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Kitaev honeycomb magnets — a promising route towards Majorana fermionic excitations
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Kitaev honeycomb magnets — a promising route towards Majorana fermionic excitations
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Experimental Evidence for
Majorana-fermionic excitations?
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a.-RuCl; — a close realization of a Kitaev honeycomb magnet

Kitaev candidates vs. Kitaev model:
H=H, +J+1+..

Sandilands, et al., PRL 114, 147201 (2015).
Glamazda, et al., Nat. Commun. 7, 12286 (2016).
Do, et al., Nature Physics 13, 1079 (2017).
Glamazda, et al., PRB 95, 174429 (2017).
Kasahara, et al., Nature 559, 227 (2018).
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a.-RuCl; — a close realization of a Kitaev honeycomb magnet
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o.-RuCl; — thermodynamic fingerprints of fractionalization
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o.-RuCl; — thermodynamic fingerprints of fractionalization
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o.-RuCl; — spectroscopic fingerprints for an intermediate phase

5
(a)
50
S0 4
E 5o £
820} s°®
2 s
210} >
o T2
0 o
=
1k
15 . 0
O MCE L n . co© . 0
© Yoo :: Novel excitation in intermediate phase?
X ND 2t Possibly Majorana bound state?
| + INs £2] 2
O S o
g 10 0
o | zz2| * . 4l
= Magnetic Field (T) j2]
D O E
L e, z
® 5| g @k 2"
_ - | 2
zz1 o\® ° field | £
xo % O polarized | K %
g8¢e
0 - ‘ ' ' ' - 2, ' ' ‘ ‘
0 2 4 6 8 10 12 14 1 2 3 4 5 6
Magnetic Field (T) E (meV)

Balz, et al., PRB 100, 060405(R) (2019). Banerjee, et al., npj Quantum Mater. 3, 8 (2018).



Raman-spectroscopic fingerprints of fractionalized excitations in Kitaev magnets
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S. M. Winter, et al., Nat. Commun. 8, 1152 (2017). A. Glamazda, et al., PRB 95, 174429 (2017).



Raman-spectroscopic fingerprints of fractionalized excitations in Kitaev magnets
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Raman-spectroscopic fingerprints of fractionalized excitations in Kitaev magnets
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Raman-spectroscopic fingerprints of fractionalized excitations in Kitaev magnets
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Spectral weight re-distribution & field-induced Majorana bound state
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Intensity (arb. un.)

Spectral weight re-distribution & field-induced Majorana bound state
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Intensity (arb. un.)

Spectral weight re-distribution & field-induced Majorana bound state
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Majorana Bound State
VS. spin-wave excitations

Seunghwan Do



Majorana bound state vs. spin-wave excitations

(a) Experiment: (b) Theory:

Raman & THz Exact diagonalization
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Raman shift (meV)

Majorana bound state vs. spin-wave excitations
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Summary

e Broad continuum of fractionalized excitations

 Quantum critical regime: new excitation with bound-state
characteristics

Binding energy ~ 1.3 meV

Lun o) susway

o-RuCl; at B = B_ is a promising platform to study Kitaev physics
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