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HipEr  Driver has to be efficient and rep-rated

Laser driver for IFE needs to be efficient (ideally, at least 10% - 15%)
...and operate at a close to 10 Hz repetition rate

Electricity 59 52
generator
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r Cost of
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500kJ/10Hz ~30 MW to
|e 5MW dISSIpate ”“I From Le Garrec / Bodner / Meier



HiPER  ~10kJ of 1w light needed per irradiation spot

In driving the compression phase of the capsule, symmetry is a key aspect.

250 kJ in 48 beams (UV) appears to be optimum

Each “spot” therefore needs ~10 kJ of fundamental light




HIPER  Typical beam distribution
Total energy Soots energy per | beam per | energy per
(kJ) P spot (kJ) bundle beam (kJ)
Compression 500 48 10,42 9 1,16
Shock Ignition 130 48 2,71 3 0,90
Total 630 48 13,125 12 -
Compression
ns pulse
(10.4kJ)
— .

48 bundles of 9 + 3 =twelve ~1 kJ beams




_ Versatility offered with a ~10 kJ bundle formed
WHIPER  of several individual beamlets ....




_ Versatility offered with a ~10 kJ bundle formed
HIPER  of several individual beamlets ...

100 ps overshot
ns shaped pulse (\
ns long square pulse
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-Temporal shaping with multiple pulse profiles addition



_ Versatility offered with a ~10 kJ bundle formed
HIPER  of several individual beamlets ...

Focal spot energy distribution adjustment with different :

*Phase plates

*Frequency converter

ePolarization

Focal lengths (optical zooming)




HiPER  Even more flexibility might be possible

~10 =» ~millions beams




HiPER Laser energy requirements for HIPER

Total lw | Beam |Energy per| Demonstrator

Beam name Pulse duration energy (kJ)| number | spot (kJ) energy

Compression 4t0 10 ns 1to0 10 kJ

shock ignition 0.4 ns 130 48 ~3 1to3kJ

fast ignition 10 ps 100 1 100 1t0 10 kJ




HipEr A continental integrated collaborative work

A key Preparatory Phase goal :
Proposing a technological solution
fora ~500 kJ ~10 Hz ~10 % efficient laser facility

Modular approach

\V

Our current objective :
Designing a ~10kJ unit as a fully operational demonstrator

4 European teams are investigating options




HiPER 4 options investigated

10Q, Germany STFC, UK CNRS, France CEA, France
o4
CaF, YAG Glass
Gas cooled plates Active mirror fiber

. coolant

A\

coolant




HipER OQ proposed option relies on Yb:CaF,

Like Yb:YAG, Yb:CaF,:

- carries a high thermal conductivity (increasing at low temperatures)

- Is available in large size (cubic symmetry =» ceramic)

Moreover, Yb:CaF, offers:

- large absorption and emission band widths =» allow amplification

of short pulses and wavelength multiplexing

- long fluorescence life time (2.4 ms) =» optimizing diode capital cost invest
- low nonlinear refractive index =2 low B-integral at high fluence

made by Schott Lithotec, Jeh:
‘now Hellma Materials GmbH
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Hper Operating temperature range

efficiency

[:]4 ] T T
' : — 100 % re-emittet fluorescence
§ : — 80 % re-emittet fluorescence
: : : — 60 % re-emittet fluorescence
Oa5E ________________________ .............. Operat|0n ______________________________ A | —40 % re-emittet fluorescence
: temrjeratu re — 20 % re-emittet fluorescence
5 : 0 % re-emittet fluorescence
- ; range —
03k e P cousoes e 2 PP - | the calculation is based on:
q carnot efficiency for cooling
0 9% : 60% diode efficiency
pumping wiavelength 240 nm
: extraction wavelength 1030 nm
0z :
: 8-pass extraction
pUMp power 25 kKW
0.15 i ,
: pUmp duration 2 ms
h seed 2 Jicm?
0.1 : other parameters are optimized
%O 100 150 200 250 300

temperature [K]

seit 1558



optical to optical efficiency
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— = -pump efficiency
— 1 pass extraction
— 2 pass extraction
— 3 pass extraction
— 4 pass extraction
5 pass extraction
— B pass extraction
— 7 pass extraction
— 8 pass extraction

