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Overview High beta CDX-U and Solov’ ev Removal of field-periodicity
oSIESTA (Scalable Iterative Equilibrium Solver for Toroidal Applications) is a 3D nonlinear MHD mgm - = = = =
equilibrium solver capable of resolving islands in confinement devices in an accurate and scalable Stablllty analySIs requ"'ement IS near“‘g completlon
manner. A stability analysis was performed on a high beta (8%) CDX-U equilibrium that is known to be Current version of the code only includes Only a single field period of the
- ) ) , Mercier unstable. CDX-U (Current Drive Experiment-Upgrade) was a small tokamak located at i i i
oA stability analysis has been carried out for the CDX-U tokamak and a Solov" ev tokamak Princeton Plasma Physics L(ab In addition aF)SoloV’eV ciFr)gular zokamak equilibrium was studied :)?‘rfhlg ?:unr:]%%er 2??;25;3 g;?;;g @ multiples ?ii\(é(feenr?ggiscti? b,i ?&gﬁiﬂ when
configuration. Problems were detected with the LAPACK eigensolver dgeev when used on our ' ’ ' P ' P y '
poorly-conditioned Hessian matrix. As a result, SLEPc is currently being studied. CDX-U 8% Solov’ ev tokamak £ p0h=3 i‘zm(éﬂ)mxp)cos(memN,p@ Include all & (p.0.9=3: jz”(gp)mn(p)cos(me+n¢)
. . . . . l DMerC DMerC » _mpol ntor » X tOI’OId&' " _mpol ntor " .
oThe eigenspectrum work is an important stepping stone for future work on the physical effect of —— N . . - EP0hH =2 BEDMmPsNmOTNGD.a<l0d) nodeg  S(PON= 2 2 EDm(P)sINMO+NY). @ <10.4)
islands on the MHD Alfven spectrum. The impact of islands on the presence of gap modes and the ' | | ' ‘ B2 (0.0.) = 3 S (B)n (p)Si(MO+ 1N ) |:> B (0. 0.8)= > 3 (B ) (0)Sin(md + ng)
existence of various Alfven modes in 3D equilibria will be studied in future work. . ‘ . moo g iy
| |y B“(p.0,¢) = Z 2, (B (P)sin(mO+nN ,f), @ < 16, 4} B“(p,60.¢) = Z 2. (B)m(p)sin(mo+ng), € 10,9}
; - : PP 0.0) =3 3% Do) COSMO+ 1N ) P(P.0.9)= > > Pry(p)cOSMO+ 1)
oA non-ﬂeld_—perlodlc version of $IESTA IS b_emg_developed _to_ allow for pferturbatlons and islands . : 3 3 3§
with full device structure. These islands lacking field-periodicity are seen in some stellarators such . ’ | . CTH c ¢t T idal Hvbri d I
as CTH, which will be discussed here. The new code will be able to resolve these structures. S s L B B S (Compact Toroidal Hybrid) example
L - 1 . _ _ equilibrium
Basic equatiOIIS of SIESTA Mercier” s criterion for stability, D, > - i is clearly violated in both cases CTH is a stellarator with current drive located at Auburn University. 1t will serve as a useful
: : e test case for this modification of the code because it is unstable to island formation with
CDX-U axisymmetric VMEC equilibrium CDX-U SIESTA equilibrium w/ m=1. n=1 . ) . . .
' ' . converged on SIESTA mesh _ q =4, N= lower toroidal mode number n than the number of field periods (5). This particular
The force in the current iteration’s unperturbed state E —-J xB. — vp oressure island pressure equilibrium with a plasma current is unstable to an n=1 island formation.
which is not necessarily yet in equilibrium is given by: Y 0 0 =y~ —— o e = I | B 1 , pressure
Y | : Y : i i o Rotational transform lwl“ e R L
) ) . ) i £ R (@ i1 profile shows 1=1/2
For any plasma displacement, the linearized system becomes the following: = % = = il H ‘ surface present arounc .. .
