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For systems with a small electric quadrupole interaction vu ——e2qg/h besides a large
magnetic hyperfine splitting v~=

~
gpNBhf/h

~

the centers of the NMR-ON (oriented nu-

clei) resonances are displaced by hv=cv~. It is shown that c is different for 0=0' and

90, 0 being the angle of observation with respect to the quantization axis. This implies
that the magnitude and sign of v~ can be determined from the differential resonance dis-

placement Zv=v(0) —v(90). Model calculations are performed and the applicability of
the method is discussed.

I. INTRODUCTION

The main part of the hyperfine interaction (HI)
of nuclei in a ferromagnetic host lattice is the mag-
netic dipole interaction v~ ——gpNBhr/h. The hy-

perfine field Bhr is known for most elements as di-
lute impurities in Fe, Co, Ni, and Gd. For nuclei
with j& I a (small) quadrupole interaction (QI)
vQ —e qQ/h may be superimposed to the magnetic
interaction. The electric field gradient (EFG) eq
arises either from the unquenched orbital momenta
of the 3d,4d, 5d electrons in cubic Fe,Co,Ni or (in

addition) from the noncubic crystal structure in

hcp Co and Gd. The HI of radioactive nuclei in

Fe,Co,Ni has been investigated widely with the
NMR-ON technique (nuclear magnetic resonance
on oriented nuclei detected via the anisotropy of ra-
diation).

A tabulation of NMR-ON experiments has been

given recently. ' Only for a few exceptional cases
the quadrupole splitting could be resolved well.
In most cases the linewidth which is mainly caused

by inhomogeneous broadening is so large that the
quadrupole structure (either 2j subresonances or, at
least, an asymmetry) cannot be detected. In this

paper it will be shown that the magnitude and sign
of v& can be determined from the 0' —90' differen-
tial resonance displacement (DRD) of the NMR-
ON resonances, measured at 0=0' and 90' with
respect to the direction of magnetization, even if
the linewidth is much larger than the quadrupole
splitting. This is due to the fact that the effective
resonance centers depend on the tensor rank k of

the quantity under observation. For the y aniso-

tropy k =2 and k =4 terms are present which are
weighted differently for 0=0' and 90'. In this way
the QI causes a resonance displacement which is
different for 8=0' and 8=90'. As the center of a
resonance structure can be determined much more
easily than a slightly asymmetric structure (no

complicated analysis of the measured spectra is
necessary), the method seems to be quite promising
for the measurement of both EFG's and ground-
state spectroscopic quadrupole moments of ra-
dioactive nuclei.

The basic principles and a rigorous calculation
are presented in Secs. II and III, respectively. For

CoCo (hcp), model calculations have been per-
formed; the results are given in Sec. IV. This sys-
tem has been chosen as precise experimental data
are available. The general applicability of this
method will be discussed in Sec. V.

II. THE 0' —90' DIFFERENTIAL RESONANCE
DISPLACEMENT: BASIC PRINCIPLES

The angular distribution of y rays emitted in the
decay of oriented nuclei is most conveniently writ-
ten as

kmax

II (8)= l+ g &kBk(pB/kaT)Pk(cos8)Qk . (I)
k=2

Here the parameters Ak contain all information
about the nuclear decay cascade; they are products
of the usual angular correlation coefficients Uk
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The Pk(cos8} in Eq. (1}are Legendre polynomi-

als, 0 being the angle between the direction of ob-
servation and the quantization axis, and Qk are
solid-angle correction coefficients. Only even k
values are allowed in Eq. (1), k,„being fixed by
angular momentum selection rules. In most cases
k,„=4. The y anisotropy is defined as

A (8)= W(8) —1 .

In NMR-ON experiments the y anisotropy is
used as detector for NMR. For the case of a com-
bined magnetic dipole and electric quadrupole in-

teraction, both being collinear, the resonance fre-
quency for transitions between state

~

m ) and

~

m +1) is given by

v~ ~~ + ) =vp+ 5vg ( rn + 1 /2 ),
vo=v~+

I go~/I I
(I+&)

I
~o I

sgn(»f'»

&M =
I gP w»r/~ I ~

v~ ——e qQ/h,

b,vg =3v~ /[2j (2j —1)] .

