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Innovative Confinement Concepts

Tuesday — Building 66 Auditorium

Workshop

2000

Oral Presentations at the Building 66 Auditerium

8:30 - 8:05

8:35-10:15

Welcoming remarks

Stellarators

Chair: G.H. Neilson

8:35 - 8:50
8:55-9:10

9:15-9:30
9:35 - 9:50

9:55-10:15

10:15 - 10:25

10:25-11:25

TuAl C. Alejaldre
TuA2  IN. Talmadge

TuA3 M.C. Zarnstorff
TuA4 J.F.Lyon

Pane] discussion
Coffee break

Advanced Boundary Concepts

Chair: W.M. Nevins
10:25 - 10:40 TuBl C.L. Olson
10:45-11:00 TuB2 R. Majeski
11:05 - 11:25 Panel discussion

11:25 - 1:00

1:00-2:20

Lunch

Field Reversed Configurations

Chair: A.L. Hoffmann

1:00 — 1:30
1:35-1:55

2:00 —2:20

2:20-2:35

2:35-4.05

TuCl K.E. Miller
TuC2 E.V.Belova

Panel discussion
Soda break

Magnetized Target Fusion

Chair: R.C. Kirkpatrick

2:35 - 3:00

3:05-3:20
3:25-3:40

3:45 —4:05
4:05 -5:25
Chalr J.S. Sarff
4:05 - 4:20
4:25 - 4:40
4:45 - 5:00

5:05 -5:25

TubD1 R.E. Siemon

TuD2 J.T. Slough
TuD3 D.D. Ryutov

Panel discussion

“Status of TJ — IT Flexible Heliac”

“Measurements of Magnetic Surfaces and Particle Orbits in
HSX”

“NCSX Goals, Design Status, and Projected Plasmas”

“Recent Progress in Development of Low-Aspect-Ratio Quasi-
Omnigeneous Stellarators”

“Rep-Rated Z-Pinch Fusion Power Plant Concept”
“Plans for Liquid Lithium Wall Experiments in CDX-U”

“Calculations & Measurements of RMF Current Drive in FRCs”
“Numerical Study of Tilt Mode Stability in Field-Reversed
Configurations”

“Recent Liner Experiments Confirm Plans For Magnetized
Target Fusion”

“Pulsed High Density Fusion”

“A Concept Of A Local Spherical Blanket Applied For MTF
Systems”

Inertial Electrostatic Confinement

TuE1l K.R. Umstadter
TuE2 S.F. Paul

TuE3 R. Nebel

Panel discussion

“Penning Fusion Experiment — Ions (PFX-I)”

“Confinement Of High Density Pure Jon PlasmaIn A
Cylindrical Trap”

“Stability of Virtual Cathodes for the Periodically Oscillating
Plasma Sphere (POPS)

8:00 Town Meeting at Berkeley Marina Radisson Hotel (Facilitator: R. Goldston)
“Community Discussion: Peer Review in the ICC Program in 20017



Wednesday

Innovative Confinement Concepts

Workshop

2000

Oral Presentations at the Building 50 Auditorium
Posters at the Cafeteria (Building 54)

8:30-10:10

Inertial Fusion Energy

Chair: R.O. Bangerter

8:30 — 8:55
9:00 -9:15
9:20 - 9:45
9:50-10:10

10:10 - 10:20

10:20-11:20

Chair: C.L. Olson

10:20 - 10:35

10:40 — 10:55

11:00-11:20
11:20-12:45

12:45-2:15

WeAl J.A.Koch
WeA2 N.J. Fisch

“Fast-Ignition Inertial Confinement Fusion Research™*
“Compression of High Power Laser Pulses in Plasma”

WeA3 D.A. Callahan-Miller “Advances in IFE Targets for Heavy Ion Fusion”*

Panel discussion

Coffee break

7 Pinches

WeB1 U. Shumlak
WeB2 H.U. Rahman
Panel discussion

Lunch

Spheromaks

Chair: E.B. Hooper

12:45 - 1:05
1:10-1:30
1:35-1:50
1:55-2:15

2:15-3:15

Chair: R.J. Taylor

2:15-2:30
2:35-2:50
2:55-3:15

3:15-3:40
3:40 - 5:40

7:30

WeCl S. Woodruff
WeC2 D.N. Hill
WeC3 P.M. Bellan
Panel discussion
Feedback Stabilization
WeD1 ©  G.A. Navratil
WeD2 R. Fitzpatrick

Panel discussion

Soda break + put up posters

“The Flow-Stabilized Z-Pinch Experiment: ZaP”
“Staged Z-Pinch for Controlled Fusion”

“Practical Applications Of Helicity to ICCs”

“Qverview of Spheromak Formation Experiments on SSPX”

“Formation and self-similar expansion of a spheromak
configuration in the absence of a flux-conserving boundary”

“Active Feedback Control of the Resistive Wall Mode in HBT-
EP,! -

“Nonlinear Dynamics Of Feedback Modulated Magnetic
Islands”

Posters (at the Cafeteria, Building 54)

Banquet at Le Cheval



Thursday

Innovative Confinement Concepts
Workshop
2000

Oral Presentations at the Building 50 Auditorium
Posters at the Cafeteria (Building 54)

8:30 - 9:50
Chair: R. Nebel
8:30 - 8:45
8:50-9:05
9:10-9:25
9:30-9:50
9:50 — 10:00

10:00 — 11:20

Reverse Field Pinches

ThAl M.J. Schaffer “Helical RFPS: Theory and Experiment”

ThA2 D.J.G. Craig “Generation and Evolution of Plasma Flow in the MST Reversed
Field Pinch”

ThA3 J.S. Sarff “Highlights of Improved Confinement and Future Plans for
MST” ’

Panel discussion

Coffee Break

Tokamak Innovations

Chair: R. Goldston

10:00 - 10:15
10:20 - 10:35
10:40 - 10 55
11:00-11:20

11:20-12:45
12:45 - 1:55
Chair: J. Kesner
- 12:45-1:10
1:15-1:30
1:35-1:55
1:55-3:35
Chair: M. Peng
1:55-2:10

2:15-2:30
2:35-2:50

2:55-3:10
3:15-3:35

3:45 - 5:45

ThB1 M.T. Kotséhenreuther “Reactor Relevant Belt Pinches”

ThB2 R.J. Taylor “Initial Results on ET”

ThB3 L.E. Zakharov “The Concept of Tokamaks with the Lithium Walls”

Panel discussion

Lunch

DipolesMnors

ThCl D.T. Garnier “Status of the LDX Project”

ThC2 R.F. Ellis “Centrifugal Confinement for Fusion: The Maryland
Centrifugal Torus (MCT)”

Panel discussion A

Spherical Tori

ThD1 T.A. Thorson “Plasma Formation Studies and Plans for the Pegasus Toroidal
Experiment”

ThD2 M. Ono “Overview of Experimental Results on NSTX”

ThD3 R. Raman “Cpaxial Helicity Injection For The Generation Of Non-

. Inductive Current In NSTX”
ThD4 S.C. Jardin “TSC Modeling of NSTX"
Panel discussion

Posters (at the Cafeteria, Building 54) & Soda break



Friday

Facility Tours

9:00 - 11:00
9:00 — 10:00
10:00 — 11:00

11:00 — 12:00
12:00 — 12:30
1230~ 1:45

1:45 - 5:00
1:45-2:30
2:30-3:15
3:15-3:45
3:45 —4:00
4:00 - 5:00

5:00 - 6:00

Innovative Confinement Concepts
Workshop
2000

LBNL Tours
Tour of LBNL Heavy Ion Fusion Experiments
Tour of LBNL Advanced Light Source ’

Transportation to LLNL
LLNL Badge Office

Lunch at LLNL

LLNL Tours

Tour of SSPX. )

Tour of Falcon laser and Linac
Tour of Mecury Laser facility
NIF safety orientation.

NIF Tour

Transportation back to hotel in Berkeley



ICC 2000 Posters

*************************************************************Iﬂease note that the Progranl

Committee would like to have all the posters displayed at both sessions—Wednesday afternoon and Thursday

afternoon’s sessions. This list shows the session at which the author should be at his/her poster presenting the
poster.

