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Blackbody Radiation 

A goose that lays eggs of physics

by  Cao, Zexian; 曹则贤 (2024)

Blackbody radiation is “one of the most beautiful 
theories in modern physics”.— Hendrik Antoon
Lorentz, Nobel Prize 1902, 洛伦兹



The Chinese University of Hong Kong (CUHK)  香港中文大學 4The Chinese University of Hong Kong (CUHK)  香港中文大學4/30/2024

Wilhelm Wien, 1911, 

Nobel Prize 

Max Karl Planck, 1918, 

Nobel Prize 

Albert Einstein, 1921, 

Nobel Prize 

Satyendra Nath Bose 

Giants behind Blackbody Radiation 

Max Plank, The Theory of Heat 
Radiation (1913), Wärmestrahlung
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An approximate realization of a black body 

as a tiny hole in an insulated enclosure

54/30/2024

https://en.wikipedia.org/wiki/Black_body
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Ideal Blackbody Radiation 

P/𝐴 = ɛ𝜎𝑇4

The Stefan–Boltzmann 
law 
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https://en.wikipedia.org/wiki/Chang-Lin_Tien

Figs in Near-Field Blackbody Radiation 

https://www.jstor.org/stable/pdf/4140509.pdf

Prof. Chang-Lin Tien, 
President of UC Berkely, 
1990-1999 

Dr. Clifford MacDonald 
Hargreaves, Research Staff, 
Philips Research Labs, 1960-
2000 

https://www.scribd.com/document/206202246/
Philips-Research-80-Years1

https://www.amazon.com/Philips-Stirling-Engine-
Clifford-Hargreaves/dp/0444884637

Early References:

1. Rytov, Sergei Mikhailovich (1953). "[Theory of Electric 
Fluctuations and Thermal Radiation]". Academy of 
Sciences Press (in Russian).
2. Emslie, A. G. (1961). "Radiation transfer by closely 
spaced shields".
3. Cravalho, E. G.; Tien, C. L.; Caren, R. P. 
(1967). "Effect of Small Spacings on Radiative Transfer 
Between Two Dielectrics". Journal of Heat 
Transfer. 89 (4): 351–358. doi:10.1115/1.3614396. 
4. Domoto, G. A.; Tien, C. L. (1970). "Thick Film 
Analysis of Radiative Transfer Between Parallel Metallic 
Surfaces". Journal of Heat Transfer. 92 (3): 399–
404. doi:10.1115/1.3449675. 
5. Boehm, R. F.; Tien, C. L. (1970). "Small Spacing 
Analysis of Radiative Transfer Between Parallel Metallic 
Surfaces". Journal of Heat Transfer. 92 (3): 405–
411. doi:10.1115/1.3449676.  

https://en.wikipedia.org/wiki/Near-field_radiative_heat_transfer

No conclusion based on both 
theory and experiment
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Figs in Near-Field Blackbody Radiation 

https://www.amazon.com/Philips-Stirling-Engine-Clifford-
Hargreaves/dp/0444884637

https://www.sciencedirect.com/science/article
/pii/0375960169902643

https://catalog.crl.edu/Search/Results?lookfor=
%22Philips+research+reports.+Supplements%2
C%22&type=Series

Full paper appeared in Philips 

Research Lab Report, 1973, p. 1-80
First paper appeared on sub-thermal 

wavelength, 1969, but with a few 

uncertainties

C. M. Hargreaves was more 
engaged in R&D of Stirling 
Engine 
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https://journals-aps-org.easyaccess1.lib.cuhk.edu.hk/prb/pdf/10.1103/PhysRevB.4.3303

D. Polder & M. Van Hove’s Prediction
First theoretically conclusive prediction on NFRHT



The Chinese University of Hong Kong (CUHK)  香港中文大學

Prof. Michel A. 

