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The Large Helical DevicéLHD) experiment§O. Motojima, et al, Proceedings, 16th Conference

on Fusion Energy, Montreal, 199Bternational Atomic Energy Agency, Vienna, 199Yol. 3, p.

437] have started this year after a successful eight-year construction and test period of the fully
superconducting facility. LHD investigates a variety of physics issues on large scale heliotron
plasmas(R=3.9 m, a=0.6 m), which stimulates efforts to explore currentless and disruption-free
steady plasmas under an optimized configuration. A magnetic field mapping has demonstrated the
nested and healthy structure of magnetic surfaces, which indicates the successful completion of the
physical design and the effectiveness of engineering quality control during the fabrication. Heating
by 3 MW of neutral beam injectiofNBI) has produced plasmas with a fusion triple product of

8x 10%keV m3s at a magnetic field of 1.5 T. An electron temperature of 1.5 keV and an ion
temperature of 1.4 keV have been achieved. The maximum stored energy has reached 0.22 MJ,
which corresponds t¢8)=0.7%, with neither unexpected confinement deterioration nor visible
magnetohydrodynamicéMHD) instabilities. Energy confinement times, reaching 0.17 s at the
maximum, have shown a trend similar to the present scaling law derived from the existing medium
sized helical devices, but enhanced by 50%. The knowledge on transport, MHD, divertor, and long
pulse operation, etc., are now rapidly increasing, which implies the successful progress of physics
experiments on helical currentless-toroidal plasmas. 1999 American Institute of Physics.
[S1070-664X%99)90605-5

I. INTRODUCTION findings in the initial experiments which have widened the
operational regime significantly from the existing helical de-
The Large Helical DevicéLHD) is a large-scale super- vices. Understanding of currentless plasmas has progressed
conducting toroidal fusion facility, which is a heliotron type in the medium-sized helical devicg€ompact Helical Sys-
device with a set of =2/m=10 continuous helical cois?  tem (CHS), Heliotron E, Wendelstein VII-AS, and Advanced
The major and minor radii are 3.9 m and 0.6 m, respectivelyorgidal Facilityl. Basic performance of confinement in he-
LHD has the capability of steady-state operation by means qf.5| devices is comparable to Igl)-mode plasmas in toka-
superconducting coils in addition to the physical intrinsic ., < \yith similar dimensions. Clear evidence of further con-
potential of the heliotron configuration, which is free from finement improvement has also been obsefvédHowever,

current drive and dlsruptlon.. A built-in helical divertor with t%e enhancement factor of confinement has been smaller than
a double-null structure provides the necessary edge heat an

. . in large tokamaks. The reasons can be attributed to connec-
particle control for steady-state plasma sustainment as well

. . tion of the boundary where neutrals and atomic processes
as confinement improvement. The advanced currentless ex- y b

periments in LHD emphasize the following objectivés: to play an essential role and the core where high-temperature

achieve high-performance steady-state plasmas extrapolaﬁl-asmaS are contqlned. LHD ha}s enough size to p(_)SS'bly ex-
able to reactor condition2) to explore the existing physical clude such .compllcated COI’\dItIOf?S. Th.e neocla§5|cal trans-
issues in toroidal plasmas; aif@) to develop necessary is- POIt properties becomes more evident in the radial transport

sues on fusion technology. This article describes the physicdl large-scale helical systems.
LHD has three pairs of poloidal coils which provide

xpaper J511.2 Bull, Am. Phys. So63, 1776(1998 three degrees of freedom in the magnetic field, i.e., the di-
T,nvﬁed speaker. ve =08 ' pole, quadrupole fields, and the' Ieakagg poloidal flgx. They
3Electronic mail: motojima@Ihd.nifs.ac.jp can be used to control the radial position, elongation, and
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loop voltage. The magnetic geometry in this study is set at 1.0
the optimized one from MHD stability in terms of ideal in-
terchange modes, neoclassical transport, and particle con-
finement, in particular, fast ion loss. The magnetic axis is set
at 3.75 m which is shifted inward from the machine center
and the averaged elongation is 1. In this configuration, the
mod-B surfaces do not deviate from flux surfaces so much
that confinement property of trapped particles is improved.
Although the inward-shifted configuration has a magnetic
hill, spontaneous generation of a magnetic well due to the
Shafranov shift stabilizes interchange modes in the core re-
gion. The strong magnetic shear instead of a magnetic well
stabilizes these modes in the edge region. The magnetic field _1.¢
has been limited to 1.5 T in the plasma experiments for the 3.0 35 4.0
sake of compilation of operational experience of large-scale
superconducting coils. The magnetic field alone indeed hasig. 1. mapping of magnetic surfaces of the standard configuration of
already reached 2.7 T in the engineering operation. Th&HD. Left hand side: Calculation in the vacuum magnetic field. Right hand
present surface of the plasma vacuum vessel is bare stainle%%ei Experimental_mgasurement b_y the electron beam and the fluorescent
steel and has been conditioned by discharge cleaning of h81eSh- The magnetic field strength is 0.25 T.
lium glow or electron cyclotron resonand&CR) (2.45-

