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The untrapped orbits are automatically well confined, because the drift

velocity is
Vg = ﬂv X —UHB
B Q B

and the net radial drift

foowoi=fo-(#55)3

along a field line many times around the torus vanishes, because
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Omnigenous fields are, by definition, those that_confine all collisionless
orbits,

Tb
/ Vd'v¢dt20
0

Examples:
— Quasisymmetric configurations
— WT7-X at high beta
— More recently found configurations (Subbotin et al 2006)

Do such configurations have other special properties?
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« In an exactly omnigenous magnetic field
— The second adiabatic invariant

lo
J(@b,a,)\) — mv”dl
1

with

B(l) = B(ls), a=0—1p

must be constant on flux surfaces,

0J
—
O
— Specifically, for deeply trapped particles J=0. Since
2 2
mu mu E
E=——— and = —+L ==
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are constant, it follows that the minimum value of B must be same for all field
lines on each flux surface (Mynick, Chu and Boozer 1983).




Further properties of omnigenous fields
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Cary and Shasharina (1997) showed that B, IS
also independent of field line:

aBmaX . a-Bmin —0
oa  Oa

Otherwise,collisionless detrapping occurs
— associated with a random radial displacement

Definition:

Poloidal angle

Toroidal angle

guasi-isodynamic =

omnigenous
with poloidal B-contours
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B/B,

|B| on a flux surface |B| along a field line
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B on a flux surface B along a field line
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W7-X, high-mirror configuration fir Plasmaphysik
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Also, for any function f (v, B) B,

Iy (¢¥,a,B)
/ £, B)dI
l_(¢,a,B)

Is independent of a.

Radial excursion

J bo 0
A = _#027§¢) ;;[ _I_/B h(y), a, B) Tl (%) dB'

_(BXVY) VB _ uJ(¥) ok
B-VB 27 Ooa

J (1)) = toroidal current enclosed by
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First-order drift kinetic equation for species a

€a¥) V| $1

V|V fa1 +Va - Va0 + 9

faO — Ca(fal) + S

Because of omnigeneity, we can write

afao
O

A\ Vfao = —’UHVHFa, Fa = —A@D

So that
vV |(far = Fo) = Ca(far)

As usual, expand in the smallness of the collision frequency, 9 = ga0 + ga1 + - -

Vigao =0, vV} gar = Ca(Fa + gao)

<§Ca(Fa + ga0)> =0

Yl
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The equation we need to solve is

l+(Bmax) dl [+ (Bmax) dl
(Co(Fy+ ga)) j{da/ Fo+9a) /j{da/
|_ (Bmax) | (Bmax) B

But for any function H

l_|_(¢ (07 Bmax) 8H a l—i-(waaaBmaX) dl
]{da/ (—)— ?{da—/ C,(H)— =0
l (77[) o Bmax) aa /U” aa l—(waaaBmax) 'U”

S0 in a currentless stellarator,

J(¢):O:>ga20

there is no bootstrap current.
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Diamagnetic effect of banana orbits: on each
flux-surface there are

— more counter-moving trapped electrons than co- Ed
moving ones,

— more co- than counter-moving trapped ions
— density discrepancy N | |

f«"More and hotter

\

dn ‘Fewer and colder
Antrapped ~ _61/2 _TA'r'banana

These particles produce a drag on the -
ciculating ones. Collisional equilibrium occurs
when

dn , el/2 dp
Ancirc ~ _%Arbanana =4 J~ TS 5

In stellarators, trapping occurs on the inboard
side, too.
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Finite collisionality

« A finite but small collisionality causes a boundary layer between the trapped
and untrapped regions of velocity space.

V| V)9a = Calga + Fa)
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o Simplest transport problem around a magnetic island (Hazeltine, Helander
and Catto, 1997)

v Vyf=V-(DVf) (a)

S = Jo TR

X A
Il

'
I >
0

0
T T
| i

FIG. 1. The original island geometry (a) and its rearrangement (b). Note the
regions I, below the island chain and outside its separatrix; II, inside the
separatrix: and III, above the island chain and outside its separatrix. The two
structures are physically equivalent, provided the thick solid line in (b) is
supposed to be impenetrable.



Bootstrap current
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In a tokamak at low collisionality

(JosB) = By (JO — Jw? )

(JbsB)
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Also true in a quasi-isodynamic stellarator
— in the absence of current drive

Jo=J1 =0

(v« = collisionality)

3 different flux surfaces
in NSTX
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In quasi-isodynamic stellarators, J is a function of vy, and in fact

2 <

oY
e |If w<<wp then

la

JW,E, ) = mu) dl = constant
l1

« If an instability moves a patrticle radially, then

_aJ J B G
AJ Mp+gpAE=0 = AB=-goon

A
7 P

so that stability is promoted by

0J
- <0

O
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9

O

the bounce-averaged curvature is favourable, and

Ko
Wig = kaVde - VO = — (8J)
p, B

€aTha 6¢
k.1, dn,
Wia =
e, dyY
so that
_ kiTa 0J dn,
WdaWxaq — 0

T 2r, 00 dip
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» By definition, quasi-isodynamic configurations
— confine all collisionless orbits
— have poloidally closed B-contours

* The bootstrap current vanishes to a high degree of approximation.

 The bounce-averaged curvature is favourable for all orbits.
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