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The importance of the edge and divertor plasmas

Plasma Edge
* Interface between confined plasma
and the open field line region
e Crucial in defining the overall
plasma confinement

Scrape Off Layer (SOL)
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Outline

* Why does the edge define the confinement?

* The Low to High confinement mode transition: an
interpretation of the power threshold

: Plasma
* Separatrix plasma parameters

Closed

* Role of the ion to the electron temperature ratio | field lines

* The plasma exhaust problem

: . . Open Scrape
* Role of deuterium molecules in the divertor of field lines Off
ASDEX Upgrade / Layer
* Transition phenomena: the detachment “clift” | Separatrix
Brcoce i Divertor plates
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Outline

* Why does the edge define the confinement?

* The Low to High confinement mode transition: an
interpretation of the power threshold
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Tokamak plasmas typically show two different
confinement regimes [Wagner, PRL 1982]:

* Low confinement mode: L-mode

* High confinement mode: H-mode

TenH =~ 2 - Ten,L

H-mode < Edge Transport Barrier (ETB)
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L-H transition reproducible:

Piprog = 0.049 BO8 0.72 50.94

JoP, 2008]

Low (L-) to High (H-) confinement mode transition
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Turbulence decorrelation at the L-H transition
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Is there a correlation between Py, o5 ¢ BP®nd725%%* and
the Vvgp at the L-H transition?

[M. Cavedon et al, RSI 2017]: vg«g and T; on 100 us time scales
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Candidate explanation for the L-H transition 0 T T T _
L-mode
LB x N N = = S S #2601
N <
T LT S 19
T 1 <101 ]
[Biglari PRL 90] T‘.“ - Viezzer, NF 2013
r -20r H-mode }-]
: #26598 ' |
vVE><B ~ Yturb 3oL . . . |
—Turbulence Suppression =0 40 '3°OR_RsepE§£] 1.0 0.0
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VVUr«p = min vgyp at the L-H transition

12
T ()
— - _
E v o ¢ min vgyg = VUgxp
— . Q 7 is approximately
= - = =k = - constant at the L-H
2 1\ 4 o transition in AUG
m
> 1 —
N—r D (CX)
S oL g Eggg)) Sauter NF '12] (only By and n, scans in
E D (NEO) [Shao PPCF '16] very constant plasma
| | | H (CX) conditions)
0 - — —
1.0 1.5 2.0 2.5 3.0 3.5
P M ASDEX
EDEGLI STU net7 LH [ W] U pg rade
& g [M. Cavedon et al, NF 2020]
Elcoced [M. Cavedon et al, PPCF 2024
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HeurlSth MOdel Of Pth?" [M. Cavedon et al, NF 2020]

[M. Cavedon et al, PPCF 2024]

ASDEX Upgrade Experimental Evidences Assumptions
. magic _ * Onlyion transport in equilibrium:
i V(n;T;) LH = NiXedgeV1!i
* lons are key forthe L-H & vgyp = Vi = 7
l l . . . .
[Ryter NF 2014, M. Cavedon NF 2017] * VUpxp = 1 IVTI + T1Vn1 ~ 20
Bl e e n; Be
P, = 1 magic BS
LH = NiXedge 5 VExp €
With xeage = 1 m?/s and vg:fégic ~ 6km/s:
P,y = 0.048 nBS [MW] Piprog = 0.049 BY8nQ725094
[Martin, JoP, 2008] A
= DEGLI STUDI . GSE r%ée
% : [Wagner F. 1994 Workshop on Transport and Fusion Plasmas (Gothenburg, Sweden)]
; c [Rozhansky V. et al 2002 Nucl. Fusion 42 1110-15]
jam]
B

lcoceh  [R. Bilato et al NF, 2020], [U Plank et al PPCF 2023]
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Outline

* Separatrix plasma parameters

* Role of the ion to the electron temperature ratio
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The case of T; at the separatrix

* |n present tokamaks, ions and electrons are coupled in the edge, but they decouple
in the SOL due to their different masses such that T; s, = Te sep

