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Abstract
The BOUT + + edge plasma transport code is run to study the effects of plasma drifts on the divertor out-
in asymmetries (DOIAs) of particle and heat �uxes and their decay widths for EAST lower single null H-
mode discharges. The diamagnetic drift seems to have no effects on the DOIAs of total particle and heat
�uxes due to its divergence-free nature. However, it could signi�cantly increase the DOIAs of peak particle
and heat �uxes and the �ux decay widths. The E×B drift is found to induce a large plasma �ow to the
divertor region, enhancing the DOIAs of both total and peak particle and heat �uxes and the �ux decay
widths. Both the radial and poloidal components of the E×B drift are necessary in increasing the DOIAs,
however, the radial E×B drift seems to play a more important role. The effects on the DOIAs caused by
both diamagnetic and E×B drifts are reversed with the reverse of toroidal magnetic �eld. The outer target
heat �ux decay width λq could well match with the multi-machine scaling proposed by Eich and the DOIA
of λq is in reasonable agreement with the scaling proposed by Goldston.

1. Introduction
The excessive particle and heat �uxes onto the plasma facing components (PFCs), especially the divertor
targets, poses a severe threat to the lifespan of the divertor materials and the sustainability of the
advanced steady state operation for tokamak fusion devices [1]. The particles and energy from the core
plasmas along the magnetic �eld lines in the scrape-off layer (SOL) to the divertor, are usually found to
be asymmetrically distributed between the outer and inner divertor targets [2], which make the divertor
particle and heat loads more of an issue to the tokamak fusion community. Understanding the DOIAs of
particles and energy is of great importance to the design and operation of future high-power and long-
pulse tokamaks like ITER and China Fusion Engineering Test Reactor (CFETR).

The studies of DOIAs have been carried out worldwide on present tokamaks such as DIII-D [3–5], JET [6–
8], ASDEX-Upgrade [9, 10], LHD [11, 12] and JT-60U [13, 14]. The basic �nding is the reversed asymmetric
behavior with the reverse of toroidal magnetic �eld. The particle �ux to the inner divertor target is usually
larger than that of the outer divertor target for lower single null (LSN) discharges with normal toroidal
magnetic �eld (ion B×▽B direction towards the lower X-point), while the asymmetry is reversed with
reversed toroidal magnetic �eld (ion B×▽B direction directed away from the lower X-point). The DOIA of
heat �ux is usually opposite to that of particle �ux [14], resulting in a much larger heat �ux to the inner or
outer divertor target than the other one. A common explanation to the strong DOIAs of particle and heat
�uxes is due to the existence of various types of plasma drifts, including the diamagnetic and E×B drifts
[15–19]. Presently, the E×B drift has been widely recognized as the most important factor in enhancing
the DOIAs. However, there is still dispute over which component (radial or poloidal) of the E×B drift
playing the leading role. Rozhansky et al presented that the poloidal E×B drift was the main factor in
enhancing the DOIAs of plasma density and particle �ux based on the study of sheath boundary
condition at targets [17, 18]. However, Chankin found that the radial E×B drift was playing the dominant
role by analyzing the convective �ows caused by the poloidal and radial components of the E×B drift
based on a series of EDGE2D-EIRENE modeling [19]. It should be noted that most of the previous studies
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are focused on the DOIA of density or total heat �ux without shedding light on the detailed distributions
of particle and heat �uxes, especially the peak �ux and the �ux decay widths which are also of great
importance to the safety and maintainability of target materials. Besides, although the diamagnetic drift
is considered not to be important in inducing the DOIAs due to its divergence-free nature [20–22], its
effects on the DOIAs of target parameters have not been widely discussed yet.

