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Estination of Shot Noise of Photomultivlier for Ruby Laser

Thomson Sczsttering Measurement

% - M
Tokiyoshi ITAGAKXI, Tohru MATOBA, Hatsuaki KUMAGAI

Divieion of Thermonuclear rusion Research, Tokal, JAER
(Received Februzry 12, 1976)

in messurexzent of the ruby laser scattering for electron
tenncratures in JET-2 and JFT-2e plasmas, the scatterec oower

b

of wach channel does not coincide with dzuesian rofile and

distrivutes over i1 with the error of several ten »nercents,

a4 £not noise exweriment shows that the error is due to the shot

noige of tho onotoypuliinlier and the scattered »nower of each

channel is within the error exvected from the shot noise.

The best fittian curve is optained anaiytically from the measure

values by the leasti-sguarc estimation of nonlinear »arameters

the code is oresented in tae Ar-ocendix.

* Nihon University
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LASCAT |

MEASURING vALuﬁs CF FLECTRON TEMRPERATURE AND DENS!TY BY THOMSON SCATTERING
LOUBLE PRECISION UDll+RL24DZ22+DFwsDFT+DDWRIR1 W2 v WSDD
DIMENSION BL12) «ENCIZ¥oPLC12) +PLMC12) vPEM2(12) +FMCLLE) «PHMN(LI) «S(L
13)aSLCL3)+SLM(L2Y«55¢13) «nwND(12)4wSD(12)

COLLECTCON VALUES OF PM AND FD

P FROM 1 TO L12:; MICROWATT/My » PD 130 Mw/V

HREADCH e L0UCICPMC( Y elala13)

FORMATCOELZ 5)

NGISE EwUIVALENT POWER 5/N5 MICROWATT/MV

READ(S+1100) (PMNCI)aI=1413)

FURMAT(BELR49)

[NPUT DATA

FLASMA. FPARAMETERS

JFT=2: +1 +JFT=2A: =1 +TORQIDAL FIELD: KG » PLASMA CURRENT! KA « DATE
READ (O 1200 TNABT 1 PC b

FURMAT(3FL2.0+18)

MEAGURING POSITIONS AND TIMEs XI MM « ¥Yi MM . T: MSEC
READ(2+120L0X+¥T

FURMATC(IFL124.0)

1 STRAY LIGHT

Nl=0

puwolel I=1.12

SLM{]I=0.T

ELECTRICAL NOISE

My

READ (I L3GOYCENCII W I=1v12)

FURMAT{12F6,0)

#*v o CH 130 v o« END' =200.0

READCD L4002 (5LCT 1210130

FURMAT(13F6.0)

IF(SL{L1r+LT+=100.0) GO TO 1

LV 1190 ial.12

SLM(IJ=5LM(I}*(SL([)-EN(I))/SL{13)

Ml=zhil+]l

GU TO 2

Db 120G 1=21+12

SLMUI eS| y#PMCCLI/FLOAT(NLY /PMC(13) %1 ,0E~6
IFASLMCD) W LT 0,060 TO 3

Gu TO 4

SLM{1)=0.0

CulaTINLE

CONTINUE

2 PLASMA LIGHT

the=0

DU 260 1=1412

FLM{|)=0,0

PLMZ(1)=0.0

v s EnND: =200,0

READ(2+ 1500 (PLCI) 2 1=1012)

FUHRMAT(12F6,0)

1IFCPLCLY LT =100,0) GO TO 5

Do 210 I=1.12

PLA=PL{T1)

PLMCI Y =PLM D) +PLX

PLM2 (1) =PLMZ L) +PLX#PLX

No=N2+ 1

GV TU &

XN2=FLOAT(N2)

