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Department of Physics, Faculty of Science, Tohoku University
Chiba Institute of Technology*
Department of Nuclear Engineering, Faculty of Engineering, Tohoku University**
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The nuclear structure of 217Ra has been studied by Sugawara et al.)) and Roy et al.2)
using the in-beam spectroscopy method. Low-lying levels in 217Ra are explained by a
system of the 214Ra core and three neutrons, and experimental levels are classified into
three kinds of states with configurations of [(thy/28)g+&0(VEe/23)9/2-21/2+ [(Tthe26)0®d
(vgortin 2172+ and [(The®)o+® (VeeZits)lisp-31/2-12 The lowest 29/2*
level at 2303 keV is considered as [(thg;26)o+®(Vg9pi11/22)l292+ configuration. The J =
33/2+ isomer at 2395 keV is proposed as a state of (g9 i11/22) neutrons coupled to the 2+
core-excited state of 214Ra23): [(rthg/25),+3)(Vgey2i11/29)]33 50+ . The energy difference
between the 29/2+ and 33/2+ states is however considerably smaller than the energy of the
first 2+ state in 214Ra. Figure 1 shows a level scheme of 217Ra reported by Sugawara.3)

The purpose of the present work is to investigate the configuration of the isomer by the
nuclear g-factor. The levels in 217Ra were populated by the 208Pb(12C,3n)217Ra reaction
using 12C4+ beams of 67 and 70 MeV from the CYRIC cyclotron. The metallic 208Pb
target 98.9% enriched, of 16.0 mg/cm? thickness, was placed in the center of the pole gap
of an electromagnet. The g-factor was measured using the time integral perturbed angular
distribution (TTIPAD) method of in-beam y-rays. Since the intensity of y-ray in the 92 keV
isomeric transition is very weak due to high internal conversion coefficient, we measured
the TIPADs for the 229 keV y-ray: one of the cascade members from the isomer.

The TIPADs of the 229 keV y-ray were measured for 6 angles at E(12C) = 67 MeV
and for 5 angles at 70 MeV from 60° to 130° with germanium detectors. Effective magnetic
fields of B =1+2.001 T were applied on the target perpendicularly to the beam detector
plane. Deflection of the beam by the magnetic field was corrected with a magnetic channels
system, so that the beam-angle at the center of the target was reduced to be within £0.2°.



Since the 229 keV transition is not isomeric, the observed 229 keV y-rays have a
prompt component arisen from side feedings. Observed angular shift A in the TIPAD by
the Larmor precession is therefore smaller than the shift  for the y-ray with the prompt and
delayed components is given as

W(0) =o(bg + I, b, cos(nB)
n

+B{blo+ Y —2B—— cos(n(6-5))),

n \l1+n203212
a+pB=1,

and d = (1/nm)tan-!(nwt),

where o and P are intensities of the prompt and delayed components respectively and d is
the mean rotation angle for the isomer having the meanlife T by the Larmor precession with
a frequency . In the above expression we neglected any perturbation for other states
except the isomer.

Figure 2 shows an experimental result of the TIPADs measured at E(12C) = 67 MeV.
Two experimental angular distributions for the fields of upward and downward directions
were simultaneously fitted to the expression:

W(6, £A) = By + Z B, cos(n(0FA+9)),

where ¢ is deviation from the 90° symmetry in the experimental arrangement. For the small
value of & we obtain a simple relation:

A = BS.

We measured also time distributions of the 229 keV y-ray in order to obtain o, § and ©
in two parameter (E, - t;1y) list mode. The data were first converted into energy spectra for
time gates with a proper width taken into account the statistics in the division of the TAC
range, then intensities of the 229 keV peaks were calculated by the program SAMPO and a
background subtracted time spectrum is obtained from these intensities after normalization
for the time width. An example of the time spectrum measured at 67 MeV is shown in Fig.
3. We analyzed these time distributions by the convolution method assuming the time
response function with a shape of Gaussian plus exponential tails.

