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Abstract. The MIT PSFC and collaborators are proposing an 

advanced divertor experiment (ADX, Fig.1) – a tokamak 

specifically designed to address critical gaps in the world fusion 

research program on the pathway to FNSF/DEMO. This high 

field (6.5 tesla, 1.5 MA), high power density (P/S ~ 1.5 MW m
-2

) 

facility will test innovative divertor concepts for next-step DT 

fusion devices (e.g. FNSF, DEMO) at reactor-level boundary 

plasma pressures and parallel heat flux densities while producing 

high performance core plasma conditions. The experimental 

platform will also test advanced lower hybrid current drive 

(LHCD) and ion-cyclotron range of frequency (ICRF) actuators 

and wave physics at the plasma densities and magnetic field 

strengths of a DEMO, with the unique ability to deploy launcher 

structures both on the low-magnetic-field side and the high-field 

side – a location where energetic plasma-material interactions can 

be controlled and wave physics is most favorable for efficient 

current drive, heating and flow drive. This innovative experiment 

will perform plasma science and technology R&D necessary to 

inform the conceptual development and accelerate the readiness-

for-deployment of FNSF/DEMO – in a timely manner, on a cost-

effective research platform. 

 

Milestones targeted by ADX 

1. Demonstrate robust divertor power handling solutions at boundary plasma parameters 

(heat fluxes, plasma pressures and PMI flux densities) approaching DEMO conditions, 

which scale to long-pulse operation 
 

2. Demonstrate nearly complete suppression of divertor material erosion, sufficient to 

sustain divertor lifetime for ~5x10
7
 s of plasma exposure at DEMO parameters; 

 

3. Achieve the above two goals while attaining reactor-relevant core plasma performance; 
 

4. Demonstrate efficient radio frequency current drive and heating techniques that 

minimize plasma-material interactions and scale to long-pulse operation; 
 

5. Determine high-temperature PMI response of reactor-relevant plasma-facing material 

candidates, such as tungsten and liquid metals, under tokamak operation, assessing 

issues of material erosion, damage, material migration and fuel retention under reactor 

parameters. 

 
FIG. 1 – ADX is a compact, high 

power-density, high field (6.5T) 

tokamak with demountable toroidal 

field magnets and internal poloidal 

field coils, designed to test advanced 

divertors and innovative RF current 

drive/heating techniques at 

FNSF/DEMO parameters. 

 

mailto:labombard@psfc.mit.edu
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1. ADX mission: Next step DT fusion experiments will have ~4 times the power exhaust and 

100,000 times the pulse length of ITER with a similar plasma volume. Plasma science and 

innovative technical solutions – beyond those the fusion community is now pursuing – must 

be explored to identify solutions that scale to a DEMO. ADX is designed to target five key 

milestones for magnetic fusion development (listed above), as identified in U.S. Office of 

Fusion Energy Science _[5] and European Fusion Development Agreement _[6] roadmaps. 

2. Critical need: solutions for power exhaust and material erosion (Milestones #1, 2 & 3) 
  

2.1 Challenges: New results indicate that the power exhaust challenge for ITER is more 

difficult than originally anticipated_[7]. The heat exhaust channel width (q) in H-modes is 

independent of machine size and scales inverse with poloidal field strength. This projects to 

q ~ 1mm, ~5 times smaller than originally planned. The result implies that q// scales as 

~PSOLB/R, with PSOL being the total power entering the scrape-off layer (SOL). ITER’s power 

handling solution of operating 

with a partially detached, vertical 

target plate divertor is therefore 

being pushed to the limit_[8]. 

Present experiments are seeking a 

combination of core and divertor 

impurity seeding methods to 

mitigate the heat flow by radiation 

and to demonstrate a solution for 

ITER_[3] _[4]. In view of these 

challenges, the heat exhaust 

problem for FNSF/DEMO seems 

insurmountable. Values of 

PSOLB/R in the ARIES reactor 

design studies, ACT1 and 

ACT2_[9], far exceed that of 

ITER, unless very high levels of 

core radiation are used (Fig. 2), a 

situation that is likely incompatible with maintaining adequate plasma confinement, which 

requires PSOL above the L-H power threshold (Fig. 3). Even if ITER finds that the new q 

projection is somehow wrong and that q is more 

in line with originally planned values, the power 

handling challenge for ACT1/ACT2 is a factor of 

3 to 4 times worse than ITER simply because 

plasma exhaust powers are 3 to 4 times higher. 