EAST is the �rst superconducting tokamak in China with ITER-like divertor and con�guration.
Experimental studies on the DOIA of heat �ux for the L-mode discharges [23–25] and DOIA of particle �ux
for the H-mode discharges [26, 27] have been carried out recently. The results also show that the DOIAs
could be reversed by reversing the toroidal magnetic �eld. The simulations of EAST discharges with
SOLPS also demonstrate similar asymmetric behaviors with the experiment [28–30]. However, these
modeling studies are mainly focused on the qualitative agreement between the simulations and the
experiment without much analysis on the quantitative level. There is still a lack of effort on the effects of
different types of drifts on the detailed distributions of particle and heat �uxes at the outer and inner
divertor targets, especially the peak �ux and the �ux decay widths (including the particle and heat �ux
decay widths λ js and λq, and the particle and heat spreading widths Sjs and Sq). The understanding of
these physics will be of special signi�cance to the future high-power and long-pulse operation in EAST,
which is the main focus of our studies in this paper.

The rest of the paper is organized as follows. Section 2 brie�y introduces the simulation setups of the
BOUT + + edge plasma transport code. The effects of different types of drifts on the DOIAs of particle and
heat �uxes and their decay widths will be discussed in detail in section 3. Finally, all the results will be
summarized in section 4.

2. Simulation Setups
The work in this paper is carried out by the BOUT + + edge plasma transport code. BOUT + + is a
framework for implementing 2D and 3D plasma/�uid simulation in curvilinear geometry [31, 32], many
physical models have been developed in this framework and the transport model is one of them [33–35].
The BOUT + + transport code has been applied to the edge plasma simulations of discharges from
tokamaks like DIII-D [33], C-mod [35] and EAST [33, 34] and so on. The good performance of the code has
proved it to be an effective tool for tokamak edge plasma simulation. Detailed information about the
BOUT + + transport model can be found in [34].

An EAST H-mode discharge #48337 is chosen for the simulation. It is a LSN discharge with ion B×▽B
direction towards the X-point. The plasma current and toroidal magnetic �eld for this discharge are 0.4
MA and 2.2 T respectively. The simulation grid is generated based on the magnetic equilibrium of this
discharge from the kinetic EFIT [36] and is shown in Fig. 1. The plasma in the simulation is pure
deuterium plasma with no impurities from seeding or sputtering at divertor targets. The density and
temperature at core-edge interface (CEI) are �xed to be 2.8 ×1019m−3 and 450 eV respectively. The “U”
shaped pro�les of transport coe�cients are set in the simulation as shown in Fig. 2. The coe�cients at
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the pedestal region are set to be small due to the existence of the transport barrier there, which is a
common practice in edge plasma simulations [29, 37–38]. The ion thermal diffusivity is set to be the
same as the electron thermal diffusivity for simplicity. Note that the transport coe�cients are by default
poloidally constant in the simulation.

3. Effects Of Drifts On The Doias Of Particle And Heat Fluxes And
Their Decay Widths
As aforementioned, the experimental studies of the DOIA of heat �ux for L-mode discharges [23–25] and
the DOIA of particle �ux for H-mode discharges [26, 27] have been carried out in EAST in recent years.
There is still a lack of study on the DOIA of heat �ux for EAST H-mode discharges due to the unreliability
of heat �ux measurement from the divertor Langmuir probes. For the H-mode discharges, since the
heating power is relatively high, resulting in the arcing faults in some of the probe channels, which make
the heat �ux pro�les from the divertor Langmuir probes unreliable. For the DOIA of particle �ux for EAST
H-mode discharges, the main �nding is the reversed asymmetry behavior with the reverse of toroidal
magnetic �eld [26]. In this section, we will study the effects of diamagnetic and E×B drifts on the DOIAs
of particle and heat �uxes through modeling. The effect of toroidal magnetic �eld direction on the DOIAs
will also be investigated for the same discharge (EAST #48337) by arti�cially reversing the direction of
toroidal magnetic �eld.

