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Angle-Resolved Photoemission Spectroscopy (ARPES)

H. Li et al. Science Advances 9, eade4418 (2023);
H. Li et al. Nature Communications 9, 26 (2018);
H. Li et al. Nature Communications 8, 704 (2017)

High de
superco

10000;

in
Lattice

Counts per second
(63}
o
o
(@)
%

o

°
$2%
Ve
°

T .ﬁﬁ E{X; f}t High-reso/uﬁOn

. - . . ﬁ ¥ : ﬁ mO”OChroma for
P - | | Si(12,12,12) _ ﬁﬁ
Spin-resolved ARPES Resonant / Elastic / Inelastic )g-ray Scattering
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H. Li et al. Nature Communications 13, 6348 (2022);
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Example I: Giant Phonon Anomaly in
Proximate Quantum Spin Liquid RuCls
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The Kitaev Quantum Spin Liguid candidate a-RuCl3

Letter | Published: 11 July 2018 REPORTS PHYSICS
Majorana quantization and half-integer thermal Neutron scattering in the proximate quantum spin
quantum Hall effect in a Kitaev spin liquid liquid a-RuCls
Y. Kasahara, T. Ohnishi, Y. Mizukami, O. Tanaka, Sixiao Ma, K. Sugii, N. Kurita, H. Tanaka, J. Nasu, Y. Arnab Banerjee'””, Jiagiang Yan?, Johannes Knolle3, Craig A. Bridges®, © Matthew B. Stone’, (® Mark D. Lumsden’,
Motome, T. Shibauchi & Y. Matsuda & David G. Mandrus”°, () David A. Tennant®, () Roderich Moessner’, (©) Stephen E. Nagler'""
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The condensed matter "bubble chamber”

Aachen-Bonn-Cem-Munch-Oxtord collaboration
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Bubble chamber, a vessel filled with superheated
transparent liquid, led to the discoveries of W and Z

boson. (7960 Nobel Prize)

Momentum in GeV/ie
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 Fermi Surface
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Inelastic x-ray scattering

meV resolution, Phonon

dynamical structural factor
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Phonon structure
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H. Li et al, Nat. Commun

. 12:3513 (2021)



Spectral infensity enhancement on optical phonons
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Phonon soffening in acoustic phonon mode
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Phonon soffening in acoustic phonon mode

Bubble chamber

< A ‘ L o = Auachen-Boan-Cerm-Munich-Oxford collaboration
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Conclusion

o Strong experimental evidence of fractionalized QP-phonon interaction

 Phonons can be a useful tools to explore fractional excitations (The
bubble chamber).



Example Il: Discovery of Conjoined Charge Density In
CsV3Sbs
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Resonant Elastic X-ray Scattering (REXS)
-To investigate the charge origin of the 3D CDW in CsV3Sbs ( Tcow~93 K)

Fluorescence
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 Resonant excitations from core level to
unoccupied conduction state

* Sb L1edge is the ideal candidate that has
large enough momentum covering CDW
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Resonant response to Sb L1 edge
—Resonant enhancement is only shown in the half-integer L peaks

c Integer L d Half integer L e
1.0 x10° 3.0 x10* 6 x10"
Q=(0.5, 0, 2.5)
7 7 5
8. 8. 2.0+
b2, b2,
= S 1.5F
S S /\\ 3
1.0 2
I I I | | I I ()]
Q.
3 4 @
4.0 x10 2.0 x10 =
Q=(-0.5,0,25) & 4.699 keV
O O 2
7 A
o 2 4.700 keV
(% 12 1
- -
o 2.5+ (. O
S Q=(-0.5, 0, 2) QO / \ 4.705 keV
| | | | | | | |
4690 4.695 4.700 4.705 4.710 4690 4.695 4.700 4.705 4.710 2.48 2.50 2.52
Photon energy (keV) Photon energy (keV) (0.5, 0, L) (r.l.u.)

H. Li et al. Nat Commun 13, 6348 (2022)



Resonant Elastic X-ray Scattering (REXS)

— Resonant response to Sb L1 edge

. Integer L ) Half integer L

4.0 x10 2.0 x10
Q=(-0.5, 0, 2.5)

®) O
7 3 15
S S
2, 2
= S 1.0
8 29 Q=(-0.5, 0, 2) S

4.690 4.695 4.700 4.705 4.710 4.690 4.695 4.700 4.705 4.710

Photon energy (keV) Photon energy (keV)

 Two conjoined charge orders emerge in the CDW transition
. The CDW order at integer L (2 X 2 X 1) does not involve any Sb charge distortion
« The CDW order at half-integer L (2 X 2 X 2) has strong contribution from the Sb charge

H. Li et al. Nat Commun 13, 6348 (2022)



High pressure elastic X-ray scattering
- Charge orders splitting and superconductivity
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High pressure elastic X-ray scattering
- Charge orders splitting and superconductivity
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* The two degenerate CDW orders are
separated under high pressure

H. Li et al. Nat Commun 13, 6348 (2022)
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Summary

1y

«Sb resonance only occur at 2 X 2 X 2 peak (or L = half integer)
A rare realization of two conjoined CDWs
* The two conjoined CDW can be separated by high pressure

e Potential connection to the superconductivity

3 4 . P=1 GPa
4.0 x10 2.0 x10 E Ll 5
Q=(-05,0,25)| - °f ° '
O O S ¢
A & 1.5 >
g 2 § osl
2 L = o
= S 1.0 £ 5
S 291 Q=(-0.5, 0, 2) S o o L=0 ¢
T 1 I I T I l -'GE) £=0.5 6
4.690 4.695 4.700 4.705 4.710 4.690 4.695 4700 4705 4710 ¢ O 1S ® e
Photon energy (keV) Photon energy (keV) g Temperature (K)
H. Li et al. Nat Commun 13, 6348 (2022); H. Li et al. Phys. Rev. X 11, 031050 (2021);
FEREXRZE (M) TheEtX 48
THE HONG KONG FUNCTION HUB
UNIVERSITY OF SCIENCE AND oM F i

TECHNOLOGY (GUANGZHOU) Advanced Materials Thrusi



Thank you for your attention!
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Phonon In the thermal hall effect
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Majorana-phonon coupling
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Approximately Quantized Thermal Hall Effect of Chiral Liquids Coupled to Phonons
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Quantization of the Thermal Hall Conductivity at Small Hall Angles
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Majorana-phonon coupling

Phonon self energy from MPC
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In-plane and out of plane scattering wave vector

M:2X2x%x1 [:2X2X?2

Brillouin zone
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* Rotation symmetry breaking (6-fold to 2-fold)
* First order phase transition
* Time reversal symmetry breaking

Christensen et al. Phys. Rev. B104, 214513 (2021)



High pressure elastic X-ray scattering
- Charge orders splitting and superconductivity
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