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Several investigations of the beta decay of Nd147 to the excited o~at~;; .J~ 

Pm147 have all been characterized by the failure to oboervc any direct beta 

transition to the ground state., 1 The most intense beta line io a firot··forbiddcn 

transition to the first excited etate, which then decays to the ground otat~ by an 

Ml gamma-ray transition., These oboervatic:-na are very difficult to explain, 

in view of a recent measurement, by paramagnetic reoonance, of 5/2 for the 

ground-state spin of Nd 14 7, 
2 

and the probable aso.ignment of th~ ground .. atate 

of Pm147 
on the basis of the single-particle shell model. 3 In the hope of im-

proving our knowledge concerning this oituation. we have undertaken to measu:r-e 

by the method of atomic beamo, the spins o£ these ioobaro. Our resu.iC.r confit"• 

the paramagnetic resonance measurement of I= 5/2 for Nd
147 

and yblc~ 

I = 7/Z for Pm
147 

.. 

Prior atomic-beam rneasurements on stable neodymium have e::tabli.:Jh _ 

the exietence of a low-lying electronic state characterized by J = 4 and ::. J ::: Oo(l • 

Such an electro11ic Btate is coupled by the hyperfine-otructure interaction to a 

nuclear epin of I = 5/2 to result in six nondegenerate levelo of the totol a.ngula.~· 

momentum (F) with Lande oplitting !actors given by 

g. :=0.,603 .F(F+l) + 55/4 
F 2F{F-Il) 

(1) 

whe:re a term in the nucba:r moment hao been neglec\:eci, 

~: 

~_ ... il~--~ ...... ,_ J'-""':"'._r:.!.l ·n·-~ ... ]-~(~ h.·. ~·-..idi... •-.,. F .J....-,.·.J.i -· f} ~f \:1. ... 'V~S- jw:n.:~!lC 1 i..~---~f~ 
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In an atomic-beam apparatuo with flop .. in magnet .e;ec'f.LJ. ~:.~· cl.H _, ._ .. 

ordering of the F atateo, traneitiono in the higheet four F ;;taten a_,.~ 

observable. We have observed transitiono in the .F = 13/l, 11/Z. and 9/Z. otE.• . ..::· 

at two magnetic fieldo. The g_F' values corresponding to the observed r~eonant 
' 

frequencies are given in Table I along with the values predicted from Fq., (1). 

The discrepands :>etween the calculated and experime~tal g F valuem are 

probably due to quadratic chilt resulting from a amall hyperfine structure .. 

The failure to observe the tranoition in the F = 7/2. state is probably due to 

the inability of the apparatuo to refocuo transitions for which Am
1 

:: :t: 1 for 

such low gJ valueoo 

The Nd147 uoed in these runs was produced by neutron irradiation of 

commercially obtained material which was spectroscopically verified. to be 

> 99% neodymium by weight. The method of production, together with the 

lloS ... day half-life established for the decay of a foil exposed to the neodymium 

beam at resonance and the gJ value, uniquely determines the material to b(Z 

Ndl47o 

The Pm147 used in theoe experiments was obtained in a weak HCl 

oolution from Oak Ridge National Laboratory, and is guaranteed by the oupplie:r 

to be > 99o/o pureo It ie found that a sa.tiefactory procedure for obtaining a beam 

of atomic promethium ia to convert the material to the nitrate and nli>.'. the 

nitrate oalt with an exceon of lanthanum metal in the atomic-beam oveno The 

oven ia then heated clowly up to operating temperature (about l000°C), at which 

temperatttre a beam of atomic promethium is formede The m.echaniem ior the 

reaction is believed to be the initial decompooition (at low temperatu:r~o) of 

promethium nitrate to promcthhtm mdde, then the reduction by the lanthanum 

(at eome higher texnperature) to the metal, 



... J. 

