., AD-A232 688

..-PORT DOCUMENTATION PAGE

~-
<\

1a. REPORT SECURITY CLASSIFICATION Y 1b. RESTRICTIVE MARKINGSP i
Unclassified E g 2 None Lo TR
2a. SECURITY CLASSIFICATION AU -E ST 3. DISTRIBUTION/ AVAILABILITY OF REPORT
N. ) f; ol Gk Distribution unlimited
2b. DECU\SSIFlCATIONIDOWNG mle 8 1931 &) Approved for public release
4. PERFORMING ORGANIZATION HEROMS Numssrig% NEE 5. MONITORING ORGANIZATION REPORT NUMBER(S)
None - Ej ' AEOSRTR- i 4193
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION
Texas Tech University (tf applicable)
Department of-Electr. Engin. AFOSR/NP (Dr. R. Barker)
6c. ADDRESS (City, State, and ZiP Code) 7b. ADORESS (City, State, and ZIP Code)
Texas Tech University Building 410
Department of Electrical Engineering Bolling Air Force Base
k, TX 79409 2 Washington, DC 20332-6448
8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (f applicable)
AFOSR . NP Grant AFOSR 86-0156
8c. ADORESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
Building 410 PROGRAM PROJECT TASK WORK UNIT
Bolling Air Force Base ELEMENT NO. NO. NO. ACCESSION NO.
Washington, DC 20332-6448 611 02 F 2301 A8 N. A.

1. TITLE (Include Security Classification)

THEORETICAL AND NUMERICAL STUDY OF ANOMALOUS TURBULENT TRANSPORT IN PLASMAS (U)
el

12. PERSONAL AUTHOR(S)

Osamu Ishihara, Principal Investigator

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) NS. PAGE COUNT
Final Report FROM 6/15/86 7O 12/14/9p 1991, February 5 42

16. SUPPLEMENTARY NOTATION This report contains a final technical report of activities on AFOSR
contract 86-0156, '"Theoretical and Numerical Study of Anomalous Turbulent Transport in Plasmas}
for the period of 06/15/86 to 12/14/90.

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)

FIELD GROUP SUB-GROUP Plasma Physics, Plasma Turbulence, Plasma Instabilities,
Plasma Waves, Langmuir Turbulence, Drift Waves, lon-Acoustic
Turbulence, Anomalous Transport
19. ABSTRACT (Continue on reverse if necessary and identify by biock number)

This final technical report describes research work performed under AFOSR contract 86-0156
during the period of June 15, 1986 to December 14, 1990. Theoretical and computational
analysis of particle transport in a plasma turbulence was carried out. Particle behavior was
investigated by test particle simulations in different types of plasma turbulence, including
drift wave turbulence, ion acoustic turbulence and Langmuir turbulence. Resonance broadening
in real space around mode rational surface was confirmed in drift wave turbulence. Nonresonant
interaction of waves and particles were studied in ion acoustic turbulence. Resonance broaden—
ing in velocity space was found as a result of non-Markovian process in Langmuir turbulence.
A semiclassical quantum plasma approach was also applied to plasma turbulence. Some instabil-
ities in toroidal geometry were studied as eigen value problems. Undergraduate research
assistantship program associated with this contract is also described.

0. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
A r:f’(uncwsmzomuumreo SAME AS RPT.  [JOTIC USERS sified
- pAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) | 22¢. OFFICE SYMBOL
lobert J. Barker 202.767-490¢ AFQSR/NP
RM 1473, 8a MAR 83 APR edrtion may be used until exhausted.

" ECURITY CLASSIFICATION THIS PAGE
All other editions are obsolete. juﬁl‘,' Acesp“_nlCA ON OF THIS PAG




FINAL TECHNICAL REPORT
on
Contract AFOSR 86-0156
THEORETICAL AND NUMERICAL STUDY
OF ANOMALOUS TURBULENT TRANSPORT IN PLASMAS

June 15, 1986 to December 14, 1990

Osamu Ishihara

Principal Investigator
Professor
Department of Electrical Engineering
Texas Tech University

91 8 06 195§




FINAL TECHNICAL REPORT
on
Contract AFOSR 86-0156

THEORETICAL AND NUMERICAL STUDY
OF ANOMALOUS TURBULENT TRANSPORT IN PLASMAS

for the period
June 15, 1986 to December 14, 1990

Subuiitted to
The Air Force Office of Scientific Research
by
Dr. Osamu Ishihara

Plasma Laboratory e

. . . Accesina Fo
Department of Electrical Engineering Jf_l_’- e
Texas Tech University ";'q § 1S
Lubbock, TX 79409 Ut satcesr o
Jistii R
for S S o b
Dr. Robert J. Barker Dt Latic ]
Directorate of Physics Cheaten o a T

Air Force Office of Scientific Research L
Bolling Air Force Base L
Washington, D.C. 20332-6448

February 5, 1991

Principal Investigator: @WM

V' Osamu Ishihara

Phone 806-742-3463




TABLE OF CONTENTS

I.  Summary

II. Research Accomplishments

III. Undergraduate Fellowship Program
IV. Listing of Conference Presentations
V. Listing of Publications

VI. Listing of Theses and Dissertations

VII. Staffs

APPENDIX

Conference Abstracts Supported by Grant AFOSR 86-0156
Publication Abstracts Supported by Grant AFOSR 86-0156

Page




I. SUMMARY

This final technical report describes research work "Theoretical and
Numerical Study of Anomalous Turbulent Transport in Plasmas" performed
under AFOSR contract 86-0156 during the period of June 15, 1986 to December
14, 1990.

Theoretical and computational analysis of particle transport in a plasma
turbulence was carried out. Particle behavior was investigated by test particle
simulations in plasma turbulences, including drift wave turbulence, ion acoustic
turbulence and Langmuir turbulence. A semiclassical approach to analyze plasma
turbulence was taken to understand particle transport.

The report includes a brief description of research accomplishments under
the support of this grant in Sec. II. Section III describes the undergraduate
fellowship program associated with this grant. Section IV lists conference
presentations, while Sec. V lists papers published in professional journals. Section
VI lists the titles of master theses and PhD dissertations supported by this grant.
The report concludes in Sec. VII by listing staffs involved in this contract.




II. RESEARCH ACCOMPLISHMENTS

Drift wave turbulence ---- Anomalous transport of electrons in the low
frequency electrostatic turbulence (drift wave turbulence) has been studied
extensively. Electrons were known to diffuse across a magnetic field by E x B
drift, where E is a turbulent electric field fluctuation and B is a background
magnetic field. We consider the transport of electrons in the presence of shear
structure in the magnetic field. We have formulated the transport of electrons in
a moderately strong turbulence based on the drift kinetic equation. Electrons are
in resonance with waves at a mode rational surface, which is determined by the
rational numbers associated with Fourier modes of drift waves. We have shown
that the resonance region broadens as the turbulence becomes stronger and that
the broadening develops with time. Our new formulation of resonance
broadening explains our observation of particle transport in the test particle
numerical experiment. The resulting transport coefficient can describe nonlinear
aspect of wave-particle interaction in the drift wave turbulence. This principal
investigator was invited to give a talk on this subject at the 1989 IEEE
International Conference on Plasma Science at Buffalo, New York in May 1989.
The full paper 1s published in Physics of Fluids (1990).