Van Hove, HKBU

https://www.icts.hkbu.edu.hk

/vanhove

Prof. Dirk Polder

https://en.wikipedia.org/wiki/Dir

k_Polder

Prof. Hendrik 

Casimir

https://en.wikipedia.org/wiki/He

ndrik_Casimir

Prof. Léon Van 

Hove, CERN

https://en.wikipedia.org/wiki/L%C3

%A9on_Van_Hove

Figs in Near-Field Blackbody Radiation 

94/30/2024
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https://www.ibm.com/history/gerd-binnig

Gerd Binnig and Heinrich Rohrer with the 

scanning tunneling microscope (STM), 

Nobel Laureate 1986

Pioneers of Nanotechnology

https://en.wikipedia.org/wiki/Scanning_tunneling_microscope#

Schematic view of an STM

Atomic image of reconstruction 
on a clean (100) surface of gold

4/30/2024 10

Electronic Feedback Control System 
is technically the key for SPMs.
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2016 Reunion at Kavli Prize

114/30/2024

Trio - Inventors of AFM

https://en.wikipedia.org/wiki/Atomic_force_microscopy

Courtesy by Prof. Dr. Franz J. Gießibl
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Commercialization

124/30/2024

Special session to celebrate 30th Anniversary of AFM Invention, 

June 12-15, 2016

Professor Emeritus Virgil Elings, Founder of Digital Instruments, 

then Veccco, now Brucker 

2016 International Scanning Probe Microscopy 

Conference, Grindelwald, Switzerland, June 12-

15, 2016

First AFM, photo by Ch. Gerber
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Research Links

13

Doctor Exam, Jürgen Mlynek (Chair), now Chairman of the

Strategic Advisory Board of the European Quantum Technology

Flagship Initiative; Universität Konstanz (June 1993)

University of Konstanz (an Elite University), Germany (1988-

1993, under supervision of Prof. Dr. Klaus Dransfeld)

IBM Zurich Research Lab, Switzerland 

Yellow Buildings: The Binning and 

Rohrer Nanotechnology Center, 17 

May, 2011, operated by ETH and 

IBM

https://www.youtube.com/watch?v=dtSt04tYT9E

Nanoscience and Nanotechnology: 

STM/AFM; C60; Nano-phase 

Materials, QDs (Louis E. Brus ), 

superlattices, clusters, nanowires, 

etc.

4/30/2024
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Trailblazers of Nanotechnology

4/30/2024 14

Dr. H. K. Wickramasighe’s group (IBM, Yorktown Heights) developed various types of SPM, with ultra-high 

sensitive detection technique (hydrodyne optics), SThM, KPFM, EFM, dynamic AFM, s-SNOM, SIR-M, etc., in 

1980’s-1990s. Prior to SPM, he was engaged in ultrasonic and photoacoustic microscopies with Eric Ash and 

Calvin F Quate, in Imperial College and Stanford..  

https://en.wikipedia.org/wiki/Scanning_probe_microscopy

K. Dransfeld and J. Xu, Journal of Microscopy 

152, 35-42  (1988), analysis of heat transfer 

across the tip-sample spacing. The heat 

transfer via the air conduction may not be 

dominated.

HK Wickramasighe, MNE, FRS, 2017
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Link of NFRHT with SPM in sub-μm  

16

K Kim, B. Song, P. Reddy,  et al. Nature 1-5 (2015) 

doi:10.1038/nature16070

K. Dransfeld and J. Xu, J. of Microscopy 152, 35-42  (1988); J. B. Xu, K. Dransfeld, et al., J. App. Phys. 76, 7209 (1994) 

J. Xu, K. Dransfeld, et al., J. Vac. Sci. Technol. B12, 2156-2160 (1994); J. B. Xu, K. Dransfeld, et al., Appl. Phys. A-Mater. 59, 155-161 (1994)

J. B. Xu, K. Dransfeld, et al., Rev. Sci. Instrum. 65, 2262-2266 (1994)

J. Xu, K. Dransfeld, et al., Nanosources & Manipulation of Atoms under High Fields and Temperatures  Applications 235, 89-100 (1993)

4/30/2024

First experimental attempt to NFRHT in sub-μm, in 1990
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Heat Transfer in Tunneling Junction 

17

J. B. Xu, K. Dransfeld, et al., Appl. Phys. A-Mater. 59, 155-161 (1994)

4/30/2024

Asymmetric Deposition of Thermal Power
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Estimation of Thermovoltage across 
Vacuum Tunnelling Junction

18
J. B. Xu, K. Dransfeld, et al., J. Vac. Sci. Technol. B12, 2156-2160 (1994)

4/30/2024
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D. Hofmann, J. Y. Grand, R. Moller, A. Rettenberger, K. Lauger, Phys. Rev. B. 52, 13796-13798 (1995)

