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Time runs not uniformly in curved space-times
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K. Schwarzschild, Pr. Akad. d. Wiss. 3.2.1916, 189, (1916)



Probing time evolution
with superradiant excitation
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M. Scully et al. , Phys. Rev. Lett. 96, 010501 (2006)




Time gradient induces tilt of
X-ray excitation phase fronts
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Earth gravity deflects X-ray superradiance

Vg R tan ™!

GMgt

~1.9-107%°s ¢



Centripetal motion detlects X-ray superradiance
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Deflection angles in experiment

crystal E. coherence time Gg(Teon) Ge(Teoh)
(keV) Teoh (degrees) (degrees)
Sc 12.4 459 ms 8.6 x 107 90
°TFe 14.41 141 ns 2.6 x 10713 26x107°
677n 93.31 13.09 us 2.5 x 1071 24 x1073
3Ge 13.28 4.21 s 79x 1072 7.8 x 1074
109 A 88.03 57.13 s 1.1 x 1074 90
181y 6.24 8.73 us 1.6 x 107 1.6 x 1073
182y, 16.27 408 ms 7.7 x 1077 90
229Th:CaF, 0.0078 1 ms 1.9 x 107? 0.18

* 229Th:CalF, routinely used in experiment (see nuclear lighthouse effect)

«109A 0 deflects 1.1 x 107%° = minimal target size: 37 ym !
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R. Rohlsberger et al. , Phys. Rev. Lett. 84, 1007 (2000)



Our model

Wavefunction:
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Detlecting phase: Schrodinger equation:
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Comparison with dropping objects
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—> acceleration as for
massive particles in Newtonian gravity
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Conclusions & Outlook

* quantum phase ‘drops’ like massive objects

* analog for centrifugal acceleration in special
relativity

» possible experiment with “?° Th nucleus

* possible probe of on subatomic scales?

* comparison with freely propagating light ?

Liao, Ahrens, Nature Photonics 9, 169 (2015)
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