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1. INTRODUCTION 

At the Laboratory of Nuclear Reactions (JINR), 

laser-spectroscopic measurements for the determination 0£ the 

changes in the mean-square nuclear _1.charge radii of haf'nium 

isotopes have been performed /1/. In · these experimen,ts, the 

hyperfine splitting Chfs) constants 'of the lower and the upper 

levels of the transition_.'investigated have been determined. 

· , / ' 2 2 8 Excitation on the transition 5d 6s a F 
8 

(2356.68 
. .:.1 
c~ )-. 

2 •so -1 h · 5d 6s6p z G
8

. (19292.69 cm ) was used Ct e_ data are from the 

tables of Moore /2/). The lower level belongs to the Hf I ground 

term and no information on its hfs was, available, up ,to now. Only 
, . 8 , 

the hfs constants of the. gr9und state a F 
2 

have been determined by 

Btittgenbach et al. /3/ with the help· of the high accuracy• ABMR 

technique. As for s o the upper z G
8 

level,' there are- preliminary 

results '/4/ on A and. 8 · values only for 177Hf. The present 

measurements improve the accuracy for the upper transitio~ level 

in the case of: 177
Hf and provide, new information in all other 

cases.' 

2. ,EXPERIMENTAL 

The exper !mental method used in the pr-esent _work· is based-· on 

the detection of the laser excited fluorescence in a well 

collimated atomic beam, 

The 5145 A single line output of an Ar,.-laser CSpectr:,a 

Physics)· pumi:is the tunable ~w ring'dye-laser (SP -:_380D). The dye

laser,output intersects orthogonaily a.c~llimated ato~ic beam and 

the resonance fluorescence is detected .by a photomultiplier 
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operating in the single photon countin'g mode. The spectra are 

.recorded by a multichannel analyzer as a function of the dye-laser 

frequency. In order to obtain accurate determination of. peak 

separations a confocal Fabry-Perot interferometer (free spectral 

range 150 MHz) was used to produce a set of frequency markers 

recorded simultaneously with the optical spectra. The spectrometer 

is described in details elsewhere (e.g. /5/). 

Hafnium is one of the highly .refractory elements. We· have 

found out that the best way to vaporize Hf and form an atomic beam 

is to apply laser evaporation. For this purpose, a Q-switched 

Nd:YAG laser (A=1.06 µm, pulse duration T=10 ns, max. energy in a 

pulse E=50 mJ, repetition rate 12.5+100 Hz) was used /6/ . A 

synchronization between . the laser pulses and the registration 

system ensured photon counting only when an atomic bunch was in 

the interaction region. In our experiments metallic Hf of natural 

abundance as well as HfO, samples were used and in both cases a 
2 

steady evaporation with sufficiently high yield of neutral atoms 

was obtained. 

In order to reduce the background from the scattered laser 

light, the spontaneous decay to the ground state 5d2 6s2 a 3 F
2

, was 

detected. The registered linewidth CFWHM) of 45 MHz is determined 

by the Doppler broadening (the linewidth of the dye-laser outp';lt 

is about 3 MHz) . 

177 · Measurements with enriched Hf0
2 

samples (82% Hf) allowed 

to resolve very well at least seven hfs components (see Fig.1). 

The total splitting of the spectrum was obtained to be nearly 2.3., 

GHz. Then the components belonging to 179Hf couid be identified 

from the spectra of natural abundance metallic Hf, though there is 

a considerable overlapping. The total hfs splitting in this case_ 

is about 2.8 GHz. 
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Fig.1. Hfs spectrum of 177Hf at the optical transition 5903 A. The 

0 50 100 

identification of some hyperfine structure components is 

also shown: F' and F denote the total angular momentum of 

the upper and lower transition levels, respectively. 

3. RESULTS 

For the identification of the hfs components and for the 

evaluation of the magnetic dipole and electric quadrupole hfs 

constants A and B, a least-square flt program combined with 

statistical .:l-test to ·reject the incorrect assignment was used. 

The hfs of the investigated transition has the following features: 

•1) 177Hf has a nuclear spin 1=7/2, therefore the upper and 

lower atomic levels (having equal J) split into seven hyperfine 

sublevels with total angular momenta F from 1/2 to 13/2. This 

leads to nineteen hfs components in the optical spectrum. 

