
A-~V 
·OB'bELlHHEHHblti 

HHCTHTYT 
. $ILJ.EPH bJX 

HCCnELJ.OBAHH.l::t 

• • .. 
I •• .. 
~ 

E6 • 6479 

V.P.Afanasiev, H.Fuia, K.Ja.Gromov, 
I.I.Gromova, R.Ion-Mihai, A.B.Khalikulov, 

D.Monchka, V.A.Morozov, T.M.Muminov, V.Zuk 

THE g-FACTOR OF THE 108 keV EXCITED 

STATE IN lSl.Gd 

1972 



E6 - 6479 

V.P.Afanasiev, H.Fuia, K.Ja.Gromov, 
I.I.Gromova, R.Ion-Mihai, A.B.Khalikulov,7 

D.Monchka: V.A.Morozov, T.M.Muminov; V.Zuk 2 

THE g-FACTOR OF THE 108 keV EXCITED 

STATE IN 
151 

Gd 

Submitted to Nuclear Physics 

1 
State University, Samarkand, USSR 

2 
State University, Lublin, Poland 



1. Introduction 

(I) 

(2) 

where the relal(ation coefficient a and the rotation. 110' of the angular.correlation are 

a = i + A TN .. -. (3) . . 
J 2w TN 

110' =; 2 arc tg ( ) 
1 + ,\ .. r N 

(4) 
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and 
2r' 2 ~ 2 2 
-·-· "-) < H. > ·g p. • 
1;2 ant N (5) ,\ = ( 

Here, w = (g p.NH/f;l is the Larmor frequency, g is the g-factor of the intermediate 
state, H and <. H.2 > ~ are the effective andthemean-freeionicmagneticfield acting on 

tnt . . 
the nucleus, respectively. In the above relations the assumption was made that the spin re-
laxation time ~: s is smaller than the lifetime of the intermediate nuclear level r ·N. 

In the case of the large hyperfine fields and large r N , the ambiguity appearson the 
rotation~()' and therefore, on the experimental g-value. It is also possible that a large 
attenuation of the angular correlation, i.e.' a very small effect MIN , takes place. To 
avoid this ambiguity and to be able to know the attenuation of AC we have made 'some pre­
liminary studies. 

2. The Lifetime Dependence of the nN IN Magnetic Precession 

Using the usual n~n-relaxation model (i.e. a= 1 ) eq. (2) becomes 

where 

!!:.N 3 A2 

rr=4+A2 
sin 4 ~ () , · 

1 ~ 0 = -
2 

arc tg ( 2 p. r H / 1i ) 
N N 

(2') 

(4') 

The magnetic field dependenceof MINfordifferent, TIN isrepresentedinfig. 1. The 
g and TJN 

1 
values of the 86 keV level of 155 Gd and the. A 2 -coefficient of the 180-86 

keV cascade of the same nucleus have been used. 
For each value of r.N ' there is one single value of H for which MIN is uriatte-

nuated and corresponds to the same value of the rotation ~() = 22°JO.'This H -value in­
creases, wheni ~ d!!~reases, .. If the experimental value of M /N is smalle_r than the 
imattenuated one (and this isusuallythecase)there is an ambiguity on ~() . Experimen­
tally one can decide between the two possible values by measuring MIN for two or more 
different values of the magnetic field H . Usually, large magnetic fields are produced by 
a magnetization procedure, which gives saturation for large magnetizing coil current I. 

