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Galloping Horse Problem

“Baronet” 
by George Stubbs, 1794

“The 1821 Derby at Epsom” 
by Théodore Géricault, 1821



Galloping Horse Problem

“Ethan Allen and Mate and Dexter” 
by John Cameron, 1828

JYM458, ~5th Century.







Brief early history of the time-resolving studies.

● 1872–1878 Eadweard Muybridge, The Man Who Stopped Time, solved 
Galloping Horse Problem. The project cost was about $50,000.

● 1899 Abraham and Lemoine measured the duration of light emitted by the 
spark by using light-path varying measurement. The lifetime was <10 ns.

● 1917 first electric stroboscope was invented, camera frame rates reached up 
to ~1k fps.

● 1950 Norrish and Porter demonstrated the 1st real pump-probe experiment. 
Flash lamps is used to excite photochemical reactions and probed them 
spectroscopically with varying delays in µs–ms range. (Nobel prize for 
chemistry in 1967)



● 1917, Albert Einstein established the theoretical foundations for the laser and maser
● 1950, Alfred Kastler (Nobel prize winner, 1966) proposed optical pumping method.

1952, Brossel, Kastler, and Winter experimentally demonstrated optical pumping method.
● 1960, Maiman realize the 1st laser (ruby). The laser pulse duration was in µs–ms range.
● 1961, Hellwarth proposed Q-switching laser equipped with Kerr-cell shutter. 

1964, First (active) mode-locking HeNe laser (>~1 ns) demonstrated by Hargrove, Fork, and 
Pollack.

● 1965, First (passive) mode-locking laser (Ruby) was demonstrated by Mocker and Collins.
● 1966, passive mode locking of a Nd-glass laser (< 1ns), later Nd-YAG laser obtained pulse duration 

of 10 ps
● 1967, Stephen E. Harris et al. demonstrated spontaneous parametric down-conversion. (OPG)
● 1974, Shank and Ippen realized tunable broad gain dye laser which has a pulse duration of <1ps
● 1987, Fork et al. reported group velocity dispersion compensation technique to achieve 6 fs pulse.
● 1987, McPherson et al. generates high harmonic emission.
● 1991, Spence, Kean, and Sibbett demonstrated spontaneous dynamic mode locking laser based on 

Ti:sapphire
● 1994, Zhou et al. demonstrated Ti:sapphire laser pulse of 8 fs duration using group velocity 

dispersion compensation.

Brief history of the short-pulse generation.

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


Brief history of the ultrafast x-ray sciences.

Phys. Rev. B, 27 2264–2277, (1983)InSb (0 0 4)



Brief history of the ultrafast x-ray sciences.

Time-resolved x-ray scattering offers:

● Quantitative information on magnitude of coherences,
● Measurement of certain types of couplings,
● Wave vector of coherences.



Brief history of the ultrafast x-ray sciences.

● 1989–1993, Ultrashort x-ray pulse from femtosecond laser driven plasma was 
generated and started to use .

● 1996, ultrafast (~ps) streak camera developed and adopted on synchrotrons.
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Brief history of the ultrafast x-ray sciences.

● 1996, fs x-ray generation at synchrotron were proposed.
2000, Synchrotron based fs x-ray pulse were generated.

● 2007, Pump-probe experiments using fs x-ray pulse based on Linac (at SLAC) 
were reported. (Optical phonon oscillation on Bismuth)

● 2009, LCLS, the 1st hard x-ray XFEL was commissioned at SLAC



General scheme of a time-resolved experiment



Time-resolved X-ray scattering formalism
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Bragg Peak Intensity & Shape Changes



Debye-Waller Parameter Change by Perturbation



Structural Phase Transition: Non-thermal melting

Phys. Rev. Lett. 87 225701 (2001)



Structural Phase Transition: Non-thermal melting

Phys. Rev. Lett. 87 225701 (2001)



Coherent & Incoherent Lattice Vibration

Nature 422 287–9 (2003)



Coherent & Incoherent Lattice Vibration

Nat. Phys. 9 790–94 (2013)



Coherent & Incoherent Lattice Vibration

Nat. Phys. 9 790–94 (2013)



Bragg Peak Shift by Lattice Expansion 
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Bragg Peak Shift by Lattice Expansion 



Bragg Peak Shift by Lattice Expansion 

delay=+9ps





General scheme of a time-resolved experiment



Irreversible Phase Transition

Science 342 220 (2013) Nano Lett. 14 1995–99 (2014)


