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Abstract
The upstream plasma parameter profiles in the SevéfpLayer (SOL) region and the
heat flux (,) profile at the divertor target were measured #iameously by a mid-plane

reciprocating probe and an IR camera, respectivetythe quiescent H-mode plasmas with
Type-V ELMs in the National Spherical Torus Expegimh (NSTX). The SOL plasma is
strongly collisional within a few centimeters rdtigast the separatrix, where all the profiles
are peaked at the separatrix and can be easigd fith the exponential function with a
baseline value, ie offset exponential, to define 8OL width. The dependences of various
SOL widths on plasma operation parameters werertadily investigated. In particular, the

line averaged plasma density) and current I) were varied to investigate effects on

various SOL widths. It is found that the heat fB®L width ¢,) is virtually insensitive tae
and has a strong negative dependencé,.oly stayed at ~0.9cm with the density increase
from 4 to 6x1&%m®, while increasing from ~0.5cm to ~1.0cm with thedecrease from

1MA to 700KA. This insensitivity of, to ne is consistent with the result from JET H-mode
plasmas that shows a very weak dependence on tisitydeThe electron temperature, ion
saturation current, and the density decay lengtasit., andi.., respectively) measured by
the probe showed that and’js: have strong negative dependencépwhereas., revealed
only a little or no dependence. Theresult is consistent with the scaling law in tiverature,
whereas the, result is not consistent.

1. Introduction

The lifetime of plasma facing components in theifatfusion power plant is critically
dependent on the peak heat flux that must be acoolated by the targets for a given power
flowing into the Scrape-off Layer (SOL) regidPso, Which is governed by the radial heat
flux width, .. There have been a number of publications onnestigation of., variation
as a function of various operational parameters sisgplasma currenty), plasma density
(ne), PsoL, edge safety factonds), and toroidal B-fieldB;). In the large aspect ratio
geometry, multi-machine scaling laws Qrhave been constructed both in L- and H-mode
plasmas 2 as well as the investigation &af andi.. In the spherical tokamak (ST) geometry,
an L-model, scaling using the heat flux value from the tatg@igmuir probe measurement
was constructed on MASBENd investigations of H-modgdependence, based on the
Infrared (IR) camera measurement,|pandPso. were also carried ouf.

Heat flux to the divertor target can be calculatsohg electron temperature and radial
particle flux density, by

Qo = VKTT = YKT, 2 sing @

whereys is the sheath heat transmission coeffici€nts the particle flux incident on the
surface, j, is the ion saturation current density, ahds the angle of incidence between the



magnetic field lines and the surface. Relation leetwj_, andne, j_, O \/T_ene, indicates

that g, is also related tae, ie q, O T,*?n,. Therefore, it is important to investigate the

dependence Of., L, and’j ON the operation parameters as well as fliependence on
them in order to more efficiently approach an eiopirextrapolation to the future machine.
Currently there is only limited work previously dmg subject in the literature, particularly in
the ST geometry and H-mode plasmas. At the same ¢ingenay hope to elucidate
underlying physics via comparison between varioatesengths, such agand,lTJ. In this
paper, we report the first result of the four refdV&OL widths jre, Ane, Aisat, @NAA,, fOr the

dependence one andlp in NSTX H-mode plasmas.
2. Experimental Setup

Experiments were performed in the NSTX tokafh&R = 0.85 ma< 0.67 mR/a>
1.27) in lower single null (LSN) discharges, withdiolal magnetic fieldBr = 0.38-0.55 T,
plasma current,, = 0.7-1MA, line average electron density= 32 - 60x10"*cm’®, and

