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Abstract. Heat and particle loads on the plasma facing corepts are among the most challenging issues to be
solved for a reactor design. Alternative magnetiofigurations, such as the X-divertor (X-d), Supedivertor

and Snowflake (SF) divertor may enable tokamak atpmr with a lower peak heat load than a standangl&

Null (SN) divertor. This paper reports on the mdidgl of the variations of the second null point gest in the
alternative magnetic divertors to span the specfrom X-d to SF like configuration (or SF to X-dp&AST
tokamak. Preliminary experiment with the second fartming a configuration with significant distanbetween

the two nulls and a flaring geometry near the tapjates have been performed in 2014. These caafigms
have been designed using the FIXFREE code and iaptihwith CREATE-NL tools and are discussed in the
paper. Predictive edge simulations using the TECeOde are also presented by comparing the advanced
divertor and SN configuration. Finally, the expegimal results of ohmic and low confinement (L-mode)
alternative divertor and SN discharges and intéapikee 2D edge simulations are discussed. Futuperarnents

will be devoted to vary the distance between the mwils moving from a flaring to a contracting gexing near

the target plates.

1. Introduction

Heat and particle loads on the plasma facing compisnare among the most challenging
iIssues to be solved for a reactor desigr2]. One approach to handling the high exaust power
Is to use alternative magnetic configurations, sashthe X-divertor (X-d)J], Super X-
divertor [4] and Snowflake Divertor (SFp]. The X-divertor places a second x-point near the
plate, causing flared field lines there, which spiethe heat over a larger area and increases
the line connection length both near the plate. $keconfiguration is characterized by a
second-order null (x-point) in the poloidal magodteld (Bp), where both Bp itself and its
spatial derivatives vanish (Bp = OBp = 0). This splits the separatrix near the nolb isix
segments: two enclose the confined plasma andléaar to the machine wall (the divertor
legs). The poloidal cross-section of the obtainedymetic flux surfaces with a hexagonal null-
point has the appearance of a snowflake. Theoledtadies indicate that the SF magnetic
geometry may lead to both higher power losses dwimape-off layer (SOL) transport and an
increased plasma wetted area of the wall7]. The former results from an increase in the
connection length and the divertor volume, thestafitom an increase in flux expansion and
SOL width. The SF was first established on TG, fand later on the spherical tokamak

" See the appendix of B. Wan et al., Proceedingbeo®3" IAEA Fusion Energy Conf., S. Petersburg, Russian
Federation (2014) OV/3-3



NSTX [9] and finally in the larger tokamak DIII-D1{]. First experiments on the
Experimental Advanced Superconducting Tokamak (BA®T2014 have been motivated
from the goal to test the promises/potential oéralative magnetic divertors by spannig the
spectrum from X-d like to SF like configuration (8F to X-d). In the past, similar divertor
studies have been conducted on TCV and discussed1i¢. As shown in Fig. 1, EAST is
constructed to be up-down symmetric, with the felllg main parameterd p]: major radius

R = 1.8 m, minor radius a = 0.45 m, toroidal fiBlglup to 3.5 T, and plasma currepup to 1
MA for highly elongated plasmas with an elongatior= 1.9. It can be operated in quite
flexible plasma shapes with an elongation fagter 1.5-2.0 and triangularity = 0.3-0.6 for
double null (DN) or SN divertor configurations. EA$ equipped with 14 superconducting
Poloidal Field Coils for ohmic heating, ohmic cunterive, shaping and position contr@f3]
located outside the toroidal field coils (TFCs).

2D EAST Geometry It should be noted that PFCs 7 and 9 are
e connected in series as are PFCs 8 and 10.
Thus, there are in total 12 independent PF
power supplies (maximum currenggl=
14.5kA). EAST also has in-vessel active
feedback coils (IC coils) for fast control of
the plasma vertical instability; they consist
of two 2-turn coils symmetrically located in
the upper and lower part of the vessel and
connected in anti-series in order to provide
an horizontal field. Unlike DII-D and
NSTX, EAST does not have dedicated
divertor coils which could be used to shape
the local flux distribution within the
divertor region. In addition, EAST have
only 12 independent PFCs to form SF
configuration, for instance considerable
fewer than in TCV, that presently is the most fitdgimachine to realize SF configuration.
Before presenting the EAST alternative magnetiedor studies and experimental results, it
should be considered that the exact SF constitatesngle null point in the magnetic
configurations spaceAs was realized in the first assessment of the RHat an exact
snowflake configuration itopologically unstable. Any variation of the PFlaairrents, either
by choice and/or pertubations of the magnetic dmquilm caused e.g. by plasma instabilities,
splits thesecond-order null in two first-order nulls; ().

