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Ly MR ABSTRACT T
SRV R . - o CoT
SR The heta decay of Np 38 has been studied using several beta speetrometera. : a

-’ ;energiee now determined as uh.o, 102 2, °nu, and 1929 kev, new conversien lines, {

Z jcorresnanding to transitiaus of 9&2 and 92T kev were found, These transitienﬁ

1ndicate the presence of closely epaced levels at higher excita%ian energies,

‘j Intensities of conversion lines and heta groups were determined and ccm@ared

'frwith previous work. Ferm1~Kurie plots confixm.the allcwea shape of the hara

Kwe:

Sy

(l 25 Mev) beta. group and give 1naicatlon of camplemity in the s@ft beta graup
‘ (0 BT Mev) The energy deviations of the gr@und rutational banﬁ levels from lv: L

- thg simple rotational energy formula are dis¢ussed. ,

| *Present mddress: Phillips Petroleum Compeny, Idsho Falls, Idaho,
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INTRODUCTION
14 | 238 | |
Early 1nvestigations of the decay of Np h&ve shown a half iife of
day,a , & complex beta spectrum, $wo highly converted transi‘tima of 343-

103-»1:9*»" energy end.two gasm rays of 983— and 1030~kev energy. The beta o

components were reported. to have an allowed ghape, 47 percent of the

1.

* Research ‘ngers (McGrav-Hi11 Book go., Ine., New York, 1949), National

2.

*‘,?résent addréss»: Phillips. Petroleum Company, Idaho Falls, Idaho.
G. T, Seaborg s A, C. Wahl, sand. J. W. Kennedy ’ f.Ehe Transumniwn Elements.

-Ifiuc;’:.ear_ Energy Beries 2 Plutanimﬂv Project Record, Vol. 11&3,' p. 13, '

A, H. Jaffey end L. B. Magnusson, The mnsuranium Elgméntsz 3 Reséamh

papers (McGraw-Hill Book Co., Ine., New York, 1943), National Nucle_a;r'

. Energy Beries, Plutoniim Project Record, Vol, 14B, p. 978.

M. S. Freedman, A, H. Jaffey, and F. Wagner, Jr., Phys. Rev. 195 hlo

(1950).

W Mihélich, Phys. Rev. 87, 646 (1952).

3t -

T ar |y e ﬁ;m [EI——

ey

e enl ey

-

3 . * - . - ) ' N O ¥ : -
N - ) R - N ° ’ v . :
o g . . AR R )
. v .

=T P B



e | . WRL-2852

'disintegratiéns belonging t6 the hard cémpcnenf, thelmﬁximné éné§gy df-&h@chv’
is 1272 kev, and_53-percen£ to the soft ccmponeﬁt}of“258~kev gﬁergy;

The present papei sets forth and.interprets material gaiuéd from fufth&r_
beta spectroscopic work on Np238,-some ofIWhiéh.has been é&rtially ;eyorted-»
in prior notes.5'7 i N

mmnmm'moc;mmmﬁ%ﬁms"“ S

‘For the Stockholm work the Np238

was obtaihé&:by bombarding neturel
- uranium metal with protons of 12,5-Mev energy in the.aés-cm cyciotroh'of
the Nobel Institute of Physics,* and for the Berkeley work, by 1rradiati0n
of Np237 with neutrons in the MIR reactor, Reactor Testing Statien, Arco,
Idaho *¥ o

The neptunium activity was chémically.purified by Var{¢ns combinétiois
of the procedures given by Magnusson, Thompaog, and Be&bbfg.8

The fcllowing types of measurenments were made:

1. - Beta spectroscopy with the.Stoékbolm.intermediaﬁe imagé, iong‘;ens'

spectrometer.’ (At & resolution of.~2'percenﬁ.)' (Referred to as 88.)

.*We are greatly indebted to Dr. Hugo Atterling, wha devélopeé énd5tested
the speclal target holder for the uranium metal and who carried out the -
three bombardments., . ;

.‘**We express appreciation to Dre. W. B Lewis, Richard Bmith, and cthers at
the Reactor Test Station for facilitating the irradiation.

