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HiPER The fusion era is dawnin

« Demonstration of net energy production from laser fusion predicted within
~ 3 years on the US National Ignition Facility

« This is afundamental step-change in our field
« Clear implications for our science and energy programmes

« A strategic way forward in Europe is now established
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H|PER European Consortium
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é;,\ Expect the unexpected

Three examples:

Energy conversion efficiency experiment
double heating pulse observed

Fast electron transport in warm compressed plasma
range in Cl-doped foams reduced with
Increasing density

Channelling in underdense plasma with 30 ps relativistic

laser pulses
0.1 n, channels observed over 2mm

distance
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Please bear in mind some of the data
In this presentation is PRELIMINARY
and HOT OFF THE PRESS!

More detailed analysis is now

underway.
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(‘* Baseline target requirements  London
e 80

_ . Maxwellian e-beam
New calculations of electron = - : :
S & with scattering
beam ignition energy that > 60 L
iInclude more accurate %ﬂ Jn = 150 um
stopping powers for HIPER £ - Vg a
baseline target design .5 40 L
g |
_ _ . dp =70 um
Puts stringent requirement S 20 -
on both the conversion 2
efficiency to electrons and ) i
mean energy O ! R |
0.5 1 2 3
<> (MeV)

Courtesy of Stefano Atzeni
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centray, . .
(‘*_ Absorption and mean energy  fondon
v‘“" 1.2 : :
sWuariutauve agreement of “[a)’ ' ! T [ = f8s.
Vulcan PW rear surface N S T T - 4200 311309
temperature measurements 1.0 ke 5,1. ...... .......... .......... : Eﬂlﬁg?g:;. 1
with modelling 08 -\ | %= Code 400

» Refluxing is important to

Temperature (keV, 11.4 MK)
-]
(3]

explain the two temperature ), 15%
slope to the measurements. 0.4
« The energy going into the ool
forward going fast electron '
beam is bounded between 15% 0 b7 b TV nitomiie
at 200 J and 30% at 0 10 20 30 40 50 60 70O 80 90
400 J on target. Total target thickness (um)
* Hybrid code simulations were performed by Jonathan
Davies

M. Nakatsutsumi et al., New J. Physics 10, 043046 (2008)
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Laser ASE width Contrast
- LULI 2000 at the Ecole Polytechnique, Paris (ns) Ratio
- Central wavelength 1057nm 08 2 LOx108
- Focusing parabola /4 1.4 3 40%10°F
- 50 ) in 800 fs focused to =12 um 35 2 30%105

- 1A2=2.3%x10" Wcm~2um? .
Pre-Pulse Characteristics

Instrumentation . I
— HISAC (rear surface thermal emission,

22.5° off laser axis)
CH Al cu Al

— Aluminium & Copper K-a (2D and ; E 10 10 ]
spectrometer) 25

- Streaked spectrometer (3" & 4th 50
harmonic on front surface)

- Interferometry

— Optical Transition Radiation with
Gated Optical Imager

Target Design
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centra/ - Imperial College
(*_.% Next experiments lobdan = =
> 0.8
» Absorption measurements using 150 % 0.6
fs laser pulses at LLNL. Excellent = 60
agreement over 6 orders of magnitude & 04
with modelling g o2
« Is there a transport barrier preventing O T oTE g Th 1Te 17T 1pTE 118 g0 121
entry of fast electrons? | 22 {um® Wiem?)
L A L L
. ' 2 = 1.0H ® Exp.1 -
Can it be controlled / removed- 5 . Exp 2 | .
. £ b ® 7 45°
» What happens to transport at higher S 0.8 _} i i
energies on OMEGA EP ? "g 04l } ]r il
= o2} _
0.0 Lol L1l Ll 1 |{||:|h|}m
107 1™ we"® 1w0® 1
| (Wicm®)

See Y. Ping et al., Phys. Rev. Lett. 100, 085004 (2008)
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Transport of energy in warm matter London

