« HL-2A tokamak:
* R/a=1.65m/0.4m
* [p=150-300kA, B:=1.3-2T
* ne=1-4e19 m3,T,=1-3 keV
B Heating and fuelling

» ECRH: 2-3MW (coupled
power), 500Hz
modulation,68GHz

> NBI: 1-2MW, 40keV
» LHCD: 1MW, 3.7GHz
» Pellet: repetitive

» SMBI: 0.2-3MPa, 100Hz
modulation
» RMP (n=1)
* More than 30 diagnostics have
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¢ @ Diagnostics for energetic particle physics study
HL-2A

*Heating: ECRH (3MW/1s), NBI(2MW/1s), LHCD(1MW)
+ECRH modulation: 500Hz

"Fast ion spectrum and distribution "Wave-particle interaction

> CXRS (32ch) St
M be (18ch+10ch
> Imaging-FIDA (2017) irov probe (18ch+10ch)

"Fast electron spectrum and distribution > Reflectometer (2ch)
» Soft-X-ray spectrum (SDD) >
»ECE (50-110G,110-170G, 2ms) Doppler (>20ch)

"Fast particle loss »ECE/ECEI (32ch, 384ch)
>g§m_a-ray spectrum(Nal, HPGe) > Soft-X-ray array (100ch)
» Fission chamber (2-ch)
»3He Neutron spectrum »BES (2017)

»Neutron camera (9-ch, 2015)
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Diagnostic systems for fluctuation

[ W measurements on HL-2A
HL-2A
Parameters Diagnostics channel | Spatial | Temporal |Reliability| error
Plasma imace Visible CCD camera 1 Entire 9 ms >90% --
5 Fast visible CCD camera 1 - 100 ns --
Te Multi-channel ECE/ECEI | 16/384 251/11 1/10 ps >T70% a.u. 73-97G
e MW interferometers 4 1 ps
Doppler reflectometers 24 lcm 1-5ms 17-60GHz
: : m<l17, o o
MHED Mirnov coils 2 sets el 50 kHz 100% 2%
Soft-x-array 20%*5 3cm 10 us >90% 5%
Movable electrostatic
Edge parameters 2 I mm 1 ps ~50% 30%
(ne,Te, EXB,...) probe
S "7 | Fast reciprocating probe 1 1 mm 1 us ~70% 30%
Movable electrostatic o o
Divertor probe 2 1 mm 1 ps >50% 30%
parameters Target plate probe 7*4 1 cm 1 us 100% 30%
Microwave interferometer 1 -- 10 ps <30% 5%
Target plate temp. IR camera 1 I mm 1 us >70% 1%
Edge turbulence Electrostatic plate 3 1 mm 1 us >50% 30%
Plasma rotation doppler reflectometer 4 I cm 1-20 ms ~50% 10%
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g_':H Soft X-ray array

Five arrays

Lines of sight: 100
spatial resolution: 2.5cm
-temporal resolution: 10us
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& Mirnov coils

Parameters:

mPoloidal: 18channels em<17, n<4
HToroidal: 10channels

ESampling: 1MHz
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- DBS systems for poloidal rotation

& and turbulence measurements
HL-2A

« Multi-channel Doppler backscattering (DBS) /Reflectometry systems built
by SWIP for HL-2A
— 8-channel K-band system: 17,18,19,20,21,22,23,24 GHz, O-mode
— 8-channel Ka-band system: 31,32,33,34,35,36,37,38GHz , O/X-mode
— 8-channel Q-band system : 34,36,38,40,42,44,46,48GHz , O/X-mode

— 4 frequency correlation DBS system: one launcher, 2/16 receivers:
32,34,36,38GHz , O/X-mode (studying toroidal, poloidal correlationjg