(4)

and Fk, which, e.g., are tabulated in Ref. 7. The
Bk describe the degree of orientation. The connec-
tion with the sublevel population probabilities a
is given by

Bk=(2j+ I) ~ g( —1)J (jmj —m
~

ko)a

Here vo is the "pure" magnetic resonance, as ex-
pected in the absence of a quadrupole splitting, vM
and v~ are the usually quoted magnetic dipole and
electric quadrupole splittings, respectively. Bo and

8gf are the external magnetic field and the hyper-
fine field, respectively. K is the Knight-shift
parameter, g is the nuclear g factor, eq is the EFG,
Q is the spectroscopic quadrupole moment, and

hv& is the quadrupole subresonance separation. It
is obvious that a set of 2j subresonances is expect-
ed, which are separated by Av~.

The response of the nuclear spin system (and
thus the corresponding change of the y anisotropy)
depends, however, on the strength of the spin-
lattice relaxation, too. This is illustrated in Fig. 1

for j =1. Starting from a Boltzmann distribution
(left), the population difference of the lower two
sublevels is removed if an rf field with frequency
v~ is applied. (Here it has been assumed that the
reduced matrix element, which describes the
strength of the rf transition probability, is much
larger than the corresponding matrix element of
the spin-lattice relaxation process; see Sec. III.)
This so-called slow-relaxation limit (SRL) is shown
in the middle part of Fig. 1. If the rf field is
maintained for a long time in comparison to the
spin-lattice relaxation time, a new Boltzmann dis-
tribution is obtained, with the constraint that the
population probability of the lower two sublevels is
equal. This is the so-called fast-relaxation limit

—) a~
\

2

1P

V)

Bol t z mann

distribution
slow- relaxation

limit

\

rf

fast-relaxation
limit

t »T&

a / a e h y l
/ k T

a o+a1ao= 01=
2

a 1=a 1

~ I ~ ~a, =a1

a 1/a e hy2/k T

a 1+a.+a1-1 a"1+a", +a'1' =1

FIG. 1. Response of the nuclear spin system on the application of a (strong) rf field with frequency v&. Starting
from a Boltzmann distribution (left) the population difference of the lower two sublevels is removed if the rf is switched
on (middle: slow-relaxation limit). If the rf is maintained for a long time in comparison to the spin-lattice relaxation
time a new Boltzmann distribution is obtained (right: fast-relaxation limit).
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(FRL), which is illustrated at the right-hand side
of Fig. 1.

For both limits the resonance effect, i.e., the

corresponding change of A(8), is now calculated

with the new sublevel populations utilizing Eqs. (2)

and (1). For the resonant change of the y anisotro-

py the k =4 term in Eq. (1) plays an essential role,

as the change of 84 can be much larger than that
of Bq. This can be seen from the Bk coefficients
for complete population of state

~

m ) which are

given by

B„' =(2j+1)'~~(—1) ™(jmj—m ~ko). (S)

In Table I, 82 and 84 are listed for j =5. It is
evident that the changes of 82 and 84, AB2 and

M4, respectively, are different. This has the

consequence that M (0)/M (90) is different for
all quadrupole subresonances. (Here only A2~0
and A4+0 has to be assumed. ) This has the fur-
ther consequence that the structure of the observ-
able resonance spectrum must be different for
0=0 and 90'.

If the inhomogeneous linewidth is so large that
neither the quadrupole splitting can be resolved nor
an asymmetry of the resonance spectrum can be
observed, there still remains a 0' —90' displacement
of the observable effective resonance centers from
which the quadrupole splitting can be deduced, as
will be shown in the following.

Let us denote the resonance which corresponds
to the energetically lowest sublevel transition as v&

resonance, the next as v2 resonance, etc., v;,
i = 1, . . . ,2j and the corresponding changes of the

y anisotropy b, W;, i =1, . . . ,2j. The effective reso-
nance center is then given by

gv;b, W;(8)

gaW, (8)

—(m)
TABLE I. Nuclear orientation parameters E2 and—(m)

E4 for complete population of state
~
jm ) with j=5.

with

v(8) =vo+c (8)b,vg .

The displacement constant c (8) is given by

g(m;+ 2
)b, W;(8)

gaW, (8)

Denoting

b,c =c (0)—c (90),

the differential resonance displacement hv of the
effective resonance centers at 0=0' and 90',
v(0) —v(90), is given by

hv=v(0) —v(90) =hchvg . (10)

A calculation of hc in both limits described before,
SRL and FRL, shows that 5c R and Ac"RL differ
strongly (see also Sec. IV). This means that a
rigorous calculation of Ac is necessary.