CH cylinder
® pl =0.1g/cc @ p=0.30/cc @ pn=10/CC
—1 ,72ns 3mc~1 ons mc—Q 3ns
=4g/cc g— /cc pr g/oo
% 225eV 8goeV =38eV

DT HiPER target
[} T gas from pellet center ® DT dense from pellet shell
P1= 80 gicc p=400 g/cc
T=25keV T=300eV

10! 10 10’ 10’ 10° 10

HIPER collaboration used the recently upgraded Vulcan laser for this study

Ecole Polytechnique, the Universita di Milano-Bicocca, CELIA, RAL,Universita di
Bologna, IPCF/CNR of Pisa, Universita di Roma Tor Vergata, University of York,
University of California, San Diego, Lawrence Livermore National Laboratory.and
Universidad Politecnica de Madrid
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Experiment design

Ni foil to produce the hot electrons

egentra/é
4 long pulse beams

1ns — 60J each at 2w,
Copper foil

Gan®>
Gold shield

Short pulse beam
10ps — 300J at o,

Plastic cylinder
containing CH foam of 3 #* densities
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Transport of energy in warm matter London

CH cylinder
] p =0.1g/cc e p=0.30/cc @ pp=10/CC
_1 .72ns 31:11:-"1 gnc stac—2 3ns
=4g/cc =1 fcc
% 225e\/ 51 =8 e\/ pr_agev

DT HiPER target
D T gas from pellet center ® DT dense from pellet shell
p1 80 g p=400 g/cc
—25&- T=300eV

10" 10 10! 10? 10° 10°
p.[g/cc]

HIPER collaboration propose to extend these observations to OMEGA / OMEGA EP

Ecole Polytechnique, the Universita di Milano-Bicocca, CELIA, RAL,Universita di
Bologna, IPCF/CNR of Pisa, Universita di Roma Tor Vergata, University of York,
University of California, San Diego, Lawrence Livermore National Laboratory.and
Universidad Politecnica de Madrid

@ Facies Coonct &Y




Channel formation in fast ignition

Hole-boring is an alternative to cone-shell geometry
Easier to implement (target fabrication) for inertial fusion energy
No debris issues

HIPER team decided to investigate whether this approach was feasible

. STFC Rutherford Appleton Laboratory, Didcot, UK
Blackett Laboratory, Imperial College London, UK
School of Mathematics and Physics, Queens University Belfast, UK
Lawrence Livermore National Laboratory, Livermore, CA, USA
. Technological Educational Institute of Crete, Greece
GoLP, Instituto de Plasmas e Fusao Nuclear, Instituto Superior Técnico,
Lisbon, Portugal
. Graduate School of Engineering, Osaka University, Osaka 565-0871, Japan
. ETSI Industriales, Universidad Politécnica de Madrid, Spain
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« cnannelling recently been re-

examined by colleagues in the US
Fusion Science Center (Univ.
Rochester and UCLA)

« Beam splits up but eventually
pushes material out of the way by the
light pressure

* Hole is formed in the coronal
plasma that is in the beam direction

» Tens of picosecond relativistic
pulses are more stable to instabilities

G. Li, R. Yan, C. Ren, T.-L. Wang, J. Tonge, and W. B. Mori

Phys. Rev. Lett. 100, 125002 (2008)
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Hole boring re-visited London
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Top view of experiment layout  London
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Expect the unexpected:

Energy conversion efficiency experiment
double heating pulse observed

Fast electron transport in warm compressed plasma
range in Cl-doped foams reduced with
Increasing density

Channelling in underdense plasma with 30 ps relativistic
laser pulses
0.1 n. channels observed over 2mm
distance
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Opportunities for focused EU/US collaboration

Co-ordinated experiments at European and US laser facilities
best use of EU and Univ. Rochester facilities

STFC and other HIPER consortia members are willing to fund seconded

member(s) of staff to Univ. Rochester
part of agreed campaigns

Provide assistance with EU modelling capability in design of
experiments

Target fabrication infrastructure
transition to quasi commercial operation

Diagnostic development
high resolution (1-2um) X-ray zone plate imaging

British Embassy will fund joint workshop
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