11 . : :
ol T=T/T : . O ASDEX Upgrade [3]
i 1 e |
* Important for SOL fluxes | O ASDEX Upgrade [3]
9r I Vv ASDEX Upgrade [4]
[Carralero, et al NF 2018, R.J. Goldston NF 2012] ol i o WV ASDEX Upgrade [4]
: + DITE [7]
: . T : v DITE [9]
* Sets boundary to predict the confinement | |k || © pITE [10]
[T. Luda di Cortemiglia et al NF 2020] | DITE [11]
S5 h JET [13]
af | 1| JFT-2M[14]
, o v JT-60U [15]
* Determines the edge turbulence ch §8v * 1] o TEXTOR-04[17]
[P. Manz et al 2020 Nucl. Fusion] 2+ 8 vg% {| O TEXTOR-94[17]
ivgj . || ¢ TEXTOR-94[18]
1 V o g \ & * Tore Supra [20]
£ RESLLSTU! Y 0.9 1 11 12 1.3
: = P M K PPCF 2
2 % [M. Cavedon et al 2025 Nucl. Fusion 65 106007] ! . ocan, 008
BICOCCA Separatrix
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The physics of T; / T,

i . 7T Canonical picture
' l i i e
| .6.3’ . i o T * q) < q due t? m; D> m,
() 7/2
o *Tlyee e Qiel X Kie T; "/ L wherek, = 40 k;
: ~|0 o
102_’ o a.!o * |on heat exhausted through electrons
; - [ ) [ _J
—_— I Pe,i ’
T {o,.T ° up Mel
(] l (4 o (] ~ * ~ e
(—> ‘Weoq o Qeq ~ VsoL™ 2
|£ L) ° [Stangeby loP 2000]
: ® 000 q
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: ‘e e . ( 2
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' u el ] 3/2
' Deq Te,i T
| ’ e
10! : | :
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. | ASDEX
SDECUSTU Ppol |dea: scan of n,, By, L, and power Upgrade
z : :
%Il:ll[:l:% [M. Cavedon et al 2025 Nucl. Fusion 65 106007] in TCV and ASDEX
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Density scan in the TCV tokamak
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Within a factor
of 2 in n, there

is no change in
Ti/Te

Similar results for
ASDEX Upgrade
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Qi/Qec is the

dominant factor in
determining T; /T,

0.02

The SOL ion heat flux is not
exhausted through gy, or at
least this is not the most
important mechanism next
to the separatrix!
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* The plasma exhaust problem

* Role of deuterium molecules in the divertor of

* Transition phenomena: the detachment “cliff”

M. Cavedon: Connecting the edge to the divertor in tokamak plasmas
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The problem of the plasma exhaust

/ SOL “thickness” of only few mm is expected

effective

= (giv = 60 MW/m2 which is like the heat load on
the sun surface (Hg,,, = 63 MW/mZ)

[EU-DEMO 18]

/l\

What can we do about it?
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Plasma Detachment and D, molecules

Plasma Detachment * np, isneeded for particle balance

* D, can play an important role in
the recombination region

Heat Flux n, ~10%m=3
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e-1 Rec.
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5 & For areview on the detachment see: AW Leonard PPCF 2018 o

BIGOCCA S I Krasheninnikov 2002 Phys. Scr. 2002 7
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ASDEX
. . . Upgrade
Determination np  and np, from Balmer lines
Balmer line emission In the divertor, everything is at least 2D!!!

Ep(y= Ne[PECEN, + PECTn,] + |
+np,n.[PECE, + PECI’;2+ for + PEC[;3+ fp+ + PECh-fp-] S
n=3,4,56,.. Depgndis on ) i

1019 BI
Parameters: n,, T,, np,,Np W
1018

Approximations:
* 0D approx from AMJUEL => f,(n,, T,) = n,/ny,
* and ny+ = n,

[T Nishizawa, M. Cavedon et al PPCF 2020]
[T Nishizawa, M. Cavedon et al PoP 2021]
[K'Verhaegh et al, PPCF 2021] [E. Huett, Master’s Thesis, TUM, 2021]
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Role of np, and np, in the detachment

Breakthrough: first 2D n, and T, at ASDEX!