The �rst set of simulations is carried out with only diamagnetic drift, and the simulation without drifts is
also included to make comparison. Figure 3 shows the particle and heat �uxes from the simulation. The
black squares and the red solid triangles represent the data from the case without drifts and with only
diamagnetic drift under normal toroidal magnetic �eld respectively. The red hollow triangles represent the
data from the case with only diamagnetic drift under reversed toroidal magnetic �eld. As can be seen, the
particle �ux at the outer target is a little larger than that of the inner target for the case without drifts,
which is probably due to the larger cross-sectional area at the low �eld side for the magnetic geometry.
The DOIA of heat �ux is opposite to that of particle �ux. This is reasonable since the determination of
heat �ux relies more on the plasma temperature than the plasma density, and the increase of particle �ux
could result in the decrease of plasma temperature. Figure 3(a) and 3(b) show that the inclusion of
diamagnetic drift could signi�cantly change the distributions of particle �uxes at both targets. The peak
particle �ux decreases at the inner target while increases at the outer target for the case with normal
toroidal magnetic �eld. The change of the particle �ux decay width λ js seems to be opposite to that of
peak particle �ux. Both the peak heat �ux and the heat �ux decay width λq in Fig. 3(c) and 3 (d) show
opposite trends with the counterparts of particle �ux. The comparison between the case with normal
toroidal magnetic �eld and the case with reversed toroidal magnetic �eld shows that the DOIAs of peak
particle and heat �uxes and their �ux decay widths are all reversed with the reverse of toroidal magnetic
�eld.

Figure 4 shows the plasma densities and temperature for the simulation cases above. The plasma
densities show similar trends with the particle �uxes in Fig. 3 for the three different cases which seem
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reasonable since more particle �ux to the targets usually means larger plasma density at targets. The
plasma temperature shown in Fig. 4(c) and 4(d) show opposite trends with the plasma densities, which
result in the opposite trends of heat �uxes with the particle �uxes in Fig. 3. The left �gure in Fig. 5 shows
the diagram of diamagnetic drift �ow direction in the SOL and private �ux region (PFR) for tokamak
plasmas with LSN con�guration under normal toroidal magnetic �eld. The diamagnetic drift �ows would
change directions near the outer and inner targets, thus causing no net �ows to the divertor surface [20–
22]. In the low �eld side of the SOL, the diamagnetic drift velocity directs towards the outer divertor target,
adding to the parallel particle transport from the upstream at the low �eld of the SOL to the outer target.
Since the particle �ux decay width is determined by the competition between the parallel and
perpendicular transport, the larger parallel transport induced by diamagnetic drift could lead the larger
peak particle �ux and smaller particle �ux width at the outer target as shown in Fig. 3(b). On the contrary,
the diamagnetic drift could lead to the decrease of peak particle �ux and increase of particle �ux decay
width at the inner target. The diamagnetic drift �ow direction is reversed with the reverse of toroidal
magnetic �eld, which may have caused the opposite DOIA behaviors between the two simulation cases
with opposite toroidal magnetic �eld directions. Table 1 shows the total particles and energy to inner and
outer targets for the three cases above. The data show that the inclusion of diamagnetic drift does not
change the total particles and energy to the targets, which is similar to the result in [20] and has
con�rmed the divergence-free nature of diamagnetic drift. The numbers of particles across separatrix into
the SOL induced by diamagnetic drift are also calculated for the two cases with diamagnetic drift. The
results show that there are 6.37×1017 particles across separatrix into the SOL for the case with normal
toroidal magnetic �eld. The number is -9.66×1017 for the case with reversed toroidal magnetic �eld. The
numbers of particles across separatrix by diamagnetic drift for the two cases are more than 2
magnitudes smaller than the numbers of total particles to the divertor targets. In general, the simulation
results here show that diamagnetic drift has almost no effects on the total particle and heat �uxes to the
divertor targets. However, it could greatly affect the peak particle and heat �ux and the �ux decay widths
at both divertor targets.
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Table 1
Total particles and energy to the inner and outer divertor targets for case without drifts and cases with

only diamagnetic drift.

