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The world of lasers Y

A
Wavelength — Energy — Duration @

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

photon characteristics
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energy characteristics
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The world of lasers ":’

Wavelength — Energy. Duration =fs-ps

In this talk | consider !
110 keV @ OYamada 2024
ultrashort laser pulses =

fs-ps range of durations. Loy ©

To the right is a map

illustrating the world of fs- [ W (xJes
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The world of lasers Y
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Wavelength — Energy. Duration =fs-ps

O uém peub "IOkGV/v® QYamada 2024
The purpose of the report is twofold

anoPhotonics
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NanoPhotonics and optoAcoustics @ES&%
it's two Separate large worlds

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

In optoacoustics, light thermo-mechanically [lONES 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.



NanoPhotonics
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how NanoPhotonics works +
one of the applications
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Details of the array

modifies
transmission and
reflection.

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

metasurface



Velocity of light is very high:
5 orders of magnitude above speed of sound. Q."
Thus, every probe illuminating the device at the instant t

gives us reflectivity R of a film skin+ acoustic wave in glass
at the instant t;.
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index An/n, (%)

o NN T—The profiles of the
acoustic wave are
e shown for the
b ] Instants t1 and t2
oo am of illumination by
4R < probes

t2 probe

normalized refractive

t1 probe >

Probe light shines through
and reflects (1) from skin in Ni +
tie (2) from refractive index changes
of the acoustic wave

pump
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Lock-in = synchronous detection
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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 Metakilm|= as a film with two metaSurfaces - as a photonic surface



* We created a hybrid of nanophotonics
and optoacoustics.

« We started using the metasurface asS
an acoustic transducer to generate
sound

e 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
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MetaFilm 5

probe wave

'

vacuum
Ni droplet
Ni film 24p
e
glass

Puc. 1. Ilnenka aukens (Ni film) ¢ maposuanbiM BKITIO-
genueM (Ni droplet) na crexknsunoit nopnoxke (glass).
Hanomap mauamerpom 50-70 HM oKpyzKeH 3azopaMin

(gap) BokpyT.
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MetaFilm 5

SEM image

AFM image

Inclusions

Pt
Ni film
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Plasmonics of our MetaFilm

Mepuoaunyeckue rpaHuYHbIE YCNoBUA
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2-3 orders of magnitude enhancement of tE k

transmitting of light through optically

thick Nickel fil >
ick Nickel film LT

Optically thick means = geometrical P
thickness df = 70 nm -
Skin depth dSk =13 nm o

Exp(2 df/dSk) = 50 000 = 50 thousands,
1/50000 = 0.2*10"-4 .
versus Transmittance = 0.07 = 7
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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

LS5, = 488 nm
Y45, = 500-600 nm

I Caier
‘ Centers




attenuation depth (um)
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3.4 um 110 um 7.3 mm! 475 um = 0.5 mm

Attenuation depth from Henke. Table data are for 9 keV
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Three zones

The first one Is near surface

It is rather short
10-20 diameters

zone 1 >

zone 2
i

Q=

0 LiF surface

XFEL beam

cavity

Z, umy

- 2um LiF
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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
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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”
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Pucynoxk 1. Ilpoduin mioraoctn (CuHsg KpuBas) U 1aBACHUs
(opaHzKeBasi Kpuas) B MOMEHT Bpemenu 3 1c. Pacnan paspbi-
Ba, PACHIMPEHUE BbICOKOIHTPOIMMHOIO HUAUHAPa (€10 I'paHU-
na CB), nziyaenne ¥NB (SW) u Boatasl paspexennsa (RfW). Ha-
JqajibHasl KOOpIuHatTa Kpad ropsdero minaiapa Ry = 200 am.

