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Normal ELM regimes and why to avoid them
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« ELM buffering is usually not sufficient

— In the best case 60% bUﬁering [M. Komm et al 2023 NF 63 126018]
— ELMs lead to reattachment
— Better chances in ADCs
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,normal“ ELM regimes in H-mode

Not stationary!
No density control
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boundary electron temperatfire [eV]

Too big!
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Limiting the pressure gradient

To avoid ELMs, the pedestal pressure

gradient needs to be reduced

=>» An additional transport channel needs to
be established, other modes destabilized

To be exhaust compatible, a conventional
divertor tokamak needs (rough numbers):
o High separatrix density (not high f,)
N sep >> 1-107°m3
o High radiated power fraction
fag>70%
o Unsusceptible to impurities and
beneficial imp. transport
Zs<2.5

+ Still at high confinement (Hyg=1)
+ Fitting in an affordable reactor

(shaping, dgs, --.)
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Some heV
RMPs 3

1.1

Some here
(WP-)QH-mode, I-mode, NT

Some attack it here
QCE & XPR
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Regimes without big ELMs

along EU-US joint working group on small/no ELM regimes

« QH-mode

* |-mode

« RMPs

« Negative triangularity

« QCE /small ELMs / type Il ELMs / EDA H-mode
« XPR
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Recent overview papers:

C Paz-Soldan and the DIII-D Team 2021 PPCF 63 083001
E. Viezzer et al, 2023 NME 34 101308

G.S. Xu et al 2023 RMPP 7 14
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Quiescent H-mode (QH-mode)

i - the pros
Wide pedestal QH-mode P
4 lepllm 8 184833
o . - wean + ©] 7] { XGC QH ](b)
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Quiescent H-mode (QH-mode)

Wide pedestal QH-mode

« Only observed at low n

< 0.15 ngy,

e,sep

- Sheath limited SOL - a killer for the divertor
« High impurity content (DIII-D: Z; ~ 2-5)

[C Paz-Soldan et al 2021 PPCF 63 083001]

« |n metal machines only observed transiently

- Unbeneficial impurity transport
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[E. Viezzer et al 2023 NME 34 101308]
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- the cons
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QH-mode/WPQH-mode is critical

+ Fulfilling many requirements,
but not yet in parallel

- Not yet stable in metal devices
- Impurity transport of concern

+ Detachment challenging, but
achieved!




I-mode

Temperature pedestal

No density pedestal

Accessible in unfav. B,

Higher B, increases operational space

Weakly Coherent Mode (WCM) in
the middle of the pedestal

- Pedestal relaxation events (PREs) lead to
ELM-like bursts of up to 1.5% Wyup

[J.R. Walk et al 2014 PoP 21 056103]
[D. Silvagni et al 2020 NF 60 126028]
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I-mode

= UG 434238 &
* A, between L- and H-mode € 24f > outerdiv.{ =
.‘;‘U 29 L <] s inner div. 3 -
£ - : 5 %
. - OF - D
» N seeding leads to loss of -mode s L of : S
- Can be compensated by increased heating ~§ 14F = a1 g
power (B, operational space changed) 8 12f(lmode Imode  Hmode i T
24 26 28 30 32 34 36 %
Time (s) E,
« Detachment only achieved at inner divertor
AUG #37380 —
- |-mode lost before detachment of outer N | m— S
divertor [Reinke NF 2019, Happel NF 2021] s sl 18
“ 88k I-mode S
8%8Ee) e
_ 0.70F | 3 =2
2 055t Tquem aci VF : §
855 £
=> The end of the I-mode... =5 [0 N — ] =
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New detached I-modes

High-power Ar-seeding
in AUG USN

« Potential -mode in USN
with detachment
» Arseeding
* Bpo = 1 atslightly

reduced confinement

« WCM & transport
analysis indicates
[-mode

- 1,=08MA,B;=-26T

* Pus =8 MW, Pegy = 1.5 MW
+ 7, =6x 10 m3(f,, ~ 0.65)
» High radiated power fractions:

45% core, 85% total
* Nolarge ELMs

Courtesy of D. Fajardo
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EAST Right-angled divertor

« Both divertors detached
« At least in high recycling regime
« New closed divertor structure
beneficial
[L. Yu et al 2025 Nucl. Fusion 65 07600]
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New detached I-modes

