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‘o: |PP  C&compass Introduction

Motivation
What is behind the transition in He discharges in GOLEM<

Spatial
coordinate

v

> Time
High-speed camera (40 kfps, time evolution of the narrow spatial stripe)

CURRENT TASKS

1) Spectiral Calibration

2) Critical parameters? — lp scan (1-2 kA)

3) Effect of breakdown and B;? — B; shift scan

4) Spectra analysis — Time evolution of spectra lines, search for impurities.
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C% comrass (¥ Set up:

GOLEM TOKAMAK

High speed

VSR PORT

, <5 KA = " cameras
By |<05T o
(sinusoidal) i

<n.> | <3x1019m3

T.(0) | <100 eV LI
O
et Spectrometers
N/’  Plasma diagnostics used for the task: W

e Basic magnetic diagnostics (I, Ugep. By)
e High speed cameras
e Compact spectrometers (NUV-NIR spectral range)
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‘o: IPP Cicompass @8 Set up:

Specirometers

CompCI Ci' SpeCfrOmefers (Czerny-Turner type with grating & CCD)

Halpha
630 - 680 Nnm
0.025 nm/px
uv IR
248 - 472 nm VIS 654 - 1084 nm
0.11 nm/px 460 -663nm 0.21 nm/px .
0.10 nm/px # e
l < = > [ i \ '
< " s s s sle w u n " wowwowe > ~ e _
P > <= =" = = = =s"n o= > “ _ ;
IRVISUV v W ..
185 - 1110 nm Y 2 <™

0.45 nm/px Spectrometers at GOLEM connected with the
tokamak via optical fibers

Spectral range
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‘ Spectra Calibration

/ Calibrated during SUMTRAIC 2024
IRVISUV

A[Nm]= 186.71 + 0.48 x - 1.51 = 105x2+ 4.01 - 1010x3 |

HALPHA » A[nm]=629.78 + 0.03 x - 4.00 = 106x2+7.20 - 1011 x3 |
uv + A[nm]=1246.87 +0.12 x-3.85+ 10¢x2+ 824 - 1011 x3|
Extra slides...
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.
\AJ

C:compass (S
SHOT NUMBER | Ucyrrent prive [V] lp, max [KA]

46993 350 1.10
46996 350 1.10
46998 400 1.35
47000 450 1.55
47002 500 1.75
47001 550 1.90
46999 600 2.05
46997 650 2.15
46991 700 2 20
46994 700 2.25

Table of shots with increasing plasma current maximum.
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2 1 —— 350 V(1.10 kA)

—— 500 V(1.75 kA)

1+ —— 700 V(2.25 kA)
1

Basic plasma parameters in #46996, #47002, #46994

]
>
S A
)
= 11 |

0 r I lI l T T T T 1
— 0.4
=
Rl
~
o 0.2

o.o- T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

t [ms]

Evolution of plasma parameters for shots with different plasma current.




Ipscan:

Color transition

Camera components in #46994

Plasma overview from cameras in #46994 1.00
s 30.75
E 8
» 0.50
& :
] £ 0.25
x _l
[
0.00 - - T r -
i 2 a4 6 8 10
' t [ms]
o6 Camera components in #47002
5 3 0.75
= S
0
[+] 0.50
& 3
|, < :
p 2 g, 0.25
(Y
0.00 — . . y , :
2 2 4 6 8 10 12 14
t [ms] t [ms]
X Camera components in #46996
Plasma overview from cameras #46996 1.00

-
& 3 0.75
P =~
8 £ 0.50
= 5
X £,0.25
a —

0.00 — ; ; ; : :
a.2 5.5 6.7 8.0 9.3 10.5 11.8 13.1 14.4 15.6 16.9 a 6 8 10 12 14 16
t [ms] t [ms]
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Ip scan:

Specira

Spectra before the transition (Red range) Spectra after the transition (Blue range)
5000
—— 700V 2.0-4.0ms —— 700V 6.0-8.0ms

160007 «~He | —— 350V 6.0-8.0ms —— 350V 14.0-16.0ms N ||

14000 - 4000 - \

12000

— N 1+O Il (+C 1Il)
g s £ N I+(C 1) e
3 w00 He | 3 e 4 Bt ey cl
v 2000 - © He |
6000 - e | x
soo| N I Ha
l \ He | O 1000 -
2000 - N || +
0 ; , : ; : . : . : ; ,
550 600 650 700 750 800 %50 375 400 425 450 475 500 525 550
Wavelengths [nm] Wavelengths [nm]
Working gas: He |
Impurities:
HILLNILCI,LCIILOIL Ol
https://creativecommons.org/licenses/by-sa/4.0/ 59 lines, 2ms exposure fime hitps:/icreativecommons.orgflicenses/by-sa/4.0f
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Ip scan:

