: :~ ·.·r·, . 
ttom a q.'0005·ine.h ~ti.ic~ .ti.rantwri meta.l'rad.i~to~ .~ .striat~d· ln:·t~~- l'erlt~ley, · ·· ·, . j, 
thick-lens· $olenoi~beta sp~troinet~:r .• ~2 . . . <. - ·. ,,., · · · 

q
1 

Tb.e sample ot ·N)?238 wa·s:·~hclosed ~ e.:.eylin~ri~~- al~fun &hi~ld 9t . ' · . ·, , ... 
- '· . ' ' '' . ' ' '. ' - ''-'238 ... . ·. · ... ·.-·· __ ·,._, .,., . 

) 

. sUfficient thickness to ~:t~bso~. the beta ndiation of Np , and on the · · · 
I, • -~ .· • ' ., ,·. • c . ' ' < • • ' ·' • • • • • \,' ~- • : -~-~- \ 

plari~ i'e.ce .,Qf the shleld in the normal .. :Po~1t1on .for: the. spec1;'r¢meter s()u.ree ';;\·:;;!\;:. ,_.· ,. 
' , _: . ·_,! ' . - • . • '.' l" • :; . - . ,l ··•. ..... • ' • ' ' ,: • • . ,. '\ • ; ~. •'., ••• • . '"I •· f"; '.' 

-' . ·' .. ' ' .. 
was a.t~ctf~d ~- di~k of -ura~um metal J~~O()o5 .. Int!h thick l;Uld 0~$ ... 1ricll in : ···· .· ·. · ·. · .· 
' - ' . ' ' . ' . / ' - '·· . - ' ~ ' ' .·. ' ' ' '' ' ,' -: ' '" ' . ') ·. ' ' ' -., : <' :' ' ')' .-

diameter. )· 
,!, ' ' . ' 

Figure 5 shows .one r>f the several· ser;i.:.es: or .~asurement~~ ... The iw.o--. . . . ' . . . . . ' ~ . ' . 

·prominent· peak"S are 'd.u~ t,o pho~oeJection:or· K eiee.trori~' by .tli~: 1029 .. ·aud · · . 

~86·~ev ·~a rayc· of.: Np238 . . Ce~ters . ot ti\e .;e~s·: lie ~out lOkev· .l~~~ . ~~ . 
. . . . ·, . . ,, -. ·.. . - ,._ ·.··· , .. 

'energy: than ca.icUlat~dl .but·· t:b.i~ is,: ace.ounted tor by ithe>'thtckne.ss 'or.·• t-he···.' 
• • • ,· • • ••• ·; ' ·' p ,' • •• •.' -· 

. '. .··'f". .. ,1· 

uranium radiato~s. _Diffuse peaks due to t ahe!l _converl;§'ion ·$-f.e :seen at . 
. . . · .: :•. 
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hi~r e~ergies. ·:At energies J\lst ti.~iow t.h~·K9e{P.~~ tne ~iectrons.~~du~:.·t:o · ..• ··· •.. '/ 

. · Coinpton · s.batte:rtng. ·e¥~t$. snarply . r1~~·. ·· 1'h,e:. COJnp'tion, · el~~t~ns, ~o~~a.t~ly . .:. ·~: 
.· ' ' .. ·~. . '• ' . . . ' · ... ' ' .... · . '·' : . \.: .. . : \ . . ·' ....... : ~: ·:··:·-: . ' . 

ob'acure the I"egion ot great interest where th~. K phatopeaks ot the weaker ·. . · ·.: . 
•' ' ' ' I ,' ' I ' ' • ; j .', ' '.:, .'' I I ' ' ~ \, • "'' • ; • , ' ',. , I ',.. ' I ',: •'.· ;.' ~ • ' -~ • ', ···~·.' I ' .: '~: • 

· ··94-l-'and·925-kev_gamma ·~·a are expected., Olie \1~-on.l.Y.ae.y.that.these .. ~; 
., . . : ,• . . . . ·. '. ... . ·.· . . ' , .. " ·.·,.:·. .•l .. · .·. . ..· ., ,. 

r~s ~re·;tn sQDtWhat. l~e:f . lhtensit;Y- tn.a.r1: th~ Mgh~r .eners;v ~ ·~P. . ' . . ·· ..... · 

· ~e dotted liil~s ot Fig. -5 indiciat~ ~tr~i:·th~ main. pea.ks'~e:re -~:1\u~ived:tot. ' 
,, I ' • , t, ' • • • ' , • ,' • •' o " , ,,· o ~._I • ' ' , • < " ;,, :- < ' • ., • ' 

detenninatton 6.f their ·rele:tive ·trit.ensttiet. The ,area~ ·9f .ifhe peakt(a~ .in 
' • . ' ' • • , ' , .. : •I ;• ' ' ·,·.! , ,. • ',. 

