Q03FEMERE(EEREE=EFXVv>/\X)26aKC-2

TS5SXTREIEE—RERD YR
RRFIRILE—FFZHHER 7l




F5X3I— A RR DO BHNEAST S

A
y
EFZEN % n(x)
YT CRER (FR)
EE'EE’BE | (:=E—I~;Z"§?ﬁ

Lot @

@ _ - > X

HISBIE DKL, RENELLY
(AR R (S EE IR DK<
w

___‘v-
4

AFE S HIEE {58 £ THAEE v
EEAEAEE LY+ KEUVEE E ~Vthermal
TlEAT-WNTS IRz LYK

AT TES,



TILORD KIS, (BB IS, Si8E A (UH)3

-y,

-~
~~~
-~

kic? e T G
I T Dy = Ve e - L1
A [ k2 2 2 1 LH 2 2 1N \ pe e,
//C + C()pi 1+ C()pe /Qe Sl - .

EFHUMo0rO  BER#HDRENXSEERELIEE
TEF/IN—2RBAL (EB)RIZE—RZEHT S
CDREIRBFTIIAA DI EITERTE,
BFDILEDHEEET D,
LUTCDBEEIZDONWTHRRS,




L4

REFFE

N

0B 1 OF

IYIRADTILDETERX rotE = —== TOtB = pof + 5

RENE—TERERA w zH OEREAKRICKYEEEISN S
E(r,t) = E(r)exp(—iwt) B(r,t) = B(r)exp(—iwt)
BERIRNE (GIE r DRE%K
B X EISGIZEH
jr,t) =0 -E(r,t) =0 - E(r)exp(—iwt)
o BRUGEETUVI

KENHTEL
rot(rotE) = k(¢ K - E |
ko==: BRZEMEH K=1+—7 5"

¢

ET)I)

(i
Il



FRHIE R (B 2) DA T-WITSXELTOESH HIEK
CREBDMEERENNFORREIY+ 7 KREVNGE
[ZH )

du
m, dte =qg,(E +u, X Byz) —vm,u,

u,: KENTEREI SN SRR

Kt

4500 [=F] 2 * S FE7e— FL = 71 N
V: 1& V/w &KL 1 THAERICEYBREIFEHROHA
LENERES 5, CNERAVWTESIEERTUYILESRS,

jr,t) = n.q.u.(r,t) = 6 E(r)exp(—iwt)



A=W S5 X <L

il

S
5

(S —iD 0
T K.=[iD S 0

S=R+L)/2 D=((R-L)/2

R=1 wg L=1 wg
B w(w* + Q) B w(w* — 0)
2
BO) w
Q=12 L EWTHA s w be AR
e
nqu = 0 — ~ U7
Wy = s BT T A~ A
\ Meo

SHa:
“Waves in Plasmas”
by T H Stix



—RRIER -\ T S XD KED

EBICKEL—HFLETSATHDER K

E(r,t) = Eexpi(k-r—wt) B(r,t) = Bexpi(k -r — wt)
N\ miRE (EREa D) —

RENAFE

rot(rotE) = k2K - E
ko==: BERZEMEH K=T+—0 FBETVIL

NXx(NXE)+K,-E=0 N =k/ky: JETTR~T L



— KRG -WIS5 X0 KE

RENAIZE
S—N?cos?0 —iD N?cosBOsin6 Ey
( iD S — N2 0 ) | Ey |=0
N? cos0sinf 0 P — N?sin® 6 E,
58 R
AN*—BN?*+(C =0 . |

A= Ssin®“0 + Pcos? 6
B = RLsin? 6 + PS(1 + cos? 0)
C = PRL

B + VB2 — 4AC
2A

=105 )
N2 >0 DESEB/BE—F

NZ =




TS XRRZTHOREEE (R TFXiaL)

ZEMNAMR(ZIEK,

zA R EYyARIZIE—1k,
TS5ARTEMNGREZEY AL,
EIBICRRL . Mi5(By2) A RDIE
WENzIXREFT S,

VAN -

AR N2 o NZ + N? N, = Ncos6
AT
AN* —BN?+C =0
A = Ssin®6 + P cos? 60
B = RLsin? 8 + PS(1 + cos? 9)
C = PRL
B9 5




aNg —bNZ+c=0
a=S b=RL+PS—N2(P+S) c=P(R—-N2(—-N2)

5 b+vVb2—4ac
X 24

x a=85 >0 MDEE N2> o(HIB)
+ N2=0(GEM) DEE c=P(R-NAODL-NH)=0
P=0, R=N2?, L=N?