DU 220 lel.l2 &

IFAN2.EQ,1X6)D TO 56

PLM2 (1) =STRTC(PLHMZ CII=PLMC[ I #R2/XN2) £ (XN2~1,0) ) #PMC (I *1,0E=6
F0 TO 57

FLMZ(1)=20.0

PLMCI 2= (PLMCT) /XN2=ENCLY Y #PMCCL) #1,0E=6
TFCPLMOD) W LT0,03G0 TO 7

HuU TY 8

FLM(12=0.0

CONTINUE

CONTINUE

OUT PUT | {STRAY LIGHT 4N[p PLASMA L!GHT)
IFETNGLT,U.0)GD TO 9

ARITE(e+»200G)ND bToPCOXvY T

FORMAT (LHI//20X+22HJFT=2 PLASMA PARAMETER 10X +6HDATE (18/1H0+120X43
THST®ELZ, 543X+ 2HKG+ TXV3HIPRELZ + 543X 2HKA/LHG , 20Xy 50HMEASURING £OSIT
21UNS AND TIME OF THOMSON scATTEalnsllHo.zox 2rxmF o, 142X+ 2HMM 8 X 4 2H
3YEF6, La2As2HMMBX A 2HT=F 6. 122X v 4dMSEQ)




58
39
2393

€l
¥4
63

o4
65
bb
67
68
69

Tl

73
T4
(]
Té
11
18
19
1]
8l
82
63
8%

&85
45
g7
-4
LR
92
91
92
v3

95
9o

98

95
100
ica
102
1G3
104
i0h
iGe

107
lo0g

110

11
! 112

113
Lis
113
116
117
112
119
12¢C
121
122

C

C

9
2pUl

10

210¢C

2200
Z3ul

2400

2500

1760

12
50
301
21

2600
302

2700

280U

&2

15
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gL TQ 1D o

MRITECO 2001IND BT PG XaYsT -

F“ﬂMAT\lHL/ZOXQZSHJFT-ZA PLASHA PARAMETERnlOX-&HDATE PIAZ1H04 20X 3
IHET=ELZ 9+ 3R 2HKG TR 3HIP=E12, 51 3% 2HEAS1HO 20X vSOHMEASUR ING POSIT
Z1UNS AND T[ME OF THOMSON :CATTEK[NQ/IHO-20X.2HK-F6 142X 2ZHMM8X 2H
3r=FE.1a2X02HMM, 8X-2HT=F5 1.2x-4HWbEC1

CUNT [NUE

wHITE(6+2100)

FURMAT C1HO 20X « 14HOUT - PUT DATA 1!1H0.20X.4HCH 236 XvAHCH 34v6X 4 4HOH
LG v6X 4HOH 916X 1 4HCH 606X 4HCH TroXv4HCH Ba6X+4HCH 996X a3HCH 1093Xs
25HCH 115X 45HCH 122X 3H(W) )

wFITEka-ZZOO)tbLM([)o[SE-lz) : ]

FURMATLLHO & 5% v L THSTRAY L[bHTu4AqllE10 32

wh[Tt(b-?JOU)(PLM(i)-I—Z 2y

FORMAT CLHU s 5 X2 1 2HP{ ASMA L!GH¥s3x-llc10 3)

WRITE (o1 2400 (PLM2(I)F=2712)

FlrMaTCLHUW O X SHDELTA PLH-6X~11510 3)

3 SCATTERING LIGHT

wRITELB2200)

FURMAT (L wG/ZOx.leSLATTERING LleHT)

MI=U

WAVELENOTH OF MoNUCHROMET:R H ANGS1ROM

READ(S+2600ICL '

FURMAT(F12,0)

na5ERT CALOG(2, 0)/3 1415)2b5)*1«0 0/32.35

pe 510 =212

J BULI=ALCGL2,00%(2, 0*(CL-b425 Q= 70:0*FLOAT(]-1))I3¢ 353 %u2

LO 30U I=3i413.

SS{12=0.0

BS=0,0.

