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Abstract

The propagation of a linearly polarized relativistic laser pulse in an underdense plasma is studied
bv fluid-Maxweil and PIC simulations. A nonlinear interplay between backward and forward stimu-
lated Raman scattering instabilities produces a strong spatial modulation of the light pulse and the
dowrn-cascade in its frequency spectrum. The Raman cascade saturates by a unique photon con-
densation at the bottom of the light specira near the electron plasma frequency, related to strong

depletion and possible break-up of the laser beam. In the final stage of the cascade-into-condensate
mechanism. depleted downshifted laser pulse is gradually transformed into a train of ultra-short

relativistic light solitons.
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1 Introduction

Ever since much acclavmed paper of Akhiezer and
Polovin [1] plasma theorists have been attempt-
ing to comprehend complex dynamics related to
the propagation of high and ultra-migh intensity
electromagnetic (EM) radiation through a plasma
This topic was successfully revisited a number of
vears later by Kaw and Dawson [2] whose analy-
si» threw more hght on the propagation of coupled
longitudmal-transyerse waves of arhitrary ntensi-
ties. The very hugh phase velocity case was solved
exactly soon by Max and Perkins [3] The problem
of relatnvistic laser-plasma ruteractions 1s of par-
ticular nterest concerning the fast ignitor concept
[4]. relevant to contemporary inertial confinement
fusion research Moreover, understanding of rela-
tivistic laser pulse evolution mn a plasina 1s basic
to many new applications. including optical-field-
jomzed x-ray lasers {5]. plasma-based electron ac-
celerator schemes [6]. as well as to interpretation
of some astrophvsical phenomena. Most of ihe

above applications require relativistic or channel
auiding of taser beams over longer distances. with-
out signifirant energy losses The piloneer workers
in thi~ field {1 2. 3] did not consider 1he <tability
of the plane-wave solutions related to nonlinear
interaction between norinal plasma modes. This il-
lustrates all the complexity of the posed problem.
even the propagation of a singie plane-wax e appears
intractable. and we have to deal with nonlinearly
coupled modes under various plasma conditions
Lirearly polarized relativistic EM radiation sets
plasina electrons mto the longitudinal motion by
the strong vxB forces changing its nature to a
coupled longitudmal-transverse mode. Sc are also
one-dimensional (1D) electron parametric instabil-
itiex stimulated Raman forward- and backward-
scattering (F-SRS and B-SRS. respectively) and
relativistic nodulational instability (RMI). They
do not appear wolated. but always coupled with
other instabnlities [7. 8] This paper will mostly dis-
cuss F-SRS and B-SRS induced by picosecond mod-



erate to high intensity laser pulses in long length-
scale plasmas. Particular attention will be paid to
effects of their mutual interplay and couplings to
RMI. This results in rich 1D- dynamics reflected in
spectral broadening and cascading process which
transfers the incident laser energy to higher order
scattering modes. Along the propagation beam,
there is typically a cascade in the light spectrum
from fundamental (laser} frequency toward lower
frequencies. The first Stokes lire is significant, how-
ever, further with laser propagation it becomes a
new pump which decays via a secondary Raman
scattering. This cascade process is halted around
the plasma frequency. the cut-off frequency for light
propagation. We find that continuing instability
growth through stimulated Raman cascade down-
shifts a maximum from the fundamental to the bot-
tom of the light spectra. This unique stimulated
photon condensation following a Raman cascade.
appears as a striking example of the relativistic
laser instabilities. This issimilar to a situation with
the Langmuir condensate in a weak Langmuir tur-
bulence theory [9, 10], where a condensate is due to
a Langmuir decay spectral cascading down to small
wavenumbers

When making a comparison between homoge-
neous temporal growth rates of B-SRS and F-SRS
in a weakly relativistic case, we conclude that their
ratio is roughly (n./n.)~%/* where n. is the critical
density. which means that the Raman backscatter
growth time is 5-30 times shorter than its forward-
scatter counterpart when plasma density is varied
from 0.1nc to 6.0inc. However, it should be noted
that B-SRS gets saturated efficiently at very early
stage of evolution while that F-SRS and RMI can
get close and even merge to a unique F-SRS/RMI
instability, which competes with the B-SRS insta-
bility in the process of anomalous absorption of
laser energy.

