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Motivation for Development of the Two-filter Diagnostic on VEST

Current 40-channel SXR svstem on VEST in SNU
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specification M?jor Rad!us 0.45m
Minor Radius 0.33m
Aspect Ratio >1.36
Plasma Current <170 kA

J. Jang et al., Rev Sci Instrum 93, 093506 (2022)

40-channel soft X-ray (SXR) system have been
installed to study MHD mode on VEST (Versatile
Experiment Spherical Torus) in SNU

Measuring SXR power from plasma cannot give
single plasma parameter

However, using two-filter method, we can get
electron temperature (T,) from SXR data
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Electron Temperature Estimation Using Two-filter Method

+ SXR power from bremsstrahlung depends on
electron density (n,), electron temperature (T,),

Temperature-ratio curve R(T,) and effective ion charge (Z,f)
Be 1.0 um /Al 1.0 um Prag ~ e’ TeZeyy
1.75 1
1.50 | * However, the SXR power through a filter with
transmission ef f (E) only depends on photon energy
1.25 1 _£
= Prad(Te) =C- fe Teeff(E)dE
I 1.00 T_\/‘Fe
0.75 Other parameters (n,, Z.s, etc.)
become constant C
0.50 -
Measurement range
0.25 - « By taking signal ratio, we can estimate T, until
temperature-ratio curve R(T,) is a monotonic function
0 50 100 150 200 250 —
TleV] Je Teeffi(E)dE Filter #1 signal
R(T,) = E
T, : :
Constant C canceled out Je Teeff(E)AE Filter #2 signal
R R ———————————————————————————————————————————eo
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Motivation for Development of the Two-filter Diagnostic on VEST

Schematic of the VEST SXR systems

Top view of
VEST torus

Two-filter SXR system
plasma in development
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From signal ratio of SXR with two different filters, we
can estimate T, with high temporal resolution (~ MHz)

- VEST Thomson scattering T,: ~ 0.5 kHz

2D image of T, evolution can be also obtained
through tomography

By combining the two SXR system at different toroidal
location, we will study 3D mode structure in VEST
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Design & Installation of the System
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Sensor Array and Preamp Electronics for the SXR Pinhole Camera

16-channel AXUV photodiode

SXR camera for 6” vacuum port 16-channel transimpedance
preamplifier (108 V/A)

Two 16-channel AXUV (absolute
extreme UV) photodiode were used

To minimize the noise, we installed
multichannel preamp inside the SXR
camera without cable connection
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Filter Wheel is Applied to the Pinhole Camera

Light cover to prevent
stray light

Filter wheel

1
Blank (no pinhole)

Pinhole (slit)E

We applied filter wheel that can load 6
different filters to test various parameters
(filter material, thickness, pinhole size,
and stray light)

We loaded a blank channel and checked
there was no stray light signal

400

#36990

300

Pinhole channel

SXR [mV]
5
Q

Blank channel

310 312 314 316 318 320 322 324
Time [ms]
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Selection of Filter Material

50

Transmission of filters
40 | Ag 0.2 um
o) Be 1.0 um
'z 30 A
§ Al 1.0 um
E
220 A
©
=
10 A
0
0 50 100 150 200

Photon Energy [eV]
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| (ex Al&Be).

250

We considered estimated VEST T, (30 eV ~ 150
eV) to select filter materials

Aluminum (Al) was selected to measure low energy
photon ( <70 eV)

Silver (Ag) was used to measure photon energy
over 100 eV

We also tested Beryllium (Be) which has
transmission between Al and Ag (but it is a toxic
and brittle material)

KAIST Fusion and Plasma Dynamics

Laboratory




Selection of Filter thickness & Pinhole size

500
c - Be1.0um
ore ¢ 1x4mm?2 ||
Z 300 (‘
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1001 ff/ﬂl |||
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e |
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|

o 1

v level

N
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axX.

We determined filter thickness and pinhole size
considering our setup

- Peak to peak range of the digitizer: 2 V
- Possible thinnest filter thickness : 0.1 um

- Maximum pinhole size : 1 X 4 mm?

