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Laser induced acceleration of ion beamsLaser induced acceleration of ion beams
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Rear Side Accel. is dominant for metal targetRear Side Accel. is dominant for metal target

J. Fuchs et al., POP 14, 053105 (2007)J. Fuchs et al., Nature Phys. 2, 48, (2006)



Observation of more intense proton beam from plastic targetsObservation of more intense proton beam from plastic targets

Spencer et al., PRE 67, 046402 (2003)

7x1018 W/cm2, 60 fs Y. Wada, JJAP 44, 3299 (2005)

2.5x1017 W/cm2, 40 fs
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Experimental SetExperimental Set--Up IUp I

IRD AXUV100 XPD2
(Al 50umx4sh)
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• Protons from Mylar target have higher maximum energies in 1017-1019 W/cm2

• For Mylar targets, there are large discrepancies between exp. and model.
• Metals coated with plastic place between Mylar and metal.
• These investigations require new acceleration mechanisms for plastic target.

Anomalous behavior of Plastic targetAnomalous behavior of Plastic target



1. Comment of a bulk acceleration by Spencer et al.  

2. Initial high plasma resistivity of plastic target
• High resistivity of initially unionized plastic target is seriously underestimated by the 

plasma model – Key et al., POP 5, 1966 (1998).
• Spatial disruption of electron flow inside insulator target – Fuchs et al., PRL 91, 255002 (2003).
• As target resistivity increases, front side acceleration becomes dominant – Gibbon PRE 72, 

026441 (2005).
• Inhibition of hot electron transport by resistively induced electric field – Bell et al.

Anomalous behavior of Plastic targetAnomalous behavior of Plastic target
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1. Linear dependence on resistivity
• ARIE gets dominant for plastic target of which resistivity considered to be high

2. Bulk acceleration: Higher number of protons
3. But it is difficult to determine plasma resistivity in a self consistent way

ARIE modelARIE model
Acceleration by Resistively Induced Electric field K. Lee et al., PRE 78, (2008)
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Proton Spectrum on PreProton Spectrum on Pre--pulsepulse
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Maximum Proton energies on PreMaximum Proton energies on Pre--pulsepulse
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- Proton beams generated from metal and plastic targets are compared,

- which shows distinct differences.

- An acceleration model, ARIE is proposed to account for more intense proton 

beams from plastic targets.

- An effect of the ASE pulse width on the proton generation is also compared 

between metal and plastic targets,

- which also show clear differences and in the case of plastic targets, it also 

can be addressed from the ARIE model

- We are preparing a scheme utilizing such an acceleration mechanism for 

more efficient generation of the proton beams.

SummarySummary
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With preplasma

enhancement

H. J. Lee et al. POP 11, 1726 (2004)
2D PIC simulation

MPI, Kaluza et al. PRL 93, 045003 (2004)

Al foil 150 fs

Proton beams on a laser prepulseProton beams on a laser prepulse

Yogo et al. PRE 77, 016401 (2008)

Polyimid target, 1019 W/cm2, 45 fs
Yogo et al. POP 14, 043104 (2007)

Copper target
1018 W/cm2

55 fs

(- 9ns)



Laser Prepulse (ASE)Laser Prepulse (ASE)
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• For measurement of the contrast ratio Y. H. Cha et al., Appl. Opt. 46, 6854 (2007)
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Control of ASE pulse width by changing pulse picker opening time installed after a pre-amplifier 



Experimental SetExperimental Set--upup

IRD AXUV XPD1
(Al 300umx2sh)

Ti:Sapphire Laser
0.8um, 30fs, p-pol

200-300mJ

OAP, 45o, 178mm

Target Al blockShutter

Lens for beam size monitoring

WCM inside Al wall

Extended Chamber
(Faraday Cup)

Or
TPS 

(φ150 μm pinhole)

960mm
435mm

ΔΩ = 2.1x10-8 sr
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Maximum Proton energies on PreMaximum Proton energies on Pre--pulsepulse
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Proton beam divergence on PreProton beam divergence on Pre--pulsepulse

81 (6 ns)

85 (2.5 ns)

87 (< 1ns)

90

92

Target: Mylar 6 um
CR39: 9 cm away from target with 13 um-thick Mylar filter (E > 0.8 MeV)

7 2.5 <1
τASE [ns]

80 85 90 95
20

30

40

50

B
ea

m
 d

iv
er

ge
nc

e 
[D

eg
re

e]

τPC [ns]



Proton number generated on PreProton number generated on Pre--pulsepulse

• Energy efficiency for E > 0.5 MeV was estimated to be 1 %
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- Proton beams generated from metal and plastic targets are compared,

- which shows distinct differences.

- An acceleration model, ARIE is proposed to account for more intense proton 

beams from plastic targets.

- An effect of the ASE pulse width on the proton generation is also compared 

between metal and plastic targets,

- which also show clear differences and in the case of plastic targets, it also 

can be addressed from the ARIE model

- We are preparing a scheme utilizing such an acceleration mechanism for 

more efficient generation of the proton beams.

SummarySummary



W/o edge field

W/ B-edge field only

W/ B+E-edge field

CR39#164

Thomson Parabola Exp.Thomson Parabola Exp.
Ion TPS traces on a CR39 detector

J. Y. Lee et al., JKPS 51, 426 (2007)
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Plastic scintillator

Calorimeter

Cluster jet

Compression chamber

F/12  flano-convex lens
 on linear stage

Faraday cup

Laser

Compression Chamber
Solid target chamber

Cluster target chamber

45° OAP
(f ~ 178 mm)

Front View of
Solid Target

XPDXPD
(1(1--10 keV)10 keV)Faraday Cup

Focal Spot
Monitoring system

Ion acceleration
Neutron generation
Terahertz wave generation
Electron beam generation
Gamma ray generation
Hard x-ray generation

Neutron generation

Target Chambers at KAERITarget Chambers at KAERI
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Main pulse begins to be blocked.

τASE < 1 ns

• Contrast ratio ~ 10-8 at 10 ns measured by a simple method developed at 
KAERI.

Y. H. Cha et al., Appl. Opt. 46, 6854 (2007)
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Control of ASE pulse width by changing pulse picker opening time installed after a pre-amplifier 
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