All mentioned processes have been intensively
studied by theory and simulations [11, 12, 13. 14].
Unfortunately, due to the difficulties related to non-
linear electron dynamics and anharmonicity in the
plasiia response, linearly polarized as compared
to circolarly polarized light has received less the-
oretical comsideration. So, in the present paper
our attempt to solve a fully nonlinear system of
cold electron-fluid and Maxwell equations for 1D-
propagation of high-intensity linearly polarized laser
light in a uniform underdense plasma 1s presented.
We also check the conclusions by a 1D and 2D
particle-in-cell (PIC) sirnulations. The PIC method
can follow the evolution of the laser light and plasma,
waves and particles on short time scales, much less
than the laser period.

The paper 1s organized as follows. In Section
II. relativistic fluid-Maxwell code is described and
typical results are presented. while Sec. III gives
some results of PIC simulations for the parameter
domain same as above. Finally, in Sec. IV the
results of both methods are compared. Particular
attention Is paid on spectral characteristics of the
propagating laser pulse, followed by a discussion
on the spectral Raman cascade and condensation
of the laser beam energy to the bottom of the light
spectrum, leading in its final stage to generation of
relativistic solitons.

2 Relativistic luid-Maxwell
model

A long laser pulse enters the plasma and propa-
gates in the x-direction, inducing both transverse
and longitudinal electron motion. We consider only
a purely one-dimensional case. in which the EM
field is described by longitudinal {£,) and trans-
verse (Ey} electric field components and magnetic
field B,. For further treatment it 12 convenient to
normalize all the physical quantities to dimension-
less values by introducing light-speed units. We
express length z in cwy' and time ¢ in wy -units,
and normalize electron fluid velocity v, momentum
p; fields £ and B, vector poteniial A and density
ne to ¢, me. mewge L. mwge ™! mee™! and ng, re-
spectively. Here ¢, m, e, wy and ng designate vac-
uum speed of light, electron mass and (absolute}
charge, laser light frequency and initial homoge-
neous electron density, respectively. In this way
Maxwell equations reduce to

6;: _ n;pr7 ()
8;3. N 563;2 _ n;A’ @
% + % =0, (3)
=, )

while cold electron fluid quantities are described by
the continuity and electron motion equations:

aﬂe . 8 NePr =
T e ( » ) ’ )
6}71: _ a'}’
T (6)

where 7 = {1+p2 + A%}*/2 and transverse momen-
tum py 1s substituted by the vector potential com-
ponent A under the Coulomb gauge; with an immo-
bile neutralizing ion background assumed. Unlike



the small amphitude case (weak pump case aid
car ~tabthty analyel~) i the strong-punp ot eon
sidered here. the ouly exact analy tival solution o
the systenn of equations (1)-{6} can be tatlorcd fo
crrcularly polarized EM pump Threct mnneneal
sohing of the above system has not been performed
often 1 the past [16]. So. our effort has been put
mto a buwlding of a stable numernical schee for
solving the 1D svstem (13-(6) mr a fully nonhnear
form. without any approximations The fluid equa-
tions were treated by the secoud-order accuracy
Lax-Wendroff method  As for the EM ficlds. a kind
of a central scheme of a leap-frog ty pe was applied
with simultaneous caleulation of all values assisted
by averaging exact electric and magnetic fields to
approximate mesh node values at every space and
time step. Surprisingly. the instabihty switcl-on
time was perfectly mdependent of the mtial nose
m the present simulation The explanation of this
effect lies 1 the fact that vxB-induced longitudi-
nal motion serves as a seed for instability develop-
ment.