. = T8 T S — ) . — < . —— 4 r/a=0.82. This should “-
Perturbed, linear system OF =8 xB,+J,xB-VP — LA = \]{A/.r T Gy aetge be unstable to m=2. R
, 5 — V x (*>< > ) ! = still unstable pzl non-fleld_-perlodlc . ) A | ) -
Faraday’s law B =Vx|5 BO eigenfreauencies island formation. The S
genireq DMerc Dgeod
= ( —») appearing in this stability parameters } L g€ Dcurr
Ampere’s law A =—(VxB L s 4 converged for a standard field- o 1
Ho s i s equilibrium? periodic VMEC run N B
. z z . . . h ign of
Mass conservation MN = (7/ —1)5 -Vp, — V- (pocf) The LAPACK subroutine dgeev was used to solve for all of the eigenvalues of the SIESTA Hessian isn;\;\'bﬂ?t;'g%ﬂs i
To find equilibrium, minimize nonlinear force | — < & _ vp —» 6| and update fields. mat_rl_x. Que to conventions used in the code, negative eigenvalues correspond to stable modes and because n=1 is not : |
positive eigenvalues correspond to unstable modes. included in the A I -
Linear equation to ﬁ g P |f vaegin n=1 Add non-ideal resonant spectral content of the ) o
be solved _ e e v During cross-checks, it was determined that dgeev does NOT solve for the smaller eigenvalues of code. Only n values 5 HSX Hill 6.2% . pressure
iteratively by oF - __E o/ \deal Linear M (atstep ) our Hessian to any reasonable precision. The calculated “unstable” modes were shown to actually \é\:chtlﬁg r?&?n%gli)lpﬁl:l q Ll =
GMRES: 5 5 res e e o e 8 () e yield a positive 8W. This demonstrates that the sign of the small dgeev-calculated eigenvalues can periods (5) are E -
At a VMEC or SIESTA equilibrium, the Fou =3,45, 5 izi:zig; not be trusted, explaining the appearance of spurious unstable modes. .ngLusvel(tjh A2/4Hissx 3 m "
. R Kk k k n Kk “ — — “ — — 1: 1 g o5
elgter_lvalues of thgI tSIEStTAl HﬁSSl_anI ;gkzp,lpid:w( o s ettt o awv =<X‘H ‘X> =- (}ZVOIXT F »- (}ZVOZXT Hx unstable to field- o
matrix correspond fo actual pnysica S || e For a stable eigenmode, this leads to the following formula: p °ro periodic (n=4) island S ottt Do e e e me o e
T BCYCLIC code f . —_ T oes N C L rmaiiari
stable/unstable modes. VMEC equilibria ‘ ’ ] . aw =-1 QdVolx x>0 formation. Thus the ._DMerc _ Dgeod Dcurr
will in general contain unstable modes in s : : . 3 " L instability is clearly A w |
the SIESTA context, because VMEG e peraton 53?;22?&:;??3;' Since thle clhange_ in energyI wgs 1;031t1ve f((j)r ;he | (lijtablﬁ rbnodes, t_he smalljll, positive Tlgenvalues visible. This behavior - -
does not allow for radial magnetic l ] surtocen were calculated inaccurately by dgeev and should actually be negative, stable eigenvalues. should be seen in the
rturbations BS Fal<n The table below demonstrates that dgeev does NOT solve the eigenvalues (most notably the smaller CDX-U case after - -
perturbations &= T et e ones) to any reasonable precision for matrices of condition number ~10*2. The SIESTA simulations removing the field- - |
used had ns=51, mpol=6, and ntor=2, giving a 5355 x 5355 Hessian matrix. periodic restriction. B I T e T e R
Th H = t m Config Condition Smallest Largest [[Hx-1x][/[]1x]| [IHx-Ix[ /11| [[Hx-1x][/]]1]|
’ ; i - 2 i
| e essian ma rlx | . number eigenvalue eigenvalue (-25.926) (-5.179x10?) (4.449x107) summary and futu re WOrk
Total energy for a stationary plasma For quadratic energies, the Hessian is CDX-U 7.286x10M -8.282x10%° | -17.702 6.970x10* 1.8126x102 | 468.390 *A stability analysis has been performed on CDX-U and a Solov’ev tokamak,
(magnetic + internal): essentially the coefficient of the _ demonstrating the presence of unstable modes in axisymmetric VMEC equilibria. The
B’ p second-order term (with a negative CRMEIe SIS LETESE DXL ARV appearance of unstable modes in converged SIESTA equilibria brought into question the
W = I zlu + }/ 1 Vol sign due to the cpnve_ntions use_d in the number eigenvalue eigenvalue (-79.082) (2.179x104) (-7.687x109) dgeev eigensolver.
_ _ _ ° - code). For a spring-like potential, the Solov’ ev 7 416x10M 7.687x10° 15458x10¢ | 2.865x10° 320.469 P »dgeev is unable to resolve the small eigenvalues necessary for an accurate stability
The Hessian matrix used in SIESTA is defined below. ~ Hessian would basically be the spring analysis. SLEPc is being implemented as it is able to handle eigenvalues of vastly varying
The eigenspectrum for this matrix will be discussed constant. 1. -, : o : magnitudes through many different iterative methods.
throughout the poster for both VMEC and SIESTA W= E ke sTc?I&i??r?ir:h;cgaﬁgtleemzmé? dlgtegzvﬁiS:;IEPsf:;slati)(i:enagnlcﬂagwggenﬂjﬁit}:gtiisfa;?:r;g?\?g:rgn:igﬁz be *The eigenspectrum analysis will be used as a precursor to an Alfven spectrum analysis.
equilibria. Due to the disparity of MHD scales, the ' gnly .p P ' *SIESTA is being modified to include non-field-periodic islands. This will initially be used
Hessian matrix is very ill-conditioned (CN typically on H—_ 82\1\/ — ki SIIQ_EPC(I: alllimlls for control of many parameters for the eigenproblem to study n=1 islands in the CTH stellarator.
the order of 1012). 89‘52 *Reslidual tolerance References
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