As shown in Fig. 2, both x-points have an
associated separatrix, with the one defining the
last closed flux-surface (LCFS), called primary,
and the other secondary. The distance between
the two x-points, i.e. the proximity to the exact
SF [14], is parametrized by the dimensionless
parametew=D/a, with D the x-points separation
and a the plasma minor radius. The position,of x
Figure 2. Schematic of variation in SF relative to x determines the local geometry of the
configuration, indicating the primary and the Null region and hence the properties of the
secondary x-points {xx,) and the divertor. There are two classes of SF
dimensionaless SF proximity parameter D/a.  configurations: (i) in the SF+, all SOL fieldlines

Figure 1. Two-dimensional EAST geometry schematic
view.




connect to primary SPs, agresides in the private flux region (see Fig. R);if the SF-, one
of the secondary SPs is connected by fieldlinethéoSOL, as xresides in the SOL (not
shown here)Systematic assessments of the proximity conditbaexact SF in terms of exaust
properties are well described 4] 15]. It should be noted that in EAST, due to the locatio
of PF coils and target plates, as will be discuseeithe next section, the secondary x-point
could be moved around from the primary one to farrmagnetic configuration that features
the SF+ (or SF-), characterized by a contractingngdry near the plates], or an X-d
configuration, characterized by a flaring geometear the platell6, 17]. In the rest of the
paper, we shall refer to the configurations witle ttwo Xx-points affecting the divertor
geometry as quasi-SF (QSF) configurations indigator each configuration the features of
SF or X-d.The paper is organized as follows. Section 2 dessrithe QSF equilibrium
configurations design and optimization, taking iatcount the technological constraints of
the EAST tokamak. In Section 3 edge predictive &mns by comparing SN and QSF
configurations will be given. Section 4 describgstfohmic and low confinment (L-mode)
quasi-snowflake experiments in EAST and prelimingutgrpretative 2D edge simulations.
Finally, Section 5 contains a summary and an oltloo

2. EAST QSF equilibria modelling and optimization

QSF configurations have been designed and optinbyasieans of CREATE-NL code (non
linear plasma evolution code), described 18]] in combination with the EFIT19] and
FIXFREE [20] static equilibrium codes. The tokamak simulatioade (TSC) 21], a
numerical model of the axisymmetric tokamak plasmd the associated control systems, has
been then used to model the EAST QSF full plasma &volution scenario. The procedure
proposed for the design and optimization of QSHigarations using the CREATE-NL code
exploits the linearized relation between the plasvald gaps and the PF currents, as discussed
in [22]. It is composed of two steps:

)] the first step allows to have a first cut of theFQSjuilibrium starting from a standard
single null plasma configuration: a new equilibriwvith a second null point within a
limited distance from the SN x-point is obtainedkcing the plasma boundary to be
almost unchanged, apart from the region in theniticof the null point;

i) the second step refines the plasma shape and lyossiluces the PF coil currents
while fulfilling the machine technological constts. Recently, the same technique
has been successfully used on TCV in order to opémexperimental SF
configurations 23].

Here, QSF equilibria are identified as modificatiaf the EAST SN discharge #4336 ([l
400KA, Br = 1.8T, internal plasma inductan¢éll.4, poloidal bet@,[0.1) with the following
constraints to be verified:
a) PF coil currentscifar enough from their limitsil, + Al < Ix < Imax - Al, with Al =
0.1 max{[hin|, [kmad};
b) vertical instability growth rate not much lardgkan reference SN configuration;
c) strike points on vertical targets;
d) at least 40 mm clearance (gap) between plasonadaoy and first wall.

The objectives of the QSF design and optimizatimt@dure consists in the definition of a set
of QSF equilibria, at low (0.1) and hi¢l (0.45) with the secondary x-point close or faniro
the vessel structures maximizing the plasma current



The vertical stability analyses have been carriatl using the passive structures in their
configuration before the changes made in 2014,naisguthat with the new configuration,
EAST can operate at least with plasmas having airgilowth rates. A detailed comparison of
model predictions with the experimentally measugealvth rates of VDEs has been carried
out for several configurations, ranging from lowi(9s%), to medium (around 208% up to
high (>300%) values P4]. CREATE_L (linearized axisymmetric modelq] and CarMa0
(linearized model with 3D conducting structure andsymmetric plasma)2p] have been
used for this study.