BbSad 0

wiki=Q. 0

womb=U.2

L= :

My e LM o130 v o ENDT =)

FEAD(I+1T00INS(S{13+]152+13)

FORMAT I 6+12F 6,02

TRANSLT.O)00 TC 11

S{13¥=5C13)*PMC(13)

DU 301 (=2412

IFCL.EWedIQR TO 50
AFCT GBS TIBOTO 507 -

501)=(8(1)= EH(IJJ*PMC(I)*l UE~ 6-3LM(])*S(13)-PLM(])

1F{s¢l)yLe.0,0)60 TO 12

Ro=ps+h(])

BESTRES+AR LB (]}

NOMmASM+ALOG(SC[))

wOMB=RSMi+E (LY RALOGLSTD)Y) -

NidRNN* L

G . To 30

5([)=0,0

CONT {NUE

CUNTINUE

TEO=(US#AS= aBS*FLOHTCNN))/(wsNBnFLOAT(NN)-Bs*w5M>

woOsSWRT TEU)iA*EXP((BBS*W&M-BS*%BMB)I(Ba:*FLOAT(hN)-BS*BS))

wRITEC6 420000 NS CLTEQ WSO -

FURMAT (LHO/ 20X+ 4HSN av2X 1 16 30X s LZHWAVELENGTH =+2XsE124512X14H(AS)
1/7720XK3HTEL =v2XsE12, 5.2x.#H(EV)-5x.5Hw5L --ZK E12 5¢2X¢3H(W))

by 3024 [=dal?

vaU(IJ*A*wSD*tXP(-b(l)rTEO)ISGRTCTEO)

wHITEC(E+2700) ‘

FURMAT CAH I/lOX.3HCh2o7X.JHCH3nTX-3HCH4 YK-3HCH5.TX~3HCH6.7Xv3HCHT
14 TX 9 3HCHB 1 TX 4 3HCHY « TR e 4HCH1 O bx-aHCHll-bx 4HCHLIZ 6 X1 4RCHLI 22X yaHIM
awWi

WHITE (o2 2600) twSD(1)v1=2.12) -

FURMAT CLHO/ 2 THWSD (W) y11E10+37 -

LEASY=3QUARE LINEAR TAYLOR D[FFERENTIAL COLLECTlON METHCD

TE=TED

wh=Ws0

M=12

CONTINUE

NN=(

D11=0.0

Di2uG.0

D22=0.0

fl=0,0

K2=0,0

_.21 —_



123

124
15
12¢
i27
1z¢
129
130
131
13z
133
134
135
1386
137
13k
130
140
143
l4¢
i43
144
145
146
147
las
149
150
1531
152
153
154
159
i5a
157
154
159
low)
lel
162
163
164
165
L6a
leT
164
lev
173
17l
172
173
174
175
175
177
178
179
180
i81
162

- 183

184
185
lde
187
1d8
i8%
190
191
192
193
194
195
19%
137

31

52

13
303

14

16

53

17
304

6l

63

60
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IFCTELLE,D.0)G0 TO 51

IF{WS LE,0,0)GD TO 51

G0 TO 52

NN=RN* L

TE=10, USFLOAT (NN)

WomNSO1, OE+4/FLOAT(NN#%2)
DO 303 1=24M

IFCl.EG.86IG0 TO 13
IFCILER.TIG0 TO 13
DFw=A#EXP(=B(I)/TE)/SWRT(TE)
WSDDeWS*DF W
DFT==WSDL*#(0,5/TE=B LI/ TE/TED
DL1=0Lil+DFwe*2
Dlz=D12+DFw*DFT

D272=D22+DF T#wg

R=¥500=5(1)