Hk ek sk kekek

Wednesday. Feb. 23 3:40 — 5:40 Building 54 (Cafeteria)

Stellarators

WeP1 AK. Sen (Columbia University, U.S.A.), “’Stellarator-Pinch’: A Composite Fusion Concept”

WeP2 .G.H. Neilson (Princeton Plasma Physics Laboratory, U.S.A.), “NCSX Facility Design Progress”

Reversed Field Pinches

WeP3 B.E. Chapman (U. of Wisconsin at Madison, U.S.A.), “Reduced edge instability and improved
confinement in the MST RFP”

WeP4 P.A. Gourdain (UCLA, U.S.A.), “Pinch discharges in the Electric Tokamak”

Dipoles

WeP5 J. Kesner (MIT, U.S.A.), D.T. Garnier, M.E. Mauel (Columbia University, U.S.A.), “Physics Issues for
a Plasma Confined in a Dipole Field”

WeP6 Leonid E. Zakharov (Princeton University, PPPL, U.S.A.), “Superconductmg Morozov's Ring For
Refuelling And Controlling Plasma Profiles”

WeP7 Leonid E. Zakharov (Princeton University, PPPL, U.S.A"), “Warm Morozov's Rings For The Helium

Exhaust From The Fusion Reactors”
Field Reversed Configurations

WeP8 S.A. Cohen (Princeton Plasma Physics Lab, U.S.A), A.H. Glasser (Los Alamos National Lab, U.S.A.)
' and RD.Milroy (U. of Wash., U.S.A.), “Single-particle heating by rotating magnetic fields in
FRCs having closed flux surfaces”
WeP9 H.Y. Guo, A L. Hoffman, J.T. Slough, R. Brooks, E.A. Crawford, P. Eunpldes (U. of Washington,

' U.S.A)), “Translation, Confinement and Current Drive of Field Reversed Configuration in TCS”

WeP10 Richard D. Milroy (U. of Washington, U.S.A.), “An MHD Model of Rotating Magnetic Field Current
Drive in an FRC”

WePi1 T. Intrator, M. Tuszewski, R. Kirtpatrick, R. Siemon, D.C. Barnes, J. Hwang (Los Alamos National
Laboratory), “Modeling High Density Field Reversed Configurations”

WeP12 H. Ji, M. Yamada, E. Belova, R. Kulsrud, S. Jardin, D. Mikkelsen, S. Zweben (Princeton Plasma
Physics Laboratory, U.S.A.) and A. Hassam (U. of Maryland, U.S:A.), “Study of Physics of
Compact Toroids in the Proposed SPIRIT Program”

WeP13 J.M. Taccetti, T.P.Intrator, R Kirtpatrick, , I.Lindemuth, R. Moses, , K.Schoenberg, R. Siemon, ,
P.J.Turchi, M. Tuszewski, G.-Wurden, F.Wysocki (Los Alamos National Laboratory, U.S.A.),
and T.Cavazos, S.K.Coffey, J.H.Degnan, M.Frese, D.Gale, T.W.Hussey, G.E.Kiuttu, F.M.Lehr,
R.E.Peterkin, N.F.Roderick, E.L.Ruden W.Sommars, R. White (Air Force Research Laboratory,
U.S.A) and B. Pearson (U. Of New Mexico, U.S.A.), “Design and Fabrication of a High Density
Field Reversed Configuration”

WeP14 J. Greenly, W.J. Podulka, A.V. Gretchikha (Cornell University, USA), Azimuthal Dynamics of Strong
Ion Rings



Magnetized Target Fusion

WeP15 Peter T. Sheehey, Los Alamos National Laboratory, Rickey J. Faehl, Los Alamos National
Laboratory, Ronald C. Kirkpatrick, Los Alamos National Laboratory, Irvin R. Lindemuth (Los
Alamos National Laboratory, U.S.A.), “Detailed Modeling Of Proposed Liner-On-Plasma Fusion
Experiments”

WePl6 D.D. Ryutov (Lawrence Livermore National Laboratory, U.S.A.), “Scaling Laws For Formation And
Adiabatic Compression Of Of A High-Density FRC In The MTF Setting”

Inertial Fusion Energy

WeP17 L. Ahle, T. C. Sangster, J. Barnard, G. Craig, A. Friedman, D. P. Grote, E. Halaxa, R. L. Hanks, M.
Hernandez, H. C. Kirbie, B. G. Logan, S. M. Lund, G. Mant, A. W. Molvik, W. M. Sharp, C.
Williams (Lawrence Livermore National Laboratory, U.S.A.), A. Debeling, W. Fritz (Bechtel
Nevada Corporation, U.S.A.), and Craig Burkhart (First Point Scientific, U.S.A.), “The

, Recirculator Project at LLNL*” ‘

WeP18 J.J. Barnard, L. E. Ahle, R. O. Bangerter, F.M. Bienosek, C. M. Celata, A. Faltens, A. Friedman, D.P.
Grote, E. Henestroza, W. B. Herrmannsfeldt, M. de Hoon, J. W. Kwan, E.P. Lee, B.G. Logan,
S.M. Lund, W. Meier, A. W. Molvik, T. C. Sangster, P. A. Seidl, W. M. Sharp, (LBNL/LLNL
VNL, U.S.A.), “Planning for a Heavy Ion IRE”

‘WeP19 Edward Lee (Lawrence Berkeley National Laboratory, U.S.A.), “A Mini-Final Focus system for
Inertial Fusion Energy”

WeP20 C.M. Celata, F.M. Bieniosek, And A. Faltens, (Lawrence Berkeley National Laboratory, U.S.A),
“Beam Splitting in a Heavy Ion IRE and Driver”

WeP21 S. A. Payne, C. Bibeau, R. J. Beach, A. Bayramian, J. C. Chanteloup, C. A. Ebbers, M. A. Emanuel, H.
Nakano, C. D. Orth, H. T. Powell, J. E. Rothenberg, K. I. Schaffers, J. A. Skidmore, S. B. Sutton,
And L. E. Zapata (Lawrence Livermore National Laboratory, U.S.A.), “Diode-Pumped Solid-
State Lasers for Inertial Fusion Energy”

WeP22 J. W. Kwan, E. Henestroza , L. Ahle, D. P. Grote (LBNL/LLNL VNL, U.S.A.), “A New Injector
Concept for HIF Induction Linacs”

“WeP23 JF. Latkowski (Lawrence Livermore National Lab., U.S.A.), “Advanced IFE Power Plants Utilizing
Fast-Ignited, Tritium-Lean Targets”

WeP24 Arthur W. Molvik, Ralph W. Moir (Lawrence Livermore National Lab., U.S.A.), and Caron Jantzen
(U. of California at Berkeley and Lawrence Berkeley National Laboratory, U.S.A.) and Per F.
Peterson (U. of California at Berkeley, U.S.A.), “Higher Vacuum Operation Of A Liquid-Walled
IFE Chamber”

WeP25 C. Niemann, D. Ponce, S. Yu, (Lawrence Berkeley National Laboratory, USA), “Plasma-Channel-
Based Reactor and Final Transport”



Thursday, Feb. 24 3:45 — 5:45 Building 54 (Cafeteria)

Please note that the Program Committee wouid like to have all the posters displayed at both
sessions—Wednesday afternoon and Thursday afternoon’s sessions. This list shows the session at which the
author should be at his/her poster presenting the poster.

Spherical Tori

ThP1 Martin Peng (Oak Ridge National Lab, on assignment at PPPL, U.S.A.), “Physics Innovations in
Spherical Torus Plasmas” ;
ThP2 P. C. Efthimion, J. C. Hosea, R. Kaita, R. Majeski, C. K. Phillips, G. Taylor, J. R. Wilson, B. Jones, J.

Menard, T. Munsat (Princeton Plasma Physics Lab., U.S.A.), “Electron Bernstein Waves (Ebw)
In Overdense Plasmas as a New Tool For Advanced Tokamak and Spherical Torus Devices” -

ThP3 Craig H. Williams, Stanley K. Borowski, Leonard A. Dudzinski, Albert J. Juhasz (NASA Glenn
Research Center, U.S.A.), “A Spherical Torus Nuclear Fusion Reactor Space Propulsion Vehicle
Concept for Fast Interplanetary Piloted and Robotic Missions”

Spheromaks

ThP4 C.T. Holcomb, T.R. Jarboea, A.T. Matticka, H. McLean, D.N. Hill (Lawrence Livermore National
Laboratory, U.S.A.), “Internal Field Measurements and Magnetic Reconstruction in SSPX”

ThP5 H.S. McLean, A. Ahmed, D. Buchenauer (1), D.N. Hill, E.B. Hooper, B. Stallard, R. D. Wood, S.

