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Determination of Position
on the Measurement of Electron Temperature Radial Profile
from Electron Cyclotron Emission

— Scsling of the Apparent Radial Shift —

Masayasu SATCO, Nobuaki ISEI
Akihiko ISAYAMA and Sinichi ISHIDA

Department of Fusion Plasma Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received January 28, 1997)

Effect of relativistic frequency down-shift and optical thickness on the
determination of the electron temperature profile from electron cyclotron emission in
tokamak plasmas have been studied. Inclusion of- relativistic and optical thickness
effects results in a radial shift of the obtained electron temperature profile. In order
to evaluate the shift for any tokamak, a scaling of the shift (Ar) is obtained: Ar(m)=
0.0009 R{m) TelkeV) (145074 7)) for 170> 7 >5, where R is major radius, Te is
electron temperature, 7 is the optical depth. Comparison between the scaling and
the computaicnal shifts for various devices are made, the good agreement between
them is obtained within 2 9% of mainor radius. Thus the scaling can be applied to

any tokamak devices,

Keywords: Scaling, Determination of Radial Position, Electron Cyclotron Emission,
Relativistic Down-shift Frequency, Electron Temperature Profile, Tokamak,

Plasma Diagnostics
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b, # 0T
CAr e T+k/1  (2.1.2) YEARTE D,

73_



JAER[—Research 97—011

FEICEAT 57200, FRCET 2PENEELTRY, EEDO M I/ EEI
BHTELTNORAr— ) v 7lZ BT 5, HL, 2 Tk, BREHA»5 O
BTRER2ESHECBEST . F2ETEAPT LOThORy = TR
OVWTHELEL, E3BETRBELNLAr—) v ZAIEREEENST A -5 —ZFE R
THELNE LT EOTHERRT 2, BABTCRBEONLZRAT—Y Y 7RIDEH
BHAICOWTERL, BEOBSETT LHEBRNL,

2.5 EoFho Ry —1) v T

TR, BFREXRSAOFELFMOTLOBFIRE - HFHERS OEKEE
2RICLY | BN ESER TRV IR s BB BT ATho Ry - vl %
WUt 5,

2.1 A —) v FRIOYEE 2 )5

JT=6 0UDT I X2 LT, BHRELENMEOEEFMOLP T EDT
NITETHE - BTRE - bo4 SRS KT LYY | 2RSS EFRE &
HHEMREID 200D TI XwNT A —F —DRGFHICETFLDONE T EDFPL A
ERTwE'Y L, AFHESPECRLETREAS R Y, ETREN L
AT sLTFNIEREL b, BFHESEAFNESHHRIC, BEFREZHLRR
MBI EREFNREALTY S, CCTOTRE, ¥—sHBMLE Y cL o
tro ¥ 2 HBAEOE A FEEIBHBICERT S, FRANDEFIRE (THHK
BEEERA LRSS, Cof» bR S &9 10, 2keV €T < 10keV DRFIRT,
TR RIC L VETRECHOTDL EER TR, b,

Ar e« Tg  (2.1.1)
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Yl b kis ko BB TH B

225N Ar—Y) v IH

T KBV TS 71> 5)RENTEThOZAS - ) Y RISV TI
TRIFMTE. Q.12DROHHK. kit 2. 12104 ) BITRD 5 &£ NE10.0009,
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%1 EEICHVE P s HEOREER) - AFEG) - PEA & VG (Bt)

|EEH R(m) |a(m) |R/a
JT-60U 3.4 1 3.4
JT-60R 6.8 1 6.8
JT-60L 6.8 2 3.4
JT-60A 3.4 0.5 6.8
[TCD 6 2 3




JAERI—Research 97—011

¢ B=4T x B=2T
A Bt=3T

LA I T 4 ¥ T T

[ _ 19 /-3
0.08 F N=1x10"(m"~) :

@ 0.06 | ?
> ' :
0.04 [ k

. 2
0.02 F s ]

I T S

0 2 4 6 8 10
T (keV)

2.1.1: BEFRELESHFOEFEFMOTHh OB FRELTFE. J]T—6 0UXKEIZ
BIFAHB1=2,3,4T, ng= 1x 1019 m-305 4

° Te=10keV u Te=2keV

= Te=5keV

0.2 ——————————
015t e {
I O e ]
S Q1™ ]
< = EI. * . A
0.05[ =5 _ * |
[ - 1 0 I

I [ |
0 ....... L Ly Lo

5 10 15 20
T

(212 BEFREFESMAOEFIOOTHOLENRSIMETFE. ]T—6 0 UKE
2B 3Te(0) = 10 ke V(®), 5 keV([J), 2 ke V(D)



JAERI—Research 97—011 )
Absorption coefficient profile
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JT-60U, Bt=4T, Te(0)=5keV
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JT-60U, Bt=4T, Te(0)=2keV
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Ar=kiRTg (1 +k3 /1) 2 EFL T,

2 (Atfa) T/ R T)=kj T+ k1 k2

HIDBEEEL, dEFH bk Kk dRD D, tHBEGEHEMAML 20
£ ky= 0.000758, kikp=0.0189, & =T k= 0.000758 ~3/4000 = 0.00075 , k2=
0.0189/0.000758= 24.9~25, k1=3/4000, kp=25D A7 — ) ¥ sRI% A5 — Vv 7
5 LIR3, 1< 1000 EIE S 240 L7254, k1=0.0009, kikp=0.0156. & o T,
k1=0.0009, kp=17.3~70/4=17.5, k1=0.0009, kp=17.5DA 7 — IR AT =)