AUG #42734
|H-mode |I-mode | Marfing L-
1 : 12Fg" ' : . e P .
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« Ar seeding 1.0 | * New closed divertor structure
Boor = 1 at slightly 32 beneficial
reduced confinement (L. Yu et al 2025 Nucl. Fusion 65 07600]
« WCM & transport 0.2f N\
analysis indicates Sg ‘ : . = I-mode was dead, but there’s new
.0 Mp (1072 e/s] S |
[-mode 0.8} Fa (107 -| hope!
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”e = i % 1019 m'3(fG- v~ 065) ’ I. dive;‘tor. shuntcurrents [a.u.] (d) _ . .
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Courtesy of D. Fajardo ~1.0} ous




Resonant magnetic perturbations (RMPs)

3D perturbed magnetic
surface geometry

« ELMs are suppressed by applying a
resonant magnetic perturbation field L _ parturbation

Creating island chains in the pedestal top

- Reduction of pedestal top pressure by ~20%

T, diagnostic (ECE)

- Can be |mproved by adaptlng RMP Currents Rotation direction of perturbation field
(<1 0% @ KSTAR) [M. Kim et al 2023 NF 63 086032] [M. Willensdorfer et al. 2024 Nat. Phys 20 1980]
[W. Suttrop et al 2018 Nucl. Fusion 58 096031]
« ELM suppression occurs at low ng p.4/vV* eq o () #31184 (CRMP, adaptive) I
- At higher densities, ELMs might be mitigated BB e s i 182
- / <
K24tfg—————— ' 16 =
S
22tk .- 14 &
2 1.2

[M. Kim et al 2023 NF 63 086032]
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Resonant magnetic perturbations (RMPs) — threshold & lobes

(c Both

« Access parameter for suppression yet unclear:
- If edge density needs to be below <4
Nepea < 3.3 -1017m™3
> Nesep K 1.6-10°Mm™> (ngsepirer = 4 - 1019m™3)
- If edge collisionality needs to be below

v* < 0.15 — 0.45 (Virgr = 0.01 — 0.15)

-10°

L, [km]

» Lobes in the divertor:
- Higher heat fluxes in the far-SOL
might cause burn through

- Not observed at current experiments
[D. Brida et al 2017 Nucl. Fusion 57 116006]

—~ Dependencies change at ITER (RMP pert. < A,)

[H. Frerichs et al 2020 PRL 125 155001]

= [D.Brida, PhD thesis, TU Mlunchen 2017]

MAX-PLANCK-INSTITUT FOR PLASMAPHYSIK | M.BERNERT | 31.10.2025 5TH IAEATM ON DIVERTOR CONCEPTS OWER EXHAUST ELM-FREE REGIMES



Resonant magnetic perturbations (RMPs)

Access parameter for suppression yet unclear:
- If edge density needs to be below
Ne peq < 3.3 -1019m™3
> Negep K 1.6 -10°Mm™3 (ng sepirer = 4 - 1019m™3)
- If edge collisionality needs to be below
v* < 0.15 — 0.45 (Virgr = 0.01 — 0.15)

Lobes in the divertor:

- Higher heat fluxes in the far-SOL
might cause burn through

— Not observed at current experiments
[D. Brida et al 2017 Nucl. Fusion 57 1160(

—~ Dependencies change at ITER (RMP pert. < A,)

[H. Frerichs et al 2020 PRL 125 155001]

RMPs could be compatible with exhaust

Only if collisionality is the determining
factor

Reduction in confinement significant
(~10-20%)

Prediction for lobe detachment not
conclusive for ITER

D

R [m]



Negative triangularity (NT)

Avoiding ELMs by staying in L-mode

- Extreme shaping helps to avoid
H-mode [A.O. Nelson et al 2023 PRL 131 195101]

« Compensate reduced ped. top
pressure by increased core gradients

(1] sl 1 al Las
00 02 04 06 08 10 12
P P

[M E Austin et al 2019 PRL 122 115001]

- Stability of core turbulence
(TEM & ITG) improved in NT

- Performance to be shown | A | N
at full power

Plasma pressure (kPa)

40

Neg. triang. L-mode

30 T P=04 MW, [, =2.7

Advantages are: ) 20 |

* Plasma can stay in L-mode:
- No lower limit for Pgo

- Exhaust power can be radiated inside separatrix
- Divertor at bigger R,,,; = higher flux expansion

