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Wendelstein 7-X — operation parameters
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Wendelstein

As rotational transform is varied, so does the edge divertor Y
solution

M. Kriete — Wed./9:00 — How scrape-off layer drift effects
change with magnetic field strength in W7-X

S. Thiede — Wed./9:30 — Analysis of the 3D heat fluxes in
the island divertor of W7-X

A. Kharwandikar — Thurs./ 9:30 — Empirical scaling of heat
transport tin the W7-X Island Divertor

Jlow iota“ ¢ = 5/ »standard” ¢ = 5/ yhigh iota”“ ¢t = 5/,

iota at magnetic axis 0.72 —1.07
0.54m/31.9m3 0.51 m/28.6 m3 0.50 m/ 26.7 m3

Divertor images courtesy: V., Winters



Wendelstein

As rotational transform is varied, so does the edge divertor Y
solution

On-axis rotational transform
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Jlow iota“ ¢ = 5/ »standard” ¢ = 5/ yhigh iota”“ ¢t = 5/,

iota at magnetic axis 0.72 — 1.07 0.54m/31.9m?d 0.51m/28.6 m3 0.50m /26.7 m3

Divertor images courtesy: V., Winters



Wendelstein

Core electron heat transport is characterized through power [
balance and heat pulse propagation experiments on W7-X
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Magnetic configurations discussed here lie on the

lota-mirror plane

On-axis rotational transform
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The Phase Contrast Imaging (PCI) diagnostic measures a
significant increase in fluctuation magnitude at low-iota

On-axis rotational transform
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Wendelstein

As mirror ratio varies, so does the degree of neoclassical -
optimization (quasi-isodynamicity with a maximum in on-axis J)

On-axis rotational transform
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Wendelstein

A Quasi-coherent mode (QCM) has been observed in the outer Y
half-radius of the standard configuration

QCM — a mode that develops bandwidth through interaction with the background turbulence

Poloidal correlation reflectometry (PCR) measures a broad coherent mode : ~200-400 kHz range
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Wendelstein

This QCM also generates significant electron temperature Y
fluctuations in the outer half-radius

The Correlation ECE diagnostic can measure across the plasma minor radius

- measures T, fluctuations embedded in the blackbody emission

- 2025 onwards: includes 16 radially scannable channels XP:20230323.058 (14.2-16.0 5)
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Wendelstein

The magnitude of T, fluctuations increase in the region of the Y
QCM : 60-90% minor radius

The Correlation ECE diagnostic can measure across the plasma minor radius

- measures T, fluctuations embedded in the blackbody emission

- 2025 onwards: includes 16 radially scannable channels XP:20230323.058 (14.2-16.0 5)
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Wendelstein

The Quasi-coherent mode (QCM) appears to stabilize in the Y
high-mirror configuration

QCM — a mode that develops bandwidth through interaction with the background turbulence

The QCM rotates in the elec. diamagn. direction and is reduced in the high-mirror configuration;

20230323.058; DE; U-band; Scan67 7 20230216.020; DE; U-band; Scan43
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A. Kramer-Flecken, J. Proll, G.M. Weir, et. al PPCF 67 (2025)
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Wendelstein

Magnetic configuration space discussed here X
lies on the iota-mirror plane

W7-X 20250508.030 | UTC: 09:17:39| TO: 1746695859084000000

[ S R ——
. . 5 —— Pecru
On-axis rotational transform s e iT— B — s
Ea 2 — sr’i?fer
A 0P2.2/3 "Umbrella" format: - : e \ kfml
High-lota equilibration (1s) i ' ' ' : '
(FTM+252) qu o[ ' ' ' T pam)
Flat-top phase (1s) N - —
= — div.gas
Perturbative phase (1s) < 2 — nsdhp (dv)
. 0
’ ECRH modulation (1s) S —
Standard , s, T
. - i) —_— TeO(X\C‘S)
(EIM+252) | - * mirror ratio S — T
* >
Negative mirror : High-mirror _2 ; 1
7 + = a4t —— H/(H+He)
(XIM+2486) , (KIM+252) S 3
* ‘—r'u 2F
7 ) S0t
, * Low-iota g 0
¢ (DBM+252) : — Iinbc:»ard
’/ o — outboa(rjd
’ §: = e
‘ . . . -@ 0 " L - " 1 " L
Radial axis shift Py . .
3 Lk
mirror ratio -0.005 ... 0.32 3 f/ 1
iOta at mag h eti ¢ ClXiS 0 7 2 - 107 - 2 (KIM+2521 w7x_ref 338| . . I[trim:-1041104 64 -64)
. . . ) ) 2 OjO 4.IO 8.0 12.0 16.0 26.0
radial shift : difference in planar coils A/B t; [s]