* N,=0MD&EE
SN} — (RL + PS)NZ? + PRL = (N2 — P)(SNZ2 —RL) =0

N2 =P(O}K) ; N2=RL/S (XE:BF/IN—DRIAVELEER



CMA diagram for EC waves (N,= 0)

2 = |
| S=0 Upper Hybridi Resonance .
w = \/a)ge + Q2
P=0 (w = wpe)
% «B, 1 Plasma Cutoff

o o — o s e " o e o m mm omin omm b - s

R=0
Cyclotron Cutoff

o o o e e e e e e e

0 1 2
Whe/w* o N,



Perpendicular Refractive Index versus Density

3 -
Upper i

Hybrid |
Resonancei

2 - Layer i




NzMBDEHEXE—REOE—FIEFEET D

3 ™

Upper i

B Hybrid |

Resonancei

2 [ Layer i
1 -




Uppeﬁ
Hybrid!
Resonancei

T
\%
B %
0 I I1
wp/w* < n,




T i T
S=0 Upper Hybridi Resonance
w= |wi + 0% —
\/ pe e L=NzA2
Cyclotron Cutoff
P=0 (w = wpe)
Plasma Cutoff
|
0 1 2



LNTHEEHT

ZEilE., K&, RINZDWTIEM D AR EF

EECRERDIGEEMHITIT S

E(r,t) = E(x)exp(—iwt)

B(r,t) = B(x)exp(—iwt)

REAENCKA

rot(rotE) = k2K - E |
ko=2: BEAZMKH  K=T+_—5 :FE:

XE—FDEEIAIER

XEESY: 0= KBy + Ky By

. d?
YE‘Zﬁj\ —d—ngy = ny Ex ~+ Knyy . f = kOX



Perpendicular Refractive Index versus Density

3 =
Upper i 2
Hybrid ! 3
Resonancei
2 - Layer i a

NZ =P

1 i . |
0 1 2
Whe/W* < M,




beta= OAGE67 alp0= 150000
Ln/rmd0=1.00 nz= 0.00000 coll-freg/wave—freq = 0.000200

ZEENRNEONZELENIXUHEISE TRIR

~ RATAVT R B




EX O]

beta= DGGEEG7T glp=1 50000 Haxis expansion rate=1.0

L rmcdl= 0.20 nz= 0.00000

L5

coll-freg/wave—frag = 0.00020

129 DERGTEBBAE

x/\O

Re-Ey

Im-Ey

Im-Ex
Re-EXx



x/\O

Re-Ey

Im-Ey

- Im-Ex

Re-Ex



BREF—~V—FEZFDOHE
a—ROA—F—FTEREL =AM

XE—FDFEENSFER

XEiS: 0=K Ei—%(yLE ¥ K, E
' xx x“\\dg‘k ag XL XYY

. d? S
YRS : —-5E, =K, Ex+K, E, :&=kyx

dfz Yy
_ ool : e 2 s e
,"&" X .))wpw (Ut) v _ je ;‘\
( el — — \
\\~~ ((1)2 QZ )( (1)2 4‘.(22) & t me 7,’l

—8RETSXIHTIX E,(x) = Eexp(iN,§)



Tl

5 F/IN—2 R (EB)IRD LR

RKEWIZFFERE=I D
divD =0

D = g KMot . E EETIRIE (AEEE)

E=—grad ¢ =—ik¢p ¢(r,t) = pexpi(k-r — wt)
divD=k-D=k-e,K"" - E = —igypk - K"t - k = 0
FIENLRFERIELIO 7 (&

k-Kt. k=0 % I8

= hn -

“Waves in Plasmas”
KMot BZEITIRBEINS, by T H Stix




A=MODE and Electron Bernstein Wawe Dispersion at Slightly Obligue Propagation

Owpdwo) 2 =18

K/ F*kre = 0.0080 . "

/vt = 1500 EB;&'O)ﬁj\ﬁ&y

o wee) e from 0 10 00 kP, =0.008, T, =10eV (@, /Q, F =1.8
I ' to 0. _ _ _
Max Harmanic Band = 04, 5 1Pe = 0008, e =10V /Q, _

Cold X

Backward Wave -




1.0

0.5

Cold Approximation

— e e e e e e e e e e

!