Langmuir Turbulence --- Time dependence of velocity-diffusion
coefficient of plasma particles in Langmuir turbulence has been studied based on
the generalized Langevin equation and the derived Fokker-Planck-type equation.
The time dependent nature of the diffusion coefficient is caused by the retarded
effect of the turbulent collisions, which is responsible for the non-Markovian
stochastic process in a Gaussian (or non-Gaussian) system. The projection
operator method has been used to derive the evolution equation known as the
generalized Langevin equation for the particle velocity in an electrostatic plasma
turbulence. Upon completion of hundreds of realizations in a test particle
simulation, we obtained numerical results in agreement with analytical results.
Our results were reported by a series of papers at IEEE International Conference
on Plasma Science and at the Annual Meeting of Division of Plasma Physics of
the American Physical Society.

Ion Acoustic Turbulence --- Nonresonant interaction of plasma particles
and plasma waves has been studied in the presence of ion acoustic turbulence. We
have confirmed by test particle computer experiments that particles away from
the resonance layer could indeed diffuse as was predicted by our analytical work.

The results were reported in the Annual Meeting of Division of Plasma Physics
of the APS (1987).




Relativistic particle acceleration --- Relativistic particle acceleration by
plasma turbulence has been studied in a quasilinear regime. Relativistic charged
particles can be accelerated by taking energy from plasma turbulence. We have
formulated the problem classically and quantum mechanically. The theory
describes the interaction between charged particles and plasmons. The self-field
created by the particle itself is also considered. Our equation reduces to the
Balescu-Lenard equation in the classical limit. This result was presented at the
APS Topical Conference on Plasma Astrophysics at Santa Fe in September, 1988.

Turbulence in toroidal geometry --- Analytical study of turbulent
fluctuations in toroidal geometry has been carried out in collaboration with
Professor A. Hirose of University of Saskatchewan, Canada. In a collisionless
plasma we have generalized the ideal MHD mode equation to describe drift-
Alfven mode and examined numerically the stability problem (published in
Nuclear Fusion (1987)). In a collisional plasma, the resistivity could be
responsible for the instability. We have examined the resistive MHD balloning
mode by solving the second order mode equation (published in the Canadian
Joumal of Physics (1988) and Nuclear Fusion (1989)). The mode equation is
extended to incorporate the plasma inhomogeneity like ion-temperature-gradient.
The numerical study of the ion-temperature-gradient instability is published in
Nuclear Fusion (1987).

Semiclassicai approach to plasma turbulence --- We have applied the

method of quantum electrodynamics to the analysis of plasma turbulence. The

wave-particle interaction is viewed as a scattering process between plasma
particles and quasiparticles(plasmons, phonons). The particle transport in plasma
turbulence is then closely related to the transition probability of absorption and
emission processes. Successful application of the method resulted in clarification
of the nonresonant wave-particle interaction in plasma turbulence (published in
Physical Review A (1987)). On the other hand, such a viewpoint is applied to the
interaction between photons and plasmons, and a novel scheme of photon
acceleration (or frequency up-shifting of electromagnetic wave) is proposed
(accepted for publication in Physical Review A).




III. UNDERGRADUATE RESEARCH FELLOWSHIP PROGRAM

The undergraduate research fellowship program was initiated by Dr. Robert
Barker of AFOSR and our plasma laboratory was involved in the program
during the period of the contract. The selected undergraduate students were
involved in the related research. They participated in a weekly plasma seminar
with graduate students and presented their assigned topics at the seminar. The
names of undergraduate students and the titles of their final reports are listed
here.

From May 16 to August 31, 1987 :

1. Theodore Christopher Grabowski
"Anomalous Particle Transport in Drift Wave Turbulence in a Plasma™
2. Christopher James Koath
"Study of Diffusion and Friction in an Electrostatic Turbulent Plasma”
3. David Edward Stahlke
"Ion Acoustic Plasma Turbulence and Data Processing"

From June 15, 1988 to May 31, 1989 :

1. Hok Tung Wong
“Application of MAGIC Code to the Study of Plasma Turbulence”
2. David Stahlke
"A Computational Study of Various Two-Stream Instabilities"
3. Mark Thompson
"A Numerical Experiment of Relativistic Particle Diffusion in a Plasma
Turbulence"




IV. LISTING OF CONFERENCE PRESENTATIONS

Conference presentations of the research results obtained under the

contract AFOSR 85-0156 are listed here.
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10.

11.
12.

13.
14.

Nonresonant Wave-Particle Interaction from the Quantum Mechanical
Viewpoint, O. Ishihara, Bull. Am. Phys. Soc. 31, 1560 (1986).

Numerical Study of Turbulence, E. Robinson and O. Ishihara, Bull. Am.
Phys. Soc. 31, 1497 (1986).

Real Space Diffusion in Drift Wave Turbulence, E. Robinson and O.
Ishihara, IEEE Int. Conf. Plasma Sci., paper 2XS (Arlington, VA 1987).
Analytical and Numerical Study of Anomalous Friction in a Plasma
Turbulence, W. Ho and O. Ishihara, IEEE Int. Conf. Plasma Sci., paper

5T3 (Arlington, VA 1987).

Resistive Modes in Tokamaks, A. Hirose, T.L. Kroeker, and O. Ishihara,
Bull. Am. Phys. Soc. 32, 1773 (1987).

Study of Velocity Diffusion of Test Particles in Ion Acoustic Turbulence,
K.M. Yuen, O. Ishihara, and A. Hirose, Bull. Am. Phys. Soc. 32, 1859
(1987).

Quasilinear Effects on Turbulent Bremsstrahlung, O. Ishihara and A.
Hirose, Buill. Am. Phys. Soc. 32, 1859 (i987).

Stochastic Heating of Plasma Particles in Ion Acoustic Turbulence, K.M.
Yuen and O. Ishihara, Spring Meeting of the Texas Section of the
American Physical Society (Austin, TX March, 1988).

Plasma Particle Diffusion in Drift Wave Turbulence, C. Grabowski and O.
Ishihara, Spring Meeting of the Texas Section of the Am. Phys. Soc.
(Austin, TX March, 1988).

Stochastic Diffusion in the Absence of Resonances, O. Ishihara, W. Ho,
K.M. Yuen, and A. Hirose, IEEE Int. Conf. Plasma Sci. (Seattle, WA
1988).

Resistive MHD Ballooning Mode in Tokamaks, A. Hirose and O. Ishihara,
IEEE Int. Conf. Plasma Sci. (Seattle, WA 1988).

Relativistic Quasilinear Particle Acceleration in Plasma Turbulence, O.
Ishihara, APS Topical Conf. on Plasma Astrophysics (Santa Fe, NM
1988). Bull. Am. Phys. Soc. 34, 1287 (1989).

Saturation of Nonlinear Drift Mode Induced by Toroidicity, O. Ishihara
and A. Hirose, Bull. Am. Phys. Soc. 33, 1941 (1988).

Time-Dependent Diffusion Coefficient for Non-Markovian Process in
Plasma Turbulence, H. Xia and C. Ishihara, Bull. Am. Thys. Soc. 33,
2020 (1988).




15.

16.

17.

18.
19.
20.
21.

22.
23.

24

25.

Study of Stochastic Heating Mechanism of Plasma Particles in the Presence
of Ion Acoustic Turbulence, K.M. Yuen and O. Ishihara, Fall Meeting of
the Texas Section of the American Physical Society (Lubbock, TX 1988).
Bull. Am. Phys. Soc. 34, 1521(1989).

