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Abstract
Using a single toroidal array of coils to reduce the m,n= 2,1 resonant error field (EF) produced
by the misalignment of the axisymmetric coils in SPARC can result in the enhancement of the
local divertor heat fluxes. Managing high divertor heat fluxes (q∥ ≃ 10 GWm−2) poses a
challenge for compact tokamak devices such as SPARC. The presence of non-axisymmetric
magnetic field perturbations adds complexity to the problem by generating intricate 3D edge
magnetic topologies that alter the heat flux distributions on the target plates. The aim of this
work is to investigate the impact of the EF correction (EFC) on the heat fluxes at the divertor
plates in SPARC. The MHD code M3DC1 has been used to simulate the 3D magnetic
perturbations generated by the shift and tilt of several axisymmetric coils within specified
tolerances, as well as from the array of EFC coils located at the midplane. Using a heuristic
model that extends the concept of an axisymmetric heat flux layer to 3D plasmas, the resultant
heat flux distributions is derived from magnetic footprints calculated with the MAFOT code.
The results show that the EFC could either decrease or further enhance the local heat flux when
used to correct the m,n= 2,1 resonant EF to enhance the core plasma performance.
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(Some figures may appear in colour only in the online journal)

1. Introduction

The presence of non-axisymmetric magnetic fields—also
known as 3D fields or error fields (EFs)—is unavoidable
in tokamak operation. These 3D fields can arise from, for
example, engineering tolerances, thermal stresses, coil feed-
ers, small mechanical vibrations, discrete coil number, etc.
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Although they are several orders of magnitude smaller than
the axisymmetric field (δb/B≃ 10−4) they have deleterious
effects on plasma performance, including mode locking [1,
2], rotation braking from neoclassical toroidal viscosity [3, 4],
and a reduction in thermal particle confinement (also known
as ‘density pump out’) [5–8].

Another consequence of the presence of non-axisymmetric
magnetic field perturbations is the formation of a stochastic
edge layer that consists of a mixture of ergodic field lines
(ergodic region) and extended flux tubes (laminar zone) that
significantly alter the properties of the heat and particle flux
distributions on the divertor target plates [9–13] and that might
lead to a local enhancement of the heat fluxes [14, 15].

A common approach to improve plasma performances is
the superposition of 3D fields generated by toroidal arrays of
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picture frame coils (dubbed 3D coils) to compensate for the
EFs [16–21]. SPARC tokamak also plans on using 3D coils
for EF correction (EFC) [22].

SPARC is a high-field (B0 = 12.2 T), compact (R0 = 1.85
m, a= 0.57 m) tokamak [23] under construction that is pre-
dicted to achieve peak unmitigated divertor parallel heat flux
greater than 10 GWm−2 [24]. Such heat flux exceeds all
material limits for melting by orders of magnitude and needs
to be mitigated to about 10–20 MW m−2 by a combination of
radiative losses, expansion of wetted areas, change in incid-
ent angle, and dynamic strike point sweeping. Given the great
challenge heat fluxes pose to the machine operation, it is
important to investigate all possible aspects that can impact
them. The main aim of this work is to investigate the impact
of EFC on the heat fluxes at the divertor plates in SPARC.

Section 2 contains a description of the codes used for this
study and an explanation of the choices made. In section 3 the
results obtained are presented and discussed. Section 4 sum-
marizes the findings and their implications for SPARC.

2. Methodology

A representative equilibrium of the SPARC tokamak was
chosen as baseline to perform this study. A poloidal cross
section of the flux surfaces is shown in figure 1 together
with the pressure and the safety factor (q) radial profiles. The
equilibrium is double null and upside-down symmetric. The
plasma current is Ip = 8.7 MA and the toroidal field on the
magnetic axis is BT = 12.2 T. The size and location of the
axisymmetric coils (also called 2D coils) are shown by rect-
angles in panel (a), while the vertical extension of the 3D coils
(also called EFC coils, or EFCCs) are shown by solid lines
with a dot at the extremities. The coils considered in this study
are highlighted in orange, and their abbreviated name is prin-
ted next to them.

