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Abstract 
In the Tore Supra tokamak, the scrape-off layer profiles of discharges limited 
either on the inboard or on the outboard side are compared. Inboard-limited 
discharges are characterized by substantially longer SOL e-folding lengths of ion 
and electron temperatures and electron density measured near the top of the 
plasma, providing strong evidence that the ion and electron energy transport across 
the SOL is enhanced on the outboard side, similar to the particle transport. The 
parallel heat flux density extrapolated to the last closed flux surface is found to be 
inversely proportional to its e-folding length in the SOL. The outboard limiters 
thus receive higher and more peaked heat loads than the inboard limiters. These 
results are important for the optimization of the plasma start-up scenario and 
design of the first wall in ITER. 

 
PACS 52.25.Fi, 52.25.Xz, 52.35.Ra, 52.55.Fa, 52.70.Ds 
  
1. Introduction 

In tokamaks, the intermittent expulsion of magnetic-field-aligned plasma filaments 
from the last closed flux surface (LCFS) is responsible for a large fraction of the effective 
radial transport to the wall [1-6]. Filament propagation appears to be governed by a 
ballooning-type instability in the unfavourable magnetic curvature region on the low field 
side. As the filaments propagate outward, they also expand freely along the magnetic field 
lines, driving pressure-driven field-direction-independent parallel flows. Mach probe 
measurements in many divertor tokamaks (e.g. [7] and references therein) show flow patterns 
consistent with this model (i.e. stagnant flow poloidally approximately halfway between the 
outer midplane and the X-point), in which the filaments can be seen as an important particle 
source in the scrape-off layer (SOL). Similar observations in limiter tokamaks [8-12] prove 
that enhanced radial particle transport on the outboard side of the plasma is a universal 
phenomenon, independent of the presence of an X-point divertor. The enhancement of the 
radial particle transport on the outboard side of the limiter plasmas was confirmed by the 3D 
fluid turbulence code TOKAM-3D [13]. When the plasma contact point is on the inboard 
limiters, the filaments propagate freely out to the wall, filling all the available volume outside 
the LCFS and leading to a broad SOL with nearly flat density profiles. On the other hand, it 
was demonstrated [12] that outboard modular limiters suppress the radial particle transport 
when they are near the LCFS, leading to a very thin SOL. It is probable [8] that the limiters 
act as simple mechanical barriers that intercept the parallel particle flux in the region in which 
the enhanced radial convection.  
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The poloidal asymmetry in the radial particle and electron energy transport has been 
occasionally studied in limiter as well as divertor tokamaks using Langmuir probes located at 
different poloidal angles (e.g. [8, 10-11, 14-16]) and/or by changing the magnetic field 
topology (e.g. [16-18]). Measurements in ASDEX and PDX in a double-null divertor 
configuration have demonstrated that the outer scrape-off layer carries about five times more 
particles and energy to the divertor as the inner scrape-off layer, providing strong evidence 
that the cross-field particle and energy transport is larger on the outboard side of the plasma 
[19]. Similar observations were reported from T-10 and were associated with balloning-like 
cross-field transport asymmetries [9]. LaBombard and Lipschultz [8] reported a strong 
poloidal variation of the SOL electron density ne measured in limiter discharges in Alcator C. 
The maximum ne was measured at the top and the bottom of the plasma and the minimum at 
the inboard side with the largest density e-folding lengths near the outboard midplane. The 
poloidal variation of the electron temperature Te was not as dramatic as for the electron 
density and Te seemed to be almost independent of radius within the data scatter. LaBombard 
and Lipschultz clearly identified the necessity of a poloidally varying radial convection 
process (which is now known to be driven by the interchange instabiltiy [1-5]) to account for 
the measured density profiles. In the limiter tokamak DITE [10], the SOL Te was also found 
to be a weak function of the poloidal angle but, in contrast to [8], the maximum of the SOL ne 
was observed near the outer midplane. Stagnant flow measured at this location was associated 
with the enhanced particle diffusion at the outboard side of the plasma. Similar poloidal 
asymmetry of the particle transport across the SOL was observed in the FTU tokamak [11]. 
Later on, measurements in Tore Supra [16] and JET [17] limited discharges demonstrated that 
the SOL Te profile broadens significantly when the plasma contact point is shifted from the 
outboard to the inboard side, demonstrating that the electron energy transport across the SOL 
is also enhanced on the outboard side, similar to the particle transport. LaBombard et al. [18] 
reported a factor of 4 larger electron pressure e-folding length together with at least an order 
of magnitude higher fluctuation level of the ion saturation current measured in the outboard 
SOL compared to the inboard SOL in the Alcator C-Mod double-null discharges, providing 
again a clear evidence for the existence of a strong poloidal asymmetry in the radial particle 
and energy transport. These observations were recently reproduced in [20]. 