Material erosion suppression is an additional 

challenge imposed by long-pulse divertor 

operation; it is even more difficult to achieve 

than power handling: nearly complete 

suppression of material erosion and PMI 

damage at divertor target plates is required_[10]. 

Thus, the only solution – apart from self-

annealing, liquid metal targets – is to operate 

with the divertor plasma fully detached. 

Unfortunately, experiments with conventional 

divertors have not yet been able to achieve this while sustaining plasma confinement (Fig. 4).  

 FIG. 2 – C-Mod_[3] and AUG_[4]  have demonstrated H98 > 1 and 

qsurf < 5 MW/m
2
 at the indicated values of B and PSOL B/R. But 

these are a factor of ~3.5 away in q//  for the original ITER QDT=10 

design point and far from ACT1 and ACT2, even if  PSOL is reduced 

to the L-H power threshold (PLH) by enhanced core radiation. 
 

 
FIG. 3 – Good core confinement (H98 > 1) 

requires scrape-off layer power (PSOL) above the 

L-H power threshold value (PLH) _[3]. This places 

a restriction on core radiation and sets a 

minimum value PSOL that the divertor needs to 

handle, PSOL~ PLH ~50 MW for ITER. 

 

http://science.energy.gov/~/media/fes/fesac/pdf/2007/Fesac_planning_report.pdf
http://fire.pppl.gov/EU_Fusion_Roadmap_2013.pdf
http://stacks.iop.org/0029-5515/53/i=9/a=093031
http://www.sciencedirect.com/science/article/pii/S0022311513000354
http://dx.doi.org/10.1063/1.3567547
http://stacks.iop.org/0029-5515/52/i=12/a=122003
http://advprojects.pppl.gov/ROADMAPPING/IAEA2/T1_DEMO2/KESSEL_T1_4DEMO2.pdf
http://stacks.iop.org/0029-5515/51/i=6/a=063001
http://dx.doi.org/10.1063/1.3567547
http://dx.doi.org/10.1063/1.3567547
http://stacks.iop.org/0029-5515/52/i=12/a=122003
http://stacks.iop.org/0029-5515/52/i=12/a=122003
http://dx.doi.org/10.1063/1.3567547
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2.2 Potential Solutions: Advanced magnetic divertors, such as the X-divertor (XD_[11]), 

snowflake (SF_[12]), super-X divertor (SXD_[13]) and X-point target divertor (XPT_[14]), 

were conceived to address the extreme power exhaust challenge via a number of techniques 

(Fig. 5). Proof-of-principle experiments performed at low and moderate power fluxes are 

finding the SF concept to behave roughly as anticipated: surface heat flux is reduced due to 

flux expansion, increased radiation, convective heat flows_[15] _[16] _[17] _[18] _[19].  Further 

experiments must be performed to compare performance improvement (i.e., heat flux 

reduction) of SF and XD concepts relative to an ITER-like vertical target plate divertor 

(VTD), which employs flux 

expansion via target tilt angle rather 

than poloidal field reduction. Long-

legged divertors (SXD and XPT) 

attempt to solve the power handling 

challenge by placing targets at a large 

major radius in a separate divertor 

chamber. This yields a corresponding 

reduction in q// by total flux 

expansion, i.e., B ~ 1/R. The XPT 

concept employs an X-point in the 

divertor chamber as a ‘virtual target’ for flux tubes that carry highest q//.  

Most importantly, advanced magnetic divertors may have the potential to attain a fully 

detached divertor while avoiding an ‘x-point MARFE’ (right panel in Fig. 4), thus 

maintaining a hot pedestal region and good core confinement. This would be a seminal 

achievement for fusion – virtually eliminating material erosion in the divertor and solving 

one of the most vexing problems. SXD and XPT concepts are the best candidates to achieve 

this condition. By placing the target at large major radius, the detachment front can be better 

stabilized; moving ‘upstream’ to the confined plasma, the front encounters a region of higher 

q// which can arrest its motion. For these 

reasons, SXD and XPT concepts should 

be targeted for testing in an ADX; the 

ADX must have the flexibility in PF coil 

set and vacuum vessel design to do this. 

