PROCEEDINGS OF SPIE

High Power Lasers for
Fusion Research

Abdul A. S. Awwal
A. Mike Dunne
Hiroshi Azechi
Brian E. Kruschwitz
Editors

25-27 January 2011
San Francisco, California, United States

Sponsored by
SPIE

Cosponsored by
National Ignition Facility, Lawrence Livermore National Laboratory (United States)

Published by
SPIE

Volume 7916

Proceedings of SPIE, 0277-786X, v. 7916
SPIE is an international society advancing an inferdisciplinary approach to the science and application of light.
High Power Lasers for Fusion Research, edited by Abdul A. S. Awwal,

A. Mike Dunne, Hiroshi Azechi, Brian E. Kruschwitz, Proc. of SPIE Vol. 7916,
791601 - © 2011 SPIE - CCC code: 0277-786X/11/$18 - doi: 10.1117/12.890185

Proc. of SPIE Vol. 7916 791601-1



The papers included in this volume were part of the technical conference cited on the cover and
fitle page. Papers were selected and subject fo review by the editors and conference program
committee. Some conference presentations may not be available for publication. The papers
published in these proceedings reflect the work and thoughts of the authors and are published
herein as submitted. The publisher is not responsible for the validity of the information or for any
outcomes resulting from reliance thereon.

Please use the following format to cite material from this book:

Author(s), "Title of Paper," in High Power Lasers for Fusion Research, edited by Abdul A. S. Awwal,
A. Mike Dunne, Hiroshi Azechi, Brian E. Kruschwitz, Proceedings of SPIE Vol. 7916 (SPIE, Bellingham,
WA, 2011) Article CID Number.

ISSN 0277-786X
ISBN 9780819484536

Published by

SPIE

P.O. Box 10, Bellingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2011, Society of Photo-Optical Instrumentation Engineers

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clientfs, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made
electronically through CCC Online at copyright.com. Other copying for republication, resale,
advertising or promotion, or any form of systematic or mulfiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is
0277-786X/11/$18.00.

Printed in the United States of America.

Publication of record for individual papers is online in the SPIE Digital Library.

SPIE &
Digital Library

SPIEDigitalLibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model, with papers published
first online and then in print and on CD-ROM. Papers are published as they are submitted and meet
publication criteria. A unique, consistent, permanent citation identifier (CID) number is assigned to
each article at the time of the first publication. Utilization of CIDs allows articles to be fully citable as
soon they are published online, and connects the same identifier to all online, print, and electronic
versions of the publication. SPIE uses a six-digit CID article numbering system in which:
= The first four digits correspond to the SPIE volume number.
= The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letters. These two-number sefts start with 00, 01, 02, 03, 04,
05, 06, 07,08, 09, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc.
The CID number appears on each page of the manuscript. The complete citation is used on the first
page, and an abbreviated version on subsequent pages. Numbers in the index correspond to the
last two digits of the six-digit CID number.

Proc. of SPIE Vol. 7916 791601-2



Contents

vii Conference Committee
Xi Microfabrication by optical tweezers (Plenary Paper) [792102]
R. Ghadiri, T. Weigel, C. Esen, A. Ostendorf, Ruhr-Univ. Bochum (Germany)
SESSION 1 SCIENCE EXPERIMENTS
7916 02 Radiative properties in ICF plasmas (Invited Paper) [7916-01]
D. Benredjem, Lab. Aimé Cotton, CNRS, Univ. Paris-Sud 11 (France); A. Calisti, PIIM, CNRS,
Univ. de Provence (France); F. Gilleron, CEA, DAM lle de France (France); G. Mondet, Lab.
Aimé Cotton, CNRS, Univ. Paris-Sud 11 (France); J.-C. Pain, CEA, DAM lle de France (France)
7916 03 Opportunities for inertial fusion and high-energy-density physics research at the National
Laser Users' Facility (Invited Paper) [7916-02]
J. M. Soures, Univ. of Rochester (United States)
7916 04 Experimental study of high-Z gas buffers in gas-filled ICF engines [7916-03]
M. A. Rhodes, J. Kane, G. Loosmore, J. DeMuth, J. Latkowski, Lawrence Livermore National
Lab. (United States)
7916 05 Modeling of the LIFE minichamber Xe theta pinch experiment [7916-05]
J. O.Kane, M. A. Rhodes, G. A. Loosmore, J. F. Latkowski, J. M. Koning, M. V. Patel,
H. A. Scoft, G. B. Zimmerman, J. A. Demuth, Lawrence Livermore National Lab. (United
States); G. A. Moses, Univ. of Wisconsin-Madison (United States)
7916 06 Laser safety at high profile projects [7916-04]
K. Barat, Lawrence Berkeley National Lab. (United States)
SESSION 2 FUTURE LASER SYSTEMS |
7916 08 Low-cost diode arrays for the LIFE project [7916-07]
R. Feeler, J. Junghans, E. Stephens, Northrop Grumman Cutting Edge Optronics (United
States)
SESSION 3 STATUS OF HIGH POWER LASERS
7916 OB Compact, efficient, low-cost diode power conditioning for laser inertial fusion energy