ITER-like baseline
10 FtH-mode scenario
P=1.4 MW, ,.3N=l.4

Shot 68340, 1.4 5 Shot 65255, 0.9-14 s

0 0.2 0.4 0.6 0.8 1

p
[S Coda et al 2022 PPCF 64 014004]
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Negative triangularity — detachment challenges

* A, decreases with neg. 0
- )\q values similar to H-mode
[M Faitsch et al 2018 PPCF 60 045010]

Connection length to divertor is shorter
(factor 2-4)

[F Scotti et al 2025 PPCF 67 095030]

- H-mode has to be avoided

- “Bursty modes” might be observed
[T Cote et al 2025 PPCF 67 035033]

- Stronger power degradation of

confinement [C. Paz-Soldan et al 2024 NF 64 094002]

MAX-PLANCK-INSTITUT FUOR PLASMAPHYSIK | M.BERNERT | 31.10.2025

&  Forward field
D Reverse field

0 s
06 -04 -02 0 02 04 06 E.

1 ¥ ’ ——— I
® ®  PTL-mode (TS, IRTV, LP)

| o
o™ s
18 % % / Reduced NT (TS, IRTV, LP) | .~
o | Strong NT (LP)
- 10_
|o _
2 [
W
4 2 P
0 E
E
I N =
o -
S
—_ ]
. @ w s
"q"j (<U' b
=
©
2
o
=

5TH IAEA TM ON DIVERTOR CONCEPTS

POWER EXHAUST IN ELM-FREE REGIMES

1 T ”1IIJ
L-mode scaling [Eich] (mm)

17

[F Scotti et al 2025 PPCF 67 095030]



Negative triangularity — chances

DIlI-D#194032 DIII-D#194115
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[D Eldon et al 2025 PPCF 67 015018]
[L Casali et al 2025 PPCF 67 025007]
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Negative triangularity — chances

« Use of core radiation for power exhaust
- Not yet combined with detached targets

« Operating in unfav. B; to ease outer
divertor detachment

- TCV: Full detachment with N seeding

- DIII-D: Full detachment not yet achieved

- Confinement reduction of ~10-20%
(DIII-D & TCV)

- XPR observed when detaching
(DIII-D & TCV)

1,=0.6 MA lon BXVB into divertor
Pys=4 MW lon BXVB out of divertor
::_ Density (10"*m™) 5 ] 28 W&H
) fow~1.3 g | e N
fow~1] 1o} &7 .
4 : . 2 x '
A & 1 osty
Det. time — !
o n aad 0.0
80 30 T
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| 20f
wf 1 Mll" ' | ]
20 !.JV | L!/ . -.\ y i
o 1R |
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[F. Scotti et al 2025 PPCF 67 095030]
NT, t=1.4s (No Nz)

NT, t=1.5s

NT, t=1.8s
i)

[O.Fevrier et al 2025 IAEA FEC]



[The MANTA Collaboration
et al 2024 PPCF 66 105006]

NT is a promising option for
future reactors

+ Good confinement (at low power)
+ Exhaust by core radiation

- More experiments with optimised
divertor and full power needed

.

J




QCE / EDA/ small ELMs / grassy ELMs / type Il ELMs

. Zoo of similar regimes, at many different devices AbGQcE T T L @
. . . . . 10} :
« Most work is at high-ish density or have high = | =
separatrix density as prerequisite 8go.eg 600
- Partially detached scenarios exist at AUG, EAST, o L
. :.,'us :r..Ji_';.I.'K;. small ELMs TR
pellet fueling: type-l ELMs . )
D”I-D & JET CLS I gDy.B 1.0 G:S 0.8 1.0
normalized radius ppal normalized radius pthI
I EAST grassy ELMs [B. Labit et al 2019 NF 59 086020]
« All scenarios still have small ELMs ' ﬁ"?f v ) | R T T W]
2 M’NMM“ ______ il oA e b b {2 Typed ELMs ,'
or filamentary bursts i SR r | e T =
1 H 50 MHD sayz 1 I ;-05.;':,-: e ’;B ) »‘“'“
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SW ! 10} (@) o j By
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MHD 0.0 e Vi Mg ped (10"m)
= — T -y [G.S. Xu et al 2023 RMPP 7 14]
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Quasi continuous exhaust (QCE)

« Triggering filamentary transport (local ballooning)
at pedestal bottom by high shaping and high density