Different axisymmetric models have been
computed, with the following
assumptions on conducting structures (all
structures are assumed as toroidally
continuous with nominal resistivity):

a) vessel only;
b) vessel + passive plates (PP);

c) vessel + passive plates (PP) + all
plasma facing components.

z[m]

Assumption a) leads always to plasmas
which are unstable on the Alfvén time
scale (the vessel is “too far” from the
plasma to provide effective stabilization).
Assumption c) provides a lower bound
for the actual growth rate, since PP and
plasma facing components are not
toroidally continuous, but are connected
to the vessel through suitable supports.
Conversely, assumption b) provides an
upper bound to growth rate, since the
plasma facing components do provide
Figure 3. Details ofth(_e 3D structure used for vertical some stabilizing effect. The 3D model
stability analyses. . . .
instead self-consistently take into account
the actual geometry of the conducting structures.3shows some details of the 3D structure
used for vertical stability analyses.

The optimized QSF configurations obtained with CRIEEANL and then verified by EFIT and
FIXFREE code are summarized in Table I. The grokaties of the QSF configurations are
reasonably close to those of previous EAST experis4]. The low[, “close nulls” option
provides a somewhat more challenging value of toevtp rate, which is probably related to
the lower stability margin of this configurationlsé typical geometrical factors as connection
length L and polodal magnetic flux expansigij14] in the outer SP region, and the x-point
separation D for the optimized QSF equilibria asparted. The connection length is
evaluated averaging over an outboard equatoriathdep 2mm. The simulated QSF and
experimental reference SN equilibria at IByvare shown in Fig. 4. It should be noted that for
the QSF configurations with4400 kA the secondary x-point is located on thesgkéon the
inner shell at lowsy,, on the outer shell location for a hif§p case, not shown here). However,
the secondary x-point point may be brought inslie wessel at the price of a slightly lower
plasma current or a higher plasma elongation ana/futher optmization of the PF coil

y [m] x[m]



currents. In addition, the “close nulls” QSF eduila present higher flux expansion at the
divertor plates. Finally, the higBy, configurations are slightly more demanding in tewh PF
currents and present larger x-points separation D.

Table |I. EAST optimized QSF configurations by CREATE-NLdeo

QSF lowB,  QSFhighB, QSFlowB, QSF high, Reference
400kA “close  400kA “close  480kA “far ~ 480kA “far SN 43362
nulls” nulls” nulls” nulls”
Ip [kA] 400 400 480 480 388
Bo 0.1 0.45 0.1 0.45 0.1
l; 1.4 1.4 1.4 1.4 1.26
IPF1 [A] 2560 3789 3366 6897 -196
IPF2 [A] -13050 -13051 -13016 -13027 -203
IPF3 [A] 9407 9513 6635 4319 222
IPF4 [A] 2707 2028 2050 306 -1432
IPF5 [A] -9398 -12706 -7363 -10229 2158
IPF6 [A] 13050 13051 13016 13027 3956
IPF7_9 [A] 1198 2649 2222 4020 5233
IPF8_10 [A] -970 -742 218 566 5282
IPF11 [A] 5322 4368 4033 2769 -6055
IPF12 [A] 7145 6779 5557 5255 -5981
IPF13 [A] -13050 -13051 -13016 -13027 -192
IPF14 [A] -13050 -13051 -13016 -13027 -622
IC [A] 0 0 0 0 0
max(abs(currents)) [A] 13050 13051 13016 13027 6055
X-points separation D (cm) 39 45 84 92 )
(only for QSF cases)
K 1.73 1.72 1.71 1.71 1.65
Volume [m"3] 12.21 12.59 12.28 12.76 11.02
Flux Expansion f; 26.59 22.29 9.84 11.09 2.09
Connection length L (m) 129.74 126.23 103.50 101.47 94.93
Growth rate lower bound [s}] 186 161 148 120 88
Growth rate upper bound [s”] 474 339 341 241 195
Growth rate with 3D
mesh of old struture [s'] o 312 258 198 120
Stability margin with
0.23 0.31 0.35 0.44 0.61