5. Slitis, Rasmussen; and Atterling, Phys. Rev. 93, 646 (1954).

6. Rasmussen, Passell, and Stephens, Univergity\of California‘gadiation“

Laboratory Unclassified Report UCRL-2585, 1954 (unpublished).
7. T. 0. Passell, Ph.D. &hesis, University of Cgl;fornia Rediation Lahéraa

tory Unclassified Repott UCRL-2528, 1954 (unpublished).
8. Msgnusson, Thompson, and Seaborg, Phys. Rev. 78, 363 (1950).
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. 2. Beta spéctroscoPy with the Stockholm dou51é~focuaing spectrometer.lo
(At resolution of .5 percent.) (Referréd to as 8D.) o
© 3. Beta specﬁ;oscopy witn the Berkelsy double-focueing spectrﬁmater.ll
“(At resolution of 1.2 percent,) (Referred io as'BB.)
4, Electron spectroscopy 6f photo and Compton electrons from_a_(b.OOOS-.n
B inch) uranium metal radiator with the Berkeley'ring«focusing“
solenoidal Spectrameter.lz (At resolution of ~2 percent.) ‘(Bée
ferred to as BS. ) |
.Hhere duplicate information was obtained, we present the best or the
average of the best aetermin&tlons., In general, regarding beta spectreé
scopic rgsults, the energy measurements on the 8D spectrometer are taken
- as séghﬁard, since this instrument is sPécifically}designed far precision
energy comperisons, ﬁovéver, the enefgy differences of the high-energy
vconQersion lines determined oﬁ the BD”épectromete: afeApreferred'by virtue -
of the much greater sourde strength and‘cbnsequent be¥ter counting statis-’
tics in the Serkeley work., .The'BD measureméats were not as'&eefulvae 88
and 8D for the continuum and lines below 0 T Mev (éisintegration energy of

239) because of the larger admixxure of the troublesome Np 239 %, Tme ss

measurements form the basis for spectrum shape studies of the hard beta

9, H. Sl#tis an&>K;'Siegbahn, Arkiv £8r Fysik 1, 339 (19&9).

10. A. Hedgren, Arkiv fér Fysik 5 (1) (1952). | | |

11. G. D. O'Kelley, Ph D. Thesis, Univeraity of Californis Radiation
Laboratory Unclassified Report UCRL»lzus (1951),unpublished.

12. G. D. O'Kelley, Californisa Research and Development Company Unclassified

Report MTA~38 (May lQﬁh),unpublished
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'L,Of the canversion linea cf the 102 2~kev gamma ray, Raﬁe the lines assigned

- components.
| above 350@ gauss cm,‘ The K lines of the f@ﬁr,high-energy gamma transitions _%,

ca&culatea abscissa for the raot of the 1aading eage of the line (about 20

Fxgure 2 shows the spectrum taken with the BD speetr@meter éf the’

o are. elearly evident The arrows 1abeled fcr’t and M 11nes each point te the jéfj“; :

gauss em to the right af the peak) The mnlabeled arrow at 3887 gauas cm

' points to the calculated positien Qf thé K lina of Fy transition th kev le&s 'ff:"7

a;“'v energy than the most energetic gamma ray.- (With the aecay schemee prgpbgea  f?uF1
| in the article;h follawing this, which we refer to aa paper II, 1t 13 1mpor;: »3T;f3
'tant to search fnr auch a transiti:m ) There is no evmence for this 11ne,
'l;ii¢ffand va»can from these data say that it 13 1ess than 10 percent ef tha 1n»ﬂﬁ H :f ;j_;
F‘Vtenae line 2(1030 ‘ ' ‘ | ‘ S ' ' |
The conversion line energy and intensity data are summarizea in Tablé I‘”i;;: if

'f'The energy figures are based ‘on. averages of the best Stockholm or. Betkéley :f:iLA}?:

| i data Aa the intensitiés are, af considerahle importance in eanstructing u;i}qﬁ;U ’_
13 'Regm“mg the shﬂpe of the Nr’zas spectmm aee H, swt:m 5 Arkiv far Mat B
st Fyst 3 (3) (9. SRR TR ,;-;;j |

k ihs:iﬁaamuasen, Etephens, Stromiﬂ@er: &nﬁ ﬂstrﬁm; Phys. Rev. (f@liowing e ggiﬁif;
paper) o | S §

AR,



the decay echeme and a8 there is sorie variation in inteﬁaities obtained in Aﬁif f* |

" various studies, Table 1 iﬁcludas three 1ntensity columns“ one for the v"
fwork af Free&man et al.,3 one far Slﬁtis et al.,5 and one’ far tha BB wnrk |
previously unr@pcrted.; ;'7  . l” " ' ‘v o o i"lA o f f
‘Thete, 15 foir agreenent in the intensity figur@s betueen tne different :¢ffff};3;{
Linveatigations except for some extremely vadk high energy llnes and except ST
>.;<_for the lBWéSt energy 21 8~kév LI 4 line. At such lnw energies Speetra»
: meter measurements are subject to some uncertainty fram céunter window 5

, .