Velocity Diffusion Coefficient as a Function of Time, H. Xia and O.
Ishihara, Fall Meeting of the Texas Section of the Am. Phys. Soc.
(Lubbock,TX 1988). Bull. Am. Phys. Soc. 34, 1521 (1989).

Particle Diffusion in Turbulent Fields: Transition from Quasilinear to
Nonlinear Stage, O. Ishihara, IEEE Int. Conf. Plasma Sci. (Buffalo,
NY 1989). (Invited Talk).

Generalized Langevin Equation for Plasma Turbulence, H. Xia and O.
Ishihara, IEEE Int. Conf. Plasma Sci. (Buffalo, NY 1989).

Study of Properties of the Stochastic Processes in Plasma Turbulence, H.
Xia and O. Ishihara, Bull. Am. Phys. Soc. 34, 1926 (1989).

Photon Acceleration: Three Wave Interaction, Q. Ishihara, IEEE Int. Conf.
Plasma Sci. (Oakland, CA 1990).

Effect of Turbulent Collisions on Diffusion in Stationary Plasma
Turbulence, H. Xia and O. Ishihara, IEEE Int Conf.Pasma Sci. (Oakland,
CA 1990).

Photon Acceleration by the Plasmon-Photon-Photon Interaction, O.
Ishihara, Bull. Am. Phys. Soc. 35, 2125 (1990).

Analysis of the Non-Markovian Behavior in Velocity Diffusion Process,
H. Xia and O. Ishihara, Bull. Am. Phys. Soc. 35, 1956 (1990).

. Photon Acceleration by Plasma Turbulence, O. Ishihara, IEEE Int. Conf.

Plasma Sci. (Williamsburg, VA 1991).

Characteristics of Distribution Function in a Time-Dependent Velocity
Diffusion Process, H. Xia and O. Ishihara, IEEE Int. Conf. Plasma Sci.
(Williamsburg, VA 1991).




V. LISTING OF PUBLICATIONS

Publications of the research results obtained under the contract AFOSR 86-

0156 are listed here.

1.
2.

N oo v

Nonresonant Wave-Particle Interaction in Semiclassical Quasilinear
Theory, O. Ishihara, Phys. Rev. A35, 1219-1225 (1987).

Drift Alfven Eigenmode in Tokamaks, A. Hirose and O. Ishihara, Nuclear
Fusion 27, 1231-1238 (1987).

Search for Jon Temperature Gradient Driven, Electrostatic Hydrodynamic
Instability in Tokamaks, A. Hirose and O. Ishihara, Nuclear Fusion 27,
1439-1451 (1987).

Resistive Ballooning Mode in Tokamaks, A. Hirose, T.L. Kroeker, and O.
Ishihara, Can.J. Phys. 66, 1069-1075 (1988).

Resistive MHD Ballooning Mode in Tokamaks, A. Hirose and O. Ishihara,
Nuclear Fusion 29, 795-803 (1989)

Resonance Broadening in Drift Wave Turbulence, O. Ishihara, C.
Grabowski, and A. Hirose, Phys. Fluids B2, 270-279 (1990).

. Photon-Plasmon-Photon Interaction, O. Ishihara, Phys. Rev. A (in

press).




VI. LISTING OF THESES AND DISSERTATIONS
Master theses and doctoral dissertations supported by the contract AIFOSR
86-0156 are listed here.
aser The

1. Edward Kyle Robinson, "Real Space Diffusion in Drift Wave
Turbulence" (1987).

2. Kin-Ming Yuen, "Velocity Space Diffusion in Ion Acoustic Turbulence"
(1989).

PhD Dissertations

1. Wai H. Ho, "Wave-Particle Interaction in Plasma Turbulence” (final
version is in preparation).

2. Huajuan Xia, "The Non-Markovian Process in Velocity Diffusion in the
Stationary Plasma Turbulence" (in preparation).




VI. STAFFS

Faculty Investigator:

Professor Osamu Ishihara of Department of Electrical Engineering and
Department of Physics at Texas Tech University is a principal investigator.

Graduate Research Assistants:

During the period of the contract, two doctoral students and two master
students were supported.

I te R h Assistants:

Five undergraduate students were supported under the program of
undergraduate research fellowship.

Accountants:

Financial record was kept by Ms. Sandra Branch of the Department of
Electrical Engineering. She was partially supported by this contract.
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Program of the Twenty-Eighth Annual Meeting
of the Division of Plasma Physics
Baltimore, Maryland; 3 -7 November 1986

ST

Hechanical Viewpoint,* Osamu Ishihara, JIexas Tech
Universicy -- Houresonant mature of wave-particle
interaction is clarified from the viewpoint of quantuam
mechanics. The intersction of particles and
Quasiparticles (plasmons, phonons, etc.) is described
by a scattering procsss shich is charaterized by a
.transitiou probabilicy. A proper Ctreatment of the
time-dependant intsraction Hemiltonisn reveals that
both the resonant and moaresonsnt nature of
particle-quasipacrticle fatsraction coatributes to
transition probsbilicty. The resecunt transition
probabilicy (1), known as Fermi’s golden rule, is novw
supplemented by a nourescnant part, which gusrantees
the conservation of energy and momentum in the system
as is predicted by the classical quasilinear theory.

* tork supported by AFUSR wnder grant AFOSR-86-0156. )

(1] E. G. Harris, in Advances in-Plasas Physics, ed.
by A. Simon end W, B, Thompson, Vol. 3, p.157
(Viley, Nev York, 1969). :

4T 26
Numerical Study of Test Particle Transport fa Orifc i
Vave Turbulence,t E. Robinson and O. Ishihara, Texas
Tech University ~— In drift wave turbulence vhere the

" magnetic field is expressed as B = 8,(0,x/L,,1), L=
shesar length, a veal space diffusion coefficient has
been formulaced! and fe found to have similfar char-
acteristics as the time dependent diffusion coefficient
derived for velocity space in Langmuir turbulence.2
A oumerical experiment veveals the particle diffusfon
in real space in the x direction. Test particles are
folloved in their trajectories in the prescribed ran-
dom electrostatic fields, § (R,t) -z-Q exp(1 (kqy
+ Kz ~w )], vhere$_ s the electric potential
of the (m,0) mode. 4 isinary result of the ob-
served diffusion coefficient demonstrates the time
dependent structure of the diffusion coeffictent ae
predicted by the analytical study.

¢ Sork supported by AFOSR under grant AFOSR-86-0156

1. A. Salat, Z. Maturforsch. Teil A 38, 1189 (1983),

2. 0. Ishihara and A. Hivose, Phys. Fluide 28, 2159
(1983),
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CONFERENCE RECORD - ABSTRACTS '

1987 IEEE INTERNATIONAL CONFERENCE
. ON PLASMA SCIENCE

June 1-3, 1987

Adington, Virginia

2X5
Real Space Diffusion In Drift Wave Turbulence®

€. Robinson and O. tshihara

Depariment of Electrical Engineering
Texas Tech University, Lubbock, Texas 79409

I drift wave turbulence characierized by a sheared mag-
netic field B = B,(e, + L0 ), where L, is the shear

length, and random electrostatic fields, P(x9 = 2 P,

x kmy + kg2 ~Wmnal), where § ., Is the slectric potential

of the (m,n) mode, a numerical experiment has been carrled
out 1o examine the pariicle diffusion process in real space. Two
cases are examined, one with an infinite number of n-modes
and the other with g single n-mode. 100 m-modes are used for
both cases. For infinlte n-modes, diffusion coefficients found

8re in agreement with the value O -uz(‘m(b |z) as was

predicted? for a low trbulence level, while for a single
n-mode we observe that diffusion greatly depends on the choice
ofmandn.

