


































































Outline
confinement in axisymmetry
quick reminder of Boozer coords

quasisymmetry QS

definition

classes of solutions

GC Lagrangian in Boozer

coordinates

omnigeneity Q0

definition

bounce averaged GC motion

parallel adiabatic invariant

implications

comparison of hidden symmetries





































































confnementinaxisymmety.at
isymmetry physical quantities indpt of
in cylindrical R 0,2 coords

Lagrangian for charged particle motion

LLF F qa.it

Write L in cylindrical coords
RR grip 22

A ARE A ER OAR a
A

axisymmetry
24 20 0

E 4 I

Po 2
MRI qA R const





































































under strong magnetization limit

B A B ALL
mR 0 mRVt qAxR qBR

ratio
mffs f

poloidal flux
p q A R q flux label

confinement to flux
surfaces





































































Definitionofquasisymmety.ba
sic idea get conserved canonical

Tomentum for guiding center motion

without axisymmetry
in Boozer coordinates 4,0 3

geometry enters

if IE tothrough 151
have symmetry of field strength

definition B is quasisymmetric if

151 X X in Boozer coordinates X O 3
MO N Z Y

phoidal

fixed integers toroidal

define 3ʳᵈ coordinate n M O N'Z
s.t 2 141 TO 5 symmetry

wrt 7

M N MN 0 for well defined
coords





































































Quickrem.in fBoozer coordinates

magnetic coordinates flux coordinates

T.az feldline ijiaiicsare straight

04 00 214 04 73

2147

3

Boozer coordinates choice of magnetic coordinates

S.t.co variantform Jacobian simplified

K14,03774 64203 I TO

flux functions

of 74 70.03 6141,44T
close connection btw geometry

field strength





































































see strength

15114 3
mm

k ff
example quasiaxisymmetry QA

X O n Z M N O
M O N 1

213140,32 0

23

As
z

example quasi helical symmetry QA
X MO Nz M I N O

n z
2B 4 13

3 0

HSX U Weisconsin

s
mn muaaeeetMnamos



















































MAR 3

example quasi poloidal symmetry QP

z n O

2 413 0

z
QPS ORNL design





































































IdingcentrmotioninB

coordinate.ECLagrangian

L qÑIR mv.be r I myItpIe2
MBIR

recall V11 parallel GC velocity
R guiding center position
ie gyrofrequency
p gyroradius

evaluate R in Boozer coordinates providing
connection between geometry 151

A E É 0 Xp 4 3
I E I KItI0t63_

B 4 0 3





































































spatial dependence enters L through
4 Xp I 4 G X flux functions
K 4 0 3 Blt 0,3

Dependence on 10,3 enters through
B K

MHD force balance J B Tp
implies K FLY B

if B is QS dB
an D so is K

0

QS implies 2

E L off





































































canonical momentum thing is conserved

pn lay q MXp NY
mB

GM IN

strong magnetization limit

pn q Mtp N 4

conclusion symmetry of IBI in Boozer coords

is sufficient for charged particle confinement

quasi or confinement
but not necessary

necessary condition for averaged confinement

247 ti o

averaged radial drift
vanishes

omnigeneity





































































Bounceaveragedmotione

recall that to lowest order in PILKI
charged particles move along field lines

parallel velocity determined from Eam
conservation

E m MB v i ICE MB





































































mirroring v1 D when E
µ B

define 7 ME Berit

at next order in PIL drift across field
lines VB a curvature drifts

vi 04 fit
to prevent net drift Wd.TK 0

define time average through lowest order
motion along field line

recall 4 Q e coordinates

13 PYXTA 4
B V4 D.PK O

flux label

a field line label

l length along
a

field line

lowest order along I





































































average over

forany quantity A periodic loop

AI tA
q

A

T bounce time

Cva V47 always vanishes for passing
particles on irrational surface

focus on trapped particles

B
But when B Berit

V11 O

T 8 S 5
I





































































averaged drift in Ya e coordinates

VI THE F fde v

condition for omnigeneity

imrlf f

Paralleladiabaticinvariant

Ju fode vie is an adiabatic

invariant

adiabatic invariant conserved quantity
Tsociatedwithapproximate periodic
motion





































































magnetic moment µ is an adiabatic invariant

associated withfast gyromotion Nw 1

Ju conserved if we 2 1 for characteristic

frequencies w

CTI ONE
f

Jd TAE

of a

J is invariant

align fluxS.fi9fitsurfacesLdrift
surfaces





































































Drift surfaces in Subbotin QI configuration

sintz

cos 3 s 4 4

quasi isodynamic QI omnigeneity
w poloidally closed contours of

151



















































is
field line label I

4
mirror

points

Bmax contour is straight in Boozer
coordinates

Other IBI contous must close with

same helicity
OH helical 0A toroidal





































































comparinghiddensymmetr.co
approximate solutions found numerically
for each helicity of QS omnigeneity

near the magnetic axis only QA Q.lt
I possible other classes more

challenging to obtain

QA more compact

larger orbit width

larger bootstrap
worse confinement

QH QI less compact
smaller orbit width