-“Jtranamlssian l@&aes. In the wcrk of Slﬁtis et al.s the 1aw energy cut«off »
o ' * ’ :
"._jcf the be&g $pectrum (windoa of 6 Formvar films, each uf about 15 ug om E

III“”

i‘jrijT;'thickness) was at about 200 gauss cm, gnd thair 1nten61ties of LIIhh, L
o)  i*bna MOk listed in Table I coutain corrécticns of 22, 13, and- 3 percent,
l';irespect1Vely. In view of the dxsagreement, the tetal intensity figure for
fL convers10n lines of the hk‘kev transition*has ﬂot been given mnch weight in’ f¥7
- the construction of a’ decay seheme.;,i\v‘ L ‘ . | I M _
- It ie of scme interest to collect as in T&ble II yet @ther detérmina-'7 ':'“
':itions af intensity of the Low-energy conversion lﬁnes. Pasaell7 has mea— 7:
-Qrsured on thé BD speatrameter the zelative iﬂmensities of theSe lines uﬁing

238 2k2

- both Kp and Cm. ' sam@les.' A very thin ucunter windgw was used, ana no o

'transmission ccrrectioa was ma&e.

Dunlavey an@ Se&borgls ‘and Dunlaweylé have &etermined L (M+K+Q) r&tioa'fa

uz

‘with Cm SEmples by trask eounting iﬁ eLectren~seﬂsitiVe photographic

 -f‘emulsiéns, anﬁ their resulte are pfesentea 1n Table II alsa._g

X

*3§ » f';!15 . c Dunlavey and Gi T Seaborg, Phys. Rev. hz, 165 (1952)

16, D c Danlavey, unpublished results (1953) (110 electron éoinciaence e

events eounte&) e v  R -,*_.",[ﬂ';;;gi';.};,ufxyﬁ'hf




Table I _
Ccnversion Lines Accompanying Beta Decay of Rp238

Electron Electron Abundance per 100 beta disintegrations

o bhdh

Shell Electron binding
momentum line Gazme energy Freedman S818tis i3 ouble~-
_ 1 :
gauss co®  energy® COOrUIN8  energy (P W © Jaffey, Rasmussen gé’%e%}%%rgvigisly
' ‘ ) h ) wagneré Atterlingé mrepqrted) 7
503 2.8 Ly 22.2 4h.0 B/ 7 287 -
549 259 Lpgy 181 ko 20 21.0 -
en B2 wg 56 W8, oy .
T3 k2.9 W 1.4 k3 15.2 , .
- - _ , - - 3.2 :
720 43.7 © 0.3 4.0
991 8.1 Ly 22.3 1024 1.h - |
1017 4.1 L 8.1 102,z 10%-2 1.9 0 ' o
. S . TI1 | 401 . 9 - ;
1097 96T Mypg  ~5.0 1007 | 12 0.7 . -«
hol6 ®s.3 K1zl 927 - 005 . 0.03
o099 819.8 K S 121.7  oh2 - 0.10 - 0.07
, o ' L ‘ » ) - - - 0.06 -
4259 8u.h K . 121.7 . 98 0.3 0.26 0.20
- : L : - Co- - c.13 -7 0.0
/ %07.6 . K 121.7 - 1029 . 0.3 0.22 0.20
L - - - L - | 0.08 0.0%
N,N,0 - . L - 0.06 0.02

#alibration for hk-kev gamma lines from Th B\A line tasken as HpA 53*5 .13. from the work of Meyer and Sehmiﬁt 18
Calibration for 102-kev gamma lines from Th B F line tsken as Hop = 1388.56 from the work of G. Lindstrim.19

- Calibration for higher energy lines rmm ¢s137 X 1line taken as Hp = 3381.3 from the work of G. Lindstrim, K,
Siegbahn, and A. H. Wepstra.Z20
The SD measurement of gbsolute ener&r of Kosg is us@d + but the energy dirferences tg other high energy lines

~ ig taken froum BD work. -
##Berkeley measurements give the MIT:Myyy:N,0 rat.io as 1.85:1. 35 1. (See Paaaen 7)

e

v



IR :lations of Gellman et al. 3

»"éhape.. The reinvestigatiOn was in part prompted by »the availability of

’721"aCCurate tables 22 for determinatien ef 9pectrum shape correction factersaz.;‘