An analytical expression for the space diffusion in the
x-direction is given by

s

T
o060 Ll [ | ot
0

§-T

-imzozz(as - 21)
xe . (1)

where X is the initial position of a test particle, exhibits
tnclogousd\uwmm\a\omqmouvdodtymu
diffusion coefficlent.2  For low turbutence levels, Eq. (1)
shows quasilinear-fike behavior,

D(X) = n%(lm{)ml"’)a(mx +n), @

at the resonant locations, X « -(rWvm). From turther
examination of the single n-mode at a rather high turbulence |
level, we have observed devistion of the diffusion coefficient ‘
from that of Eq. (2), Le. high turbulence levels cause diffusion
in the space surrounding the resonant locations as Is predicted
by Eq. (1). A comparative study between the real space
dmubnlndvm\nvcw.neomdmnbdym
diffusion in Langmule turbutence, an”. a1 & cather strong

turbulence level demonstrates the time dependent nature of the
ditfusion cosfliicient as was described by Eq. (1).

*  Work supported by AFOSR under grant AFOSR-86-0156.
1. A. Ssist, 2. Naturforsch. Tell @ 38, 1189 (1983).
2. O. ishihara end A. Hirose, Phys. Fluids 28, 2159 (1985).

|




T3

Friction in a Plasma Turbulance.®
Wai Ho and Osamu Ishihars, Texas Tech University, Lubbock,
um«»---mmmm plasma

m prescace of stochastic electric fields. In the trrbulent
mumdmwmumw

&= josv(o & where 590 -%f.\éﬁmn o.

Wemmumms‘ﬁﬁ)-mﬁm
nkwnmmmm isgiven by

o=@ /' «/ 2 Fora i eor,

wiee Sas =3 jZ,B(E.m)expn(o&-v)sl
and EEw)=k fg,‘ Ek k.0

Alternatively, we can write T(V.0) as

o=@ 5[ drf s/ <EGoEo. O»Pcr.v.t.g)

where PR V.L.5) = 2r<(AX(1-5)) >)'2 P[?‘%(v%”r]

mmnlapamnthasbeencmiedou.inwume
dinnnﬁonﬂnndomehwnﬁclfsmnwdded Langmuir
turbulence and are described by

<B(x.t)ﬂ(0.0)>=oo’($i)—! [expe-25 Kooy costigx - et )]
(]

where ap Is the plasma frequency, k, is the center wavensmber and
ktzmﬂhﬂmvﬂudukonmm

limiﬂngeae wesk aurbulence (¢ «om).welmeohs:feda
mesmwum &—40

=1 )‘}t‘fdmlamk."&.on S(o®9) 0

In the moderate turbulence level @ « 0.01), the friction coefficient is
w»mmummn%’mmhw
B G g elec s repreacsed
‘The formulation of the friction coefficient is also studied by &
mmmmmuuvm
the turbulent friction by taking secular serms in the Green's function
which agrees with Eq. (1) in some limiting situation.

* Work supported by AFOSR under gramt AFOSR-86-0156.

1. O. Ishihars and A. Hirose, Fluids 28, 215%(1
IM.KmaMYchhlth”m ”MIM).




Program of the Twenty-Ninth Annual Meeting
of the Division of Plasma Physics

San Diego, California; 2-6 November 1987

JR18 Resistive Modes im Tokameket A. HIROSE,

T.L. KROEKER, Univ. of Seek., O. ISUINARA, Texss Toch ’

Uaiv. —The resistive g ead ripplisg modes im tokemek

mmmmumdmm'
free frou sy orderisg ameag frequeacies, o,

“,o aad 4p(n) = (coen ¢ an eian) (the megnetic

Mfttt:.émq:.:&mgm)(

{izatioca 1s mecessary for vesistive modes because of

of
Tesistive modes has failed. Ouly the stable (etabilized
by shear and toroidicity) drifc mode (predicted analyti-
cally) has been found,

“Sponsored by NSERC (Caneds) and USAF-OSR

1‘. Hirose, Nucl. Fusion (1a prese). Aleo, Comm.
Plasms Phys. Controlled Fusion 10, 229 (1987)

6T 11

Study of Velocity Diffusion ‘of Test Particles in lon Acoustic
Tﬁ'ﬂe_ie_.' %M. Yuen and O- tshihara, Texas_tech W.,
and A. Hicose, Univ. of Saskatchewan.—in order to study
velocity diffusion of tons in son acoustic turbulence, we set
the test particles in prescribed turbulent electric fields. The
numerical experiments are carvied out with particies placed
randomly in the system, or -alternatively we followed the
test pacticles with the same initial position for different
realization of electric fields. The ion acoustic’ turbulence is
modeled by the dispersion relation which is characterized by
either nondispersive or dispersive nature. The cesults of the
numerical experiments indicate that in both nondispersive
and dispersive cases, lons which 'do not satisfy thie resonant
condition do diffuse in velocity space. The analytical study-
also shows a possibility of ditfusion of nonresonant particles
if the turbulent spectrum has a finite correlation time.!
The numerical results show fair agreement with theoretical
predictions provided that the initial velocities are set within
critical valves, which are Jocated well above and well below
the phase velocity of the waves. It has also been observed
that there is no stochastic heating of particles if their ini-
tial velocities are set outside the critical range.
under Grant AFOSR-86-0156A.
LS (A. H{rm & O. Ishihara, Bull. Am. Phys. Soc. 29, 1238
1984




T12 : .
?ﬁlllncu Effects on Turbulent Bfemsstnhlung " 531
8| a, lexas niv., and A. rose, v, O

katchewan—-The upconversion of low frequency Ton SCOBtic

turbdence into high frequency Langmuir waves is re-
examined in the context of weak turbulence theory. Con-

uny:ommmm'ﬁm:mmw

fent of Langmuic waves with a

of lon-acoustic turbulence, it is shown that

effects on the electron distribution function cause stebiliza-

tion of Langmuir waves, The quasilinear effects are found

to cancel the destabilizing terms originated from the direct

tucbulent corrections to the linear response function. To-

gether with the earfler that eftects |

do not cause destabilization of Langmuir waves, it Is aow

concluded that there should be no upcoaversion of fon

mﬂcmmmmwtm«tce.m.‘rees'

with the conclusion derived by the symmetry argument.

“Supported by AFOSR under grant AFOS&-“-M’GA ©.L)
NNSERC.M(A.H.). §

t. V.N. Tsytovich, L. Stenflo & H, wllhelnsaon, Physica
Screipta 11, 251 (1979),

2. A.llme.comﬂma Contr. Fm.%ll?(lml

3. DO.F. Dublols & D.Petme. Phys.- Flulds 27, 218 (192A).

'3 J. Kuijpers & D.B. Melrose, Astrophys. . 294, 28 (1985).