Mode Conversion Point

Bernstein Mode

X-Mode

...
* -08, Ny,
0 /

=0, I =Lokel

0.0

0.5

k| p.

1.0



1.3-:
W=
- '
' 1
w ) 0.0
_ : pe/Qe-O.B (b) 8
H
§
1.2
Qe P08
C:m \/,
N ,/
3 .
' rd
11y '/ k ™
\ ,-"/ lgs |
K " a, m
\ ,’ q
l\ O P- ‘
IOIE ‘\ 104 -r0.0Z
. 0 --------- J —————— 0
0.0A’-"
femm= =" -
. ]
kR 2 0



heta= 0GARAET TeleW]= 4000

' EECEDES

15 i
I Hot 5% & R VT M

10 — EBIK

N, [ %R

5 [ BREI—Y—+FFONE
I F—RDA—F—FTEREL=EM

0 \ T —
N -

2 |

2 7,2
Whe/ W X Mg



UHRE T ST TCE M BEBRIZE—R LR o IR

[TTI

BARISAEEA —s /NN i

E EB/&
— Backward Wave B
- Sely t e S\ 2T] iy e =2, \ l
X EEBRICHEETES . e
= RIFEZEE -
— < ]
.. G .. G G
X3

[TTT

FTT

[TTT

258
Kt
5
3

1
I

1
w
1
N
1
(WY
o
[ERY
N
w
D

alpad= 016000

Re-Ex
Im-Ex



Nz ER THNIFOFE TAS L TEXETASLTE
FTNFNEBRIZHEE ST 5,

3
Upper i
B Hybrid
Resonance
27 Layer i

1_




B 1 R iR KD HF A

O EXSED Constructive Interference 2LV
EiREx S5

UHRIZB (2109 DX L
E—FZEBINS,

==l

RETTI NTEBKIC

BHLEDIRBEWNZ DWW TILColdiE LD R EN A FE
RKICKAHEBFIRETILAFEHATES,

E—FEHDOREITIIDRFEZ LS,




ELITHZ AL =E— DO T

H. Igami et al. PPCF 46 261

Transverse
Electromagnetic Waves ) Bernstein Waves |nc0ming
--------- - X' a| 51 + (1252 azes
~ @(
y”’ Outgoing - . . A
Outgoing W €1 = GXD(lan’ — 10!){)]6!
___________ - . / . A/
Incoming 4 i 82 T exp(lkoz o la)t)} .
hf\/; @i/koz L S e €3 = P EXP(—ik X + K7 — 1wt
P X’ .
& - Outgoing |
B = B(x) [ cosB(x) 2 + sinB(x) § ] bl fl +b2f2 and b3 f3
y X
B ELITHIZ AT
iR D IRIE bl Sl 1 S]-g S|3 aj
blb2 b3 % f
o 1 s = b1 =18 Sv SH3 a
AR D RIE : S .
ala2 a3 b3 S531 532 533/ \@3

-Gﬁ-d_o



At RS EHKB OELITHZERWNT
AT BHIR M BEBRANDERELITHIZEZES

BHREETEND:  §F gl |
R RERAR IS DV TDREITLY -
S2| = —513. S:;g = —ng, and 531 = SL";.

