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> EREAFHEHORRE
ITERTIEIWA A N\—2EDBEHRF=>FERAFLE: <10 MW/m?
=>4 or STE IEIEARS 4 /\—43 (Partially/fully detached divertor ) EE5HAZE.
(R FEMA A N\—DEEEFH T TOSHREHTE—F D, ETEHFIIEDH THE
JEEMTSXTDIEBIOVMIFTRE TC/INSLENE TESITXRITEIE
=>HE—F4EDKIELZIET
(X% EZE TS BIEEMAT (/1 —2+ 20
<AKHEDBEH >

> BB EE 0D R R
ELM (edge localized modes) FICKHEBFEFAIE: <20 MW/m2
=> ELMi#| CEZEFEFOELME|H => 3DEIH(RMPs, nRMPs) §il{#ll & &
DIII-D, JET, AUG, MAST, NSTX, LHD
ELMBE BIZ&KBSOLERER => RMPEREFAN\—RRE TS ICHE
T. Eich et al., PRL 2003, Takahashi et al., PRL 2008, Kirk et al., PRL 2006, J.W. Ahn et al., NF 2014.
(ERRE) BB ANEHRMP O JLIZDEMOTHERAF A
=> W ERHIEILF-SOLERICLHRMPER | <AAEDHBI>
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Kirk et al., PRL 2006

I,i: SOL current measured
by a shunt resister at the
target plate
Negative (anti-parallel to 1))
at the onset of an ELM
Positive (parallel to 1)
around the peak and
decay phase

Transient SOL currents are
carried by ELM-generated
filaments
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(1) SOLTS XY DE S REEDIEKX=> BREBFAZTR 1, DEX
B EEDIE KA ExB FUZRDIEX)
ERSENEL TR IZ#H (collisional drift waves, current
convective mode, resistive interchange mode,

rippling mode, K-H instabilities ...)
F [ZQUEST CPoPEER
(2) BIAEHIEILF=SOL EiREEEZ L HRMPA B = > ELM il ]
Usor ~ Qos/d D THREMIZTRMPLELES
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Biased target
(Positive bias case)

current
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Method: Electric biasing of toroidally
segmented divertor targets
against the vacuum vessel with
appropriate phasing

—

=T )L

—r ] Inboard biased

] B g — 7] targets
0.6
0.4 ...... :
--------------- ]1Outboard mid-plane
02— _— .
- Outboard biased
0 1 | I | | | | I . | L,
0 02 04 06 0.8 1 targets
¢ /2n

[Example] Inboard-outboard both-side

One-side biasing

(Both-side biasing is also possible)

biasing for generation of n=3 RMPs
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Magnitude of SOL Currents

m;

Ion saturation current: i;; = 0.61Zen;
(Assump.)
. . m; . . . .
Electron saturation current: i,; = /m—‘ [;s ~681;s =>1,; = 101,
e

Biasing voltage: Vp;,s= oR| [0tk T,, x=4~5
[Ohmic drop, 0<o<1]
[Potential drop in sheath]
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Path Length of SOL Currents

(1) Collisionless SOL: A;I'y + A,I',=0 (<= “Large area Langmuir probe” )
Ay=dh ; A =2(d+h)Lys; Ty=pnvy; T,=-D,Vn
_ d*hy
If ~ 8d+h)D,
(2) Collisional SOL: L, for electrons; L;. for ions
Liec = /Aeilyf s Aei: mean free path
S.A. Cohen, JNM 1978; P.C. Stangeby, JPD 1985
(3) Connection length in the SOL: L.~ 2nRqggo;

where L.(electrons) >>L;(ion)

In QUEST
@ Scenario I: SOL, T,~10-20 eV, n, ~ 5x10' m-3, q<10, D, =Dg~2 m?/s
L=2nRq ~50 m, 4,;~20 m
L. ~18m=>L,  =19m<L;i=0.2KkA/m?(~0.06A)
) ) SOL—IS 10§, S~0.6 A
( Similar to detached diveror like without much ionization process)