PROGRAM OF THE JOINT SPRING MEETING
of the
Texas Section of the American Physical Society
Texas Section of the American Association of Physics Teachers
Society of Physics Students, Zone 10
The University of Texas
Austin, Texas
March 4 & S, 1988

9:12 .
AD2

: Turbylence.* K.M. YUEN and O. ISMIMARA, Texas Tech
inily. Sctochastic process of plassa fons placed in the
beckground fon acoustic turbulence is scudied analyti-
cally and mumerically. The dispersfon relation of the
foa scoustic wave 1s givem by « - kCg, vhere C; is the
fon acoustic welocity. The random mature of the turbu-
lence 1s characterized by thwe correlacion functiom of
electric fields. Ve wodel the cturbulence by discrete
Fourier modes and the envelope of its correlation func-
tion forms a Gsussian spectrum. - By controlling the
wideh of the spectrum, the wmodel s applicable to a
single @ode as a liait and to the wide-band turbuleace.
It {s shown that vhen the spectrum widch becomes wider
the heating rate of plasma particles becomes larger.
Scochascic heating is found to take place for fons in :
resonance and also not in resonance with fon acoustic !
vaves.

*Supported by AFOSR under grant AFOSR-$6-0156A.

11412
AD12
c

Plasma Particle Diffusion in Drifc Wave Tuxbulence. C.
CRABOUSKI and O. ISHIHARA, ITexas Tech U.* Motions of
plasma particles have been studfed mmericslly and
analytically when the particles are subjected to both a
background msgnecic field and electric fields created by

drift wave cturbulence. For these studies, test parti-

cles are placed in a field model in slab geometry. Both

the rendom electric filelds and the background magnecic

fileld, victh i{ncreasing shear fn the x direction, are set |
to be confined in the y-z plane. Sumericsl and analyci- !
cal results {indicate that particle mocions {fncrease |
along the X axis as the magnitude of the electric fields
increases and as the density of the wmode rational sur-

faces increases slong the x axis, vhere the mode ratfo-

sal surface s defined by x = -n/a vith n and m being

sode numbers of the electric fields.

*Supported by AFOSR under grant AFOSR-86-0156A.
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Stochastic Diffusion in the Ab: of R st

0. Ishihara, V. Ho and K£.¥4. Yuen
Department of Electrical Engineering
Texas Tech Universicy. Lubbock. Texas

and
A. Hirose
Department of Physics
University of Saskatchevan. Saskatoon, Canada

The nonresonant nature of charged particle motion
in the electrostatic plasma turbulence is studied nu.
mericelly and snslytically by artificially suppressing
the resonant conditions of wave-parcicle {nceractfon.
SNonresonanc structure in the phase space {s realized
in cthe test particle numerical experiments by tweo
different methods. One approach is to make use of
discreteness of the spectrum of plasma curbulence.
Test particles placed in velocity space may not reach
any of two adjacent modes in the extremely weak turbu-
lence. This situation is modeled for electrons placed
in the Langmuir turbulence.l Another approsch is to
place test particles completely out of the resonant
region in velocity space. This situation is modeled
for fons placed in the fon acoustic turbulence.2 Nu.

merical experiments are carried out for test particles
placed in prescribed random electric fields, vhose
second order correlation functions are characterized
by sinusoidal structure with the exponential damping
in real space, described by the summation of Fourier
wodes as

E(x,c) = I f(kg)cos{w(ky)e-kyx + 8],
]

where £(ky) 1s a shaping factor with Gaussian form, 01
is a v phase, undd;kj) « 1 for Langmuir waves
and u(ky) = kj/(lﬂ‘jz)l 27 for fon acoustic waves.
Test particles, ranging from 20 to 2000 in nusber, are
folloved in their trajectories in the discrete fluctu-
ation spectrum vich mode nusbers 20 to 400. Diffusion
coefficients are measured {n velocity space by taking
mean square variation as a function of time and com-
pared vith the analytic predictions evaluated by

2 a -
(V) -(:) I° de {_dx 8(x-ver)<E(x’,t’)E(x’+x.t°4C)>,

vhere e/m is a charge/mass ratic and set to be 1.
Stochastic diffusion observed nuserfcally both in
Langauir turbulence and in fon scoustic turbulence is
in good agreement with the theory _in the scale of
Kolmogorov time defined by ty ~ (k2 0)-1/3. In the
Langmuir turbulence, diffusion is observed even well
below the ecricicsl turbulence level given by the
criterion for the resonance overlapping. Our observa-
tion suggests the possible stochastic scceleration of
charged particles in the nonresonant mature in the
plasma turbulence.

1. 0. Ishihsra and A. Hirose, Phys. Fluids 28. 2159
(1985)..

2. A. Hirose .and 0. Ishihara, Bull. Aa. Phys. Soc. 29.
1238 (1984).

«\ork supported by AFOSR under Crant AFOSR-86-0156A
(0.1.. V.H.. K.Y.) and by NSERC of Canada (A.H.).
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RESISTIVE WD BALTLOONING MODE IN TOKANAKS®

A. Hirose
Dept. of Physics. Univ. of Saskatchewan
Saskatoon, Saskatchewan, STN 0W0. Caneda

0. Ishihars
Dept. of Elect. Eng.. Texas Tech Univ.
Labbock. TX 79409

A sode equation for the resistive NKD bgllooning
sode ia low § tokamak magnetic gecsetry has been
derived end analyzed both amalytically and nuserically.
Any resistive modes in a high tesperature tokamek
require stroag radial localization sbout a sode
retienal surface in order to satiefy v, »> It.(ﬂv“
lcrc v, l. the electron-ion collulea frequency and

(r) © Kov/L, 18 the parallel gradient with r being
o redia] dfStance froa the rational surface. end L
the sheer length. Strong radial localization sakes the
sagaetic drift frequency operator

isine® 3
k. ¥

o-zco(coto-

secular. and the conventional ordering
. u, > v

totally breaks domn. The foraulation in the present
study is free from any ordering asong the frequencies

v, o, and and thus offers a generalizatirn of the
eoamtlm sode equation for arbitrar{ly strong
radiel localization. The mode equation, based on
electrostatic ion response and fully electrossgnetic
electron response. is given in Pourier spece by

[« 1eefd _E] 6tx)

.“,]0(:) -0

de  A(x) da *
where
cky 2
A-o-o..oone(x) . l-q; ve(l«z )

Bevw-w, ouo.(x)(lﬂ )01(000‘)(1-1')

G [.“-on.(cl](ln' Jup (x)otu-uy («)J(usw ) (1-F )

-b 2 2
l'o -e 'o“’ . b= (k.p‘) {lex”) ., ¢t = T.I'l"

No uastable modes have been predicted analytically and
found nuaerically for the msode equation. The only
bounded solution analytically predicted is the stable
fon diasagnetic mode. The damping factor is propor-
tionsl to the magnetic shear and ¢, . the toroidicity.
This has been fully confirmed by nuserical integration
with paraseters relevant to present-day tokamaks.

®sponsored by NSERC, Canada (A.N.) and APOSR (0.1.)
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12 -
% O. ISHIHARA,
Texas Tech U.--Relativistic quasilinear kinetic
theory is developed to describe particle accel-
eration in the presence of plasma turbulence. |
Scattering between charged particles and plas- !
mons is considered. It {is assumed that each
time a particle makes a transition the energy
it gains (or loses) comes from (or goes into)
the energy of turbulent fluctuations. The theo-
ry includes nonresonant interactions between
charged particles and plasmons since plasmons
are known to carry not only electric fiela en-
ergy but also oscillating energy of particles.l
The formulation takes into account the self
fields created by the particle itself, which
can be incorporated as the ettect of renormali-
zation of the particle mass.2 The derived equa-
tion reduces to the Balescu-Lenard equation in
the classical 1limit. A possible mechanism of
cosmic ray acceleration is discussed based on
this theory.