Since no prior information conc~rning the ~loci:E"o.•i~ '> ot.•- 1c :_ ... ..-.~ ~ ~.,;_ 

promethium exioted, a oyotematic oea1.·ch wao initiated r.t low me.gnctic field:. 

to oboerve resonanceo within the range of g values 0 ~ g ~ Z.,Oo T~tz..::.! 

reoonanceo were oboerved. each of which wao followed up in field to a ma:timulT' 

field of 38oZ gauoao Table ll giveo the gF valueo corr\!oponding to the obscrv"-t; 

resonant frequencieso 

Interpretation of theoe data io based on the asoumption that the gl·ound·· 

atate configuration of promethium is (4f)5
o Thio hypotheoio io oupportccl by the 

fact that the ground-otate configuration of 60Nd and 62sm are known to be 

4 6 5 6 . 
(4f) and (4£) , ' respect1velyo A calculation of the electrostatic energieo 

indicateD that the rlund 1 o Rule term 6 .H is expected to be the ground otateo 

The spinoorbit interaction will oplit this term into six J otatea, with the 

J = 5/2. state lying lowest. An estimate of the oeparationo can be obtained 

from the fine-otructure oplitting constant, measured in the optical opectl"um 

of oamarium to be about a 4 f ~ 1100 em -l o 
6 Thio indicateD that th2 J ::: 5/ l, 

7/2., and 9/2 otates should all be preoent in meaoureable amounto in the b<J~m. 

The J = 7 /Z and J = 9/2. otateo are eaeily refocuoeed, and the L-5 cottplec1 

gJ valueo are given in Table II and compared with the valueo inferred fr.otn 

the experimental data on the aooumption I = 1/2... The otate J = 5/Z is not 

observed~~ for the gJ value of atomo in thio state io too low to allow refocuut.::c 

in our apparatuoo 

In analosy with the other rare earth elemento, the only poocibb fp.·ound 

otate configuration beoidee (4f) 
5 could be (.fr£) 4 (5d)o An at~empt to e.n:clua.o 

the poooibility o£ a data fit for the configuration (4114 (5d) can be made on the 

follow:i.ng baoioo Judd hao calculated the electrootatic en~reius fol' £4cl t.:nd 1u!.~ 

ohov. -1 ~ha~ for 'i:hic configuration th~ Hund. ~ :..• Rule term :hould li"' lo-.,~~--;-.:" 7 
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Thio term will give rioe to otates with all half-integral J v~lu-::;· .Z4:or."! 

J = 11/2. through J = Zl/Z, of which several would be preoent in the bc.::..m, ~> ... 1 

attempt has been made to fit the observed data in a g1 .. independent way, L Co, 

by trying to fit ratioo of the oboerved frcquencieo to ratioo of the cooinc factoro 

F( It+ 1 )tJ(J + 1)-1(1+1) that arise from all poosiblc E' 11 o corresponding to a given 
ZF(F+l) 

1 and Jo All values of 1 from 3/Z to 13/Z and all valueo of J from 3/Z to 

Zl/Z were triedo No fit waa obtained to all of the data for a oingle I and Jo 

w~ are also able to exclude the caoe of two resonances occuring in one electronic ot~·tr..: 

state, and the third reoonance occuring in another, except for the aosigned 1 and 

J'o. .Hence -Ne conclude that the spin of Pm1~7 is 7/Z, that (4f)5 io the ground­

otate configuration, and that L-S coupling to the Hund • o Rule ground otate 

givec an excellent approximation to the observed g valueso It is of interect 

to note that the ground-otate configuration of neptunium, the actinide homologue 

of promethium, io (Sf)~ (6d) 1 
o 

8 

The moot plauoible ohell-model interpretation of the oboerved opin of 

Pm147 io to assign the 61ot proton to the level lg 7/Zo This implieo that the 
1 ,,, 

Zd S/Z levellieo lower than the l.g 7/Z levelo The meaoured apino of 59Pr ... -

1s1 153 I 9 10 . . an.d 63Eu • <:.:t~ all 5 Z, • which indic.ateo that for theoe nucle1 the 

converse io trueo The configuration (d5/Z)
3 

coupling to J = 1/Z ia forbidden 

by the Pauli principle. 