Measurement of Thermovoltage
across the Junction
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K. Sotthewes, M. Nijmeijer, H. J. W. Zandvliet, Phys. Rev. B. 103, 245311 (2021)

Recent Measurement of Thermovoltage
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Figs of Nanotech & Thermal S&E

Jean-Jacques Greffet
Institut d'Optique
Université Paris-Saclay, France

Gang Chen
Dept of Mechanical Engineering, 
MIT, USA

Arun Majumdar, Depts of Mechanical 
Engineering, Energy Science and 
Engineering, Stanford, USA

❖ Ligsystems (mainly 1988-2000)
❖ Theory of near-field microscopy imaging 

(1995-2005)
❖ Thermal radiation at the nanoscale (1997-)
❖Nanoantennas (2005-)
❖Quantum plasmonics (2009-)
❖ Light emitting metasurfaces (2018-ht 

scattering by periodic and random)

❖ nanoscale thermal transport and 
energy conversion phenomena

❖ applications in energy storage and 
conversion,

❖ thermal management
❖water treatment and desalination

❖ S & T of nanoscale materials and devices,
❖ energy conversion, transport and storage 
❖ biomolecular analysis. 
❖ redox reactions and systems to a 

sustainable energy future
❖ multidimensional nanoscale imaging and 

microscopy
❖ AI techniques to develop and deliver 

energy and climate solutions.
Greffet and Chen started their ventures on NFRHT since 2000, after 
our attempts in 1990’s, with successful results 
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J. P. Mulet, K. Joulain, R. Carminati, J. J. Greffet, Appl. 

Phys. Lett. 78, 2931–2933 (2001)

Radiative Heat Transfer between  
Sphere and Substrate
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Near-Field Heat Transfer in a SThM

234/30/2024

A. Kittel, W. Müller-Hirsch, J. Parisi, S. A. Biehs, D. Reddig, M. Holthaus, Phys. Rev. Lett. 95 (22), Art. No. 224301, (Nov. 2005)
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(Red lines are used for the optical part and black lines for the electrical part of the setup.) 
Reflection of the laser beam on the cantilever produces an interference pattern. A feedback 
loop keeps the bimorph–optical fibre distance constant by applying a voltage to a piezoelectric 
actuator holding the optical fibre. The feedback loop and the thermally stabilized laser 
maintain spurious heating from the laser constant, and ensure that flux variations are only due 
to the conductance variations as the separation d is changed, with constant temperature 
difference ΔT between the sphere and the plate. The plate is heated and mounted on a 
piezoelectric actuator. The measured signal is the voltage applied to the fibre-actuator supply.

The black dots represent experimental data and the red line the 
theoretical model. The temperature difference between the plate and the 
sphere is 21 K. The distance shift used in the comparison is b = 31.8 nm 
and the cantilever response coefficient used in the comparison is H = 
2.162 nW nm−1.

E. Rousseau, A. Siria, G. Jourdan, S. Volz, F. Comin, J. Chevrier & Jean-Jacques 
Greffet, Radiative heat transfer at the nanoscale, Nature Photonics 3, 514–517 
(Aug. 2009)  

Proof of NFRHT within sub-μm  
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S. Shen, A. Narayanaswamy, G. Chen, Surface Phonon Polaritons Mediated Energy 
Transfer between Nanoscale Gaps, Nano Letters 9 (8), 2909-2913 (Aug 2009)

Schematic diagram of experimental setup. The thermal sensor is a silicon nitride 
AFM cantilever coated with a 70 nm gold film. A laser beam (650 nm wavelength, 3 
mW output power) is focused on the tip of the cantilever and reflected onto a PSD. 
Application of voltage to the piezoelectric translation stage results in the movement 
of the substrate toward the sphere. In near-field, surface phonon polaritons can 
tunnel through the gap and they thus significantly contribute to the radiative heat 
transfer. The “cooling” effect on the cantilever due to the enhanced near-field 
radiation leads to the bending of the cantilever. Inset: A scanning electron 
microscope image of a glass sphere mounted on an AFM cantilever.

Equivalent sphere−plate near-field heat transfer coefficients normalized to 
the area 2πRd versus the gap distance for a 100 μm (blue circles) and a 50 
μm (violet triangles) diameter sphere. The flat line is the limit predicted by 
Planck’s blackbody radiation law. The dashed line is the near-field heat 
transfer coefficients obtained after subtracting the far-field part taken from 
Figure 1C. Inset: the plot on a log−log scale.