In order to conclude about the backward- and
forward-scattering properties: reflectivity B and tra-
usmnittivity 77 are introduced:

R(r.t)= (F7)/EL  Tlet) = (FH?/EL (D)

where T and #~ are forward- and backward-pro-
pagating combined EM fields in a plasma

FRa)= E,+ B, (%)

3 Results and discussion

We have studied a propagation of a rather long,
high-intensity laser pulse with a relative mtensity
ay varied within the interval 0 -1 0. where

an = eEg/mape & 8D x 10- 871/ 2y W/ (9)

So. roughly speaking. the intensity range 101 —
10'8Wem ™2 was covered for laser light of 1pm m
wavelength. Plasma was initially uniform in den-
sity. witlh mg — G.ln. in most considered cases.
The pulse was typically about Ips in length {sev-
eral hundred vacuum laser periods) or more, long
enough to induce various electron parametric in-
stabilities, including forward and backward Raman
and relativistic modulational instabil:ty and to fol-
low their competition and nonlinear interplay and
saturation. The front of the pulse is imtially smoot-
hed by a parabolic function to avoid extremely high
ponderomotive action ahead of the pulse. which
could easily destabilize the numerical procedure.
For lower pump intensities (ap = 0.1) stimu-
lated Raman scattering in a linear regime cccurs,

[erh)

with Stohes compotwent nn the frequency spootrum
far Jominant over antr-Siohes one (g 11 Aloag
the propagatmg beant, there 1w a cascade 1 the
lght spectrum from fundamental (laser} frequency
toward lower frequencie~ The first Stokes hine s
sigmficant, however. along the propagation. the Sto-
Les mode further decay~ via a secondary Raman
scattering. This cascade process i= eventually halted
near the electron plasma frequency - the eut-off {or
the light propagation Further the laser mtensity
ay was rased to the value of ¢ 2 Although »tll
moderately refativistic. typically. a strong modula-
tion. depietion and breakup of the pulse take place
{(Fig 2}. Thi~eflect 1< well-known from: earlier sim-
ulations with ultra- mtense ultra-short laser pulses
[12. 13, 11 15 Although intally with the higher
growth rate. the predonmnantly convective B-SRS
mstability {in the pulse frame) stops 1t~ tempo-
ral growth to saturate over a short distance from
the pulse front.  Such strong backscattering de-
pletes the pulse energy localls creating a sort of
a notch at some posttion m the Jaser pulse [15]
However, this erosion i the body of the pulse will
not significantly affect the F-SRS. which although
with a moderate growth rate (tvpicaliy (1. /n, ]”3"'4
tnne- smaller than that of B-SRS) will develop at
eacll point mside the pulse producing a consider-
able modulation for practically any laser ntensity
To establish a connection to previous studics
on stimulated Raman scattering in preformed un-
derdense plasmas. we look at the time evolution
of the reflectivity R (Fig 3). Figs. 3a.b show
the SRS reflectivity vs. time for two pump 1n-
lensities (¢ = 0.2 and 0 3). while Figs. 3e.d give
the time-integrated reflected energy to estimate the
total fraction of the laser energy {about 1/10 of
it input value 1n these wimulations). Further. we
compare these results with 1D-PHC simulauon data
for the same parameters (Figs 3ef} We note a
high degree of agreement between the two meth-
ods applied Nouetheless, it 1s clear that the major
fraction of input energy goes to forward-scattered
and plasma wave nmodes and into electron heating,
the laiter not bemg captured by the Fluid model
Moreaver. the experimental and computational ev-
idence indicates that even an underdense plasma
can be a source of accelerated MeV-electrons [17].
Considering the B-SRS spectra obtained from 1D-
PIC code (Fig. 4) we observe imteresting features
pointing to their general character  The B-SRS
spectra taken for ap = 02 and ap = 0.3 at the
plasma boundary (¢ = 0) reveal the tendency of
cascading laser energy io lower-frequency spectral
mode~ The continuing instability growth through
Raman cascade downshifts the F-SRS maximum



from the fundamental to the bottom of the light
spectra  This unique stimulated photon conden-
sation following the Raman cascade, appears as a
striking example of the relativistic laser instabili-
ties. Such behavior is also confirmed by our fluid
simulation (Fig. 5} showing also that the energy
cascade-1nto-condensate gets more pronounced with
increasing laser intensity. As emphasized above.
the B-SRS instability is also responsible for a re-
flection of the relatively small fraction of the input
energy. Moreover, the cascade scenario was checked
upen again on the example of F-S8S which 1=, ab-
viously, mnore important concerning the amount of
laser energy converted mto the forward scattered
modes. In Fig. 6 we show the F-SRS spectra for
two pump values: ag = 0.2, 0.3. It is clear that in
F-5RS anti-Stokes scattered modes also carry a fi-
nite amount of laser energy  With increasing pump
intensity a; we again observe a strong cascade-into-
condensate channel of the laser energy down con-
Version.

