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PW Ti:Sapphire Laser at CoReLS
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Spectrum bandwidth: 84 nm
Output energy: 86 J

Pulse width: 16 fs
Peak Power: 4 PW ( 77%)

5.2 PW

Laser upgrade (20 fs, 4 PW Ti:sapphire Laser)



PW Laser Experimental Area



Control Room

Laser monitoring
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Laser Wakefield Electron Acceleration

Electrons pushed by ponderomotive force 
Restoring to the original position
Electron plasma wave created 
Injected electron bunch accelerated by
the plasma wave

Plasma wave by laser pulse
~ Waves by ship in sea

Acceleration by plasma wave
~ Surfing to the wave in sea

Huge acceleration field 
> 100 GeV/m



LWFA process (PIC simulation)

Laser pulse

Plasma wave

Electron bunch



Plasma accelerators 1000 x higher gradient than RF accelerator

Next generation of linear 
collider

High energy high brightness
photon sources

Table-top linear accelerator 
for practical applications

Nonlinear Compton scattering100-GeV e- e+ collider Table-top synchrotron source

Motivation of LWFA researchMotivation of LWFA research



Issues in LWFA researchIssues in LWFA research
Electron bunch Injection
- Self injection 
- Injection by additional laser 
- Ionization injection

Laser propagation
- Relativistic self-focusing & channeling
- Self steepening, pulse erosion, …

Acceleration process
- Dephasing & pump depletion
- Beam loading effect
Radiation sources
- Betatron radiation
- Inverse Compton scattering

Diagnostics on plasma dynamics
Nature Physics 7, 867 (2011)

Applications
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High-energy electron beam (>400 MeV)
injected to the second gas jet

Investigation on multi-jet configuration 
with high energy electron injection

Multi-GeV e-Beam Generation with Dual Gas Jets
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Control of spectral phase: GDD
26 J on target, focal spot ~ 35 micron, Ne ~ 1.4x1018 /cc, 10 mm cell length

Plasma image (top view)



26 J on target, focal spot ~ 35 micron, Ne ~ 1.4x1018 /cc, 10 mm cell length

Different acceleration gradient with changing GDD
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25 J on target, focal spot ~ 30 micron, Ne ~ 1.0x1018 /cc, 13 mm cell length
(Include the effect of first diffraction ring of the laser focal spot)

2D PIC simulation (OSIRIS)

25 J, focal spot ~ 30 micron, Ne ~ 1.0x1018 /cc, t = 60fs



Control of spectral phase: GDD+TOD

TOD = - 10000 fs-3

 = 75 fs

TOD = - 4000 fs-3

 = 61 fs

TOD = 0 fs-3

 = 46 fs

TOD= 4000 fs-2

 = 39 fs

TOD= 10000 fs-2

 = 46 fs



Electrons over 2 GeV from a 10-mm gas cell
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Stability of electron beam from a single gas cell (30 shots)

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
0

500

1000

1500

2000

2500

 First peak energy

En
er

gy
 (M

eV
)

Shot sequence



-15 -10 -5 0 5 10 15
-15

-10

-5

0

5

10

15

Y 
(m

ra
d)

X (mrad)

Stability of electron beam at the optimized conditions
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3D PIC simulation (CALDER-Circ.) with GDD and TOD (60 fs)

Slow rising positive 
chirped pulse with 

+ GDD & -TOD

Stable propagation
of laser pulse

over long distance

Enhancement of 
electron energy

and stability

Fast rising negatively chirped pulse
Slow rising positively chirped pulse
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Mono-energetic 3 GeV electron beam from 20-mm cell
~1x1018 electrons/ccPW beam line2, 30 J on target

Slowly rising positively chirped 50 fs pulse
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E/E 20 %
(Resolution 15 %)
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Target chamber

Dipole magnet

Deformable
mirror chamber

(D=30 cm, 129 channel)

focusing
mirror 1
(f=6m)

focusing
mirror 2
(f=15m)

Gas cell

1-m long magnet



Laser input

Observing
window

Prototype of 10-cm 
variable length gas cell

A long uniform gas cell

Combination of short gas jet 
& long gas cell is in development

for dual-stage acceleration

1-m long dipole magnet

E-beam

5-axis stage

Variable gap dipole magnet 
(1.5~3 cm, 1.3 ~ 1.8 T)

Resolution < 10 % @ 10 GeV 

Dipole magnet
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Fundamental pulse drives 
the bubble and inject electrons

SH pulse is guided in the bubble
driven by fundamental pulse

Coupling of accelerated electron bunch into
the bubble driven by SH pulse

Acceleration of electron in the bubble 
by SH pulse for a long length

Significant enhancement 
of electron energy

Same total energy of driving laser pulses
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Summary

1. Two PW laser beamlines, 1 PW and 1.5 PW at 30 fs, at
CoReLS of IBS are operational for research on strong field
science.

2. Laser particle acceleration has been explored. From the
laser wakefield electron acceleration multi-GeV electrons
were obtained.

3. Coherent control of LWFA process by manipulating the
spectral phase components of PW laser pulses is very
essential approach to obtain stable multi-GeV electron
beam.

4. The 4 PW laser upgrade for increasing further the
achievable laser intensity is being progressed.



IBS Center for Relativistic Laser Science

htkim@gist.ac.kr
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