Woodruff, G. Wurden (2), Z. Wang (2), and the SSPX Team (Lawrence Livermore National.
Laboratory, U.S.A.), “Particle control experiments in SSPX” ’
ThP6 B.W. Stallard, S. Woodruff, A. Ahmed, D. Buchenauer, D.N. Hill, C.T. Holcomb, E.B. Hooper, HS
MclLean, R.D. Wood (Lawrence Livermore National Lab., U.S.A.), “Modeling of Spheroméi_k
Plasma Buildup in SSPX by Power Balance and Helicity Injection”
Thp7 B.L Cohen, L.L. LoDestro, L.D. Pearlstein, N. Mattor, and R.H. Bulmer (Lawrence Livermore
National Laboratory, U.S.A.), and C.R. Sovinec (Los Alamos National Laboratory, U.S.A.)-:,,h,
“Simulations and Modeling of SSPX Plasma Evolution” )

ThP8 T. Jarboe (U. of Washington, U.S.A.), “Steady Inductivé Helicity Injection Current Drive”
ThP9 Edward C. Morse And Charles W. Hartman (U. Of California at Berkeley, U.S.A.), “Experimental
Studies Of Spheromaks At The Berkeley Compact Toroid Experiment”
Tokamak Innovations
Thpl0 J.-L. Gauvreau, P.-A. Gourdain, M.W. Kissick, L.W. Schmitz And R.J. Taylor (UCLA, U.S.A.), “ET
Magnetic Configuration and Equilibrium” A
- ThP11 M.W. Kissick, J.-N. Leboeuf, S.C. Cowley, .M. Dawson (Ucla, U.S.A.), “Simulated Poloidal

Rotation Effects On Kink Modes For The Electric Tokamak”

Z Pinches

ThP12 F. Winterberg (U. Of Nevada, U.S.A.), “Laser Ignition Of An Isentropically Compressed Dense Z-
Pinch”

ThP13 John S. De Groot ( U. of California at Davis, U.S.A.), Rick B. Spielman, Craig L. Olson (Sandia

National Laboratories, U.S.A.), and Per F. Peterson (U. Of California at Berkeley; U.S.A.),
“Direct Conversion in a Z-Pinch IFE Reactor”

Advanced Boundary Concepts

ThP14 H.L. Rappaport, M. Kotschenreuther, R. Fitzpatrick (U. Of Texas At Austin, U.S.A.), “Motion And
Stability Of Liquid Metal Walls In Fusion Reactors”
ThP15 Charles D. Orth (Lawrence Livermore National Laboratory, U.S.A.), “Hydro*Star: A New IFE

Concept Using the Fusion Chamber as a Steam Boiler”



Inertial Flectrostatic Confinement

ThP16
ThP17

ThP19
ThP20
ThP21

ThP22

S.R. Bolger, (USA), “Inertial Confinement Fusion in the Neutral Plasma Imploder”

G.H. Miley, J. Nadler (University of Illinois at Urbana-Champaign, USA), “Recent Studies of Star
Mode IEC Devices and Possible New Directions”

T. Ditmire, J. Zweiback, T. E. Cowan, L. J. Perkins, T. D. de 1a Rubia, G. Hays, J. Hartley, and H. T.
Powell (Lawrence Livermore National Laboratory, U.S.A.) and R.A. Smith (Imperial College of
Science, Technology and Medicine, London, UK), “Ultrafast fusion neutron sources produced
from laser driven explosions of molecular clusters”

V.ARantsev-Kartinov, A.B.Kukushkin (Inf Rrc "Kurchatov Institute", Russia), “Wild Cables In
Fusion Plasmas (Experiment)”

A.B.Kukushkin, V.A.Rantsev-Kartinov (Inf Rrc "Kurchatov Institute", Russia), “Wild Cables In
Fusion Plasmas (Theoretical View)”

RF. Post (Lawrence Livermore National Lab., U.S.A.), “Some Applications of the Kinetic Tandem
Concept”

R. Majeski, S. Bernabei, J. Hosea, J. Menard, C. K. Phillips, J. R. Wilson (Princeton Plasma Physics
Laboratory, U.S.A.) And D. B. Batchelor, T. Bigelow, M. D. Carter, D. Rasmussen (Oak Ridge

National Laboratory, U.S.A.) And The Nstx Hhfw Group, “Fast Wave Heating For Innovative
Concepts”



Abstracts




TuAl

Status of TJ-II Flexible Heliac
C. Alejaldre on behalf of the TJ-II team

TI-II is a four period low magnetic shear stellarator, designed with a high degree of
experimental flexibility, which is operating in Madrid since 1998 (R = 1.5 m, a<0.22 m, BO =
1.2 T, PECRH = 700 kW, PNBI = 3MW under installation)1.

Plasma is until now being created and heated using two ECRH transmission lines with
different power densities (1 vs. 25 W/cm2 ) and steering launching capabilities (fix vs. poloidal
- and toroidal variation); stationary plasmas during the whole gyrotron pulse (= 0.3 s) with stored
energies up to 1.3 kJ and 1.5 keV central electron temperature are routinely achieved.

Using TJ-II flexibility and a set of state of the art diagnostics, a configuration scan has been
initiated which shows a significant modification in plasma profiles and stored energies in the
device. Stored energy scales with iota and plasma volume.

A particular and important issue for steady-state operation of so called "advance modes" in
Tokamaks and to improve/optimize Stellarator performance is the understanding (and control) of
transport barrier formation in these systems. In TJ-II, evidence of sheared ExB flows associated

' with the presence of rational surfaces has been observed in the edge region of the stellarator
together with an improvement of particle confinement of high energy electrons. This mechanism

may be associated with the widely reported spontaneous formation of transport barriers at
rational surfaces in magnetically confined plasmas.

(1) C. Alejaldre et al., Plasma Physics and Controlled Fusion, in press

Presenting Author: C. Alejaldre

Page 1



TuA2

Measurements of Magnetic Surfaces and Particle Orbits in HSX
J.N. Talmadge, A. Almagri, D.T. Anderson, F.S.B. Anderson, L. Feldner, S. Gerhardt, J.
Radder, V. Sakaguchi, J. Shafii
HSX Plasma Laboratory, University of Wisconsin-Madison

The Helically Symmetric Experiment (HSX), which began initial operation in August 1999,
is the world's first stellarator in which a direction of symmetry in the magnetic field is restored to
an inherently three-dimensional device. It achieves this symmetry by reducing the toroidal
curvature to negligible values, although physically the device has an aspect ratio of 8. The
vacuum rotational transform in HSX is just above one; however, the 'effective transform' is about
three times larger. This effective transform is given by N-m*iota, where N, the magnetic field
toroidal mode number is 4 and m, the poloidal mode number is 1. The symmetry in the magnetic
field and the high effective transform are responsible for a number of unique properties for a
stellarator including: small passing particle drifts and banana widths, greatly reduced direct loss
orbits, small Pfirsch-Schluter and bootstrap currents, high equilibrium beta limit and low parallel
viscous damping in the direction of symmetry.

Vacuum magnetic surfaces were measured in HSX using a low-energy (< 100 eV) electron
beam in a steady-state magnetic field of 1 kG. A fluorescent copper-wire mesh intercepts the
beam and a CCD camera captures the resulting image. The digitized image is then corrected for
geometrical distortion and the data is compared to numerical calculations of magnetic surfaces.
The experimental results show closed, nested surfaces inside the separatrix with no evidence of

magnetic islands due to error fields. The measured rotational transform agrees with the numerical
calculations to within 1%.

In a quasihelical field, such as in HSX,, the deviation of a passing particle from a flux surface
should be reduced by the factor N-m*iota ~ 3 compared to a particle in a device with only
toroidal curvature. Measurements of the scaling of the particle shift with magnetic field and
particle energy, as well as the direction of the orbit shift with respect to the flux surface, can
potentially verify whether or not the toroidal curvature in HSX is indeed very small. At lower
magnetic fields and higher beam energies, the same detection system used to map the vacuum
magnetic surfaces can also record the drift orbits of passing electrons. Preliminary measurements

in HSX are in agreement with a reduced toroidal curvature and a small deviation of the particle
drift from a flux surface. '

- This research is supported by the US DOE under grant DE-FG02-93ER54222.

Presenting Author: J.N. Talmadge
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TuA3

NCSX Goals, Design Status, and Projected Plasmas
M.C. Zamstorff, A. Brooks, G.-Y. Fu, R. Goldston, L.-P. Ku, Z. Lin, R. Majeski, D. Monticello.
H. Mynick, N. Pomphrey, M. Redi, W. Reiersen, J. Schmidt
Princeton Plasma Physics Lab.
S. Hirshman, W. Houlberg, J. Lyon, D. Spong
Oak Ridge National Lab.
A. Boozer
Columbia University
W. Miner, P. Valanju, University of Texas at Austin

Candidate configurations for the NCSX quasi-axisymmetric have been designed to achieve
beta~4% at aspect ratio A~3.4 with passive stability to the ballooning, external kink, vertical,
and neoclassical-tearing instabilities via 3D shaping, without needing a conducting wall or active
feedback. The proposed experiment will test these theoretical stability predictions and reliable
operation at the beta-limit without disruptions. The quasi-axisymmetric optimization of the
magnetic field gives orbit-confinement and neoclassical transport similar to tokamaks and
should allow tokamak-like manipulation of the ExB flow-shear. Novel simple coil designs have
been developed and coil-set flexibility is being explored and designed. Target plasma
parameters have been projected using empirical scaling and numerical calculations of fast ion
and thermal plasma neoclassical losses. They indicate that the beta~4% goal can be obtained,

assuming a confinement enhancement of ~2.3 times ISS-95 scaling or 1.6 times ITER-89P
scaling.