Xoxnos, MHoramos, BectHuk OVBT PAH Tom 8, cTp. 38-44 (2022) 22
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PacueT nosCHAET, Kakum
obpasom npomncxoanT
oTbpacbkiBaHue K JInd ot

oCU ny4ka 1 obpasyercs
ANVHHAs NONOCTb - MPOKOI
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Pucynok 2. llpodwuiau mnoraoctn (cuHgs Kpupasi) u jiaBie-
Hug (opanzkeBad Kpubasi) B MomenT spemenn 9 nc. Crpenkamu
RfWigrst 1 RfWiast nokasanbr kpas Boanbl paspexenuns (BP),
paciipocTpandioneiica B cropony ocu r = 0. llepeanuit ¢hponr
BP RfWg,s¢ nioomen BILIOTHYIO K TIeHTpY. Ero koopannara pas-

fa 10.3 am, T.e. 5% orT HAYaAbHOrO pajinyca nuantapa Ry . Dror
hpoHT ABUKETCH €O CKOPOCTHIO 3BYKa cgp = 19.7 km/¢ B 10-
padeM HeBO3MylLeHHOM seutectrse. B momenT 9.52 nc xapakre-
puctuka RIWg,o Jocruraer nenrpa HAYMHACTCHd OTparKeHHe

xapakrepucrtuk BP or nenrpa.
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Pucynoxk 3. llpoduim miaoraocrn (CuHss KPpUuBasi) U pajiuaiib-
HOIT cKopocTH (3eiieHad Kpuasd) B MoMmeHT spemenn 9 nc. Crpe-
KW lepeHecedbl ¢ pUcCvHKa 2. NAUBUTEIbHO, 'MAPOJIAHAMU Y-
cKad CKOpocTh Ha Oeryieil xapakrepuctuke RfWiase pacrer co
BpemMeHeM u B MoMeHT 9 1c cocraBasier pejunauny 16.4 km/c.
[PEeBBIIAIONLYIO0 CKOpocTh ¥YB 15.7 KM/¢ B 910T MOMEHT.
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8 300
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Pucynoxk 7. llpoduim nnornocru (cunsist Kpupast), jJdaBieHusd
(KpacHasi Kpupasi) U CKOPOCTHU (3e/eHast KpuBas) HAa MOMEHT
ppemenu 20 1c. lopusodraibable cTpeakn v KpUBbIX VKa3blBa-
0T, KaKas KpuBas K KaKOH ocu opamHaT oTHOcHTCs. llepednc-
JIMM HOPATOK C/I€I0BAHUS XapaKTePHbBIX YYaCTKOB CJjeBa Halpa-
B0 0T ocu K nepudepun. Mmetores 1) obaactsb coyiapeHus BetT-
pos C, 2) koarakr CB n 3) vaapuaa soana SW. B nearpanbHoit
obaactu (Jiesee Touku C) ILUIOTHOCTH U JIABACHUE [IAJ1AI0T [TPAK-
THIeCKHA 10 Hyad., OrMeruM CMeHy 3HaKa CKOPOCTH HAa Kparo
TpanchopMUpoBaHioi IpodbKH, T.e. Ipasee 301bl coyiaaperund C.
Terepb 31a CKOPOCTH HAlIpABJ/IEHA K HEHTPY CUMMETPUU.
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Pucynok 8. le ke npoduin 1 e ke ropu30HTAIBHBIC CTPEe.I-
KU, 4TO U HA [IPE/AbLAVIIEM PUCYHKE 7, HO Terepb B MoMeHT () 11c.
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W3 nenrpa niaer yviapaas sojHa SWine.
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B nauanbublii MomenT t = 0 narpanzkesa u 3iljiepoBa KOOp-
sunarel copnajanot (1Y = r.) B nauajibHblii MOMEHT Berle-
cTBO 110KOUTCsI. I1i1oTHOCTE OIHOPOAHA U paBHA pq. JdaBie-
HUe U TeMueparypa BHyTpHu nmanmiapa 10 = r < Ry pas-
nbl 10 Moap u 550 kK. Hac Oyiyr unrepecosarnh Bpeme-
Ha, DOJIbIIIAE 110 CPABHEHUIO ¢ BPEMEHEM 3JeKTPOH-HOHHOMN
peJaKkcaluu, 1109ToMy OyiieM HUCIIOJIL30BATh OJIHOTEMIIepPa-
rypublii (T, = 1)) noaxos: coorBeTcTBeHHO ypasHenue (7)
ucioab3oBarnes ne oyiaer, Po = 0, E. = 0.
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