‘neperated Wed Nov 5 07:24:01,2025 - versien 3.0_- contact; astechow®@jop,mpd.de - data missina: 'CXRS ne'. 'CXRS core'l. ['momplunaes'] 13



Wendelstein

Heat transport in W7-X is characterized through power balance Y
analysis and heat pulse propagation experiments

W7-X 20250508.030 | UTC: 09:17:39| TO: 1746695859084000000
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Wendelstein

Neoclassical electron heat transport can be significant in the core, |/ Y
but is often low for r/a>50% where anomalous sources dominate
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Both the heat pulse and power balance diffusivities decrease

as heating power increases

Heat pulse propagation across the electron-ion root transition region yields

a stiffness of the order 1:

High-mirror

Normalized gradients do not vary significantly, but Te/Ti and ExB shear do

NeXew =—qe/VTe,  MeXe' =—0q./0VT
(0.2<r/a<0.6) | x£B [m?s] | xHP [m2/s] | dInT/dp dinT/dp
KJM (4.2MW) | 0.61+0.37 | 0.81+0.08 3.1+0.6 1.2+0.1
KJM (3.6MW) | 0.56+0.36 | 0.68+0.08 3.3+0.6 1.3+0.1
KJM (2.8MW) 0.43+0.32 | 0.55+0.08 3.3+0.6 1.2+0.1
KJM (2.2 MW) | 0.50+0.37 | 0.58+0.07 2.810.5 1.2+0.1

XP:20250508.030

Er [kV/m]

Te,i [KeV]

Wendelstein
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Wendelstein

The negative mirror configuration behaves similarly, with a [
lower achieved gradient = off-axis heating

Er once again varies, with heating power, and the stiffness remains of
order 1.

Te,i [KeV]

NeXe® = —qe/VTe, nexd" = —0q./ovVT

(0.2<r/a<0.6) | xFB [m?/s] | xHP [m?/s] | dInT,/dp dinT/dp
e

S . . .
= | XIM (4.3MW) 0.6+0.3 0.7+0.2 2.4+0.2 1.240.1 r/a
£ 1 xm@E7MW) 0.5+0.3 | 0.55+0.16 | 2.7+0.4 1.1+0.1 15 —
q) .
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@© Lo22Mw
S | XIM (2.2 MW) 0.3+0.2 | 0.50+0.07 | 2.6+0.1 1.340.1 = 51
pd S 0

Normalized gradients do not vary significantly, but Te/Ti and ExB shear do g

—5- ‘\,
Reduced on-axis magnetic field, 2.486T, is required in 1 __HPP_ WII“"'W

Negative mirror - off-axis heating @ r/a~0.2 (P20250507.033 15005 od 06 0B To
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Wendelstein

Low-mirror has a significant variation in heat pulse diffusivity Y

In contrast to High-mirror : Er does not change significantly with power
- Increased stiffness §
E
ne)(gB = —qe/VT,, ne)(glp = —0q./0VT
(0.2<r/a<0.6) | x£B [m?s] | xHP [m2/s] | dInT/dp dinT/dp
s | AM(42Mw) | 02:02 | 13:02 | 30:05 | 1101
= | AIM B.7MW) 0.240.2 1.1+0.1 3.1+0.6 1.1+0.1 15
E 4.2MW
2 | AM@9MW) | 013:02 | 06:02 | 32:06 | 1.1:0.1 10 "
o
—l AIM (2.0 MW) 0.14+0.2 | 0.46%+0.32 3.1+0.8 1.0+0.1

Er [kV/m]

Normalized gradients do not vary significantly, but Te/Ti does

XP:20250429.070/73/79

W




Wendelstein

Low-mirror has a significant variation in heat pulse diffusivity, Y
accompanied by increased core T, fluctuations