*Supported by US AFOSR Grant AFOSR-86-0156..
« Ishihara, Phys. Rev. A. 35, 1219 (1987).
2y.N. Tsytovich, Sov. Phys. JETP 52, 3 (1980).
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W23 gaturation of Nonlinear Drift Mode
Iaduced by Toroidicity.* O. ISHINARA, Isxas
xh University, and A. HIROSE,

$aakatchewan-—Tokamaks are known to be unsta-

ble with respect to a drift mode because of
their toroidicity. The turbulence level at
saturation of the drift mode is studied with
the assumption of cold fons and the electrom
temperature gradient as a principal nonlinear-
ity. A positive nonlinear frequency shift is
given by 40 « (9g2/12k2)(4|2, where ¢4 is
the electron temperature gradient relative to
& density gradient, k = kypg(ky is a poloi-
dal azimuthal wavenumber, sq is an ion larmor
radius with an electron temperature), and ¢ is
the boundary value of the potential. The
nonl ity sensitively modifies the radial
profile of the drift mode, which in turn in-
duces nonlinear wave damping. The resulting
turbulence level at saturation falls in be-
tween the strong turbulence limit due to ion
wode coupling and the weak turbulence 1limit
due to electron trapping. -
#Supported by NSERC, Canada (A.H.) and AFOSR
under grant 86-0156 (0.I1.).

652 Time-Dependent Diffusion Coefficiant
for Non-Markovian Process in Plasma Turbu-
lence.* H. XIA and O. ISHIHARA, Texas Tech |
University--Recent study of resonance brosden- '
ing theory showed the time dependent nature of
a diffusion coefficient of plasma particles in
velocity space,l¢2 vhere a particle orbit mod-
ification is properly treated. Such a time
dependence of diffusion coefficient is studied
based on the generalized Langevin egquation,
where a frictional force exerted by the effec-
tive collisions due to plasma turbulence is
included with {ts retarded effect. This
retarded effect is responsible for the non-
Markovian process in a Gaussian system. It is
shown that a derived Fokker-Planck-type equa-
tion has a diffusion coefficient which depends
on time and reduces to the conventional quasi-
.1inear diffusion coefticient in a short time
1limit of much less than the effective oolli-
sion time.
sSupported by AFOSR under grant 8$6-0156. )
1. 0. Ishihara and A. Hirose, Phys. Fluids 28,
2159 (198S).
2. A. Salat, Phys. Fluids 31, 1499 (1988).
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with ves.l Resoasnt
ganicles keep absorbing caergy from the -
acgggad utbul:lnce ile the ::u‘mm
articles undergo altcrnate heating cooling

observed to be hcated more cffectively than
thosc which arc located far from the phasc
velocity of the waves . The numerical results
fairly agree with the analyti icti

. ﬂmedbyAFosai'mdergmm 86-0156
1. K.M. Yuen and O. (shihara, Bull. Am. Phys. Soc.
32, 1859 (1987). _

was developed as exteaded resomamce
:;o.dening :ll:ories“-’. . 11::{&0«5« '::
veloped oa on of Gaussisa
dcmampu

. oa the
Mori-Kubo geserslized Laagevin oqustion, the
exact geacralized !’t'»kkag-l’lam:‘,;l eatioa
comresponding to the Gaussian but i

arbitrary stochastic force is studied. It agroes -
asimptoucally to - the pheanomenoclogical

Planck equation for systems exhibitia
shm-dneml:gu. A&'ns:‘ona ¢

theorics are examined by the aumerical
experieats “where the velocity diffusion

are mecasured in plasma turby
‘W APOSR-M«{!NMISG
1. 1. Phys. Floids 12, lwm
Lgism;nd&mmﬁy&ﬂ .
- 3. A. Salu, Phys. Fluids 31, 1499 (1988).

Vol. 34, No. 6 (1989)
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3A3-4-INVITED PAPER

Particle Diffusion in Turbulent
Fields: Transition from Quasilinear to
Nonlinear Stage*

Osamu Ishihara
Department of Electrical Engineering
Texas Tech University, Lubbock, Texas

Charged particles in random electric
fields are known to diffuse over phase
velocity resonant layer in velocity space
(1,2), while charged particles placed in a
sheared magnetic field diffuse over the
mode rational surfaces due to ExB random
fluctuations (3). We study in detail the
transition of particle diffusion in
turbulent fields from quasilinear (constant
diffusion rate) to nonlinear regime (time
dependent rate) by test particle numerical
experiments.

We consider the equation of motion:
dtjdt =, d{di = REL), where R(EL) is a random

electric -field, &L R)=(x,v,qEm) for
particle motion in random fields, and

(5. 0. R) = (y. w x lg. cuEy/LBg) for guiding center
motion in a sheared magnetic field, where Lg
is the shear length, W is the particle
velocity along the magnetic field, and ¢ is
the speed of 1light. Random fields are
prescribed to have Gaussian scructure in

Fourier modes with the spectrum width &.
Trajectories of test particles are followed

and statistics of { variance is examined. We
define the diffusion coefficient by

Q:{d(AC’)Id! . where the time slope of the
variance is to be taken at t,{tlt,, t, is

the autocorrelation time, 1/(5kl), and t. is

the time at which particles reach the edge

of the resonance layer. We have observed

that particle diffusion rate {s substan-

tially deviated from the quasilinear value

anu depends on time when the amplitude of

random field becomes larger. Such a

transition frxom quasilinear to nonlinear

diffusion is observed without particle loss

from the resonance region. Time dependent

diffusion coefficient may be explained by
the effect of retarded friction caused by
turbulent fluctuations (4}.

1. O. Ishihara and A. Hirose, Phys. Fluids
28, 2159 (198S).

2. A. Salat, Phys. Fluids 31, 1499 (1988).

3. S. P, Hirshman and K. Molvig, Phys. Rev,
Lett. 42, 648 (1979).

4., H. Xia and O. Ishihara, Bull. Am. Phys.
Soc. 331, 2020 (1988).

*Supported by the AFOSR under Grant 86-0156.
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Generalized Langevin Equation for
Plasma Turbulence*

Huajuan Xia and Osamu Ishihara
Department of Electrical Engineering
Texas Tech University, Lubbock, Texas

The generalized Langevin equation,
originally derived for the study of
Brownian motion by Mori(l) and Kubo(2),
has been applied to the study of plasma
turbulence. The evolution equation for the

particle velocity in an electrostatic
plasma turbulence is derived by the
projection operator method. The time
integral appearing in the equation
indicates that the wave-particle
interaction in a plasma is not a Markovian
process. Thus the wave-particle interaction
cannot be described as instantaneous
collisions between particles and wave
quanta (quasi-particles) as is usually
done in a conventional weak turbulence
theory.

We consider plasma particles placed in
an electrostatic plasma turbulence
characterized by random electric fields
(Gaussian process). Particles placed
initially at (x,v) move in the random
fields to (x¢, v¢) in phase space at time
t. Then the particle velocity can be

expressed as
Ve = e -1 e v

where -41X 4is the Liouville operator and
is given by ={XZ = v 9/9x + (e/m)E(x)T/Pv.
The evolution equation (the generalized
Langevin equation) for vy can be derived by
the method of the projection operator as

d t
el Ee-xmw‘) -L Y V) vy (x,v) dt

where ~iQ = -1(1-P)L, P is a projection
operator, and Y._r is a friction function.
The time integral of the right hand side
demonstrates the memory effect in the
wave-particle interaction. The cumulant
expansion of the characteristic function of
ve, <exp(ifvye)>, shows the timc-dependent
nature of the velocity variance. We find
that the memory effect or the influence of
the past on particle trajectories in phase
space limits the particle diffusion {n
velocity space, in agreement with the
earlier observations (3,4).
1.H. Mori, Prog.Theor.Phys.13,423 (1965).
2.R. Kubo, Prog.Theor.Phys.29, Part 1,
255 (1966) .
3.0. Ishihara and A. Hirose, Phys. Fluids
28, 2159 (198S5).
4.A. Salat, Phys. Fluids 31, 1499 (1988).