2.1. 3D perturbation and plasma response

To calculate the perturbation of the axisymmetric magnetic
field due to the 3D field and the plasma response to it, the res-
istive MHD code M3D-C1 [25, 26] has been used. A single
fluid model with no rotation and Spitzer resistivity was adop-
ted. More details on how the linear plasma response to non-
axisymmetric fields is calculated in M3D-C1 can be found in
[27].

The perturbation due to misalignment of axisymmetric
coils is calculated as an n= 1 perturbation (with n denoting
the toroidal periodicity) produced by a shift or a tilt of such
coil, using the model presented in detail in [28]. For each 2D
coil outside of the center stack (i.e. those in orange in figure 1),
an M3D-C1 simulation of a 1 mm shift and 1mrad tilt is run.
The current of each 2D coil is that needed to obtain the equi-
librium shown in figure 1. Since not all the coils are ener-
gized in the considered equilibrium, a current of 1 kA-turn
is associated with the 2D coils that have no current to pre-
serve the equilibrium while still producing a 3D perturbation.

These values of current will be used for the rest of the manu-
script. Figure 2 on the left outlines a typical shift and tilt of the
2D coils, and on the right shows the radial profile of the per-
turbed magnetic field normal to the flux surfaces (δbn) caused
by their respective misalignment. In plots (b) and (c), the solid
and dashed lines correspond to the misalignment of the PF2U
and PF2L coils respectively and the shaded regions correspond
to a variation of 10% of the calculated value. It is important
to note that the δbn radial profiles agree (within 10%) for the
upper and lower coil respectively, as expected due to the up-
down symmetric nature of the configuration, suggesting that
the computational grid used is adequate to avoid non-physical
results.

2.2. Magnetic footprints

The presence of 3D fields causes field lines that would oth-
erwise have been confined within the unperturbed last closed
flux surface (LCFS) to intersect the plasma facing compon-
ents (PFCs) through the formation of the so-called stable and
unstable manifolds [9, 29, 30]. In this work, the MAFOT
code [11] is used to trace field lines from the target region
toward the plasma. A field line is followed until it hits another
PFC or until it is followed for a number of steps that exceed
a user defined threshold. For each field line, both the min-
imum unperturbed ψN (normalized poloidal flux) and the
length of the field line (Lc, the so-called connection length)
are recorded. An example of a magnetic footprint is shown in
figure 3(b). The vertical axis is the distance along thewall from
the high-field side midplane (dubbed Swall), and the hori-
zontal axis is the toroidal angle (ϕ). The colors correspond to
the minimum ψN (ψmin) reached by a field line launched from
that element of the grid. The white region represents the field
lines that stay in the scrape off layer (SOL) or in the private flux
region (PFR). The distinction between field lines that are in
the SOL or in the PFR and the field lines that would have been
closed if there were no 3D fields, called lobes, is done based
on the connection length. For a field line to be considered part
of a lobe it needs to complete a full poloidal turn. Figure 3(a)
illustrates that there is a clear separation in Lc between the
lobes and the other field lines. Here, the y axis is the ψmin of
a field line and the x-axis its connection length. A clear gap
is evident at about Lc≃ 0.1 km in this example. On the left of
this gap there are two groups of field lines: one with large ψmin

that represent the SOL field lines; and one with smallψmin rep-
resenting the PFR. On the right of the gap are the field lines
that are part of the lobes.

In SPARC, 3D fields can be generated either by a toroidal
array of EFCCs or by the misalignment of the 2D coils. The
following 2 sections will illustrate themagnetic footprints gen-
erated by each of these mechanisms.

2.3. Magnetic footprints generated by 3D coils

In figure 1(a) the poloidal location of the EFCCs is illus-
trated. Although all of them can produce 3D fields, in this
work only the array at the midplane is considered, the EFCC
Midplane (EFCCM) array. It is the one shown in orange in
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Figure 1. (a) Schematic of the poloidal cross section of the SPARC tokamak. The squares represent the position of the axisymmetric coils,
the lines with a dot at the extremities the 3D coils. The coils in orange are those considered for the error field study. These have their
abbreviated name next to them, where PF stand for poloidal field, DV stands for divertor, VS for vertical stability, EFCC for error field
correction coil, and U, M and L for upper, midplane and lower respectively. The flux surfaces of the considered equilibrium are given in
blue. (b) Shows the radial profile of the pressure and (c) the radial profile of the safety factor q with the location of several n= 1 rational
surfaces highlighted.