Although it is quite intuitive that the radial ion energy transport should be also 
enhanced on the plasma outboard side (as the magnetic-field-aligned plasma filaments carry 
into the SOL higher temperatures than the plasma background), experimental evidence of the 
poloidal asymmetry of the ion energy transport across the SOL is not available.  

In this paper, new measurements of the e-folding lengths of the SOL ion and electron 
temperatures, electron density, and the parallel heat flux density carried out in the limiter 
tokamak Tore Supra [21] using a retarding field analyzer (RFA) are reported. Improving upon 
earlier similar studies, we analyze a larger dataset with a broad range of the main plasma 
parameters and measure the SOL ion temperature iT  – an essential, yet rarely measured [22-
48], parameter for the interpretation of Langmuir probe measurements and SOL modelling. 
We demonstrate for the first time, that the poloidal asymmetry in the radial ion energy 
transport is similar to that of the particle and electron energy transport. 

The measurements reported here, apart from their contribution in understanding the 
particle and energy transport in the SOL, are also important for optimizing the design of the 
first wall and the plasma start-up scenario in ITER. One of the options for the plasma start-up 
in the existing ITER design consists of two outboard limiters (the possibility to eliminate the 
limiter modules in favour of plasma start-up on the first wall was recently investigated in 
[49]). The limiters would define the plasma last closed flux surface for about 30 seconds 
before the X-point divertor configuration is established [50]. The start-up plasma would in 
this case therefore be characterized by a configuration similar to that of large limiter 
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tokamaks. Our measurements indicate that due to the longer particle and energy e-folding 
lengths in the inboard-limited discharges, power handling in ITER start-up phase would be 
significantly easier if the inboard wall were used for start-up rather than outboard limiters. 
  
2. Experimental set-up 

Ohmic discharges with the plasma contact point either on the inboard limiters (referred 
to as “inboard-limited discharges”) or on the outboard limiters (“outboard-limited 
discharges”) are studied. The inboard limiters (IL) consists of six bumper limiters of toroidal 
width 20º (corresponding to 0.55 m at the inner midplane), separated by 60º. The outboard 
limiters (OL) consist of six radially movable limiters: antenna protection limiter at toroidal 
angle of 140º (toroidal width of 34 cm), three ICRH antennae limiters at 40º, 100º, and 280º 
(toroidal width of 63 cm), and two lower hybrid antennae limiters at 320º and 340º (toroidal 
width of 101 cm). Further details of the Tore Supra limiters can be found e.g. in [51, 52]. In 
this experiment the outboard limiters were aligned (i.e. located at the same major radius). The 
degree to which the discrete inboard and outboard limiters approximate a toroidally 
continuous limiter will be discussed in detail in section 3.2. Both pI  and tB  are oriented 
clockwise looking from the top of the torus. The working gas is deuterium. The database 
comprises 22 inboard- (including 4 detached) and 5 outboard-limited measurements 
(including 1 detached), figure 1 and table 1. 
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Figure 1. Poloidal plasma cross sections included in the database. Left: inboard contact 
point. Right: outboard contact point. IL: inboard bumper limiters, OL: radially movable 
outboard limiters, TPL: toroidal pump limiter. RFA is located at R=2.53 m and moves 
vertically. The symbols associated with the cross-sections are used in figures 4 to 7. 
 
 
 
 
 
 
 
 
 



 4 

Table 1. Macroscopic parameters of the database discharges. From top to bottom: minor 
radius, major radius, volume-averaged density, plasma current, safety factor at the minor 
radius, toroidal magnetic field at magnetic axis, radiated power fraction and ohmic input 
power. 

 
parameter inboard outboard 

a [m] 0.60 – 0.68 0.47 – 0.65 

R [m] 2.18 – 2.26 2.39 – 2.52 

〈ne〉 [1019 m-3] 0.9 – 4.7 1.4 – 5 

Ip [MA] 0.4 – 1.2 0.3 – 0.7 

qa  3.4 – 8.5 3.5 – 9.2 

Bt [T] 3.2 – 4.1 3.5 – 3.7 

frad 0.3 – ~1 0.4 – 0.8 

Pohm [MW] 0.3 – 1.2 0.3 – 0.7 

 
 
“Detachment” refers here to a steady state with poloidally symmetric radiation shifted 

inside the LCFS to about 60% of the minor radius a. A steady-state detached phase was 
reached by increasing the plasma density at constant pI . The gas injection rate was controlled 

in real time by feedback on the radiated power fraction radf  to reach 1≈radf . Plasma 
detachment was identified visually by two CCD cameras viewing the plasma through a 
tangential port, and quantitatively by bolometer arrays. 