III. THE 0' —90' DIFFERENTIAL
RESONANCE DISPLACEMENTS

RIGOROUS CALCULATION

The starting point is the master equation

a =g(a„w„~—a~ w~„) .
m

Here a~(t) is the time-dependent sublevel popula-
tion probability of state

~
m ) and W „ is the total

transition probability from state
~

m ) to state
~
n)

which is given by

(SL) (rf)
~mn ~mn + ~mn

where 8'mnL) is the contribution from the spin-

lattice relaxation, and 8'mn describes the transition(rf)

probability due to the applied rf field. The spin-
lattice relaxation contribution is given by

(SL) SL
~m, m+i =~

X [j(j+ 1)—m (m + 1)]/(e 1), —

0
+I
+2
+3
+4
+5

—(m)
2

—1.1323
—1.0190
—0.6794
—0.1132
+ 0.6794
+ 1.6984

—(m)
4

+ 1.1767
+ 0.7845
—0.1961
—1.1767
—1.1767
+ 1.1767

Z [j(j+1)—m (m +1)]/(1—e ~)

Here B " is a constant which describes the
strength of the relaxation process and P=hv~/
kii T. [Strictly, B h vs' and P should be replaced

by B hv +~/hv~ and hv +il AT, respec-
tively. As

~
(v~ ~+ i —v~ )/ vs'

~
&& 1 is fulfilled



1524 E. HAGN 25

for all cases where the QI cannot be resolved, the
"standard" formulas of Eq. (13) can be used. ] It
can be shown that the connection between the
high-temperature Korringa constant X and the re-
laxation parameter B is given by

dependence of the corresponding sublevel popula-
tions is then given by

(19)

SL

2kgA
(14)

Denoting the corresponding time-dependent change
of the y anisotropy

Here B is a reduced matrix element which is pro-
portional to the rf power at the nuclear sites. It
depends on several parameters such as the field
strength of the applied rf field and the enhance-
ment factor for the rf field. B can be determined
experimentally from the time dependence of the y
anisotropy if a resonant rf field is switched on (see
Sec. IV). b f, in Eq. (15) is the total modulation
width of the frequency modulation. The parame-
ter g (v, ) in Eq. (15) takes into account which

transitions can be affected by the rf field of center
frequency v, . It depends on v, and on the modu-
lation width bf, . If, e.g., v, =v„„+iand

hf, &
~ »~ ~, then g (v, ) =5

In the absence of a resonant rf field, B =0, the
steady-state solution of Eq. (11) is the undisturbed
Boltzmann distribution:

—hv /kB T —hv, /k~ T
a~ =8 8

If at time t =0 a resonant rf field is switched on,
the time dependence of a~(t) is given by

a (t)=QC „Ie 'a„.
n, 1

(17)

The constants C „I and A, 1 are calculated by di-

agonalizing the matrix of Eq. (11), they depend on

the temperature T, the relaxation parameter B ",
the rf parameter B+/b, f„and on the modulation

parameter g (v, ). The time dependence of the y
anisotropy is then given by

W(e, t }=g coi(e)e
1

The constants coi(e) are calculated with the help of
Eqs. (1) and (2).

Suppose now that g (v, ) is chosen in such a
way that only the sublevel transition i (with fre-

quency v;) can be affected by the rf. The time

The rf transition probability is given by

W~~+& (B /——bf, )[j (j+I)—m(m+1)]g~(v, ),

(15)
~m+1, m ~m, m+1

b.w"(e, t ) = w"(e, t) w(e—) (20)

[here W(e) = W'"(e, t =0},the initial value being
independent of i] we can now calculate the time
dependence of the displacement constant

y (m;+ —,)b W"(e, t)

c(e,t)= g ~W"'(e, r )
(21)

and hence

bc(t) =c(0,t) —c(90,t} .