Presenting Author: M.C. Zarnstorff

Page 3



TuA4

Recent Progress in Development of Low-Aspect-Ratio Quasi-Omnigeneous Stellarators
JF. Lyon, L.A. Berry, S.P. Hirshman, D.A. Spong, R. Sanchez,
D.J. Strickler, A.S. Ware, J.C. Whitson, D.B. Batchelor, B.E. Nelson
- Oak Ridge National Laboratory

In quasi-omnigeneous (QO) stellarators, bounce-averaged particle drift surfaces are approx-
imately aligned with flux surfaces to reduce energetic orbit losses and neoclassical energy
transport. This approach has the potential for a low-aspect-ratio (Ap = Ro/ap) stellarator with
good confinement, high beta, and a small bootstrap current (typically ~1/10 that in a comparable
tokamak), which leads to configurations that are relatively insensitive to beta and should be
robust against current-driven modes (external kinks), vertical instabilities, and disruptions.
These stellarators have some general similarity to the drift-optimized W 7-X “helias”
configuration, but the QO configurations studied here have: (1) a factor of 3-4 smaller plasma
aspect ratio; (2) non-zero bootstrap current; (3) a factor of three larger helical field component,
which allows higher vacuum rotational transform & at low Ap without relying on a plasma
current; and (4) a mirror component of the magnetic field that varies strongly with radius, which

produces a poloidal VB drift that reduces transport and leads to closed drift surfaces for trapped -
particles, even at low beta.

QO configurations with field periods Ngp = 3 and 4 and Ap from 3 to 4.8 are optimized with
respect to trapped particle confinement (poloidal variation of Bmax, Bmin, J*, J, and local
transport), B limits (global magnetic well, Mercier stability, ballooning stability), amount of
bootstrap current, magnetic field ripple, outer surface curvature. The development in the last
year of improved QO configurations with a stronger physics basis is due to incorporation of fast
calculations of the bootstrap current and the ballooning stability limit within the iterative
optimization loop. Typical QO parameters are Ap = 3.6, ¥(0) = 0.55, and #(ap) = 0.64 for Ngp =3
and Ap = 4.2, %(0) = 0.68, and ¥(ap) = 0.78 for Np = 4. The calculated energy confinement time
shows a strong dependence on electric field with Tge0/Tg!S595 = 3-5 for typical values of E;.
Self-consistent bootstrap current and good transport are obtained for a low-Ap Nfp = 3
configuration with a ballooning stability  limit >3%. Current studies are focusing on obtaining
more reactor-relevant configurations with a higher p limit. Modular coils with adequate
~ distances between the plasma and the coils and between adjacent coils for plasma heating and
diagnostic- access have been found that recreate the optimized magnetic configuration.
Engineering considerations for these configurations are being examined.

* Research supported by the USDOE under contract DE-AC05-960R22464 with Lockheed
Martin Energy Research Corp. : :
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, Rep-Rated Z-Pinch Fusion Power Plant Concept
C. L. Olson, G. E. Rochau, M. S. Derzon, S. A. Slutz, R. B. Spielman, R. E. Olson, M.
K.Matzen, M. E. Cuneo, D. H. McDaniel, and J. P. Quintenz
Sandia National Laboratories v
P. F. Peterson, University of California, Berkeley
J. S. DeGroot
University of California, Davis
R. R. Peterson and G. A. Rochau
Untversity of Wisconsin, Madison

The Z machine at SNL is the most powerful multi-module synchronized pulsed-power
accelerator in the world. Rapid development of z-pinch loads on Z has led to outstanding
progress in the last few years, resulting in radiative powers of up to 280 TW in 4 ns and a total
radiated x-ray energy of 1.8 MJ. Presently, demonstration of a single-shot, high-yield fusion
target is a goal of the z-pinch ICF program at SNL. For Inertial Fusion Energy (IFE), a rep-rated
fusion capability is needed. Recent developments have led to a viable conceptual approach for a
rep-rated z-pinch power plant for IFE, which is the subject of this presentation.

The rep-rated z-pinch concept exploits the advantages of going to high yield (~ few GIJ) at
low rep-rate (~ 0.1 Hz), and using a Recyclable Transmission Line (RTL) to provide the
necessary standoff between the fusion target and the power plant chamber. The RTL would be
cast out of a conventional power plant coolant material (such as Li or Flibe) that can be used to
absorb the heat from the fusion reaction, and also to breed tritium. Vacuum is nominally
required only in the RTL, which can be pumped down before loading. The chamber itself would
be filled with liquid or solid Li-bearing material with voids, chosen to mitigate the effects of the
shock and neutron-induced damage to the first wall. The thickness of the liquid or solid fill
would typically be greater than about 1 meter, which is sufficient to absorb the bulk of the
neutron energy, provide a tritium breeding ratio above unity, and protect the first wall: from
neutron damage. The radius of the chamber would typically be in the range of 3 or more meters.
Initial cost estimates for casting the RTL are 0.70 per shot, which is acceptable for a high-yield,

low rep-rate IFE z-pinch power plant. Plans for initial feasibility tests of this RTL concept are
presented.

*Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed-Martin
Company, for the United States Department of Energy Under Contract DE-AC04-94A1.85000.
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A flowing lithium first wall may lead to a significant advance in fusion reactor design, since
it has the potential to eliminate the difficulties with power density and erosion, tritium retention,
and cooling associated with solid walls. Lithium wall conditioning experiments have already
been performed in tokamaks, and lithium sputtering and erosion tests have also been conducted
in linear plasma devices. To address the interaction of an extensive liquid lithium plasma-facing
surface with a toroidal plasma, a new set of experiments will begin this year in the Current Drive
eXperiment — Upgrade (CDX-U) spherical torus (ST). The CDX-U plasma is intensely heated
and well-diagnosed, and the planned studies will be the first of their kind in a spherical torus
(ST). Since CDX-U is a modest ST, much smaller quantities of lithium are required to produce a
toroidal liquid lithium plasma target than in large aspect ratio devices at comparable power
densities. Lithium target designs and implementation plans for CDX-U will be presented.

Plans for liquid lithium wall experiments in CDX-U*
R. Kaita, R. Majeski, P. Efthimion, B. Jones, H. Kugel, J. Menard,
T. Munsat, A. Post-Zwicker, S. Raftopoulos, G. Taylor, J. Timberlake
Princeton Plasma Physics Laboratory

M. Finkenthal, M. Tovea,

V. Soukhanovskii, D. Stutman
Johns Hopkins University

R. Conn,
S. Luckhardt, R. Doerner, L. Chousal
‘ UCSD,
D. Hoffman
Drexel University

*Work supported by US DOE contract #DE-AC02-76-CH03073.
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Calculations & Measurements of RMF Current Drive in FRCs
K.E. Miller, A.L. Hoffman, R.D. Milroy, J.T.Slough
Redmond Plasma Physics Laboratory
University of Washington

Rotating Magnetic Fields (RMF) have been demonstrated to drive currents in many rotamak
experiments, but use with an FRC confined in a flux conserver imposes special constraints. The
strong current drive force results in a near zero density at the separatrix, and the high average
beta condition requires the current to be carried in a relatively thin edge layer near the separatrix.
The RMF can only penetrate into this layer by driving the azimuthal electron velocity
synchronous with the RMF frequency. Build-up or maintenance of the flux throughout the FRC
occurs due to an extreme flattening of the axial magnetic field profile near the field null, so that
the small amount of RMF that penetrates that far can just overcome remaining resistive losses.
The RMF cannot penetrate much beyond the field null, and current is maintained on the inner
flux surfaces by an inward radial flow. Particle balance is maintained by a swirling axial flow
and overall inward flow from inner to outer field lines. This process is seen using a new
numerical code, and the resultant flux build-up and calculated profiles are demonstrated on the
STX-RMF FRC formation experiment. code, and the resultant flux build-up and calculated
profiles are demonstrated on the STX-RMF FRC formation experiment.