DTS: Divertor Thomson Scattering —» n,, T,
s #38996 < "33> < T, > | <np,/neg> | <np,/ng>
' — =205 ’ eV
| — t=35s y
: | 9 eV

—0.6 1 o7
; Attached ~ 10%° ~ 0.01 ~

® LP

—0.7 1
E Startof 1.7102° 1.8eV  ~ 0.15 ~ 0
v —0.9
detach.
—1.01
] M= Deep 1020 1.0eV  ~1.0  ~0.04
. \ . . detach.
o 12 14 1.6 12 1.4 1.6
R [m] R [m]

Parameters: 3, X, Np,,Np

M. Cavedon et al NF 2022] Moleculg segm jco have a mln.or role in trlggerujg the pr
bt ST recombination in ASDEX, while MAR can contribute @pgmde

=
= § towards deep detachment
BICOCCA

[Fantz, U. et al. (2001) JNM]

03/02/2026 - CIP M. Cavedon: Connecting the edge to the divertor in tokamak plasm 19/24



A Dlvertor Thermal Helium Beam for ASDEX

—0.90 1
g5 * Continuos 2D measurements of n, and
T, at the outer divertor
—1.00 1
% ~1.051 * 900 kHz sampling rate — possibility to
investigate turbulence phenomena in
—1.10 4 .
the divertor
-1.154
Surfaces
-1.20
R[m] " [S. Hoermann, M. Cavedon et al, RSI (2024)]
lelo #40015 #40015 [S. Hoermann, M. Cavedon et al, PPCF (2025]
N = o o
I N/ 100, Currently designing the real-
£ S FS . . .
S | 7 time implementation of the
= 50 . .
prcu sruny 0. - & + spectroscopy dlagnostlcs (Ti,
é é -1+ . . . . . 01 . ‘ . . . . vrot, nimp, ...) In AUG
% % 1.0 1.5 2.0 2.5 3.0 3.5 1.0 15 2.0 2.5 3.0 3.5
BICOGCA time (s) time (s) (B. Tosto et al)
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The detachment “cliff”

* First observed in [McLean et al. JNM 2015] but only

in H-mode at DIII-D
>
2 °® #40363
= ) 0.151
e 1.21 L-mode °
Y
= (
S0 ¢ =
Q:%O.S- . .:‘ °*% o
-% L .3 °e ® Smooth
& 0.61 ° O Smooth (N) 5 10 15 20
¢ ® Cliff . [eV]
0.4- —— T1=4.7 0,=1.94 T,=15.92 0,=3.6
([
1.25 1.50 1.75 2.00 2.25 2.50
1.7 i , ; ny [m~3] 1e19
3.00 3.05 3.10
time [s]
[L. Scotti, M. Cavedon et al, =2 Physics of detachment (modelling effort ongoing, L. Scotti): -
s PPCF 2025] * Triggering mechanism of the detachment ASDEX
< DEGLI STUD!I Upgrade
: > —> Detachment control:
%lcn“% * The presence of a transition processes must be known
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Conclusions

* Using the experimental findings that vy5 = 6 km/s and that the
i(}n}g are key player in L-H transition, we proposed a heuristic model
Of Fepr

* T; /T, at the separatrix is determined by Q;/Q. while v only plays a
minor role

* Molecular processes only play a minor role in the triggering of the
recombination in ASDEX, while MAR can contribute in the deep
detachment

* The detachment “cliff” is a key feature of the detachment physics in
ASDEX in both L-mode and H-mode, and possibly in future high-
density machines
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Are we in the right n,-range? [Stangeby loP 2000]

7/ n2(T, =T
K'i'e L OCL e( l 6)

[Brida, E2M seminar, 2023]

3
. g T?
V soL \ Y ] | '{e J
1 10 100 i) ie
al [Stangeby loP 2000] T L?n3 2
Ti—1 T5/2T3/2 t
l i e Collisionality
3_ ®
T —0— AUG density scan
TGI: AUG n,-scan 307 —&— TCV density scan
ol X% R )
TCV n,-scart
1 . L L . .......xx LR X
10" 10" 10'°
n, /T2 [m2(eV)?]
e E
- =
BICOGCA
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Ti [GV]

Comparison to RFA

300

250

200

150

100+

50-

0

#38928 #38928
| CXRS - "'~.~ S
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0 ’Wf;
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] f
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Main lon CX (P. Cano-Megias et al, upcoming EPS)