HlaR1=DFwH*R

RemHZ=DF T#R

CONTINUE

CUNTINUE

DL=DI1#D22=D12%n2
[FCDDWLT.D11#D22#1,00=9)60 TO 16
Dws (R1#D22-R2#D12) /0D

Dl=Cke#D11=-R1*0312) /00
LERLER L

TL=TE+DT

IF(ABS (DW/WS).LT,1,0E=63G0 TQ 14
Gu TO 15
1F{ABSC(OT/TEY LY+ 1., DE=6)G0 TO 16
50 TO 15

CUNT INUE

IFCTE.GT,V0,0350 TO 53
JF{WS QT 0, 0060 TO 53

TE=1.0

rh=1.0

CONT I NuE

GAMz=], U

Ge=2.u

DCMG=1l, 44E=2

DSGM=T,9384E=26

DENS=WS/ (U #DOMGRGAM*DSGM#*S (133 ) #1, 0E=6
Ni=0

Gi=0,u

Ge=0.0

G3=0,0

D& 304 [=24M

WSD () =AuWSHEAP (=B{lIsTE)}/SURTLTE)
F=1,0E8
WNOLTI=SURTCRSDC ) #F#PMN (] )2 1. 0E=6/PMN(13))
GRS )mwalC] ) un2

GI3=G3+G

Ge=G2+wsni])
1FEWNDCDY W LT, 5. 0E=9)060 TO 17
IFCl . ER.6JG0 TO 1T
1F¢].EG.TYGO TO 17
Gl=Gl+G/wND(]) %2

NivsNN+1

CUNTINUE

CONT INUE

IF(M,Ew. (NN+3)0G60 TU 60
TF{NNSLE,3)GD TO b1

MENNSI

GU TO 62

JTFCNNLER,L1)GO TO 63

TFC(M.EQ, (N+1))G0 TO &0
MEnN+ L :

GLU TO 62

TFCM,EG, (NN+2))G0 TO 60

M= tyN 4+ 2

G0 T 62

CUNT INUE

ER=SQRT(G372,00 /G2

ERw=wS#ER

ERT=TE®ER

ERN=DENS*#ER



198

199

200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
2i¢
217
£ld
219
220
Zel
a2
223
2¢4
2eh
226
27
2¢8
209
250
241
228
233
234
235
226
FEy
L]
259
240
241
242
243
244

2500

2110

2120

55
560

54
il

2130

3us

é2
L80G

23
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WHITE(642900) TE+ERT1WSvERW+DENSERNER+GL NN

EURMATCLrRO/ /20X« DHTEG *l2valZ-5-ZXQZH*'wZX-ElZ'5'2x'4H(EV)'51‘5Hw
156G ‘-ZX‘Eli-b|2X12H*-|2X|Elz-5!2K!3H(W)//20XU5HNEG =y 2K EL1245402X42

2H¥=y 223 E12,5¢2X 1 6R(CM=3) /720X 110RMS ERROR me2X+E12+5+50BHRA]L

322X b12.942X 30N =2 18)

wit ITELL2700)

WRITELE 21100 (S0 I=2413)
FORMAT (107 2K o BHWSDM (W) 12E10.3)
WhITECE 28003 (wSDLII v [=2412)
WRITECE+2120) CuND (L) o [=2.12)
FORMAT (1RO 2X s THWND (W) 11EL10.3)
IF(NSSLT, 0260 TO 22
]P(61.67.?.2923*5@RT(FLOAr(NNJ'D.l721))GO TO 54
550132=55013)+5(13)

Lu 500 I=2412

[FCLLEE.62G0 TG 55

1P (I bW 730G0 TO BE
CH{1I=e5 () +SC1I /51

CUNT INUE
COUNT [HUE
N3iahi3s+l
CUNTINLE
G0 TY lg
CUnNT I WUE
Wi [ TE{6+21300N3 )
FORMAT (LHUF20% +13HAVERAGE VALUE/1HO 20X THAY NO =18)
17 (N3.£9,00G70 TO 22

D 300 [=2+12

1FCLLEQGEIGO TU 1Y

1Pl Ews7I00 TQ 19

$510=55(1)#55(L3) /FLOAT(NG) %2

1P (S¢i2.6T.0,0,60 TO 20

5403=0,0

L TG 19

CLnT [HUE

Bo=Bs*+B ()

pha=tds+b (1) %a (]2

waM=g5MeaLOG(SCT))

phmBEswSMU+A () RALOGLS (I

NhvEhiy+l

(T PgE

CONT INUE

S(13)®85(L3) FFLOAT (N3

gl 15 21

ReAD (S LBOOISTR

FORMAT(F12.0)

(FCSTPALT.0.UdG0 TO 23

GUOTO 24

STOP

gy

_.23.d
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