

Plasma physics is by nature inter disciplinary, and my expertise draws on diverse areas for many applications. Plasma science here on Earth also includes a wide spectrum of issues, including applications in plasma processing, medical products, lighting, lasers, high power and tunable radiation sources, astronomy, earth-sun-magnetosphere interactions , studies of chaotic and self organized systems, non linear wave problems, and of course fusion energy development.  

My primary responsibility at LANL is to shepherd proof of principle experiments for Magnetized Target Fusion (MTF) to fruition. In the last 6 months successful solid liner implosions demonstrate technological feasibility for MTF compression. Field Reversed Configuration design for an MTF target design is underway with undergraduate and graduate students. A unique, innovative, linear pulsed laboratory experiment that can make 3 dimensional movies of collisionless magnetic reconnection is also currently funded and being built.

Over the years my experience has evolved from table top experiments with electrostatic probes to work with fusion devices like magnetic mirrors and tokamaks. Many gadgets were designed and built using electronic instrumentation, amplifiers, data acquisition, pulsed power and RF power transmitters in the MegaWatt range, microwave and high-end audio tube amplifiers.

Research Focus

•
Fusion physics - Alfvén Wave current drive, Radio Frequency Heating and Current Drive in high energy density devices such as low aspect ratio tokamaks.

•
Laboratory investigations of space physics, mysteries of magnetic reconnection and conversion of magnetic field energy to particle energy.

•
Nonlinear wave interactions, energy cascades in non-linear and dissipative systems, turbulence, mathematical spectral techniques for analyses.

•
Basic plasma physics - table top experiments, Double Layers, sheaths, probes

•
Plasma processing and RF inductively coupled sources; Radiation generation.

· Field Reversed Configurations and applications to Magnetized Target Fusion

Research Accomplishments

•
First experimental evidence of Alfvén Wave Current Drive in a tokamak.

•
Only experimental evidence of Alfvén ion-ion hybrid wave heating, discrete spectrum.

•
RF hardware, antenna, physics scenario development for tokamaks, spherical tokamaks

•
First quantitative connection of 3 wave coupling, mathematical description via bispectral analysis, and ponderomotive force stabilization of MHD flute modes in a magnetic mirror

•
First (and only) laboratory measurements of 2 dimensional magnetized Double Layers

•
Invention and characterization of efficient, spiral inductively coupled RF plasma source for low pressure, high density discharges for plasma processing of materials.

•
Experimental identification of non linear chirping of electron beam waves to solitary waves.

•
Experimental demonstration of a tunable radiation generator using colliding electron beams.
Experience

1999
Technical Staff Member at LANL, P-24 Magnetic Fusion Group

1998
•
Taught - Advanced Dynamics (Dept Engineering Mechanics, Univ Wisconsin)


•
Collaborator with Princeton Plasma Physics Laboratory as PI on DOE contract.


•
Scientist - PEGASUS tokamak group (RF scenarios and antenna design), Madison Symmetric Torus (Lower Hybrid antenna modeling, design), Phaedrus-T Tokamak (Radio Frequency physics and engineering).