After tests, we chose 1 x 4 mm? pinhole and
1.0 um thickness for Al and Be which showed
hundreds of mV signal

Ag was expected to show low signal for its high
cutoff energy, so we chose 0.2 um (0.1 um was
too fragile)
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Installation of the Two-filter Camera on VEST

SXR camera with a
stainless-steel shield

Power supply &
DAQ system
(~125 MS/s)

Signal lines are connected to DAQ
system through D-sub cable

Camera installed on VEST top port 16 LOS in
poloidal plane

1.0

0.5

0.0

—1.01

I

—

T T T
0.25 050 0.75

We installed the SXR camera on
the VEST top port

The 32-channel camera covers
16 lines-of-sight (LOS) in the
VEST poloidal plane

The amplified signal is transmitted
to the DAQ system outside the
VEST chamber
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Initial measurement results
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Measurement Result of Al Filter at VEST Ohmic Discharge

800 -
700 | VEST #38269 .
600 { \
500 {

400 -
300 |
200 -
100 1

We could measure all channels covering
plasma core to edge

SXR ImV1

100 - | | | | « Core channel showed higher signal level
compared to edge, expected from higher n,

80

60 1

I, [kA]

40
20

« We set Al signal as the base for ratio
comparison because its sufficient signal level

306 308 310 312 314 316 318
Time[ms]

R R ———————————————————————————————————————————eo
KNS Sprlng meeting Fusion and Plasma Dynamics
Jeju, Korea, May 1719, 2023 13 KAIST uonen v




Ag Filter Signal Level Was Too Low for Getting Signal Ratio

350
300 - H #38269 * During /, ramp-up phase, Ag filter signal level
>' 250 - o / ‘1,-‘“'# was lower than fluctuation level (~14 mV)
E. 500 Al 1.0 um '{.
% 150 - Fﬁ-”"l'* '\l Ag 0.2um
100 - N‘J\w ’ » Because the Ag signal, T, estimation was hard
5‘; : y with Ag/Al filter combination
Low signal‘level
100 - #38269 Ag/Al ratio
80 005
— ] T Large uncertainty "_r/]/\/“
< (14
x 60 >
- 40- 0.0 : :
310 312 314 316
20 - Time [ms]
0 B /-'"-
308 310 312 314 316 318 « Considering the Ag transmission (cutoff at 100
Time[ms] eV), number of photon over 100 eV was not

much during ramp-up phase
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T, estimation Using Be / Al Combination Was Possible

250
#38877
2001 « We also tested Be/Al combination, and Be shows the
z similar signal level compared to Al
g 150
100 |
501
0 : :
200. ' » Estimated T, at core channel is ~ 50 eV after
R(Te) | #38877 Measurement range Ip ramp-up

interpolation

T, [eV]

« Estimated T, showed a similar order with VEST

T, ~ 50 eV at Thomson measurements (30 eV ~ 150 eV)

core channel

o 4
306 308 310 312 314 316 318 320
Time [ms]
T R R O R R R R R R ————————————————————————————
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Error Contribution of Impurity Line Emission

* Two-filter method assumes bremsstrahlung
continuum radiation, but impurity line emissions
can be included in the measurements

1 _E
Proa(T,) =C - \/_Ff e Teeff(E)dE +|line emission
e

Temperature-ratio curve with correction
2.0

. — B.e 1.0un";f Al l.DL;m
-~ Impurity 1% (C, O) + We estimate the dominant impurity radiation in
VEST hydrogen plasma is carbon and oxygen

* Using FLYCHK* code, we simulated line
emission within VEST operation condition
(n, ~ 10" m3, 1% C, O concentration)

 The estimated error contribution is not so
significant (~ 5%) at 30 eV ~ 120 eV

00 ¢t

20 40 60 80 100 120 140
Temperature[eV]

*Chung, H-K., et al., High energy density physics 1.1 (2005): 3-12.

T ——————————— |
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A soft X-ray two-filter diagnostic was developed for VEST T, measurements

« To apply two-filter method, we tested various parameters such as pinhole size, filter material,
thickness, and stray light

Initial measurement shows that the estimated 7, was in the similar order of Thomson

« Measurement with Be/Al filters showed that T, was ~50 eV at plasma core channels

« Effect of impurity line emission was simulated, and it gave estimation error of ~5 %

» Estimated T, with error contribution was still consistent with Thomson measurements
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Future Work

Another camera will be added for tomographic reconstruction

1.0
Design of the mid-port camera, which

has a tilted view * The signal is a sum of SXR from a sight line,

and the estimated T, is not a local value
0.5 1

 We plan to install another camera at the
VEST mid-port for tomography

0.0 A

«  With tomography, we will study local and
104 2D T, evolution in various scenarios

. I‘\I‘ Current top port camera (32 channels)
025 050 0.75 will be moved to bottom port
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Thank you!