3D mesh of old structure




1,=480KA, B_=0.1, D=84cm, f, =0.84, L=103.5m 1,=400KA, p_=0.1, D=3%cm, f. =26.59, L=129.7m
o : ; ; . ; 1 o : ; ; ; ;
PF7 @ =g
15 PFY | 15 _PF11 N
K PF5 X PF5
iy 1 iy
PF1 :ﬂ PF3 PF13m
=13.01 '§1 =13.05
0.5 kA
X PF1
E of
N PF2
=13.05
kA PF14
=13.01 | 0.5y, q =13.05 7
PF4 1c2 kA
W 4l M|
PF6
=13.05
5 KA
o pri2 [
PF8
ol PF10
0.5 1 15 2 2.5 3 35 0.5 1 15 2 2.5 3 35

R[m] R[m]

Figure 4. Plasma boundary of optimized QSF (blue solid)lared reference SN equilibria (black solid ling), a
low B, calculated by CREATE-NL code. Also the x-poinpaeation D, the connection length L, the polodal
magnetic flux expansion,fin outer SP region and maximum obtained PF cusrard reported for QSF
equilibria. For the SN configuration: L=95m,2.1.

3. Edge predictive simulations

Predictive edge simulations of standard SN diveattat QSF configuration, here the “far null
case” presented in section 3, have mainly beenwitim the flexible, quick and versatile
multifluid 2D edge code TECXYZ/7]. TECXY takes into account all the main physics
processes, atomic and plasma, occurring in the $0@i.the neutral dynamics, i.e. generation
of atoms at the solid surfaces and transport imoSOL, is treated with an analytical model
instead of the more rigorous Monte Carlo methodaddition, in TECXY the divertor plates
are always assumed to be perpendicular to thesflufaces, as discussed &V]. The plasma
status when it is detached from the divertor taogeinot be reliably modelled, but only the
approach to such conditions can be outlined. Thanpaters considered in the simulations
have been: outboard density at separatrix<lngsep=< 4.2x13° m*, corresponding roughly to
the line averaged density range 3.5-10'*10°, power input into the SOL48, = 3MW, Ip =
300kA and B = 1.8T. In this studies, the e-folding length powlecayA of 1cm has been
assumed for EAST, according to the studies predemte[28]. No impurity has been
considered. In Fig.5 the total power deposited ath finner and outer) divertor plates for SN
and QSF is shown versus the plasma density atutimard midplane. The QSF curve is
always below the SN one, i.e. the total volumedsesare higher. As already found in the code
runs for the tokamak proposal FASZ9 the load mitigating properties of the QSF are
exalted at higher density. Indeed, a further sigaift drop for the QSF total load is found for
Nesep> 2.5x1G° m® in EAST. According to the previous studies the matiysics mechanism
responsible for the higher QSF volume losses cbaldue to the longer magnetic connection
length inside the divertor region. This prolonge particle dwell time inside the SOL so that
the number of interaction with the background reatduring the particle lifetime increases
and the energy losses are enhanced. In paralldietadivergence of the two curves, the
features of plasma detachment are expected to afdpdaed just at that value of &3, the
peak power load on the outer target for SN and 8E Fig.6.) shows a clear change in the



slope for QSF with a saturation at vary low valwijch is a sign of an efficient shielding of
the plate. No significant change is instead obskfoe SN, whose values are divided by 10 in
the figure for facilitating the comparison. It hi@asbe noted for the sake of clarity that these

loads correspond to targets perpendicular to theida field: the actual values should take
into account the real inclination of the plates.

3 T 1.2
Total target load for 3MW input into the SOL Peak loads for QSF and SN
2.5 1 1 A
E —&— SN A A
5 27 - QsF | 0.8 A
° £
© 1.5 ~ [ ] ) R
g —a S 06 QsF N
5 | = ® ASNXx0.1
z 1 0.4
°
a
0.5 0.2 [
® e ¢
0 L T 0 T T T T

1.5 2.0 2.5 3.0 3.5 4.0

Nesep (102 m™)

15 2 2.5 3 3.5 4

Nesep (107 M)

Figure 5. Total load on both targets versus the plasma Figure 6. Peak power load onto the outer target
density at the outboard midplane. The power inpiat i  versus the plasma density at the outboard midplane
the SOL is 3.0 MW. for both standard (SN) and quasi snow flake (QSF)
divertor.

Validation to these results comes from the casésaeonsidered also with EDGE2D code
[30], where the actual divertor geometry is consideaad the neutrals dynamics is treated
with a Monte Carlo computing technique. This iswhadn Fig.7 where the ratio (SN over

QSF) between the peak values of the loads ontoother target versus the density at
separatrix on the outboard equator is shown.