SOL iT , eT , and the parallel ion saturation current density satj  were measured 
simultaneously from both directions along the magnetic field lines by a bidirectional RFA 
[46]. The RFA is located at 53.2=R m and moves vertically, figure 1. In this experiment, 
several novel improvements of the dynamic range of the RFA measurements were employed 
and described in detail in [18].  

iT  is calculated as 2/)( LFS
i

HFS
i TT +  [53], HFS/LFS indicating respectively the analyzer 

intercepting magnetic field lines coming from the high field side or the low field side 
(typically, each side of the RFA measures different iT , which, as shown in [53], is associated 
with the perturbing effect of the probe combined with the parallel plasma flows). A model for 
the HFS/LFS asymmetry of eT  is not yet available so we arbitrarily choose to estimate eT  as 

2/)( LFS
e

HFS
e TT + . Electron density and the parallel heat flux density are calculated as 

]/)(35.0/[ 5.1
ieisate mTTejn +=  [54] with LFS

sat
HFS
satsat jjj ⋅=  [55], and sate jTq γ=// , 

respectively. The total (ion and electron) heat transmission coefficient γ  is calculated as [56]: 
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Secondary electron emission was neglected in Eq.(1) so that the equation gives the lower limit 
of γ  [56, 57]. 
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3. Experimental results 
The results are separated into two sections. In section 3.1 the poloidal asymmetry of 

the radial particle and energy transport is studied in terms of the e-folding lengths. Section 3.2 
focuses on the relationship between the parallel heat flux density and its e-folding length and 
shows that poloidal asymmetry of the radial transport may account for significant differences 
in the power footprints on the inboard and the outboard limiters. 
 
3.1 The e-folding lengths 

Figure 2 illustrates the radial profiles of iT , eT , en , and //q  measured in the selected 
inboard- and outboard-limited discharges characterized by similar macroscopic parameters 
(table 2). The former are characterized by a factor of ~3–4 longer e-folding lengths than the 
latter. From a simple balance between the parallel and perpendicular particle and energy flows 
into a flux tube in the SOL (see e.g. [58]) it follows that longer e-folding lengths in the 
inboard-limited discharge could be either due to longer magnetic connection length conL  or 
due to the enhanced particle and energy transport across the outboard LCFS (since both 
measurements are performed at very similar poloidal angles with respect to the plasma, the 
effect of the flux expansion on the e-folding lengths can be neglected). Figure 3 shows for 
both discharges conL  given by the total length of the magnetic field line intersecting the RFA 
trajectory across the SOL. The variations in Lcon across the SOL due to specific limiter 
geometry and safety factor are only a small fraction of the total connection length and thus 
have negligible influence on the e-folding lengths ( conL~λ  [59]). As seen from figure 3, 

the inboard-limited discharge is, in fact, characterized by 20 – 30 % shorter conL  compared to 
the outboard-limited discharge. The difference in the e-folding lengths can be, therefore, 
associated with enhanced radial particle and energy transport on the outboard side of the 
plasma. 
 The variation of the density e-folding lengths with the plasma contact point in figure 
2 is fully consistent with the results from Alcator C [8] obtained in a different experimental 
arrangement. In Alcator C, the density profiles were measured between full poloidal limiters, 
directly observing the radial propagation of plasma on the outboard side. This is equivalent of 
what would be measured between the outer limiters in Tore Supra if there were probes on the 
outer midplane. In our experiment the modular outboard limiters are blocking the parallel 
transport of the radially-propagating field aligned filaments for the outboard-limited 
discharges, leading to a thin SOL on top of the torus (this happens if the poloidal extent of the 
modular poloidal limiters is larger than the extent of the region in which the enhanced radial 
convection occurs). 

Note that in Tore Supra the clearance between the LCFS and the limiters opposite the 
contact limiter is almost an order of magnitude larger compared to JET limited discharges 
[18] so that the e-folding lengths measured in the Tore Supra SOL correspond to natural 
decay lengths associated with free radial transport of the plasma. 