For a given measurement time At the average
displacement is calculated by integration:

I g (m, + , )h8"(—e,r)dr

c(e)=
g b, w"(e, t)Ck

(23)

The average differential displacement constant Ac
is again given by

b,c =c (0)—c (90) . (24)

By setting a~ (t =0)=a in Eq. (19) [and hence
W"(e, t =0)= W(e) in Eq. (20)], it has been as-

sumed tacitly that between two measurements (at
different frequencies) a waiting period is included
(with the rf power being switched off) during

which the spin system can return to the thermal

equilibrium. Experiments performed in this way

would be ineffective, as too much measurement

time would be lost. In the so-called sweep-mode
technique' the rf frequency is varied continuously

over the resonance region with a sweep rate p (unit:
frequency per time). Let us first consider the spe-
cial case bf, =

~
4v&

~

. Here the resonance v;+ i is
entered immediately after resonance v; has been

passed. This means that the effective integration
time b, t in Eq. (23) has to be replaced by

&t, =
~ »g ~

/
~ p ~. (This is the time interval dur-

ing which one subresonance can be affected by the
rf.} In addition, the initial values for the sublevel

populations a„ in Eq. (19) have to be replaced by
a„' "(t=Et, ) It is obvious . that the' result for b,c
now depends on the sweep direction; i.e., on the se-
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IV. MODEL CALCULATIONS FOR CoCo (hcp}

The decay of Co (j =5+; T&&2 ——5.3y) takes
place with 99.9%%uo via the cascade

P
5+ 4+ :2+ .p+

E2, 1.17 MeV E2, 1.33 MeV

Both y transitions at 1173 and 1332 keV have
identical AI, coefficients as the y cascade is
stretched (A2 ———0.420 56; A4 ———0.242 81). For
all further calculations the magnetic hyperfine
splitting of Co in hcp Co has been taken

I

1.5-

1.0-

0.5-

0-
I

0
I

100
1/T (K

I

200

FIG. 2. Differential displacement constant Ac versus
1/T for the slow and fast relaxation limits.

quence i l—,i,i+1, . . . , in which the different
subresonances are entered. (This sequence is re-
verse for sweep-up and sweep-down. ) If p is
chosen in such a way that At, is small in com-
parison to the spin-lattice relaxation time, a large
difference for c(8) and b,c (and the respective reso-
nance amplitudes) is to be expected for both sweep
directions. This dependence of c(8) on the sweep
rate p implies a further possibility for the determi-
nation of b,v~. It can then be applied if b,c =0 is
expected, which is the case for, e.g., E 1 or M 1 y
transitions (A4 ——0).

For hf, & (
b,v& ~

and Af, &
~
hv&

~

the calcula-
tions are slightly more difficult. For bf, &

~

b,v&
~

"waiting periods" have to be taken into account;
i.e., time intervals during which no subresonance
can be affected by the rf. For 4f, &

~
Av&

~

it has
to be taken into account that n subresonances may
be affected simultaneously by the rf. (The number
n is not necessarily constant. ) No decisive differ-
ences are expected for hf«

~
Av~

~

and

Af, &
~

b,v&
~

. Finally, we want to note that the
sweep-mode average Ae is expected to be nearer to

as the "effective" integration time is longer.

v~ ——126.8 MHz, ' and Qk
——1 has been assumed

for the solid-angle correction coefficients. Figure 2
shows the DRD constant Ac versus 1/T, calculat-
ed for both limits outlined in Sec. II, slow relaxa-
tion (SRL) and fast relaxation(FRL). It is obvious
that the full time dependence has to be taken into
account to calculate values of Ac which can reli-
ably be used for the interpretation of experimental
0' —90' resonance displacements.

In addition to vM, for the "exact" calculations
8 and 8 have to be known. (The knowledge of
v~ is not necessary as 2j

~

b,vg ~

&& vM is expect-
ed; see also Sec. II). The spin-lattice relaxation
parameter 8 has been obtained in the following

way. Enokiya" measured the high-temperature
Korringa constant 4 of Co in hcp Co to be
M=0. 17(1) sec K. The magnetic hyperfine split-

ting of CoCo (hcp) in the direction of the c
axis—the hyperfine splitting is anisotropic —is
known to be vM ——219.9 MHz. ' For a pair of iso-

topes in the same electronic environment, the Kor-
ringa constants vary as'

M ) /M2 (v2/v ))—— (25)

where v1~2 are the respective hyperfine splittings.
The spins j1 2, which may be different, do not
enter Eq. (25). In this way M( CoCo) =0.51(3)
sec K and hence

8 =4.7(3) )& 10 MHz ' sec

is obtained. The rf-frequency coupling parameter
B cannot be calculated but can be determined ex-
perimentally from the time dependence of the y
anisotropy if a resonant rf field is switched on and
off.

