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Introduction

Femtosecond Terawatt Ti:sapphire Laser
at KAERI

Laser-induced Fast Neutrons

Fast Neutron Measurement Techniques
Neutron Activation Analysis

Conclusion



Laser Acceleration Mechanism In Solid Target

Solid (foil target)
< 200um

Shock Acceleration
Mechanism

Contamination layer
(water, oil vapor,
hydrocarbon)

Target Normal Sheath
Acceleration Mechanism

Pre-pulse
(contrast ratio: 10-°6: >1012W/cm?)

Generation of preplasma
lonization: multiphoton, tunneling, collisional

Interaction of main pulse with preplasma (>1018W/cm?)
Ponderomotive acceleration of electrons
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1 Acceleration of ions at rear side

D+D->n + 3He




Japan

100 TW
(90 J)

Laser-induced Neutrons

Solid

France

23 TW
(7J)

Solid

Russia

8 TW
(12 J)

Solid

Germany

10 TW
(0.5 J)

Solid

USA

55 TW
(5.5 J)

Cluster

China

250 TW
(7.5J)

Cluster

Korea

10 TW
(0.27 J)

Solid

Korea

30 TW
(0.9 J)

Solid
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30 TW, 30 fs Tabletop Ti:sapphire Laser

4m

Pump laser
(1.5 J, 532 nm, 10 Hz)
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Ti:sapphire Laser Front-end

Chirped
mirror

® OSC Average Power: 370 mW
at 3.5 W pump (100 MHz)
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Ti:sapphire Laser Amplifiers

8-pass Preamplifier

= N

f=50cm Output f=45cm
(4 mJ)
Pump Ti:S Pump
(25 mJ) (25 mJ)
Input
(A nJ)

Power Amplifiers

To compressor - ‘[.
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# 2"d gmp: 2-pass (beam @ ~3 mm), 60 mJ output, 300 mJ pump
# 3'd amp: 4-pass (beam @ ~13 mm), 1.5 J output, 3.0 J pump



Pulse Width & Spot Size

Amplified Spectrum Pulse Compressor

- - - - Input spectrum
—— Preamp (4 mJ)

Grating
— 2nd amp (30 mJ)

(1500 I/mm)
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Wavelength (nm)

To Target-2
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Pulse Duration

cm?)

Intensity (arb. units)
Intensity (x10°° W

Delay (fs)

Measured by a single-shot autocorrelator Diffraction Limit : 4.3 mm (FWHM)
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Pulse Contrast by ASE

- ASE background

—— Main pulse

5 10
Time (ns)

- Pulse contrast ;: 2x108
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Control of ASE Pulse Width

Additional pulse picker after preamp.

Removal of short-prepulse and ASE control

Laser
Ons, 0.8mJ
PBS PBS
Pockels ol -3ns,1.9mJ
cell < |
i -8ns,3.0mJ
Control pulse pick g _13ns,3.2mJ
O
o
Main pulse
Short
prepulse Time (ns)
ASE




Neutron Generation from Solid Deuterated Target

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

Target Front

30 TW Laser Beam

Detector : CR-39, Faraday Cup,
Gated Scintillation Detector,

Liquid Scintillation Detector (BC-501)
Plastic Scintillation Detector (BC-408)

/ DM CR39in

Solid Pb foil
Tarzet X\ CR-39

Target Rear

Faraday
Cup

Telescope
(Target Monitoring)

>

Faraday

Telescope / \\
(Target Alignment) \'

Gated Scmtillation
Detector




Linear Target Stage & Solid Target

Solid Target

CD,—CD

Deuterated
Polystyrene

(CgDg )

Linear Target Stage

- 3 linear stages + 1 rotational stage
- CW operation up to 2 Hz

100 mm Target Thickness
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Rotational Target Stage & Solid Target

Rotational Target Stage 80 mm Target Thickness

- 3 linear stages + 1 rotational stage
- Operation up to 10 Hz
- Operate remotely all target stages