Té.lfle II

Intensities of Conversion Lines of the hhnxev Transition .;535J “1:-7*.f¢{:‘1‘”

ST S Berkeley ' Dunlavey re= Gellman
o e Freedman Sl&tis Passell7 doublé’. Dunlavey, determinatiqn ‘et al 31
 Ratie o et.8L.3 et a1 o mzhz fccus;éng’fg%mr%ls by same g v {82 S
SRR 28 e B th at . th oreti- —
B }NP!238 , Np238 Co '_ NP -'_'1. ;M me gmzhz ca;) I

'- 1Ln. — 1.91 1.37__ , 1 ua 1 26 L )

’"V(LII+LIH)%M 326 321 3.uz 3. 33 | '_8 ¥

L

2

The hard beta spectrum was taken repeatedly in the inten@mﬁiate image ;f%,‘ d1?f'id
u,'spectrometer 1n an effort to determine precisely the shapea The interme&iate |
: image spectrometer wag felt to be especially suitable for apeetrum shape ?j;   ﬁf 

g
studies, as 1t has a very low scattered electron background.: The log ft values*ﬁ*' "

- Iof the hard be‘ta par‘ticles are 1n good. agreement with & first forbidden |

Al & 2,yes, assigmmt, althaugh Freedmé.n ot al. 3. reperted an. allowed spectwm

\ -

- / . T . o N ‘e . [N .,:'-_y N
g . - . -, ' .o e . . .. . o

(,

17, Hild, Ctmron, and Mihelich, Rev. sci. Inatr. ;3, 533 (1952)

.....

-lé‘i,Msyer and Schmidt, Phys. Rev. 2“, 927 (195h)

19.. " G. mnastram, Arkiv fasr Fyaik u (1) (1951)

Fiagi

v AZO..'“

'VTBeta Transitions.w’



" mation ccrrection aometimea uaea._

We are inclined ta give mast weight to the fit near tbe anﬁ af the speetrum

In the conventional Fé{

7

the apectrum are abscure& by soft beta rays ar by high @nergy cenversidn li

Thgre the slopes of allawéd axd fofbidden spectr& are quite different, withjfi iﬁ;f.L4

S

. the" data agreeing much better with ‘the allowed 11ne6 Very pertinent to- the*fif;x3

'C- vit would hardly be paseible to &etermine their abundances by resblution nf a

‘-”!_beta coincidenoe wark rEportea 1n paper II.}& (The contrary result previoqsly

- 42

:’.‘apparatus ) The fit for tne lewer energy paiﬁts of Fig‘ 3 SSEMS better for the

‘“spectrum, en&pointe @f which are 1ndicated by arrows 19 Fig 3

ﬁvreportedg was shown to be 1n error by later experim&nts'using the same

vforbldden shgye, but this may be due tm an inCGmplete subtraction of the Hp 39 .?; _:i

'shape etu&y is the question df possible camplexity af the haré,beta gpeetrum.

o [.If there were admixture @f two groups with endpoints differing %y iny hh kev,  2§;.?

Férmiexurie plot.. 0ur belief that the hara beta spectrum c@nsists of essentially

\,J-,

. fa single group going te the h&-kev first~exc1ted $tate ia based on L-x“rayﬁ 737””'*15 '

"";}group has allowed shape, and we fiad $n~éhergy 1 25 Mev ccm@&re& wt L7f”
'1 272 Mev.

’23 Tables for the Analysis ef Beta spectra, National Buraau of Standar&s

- Applie& Mathamatics Series 13, U s. GOVernment Printing office, uash~ifw'*

ington, D C. (1952)




: _ saft beta gtoup seems to be about 0 27 Mev, 1n satisfactory agreement with

| '»found to be 55 uﬁ 1n this 1nvestigatinn._ Thia ratio 13 in gcod agreement

vith the mtio 53 4 of Freeduan et a1.3 L

o (unresolvable'by scintillatibn spectrometer) tha spectrnm,of electrans ejectea

fplanelface of tne sﬁield in the normal position for the spectr@meber aourca

.'wa,s attached a disk c»f mnium met;al 9. ms inch thick and o 5*1:;01; in

| ”7,praminent peaks are dne to photaegection of K electrons by‘the 1029e and
' 986&kev gamma rays of Np23 Centers of the peaks lie about 10 kev lawer in e
7fenergy than calculateﬂ, but this is acecunted far by mhe thickness of the