*Work supported by AFOSR under Grant 86-
0156,
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PHOTON ACCELERATION:
THREE-WAVE INTERACTION®

©O. Ishihara
Department of Elecerical Enginccring
Texas Tech University, Lubbock, Texas

Recently a froquency upshifiing of short pulses of laser l
Iiglumaod’it;lbybamnudahus(l]. ﬁ':tons.whndn
propagate in a plasma with effective mass of fwa,/c2, were
showa %0 be sccelerated (upshified in €) by propagating down
the deasity gradient of a longitudinal plasma wave.

We sisdy the possibility of photon accelcration from the i
vicwpoint of threc-wave interaction{2]. We consider that a |
phown with momentum fiqpy; and energy fgyy will combine
a plasmon with momentum fiqy and encrgy o to give 2
photwa with momentum fiqos and cacrgy hodpy. The waves |
will intcract one another through the wave-particle interaction as |
shown below: i

II photon(f)

. -
/ /

/ /
photon(i) / / plasmon
where the straight line indicates a plasma particle (charge e,
...as:a:ndmp,. The inscraction veniex fusciion for

can be obtained by the usc of the interaction
Hanihonmbumpmdsmdlongmdimlqmpamcm

H = I d3x ¥ (x) eg(x) ¥(x) .

whae‘l’(x)nsamefmonofplasnapamds.wmled\e
interaction vertex function for the photon-particlc can be
obtained from the inseraction Hamiltwonian between particles and
transverse quasiparticles

He= #] @ ¥ (- £AD - A ¥()

where Ag and A, are the zero-order and the first-order vector
poscatial, respectively. Our calculation of the veriex function for
this threc-wave interaction process reveals that there will be no
mnonlomnfdnepl&muco‘dmdaamywauve
fomddmdtenmonuobahl becomes maximum when
the plason particles mndwdmdlongamwphm
o verior poxcmial A caubice i th apshat g of foocney of
vector resulting in the upshifting uency
o puenml

*Supporiod by AFOSR under Grant 86-0156.

{t) S.C. Wilks, J.M. Dawson, W.B. Mori, T. Katsouleas, and
M.E. Joncs, Phys. Rev. Letters 62, 2600 (1989).
|2l|\ ESG Har'r:ds \\'!nBAdwm in Plasma Physics, ed. by
Imon a Thompson (Interscicnce, New york,
1969), Vol. 3, p. 157. Y

I —
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EFFECT OF TURBULENT COLLISIONS ON
DIFFUSION IN STATIONARY PLASMA TURBULENCE

H. Xi:fand O. Ishihara
D Electrical Engincering
Texas Tech University, Lubbock, Texas

Recently the velocity diffusion process was studied
:;muman.mnm?:mdymzaum
meﬁﬁ.mmmwhmwﬁé
particle diffusion wvelocity space in turbulence

much as the resonance broadening effect.ga‘lbe retarded
frictional effect, produced by the effective collisions due %0 the
plasma mrbulence, is described as !

2
1) =—L B GxmE(xYY) . |
mX .

v,v)

where (., . ) indicates an average over real (x) and velocity (v)
g):mmd random fluctuation field E,(x,v) is assumed to be a

ussian, but non-Markovian and non-wide-sense stationary
process. The velocity diffusion coefficient in a stationary
plasma turbulence in the absence of magnetic field is given as

2 a 1 ]
Dvy=T_Z1{ & (t-7,) X(-1) Blvtty) .
v 2mzaJ., .Ldfzx 1) X(-1) Bv.n,T)

where

Blv. ti. ©) = Eqi(x,v), Exz(x.v))
=Y EE ¢ kv-out-t) (o7 Kaxy-axq))
«

with < >, a spatial average, is the resonance broadening term .

discussed in the reference 2. Here

=a -L —SL
x 2x ] “-i«wg(m)

introduces the effect of turbulent collisions on the velocity space
diffusion (Y(w) is the Fourier transform of ((1)). The diffusion
rate becomes time-dependent because of the non-Markovian

nature of the random process involved. The relation between .

the proposed formulation and the extended resonance
broadening theory[2] is discussed. We also carry out test
particie numerical

experiment for Langmuir turbulence to test |

the theorics. In a stronger turbulence a deviation of the

diffusion rate from the one predicted by both the quasilinear and
the extended resonance ies has been observed and is |
explained qualitatively by the present formulation.

* Supporied by AFOSR under grant 86-0156.
0] 3.9;(;: and O. Ishihara, Bull. Am. Phys. Soc. 34, 1926
(2] O. Ishihara and A. Hirose, Phys. Fluids 28, 2159 (1985).

s
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8T 21 Photon Acceleration by the Plasmon-Photon
Interaction.* O. ISHIHARA, Iexas Tech Univer=
aity - Photon acceleration in a plasma will be
observed as a frequency upshifting in the
electromagnetic wave propagating in a plasma.
We study photon acceleration from the
viewpoint of photon emission by the
interaction between plasmon and photon. Three
waves, photon, plasmon and photon, interact
one another through the interaction between
the wave and plasma particles. The
relativistic interaction Hamiltonian between
particles of species s and photons are given
by n--J:lauv*«-:v. where a is a 4X4 matrix
expressed in terms of Pauli matrices and a is
a vector potential, while the interaction
Hamiltonian between particles and plasmons is
ﬂ-e.ld’x?’o?. where ¢ is a scalar potential.
The frequency upshifting is analyzed in terms
of the energy gain of photon as a result of i
three wave interaction. . \

*Supported by AFOSR under grant 86-0156.

2R2 =

b H. XIA -and O.
ISHIHARA, IXexas Tech University -- The non-
Markovian diffusion in velocity space was
observed 4in the test.. particle computer
simulations of the plasma turbulence(l]. The
intrinsic non-Markovian effects such as
resonance broadening and retarded turbulent
collisions were found to be responsible for such
behavior(2]. The numerical experiment in the"
moderately strong Langmuir turbulence, where the
resonance region is bounded by the 1lower
boundary, shows that particles diffuse toward
the upper rxesonance layer after they hit the
lower boundary. It is found that the non-
Markovian behavior due to the boundary effect
further deviates the time-dependent diffusion
coefficient predicted by the intrinsic non-~
Markovian effects.
*Supported by AFOSR under grant 86-0156.
1. O.Ishihara and A.Hirose, Phys.Fluids 28, 2159
(1985); A.Salat, Phys.Fluids 31, 1499 (1988).
2. H.Xia and O.1shihara, IEEE Int. Conf. on
Plasma Science (Oakland, CA, 1990).