-~ ..... - '' • . 

. the .ratio K
1029

.:K986 .= 1~cr.90. For ,these ·E!nergies tlle photoelectric_:absot;P ... '. · ... '.· ... 
• ' ' I ' '! • I f•l. • ! - '2~ · .. · ' ' 

t~on cross section .varies ·ne~rly irtv~rse.l,.y as the. square pf,. the -~ energy-.. , .. 
. . · .·. . ·. . . . .. ·. ·. . . . . : ·. . , . ' ... '·. : ;-: .• :. :.: .. · . · •. ':,t: 

. Ma.k+ng ~eh e.. eor~ect1on we ~bt~iJl ·the ~·in~ensj,~y ratio··:r102~r986··~ .. ~/0.83~.'· 
·An effeCt. Which i•S diffiCUl.t. fu ,OUt'·,~ta$~. tO. E!.Sti~t~· ~Wmtlta~iVel; :·fl~!Se~·' ·:. ' · ' , .. 1 .. 

. ~ . ·. ·. . . . . . . . . ' ' . ... . . ,: . . . . .· . ;' •. : -... 24 .· .. ' ·. ' ; : ;; . 
. trom the eb&tlge in .El.tlgUl.ar distti'but:lon ·6£ pho-t;oeleetrons. :w:ith enerear.. . The·: . ;(; . 

. . :~ ;p:: ··::c:~:·~:::::2:~7±••;b:h:p·:z:::.:;t¢rZter.• .. · t··r . 
· .sbo'-lld gi\re higl)~r. e~fecM.ve transmS.ss'i~n f~r. tlU~ IS:o29 ~ e_o~are~ -~ th th~ •. ;,. :~. ~~· · .. : 

.K986 e:tectron·sr. · ~!e·etfect should ~o~ _be l#s~ ~t~h'6u1;-geom~~r1~s an~.;~s .. >. ( .. ·: .. 
. th.~retore neglec.~ed. Our ratio· is 'to 'be compared .wtth that of 1.02:1· detemined · · ' · 

Qy .F-dtnat) ~ &} . . . . . ~ • . . . . . . .. . .. . . . • . ·t·~. ,, . . ' •: ' • . ~ < 

··:It might oe po~sible to. obaerv.e 'phot<;~peak~; trom the ,.vea.ker gMimf:l . .ra.Ys if . · ·• ;.j > 
. ,· : .. . '. . . ' - . .:' · .... · .... _ ..... · .. ~: .. . -~- . ·. . ~; . . . ' . . " . · .. ···:·; - ·. .· : ..... , .. ' /~:- .. 

a radiator Of iower ' atp:lllie numbe!r than. uraid;um. wer,e used (increaSing ·i~ . ~; . 
. . ' ' ' ' . ' . ' . . . •' ' . . . . ~ . . 

· · .. · ~nergy .dif,ference be~ ween ~he K ·:p~otoeiect~n ~~ergy· ~a tne cOinpt~' ·el.ectron ~-
. ~i~um) 

1 
·but this .exp~r:~~ri~ has not· ~een dope l>;· us • · · .. ·, . · · : .: . ·. 
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DISCUSSION 
• 

It is obvious that th~ several hard gSlimtJ, rays of similar energies e.ignify 

close .. l.ying ~ev-els in Pu
238 in the vicinity of l Mev 1 and. the possibility of 

their interpretation in teri:ns of Bohr .. Motteleon type rotational bands se~ · 

promising. 

In at~euvting to construct a decay scheme tram electron spectroscopic 

data, one seeks to tind as many cases as possible where the energies ot two 

or more. transition~ add. to equal th~ energy ot another trans~tion. In this 

connection 1 t rt~~J.Y "be pointed out tbfl.t the energy differences between the high 

.~nergy gamma K conversion ~ines are known much better than their absQlute 

en~rgies.* The possible sums are list~d below • 

~ard beta .. 2111oft. beta:: 960 kev; 

Er1029 .. \ 966 = 43.2 kev; 

Er986 - Er942 = 44 ·6 kev; 

Erl029 .. Er927 ,; 102. 3 kev; 

.. 