0 vPed P = 1 52 #38539t=243s vPe? P = 0.99 #38540t=2.83s
Pecrn = 0.7 MW Pecry = 3.8 MW
0.7} Pngr = 2.5 MW 1ol Pngr = 2.5 MW

0.90 0.95
ppol

DEGLI STUDI
=)

&9 UNIVERSITA’
NVTIN I

o
IGOCCA

28/06/23 - IPP Symposium M. Cavedon: Connecting the edge to the divertor in tokamak plasmas 26/22



T; [eV]

Density Scan
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Ti[eV]
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Ti[eV]

Power ccan Al IF

102

1 ® #3887] Pecru = 0.4 MW
.‘ o, [ J #38894 Pecry = 0.0 MW
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Not the best, most of ECRH power lost in radiation
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Nature of the radial electric field

Neoclassical theory predicts [1]:

V(Tini) ki
Er,NEO e T — B

7 = main ions

0— -

60F .., T TR

0.98 0.99 1.00
pol

Viezzer NF 2014

0.96 0.9

[1] Hinton Rev.Mod.Phys. 1976

M. Cavedon, Er in fusion plasmas, DPG Munich

Correlation H-mode and lon Heat Flux

3.5

| | | | |
(@ PLh Qiedge
10MA —&— —a—

O6MA —~ - o _

| |
15N 2 25 3 35 4
i [1019m ]

[Ryter NF 2014]
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CX spectra contributions:

— o
»  Active:

AT+ DY 5 AU 4 py 4 DT

|| e

»  Passive:
AZ=D+ 4o i 5 AGDFT Ly toed

_ LOS
A?T 4+ DY — AZ=VF L DY 4 by o
= 1e18 AN |
I 3 =1 — L ocalized measurements of:
B — Passive
~> 5 | — Active » 0= T;
£ 2 _Fit ¢
= ] > A= n,
= > AN\ = v,
i
a0 Vp
& 468.2 468.8 g VPa g B
)\[nm] = r eZana Up,oz t ‘|"Ut,oz P
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Edge CXRS at ASDEX Upgrade

QASA\wa == nassan

T

0.40
0.20¢
3 NBI\3
N +
0.00

Poloidal
Edge
CXRS

% [m]1.50

1.00

0.50

M. Cavedon, Er in fusion plasmas, DPG Munich

» 52 LOS:
CPR: 21 poloidal (1 head)
CMR: 31 toroidal (3 heads)

Vp
L = BZQ;ZQ — UH,aB¢ = Uqb,aBg
a = He?t BO+ Nt .

» Radial Coverage and Resolution:
Rynaj € (2.10,2.16] m, Ar < 5mm

» Temporal Resolution:

» 35 LOSs@2.3ms (old)
» 9 LOSs@100us (new)

[Cavedon et al, RSI 2017]
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#31017
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> >
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= =
D D
m Han)]

00 o

50 00 25 50
time + 4632[ms] time + 4973[ms]

M. Cavedon, Er in fusion plasmas, DPG Munich

» |-phase:

» present at the L-H and H-L
transitions [Zohm PPCF 95, Schmitz

NF 14]

» turbulence bursts Ap correlated
with magnetic signal By

> increase of particle and energy

confinement (see type-I ELM and

H-L transition)

» Compare min(FE,) and Py,
» min(FE,) =~ VE, [Viezzer NF, 14]

» E, vs By neo fast dynamics

21 March 2019,

10/18
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Profile evolution during a stable |-phase @ W
\-—¢

S

HeZ+
Vo
1
(o))

RRlcm] ——-14 —— 09 —— 04 #30796
L I

T I T

[1 o'8m-~ 3]

L S » Reduction of the Edge Profile
Gradients at the turbulence onset

Ny

T [eV]

: > v = Vp;/(eBn;) fluctuates in
] ] . . ] phase with vg«p during the I-phase
[Zohm PPCF 96, Cholchin NF 02]

[km/ s]
g

] = . ] » Neoclassical flow need to be
3 included in the fast turbulence-flow
Interaction

= | | |
-40.50 -0.25 0.00 0.25 0.50

time [ms]
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E,. vs Neoclassics during

p = —+-0.980 —-0.989 —+-0.995 -2 . . #311 019

|
S
|
(o))
T
!

