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V3FIT"is a powerful equilibrium reconstruction tool for magnetic For typical discharges during the OP1.1 run campaign of W7-X, the net toroidal
confinement fusion experiments which are inherently 3-D in nature current and current density profile do not reach steady-state. When modeling the
(i.e. stellarators) or have 3-D components (tokamaks with 3-D current evolution in 3-D plasmas, both poloidal and toroidal currents are linked with
shaping, reversed field pinches with helical states, etc). Here, we - V3FIT varies the profile specifications and Pressure profile Enclosed current profile both poloidal and toroidal fluxes. In contrast, in toroidally axisymmetric plasmas, the
present details of the diagnostic modeling, constraints and the user minimizes the difference between model e poloidal flux is linked only with the toroidal current and the toroidal current is linked
interface for reconstructions of W7-X plasmas. and observation pls)= presscale- NL [1+(%) ] —Co] 5)- o) t 0n|y with the poloidal flux. Compared to an equiva|ent|y_sized axisymmetric

g*(p)= EK( o Sm'(p)) AN b ) = CUTIOT -BTC an(( 1-s) ) configuration, the current diffusion in 3-D plasmas is enhanced, leading to a faster
_ N, <l-¢, andc":[“(l)%] relaxation of the current profile to its steady-state. Implications for the time-evolution
* Profile specifications: Pressure, current (or a of the current and rotational transform profiles in stellarator plasmas are discussed.
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4000 3d susceptance matrix® links toroidal and poloidal currents and magnetic fluxes

A subset of the total installed magnetic diagnostics? were available for OP 1.1
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. . . o . . distribution - = 1-D diffusion equation for rotational transform
 Signal connections designed to mitigate thermoelectric potentials _ O 4000 N 0|
' ' e Current density from 0 =D/ '=d/d Any non-inductive source
» Non-integrated signals are chopped at 2kHz; Sampled at 2 MHz. y o : 5= LCFS =dajas el
- Down-sampled for long pulse coil tests (20 sec) VMEC output has a R : a1 4 (B 4
« Signal processing handles chopper ‘blips’, voltage offsets, long term drifts vacugm-offset 2 WPOL=sNTOR=S | av _ — L (S E+S, )+ p'(SHI:+Sl2)—<J'B>
« AW7-X design objective was to minimized plasma-generated currents * Function of VMEC SR ; Pressure Profile: Two_Lorentz ) dt @, ds W, ds
« Electronics designed for 30-minute operation34. parameters 3l FERRE LIt T | 3y
« Large variation in channel-to-channel signal levels - NS E * Initia) quess (Fit Parameferl: | o soundary conditions _
~Some ‘tuning’ still required - ETOL Ny .~ -0 o=t : PRI'ES_,SEZA,LTE,: 5000 1 On axis: finite current density @ LCFS :measurement
* Can detect variations as small as 1-5 Amperes in superconducting field coils - MPOL - s * AC: (0, 1,10, 1.5, 1) ! dv I S
Signal is highly correlated with change in coil current flux Tem s, P - CURTOR: 200 ' —-1 =0 R © s
- olg ghly g u u - NTOR U i R - PHI_EDGE=1.7104 ) : ds|,, =S @ S,
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* Vacuum-offset is Iarger s L s » Magnetic constraints only @
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. //2,_6 With magnetics alone: 0 02 04 (Seco).s 08 1 o EIStLIFU{?;EIﬁ_gneth\S/VaT)aly3|.5 GUI
0. e - The pressure profile shape is similar to Thomson Scattering, but differs in magnitude by up to 40% nable as a vvebservice _ . _
1 T : o : * Incorporate Thomson Scattering and ECE diagnostics into V3FIT reconstructions
R - Current density profile is poorly constrained | tigate the effects of th h d relaxation due to 3-D effect in W7-X g
2 /2 - Low-Beta reconstructions: influenced by uncertainties & weights applied to individual diagnostics nvestigate the eriects of the ennanced relaxation due to o-LJ etfect In Vv/-A compare
=l L : o : : : : to axisymmetric modeling/scenario development
- Variations in main field coils are important to include in the model : . : :
6 -6 N . e . ay s i . .
- As the uncertainties are minimized, the reconstructions will improve ECH h_eatlng scans (OP 1.1) and dedicated experiments in OP 1.2 to test current
relaxation and edge effects
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