70

ratio of SN to QSF peak loads on OT A .
i 10 Perpendicular heat loads
60 on the outer target for SN & QSF
= 50
- A TECXY b
840 | A s
é ® EDGE2D =
o i
3 30 1.0
] 20 -
o A A
10
0- 01 N : : ;
1 15 15 . 25 3 0 0.2.5t 0.1f 0.:1 0:2t ( ;).25 0.3
- istance from strike point (m)
ne,sep (10 m ) P

Figure 7. QSF peak mitigation factor, as derived from Figure 8. Power deposition profiles on to the outer
TECXY and EDGE2D runs. The point from this last target for two densities at separatrix for QSHéd)
code aligns very well to the others, despite thg ve  and SN (in black). The target is set perpendicdar

different calculation method. the poloidal field in the simulation.

The point at the lowest density, derived from EDGEZX clearly the prolongation of the
curve obtained from TECXY runs. This figure alsearly shows how strong the mitigation of
the peak deposition power can be, as combinatidheoflux expansion, which dominates at
low density, and of the enhanced dissipation pseE®swhich dominate at the higher
densities. Again the slope chages close.ta 2.5x13° m* should be attributed to the onset
of detachment. The deposition profiles on the owlieertor target, with &= 1.5 and



2.1x13° m*, are finally presented in Fig. 8. For the highensity this figure not only details
for QSF the large improved mitigation of the peakvpr, but also clearly puts into evidence
how the load smears out over a longer distancetlamgeak position is slightly outwards
shifted. Neither of the two last features is préserthe SN curves. The second one (i.e. the
peak shift) is the first hint of detachment. In soany, the predictive work with TECXY and
EDGE2D indicates that a benefit, in terms of polead onto the divertor, is expected from
changing the divertor magnetic configuration foime standard to the QSF configuration. In
addition, the mitigation apparently improves at tiighest densities, as found in other papers,
and should be particularly evident with high aduifil heating power, since a stronger
absolute drop of the loads has to develop for éimeesmitigation factor.

4. Experimental results

First QSF experiments have been performed on EASZ01L4, after nearly 20-month-long
upgrading break. The major upgradéxd][include: Heating and Current Drive (H&CD)
systems increase to 26MW from 10MW, including a 4M¥%0-80keV) of Neutral Beam
Injection (NBI) system, new 76 different diagostinstalled and the upper divertor changed
into ITER-like actively cooled W monoblock configion with up to 10MW/rh heat
removing capacity (where the lower divertor has nbdéept in Carbon material with
Molybdenom-tiled vacuum vessel). In these experisiéime simplest form of plasma current
and position (i.e. plasma centroid) control hashesed, the so-called RZIP contr8P]. The
control parameters are regulated by adjusting tineeot in the PF coils. The requested PF coil
current is composed of the sum of feed-forward (&RQ feedback (FB) components. The
adaptation of the more sophisticated EAST ISOFLUXape controller 13] to QSF
configuration is still on-going and it will be imgrhented during the next experimental
campaign. The PFC currents discussed in secti@av@ been used as FF component target in
RZIP control for QSF experiments (here only “farllsiu case). Magnetic and plasma
characteristics of QSF have been studied in digesawith $=250kA and B=1.8T, «[11.9,
QesLB, ohmic and witi’b00kW of NBI heating. It should be noted that th@sma current in
these first QSF experiments has been purposelyl&epfor safety reasons. Fig. 9. shows the
experimental magnetic equilibri, reconstructed witie Grad-Shafranov equilibrium code
EFIT using standard magnetic constraint§] [at different times of the ohmic discharge
#47660.

1=3.758

2 @PFQ
7

15 MPF1A

t=b.25s

27 @PFQ '
7

HPF1}

Z[m]
Z [m]
Z[m]

Figure 9. Sequence of EFIT equilibria for ohmic QSF dischatg@660 at 3.75, 4.5 and 5.25s.



