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GravitaMonally sensiMve x-ray opMcs
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Synchrotron
radiation

MagneMc Fano x-ray spectral enhancement

P.-H. Lin, Y.-H. Kuan, Y.-Y. Fu, and WTL,
Phys. Rev. Applied 18, L051001 (2022).

S.-Y. Lee, S. Ahrens, and WTL,
to be submitted

Y.-H. Kuan and WTL,
Phys. Rev. A 101, 023836 (2020)

Transient nuclear inversion by x-ray free 
electron laser in a tapered x-ray waveguide

Y.-H. Chen, P.-H. Lin, G.-Y. Wang, 
A. Pálffy, WTL,
Phys. Rev. Research 4, L032007 
(2022).

γ-ray quantum memory

X. Zhang, WTL, A. Kalachev, 
R. Shakhmuratov, M. Scully, and 
O. Kocharovskaya
Phys. Rev. Le7. 123, 250504 
(2019)

OpMmizaMon of x-ray waveguide 
geometry

Transition between ASE and SF in a 
longitudinally pumped medium by XFEL

S.-Y. Jian and WTL,
in preparation

X-ray quantum op.cs



Gravitational Redshift

ℏ𝛿𝜔 =
ℏ𝜔
𝑐! 𝑔𝑧 →

𝛿𝜔
𝜔 =

𝑔
𝑐! 𝑧

𝑚! =
ℏ𝜔
𝑐"

𝑧

𝜔 + 𝛿𝜔 𝑧

high-Q resonator

𝛿𝜔

ℏ𝛿𝜔 = −
𝐺𝑀"ℏ𝜔
𝑅"!𝑐!

𝑧 → 𝛿𝜔 = −
𝐺𝑀"𝜔
𝑅"!𝑐!

𝑧

𝑔



9

22
.5

 m γ-Ray

no absorp/on 
due to Gravita/onal RED shi;

Earth’s Gravity

R. V. Pound and G. A. Rebka, Jr., PRL 4, 337 (1960)

Pound- Rebka
Experiment 

(1960)
#$𝐹𝑒

#$𝐶𝑜



The Gravita>onal and Rela>vis>c 
Deflec>on of X-ray  Superradiance

WTL and S. Ahrens, Nature Photonics 9, 169 (2015).



W.-T. Liao and S. Ahrens, Nature Photonics 9, 169 (2015)

Gravitational Deflection of Superradiance



Gravitationally Sensitive Structured X-Ray Optics 
Using Nuclear Resonances

S.-Y. Lee, S. Ahrens, W.-T. Liao, arXiv: 2305.00613 
(2023)



Altitude-dependent Rabi Frequency
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S.-Y. Lee, S. Ahrens, W.-T. Liao, arXiv: 2305.00613 
(2023)
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