  w/o drifts w/ diamagnetic drift,
B×▽B ↓

w/ diamagnetic drift,
B×▽B ↑

Total particles at inner
target

7.13×1019 7.25×1019 7.09×1019

Total particles at outer
target

8.47×1019 8.44×1019 8.39×1019

Total particles at targets 1.56×1020 1.569×1020 1.548×1020

Total energy at inner target 0.383 MW 0.368 MW 0.387 MW

Total energy at outer
target

0.327 MW 0.335 MW 0.311 MW

Total energy at targets 0.71 MW 0.703 MW 0.698 MW

Another set of simulations is done with only E×B drift. Figure 6 shows the particle and heat �uxes at the
inner and outer divertor targets from cases without drifts and with only E×B drift. As can be seen, the
particle �ux at the inner target increases signi�cantly while it only slightly increases at the outer target for
the simulation case with normal toroidal magnetic �eld when including the E×B drift. The heat �ux
however, signi�cantly increases at the outer target while it only slightly increases at the inner target. The
increases of particle and heat �uxes at both targets indicate that the E×B drift could induce net plasma
�ows from the upstream to the divertor targets. The right diagram in Fig. 5 shows the directions of E×B
drift �ows for tokamak plasmas with normal toroidal magnetic �eld. The black arrows represent the
direction of poloidal E×B drift �ow while the blue arrows represent the direction of radial E×B drift �ow.
The particles and energy are carried by the poloidal E×B drift �ow from the upstream at low �eld side to
the outer divertor region. Then these particles and energy are transferred to the inner divertor region by the
radial E×B drift �ow and the poloidal E×B drift �ow in the PFR region. Some of the particles and energy
return back to the upstream by the poloidal E×B drift �ow at the high �eld side. The larger particle and
heat �uxes at both targets after the inclusion of E×B drift indicate that the particles and energy across
interface ϕ from the upstream at the low �eld side to the outer divertor region should be larger than those
across interface ν from the inner divertor region to the upstream at high �eld side. The process of the
DOIAs caused by E×B drift indicates that both the poloidal and the radial components of E×B drift should
be necessary in impacting on the DOIAs of particle and heat �uxes. The signi�cant differences of the
increases of particle and heat �uxes between the inner and outer targets have caused strong DOIAs of
peak and total particle and heat �uxes. The DOIAs of both particle and heat �uxes are reversed with the
reverse of toroidal magnetic �eld, which is due to the reverse of the directions of E×B drift �ows.

To study in detail on which component of the E×B drift plays the main role in inducing the strong DOIAs
of particle and heat �uxes, the total particles across the interface ϕ to ν by E×B drift are calculated for the
two simulation cases with different toroidal magnetic �eld directions and are shown in Table 2. The
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positive �ow directions are shown in the right diagram of Fig. 5. For the case with normal toroidal
magnetic �eld, most of the particles across interface ϕ into the divertor region return back to the
upstream in the high �eld side by passing the interface ν. However, a large number of particles are
transported to the inner divertor region by the radial E×B drift and stay there, which eventually reach the
inner target and cause the obvious DOIA of particle �ux. The case with reversed toroidal magnetic �eld
shows an opposite DOIA with respect to the case with normal toroidal magnetic �eld. The data show that
both the poloidal and radial components of E×B drift are necessary in the determination of the DOIAs.
However, the radial E×B drift plays a more important and direct role by carrying the particles from the
inner/outer target to the other one. The numbers of particles across separatrix into the SOL induced by
E×B drift are also calculated for the two cases with E×B drift. The results show that there are 1.81×1020

particles across separatrix into the SOL for the case with normal toroidal magnetic �eld. The number is
2.09×1020 for the case with reversed toroidal magnetic �eld. The numbers of particles across separatrix
by E×B drift for the two cases are much larger than the counterparts that caused by the diamagnetic drift
in previous simulation cases with diamagnetic drift.

