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What is “Plasma Photonic Device” ?

" Is a new concept of novel devices which

enable to generate and control photons, from THz light to y-rays,
and/or high energy density electrons and ions, by using plasma as

medium.
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First of all, I’d like to introduce the new word, “Plasma Photonic Device”. This is a key concept of our unit. The “Plasma Photonic Device” is a concept of a new device which convert high power laser energy to photon in wider range of wavelength from THz to X-ray and gamma-rays, and also high energy electrons and ions quite efficiently. In addition, the function of this device is control these in time and space. And unique point is plasma is used as a device media, so we can control very high energy density. This is an example of the device consisting of a tiny conical cup and small wire attaching on the tip of cup. Using this device, laser energy is converted in MeV electrons and concentrate on a small region like this figure.


U

Purpose of our Unit: development of a small /

compact electromagnetic radiation source

*
In this research, small electromagnetic radiation sources using

Plasma Photonic Devices produced by ultra-high intensity laser
pulse is developed toward novel diagnostics of electronic devices.

Plasma photonic devices to control lasers and electrons

i) Plasma mirror (Nakatsutsumi, LULI)
ii) Device for generation and control of high energy density electrons (Habara, RAL)

Plasma photonic devices to generate electromagnetic radiations

iii) Wavelength tunable radiation source by Smith-Percell (IOP)
iv) Generation and control of high intensity Teraheltz radiation (Jin, U. Utsunomiya)

v) Mono-energetic EUV radiation (Inubushi)

Integration of plasma photonic devices toward diagnostics of electronic devices
(Inubushi, Aoki)
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OK, so the goal of our unit is  … Especially, we aim to use this device to diagnose an electronic device. Our unit is separated in three groups. The first one is the generating and controlling of high energy electrons. The second is to convert this electrons to X-ray and Thz radiation. The third is integration of this device and apply actually as a diagnositics of electronic devices. 


Expected applications of small

radiation sources

Diagnostic of surface structure of solid-liquid interface

X ra “V
y Diffraction

<+ Liquid: several tens nm
Solid

Observation of living cell Cell
Short pulse soft x ray 2|
(Water window:284~543 eV)
Diagnostics of electronic devices using Cherenkov radiation

s Diagnostics of refraction

Cherenkov : e
index and permittivity

radiation
Characterized ; _—

electron beam
Unknown material



This research has been performed by the
cooperation of domestic and foreign research
laboratories.

Kodama Lab. Y. Inubushi
Sugino Lab. H. Aoki

Kodama Lab.
Y. Inubushi, Z. Jin,

M. Nakatsutsumi, et al.

Tanaka Lab.
K. Kondo, H. Habara,

T. Tanimoto, et al.

Suqgino Lab. H. Aoki

Utsunomiya University
N. Yugami, H. Higashiguchi

ﬁl Ecole Polytechnique (Fran&

P. Guillou

Institute of Physics (China)

Zhe Zhang, et al.
Rutherford Appleton Laboratory (UK)

K. L. Lancaster, et al.

University of Michigan (USA)

QMatsuoka /

Foreign cooperation



プレゼンター
プレゼンテーションのノート
This research has been done by Osaka group with domestic and forerign collaboratiors including Ut, France, China, UK and US laboratories.
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Figure 1 Temporal profile of the laser pulses delivered by a 10 TW, 6015 laser
system, in logarithmic scale, with and without the DPM. The signal at time 0 is
get to 1 in both cases for an easier comparison between the fwo curves,

C. Thaury, et al., Nature Physics 3,
424 (2007).
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Shortly I’ll show you 3 examples of our activity. At first now we’re now extensively studying a plasma mirror to increase the energy conversion from laser to electrons. The plasma mirror utilize a difference of reflective index between dielectric and plasma. At the beginning, the laser pass the dielectric material but immedietely after plasma creation of the surface of this material, laser light reflects as a mirror. The speed of plasma formation of order of ps as in this figure, so we can use this mirror as a very fast switching device.


Cherenkov EUV radiation is usaful for
various applicaiion due to its mono-energy
and directivity.

Cherenkov EUV radiation

Mono-energetic and directive EUV source based on Cherenkov
radiation is developed by using index of refraction near absorption
edge and controlled laser-produced relativistic electron beam. This
wavelength is selected by changing emitter material.

Photon enerqy

Relativistic electron beam

Target hv(eV)

\1 : Mg 50

v Al 73
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Cu 933

Cherenkov EUV radiation
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The second one is a EUV cherankov radiator. As you know, when the charged particle passes through a material, Cherenkov light is emitted and the wevelength of the emission is strongest on near absorption edge. But usally the emission is absoved in the material so that we cannot observe it. However, if we use such periodic structure such as photinic crystal, it is a chance to take out the X-ray cherankov light. Now we’re modeling of this radiator and calculating the emission efficiency.


Smith-Purcell processes can emit a
monochromatic radiation from THz to EUV
region.

Radiation is emitted when high energy electrons pass through
periodical structure (Smith-Purcell radiation) with angle dependence

Electron bunch
>0.1MeV Smith-Purcell Radiation
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Preliminary experimental results using Tabletop laser
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As similar to Cherenkov radiation, we try to use a Smith-Purcell radiation as EUV emittor. There has been already studying in a opt- and electric device. But in our research, we use a very high current, order of  MA and very shot electron bunch in fs level, very strong and short pulse emittor can be expected. In a prelimiary experiment, we get IR radiation using a grating target as in this figure.


Summary

Plasma photonic device generating high-intensity electromagnetic
radiation toward diagnostics of electronic device have been
developed.

Plasma mirror can suppress pre-pulse of ultra-high intensity laser.
We started plasma mirror experiment.

Cherenkov EUV radiation can be a novel EUV radiation source.
Dependence of Cherenkov EUV spectrum on emission angle is
calculated.

Smith-Purcell radiation has a capability of a radiation source
whose wavelength is from Teraheltz to EUV. Smith-Purcell
radiation in IR region was observed in laser plasma experiment.
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