4 Scenario I1: Increase in h, Te and decreased ne, q => L. , > L,
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Example of Single Null Divertor on
L//c_el < Lc
@ Single null divertor
@ Outboard target biasing (PFPF)

dsor~3+3
Collisional SOL: L../L.=0.44

Assumption: Return current flows only
radially toward the grounded

10}
0.8
0.6F

S @4%
0.2 )/

oo . . ., .
00 02 04 06 08 10

2

i\

vacuum vessel, preserving divJyy, =0
S0 -

n=0/m~0

Fourier components are nearly dominated
by the components with m/n ~ q,;, although

appreciable m=0 component exists.
8
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Case A: Lyec/L~0.44 Case B: Ly, /L—0.15
~ ."I::::;?'"-.n=2I m~7 &
B A ;’
B N\, n= ~ -
o /l’ll. |\ /ln 4/m~14 o
A

If the collisional path length of the SOL current is in the range of
01L.<L,. ,<L_.n=2 RMP can reach the necessary level for ELM
control when the distance between the SOL current layer and
pedestal is ~ 0.05<a>.
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B=0.25T at R=0.64m; R=0.76 -0.80 m
a=0.38 — 0.45m; =66 kA=>100 kA

Biased plate
TSU30

Upper divertor targets for phased biasing
(Operation scenarios:
4 plates for n=1 and n=2 RMPs)

Divertor |
probe

Biased plate
TSU308

Biased plate
TSU304

X dl
.
#

Biased plate
TSU302,
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P/N biasing

4 plates
toroidally
separated

Bi-polar
Power supply

Lim)

Voltage application between
divertor plates and vacuum
vessel

Bi-polar power supply
=75V <V< +75V or
-25V <V< +125V
I < 7A
frequency: DC-250 kHz

SOL current Phasing:

P-P-P-P =>n=4MDb,

P-F-P-F =>n=2
P-P-F-F =>n=1

11
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€ SOL plasma parameters (assumed):
T,~10-20 eV, n, ~ 5x10'¢ m~, R~0.8 m,
qs10, B=0.1-0.3 T, Ip~ 10 kA (Inner X confi
L=2nRq~50m, A,~20m
@Further assumptions: d = 0.03m,
h=L,sin6;,~0.2sin(3°)~0.01 m, D, =Dp~2 m?
€ Current path length:
Ly g=18m=>L, ,~19m<L=>
Flow leakage from the biased flux tube?
@ Driven currents:
i.= 0.2 kA/m?, S=dh~1x10“4 m? =>1.~0.06 A
=> Expected current for each biased target
Lior =1, S~ 101 S~0.6 A

—Ip(kA) #33841 w/o bias
—Ip(kA) #33843 w/ bias
. —

Ip_hall_33841_smt

N

of

2F Inboard null-point
-~ 4F configuration
< g is formed.
:Q. 6

-8 |

0F

] [
-

B 225
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Observed current flows out the biased 302 or 306 plate:
Positive biasing phase=> I,,, ~0.6-0.7 A (from Plate to SOL plasma)
Negative biasing phase =>1,.. ~-0.2 A (from SOL plasma to Plate)
Observed current flows in the lower plate reaches ~0.1 A (~7 % of the total driven
current by biasing target ), synchronizing with the biasing voltage waveform.
= > It seems to be consistent with the situation of L, , <L._.
* Where does the other part of current flow to ?
* The current rise time is ~0.1ms to ~0.2 ms for the biasing voltage.

( L and ‘R of the biased flux tube: L~ 60 pH, R~ 0.6 Q =>t=L/R ~ 0.1 ms)
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Single probe characteristics are found between the applied voltage and current
through the biased plate.

Note that the voltage is monitored at the bi-polar power supply, ~ 10 m away from the
biased plate.

Ion saturation current is close to the predicted one using plausible assumption.

Floating potential is positive for the vessel potential. I seems to be dependent on the
plate.