Proof of NFRHT within sub-μm  
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a, Schematic of the experimental set-up. The emitter consists of a suspended silicon platform, with an 
attached silica sphere and an integrated electrical heater–thermometer. The receiver is a stiff silicon 
nitride platform coated with gold and a silica film of suitably chosen thickness. A laser (reflected off the 
receiver, see also e) and a position-sensitive detector (PSD) enable optical detection of emitter–
receiver contact formation with nanometre resolution. A sinusoidal electrical current (If,in = If,out), at f 
= 1 Hz, is supplied to the emitter's resistor, resulting in Joule heating with amplitude Qjoule,2f and 
frequency 2 Hz. This is partly conducted through the beams (Qcon,2f) and partly radiated to the 
emitter (Qrad,2f). The emitter's temperature oscillations are quantified by measuring the third 
harmonic of the voltage (V3f) across the resistor. The receiver's temperature oscillations are measured 
by supplying a dc current (Idc,in = Idc,out) through the receiver's resistor and by monitoring the 
voltage output at 2f (V2f) across it. Ta is the ambient temperature. b, Schematic cross-section of the 
planar receiver region and the spherical silica emitter. The gold layer is ∼100 nm thick, and the 

thickness t of the SiO2 film varies from 50 nm to 3 µm for different receiver devices. 

a, Simultaneous recording of displacement, Δz, of the emitter towards the 
receiver (top), optical contact signal (middle) and temperature increase in the 
receiver (bottom). During the final approach, piezo displacement steps of 
∼2.5 nm were used. b, Contribution of far-field radiation to the radiative 

thermal conductance across the gap for a representative film (100 nm). The 
solid red line describes the predicted far-field radiation, which increases weakly 
(<1 nW K−1) with decreasing gap size due to the associated change in view 
factor. As expected, the measured data (multiple runs, green symbols) agree 
well with the far-field prediction for gaps from 1 to 10 µm. c, Near-field thermal 
conductance as a function of film thicknesses. Data for each film thickness 
represent an average of ∼10 different data sets. See Supplementary Fig. 7 for 

information about the standard deviation of the data.Bai Song, P. Reddy & Edgar Meyhofer, et al. Nature Nanotechnology 10, 253–
258 (2015)  

Proof of NFRHT within sub-μm  
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Near-field condition： d << th = ℏc/kBT

T(K) λth (μm)

1 2298.8

300 7.6

500 4.6

1000 2.3

d >>  tm
d << tm

Fiorino, et al., Nat. Nanotechn. 13, 806 (2018).

 Tunneling of evanescent waves

 Super-Planckian radiation

Thermal fluctuation dissipation theory:

Near-Field Heat Transfer (NFHT)
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https://scitechdaily.com/https://phys.org/news https://physics.berkeley.edu/news

New properties Resonance; parametric control Polariton, energy transfer 

MetasurfaceMetamaterials 2D materials

⚫ Functional emission surfaces with a wavelength-scale thickness 

⚫ Optical surface engineering (, , surface density, harvesting,  

etc.)  

Motivation: Control thermal emission via light-matter interaction

Heat transfer possibility:

SA Biehs, et al., RMP 93, 025009 (2021)

Optical Surface Engn for Radiation 

4/30/2024 28
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Infrared

I. Plasmon/phonon polaritons

e.g., graphene, SiC,…

Emission spectrumNear-field interaction

Strong coupling; surface density

II. Hyperbolic materials：e.g., BN

Vacuum barrier

Kx >> k0
Kx >> k0

High Surface DOS of Natural Naterials
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Heat flux between two semi-infinite planes:

Dispersion diagram 

Ge Yin, et al., Yungui Ma*, Appl. Phys. Exp. 12, 1222001 (2016).

Energy transmission coefficient Heat flux vs gap

Cut-off wave number: kx < /d

Drude model for graphene (THz to far-IR)：

NFHT bw Monolayer Graphene Sheets
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Ge Yin, et al., Yungui Ma*, Chin. Phys. B 25, 114216 (2016)

Nature hyperbolic material: e.g., h-BN

Plasmon-phonon polariton coupling could further enhance the heat flux!