GHz) direct current(dc) plasmas, and by titanium gettering {ae advantage of the superconducting coils, the experimen-
with a coverage area of 20%. Divertor plates other than gy fig|q was limited to 0.25 T because the radial scan of the
model plate which works as a probe station have not beegecron gun to sweep the magnetic surfaces had to be oper-
installed. Second harmonic 84-GHz electron cyclotron heatated manually for the initial measurement. The vacuum con-
ing (ECH) up to 400 kW has been employed to generateyition is on the order of ¥ 10 °Pa and generation of
plasmas, which are targets for NBI. Two negative-ion-baseqjasma by electron beams degrades the quality of the map-
neutral beam injectors are aligned for tangential injection "bing measurement above that vacuum level.

opposing directions, i.e., co- and counter-injection to cancel Figure 1 shows the predicted and measured flux sur-
out beam driven toroidal currents. Each injector is designegh e " |t is clear that the structure of nested flux surfaces
to inject 7.5-MW _h_ydrogen _beams at an energy of 180 ke\_/agrees with each other, which demonstrates the accuracy of
for 10 s. In the initial experiments, the ion sources are optiy,e gyperconducting coils. The scan of poloidal fields to shift

mized for a lower energy up to 100 keV considering com-yo g rfaces in major radius also shows remarkable agree-
patibility with the low-density target plasmas at 1.5 T Opera-pent petween experiments and calculations. Since the

tion. Therefore the available beam injection power is 3-MW o sent magnetic field is low, the effect of terrestrial magne-
total in this study. A variety of diagnostics that enable pmf'letism is visible. Them=1/n=1 island observed in the periph-

measurements is available, such as YAG-laser Thomsogry is consistent with the resonance with the terrestrial mag-
scattering for the electron temperature, charge-exchanggiic field in both phase and size. Also, rotational transform

recombination spectroscopgXRS) for the ion temperature, - g, 5j,ated from the transit map agrees with the calculation.
multi-chord far-infrared FIR) interferometer for the electron

density, a soft X-ray array, a bolometer array, and a Lang-
muir probe array on the model divertor plate. ll. DISCHARGE CHARACTERISTICS OF

CURRENTLESS PLASMAS

Calculation

Z (m)

The first experimental campaign was focused on the
start-up of ECH with limited available resources and ended

In helical systems, it is required and possible to demonsuccessfully in the middle of May 1998. The second experi-
strate the existence of well-nested vacuum magnetic surfacesental campaign has started in the middle of September
by an electron beam mapping method. In parallel with thel998 after two-months of work in the vented vacuum vessel.
high-temperature plasma experiment, the magnetic surfad@aking at a temperature of 95°C and He glow discharge
mapping has been done to clarify completeness of botleleaning have evacuated oxygen and carbon impurities
physical design and fabrication, which gives a fundamentaéquivalent to 90 mono-layers from the surface of the vacuum
basis to the confinement studies. A L@aBathode which vessel before the start of the second experimental campaign.
works under the strong magnetic field as highdaT gener- Then the NBI experiments were started successfully. The
ates an electron beam with a diameter of 3 mm and an a&lternating of high-temperature plasma discharges and he-
celeration voltage of up to 200 V. The mesh applied 72O lium dc discharges by glow or 2.45-GHz ECR is effective for
15 with a transparency of 83% is set on a vertically wall conditioning. Progress in wall conditioning and increase
elongated cross-section and covers the entire magnetic susf available heating power enable remarkable steady
faces. The pictures were taken by an intensified chargprogress of plasma performan¢see Fig. 2 Titanium get-
coupled device(CCD) camera with a tangential view. Al- tering has also contributed to the rapid and efficient condi-
though the mapping can be done in the full magnetic field tdioning in the initial phase, which covers about 20% of the

Il. FIELD MAPPING
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FIG. 2. Progress in the plasma performance. The obtained stored energy as
a function of the shot number. Open circles: Hydrogen plasmas. Closed
circles: Helium plasmas. NBI has started from the shot number 2722. (b)
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surface area of the plasma vacuum chamber. NBI plasmas
are highlighted in this paper since ECH has been devoted to 3
generate the target plasmas for NBI.