1996
Chief Staff Scientist with PEGASUS tokamak group at Univ Wisconsin


•
RF, mechanical, heat transfer engineering 


•
electromagnetic stress, equilibrium analysis, RF theory

1992
Key Scientist for RF physics with Phaedrus-T Tokamak group

1990
continuing through the present time, elementary school outreach


•
Lunch Bunch - Mr Wizard presentations for grades 1-6


•
Taught for College for Kids - a Univ. Wisconsin 5th grade enrichment program

1989
Visiting professor - Universite de Grenoble, France 


•
Laboratoire de Spectrometrie Physique Collaboration: N. Sadeghi, J. Derouard


•
Lecture course on sheaths and electrostatic probes in plasmas

1988 
Associate scientist - Univ. Wisc - Madison, Department Nucl Eng & Eng Physics

1987
Scientist with Phaedrus Tandem Mirror group at Univ Wisconsin

1987
Visiting scientist at Bell Laboratories Murray Hill NJ, collaborate with RA Gottscho


•
Experimental comparison of electrostatic probe and LIF diagnostic techniques

1985
Assistant Scientist  - Univ. Wisconsin-Madison, Dept. NEEP

1984
Project Associate - Univ. Wisconsin-Madison, Dept. NEEP

1981
Research Assistant - Univ. Wisconsin-Madison, Dept. NEEP

1978
Teaching Assistant - Department of Astro Geophysics - Univ. of Colo – Boulder

Awards, Distinctions

Invited talks at annual meetings of American Physical Society - Division Plasma Physics 
1994
Alfvén Wave Current Drive Experiments in the Phaedrus-T Tokamak

1988 ICRF Wave Field Measurements and Non-Linear Wave-Wave Interactions in the Phaedrus-B Tandem Mirror

1999
LANL Laboratory Directed Research and Development funded new start, for RSX - Magnetic Reconnection Scaling experiment 

Professional Societies

American Physical Society, American Geophysical Union
Education

1982 
Ph.D (plasma physics), Univ. of Colo, Dept. Physics



Beam Plasma Interactions in a Positive Ion Negative Ion  Plasma
     

1981 
M.S. (nuclear physics), Univ. of Colorado, Dept. Physics



Analysis of Energetic Proton Spectra by Thick Target  Activation Methods
1976 
B.S. Department of Physics - State University of New York at Albany

1974 
Diplôme des Langues et Lettres, Université de Grenoble, France

1971
University of Denver - art & ceramics

Graduate Students

	student
	year
	Thesis title
	

	M.H. Cho
	1988
	Temporal Evolution of Collisonless Sheaths
	

	S. Meassick
	1988
	Measurement of Sideband Mode Coupling Effects and Linear MHD Growth Rates Associated with the Ponderomotive Force
	

	J. Browning
	1988
	Interchange Stabilization of a Mirror Plasma Using Radio 

Frequency Waves below the Ion Cyclotron Frequency
	

	H. Debontride
	1990
	Mésure des Champ Electrique dans un Décharge de Gaz
	

	M. Vukovic
	1995
	Toroidal Effects on the Alfvén Resonance in the Phaedrus-T Tokamak
	

	S. Wukitch
	1996
	Low frequency Current Drive in the Phaedrus-T Tokamak
	


Selected Publications -  arranged by category, numbers refer to complete list.

Editor of book

Radio Frequency Power in Plasmas, Proc. 12th Topical Conference, T.Intrator, P.Ryan editors, Savannah, Georgia, 1-4 April 1997, AIP Conf Proc 403 (American Institute of Physics, NY 1997).
RF waves and antenna engineering for fusion grade plasmas

43.
R. Majeski, T. Tanaka, T. Intrator, N. Hershkowitz, K. Ko, W. Grossman, A. Drobot, ICRF Edge Plasma Investigations in Phaedrus-B  , Fusion Engin. and Design 12, 31 (1990).

46.
T. Intrator, R. Majeski, P.Probert, M. Vukovic, B-dot Measurements of ICRF Waves in 
Phaedrus-T, 219, AIP Conf. Proc 244, Radio-Frequency Power in Plasmas, ed D. 
Batchelor, Charleston, S.C. (1991).

52.
T. Intrator, P.Probert, M. Doczy, D.Diebold, D. Brouchous, Antenna Conditioning with Insulating Tiles in Phaedrus-T, 387, AIP Conf. Proc. 10th Topical Conference on Radio-Frequency Power in Plasmas, M.Porkolab, J. Hosea, eds., Boston, Massachussetts 
(1993b).

67.
 T. Intrator, R. Fonck,  B. Lewicki, A.Sontag, T. Thorson, K. Tritz, C. Wilson Low  Aspect  Ratio Tokamak Startup and Heating Using Waves in the Ion Cyclotron Range of 
Radio Frequency Power in Plasmas 403, 293, Proc 12th Topical Conference, Savannah, Georgia, April 1997, (AIP NY 1997).

71.
J.R. Myra, D.A. D'Ippolito and D.A. Russell, J.H. Rogers, T. Intrator Coaxial mode excitation and dissipation in ion Bernstein wave experiments, Phys. Plasmas 7, 283 (2000).