VRl 6 LIRS, T<40DEIRAEMEEMAINL 2254, k1=0.00104, k1k2=0.0134, & o
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v ZRIOFEEDED MR SKEH L HALI~AL2ER T, ZHEPL, &
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f6% 2 ButEE &I LAETEAE
HABH Ty VY 7 VHROBTFRENE~OBE® i 5 72010, BiHE
DEAEFCTHREPEE % Ko, COBREEE» CETRE2H2.  OREARK
DWTHRRS,
ARSI % Shic LRt
TR RAHEFERBELRLI A, 17T~19LFALTH Y, EOFME
M5, 75 A<t LRAGER RO BHBRORITE > TRBENE Y o
Thbb,

Nr((O S)z-—{ I(®,5) 2)=i(®,3)- o, s)I((o s) (A1)
ds Ny(,s)’

EAOS —EiEHEE. B REIAEE ThENET, SREETELLS
WEB L EOME - METEEA 2 ORT. THEEMES, jREMRE, ok
WIUES Y. Ne GBI ZEY, o RAREKE, s BB - 2l
b ERENET. 7T ATRBTERECH ) . BT ORESMBHEERRTE 2
LN LI OB Yy F AT NG TH B LIRETE %,

n, exp(-e/T )8\/ (82-(m202)2)

N(e)=
Oy K

(A.2),

mr@lm%ﬂ@axﬂmu‘%n%n%ﬁﬁ\%mﬁ%ﬁﬁ\i%ﬁ\%%%

B, ETEE. BETOIANE—, $HOBessel MK TH Y. p=mkyT, TH 2,
MR ERADNERAVL, OXid, ECEFFET I A< (op/o<<l, opl
75 X< fEER) RS REAEET 554128 L CTrubnikovic & o T
2% (AL
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'mﬁ)m-w%“ﬂTe a2+/(n2-x2 _ymygexm
i () ch5;,,‘:3(;21(2(}’L)£,c it x4 (n-x“)exp( ux)Sn @ (A3),

x=0/wg. P= 1-(%)2 .

SO(@)=p? /2 f (cos 8)"T%(nPsin B)sin 640 (A4),
0

ng)(r)%)=[32 /2 f (sin 9)21;2(n[3sin 0)sin 6d0 (A.5),
0

nid 7 i O KB HIE L, opd EMARYE CARBET, J@RERED

 BesselB}T. I (2)=d] (2)/dzTH %o RO, XR TR ENEHE, RHHEX
To RADRTAS)DESTEITV, AUREAVII &% LiCHixT s R e R
LTwvido BIUEBIERR O F v eoky 7 O Y % @A L THEHEE »6RK9
%o OU®.9=j(.8/[NL®,9*Ipp(®.9)] (A.6),

Igg(®,s) HEAHGHERETH D .

- 0%kT,
IBB((D, a) = W (A.7) ﬁ%‘ :2. rQ h% o

optical depth & optical thickness DFEE & L THEHIE E b TS 2%, T ZTH,
W22z, Sk OEER % MEE Doptical thickness ¥ X FWE S & L, WEE
¥ LT Doptical depth # 6709 8 & L TRBIT 5, HEHRS

1=1(w) =J. o(m,s)ds (A8) TEZEIND,

BT O HFRRERDIEED T TATI TETFNVTHE o
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DEOHREFREAT 77 Xeh Tkl £ L TRV,

B LBITIRER T 5,
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ZOTIEY | S rTCRRERO2EERAED -5 AAMN» LARINMEET S E
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AT EBO NABTRE (TO0) 177 Av0NNEHLLEC E OBEHEE
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TObt

k liBoltzmann BB T H 2, B LS O ALE R ME C AR

Iw,a) /(X

(A9}

& - T,

ECERZER

EHAVWTIRET %o
EA. 1 /25— )y TRIOKRK

scaling kT k2 k1 k1k2 _jcomment
scaing1 |0.00 1 10
scaling2 |[0.0008 15
scaling3 |0.0009 |12.5
scaling4 [0.00 1 12.5 N ~ [Ter09
scaling$ |0.00075{25. 0.00076 0.0189 -
scaling6 |0.0009 117.5 0.0009 0.0156|t<100
scaling7 [0.00 1 12.9 '00010 0.01 34 |t<40
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k BoltzmannE £ [JkeV]*
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Ko(w 45 F& DBessel B K

me ELEE kgl
me0 #IETEE [ke]

n R DA
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{dr/a) /scaling

2 [ T
0.
k . r )
& 2 ® (dr/a) /scaling 1
Lema
Ty, 3 O {dr/a) /scaling 2

1.5 faaa

g . ; EE] a * (dr/a) /scaling 3
8 ('3 ] é ) 8 9 * B
L . . A » a8 ] Ge © (dr/a) /scaling 4
e 2 ° % e, © &
:CE - gfﬁ @ ;l o " A
B 8 9 O ?z)oo %Q g* ; BE 2f 8 . s (dr/a) /scaling 5
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— ) v FHIOFAE) O HFERIR AR,
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