The ECH power of up to 450 kW is applied to produce

a 100

(==

)

-
target plasmas with a density of more thax 10:°m 3 so as E o4 g

to limit the shine-through of NBI to less than 40%. Since the € 2
density is crucial for the NBI target, the temperature in the . 2 2

ECH phase is limited to around 500 eV. Then NBI up to 3 0
MW is injected. The plasma density is controlled by gas-
puffing, however, the density clamping with a rapid pump-
out has been observed in hydrogen discharges. This phenom-o™
enon has been much mitigated in helium discharges.

Waveforms of a typical hydrogen discharge are shown in
Fig. 3(@). Since the target ECH plasmas are well fueled, the
plasmas are thin and detached. The plasma expands in the
radial direction with increasing temperature and density du€IG. 3. Temporal behavior of typical NBI heated plasmas in the initial
to NBIl. When the high-temperature plasma reaches the mag xperiments(a) Hydrogen discharge(b) Helium Qischgrge. Stored'energy_

. . . measured by the diamagnetic loop. Dotted lines illustrated with density
net'_c boundary’ a dlver_tor channel is fO’me‘?'- The events O%re the predicted densities assuming 100% efficiency of fueling.
rapid pump-out of density, a decrease of radiation, and bursts
of divertor flux begin at this time. The decay time of the
decrease in density is enhanced by an increase of the heating The present operational density limits bounded by radia-
power. Density does not build up efficiently despite strongtion collapses are 4%610°m™2 in hydrogen plasmas with a
gas puffing in the pump-out phase for several hundreds ofas puff, 6. 101°m~2 in hydrogen plasmas with pellet in-
ms. The decrease in total radiation and emission of lighjection, and 6.% 10'**m™2 for helium plasmagsee Fig. 4
impurity lines are attributed to a rapid increase of edge temThe radiation collapse phenomena can be classified into two
perature. This phenomenon is described in detail in the nexypes. The first type is characterized by a hollow radiation
section. The pump-out phenomenon is much milder in heprofile that increases symmetrically until the radiation col-
lium discharges and density can be maintained by recyclingapse. In these instances the total radiated power is at or
instead of auxiliary gas puffing since the metallic wall doesbelow the beam input power. In these discharges the stored
not pump heliunisee Fig. 8)]. Helium plasmas also miti- energy drops steadily to zero on a time scale of around 100
gate the shine-through losses of NBI in the low-density reims. The second type is characterized by a rapid increase in
gime. In a hydrogen discharge, a broad density profile bethe total radiated power over a 100-ms time scale resulting in
comes hollow when the pump-out starts. A broad densityan instantaneous peak radiated power, which is larger than
profile is maintained throughout a helium discharge and thehe input heating power. The radiation profile shows a sharp
edge density is higher than that in a hydrogen discharggyeaking on the inboard side of the plasma which increases
which is due to a larger neutral source from recycling. Theand moves toward the center of the plasma in 30 ms.
temperature profile is more peaked in a hydrogen discharge Hollow density profiles have been frequently observed
than a helium one. in helical devices, in particular, with ECH. A neoclassical
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FIG. 4. Operational regime in density and heating power of NBI in hydro-
gen discharges with gas-puffifgpen circleg and pellet injection(closed
circles and helium discharges with gas-puffitgrosses
theory has pointed out that the off-diagonal term of the tem- "Z
perature gradient enhances particle flux and leads to hollow o,
density. This problem may be pronounced more in large- ©
scale plasmas. The poloidal rotation which is closely con- ~—
nected to the radial electric field, has been measured by 1c®
CXRS. A change in the direction of the rotation has been
observed before and after the start of pump-out in a hydro-
gen discharge. The plasma rotates initially in the electron
diamagnetic direction and then changes to the ion diamag-

netic direction. This may reflect a change in the sigrEpf
from negative to positive, which is similar to the experimen-
tal results in CHS.

