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Stellarators provide a clear path toward fusion energy

J

The stellarator concept poses the challenge
of achieving a burning plasma state, as a
purely design problem.

e Steady-state Is intrinsic

* Fully non-inductive operation
o Stability imits are soft

* [ransients are non-disruptive

* [he challenge is to build in the confinement
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Stellarator performance hinges on new devices with
~Increased capability

Experimental Data
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Stellarators allow us to address the needs of burning

plasmas now

~

J

Problems they solve Topics to be addressed

- Steady-state - High-performance

- Transient-free - Impurity confinement

- Non-inductive - Plasma-wall interactions
- Tritium Breeding

- Magnet

Design
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Why international stellarator research’

J

Of the operating stellarators in the world only two are capable of long pulse, high beta
operation.




The U.S. has a growing international collaborative

effort

J

IN th

e past decade the U.S. has had active (funded)

collaborations on both the LHD and W7-X devices.

-Xray Imaging Crystal Spectrometer - Xray Imaging Crystal Spectrometer
-Equilibrium Reconstruction - U.S. Built Trim Coil System

- Equilibrium reconstruction
- Divertor Scraper Element Program
- Phase Contrast Imaging System

- Island divertor physics program



VWendelstein 7-X

J

Wendelstein 7-X is the worlds first high-performance
optimized stellarator

e Quasi-isodynamic optimization
¢ 1800 second plasmas planned
e 10 MW steady-state heating

e 3D divertor geometry

e Stored energies in excess of 1 MJ

Operation started in 2015 e 27/ m3 p|asma volume




W7-X has already achieved 1% beta

W7X 20171207.006
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00 05 10 15 20 25 30 35 40 45
time [s]

Slide courtesy Sergey Bozhenkov (IPP-HGW)



\

already achieved 1% beta

W7X 20171207.006

World record stellarator triple product
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The U.S. fills key roles in the W7-X experimental
program

® Assessment of error fields in stellarators

e Role of 3D fields in power exhaust

e Confirmation of optimization and confinement

¢ Development of divertor concepts for steady-state power exhaust

¢ Direct input to the planning of the experimental campaign
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“U.S. Trim Coils play major role in W7 -X scientific
~exploitation

e First confirmation of coil assembly accuracy

e First actuation of limiter heat loads

e [First assessment of coll deformation due to EM loads

e Essential to long-pulse operation through divertor
load symmetrization

Superposition of 5 flux surface images,
showing actuation of configuration by
the trim colls

IPP engineers and scientists standing The trim coils are 5 water cooled
inside a trim coil after delivery. copper steady-state coils on W7-X.

Lazerson et al. 2016 Nucl. Fusion 56 106005



X-Ray Imaging Crystal Spectrometer (XICS) is

confirming optimization of W7-X )
e First measurement of ion temperature in W7-X
X oqam2NeNsNG
e First measurements of poloidal flows on W7-X % 2y it e
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Geometry of the XICS viewing chords in W7-X lon temperatures routinely measured in W7-X by
| XICS.

Pablant et al. 2018 Phys. Of Plas. 25 022508



' —High resolution infrared camera program played key
role in the limiter campaign

J

¢ Provided first measurement of heat flux to limiters in first operational
campaign -

Lok Atamos
e Provided data key to scrap-off-layer modeling OAK

e Provided first confirmation of plasma-wall interactions
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The U.S. Is poised to tackle serious reactor-relevant
Issues using W7-X in the next 5 years

J
e Steady-state fueling (Pellet Injector Program)
e Steady-state wall conditioning (Boron Powder System)
e Transport control (XICS Program, Heavy lon Beam Program)
e Steady-state heat exhaust (Divertor Program)
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Fast camera image of high field IR camera view of scraper Depiction of boron powder

side pellet injection element installed in W7-X head for manipulator




U.S. divertor program poised to make a large impact
_in the upcoming campaign (OP1.2b 2018)

e [irst test of divertor protection element
(scraper)

¢ |R cameras to assess heat loads

e | angmuir probe array to assess plasma edge

e Filter-scope system to assess impurities
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Lore et al. 2014 |EEE Trans. On Plas. Sci. 42 3, p.539



~

The U.S. program on W7-X is a partnership

e [he ‘one-team’ approach

Error field correction = Trim Coils
. ' lon Temperature = XICS
® On -Slte, On—tl me, On - needs Divertor protection = Scraper Element
Wall conditioning = Boron Powder Dropper
Fueling = Steady-State Pellet Injector

e Bilateral success metrics

e Committed team of scientists and engineers

OAK ‘
o oy ¢ T @
’ TU/ e ’A"TU ..m
) I. Al @ i Us:uversntat
CIO“K)& tuttgart
D W %‘H]". l(lﬂlQ AUBURY IIIIEI'IEI' e u@ VISCONSIN -

ooooo
oooooooo

We are not alone!
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Stellarator research greatly benefits from collaboration
on international devices in the near future

J

W7-X a
ISSUES |

Nd

N b

U

D provide capabilities to address critical

'ning plasma science before ITER

operation begins

- Steady-state operations

- A facllity to assess plasma-wall interactions

- Assess the role of 3D fields on confinement

- Operations in a regulated, reactor-like, environment




Future U.S. collaboration opportunities exist at W7 -X

~

J

o Steady-state pellet injector

e Heavy-ion beam probe program

e Energetic Particle Physics
e 8 MW of NBI coming online in 2018
o 1-2 MW of ICRH in 2020

e Divertor Physics
e 10 MW/m2 for 30 minutes 2020

e Steady-state wall conditioning
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An International view on a 20 year strategy

Goal: U.S. delivery of a world-class burning plasma science facility by 2040.

1. Aggressively pursue collaboration on the international superconducting
devices

 W7-X: Long pulse, high B3, island divertor, fueling, and PMI
e [ HD: Deuterium campaign, high B3, helical divertor

2. Initiate national design and optimization activity for an improved quasi-
symmetric stellarator

3. Develop a conceptual design for a next-step mid-sized US facility to extend
guasi-symmetry into the hot ion regime

* Focus on benefits of flow and symmetries which cannot be investigated
on the large international facilities

e Define the minimum scope, needs and capabilities of such a system