An important point to address is whether the plasma is not perturbed by the insertion 
of the probe and if the e-folding lengths measured by the RFA are similar to those prevailing 
in its absence. A simple model proposed by Stangeby [60] allows for rough estimate of the 
degree of the probe disturbance by comparing the ambipolar collection length of the probe 
wake, colL , with conL . The probe disturbance is expected to be significant if concol LL > , in 

which case the probe establishes a new, shorter, connection length. ⊥≅ DcdL scol 8/2  where 

04.0=d m is the RFA diameter, ieis mTTec /)( +=  is the isothermal ion sound speed (with 

temperatures in electron volts) and ⊥D  is the cross-field particle diffusivity. Assuming 1=⊥D  
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m2 s-1, 11<colL m for the inboard-limited discharge and <14 m for the outboard-limited 

discharge across the SOL. This is shorter than conL  between either side of the RFA and the 
strike zone for both the inboard- as well as outboard-limited discharge, meaning that the 
perturbing effect of the probe does not need to be considered. 
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Figure 2. SOL profiles measured by RFA. Left: inboard-limited discharge (#42390). Right: 
outboard-limited discharge (#42460). From top to bottom: LCFS with the magnified region of 
the RFA location, ion and electron temperatures, electron density, parallel heat flux density 
with e-folding lengths. SOL profiles are plotted against the distance from the LCFS at the 
probe location. Two LCFS reconstructions (Taylor, EFIT) are shown. Macroscopic 
parameters of the discharges are stated in Table 2. 
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Table 2. Macroscopic parameters of the discharges from figure 2. The plot symbols 
correspond to poloidal cross sections from figure 2. The color code is used in figures 4-7. 
Inboard / outboard indicate the plasma contact point.  
 

parameter inboard outboard 

discharge number 42390 42460 

symbol □ � 

a [m] 0.65 0.65 

R [m] 2.23 2.49 

〈ne〉 [1019 m-3] 2.1 2.0 

Ip [MA] 0.6 0.7 

qa  5.4 5.4 

Bt [T] 3.2 3.7 

frad 0.4 0.6 

Pohm [MW] 0.5 0.5 
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Figure 3. Radial profiles of the magnetic connection length between the strike points at the 
limiters for the discharges from figure 2. conL  is calculated for the magnetic field lines 
intercepting the RFA trajectory across the SOL. Inboard / outboard indicate the plasma 
contact point. 

 
Note that for the outboard-limited discharges the LCFS at the RFA location calculated 

by the EFIT poloidal field reconstruction (referred to as “EFIT LCFS”) was found to be 
shifted inward by up to ~2 cm compared to the LCFS given by the Taylor extrapolation of the 
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magnetic flux measurements [61] (referred to as a “Taylor LCFS”). This leads to a large 
uncertainty in the LCFS values. It is not yet clear which magnetic reconstruction is more 
reliable. However, for deep reciprocations performed by other Langmuir probes in the 
outboard discharges a sharp increase in the gradients of eT  and satj  (possibly related to the 
transition between the SOL and the confined region) coincides with the Taylor LCFS. 
Therefore, in what follows Taylor LCFS is considered. For most inboard-limited discharges 
EFIT and Taylor LCFS overlap within a few millimeters. It is important to notice that the 
uncertainty of the LCFS position is almost inconsequential for the calculation of the e-folding 
lengths. On the other hand, a factor of 3 – 4 higher LCFSq//  is obtained in the outboard-limited 
discharges for the EFIT LCFS compared to the Taylor LCFS. 
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Figure 4. The e-folding lengths of the SOL ion and electron temperatures, electron density 
and the parallel heat flux density (from left to right) plotted against the volume-averaged 
plasma density. Inboard / outboard indicate the contact point. Symbols correspond to 
poloidal cross sections from figure 1. Full symbols: detached discharges. λTi  measured in two 
detached inboard discharges is almost infinite and does not appear on the graph. Discharges 
from figure 2 are indicated by thick symbols.  