The coil ·current dependence of M,'N for different lifetimes 'T~" is shown in 
fig. 2. The curve (a) corresponds to the case when d./ a) and the saturation field gives 
just a rotation of 22°30'·, i.e. the maximum value for J.N/N. For larger coil currents 
~NIN has a plateau at this maximum value. 
· · The curve (b) shows the case when r 1N is smaller than 1 N (a). The plateau 

appears for·a rotation smaller than 22"30' , i.e. for an attenuated ~N IN value. Such an 
experimental curve has been obtained by Deutch et al l:sl . 
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The curve (c)correspondstothecasewhen 1 r ~ is larger than r N , i.e. the MIN 
plateau appears for the rotation 11 () larger than 2 2°30', a 

In all these cases, the presence of the relaxation processes wilUurther attenuate the 
MIN effect. Thus, even the maximum vahie of AN IN may be very !?mall. Fig. 3. shows 

the stro'ng effect of the relaxation processes in the case of 86 ke V level in 15 5.'t; d ( 
TN"" 9.64 ns) .. Here, (a) and (b) denote the theoretical curves for the magnetic field 

dependence of l'lN 1 N calculated with the non-relaxation and with the relaxation mo~ 
dels, ··respectively; the relaxation coefficient a= 2J4 has been experimentally deter­

. mined in this paper. 

3. Experimental Procedure and Results 

· 3.1. S o u i: c e s 

I5 5 Tl . I 51Tb . ll . . The 1 and sources were obtamed from the spa atwn reachon, bombard-
ing a tantaluf11 target with. 660 MeV protons from the Dubna synchrocyclotron. 

The
1

5 
5 Tband 1

51 Tb sources have been implanted simultaneously into the iron X -ray 
filter foil 0.0012 em (obtained from Johnson Matthey Chemicals Ltd) by means or'an isotope 
separator. The measurements were made with non-annealed sources. 

3.2, A ·P p a r a t u s 

The angular l~orrelation· apparatus used in these experiments is a conventional automa­
tically operated coincidence system using the fast-slow electronics with a 40x40 mm 
Nal (Tlj and a 50-cc Ge(Li) detectors h:. The alignment of the iron domains in the 
direction of applied magnetic field was obtained using a small magnet with a great number 
of amper-turns; The sense ofthe magnetic field was automatically changed every 5 minutes. 
The information obtained for the two dire?tions of the magnetic field was analysed in 

· a 1024-chann~l pulse-height analyser. Simultaneously the background coincidences were 
analysed. · 

3.3 .. PAC M e a s u rem en t s in 155 Gd 

The purpose of these studies was to evaluate the effect of the relaxation processes . 
on· the magnetic precession for Gd isotopes imp'ianted in Fe . The~efore, we have deter­
mined the relaxatio~ constant a for the 86 · keV excited l~vel of 15 5Gd, using the well 
known 180-86 keV cascade. The' angular correlation coefficients for this cascade were 
measured in rei. lsi A = -0.214 -1· 0.006 and A 

4 
= 0.009+ 0.015. , 

1 f 2 k - t . 1 - d . f I 9. I o, 11 The g - actor of 86.5 eV s ate· was P}'(lOus y measure m re s. ·' · . We 
adopted the values g = -0.376±0.026 (ref.' 9 ). r ~ (9.64± 0.17) ns (refs. · 8 • I 2 /) an<! 
I= 5/2. 

5 



Firstly, we performed the coil current dependence of MIN for ()= 135~ The result 
is shown in fig. 4. The experimental points lie on a curve similar to curve (c) from fig. 2. 
Our measurements were carried out for a coil current I =1 00 mA, which gives the satu­
rated hyperfine field. This . magnetic field value was determined in refs/ l3ol4/ · 

/l:o(200.;i- 50) kG. 
In vie~ of the discussion given in sect. 2 we can conclude that t\ () '> 22°30' . The re­

laxation constant a was determined at room temperature by observing the change in coin­
cidence rate of 180 and 86 keV gamma-rays when the sense of thq coil current wa~mer­
sed. The experimental results are: t\N/N= 0.044±0.008,a=- 2J4, ~()'=36 °25' 

It is seen from rei. (5) that the ratio (AI g 2 ) will be the same for an the i&Otopes 
of Gd (obtained 'from Tb desintegration) implanted in iron. With the above value of u we 
have obtained ( ).., g2 )= 8.62 x 10 8 sec -I : This value was used in section 3.4 for the 
g~fartor determination in 151 Gd . 