Figure 5 shows a typical discharge with peIIet injection. FIG. 6. Profile changes due to pellet injection in the discharge shown in Fig.

The size and the speed of the pellet are 3 mm diameter and

5, (a) Electron temperature profile along the major radius measured by YAG
Thomson scattering system. Measured points are scanned horizontally on

km/s, respectively. The pellet is broken into small pieceshe oblate cross sectiop=1 denotes the position of the last closed flux
intentionally to avoid deep penetration in this case. A pellesurface.(b) Line averaged electron density. Measured chords are vertical in

is effective in increasing the density and as well as the storelf€ prolate cross section.
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energy. The change of plasma profile is shown in Fig. 6. An
abrupt decrease of temperature is observed in the peripheral
region and the temperature comes back in a very short time
scale. However, the central temperature certainly drops sud-
denly and continues to decrease slowly and comes back in
the time scale of an energy confinement time. The density
increase is also observed in the peripheral region. These ob-
servations in temperature and density suggest that the pellet
ablates in the intermediate region and does not penetrate to
the center. This agrees with the prediction from the pellet
ablation model. In this case, the pellet injection does not give
rise to a peaked density profile although the trigger of inward
pinch has been observed in other devit@e decay time of

the density after the pellet injection is the same as that before
the injection, which may be consistent with the absence of an
inward pinch. A full solid pellet penetrates to the center and
forms a peaked density profile. However, the density profile

FIG. 5. Temporal behavior in a pellet injected discharge. The pellet is in-flattens again after pellet injection and consequently becomes
jected at 0.655 s.

hollow after a few hundreds of ms.
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FIG. 7. Long-pulse NBI discharge with helium gas. lon temperature is mea-
sured by CXRS. _
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with 7 in s,aandRin m, P in MW, ng in 10**m~3, and
B; in T. While this scaling describes L-mode plasmas in
rge tokamaks as well, the density dependence is pro-

By making use of stable recycling in helium, a long
pulse operation is obtained. Figure 7 shows the 10-s lon

discharge with NBI. The quasi-steady-state is achieved fOFlounced unlike in the tokamak L-mode scaling. From expe-

several seconds. Density increase despite no gas-puffing t%’Eénce in tokamaks, larger devices which have less heating

”?'”a‘es t_he plasma ev_entl_JaIIy, a_nd the combination of E_"ﬁ"power density make the transition to saturation from linear
cient fueling and pumping is required for further longer dis-

ohmic confinement in the lower density regime, which is

charges. connected to an L-mode with auxiliary heating. This issue is
crucial for the prospects of helical devices since the present
IV. CONFINEMENT STUDY reactor design relies on the favorable density dependence on

Energy confinement times are evaluated from the storedonfinement.
energy measured by diamagnetic loops. The response of dia- Figure 8 shows the comparison of experimental data
magnetic loops has been calculated by the three-dimensionaiith the prediction from the 1ISS95 expression. The achieve-
(3-D) magnetic field. The NBI power deposition is modeled ments of LHD are larger than the presently existing helical
by the database from a number of runs of a 3-D Monte Carlaevices by one order of magnitude. The density and ab-
simulation code for Neutral Beam InjectigiCNBI).° In  sorbed power ranges cover 1.0-8.00*m 3 and 0.5-2.3
heliotrons, the Shafranov shift due to finjgeeffects changes MW. The data in hydrogen discharges have been adopted
the beam birth profile and the drift orbit of beam particles.here, since the estimate of power deposition in helium dis-
Therefore, in this code, the 3-D magnetic configuration in-charges cannot be discussed with the same accuracy as in
cluding the finiteg8 effect is used for the evaluation of the hydrogen now. While the trend of energy confinement times
deposition profile. The computational results suggest thadf NBI heated plasmas in LHD is similar to 1SS95, experi-
heating efficiency and deposition profiles are not differentmental data are systematically better than ISS95 by a factor
for the cases of co- and counter-injection in the current exof 1.5. Deviation from the scalings indicates an enhancement
perimental condition. The stored energy derived from kineticof a factor of 2 from the LHD scaling and is comparable to
profile measurements agrees well with the diamagnetic medhe L—G scaling.
surement. This supports the validity of the NBI power depo-  In the current density range, the power deposition of
sition model which suggests a negligible effect of the beanNBI is a strong function of density. Deposition power in-
pressurgat most of a few per cent creases by 50% with the density increase from12m—3