[7916-10]
A. Bayramian, B. Deri, S. Fulkerson, R. Lanning, S. Telford, Lawrence Livermore National Lab.
(United States)

Proc. of SPIE Vol. 7916 791601-3



7916 0C

7916 OF

7916 0G

SESSION 4

Overview of Project Orion [7916-11]

N. W. Hopps, T. H. Bett, N. Cann, C. N. Danson, S. J. Duffield, D. A. Egan, S. P. Elsmere,

M. T. Girling, E. J. Harvey, D. |. Hillier, D. J. Hoarty, P. M. R. Jinks, M. J. Norman, S. J. F. Parker,
P. A. Treadwell, D. N. Winter, AWE plc (United Kingdom)

HiPER laser: from capsule design to the laser reference design [7916-14]

B. Le Garrec, CEA, CESTA (France); S. Atzeni, Univ. degli Studi di Roma La Sapienza (Italy)
and CNISM (Italy); D. Batani, Univ. degli Studi di Milano-Bicocca (Italy) and CNISM (Italy);

L. Gizzi, INO, CNR (Italy); X. Ribeyre, G. Schurtz, Univ. Bordeaux 1 (France); A. Schiavi, Univ.
degli Studi di Roma La Sapienza (Italy) and CNISM (Italy); K. Ertel, J. Collier, C. Edwards,
Rutherford Appleton Lab. (United Kingdom); M. Perlado, Instituto de Fusidén Nuclear (Spain);
J. J. Honrubia, Univ. Politécnica de Madrid (Spain); B. Rus, Institute of Physics of the ASCR,
v.v.i. (Czech Repubilic)

Improvements to long-pulse system performance and operational efficiency on OMEGA EP

[7916-15]
M. J. Guardalben, L. J. Waxer, Univ. of Rochester (United States)

OPTICAL SYSTEMS

7916 OH

7916 0l

7916 OM

SESSION 5

Programmable beam spatial shaping system for the National Ignition Facility (Invited Paper)
[7916-16]

J. Heebner, M. Borden, P. Miller, S. Hunter, K. Christensen, M. Scanlan, C. Haynam,

P. Wegner, M. Hermann, G. Brunton, E. Tse, A. Awwal, N. Wong, L. Seppala, M. Franks,

E. Marley, K. Williams, T. Budge, M. Henesian, C. Stolz, T. Suratwala, M. Monticelli, D. Walmer,
S. Dixit, C. Widmayer, J. Wolfe, J. Bude, K. McCarty, J.-M. DiNicola, Lawrence Livermore
National Lab. (United States)

Recent advances in the front-end sources of the LMJ fusion laser [7916-17]

J.-F. Gleyze, CEA, DAM lle de France, CESTA (France); J. Hares, Kentech Instruments Ltd.
(United Kingdom); S. Vidal, N. Beck, J. Dubertrand, A. Perrin, CEA, DAM lle de France, CESTA
(France)

Research of diode-pumped cryogenic Yb:YAG amplification at 10 Hz repetition rate

[7916-21]
J. Wang, Y. Jiang, X. Li, X. Li, Shanghai Institute of Optics and Fine Mechanics (China)

CONTROL SYSTEMS

7916 ON

7916 00

Laser Mégajoule alignment to target chamber center [7916-22]
M. Luttmann, V. Denis, C. Lanternier, CEA, CESTA (France); M. Péalat, Sagem Defense
Securite (France); E. Compain, Bertin Technologies (France)

Recent advances in automatic alignment system for the National Ignition Facility [7916-23]