MAST is planning on testing a proof-of-

principle SXD concept in 2015_[20] at 

low power. An ADX is needed to explore 

the applicability of this concept and 

others for a high performance, 

conventional aspect ratio tokamak – at 

the power densities and magnetic field 

strengths required to test them in reactor-

relevant divertor conditions (Fig. 6).  

Liquid metal targets, despite their added 

complication, may turn out to be the only means of handling highly focused power exhaust 

streams from a fusion reactor, as well as tolerating heat transients (ELMs, disruptions). Long-

leg, highly baffled divertor geometries can work synergistically with liquid metal target 

concepts, which employ vapor shielding physics_[21]. By operating divertor surfaces at 

temperatures lower than the main chamber walls, liquid metals and impurities may be 

controlled by preferential condensation in the divertor. A successful liquid metal target 

technology would also eliminate the need to operate with a fully detached divertor; the self-

 
FIG. 4 – Detachment evolution in JET_[1]. As the divertor 

transitions from partially-detached (left) to fully detached 

state (right), the cold ‘thermal front’ intrudes into the 

confined plasma, cooling the pedestal and degrading plasma 

confinement. Fully detached conventional divertors are 

therefore inherently in conflict with sustaining good core 

energy confinement.  

 

 
FIG. 5 – Advanced divertors seek to spread heat flow 

onto a larger ‘wetted area’ by a combination of ‘flux 

expansion’ via magnetic topology, enhanced turbulence, 

radiation and interaction with neutrals. XPT divertor 

concept is shown at right. This and the SXD place 

divertor target plates at large major radius in a remote 

divertor chamber. Long-legged, highly baffled divertors 

may facilitate the use of liquid metal targets. 

 

http://link.aip.org/link/?PHP/14/072502/1
http://dx.doi.org/10.1063/1.2738399
http://dx.doi.org/10.1063/1.3110984
http://www.psfc.mit.edu/research/alcator/pubs/APS/APS2013/labombard_cont-oral_APS-13.pdf
http://stacks.iop.org/0741-3335/51/i=5/a=055009
http://link.aps.org/doi/10.1103/PhysRevLett.105.155003
http://dx.doi.org/10.1063/1.4737117
http://www-naweb.iaea.org/napc/physics/FEC/FEC2012/presentations/801_PD12.pdf
http://stacks.iop.org/0029-5515/54/i=2/a=023009
http://dx.doi.org/10.1109/SOFE.2013.6635408
http://stacks.iop.org/0029-5515/53/i=11/a=113030
http://www.sciencedirect.com/science/article/pii/S0022311509000518
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annealing surface would accommodate the bombarding ion flux without damage – this would 

be another ground-breaking achievement for fusion energy development.  

2.3 Power and magnetic field requirements for an ADX: The electron temperature at the 

divertor target plate must be in 

the range of ~5 eV or less. 

This requirement is set by 

atomic physics and the need to 

attain partial or full divertor 

detachment. The plasma 

density (or plasma pressure) in 

the divertor is therefore fixed 

by q// – either by the 

requirement of conducting q// 

through the plasma sheath or 

by the requirement of 

dissipating q// by impurity 

radiation in a thermal 

front_[22]. Thus in order to 

match key dimensionless 

parameters that control PMI 

physics (e.g., debye/ion, z 

/ion), B and q// combined with 

magnetic geometry must be made identical to a reactor_[10] _[23]. In addition, reactor-level B 

fields are needed to produce reactor-level plasma pressures in the boundary plasma, due to 

beta limits associated with the edge plasma pedestal_[24]. As discussed by Hutchinson and 

Vlases_[25], by matching the B and q// of a reactor it is also possible to perform an 

approximate ‘divertor similarity experiment’ in which five key scale parameters (Te, 

*=Ld/ei, d/, i/d,  with Ld  = divertor field line length, d = SOL thickness) are 

identical to the reactor. The poloidal flux expansion and divertor leg length could be adjusted 

to do this. The message is clear: matching absolute reactor divertor parameters (B, q//, ndiv, 

Te,div) is necessary to study reactor-relevant physics regimes. Based on the machine scaling 

of parallel heat flux, q// ~ PSOL B/R, this means that B and PSOL B/R in an ADX should be 

similar to a reactor. From Fig. 6, it is clear that a compact, high-field tokamak is the natural 

choice for an ADX. 