Tokamaks, Alfvén Wave Current Drive

48.
R. Majeski, P.Probert, T. Tanaka, D.Diebold, R. Breun, M. Doczy, R. Fonck, N. Hershkowitz, T. Intrator, G. McKee, J. Sorenson,  RF Edge Interactions and Insulating Limiters in Phaedrus-T, 322, AIP Conf. Proc. 190, Radio-Frequency Power in Plasmas, D. 
Batchelor ed., Charlotte, S. Carolina, (1992).

54.
R. Majeski, P.Probert, P. Moroz, T. Intrator, R. Breun, D. Brouchous, H.Y. Che, J.R. DeKock, D. Diebold, M Doczy, R. Fonck, N. Hershkowitz, RD Johnson, M. Kishinevsky, 
G Mckee, J Meyer, P Nonn, SP Oliva, J Pew, J Sorenson, T Tanaka, M Vukovic, G Winz 
Alfven Wave Experiments in the Phaedrus-T Tokamak , Phys Fluids, B5, 2506,  (1993).

56.
T Intrator,  P.Probert, S Wukitch,M Vukovic,D. Brouchous, D. Diebold, R. Breun, M 
Doczy, D Edgell, A Elfimov, N. Hershkowitz, M. Kishinevsky, C Litwin, P. Moroz, P Nonn, G Winz, Alfven Wave Current Drive in the Phaedrus-T Tokamak , Phys Plasmas  2, 2263 (1995). 

57.
S. Wukitch, M. Vukovic, R. Breun, D. Brouchous, D. Diebold,  M. Doczy, D. Edgell, A. Elfimov, N. Hershkowitz, T. Intrator, M. Kishinevsky, C. Litwin, P. Moroz, P.Probert, Experimental Evidence of Low Frequency Current Drive in the Phaedrus-T Tokamak, Phys. Rev. Lett. 74, 2240  (1995).

58.
T Intrator,  P.Probert, S Wukitch,M Vukovic,D. Brouchous, D. Diebold, R. Breun, M  
Doczy, D Edgell, A Elfimov, N. Hershkowitz, M. Kishinevsky, C Litwin, P. Moroz, P Nonn, G Winz, Alfven Ion-Ion Hybrid Wave Heating in the Phaedrus-T Tokamak , Phys 
Plasmas 3, 1331 (1996c). 

62.
T Intrator, M Vukovic, A Elfimov, PH Probert, GR Winz, Discrete Spectrum of Alfvén Ion Ion Hybrid Waves, Physics of Plasmas 3, 1054,  (1996b). 

63.
T. Intrator,  P.Probert, M Vukovic, S Wukitch, A Elfimov, R Durst, R. Breun,  D. Brouchous, D. Diebold, M Doczy, R. Fonck, N. Hershkowitz, M. Kishinevsky, C Litwin, P. Nonn, G Winz, Alfven Wave Current Drive Experiments Phaedrus-T,  221, AIP Conf. 
Proc. 335, 11th Topical Conference on Radio-Frequency Power in Plasmas, R Prater, VS Chan,  ed., 17-19 May 1995 Palm Springs CA (AIP NY 1995b).

66.
C. Litwin, N. Hershkowitz, S. Wukitch, T. Intrator, M. Vukovic, D. Brouchous, R. Breun, M. Harper, Analysis of Loop Voltage Evolution in Current Drive Experiments in the Phaedrus-T Tokamak, Phys of Plasmas 2, 4551 (1995).
Mirrors: ponderomotive stabilization of flute modes, RF heating

23.
J.R. Ferron, R. Goulding, B.A. Nelson, T. Intrator, En Yao Wang, G. Severn, N. 
Hershkowitz, D. Brouchous, J. Pew, R.A. Breun, and R. Majeski, Electrostatic End Plug Accompanied by a Central Cell Density Increase in an Asixymmetric Tandem Mirror,  
Physics of Fluids 30, 2855 (1987).