In contrast to High-mirror : Er does not change significantly with power

- Increased stiffness 0.5<yH1P<1.3 m?/s

Te,i [KeV]

NeXe® = —qe/VTe, nexd" = —0q./ovVT

- ﬂ{sxy}
- 11 T/T=2.1% --- Sensitivity
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— 0 200 400 600 800 1000 s o I, .".' 4
kHz $151 4 Tafa .
. . N . th= ! st fm
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XP:20250429.79 [ 4.5-6.55
0.0 —
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WENDELSTEIN 7-X OPERATION AND STELLARATOR DYNAMICS



Wendelstein

In the low-1ota configuration, the stiffness increases X
significantly

. . . . 3 Ne
The electron root region disappears, and the stiffness increases by nearly 1
a factor of 2 in comparison to the High-iota configuration: S
X 3 0.5 1.0
IE; r/a
ne)(gB = —qe/VT,, ne)(elz—lp = —0q./0VT 2]
1_
(0.2<r/a<0.6) | xPB [m2/s] | xHP [m?s] | dinTJdp | dinT/dp oL T
0.0 0.2 0.4 0.6 0.8 1.0
m DBM (4.4MW) 0.3+0.2 | 0.940.14 | 3.7+0.5 1.2+0.1 r/a
_§ DBM (4.0MW) 0.3+0.4 | 0.940.15 | 3.4+1.3 1.2+0.1 15 —
= | DBM@2Mw) | 03:03 | 08:02 | 34+1.2 | 1.2:01 10  omw
1 Er L2.2MW
DBM (2.2 MW) | 0.1+0.2 0.4+0.1 3.9+1.1 1.1+0.1 51 /

Er [kV/m]
)

Normalized gradients do not vary significantly, but Te/Ti does, and there is
low-EXB shear

XP:20250401.060 1% 0.2 0.4 0.6 0.8 1.0
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In the low-1ota configuration, the stiffness increases

Wendelstein

AN

significantly, ... and core T, fluctuations increase in same range

The electron root region disappears, and the stiffness increases by nearly

a factor of 2 in comparison to the High-iota configuration:

ne)(gB = —q./VT,,

ne)(elz—lp = —0dq./0VT
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WENDELSTEIN 7-X OPERATION AND STELLARATOR DYNAMICS
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Wendelstein

The diffusivities decrease, and stiffness remains low In the N
High-iota configuration

Heat pulse propagation across the electron-ion root transition region yields
a stiffness of the order 1: S
AV
o
ne)(gB = —qe/VT,, ne)(({;'—lp = —0q./0VT
(0.2<r/a<0.6) | x£B [m?s] | xHP [m2/s] | dInT/dp dinT/dp
< FTM (4.2MW) 0.3+0.3 | 0.43+0.06 | 3.0+0.6 1.2+0.1 | | " ra
_§ FTM (3.8MW) 0.3+0.3 | 0.40+0.05 | 3.1+0.6 1.2+0.1 15 —
S | FTIM@.1Mw) | 02402 | 0294003 | 3.1+04 | 1.2+0.1 10 - | el
I - 2.2MW
FTM (2.2 MW) | 0.2+0.2 | 0.40+0.06 | 3.0+0.3 1.1+0.1

Normalized gradients do not vary significantly, but Te/Ti and ExB shear do

Er [kKV/m]
(]
ey
= 4"““""
g
i -
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The power balance electron thermal diffusivities remain low in
the e-I root transition region,

Wendelstein

AN

The heat pulse diffusivities are comparable to low-iota :
3
X
0
ne)(gB = —qe/VT,, ne)(elz—lp = —0q./0VT
(0.2<r/a<0.6) | xPB [m&s] | xHP [m2/s] | dInT/dp dinT/dp
EJM (4.7MW) | 0.440.3 1.0+0.3 2.6+0.4 1.140.1
©
S | EIM@.2MwW) | 0.2+0.2 0.6+0.1 3.140.4 1.240.1 15
o) 4.2MW
S | EIM@B8MW) | 02402 | 06401 | 31405 | 1.3+0.1 10- >omw
D e (22 MW) | 0.140.2 0.740.2 3.3+0.5 1.340.1

Er [kV/m]

Normalized gradients do not vary significantly, but Te/Ti and ExB shear do

XP:20241210.040/46

W
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There are significiant differences in core energy transport

between configurations
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There are significiant differences in core energy transport

between configurations
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Low-iota and low-mirror configurations have highest y2* and

core Te-fluctuations
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<FOOTER>

Helium operation is important to W7-X as we prepare for D2

operation (2028+)

« High-mirror: y%? doubles with He at 4AMW input

Negative-mirror: 50% increase

 Possible T,-drive in core?