Table 2
Total particles across the interface ϕ to ν by E×B drift for the two cases with different toroidal

magnetic �eld directions.
Interface → ϕ κ λ µ ν

w/ E×B drift, B×▽B ↓ 4.92×1020 4.47×1020 4.37×1020 4.31×1020 3.21×1020

w/ E×B drift, B×▽B ↑ -3.16×1020 -4.62×1020 -4.76×1020 -4.85×1020 -5.32×1020

The above simulations are done either with only diamagnetic drift or with only E×B drift. To study the
effects of all drifts on the DOIAs of particle and heat �uxes, two simulation cases with normal and
reversed toroidal magnetic �eld respectively, are done with all drifts switched on. Figure 7 shows the
simulated particle and heat �ux pro�les at the inner and outer targets for the two cases along with the
counterparts from cases with only E×B drift. For cases with normal toroidal magnetic �eld, the peak
particle �ux is smaller at the inner target while larger at the outer target in case with all drifts compared to
that of with only E×B drift. The particle �ux decay widths λ js at both inner and outer targets for the two
cases seem to have opposite relationships compared with the peak particle �ux. Meanwhile, the peak
heat �ux and the heat �ux decay width λq show reversed DOIAs with the counterparts of particle �uxes
for the two cases. For the cases with reversed toroidal magnetic �eld, both the peak particle and heat �ux
and the �ux decay widths between case with only E×B drift and case with all drifts have reversed
relationships compared to those of the normal toroidal magnetic �eld. To study in detail on the DOIAs of
particles and energy for these cases, the total particles and energy to the inner and outer divertor targets
are calculated and shown in Table 3. As can be seen, the total particles and energy to both the inner and
outer targets are larger in cases with only E×B drift than those of without drifts, indicating that the E×B
drift could bring net particles and energy to the divertor targets, which is different from the diamagnetic
drift. The total particles and energy to the inner and outer targets for the cases with all drifts are similar to
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the counterparts from the cases with only E×B drift, indicating that diamagnetic drift doesn’t have much
effect on the DOIAs of total particles and energy, which has also been con�rmed in the comparison
between cases without drifts and with only diamagnetic drift. The data in Table 3 also show that the
DOIAs of total particles and energy are reversed with the reverse of toroidal magnetic �eld, and the DOIA
of energy is opposite to that of the particles for all the cases.

Table 3
Total particles and energy to the inner and outer divertor targets for cases without drifts, with E×B drift

and with all drifts.

  w/o drifts w/ E×B drift,
B×▽B ↓

w/ E×B drift,
B×▽B ↑

w/ all drifts,
B×▽B ↓

w/ all drifts,
B×▽B ↑

Total particles at
inner target

7.13×1019 1.97×1020 1.06×1020 2.02×1020 1.07×1020

Total particles at
outer target

8.47×1019 1.23×1020 2.47×1020 1.2×1020 2.43×1020

Total particles at
targets

1.56×1020 3.2×1020 3.53×1020 3.22×1020 3.5×1020

Total energy at
inner target

0.383 MW 0.624 MW 1.072 MW 0.611 MW 1.102 MW

Total energy at
outer target

0.327 MW 0.914 MW 0.504 MW 0.921 MW 0.523 MW

Total energy at
targets

0.71 MW 1.538 MW 1.576 MW 1.532 MW 1.625 MW

The above simulations show that the DOIAs of total particles and energy are mainly induced by the E×B
drift while the diamagnetic drift almost has no effects on them. However, both the diamagnetic and the
E×B drifts could affect the DOIAs of peak particle and heat �ux and the �ux decay widths. Figure 8 shows
the total and peak particle and heat �uxes at the outer target versus the counterparts at the inner target
for all of the above simulation cases. Figure 8(a) and 8(b) show that the diamagnetic drift has little
effects on the DOIAs of total particles and energy and the asymmetries are mainly caused by the E×B
drift. Figure 8(c) and 8(d) show that both the diamagnetic drift and the E×B drift could signi�cantly affect
the DOIAs of peak particle and heat �ux. However, their effects are in the opposite ways. The joint effects
from the diamagnetic drift and E×B drift for the cases with all drifts have led to the signi�cant reductions
of the DOIAs of peak particle and heat �ux.