— Tunable systems:26-40GHz (O/X-mode), 40-60GHz( X-mode) )
— Systems detailed in

2T
. Z.B.Shiet.al., ITPA diag.(2011), ; ;
ir -
- Z.B.Shietal., IRW12(2015), : 13
. Z.B.Shi et.al., RSI 87(2016)113501, = F &L ] D
g Lt E
+ W.L. Zhong, et.al., Nucl. Fusion 55 (2015) 113005, = i l i
= [ ]
* W.L.Zhong et.al.,1st EPS diag. (2015) 2r E
i T-W/O SMBI .
SE =

fos " Ties 2 202 204 206

+Souihwestern Institute of Physies 5 .,



Ty

X-mode FMCW reflectometer for

s : -
HL-2A density profile measurement

vCco Power divider Multiplier

cut-offlayer

Launcher

Isolator

Delay line

IF:125MHz

[;e:r\:fmage \ A 465-535MHz ’-‘ —— ’ 20 35 %0 " 5
[ 1Q demodulation ] | Ak 1 F (GHz)
BN o - ] 25X 10" HL-24 #22525
] S S— [
ADC: 60MHz :
2r s
[ \
*Q,V,W bands: 33-110GHz Lsf S Y-band Hs_gon:ls
-Bt=1.3-2.4Tesla E .
P e
'n_=(0-4)X10"°m"3 '
. 0.5}
Temporal resolution: 20us—>10us -
-Spatial resolution: 0.5cm S§@ 18 18 19 18z 205



‘. SWIF
HL-2A

',
32-channel superheterodyne ECE system

RF Converter

|F Receiver
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|
| 2. Bt=1.3-2.4T for whole Te profile
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‘, SWIF
HL-2A

Visualization of 2D Te fluctuation with ECEI

> Image ,
»384channels (polo. 24* radi. 8*2)
»>resolutions: ~1cm/10us

: . ¢ — -
~optics selectronics

*Basic observations on HL-2A similar
to those on other tokamaks
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*Evolution of Sawtooth precursor
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 © o) 8-channel SHe Neutron spectrum
HL-ZA

usl u u Shot:24729
measurement: Heaball_1 pud ] s
»8 moderator balls: from 12 to 4 inches. g
_ He3ball_2 76}
» Temporal resolution: 1ms., ] S I l..., . A
»Energy spectrum range:0~5MeV. resbals®2 M
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*Neutron spectrum during NBI
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& ) 9-channel radial neutron camera (RNC)
HL-2A

Neutron camera:

»9-ch for neutron flux b
profile \

‘9-chRNC:« g

f
1

] |
Y [y

»5-ch available

»Temp. resl.: 1-10ms

H - s ;
»>Spatial cover: =
r/a<0.7 _ _ AR :
eO— = M5 % > %
[ ) = - .
nly spectrum *Evolution of neutron flux during NBI *Neutron flux profile
distribution
neutron flux 1700 .
00 ‘ J|r+ 4'++T++ Ty 1 1600t
HHoa
£ # i +++++H+ N 1500 |
1 aor & Ty ¥ A | .
+ bt 1400}
# i
1300}
ok ¥ -
3 5 12004
0 t ©
- | oot * .
1000}
+ i [ °
100r ° N B I J 900 -
a G007
| | 1 T T T 1 T 4| | | 700 ) ) ) ) ) ) )
i ya o i T i 400 4300 4350 M00 4480 ‘ 4500 4550 4600 4630 4700 47RO rj 1 P) 3 4 5 3 7 8 g
Githlong time/ms channel_‘ JouU



Ty
SHIF

© Newly developed diagnostics

HL-2A

Diagnostics parameters

CO2 interferometer Line-averaged density, 1ch, 1us 2016
(for density feedback)

BES Density fluctuation, based on NBlI 2017

CTS High K turbulence, ETG 2017

Scintillator fiber Fast ion loss, 20keV-200keV, 12ch 2016

array (working on calibration issue)

imaging-FIDA Fast ions, 10ms, (need to improve 2016
signal)

PCI Density fluctuation 2017

Wide zoom IR Whole vacuum chamber 2016

camera

He-GPI 2D density fluctuation 2017

CIS Impurity(Carbon) rotation (Clil, SOL, 2017

divertor, high spatial resolution)
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