Figure 3 shows the results of model calculations
performed for different values of 8 /Af, . Here it
has been assumed that all quadrupole subreso-
nances can be affected by the rf; i.e., that the y an-

isotropy can be destroyed completely if 8 /hf, is
large enough. Such time-dependent y anisotropy
spectra as simulated in Fig. 3 can easily be mea-
sured. The analysis of such spectra is, however,
often being performed assuming single-exponential
functions with time constants Tz and T1 for the
resonant change and the return of the y anisotropy
to the thermal equilibrium, respectively.

In order to get a feeling for the functional
dependence between Ta, TI, and 8" /hf, we have
fitted the simulated y anisotropies as shown in Fig.
3 with such single-exponential functions. The re-
sult is listed in Table II. It is obvious that 8 /bf,
can be determined from the rise-time constant T~
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—1.10-
C),

1.05-

1.00-
trf ON frf OFF

20 40 60
TIME (sec)

I

80 100

FIG. 3. Model calculations for the time dependence
of the y anisotropy 8'(0) (top) and 8'(90) (bottom) if a
resonant rf field is switched on and off at t =10 sec and
t =40 sec, respectively. The respective strength of the rf
power, B /hf„ is given beside each curve (unit: sec ').
The rise of the y anisotropy for 10&t &40 sec can be
well described by a single-exponential function. The re-
turn of the y anisotropy to the thermal equilibrium for
t &40 sec is well described with a single-exponential
function for B"/hf, & 0.04 sec '. It is evident that
B /Af, can be determined experimentally from the
rise-time constant and from the resonance amplitude.

and from the resonance amplitude b, W(0). (In
practice only the rise time yields reasonable
B /b f, values, as the absolute resonance ampli-
tudes may be influenced by metallurgic properties,
thickness of the samples via the skin depth, etc.)

From measured rise-time constants on CoCo
(hcp} with bf, = 1 MHz of Tz -4—10 sec,
B /haft =0.01—0.04 sec ' is estimated as a realis-

tic value.

Figure 4 shows the time dependence of the dif-
ferential resonance displacement constant b c(t }

calculated for B /b f,=0.01, 0.1, and 1 sec ' and

1/T=100 K '. Here it has been assumed that
b,f, =

i
b,v& i, i.e., that exactly one subresonance

can be affected by the rf. (The rf is switched on at
t =0. ) It is a remarkable fact that the functional
dependence of hc (t) on B /b f, is extremely weak.
(Because of the finite skin depth the effective rf
power may vary considerably within the sample.
In this way the observable resonance amplitude

may be reduced; the differential resonance dis-

placement is, however, only weakly affected. ) For
the case of high rf power, B /b f, =1 sec

hc(t =0) and b,c(t = oo } coincide well with the
two limits, hc " and b,c" (see Fig. 2).

Figures 5 and 6 illustrate the behavior of c(0)
and Ac versus I /T calculated for B /b f, =0.1

sec ' and measurement times At=4 and 40 sec,
respectively. The curves labeled b, e, and d
represent the results of calculations for sweep-

mode technique, sweep-up, sweep-down, and

sweep-up-down, respectively. (Because of the dif-

ferent resonance amplitudes for both sweep direc-

TABLE II. Rise-time constant T~, anisotropy relaxation time Ti, and resonance effect r as function of the rf-power
parameter B /hf, . (Result of single-exponential fits to the model calculations shown in Fig. 3.) For B /d f, )0.04,
the return of the y anisotropy to the thermal equilibrium is no longer describable with a single-exponential function.

Bff/Qf
(sec-') r (%%uo)

00

TR (sec) Tj (sec)

90'
T& (sec) T& (sec)

0.001
0.005
0.01
0.02
0.03
0.04

0.1

1.0

9.2
36.6
57.6
78.7
87.9
92.5

98.6
100

15.4
12.0
9.5
6.7
5.1

4.1

1.8
&0.3

18.9
21.5
24.4
29.4
33.2
36.1

7.2
31.5
52.6
75.5
85.9
91.2

98.4
100

18.0
14.5
11.3
7.8
5.9
4.7

2.0
&0.3

20.2
21.7
23.8
27.9
31.3
33.9
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3.0- 0.25-

0-
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I

0
I

50 100
1/T (K )

0-
I

0
I I

50 100
1I/T (K )

10
I I I

20 30 40
T I ME (sec)

50 60

tions, the sweep-up-down results for c(0) and hc
cannot be calculated averaging the results for
sweep-up and sweep-down. ) Here sweep-up means
that the energetically lowest sublevel transition is
entered first. Figure 7 shows c(0) and b,c for
I/T=100 K ' versus b, t. The variation of c(0) is
relatively strong, while the dependence of b,c on b, t
is relatively weak, especially for sweep-mode tech-
nique.