NFRHT bw Gra-hBN Heterostructures
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Naeem Iqbal, et al., Yungui Ma*, International Journal of Thermal Sciences 172,107315 (2022)

𝜎hBN 𝜔 =
−4𝑖𝜀0𝜀en𝜔𝜔TO𝑣g

𝜔TO
2 − 𝜔2 − 𝑖𝜔𝜏−1

F. Sohier, et al., Nano Lett 17, 3758(2017)

Breakdown of optical phonons’ splitting in 2D materials Surface DOS at z = 15 nm

Transmission possibility spectrum

NFRHT bw Monolayer hBN Sheets
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S-magnet
Heater
Copper

H-magnet

Copper

Si

TEC

Graphene

Post

Copper

Magnet clamp + super flat 

Silicon wafer + post separation 

Schematic of measurement setup

sample area: 2 cm×2 cm

The color represents the profile variations of the wafer along the 

z-axis measured by a Laser interferometer (ZYGO OMP-035/M)

Surface 3D profile

Jiang Yang, et al., Yungui Ma*, Nature Comm. 9, 4033 (2018).

Measure NFRHT bw Graphene Sheets
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i-Si

i-Si/Gr

𝜏p

1

0

Re(H)

1

-1

𝜏p

1

0

(1) Measurement I: graphene on intrinsic Si

d= 430 nm

Super-Planckian near-field thermal radiation; classic theory for 2D materials!

Jiang Yang, et al., Yungui Ma*, Nature Comm. 9, 4033 (2018).

Measure NFRHT bw Graphene Sheets
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Measure NFRHT bw Graphene Sheets
Charge transfer between graphene and Si

1 2 3 4 5 6 7
-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

1

1000 2000 3000 4000 5000 6000 7000
30

35

40

45

50

55

60

65

 

 

T
ra

n
s

m
is

s
io

n
(%

)

Wavenumber(cm-1)

 

 

R
a
te

 o
f 

T
ra

n
s
m

is
s
io

n
 C

h
a
n

g
e
 (

%
)

Wavenumber ( *10
3
 cm-1)

     0mW

 120mW

 250mW

 500mW

 750mW

J. Yuan, et al., Yungui Ma*, Modulation of Far-Infrared Light Transmission by Graphene-Silicon Schottky 
Junction, Optical Materials Express 6, 3908-3915 (2016).

Previous results: a Schottky junction will be formed at the interface of graphene and
doped silicon, modulating the Fermi level and plasmonic properties of graphene
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𝜏p

1

0

d-Si/Grd-Si

Re(H)

-1

1

(2) Measurement II: graphene on doped Si

Short conclusions:

❖ Super blackbody radiation is found between doped silicon surfaces

❖ Covering the graphene layer will further enhance the heat transfer efficiency,

which will become more obvious for smaller gaps.

Measured heat flux Calculated transfer possibility

Jiang Yang, et al., Yungui Ma*, Nature Comm. 9, 4033 (2018).

Measure NFRHT bw Graphene Sheets
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NFRHT bw Gr-SiC Heterostructures

Naeem Iqbal, et al., Jianbin Xu, Yungui Ma*, Physical Review Applied 19, 024019 (2023).

⚫ SiC: support phonon polaritons with high quality (low loss) around 780 cm-1

⚫ SiC/Gr: Hybridization of phonon & photon surface modes with broadband response 

All-optical measurement

Simplified setup by all-optics

Theoretical calculation

Enhanced contributions from three sub-bands
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NFRHT bw Gr-SiC Heterostructures

Naeem Iqbal, et al., Jianbin Xu, Yungui Ma*, Physical Review Applied 19, 024019 (2023).

26 fold enhancement of radiation flux is obtained compared with the blackbody radiation at 
150 nm! Good agreement between theory and experiment.
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(a)

(b)

Tam

Ein

RFF
T1

T2

RNF Rcon

Tam

laser

heat sink

(c)

Sen Zhang, et al., Jianbin Xu and Yungui Ma*, Transient Measurement of Near-field Thermal Radiation between Macroscopic Objects, Nanoscale 16, 
1167-117 (2024). 

Question: a transient all-optical measurement is technically reliable?