Er986 = 986 ~ev 

.E 1.1. = 44.0 kev 
r~ 

Er44 · = !t-4 .o kev 

ErlOZ ~ 102.2 kev 

(l) 

(e) 

(3) 

{4) 

It is difficult to decide V'hich ot the gwnma .sums are true end which are 

coincidental. ,_ From the above beta speetros.col'ic information a simple level 
. . . . 6 . 

scheme with levels at 986 and 1073 kev was proposed, accounting tor all four 

energetic gamma raya through transitions to the kno~ levels Of o, 44, and 

146 k.ev. S<:intillation eO'linter coincidence stud;ies (reported in paper II) 

later showed the proposed scheme to be incorrect· in some respects. Hence, 
r 

the decay scheme proposals and accompanying interpretation will be lef_t to 

paper II. 

-t~For a mo~ deta.Ued di~ussion on the detennination of these energy ditter .. 

ences see Ra$I11ussen, P~asell and Stephens. 6 

I. 

1 
~ .. 
~ 

.. 
t. 

f 
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It is {.If ·some interest to compare our val:-ues for the energies at the sta.te£1 

of the ground rotational ba:ad Vitb the p:t"edietions of the Bob.r .. Mottelson. theory. 25 

To a first approximation the energies $hOu.ld be given by ·E a ~(I + 1) With 

oril.y even ;r vaJ;ues. above e. spin zero base state·. Fran· the first excited 
I 
I.· ' 

state energy 44.0 kev, the rotational quantutn energy is 7 .33· kev and by the 

simple ~ormula the second e~ited state should lie at 146.7 kev. From .oUr 

energy data it act\lall.y lies at 146 •. 2 kev. The thf!Ory predicts. such a devia.-

t1on1 .and a tlvibra.tion rotation illte·ra.ction" c-orre-ction term of the form 

constant x I 2(I + 1) 2 subtracts from the stmple energy fonnul,a. In samples 

of cm242 the g~ transition between the 6+ and 4+ rotational atates of Pu238 . 

bas been observed 26 and i te energy measured· by ac int1llat1on apec:ttoaCtO'py as 
. . J 

157 ± 2 kev. Thue; we may check the theoreti~al correction term by . calculat

ing the constant using the energies of tile £+ and 4+ l~vels e,nd inde:pendemly 

using energies of the 2+ and. 6+ levels. In the former ease we calculate f'or . 

the constant 0.0017 kev and 1n the latter, 0.0032 kev .. !he dit;agreement is 

probably real but IllSY P.artly be due to e*rimental error, as the ·deviatiop 

term is so small and the above calculation eons.eqwmtly depends $.o sensi tlvely 

on th~ energy. The constants agree, for example, 1t an energy ot 44.2. kev 

were used fo:r the 2+ stat$ •. More accurate measurements of. all the lOY energy 

transition energies would be of. gree.t interest to cheek on this point. The · 

disagreement 1 .if real, would mean: tha.t the rotational. &iergy level perturba• 

tions cannot be accounted for completely by a vibration rotation interaction 
'. 

treatment. 

25. A. Bohr and B. R. Mottelson, Dan. Mat. Fys. Medd. !§. (14) (1952) .. cf. 

p. 33. 

26. F. Asaro, s. G. Thompson, and I. Perlman, Phys. Rev. 2§_, 691+- (1953}. 

•' 
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Figure Ca,ptiona ~,' · · i' 

Fig. l. Eiectron ep~ctnnn of Np238 (wfth Bolne Rp~39) ~ the region ot the.' . -~:: 
!.·· 

eonvereion lines of the 1~2.2 ... kev garurna irs.y. (Stockholm double· 
' ' 

focusing spect1-<>meter.) · 

Fig. 2. 
. . . . . a~ 

'The high energy part of the Np,. . beta ,spec_t:rum. · (Berk,~ley double..: 

f~Us1ng spectrometer,) · For i;o,t~rpret.a.tio~ of the arrowa see the 

text. 

Fig.:.J. Femi .. Ku~;J.e plot of the ¥-rd beta spectr\mr ~f Np2~:"- ·(Stocklio~ ·' 

lo!Jg lens 1ntermediat~ ilnege apect~ter .. ) 

Fig. 4.._ F:ermi .. Kuri.e plot of the ~of'~ beta spectrunf of Np23$ (Stockholm 

long iens intermedifil.te '!:l'n$ge t;pectromete:r.) .· Cont;r:ib\lt1ons · trom the 

hard·b~ta group ana. from tbe. b~t~ _spectrum of Np239 c.ontmn1natio~ 
.. 

nave been subtracted out. . . . 

Fig. 5. Spe~~rum. of' electrons e6ected tram a · th~ '.lJ'Mium metal radiator 
· . · . . 2 a 
by the gamma radiation o.f ·Wp 3 .• (Berkeley thiaJ;t ... len~ b"ete. 

spectrometer.) Dott·ed. l!ries show how the K photo lines for the 

tvo most :intense gamma rays w:ere resolved for the purpose of the 

relative intensity determina.t1qn, 
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