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conclusions
if pal motion ismostly along
field lines

if r L we can average
over fast gyration

Guidingcenterlagrangian 14 sn

starting w charged particle Lagrangian
we will build on observations from

straight magnetic field case

order terms in Lagrangian wrt assumption

of strong magnetization

average over fast gyration
advantage symmetriesapparent

recall L q q p q q q H q.plq.jp

We will use phase space Lagrangian
more freedom in coordinate transform
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Guidingcenterassumptions.LI
equilibrium length scale e.g It ITBI B

W equilibrium time scale e.g W Vt L

small gyroradius PIL KI
fast gyration I

define small parameter

PL W
r 2 1

as in case of uniform field expect
slow timescale describes averaged
guiding center motion

fast timescale describes periodic
perpendicular motion



Scale separation in stellarators
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i r forms orthonormal basis

decompose position
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Vi1 5pff
Parallel component
of g c velocity

Energy conservation

since L is time indpt H E is conserved

If 8 2 0 27 4 2 0 2

n

µ conservation provides
effective potential for V1



Particletrapping

E µ conservation leads to particle

trapping ignore I for now
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if B Berit then particle will mirror

Vii turns around trapped particle

otherwise Vi 0
passing particle
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on top of parallel motion w trapping
effects motion provides

driftsacrossfieldlines.EE

min D Rx mviiTxb qB MTB

parallel component 5
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perpendicular component Bx

Rt Vi5 f5ffB_ Ég
Eature FEE EEdrift
drift
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curvature TB drift known as

magnetic drifts depend on sign
of charge
Ex B drift is indpt of charge
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Suppose purely toroidal field
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curl free condition J O 7 5 0

2
RBO O Be YR

TB drift a TBQ R 2
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unconfined drifts



toroidal toroidal poloidal

poloidal component enables drift

averaging
2 A confne drifts
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analogous to honey
dipper effect rotation

prevents deconfnement

due to gravity



although poloidal field is necessary for

stellarator confinement it is not

sufficient due to pay non conservation

need for hidden symmetry

example QH configuration
w symmetry

breaking