LE&Y
S31 = riexp(if;) S32 = rpexp(ith)

=1 =815 —5155. = V1 =SSt — S»ss,
E‘Kp{i(& — Hg)} = — (5 S?E + 55 SE}/M .

EBEDIRMEIX b3 = S31a4 + S32a;

b3bs
a;a; + a,a; H. lgami et al. PPCF 46 261




iR ICRDAFDIGE

Destructive Interference

nefnc

Lnf?l.O:C-.ES, ﬂufm:D.G, n=oc=0, N”:O.4?5 (b) Lnﬁl.O:O.25, Qﬂfmzﬂ.ﬁ, n=o=0, N”:D.4?5

' | | - ' ' ' Vi@=0001 ' (b)-1-
i i - —— v/®=0.0003 ]
w 1 |
PR oot PO o v/m=0.0001 ]

| | | | L 1 | L
0 —_ | | | | | | I | I | | | | —
2k (b)-2
& O =
-3 N i I | I | I | I | I | I i T

| | | | | | | | | | | ' ! ! ! T T T
| T | T | T | T T T ;s 2 (b)-a—
= (a)-2 - > - 1
> NS =
m | |~ -
i y M e W R i O O T

g B = .
= RN | CE » (b)-4=

——mNAH] T 0 I

'_
!
)
W
T

k)

-

O
r
>
\
m
=
o
=
@
W
O
@
=
L
=4
T ; |
|

<
1
I
|
p | _
|
|
I
A 11
hz
o Wo
|
=
G ||||| IGFI 1



EEREIZLDES

Constructive Interference

() Ln/A=0.25, © /0=0.6, 1 =0 =0, N, =0.475
I | I | I I | I | | I

_ 2 v/=0.001 (a)-1-

X [ —-— vi©=0.0003 1

= A v/@=0.0001 7
—t | f e —] | ! | | ;

:—__,I-—"J"‘h l I | I l I | I l I __

y 2 {a)-2__

-e_ - —

e N W N

(a)-3

IEy|
. .
R RO MR o N NN MNMO
A

=

& 0Og -
e

= — i (a)-5

w i i
0 ——F——1—+—F—+—F—— —

-e_ - —
1 | | | | ! M@)7-

.

o 05 l —
o T e

10000 C | | | L | Py

L B ' T

= 5000 |- ; -
ol 1 v iy
06 -04 -02 0 02 04 06 08

(b)
2500
2000

1500

[ExI

1000

500

o wo

X

>
. 05

10000

= 5000

Ln/A =025, Q /w=0.6,n =0 =0, N, =0.475

I I

= ' Vi=0.001 ' " (b)-1-
- ——— Vi©=0.0003  : -
— e v/0=0.0001 - ]
B :'}f\-i. i
- R _
- ] | - | \ l -
= | I_____ | ' | (b}-2_:
- [ —— =
- | | | | =

BEmmm—— = (b3

[ | .
| T
| (b)-4 —
i > ]
i Hi |
r? |
| L ——m—l |
0.158 0.16 0.162
XA



\e
o

XIRAGTIZ KA E TR

(@)Tx

B 7108
1 0.7
4 0.6
105 N,
-4 04
4 0.3
= 02

— e - 1 1 1 1 1 | 0
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Ln/ag Ln/kg

OXB;i% M pEIE,

B K~k B
E—RFEBRE

0O 01 02 03 04 05 06 07 08 09 1
Lﬂ{lo

Figure 5. Contour plots of (a) Tx, (b) Tp and (¢) Ty, (= Tggg) on the two-dimensional space of
Ln/doand Nj. Qp/w =0.6,n =0 =0.



1958 |. B. Bernstein Phys. Rev. 109 10.
Electron Bernstein mode MFE R  (Laplace transform method.)

