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Relativistic Modification of the Measurement of Electron Temperature
in HL-1M Tokamak by Laser Scattering
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Abstract This article briefly describs the measurement of electron temperature in HL-1M Tokamak plasma and the way of
relativistic modification due to blue shift in the case of higher electron temperature. A simple formula to calculate electron
temperature is given under the condition that relativistic modification is taken into account on HL-1M Tokamak. The blueshift
is approximately proportional to the electron temperature. When electron temperature is hundreds of eV, the blueshift is small,
when electron temperature is thousands of eV, the blueshift is great. The error of electron temperature is proportional to
electron temperature to the forth power. When electron temperature is higher than 1 keV, the error is great than that of not
taking into account relativistic effect, it is about 100~200 eV. When electron temperature is below 1 keV, the error is smaller
than that of not taking into account relativistic effect, it is about 5~60 eV.

Key words precision engineering measurement; relativistic blueshift; electron temperature; Thomson scattering

15 5§

WOEAEAR T O R B D e S8 TR T
VELEE B —FERE SRR, XA W T & |
5 20 5 W P 4 R 2E o | ARG R R
B TR R AR, % A% IR A HIT G S,
SR REA AR, AR TR
5 X 7 P o o T3 A MRS 0 TE AT
THI9E, AT HL-1M $6F B %8 T
FHEE,

2 8 H
BTl TIRE A LA B TR, B

G B I AT TR A T S(A) K™

_ Aexp[-mAVBLKT, sin*(6/2)
SN = R kT, /m,)sin(0/2) @

AP A IASHEOEA P (nm) , #CH M 6=90° kT,
me® BRALR eV,AML HHU K 5 AT K Z %,
TSR et AbRY B 25 P
AL=214(2kT, /m.c?)“sin(0/2) @)
£ HL-1M £k 5w imla st cws, T+
RO A G X R A, R I A 0 e B
BB | SR G LA 5 W U TR R
F S(A), 3R e ARy B2 AL, FFRI)ASK Hi
TIREE
Y HL-1IM F&F B4 % 5 7k TR E

fEE®IT. 15 15(1968-), 5,8 B MR FENESE FALKDIE, E-mail fengjie@fudaneducn



12 2l €3]

# t 314

T 1 keV B, @)K 4 8 IR EA —E iR
72, M0t A9 i IR BE RS , B T XS B IE
MM RBIEE, HEREEHEERET S(AL)
A HyP, |
= An, ool L
()= sin(0/2)\/f [1-3.52+7.62°-13.32°%] x
| e 00 ©®

Horp X F—E MU 0,4 1 B #RH L, HX
F 6=90°H} , A=2.43x10?, B=6.4x10*,x=(A,~A0)/Aoo

3 WERIENAE ATE
TERR IF AR 2R o | U 0 2 32 B ol FAE
BB F7 1 O SRR BT , i R B e W 38

T 32 B B 14 FEC 58 BE K SO A28 1)z sl L T
RS 5E BE |, B aR O s s TR i T &
e EHRON AT R RS, WO Y08 K S R R A
WA AE HL RS B A RS, B A R . ARRIXS T
S0 R A S AR R ) v A — ], a0 SRR AR X e
W, e A TG 98 B LA S IR ; I
Z, BRMET T A R S R A T Y TEEE LA
Kl FIREE, SHFiFREMIT 1 keV (I%FE K
i, WHAREE MO THXRBIE, AR
oL IR BERT , % B T XSS 1E 6 W #ON 1R
REFE 1R, WE 1 ATLUE R T
75, T IR W AR R AR, 7 A T) o, I o S i
WAEER O RAERETI TR, @RS, 4
dS'/dx=0, I RGN T 7

2.56x10%2-1.28x10%°+3.29x10%°-6.32x10%*+5.1x10°%° =39.922—15.224+3.5 )

T,

—
©ec o
T T

C = N W I O OO N
e T y T T Y

-06 -04 -02 0 02 04 06

1 A1) o - R B e ) 1 0 O i
Fig.1 Thomson scattered spectrum at different

electron temperature
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Fig.2 Quantity of blue shift at different temperature
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Table 1 Comparison of electron temperature under
blue shift is taken into account or not

not consider consider
No. relativity  relativity (7.-7)) /eV (T.-T)/T. /%
T, /eV T, /eV
1# 517 525 8 15
2 613 618 5 0.8
3¢ 702 724 22 3.0
4 852 912 60 6.6
5* 920 991 71 72
6* 1029 1143 114 9.97
i 1130 1325 195 14.7
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Fig.3 Schematic diagram of multi—pulse Thomson scattering system with Nd glass laser on the HL-1M tokamak
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Fig.4 Curve of error of measured electron temperature
induced by relativistic effect
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