For sustained intense pumping (~ @y > 0 3) the
photon energy density at the condensate further ac-
cumulates and grows {see Fig. 7 for @y = 1). In
this regime. abrupt transition to space-time chaos
and breaking of plasma and light waves 15 typi-
cally found. resulting in turbulent broadened fre-
quency and wavenumber spectra. This behavior is
related to an onset of chaos. predicted m the simple
B-5RS5 model with nonlinear relativistic plasmon-
phase shift [18]. As confirmed in the present simu-
lations, the accompanying effect is the catastrophic
laser pulse breakup. which becomes more apparent
in recent 2D particle simulations [15. 19]. For the
relativistic intensity ag — 1 in Pig. 7, unlike some
of the previous examples, the fundamental line is
well kept 1n the spectrum. This 15 due o the fact
that at high laser intensities SRS dechimes 1n rela-
tion to the moderately relativistic case {Figs. 4-6).
The Fig. 7 also re-confirms a pretty good agree
ment between Fluid-Maxwell and PIC code results.

In order to check the generality of the observed
stimulated scattering properties we applied the 2D-
PIC' simulations in a simulatior box 200A; x 50Ag
filled with a cold uniform plasma of the density
n. = 0.1n.. with 125X -vacuum layers on both
sides in the laser propagation direction. In Fig.
8 the 2D-profile of the laser pulse emergy density
{averaged over the laser period Tp) is plotted for
three subsequent times during the pulse propaga-
tion. Futhermore. Fig 9 gives a view of the fre-
quency spectrum of the transmitted light vanation
across the outgoing plasma boundary {bottom). to-
gether with the spectral intensity distribution on
the central axis {top}. These spectra clearly re-

veal the linear Raman-cascade contamning both the
first anti-Stokes and first and second Stokes modes.
which are later to evolve into a strong phaoton con-
densate {see Fig 6 e.g.). The already mentioned
break-up of the body of the laser pulse appears
here again; moreover at almost the same position
and time as in fluid simulations A strong spatial
self-modulation of the order of 2mc/w, {~ 3X¢) cor-
responding to F-SRS/RMI instability is observed
already at an early stage of 2D- propagation. The
stmilar effect on the laser energy. showing intense
spiky modulation of the pulse front followed by a
strongly depleted pulse region. 18 evident aiso in
1D-fluid simulations (Figs. 10a.b). The wavenum-
ber (k) spectra offer a better insight into the pe-
culiarities of the spatial variation and their con-
sequences. The k-spectra of the electric field at
the moment + = 2007, for two different laser in-
tensities are given in Fig. 11 The case in Fig.
11a {ap = 0.3) reveals the initial stage of cascad-
ing with clear discrete spectra. to be later devel-
oped 1nto a turbulent photon condensate at very
low k-values (Fig 11b. for ag = 0.4 This picture
confirms our conjectures about the Ligh relovance
of the cascade-into-condensate mechanism in rela-
tivistic laser-plasma interaction