25.
R. Majeski, J.J. Browning, S. Meassick, N. Hershkowitz, T. Intrator and J.R. Ferron,The Effect of Variable Eignemode  Excitation on RF Stabilization of a Mirror Plasma ,  Phys. Rev. Lett.  59, 206 (1987).

40.
T. Intrator, S. Meassick, J. Browning, R. Majeski, J.R. Ferron,  N. Hershkowitz, 
Measurements of Electromagnetic Waves in Phaedrus: Benchmark of ANTENA Wave Field Calculations,  Nucl. Fusion 29, 377 (1989b).

41.
J. Browning, N. Hershkowitz, T. Intrator, R. Majeski, S. Meassck, Radio Frequency Wave Interchange Stability Experiments Below the Ion Cyclotron Frequency, Phys. Fluids B1, 1692 (1989).

Nonlinear waves, wave-wave and wave-particle interactions

10.
Intrator, T., Chan, C., Hershkowitz, N., and Diebold, D.,  Non-Linear Self-Contraction of Electron Waves,  Phys. Rev. Lett. 53, 1233 (1984).

30.
J.J. Browning, R. Majeski, T. Intrator, N. Hershkowitz, Interchange Stabilization of a Mirror Plasma Using Radio-Frequency Waves Below the Ion Cyclotron Frequency,  Phys. of Fluids 31, 714 (1988).

38.
T. Intrator, S. Meassick, J. Browning, R. Majeski, N. Hershkowitz, The Bispectrum and Three-Wave Coupling Between Fast Magnetosonic Waves and Interchange Modes,  Phys. Fluids B1, 271(1989).

39.
S. Meassick, T. Intrator, N. Hershkowitz, J. Browning,   Measurements of the 
Ponderomotive Force Including Sideband Mode  Coupling Effects and Damping Rates,  Phys. Fluids B1, 1049 (1989).

44.
T. Intrator, S. Meassick, J. Browning, R. Majeski, N. Hershkowitz,Ponderomotive Forces, Three Wave Coupling, and the Bispectrum , 426, AIP Conf. Proc. 190, Radio-Frequency Power in Plasmas, R. McWilliams ed., Irvine, Calif, (1989c).

Beam wave interactions, Radiation generation

5.
T. Intrator, N. Hershkowitz and R.A. Stern,  Beam Plasma Interactions in a Positive Ion-Negative Ion Plasma,  Phys. Fluids26, l942 (l983).

7. 
T. Intrator, N. Hershkowitz and C. Chan, Experimental Observations of Nonlinearly Enhanced =UH Electromagnetic Radiation Excited by Steady  State  Colliding Electron Beams, Phys. Fluids 27 (2), 527 (1984).

Double layers, shocks, plasma expansions

9.
Chan, C., Cho, M.H., Hershkowitz, N. and Intrator, T., Laboratory Evidence for 'Ion Acoustic' Type Double Layers , Phys.  Rev. Lett. 52, 1782 (1984).

11.
C. Chan, M.H. Cho, T. Intrator and N. Hershkowitz, Evolution of Rarefactive Ion Acoustic Pulses In a Counterstreaming Electron-Ion Beam Plasma,  Proceedings Int'l. Conf. on Plasma Science, Lausanne, Switzerland June 27-July 3, 1984.

12.
C. Chan, M.H. Cho, T. Intrator, and N. Hershkowitz, Small  Amplitude Double Layers in Laboratory Plasmas ,  Proceedings Second Symposium on Plasma Double Layers and Related Topics, Innsbruck, Austria July 5-6, 1984, 200 (1984).

17.
N. Hershkowitz, C. Forest, E.Y. Wang and T. Intrator,  Pumping Potential Wells,  Laser and Particle Beams 5, 257 (1987).

18.
D. Diebold, N. Hershkowitz, and T. Intrator,  Self-Similar Potential in the Near Wake,  Phys. of Fluids 30, 579 (1987).

15.
C. Chan, M.H. Cho, N. Hershkowitz, and T. Intrator, Experimental Observations of Slow Ion Acoustic Double Layers, Phys. Rev. Lett. 57, 3050 (1986).

