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Environment: crystal field

Rare earth’s: 4f shell’'s small (‘inner’ electrons)

Iron group: 3d shell’'s on the outside
=> decoupling of L and S, J no longer good Quantum number
=> gplitting of the 2L+1 orbital states
=> Quenching of the orbital angular momentum (L,—0)

=> High spin — Low spin transitions
=> Jahn-Teller distortions
=> Orbital excitations (orbitons)

Anisotropy

Kramers degeneracy (local B-field probe)
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Crystal field

Simple illustrative example:
2 dimensional p states in a two-fold crystal potential

Ve = Qcos(29)

p-states in 2D:
Y, (0,0) = cos(h)e™ = etV

pirl,a - R(r)e_l¢ZG g :T or \L
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2D p-statesin a 2 -potential

Only CF
Vcr = Qcos(29)

IP1o| VeE [PLo) = Jdo €7 - Qcos(20) - €'
(P-16|VeF [P-16)=[d9 e'¢-Qcos(2(|>).e 1o _
IP_16| VeF [P1) = [dd €' Qcos(2)-€'? = Q
IP1o| Ver[P16) = [dd e Qcos(29)- e = Q

H =Ho + Ver E, Q 0 0)[[Pu) P1)
Q Eo 0 0[Py, _E. P_11)
0 0 E Q| oy 1L
° 0 9 Ro/lpay) Py
E=Ep£Q +1 |P1s) +|P-15) — 1 20
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2D p-states In a 2,-potential

YU+ -LAL+D) =SS+ 1D}
B 2

With LS <v¥|L-S|w>
15 3

3 3
S 7 —2-7 1 B 7-2-7%
<Ppyr|Ll - S|pyr > = > = <p_11|L-S|pir > = o =L
<p'iZ'§p,i>=_1 - - 1
: ' < p—1,i|L'5|p—1,i >:E
H=Hy+Veg+AL-S /42 Q@ 0 0 [p11) [P17)
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0 0 /2 Q lp-11) lp-11)
0 0 Q -4 |D11) |D11)
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_ U=
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2D p-states In a 2,-potential

Energy of states as a function of LS/CF
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2D p-states In a 2,-potential

Angular moment of the states as a function of LS/CF

(0,20, 1) =U%-(pyrlpyp ) +V2 (P12 p_11)

{1 31./8 }.3+{1_ 31./8 }.—1
VO2/16+Q2) 2 (2 Joa2/16+Q2) 2

1 3N/ 4 -
2" J912/16+ Q2
1 3N/4 0

¢, L[ J0 - by

< +¢‘ | +¢> 2 J97»2/16+Q2 J o

For strong crystal fields: :Z:i -1/2

orbital moment completely quenched

15 2 2./3 S 555 4
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2D p-states In a 2,-potential

Magnetic moment of the states as a function of LS/CF
1
(PAmzpy) = (Lz +9S7)ug = (1+ 2:7)us = 2up

1
(P1iMzlpy ) = (L7 ~9S7)ng =(1-2- ))ug =0

U

314
<¢+,Tmz¢+,T> = U2 '<p1,TmZp1,T>+V2 '<p_lezp_lT> N {1+ \/9}\‘2 /16 + QZ}
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