- Aqincreased by filament transport

- Good confinement can be achieved
« Observed at AUG, TCV & JET
- Scalable to a reactor

[M. Dunne et al 2025 IAEA FEC]
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« Triggering filamentary transport (local ballooning)
at pedestal bottom by high shaping and high density

- Aqincreased by filament transport

- Good confinement can be achieved
« Observed at AUG, TCV & JET
- Scalable to a reactor

[M. Dunne et al 2025 IAEA FEC]

« Similar or identical to EDA H-mode
[M. Greenwald et al 1999 PoP 6 1934]

ITPA )\q (2013)

0 ‘ . ¥
(] 0.2 04 06 08 1 =20 o 20 40 60 B0

Target Location (mm)
B polMP m S

=
[o)]

[s0]

3

. . Time (s) g

[L. Gil et al 2020 Nucl. Fusion 60 054003]  ASDEXUpgrade  ASDEX Upgrade | o

. 0} o | ¥ 30168 . by o medium raeiling | g

- EDA has a smaller operational range VR STt s Montoaing ™| =
L 8- iliv @ ] Agsin =2510mm | &

- EDA can perform exhaust by core radiation e Er L il e
[A. Kallenbach et al 2021 Nucl. Fusion 61 016002] =, | = ol i ™

inter type-I1 ELM é : E

2 1 0

5

=3
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QCE & detachment

AUG #40493

Detachment experiments at AUG: *[AxUV (div)

« Divertor is detached in-between filaments

« On average partial detachment is reached
[M. Faitsch et al 2023 Nucl. Fusion 63 076013]

Ipolsola

« Injection of N might increase filament losses
- Loss of confinement before full detachment

« Our understanding increased since then

- Attempt to combine QCE with XPR in next
AUG campaign

3
Time (s)

3
Time (s)

=>» Can filaments be fully detached?
- Also far-SOL detachment is needed
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QCE & detachment

AUG #40493

Detachment experiments at AUG: | e | XV
10

+ Divertor is detached in-between filaments g 310

« On average partial detachment is reached %\J
0 oyl L 0

[M. Faitsch et al 2023 Nucl. Fusion 63 076013] 4l D,

« |njection of N might increase filament losses g
- Loss of confinement before full detachment

QCE, EDA, grassy/small ELMs
« QOur understanding increased since then N

, , , /| * Good candidates as most are
- Attempt to combine QCE with XPR in next Il W working at high n, .,
/

AUG campaign 00

o | + Good confinement is achieved s

- Detachment of filaments (far-SOL)

=» Can filaments be fully detached?
to be shown

- Also far-SOL detachment is needed

- Transients must remain <0.5% W,,p

\_




('\) First demonstration of integrated ELM-free high-performance

= Neon-seeded plasma at JET [C. Giroud, IAEA FEC 2025]
D-D operation 2.5MA/2.7T - Ll RO
£97490 S~—1/qgs Hog(y.2)=1 Hog(y,2)=0.9

30 [ ’ /) few=0.85 few=0.68

20 - Bn=1.8 Bn=2.2

10 [ Z=1.8 Z=2.7

for - - V¥ 0eg= 0.06 | | v* o= 0.6

8 F"’sep/P Martin< 2
A TN =

<n, >(10 m ")

(keV)

0 care

il i,
o o o9
ﬁ

T
z

s g

V 'L\_, L.ri

NDOo==N o
w Lot owm
T T 1

610'T|nor r

[
f l |‘| Hl h”h I||I || n‘ Te,0T< 5 eV
600 lll || “ |f |Ij| ||’|I| ||| | “ll Il ||

700 - M\M . ST N \ V' ‘ Transfer from D to D-T was

° Tme(s) 16 036 31 132 Stralghtforward_
Time (s)

o
(3
111
0
2
(-]
3
2

| ,}gj. UK Atomic Energy Authority



/ﬁ) Successfully achieved in D-T at 3SMA

= [C. Giroud, IAEA FEC 2025]
. #104600
D-T operation 3.0MA/2.9T
- # 104600 Hog(y,2) =0.85
30 = wa=vO.68
fg s . By=2.0
19 - L = Zeﬁ=3-2
8 u —— V*e,ped =0.5
4 £ <ne>(10:'m"‘)
)=
5:0 M
3.0 . 10 TE
201 g, Not a full XPR: 5 é
1.0
B0 Disturbed by high
15F Cnol%) /MW frequency ELMs On
05+ | J
41 Py (MW) i ‘ B _[l“l“lll‘:j'u Teor<5eV
or /Mﬁ\\ mﬂ"\m “ﬂn fﬂl'a,'ll; MW |l Best performance DT-seeded plasmas
§§§: lek.__..—- . %\' '! H I and achieved very long pulse (7.4s
. 0s 370

