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EFFECTS OF THE EXCITED CRYSTALLINE FIELD STATES
IN THE ESR OF Er:Au

BY

K. BABERSCHKE

Fachbereich Physik, Freie Universität Berlin, Germany

INTRODUCTION

The effect of excited crystalline field states on the relaxation rate of the ground
state is well known in insulators. This "Orbach process" is strongly temperature
dependent being determined by the energy splitting A between the ground state and

the first excited crystalline field (c.f.) state [1],

In 1969 Williams and Hirst [2] have determined the c.f. splitting of several

rare earth ions in An and Ag. In addition in 1969 Hirst [3] has given the general
formula for the relaxation rate in a multilevel system of a localized moment, which
is coupled to the conduction electrons. The most favoured system for detecting this
effect by ESR will be Er :Au. Up to now only the resonance of Er, Dy, Yb (besides
the S-state ions) was detected in metals. In most of the host metals Er shows the

smallest thermal broadening. The smallest residual width was observed in Er :Au [4],
Both facts favour this system because one is able to follow the resonance signal up
to high temperatures.

EXPERIMENTAL RESULTS

Previous ESR measurements [4] were performed at temperatures below 4.20 K.

In this temperature range the thermal broadening is b 2.7 G/K. The g-value of
g 6.8 indicates a T7 ground state, which is in agreement with the static susceptibility

measurements [2], Figure 1 shows the resonance signal at 4 and 14° A". At
4° K one observes the hyperfine splitting. At higher temperatures this is smeared

out and the error on determining the linewidth increases. Depending on the Er
concentration we were able to follow the resonance signal up to 20-30 K. Figure 2

shows a break at roughly 6 K in the linear temperature dependence of the linewidth.
This is attributed to an additional relaxation rate by excited c.f. states. Measurements

on other systems Er, Dy in Ag, Ir, Th are performed and will be published
elsewhere [5, 6].
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Fig. 1. — ESR signal of 1000 ppm Er :Au at A"-band and 100 KHz modulation frequency.
Ha 984 C, Hsweep 1 kC. The spectra at 14.7UX" is amplified by a factor of 5.

* 1000ppm

• 700 ppm

12 16

T (K)
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DISCUSSION

Susceptibility measurements show the first excited level to be f8. Labelling
the ground state by | + > and the excited r8 by | i >, we find the thermal
broadening A H.

A - (<+!Jzl»-<-IJJ->)2 kB T,

B }l<*l7J->l2 (ftA0)*f(-A0)j

C « / f {U<+/J+ li>I2+I<+IJ_/hl2) f (AJ)* (l<i/JJ->l2

+ l<iIJ_l->l2) t (A;)+2l<+IJJi>l3f(Ap*2l<-IJ2li>l2f(Ap}

A0-Eir7,i-)-E(r7,-)i

(1)

*i.E(rt,i)-E(r7,t)t

f (A)
e
j/V./

1 /• /•••*

« U'K

r, t4-

There are 3 contributions A, B, C to A H. A and B are caused only by the

r7 ground state. "A" is the so-called "frequency modulation" part of the relaxation

rate [7], which becomes exactly zero at zero temperature. The contribution
"5" becomes constant at zero temperature and proportional to A0 gßBH0. The
contribution of the excited c.f. state is given by the term "C". Assuming an overall
splitting of 105° K [2] we were able to fit the experimental data to the theoretical
formula with A 16 + 6° K. This is in good agreement with the splitting determined
by susceptibility measurements [2], The big errorbar is caused by the unsensitivity
of the relaxation rate on A as shown in Figure 3. Similar effects on the relaxation
rate in Er :Au are measured by Mössbauer technique [9],
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Fig. 3. — Thermal broadening calculated by formula (1). x is a measure
of the ratio of the fourth-and sixth-order c.f. parameter [8].

Summary

We reported for the first time the effect of excited c.f. states on the relaxation
rates of localized moments in metals by ESR. The results show that the c.f. in metals

acts in a similar way than in insulators. Furthermore the perfect agreement between

theory and data shows by itself that the ESR signal is a bulk measurement of the

Er :Au alloy which means surface effects are small. Further results on the relaxation
rate and on the g-factor by excited c.f. states are to be published elsewhere [5, 6],



EFFECTS OF THE EXCITED CRYSTALLINE FIELD STATES IN THE FSR OF ERIAU 213

Acknowledgement

Most of the work was performed at UCLA. It is a great pleasure to thank
Prof. R. Orbach, Dr. D. Davidov, and Dr. C. Rettori for the possibility to work
in their group. Furthermore I would like to thank Prof. P. Pincus and the Department

of Physics for their hospitality extended to me during my stay at UCLA.

REFERENCES

[1] A. Abragam, B. Bleaney, EPR of transition ions, Oxfotd 1970 and ref. therein.
[2] G. Wilhams, L. C. Hirst, Phys. Rev. 185, 407 (1969).
[3] L. C. Hirst, Phys Rev. 181, 597 (1969).
[4] J. Tao, D. Davidov, R. Orbach, E. P. Chock, Phys. Rev. B4, 5 (1971).
[5] D. Davidov, C. Reiiori, A. Dixon, K. Baberschke, E. P Chock, and R. Orbach; Phys.

Rev. B8, 3563 (1973).
[6] C. Rettori, D. Davidov, H. M. Kim, Phys. Rev. B9 147 (1974).
[7] J. Dupraz, B. Giovanni, P.. Orbach, J. D Riby, and J. Zitkova in Magnetic Resonance,

Plenum Press, (1970).
[9] G. K Shenoy, J Stohr, G. M. Kalvius., Solid State Comm. 13, 909 (1973).




	Effects of the excited crystalline field states in the ESR of Er : Au

