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This work examines bootstrap current and its impact on the equilibrium properties
in optimized stellarators.  Two independent methods are used to calculate the
bootstrap current: a fast code based on a calculation in an asymptotically
collisionless limit [K. C. Shaing, et al., Phys. Fluids B 1, 148 (1989)] and a fluid
moments approach that self-consistently calculates the neoclassical transport
coefficients, including the bootstrap current [D. A. Spong, Phys. Plasmas 12,
056114 (2005)].  The bootstrap current calculations from the two codes were done
for low density, ECH-heated and high density, ICH-heated plasmas, for a range of
configurations, and provide a benchmark for the moments code and a test of the
range of validity of the collisionless code.  In the configurations examined here,
namely, the Quasi-Poloidal Stellarator (QPS), the National Compact Stellarator
Experiment, the Helically Symmetric Experiment (HSX), the Large Helical
Device, and the Wendelstein-7X Stellarator (W7-X), the bootstrap currents
predicted from the two codes agree qualitatively for both ICH and ECH profiles.
A self-consistent bootstrap current results in a negligible increase in the rotational
transform for W7-X, an increase in the rotational transform for QPS, and a larger
decrease in the rotational transform for HSX.
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Abstract

Motivation
¥ Bootstrap current in a stellarator can potentially have a large

impact onÉ
! the rotational transform proÞle
! the quality of magnetic surfaces, especially near the edge
! MHD stability

¥ In recent stellarator experiments, obtainable !  is increasing
making it signiÞcant bootstrap currents more likely

¥ Improve our understanding of bootstrap current in quasi-
symmetric devices

¥ Undertake a comparison of the bootstrap current calculated in
two separate codes:

! A new moments method for calculating neoclassical transport
! A fast code that uses an asymptotically collisionless expression

for the bootstrap current

¥ The moments-based transport model developed at ORNL is a
powerful tool for calculating plasma ßows for arbitrary
geometry

! The bootstrap current is one of the quantities that can be
determined from the transport model

! For more details on this model, see the poster by D. Spong at
this meeting and

 D. A. Spong, Phys. Plasmas 12, 056114 (2005)

! This comparison provides a bench mark for the code

¥ The BOOTSJ code has been used extensively for predictions
of bootstrap currents during stellarator optimization

! The speed of the code (a few seconds of CPU time per
conÞguration) makes it ideal for use in a optimization routine

! The code uses an analytic representation of the bootstrap current
in the collisionless limit

 K.C. Shaing,, et al., Phys. Fluids B1, 148 (1989).

The Equilibrium Configurations ECH: Low Collisionality Impact of the bootstrap current on
rotational transform

Discussion

Copies of this poster can be downloaded at:
www.physics.umt.edu/plasma/downloads/sherwood2006_ware.pdf

¥ We have examined bootstrap current in Þve conÞgurations:
! HSX, NCSX, QPS, W7X, and in inward-shifted LHD

¥ All conÞgurations have been scaled to
    Minor radius: <a> = 0.33 m
     Magnetic Þeld strength: <B> = 1.0 T

¥ Calculations of the bootstrap current were done using vacuum
magnetic conÞgurations [for NCSX, plasma current ~110 kA]

¥ Two separate sets of proÞles for Te, Ti, and n, have been
studied (both assume ne = ni = n).
! Both use a broad density proÞle with pedestals in both n and T
! " n = 1.0  and  " T = 0.6

Goals

Outer ßux surfaces of scaled conÞgurat ions

ProÞles for ECH and ICH heat ing

¥ For the ECH heated plasmas, the ions are collisional over
most of the cross section while the electrons are collisionless
(#* = # R0/$vth ):

¥ Predicted bootstrap current proÞles:

! Qualitative agreement for all cases

! Quantitative differences are largest for QPS

¥ For the ICH heated plasmas, the ions are collisional for all the
cases and the electrons are also fairly collisional over most of
the cross section (#* = # R0/$vth ):

¥ Predicted bootstrap current proÞles:

! Qualitative agreement for all cases

! Quantitative differences are largest for HSX and NCSX

¥ Calculate new equilibria with plasma current proportional to
the bootstrap current for that device
! Match <JáB> for the VMEC equilibrium with the <JáB> from

BOOTSJ
! Compare the rotational transform proÞles with and without the

plasma current

¥ W7X with 1.4 kA of bootstrap current

¥ QPS with 5.5 kA of bootstrap current

¥ HSX with 10 kA of bootstrap current

¥ A very small increase for W7X, a small increase for QPS, and
a larger decrease for HSX

¥ The bootstrap current predictions from the Moments-based
transport model and the BOOTSJ code agree qualitatively
! Quantitative agreement is better for the ICH case for some

conÞgurations and better for the ECH case for other
conÞgurations

! Total bootstrap current is small for these cases

¥ These smaller amounts of bootstrap current only have a small
impact on the rotational transform

Calculat ing bootst rap current  for arbi t rary
geometry and col l isional i ty

BOOTSJ provides rapid est imates of the
bootst rap current  in stel larators
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ICH: High Collisionality
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