Setup:

lasermaterial Y CakF2
pump duration: 2 ms
seed fluence: 2 Jlcm?®
pumped colingar from
both sides with half

of pump intensity each
doping + material

length optimized for
gach pump intensity

i I I
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pump intensity [KYWom®)

40
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HiPER Summarized design parameters

« pump: 25 kW/cmz?, 2ms
» 8 pass extraction
> seed 2 J/cm?
> extraction approx. 25 J/cm? (160 cm?/4 kJ)
- theoretical diode light to laser efficiency about 50 %

. Operation temperature 130 — 150 K
> over all laser efficiency up to 30 %

High extraction fluence and large number of passes
need special effort in amplifier design.

seit 1558



_ Multi-pass angular & spectral multiplexing
HIPER  architecture

4f 4f

2f 2f

1,8 7.2
3.6 5,4
9,4 3.6
7.2 1.8
. 3 different beams are
amplified in one
Use of amplifier
cryogenllcd . each beam achieves 8
g?nspﬁggre round trips
heads

. time delays on ans -
scale avoid any overlap
of the pulses in the
amplifier




HIPER FSU CaF2 concept specifications

> 1kJ/4ns pulses single beam, 333J/0.4ns pulse
- 4 kJ total energy per amplifier

- rectangular 15.8x10.5 cm? shape:

> quadratic arrangement of the 3 beams in the 8-pass amplifier (4 x 6) with a
size of 63 cm x 63 cm

> efficient cooling in a gas cooled laser head
> doping concentration 1.5 %
> material thickness: 6.7 cm
> B-Integral < 0.8

- gL =1.88 (diagonal)



CNRS option relies on active mirror mosaic
Can
HIPER amplifier structure

ASE control lateral
structure (liquid/solid
cladding, structured
edges,...)

- Opposite sides pumping & cooling
- Mosaic amplifier structure

On axis pump

Cooling

~100 cm? aperture




CNRS option relies on active mirror mosaic Cirs
HIPER amplifier structure

ey

Off axis extraction

Cooling




CNRS option relies on active mirror mosaic Cl r

HIPER amplifier structure
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Cooling
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HIPER  Selected point of operation

Doping level = 0.16 at% ® 0.15at.%
Thickness > 2.6 cm

Optical Efficiency [%]

Q'\?\' 40 -
Extraction angle = 20° g% ASE LIMIT
Pump intensity = 6 kW/cm?2 HEX ——o0deg
11x11 cm? aperture g 0 ‘ vﬁ>+20deg
9 o -10 D SR g 40 deg
-20
B ASE<O >
Efficiency n > 30% 1 15 2 25 3
Extracted Fluence >~10 J/cm? Thickness [cm]
14
50
45 12 k
40 2; 0 -
35 =
30 E s N
25 g . J_/ /
20 — Tz
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10w / 0.20 at.% — S E/ / e
20at ) -
° 47‘// — Target Efficiency | ‘/ Target Fluence
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HIPER Energy build-up

Extracted Fluence (J/cm?)
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Amplifying stage # (2 passes through 6 amplifiers) - 0
0 1 2 3 4 5 6 7 8 9 10 11 12



Baikowski cosintered Yb/Cr:YAG ceramics Cﬂrf*?

HIPER satisfies HIPER requirements

» ‘ 25.0 +0.3/-0.2( Target +0.3/-0 )
1o LAP
L J

_______

100203 120403 : \
I Composite 2 Plate

1
10 i
— ¥
r
[ AP
10 10 [ Specification ]
— ——
¥b dopant 034002 at % [ 100 = 120 Inner Part )
C + 120403 ————¥ _ Cr dopant  : 0.25 at% (120 x 140 Outer Part )
£ 1_; Size : Refer to the drawing
Polishing : 120 % 140 mm
- —— 140+03 - Flatness : [ <A/6)@&100 x 120mm Target< 1 /10
Parallelism : =5
Roughness  : =5A with Zigo View
DATE Remark D50 [ O TTILE —— m
. : 1
1 427 . .
o b 0.3% : YAG Composite Cr 2010-04-27 TYPE-2 ]
2 0.25% Covered Plate 1

BATKOWSKI JAPAN Co., LD
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HIiPER Cryogenically cooled amplifiers

Pump:
A 0.7 ms, 10 Hz,

6 kW/cm?2
11.11 x 10.44 cm?