3. Critical need: low-PMI RF actuators; efficient current drive, heating (Milestone #4) 

3.1 Challenges: RF current drive, heating and flow drive technologies must evolve into 

primary actuators for fusion reactors, replacing the roles that neutral beams now play _[5]. For 

ICRF antennas and LHCD launchers, it means placing these actuators close to the plasma, 

where the challenge of efficient power coupling competes with minimizing PMI. For long 

pulse operation, it is essential to find methods to reduce PMI to tolerable levels. Most 

critically, the efficiency of current drive systems must be optimized to minimize recirculating 

power; the viability of the tokamak concept as a steady-state fusion reactor depends on it. 

3.2 Potential Solutions: High field side launch ICRF and LHCD 
From a PMI perspective, locating ICRF and LHCD antenna structures on the high-field side 

of the torus with double-null magnetic equilibria has tremendous advantages (Fig. 7), yet it 

has never been exploited. Experiments clearly show that: (1) a low heat flux, quiescent 

An ADX must have the power density and magnetic field strength required to simulate reactor-

level divertor conditions – and it should have the flexibility to test all these ideas. 

 
FIG. 6. – B and Psol B/R for world tokamaks. In order to most 

closely simulate divertor conditions of a reactor, both B and 

Psol B/R should be matched. A compact, high field tokamak is 

the most cost effective way to achieve this, as shown by Alcator 

C-Mod attaining parameters close to the range of ITER, ACT1 

and ACT2. A similarly constructed ADX can push to higher 

Psol values at small cost, because of its small size. 

 

http://www.psfc.mit.edu/~labombard/Hutchinson_NF_1994_thermal_fronts.pdf
http://stacks.iop.org/0029-5515/51/i=6/a=063001
http://www.sciencedirect.com/science/article/pii/S0920379611006429
http://stacks.iop.org/0029-5515/51/i=10/a=103016
http://www.psfc.mit.edu/~labombard/Hutchinson_NF_36_divertor_similarity.pdf
http://science.energy.gov/~/media/fes/fesac/pdf/2007/Fesac_planning_report.pdf
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boundary layer naturally forms on the high field side in double-null plasmas with: no 

ELMs_[26], essentially zero fluctuation-induced fluxes_[27] and no ‘blobs’; (2) plasma 

recycling fluxes are low, which minimizes neutral pressures in the 

vicinity of antenna/waveguide structures, leading to improved RF 

voltage handling; (3) the flux of energetic ion orbit loss on the high-

field side is very low; (4) there is no impact from runaway electrons at 

this location; (5) impurity ions that are produced by PMI on RF antenna 

structures would likely be well screened on the high-field side based on 

results from impurity transport experiments_[28]. Since 

antenna/waveguide structures can fit into small tokamaks, they can be 

imbedded into the inner-wall blanket of an FNSF/DEMO-size machine. 

Perhaps most importantly, high-field-launch LHCD wave physics is 

highly favorable as well. Significant improvements in wave 

accessibility and current drive efficiency are predicted 

theoretically_[29] _[30]. High magnetic field at this location enables 

waves to be launched with lower n//, penetrating deeper into the plasma 

before damping. This alone can increase current drive efficiency by 

more than 60%_[29]. By launching off midplane near a region of 

reduced poloidal field (i.e., near an x-point), ray trajectories propagate 

more directly towards the plasma center. There is an 

excellent synergy between double null plasmas, advanced 

divertors applied to outer divertor legs and inside-launch 

RF systems – all working to focus the PMI onto systems 

that can handle it and away from systems that cannot. 