Four major inter-machine scalings of energy confine-to 4x10'°m™2 for the same port-through power. Since the
ment time for helical device§LHD scaling’® Lackner— data are not distributed sufficiently on the space of the den-
Gottardi (L—G) scaling!! gyro-reduced Bohn® and Inter-  sity and the absorbed power, there exists a correlation be-
national Stellarator Scaling 951SS95%] have been tween the density and the absorbed power. Therefore it is
proposed so far and all describe similar trends of deterioradifficult to distinguish whether confinement saturation in the
tion with power and apparent positive density dependenceselatively high-density regime is attributed to power degra-
The international stellarator scaling 95S95 expresses, dation or vanishing of a density dependence. However, there
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FIG. 10. Observed toroidal currents as a function of the stored energy. Open
FIG. 9. Build-up of toroidal currents in a co-injected NBI discharge. The circles: ECH. Closed circles: Balanced NBI. Prediction from neoclassical
negative sign of the toroidal current defines the paramagnetic direction. theory is also shown. Solid line: Assume broad pressure prafiepy(1
—p?)(1—p®. Dotted line: assume standard pressure profite py(1

_p2)2.

exist two sequences with the same deposition power and the
different density. These are the discharges with 2 NBIs with
1.5-1.8<10"m~3 obtained by gas-puffing and the others in the paramagnetic direction cancels the currents in the dia-
are the discharges with 1 NBI with>310m~2 times ob- magnetic direction driven by counter-injection. In the case of
tained by pellet injection. Comparison of these sequenceg0-injection, currents are enhanced by the sum of the Oh-
indicates that energy Confinement is improved with thekaWa a.nd bootstrap currents. Observed currents W|th CO-
square root of the density in the accessible density rang@jection decrease in the high-density regime, which is ex-
(3x10m~3) with a power density of 40 kW/falthough  Plained by the degradation of current-drive efficiency of
Saturation Of Confinement iS predicted to occur at 17NB| Figure 10 indicates that the tOFOidal currents Observed
% 10*m~3 according to the tokamak experience of transitionin balanced injection increases in proportion with the stored
from the linear ohmic confinement to the saturated ohmicenergy, which reflects the pressure gradient. A neoclassical
confinement. However, further investigation is required toestimaté® for bootstrap currents bounds the upper limit of
verify whether the preferable density dependence is kept ifhe experimental observation, which is explained by a short-
LHD or improvement is specific to pellet injection. age of pulse length to ramp to the full current.

Research in both tokamaks and helical devit&shas
demonstrated the presence of neoclassical bootstrap currents.
The magnetic field of LHD is excited in a real Steady State bw BOUNDARY PHENOMENA AND CONTROL
using superconducting coils. Therefore, the applied voltage
is extremely low and ohmic currents are absolutely excluded. Twenty-one dome-type Langmuir probes are set on a
The capability for long-pulse discharges can also eliminataivertor plate for investigation of the characteristics of the
the ambiguity of time dependent behavior. A toroidal currentdivertor plasma in LHD. The probe tips are made from mo-
of up to 50 kA has been observed in a discharge with colybdenium rods(¢ 2 mm), and the spatial resolution of this
injected NBI of 1.5 MW, while the equivalent current to probe array is 5—15 mm. The LHD plasma is surrounded by
generate the rotational transform in the vacuum magnetia sepratrix with four divertor legs. This probe array can de-
field of LHD is 700 kA at 1.5 T. The rough estimate of tect two of them. Using this probe array, electron density and
the current drive efficiency, I,n,R/P, is around temperature of the divertor plasma just in front of the di-
3Xx 10" Am~4W. Figure 9 shows the temporal behavior of vertor plate and the profiles of the particle flux on the di-
plasma currents including both the Ohkawa currents andertor plate are measured. The measurement of the ion satu-
bootstrap currents. It takes a few seconds to build up curration current, i.e., particle flux profiles, clearly indicates two
rents, which is the same order of the classicR time. A peaks. The full width at half maximum is about 10 mm,
precise investigation will progress in LHD making full use of which is independent of core plasma parameters. These peak
these advantages of a long pulse and no toroidal electripositions coincide with the position where the lota few
field. In all of the NBI discharges, currents flow in the para-km) magnetic field lines connect to the divertor plate from
magnetic direction, which increases the rotational transformthe ergodic layer just outside of the last closed flux surface.
This observation suggests that the bootstrap current flowingypical particle flux is X 10??m~?/s in NBI plasmas. Elec-
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FIG. 11. Probe measurements of divertor plasmas in the discharge shown in
Fig. 3@).