No clear saturation is observed in the positive biasing.
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Biasing off (#33841)
Biasing on (#33843)
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Divertor biasing in the upper divertor plates slightly expands the ion saturation
current profiles measured at the upper divertor region.
Mechanisms: EXB effect or enhanced radial transport
(+ biasing => outward ExB drift)
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> FAOAFTILERIZHBEINF=FAIN—ZFEDINAT REIZELSB(1)SOLDE
B REBEEDEKIZKEDITA/\—2ERRFEEDRAFEE (2) SOLETR 7+
SAVNEOREEIMERE)ZLARMPAE i ZFH 1=t E LV EAEERFE R

éﬁtbf:o

> <FIHAEEREH >
8.2GHz RFA R ARAIX R B T5 X< (Ip ~ 10 kA, B=0.25 T (R=0.64 m))

INA T REH: 175V, 2 kHzD FEEE KR
> <FHRIER >
# BEBISOLEF: Ipiaged prace ~ 1A (flow-out) at V,;, =+75 V(positive biasing),
~-0.2A (flow-in) at V, .. =-75 V (negative biasing)
~0.1 A (flow-in) (slow rise of ~0.1-0.2 ms)
=> Only ~7 % of total currents driven by biasing

Ilower target

#FAAN—FHF, BFEDTIANDEE
2TL—FDEAIN—BINATRIZELY  FAIN\N—ZHFHRD

RARGHMDILRZETREIT DERE/FT=!!
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T,n, L, , SOLEREBKDHEIEE
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(up to ~100 KHz)/ N\ A 7 ADFEZRRSD (RFRAME
SOLH DIRENEHA (RTEILP+MP7L AR EXETHE)
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(in)

SOL currents (SOLCs) are induced by
an ELM, having a short negative spike
and decays with a similar waveform to
the D, emission.

NSTX

0.7 0.8 08 1
Radius (m}

._‘,.

Al ELM paak ime a

08 0T I}B 0.9 1
Radius {m)

Takahashi et al., PRL 2008

Broadenlng & splitting of the heat
load patterns on the targets were
observed during ELMs in NSTX,
depending on the number of the
filamentary striations.

J.W. Ahn et al., NF 2014 .
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q-profile in the tokamak SOL

I Magnetic separatrix

o
- ITER like plasma
3.5 |
~ g S. Abdullaev, Magnetic
F R Stochasticity in Magnetically
7 25 Confined Fusion Plasmas,
s 2014, Springer
| il
T o SORITGS sty
0 0.2 0.4 0.6

Effective ¢ value in SOL just outside the separatrix (¢¢,;) is
close to g4 just inside the separatrix.
— SOL current can generate magnetic perturbations which
nearly resonate with the field in the pedestal region.
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Path Length of SOL Currents

(1) Collisionless SOL: A;I'y + A,I',=0 (<= “Large area Langmuir probe” )
Ay=dh ; A =2(d+h)Lys; Ty=pnvy; T,=-D,Vn
. dzh‘U”
If = 8d+m)D,
(2) Collisional SOL: L, for electrons; L;. for ions

Lyiec =/ 2eiLlyf, Aei: mean free path

S.A. Cohen, JNM 1978; P.C. Stangeby, JPD 1985
(3) Connection length in the SOL: L.~ 2nRqgo;

where L.r(electrons) >>L;(ion)

In QUEST

@ Scenario I: SOL, T,~10-20 eV, n, ~ 5x10'* m3, R~0.8 m, q<10, B=0.1-0.3 T
L=2nRq~50 m, 4,;~20 m

Further assumptions: d = 0.03m, h=L,sin8;,,~0.2sin(3°)~0.01 m, D , =D g~2 m?/s
L ~18m=>L, =19m<L;i=0.2kA/m? S=dh~1x10-4 m?=> L~ 0.06 A
=> Expected I, for each biased target I, =i,S ~10i.S ~0.6 A

@ Scenario II: Increase in h, Te and decreased ne, q => L, , > L. might be
realized=> I, =1, ;S ~ 0.06 A 2
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Lower/upper single-null
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Double null configuration
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Without biasing of 302 & 306 plates:
The currents in the upper plates are random and much smaller than the

current driven by biasing.
The current through the lower plate flows randomly.