Presenting Author: K.E. Miller
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Numerical Study of Tilt Mode Stability in Field-Reversed Configurations
E. V. Belova, S. C. Jardin, H. JI, M. Yamada and R. Kulsrud
Princeton Plasma Pysics Laboratory

The gross stability of the Field-Reversed Configurations (FRC) has been investigated using
both MHD and hybrid (fluid electrons and kinetic ions) simulations. In contrast to previous
work, the delta-f method is utilized to reduce numerical noise in the particle simulations. The
stability properties of prolate (E>1) and oblate (E<1) configurations have been examined. For an
oblate FRC, it has been shown that all n=1 modes (interchange, external tilt and radial shift
modes) can be effectively stabilized in the MHD regime when the pressure profile is peaked
enough and a conducting wall is used to stabilize the tilt mode.

The stabilizing effects of velocity shear and kinetic effects on the n=1 tilt mode in prolate
FRCs have been studied. The linearized hybrid simulations show that there is a reduction in the
tilt mode growth rate when s/E<1, but no absolute stabilization has been found for s/E values as

small as 0.1, where s is the approximate number of ion gyroradii between the field null and the
separatrix, and E is the separatrix elongation.

The preliminary results of nonlinear hybrid simulations at low values of s indicate that the tilt
instability may saturate nonlinearly through the lengthening of the initial equilibrium and
medification of the ion distribution function. These saturated states have been calculated to exist
for many Alfven times ( >10 ), maintaining field reversal.

Presenting Author: E. V. Belova
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Recent Liner Experiments Confirm Plans for Magnetized Target Fusion
R.E.Siemon, D.C.Barnes, T.Cavazos, S.K.Coffey, J.H.Degnan, R.J.Faehl, M.Frese, D.Gale,
T.W.Hussey, T.P.Intrator, R.Kirtpatrick, G.F Kiuttu, F.M.Lehr, J.D Lettetio, I.R.Lindemuth,

R.Moses, R.E.Peterkin, N.F.Roderick, E.L.Ruden, K.Schoenberg, P.T.Sheehey, W.Sommars,

J.M.Taccetti, P.J. Turchi, M.G.Tuszewski, G.A.-Wurden, R.White, F.Wysocki

Los Alamos National Laboratory
and
Air Force Research Laboratory

The premise of Magnetized Target Fusion is that fusion gain can be produced inexpensively
using “liner” compression of a magnetized plasma. For adiabatic compression of a Field-
Reversed Configuration (FRC), 10:1 radial compression gives impressive heating: 10 keV from
an initial temperature of 250 eV. Recent experiments at the Air Force Research Laboratory will
be described that have demonstrated how a 10-cm-diameter 1-mm-thick aluminum cylinder can
be imploded using shock-free electromagnetic forces. The dimensions and energy density (liner
velocity of 4 mm per microsecond) are the same as needed for interesting FRC compression.
Although 10:1 radial compression implies considerable elastic-plastic deformation and
thickening of the liner, experiments indicate highly symmetric deformation, and the inner surface
of the metal remains a smooth cylinder according to an array of impact probes and side-on
radiography. The time history of the radial implosion inferred by measuring the compression of a
small magnetic field agrees with computer models of the implosion. Some further development
of the liner implosion technique is necessary before liner-on-plasma experiments begin, but for
the immediate future emphasis in MTF research has shifted to preparation of a suitable plasma
target. Using models based on previous FRC experiments, LANL and AFRL are designing an
experiment at Los Alamos that can generate a 5T pulse of magnetic field in 2.5 microseconds,
giving FRC density ~ 10"cm™ and T ~ 250 eV. The FRC dimensions (separatrix radius ~ 2.5 cm
and length ~ 30 cm) allow the FRC after formation to be translated and trapped in a liner close to
the same size as that used for the liner implosion experiments. Diagnostics for FRC experiments
will include a magnetic probe array to measure separatrix radius vs. axial position, side-on
interferometry for density (and temperature by pressure balance), optical imaging for global

stability, Thomson scattering for T, (and density independently), and spectroscopy for impurity
content.

Presenting Author: R. E. Siemon
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Pulsed High Deénsity Fusion
John Slough
University of Washington

Based on results from recent FRC acceleration experiments, together with the confinement
scaling observed in past FRC experiments, a method has been determined by which an FRC can
be compressed to high density and brought to ignition conditions in a rapid, repetitive manner.
This regime is referred to as the Pulsed High Density (PHD) regime of MFE. Unlike MTF, the

upper boundary of this regime remains below the density limit imposed by material strength
limitations from the confining field.

Considerable data has been accumulated from various FRC experiments that span over two
orders of magnitude in density and an order of magnitude in radius. Given the observed scaling

with size and density, the required radius at a density of 10** m™ for a DT fusion burn with a gain
> 1 is found to be ~ 1 cm. '

The method by which the plasma density and temperature can be brought to fusion
conditions is to start with a much simpler, low voltage FRC plasma source that can be
repetitively pulsed. The energy necessary for burn is transferred to the FRC in the form of
translational energy, which is produced by an inductive magnetized plasma accelerator IMPAC)
that is also capable of repetitive pulsing. The simplicity of this approach to fusion lies in the fact
that the directed energy of the FRC mass, E, (= 1/2Mvg’) is much greater than the FRC internal
energy (3/2NkT). Since E; is in the form of a coherent translational motion, the confining
magnetic fields, as well as accelerating fields, need to be no greater than réquired to contain the
low-pressure FRC generated in the source coil (~ 0.4 T). This leads to a tremendous reduction in
magnet mass as well as stored energy requirements for the accelerator. The conversion of the
FRC directed energy into thermal energy occurs only after the FRC has reached the burn
chamber where the FRC is slowed and compressed to fusion conditions. This chamber, which
has a high magnetic field (~ 30 T), can be steady state and can thus generated by a
superconducting magnet. The goal of concept exploration experiment would be the construction
of an IMPAC device capable of producing a FRC plasma where all key parameters can be
brought to within an order of magnitude of that required for a Q~1 fusion burn.

The PHD fusion envisioned also provides for a simple direct conversion of the plasma into
directed thrust. Of all fusion reactor embodiments, only the magnetically confined plasma in the
- Field Reversed Configuration (FRC) has the linear geometry, low confining field, and high
plasma pressure required for the direct conversion of fusion energy into high specific impulse
and thrust, and would thus have direct applicability to deep space flight.

Presenting Author: J.T. Slough
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A concept of a local spherical blanket applied for MTF systems
D.D. Ryutov
Lawrence Livermore National Laboratory, Livermore, CA 94551

A concept of a local spherical blanket for pulsed fusion systems has been analyzed in great
deal of detail by B.G. Logan ([1] and references therein) and, more recently, by M. Derzon [2], .
and D. Ryutov and A. Toor [3]. The blanket material (Li, LiPb, Flibe, or LiH) forms a sphere in
the center of which a fusion energy release occurs. The fusion neutrons propagate through the
blanket and breed tritium; they cause also the pulsed volumetric heating of the blanket, its

. evaporation and ionization. The ionized material serves then as a working fluid for the MHD
generator.

We discuss a possible use of a spherical blanket for Magnetized Target Fusion (MTF)
systems. These systems can be driven by the current pulse with the pulse duration in the range of
a few microseconds and a maximum current ~ 10 MA. The current pulse with such parameters
can be generated by crushing magnetic flux conserver (integrated with the spherical blanket) by a
fast projectile [3, 4]. A power transmission line will be integrated with the spherical blanket.

In each shot, the ball made of one of the aforementioned materials, together with the
enclosed fusion capsule, will be dropped into the reactor chamber. We consider design options
oriented both at a significant ionization of the ball, and at its mere evaporation. In the latter case
the vapor will be used to drive a turbo-generator. We discuss electrical and mechanical issues of

the spherical blankets and conclude that, potentially, they can lead to an attractive MTF power
reactor.

Work performed under the auspices of the U.S. Department of Energy by Lawrence Livefmore
National Laboratory under Contract W-7405-ENG-48.

1. B.G. Logan. “Inertial Fusion Reactors Using Compaét Fusion Advanced Rankine (CFARII)
MHD Conversion,” Fus. Eng.'And Design, v. 22, p. 1953 (1993).

2. MLS. Derzon. “Development of a Low-Technology Fusion reactor,” Paper presented at the Z-
Pinch IFE Workshop, Albuquerque, NM, April 27-28, 1999.