tron temperature and density are measured by the single
probe method. The typical values of them are 5-30 eV and
0.5—-2x10*®cm™3, respectively.

Strong pumping phenomena are frequently observed es-
pecially in hydrogen discharges. The density decreases to
about half the value even during gas-puff fueling. In the
pump-out phase, large oscillations in ion saturation current
are observed at the divertor probe array. The amplitude of
this oscillation is 20%—60% of the dc component. There is
no obvious peak frequency in the power spectrum of this
oscillation, but there is a very gently sloping hill in the rangeFIG. 12. Tangential views of ECH plasméas) Without LID magnetic field.
of 1-100 kHz. After the beginning of this oscillation, the (?) With LID magnetic field.
density starts to decrease. The electron temperature in front

of the divertor plate rises up to five times larger than before.

Usually, this relatively high temperature is not sustained, angonfiguration when the plasma is not fully expanded in the
it gradually goes down. The oscillation is terminated whenStandard LHD configuration, as shown in Fig.(@2n this
the electron temperature becomes below 10 eV in divertof@Se; the plasma becomes expanded well in the LID configu-
plasma. The pumping phase is also terminated at this timé?t'on’ as shown in F'g: 18). Tem'po'ral evolution of the
and the density starts to increase ag@iee Fig. 11 The stored energy, the density, the radiation power, and the OV

electron temperature of the surrounding plasma appears to §'d Clll radiation intensities are shown in Fig. 13, where a
a key parameter for the pumping mechanism. comparison between discharges in the LID configuration and

While hydrogen discharges are accompanied by the derin the standard LHD configuration is made at fixed levels of
sity pump-out, a low recycling condition has been realizedh® ECH power and gas puffing. The radiation power mea-
which has been strongly related to confinementsured with a bolometer and the OV and ClI radiation inten-

improvements’ The temperatures of both electrons and ionsSities decrease significantly with the LID configuration, as

has reached 200 eV at the outermost flux surface and the
density sharply drops to zero at the outside of the last closed
flux surface. Although a clear confinement improvement has
not been observed yet, the above mentioned characteristic:
for density and temperature have not been observed in heli-
cal devices to date and an increase of edge temperature:
would be expected with increased input power in further ex-

periments, which is a key of confinement improvement.

A local island divertor(LID) experiment was performed
using the LID magnetic configuration, where amMn=1/1
island is generated by 20 perturbation coils, to study the
effect of the LID configuration on the ECH plasma. In this
experiment, the outward heat and particle fluxes cross the
island separatrix and flow along the field lines to the back E : P
side of the island, where target plates would be placed asa ~ L3
divertor head®'® The particles recycled there are pumped, S [ | === ‘ ]
and hence, the geometrical shapes of the divertor head anc 0 0.4
pumping duct will be designed to form a closed divertor Time (s)
configuration with a high pumplng e,mCIenCy' The dl_vertor FIG. 13. Temporal behavior of ECH plasmas shown by TV pictures in Fig.
head was, however, not used in the first campaign. It is foundy_ soiid lines: without LID magnetic field. Broken lines: With LID mag-
that the plasma parameters change significantly with the LiDetic field.
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shown in Figs. 1&) and 13d), while the density decreases a The knowledge of transport, MHD, divertor, and long-
little. The stored energy increases in the LID configurationpulse operation is now rapidly increasing, which means the
suggesting improved confinement. However, since thesuccessful progress of physics experiments. Interesting and
plasma radius expands in the LID configuration, comparedmportant phenomena related with these issues have already
with that in the standard LHD configuration, the obtainedbeen found. The advantage of the superconducting device is
energy confinement time is not improved significantly at thisbecoming clearer especially when the steady-state experi-
stage of the experiment, but is consistent with the ISS9%nents are pursued.
scaling law.
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