2) The nuclear spin of 179Hf is 1=9/2 and the atomic levels 

under investigation also split into seven hfs sub levels with F 

·:-:?- ·•.,,<~ :;.1 ~- ., ."'<::'!;----4 'f,:~-:;:t : .. - ·""'t) 

·• I 0. ,: ' 
,F, 

'·~ 

from 3/2 to 15/2, i.e. there are nineteen hfs components ·of the 

optical transition. This case is more complicated, because no data 

on A and 8 for the investigated levels are available. As a fi'rst 

order approximation in the evaluation of the hfs constants we made 

use of the fact that the ratios of the A-values as well as the 

ratios of the 8-values for the upper and lower levels are nearly 

equal for different isotopes of a given element. 

Table 1 summarizes. the obtained results. The ratios of the 

hfs constants for the two stable odd Hf isotopes, A(177)/A(179) 

and 8(177)/8(179), are also pre.sented. 

LEVEL, cm -1 
2356. 68 (a.

3 F 3) 19292.69 (z5 G0
) 

3 

177Hf A, MHz 81.03 (29) 152.2 (4) 

B, MHz 800.3 (5.8) 1821.6 (7.4) 
-

t79Hf A, MHz -50.8 (2) -95. 5 ( 1. 1) 

8, MHz 903.0 (7.0) 2055.7 (25.1) 

A(177)/A(179) -1. 595 (8) -1.594 (18) -1. 5880* 

8(177)/8(179) 0.886 (9) 0.886 (11) 0.8849* 

Table 1. Results on the hfs constants A and B of the investigated· 

levels and their ratios for 177Hf and 179Hf. Values 

marked with*) are taken from /3/. 

A comparison with the corresponding high-accuracy values for these 

ratios from /3/(see Table 1) shows a good agreement. The slight 

discrepancies observed could be ascribed to two reasons: i. the 

experimental method used in the present work is less accurate than 

ABMR, ii. higher order multipole interactions are not taken into 
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account. 

The frequency · shifts of the hfs centers of gravity with 

respect to the 
178

Hf peak are vc
00

(179)-v(178)=-379.1(4.1) MHz, 

v (177)-v(178)=614.8(8) MHz. 
COG 
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AHaCTaCOB A. 111 AP- E6-92-319 
KOHCTaHT~ csepXTOHKoro pac~enneHll1H 
YPOBHe~ He~TpanbHOro ra¢Hll1H a3

F3 111 z 5 Gg 
. . 

MeTOtJ,OM na3epHO~ cneKTpOCKon111111 B~COKoro pa3peweHll1H 
nposetJ,eH~ 111ccnetJ,OBaHll1H csepXTOHKO~ CTPYKTYP~ 111 11130TOnll1~ 

.YeCKll1X CtJ,Bll1rOB tJ,nH onTll1YeCKoro n~pexotJ,a B Hf! C tJ,n111HO~. 
sonH~ 5903 A~·Onpit1,eneH~ ~arHll1THaH t1,111nonbHaH 111 3neKT
p111YecKaH KBatJ,pynonbHaH KOHCTaHT~ csepXTOHKoro pac~en
neHll1H Hll1~Hero 5d 2 6s 2 a 3 F3 111 sepxHero 5d 2 6s6p z 5 Gg ypos-

- He~ tJ,nH ABYX CTa6111nbHblX HeYeTHblX 11130TOnoB 177Hf 111 17
-
9 Hf. 

: ·Pa6oT~ s~nonHeHa s na6opaTop111111 HiepH~x piaK4111~ O~~~-

IlpenpHHT OObeAHHeHHOro HHCTHtyTa lli\epHblX HCCJie11oeaHHl1 . .lly6Ha 1992 

Anastassov A ~t'.al. E6-92-319_ 
Hyperfine Splitting Constants 
of the a 3 F3 and z 5 Gg Hf! Levels 

The hyperfine structure and the isotope shifts in 
the optical transition of Hf! with _l = 5903 ff hav~ been 
investigated using high resolution laser spe~troscopy. 
The magnetic dipole and electric quadrupole hyperfine 
splittin~ constanti of the lower 5d 2 6s 2 a~F 3 and upper 
5d2 6s6p -z 5 Gg levels have been determined for the two 
stable odd hafnium isotopes 177 Hf and 179Hf. 

The investigation has been performed at the Labora
tory of Nuclear Reactions, JINR. 
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