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Pre-pulse

(contrast ratio: 10-5~-6: >1012W/cm2)

Generation of preplasma

ionization: multiphoton, tunneling, collisional

Interaction of main pulse with preplasma (>1018W/cm2)

Ponderomotive acceleration of electrons

Charge separation Ą ES field

1 Acceleration of ions at rear side

Laser Acceleration Mechanism in Solid Target

Solid (foil target)

< 200um

Contamination layer

(water, oil vapor, 

hydrocarbon)

Target Normal Sheath 

Acceleration Mechanism

Shock Acceleration 

Mechanism

Ablation pressure at target front

Induce Shock and reflected by dense plasma

2 Acceleration of ions at front side

D+D - > n + 3He



Laser-induced Neutrons

Nation Year
Laser Power

(Energy)
Target

Neutron Yield
(n/shot, 4 )́

Yield Per Energy 
(n/J)

Japan 2004
100 TW

(90 J)
Solid 3.5x107 3.9x105

France 1999
23 TW

(7J)
Solid 7.5x106 1.1x106

Russia 2006
8 TW

(12 J)
Solid 1x105 8x103

Germany 2001
10 TW

(0.5 J)
Solid 1x104 2x104

USA 2004
55 TW

(5.5 J)
Cluster 6.8x105 1.2x105

China 2008
250 TW

(7.5 J)
Cluster 2.5x106 3.2x105

Korea 2007
10 TW

(0.27 J)
Solid 7x104 2.6x106

Korea 2008
30 TW

(0.9 J)
Solid 4.5x106 5x106



Ti:sapphire

oscillator

Pulse

stretcher

Pump laser

(2.0 J, 532 nm, 10 Hz) 1st amp. (8 pass)

2nd amp. (2 pass)

Vacuum

Pulse compressor

3rd amp. (4 pass)

1 J

30 fs

10 Hz

PC

P
C

Pump laser

(1.5 J, 532 nm, 10 Hz)

CPA

4 m

30 TW, 30 fs Table-top Ti:sapphire Laser

2 m

1500 mJ



Ti:sapphire Laser Front-end
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Wavelength (nm)

Dt = 14 fs

Pump laser

Ti:S

Prism
O.C.

(T=10%)

Chirped

mirror

OSC Average Power: 370 mW

at 3.5 W pump (100 MHz)

Pulse stretcher

Ti:sapphire Oscillator

Pockels cell



Ti:sapphire Laser Amplifiers

8-pass Preamplifier

Input

(1 nJ)

Output

(4 mJ)

Pump

(25 mJ)

Ti:S

f = 45 cmf = 50 cm

Pump

(25 mJ)

Power Amplifiers

2nd amp: 2-pass (beam Ø  ~3 mm), 60 mJ output, 300 mJ pump

3rd amp: 4-pass (beam Ø  ~13 mm), 1.5 J output, 3.0 J pump

Ti:S (Ø  10 mm)

Ti:S (Ø  25 mm)

3rd amp

2nd amp

To compressor

Input (4 mJ)



Amplified Spectrum

Final transform-limited pulse duration: ~ 20 fs
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Pulse Compressor

Input Grating

(1500 l/mm)

Grating

To Target-1

To Target-2
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Pulse Duration

Measured by a single-shot autocorrelator

Diffraction Limited Beam

4.9 mm

(f/4.45)

Diffraction Limit : 4.3 mm (FWHM)

Pulse Width & Spot Size



Pulse Contrast by ASE

- Pulse contrast : 2x10-8
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Control of ASE Pulse Width
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ASE

0 ns, 0.8 mJ

- 3 ns, 1.9 mJ

- 8 ns, 3.0 mJ

- 13 ns, 3.2 mJ

Pockels

cell

PBSPBS

Additional pulse picker after preamp.

