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• In KSTAR FIDA diagnostic system has been developed and the commissioning has been performed since 2018 KSTAR experimental campaign.

• It consists of the grism, two tele-lens sets, blocking strip and EMCCD. The temporal, spectral and spatial resolutions of the spectrometer are 20 msec, 0.0215 nm and 4-10 cm respectively.

• FIDASIM calculations has been commissioning with KSTAR spectrometer data to precisely evaluate FIDA signal.
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Experimental setup
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*Initial spectrometer system has been made by Prof. 

S.G. Oh and students (Ajou Univ.).
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J-port cassette: Integrated Optics module 
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Position of LOS

Absolute calibrations of raw spectra 
for comparisons of intensity
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Conversion from 

digitized counts to photon radiance with, 

𝐴, 𝑠𝑜𝑢𝑟𝑐𝑒 𝑎𝑟𝑒𝑎, 𝑃, 𝑑𝑖𝑔𝑖𝑡𝑖𝑧𝑒𝑑 𝑐𝑜𝑢𝑛𝑡𝑠 , 

𝐿𝜆, 𝑠𝑝𝑒𝑐𝑡𝑟𝑎𝑙 𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒, 
𝜃, 𝑣𝑖𝑒𝑤𝑖𝑛𝑔 𝑎𝑛𝑔𝑙𝑒, 𝛺, 𝑠𝑜𝑙𝑖𝑑 𝑎𝑛𝑔𝑙𝑒, 

Δ𝜆, 𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ 𝑏𝑖𝑛, 

Δ𝑇, 𝑡𝑖𝑚𝑒 𝑏𝑖𝑛, 𝐹, 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑐𝑎𝑙. 𝑓𝑎𝑐𝑡𝑜𝑟
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FIDA measurement
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Non-charge exchange component (OV, CII, OIV..) can be subtracted by beam modulations.
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Geometric weighting

18602 at 13.65 s

R, Z = 190 m, -0 m

BEAM A, B, C (100, 70, 70 keV)

Fast ion distribution function calculated by NUBEAM

convolutions

a=0.065pi

a=0.2pi

vertical

tangential

a, angle between b⊥1 and LOS at b∥, b⊥1 plane

Examples of weighting function for KSTAR

𝑺 = ඲න𝒘 𝑬, 𝒑 ⅆ𝑬ⅆ𝒑

FIDASIM [2] calculations

Modelling setup

FIDASIM with Preset
Models beam and halo 

neutrals, calculates VBE, cx 
probabilities, weight function, 

active FIDA radiance using 
sightline geometry

Preset
Neutral beam geometry

Equilibrium
Plasma profiles

TRANSP or NUBEAM (OMFIT [3])
Theoretical fast ion distribution 

functions
F (E, p)

FIDA and NPA

2019 FIDA01 geo, equilibrium with CCW BT and IP (21747Z35)

Comparison with

the measurements (MSE LOS)

Spectra measured by MES LOS 

w/o modulation @ 2.00-2.35 s

FIDASIM 

with neutral beam current fraction 

(0.467, 0.374, 0.159)  ↓
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CH01 R = 1748 mm 
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MSE CH16 ~ CH01

CH01 ~ CH10
CH01    CH20

Geometrical inputs for FIDASIM →

Comparison with physical parametersSensitivity study with Zeff and Df

FIDA spectrometer Calibration of each line of sight

Wavelength calibrations

Predictions of E-p space sensitivity (weight function)
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Application for each CH.

For the sensitivity study, effective Z, profile shape of Zeff, fast ion diffusivity and current fraction are scanned. Especially large values of Zeff enhances bremsstrahlung emissions 

signal to noise ratio is gone bad.  Bremsstrahlung, one order larger than FIDA intensity (∝ ne
2) 

Since KSTAR FIDA systems in mid-plane and tangential array (a ~ 0.5 pi)

Convolution shows the narrower region of  the E-p coverage.

Patch panel

FIDA (fast ion Dα) system  consists of two mid-plane tangential arrays.

J-port cassette: Integrated Optics module shared with visible spectroscopy and filter scope

Integrated FIDASIM modelling platform (handling the profile data + TRANSP outputs) is necessary. 

ⓐ ⓑ

ⓒ

ⓐ FIDASIM run

ⓑ FIDASIM calculation results with FIDA01
It shows blue shifted BES and is compared with FIDA measurements but 

it is hardly matched in one time calculation. Need iterations

ⓒ comparison with MSE measurement and the calculations
calculation is qualitatively matched with MSE measurement. Since MSE 

and FIDA view aligned looking at beam line in opposite side, this can be 

good base material for reliability check.

ⓓ neutral density calculations with beam grid (FIDASIM inputs)  at 

FIDA focal points

ⓔ neutral density of each component along the beam lines (Xbeam)

ⓕ neutral density at FIDA LOSs

ⓕ

Neutral density at focal points of FIDA

FIDA01 FIDA02

ⓓ

ⓔ

FIDA01 FIDA02

1. Spectroscopic measurements in beam into gas and plasma discharges will be performed for the reference spectra.

2. Additional FIDA array (FIDA02) will be introduced in 2019 campaign to span the detectable fast-ion phase-space.

3. FIDASIM iteration is necessary with newly acquitted data.

4. To expand FIDA operational range of fast-ion phase-space, optical alignment is under discussion.

5. To understand fast ion physics, various operation scenarios and relevant MHD instabilities will be investigated.

Summary

FIDA density with heating in time trace [4]

Scaling study with FIDA density [5]

FIDA density = FIDA intensity/beam neutral density

∝ Fast ion density (∝ Pinjf(Te)/ne) ∝ Fast ion pressure

FIDA density profile seems to be qualitatively and quantitatively

matched with shape of fast ion pressure (TRANSP)Single energy FIDA profiles

661 nm ~70 keV Pf profile comparison in DIII-D [3]

661 nm ~ 653 nm

Fast ion pressure calculated by TRANSP FIDA density

21747Z35
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