4
14
iy
i

I(AI ST Department of Nuclear and

AR SUA LA
National Science Challenge Initiatives
Quantum Engineering Y MEIHSHD 2 2hCHoh §IXjok 2. otat 19

2.3t STHSUHIEI01 AL

]
| B8

e
Pl
R

b

(«L&“'

}\%!.4..
E



Department of Nuclear and
Quantum Engineering

4
24
iy

}\%!.4.
E

]
| B8

W

R

b
(«L&“'

NSO 3aTHY YHEIAL 20

A NSRS LA LAY

National Science Challenge Initiatives

STHZRUHEIII0I A S



Relative calibration of AXUV channels

Objective: Check the sensitivity of each channels and sensors for multi-channel tomography application

AXUV holder

532nm green
LASER

1

Variable gain
preamp

Adjustable

XYZ stage

Oscilloscope

+  Sensitivity of each channel was measured using a laser
source in KFE

+  Each channels were measured 3 times to get standard
deviation (~0.02)

Normalized signal

* Signal normalized by maximum value
in the figure (data/ max(data))

& AXUV1
144 16 channel AXUV D oaav2 141 20 channel AXUV ; v o Manufactured Channel Tl e
B AXUV3 in mean [V] | (max-min) [V]
& AXUV4
- o Aaxuv7 - AUXV 1 2021/08/23 Not used 201 003
_ AUXV 2 2021/08/23 16 Not used 1.98 0.05
@ .
1.0—*;"¢."‘t.""‘ S101 60 0000 s o b s boEEene e AUXV 3 2021/08/23 16 VEST (diode 1) 2.01 0.06
* ¢ 0 E AUXV 4 2021/08/23 16 VEST (diode 2) 1.99 0.06
0.8 4 g 0.8 AUXV 5 2021/12/16 20 VEST (upper) 1.95 0.04
[=]
= AUXV 6 2021/12/16 20 VEST (mid) 1.94 0.03
061 0.6 4 AUXV 7 Not sure 16 KSTAR X X

Faulty channel of old

/AXUV from KSTAR

0.4 4 0.4

L3
T T T T T T T T T T T T T T T T
2 4 6 8 10 12 14 16 2.5 5.0 7.5 10.0
channel # channel #

+ Difference was small (max. ~3.5 %) between channels and array units

*  We can use the sensitivity information to tomography in future work

21

All AXUVs were manufactured in the similar
period, except old one from KSTAR

AXUV 1,2 will be used for the new system at
4 o’clock lower midplane



High frequency noise can be removed by filtering

1700 200
#38267 100kHz #38267
1600 - Ch. 20 LFP 400 Ch. 20
< 1500 | No Ic?w-pass % 300 :i?tgl:il-rllz
51400_ filtering - = g
> > 200 -
Y1 1300 -
1200 100
1100 - : : : : ‘ . 0. L
300 310 320 330 340
600 4 ~1MHz sampling Time [ms]
200 | = * High frequency noise over 200kHz is present
N = - = =
< = = = =
= = = £ = » Because the plasma spectrum is around tens
200 + . ) ]
of kHz, postprocessing using LPF can further
= | Plasma signal reduce the high frequency noise

305 31 315 3200 325 330 335 340
Time [ms]
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Consideration of AXUV sensitivity by photon energy

200 2.00
#38877 COI’e 175 AXUV response to photon energy
175 A
channel o
; 150 - 1.50 .
)
S 1291 Without - g o
7 Without 3
@ 100 4 141\ /1 2 P -
3 sensitivity 100 sensitivity £ om0
1]
2 751 5
= .
s 0.75 1 g Different
o . wgw 0
g 504 o sensitivity at 10
- 050 eV~100 eV was
e 025 | “ also considered
0 sensitivity ' , ! fn T ot atian
, , , , , ‘ ‘ ‘ 10° 10! ].OBU 1 e CDLIIIOIEIGLIUII
309 310 311 31$_ime3[]rfs] 314 315 316 317 0 50 100 150 200 Photon energy [eV]

TleV]

« Consideration of AXUV sensitivity alters temperature-ratio curve

» After correction, the estimated electron temperature is lowered
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Core channel temperature

175 4

#38877 1751

150 4
1254
100 4

75 A

50 A

Electron temperature [eV]
Electron temperature [eV]

25

308 310 312 314 316 318 09 : : : :
Time [ms] 308 310 312 314 316 318
Time [ms]

Electron temperature [eV]

308 310 312 314 316 318
Time [ms]
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Local structure at IRE burst

32
31
30

#38877, Al 1.0 um

Higher number channels
are inboard-side

150 A |
100 - 1/ ) \ I\
50 4
1
N Trace reversed
0_
310 311 312 313 314 315 316 317
Time [ms]
* |t seems that some event at core results in a burst at
edge channels
* we need to do further measurement afterward to see

the local T, evolution

200 ~

SXR [mV]
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