As we mentioned previously, both the diamagnetic and E×B drifts could signi�cantly affect the particle
and heat �ux decay widths from the qualitative point of view. However, it is necessary to study the effects
of both drifts on the �ux decay widths in the quantitative point of view. The particle and heat �ux decay
widths could be obtained by �tting the particle and heat �ux pro�les at divertor targets using the �tting
function proposed by Eich et al [39]. Eq. (9) is the �tting function which is a convolution of Gaussian at
the strike point and exponential in the SOL region.
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q(s) =
q0
2 exp((

S
2λ )2 −

s − s0
λfx

) ⋅ erfc(
S

2λ −
s − s0

Sfx
) + qBG

9

S is the spreading width which characterizes the particle or heat dissipation into the PFR. λ is the �ux
decay width mapped to the outer mid-plane (OMP). As particles and power are transported from OMP to
the divertor targets, λ is broadened by the magnetic �ux expansion factor fx, which is de�ned to be the
ratio of a speci�ed extent at OMP to the extent at divertor target. , is the distance from a given target
coordinate to the strike point s0. qBG is the background �ux intensity. Figure 9 shows an example of the
�tting.

Figure 10 shows the particle and heat �ux decay widths λ js and λq, and the particle and heat spreading
widths Sjs and Sq at the outer target, versus the counterparts at the inner target. As can be seen, the
DOIAs of λ and induced by diamagnetic drift for both particles and heat are much larger than those
induced by the E×B drift. Both the diamagnetic and E×B drifts could lead to the increase of λ js and
decrease of Sjs at the inner target for cases with normal toroidal magnetic �eld, while their effects on the 
λ js and Sjs at the outer target are in the opposite way. The DOIAs of λq and Sq are exactly opposite to
those of λ js and Sjs for all the cases. The DOIAs of λ and are reversed with the reverse of toroidal
magnetic �eld. The solid and hollow stars in Fig. 10 show that the joint effects of diamagnetic and E×B
drifts could lead to much larger DOIAs of the λ and than that of with diamagnetic drift or E×B drift only.

Since the particle and heat �ux pro�les measured by divertor Langmuir probes for this discharge on EAST
are not smooth enough to carry out the �tting for the �ux decay widths and spreading widths, it is hard to
make comparisons of DOIAs of �ux decay widths and spreading widths between the experiment and
simulation. However, Goldston has proposed a drift-based model showing that the ratio of λq at the outer
target to λq at the inner target is supposed to be (1 + δ)/(1-δ) with δ being the lower triangularity for LSN

discharges with normal toroidal magnetic �eld [40]. Eich et al also proposed a multi-machine scaling law
for the λq at the outer divertor target for H-mode discharges [41]. These scaling laws could act as
alternatives to compare with the above simulation results. Figure 11(a) shows the ratio of the outer λq to
the inner one for the simulation case with all drifts under normal toroidal magnetic �eld, versus the value
predicted by Goldston’s model. Since Goldston’s model assumes that radial transport of particles and
energy are driven solely by drifts, another two simulation cases are run with smaller radial transport
coe�cients. Case 0, 1 and 2 shown in Fig. 11(a) represent the simulated results from the original case,
the original case with 1/10 of the radial transport coe�cients and the original case with 1/100 of the
radial transport coe�cients respectively. As the background transport gets smaller with smaller radial
transport coe�cients, the drifts play a more important role, which results in a larger DOIA of λq. The
simulated result gets closer to Goldston’s model with smaller transport coe�cients, but there is still
discrepancy between the result in case 2 and the model with a difference of 12.5%. Figure 11(b) and
11(c) show the λq at the outer target in the simulation case with all drifts under normal toroidal magnetic
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�eld, versus the λq predicted by Eich’s multi-machine scaling and Goldston’s drift-based model. The
orange star in Fig. 11(b) shows that the discrepancy between the simulated λq and the multi-machine
scaling is about 6.7%. The data in Fig. 11(c) show that the simulated λq gets closer to Goldston’s model
with smaller transport coe�cients, which seems reasonable since the model assumes no background
transport other than drifts. We should mention that for the predicted values from Goldston’s model both in
Fig. 11(a) and 11(c), the radial transport is assumed to be solely contributed by drifts, which means the
discrepancies in Fig. 11(a) and 11(c) may mainly be caused by the background transport. In general, the
simulated results in Fig. 11 are in acceptable agreement with the drift-based model and the multi-
machine scaling.