4. Critical need for FNSF/DEMO: assess high temperature PMI response (Milestone #5) 

Reactors will operate with high-temperature plasma-

facing components_[31]: divertor target plate coolant 

temperatures of ~600 C and surface temperatures well 

exceeding 1000 C. This is a situation not yet 

experienced in present experiments (and not in ITER) 

with consequences for tokamak PMI physics – 

affecting PMI material response to plasma exposure 

(Fig. 8), fuel retention and perhaps synergies with 

plasma operation. It is important therefore to find 

solutions that project towards applicability in a high 

material temperature environment. Progress can be 

made in an ADX by providing for divertor targets and 

liquid metal concept to be operated at high 

temperatures and to implement state-of-the-are in-

situ_[32] and ex-situ PMI diagnostics to assess material 

responses. 

5. A concept for an ADX based on Alcator C-Mod magnet and RF technology 
An initial design concept for an ADX is shown in Fig. 9, which makes use of the 

demountable, high-field copper magnet technology developed for Alcator C-Mod, the 

extensive infrastructure that presently supports the C-Mod facility at MIT and takes 

advantage of MIT’s high-power LHCD and ICRF heating equipment and physics expertise, 

including the development of an advanced field-aligned antenna on the low-field side_[33]. 

Using cryogenically cooled copper magnetics, the plasma pulse length in ADX is projected to 

be ~3 seconds at full performance and longer (~5 s) at reduced field and current. One might 

ask: “how is a pulse length of ~3 seconds relevant for developing long-pulse solutions?” The 

FIG. 7. – RF antennas can take 

advantage of the low-PMI, 

‘quiescent’ scrape-off layer that 

forms on the high-field side in 

double-null plasmas. 

 
FIG. 8. – Tungsten nano-tendrils 

formed at high material temperature 

by helium plasma exposure in the 

Alcator C-Mod divertor_[2]. 
 

http://stacks.iop.org/0029-5515/43/i=9/a=315
http://stacks.iop.org/0029-5515/53/i=2/a=023001
http://dx.doi.org/10.1063/1.872365
http://www.sciencedirect.com/science/article/pii/S0920379611006314
http://dx.doi.org/10.1063/1.4884360
http://www.sciencedirect.com/science/article/pii/S0920379611006314
http://www.sciencedirect.com/science/article/pii/S0920379610003637
http://dx.doi.org/10.1063/1.4832420
http://dx.doi.org/10.1063/1.4803882
http://stacks.iop.org/0029-5515/52/i=4/a=042003
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FIG. 9 – Design concept for ADX: a high-field, high power density, advanced divertor tokamak test facility 
and development platform for RF heating and current drive technologies. 
 

 

answer is that ~3 seconds is long compared to plasma transport, plasma-material interaction 

and current relaxation time scales_[34]. Solutions identified in ADX can be projected with 

confidence toward long-pulse operation. The overall footprint of ADX is similar to that of 

Alcator C-Mod, allowing the ‘domes’, horizontal magnet ‘arms’ and ‘wedge plates’ to be 

reused. The vertical height of toroidal field coils, central solenoid and outer support cylinder 

is increased by approximately 

0.5 meters, providing space for 

a load-bearing vacuum vessel 

that contains PF coils needed for 

a variety of advanced divertor 

configurations (Fig. 10). The 

demountable toroidal field 

magnet with external 

superstructure is essential: (1) 

facilitates construction and 

maintenance of a very high field 

tokamak with internal PF coils 

and (2) serves as a ‘shell’ that 

can accommodate different 

vacuum vessel designs, poloidal 

field coil sets and/or divertor 

target components. With the 

exception of RF launcher and antenna structures, it is envisioned that all internal vessel 

components (tiles, diagnostics, RF feeds, cryopumps) would be installed and tested off-line 

during assembly of the integrated vacuum-vessel/coil unit.  

Upper Dome

Lower Dome

Cylinder

Outside
Launch
ICRF

Inside
Launch
ICRF

Inside
Launch
LHCD

Demountable
TF Magnet

Drawbars

Advanced
Divertor
PF Coils

X-point
Target
Divertor

Segmented
Vacuum Vessel

TF Wedge
Plates LN2 Cryostat

RF feeds

Cryo-
pump

ADX 

Major/Minor Radius 0.73 / 0.2 m 

Elongation 1.7 

Magnetic Field 
6.5 Tesla 

(8 Tesla with power 
upgrade) 

Plasma Current 
1.5 MA 
(2 MA) 

