Fast Ignition Integrated Experiments
on GEKKO-LFEX Laser Facility
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Summary 4

ILE, Osaka

Status of kJ-PW LFEX laser:
* 1.4 kJ/1.5 ps/2 beams are in operation.
« will be upgraded 10 kJ/4 beams.

Pedestal of LFEX laser pulse:

* Reduction of pedestal is a key issue for the Fl experiment.

* Reduction of pedestal intensity results in enhancement of heating
efficiency.

Diagnostics:

* Neutron yield was evaluated with the consideration of (y,n) and (y, y)
background.

- Timing of the heating laser injection was measured with an accuracy
of 10 ps with an x-ray streak camera.

Integrated experiment:
« Neutron yield increased up to 3.5 x 10°.
« Heating efficiency of 20% were achieved.



Conceptual design of fast-ignition bz




Efficient heating up to 5 keV should be demonstrated

on the GEKKO-LFEX laser facility for fusion power plant. ILE, Osaka
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Status of kJ-PW LFEX Laser
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Two beams of the LFEX laser are now in operation.
The full four beams will be completed in FY2011.
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The heating laser beams are compressed down to 1.3 ps. @

Two beams are synchronized with an accuracy of 0.2 ps.

H2 beam H4 beam
Pulse width: 1228 fs Pulse width: 1262 fs

ILE, Osaka

H2+H4 beams
Pulse width: 1478 fs
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Two heating beams were overlapped correctly
and focused within 60 ym in diameter. ILE, Osaka

X-ray image

2010 experiment
2 beams

Square shaped beams were focused with
an off-axis parabola mirror (f= 4000 mm).



Cone-attached surrogate fuel capsules were @
compressed by GEKKO-XII laser and heated by LFEX laser ILE, Osaka

Compression Laser: Fusion Fuel Heating Laser:

GEKKO-XII | LFEX

Beam# 9/12 beams M Beam# 2 beam
Energy 280 J/beams Diameter 500 pym Energy 400 ~ 1400 J
(2.5 kdJ total) Th|ckpess 7 ym .
Duration 1.5 ns Material CD plastic Duration 1.5 ps
(Flat top) Cone Wavelength 1053 nm
Wavelength 527 nm Angle 45 deg.
Material Gold

GEKKO-XII and LFEX lasers are synchronized precisely
by using the same oscillator.



A pedestal of the heating laser generates 74

a preformed plasma in the cone. ILE, Osaka
Pedestal intensity
Pulse shape of LFEX 1 x 1013 W/cm?
s | A
E 100
7] PS
o —_—| | e—
9
=
5 ‘
E < } NS > 0 (um)
— . Pedestal intensity
Time (log scale) 1 x 107 W/em®
? @1 ns
100

Pedestal intensity should be <1 x
101 W/cm? to make the scale-length
of the pre-plasma to be <1 ym. 0 [(um)




Laser-plasma interactions in the long-scale preformed plasma @

generates too energetic electrons to heat the fuel core. ILE, Osaka
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Preformed plasma was observed by using side-on x-ray @
backlight technique in the previous experiment. ILE, Osaka

Streaked x-ray backlit plane
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Additional pedestal reduction technique will be introduced.



Coupling efficiency reduction was caused by the preformed 44

plasma generated by a pedestal. ILE, Osaka
w/o pre-plasma with pre-plasma ratio
E-beam energy* 2.05J/um (48%%) 1.57J/um (36%*) 24%
Fraction
E <2 MeV 0.56 (13%*) 0.12 ( 3%%) 78% |
E=2~10MeV  1.16 (26%%) 0.34 ( 8%"*) 71% |
E > 10 MeV 0.34 ( 8%*) 1.10 (25%*) 230% 1

* Observed at end of tip (x = 42A)) in the region of (-7.54, <y < 7.54))
# Energy coupling of laser to E-beam up to 1.6ps.

Pre-plasma N fe [%] Nte>core [%] Ni>core [%] <Ti>DD[keV] YnDD
w/o 48 16 7.5 0.75 1.2e+6
with 36 (24%1) 4.7(71%1)  1.7(78%1) 0.35 8.7e+4

The Values in () are the ratio to the case w/o pre-plasma (first line).




AOPF quencher* and saturable absorber

are introduced to reduce the pedestal intensity.
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Energy spectrum of the vacuum electrons is sufficiently 74

cooled down by the pedestal reduction. ILE, Osaka
2009 experiment 2010 experiment
212 J/1.2 ps/50 um-dia (full width) 210 J/1.8 ps/60 um-dia (full width)
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0.6 MeV of the slope temperature is close to the value calculated
with no pre-plasma conditions.



Development of Plasma Diagnostics



Diagnostics should be operated in the presence of intense @
(v, Y') and (y, n) produced by laser-matter interactions. ILE, Osaka

(y, n) : photodisintegration, (y, y’) :scatter

Geometry for calculation Synthesized n-TOF signal
(Top view) calculated with the MCNP5 code

*MCNP5 (A general Monte-Carlo N-Particle transport code)
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Target chamber is the dominant source of the background neutron.