K. Wilhelmsen, A. A. S. Awwal, D. Kalantar, R. Leach, R. Lowe-Webb, D. McGuigan,
V. Miller Kamm, Lawrence Livermore National Lab. (United States)

Proc. of SPIE Vol. 7916 791601-4



7916 OP

Adaptation of a cubic smoothing spline algorithm for multi-channel data stitching at the
National Ignition Facility [7916-24]

C. G. Brown, Jr., Lawrence Livermore National Lab. (United States); A. B. Adcock, Lawrence
Livermore National Lab. (United States) and Stanford Univ. (United States); S. G. Azevedo,

J. A. Liebman, E. J. Bond, Lawrence Livermore National Lab. (United States)

7916 0Q Image processing and control of a programmable spatial light modulator [7916-25]
A. A.S. Awwal, R. Leach, G. Brunton, E. Tse, J. Matone, J. Heebner, Lawrence Livermore
National Lab. (United States)

SESSION 6 FINAL OPTICS

7916 0S Lifetime of silica final lenses subject to HiPER irradiation conditions [7916-27]
A. Rivera, D. Garoz, Univ. Politécnica de Madrid (Spain); R. Juarez, Univ. Politécnica de
Madrid (Spain) and Univ. Nacional de Educacién a Distancia (Spain); J. Alvarez,
R. Gonzdlez-Arrabal, J. M. Perlado, Univ. Politécnica de Madrid (Spain)

SESSION 7 FUTURE LASER SYSTEMS I

7916 OV Thermal birefringence and depolarization compensation in glass-based
high-average-power laser systems [7916-30]
A. L. Bullington, S. B. Sutton, A. J. Bayramian, J. A. Caird, R. J. Deri, A. C. Erlandson,
M. A. Henesian, Lawrence Livermore National Lab. (United States)

7916 0X Progress of rep-rate plasma Pockels cell technology in RCLF [7916-32]
X.Zhang, J. Zhang, D. Wu, J. Zheng, M. Li, K. Zheng, J. Su, F. Jing, Chinese Academy of
Engineering Physics (China)

7916 OY Measurement and control of micro-errors on components-tiling and beams-combination
[7916-33]
X.Wang, Y. Yang, F. Jing, J. Zhang, F. Li, Q. Zhu, Y. Zuo, X. Wei, K. Zhou, X. Zeng, Chinese
Academy of Engineering Physics (China)
POSTER SESSION

7916 07 Laser Mégajoule synchronization system [7916-34]
M. Luttmann, CEA, CESTA (France); J. F. Pastor, V. Drouet, M. Prat, J. Raimbourg, A. Adolf,
CEA, DAM lle de France (France)

7916 10 LIL laser performance status [7916-35]

X. Julien, CEA, DAM lle de France, CESTA (France); A. Adolf, CEA, DAM lle de France
(France); E. Bar, V. Beau, E. Bordenave, T. Chies, R. Courchinoux, CEA, DAM lle de France,
CESTA (France); J.-M. Di-Nicola, Lawrence Livermore National Lab. (United States);

C. Féral, P. Gendeau, H. Graillot, C. Grosset-Grange, O. Henry, V. Higonenq, E. Journot,

L. Lacampagne, E. Lafond, L. Le Déroff, A. Martinez, L. Patissou, A. Roques, L. Thauvin, CEA,
DAM lle de France, CESTA (France); G. Thiell, EURILOGIC SAS (France)

Proc. of SPIE Vol. 7916 791601-5



vi

791611

7916 16

791617

Efficient spherical wavefront correction near the focus of the petawatt-level femtosecond
CPA laser system [7916-36]

Z. Ren, Shanghai Institute of Optics and Fine Mechanics (China) and Graduate Univ. of the
Chinese Academy of Sciences (China); X. Liang, Shanghai Institute of Optics and Fine
Mechanics (China); L. Yu, Shanghai Institute of Optics and Fine Mechanics (China) and
Graduate Univ. of the Chinese Academy of Sciences (China); X. Lu, R. Li, Z. Xu, Shanghai
Institute of Optics and Fine Mechanics (Chinal)

Hohlraum target alignment from x-ray detector images using starburst design patterns
[7916-41]

R.R. Leach, Jr., A. Conder, O. Edwards, J. Kroll, B. Kozioziemski, E. Mapoles, D. McGuigan,
K. Wilhelmsen, Lawrence Livermore National Lab. (United States)

