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Relativistic Optics Explored with PW Lasers

Chul Min KIM and Chang Hee NAM

The unparalleled increase in laser intensity over the last
decades has provided a novel challenging arena of optics -
relativistic optics. In relativistic optics, the charged particles
are driven by an ultra-intense laser field to move almost at
the speed of light, and even the vacuum may behave as a
dielectric consisting of electrons and positrons. As a result,
extreme physical conditions that are impossible with any
other terrestrial means are created. In this article, we pro-
vide a brief introduction to relativistic optics with the re-
search output produced by Center for Relativistic Optics
(CoReLS) of Institute of Basic Science (IBS) as examples.
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Fig. 1. Schematic diagram of chirped pulse amplification (CPA).
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Fig. 2. Petawatt femtosecond Ti:sapphire laser operated at CoReLS,
IBS. It has two PW laser beamlines that can work simultaneously. The
beam line | (1 PW) delivers 30-fs, 33-J laser pulses at 0.1 Hz, and the
beam line Il (1.5 PW) 30-fs, 45-) pulse at the same repetition rate.
The beam line Il is now being upgraded to deliver 4 PW.
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Table 1. Regimes of light-matter interactions depending on the laser intensity. I, E, and A¢ refer to ionization potential, laser electric
field, and electron Compton wavelength, respectively. The laser wavelength is assumed to be around pm.
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Fig. 3. Laser-matter interaction lab at CoReLS, IBS. In the lab two
large target chambers are shown along with two laser pulse
compression chambers.
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Fig. 4. Electron acceleration based on the laser wakefield acceleration
mechanism. The upper figure shows the snapshot of electron density
obtained from a particle-in-cell simulation. The comb structure near
the right end indicates the position of the laser pulse, and the black
areas are the electron-free cavities. A dense electron bunch is shown
to be located in the first cavity. The lower figure shows an ex-
perimental electron spectrum obtained using a 10-mm-long He gas
jet driven by the laser shown in Fig. 2. The maximum electron en-
ergy is about 1 GeV.

FIRY ol SR - MeV $EO 2 7HE5h= A
o] St
279 ol "ot 71 miEe] Akl E4F0s &
gEnpt /d=EA Fxke ol did] HoE UHUIHA
wlo] golx Fx FFOZ Jo|RoR o|FofF] FF(“El)o]
A} (" 4 300, ol2fdt ) FEolA F7PY] ke
59 A Fohetl, 354 ST 1o Hxpt &
oAl kA HxPF FAlol ol wizbA] Ti&EAL FAE A
U ZHEEct offdh ¢ 352 Holx FAet §A olF
sh=d|, ojule] A7 #olA E%Hlaser wakefield)o]
gl sk, ol#fg Hxb 7i& Al olA FERF Ti%
(laser wakefield accelerationjolglal skc}h. 10'87H/cm’e]
RS Zh= 71A] ool disiA ol dFAe] AllE
GV/cm o)do] =zt ol 7IEY Uiy FRPIE7]] Hls]
ojeF 10008 F= 2 gloloth webA TIF oA HeQl v}
Zo] 10 mm9] 2 AIEE 1 GeV o9 ouxlE d=
4 Stk B dFgolME o] 7k WS o]8sto] 3 GeVrt
INIRSIAR= S o=
o] 7l wiiol #Holx 71&5717F 71ES] FRRG7IE Al
o ke 7dE 2 e, o] oE FAd o]gsh]
ole FHdoF & dAlEo] ot 4 7HsE ok HAE

LI B |

REFERENCES
[8] H. T. Kim et a/, Phys. Rev. Lett. 111, 165003 (2013).

228 Mot |s APRIL i 13




AP e

|

/

&:trons f
&

56 MeV (H) JH174 MeV (C+) | o LA
36 MoV (HY) 108 MeV (C*) | 2
24 MaV (H') J} 72 MeV (C*) o

36 MeV (C*)

Fig. 5. Acceleration of protons by the radiation pressure of an ultra-
intense laser pulse. The upper figure, obtained from a particle-in-cell
simulation, shows the separation of electron and proton/ion layers
upon the incidence of an intense laser pulse. The lower figure shows
the raw image of a Thomson parabola spectrometer. The proton
energy reached 93 MeV with 10-nm-thick F8BT polymer target."
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Fig. 6. Relativistic high harmonic generation by the oscillating flying
mirror mechanism. The upper figure shows the mechanism schemat-
ically. The lower figure shows the experimental spectrum obtained
with the 100-TW beamline of the laser in Fig. 2. The harmonics up
to the 164th order were obtained.
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Table 2. Magnitudes of some physical quantities realizable with the
best conventional methods and with ultra-intense lasers.
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