Figure 2. (a) Schematic of a shift, on top, and a tilt, on bottom, of an axisymmetric coil. (b) and (c) radial profile of the perturbed magnetic
field normal to the flux surfaces for the shift (b) and tilt (c) of the PF2U coil (solid lines) and for the PF2L coil (dashed lines). The different
colors represent the different poloidal components (m), from m= 1 to m= 5.

the figure 1(a). The EFCCM array is composed of six toroid-
ally spread picture frame coils with a major radius R= 2.93
m, each coil with a toroidal extension of approximately l= 2
m and a vertical extension of approximately h= 1.5 m. The

maximum amount of current that can be driven through these
coils is ICOIL = 160 kAt, which corresponds to the possibility
of generating a n= 1 field with a maximum amplitude of about
In=1 ≃ 103 kAt.
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Figure 3. (a) Minimum unperturbed ψN reached by each traced field line as function of its connection length. (b) Magnetic footprint where
the color represent the minimum unperturbed ψN reached by each traced field line as a function of the starting location. In white the field
lines that have Lc< 0.1 km.

Figure 4. Series of laminar plots of field lines crossing a poloidal cross section, with the color representing the minimum ψN reached by
each filed line. Panel (c) shows an overview of the lower divertor region at ϕ = 0◦, and the orange rectangles show the areas that are
highlighted in the other four panels. (a) and (b) are the inner part of the divertor at ϕ = 305◦ and ϕ = 40◦ respectively. (d) and (e) are the
outer part of the divertor at ϕ = 0◦ and ϕ = 180◦ respectively.

Figure 4 shows the impact that applying an n= 1 perturba-
tion with the EFCCM at maximum amplitude has on the mag-
netic field lines in the lower divertor region. Panel (c) shows an
overview of the lower divertor, with in black the axisymmetric
approximation of the SPARC wall and the colors correspond
to the ψmin reached by the field lines in that region, for a snap-
shot at the toroidal location of ϕ = 0◦. Panels (a) and (b) show
the same laminar plot only for the inner divertor region at two
different toroidal locations, ϕ = 305◦ and ϕ = 40◦, respect-
ively. At ϕ = 305◦ there are field lines from within the unper-
turbed separatrix that intersect the corner region at Z≃−1.05
m while at ϕ = 40◦ this does not happen, but there are field
lines from within the unperturbed separatrix that reach further
from the inner strike point (ISP) location up to the more ver-
tical part of the inner divertor. Panels (d) and (e) show a zoom
in of the outer divertor region atϕ = 0◦ andϕ = 180◦, respect-
ively. It is possible to see that in panel (d) there are field lines
from within the unperturbed separatrix that can extend beyond
the diagonal divertor target and spill onto the horizontal X-
target chamber floor. At ϕ = 180◦ all the field lines are closer
to the outer strike point (OSP). For the equilibrium considered,
there are no field lines from within the unperturbed separatrix
that can reach the outer corner (at about Z≃−1.15 m).

Figure 5 shows the magnetic footprints generated in the
three regions where the field lines fromwithin the unperturbed
separatrix can reach the PFCs. The lower divertor is shown on
the left and the upper one on the right. Panels (a) and (b) show
that the inner corners are impacted only on a small toroidal
angle, as well as the vertical part of the inner divertor (panels
(c) and (d)) and the outer horizontal part (panels (e) and (f )).
It is also important to observe that the magnetic footprints are
upside-down symmetric with the exception of a toroidal shift.
For the main strike points, the ≃ 180◦ shift is believed to be
due to the n= 1 nature of the applied perturbation, while for
the inner corner, the poloidal periodicity m is thought to also
play a role.