Time evolution of spectra

He | (667.8 nm) |Intensity ~n_ * n;,, * C(n,, T)

He | time evolution

Plasma overview from cameras in #46994 10000 | A ~@- 800V 2.80 kA
> " ~o- 700 V 2.27 kA
: . \ o 650 V 2.16 kA
5 | 600 V 2.07 kA
T ’ 8000 | ~®- 550 V 1.92 kA
E o 500V 1.76 kA
2 o -8 450V 1.57 kA
I 2 - 6000 | -+ 400V 1.34 kA
P 4 : : : : ) ~#%- 350 V 1.10 kA
16 25 34 43 52 61 10 19 88 97 106 s
t [ms] S v /3
4000 | // /’
Plasma overview from cameras in #46996 @ /
c /
‘.
n
0
[ * . :
- ~
X 0 ° .
e 2 a 6 8 10 12 14 16

Time [ms]

Source: Working gas
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Ip scan:

Time evolution of spectra

Ha (656.3 nm)

Ha time evolution

Plasma overview from cameras in #46994 o 800V 2.80 kA
~8— 700V 2.27 kA
e ‘
= 700 V 4000 | -8~ 650 V 2.16 kA
= 600 V 2.07 kA
& ~#- 550V 1.92 kA
T - o 500V 1.76 kA
a 3000 | ~®- 450V 1.57 kA
—»— 400 V 1.34 kA
' ' ' (4
1.6 2.5 3.4 a3 5.2 6.1 7.0 7.9 8.8 9.7  10.6 s —*— 350 V1.10 kA
t [ms] -+
I S 2000
P Plasma overview from cameras in #46996
c 350 V
b= 1000 |
0
o
a
£
a " ‘
. 16
a.2 5.5 6.7 8.0 9.3 105 11.8 13.1 14.4 156 16.9 Time [ms]

t [ms]

Source: Atmosphere (H,O), in-vessel materials, previous shots, PVC
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-o- |PP C COMPASS @ Ip scan:

Time evolution of spectra

C Il (657.80nm) Clll?

[ )
C Il time evolution 1600 - Oll (463 88nm)
3000 e SR \ O 11 (463.901 nm)
~e- 700V 2.27 kA 1400 - C lll (464.74 nm)?
—o- 650 V 2.16 kA
2500 600 V 2.07 kA _— i
- 550V 1.92 kA \
— o 500V 1.76 kA \
-@- 450V 1.57 kA n 1000 \
. —+— 400 V 1.34 kA E N (460.15) n
—+— 350V 1.10 kA |
E 1500 O 900 X i
S By
600 - IS/
1000 :
400
500
200 -
0 0=, : ; ; ; :
; ; : : - 458 460 462 464 466 468
2 4 6 8 10 12 14 16 Calibrated wavelength [nm]

Time [ms]

Source: Atmosphere (CO,), PVC, Steel, pumping
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C:compass (@4 Ip scan:

Time evolution of spectra

Cl Il (479.46 nm)

Cl Il time evolution

1 Cl Il dependence on |,
-®- 800V 2.80 kA 2400 D
e 700V 2.27 kA b
-~ 650V 2.16 kA
2000 600 V 2.07 kA
-#- 550 V 1.92 kA
@ 500V 1.76 kA
ik —%— 450 V 1.57 kA
—#+— 400V 1.34 kA
‘E —#+— 350 V 1.10 kA
3
v 1000
500
07 % : : 1.25 1.50 1.75 2.00 2.25 2.50 2.75
2 a 6 8 10 12 14 16 1, [kA]
Time [ms] | . .
Source: PVC — cable insulation!
EMTRAIC 2024 - IPP Prague - 13/12/2024 12




C:compass (@4 B, shift scan:

Breakdown conditions, effect of B,

B: shift
— 0.4
E
&5 0.2
SHOT time U (Current | Ip yax [KA] | By(at Ip yax)
NUMBER | delay drive) [V] [T] 0.0
[ms]
47000 0 450 1.6 0.27 ;- 10-
47008 1 450 1.8 0.35 §
5
47005 2 450 1.7 0.37 ol
t [ms]
47007 3 1 1450 1.7 0.39
Table of shots with similar current drive values but different -
toroidal magnetic field shift. g 1
_Q.
0 -