NBI at 30MW) P, = 4MW

I ,x_?y_i. UK Atomic Energy Authority




XPR ELM suppression - AUG

XPRs are triggered with detachment

- Inherent exhaust solution
AUG #36655

 ELM signatures disappear at high < 15} ECRH Fio-10:} outer div. (2L0A15
XPR (dzypr > 7cm @ AUG) 210

« Sudden change of plasma behaviour 0
Characteristics between L- & H-mode 5w

S 400
= 300

=
oQQ
o O

« Decent confinement at high density

0
Hoq= 0.95, fy = 0.8 =10 15
. . edge — ~[ actual value
98 » IGW 9_? 8 corge € 10 setvalue
26 e e =====s
. . . . . = o 5;
« High-ish impurity concentration g F o0 W
Cy =~ 2-3%, Z 4=~ 2.5 > shouldbecome 30 . . * sl . . .
: 0 2 4 6 8 0 2 4 6 8
better at ITER Time (s) Time (s)
[M. Bernert et al 2021 NF 61 024001]
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XPR ELM suppression - TCV

XPRs are triggered with detachment " Radiated power dnety DRG] AT - L s
- Inherent exhaust solution b) LB g s e
« ELM signatures disappear at high '-% _b): Pre ; {_'____
XPR (dzypr > 7cm @ AUG) | |
| ol . - | |
« Sudden change of plasma behaviour : ,E“’ ¢} <n>(FIR #) 1 ] '
Characteristics between L- & H-mode gl f—_m
i ) ) 1_% d): Central TS lem[l.aerature | | : :
« Decent confinement at high density 150:' /\,__M
Hys = 0.95, 5, = 0.8 :
« High-ish impurity concentration =
0 0

Cy = 2-3%, Zeff ~ 2 5 - should become
better at ITER

° Slmllar ELM_SuppreSS|on aISO [H. Reimerdes et al 2024 NME 41 101784]
observed at TCV
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XPR ELM suppression - JET

JPN 103275

XPRs are triggered with detachment 256 ' A E

20 ="Prad r
NBI

- Inherent exhaust solution

[MW]
o

« ELM signatures disappear at high
XPR (dz,pg > 7cm @ AUG)

« Sudden change of plasma behaviour
Characteristics between L- & H-mode

[MJ, keV]

[M. Bernert et al 2025 NME 43 101916]

XPR position
Set location

« Decent confinement at high density
Hyg = 0.95, f5,, = 0.8

Bolo [Peak LOS]
[F¥]
[#)

11 lllllllll II|IIJ

3.2
. . . . . 3.0
« High-ish impurity concentration 250
Eouter div.
Cy = 2-3%, Z; = 2.5 > should become 2.0 Einner div.

better at ITER 155

50F

Be emiss. [au]
o

« Similar ELM-suppression also .
observed at TCV ... and JET 10 12 14

Time [s]

6.\ -IIII|IIII|IIII|IIII|III
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XPR ELM suppression — Pedestal

AUG: ;‘2 g L AUG #36655 |
« Pedestal profile gradients reduce further 06 .

0.4 :_attached (t=2.5s) |
v - part. detached (t=3.4s)

: . 0.2 & detached (t=4.25)
- Peeling ballooning stable 0.0 [_det, ELM-free (t=5.3s,

- Could, at least partially, be described by 0.8 0.9 1.0 1.1
U.Stroth [PPCF 2025] - talk on Wed. -

- Rather abrupt transition to suppression

inside than XPR location

n [10°m3]

[M. Bernert et al 2021 NF 61 024001]
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XPR ELM suppression — Pedestal

AUG:
« Pedestal profile gradients reduce further
inside than XPR location

9

JET:

« No measurable impact on the pedestal (at Hgg = 0.65-7)