PAUX  
10 MW ICRF 
4 MW LHCD 

Surface Power 
Density 

~ 1.7 MW/m
2
 

PAUX B/R 125 MW-T/m 

Advanced Divertor 
Concepts 

Vertical target 
SF, XD 

SXD, XPT 
Liquid metal target 

First-wall material 
(high temperature 

options) 

Tungsten/ 
Molybdenum 

Pulse Length at 
maximum field 

3s, with 
1s flat-top 

 

  
FIG. 10 – Initial scoping of divertor configuration flexibility with a 
fixed poloidal field coil set. The facility could support testing 
different arrangements of divertor PF coils and vacuum 
geometries, including liquid metal target options. 

http://www.sciencedirect.com/science/article/pii/S0920379611006405
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  MAST  
NSTX 

-U 
DIII-D  EAST        KSTAR   AUG    JET 

  JT- 
  60SA 

C-MOD ADX ITER ACT1  ACT2  

BT [T] 

Ip [MA] 

0.84 
2 

1 
2 

2.2 
1.5 

3.5 
1.5 

3.5 
2 

3.1 
1.6 

3.5 
4.8 

2.3 
5.5 

5.4 
1.3 

6.5 
1.5 

5.3 
15 

6 
11 

8.75 
14 

a [m] 

R [m] 

0.65 
0.85 

0.62 
0.93 

0.6 
1.75 

0.45 
1.85 

0.5 
1.8 

0.6 
1.65 

1.25 
3 

1.2 
3 

0.22 
0.67 

0.2 
0.73 

2 
6.2 

1.6 
6.25 

2.4 
9.8 

 Ptot   (1) 

[MW] 

7.5- 
12.5 

8- 
19 

23- 
39 

10- 
36 

14- 
36 

27 38 41 8 14 150 405 630 

Ptot/S  (2) 

[MW/m2] 

0.18- 
0.3 

0.18- 
0.44 

0.36- 
0.60 

0.23- 
0.82 

0.3- 
0.76 

0.52 0.20 0.19 1.0 1.7 0.22 0.64 0.41 

PtotB/R (3) 

[MW T/m] 

8- 
13 

9- 
22 

30- 
50 

19- 
69 

28- 
71 

51 45 33 65 126 131 390 570 

q/q
ADX (4) 

(q ~ Eich) 
4.7 4.2 3.5 2.0 1.8 2.9 2.3 2.1 1.3 1 1.2 1.3 1.6 

q||/q||
ADX (5) 

(q ~ Eich) 

0.02- 
0.04 

0.03- 
0.07 

0.21- 
0.34 

0.17- 
0.62 

0.22- 
0.56 

0.33 0.24 0.18 0.45 1 0.82 3.1 4.5 

q||/q||
ADX 

(6)  

 (q ~ R ) 

0.03- 
0.06 

0.04- 
0.1 

0.24- 
0.40 

0.15- 
0.55 

0.16- 
0.4 

0.32 0.10 0.06 0.55 1 0.10 0.52 0.6 

Table I – ADX parameters compared to world tokamaks. 
(1) – Total source power from all heating systems, range shows planned or proposed upgrades to facility.  
         In practice, the total input power is restricted by operational beta limits – not accounted for here. 
(2) – Maximum power density flowing through last-closed flux surface (assuming no core radiation). 
(3) – Figure of merit that sets the heat flux density entering divertor (q//), based on q  scaling as 1/Bpol. 
(4) – Heat flux channel width (q) normalized to that in ADX, based on multi-machine scaling_[7]. 
(5) – SOL parallel heat flux normalized to that in ADX, based on multi-machine scaling of q. 
(6) – SOL parallel heat flux normalized to that in ADX, based on q scaling as major radius. 

5.1 Divertor plasma parameters: ADX’s combination of high field, high power and small 

major radius would produce PSOLB/R,q and q// values that are comparable to ITER (Table I, 

Fig. 6). Should research find that q departs from the multi-machine H-mode scaling_[7] and 

exhibits a scaling with major radius, then ADX would access divertor q// values that exceed 

ACT1, ACT2 and all other world tokamaks (bottom row in Table I).  