In EAST, as previously discussed, the secondarpintpcould be moved around and
configurations could vary from a SF like to an Xikke configuration. In this preliminary
experiment the secondary x-point is moving durihg tischarge evolution (see Fig.9)
forming a configuration with significant distancetlween the two nulls and a flaring geometry
near the plate. Two L-mode discharges with simi@ut power (600kW), similar effective
charge Z:#.5 and electron average densityin2x13°m, but with different configurations
(the standard divertor SN versus the QSF) will mmpared. Core and edge diagnostic used in
this study are described elsewhet&, [33, 34. In Fig.10. the EFIT reconstructed equilibria
for QSF #48971 (at t=4.5s, wifl3=0.76 and;£1.28) and SN #47038 (at t=4.5s, w+0.58
and |=1.56) discharges are shown. Also the low-diveltangmuir Probes (LPs) arrays are
shown B4]. It should be noted that the experimental SN whksed here shows a contracting
geometry near the plate. Experimental magnetic gégnproperties for both configurations
are compared in Table Il. These results confirm ghedictions discussed in the previous
sections: the presence of a secondary null-poinQ8F reduces B in the divertor
separatrix region, whereis the total magnetic field, and this increases ¢bnnection
length by [B0% and the flux expansion in the outer SP regignabfactor (4. The
experimental QSF magnetic field angle at the o8frregion is below the technological limit
discussed herelfl], i.e. the magnetic field angle at SPs should teatgr than 1°. But, it
should be noted that the QSF configuration has bb&ined at highgg8 whilst operating at
low qgos(B the magnetic field angle should be >1°. This ibleh QSF configuration shows a
value PF6 = 8.3kA as the maximum PF coil curreninduthe discharge evolution, well
below the limit. The experimental connection lengshhigher than the predictive one,
discussed in section 2, of a factdr.5 for both QSF and SN, as expected due to theaHat
the experimentaklis [(45% lower than the simulated one.

—— QSF (48971) — SN (47038) TABLE II: MAIN MAGNETIC GEOMETRY FOR
of gp#g ‘ ‘ H— SN AND QSF DISCHARGES
7
15l pRi1f] | QSF, SN,
PFs #48971 at #47038 at

ppﬂﬁi t=458 t:453
SOL Volume [m]  0.389 0.260

Connection
Length [m] 189.91 144.38

Magnetic flux
expansion at outer
SP fi.ou 8.22 2.01
HLEN prizf] ] . .
\W Magnetic field
2t S — angle at outer SP

0.5 1 1.5 2 25 3

R[m] Oout [deg] 0.33 1.22

PFs

PF1

Z[m]
o

Figure 10. Schematic 2D view of EAST with SN Magnet'lc flux
#47039 at t=4.5s (black solid line) and QSF (rditlso  €XPansion at inner
line) at t=4.5s plasma boundaries. The x-point ~ SP fuin 4.71 2.34
separation D is = 79cm for the QSF discharge. #iso . .
low-divertor LPs arrays (blue solid points) arewho Magnetic . field
inner L101..15 (from the top to the bottom of theget) angle at inner SP
and outer LOO1...LO20 probe34. ain [deg] 0.90 1.29
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Time evolution of main plasma quantities for SN &p8F discharge are shown in Fig.11:
plasma currentp] line avarage electron density, mdditional heating [fgar (Lower Hybrid
(LH) and NBI power respectively for #47038 and #4Bp total radiated powerggb from
Bolometer diagnostic,og and elongatiornx. Up to 3 sec the plasma configuration is limiter,
then a transition phase from limiter to QSF confagion has been obtained as programmed.
At (4.3 sec the QSF shape becomes stable, i.e. ndimar@n elongation orgg is present.
Preliminary spatio-temporal profiles of the ionuwation current densitysjr for both QSF
and SN discharges are shown in Fig. 12. Only iramet outer low-divertor LPs arrays are
considered in this study. The error bar for LPs sneaments ar£10% [34]. In SN discharge
#47038 both inner and outer LPs are quite activéhaltime. On the contrary, once the QSF
shape becomes stable, the peaksaf n the outer targes observed tarastically drop
indicating a possible heat flux reduction. In orttemvestigate this experimental observation,
interpreative 2D edge simulations with TECXY codavé been performed for the two
discharge at t=4.5sec and the simulated heat laad&en compared to the one measured by
Infrared (IR) camera diagnostigJ].