The finding that the Raman cascade gets sat-
urated via the photon condensation mechanism.
bears a similarity with a situation with the Lang-
muir condensate in a weak Langmuir turbuleace
theory [9, 10]. In the latter case. a condensate is
due to a Langmuir decay spectral cascading down
to small wavenumbers. As no dissipation exists at
long wavelengths a uniform random plasinon state
can become modulationally unstable, described in
its nonlinear stage by the Zakharov model. a gen-
eralized type of the nonlinear Schroedinger equa-
tron. The latter possesses the stable 1D Langmuir
soliton solutions which are likely to collapse in 2D
and 31} cases, becoming a basic building block of
the theory of Strong Langmur turbulence. Indeed
for a photon condensate. in the laser pulse frame.
one can also derive the NLSE which is moduiation-
ally unstable leading to a generation of relativis-
tic EM solitons coupled with density depressions
[20, 21. 22]. Accordingly. the photon turbulence
at the condensate, in the presence of the depleted
pump, is expected to be modulationally unstable.
nonlinearly saturating to localized 1D soliton-like
light structures. as reported in some earlier ana-
lytical and PIC simulation studies [20. 22]. An-
other possibility also exists for solitons to be di-
rectly generated from the spikes nucleated in den-
sity depressions as a result of nonlinear F- SRS and
RMI (vide supra) [23]. This might be a reason



for predomnnantly observing the solitons with the
width of the order of F-SRS-RMI lengihs lndeed.
A possibility of sohiton generation i relativisise -
teractions has been confirmed 1 the <imple case
of our 1D-fluid cold electron plasina simulations
iFig 12) In Fig 12, for two different laser in-
tensities (ag = 0 3 and 0.5} we find a fine evidence
of relativistic ~olitons formed 10 the final ~tage of
the cascade-1nto-condensate saturation of the laser
pulse As already noticed in Fig 10, a spika. spa-
tially moduiated pulse front travels with a group
veloeity related to an unperturbed laser pulse. The
front 1s followed by a strongly depleted downshifted
body of the laser pulse. 11 a process of relativistic
saturatiorr  The solitons are born from the local-
ized light spikes 1 the wake of the strongly de-
pleted front edge of the laser pulse. They begin
to lag belind the pulse front to eventually forn
a remarkable pattern of the standing soliton lhight-
structures. sometimes. slowly moving in the back-
ward direciion [19. 22] Further along the prop-
agation path. the energy of the strongly depleted
downshifted laser pulse gets gradually transformed
1nto a train of ultra-short lhight sohitons. 1t 1» ev-
ident that each relativistic soliton 15 trapped -
side the local self-consistent electron density cav-
ity, produced by a steep gradient of the relativistic
ponderomotive force, as lustrated m Fig.13

4 Summary

We have mvestigated the propagation of a linearly
polarized relativistic laser pulse i an underdense
plasma by 1D Fluid-Maxweil as well as 1D and 2D
PIC simulations While the circular polarization
was earlier studied 1n detail, a case of a more real-
istic linear polarization has received much less at-
tention. A nenlinear interplay between backward
and forward stimulated Raman ~cattering and rel-
ativisuc medulational mstabilities 18 found to pro-
duce a strong spatial modulation of the laser pulse
and the down-cascade n the hight frequency spec-
trurmn  The Raman cascade nonlinearly saturates to
a unique phoion turbulence condensate at the bot-
tom of thie fight specira near the election plasma
frequency. correspouding to strong depletion. ero-
sion and possible break-up of the laser heam In
the final stage of the cascade-into-condensate mech-
anism. depleted downshifted laser pulse gradually
transforms its energy into a train of ultra-short rel-
ativistic light solitons.
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Figure Captions

Figure 1: Frequency spectra of forward-propagat-
ing laser light at the points: {a} # = 60Xy and
(b} x = 200Xy, respectively, nside a plasma. for
ag = 0.1.

Figure 2: Spatial dependence of transverse laser
electric field in the fluid model for ag = 0.3, n. =
0.1n,, T. = 0. A strong modulation. depletion and
breakup of the pulse take place.

Figure 3: SRS reflectivity vs. time for two pump
intensities: ag = 0.2 and ap = 0.3 (a.b respec-
tively), the time-integrated values of reflected en-
ergy {c,d) and the corresponding data from 1D-PIC
stmulaiion for the same parameters.

Figure 4: B-SBS spectra {at = 0) obtained from
1D-PIC code, for ag = 0.2 (a} and ez = 0.3 (b).

Figure 5: B-SRS spectra obtained from the fluid
code, for ag = 0.2 (a) and aq = 0.3 (b).

Figure 6: F-SRS spectra for two pump values:
{a} ap = 0.2 at £ = 100Xy and (b) ay = 0.3 at
r = 200A;.