Faraday Cup Signhal & Deuterated lon Energy

Shock Acceleration

Deuteron lon Energy @ Taget Front
C,D, Target Thickness = 80 mm

Energy @ Peak lon Number = 162 keV

3 |

0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600
Time (ns) lon Energy (keV)

Positive
lons

Faraday Cup Signal (mV)

lon Number ( Arb. Unit)

(@)

Target Normal Sheath Acceleration
200 T T T T T T T T T T T T T

Deuteron lon Energy @ Target Rear

150 - C,D, Taget Thickness = 80 mmn

1004 Negative Energy @ Peak lon Number = 155 keV

Electrons
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Neutron Detection with CR-39

: i
¢ CR39in
Pb foil

CR39in F .
Pb foil | CR39In

Pb foll

CR39 in CR39 in
Pb foil Pb foil



CR-39 Neutron Trace with Cf252

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

J. A. Frenje, et al., Rev. Sci. Instrum. 73, 2597 (2002)

Cf-252 Neutron Source CR-39 Neutron Response :
- Frontier Technology Corp. - Front Side : 1.1 x 10
- Neutron emission : 5.18 x 10% n/shot - Back Side : 3.3 x 104

- Model 10 : 10 ny
- CR-39 neutron response : 5 X 102



Neutron Detection with CR-39

CR-39 neutron traces Neutron trace distribution
(Imm x 1mm) on the CR-39 (5cm x 5cm)

Neutron Yield Measurement (Target-CR39: 15 cm)
- CR-39 : Insensitive to X-rays (2 mm thickness lead cover)

- CR-39 neutron response : 5 x 1072

-4.4 x 10% n/shot (30 TW, 1ns ASE pulse width, 45 em target)



Scintillation Detector (BC501A, BC408)

Cf-252 Neutron Signal (BC 501 A) Laser Neutron Signal (BC 408)

Bias Vol. : -1 kV

1
o1

C,D, 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 =5cm
Lead Block =10 cm
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25 mV,
10 ns (FWHM)
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With No Preceding Gamma/X-rays With Preceding Gamma/X-rays
- Neutron signal was measured - No neutron signal was measured due to space
with Cf-252 neutron source charge and dynode voltage depletion of PM tube



Gated Scintillation Detector

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



Gated Scintillation Detector
Cathode Gating

Normally Off-State Swiched On-State

Circuit Diagram

Channel-
Entrance Channel Photomultiplier
(CPM C1982, Perkin Elmer)

Scintillator Cathode

Vi (0.4100V) W W Vi 0..-2.9kV)

Vel 0.-150V) W Channel-End T Signal

High Voltage Switch
HTS31-GSM, Behlke Electronic Gmbh)

Triggering%
Position :
—= }+—8 ns

— l—36 ns
-0.10

T T T T T T T T T
-200 -100 0O 100 200 300 400 500 600 700 800
Time (ns)




GSD Conditions for Neutron Signal

Time-of-Flight (TOF) Signals

vV, =-1.98KkV,V_ =-20V

-1.965 kV, -20 V

: -1.965 kV, -50 V
SN

Trigger : . gate

positin . pulse
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S. Lee et al., Rev. Sci. InstrurB0, 063303 (2009)

Optimum Cathode and Gating Voltages
for a channel entrance voltage of -2.0 kV

A Cathode Voltage : -1.98 kV ~ -1.965 kV
A Gating Voltage : -20 V



Time-of-Flight Signals of Neutron

2m 2.8 m

V,ei=20kV,V_=-196kV,V_=-20V,d_=2m vV, =-20kV,V_=-196kV,V_=-20V,d_ =28m
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Neutron TOF Signal ( Gated Scintillation Detector )
- Neutron signal : 100 ns, 140 ns from triggering position
- Target : 45 em, CgDg ( Deuterated Polystyrene )

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



Neutron Counting System

Counting System

4.6x10° neutrons/shot with GSD @ 24 TW

gz %) —‘. E g .'-
NIM Module