Main pulse

ASE

Short
prepulse

Control pulse pickerôs opening time

Laser

Removal of short-prepulse and ASE control



Neutron Generation from Solid Deuterated Target

800nm, 900mJ, 27fs, 10Hz,
>5x10 19W/cm 2, p - polarized

CR39 in 
Pb foil

Detector :  CR-39,  Faraday Cup,

Gated Scintillation Detector,

Liquid Scintillation Detector (BC-501)

Plastic Scintillation Detector (BC-408) 

Target Front Target Rear



Linear Target Stage & Solid Target

Solid Target

Deuterated 

Polystyrene  

(C8D8 ) 

Rotational
Stage

Linear Target Stage

- 3 linear stages + 1 rotational stage

- CW operation up to 2 Hz

Linear Stage

100 mm Target Thickness

200 mm Target Thickness

Target
Mount



Rotational Target Stage & Solid Target

Rotational Target Stage

- 3 linear stages + 1 rotational stage

- Operation up to 10 Hz

- Operate remotely all target stages

80 mm Target Thickness

Rotational
Stage

3 Linear
Stages

Target
Mount



Faraday Cup Signal & Deuterated Ion Energy
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Faraday cup signal @ Target Front
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 Target Thickness = 80 mm
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Faraday Cup Signal @ Target Rear
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Deuteron Ion Energy @ Taget Front
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Deuteron Ion Energy @ Target Rear
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Neutron Detection with CR-39

800nm, 900mJ, 27fs, 10Hz,
>5x10 19W/cm 2, p - polarized

CR39 in 
Pb foil

CR39 in 
Pb foil

CR39 in 
Pb foil

CR39 in 
Pb foil

CR39 in 
Pb foil



Neutron Traces after etching with NaOH 6 N, 70 deg., 6 hrs

CR-39 Neutron Trace with Cf-252

J. A. Frenje, et al., Rev. Sci. Instrum. 73, 2597 (2002)CR-39, Cf-252, 20 sec (1mmx1mm)

CR-39 Neutron Response :
- Front Side : 1.1 x 10-4

- Back Side : 3.3 x 10-4

Cf-252 Neutron Source

- Frontier Technology Corp.

- Neutron emission : 5.18 x 106 n/shot

- Model 10 : 10 mg

- CR-39 neutron response : 5 x 10-2



Neutron Detection with CR-39

Neutron Yield Measurement (Target-CR39 : 15 cm)

- CR-39 : Insensitive to X-rays (2 mm thickness lead cover)

- CR-39 neutron response : 5 x 10-2

- 4.4 x 106 n/shot (30 TW, 1ns ASE pulse width, 45 ɛm target)

CR-39 neutron traces

(1mm x 1mm)

Neutron trace distribution

on the CR-39 (5cm x 5cm)



Scintillation Detector (BC501A, BC408)

Cf-252 Neutron Signal (BC 501 A)

With No Preceding Gamma/X-rays

- Neutron signal was measured 

with Cf-252 neutron source
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 Solid Target

Thickness = 70 mm

dN = 3.0 m (150 ns)

BNC Cable = 1 m

Bias Voltage = -1.0 kV

 Lead Block = 0 cm

 Lead Block = 5 cm

 Lead Block = 10 cm

Laser Neutron Signal (BC 408)

With Preceding Gamma/X-rays

- No neutron signal was measured due to space 

charge and dynode voltage depletion of PM tube

Strong

X-rays

No Neutron

Signal



Gated Scintillation Detector

Channel Photomultiplier

(CPM C1982, Perkin Elmer)

BC-408

High Voltage Switch

(HTS31-GSM, Behlke Electronic Gmbh)

Power Supply



Gated Scintillation Detector

Circuit Diagram

Cathode Gating

Channel Photomultiplier
(CPM C1982, Perkin Elmer)

BC-408

High Voltage Switch
(HTS31-GSM, Behlke Electronic Gmbh)

Gating Signal



Optimum Cathode and Gating Voltages

for a channel entrance voltage of -2.0 kV

ĄCathode Voltage : -1.98 kV ~ -1.965 kV

ĄGating Voltage : -20 V

S. Lee et al., Rev. Sci. Instrum. 80, 063303 (2009)

GSD Conditions for Neutron Signal

Time-of-Flight (TOF) Signals 



Time-of-Flight Signals of Neutron

2 m 2.8 m

Neutron TOF Signal ( Gated Scintillation Detector )

- Neutron signal : 100 ns, 140 ns from triggering position

- Target : 45 ɛm, C8D8 ( Deuterated  Polystyrene )

- Gated scintillation detector position : 2 m , 2.8 m from Target



Neutron Counting System

NIM Module

Counting System

Schematic Diagram

4.6x105 neutrons/shot with GSD @ 24 TW