’ uranium radiators., Diffuse peaks due to L shell conversion are seen at j«'

BEEEN

: Figure h ahowe a Fermi~Kur1e plot ef the ﬂoft beta continuum from Eﬁ ‘Va?fjw:;;?f: |

:data after subﬁraction ef hard beta and Np 39 beta contr1but10ns¢ Partsw“

:Qf the speatrum are obscured by conversien lines. The Fermiv&urie plot has

a aefinite curvature, in&icating the prdbable presence of more than one

T e et

'soft ‘beta gmup, hut 11-, 15 not felt that the data are. of' suffidien‘l: accuraey ol

te Justify any resclutibn of the plot. The en&point af the most enefgeti_

the 0 256 Mev of Free&man.et a1.3v;~

The 1ntenaity ratio between soft beta rays and haré beta gxaups was

SPECTROﬁCOPIC MEASUREMENT GF URANIUM RADIAT@R PBQTOELECTﬁGNS

In order tc atudy the rélative intensities of the high énergy gamma rays]xf_;’,‘§~;

from a o ccos-meh thick ura.nium metal radiator ims studied m the Berkeley 'ftl S

_' ‘thick-lens salenoidal/beta spectro&eter. .bv. _.- y a,;;x B ”ﬂ\.‘ ';ﬁ:';ru-
4, The sample ef‘ Np 8 as. enclosed ;m e cylindriéal al\mmm sm_em of :

' 'ilsufficient thickness to absorb the beta radiati@n of Np 38, anﬁ en the

R

‘,

diameter. =._' 5'  '.vv ;' e “:?ff. B

Figure 5 shows one of the several series @f maasureménts‘ The @%@

*(
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‘ higher energies.v At energies Just beLaw the 86 peak the eleetrons dne te %

Ccmpton scattering eventa sharply riqe._ The campton eleétrons_unfortunately"

obscur@ the regisn of great 1nterest where the K phatopéaka of'the weaker

9ul-~ana 925—kev gamma rays are expectea.« One ﬁan oﬁly say that theae gamma

¥ .
rays are-in. eamﬁwhat lower 1ntensity than ﬁhe higher energy gamma rays. ‘

‘ The aatted iines of Fig. 5 indicate hsw the main peaks were reaolved f'rz” '

determinatian of their relative 1ntensitieﬂ. The areas of the peaks are in

the ratio K OZQ‘K?Bé = l;@ 90» For thesé energies the photo&leetric absofpa f l

. tion cross section varies nearly 1mversely as the sqaare of the gamma energy. |

Making BUCh a ebrrection we obtain the gammﬁ intensity ratio 71029/%986 & 1/0 83f““15}{
An effect whieh 13 difficult 1n our ease to estimate quantitatively ariaea ‘
from the change in angular distribution of phstcelectrons with energy,zﬁ.;iééf i:‘
S angle of the accepted electron trajectories in the aolenoidal beta apaetfﬁmeter
) with respect to the a.xis 18 bemeen 20 aid ah 'y 90 qualitatively the ef'fect

3heuld giVe higher effective transmission fer the K1029 as campared with the

986 electrons. The effect should not be large with cur geomatrﬁee an& 13
‘],ﬁherefore neglected.

Our ratio 1s’ to be eomyared with that af T05:3 l aetermined
~S ;

by Freadman et al. Sy  ';_:- ;,_':';f ;af__ Lff ’q'— :,- »;Vu

It might be possible 1 bbgerva photoyeaks frcm the¢weaker gamma rays if a
e radiatnr of dover. atomic number than urantum vere used (increasing the.  };§3'” T

L energy difference between the K photoelectron energy and ‘the Campton elactron R

Se maximum), but thia experiment has not been done by um. o

=

X
mromme®: Lz o =T e

s

4.4 C}'M.;Dﬁviéséﬁxand R.st~Eﬁéh§i'ﬂé@é;wﬂbéérquhyéyfgﬁé-?9L(1§52);fk;':W -
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DISCUSSION

