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Context

* Rare earth titanate pyrochlores e« The structural argument (e.g. ¢ Characterization ot the crystal <+ The large variety of CEF
R,Ti,O; (R = Sm, Tb, Dy, Er, Yb)  different lattice = parameters) electric field (CEF) acting on the  parametrizations that came over
possess fascinating magnetic cannot solely explain the variety R sites is a key ingredient for the time led to many misconceptions

states [1-2| depending on the rare  of observed states: quantum spin  understanding of those states. in the litterature, thus needing a
earth element R. liquids, spin ices or spin glasses. clear definition for further work.
1. CEF potential expansion 2. CEF as a sum of parameters
 CEF potential H.y pertubates the spherical 4t [ o0, K )
symmetry of the free ion Hamiltonian Hj : Py(cosw) = 2%k + 1 Y Y (0) + Z (DY @) + YY)
_ g=—k .

H=Hr+ H
a CEE We introduce the tesseral harmonics £y to get rid of complex quantities:

* One can express Hqgr as the sum of the potential V ) ) ) 1 . . . i g .
felt by every single electron ¢ at a position 7; of the R ko = Yo Lig = ﬁ (Yk (=17 Y, )» kg — ﬁ (Yk — (=17 Y, )
metal 11 hich h h 4
i as well as tensor operators which have the B T g,
Hcer = —€ Z V(ri) same transformation properties as Yk,q: Cq - \/2 k41 Y, (9)
It
with V expressed with a o(R) COHES: i k 1
time dependent charge V(i) = dr Hcgr = Z\/ Z50Co + Z (qu(cliq T (—1)(105)
.« s : ‘R — Ty 2k + 1 \@
distribution p(R) ' ==k
k
] r;
. rzz ek, (—1rek)) | / o(R) -1 dr
Hcgp = —e Z/ Rk+1 P (cosw)dr V2 ! ! ) RF+1
We eventually introduce CEF parameters Bk _ \/ Am e (R) ry dr
where Py (cosw) are the Legendre polynomials [3): B to simplify the former expression: “Voky17k | PUYRR
4m " Zg, k Zr, -
Py.(cosw) = Y. (0, 0)Y,(0;, i) Bk _ \/ A " 4 Bk _ \/ Am " 4
k‘l'lqzk| | | 1 2k+1\/_ Pl )Rk+1 ' 1 2k—|—1\/_ L )R’*“Ll '

expansion coefficients operators -~ L L ( Lk ; e /e ”
% _ , Hepr = [B Ch + BY(CY 4 ( 1)qC + B (CY ( 1)qC >}
Vit (0,¢) = (—1)7V ) [Y(6,. ) = Y00 > |BoCi _Z (ct, )+ B (CL, )

3. The R,Ti,0O, case 4. How to characterize the CEF
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Total energy

frustrated magnetic moments at the apexes glé(zgtned 1nterslgécehate E&i 44 fRIXS o ‘;OOEnergyléss . L
« R atoms and Ti atoms are situated in two different apexes-sharing RIXS process representation and RIXS spectra of the CEF effect in Yb,Ti,0, measured
tetrahedrons sub-lattices that interpenetrate into one another; on SEXTANTS beamiine in SOLEIL, ar the YO N, ; edge.
» Magnetic moments are geometrically frustrated (3D kagomé lattices); * High-resolution RIXS allows probing the CEF;
» D;, point symmetry group, k and g are limited and CEF in R,Ti,0, compounds » AERHA spectrometer |4] on SEXTANTS is worldwide the
can be described by: only instrument offering the required energy resolution

» Simulations run through Quanty software package |5|:
Hegr = BiCE 4+ ByCy + B3 (C*, — C3) + BSCP + BS(CY, — CY) 4+ BS(C° , + C?) Ligand Multiplet Theory calculations with CEF
contribution, expanded on spherical tensors.

5. Conclusion and outlook

» Choice of a clear definition based on spherical tensors, that can directly be used in Quanty code.
» First observation of the CEF eftect in pyrochlore crystals at the R N, 5 edges with RIXS.
* Precise extraction of CEF parameters in R,Ti,O0,; ongoing, with new experiments and machine learning.
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