3. D. Ryutov, A. Toor. “Stand-off Energy Sources for Z-pinch Implosions,” UCRL-ID-135082,
July 1999. '

- 4. R.P. Drake, J.H. Hammer, C.W. Hartman, L.J. Perkins, D.D. Ryutov. “Submegajoule liner
implosion of a closed field line configuration.” Fusion Technology, v.30, p.310 (1996).
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Penning Fusion eXperiment — Ions (PFX-I)
K. R. Umstadter, M. M. Schauer, D. C. Barnes
Los Alamos National Laboratory

The Penning Fusion eXperiment — Ions (PFX-I) is a unique magnetic confinement concept
based upon the traditional Penning trap. Present work is concentrated on producing a uniform,
spherical, electron plasma, which will then provide confinement and spatial focussing for
positive ions. We are developing an electron diagnostic based upon the Stark splitting of
Hydrogen emission lines when neutral H, gas is added to the electron cloud confined in the trap.
For our experimental conditions (n,> 10" cm?), the H,, m-lines should be separated by more than
an angstrom. A second diagnostic, which involves the destructive dumping of the trapped cloud,
has also been developed to study the population and energy distribution of the electrons. Initial
results of PFXI operation at applied voltages up to 2kV and magnetic-fields to 2T will be
presented. Electron inventory, particle and energy confinement times, and energy distributions
are reported. Initial results of gas injection experiments will also be presented.

Presenting Author: K.R. Umstadter
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Confinement Of High Density Pure Ion Plasma In A Cylindrical Trap
S.F. Paul
Princeton Plasma Physics Laboratory

A novel method for containing a pure ion plasma at densities that are relevant to
thermonuclear fusion has been modeled. The method combines the confinement principles of a
Penning-Malmberg trap and a pulsed theta-pinch.

Starting with a low-density trapped deuterium plasma at the Brillouin limit, the field is
ramped to as high an intensity as practicable. With only one-component in the plasma, transport
losses are very low, i.e., the conductivity is high, the magetic diffusion time is long, and the
ramped field does not penetrate the plasma. Simultaneously, ions are injected to increase the
density of the target plasma, and the mutual electrostatic repulsion opposes the inward pinch.
However, without a magnetic field inside the surface of the plasma, the ions drift outward until a
balance is established between the outward driving forces (centrifugal, electrostatic, pressure
gradient) and the inward J x B force. The result is trapping of the ions in a current sheet with
local densities much higher than are typically associated with the Brillouin limit. An equilibrium
calculation has been made to illustrate the configuration. Using a relativistic, 1-D, isothermal
fluid model, the plasma can shown to maintain force balance in a hollow, 49-cm diameter, 0.2-
cm thick cylinder whose density exceeds 4 x 10" cm™®. A 2d-3v, relativistic, electromagnetic,
particle-in-cell numerical simulation is being adapted to investigate the velocity equilibration,
particle injection efficiency, and maximum energy yield.

Presenting Author: S.F. Paul
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Stability of Virtual Cathodes for the Periodically Oscillating Plasma Sphere (POPS)
R. A. Nebel, J. M. Finn

Recent theoretical work'* has suggested that a tiny oscillating ion cloud may undergo a self-similar
collapse that can result in the periodic and simultaneous attainment of ultra-high densities and
temperatures. Theoretical projections’ indicate that such a system may have net fusion gain even for an
advanced fuel such as D-D. Schemes have also been suggested where a massively modular. system
consisting of tens of thousands of these spheres can lead to a very high mass power density device
(comparable to a LWR)." Such systems should be very economically competitive.

However, a major uncertainty in this plasma system is the behavior of the electrons. In this paper we
will show that the required electron cloud is susceptible to an instability which is analagous to the
Rayleigh-Taylor mode present in fluid mechanics.” Linear stability analysis indicates that the mode has
marginal stability limits at the Brillouin density limit and in the limit as the ratio of the effective Debye
length to the plasma radius goes to inifinity. Fortunately, solutions of the marginal stability profiles
indicate that stable profiles which are sufficiently close to those required for POPS do exist as one
approaches the Brillouin limit as well as in the large Debye length to radius limit.

In the kinetic limit (cdunter-streaming electrons) one expects this instability to go over to a type of
two-stream instability. Simple two-stream analysis suggests that the mode may be absolutely stable at a
finite value of ratio of the Debye length to plasma radius. This conclusion is consistent with previous
experimental results* which showed that large scale oscillations occured in gridded electron IECs when
the cuirent exceeded a critical value. Our theory correctly predicts the observed scaling of the critical

current with the voltage. It is also consistent with the observed scaling of the oscillation frequency with
voltage.

Unfortunately, these previous experiments did not include profile measurements. Consequently, it
isn’t clear exactly where these marginal points occurred with respect to the important parameters of the
Debye length and the electron distribution function. Determining these values is critical since the
required applied voltage for a POPS system scales like the Debye length squared. We are proposing to
repeat these experiments (as well as a general study of equilibrium and stability of virtual cathodes) with
detailed profile measurements. We plan to carry out these measurements on an existing gridded IEC

device, the Intense Neutron Source.” The machine will be described and these proposed experiments will
be discussed. ‘

1. R.A.Nebel, D. C. Barnes, Fusion Technology 38, 28 (1998).

2. D. C. Barpes, R. A. Nebel, Physics of Plasmas 5, 2498 (1998).

3. J. M. Finn, R. A. Nebel, to be submitted to Physics of Plasmas.

4. R. L. Hirsch, Physics of Fluids 11, 2486 (2000).

5 R.A.Nebel, A. J. Cole, K. R. Umstadter, proceedings of the 18th IEEE Symposium on Fusion
Engineering, Albuquerque, October (1999).
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Fast-Ignition Inertial Confinement Fusion Research*
J. A. Koch, C. Brown, T. Cowan, S. Hatchett, E. Henry, D. Hinkel, M. Key, B. Langdon, B.
Lasinski, R. Lee, A. MacKinnon, D. Pennington, M. Perry, T. Phillips; M. Roth*, C. Sangster,
M. Singh, R. Snavely, R. Stephens®, C. Still, M. Stoyer, M. Tabak, S. Wilks
Lawrence Livermore National Laboratory
°General Atomics

The fast-ignitor concept is an innovative approach to achieving break-even and gain in
inertial confinement fusion experiments. In this scheme, an ultra-intense short-pulse laser beam
is used to ignite a pre-compressed mass of dense thermonuclear fuel. Significant research effort
will be required to demonstrate sufficient control of the ignition process to make this scheme
feasible, and difficult issues include laser channel formation in the low-density plasma
atmosphere surrounding the fuel, efficient energy conversion into relativistic electrons with the
appropriate spectrum, and collimated transport of the electron beam into the main fuel. The
substantial potential benefits of success include higher target gains, reduced driver energy
requirements, and relaxed target fabrication requirements. We describe recent progress in fast-
ignitor research at LLNL using the Petawatt Laser Facility, and we discuss plans for future
collaborative research between LLNL, General Atomics, University of Cahforma/Dav1s Osaka
University, and Gesellschaft fiir Schwerionenforschung/Darmstadt.

*Work performed under the auspices of the U.S. D.O.E. by LLNL under contract number W-
7405-ENG-48, with the additional corporate support of General Atomics.

*Permanent Address: Gesellschaft fiir Schwerionenforschung, Darmstadt, Germany.
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Compression of High Power Laser Pulses in Plasma
N.J. Fisch, V.M. Malkin and G. Shvets
Princeton University

While achievable laser intensities have grown remarkably during recent years mainly due to
the method of chirped pulse amplification (CPA), using CPA to attain even higher powers would
demand suitable gratings for handling very high power and very high total energy. For further
progress yet, it would be necessary to develop as well lasers, amplifiers, and gratings operating at
wavelengths shorter than a micron. Yet plasma is an ideal medium to form a grating capable of
processing very high power and very high total energy. We have in mind compression of powers
almost to exawatts per square cm or fluences to kilojoules per square cm, prior to the vacuum
focus. For energy applications, pulse compression does not really need high fidelity within each
frequency range. Thus, plasma is ideal for applications for delivering high power, which
include the fast igniter, but really cover. a much broader range of possibilities.

One plasma based compression mechanism involves a so-called "superradiant” effect, where
a long pump pulse is depleted by a short counterpropagating pulse; here the nonlinear interaction
of the plasma electrons with the lasers dominates the plasma restoring motion due to charge
imbalances [1]. Amplification in this regime is not very sensitive to the frequency detuning
between the two lasers. A more straightforward method of amplification and compression is
simply by fast backward Raman scattering, where the amplification process outruns deleterious
processes associated with the ultraintense pulse [2]. Here the frequency detuning between the
two lasers can be chosen precisely equal to the plasma frequency. In this regime, it is possible to
employ a very interesting nonlinear filtering effect, which makes possible highly efficient
amplification of a moderate seed-pulse, while suppressing small noise [3].

[1] G. Shvets, N. J. Fisch, A. Pukhov, and J. Meyer-ter-Vehn,
" "Superradiant Amplification of an Ultra-Short Laser Pulse in a Plasma by

a Counter-Propagating Pump," Phys. Rev. Lett. 22, 4879 (November, 1998).
[2] V. M. Malkin, G. Shvets and N. J. Fisch,

"Fast compression of laser beams to highly overcritical powers,"
Physical Review Letters 82, 4448 (1999).