0.0 2.5 5.0 75 100 125 150 175  20.0
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B; shift scan:

Color transition, MHD

Plasma overview from cameras in #47000
1.00 _____Camera components in #47000
A € '
o -
= 3 0.75
o g 0.50
—_— ~
(7] =
2 <, 0.25
“ —
0.00 4 v . v v v
2.5 3.7 4.9 6.1 7.3 8.5 9.7 10.8 12.0 13.2 14.4 2 a 6 a 10 12 14
S | t[ms) "
Plasma overview from cameras in #47008 u
B Camera components in #47008
T c 1.00 e
2
- -
"g 3 0.75
a =
- 0.50
g §
a. £, 0.25
3.8 5.0 6.2 7.4 8.6 9.8 11.0 12.2 13.4 14.6 15.8 0.00 ; : i . .
tims] " a [ s 10 u 12 14 16
» t [ms] ]
Plasma overview from camaras in #47005 2100 Camera components in #47005
s -
MHD = - Ly
= L
R LA
o 0.50
s E
° ° - o
activity] 2 2 02
o
0.00
5.2 6.3 7.5 8.6 9.8 11.0 12.1 13.3 14.5 15.6 16.8
t [ms] s t [ms] -
|
Plasma overview from canleras in #47007 —_— Camera components in #47007
c
'.2.. :: 0.75 paglra— B Ry
.g Lﬂ.
o 0.50
& £
E 2, 0.25
0.00
v 5. - . .
t [ms]
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Spectral mystery

e Found
e Not found?
Neutral | lonization | 1stionic | lonization 2nd
(1) energy [eV] state energy [eV] lonic
(11 state
(1)
He 24.59 He*
13.60
C 11.26 C* 24.38 C2*
13.62 O* 35.12 o2+
N 14.53 N* 29.60 N2+
Cl 12.97 Cl* 23.8 Cle+
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Fractional abundance

i
e
Py

10*
Temperature [eV] [3]

-
-
o

Possible reasons:

e Weak lines and noise

e Overlapping lines
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‘o: IPP Cicomeass @8 Conclusions

1) Spectral Calibration — newly done for Halpha, UV spectrometers@)
1) Critical parameters — smooth behaviourin | (I, . not found)

1) Effect of breakdown and B; — no B; dependence.
— changes MHD activity

1) Spectra analysis — Time evolution of peaks
— Light (2<20) impurities found
to be responsible for color transition
— Lines of higher ionization states not confirmed
(but not ruled out either)

Deep analysis using the measured data possible
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SPECTROSCOPY / SPECTROMETER SET-UP

HR2000+: crossed Czerny-Turner spectrometer
observing plasma using optical fibre Czerny-Turner set-up

o Petector collection lens -
S R . g) exit slit
6 P 7 = o focusing
0o |8 '_"‘ Ay O —1 mirror
O : - £5
OO0 _ S E diffraction
QO £ grating
collimating
mirror
entrance slit
@)
£
o T -
C 2 O
2 Q.E
0D &L £
O£ |5
£ O -
(alNe)
N
Spectral 3—Z&. | R,
filter /‘ \
2 Slit
1

SMA connector for optical fiber
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Spectral Calibration

allows precise wavelength assignment

e Hg-2 (Hg+Ar) spectral calibration source:
UV-IPP spectrometer calibrated (60 ms);
usable for VIS-TG (done within SUMTRAIC
2024), IR-IPP and VIS-IPP

e Ne-2 spectral calibration source:

Halpha-IPP spectrometer calibrated (1.6 ms,

partly removed fibre); usable for VIS-IPP

EMTRAIC 2024 - IPP Prague - 13/12/2024
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Spectral calibration of Halpha-IPP

Halpha with Ne calibration source o
Fitting curve

14000 - —— Manufacturer
—— Calibrated
12000 - Halpha with Ne calibration source
14000 —— Manufacturer
~—— Calibrated
10000 - 12000
10000 1
8000 -
E / 8000
£
3 2
U 6000 - “ s000
4000
4000 - 2600 ‘
| | |
04
2000 - 658 660 662 664 666 668 670 672 674
{ Wavelength [nm]
. 1 L l

630 640 650 660 670 680
Wavelength [nm]
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Spectral calibration of Halpha-IPP