neutral beam (NBI) power of 1-2 MW. The plasmas tedatively lower elongations=2.0,
and triangularityp=0.45. Simultaneous measurements of the upstigamg, andjs: and the
targetq, profiles were made using the fast reciprocatindpgfband infra-red (IR) cameta
respectively, in quiescent H-mode plasmas with tygekMs. The fast reciprocating probe
measures upstream plasma parameters (17.3 cm bedawid-plane) across the SOL with
spatial resolution of 1 — 2mm. The IR camera messheat flux profile both on the inboard
and outboard divertor tiles with temporal resolutiddr-33ms and spatial resolution of ~6mm.
Fig. 1 shows the time evolution of a) plasma cugrptine averaged density, c) injected
NBI power Pngl), and d)D, signal for outer lower divertor, for a typical typeELM H-
mode shot, 128341. The L-H transition is indicdtgdheD, drop at ~130ms, and the plasma
stays in H-mode until ~ 430ms. The small oscillasi@n D-alpha are signatures of the Type-
V ELMs. Note the continuous rise of the line-averagedsity during this time period, a
common feature of NSTX H-modes. The reciprocatingoeravas plunged during the time
window indicated by the dotted vertical lines, as thmget line-average density for the
reciprocating probe plunge was achieved. The medsunofiles by the probe and IR camera
are flux mapped to the midplane using the magneggilibrium reconstruction and are
plotted as a function d?-Rsy, (radial distance from the separatrix location).

3. Dependence of various SOL widthson I, and n.

The electron-electron collisionality*(ce = Lo/Aee, Wherele is thee-e mean free path arlg is
the parallel connection length) in the upstream $€jion was calculated from tAg andne
profile data andL; calculated by magnetic equilibrium reconstructibiis found that the
SOL plasma is strongly collisional near the sepagat* .=30-40, and stays in the
conduction-limited regime within a few centimetersnirthe separatrix. It is found that all
the profiles investigated in the study of this page well peaked and are easy to fit to the
exponential function. One can easily notice thatpitodiles havedong tails in the far SOL
region and the whole profile can be approximatedrasffset exponential function,

a=a,+aexg- R_AR*” J which was used to fit th, jZ, . ne, andq profiles in the data analysis

of this paper.



3.11, dependence

Thelp scan was conducted with approximately conggiggiy varyingB, accordingly and

with constanPyg=2MW and n.=3.8x13%cm* during the measurement, over a range of
0.7< 1, <10MA. The reciprocating probe measurement was made sinealtesly with the

IR camera measurement.

The peak heat flux increased strongly with increakjrigom 0.7 to 1.0MA, while,
decreased by a factor of ~2, as shown in Fig. 2. i§hisnsistent with the previous resuit
Also shown is that,, has a strong negative dependencé,oie ~0.4cm for 1MA and
~0.9cm for 700kA. Note that ion saturation curremaffites, as a function dR-Rsyp, appear to
be ‘shifted’ relative to each other. This is believetdéalue to the uncertainty of the
separatrix position from the magnetic equilibrium recowsivn, unlike the IR heat flux
profiles where the separatrix position is well definedh®yposition of peak heat flux.
However,T. profiles in the dataset for thgscan in Fig. 2 seem to be missing data points
near the separatrix, thus missing the steep gradienopthe profile which is necessary for
J1e derivation from fitting the data to the exponehfiismction. This means that the derivigg
would also be less reliable due to the contributiof.dd the heat flux (see equation 1 and
the following discussion). We therefore chose anaflagsset to investigate the dependence
of A andi,e onlp, of which the result is shown in Fig. 3. These disgks had lower beam

power,Pyg=1.4MW, and lower densityn.=3.2x13%m?. The two profiles are again
radially shifted with respect to each other, which wieelse is due to the uncertainty in the
separatrix position generated by the magnetic equitibrieconstruction. It is seen that

has a strong negative dependencé,pie ir. decreased almost by a factor of 2, from 1.3cm
to 0.7cm, with thé, increase from 800kA to 1MA. This result is consisteith the H-mode
J1e scaling result from AU&
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On the other hand, little change’ipis observed. It slightly increased, from 0.94cm to
1.1cm, with thd, increase from 800kA to 1MA. However, this changald be within the
error bar associated with the probe measuremententainly the dependencemfonl,
appears much weaker than the other decay lengthsasi, 4iss @andiq. This result is not
consistent with the H-modsg. scaling result from AU& from which a significant,
decrease is expected with thencrease from 800kA to 1MA.
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3.2 ne dependence