Defense in depth: laser safety and the National Ignition Facility [7916-42]

J. J.King, Lawrence Livermore National Lab. (United States)

Author Index

Proc. of SPIE Vol. 7916 791601-6



Conference Committee

Symposium Chairs

Friedhelm Dorsch, TRUMPF GmbH & Company KG (Germany)
Alberto Piqué, Naval Research Laboratory (United States)

Symposium Cochairs

Donald J. Harter, IMRA America, Inc. (United States)
Peter R. Herman, University of Toronto (Canada)

Program Track Chair

Gregory J. Quarles, BE Meyers & Company Inc. (United States)

Conference Chairs

Abdul A. S. Awwal, Lawrence Livermore National Laboratory (United
States)

A. Mike Dunne, Lawrence Livermore National Laboratory (United
States)

Hiroshi Azechi, Osaka University (Japan)

Brian E. Kruschwitz, University of Rochester (United States)

Conference Cochairs

Jacques Ebrardt, Commissariat & I'Energie Atomique (France)

Ruxin Li, Shanghai Institute of Optics and Fine Mechanics (China)

Christopher P. J. Barty, Lawrence Livermore National Laboratory
(United States)

Program Committee

Stephen G. Azevedo, Lawrence Livermore National Laboratory (United
States)

Andy J. Bayramian, Lawrence Livermore National Laboratory (United
States)

Regina E. Bonanno, Lawrence Livermore National Laboratory (United
States)

Scott Burkhart, Lawrence Livermore National Laboratory (United
States)

Genevieve M. Chabassier, Commissariat & I'Energie Atomique/LMJ
(France)

vii

Proc. of SPIE Vol. 7916 791601-7



viii

Jean-Christophe F. Chanteloup, Laboratoroire pour I'Utilisation des
Lasers Intenses, Ecole Polytechnique (France)

Jean-Michel G. Di Nicola, Lawrence Livermore National Laboratory
(France)

Christopher Ebbers, Lawrence Livermore National Laboratory (United
States)

Christopher A. Haynam, Lawrence Livermore National Laboratory
(United States)

John E. Heebner, Lawrence Livermore National Laboratory (United
States)

Laurent Hilsz, Commissariat & 'Energie Atomique (France)

Jeffrey F. Latkowski, Lawrence Livermore National Laboratory (United
States)

Zunqi Lin, Shanghai Institute of Optics and Fine Mechanics (China)

Brian J. MacGowan, Lawrence Livermore National Laboratory (United
States)

Thierry Massard, CEA DAM lle de France (France)

Kinioki Mima, Osaka University (Japan)

Noriaki Miyanaga, Osaka University (Japan)

Mark A. Newton, Lawrence Livermore National Laboratory (United
States)

Takayoshi Norimatsu, Osaka University (Japan)

Ralph W. Patterson, Jr., Lawrence Livermore National Laboratory
(United States)

Valerie Roberts, Lawrence Livermore National Laboratory (United
States)

John M. Soures, University of Rochester (United States)

Erik Storm, Lawrence Livermore National Laboratory (United States)

Kazuo A. Tanaka, Osaka University (Japan)

Keith A. Thorp, University of Rochester (United States)

Paul J. Van Arsdall, Lawrence Livermore National Laboratory (United
States)

Bruno M. Van Wonterghem, Lawrence Livermore National Laboratory
(United States)

Changhe Zhou, Shanghai Institute of Optics and Fine Mechanics
(China)

Session Chairs

1

Science Experiments
Jean-Michel G. Di Nicola, Lawrence Livermore National Laboratory
(United States)

Future Laser Systems |

Andy J. Bayramian, Lawrence Livermore National Laboratory
(United States)

Proc. of SPIE Vol. 7916 791601-8



Status of High Power Lasers
Andy J. Bayramian, Lawrence Livermore National Laboratory
(United States)

Optical Systems
Brian E. Kruschwitz, University of Rochester (United States)

Control Systems )
Michel Luttmann, Commissariat & I'Energie Atomique (France)

Final Optics
Antonio Rivera, Universidad Politécnica de Madrid (Spain)

Future Laser Systems |l
Hong Jin Kong, KAIST (Korea, Republic of)

Proc. of SPIE Vol. 7916 791601-9



Proc. of SPIE Vol. 7916 791601-10





