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Particle acceleration/heating of high
guide field reconnection in merging
spherical tokamak formation experiments

TS-6 Exp. (U- Tokyo) Plasma scenario (full) Merging phase ST40 Exp. (Tokamak Energy Ltd.)
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" Highlight of this talk:
Rec. heating and its application for fusion plasma scenarios

TS-6 experiment (U -Tokyo) ST40 experiment (Tokamak Energy)

M. Gryaznevich et alNucl.
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TS-6 experiment (U -Tokyo) ST40 experiment (Tokamak Energy)

lon heating/transport in flux
tube merging configuration

., Quick review of high field
application in ST40

First measurement of both
lon and electron temperature
profile during Rec. heating

., Sustainment/confinement of
lon heating inside the closed
flux surface after merging

Detalled investigation of reconnection
process with in-situ probe diagnostics

U 2D magnetic diagnostics is available
U 2D 96CH/320CH Doppler tomography

Application of reconnection heating in the
keV range (In-situ probes are not available)

U 30CH Thomson scattering
U 32CH/96CH Doppler tomography




Typical feature of ion heating during magnetic reconnection in TS-6
~ ions are heated in the downstream region of outflow jet ~
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double-peak T, profile
* by Rec. heating
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Typical feature of ion heating during magnetic reconnection in TS-6
~ lons are heated in the downstream region of outflow jet ~

Comparison with solar flare
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Confinement of reconnection heating in the downstream region
~ Reconnected fields lines form closed flux surface after merging ~

double-peak T, profile
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Downstream reconnection heating is
confined inside the closed flux surface




After the end of merging, the heated ions are
sustained/confined inside the closed flux surface
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The structure is clearer with full-2D T, imaging measurement
~ Rec. originated high T, area propagates globally in the poloidal direction ~
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The structure is clearer with full-2D T, imaging measurement

~ Rec. originated high T, area propagates globally in the poloidal direction ~
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Revisit of heating scaling: T® B B0 129 152
~ Reconnection heating power can be upgraded by increasing l,! ~

Reconnection heating ¢p Tincreases in proportion to B,,.>and |,
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High Field application of Rec. heating in ST40
~ Rec. heating is routinely used to form high temperature plasma ~

ST40 device ( R,~ 40cm) X-ray Doppler Visible image
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High Field application of Rec. heating in ST40
~ Rec. heating Is routinely used to form high temperature plasma ~

ST40 device ( R,~ 40cm)

Standard plasma scenario in ST40:
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High Field application of Rec. heating in ST40
~ Rec. heating is routinely used to form high temperature plasma ~

ST40 device ( R,~40cm) Standard plasma scenario in ST40:
High /, startup by merging: /,~ 0.5MA

m T, ~1keV plasma startup by  Rec. heating
i P o ¢ . Auxiliary heating to  10keV by NBI

1OP Publishing | international Atomic Energy Agency Nuclear Fusion
Nucl. Fusion 63 (2023) 054002 (6pp) https://doi.org/10.1088/1741-4326/acbec8
Letter

Achievement of ion temperatures in
excess of 100 million degrees Kelvin
in the compact high-field spherical
tokamak ST40
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High Field application of Rec. heating in ST40
~ Rec. heating is routinely used to form high temperature plasma ~

w

ST40 device ( 7, ~40cm) Before 2023 during COVID -19
' . First plasma in 2018 and 2.3keV
i ¢ achievement of T; by Rec. heating
i 10keV achievement of T, in 2022
Profile measurement was not available

From 2023 after MR 2023 meeting
homson scattering measurement of

. and n, was installed in 2023
U-Tokyo Doppler tomography restarted
the measurement of T, profile y




Thomson Scattering measurement started from 2023
~ 1keV plasma formation by Rec. heating is now confirmed by TS ~
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Diagnostics collaboration in ST40 (2D Doppler tomography Is
shipped from U-Tokyo to ST40): 32CH in 2023 A 96CH in 2024

AL . el N
Now we can use profile measurement of I, T,and n,

Upgrade of Doppler tomography has been completed
(32CH A 96CH: 2D imaging of 7;1s now available in ST40)
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First 2D imaging measurement of T, in ST40

Reference model Time evolution of 2D T, profile with EFIT

Note: magnetic diagnostics just assumes single-axis and don fftrust too much.
(Reconnection might be still continuing. We can fluse in-situ measurement)