Peeling ballooning stable

Could, at least partially, be described by

U.Stroth [PPCF 2025] - talk on Wed.
Rather abrupt transition to suppression

ELMs gradually shrink but may not fully disappear

TCV:
« Less than 10% confinement reduction

MAX-PLANC

ELMs vanish abruptly

K-INSTITUT FUR PLASMAPHYSIK | M.BERNERT | 31.10.2025

1.2
1.0
7 08¢
€ ;
5 06
Cm 0.4 B
0.2
0.0
15— T T
10}
~ !
Q - "N
i~ .
" DD, seeded H
0.5 '{1055;‘;({5‘2?—53551 TN
DD, no seeding
(105558, 52-53s)
00 Lot TS
0.8 09 1.0 1.1
I‘:)pcul
[M. Bernert et al 2025 NME 43 101916]
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XPR ELM suppression — Transport

« Signs for increased transport

- Fluctuations in X-point region increase
- Origin of incr. transport not yet identified

« QOverall, reduction by up to 20% of
confinement to be expected

MAX-PLANCK-INSTITUT FOR PLASMAPHYSIK | M.BERNERT | 31.10.2025

AUG #36655

5, 8.10°
T 610
jo] N
B 410°F

210°F

51010 F outer div. (S2LOA15)

AXUV
o

actual value
10F set value

XPR position [cm]

freq [kHz]
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Time (s)
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XPR - The Compact radiative divertor (CRD)

« Compensate a loss of confinement by an
increase of volume (40%!)
- Reattachment has to be avoided at any price

- No showstopper yet found (transients,
impurity content, control, pumping & neutral
compression)

- Integrated design for reactor yet missing

[Lunt & Bernert et al 2023 PRL 130, 145102]
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« Compensate a loss of confinement by an
increase of volume (40%!)

- Reattachment has to be avoided at any price

- No showstopper yet found (transients,
impurity content, control, pumping & neutral

compression) (XPR ELM suppression is (obviously) a \ |
- Integrated design for reactor yet missing convincing regime for future reactors

+ Inherent exhaust solution (incl. control!)

+ Might also be combined with other ELM
suppression methods (QCE, NT)

- Reduced confinement and high-ish
impurity content

- Transport channel is not yet fully
\_ understood, hampering extrapolations )




Common issues

Almost all scenarios have reduced

confinement vs type | ELMy H-modes

Many have low edge densities (QH-mode, RMPs)
- Not always a showstopper,
but makes (detachment) life difficult

Power fluxes might be shifted to the far-SOL

(QCE, XPR, rev. B, NT, RMP)

- Full detachment is needed far out

- High recycling (aka “power detachment”) is not sufficient!

Path into ELM suppression without ELMs needed
- Exists for QCE, EDA, RMP, NT, I-mode & XPR

R incl detachment ©

Impurity transport is an open issue for many scenarios
- Requires integrated modelling
with correct pedestal models
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5TH IAEA TM ON DIV

5 =l

| * i..-rm‘Jdt:

[C Paz-Soldan et al 2021 PPCF 63 083001]



Summary and next steps to achieve ELM-free exhaust

r N\(, i
QH-mode/WPQH-mode is critical, but I-mode was dead, but there’s new hope! RMPs could be exhaust-compatible
significant improvements were done - Confinement could be higher - Only if collisionality is the determining factor
- Not yet stable in metal devices - Limited operational space - Reduction in confinement significant (~20%)

) H|gh—.|s.h Impurity con.tent + Potentially compatible with detachment - Prediction for lobe detachment not
+ Fulfilling many requirements, but not conclusive for ITER
yetin parallel - Identify access :
parameter:
> Stabilize in metal machines —> Further evaluate full detachment cases edge collisionality or density
- Further improve impurity transport \9 Improve confinement and avoid PREs ) \9 Evaluate lobe detachment for ITER y
- Fully establish detachment
N/ )

’ N QCE, EDA, grassy/small ELMs XPR ELM suppression is a convincing
NT is a promising option are good candidates regime for future reactc.)rs |
for future reactors * Many different scenarios + Inherent exhaust solution (incl. control!)

+ Good confinement (at low power) + Most are working at high n, , + Might also be combined with other ELM
o , , o suppression methods (QCE, NT)
+ Exhaust by core radiation + Good confinement is achieved

- Reduced confinement and high-ish
- More complicated reactor design - Detachment of filaments (far-SOL) impurity content

- More experiments with optimised to be shown - Identify the ELM suppression
divertor and full power needed —> Transients must remain <0.5% Wp mechanism/transport

AN J\| > Integrated modelling of a
\ reactor design (CRD) /
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