Figure 8 illustrates the behavior of c(0) and b,c

5.0—

at= 4s

1.25-

1.0-

a 30
0

0.75-

0.5-

FIG. 4. Time dependence of hc for 1/T=100 K
The respective strength of the rf power, B+/hf„ is
given beside each curve (unit: sec '). For large rf power
(B~/hf, =l sec '), hc(t~0) and hc(taboo) coincide
well with Qc " and pc~ .

FIG. 6. c (0) and Zc versus 1/T for a measurement

time ht =40 sec. (B+/hf, =0.1 sec '). For the expla-

nation of a,b,c,d, see Fig. 5. The differences between

sweep-up (curve b) and sweep-down (curve c) become

smaller for longer measurement times.

on the rf power. The weak dependence, which is a
rather surprising result, indicates that a precise
knowledge of B /b f, is not necessary for the in-

terpretation of measured resonance displacements.

V. SUMMARY AND OUTLOOK

It has been shown that magnitude and sign of a
small quadrupole splitting superimposed to the hy-
perfine splitting in a ferromagnetic material can be
determined from the 0' —90' differential resonance
displacement. This is a "stand-alone" technique;
i.e., all parameters necessary for the interpretation
of DRD data can be measured with the same ex-

perimental setup. The Aq, A4 coefficients are ob-

tained from the absolute values of the y anisotro-

pies measured at 8=0' and 90. The rf and the re-

laxation parameters 8 and 8, respectively, can
be determined by observing the time dependence of

2.0-

1.0-
0

I I

50 100
1/T (K )

0,25-

0-
I

0
I I

50 100
1/T (K )

5.0-

4.0-

R 3.0-

1.25-

1.00-

0.50- c Xd

FIG. 5. c(0) and Zc versus 1/T for a measurement
time St=4 sec. (B /hf, =0.1 sec '.) The labels

a,b,c,d have the following meaning: a: no-sweep tech-
nique, i.e., the system is allowed to relax to the thermal
equilibrium between measurements at different frequen-
cies. b: sweep technique, sweep-up. Here sweep-up
means that the energetically lowest sublevel transition is
entered first. c: sweep technique, sweep-down. d: sweep
technique, sweep-up-down.

2.0-
0 25 1/T =100

1.0-
0 20 40 60 80

tt (sec)

0-
0 20 40 60 80

at {sec)

FIG. 7. c(0) and Zc versus measurement time.
(B /Af, =0.1 sec '; \/T=100 K '). For sweep-mode
technique the dependence of Zc on bt is small. (See
Fig. 5 for explanation of a, b, c,d. )
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4.0—
Q

c

I

10-

2.5- 1/T=100 At =40 se c - 0.5 -1/T =100 at = 40 se c—
I

0.001 0.01 0.1 1

B" /aft Csee-')
0.001 0.01 0.1 1

B"/gf, (sec-')

FIG. 8. c(0j and hc versus B /l& f& (At=40 sec;
1/T=100 K '). The weak dependence of c(0) and hc
on B /b f, is a surprising result; this has the conse-

quence that no. free parameter is necessary for the
analysis of data on the 0' —90' resonance displacement.
(See Fig. 5 for explanation of a,b,c,d.)

finite skin depth. This means that no free parame-
ter is necessary for the intepretation of DRD data.
The DRD is most efficiently measured utilizing
the sweep-mode technique. By the choice of dif-
ferent sweep rates and modulation widths, reliable
cross checks can be performed. The sweep tech-
nique also allows the determination of v& if the
DRD vanishes, the latter being the case for all y
transitions with A4 ——0.

Using hcp Co as host lattice it should be possi-
ble to measure the quadrupole splitting of a large
series of radioactive nuclei. For isotopic chains it
is then possible to derive ratios of quadrupole mo-
ments. In comparison to adiabatic fast passage' it
is a decisive advantage that no free parameter has
to be fitted in the analysis of data.

the y anisotropy after a resonant rf field is
switched on and off. As the DRD is nearly in-

dependent on the rf power, no care has to be taken

to determine the effective rf power at the impurity
sites, which would be difficult as 8' is expected to
vary considerably within the sample because of the
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