5.2 Low-field side ICRF: Low-field side ICRF is proposed as the primary heating system 

for ADX. Alcator C-Mod has demonstrated efficient ICRF heating up to 6 MW with power 

input combined from three antennas. A recently developed field-aligned 4-strap antenna_[33] 

has demonstrated remarkable performance compared to conventional antennas (low impurity 

source rate, excellent load variation tolerance and neutral pressure tolerance), coupling 3 MW 

at record-level power densities (~9 MW/m
2
). It is envisioned that ADX would make use of 

this breakthrough and employ state-of-the-art field-aligned antennas on the low-field side. 

These systems alone would provide ~8 

MW of absorbed heating power, 

producing a heat flux density through the 

last-closed flux surface that is 

prototypical of a reactor,  > 1 MW/m
2
. 

The magnets and superstructure could 

also support 8 tesla, 2 MA operations 

with an upgrade to the MIT facilities.  

5.3 High-field side LHCD: The idea is 

to build the infrastructure into the ADX 

vacuum vessel to test a variety of high 

field side launcher designs. RF coupling, 

current drive efficiency, heat load 

tolerance, PMI, and overall impurity 

behavior would be studied with an eye 

 
FIG. 11 – (left) Simplified conceptual design of a multi-

junction high-field side LHCD launcher for ADX with 

customized ports for vacuum windows and in-vessel 

waveguides. GENRAY modeling with C-Mod plasma 

conditions (right) indicates excellent ray trajectories and 

enhanced current drive efficiency. 

http://stacks.iop.org/0029-5515/53/i=9/a=093031
http://stacks.iop.org/0029-5515/53/i=9/a=093031
http://dx.doi.org/10.1063/1.4803882


 

8  FIP/P7-18   

 

ADX: a high field, high power density advanced divertor test facility 

 

 

towards applicability for a reactor. Successful implementation of LHCD would also facilitate 

cutting-edge research on fully non-inductive scenarios in reactor grade plasmas with 

advanced divertor configurations. Figure 11 shows a conceptual design for a launcher placed 

below the inner wall midplane. Initial GENRAY modeling of ray trajectories (n// = 1.6, 

plasma parameters similar to C-Mod) is also shown. As anticipated, favorable ray trajectories 

and efficient off-axis current drive can be obtained. Alcator C-Mod presently has the 

equipment and infrastructure needed to deliver 4 MW LHRF source power (4.6 GHz), which 

is ideal for ADX. 

 5.4 High-field side ICRF: Figure 12 shows a highly simplified conceptual design for a 

high-field side ICRF antenna option in ADX. 

The vacuum vessel would be designed 

specifically to accommodate RF vacuum 

feedthroughs and internal striplines required for a 

multiple-strap ICRF antenna to be located on the 

inner wall. Initial full-wave modeling with the 

TORIC code projects to efficient heating (40% to 

electrons, 30% to H 1
st
 harmonic, 30% to D 2

nd
 

harmonic). This mode conversion scenario (FW 

to IBW) has also been shown to provide efficient 

flow drive_[35]. It is envisioned that ADX would 

test moderate-power (~2 MW) high-field side 

ICRF antenna concepts in a diverted tokamak for 

the first time and evaluate performance and 

scalability to reactor concepts (heating, flow 

drive, load tolerance, PMI, impurities).  

5.5 Core and pedestal parameters: Plasma performance and pedestal parameters are 

expected to be similar to C-Mod, or better, due to advanced divertor and enhanced RF 

systems – central temperatures > 8 keV, equilibrated electrons and ions, regimes with low or 

no torque, and no fueling from external heating and current drive actuators. These conditions, 

combined with access to world-record volume-average plasma pressures (1.8 atm at 5.4T in 

C-Mod_[36]), are truly prototypical of a reactor. While ADX is conceived primarily as a 

divertor and RF test facility, it would facilitate cutting-edge research on integrated core, RF 

current drive/heating and divertor plasma physics. 
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FIG. 12 – (left) Vacuum feedthroughs, in-vessel 

strip-line feeds for a single-strap high-field 

ICRF antenna concept in ADX. TORIC 

modeling with a C-Mod plasma (electric field 

amplitude shown, right) indicates excellent RF 

absorption and good prospects for flow drive. 
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