The experimental results are summarized in Table 1. The nuclear g-factor is deduced
from the relation:

g = li/unB,



where pN is the nuclear magneton. Values of the g-factor were to be —0.041(81) and
=0.091(59) for the 67 and 70 MeV experiments respectively. We obtained the halflife and

g-factor of the isomer:

T1z2 = 3.8840.10 ns
and g=-0.07410.048

as the final results from the weighted mean of the two measurements. The present result of
lifetime is somewhat smaller than the value 5.0 ns of Roy et al.2)

The experimental g-factor was compared with calculated values for possible
configurations with the spin and parity of 33/2*. The configurations and corresponding g-
factors are listed in Table 2. The g-factors were calculated by the additivity relation using
values of g-factors for states listed in Table 3, which were taken from experimental and
theoretical results for the states in neighbouring nuclei. We propose a configuration of the
isomer as the most probable one:

((2*(in 214Ra) ®vg9/2(i112))33+ Of 51%) + ((VE9(1122))3372+ Of 49%).

The intensities of the two components include errors of 20%. Although Roy et al. has
proposed the confiéuration which consists of the first term only as mentioned above, the
present result can not be explained by that only and demands an admixture of the
vgop(j1122) component.
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Table 1. Experimental Results on the TIPADs and Time Distributions.

TIPAD TIME DISTRIBUTION
E A,y A4 A 5 B/(a+B) 1
MeV) (deg) (deg) (ns)

67 0.23(21) -0.22(15) 0.67(131) 1.24(247)
70 0.26(23) -0.18(16) 1.92(121) 2.89(188)

0.538(11) 5.57(16)
0.665(72) 5.77(37)

Table 2. Various configurations with J = 33/2+ and values

of calculated g-factors.

- configuration Scalc
(mho/28)p+@(Vgora(i11722))29 12+ 0.045(9)»
(®ho/26)9+ @ (VE92(i112D)29 0+ 0.106(9)®
(who/26) 4+ @ (vE9i1129))250+ 0.158(13)
(who/2%)6+ @ (VE9(1122))21/2+ 0.264(16)
(rhg/26)g+@(VEop(ir122))172+ 0.369(20)
("ho2%)6+®(VE923)21 2+ 0.142(16)
(mhg/26)g+ G (Vg9/23)17/2+ 0.288(20)
(mho®)o+ @ (VEor(isnDissn+ -0.200(18)
(ho/26)0+CO(VEon (152D 14)3312+ -0.188(21)
(mho/2%i1312)11- ®(VE9RZ152)1172- 0.697(12)

a) g(2+) = 0.406: assumed the collective 2* state.
b) g(2+) =0.909: assumed the single particle 2+ state.




Table 3. Experimental and theoretical g-factors for the
states constituting the configurations in Table 2.

state g
2+in 214Ra 0.406®

2+in 214Ra: (mhgp5),+ 0.909(40)»
2+~ 8+in 214Ra: (Tthgp%)4+._g+ 0.909(40)b)
117 in 214Ra: (mhopdiism);- 1.085(10)°)
VEop2 -0.296(11)d
Vvinp -0.126(12)®
Viisp -0.164(16)®

a) g=7/A: the collective g-factor.

b) experimental g-factor of hg proton?): assuming
Tthg/6 configuration for 2+ ~ 8+ states in 214Ra.

c) experimental value by Horn et al.5)

d) experimental value by Schrider and Toshinski et al.6)

e) theoretical g-factors by Bauer et al.?) with an assumed
error of 10 %.

Fig. 1. A level scheme of 217Ra proposed in Ref. 3.
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Fig. 2. Time integral perturbed angular distributions of the 229 keV y-ray from the
208p(12C,3n)217Ra reaction at E(12C) = 67 MeV and Begr =+ 2.001 T.
The solid and dashed curves are the results of the least squares fit.
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Fig. 3. Time spectrum of the 229 keV y-ray in 217Ra. Prompt and delayed components

deduced by the least squares fit are indicated by the dashed lines. The solid line
denotes the sum of the two components.