3.4.The I{ -factor of 108keV Excited State in 
151

Gd 

The reversed field method was also used for the g-factor determination of the IOBkl'\' 
level in 

151 Gd. The measurements were also performed for (j = /35" and for I =/00 mA, 
i.e. with the saturated magnetic field. 

To obtain the g-factor we have used the 287-108 keV cascade which has the angular 
correlation coefficients ,' o/ A = -0.240 ± 0.015 and A

4 
= -0.008 ± 0.016. 

' 2 A ~I Our expenmental results are UJY 

7 = + 0.070 ± 0.015 

= - 0.54 + o".o7 
g - o. 10 

Using the (,\/g 2 ) ratio determined in sect. 3.3 we obtain for the 108 keV level of 
1 51 

Gd the relaxation coefficient u ~ 2.08 and the rotation \ n '= JJ0 2.> ~The magnetic mo-
ment of 108 keV excited state in 151 Gd is p. == (-f .. 1;"i +O./f' ) p. • """" 

-o. 2:> N 

4. Discussion 

The quantum cha1:acteristics of 1 
'5l Gd ground state agree with the predi<;tion of the 

shell model (f7h) . The 108 keV state cannot he interpreted as a single particle state. 
The. Schmidt model prE!dicts for a single neutron f 5 .12 state the magnetic moment p. = 
+ ! . 37 p. N , which is in complete disagreement with our experimental value. With the 
Arima and Hori/ 1 d model which takes into account the configuration mixing, we obtained 
for the same f 5h state the value p. = 1.0711: N , also in disagreement with the. expe­
rimental value. Within .the de Shalit model/ 17· the 108 keV state can be interpreted as a 
coupling of the 17/2 single neutron state of the ground state to the collective.excitation 
of the even-even core. This core-excitation model predicts for the g-facto'r of a member of 

6 



of the core multiplet 18 l 

1 1 .fc(/c+1}-j(j+1} 

lg 0; J = T ( g c + g P) + 2 ( gc - g P J ' 1 1 ; ' 
. ;(;+1 G) 

I 

where I ;1
, I c , · j 1 are the spins of the excited state, of the excited core and of the single­

particle state, respectively;' g c and g P are the g-factors of the excited core awl of tht• 
single-particle state. In the absence of measurements for the g-factor of the 2 + stale of 
1 50 

Gd we have used the val~e g =4= o. 41. For the g-factor of the ground state of 
151 Gd we have used in eq. (6) bot~ tile Schmidt and Arima and Horie theoretical values. 
The magnetic moment values obtained for 108 keV excited state in 151 Gd are IL s ;"-]. 72/L N 

and /LA =-0. 87/L N. From the comparison with experimental resull one can eon elude -H 
that this level is of collective nature. The same conclusion was obtained from life-time 
measurements I Jl . 

Now, we can predict the magnetic moment of the ground f 
7 

;
2 

state in 151 Gd. Using 
rei. (6)andgc=0.41 weobtain!L =(-1.61!_· 2~JJ.LNWeremarkthatfor g, -values vary­
ing between 0.2 and 0.5 the results are the sarKe in the limits of the experimental errors. 

The authors wish to thank Dr. O.B. Nielsen for his generous support in performing 
thi3 work. 
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Fig. 1. The theoretical magnetic field dependence of MIN for different lifetimes non­
relaxation model (A 

2 
= -0.214, g = -0.376; (l)rN =9.6 nsec; (Z)r N =4.8 nsec; 

(3) rN = 0.96 nsec). l 2 . 
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Fig. 2. The theoretical coil currentdependenceof MiN for different lifetimes ( 'rN (c)> 
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Fig. 3. The theoretical MIN curve calculated with the non-relaxation model (a) and 
with relaxation model (b) ( a = 2.14). 

H(,s) 



I\.) 

A !'I 
fi 
0,10 

0,05 

0 
1 10 100 

Fig. 4. The experimental coil current dependence of /). N IN for 180-86 keV cascade in 
155 Gd implanted in Fe. 
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