« Broadband T, fluctuations on high-field-side

2.00
1751 High-mirror : He
a
1501 §
..
= 1.25
5 o :
I:: 1.00 .‘-.- .
=~ 0.75 1 o .
®
0.501 i
i el
0.2> ° R{ye} XP:20250508.010 (1.-3 )
0.00 — . . . . :
0.2 0.3 0.4 0.5 0.6 0.7

r/a

Energy Flux [MW]
N w I

[

0

Energy Flux [MW]
= M (W) =

o
o,
o

Negative-mirror

H2 working gas

Wendelstein

i

High-mirror

XP:20250507.033

0.0 0.5
XP:20250507.072

0.5
r/a

0.0
He working gas

0.0

XP:20250508.030

0.5

¥PB=0.620.4

0.5
<DATE/TIME> r/a

27



Wendelstein

The magnitude of plasma density fluctuations measured by PCI | Y
also increase in Helium plasmas

High-mirror
XP:20250507.033 (1-3/11.5-13.5 s)

PCI wavenumber-frequency spectra H2 working 9as  xp:20250508.030 (2-3/12.5-13.5 s)

104 3
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<FOOTER>

Phase velocities in Negative-mirror: fluctuations appear
localized to outer half-radius on the outboard side
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Wendelstein

Asymmetry in High-mirror: fluctuations appear localized to [
outer half-radius on the outboard side

H2 working gas
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Wendelstein 7-X Contributions at this workshop A

Oral and invited talks

C

C
G
D
A
S
M
R

. Killer — Thurs./ 9:00 —

. Brandt — Fri./ 11:00 —

. Plunk — Thurs /11:00 -

. Carralero — Thurs./12:00 —

Wendelstein

Improving plasma confinement by placing magnetic islands inside the LCFS in W7-X
Stability of high beta plasmas in the Wendelstein 7-X stellarator
Optimizing the turbulence and confinement of quasi-isodynamic stellarators

A multi-machine study on turbulence suppression by density peaking in stellarators

. Kharwandikar — Thurs./ 9:30 — Empirical scaling of heat transport tin the W7-X Island Divertor

. Thiede — Wed./9:30 —
. Kriete — Wed./9:00 —

. Davies — Mon. / 12:20 —
stellarator hybrids

Analysis of the 3D heat fluxes in the island divertor of W7-X
How scrape-off layer drift effects change with magnetic field strength in W7-X

Fast edge magnetic field optimization techniques and application to Wendelstein 7-X and tokamak-

Posters from our experimental turbulence group:

X. Han — P1.26 — Experimental characterization of a low-frequency coherent oscillation at the plasma edge region of W7-X

A. Bonciarelli— P2.05 - Localized probe measurements across magnetic islands: implications for divertor operation in W7-X

A. v. Stechow — P2.18 — Reducing core turbulence by gradient control for high performance Wendelstein 7-X plasmas

T. Windisch — P2.20 — Doppler backscattering diagnostics at Wendelstein 7-X

E. Maragkoudakis — P2.21 — Investigating the impact of the magnetic mirror ratio on the amplitude of density fluctuations and the radial
electric field in Wendelstein 7-X

J.P. Bahner — P2.24 — Turbulent density fluctuations in Wendelstein 7-X increased iota configurations with internal magnetic islands
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Helium operation is important to W7-X as we prepare for D2

operation (2028+)

« High-mirror: y%? doubles with He at 4AMW input

Negative-mirror: 50% increase
 Possible T,-drive in core?

« Broadband T, fluctuations on high-field-side
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Wendelstein
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ECE and Thomson: HPP with Helium
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Wendelstein

Helium operation is important to W7-X as we prepare for D2 [
operation (2028+)
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