Halpha with Ne calibration source Halpha with Ne calibration source
0.12 - i
E 0.032
0.11 c
et
= < 0-0301
£ 0.10 X
- o
S » 0.028
5 0.09 2
g § 0.026
5 0.08 §
= © 0.024 1
D 0.07 - B
% £ 0.022
> 0.06 - 4
- ]
= < 0.0201
. 1 >
0.05 2
! 2 0.018
0.04 - -~ Wavelength difference against manufacturer's
{ .
630 640 650 660 670 680 0 250 500 750 1000 1250 1500 1750 2000
Calibrated wavelength [nm] Pixel no.

e Wavelength difference AN ~ 0.1Tnm against the manufacturer’s calibration
® Resolution per pixel ~ 0.025 nm/pixel — ~ 4 pixels systematic shift, if not included
e FWHM ~0.055 nm

EMTRAIC 2024 - IPP Prague - 13/12/2024 22




C compass Spectral Calibration

UV with HG calibration source UV with Hg calibration source
—— Wavelength difference against manufacturer's i
— 0.1175 -
0.20 £
o
= — 0.1150 1
5 O
,E: 0.18 X
fod o
o .
v @ 0.1125 -
€ 0.16 o
2 c
g o
‘= 0.1100
5 0.14 E
p 2
2o0.12 ® 0.1075
o =
g o)
© 0.10 5 0.1050
E ]
G
0.08 = 0.1025 -

250 300 350 400 450 ) 250 500 750 1000 1250 1500 1750 2000
Calibrated wavelength [nm] Pixel no.

e Around the center Aresolution per pixel ~0.11 nm/pixel
® Blue region A resolution per pixel ~ 0.106 nm/pixel

® Around the center A difference ~0.07nm
e Blueregion A difference ~0.09nm

— Small difference
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< COMPASS Spectral Calibration

UV with Hg calibration source

|
—— Manufacturer UV with Hg calibration source
—— Calibrated e Manufacturer
6000 - —— Calibrated
6000 -
5000
5000 -
"
t 4000
3
- |
S |
2000 | | '|
3000 - l‘ 'H
e~ ' A
1000
400 402 404 406 a08 aio a12 a1a
Wavelength [nm]
2000 -
P '.._,n ;..1 l LMAJ J L o _l .._v
1000 -

250 300 350 400 450
Wavelength [nm]
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. COMPASS Ip scan:

Specira

2000 Spectra before the transition Spectra after the transition
—— 700V 2.0-4.0ms 16000; —— 700V 2.0-4.0ms
—— 350V 6.0-8.0ms —— 350V 6.0-8.0ms
1800
14000 -
1600 - _
12000 1
1400 10000
0 0
- -
3 £
0 1200- o 80004
o v}
1000 - 6000 -
4000 -
800 -
U 2000 - '
600 AL g A A A
T L T 3 3 iR 3 0 .‘;' ™ ™~ ™ 7 -
200 250 300 350 400 450 500 550 550 600 650 700 750 800
Wavelengths [nm] Wavelengths [nm]
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Uep: 350 V

Shot 46993 | w399 ms
teng s 16.79 ms
At 12.80 ms
| 1.1 kA

p,Max

Plasma overview from cameras in #46993

s
=
=
w
<]
o
o
o=
o
4.0 5.3 6.5 7.8 9.1 10.4 11.7 12.9 14.2 15.5 16.8
t [ms]
e Camera components in #46993

o
9
"

o
N
w

|_norm [a.u.]
°
wn
(=]

o
o
©

a 6 8 10 12 14 16
t [ms]
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Basic plasma parameters in #46993

t [ms]
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Uep: 350 V

Sholll 46996 tsiart - 4.19 Ms

Pixel Position

»
N

1.00

1 norm [a.u.]
e ©
wm ~
o w

o
N
[

0.00
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teng s 16.90 ms
At: 12.70 ms
| 1.1 kKA

p.Max

Plasma overview from cameras in #46996

5.5 6.7 8.0 9.3 10.5 11.8 13.1 14.4 15.6 16.9
t [ms]

Camera components in #46996

S 6 8 10 12 14 16
t [ms]

Basic plasma parameters in #46996
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Uep : 400V

Shot 46998

lo_max: 1.3

toign + 3.13 mMs
teng = 15.52 ms
At: 12.39 ms

KA

Plasma overview from cameras in #46998

c
2
-
n
o
o
)
X
a
3.1 a.4 5.6 6.9 8.1 9.3 106 11.8 13.0 14.3 15.5
t [ms]
Plasma overview from cameras in #469938
=
)
—
Z
(4]
c
@
E =l
£
3.1 4.4 5.6 6.9 8.1 9.3 10.6 11.8 13.0 14.3 15.5
t [ms]
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Uloop [V]

0.4

Br [T]

0.0

Basic plasma parameters in #46998

—
o

o
L

0.2-

10

15
t [ms]

20

25

28

30




Intensity [a.u.]