——QSF ——SN
300 Inner Target (Shot#47038, SN)

QOuter Target (Shot#47038, SN) jSAT

—_ \ = F

« T T g 220 &

2 200 e ! Transitton | stable aSF 1 20 5 (Aem™)

o 1 toasF ! g £ 16

100, > q 4 ' 5 6 515/ 3
2 : & 5 = 14
i T =
Mm of 210 210
1 1 1 1 = 2
! ! 2 2 ] 12
T 8§ & 5 e 1°

— H ] &

g T H P = 3 4 5 B3 4 5 .
L 05 ! - Inner Target (Shot#48971, QSF) _ Outer Target (Shot#48971, QSF) 3
£ 0 sk, y A £ 55

oY 2 a 4 5 6 250 =

10 ! 5 2 4
Fr—— o~ 5 z H 15
N . F oo ’
1 1 b=t
1 1 = <
0 L L L - -
1 2 ) 4 1 5 6 210 2 0 2
2 1 1 2 <
L~ ! : £s s
v 1 __._..——"i" ! ] ] o
. ! 1 = B 4 5 S 3 4 5
1 2 3 4 5 ) t(s) t(s)

t(s)

Figure 11 Time evolution of main plasma  Figure 12 Spatio-temporal profiles of ion saturation current
guantities for SN (#47038) and QSF discharge density gat for SN (#47038) and QSF discharge (#48971).
(#48971): plasma currery, interferometer line  Once QSF shape becomes stable, the peak:d$ jobserved
average electron density, mdditional heating  todrastically drop indicating a possible heat fluguetion.

Puear (LH and NBI power respectively for
discharges #47038 and #48971), total radiated
power Rp from Bolometer diagnostic ggland

elongatiork.

The experimental input power to the SOL used insihaulations have beengfl = 431.7kW

in the SN and &= 414.5kW for the QSF case (a slightly higher radrahas been observed
in QSF discharge). Electron density at the outed-pténe (OMP) separatrixegephas been
taken from reflectometer diagnostic to be 6Xt0° for SN and 3.34x18m™ for QSF
discharge. No impurity has been considered. In1Bighe power density at the lower outer
target is shown versus the distance along the ttamgg compared to the the simulated one,
where zero is considered to be the position okthke point. Since TECXY assumes a target
perpendicular to the flux lines, all the data shdvawe been corrected taking into account the
tilt angle of the target. The simulated peak hkat loes seem to be in good agreement with
the experimental data pointing out the heat flidugion for the QSF configuration, that we
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consider to be related only to the higher flux exggan at this low electron density as
discussed in section 3. A strong mitigation of pleak deposition power is expected to appear
at higher density, as combination of the flux exgsan, which dominates at low density, and
of the enhanced dissipation processes, which ddesra the higher densities.

0.30
0.25 ~ SN
~ 0.20 = QSF
E
> 0.15 SNexp
= 0.10 | ' 1y
QSFexp
0.05%
-0.2 -0.1 0 0.1 0.2 0.3

Distance along target [m]

Figure 13 IR measured (labelled as “SNexp” and “QSFexp”)and kited power density (labelled as “SN” and
“QSF") by TECXY at the lower outer target.

5. Conclusions

It has been experimentally demonstrated that ai<gfasonfiguration may be obtained in
EAST tokamak. First experiments have been devatetnhvestigate the configuration with
significant distance between the two nulls andaairfy geometry near the target plates: an
increase of the connection lengthB0% and the flux expansion in the outer SP regia b
factor (4 with respect the SN has been obtained, confirntimg predictions of the
optimization study set up by CREATE-NL tools in domation with FIXFREE and EFIT
equilibrium codes. It has been observed that inddendischarge the peak of ion saturation
current density in LPs drops once the QSF shapanbes stable compared to a SN case, that
could indicate an heat flux reduction. In order verify this experimental observation,
preliminary interpretative 2D edge simulations héeen performed using the TEXCY code
showing a good agreement between the IR measurédsiamulated peak heat load that
highlight a reduction for this quantity in QSF cassainly due to the increase of the flux
expansion with respect the SN. These first expearimalso indicate that the plasma current
could be increased by a futher optimization of¢bafigutation and that it is possible to play
around with the distance of the two x-points inesrthb change the topological features of the
configuration. In addition, predictive 2D edge dations highlighted that the heat flux
mitigation apparently improves at highest densiteesd should be particularly evident with
high additional heating power, since a strongeplibs drop of the loads has to develop for
the same mitigation factor. In the coming EAST ekpents the already upgrade of
ISOFLUX control system will allow to control the &ot position of secondary x-point. This
will permit to increase the additional heating powed to easily vary some of the features of
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the topological configuration, i.e. moving from laring to a contracting geometry near the
target plates.
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