49
D. Diebold, C.E. Forest, N. Hershkowitz, MK Hsieh, T. Intrator,D. Kaufman, GH Kim, SG Lee, J. Menard, Double Layer Relevant Laboratory Results , IEEE Trans. Plasma Science, 
20, 601 (1992).

51
T. Intrator, J.Menard, N. Hershkowtz, Multiple Magnetized Double Layers in the Laboratory, Phys. Fluids B5, 806 (1993).

61.
N Hershkowitz, T Intrator, D Diebold, GH Kim, Stairstep Double Layers, Magnetized Sheaths and Magnetized Double Layers, in Double Layers and Other Nonlinear Structures in 
Plasmas,(R.W. Schrittweiser ed.), World Scientific Publishing, Singapore, (1994).

Electrostatic probes for laboratory and space

13.
En Yao Wang, T. Intrator, and N. Hershkowitz,   A Direct Indication Technique of Plasma Potential with Differential Emissive Probe  Rev. Sci. Instrum. 56 (4), 519 April, 1985.

16.
En Yao Wang, Noah Hershkowitz, and Tom Intrator,   Direct Indication Plasma Potential Diagnostic Based on Secondary Electron  Emission ,  Rev. Sci. Instrum 57 (6), June, 1986.

20.
E.Y. Wang, N. Hershkowitz, T. Intrator, and C. Forest, Techniques for Using emitting Probes for Potential Measurements in RF Plasmas ,  Rev. Sci. Instr. 57 (10), Oct (1986)

22.
E.Y. Wang, N. Hershkowitz, D. Diebold, T. Intrator, R. Majeski,H. Persing, G. Severn and B. Nelson, Secondary Electron Emission-Capacitive Probes for Plasma Potential Measurements in the Plasma with Hot Electrons ,  J. of Appl. Phys. 61, 4786 (1987). 
 

26.
N. Hershkowitz, M. Cho, C.H. Nam, T. Intrator,  Langmuir probe Characteristics in RF Glow Discharges  ,  Plasma Chemistry and Plasma Processing 8(1), 35 (1988).

50
SG Lee, D. Diebold, N. Hershkowitz, T. Intrator,X. Wang, GH Kim, Direct Measurement of Plasma Flow Velocity Using a Langmuir Probe,  Rev. Sci. Instrum.64, 481 (1993).

55.
D.Diebold, N. Hershkowitz, J DeKock, T Intrator, SG Lee, MK Hsieh, Space Charge Enhanced, Plasma Gradient Induced Error in Satellite Electric Field Measurements, Journ Geophys. Res 99, 449  (1994).

53.
J. Sorensen, D.Diebold, N Hershkowitz, T. Intrator, R Majeski, J Meyer, P.Probert, G 
Winz, Phaedrus-T Tokamak Probe Measurements, AIP Conf. Proc. 10th Topical Conference on Radio-Frequency Power in Plasmas, M. Porkolab, J. Hosea, eds., Boston, Massachussetts (1993).

Plasma sources and plasma processing

3.
C. Chan, T. Intrator and N. Hershkowitz, Effect of Secondary Electrons on Plasma Potential in a Multi-Dipole Device, Phys. Lett. 9lA, l67 (l982).

42.
M.H. Cho, N. Hershkowitz, T. Intrator, Particle and Power Balances of Hot-Filament Discharge Plasmas in a Multipole Device, Journ. Appl. Phys. 67, 3254 (1990).

64.
J. Menard, T Intrator, Laboratory Measurements and Optimization of Inductively Coupled Loop Antenna Sources, Plasma Sources Sci Techn 5, 363,  (1996).

65.
T Intrator, J Menard,  Modelling and Optimization of a Spiral Inductively Coupled Loop Antenna Source, Plasma Sources Sci Techn 5, 371,  (1996c).

Spectroscopy, LIF, atomic physics

34.
G.R. Scheller, R.A. Gottscho, D.B. Graves and T. Intrator, Quenching Rates of Ar Metastables in Radio-Frequency Glow Discharges,  J. Appl. Phys. 64, 593 (1988).