~ Abstract Submitted for the
18th 1991 IEEE Internationat Conference
on Plasma Scieni:e

PHOTON ACCELERATION
BY PLASMA TURBULENCE’

Texas Tech University, Lubbock, Texas

Recently, we proposed a novel method of photon
weelmtionlinwhichebmm;nedc waves injected into a

are the turbulence :
u\d&emw scattered by P‘l:;‘ hified by 2. Plasma Waves and
absorbing encrgy of the plasma turbulence, Instabilities
‘We examine the conditions of accelenation
fatheabovcmﬂoudccbmﬁorﬁcmm

mu or relativistic, )
wmhnfwapuﬂdeofspedashuew : x
1 -i—lv_-%%(x)r +¢,0()

5w c-(p - A + Prnge? + €,0(x)

where A(x) and @(x) are the vector and scalar potentials of the

field. o and P are the dimensionless Dirac 4 x 4 matrices
described as 2 x 2 matrices, The three-wave interaction takes

place among photon (Qy, q1), plasmon (£2,, q2) and photon
l (Qy, q3)-The scattered photoa (Q, qs) will have the frequency
of Qg = L+ 0, governed by the conservation law. The vertex
mwuwmumm

M-,-;Id’v (V) —— (

Va0, Osamu Ishihara
< ve { Ea_s_-u_um(
Q,-vq)(Q;-v-qy) \Q;-v-q, va-q, Texas Tech University

, Box 4439-MS3102
UPRY N
+_‘hﬂ'_us;?_ﬁﬁaz( ) } Labbock, TX 79409
r-v-qy nr"ls

Q3 - v-q5) (Qy - v-qy)

where Uq g and U4 are unit polarization vectors of photon osA.
fields, The terms with ug guy 4 are resulted from relativistic 806 742-3463
offect. This vertex function su that the frequency

) becomes maximum the wave vector of the
emitted is in the direction of electron streams in the
plasma turbulence.

——— i« st ——

*Supported by AFOSR under Grant 86-0156.

1. O, Ishihars, 1990 IEEE Inscrastional Cooference oa Plasma
Scicace, paper 2P2-16 (Oukiand, CA). )
2.0, Ishihara, Phys. Rev. A (in press). | Do

oot itor)




Abstract Submitted for the
18th 1991 IEEE International Conference

on Plasma Science

Characteristics of Distribution Function
in a Time-Dependent Velocity Diffusion Process®

Husjuan Xia and Osamo Ishihara

models and shown in the sest-particle simulations [1)-
{4]. The non-Markovian effects are for the time-
dependeat nature of the diffusion that deviates far

Under the assumption of Gaussian turbulent ficlds, the
non-Markovian effects were di.lgwed uutingdtepudc;:

a1 1n thotem
the

* Supported by AFOSR under grant 86-0156.

1] J. Weinstock, Phys. Fluids 12, 1045 (1969).
F. Dovell and D. Gresillon, Phys. 28, 1396 (1982).
Ishihara and A. Hirose, Phys. Flulds 28, 2159 (1985).

Fluids 31, 1499 (1988).

and O, Ishihara, 1990 IEEE International Coa-

on Plasma Science, paper 1B-7 (Oakland, CA).
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Osamu Ishihara
Texas Tech University
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Nonresonant wave-particle interaction in semiclassical quasilinear theory

Osamu Ishihara .
Department of Electrical Engineering, Texas Tech University, P.O. Box 4439, Lubbock, Texas 794094439
(Reccived 20 August 1986) :

A nonresonant nature of wave-particle interaction is clarified from the viewpoint of quantum .
mechanics. The interaction of particles and quasiparticles can be described by the use of transition '
probability which is found to have both resonant and nonresonant contributions. The resonant tran-
sition probability is known as Fermi's golden rule, which is now supplemented by the noaresonant
contribution, resulting ina the proper conservation of energy and momentum in the particle-
quasiparticie system.

NUCLEAR FUSION, Vol.27. Ne.8 (1987 1231

DRIFT ALFVEN EIGENMODE IN TOKAMAKS

A. HIROSE

Department of Physics,
University of Saskatchewan,
Saskatoon, Saskatchewan,
Canada

O: ISHIHARA

Department of Electrical Engincering,
Texas Technical University,

Lubbock, Texas,

United States of America

ABSTRACT. A drift Alfvéa eigeamode haviag a phase velocity significantly larger than the eloctron diamagaetic -
velocity is showa to exist in the tokamsk magnetic geometry. For typical ohmical hested tokamak discharges the
approximate diepersion relation is ¢o 8¢ 3¢o.,. Such & fast drift.mode has recontly been observed in the TEXT
tokamak. .
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SEARCH FOR

ION TEMPERATURE GRADIENT DRIVEN
ELECTROSTATIC HYDRODYNAMIC INSTABILITY
IN TOKAMAKS

A. HIROSE

Department of Physics,
University of Saskatchewan,
Saskatoon, Saskatchewan,
Canada

O. ISHIHARA

Department of Electrical Engineering,
Texas Tech University,

Lubbock, Texas,

United States of America

ABSTRACT. The jon temperature gradient driven electrostatic instability in tokamak magnetic geometry has
been investigated numerically in terms of a genenulized jon density moment. For typical tokamak parameters
(ratio between the density gradient scale length and the major radius, ¢, = L, /R, sbout 0 (0.1) and T;2x T,) the
search for rapidly growing instsbilities of a hydrodynamic nature has been unsuccessful, even with the ion tempera-
ture gradient relative to the density gradient, n; = d(InT;)/d(Inn,), as large as six.
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Resistive ballooning mode in tokamaks
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mmmmnmmumw imposing any ordering among charac-
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spece). An cxicasive pumerical wastable cigeofunctions has failed. Ouly a sable-foa dismagaetic mode (asalytically
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RESISTIVE MHD BALLOONING MODE IN TOKAMAKS

A. HIROSE
Department of Physics,
University of Saskatchewan,
Saskatoon, Saskachewan,
Canada

O. ISHIHARA

Department of Electrical Engincering,

Texas Tech University,

Lubbock, Texas, !
United States of America :

ABSTRACT. A mode equation foc the resistive MHD ballooaing mode in low beta sokamak magnetic geometry
has been desived and asalysod without imposing any ordering among the froqueacics «, «, (diamagnetic frequency)
and wy, (magnetic diift froquency operator). Ouly a stable, jon dismagnetic mode has been found. The resistive
ballooning mode is strongly stabilized by magnetic shear and toroidal effects.
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Resonance broadening in drift wave turbulence

O. ishihara and C. Grabowski®
Department of Electrical Engineering. Texas Tech University, Lubbock, Texas 79409

A. Hirose
Department of Physics, University of Saskatchewan, Saskatoon, Saskatchewan, S7N OW0, Canada

{Received 30 June 1989; accepted 4 October 1989)

Turbulent diffusion of clectrons in drift modes in a sheared magnetic field is studied by using a
test particle numerical experiment. Electrons diffuse across the magnetic field over mode
rational surfaces, where electrons interact with waves in resonance. A spatial diffusion
coeflicient, which describes resonance broadening, is found to be time depcadent and departs
from quasilinear predictions in stroager turbulence even well before the time when particles hit
the resonance boundary of the rational surfaces.
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Photon-Plasmon-Photon Interaction

Osamu Ishihara

Department of Electrical Engineering and Department of Physics
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ABSTRACT - y
A theory of photon-plasmon-photon three-wave interaction is presented. An electromagnetic
wave launched into the plasma turbulence interacts each other through the wave-particle interaction
resulting in the emission of an electromagnetic wave with frequency upshifted. The theory is
based on the Dirac relativistic wave equation, where the interaction of plasma particles with
clectromagnetic waves are described. It is shown that the frequency upshifting of the
clectromagnetic wave can take place in a current carrying plasma.

PACS numbers: 52.40.Db, 52.35.Ra, 52.40.Nk