2.4. Magnetic footprints generated by the misalignment of a
2D coil

Due to the linearity of the plasma response calculation, the
shift and tilt calculation performedwithM3D-C1 can be easily
scaled to the desired misalignment. Since the tolerance set for
the considered 2D coils is 2.5 mm, the shift of a 2D coil can
be scaled directly by a factor of 2.5, while the scaling factor
of the tilt depends on the major radius of the coil considered.

4
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Figure 5. Magnetic footprints generated by the EFCCM coils with a n= 1 periodicity and ICOIL = 160 kAt on different locations of the
SPARC wall. (a), (c) and (e) are located in the lower portion of the machine, while (b), (d) and (f ) in the upper portion. The Swall locations
of (a), (b) and (c) are highlighted in red in figure 4(c).

Figures 6(a) and (c) show themagnetic footprints generated by
the shift of the PF4L coil (see figure 1) on the inner and outer
divertor plate, respectively, while figures 6(b) and (d) show the
magnetic footprints generated by the tilt of the same coil. It is
possible to see that in this case the extension on the wall of the
footprint does not exceed 2 mm.

It is not highly probable that a coil has only a shift or a
tilt, but most likely there will be a combination of the two.
Figures 6(e) and (f ) show the magnetic footprint resulting
from a combination of shift and tilt of the PF4L coil by 2.5 mm
each with relative phase ∆ϕ = ϕtilt −ϕshift = 0◦ and ∆ϕ =
180◦, respectively. It is clear that the relative phase between
the two perturbations plays an important role in determining
the size of the magnetic footprint, as expected [31, 32].

2.5. Creating an EFs database

There are infinite ways to combine the shifts and the tilts of
the 2D coils in SPARC, therefore about one thousand pos-
sible combinations have been randomly selected for this study.
Three main constraints were applied:

(i) each coil is shifted and tilted by its maximum allowedmis-
alignment in order to fix the amplitude;

(ii) the phase of the PF1U shift is fixed to ϕ = 0◦ in order to
focus only on the relative phase and neglect the absolute
phase given the toroidal symmetry of the considered PFCs;

(iii) each shift is a multiple of 15◦ in order to consider only
meaningful variations.

The EFC approach used in this study aims at full can-
cellation of the 2/1 resonant field harmonic on the q = 2

surface [18]. For each case, the 3D field produced by the
EFCCM coils is superimposed and its amplitude and phase
are scanned, using the n= 1 resonant magnetic field at the
q = 2 surface (δbn,RES(q= 2)) as figure of merit. An example
of the resonant field due to the misalignment of the 2D coils
and its correction, as well as the variation of δbn,RES(q= 2) as
a function of the amplitude and phase of the EFCCM coils, is
shown in figure 7.

2.6. 3D heat fluxes

In this work a heuristic model that extends the concept of an
axisymmetric heat flux layer to 3D plasmas is used to associate
heat fluxes to the magnetic footprints. In this section a short
recap of this model is given, while a detailed description of
it can be found in [33]. In an axisymmetric plasma, the heat
fluxes to the divertor (q) can be described by plasma quantities
at the midplane using the so-called Eich profile [34]:

q(R(ψN)) =
q0
2
exp

[(
S
2λq

)2

− R−R0

λq

]

× erfc

(
S
2λq

− R−R0

S

)
+ qBG. (1)

In equation (1), λq represents the width of the heat flux
layer, S the spread of the PFR, R(ψN) the major radius in the
outer midplane as a function of the normalized poloidal flux,
and R0 the major radius on the low field side of the LCFS. As
mentioned above, in the presence of 3D fields, the flux surface
ψN = 1 is not the LCFS anymore. This is accounted for in the
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Figure 6. Magnetic footprints generated by the misalignment of the PF4L coil (IPF4L ≃ 4.3 MAt). (a) and (c) are magnetic footprints due to
a 2.5 mm shift, (b) and (d) due to a 2.5 mrad tilt. (a) and (b) show the inner divertor region, (c) and (d) the outer one. Panels (e) and ( f ) show
the magnetic footprints in the inner divertor region due to a combination of shift and tilt with even and odd parity respectively.