U_cd: 450V
t_start : 2.53
t_end: 14.41 ms
At : 11.87 ms
lo_max : 1.6 KA

Shot 47000

Plasma overview from cameras in #47000

c
o
s
[
[+
(%
]
X
o
2.5 3.7 4.9 6.1 7.3 8.5 9.7 10.8 12.0 13.2 14.4
t [ms]

Plasma overview from cameras in #47000

2.5 3.7 4.9 6.1 7.3 8.5 9.7 10.8 12.0 13.2 14.4
t [ms]
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1.5~

3‘ 1.0
Send

a 0.5 1

0.0

U loop [V]

By [T]

0.0+

Basic plasma parameters in #47000

-
o

(* )
L

0.4

0.2

10

t [ms]

20

25

29

30




Pixel Position

Intensity [a.u.]

U_cd: 500V
t_start : 2.08 ms
t_end: 13.50 ms
At :11.42 ms
lo_max : 1.8 kKA

Shot 47002

Plasma overview from cameras in #47002

2.1 3.2 4.4 5.5 6.6 7.8 8.9 10.1 11.2 12.4 13.5
t [ms]

Plasma overview from cameras in #47002

2.1 3.2 a.a 5.5 6.6 7.8 89 101 11.2 12.4 13.5
t [ms]
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Basic plasma parameters in #47002

-
o

o
A

10

15
t [ms]

20

25

30
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U_cd: 550V
t_start : 1.83 ms
t_end: 12.48 ms
At :10.65 ms
lo_max : 1.9 kKA

Shot 47001

Plasma overview from cameras in #47001

|~
°
=
1]
(=]
o
o
X
o
1.8 2.9 4.0 5.0 6.1 7.2 8.2 9.3 10.3 11.4 12.5
t [ms]
Plasma overview from cameras in #47001
~
=
©
—
0
c
0
-
£

1.8 29 40 50 61 72 82 93 103 114 125
t [ms]
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151

Uloop [V]

o

0.4-

Tl

Brl
g
N

0.0-

Basic plasma parameters in #47001

[
o

o

10

15
t [ms]

20

25

31
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U cd: 600V

Shot 46999 | isor:iesms

f end: 11.69 ms
At: 10.04 ms
lo_max: 2.1 KA

Plasma overview from cameras in #46999

Pixel Position

1.7 2.7 3.7 4.7 5.7 6.7 7.7 8.7 9.7 10.7 11.7
t [ms]

Plasma overview from cameras in #46999

) Intensity [a.u.]

Y, T T T T T T T

1.7 2.7 3.7 a.7 5.7 6.7 7.7 8.7 9.7 10.7 117
t [ms]
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151

U loop [V]

o

0.4

By [T]

0.0

Basic plasma parameters in #46999

—
o

w

0.2 1

10

15
t [ms]

20

25
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30




Uep & 650V
ShOt 46997 TSTor’r: 1.66 ms
teng s 10.99 ms
At : 9.33 ms

| : 2.2 kKA

P, Max

Plasma overview from cameras in #46997

Pixel Position

1.7 2.6 3.5 4.5 5.4 6.3 7.3 8.2 9.1 10.1 11.0
t [ms]

Plasma overview from cameras in #46997

Intensity [a.u.]
N >
<
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Uloop [V]

o

0.4

T]

Brl

0.0

Basic plasma parameters in #46997

e
i © w

0.2+

20

25

33
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Uep: 700 V
Shot 46991 .1com
teng - 10.47 ms
At : 8.87 ms

I : 2.2 KA

p,Max

Plasma overview from cameras in #46991

Pixel Position

2.5 3.4 4.3 5.2 6.0 6.9 7.8 8.7 9.6 10.5
t [ms]

»
o

Camera components in #46991

1.00 U
-
3 0.75
n
—
g 0.50
P
)
€ 0.25
0.00 : ; ,
2 a 6 8 10

t [ms]