Neutron collimator in the front of the detector excludes (y-n) @

neutrons generated in the target chamber wall. ILE, Osaka
Geometry for experiment TOF signal
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Collimators will be fully installed in 2011 exp’t.
Not installed in the 2010 exp’t (this talk).



Fast-response, low-aftergrow BBQ liquid scintillator” has been @
developed for neutron detector in the presence of strong x-ray radiation. L, osaka

*T. Nagai et al., JUAP (accepted)

BBQ
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The BBQ scintillator dramatically improve neutron diagnostics in the fast-
ignition experiments where neutron have to be detected in the presence of an

intense x-ray burst.



Hard x-rays induce discharges 74

at the photocathode of an x-ray streak camera. ILE, Osaka
Streak image w/o shield Streak image w/o 2 mm Pb shield
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Discharges are suppress by introducing Tungsten slit disk. @
Injection timing can be evaluated from the non-imaged hard x-ray signal. g, osaka

Streak image w/o shield 500pum

o 0 i O

¢ ‘ ‘ ' Ch.B t=-160 ps t=-10 ps t=+100 ps

Relation between hard x-ray signal
Ch. C and the imploded core plasma

Non-imaged hard
x-ray signal due to
LFEX

Balk shielding resulted in :
« Stopping cathode discharge Slit /

- Reducing background noise . 4
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Cathode w/slit
disk



Integrated Experiment



Cone-attached surrogate fuel capsules were @
compressed by GEKKO-XII laser and heated by LFEX laser ILE, Osaka

Compression Laser: Fusion Fuel Heating Laser:

GEKKO-XII | LFEX

Beam# 9/12 beams M Beam# 2 beam
Energy 280 J/beams Diameter 500 pym Energy 400 ~ 1400 J
(2.5 kdJ total) Th|ckpess 7 ym .
Duration 1.5 ns Material CD plastic Duration 1.5 ps
(Flat top) Cone Wavelength 1053 nm
Wavelength 527 nm Angle 45 deg.
Material Gold

GEKKO-XII and LFEX lasers are synchronized precisely
by using the same oscillator.



Enhancement of neutron yield was observed when the heating pulse @

was injected within 25 ps around the core x-ray emission peak. ILE, Osaka
Shot# DD-n + y-n err DD-Yn LFEX injection LFEX energy
timing (ps) @Target (J)
34177 (1.25+0.5)x108 +2x106 (1.252.1)x108 +63 +/- 8 279
34183 (3.5+1.2)x107 +2x106 (3.5+1.2)x107 +27 +/- 8 301
34186 (2.8+1.0)x106 +2x10° (2.8+2.2)x10¢ -7 +/-8 486
34187 (1.60.6)x107 +2x106 (1.620.6)x107 14 +/- 8 419
34189 (1.60.5)x108 +2x106 (1.6+2.1)x108 -33 +/- 8 223
34193 (1.44+0.5)x10° (1.44+0.5)x106 w/o heating laser

Neutron yield vs injection timing
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DD-neutrons was baried in y-n neutrons for > 500 J of heating laser.



2D burn code calculates dependence of neutron yield with heating laser @
energy and coupling efficiency for simplified conditions. ILE, Osaka

. . 13 F |
2D Burn simulation code " FIBMET”

base : 1 fluid 2 temperature Euler-type Hydro code
+ radiation transport (multi-group flux-limited diffusion),

+ a-particle transport (multi-group flux-limited diffusion) /
+ fusion reactions (DT,DD,D3He)
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The comparison between the experimental results and the calculations @
indicates that the max coupling efficiency is 20% in the 2010 exp’t. ILE, Osaka

Neutron yield vs heating laser energy lon temperature
vs heating laser energy
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DD-neutrons was baried in (y, n) neutrons for > 500 J of heating laser.



Neutron yield obtained in the 2010 exp’t is the largest value in the fast @

ignition integrated experiment in GEKKO facility. ILE, Osaka
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Increment of x-ray signal was observed in some shots. @
Reproducibility are under investigation. ILE, Osaka

Peak x-ray intensity

11.5 ps LFEX injection

Ch. B . 21.0 ps
X-ray image
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temperature
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“Go” for experiment in 2011:

To complete LFEX laser system (10 kJ/4 beams/2 - 10
ps) with even higher pulse contrast.

To do further improvements (shielding and
collimation) of diagnostics for full LFEX laser energy.
To verify heating mechanism and Fl scenario in basic
experiments.

To improve heating efficiency and to demonstrate Ny
and temperature scaling on laser energy.
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Status of kJ-PW LFEX laser:
* 1.4 kJ/1.5 ps/2 beams are in operation.
« will be upgraded 10 kJ/4 beams.

Pedestal of LFEX laser pulse:

* Reduction of pedestal is a key issue for the Fl experiment.

* Reduction of pedestal intensity results in enhancement of heating
efficiency.

Diagnostics:

* Neutron yield was evaluated with the consideration of (y,n) and (y, y)
background.

- Timing of the heating laser injection was measured with an accuracy
of 10 ps with an x-ray streak camera.

Integrated experiment:
« Neutron yield increased up to 3.5 x 10°.
« Heating efficiency of 20% were achieved.