Figure 7. (a) Radial profile of the amplitude of the 3D fields at the n= 1 resonant surfaces for one of the combinations of coil misalignment.
In blue due to the error field and in orange after the EFCCM coil are deployed to minimize the n= 1 resonant magnetic field at the q = 2
surface. (b) Amplitude of δbn,RES(q= 2) for various combination of amplitude and phase of the n= 1 3D fields produced by the EFCCM.

following equation [33]:

q3D (R(ψN)) =


q(R0) ψN < ψLCFS, L⩾ Lcmin

qs
q(R)

max(q) ψN < 1, L< Lcmin

q(R) otherwise.

(2)

In equations (1) and (2) there are four different para-
meters that determine the heat fluxes: Lcmin, ψLCFS, λq and
S. The first two are determined by the magnetic footprint.
Lcmin is the connection length that separates field lines that
stay in the PFR from the others with ψN< 1 (see ver-
tical red line in figure 3). An approach similar to that
used in section 2.2 to identify the lobes can be used to
estimate ψLCFS. As can be seen in figure 3(a), a gap in
ψmin is present in the lobes. Such a gap represents a sep-
aration between field lines that are directly connected to

the PFC and those that are connected through tunneling
[9, 30], and is therefore a good candidate to represent the LCFS
in the presence of 3D fields. This gap is not always present,
especially in the presence of small perturbations such as in the
EF case. To overcome this issue, a purely statistical approach
can be used instead. In this case, ψLCFS is the ψN where 95%
of the field lines in the lobes are confined outside the LCFS. It
is possible to see in the figure that the two approaches lead to
a similar value of ψLCFS.

Conversely from Lcmin and ψLCFS, λq and S are usually cal-
culated by fitting experimental data and therefore are unknown
for SPARC. Several scaling laws have been proposed to estim-
ate λq. In this paper, if not otherwise specified, λq = 0.6 mm,
as predicted by the Eich scaling #9 [35], and S= λq = 0.6mm.
An example of 3D heat fluxes is shown in figure 8. The mag-
netic footprint considered here is that of figure 3. The q0 is
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Figure 8. 3D heat flux distribution as a consequence of the magnetic footprint of figure 3. The total power on the plotted area is assumed to
be 1 W, λq = 0.6 and S= 0.6.

calculated so that the total power over the area shown is 1 W.
This is valid for all the heat flux calculations in this manu-
script, so that the focus remains on the changes in the heat flux
distribution.

3. Results and discussion

The results from the database of EFs described in section 2.5
are plotted in figure 9. In panel (a), each of the dots represents
the peak heat flux of a case, in the x-axis when only the 2D coils
misalignment is considered, and in the y-axis when the EFC is
added. In panel (b), the x-axis is the case number and the y-
axis is the change in peak heat flux when the EFC is included.
The red star in panel (a) represents the peak heat flux in the
axisymmetric case (no EF).

There are a few considerations that can be made from these
results. First of all, as expected [14, 15], the presence of 3D
fields, whether this is due to EFs or when EFC is included,
increases the local peak heat flux. For the equilibrium con-
sidered, the increase can be up to a factor of 4. The second
main consideration is that the application of EFC does not
always decrease the peak heat flux. Among all the cases con-
sidered, about half of them saw a reduction in the peak heat
flux after the application of the EFC. In a handful of cases the
EFC resulted in an increase of the peak heat flux of more than
100% of the EF peak heat flux. The third consideration is that
the range of possible peak heat flux is unchanged regardless
of whether the EFC is considered or not. Moreover, in more
than 70% of the cases, the variation in the peak heat flux after
the EFC is applied, defined as∆q⊥ =

q⊥,EFC−q⊥,EF

q⊥,EF
, is less than

25%. These results are explained by the fact that the EFC aims
at minimizing the core resonant field, but such field is not cor-
related with the magnetic footprints, or at least it is not the
main component that influences them [32]. At the same time,
the 3D fields used for the EFC have similar amplitude to that
of the EF themselves, so comparable 3D heat fluxes have to be
expected.