Figure 7: Forward {dashed iine} and backward
(solid line} electromagnetic frequency spectra for
laser intensity ag = 1.0. obtained from 1D-PIC sim-
ulation (a) and Maxwell-fluid simulations (b).

Figure 8: 2D-distribution of EM energy density
(averaged over laser period T3} in three time mo-
meitts of the pulse propagation. as obtained from
2D-PIC simulation.

Figure 9: Transmutted light spectrum varnation
in transverse direction (bottom) and its spectral
distribution on the axis {top). obtained in 2D PIC
simulations.

Figure 10: Spatial distribution of EM energy den-
sity at {a) 7 = 15075 and (b) f = 2007} as obtained
from 1D-Fluid simulation.

Figure 11: The k-spectra of the electric field spa-
tial dependence at the moment ¢ = 2007} for two
different mcident laser intensities: {(a) ap = 0 3 and
{b) ap = 0.4.

Figure 12: Spaital-temporal distribution of EM
energy density between t = 1507; and ¢ = 4007,
for ag = 0.3 (a) and ag = 0.5 {b). as obtained from
1D-Fluid simulation.

Figure 13: Spatial dependence of EM energy den-
sity (a) and electron plasma density (b} at £ =
36075, from 1D-Fluid simulation.



e 2

s]e]

08
W/ o,
(t=100T,)

(4)
20 0o
Figure 1.

S0

b1t

Figure 2.

05

B

10

o/ o,

150

15

(a)

200

(b)

(b)

20



R (%)

<R> (%)

<R> (%)

IE{)l

100

100

150
tiTo

-—

200

T T T T
i i

®
[+ 3
10 T
g T
N ’/-
X /
v ;
5 i
/-—’
c - —
250 G 100 150 200
t/To
1% -
. 10
&
a | VA
* s f/
"—//
| i
. ~
e 0
0 - T ‘ ;
300 0 0 100 150 200

Figure 3.

230

0.016 ——

0.012 |
0.008 |

0.004 +

0.02 —

0.015 [

IE(e)l

0.01 |

TN N 00 T T T N Y T SO RO B0 B |

Figure 4.




()

[

- ‘v
{ne){mial

0c

g 2Ins1y

an

CS\S
} o Gl a1 S0

‘O /o
¢l 01 0

|
]
—

(e)

00

(‘np) wnagoads - <

00

(nv) wnigoads - veiy



(AR RAS RARARL

pIemIO

pIeAmI0,]

[wr] A

oo oSt (o o} A os (o]

oo oS L [o 1o} 5 os o

ooZ oSt [ele ] B os O




E, _ spectrum (a.u.)

008

2 | 1.1\ )

2 006 il 'h‘" (a)

: 001 ’!l ; }I‘ 1’15 LI‘] -El[Il,il'll-U

2 I | i

Son2 ! ( ;:-J k?’l-ﬂr.fi;hhr \[

3 e, U
000 4+ N _

0 50 N 0}(30 150 200

0 08

. 1\
' '#w:u-'ﬂ\"-fi E’f'wf“*ﬁ
0 100

Figure 10.

(b)

E, - spectrum (a.u.)

Figure 11.



W (1,%)

W (,X)

350

300 —

250 —

(a)

150

300

250

206

150

50 160 150 200 250 300
X/ A

(b)

350

50 100 15¢ 280 259 300

Figure 12.

350



(b)

0 50 100 150 200 250 300 350
X/ A

Figure 13.



NIES b6

NIES 6T

NIES-658

NIES-659

NIFS-660

NIFS-661

NIFS-662

NIFS-663

NIFS-664

NIFS-6635

NIF5-666

NIFS-667

NiF5-668

NIF5-669

Recent Issues of NIFS Series

K Narnbara D yamade N Ohvabu ROY Matanabe N Adnbhawa P CdeVroes M imote Hiovoaba M Guio k Ichiguchr, Kolda H 1der

k lheds S Inagaks N lnoue K Iobe S Kade O kansho K Kawahate K Khlopenkoy  Thobuchi A homorn § Kubo, R humazawa.

