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"Emergence" “More is different”
P. W. Anderson, 1972
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Quantum Materials Correlated inculat

Materials displaying complex emergent phenomena
over a wide range of energies and length scales
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Ultrafast light-matter interaction
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Colloquium: Nonthermal pathways
to ultrafast control in quantum
materials

Nonthermality as a r;

ADLT et al, Rev. Mod. Phys. 93,
041002 (2021)
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Quantum Spin Liquids

« Highly correlated fluctuating spins down to low temperature without
symmetry breaking

» Long range entangled ground states '
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Kitaev model in the honeycomb lattice
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Iridium oxides

Single ion pseudospin H, "=JS-S +KS jVSM_.F

Phys. Rev. Lett. 102, 017205 (2009)



Magnetic interactions
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Towards Kitaev Quantum Spin Liquids
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First experimental realizations
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Generic spin model beyond the Kitaev limit
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Phenomena during excitation
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Light induced control of magnetic interactions in Kitaev materials
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Light induced control of magnetic interactions in Kitaev materials
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Outlook

« Broad, momentum-independent, magnetic excitations in HsLilr,Og
reflect Kitaev physics

« Ultrafast control of magnetic exchanges (a preview)
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H,Lilr,O,

Magnetic susceptibility, ¥

(1072 emu per mol Ir)

A spin-orbital-entangled quantum liquid on a
honeycomb lattice
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Resonant Inelastic X-ray Scattering (RIXS)

RIXS
E A E A REVIEWS OF MODERN PHYSICS, VOLUME 83, APRIL-JUNE 2011
Resonant inelastic x-ray scattering studies of elementary excitations
e L R — ‘- E*I Tmn Bfﬂr
EF" ''''''''' EF'- ----- .- T prmmm \I
pz 2 e a (Bi-)
é - E Magnons
e i 4 AL - -
Ei k; Er k "
i fi ol 50 meV 500 meV 15eV 2V Energy

E; = 2p3,, - 5d (L3)
Eross = Ei — Ef

Intermediate state 5d°*

19
ADLT et al, Phys. Rev. B 104, L100416 (2021)



Resonant Inelastic X-ray Scattering (RIXS)
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Lowe energy RIXS excitations in H,Lilr,Og
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Continuum of magnetic excitations
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Data is not consistent with a random valance bond model
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AFM short range correlations in Kitaev magnets
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Absence of short-range correlations
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Comparison to Kitaev QSL
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Comparison to Kitaev QSL
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Effect of disorder in S(Q)
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Take home message
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Spin excitation is characterized by a broad continuum
of comparable intensity to the elastic line, centered at
E ~ 25 meV with a tail extending up to 150 meV

Disorder induced absence of momentum dependence
of the magnetic excitations

H,Lilr,Og is proximal to bond-disordered KQSL with
dominant K~ 25 meV
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Some preliminary synchrotron tr-RIXS results

(@)

=
=

~350 meV

-5

AR/R (x10 )
&n

295K |

V0, ey,
E § 20F T T+ 1 =1 T 1
Z 15 1L (b)

10 20 0
Delay (ps)
- - v
E (mev)

PHYSICAL REVIEW B 92, 115154 (2015)

10
Delay (ps)

L

20

Intensity (arb. unit)

o
3]

o
o

~
n

20 2 4
Time delay (ns)

Intensity (arb.unit)

@®
o

n
tn

’

20 2 4
Time delay (ns)

o

Intensity (arb.unit)

20 2 4

Time delav (ns)

30



Acknowledgements

Brown
University
Argonne
Kemp Plumb National Lab
Ben Zager
U.S. DEPARTMENT OF Jungho Kim
WENERGY i

Office of Science
DE-SC002165

Gilberto Fabbris
Daniel Haskel

Boston College

Faranak Bahrami
Fazel Tafti

31



32



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32