1964 K.Mitani, H. Kubo, S. Tanaka J.Phy. Soc. Jpn. 19 211.
INVRARIEIL( w = nQe, wyy ) DIEH

1965 T H.Stix PRLVol.15 p878
XEMSEBEANDE—RTHD T

1973 Preinhaelter J and Kopecky V J. Plasma Phys. 10 1.
OXBIEDIRELBEMT A—/N—TURTSXATDEBRINER

1977 J. Hosea et al. PRL 39 408
SRS A Z R A > THBXMET DI (PLTRAT D)

1978 T. Maekawa, S. Tanaka, Y. Terumichi, Y. Hamada PRL 40 1379.
OXBDIARENEETE

1981 H. Sugai PRL 47 1899
XIEMBEBEANDE—RFEH (XBE) DIERE (EREE)



1988

1997

1998

2001

2004

2012

2012

2013

S.Nakajima, H. Abe Phys Rev A 38 4373. HF[FIO—KIZKHXBEDHZ
H. P. Laqua et al., PRL 78,3467  OXBiEMNZEA (W7ASATSL—4)

Laqua H P and Hartfuss HJ PRL 81 10
BXOM & DR (W7ASRTSL—4)

BETEIRE (ZEZED)
T. Maekawa et al. PRL 86 3783
XBIEMELEBIRN, 7 YT TN (WT3RHT D)
H.lgamietal. PPCF46261 ASGHRIEFZLZDIRELEN
M. Uchida et al. FEC2012 EX/P6-18 EBWIZ&LBSTTSXATDEE

A. Fukuyama  US-J RF Workshop at Nara
Integral formulation of conductivity tensor for EBW propagation

Y. Yoshimura et al. Nuclear Fusion 53 063004
s B 5 BIXB;E N R (LHD)



1964 K.Mitani, H. Kubo, S. Tanaka J.Phy. Soc. Jpn. 19 211.
INRARTEIL( w = nQe, wyy ) DIEH

0

0} 20 (mm) 20
axial direction radial direction
cathode
wave to
uide vacuum
¢ 2056 ;

c;h'schorge
~ tube

Pole pieces

Fig. 3. Magnet énd discharge tube assembly.

T 1 | |

Ne
p=6xl0h2mm Hg

power

Radiated

T |
0 6' 4' 3 2
Magnetic  field (wp/w )

Fig. 13. Radiation patterns on Ne (p=6x10-2).



1978 T. Maekawa, S. Tanaka, Y. Terumichi, Y. Hoamada PRL 40 1379.
OXBD FLIRENEFTE

3]

Axial position(z/a)

B
R
FIG, 3. (a) Electron density and field intensity varia-
7 tions in a toroidal plasma, wy,2(0)/w?= 121, Q,(0)/w
Q =0,87, and R/a 91/17 [for example, ©,(0)/2r = 35 GHz,
k,=5.63 cm™!, a=17 cm] and electron-ion collision
& frequency v/wy,(0)=5.2% 1075, 2,1x 107, 3,0 1077,
N 1,2%10° for 7,=0,01, 0,1, 0,4, 0,8, and 1,6 ke,
2, respectively, (), (c) Wave trajectories for N, =N, oy
ks = 0,668 at w = w,, in toroidal plasma, For T,=10 eV,
the exact trajectory is shown by the curve ABCDEI,
the trajectory of the cold X mode by the curve ABCDF,
S and that of the Bernstein mode by the curve GHI, The
3 exact trajectories are shown by curves ABCDMN and
! ABCDJK for T,=0,8 and 1,6 keV, respectively,
(@)
L 1 Il‘
0 07 " 08

Radial position(x/a}



1981 H.Sugai PRL 47 1899
XIEMBEBEANDE—FZ# (XBE) DIREE (BEfREE)

10% | i KTg= 28V 3
) ; 20eV
<ok ; \ .
T ; BERNSTEIN MODE :
> : ]
= F .
(&) i
<
o
i E
IRESONANCE
- 3 8 0
2 2
Wy W

FIG. 1. Refractive index n vs w,%/w® for w/w, = 1.9.