{3] V. M. Malkin, G. Shvets and N. J. Fisch,
"Detuned Raman Amplification of Short Laser Pulses in Plasma",
to appear in Physical Review Letters (February 2, 2000).
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Advances in IFE Targets for Heavy Ion Fusion*
D. A. Callahan-Miller, M. Tabak
Lawrence Livermore National Laboratory

Two-dimensional, integrated, Lasnex [1] calculations of a close-coupled version of the
distributed radiator, heavy ion target predict gain of 130 from 3.3 MJ of beam energy. To
achieve these results, the case-to-capsule ratio was decreased by about 25% from our previous
targets [2]. Reducing the driver energy required should reduce the cost of the driver and,
ultimately, the cost of electricity. The smaller hohlraum results in smaller beam spots than had
been previously assumed; this puts renewed emphasis on controlling emittance growth in the
accelerator and on space-charge neutralization in the reactor chamber. The close-coupled heavy
ion target also opens up the possibility of a high gain Engineering Test Facility from a 1.5-2 MJ
driver; calculations predict that gain of 90 is achievable from 1.75 MJ of beam energy. This
could have a significant impact on the development cost of heavy ion fusion since the same
accelerator could be used to study low gain targets and high gain targets. Given adequate
repetition rate, the same accelerator could even be used to drive multiple chambers for a
demonstration power plant. In addition to describing our close-coupled targets, we will present

work-in-progress on target concepts that relax the requirements on beam spot size and/or beam
pulse duration.

[1] G. B. Zimmerman, W. L. Kruer, Comments on Plasma Physics and Controlled Fusion, 2, 51
(1975).

[2] M. Tabak, D. Callahan-Miller, Phys. Plasmas, 5, 1895 (1998).

* Work performed undef the auspices of the U. S. Department of Energy by Lawrence
Livermore National Laboratory under contract W-7405-ENG-48.
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The Flow-Stabilized Z-Pinch Experiment: ZaP
U. Shumiak, B.A. Nelson, R.P. Golingo, A. Zyrmpas, E. Crawford,
Aerospace & Energetics Research Program, University of Washlngton
D.J. Den Hartog, D.J. Holly
Sterling Scientific, Inc.

The stabilizing effect of an axial flow on the m=1 kink instability in z-pinches has been -
studied numerically by reducing the linearized ideal MHD equations to a one-dimensional
eigenvalue equation for the radial displacement. The principal result reveals that a sheared axial
flow stabilizes the kink mode when the shear exceeds a threshold value which is inversely
proportional to the wavelength of the mode. Nonlinear simulations support the stabilizing effect.

The implications of this stabilizing effect are investigated with a flow-through Z-pinch
experiment, ZaP. The experiment produces a Z-pinch plasma which is 50 c¢m in length by
initiating the plasma with a one meter coaxial gun. The evolution of the plasma's magnetic
structure is measured with surface mounted magnetic probes which form an axial array and two
azimuthal arrays. The azimuthal arrays allow the measurement of the fluctuation levels of the
azimuthal modes m=0,1,2,3. Velocity is measured by calculating the Doppler shift of a C-III
line using a spectrometer. Time-dependent, single-point density measurements are made using a
HeNe laser interferometer. Optical images are obtained using a fast framing camera. An
overview of the experimental program and results will be presented

This work is supported by the Department of Energy.
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Staged Z-Pinch for Controlled Fusion
P. Ney, H.U.Rahman
University of California, Riverside

and .
F.J. Wessel, and N. Rostoker
University of California, Irvine

A staged Z-pinch is considered in which an annular plasma shell made of a high Z material, like
Kr, implodes onto a coaxial plasma target made of a low Z material, like deuterium or a
deuterium-tritium mixture. The target plasma could be initiated either by exploding a
cryogenically extruded fiber or by filling the annular shell with a gas puff or plasma puff.
Modeling is performed with a 2D radiation-MHD code. A parameter study is made to determine
the sensitivity of this configuration to initial conditions of the shell and the target plasmas. An
axial magnetic field is essential for a stable implosion and efficient energy coupling to the final
load. Using a 50-50 mixture of deuterium-tritium as a target, the fusion energy gain is optimized
by adjusting the initial parameters. Breakeven conditions are computed for the nominal
parameters characteristic of the 50 kJ UCI Z-pinch facility.

Presenting Author: H.U. Rahman
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Practical Applications of Helicity to ICCs.
S. Woodruff, D.N.Hill, E.B.Hooper, B.W.Stallard

The concept of helicity (flux-linkage) has a wide variety of applications — from laboratory- to
astrophysical-scale plasmas. This talk is intended to lsurvey the subject of helicity from an
experimentalist’s perspective and show how helicity may be employed as a useful tool for many
different confinement concepts. Particular emphasis will be given to the practical application of
this theory with examples from SSPX, SPHEX, HIST, HIT-II, and NSTX. Comparison with
traditional energy balances will be given, and it will be shown that helicity considerations are

complimentary, and in many instances entail a simpler approach to predicting plasma evolution
and equilibrium.

The original application of helicity in the RFP and spheromak [1] has been broadened to
entail partially relaxed systems such as low-aspect ratio helicity injected tokamaks and FRC
formation.  Devices such as HIT-II and NSTX successfully employ DC helicity injection
schemes to augment conventional ohmic current drive. FRC’s operate in the limit of zero helicity
content and may be formed by the merging of counter-helicity spheromaks. There is evidence
that this annihilation of helicity may provide free energy for ion heating.

Future devices are designed to fully exploit the concept of helicity: SIHI [2] - a recently
proposed device will inductively sustain a CT by constant supply of helicity, omitting electrodes;

and SPHERA [3] will form tokamaks by helicity injection with toroidal field supplied by a
plasma column.

Despite decades of work, it is still not clear how helicity injection serves to sustain the
configuration, although many theories exist for the experimentalist to test. These include
(amongst others) the MHD dynamo, the ‘tangled discharge model’ [4], multiple plasmoid

coalescence [5], and a proposal related to rotating magnetic fields [6]. An overview of these will
be given.

[1] J.B.Taylor, Rev. Mod Phys. 58, 741 (1986)

" [2] T.R.Jarboe, Fus. Tech., v36 (1999)

[3] F.Alladio et al, Bull. Am. Phys. Soc. 41, 1405 (1996)
[4] M.G Rusbridge, Plasma Phys. 19, 499 (1977)

[5] M.Nagata, Proc. Eur. Phys. Soc. V22C, 807 (1998)
[6] T.R.Jarboe Phys. Plasmas v5, no5, 1807 (1998)

{Work performed under the auspices of the U.S. DOE by LLNL under contract number W-7405-
ENG-48} '
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Overview of Spheromak Formation Experiments on SSPX
D.N. Hill and SSPX Team™* -
Lawrence Livermore National Laboratory

We present results from spheromak formation experiments carried out. during the first nine months of
operation of the Sustained Spheromak Physics Experiment (SSPX) at Livermore. The SSPX experiment
was built to study energy confinement and transport in spheromak plasmas sustained by DC coaxial
helicity injection. The SSPX plasma is confined within a 1m dia. copper flux conserver which is
designed to handle maximum edge poloidal magnetic fields of 1.5T produced by I,,=1.2MA discharges.
Unlike previous spheromak experiments, SSPX does not have a transition region isolating the injector
from the spheromak, and it has a large-radius injector (r,/r;, = 0.7) with radial magnetic fields to increase

the drive efficiency and minimize field errors. Peak edge fields of 0.3T and toroidal currents up to
I,,=500kA have been obtained.

Initial spheromak formation experiments have examined ejection thresholds, buildup of stored
energy, and particle control. Our results show that the unique radial field geometry in the coaxial region
produces a lower threshold current for ejecting spheromaks into the flux conserver than initially expected.
Furthermore, the normalized threshold current density, A=j/B=m/A, depends on the field strength B rather

than just the gap width A, which means that we capture less flux in the spheromak than simple estimates
yielded.

The initial buildup of spheromak currents and fields in SSPX continues until the formation bank runs
out of energy. We have modeled this buildup by considering both global energy and helicity balance. So
far, the coupling efficiency from the coaxial source to spheromak plasma e=(dW,,/dt)/Py,,, has reached
28%, compared to the 50% efficiency expected for the SSPX cbnﬁguration. We expect this to increase as =
the plasma gets hotter. We have used these initial data to predict SSPX performance under a variety of
operating conditions (varying Te and magnetic field decay time) when we start to use the 1.5MJ
sustainment bank to extend the pulse length.

