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CHI Raises Basic Physics Questions 0 f
Helicity Transport
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@ Helicity transport theory predicts that magnetic surfaces must b e
open (either intermittently or steadily) to  sustain current.

® Open surfaces reduce hot plasma confinement.

@ How does CHI operate in  STs to distribute plasma current on the
“closed” surfaces?

® s this scalablet o larger devices and stronger B?

@ s this compatible with good confinement, or will CHI be limited to just a
startup role?

® Need THEORY and MEASURE MENT
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Magnetic Helicity was Defined in a Quite General
and Physically Meaning ful Way by Berger and Field
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Berger-Field RELATIVE HELICITY is the dlifferencebetween two simple A-B
products over all space, V

Berger & Field, J. Fluid Mech .

147 (1984) 133.
Kret = fy A-Bd®Xx—f, Ares -Bres d°x

Flux in V[3 Flux in Vl3

‘\= Outside of the volume
V of interest, Byef = B.

Physical B-Field Reference B-Field

ozo GENERAL ATOMICS
3 NSTX Research Forum 2003



The Moses- Gerwin -Schoenberg Helicity
is Simpler
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@ Berger-Field relative helicity is gauge indep  endent in an arbitrary V and
independent of external fields  and linkages, even if S is not a mag netic
surface, under the generalized condition

This includes the famili ar  A-B,, =h-B on S.
Best choice of a reference field can depend  on the physical problem.

@ In contrast, Moses et al. define  a magnetic helicity in volume V as simp ly

K Moses =JA-B d3x with A=AxV%¥ onS.

Thissets V-A=0 and A-n=0 on S, which yields unique gauge and helicity.
They use no reference fields . Moses, Gerwin, Schoenber g, Phys. Plasmas 8 (2001) 4839.
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Time Derivative of Relative Helicity  in General Requires
Fields and Boun dary Conditions o n Moving Surface
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Let U(x,t) be velocity of a coordin ate point on S(x,t) and moving  with it.
U(x,t) is measured in a fixed, non-d  eforming coordinate system. U

U is perpendicular to S(x,t). i
Let ( *) denote quantiti es measured at rest on the moving S.

Galilean relativity:

B'-B A=A E'=E+UxB ¢ =o—U-A
a;: "j.ft\ UxB+V(U- A)-— UVA—C:'—‘:‘
E_—%—’:‘ Vé, E'=—a§,—V¢’
Eg:;ﬂi:\\g agiefxﬁ=a§’xﬁ Oref =¢'  Ejes xA=E'xA
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Time Derivative of Magneti ¢ Helicity
Can Take Various Forms
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dKreI
dt

2E-Bd3X + [2E,ef -Byes d°x
Wy (t)

dKreI ’ 2 3 d 3
E'xA+¢'B)-nd“x—-2 (E-Bd°x A/ef -Bes d°X
d sﬂg ! dy gy

d
-Ad?x -2 (E-Bd3x A et -Bres d3x
B L R R et it

Moses et al:

dKuoses __  (p 9P | 948 -Ad2x—2 (E-Bddx
i !
t s\ 9t v(t)

® Much of the confusion over application of magnetic hel icity arises from
how to interpret the various terms
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Moses- Gerwin -Schoenberg Helicity is a
Special Case of Berger-Field Relative Helicity
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The Moses et al. choice of A-n = 0 is consistent with Berger-Field, whose
relative helicity does not constrainth e choice of V-Aor A-n.

When A-n =0, then U-A =0, too, since U || n.

@ Then, it can then be shown that the Berger-Field boundary conditions can be
written identically in terms of  either moving-frame or fixed-frame variables.

It appears that the Moses et al. hel icity is a special case of Berger-Field
relative helicity, except for no reference helicity.

® Moses et alis s impler than Berger-Field, but do Moses et al. ever need to
subtract reference fie Ids?

| want to derive Moses et al. expli citly for toroidal volumes and with  close
attention to condition s at moving surfaces.
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Magnetic Helicity Flux is a Measurable Quantity
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® Helicity transported across a closed surface S(x,t) boundin g a volume
V(x,t) can be written as

Heliy outof § = | (A" x 9
S

'B’) -fd2x
N o

)

® With Moses’ gauge for A, we can drop the  primes (moving coordinate
system on S) and use variables in fixed | ab frame, and also use

{ A" x PP Ad2x 0.

® Therefore, we only need to measure one simp le helicity flux term,
$B-f
l.e., B normal to an average magnetic surface andthe  p/as/ma potential
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Basic Helicity Flux Probe
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Helicity Flux could be Measured with
the UCSD Reciprocating Prob e
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Double-1
(future fast Te)

Double-2

(future Mach) —ffF=
y (future fast Tg)

V-4
Vf-2
Vf-1

(future Mach)
Vi3

Small Bnormal magnetic probe
could replace V¢-3 or Vi-4

The proposed dynamo probe h ead (H. Ji et al.) with 3-axis
magnetic probes could measure helicity  flux, too.
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Proposed Work
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@ Finish a general theory of helici ty transport
@ Write archival paper

® Propose to measure helicity flux with the reciprocatin g probe
e Work with Jose Boedo and Hantao Ji  on new probe head design

® Goal is to understand helicity  flux during CHI in  STs.
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