It is ob;ious that the several hard gamme raye of similar energies signify

close-lying levels in Pu?3® in the vicinity of 1 Mev, and the possibility of
their interpretation in terms of Bohr-Motteleon type rotstional bands seems
_ prqmiéing. _ |
| In attempting ﬁo construct a decay scheme from electron apéctroacopid
' data, one seeks to find as many cases as‘pessible‘where the gnergies of two
| or more,trgﬁsitions add to equal the energy of anafher transition. In this
connection 1t may'be pointed out thatrthe energy differences between the high
VENergy gamma K conversion lines are known much better than their absolute

energies.* The possible sums are listed below,

Eperd beta ~ Esopt beta ~ 980 kev; B g6 = 936 kev . (1)
E 1029 ~ Brogs = 43.2 kev; : B = bk .0 kev - (?)
E o - Bigup = .6 kev; B, = Okev (3)
B 029 - Brozq = 102.3 kevi | Eygp = 102.2 kev ()

It is difficult to decide which of the gamma sums are true end which are
coincidental. From ﬁhe sbove beta spectroscopic information a simple level.
vscﬁeme'with le§els at 986 and 1073 kev was proposed,6 accounting for all four
energetic gamma rays through transitioﬁs to the knéwn levels of O, Wb, and |
146 kev, Scintillation counter coinciaénce studies (répprted in ps?ef I1)
later showed the proposed scheme to be incorrect in some r¢8pecta. Hence,

the decay scheme proposels and”accompanying interpretation will be left to
paper II.

.

4 . .

¥For a more detailed digeussion on the'détenmigatian of these energy a1fter-

ences see Rasmussen, Pébsell and Stephens.6 » £

-
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It 4s of some interest to compare cur values for the energles of the states

of the grousd rotationel band with the ﬁredictiona-of the Bbh:—ﬁottelson theory.as

To a first approximation the energles should be given by E =‘%?1(I + 1) with
only even }_valuea gbove & spin zero base state., From the Pirst excited .
state eneriy b4.0 kev, the rotetional quantum energy is 7.33 kev and by the

si@pla‘formula the second excited state should lie at 146.7 kev. From our

energy data it actually liee aé-lhﬁ,z kev., The theory predicts such a devia- i

tion, and & "vibration rotation jnteraction" correction term of the form

constant x 12(1 + 1)2-9ubtracts from the simple energy formﬁla. In samples

of Omakz

has been dbserved26 and‘ite energy measured by scintillation spectraﬁce?y as

157 & 2 kev. Thus; we may check the theoretical corréction'term by dalculat-

ing the constant using the energles of the 2+'and.h+ 1e#els and indepeﬁdentlf
using energies of the 2+ and 6+ levels. In the formér ¢asge wé calculaie'for--
the constant 0 0017 kev and'in the laﬁter, 0. 0032 kév. . The disagreement ie
probably real but may pertly be due to experimental error, as the deviation
term is 80 small and the gbove calculation consequently depends 80 sensitiVely
on the energy. The,ccg;tants agree, for example, if an energy of h#,z‘kev
were used for thé 2+ stétg,w More accurste msaéuréﬁehts of all thé Low energy
transition energies would be ofigregt interest io check on thia point., vThe
disagreement, if reai, would mean that the rotational energy level'per£ﬁrba~
tions cannot be éccduntéd for completely by & vibretion rotstion interaction

treatment. B - ’

25. A. Bohr and B. R. Mottelson, Dan. Mat. Fys. Medd. 26 (14) (1952). ef.
r. 33.

26. F. Asaro, S, G. Thompson, end I. Perlmen, Phys. Rev. 92, 69k (1953).
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Fig. 1.

Pig. 2.

Fig.fﬁ ‘

Fig. S.

by'the ganma raﬁiation of-Np "

-16-.

Figure Captions '

Blectron spectrum of Np238

(with some ﬁp239) in the regiun of the

conversion lines of the 102, 2-kev gamm& my. (Stockholm double~

focusing Spectrometer )

text,

FermivKufié plot of the hard beta spectrum of 39338,, (Stcckhelm a

'vfocusing spectrometer, ) For 1nterpretation of the arrows see the

long lens intermediate image spectrometer,)

Fenmi-xurie plot of the soft beta spectrum of Np~

iong lens intermediatevimgge @pectrometer.)r}0nntributions'frgm the

238 (Stockbolm

hard beta group and frcm the beta spectrum of Np239 contamination

"have been subtracted out.

<

Speetrum ef electrons eﬁecteﬁ erm a. thin uranium metal raaiator

238

~ (Berkeley tmck-lens beta

Spectrometer ) Dotted lines show how the K photo lines for the

two most 1ntenae gamma rays were resolved for the purpnse of the

relative intensity determination,
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