Y Liang  §Muasuzake TMmam JMiazaa s EMorsaks S Menta S Marahamn S Mate T Muoioh Y Nagasama Y Nakamura H Nabanishy
Y hareshima ko Sehimura N Seda DNotake S Ohdacln Y Oha M Oaababe S Oakt RO Pavhichenbho B T Peterson A Sagara

K Sae & Sakahebary R Sahamoto H Saaao M Sasao kosare M Sate TSeky 1Shimosuma C Shopr H Susukt A Takayama

M Takehr Y Takern SN Tamura K Tanaha b Tor N Tokuraws Y Torn K Taomon TWatan H Yamada S Yamaguchr S Yamamolo

M Yokavama Y Yoshimura S Satow K lioh K Obkubo K Yamazakr S Sudo O Motopma Y Harieda M Fupwara

Transioon trom lon Root 0 Blectron Reot in NBE Heatod Plasmas i LHD Sep 2000

ITAEA-CN-TT/E APS 2%y

M Sawao. S Murahanu Mo Lobe AV Krawimboy S5 hduka Kofoh N Nakapnma M Osakabe, K Sato 1 Sek, Y Takein T Watan

N Ashihawy . Pdedaries M Emoto H Funaba M Goio K 1da H lder K Theda S Inagakt N laoue, S kade, O Kancho K kawahata.

& Khlopenhos  Lhobuchi A homon & kube R humazawa § Masuzak TMinann } Miyazawa, TMonsaks S Menta $ Mo, 1Mutoh
Y Nagayama Y Nohamura H Nakamshr K Nanhara k Nishimura N Noda INotade Y Lagng S Ohdachn N Ohyabu Y Oka. TOzah

R O Pavhichenho B J Peterson, A Sapaia $ Sakahibara R Sakamote H Sacpod K Sate M Sata TShimosuma, M Shop H Suruk

M Takechr. N Tamure k Tanaka. K Ter TTohuzawa Y Torn K Tsumon H Yamada | Yamada S Yamaguchi S Yamamoto. M Yokoyama.
Y Yoshimura K ¥ Watanabe and O Motopma

Study of knergetic lon Transport i the Large Hebeal Devie Sep 2000

(TALA-CN-TT/EXR9

B I Peterson. Y Nakamura. K Yamazaky N Noda } Rice ¥ Tahewt M Gowo K Namhara K Tanaka k Sate S Masuzaki, S Sakahibara.

K ida H Fumaba. M Shop M Osakabe M Sato, Yuhong Xu T Kobuchi N Ashikawa. P devnes M Emow H lden. K fheda S Inagaia

N Inoue M lsobe, S Kado K Khlopenhov § kubo. R kumazawa. T Minami. J Mivazawa. TMosisaka, § Murahami. 5 Muto. TMutoh.

¥ Nagayama. H Nakanshi, K Nishimura TNotahe Y Laang. S Ohdachi Y Oha. TOzahi. R O Paslichenho A Sagara K Sato.

R Sakamoto H Savac. M Sasao TSeht TShimosuma H Suzuki M Tahechi. M Tapwra, h Tor 1 Tokuzaws Y Torn K Tuumon,

1 Yamada. $ Yamaguchi § Yamamoto, M Yokosama Y Yoshimura kY Watanabe., TWasan. K Kawahatz O Kaneko. N Ohyabu. H Yamada
A komor: S Sudo O Mooyuma

Impunity transport induced oscillations in LHD Sep 2000

(JAEA-CN-TT/EXPS/2T

T Satow S§ lmagawa. N Yamag. K Takahata T Mio § Yamada H Chikaraistn A “ishimura [ Ohtake Y Nakamura. § Satoh O
Motonuma,

Achieved Capability of the Superconducting Magnet systera for the Large Helical Device Sep 2000

HAEA-CN-TV/ETPI/S)

T Watan. T Mutoh. R Kumazawa T Sehy K Sawte. Y Tormn Y P Zhao . D Hartmann . H lder 8 Kubo K Ohkube. M Sato. T
Shimozuma. Y Yoshimura, K lkeda O Kaneko Y Okao M Osakabe. Y Tahein, K Tsumort N Ashikawa . P C deVnes. M Emoto.