35.
R.A. Gottscho, G.R. Scheller, T. Intrator and D.B. Graves, Space-time Resolved Kinetics of Mixed Rare-Gas-Attaching Gas Plasmas,  J. Vac. Sci. Tech. A6, 1393 (1988). 

36.
R.A. Gottscho, G.R. Scheller, D. Stoneback, T. Intrator, The Effect of Electrode Area Ratio on Low Frequency Glow Discharges, Journ. Appl. Phys., 66(2), 492 (1989).

Sheaths
28.
T. Intrator, M.H. Cho, E.Y. Wang, N. Hershkowitz, D. Diebold and J. DeKock, The Virtual Cathode as a Transient Double Sheath, Journal Applied  Physics 6, 2927 (1988).

29.
M.H. Cho, N. Hershkowitz and T. Intrator, Temporal Evolution of Collisionless Sheaths, Journ. of Vacuum Sci. and Tech. 2978 (1988).

Nuclear physics

l.
T. Intrator, R.J. Peterson, C.S. Zaidins and N.A. Roughton, Determination of Proton 
Spectra by Thick Target Radioactive Yields, Nucl. Instrum. Meth. l88, 347 (l98l).

4. N.A. Roughton, T. Intrator, R.J. Peterson, C.S. Zaidins and C.J. Hansen, Thick Target Measurements and Astrophysical Thermonuclear Reactions Rates, Atomic Data and Nuclear Data Tables (1981).

Field Reversed Configuration, magnetized Target Fusion

G. A. Wurden, T. P. Intrator, D. A. Clark, S. K. Coffey, J. H. Degnan, R. J. Maqueda, E. L. Ruden, J. M. Taccetti, F. J. Wysocki,  "Diagnostics for a Magnetized Target

       Fusion Experiment"". Rev. Sci. Instr., (72)1, pg 552, (2001). Proceeedings of the 13th High Temperature Plasma Diagnostics Conference, Tucson, AZ, June 19, 2000.

R. E. Siemon, T. P. Intrator, M. J. Taccetti et al. "Measurements of Solid Liner Implosion for Magnetized Target Fusion"". 18th IAEA Fusion

       Energy Conference, in Sorrento, Italy, Oct. 4-10, 2000. 98. LA-UR-00-1081. 

G. A. Wurden, K. F. Schoenberg, R. E. Siemon, et al. "Magnetized Target Fusion: A burning FRC Plasma in an imploded metal can"". Journal Plasma Fusion Research

       SERIES, pg. 238-241, 1999. presented at the 9th Intl. Toki Conference, Toki, Japan, Dec. 7-11, 1998. LA-UR-98-5674.

T. Intrator , M. Taccetti, D.A. Clark, J.H. Degnan(1), D. Gale(2), S Coffey(2), J. Garcia, P. Rodriguez, W Sommars(2), B. Marshall(5), F Wysocki, R. Siemon, R Faehl, K. Forman, R. Bartlett , T. Cavazos (2), R.J. Faehl , K Forman, M.H. Frese (3), D. Fulton , J.C. Gueits(1), T.W. Hussey(1), R. Kirkpatrick , G.F. Kiuttu(1), F.M. Lehr(1), J.D.Letterio(1), I. Lindemuth , W. McCullough(1), R. Moses , R.E. Peterkin(1), R.E. Reinovsky , N.F. Roderick (4), E.L. Ruden(1), J. Shlachter , K.F. Schoenberg , D. Scudder , G.A.Wurden 

Experimental Measurements of a Converging Flux Conserver Suitable to Compress a Field Reversed Configuration for Magnetized Target Fusion†, Submitted to Nuclear fusion

J. M. Taccetti, T. Intrator, F. J. Wysocki, and K. Forman , Magnetic Field Measurements Inside a Converging Flux Conserver for Magnetized Target Fusion Applications, Submitted to Fusion Engin Design

High Density Field Reversed Configuration Model 

T. Intrator, M. Tuszewski, R. Siemon, R. Kirtpatrick, D.C. Barnes, J. Hwang

In preparation
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