 
Figure 4 shows the e-folding lengths of the ion and electron temperatures ( Tiλ , Teλ ), 

electron density ( nλ ), and the parallel heat flux density ( qλ ) for all database discharges, 

plotted against the volume-averaged plasma density en . The e-folding lengths are calculated 
from the portion of the SOL profile measured between the LCFS and the next closest limiter. 
As figure 2 has already hinted, the outboard-limited discharges are generally characterized by 
shorter e-folding lengths compared to the inboard-limited discharges. For a given poloidal 
configuration several macroscopic parameters are varied simultaneously, figure 5, and their 
influence on the e-folding lengths thus cannot be decoupled.  
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Figure 5. From left to right: plasma current, toroidal magnetic field at magnetic axis, safety 
factor at the minor radius and ohmic input power plotted against the volume-averaged 
plasma density. Inboard / outboard indicate the contact point. Symbols correspond to 
poloidal cross sections from figure 1. Full symbols: detached discharges. 
 

The rarity of SOL iT  measurements in tokamaks makes interesting the comparison of 

Tiλ  and Teλ . For the database discharges 5.04.1/ ±=TeTi λλ  (this mean value does not 

include two detached inboard-limited discharges with almost infinite Tiλ ). Similar values 
were measured e.g. by Uehara et al. in the JFT-2M tokamak [35], in contrast to a simple 
model for the radial dependence of SOL temperatures [62] which predicts ∞→Tiλ  and 

∞→TeTi λλ / . The model assumes that the parallel ion energy losses at the limiter are 
balanced by the convected ion energy flux into the SOL (so that the ions are not cooled 
passing through the SOL) while the parallel electron energy losses at the limiter are higher 
than the electron energy flux across the LCFS because of the cooling effect of the Debye 
sheath on electrons so that eT  decreases with radius in the SOL. The model neglects 
volumetric ion losses in the SOL such as ion collisions with electrons and neutrals which 
might be the reason why, in contrast to the measurements, it predicts radially constant Ti in 
the SOL. For example, for the database discharges, the ratio of the parallel ion transit time 
through the SOL to the ion-electron thermalization time ie

th
i

thR ττ ///=  (with 

eicon
i TTL +∝ ///τ  and ee

ie
th nT /2/3∝τ ) evaluated just inside the LCFS varies from 0.3 to 40 

(and is >1 for most discharges), meaning that significant energy coupling is provided between 
ions and electrons and can strengthen the similarity between Ti and Te profiles in the SOL.  

For the database discharges 655−=iT eV, 305−=eT eV and 51/ −≅ei TT  at the 

LCFS. The lowest iT , eT  and ei TT /  are measured at highest plasma densities and in detached 
plasmas. The decrease of Ti and Te with the plasma density is consistent with similar 
measurements reported from a number of tokamaks [31-33, 37, 39, 42, 45, 48]. 

 
3.2 Parallel heat flux density and its relation to qλ  

As demonstrated in figures 2 and 4, the poloidal asymmetry in the particle and energy 
transport makes qλ  strongly dependent on the location of the plasma contact point. In 

addition, as seen from figure 6, at the LCFS 1
//

−∝ qLCFSq λ . The power flux profiles with the 
highest amplitude and peaking are thus measured in outboard-limited discharges (an 
exception to this rule is the detached outboard-limited discharge). 
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Figure 6. Heat flux density at the LCFS plotted against the SOL heat flux density e-folding 
length. Inboard / outboard indicates the plasma contact point. Symbols correspond to 
poloidal cross sections from figure 1. Full symbols: detached discharges. 
 

1
//

−∝ qLCFSq λ  has a physical background in the conservation of the power in the SOL, 
 

 ∫ ≈≈ drqRP pSOL π4 ≈qLCFSpRq λπ2 ≈)/(// totpqLCFS BBRq λ aqLCFS qaq /// λ ,  (2) 

 
where pq  is the poloidal component of the parallel heat flux density, pB  is the poloidal 

component of the total magnetic field totB  and aq  is the safety factor at a. From Eq. (2) it 
follows that 
 

)/(// qaSOLLCFS aqPq λ≈ .     (3)  
 