To better understand what differentiates the various cases
examined, four of them are analyzed in more details. Those
cases are shown by magenta dots in figure 9(a), and the cor-
respondent 3D heat fluxes are shown in figure 10. The left
column show the heat fluxes in presence of EFs, while the
right column shows how they change when the EFCCs are
applied. (a) and (b) show the case marked as 1 in figure 9(a),
where the peak heat flux with EF is about max(q⊥,EF)≃ 0.11
Wm−2 and increases by about 0.3% with EFC. (c) and (d)
show the case marked as 2, where the peak heat flux with EF
is about max(q⊥,EF)≃ 0.4 Wm−2 and with EFC it decreases
by about 3%. (e) and (f ) are the case marked as 3, where
the EFC decreases the peak heat flux from max(q⊥,EF)≃
0.23 Wm−2 to max(q⊥,EF)≃ 0.12 Wm−2, while (g) and
(h) show the case number 4, where the EFC increases
the peak heat flux from max(q⊥,EF)≃ 0.12 Wm−2 to
max(q⊥,EF)≃ 0.25 Wm−2.

In figure 11 three quantities are plotted for each case in
order to look for a relation between the predicted peak heat
flux and magnetic field related properties. The left column
shows the radial profile of the n= 1 resonant magnetic field,
the center column shows the corresponding island width and
the last column shows the distribution of ψmin. In blue the
cases with only 2D coils misalignment and in orange the cases
where the EFC is applied. The order of the rows is the same as
that in figure 10. When considering δbn=1,RES, it is possible to
observe that in three of the four cases shown, the EFC reduces
it at all the rational surfaces despite different impacts on the
peak heat flux, suggesting a weak relation between the two
quantities. A similar conclusion can be drawn looking at the
island width. More interesting features are shown in the third
column (ψmin distribution). Figures 11(c) and (f ) show a sim-
ilar range of ψmin with or without correction of the EF, with
ψmin that can reach lower values in (f ), in agreement with a
larger peak heat flux. Figure 11(i) shows an extra group of
field lines with ψmin around 0.995 that is removed when the
correction coils are applied. This suggests that the penetration
depth might play a role on the peak heat flux. Such hypothesis
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Figure 9. Peak heat flux resulting from the database of n= 1 error fields. (a) and (c) plot the peak heat flux with EFC versus peak heat flux
without EFC. In (b) the variation in peak heat flux (∆q⊥) for each of the considered case. In (a) and (b) λq = 0.6 and S= 0.6, in (c)
λq = 0.3 and S= 0.15. The power on the considered area is 1 W. The red star in (a) marks the axisymmetric case (q⊥ ≃ 0.1 Wm−2), the
magenta dots are the cases chosen for the plots in figures 10 and 11, and the numbers indicate the correspondent rows.

Figure 10. 3D heat fluxes for the cases highlighted in magenta in figure 9(a). On the left—(a), (c), (e) and (g)—the error field cases, on the
right—(b), (d), (f ) and (h)—the respective cases with the error field correction applied. All plots share the same linear color scale.

is confirmed by figure 11(l), where the group of field lines with
ψmin around 0.994 is present onlywhen the EFC is applied, and
this corresponds to an increase of about 95% in the peak heat
flux.

It is also important to observe that so far the focus has been
on the OSP. A similar analysis done on the ISP brings overall
comparable results, but OSP and ISP do not always show the
same behavior for a given misalignment. An example is shown
in figure 12 where the first row corresponds to the ISP, and the
second row corresponds to the OSP. It is possible to see that

while the EFC changes the heat flux distribution in the ISP
and decreases the peak heat flux magnitude by about 73%, in
the OSP both the heat flux distribution and the peak heat flux
magnitude are left almost unchanged. It is important to note
that the power in both ISP and OSP is considered to be 1 W
on the shown surface, but the area in the 2 cases is slightly
different, so comparing the absolute values shown in the plots
might be misleading.