The/, dependence one in L-mode plasmas is found stronger in the ST getoyn
(1, O ne )* than in the conventional tokamaka, (O ne )% On the other hand, the multi-
machine H-mode, scaling in the conventional tokamak geometiyes not contain
dependence on.. A more recent result from JET ELMy H-mode plashiadicates that,
dependence on. is weakly positive. That is,



Aq OB ag Py (4)

Our investigation of, dependence on. in H-mode plasmas is based on the dataset with
density variation of about ~50% (from 4.0 to 6.0X¢t6™). It is seen that, stays almost the
same over the whole range of density variatioayatindi,;=0.8-0.9cm. The result shown in
Fig. 4 is for a discharge witl =900kA andPngi=2MW but investigations based on multi-
shot datasets with different plasma conditions alsmw similar result. It is thus consistent

with the prediction from equation 4. The, 4sa, andi.. dependence one could not be
investigated due to the lack of measured data goint

4. Discussions

Various SOL widths in the NSTX H-mode plasmas Hagen investigated in relation to the
dependence on plasma operation parameters), dependence oy confirms our previous

result> ®and the result of no dependenceranis consistent with the JET result (equation 4).
The strong negative dependence.@bnl, is consistent with a scaling law from AUG
database (equation 2). However, our result showindependence af. onl,, is not
consistent with the scaling law from the same degal{equation 3). This result is to be
validated with a bigger dataset in the future dreddata analysis is currently underway. The

J1e andi.. dependence one will be also investigated and be compared withetkisting
scaling laws in the future work. In general, coesiag the limited size of our current
database, there is a strong need for more wor& Bigger dataset to further investigate

dependences dp and ne as well as to derive scaling laws and extrapatatiothe future
machine.

Acknowledgement

The authors are grateful to the NSTX research tiarthe excellent technical support. This
work was supported by the US Department of Enempntract numbers DE-FGO02-
03ER54731, DE-AC02-76CH03073, DE-AC05-000R22728,\Ah7405-ENG-48.

References

[1] A. Loarte et al., J. of Nucl. Mate?266-269 (1999) 587

[2] W. Fundamenski and S. Sipila, Nucl. Fusizh(2004) 20

[3] K. McCormick et al., J. of Nucl. Mate266-269 (1999) 99

[4] 3-W. Ahn, G. F. Counsell, and A. Kirk, PlasmayB. Control. Fusiod8 (2006) 1077
[5] R. Maingi, et al., J. of Nucl. MateB63-365 (2007) 196

[6] R. Maingi, et al., Proc. of 34EPS Conf., Warsaw, Poland, 2007

[7] 3-W. Ahn, J. A. Boedo, R. Maingi, V. Soukhankissubmitted to Phys. Plasmas (2008)
[8] M. Ono,et al., Nucl. Fusiord0 (2000) 557

[9] S. M. Kaye,et al., Nucl. Fusior5 (2005) S168

[10] J. A. Boedoet al., submitted to Rev. Sci. Instrum. (2007)



1(MA)

19 -
n(107°mM™) doopoo

Dy(0.u.)

2 hot 128341 o

9 . A : |

4 A —

jE | bty o] A

| Il N e W

0.0 0.1 0z (5)\0..3 0.4 0.
measurement

FIG. 1. Time trace of varioldischarge paramete a) plasma currel, b) line averagd
density, c) injected NBI power, and @) signal for outer lower divertor. Data was taken
during the quiescent H-mode phase with type-V ELM® window indicated by dotted
vertical lines is the time period of reciprocatprgpbe measurement.
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FIG. 2. Measured, (by fast reciprocating probe at z = -17.3cm) gad«
(by IR camera at the lower divertor target) prafilsmapped to the midplane, as
a function ofR-Repin threel, cases.
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FIG. 3. Measurede andne profiles (by fast reciprocating probe at z = 3t#), mapped to

the midplane, as a function BfRs,in twol, cases.
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FIG. 4. Measured heat flux by IR camera (lowex) anby Thomson Scattering (upper)
profiles in four line averaged density cases, apoading to different time slices during the
H-mode for shot 128352.