T T

W/ 27T =235 GHz

(a)

FjﬂST X-MODE
i

BERNSTEIN MODE

SLOW X-MODE

SN A 7
/

BERNSTEIN MODE

T T

WAVE SIGNAL « P(r)cos(k,r)

Q

T

AN
(d)

-:‘.':O -2]5 -EIO '|I5 “I:D -5
RADIAL POSITION ACROSS B, r(cm)
FIG, 2, Interferometer traces for the microwave
incident () from outside the plasma at w/w, = 1.95, and
() from within the plasma at w/w, = 1,97, together
with (c) gentle and @) steep radial profiles of the plasma
density,

PLASMA DENSITY N/N
w (@]
4]} T



1988

S.Nakajima, H. Abe Phys Rev A 38 4373.

FIFO—RIZKBXBEDHE

EL (arb. units)

Wo=W; wWg=%a

i
- Mﬂ‘ﬂ—” 1°°
=4 0
1.0 F
0
(b)
0.5F
0
(c)
0.5
D — et . -
L ‘I‘ i
-2 X/a _imu=mpe 0

Wo =W Wo=WyH

[
- t0FQ————————————
{1+
:'?‘ RE 3
N “wo Wo=Wpe
> N Ne
g| 0.5 antenna No
& 1
o L 0
-2 X/u -1
Wo=Ww
Wg=WwWp Wo=Wyy

FIG. 4. Interferogram of the electrostatic field £ and the
spatial profile of the energy deposition to electrons A(n,T,)/
feoTe. (a) At 1=242(2nfwg) for afhg=2.06; (b) at
t=483(2n/wg) for aflg=4.12; (c) at t=725Qn/wy) for
afho=8.4,



1997 H.P.Laqua et al., PRL 78, 3467
OXBiENNER (W7ASRTSL—A)

B 1 i i 1 i i i 1 i i L
6 Plasma Energy [KJ] T 1.6 ——r—r—rrrr——
] Plasma parameter ]
4 |BD=1.25T OXB 1.4 By=1.75T, ]
2 1 ng=1.51020m3
0 1.2 f| Te=500eV,
1.2 ] Kol=10
Average Density [1020mJ) =' 1 H PecRrH=220 KW
0.8 2, [ (O-Mode)
o f-\"'/ 30.3: PNBI =760 KW
0 “os - .
Power [MW] IV - /
0.6 NBI 0.4 B measurement | 1
ECRH 70 GHz o2 - —frglr?;:ﬁ;t:sdmpowen l ]
0‘2;-’ X2 + 02 | “wwmanissntaanannen 0.2 F ]
4 . ]
a|  ECE(69.14 GHz) [KeV] O I
2 Pl 0.3 0.4 05 0.6 0.7 0.8
1 z Nz,opt
0j FIG. 4. Increase of the plasma energy content by O-X-B
1]  SOFTX (central chord)[a.u ] heating versus the longitudinal vacuum refractive index N. of
the icident O wave. The solid line is the calculated trans-
mission function multiplied by the maximum energy increase.
0 LUNED B B B S A B B B R R B T T T
50 100 150 200
t [ms]

FIG. 6. Temporal development of some plasma parameter
during a O-X-B heated discharge. From the top: plasma energy
estimated from the diamagnetic signal. average density from
the interferometric measurement, heating power, intensity of
ECE and PL and central soft X signal. The markers show the
O-X-B-heating interval.



2001 T. Maekawa et al. PRL 86 3783
XBIENMEREEBKN, 7V T T (WT3NATY)

20
] _ 0.8 1 l | I 1 I I
5 ; |
3 d
104 5 oo @ PR v,=3.0, v;=2.0
- = i\ —— V;=4.5,v=3.0
E S 04 -
k=) 01 = — VJ=6.U, VT=4.U
N 7 i 7
8 0.2 -
-10 3 O - 4
0 1 d I 1
0 5 10 15 20
_20_ 30 I I I I Ll I 1
< |
T T L
- |_D: T
- _q —
5 7T 20
: t© |
£ 05F / = r(cm)
5| / )
0 - — : FIG. 5. Radial profiles of (a) B wave power deposition from
40 30 60 10 80 90 multiray calculation and (b) decremental ECE radiation tem-
R (em) perature. Calculation parameters are ny = 2.16 X 10" cm™3,

FIG. 3. Incremental SX image at the onset of B wave heating, Ty =480 eV. I, = 60 kA, and », = 2.