In parallel with carrying out the formation experiments, we have been working to improve the

capability of the SSPX device. We now have density measurements from a multichord CO2
interferometer from LANL, and we are testing an ultra-short-pulse microwave reflectometer for
measuring the density profile. Later this year we plan to have Thomson scattering operating routinely.
We will also finish installing a set of bias field coils to significantly change the magnetic geometry to
allow flux-core spheromak formation, which should have a substantially reduced threshold current.

*The SSPX Team includes members from LLNL, LANL, SNL, UC Berkeley, UC Davis, Univ. of Wash.,
Univ. of Wisconsin.

This work performed under the auspices of the USDOE by LLNL under contract W-7405-ENG-48.

Presenting Author: D.N. Hill

Page 21



WeC3

Formation and Self-Similar Expansion of a Spheremak Configuration in the Absence of a
Flux-Conserving Boundary
Yee, J. and Bellan, P.M.
Caltech

We have investigated spheromak formation for the situation where the plasma is not bounded
by conducting walls. Isolation from walls is achieved by using a vacuum chamber that is an
order of magnitude larger than the gun. This arrangement not only eliminates plasma-wall
interactions but also provides excellent viewing of plasma dynamics. The evolving configuration
is photographed using a pair of high-speed, intensified, gated CCD cameras and is also
diagnosed with a 3D magnetic probe array. Four distinct operational regimes are identified for
various combinations of gun current and bias. The ratio of gun current to bias flux is called the
gun lambda, while in the plasma the ratio of force-free current to magnetic field is called the
plasma lambda. For gun lambda slightly below the threshold for spheromak formation, photos
show visibly twisted structures and magnetic measurements indicate that no detachment takes
place. In contrast, for gun lambda above the threshold for spheromak formation, (i) photos
indicate the plasma has an approximately axisymmetric toroidal shape, (ii) magnetic probe data
clearly demonstrate a force-free helical magnetic field structure propagating away from the gun,
(iii) toroidal and poloidal fluxes calculated from the measured fields indicate substantial
poloidal flux amplification and associated reduction in toroidal flux, (iv) the spatial dependence
of the plasma lambda is consistent with the profile expected for a decaying isolated spheromak,

and (v) the time evolution of plasma lambda indicates that the unbounded spheromak undergoes
a self-similar, helicity conserving expansion.

Presenting Author: P.M. Bellan
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Active Feedback Control of the Resistive Wall Mode in HBT-EP*
G. A. Navratil, J. Bialek, A. H. Boozer, C. Cates, H. Dahi, M. E. Mauel,
D. Maurer, D. Nadle, M. Shilov, S. Mukherjee, E. Taylor
Columbia University

We report the first observation in a tokamak of the use of active feedback control to suppress
the onset of the wall stabilized n=1 external kink mode destabilized by finite conductivity when
the stabilizing wall is non-ideal, i.e. the resistive wall mode (RWM). In toroidal devices such as
the reversed field pinch (RFP) or the advanced tokamak (AT) which rely on a nearby conducting
wall to stabilize the current or pressure driven external low-n kink mode, the lifetime and/or beta
limit of these devices is set by the onset of the RWM [1,2] which grows on the much slower time
scale of the flux penetration through the conducting wall rather than the very rapid MHD Alfven
time scale. These RWMs have been identified as limiting phenomena in the RFP [3,4] and in the
AT [5,6] and similar phenomena are expected to be important in a wide range of toroidally
confined plasmas including the Spherical Torus, Spheromak, and Field Reversed Configuration.
One approach to the stabilization of these RWM instabilities is to use a network of active
feedback coils configured so that the electrical response of the resistive wall simulates that of a
perfect conductor. This so-called ‘intelligent shell’ or ‘smart shell’ was proposed by Bishop [7]
and has been implemented in the HBT-EP tokamak with 30 independent sensor/driver feedback
loops mounted behind a 2 mm stainless-steel resistive wall located near the plasma boundary.
The time constant for flux soak through of this stainless-steel wall is about 300 microseconds
which is consistent with the observed growth time of the RWM as expected from the theory.
The performance of the HBT-EP smart shell feedback stabilization system has been modeled by
a 3D finite element electromagnetic code, VALEN, and is in agreement with the observed
stabilization of the RWM. The VALEN code has also been quantitatively benchmarked against
the predictions of a large aspect ratio analytic MHD model.

* Work supported by US DOE Grant DE-FG02-86ER53222.

[1] D. Pfirsch and H. Tasso, Nuclear Fusion 11, 259 (1971).
[2] C. G. Gimblett, Nuclear Fusion 26, 617 (1986).

[3] B. Alper, M. K. Bevir, H. A. B. Bodin, et al., Plasma Physics Controlled Fusion 31, 205
(1989).

[4] P. Greene and S. Robertson, Physics of Fluids B 5, 556 (1993).
[5] E.J. Strait, T. S. Taylor, A. D. Turnbull, ef al., Physical Review Letters 74, 2483 (1995).

- [6] A.M. Garofalo, A. D. Tumbull, M. E. Austin, et al., Physical Review Letters 82, 3811
(1999).

[7]1 C.M. Bishop, Plasma Physics Controlled Fusion 31, 1179 (1989).
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Nonlinear Dynamics of Feedback Modulated Magnetic Islands
R. Fitzpatrick.
IES

Resistive instabilities (e.g., neoclassical tearing modes, error-field driven locked modes,
resistive shell modes) play a limiting role in virtually all toroidal magnetic confinement devices
(e.g., tokamaks, reversed field pinches, and stellerators). Direct feedback stabilization via
externally imposed rotating magnetic perturbations is currently under serious consideration as a
possible alleviation mechanism for troublesome resistive modes. Indeed, feedback systems of
varying capabilities are currently installed on the HBTX tokamak, the DIII-D tokamak, and the
MST reversed field pinch. Unfortunately, the present state of understanding regarding the
dynamics of non-linear tearing modes under the influence of feedback perturbations leaves -
something to be desired. Previous treatments are marred by an excessively naive treatment of
plasma viscosity: either this crucial effect is entirely neglected, or it is modeled in a crude and
unsatisfactory manner. We present, for the first time, a comprehensive treatment of feedback
modulated tearing mode dynamics with a realistic treatment of viscosity. We find three regimes
of operation, depending on the modulation frequency. For slowly modulated islands, the
perturbed velocity profile extends across the whole plasma. For strongly modulated islands, the
perturbed velocity profile is localized around the magnetic island, but remains much wider than
the island. Finally, for very strongly modulated islands, the perturbed velocity profile essentially
collapses to a boundary layer on the island separatrix. We solve for the velocity profiles, the
island equation of motion, and the island width modulation equation in each of these three
regimes. A relatively simple set of equations which interpolate between all three regimes is
obtained. We find that the ion polarization correction to the island width modulation equation,
which has previously been reported to be stabilizing, is, in fact, destabilizing in all three regimes.
We demonstrate that a previously reported experimental verification of the alleged stabilizing

effect of the ion polarization term, from HBTX feedback experiments, can be accounted for by a
different mechanism. '

Presenting Author: R. Fitzpatrick
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'Stellerator-Pinch': A Composite Fusion Concept
A. K. Sen
Plasma Research Laboratory
Columbia University

The concept of a new fusion device which is a composite of a stellarator and linear theta
pinches is proposed. The device in a race track configuration consists of two linear segments
which are theta pinches. The latter are joined via two halves of a stellarator which from the
curved segments. The primary purpose of theta pinch sectors of modest lengths will be to
provide a technologically convenient and efficient method of producing a high § fusion grade
plasma in a stellarator, which remains a difficult issue. In view of the very high densities and
moderately high temperatures available from theta pinches, one can envision a modest size
closed device with Mt ;~5x10"* cm™sec, which indicates fusion feasibility.

Presenting Author: A.X. Sen
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NCSX Facility Design Progress
G. H. Neilson, A. Brooks, D. Johnson, H. Kugel, R. Majeski, W. T. Reiersen, M. C Zamstorff
Princeton Plasma Physics Laboratory, Princeton, NJ
M. J. Cole, S. P. Hirshman
Oak Ridge National Laboratory, Oak Ridge, TN
W. Miner, P. Valanju
University of Texas at Austin

In 1999, a point design for the National Compact Stellarator Experiment device was
developed. Though not a complete conceptual design for the NCSX, the 1999 point design
showed that a high-beta CS plasma configuration that satisfies physics requirements for plasma
stability can be realized in a practical device implementation. A key feature of the 1999 design
was its use of the existing toroidal and poloidal field coils from the former PBX-M tokamak
device to provide a "coarse" background field. Alternative background coil options, including
those with all-new coils optimized for NCSX instead of existing ones, are now being explored.
Saddle coils and deformed TF and PF coils are options being studied for providing the "fine"
corrections<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>