Finally, a consideration on the choice of the transport para-
meters. As mentioned in section 2.6, λq is determined using
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Figure 11. In (a), (d), (g) and (j) the radial profile of the n= 1 resonant magnetic field, in (b), (e), (h) and (k) the radial profile of the n= 1
island width at the resonant locations, and in (c), (f ), (i) and (l) the histogram of the ψmin of the traced field lines. Each row corresponds to a
different case, and the case are ordered as in figure 10. In blue when the EFC is not considered, and in orange when it is.

Figure 12. 3D heat fluxes in the ISP—(a) and (b)—and in the OSP—(c) and (d)—for a case in the database. On the left—(a) and
(c)—when the EFC is not applied, and on the right—(b) and (d)—when it is.

scaling laws. A different option for λq in SPARC is given
by the Eich scaling #15 [35], which predicts λq = 0.3 mm.
Similarly, a more strict choice of S can be half of λq, S= 0.15
mm. The results for such choice for the overall picture are

shown in figure 9(c). Compared to the previous case, it is pos-
sible to observe that the qualitative results are similar, but the
value of the peak heat fluxes increases by about an order of
magnitude. This indicates that for such small magnetic field,

9



Nucl. Fusion 65 (2025) 046007 S. Munaretto et al

Figure 13. 3D heat fluxes for a case shown in figure 10. On the top—(a) and (b)—when the EFC is not applied, and on the bottom—(c) and
(d)—when it is. On the left—(a) and (c)—when the transport coefficients are λq = 0.6 and S= 0.6, and on the right—(b) and (d)—when
they are λq = 0.3 and S= 0.15. All plots share the same logarithmic color scale.

the transport still plays an important role in determining the
heat flux profiles. An example of what this means is shown in
figure 13. The plots in the top row correspond to a case with EF
and the bottom row to the same casewith EFC. The left column
shows the same case of figures 10(g) and (h), while the right
column has the heat fluxes computed with λq = 0.3 mm and
S= 0.15mm. To be noted that the color code in this figure is on
a logarithmic scale. This figure highlights that small changes
in 3D fields and in the choice of the transport coefficients can
lead to very different heat flux patterns. This is due to the com-
pact size of the SPARC device and the small amplitude of the
3D fields that make the difference between ψLCFS and ψN = 1
at the midplane being comparable to λq.

4. Conclusions

SPARC is expected to deal with parallel heat fluxes greater
than 10 GWm−2 [24] to the divertor plates. The presence of
3D fields modifies the heat flux deposition, and an unavoidable
source of non-axisymmetric fields are the EFs. The main goal
of this work has been to investigate the impact of the n= 1
EFC done with the EFCCM array of coils on the heat fluxes at
the divertor plates.

The main conclusion is that the use of the EFCCM to
improve plasma performances does not correct for the local
peak heat flux. On the contrary, it was observed that the EFC
can decrease the peak heat flux by a factor of 2, but also
increase it by more than a factor of 2 in other cases. This is
expected since the EFC aims at minimizing the resonant field
in the core, that was already observed to not be directly correl-
ated to the magnetic footprints at the divertor [32]. This study
also led to a few other interesting observations.

One is that the range of possible peak heat fluxes due to
the n= 1 misalignment of the 2D coils is not modified by the
application of the EFC, and this is related to the fact that the
EFCCM amplitude is comparable to that of the EF. It was
also shown that using the EFCCM at full current could lead
to heat and particle fluxes in undesirable locations. Another

important observation is that an increase or decrease of the
peak heat flux on the OSP does not always correspond to an
increase/decrease on the ISP. A final observation is that in a
compact size device, when small 3D perturbations are con-
sidered, transport still plays an important role on determining
the SOL width.

This work was limited at studying the impact of the EFC
using a single array of 3D coils, a fixed 2D equilibrium and tor-
oidally symmetric PFC. Next steps will include: the use of the
EFCCU and EFCCL arrays of 3D coils in order to control the
poloidal spectrum of the applied correction field and investig-
ate the possibility to minimize both the resonant field and the
peak heat flux at the same time; investigating the impact of
EFC on a range of possible equilibrium choices for SPARC;
use the new features of the HEAT toolkit [36–39] to study the
impact of the EFC on a more realistic 3D PFC.
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