It should be pointed out that the applicability of Eqs. (2) and (3), or even their use as 
an indication of proportionality, depends on the degree to which the discrete limiters 
approximate to a toroidally continuous limiter. A rough estimate of the degree to which the 
limiters in Tore Supra achieve that approximation can be assessed by means of a simple 
geometrical criterion proposed originally by Stangeby et al. [63] for a set of discrete limiters 
redistributed equidistantly in the toroidal direction. The discrete outboard limiters will act, in 
effect, as a toroidally continuous limiter (meaning that all field lines in the SOL strike some 
outboard (inboard) limiter on their first pass through the outboard (inboard) midplane) if   
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where tL∆  is the toroidal distance between the limiters, wh  is the plasma-wetted height of the 
limiters, and ( )

cpt BB /  is the toroidal-to-poloidal magnetic field ratio evaluated at the plasma 

contact point. For the outboard-limited discharges, (4) was evaluated for tL∆  given by the 
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toroidal distance of the antenna protection limiter and the ICRH limiter located at the toroidal 
angle of 280º (i.e. the largest toroidal separation between the outboard limiters, section 2). wh  

was estimated from nλ  mapped to the midplane and projected on the outboard limiters. In 
table 3, the criterion (4) is evaluated individually for each outboard discharge. As seen from 
the table, the discrete outboard limiters can be approximated by a toroidally continuous 
limiter for all outboard discharges except #42400. For the inboard-limited discharges 
( ) ( ) 05.0// <∆

cptwt BBhL , so that the inboard bumper limiters also act effectively as a 

continuous toroidal limiter. 
 
Table 3. A list of the outboard-limited discharges, showing the discharge number, plot symbol 
and color code used in figures 4–7 , volume averaged density, largest toroidal separation of 
the outboard limiters, plasma-wetted height of the outboard limiters and the toroidal-to-
poloidal magnetic field ratio at the plasma contact point on the outboard limiters. Last 
column indicate the degree to which the outboard limiters approximate to a toroidally 
continuous limiter (see text).  
 
discharge 
number 

symbol 
en  [1019 m-3] tL∆  [m] wh  [m] ( )

cpt BB /

 
cp

t

w

t

B
B

h
L










∆
 

42400 � 5.0 6.8 0.4 16 1.1 
42401 ○ 2.2 6.8 0.5 21 0.6 
42401 � 2.4 6.8 0.4 29 0.6 
42460 ◊ 2.0 7.9 0.9 20 0.4 
42968 ■ 1.4 7.9 0.9 35 0.2 
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Figure 7. Parallel heat flux density at the LCFS plotted against the physics-based scaling. 
Constant 2.1 is obtained from the linear least-squares fit for SOLP  in MW, a in meters and qλ  
in centimeters. Outboard-limited discharge #42400 is not included in the scaling (see text). 
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Figure 7 shows that the physics-based scaling (3) reproduces well LCFSq//  for both 
contact points and over a large range of parameters (for the reasons mentioned above the 
outboard-limited discharge #42400 is not included in the scaling). SOLP  is evaluated as 

)1( radohm fP −  with ohmP  being the ohmic input power. In principle, the scaling could be used 

to predict LCFSq//  in the ITER start-up plasma with SOLP , a, aq  and qλ  provided by transport 
analysis [64-66]. The predictive capability of the scaling (3) to ITER is, however, very limited 
as the database (of the outboard-limited discharges in particular) is statistically insignificant. 
Another important point to consider is that our measurements were performed in circular 
plasmas so that the scaling might not be valid for the elongated ITER start-up plasma. In 
addition, for the outboard-limited discharges a large error on LCFSq//  should be anticipated 
because of the uncertainty of the LCFS position as well as the extrapolation of the measured 

//q  towards the LCFS over the distance comparable to qλ . 
 

4. Summary and conclusions 
New measurements were carried out with a RFA in the SOL of Tore Supra to study 

the poloidal asymmetry of the radial particle and energy transport. The transport asymmetry 
has been studied by moving the plasma contact point and examining the effect on the SOL 
profiles of ion and electron temperatures, electron density, and the parallel heat flux density 
for a broad range of the main plasma parameters. Substantially longer e-folding lengths 
measured for the outboard- compared to inboard-limited discharges provide again clear 
evidence that the particle and energy transport across the SOL is enhanced on the outboard 
side. This was demonstrated for the first time also for the ion energy transport. The results 
reported here are consistent with similar observations of the poloidally asymmetric particle 
[8-12, 18-20]) and electron energy [16-20] transport reported earlier.  

These results are particularly important for the optimization of the start-up phase and 
designing the first wall for ITER. A simple physics-based scaling for the parallel heat flux 
density at the LCFS 1

//
−∝ qLCFSq λ  was found to agree reasonably well with measurements. It 

suggests that the power handling in ITER start-up phase would be significantly easier if the 
inboard wall were used for start-up rather than outboard limiters. Systematic measurements of 
the type presented here, as well as in elongated plasmas, are needed in order to decouple the 
influence of the individual macroscopic plasma parameters on the e-folding lengths. 
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