What do 2D

By maths.

To include axisymmetry, define poloidal magnetic flux as:

(R, Z) = [\* R'B.(R, Z) dR'

And the toroidal current is:
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—H0)p = aRRaR T R oz

Going back to terms of Bz:
0B, 1 'B / /
—HoJe = PR T Raz2 fo R'B.(R', Z) dR

We only see where the MSE emission is, so we can only integrate from some R = RO:

. 2 > R
~nojs = B LU (4 2 [ RB.(R, 2)dR)

This we have

with 1D MSE. Function of Z that
we cannot know.

The new term gives
localisation of current
in Z (~via curvature of field).

But.... Integral of a second difference of measurement... will be VERY noisy.
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So can we directly calculate jphi?

- Take CLISTE current distribution
- Predict 30x30 grid of Bz.
- Try to directly calculate j_phi

2 2 R
M [ . ¢E§IZ%2O7Z§+ % 6822 fRO R'B, (R, Z)dR)

’ 6: Calculated jphi. Assume we will
[ e ; not see the edge
- ~==_dBz/dr only. due to background
1.2 dalpha
0.15 - Original jphi .
0.10 8.0 ]
] For this exercise, fix unknown j(Z) term to match
0.05 ] : A
1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10 true values at grid left/right edge.
4.0 -
0.25 i . .
1 . The new information.
0.20 0.0

0.15: 1.60 1.65 1.70 1.75 1.80 1.85 1.90 1.95 2.00 2.05 2.10

Unknown part above dBz/dR (standard MSE) is < 10% anyway. We do gain

0.05 it mathmatically but as anticipated, it is entirely lost even with only 1mT noise
501,65 1.70 1.751.80 1.85 1.00 1.95 2.00 2.05 2.10 _in Bz (0.02° Pitch angle).

Conclusion: No. You still cannot exactly calculate jphi directly.

0.107

However, we do have measurements of the dBz/dR part at different Zs, and we know that this is most of jphi variation.
Together with integral measurements (field pickups and flux loops), it is now part of a complex tomorgraphy problem
that we have done before.
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By current tomography...

Put description of AUG coils and some pickups into Minerva so we
can now do Current Tomorgraphy and Bayesian Equilibrium for AUG.

For magnetics only, we have the usual tomography situation:

Jphi uncertainty - Magnetics Only on Z=0.1 ~
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(but B/psi still good)
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LI Each case has 900 measurements at sigma = 10mT.
So difference is only in the type of information. puo. )

IMSE System:
30x30 grid of Bz
measurements.

Normal MSE system:
30 x Bz at 30

positions along

NBI centre.

Just for interest:
30x15 grid of Bz
30x16 grid of Br.
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By current tomography Il

= Y A AN
= AR A Normal MSE

(line)

2.0

IMSE Bz

The IMSE still has some a large uncertainty in jphi offset. The unknown term
it is not entirely pinned down by the magnetics.

However, the 2D IMSE inference is much better than the equivalent MSE
system, for some reason.

Result with Br is much better: If we could get Br as well, we could infer

the current almost exactly, within the measurement grid. // t”’ 269
AL
Off axis and near the core, the }Afif)gf;/s'ft%zghted R {L A T
AUG IMSE system will see '
Br/Bz > 2 with reasonable ozl +
signal strength: 0.903
Unfortunately, the beam geometry
means information about Br is
always swamped by Bphi. With S
NBI v in the midplane; vx r and £ = Camera right
v x phi are always together, regardless of camera view. /
There is a slight angle though. Full geomtry:
g (X9 E [(ExB)-£ (ﬁxg?)-i(zxilf)-ﬁJ @+[(ﬁx%)-i_ (ex8)# (1x2) @]&
(Fxg)-a |[(Exe)-a (¢xg)-a(txg)-afBs |(¥xd) -0 (vxg)-a(vxe) ] Bs

LOS Intensity averages of coefficients gives:

tan 8 ~ 0.17 + 0.54§—§ + 0.0513_{;

At 5 - 10%, it will have an effect, but we do not expect to see the full current
recovery from 2D tomography.
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Para/Diamagnetics
Some notes about Renee's results from the equilibrium point of view:
Just to see, we can load CLISTE's § ozon
jphi into Minerva and integrate = ] Paramagnetic
the toroidal flux over the whole S5 0010

A
vessel (calc. grid). There is a — 7]

diagmagnetic signal outside the N' 2 A
i = _
vessel which appears to be S oo clsTe Diamagnetic
i i — Predicte jphi
uncall.brated. WL el offset Elie oy _|/aug/sig/MAI/DIAL * 0.006 - 0.001 i/
scale it mostly agrees with _ -0.020 ————————————————————————— "
0 1 2 3 4 5 6 7 8 9 10

what CLISTE says:

Also, I can now run the code from my PhD work on JET which tries to extract the pedestal pressure from magnetics,
wuth the AUG magnetic model. (P. McCarthy has already shown this works at AUG, as I did at JET). With sufficient
relaxation of the ff' and p' smoothing priors, it actually finds an equilibrium which is paramagnetic in the very core

and diamagnetic at the edge (albeit with a slightly silly pressure profile): . 2 —0.09m
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I'm not saying that this is happening, just that with a strong pedestal pressure gradient, it could be.
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Poloidal Field at camera

The Minerva AUG magnetostatics model also lets us predict the field from the PF coils:
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