and the ray trajectories. Variation of (b) N and (c¢) wave power
along the trajectories. Dotted lines are for peripheral rays and
the solid line is for the central ray. Calculation parameters are
ng = 2.16 X 10 em™3, Ty = 480 eV, I, = 60 kA, v, = 2,
vr = 3, and v; = 4.5,



2012 M. Uchida et al.

EBWIZKASTTS XY DHFREF(H

FEC2012 EX/P6-18

0B (R

D 10fZ)

60
40
20

10

O MNWO LA NWO L NWOoO .LNWOo

111104/101

[T

|
(a)

Ill]llll]]]

100

50

R1=0.12m
(horizontal)

]I]I]I]

R>0.17m (oblique)

l]lllll]l

- R=0.27m (vertical) -

?J | L | I T | I | | ] | ] __

L T | T I T [ T [ LI [ I LS i

E(f) R=0.31m (vertical)
1
(9

0

0.05
time(s)

FIG.2. Typical discharge: (a) Microwave power,
(b) Plasma current and vertical field strength, (c)-

(f) Line-integrated density, (g) Contour plot of hard

X-ray photon counts viewing forward emission of

electrons (see FIG.3.(d)).

(@) t=0.1s (b) t=0.17 s (C) XUV chords
0 g prepc g | L1 AN |
ST =§ F
_| LCFs == Current meter _|
Profile B
i B | (1] \Incident
.-t:. b'R,=0 12m Al EM Wave
— 0 — e | —_
N
0 =3
(=) e =5 1]
0 R (m) 0.5 0.5 0

(d) X-ray and interferometer

/c‘hords

X-ray o

Re=0.12m

chord number



2012 A. Fukuyama  US-J RF Workshop at Nara
Integral formulation of conductivity tensor for EBW propagation

800 EXEY/EZ | FREQ =2450.0000 K-PR = 24.0000
E _ES B = 0.0800 WALLR= 0.0E+00
X J-HI = 0.0000/ 0.0000 0.0000
400 | J-L0O = 0.0000/ 0.0000 0.0000
- IS
0 N-20 =  0.002
T-PP =  0.200
- T-PR =  0.200
~400 P/TOT=  2.403
PTOT = 2.4029 JTOT =  0.0000
~800
20t | E. -X 1
_ y _
10 + :
0 0
_10_
-20} -1}
I |
160 f ' '
800
| Ez2-O Pabs
80 |
0 400 |
_80-
_180 - O II 1 M 1
-0.16 -0.186 0.00 0.16




2013 Y. Yoshimura et al.
s b 15 RIXB;E AN &R (LHD)

Nuclear Fusion 53 063004

Rax=38m,B=2605T

—— 0 / ..' |h \

= E \

g 05 /

[ 5]

2 b g

3 Ulh-l W= tional ECH /

. -10F \ \\ (/7 = existing

E ' e LFS

= \ '\ p mirror
-1.5 N

25 40 45 50

Radial direction (m)

30

Figure 1. Schematic view of the configuration of EC-wave injection
from the equatorial 2-O port. HC. LC, PC, RC, FR and UHR denote
the helical coil, left-hand cut-off, plasma cut-off, right-hand cut-off,
fundamental electron cyclotron resonance layer and upper-hybrid

resonance layer, respectively. Used plasma parameters are those of
discharge #108276 at 1 = 5.

(a)

Electron temperature 7 (eV)

800

600

400

——T.: just before ECH @5.0s
——T. end of ECH @ 5.2s

——n_: @5.0s
——n_: @5.2s

L #108276

5 left-hand ,f\\ 115

] cut-off H :

] plasma cut-gff ]

- = E :

: Z58  ZEs 5

[=] E = =] E = |~

: SEEI !
Loy 'gé.a L .-E.'-‘-gr E, A ] 0

-06 04 -02 0 02 04 0.6

Fegr (M)

Electron density n, (1019 m‘3)