VEx B [km/ s]
%

Vgia [km/s]
=

=12
- 16 14, -
0 I I | | /’
-18

-18 —14 -10 6 2
VExp [km/s]

- Vyip [kKM/ 8]

VExB R VY, within 100 s

107 7L time resolution

= Other contributions
to E,. are small

Turb.Lev.[a.u.]
=

10~ ° SR PR e
<« DEGLI STUDI .
‘E’ E -04 0.0. 0.4 0.8 1.2 [Kobayashl PRL 13]
= c time [ms]
jam] @)
BICOGCA

[Cavedon et al, NF, 2017]
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Ppol = @ 0.979 @ 0.985 @ 0.991 e 0.997
| I I I
#31529

Edge E, evolution
during an ELM-cycle

¥

Ti[eV]

» Difference in E,. in this phase while it
consisitent to neoclassical for the rest

=
of the cycle L O
Viezzer NF 14, McDermott PoP 09 = R WA N
» Between 2 and 4 ms spin-up of the - -
2 . . o £
He*" poloidal velocity compare to =)
pre-ELM conditions 3 =
k: :
[Cavedon PPCF 2017] #31529 = ;
[ + I [ I -
oF z ! - = 45 p _
—_ D s i £ ™ -
S - P minE r) > .
3 —20 ¥ o T S 30
X 40kt Same .\7-::\"-? b . ;.‘“é o T .
A e & 15 - ' .
-60 " } E } < '.':’..Iu,’ s I : _ = % } E =
of : ’ 2 o} z -
— LT mMin(E r neo ) o s
E - 20}k _‘.‘-.‘. S‘:::c.'. | .i. -5 E
; ..1‘.. oo k' '.'N:.. :.. ” + - 10 .:
< -sopaeseit T Uit B :
- 60—+ ~ -20 E
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Yturb

~ constant

[Schneider P, et al 2013 Nucl. Fusion 53 073039] .
L-mode confinement weakly depends on B

TIIETERSQ-P = 0.048 MO.S 18.85 Rl.2 a0.3 kO.S nO.l B0.2 P—O.S

P.N. Yushmanov et al 1990 Nucl. Fusion 30 1999
Mass dependence:

See R. Bilato et al 2020 Nucl. Fusion 60 124003

GENE simulations towards the L-H: N. Bonanomi et al, pinboard

DEGLI STUDI
=)

&9 UNIVERSITA’
NVTIN I

IcOCCA R. Bilato et al 2020 Nucl. Fusion 60 124003
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Step 2: HFHD

€gmy= Ne|PECHing + PEC i,

102 * Very good match DTS and Stark-broadening n,
I . .
1073  No need of ny._ to explain Balmer signal
_ H>
100_: ne [10%° m 3]
_1§ LeleV] e stark = 0.14 - 102m=3, 1, prs. 105 = 0.13 - 10207~
L, z e DTS
o Div Spec 3 1.00 o
] = \Y . 7
10734 107 : i a [
1.54 1.56 158 1.60 1.62 E 5 0.95-
R along LOS [m] ;:\; 1017 - e 2 .
= . = 0.90-
1016_
= T T T , O°85_ T T T T ?
D, Dy D, Ds D, D, Dy D, Ds D,

M. Cavedon et al. | 48t EPS 2022 | Online | 28.06.2022 | Page
40



Step 3: Detachment onset

€gmy= Ne|PECHing + PEC i,

=

1004 e [10%0 m_3| ,
] T, [eV]

no = 0.140 <n,.>

1.54 1.56 1.58 1.60 1.62
R along LOS [m]

Very good match DTS and Stark-broadening n,

* No need of ny, to explain Balmer signal

[ph/ sr/m?3/s]

l Role of MAR seems to be limited
in triggering the detachment

Ne, Stark = 1.65- 1020m_3, Ne,DTS,LOS = 1.73-1

10" o DTS
¢ Div Spec
101° 4 °
O
1018 4 °
] o
D, Dg D, Ds D,

M. Cavedon et al. | 48t EPS 2022 | Online | 28.06.2022 | Page
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Step 4: Complete

