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The alpha and electron spectra of E253 'were investigated with high 

resolut:ion magnetic spectrographs. Previous measurements were confirmedl-5 

but in addition several new levels and transitions were observed leading to 

the identification of three rotational bands as shown in Fig. 1. a-r, a-e- 1 

and L Xray .. y coincidence measuremen·ts reinforced these assig:rnnents. 

As seen from Fig. 1, the relative spacings of the e.ssigned states in! 

the 8.8 .. kev band ere in ex'cellent agreement with a spin of' 3/2 for the base 

state. In addi.tion the rotational constant for spin 3/2 is 6.1, in good 

agreement with the usual ·va~ues for odd mass nuclides. 

Although the parity of this band cannot be determined simply from the 

experimental data, inspection of a Nilsson diagram6 readily shows the most 
I 6 

probable state is 3/2 - (521]. These Nilsson quantum numbers are partially 

defined in Fig. 1. 

It will be shown later that the ground state spin of Bk249 is 7/2+. 

Thus an M2 transition might be expected bet~oreen the 3/2- and 7/2+ states. 

a-e• delayed coincidence· measurements shm·red a half-life of 0.3 milliseconds 

fgr about 2% of the E253 alpha transitions, in good agreement with the total 

alpha population to the 3/2- band. This lifetime is retarded by about a factor 

of 50 over the single proton M2 value.7 

The ground state and 393-kev bands are discussed together as it will be 

shown ·.that. they are closely related, From the level spacing of' this 

band, the spin of the ground etate is calculate~ t be 3.16 ± 0.01. 

ground state 

This value 

is closer to 7/2 th~ any other spin, but the agreement is not very good. Also 

the rotational constant for this band has a value of 4.63-ltev1 which is unusually 

lo,.,. We have calculated the properties of this band, however 1 considering the 
8 . 9 

Coriolis interaction as modified by the pairing correlations and will sho,., 

that these quantities are both well explained provided th~ assignment 7/2 + [633) 



E 253 decay scheme 

a Energy ( kev) 

Pop. Exp. Calc. 
E 

253 

(~) 

9 
2 

7 
2 

____ Q.Q.Q.8~547 

·--...,0::;.0::.:1:::5~ 485 

i + t [642]rli+-HP.::::!P::..4~393 
Ml 

('i) 

(~) 

II 
2 

9 
2 

transitions 

001 
f- --

QO 

p.85 % 
93.4 

j5l.7 
d 

W6.6 ~ .. 
41.7 93.3 

%41.7 

547.0 

483.7 

393.0b 

7 7 
2+2(633JT 

a 

(--) } Uncertain 

a Nilsson quantum numbers 
b } Po rometers used in 
c calculation of energy 

levels 
d MI-E 2 transitions 

~253 kev (Jf) _____ ..Q;Q~%_283 284.8 

__ :._0.:9.Q~!. 

------~!!o 205 205.1 

155.6 
~ 02so4 137.2 137.6 
2 

93.4 7 
2 82~ 

39.5 39.5c 

]_ + 1[6331 
2 2 l 

.~~I 
flf/111111 

O%o------- 8.8 8.8c 

Bk 249 MU-21202 

Fig. 1 



'.'1-) 

•J 

-2-

is made for this band, This is consistent with what one would expect from the 

Nilsson diagram, The decay characteristics and spacing of the 393-kev band are 
also well accounted for if the 5/2 + [642) assignment is made 1 \.rhich, again is 

not unexpected considering the Nilsson diagram. This case is a particularly 

favorable o'ne for detailed Coriolis calculations because (l) within the entire 

82-126 proton shell the only positive parity levels (a requirement for the 

interaction is no change of parity) are those originating from the i 13/ 2 shell

model level and these can all be taken into account explicitly. (2) The 

Coriolis matrix elements are large and do not depend on details of the Nilsson 

wave fun;:tions, and (3) the positions and moments of inertia of two bands from 

the 1
13

/ 2 orbital are known. We have used two parameters in the calculation, 

which seem to fix the positions of the 393 and 41.7 kev levels. 1he other 

calculated energies e.:re given in Fig. l; and agree well with the experimental 

values. It is interesting to note that the mixing causes positive deviations 

from the I(I+l) formula in the ground (K=7/2) band and irregular deviations from 

the I(I+l) formula in the 393-kev (K=5/2) band.. The experimental data confirm 

the former trend but are not sufficiently accurate to test the latter. The 

transitions between the two bands are Ml as would be expected from calculations 

using the mix~d Nilsson wave fm1ctions. 

The theoretical alpha :populations to various members in a rotational 

bend arek:-eadily calculated for a.."l. alpha wave of a given angular momentum. 9 In 

addition if the parent and daughter states have the same configuration; the alpha 

transition to the base state of the band is essentially unhindered, and the 

relative alpha :populations to the various band members are ex:plicit~y determined. 

As seen from Table I, the above conditions are well met by the ground state band; 

resulting in the same assignment for the E253 ground state 1 7/2 + {633],· as 
found. ·for Bk249 • , 

In the hindered alpha decays to the other ba.nds 1 the relative alpha 

populations are also in good. agreement with the calculated values, consistent 

With the Bpin Snd parity assignments. 
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'l'AHLE I 

Alpha Decay of B253 to the 7 /?..+ band in Bl~2 9 

Excited state 
EnerGy (kcv) 

0 

41.7 
93.4 

156 
230 

7/2 

9/2 
11/2 
13/2. 

15/2 

'79.6 10.0 0.1 

5.9 O.j 
_ ...... 0,9 0.3 

0.11 
.......... 0,009 

--

89.7 
6.2 
1.2 

0,11 

0.009 

EXtierimentul 
~uJ.uecC% ) 

90 
ls .rj 
0.85 

0.08 

b 
Hindrance factors 

1.9 
17 

7.7 
430 

0.01 -1500 

the total population to the 

rotational. band :r , ii~ the unhindered t;o·r.Aua:tion to a state E ca.lcu'' ;.,ted fr"' ... 
· 1 oE • ..L.eJ, '"""" 

simple spin il'l.de:p~l'ldent &lpha. de:::.a.y theory~ CL ie the re(!iproce.l of the hindrance 

factors for the vi!U'i us L wave~~ in 'the a(i.Ja·:.::ent even-even nucl1<:i,ea (C0:c
2
:c4 = 

1.:0 •. 27:0.,023 from Fm254 
ru1d CJ."252 ), 

10 
F.U'li the last f'r;.ctor is a Cl.ebsch Gordan 

coef'fi<~ient. 

bTl'le hindrance faot.ors c.s used bcre are the ratio of the e:Kperimental partial 

hnlf life of a given et grotl.t' to tl1e value calc:uls.ted from s1~1n indepe.ndent al.r>ha 

deca.:r theory11 
w:::Ln.g the ra.dH o.f ad:;e.u:mt even-~·wen nuclid.eu. 

--~-----------------------
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Fig. l. Decay S:hemc. of E'-'J.) ·-ull dae.hed levels or q,mmtities in rw.renthGBCS 
are W!CCrto.in. 

a. The JUlSGOll r:a_ua.ntU\11 J1\1J~1b·ers' S1 T((Nn.,,AJ. ... 
b. Thet:le energies verc ur"t>i·trar;t par~neters in the calr;ul!ttion ()f the level 

energ:i.cs for th.l) 5 /2+ e:nd 7 /2+ 'bs..rlds. 

c. '.l~Jeoe em~.rgies \-lere arbitrary pe.r£l.l1leters in the. cr.Ucula't:l.on· of the level 

energ:tea for the 3/2- band • 
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