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KalrClg: a candidate of fcc Kitaev material

Antifluorite structure

Green: K
Blue: Ir (5d°)
Red: Cl

N. Khan et al., Phys. Rev. B 99, 144425 (2019).
D. Reig-i-Plessis et al., Phys. Rev. Mater. 4, 124407
(2020).

@ Fcc down to 0.3 K (neutron diffraction data)
@ Spin-orbit coupling on 5d° site
= Jer = 1/2 ground state

o Kitaev exchange interaction between 5d° sites
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Resonant inelastic x-ray scattering (RIXS) measurements

To confirm Jer = 1/2 ground state = RIXS measurements
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D. Reig-i-Plessis et al., Phys. Rev. Mater. 4, 124407 (2020).

What is the origin of the splitting of the peak in the RIXS spectra?

This work
Demonstrate that the dynamic Jahn-Teller effect changes the shape of the RIXS spectra
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Model Hamiltonian (tpg orbitals)

Model Hamiltonian for single 5d° site:

A = Aso + A, (1)
Hso = M - 3, (2)
- Bw [ o A 1, V3, 5 1, V3, 5 4
HJT — a;v 7 (Pa + qa) + ;‘L hwg |:Pyz,a' (-5% + Tqv +sz,o' _Equ - 767 +Px ,o'qu .
x2 y2

(3)

® 'Q®
e = K 2 -
@ ® ®
[ () () ® ®
u(z?) v(x* = y?) Potential surface

4/15

JTE Sympsium@York, # 11, N. Iwahara Vibronic excitations in RIXS spectra



Model Hamiltonian (SO multiplets)

In the SO basis:
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Dynamic Jahn-Teller effect in the Jo = 3/2 states

Static Jahn-Teller effect Dynamic Jahn-Teller effect

g, p = 0: c-numbers g, p: Quantum dynamic variables

= Tunneling between the minima:

‘\Uu> ~ Cuy +

N

+C3

One orbital-lattice configuration Orbital-lattice entangled (vibronic) state
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Numerical method

Hamiltonian:

0 0 0 V28 0 —V24
0 0 V24, 0 —v2g, 0O
Y Y Tuw A2 ﬁ"‘ug 0 ﬁau 7éiu 0 7€7v O
H = H — —
”*Q;vz(% )*’2 V24, 0 0 4 0 "y
i 0 _\/Eé\]v _av 0 CAIu 0
Unperturbed Hamiltonian,l:lo _\/Eau 0 0 _av 0 _ﬁu
Vibronic basis (Eigenstates of Hp):
{lJefﬂ MJ> ® |nu> nv>|JefF = 1/27 3/2, 0<n,+n < 20} (5)

Vibronic states:
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Vibronic states

The distribution of the vibronic levels (E,) varies much with respect to g.
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Ejr: Classical Jahn-Teller stabilization energy, fw/2 - (g/2)?
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RIXS spectra based on the vibronic states

Model Hamiltonian:

H=Hr+V, 7)
V x Pel - A. (8)

Cross-section (2nd order perturbation theory)
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|v), E,: Vibronic states

Fig. H. Takahashi et al., Phys. Rev. Lett. 127, 227201 (2021). 9/15
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RIXS spectra (g-dependence)
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E 0 2: RIXS: D. Reig-i-Plessis et al., Phys. Rev. Mater. 4, 124407 (2020).
’ E Raman: S. Lee et al., Phys. Rev. B 105, 184433 (2022).
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As g increases, several peaks appear.
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Comparison between the theoretical and experimental RIXS spectra

128 K,IrClg —— Theory (10K)"
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E 0sl o Exp.(10K) | o A\ =0.44 eV (RIXS)

R Exp. (300 K) @ w = 33 meV (Raman)
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= 0,2; 3 RIXS: D. Reig-i-Plessis et al., Phys. Rev. Mater. 4, 124407 (2020).
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Good agreement between the theoretical and the experimental RIXS spectra.
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K2RuClg: a candidate material of excitonic magnetism

@ Spin-orbit coupling on 4d* site
= J = 0 nonmagnetic ground state

@ Exchange interaction between J multiplets could induce Excitonic
magnetism.

Structure of KoRuClg
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Electronic and vibronic RIXS spectra (25 K)
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With the dynamic JT effect, the shape of the RIXS spectrum becomes closer to the exp. one.
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Temperature evolution of the RIXS spectra (25 K and 300 K)
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Our theoretical spectra capture the main features of the T-evolution of the exp. RIXS spectra 14/15
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Conclusion

The fingerprints of the dynamic Jahn-Teller effect appear in RIXS spectra.
@ Shape

@ T-dependence
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