EMTRAIC 2024 - IPP Prague - 13/12/2024

Basic plasma parameters in #46991
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Uep: 700 V
ShO'l' 46994 toign - 1.58 ms
teng : 10.57 ms
At: 8.99 ms

| e N 2 LA

Plasma overview from cameras in #46994

Pixel Position

1.6 2.5 3.4 4.3 5.2 6.1 7.0 7.9
t [ms]

Camera components in #46994

10.6

I norm [a.u.]
p =]
N w
w o
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w

Basic plasma parameters in #46994
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Counts

N Il time evolution
2000 ¢

1750 1

1500 1

12501

1000 ¢

750

500 ¢

250 ¢

X

14

700V 2.27 kA

650 V 2.16 kA
600 V 2.07 kA
550V 1.92 kA
500V 1.76 kA
450 V 1.57 kA
400V 1.34 kA
350V 1.10 kA

4 6 8 10 12
Time [ms])
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14 16

Counts

500

400 |

300 1

200 |

100 1

Ip scan:

Time evolution

O Il time evolution

SEXEEXE X

800V 2.80 kA
700V 2.27 kA
650 V 2.16 kA
600V 2.07 kA
550V 1.92 kA
500V 1.76 kA
450 V 1.57 kA
400V 1.34 kA
350V 1.10 kA

8 10
Time [ms]

14 16
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< COMPASS

B; shift corrected by the prescribed timeshift

2.0
— 0Oms
151 —— 1lms
—_— 2ms
| o |
§ — 3ms
= 1.0
o
0.5
0.0 = oo ' . \ " . —
054 — Oms
— 1lms
0-4" S — st
- | — 3ms
F 0.3
~
@ 0.2
0.1
0.0 -
-5 0 5 10 15 20 25 30
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< COMPASS

Halpha spectrometer

8001 —— 700V 2.25kA
—— 350V 1.10kA

Ha He I
700 -

600 -

N I

Counts

400

300 - /
wl L
)

Wl ™ M A At e s -I-v'l-—vv

100 T r - :
645 650 655 660 665 670

Wavelengths [nm]
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Counts
N
O
O
O

Hel

Hel -

Hel /BII Hel
Hell

400 500 600 700
wavelength, nm

IR 20 us, VIS 3us, UV 50 us, Halpha 20 ys
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C: compass He Il (656.02 nm)

COMPASS discharge

Halrpha [#46994 3]

1400F | . i ™
i € ]
1200 E : » H1(656.28)
1000 F . 400
2 : 1 ..
CCDD o909 3 ; §3°°‘ He Il
A - o e
O 600 N g 200
: 1 (656.02)?
400 L™ A 100
200 F : g
or v e — 655.6 655.8 656.0 656.2 656.4
655.6 655.8 6560 656.2 656.4 | Calbated wavelength (ml |
wavelength, nm 0.025 nm/px
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< COMPASS

Standard deviation

Standard deviation of camera components in #47000

o I
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= 0.15 <l " \
E 0104 A\
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< COMPASS

wavelength - color ‘ -’

https://www.agcled.com/blog/basic-information-of-the-visible-light.html

https://www.pythoninformer.com/computer-science/colour/rgb-colour/

Wavelength Frequency  Photon energy

Color
—_ — (hm) (TH2) (eV)
,b.o_,b(so_l,moo —— | .violet 380-450 670-7380 2.75-3.26

!gb(O%, 100%, 0%) ]!gmso-a-a 100%, 0%) ”rgb\'IOO’:'fb, 100%, 0%) l . blue 450—485 620-670 256—275
T — cyan 485-500 | 600-620 2.48-2.56

rgb(0%, 0%, 50% rgb{50%, 0%, 5 rgb({100%

__' — B green | 500-565 | 530-600 | 2.19-2.48

| | IC | i
rgb{0%, 100%, 50%) rgb{50%, 100%, 50%) rgb{100%, 100%, 50%) yel ‘ow 5 6 5_590 5 1 0_5 30 2 ; 1 0_2 : 19
e | EE—

rgb{0%, 0%, 100%) rgb(50%, 0%, 100%) rgb{100%, 0%, 100%) orange 580-625 480-510 1.98-2.10
—o:_—n | 9

e B red 625-750 | 400-480 | 1.65-1.98

rgb(0%, 100%, 100%) rgb{50%, 100%, 100%) rgb(100%, 100%, 100%)
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