€nmy= Ne|PECin, + PEC}j+1,)

N
1 |
ne [10%° m=3]
T, [eV]
ng = 1.041 <n,>
np, = 0.040 <n,>
1.54 1.56 1.58 1.60 1.62

R along LOS [m]

ny, starts to be important to interpret the B
series but ny, is only few % of n, or ny ng
(consistent to Fantz, U. et al. (2001) JNM)

M. Cavedon et al. | 48t EPS 2022 | Online | 28.06.2022 | Page

Detached L-mode
+1y1,Me [PECE, + PECjs f s + PECf s + PECE-fy-]

Very good match DTS and Stark-broadening n,

Mismatch between measured and fitted Balmer
emissions

Ne, Stark = 1.66 - 10207’1’1_3, Ne,DTS,LOS = 1.54- 102073

10
' ® DTS
¢ Div Spec
-
o
8
@

B. B, D, B, D.

42
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[
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1.0+




New Head for Fulcher Measuraments in W-AUG (((?})

... but no clear sign of Fulcher Bands in the 2017 Campaign! New Head!

M. Cavedon, D9 molecules in the divertor region, E2M Seminar 2019

0.0~

0.9

1.0

o
T

. 50 7 7.00

12.04.2019, 11/16



First Measuraments of the Fulcher in W-AUG

#35500
| | |
0.8 = ><1017 Q3 DOT‘O4
0.4+ = LI T Q5l T IQ? T T
ool — L MA] — Pecru [MA | = | A |
I | i g 3} || |
6L — 7e,core [101°m™3] g E 1
gL — ﬁe,edgew Ve @ 9ol | | | |
N / ] E
| | | = | l | | | I
O I I I E ]. | | ‘ ] f |
75F — Dul3B [102s7!] — Du05B [10%!'s~{] 2, | | |
NRATRARAR
600 603
» Clear Fulcher emission for LOS looking

directly at the gas valve (DOT-4)
» Two vibrational bands: 0 —0, 1 — 1

» Some of the peaks overlap with other lines

1.5 20 25 3.0 35

M. Cavedon, D92 molecules in the dt\}gpc%r[ﬁggion, E2M Seminar 2019 12.04.2019, 12/16



Dy Tyir, and Ty in W vs C (preliminary)

Ln(n/g)

_— Boltzmann plots
37,50 vi=vi“=0
37,00

36,50

36,00 Measurement
35,50
35,00

34,50

Fehlerbalken entsprechen 20%

34,00
0,00 500,00 1000,00 1500,00 2000,00 2500,00 3000,00

AE e

Fantz et al., JNM 266-269 (1999) 490 (old)
> Tuip = 1700K
> Trot = 3000 K
» I'p, ~1x10°'p/s/m”

M. Caved®H 0833 lBRed(OfEhe divertor region, E¥M3EARRaFOIMEGtNg the edge to the divertor in tokamak plasmas
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=
Time evolution of the Dy emission during density ramﬁi@__}/f‘)
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Step 4: Complete

€nmy= Ne|PECin, + PEC}j+1,)

N
1 |
ne [10%° m=3]
T, [eV]
ng = 1.041 <n,>
np, = 0.040 <n,>
1.54 1.56 1.58 1.60 1.62

R along LOS [m]

ny, starts to be important to interpret the B
series but ny, is only few % of n, or ny ng
(consistent to Fantz, U. et al. (2001) JNM)

M. Cavedon et al. | 48t EPS 2022 | Online | 28.06.2022 | Page

Detached L-mode
+1y1,Me [PECE, + PECjs f s + PECf s + PECE-fy-]

Very good match DTS and Stark-broadening n,

Mismatch between measured and fitted Balmer
emissions

Ne, Stark = 1.66 - 10207’1’1_3, Ne,DTS,LOS = 1.54- 102073
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Determination ny, and ng, from Balmer lines

Problem 2: Cross-correlation of parameters

Problem 1: Spectroscopy Line Integration ,
(in our case only n, and n,;,)