Rapid Transient NFRHT Measurement
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Rapid Transient NFRHT Measurement

(a) (b) (c)

Calibration in particular for the conduction channel

Samples:
◆ Single-body emitter
◆ Substrate/vacuum/ Al film 

coated substrate
◆ Photoresist nanopillar

spacers

Sen Zhang, et al., Jianbin Xu and Yungui Ma*, Transient Measurement of Near-field Thermal Radiation between Macroscopic Objects, Nanoscale 16, 
1167-117 (2024). 
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Rapid Transient NFRHT Measurement

Sen Zhang, et al., Jianbin Xu and Yungui Ma*, Transient Measurement of Near-field Thermal Radiation between Macroscopic Objects, Nanoscale 16, 
1167-117 (2024). 
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Sample structure

Sen Zhang, et al., Yungui Ma*, J Appl Phys 132, 223104 (2022)

Far-field radiative smart coat

⚫ Incorporate phase-change material (VO2) to have temperature dependent emissivity
⚫ Able to automatically maintain the temperatures without energy consumption

Homeostasis with one-order magnitude change of load power! Yongdi Dang, et al.,  Jianbin Xu* and Yungui Ma*, Radiative Thermal 
Coats for Passive Temperature Management, Appl Phys Lett 123, 222201 
(2023).

Smart Radiative Temp Management
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Radiative Thermal Transistor

Yuxuan Li, et al., Jianbin Xu and Yungui Ma*, Phys Rev Appl 20, 024061 (2023).

Amplification factors

Key ideas：Negative radiative thermal resistance

VO2 film/Si surfaces

Rs>0,RD<0
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Radiative Thermal Transistor

Yuxuan Li, et al., Jianbin Xu and Yungui Ma*, Phys Rev Appl 20, 024061 (2023).

Rs<0, RD>0

Metasurfaced enabled gate design: achieve a strong heat-flux amplification; works by cooling down the 
gate. 
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Summary & Outlook

❑ A historical overview of near-field radiative heat transfer (NFRHT) has 

been deliberated from a personal viewpoint, by connecting several key 

conjunctures through personal interactions, particularly via progress of 

nanotechnology and nanofabrication

❑ Recent results of NFRTH in 2D materials are articulated 

❑ New measurement techniques are developed via extensive optics

❑ NFRHT between artificial surfaces are experimentally characterized

❑ Potential applications in temperature management and logic thermal 

elements are explored

❑ Perspectives: NFRTH in twisted photonic structures, NF-to-FF superlens, radiative 

motor, nonreciprocal radiation, ……

Tang, L., Corrêa, L.M., Francoeur, M. et al. Corner- and edge-mode enhancement of near-field radiative heat 
transfer. Nature (2024), https://doi.org/10.1038/s41586-024-07279-2, https://www.nature.com/articles/s41586-024-07279-2

https://doi.org/10.1038/s41586-024-07279-2
https://www.nature.com/articles/s41586-024-07279-2
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Hong Kong PhD Fellowship Scheme
Established by the Research Grants Council (RGC) in 2009, the Hong

Kong PhD Fellowship Scheme (HKPFS) aims at attracting the best and

brightest students in the world to pursue their PhD programmes in

Hong Kong’s universities.

www.gs.cuhk.edu.hk/hkpfs

Website

http://www.gs.cuhk.edu.hk/hkpfs


CUHK Vice-Chancellor’s HKPFS Scholarship

Tuition Fee Waiver
for the whole normative study period

1st Year Hostel Fee 

Waiver 
and Guaranteed On-campus 

Accommodation*^

Lodging Award
Up to HK$100,000*#

(approx. US$12,800)

Stipend 
Up to HK$1.32 Million* 

(approx. US$169,840) 

Conference and Research-

related Travel Allowance
Up to HK$85,200*

(approx. US$10,923)

* During the student’s normative study period.
^ HKPFS awardees who submit hall applications and complete registration procedures in a timely manner.
# An award of HK$40,000 for lodging in the first year of study and HK$20,000 in subsequent years during the normative study period.

up to HK$ 1.72 Million (~US$221,000)
financial assistance during the normative study periodTotalling



Hong Kong PhD Fellowship Scheme
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Candidates who are seeking admission as new full-time PhD students in Hong Kong universities funded by the
University Grants Committee (UGC), irrespective of their country of origin, prior work experience and ethnic
background, are eligible to apply.

Timeline
1 Sept – 1 Dec 2024

Sept – 1 Dec 2024 Mar  – April 2025



The Chinese University of Hong Kong (CUHK)  香港中文大學4/30/2024

Chinese University of Hong Kong
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