4. Summary And Conclusions
A comprehensive study of the effects of plasma drifts on the DOIAs of particle and heat �uxes and their
decay widths is carried out for EAST H-mode discharges with the BOUT + + transport code. The
diamagnetic drift is found to have almost no effects on the DOIAs of total particle and heat �uxes due to
its divergence-free nature. While the E×B drift could signi�cantly affect the total particles and energy to
the inner and outer targets, thus changing the DOIAs of total particles and energy. For the simulation with
normal toroidal magnetic �eld, the E×B drift could lead to much larger particle �uxes to the inner target
than the outer one, while the DOIA of energy is opposite to that of the particles. Detailed analysis shows
that both the poloidal and radial components of the E×B drift are necessary in inducing the DOIAs of total
particles and energy, however, the radial E×B drift seems to play a more important role. Both the
diamagnetic and E×B drifts could affect the DOIAs of peak particle and heat �ux and the �ux decay
widths. For the simulation with normal toroidal magnetic �eld, the diamagnetic drift could lead to the
increase of peak particle �ux at the outer target and the decrease of peak particle �ux at the inner target. 
λ js show opposite trends to the peak particle �ux and the DOIAs of λq and heat �ux are opposite to
those of particle �ux. The E×B drift could lead to the increase of peak particle �ux at the inner target and
the decrease of peak particle �ux at the outer target, which are opposite to the effects of diamagnetic
drift. However, the DOIAs of λ js and λq induced by E×B drift are similar to those of the diamagnetic drift.
The DOIAs of total and peak particle and heat �uxes and their decay widths are reversed with the reverse
of toroidal magnetic �eld. The comparisons between the simulated λq and the Goldston and Eich’s
scaling laws show an acceptable agreement with small levels of discrepancy.

In general, the paper focuses on the quantitative studies of the effects of drifts on the DOIAs of particle
and heat �uxes and their decay widths. The results are in reasonable agreement with the related scaling
laws. However, more efforts are still needed to �gure out the effects of other factors such as ballooning-
like transport, plasma geometric effects from the targets themselves and divertor plasma conditions e.g.,
on the DOIAs of particle and heat �uxes, which will be our next-step work.
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Figures

Figure 1

The grid image of BOUT++ transport simulation for EAST shot #48337.
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Figure 2

The radial plasma particle and thermal transport coe�cient pro�les for the BOUT++ simulations of EAST
discharge #48337.
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Figure 3

The divertor particle and heat �uxes at the inner and outer targets for the case without drifts and the
cases with only diamagnetic drift.
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Figure 4

The divertor plasma densities and temperature at the inner and outer targets for case without drifts and
cases with only diamagnetic drift.
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Figure 5

The diagrams of the directions of diamagnetic drift �ow (left) and E×B drift �ow (right) in the SOL and
PFR regions for tokamak plasmas with normal toroidal magnetic �eld. In the right �gure, the black arrows
represent the direction of poloidal E×B drift �ow while the blue arrows represent the direction of radial
E×B drift �ow. j: interface of the low �eld side upstream and the outer divertor region; k: interface of the
SOL and PFR at the outer divertor region; l: interface of the outer and inner PFR region; m: interface of the
SOL and PFR at the inner divertor region; n: interface of the high �eld side upstream and the inner divertor
region.



Page 17/20

Figure 6

The divertor particle and heat �uxes at the inner and outer targets for case without drifts and cases with
only E×B drift.
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Figure 7

The particle and heat �uxes at the inner and outer targets for cases with only E×B drift and cases with all
drifts under normal and reversed toroidal magnetic �eld.
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Figure 8

The total and peak particle and heat �uxes at the outer target versus the counterparts at the inner target
for the cases without drifts, with only diamagnetic drift, with only E×B drift and with all drifts under
normal and reversed toroidal magnetic �eld.
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Figure 9

The parallel particle �ux pro�le at the divertor target and the corresponding �t using Eq. (9).

Figure 10

See image above for �gure legend.

Figure 11

See image above for �gure legend.