A Fukuyama . H Funaba. M Goto. K [da. § Inagaki N Inoue. M Isobe K loh. 8 kado. K Kawahata, [ Kobuchs K Khlopenkov. A
Komor. A Krasilmkes Y Liang.S Masuzahi, K Matsuoka. T Minami. J Miyazawa, T Monsaki, § Morita § Murahamm § Muto. Y
Nagayama Y Nakamura H Naokamsti K Nanbara. K Nishimura. N Noda. A TNetake S8 Ohdachi. N Ohysbu. H Ohada M
Okamoto T Ozaki R O Pavlichenko, BJ Peterson. A Sagara. S Sakakibara. R Sakamoto. H Sasao. M Sasan. K Sato. § Satoh. T
Satow M Shop. § Sudo. H Suzuki M Takecht N Tamura .5 Tanabashi, K Tanaka. K Toi. T Tokuzawa K'Y Watanabe. T Watanabe. H
Yamada. | Yamada, $ Yamaguchi. § Yamamoto. K Yamazaki. M Yokoyama. Y Hamada. O Motojima M Fupiwara

The Performance of 3ICRF Heated Plasmas in LHD Sep 2000

(IAELA-CN-TT/EX8/H

® Yarnasaki. K Y Walanabs. A Sagara. H Yamada S Sakaktbara K Nanbara, K Tanaka. M Osakabe K Nishimura. O Motoyma. M
Fuprwara the LHD Group.

Heheal Reactor Design Studies Based on New Continernent Scahings Sep 2000

(IAEA-UCN-77/ FIP 2/12)

T Hayashi. N Mizuguetu. H Miura and T Sato.

Dynamics of Relaxauon Phenomena 1n Spherical Tokamak  Sep 2006
(1AEA-CN-77THP2/13)

H Nakamura and T Sato. H Kambe and K Sawadaand T Smhi.
Design and Opnmizauon of Tapered Structure ot Near-field Fiber Probe Based on FDTD Simulauon Oct 2000

N Nahkapma.
Three Dimensional ideal MHD Siabihty Analysis in L=2 Hehioron Systeras (k1 2000

S Fupwara and T Sato
Structure Formanon of a Single Polymer Cham 1 Growth of trans Domains Nov 2000

S Kuda,
vortical Structure of Turbulence Nev 2000

H Nakamura S Fupiwara and T Sato.
Rigidity of Onentattonally Ordered Domains of Short Chamn Molecules Nov 2000

T Muteh R Kumazawa T Seki K Sanwo. ¥ Tomi. F Shimpo. G Nomura. T Watan, D A Hartmann, M Yokota. K Akashi, N
Ashikawa. P deVnes. M Emote H Funaba, M Goto. K Ida H Ider. K lheda. S Inagaki N Inoue. M lsobe. O Kaneko. K
Kawahata A Komen. T Kopuenl 3 Kubo 3 Masuzehr I Monsak. 53 Mo, J Miyacawa 5 Muotakanu T Minami. § Moo Y
Nagayama, Y Nakamura. H Nakamshi. K Namhara N Noda K Nishimura K Obkubo. N Ohyabu S Ohdachi. Y Oha. M Osakabe T
Ozak1 BJ Peterson. A. Sagara. N Sato. b bSakakibara. R Sakamoto H Sasao M Saszo M Sate. T Shimozuma. M Shep 5 Sudo H
Suzuki, Y Takewr K Tanaka. K Tow T Tohuzawa K Tsumori. K Y Watanabe T Watanabe. H Yamada. | Yamada. S Yamaguchi. K
Yamazaki. M Yokoyama. Y Yoshimura. Y Hamada. O Motopma. M Fupwara

Fast- and Slow-Wave Heaung of lon Cyclotron Range of Frequencies 1n the Large Hehea! Device Nov 2000

K Mima, M S Jovancvie Y Sertohu, Z-M Sheng MM Skoric and T Saio,
Sumulated Photon Cascade and Condensate 1n Relativistic Laser-plasma Interactnon Nov 2000



