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The world of lasers

This 3D volume is densely populated
by very diverse laser systems

Wavelength – Energy – Duration 

λ – ν – hν

I – F = I*τ – E = F*S

photon characteristics

energy characteristics
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The world of lasers

Wavelength – Energy.  Duration =fs-ps

In this talk I consider 
ultrashort laser pulses = 

fs-ps range of durations.

To the right is a map 
illustrating the world of fs-
ps lasers.

XCELS=еXawatt Center for Extreme Light Studies

Yamada, J. et al. Extreme focusing of hard XFEL..

7 nm focus .. 1022 W cm−2 intensity. Nat. Photonics (2024)
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The world of lasers

Wavelength – Energy.  Duration =fs-ps

The purpose of the report is twofold

1) OptoAcoustics and NanoPhotonics

2) hard X-ray

О чём речь
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NanoPhotonics and optoAcoustics

it's two separate large worlds

Photonics manipulates photons with metasurfaces. 
The metasurfaces are stationary:motionless

In optoacoustics, light thermo-mechanically moves the 
target substance

This is probably the first time in our work
that the motion of matter affects light manipulation.

We excite acoustic phenomena in metasurfaces
designed for photonics.



6Pavlov, Porfirev, Khonina, Pan, Kudryashov, Kuchmizhak. Appl Surf Sci 2021

NanoPhotonics

how NanoPhotonics works + 

one of the applications

Details of the array 

modifies 

transmission and 

reflection.

The array is 

metasurface
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Velocity of light is very high: 
5 orders of magnitude above speed of sound.
Thus, every probe illuminating the device at the instant ti
gives us reflectivity R of a film skin+ acoustic wave in glass
at the instant ti.
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Probe light shines through

and reflects (1) from skin in Ni + 

(2) from refractive index changes 

of the acoustic wave

The profiles of the 

acoustic wave are 

shown for the 

instants t1 and t2

of illumination by 

probes



LB = λ/2/n

R0 ~ 0.4 (mainly from skin)

ΔR from optoAc perturbations ~ 10-4

Lock-in = synchronous detection



Above the slides explained the principle of optoacoustics in our device.

Where is the photonics in this? 

To see “Brillouin” through a metal film, the thickness of the film “df” must be less than the

thickness of the skin layer. But then Brillouin oscillations will have a very high frequency of 2 cs/df.

To control the frequency of the Brillouin oscillations one needs geometrically thick films. But

such films will be optically thick and will not transmit light.

Output = film as a metaFilm = as a film with two metaSurfaces - as a photonic surface

Ni



• We created a hybrid of nanophotonics 
and optoacoustics.

• We started using the metasurface as
an acoustic transducer to generate 
sound

• In our device, the metasurface is not 
stationary, it vibrates.

• In this case, our metasurface fulfills 
both the function for photonics and 
transducer at the same time



MetaFilm



MetaFilm

AFM image

SEM image

FIB cutting + SEM image of the cut



Plasmonics of our MetaFilm

2-3 orders of magnitude enhancement of 

transmitting of light through optically 

thick Nickel film

Optically thick means = geometrical 

thickness df = 70 nm 

Skin depth dSk = 13 nm

Exp(2 df/dSk) = 50 000 = 50 thousands, 

1/50000 = 0.2*10^-4

versus Transmittance = 0.07
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Techniques for analysing a 9 keV, 20 fs hard XFEL experiment are shown, energy density 1 MJ/cm3

But now these huge energy density is distributed along long distance –

much longer than in the case with soft X



Attenuation depth from Henke. Table data are for 9 keV

Gold Al Be LiF

3.4 um 110 um 7.3 mm ! 475 um = 0.5 mm



Three zones

The first one is near surface 

it is rather short 

10-20 diameters



Three zones

The second one is in the middle, 

it is very long –

up to 103 of the diameters.

Strong shock expanding in 

cylindrical radial direction 

causes radial extrusion of matter 

leaving behind empty cavity



Three zones

The deepest third zone is extremely 

unusual and interesting.

The empty long channel is finished.

But not due to similar in our community 

spallation like phenomena but…

See report which will be given by 

Zhakhovsky:

Zhakhovsky, Grigoryev, Perov E. 

“Formation of a cylindrical cavity in LiF

crystal by X-ray pulse”



22Хохлов, Иногамов, Вестник ОИВТ РАН том 8, стр. 38-44 (2022)

Распад разрыва

в цилиндрической

геометрии
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Расчет поясняет, каким 

образом происходит 

отбрасывание кф ЛиФ от 

оси пучка и образуется 

длинная полость - прокол
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Дорогие участники 

конференции ЗНЧ-2025
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