-3
—0.7 7 fe I ] ne =102[m=3]
[ o] — P
-0.8 ! o B
& 10%;
— —0.9- =102 = ] =
C %) 22 |
: / N
(W = N\ S
~1.0- - AN ST -
- ¢ 101§ -~ ——— fit ng,
—1.1- ' | 1020_; < . ng=10%[m=3]
[ 0 5 i 6 3 10
-1.2 | / 1019 Te [GV]
1.2 1.4 1.6 .
R [m] Simultaneous measurements from

n=3to7and 2D (n,,T,)

Unprecedented advantage

of 2D (n,,T,) A. Perek et al, this session
K Verhaegh et al 2021 Plasma Phys. Control. Fusion 63 035018

B Lomanowski et al 2020 Plasma Phys. Control. Fusion 62 065006
M. Cavedon et al. | 48t Eps 20 C Bowman et al 2020 Plasma Phys. Control. Fusion 62 045014
Fantz, U. et al. (2001) Jour. of Nucl. Materials, 290-293, pp. 367-373




Detachment in experiments — Step 3

#38898

| | a a
= Pn1 [MW]
= Pon [MW]
~ 1, [MA]

E

i

)

[1019m—3]

O

]
th
1

[Dpuff 10%2¢~ /5]

<
<
I

[S—

27.09.2021

time [s]

Discharge parameters:

* 0.8 MA,3T, 0.4 MW ECRH

e Beam Blips for CX

* Density ramp in 4 steps

 Measurements at the target (LP),
mid-plane (TS and IDA), and in the
divertor volume (TS)

 #388983s
2DTS (1-26)
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T, [eV]

Detachment — Phase 3

102-:
101-:
1] Profiles from thg
2D DTS data
o .O‘.
T4
10° 5 "‘ ¢
] TS +8 mm . .
DTS ® @
IDA
0.96 0.197 O.l98 0.199 1 .E)O 1 .E)l 1.62

Ppol

* Very strong VT,

e LP not trustworthy at such

low T,

27.09.2021

e [m—3]

1020 l

0.96

Ppol
* Very high nprg
— lonization at the DTS

pe [Pa]

TS +8 mm
DTS (n.-T,)
IDA

10° T T
096 097 098

0.99

Ppol

Pressure not conserved

50



Pressure Profile

1024 " Vipe # 0
Ppol
< { —— 1.003 e D : : ( ) —
Ay oo /. ynamic pressure: max(pgynq) =
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=y —— 1014  #388983s
% 101 —— 1017 2DTS (1-26)
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LP profiles during the “cliff”

Te. aiv poloidal profile #38873 1e19 Ne, giv Poloidal profile #38873
14 ; i
—e— 3.0 ms 4.0 1 i —e— 3.0ms
1214 —— 2.0 ms 3.5 1 | —o— 2.0 ms
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2. What is the detachment cliff? McLean JNM 2015

 The partial detachment occurs
only near the separatrix

- Also the detachment cliff occurs
only at p =1

To summarize:

e Bifurcative transition towards
partial detachment

* Occurs close to the separatrix

* Transition time less than =10ms

Occurs with An_<10%

L.Scotti | EPF | 10.5.2023

‘ ASDEX SDEGLI STUDI

BICOCCA

parallel
heatflux

separatrix

Slide from
L. Scotti
aﬁachei//
partially fully distance
detached detached along target
pronounced
detached

[Kallenbach et al. NF 2015]
3/22



= DEGLI STUDI
=]

| ASDEX &

4. Possible models for the detachment cliff 2

AL T

== ONVIIV

Approach to detachment:
* Positive feedback between ne'ut Slide from

and ExByq L. Scotti

* Impurities enhance the positive
feedback process

60-

50+ , Te(eV)

40 .. : s No ExB

30_‘ e e With ExB |
; o

201 ' g (a) - EXBPFR

101

13 14 15 1.6 17 1.8 1.9 2.0 2.1 [Jaervinen et al. PRL 2018]
n (10"m>) [Hailong et al. NF 2020]
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16. H-mode: influences on the stable high temperature values

BICOCCA

The effect of the input power, of the upstream density and of the injected
impurity species on the stable high temperature value has been investigated

McLean: T, i ¢ VP
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24 o Nine 24- _ T | o oony
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