11.44 |15.44 126f1m Titﬂzm: 2
cm cm Al X 1l.44Cm

Thickness = 2.6 cm
~0.15at.% Yb3*
doping
o =0.269 cm-1

Clad:

11.11 cm 16.11 x 15.44 cm?
Lateral dim. = 2.0 cm
12.11 cm Thickness = 2.6 cm
a=0.8cm?1

~

16.11 cm
30



HiPER Cryogenically cooled amplifiers C'?rs

Variable average temperature in the laser disk by changing
the thickness of cryogenic cooled He gap
(He pressure variation could be an option as well)

~_~

16.11cm Nh=10W/m2K, T=77K

: : J 12.11 cm - : :
Isolation < > isolation

T He gap
Cuat /77K

31



HIPER Temperature tunable through He thickness

=30 microns

[
co
o

-B-100 microns

—4—-160 microns
250

220

190

160

130

Temperature in disk center [K]

100

70 . . . . |
0 0,005 0,01 0,015 0,02 0,025 0,03

Thickness [m]
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_ 160K nominal point of operation
HIPER  for 60um gap

Average Temperature [K]

260

240 &
220 /
200

180 r/

160 ==

120

140 T

100 | | | | | |
40 60 80 100 120 140 160

He gap [pm]

180
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RAL option relies on

HIPER  vh-YAG 175K gas cooled 10kJ amplifier
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HIPER Optlcal Iayout

SF3

Source M1

5.0

To frequency doubling
and tripling

5.0 50 50 S0 50 | 50 5.0 5.0 5.0 50 50 | 0 20 1.0

AOM Adaptive Optics Mirror
5F Spatial Filter
MSF Multiple Spatial Filter

2 amplifiers, 4 passes,
angular multiplexing




HIiPER Amplifiers with variable doped slabs

Doping concentration such to stay below (ASE management)

Parameter/Result Value ﬁ_\:%"\_“\"“\:;/;";’“;_ _;’;hm
No of slabs n 10 b \ \ / / / T
Jdo.maxD in each slab 3 a i - ~UE
Slab thickness | 10 mm i o = ]
Min doping 0.18 at % [ — — oz
Max doping 0.51at%

i 0.0

Position [cm)

= Reduced gain medium volume requirement and equalized heat load



_ RAL Dipole DPSSL program
HIPER Wil be used as a testbed for HiPER

< Va4 >
u - 1.1%
i 0 Transfer
K . :
| [ S —
W\ ; . FIE=A=1i
i\ 2.0% | Heligm L
| | — COOI'”Q aT=T=Tx
circuit
Amplifier |
head c

Cryostat

—




HiPER  Fiber based concept

G.A. Mourou, C. Labaune, D. Hulin, A. Galvanauskas :
e “New amplifying laser concept for Inertial Fusion Driver”,
Journal of Physics: Conference Series 112 (2008) 032052



_ \\HiPER Fiber Concept =9

One single fibre being able to handle a limited power and wall-plug efficiency
being limited as well, three main questions arise:

*How much power can we manage per fibre ?

*How many fibres shall we need ?

*How much thermal power has to be removed ?

Limits to power scaling are :

« Thermal lensing

« Thermal rupture

« Optical damage

« Melting of the core

« Non linear effects, SBS and SRS

« X-ray, y-ray and neutron
iInduced damages




HIPER Beam Combining (e

Two approaches

N » Spectral beam combining using a volume Bragg grating

Volume Bragg Grating

Individual lasers
operate at different
wavelengths.

Coherent beam
| LN Phase controller
COMOMIMg

Pre amp Power amp

Master Osccilator

Collimator

Phase detection

A single-frequency seed laser is
amplified through a phase-controlled

amplifier array leading to a coherent
output beam

Pump diodes
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