'fhe meaoured opino of the ground otatea of Nd147 and Pm
147

, takon 

along with the beta decay information, indicate that the apin of the firot excited 

otato of Pm147 is either 5/2. or 7/Z. It io difficult to underotand the failure 

. 147 1~7 
to oboerve the d1rect beta decay b2tween the ground staten of Nd and Pm 

on the baoia oi the now known opino, and the ordinary oclection rules governing 

beta decay. It is ponoible that in thio particular caoe oome unusual effect rc .. 

Lulto in a modification of the ocJ.~c~ion rulc;3c.., 



Table I 

147 
Observed resonances in Nd- . · • The calculated g 1/ D are based on the 

previously measured gJ eo 4 

tJ.o ii/h Transition 

(Me) I = 5/l., J = 4 I = 5/l., J = 4 1 = 5/Z, J = 4 
F = 13/Z F = 11/l. F = 9/Z 

5.,880 0.,371 :f:Oo018 0., 394:1:0. czo 0.,438:tO.,Oll 

9.679 0.,3755:t0.00Zl 0.,4008:1:0.00l.6 0.,445Z:t0.,00Z5 

mean experi- 0., 3755:1:().,0021 0 .. 4008:6:0oOOZ6 0.,445ZSOoOOZ5 
mental gF 

calculated 0.3710 0.3943 Oa4385 
gF 

Table II 

Oboerved resonances in Pm . ..l 4 7
, The calculated g Fe s are based on the 

assumption of pure L·S co'tpling among the electrons of the configuration 
f5 to the .dund 11 s Rule term H 

tJ.o H/h 
Transition 

(Me) 1= 1/2, J = 7/Z I = 7 /Z, J = 9/Z I = 7/2, J = 9/2 
AUF' F=8 F=7 

15.Z08 0.416*0.002 0.600*0.003 0.,6 ZO:J:O. 00 3 

29.050 0.602:t:O.,OOZ 0.,623:\:0.,00 z 

53.528 0.4164:1:0.0010 0.,6044*0.,00 15 Oo6l30:J:O.OO 15 

mean experi- 0.,4164d:0.0010 0.6037:t().,0015 Oo6Z30:t0.0015 
mental gE 
,..':l1 ......... 1 ...... -~ 0.,4127 o.60Z3 Oo6Zl4 
._.....,.,..._.._ .. G .. ~ 

g,. 
r 



-7-

Ref~rencos 

1., W. Co Rutledge, Jn M~ Corlt, and S. B. Burcon, Phyo. Rev. G(., 775 (dCl]; 

P., R. E'vatlO, Phil. Mag .. _2, 1061 (1958); 

A, Co G. Mitchell, C .. B. Creager, and C .. W. Kocker, Phyco Rev.. ! 1 A, 

1343 (1958). 

z. R. W .. Kedzie, M. A'·-·aham, and Co D. Jeffrieo, P.hys., Rev. 108, 54 (1957). 

3o Mo G. Mayer, S. A. Moozkowski, and L. W. Nordheim, Revo .. Modern Phyoo 

!!• 315 0 (19Sl)o 

4o Ko F .. Smith and I. Spaulding(Cambridge University), private communicationo 

5. Ph. Schumn1.ans, Physica !!• 419 (1946) .. 

6. W,. E .• Albertson, Phys .. Rev. £!_, 370 (1935). 

7. Bryan Judd, (Lawrence Radiation Laboratory), private communication. 

8, J. C. Hubbs and R.. Marruo, Ph yo. Rev. .!.!.Q_, 287 (1958)., 

9o J • .E:. Mack, Revo. Modern Phyo .. ~ 64 (1950)" 

10.. B • .Dleaney and W. Low, Proc. Phyo~ Soc., (London) 68A, 55 (1955). 



This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­

mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




