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Past Work on NSTX H-mode Plasma Showed
Stabilization of e- scale Turbulence by Density Gradient

A
. NSTX NBI heated H-mode featured a Ip [MA]_

controlled current ramp-down. Shot
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Experiment, Linear and Nonlinear Gyrokinetic Simulation
Showed Density Gradient Stabilization of e- scale Turbulence

« Experimental k-spectrum is measured with a high-k scattering diagnostic (cf.

Smith RSI 2008).

« Peak amplitude in experimental k-spectra, linear growth rate and nonlinear
electron heat flux using gyrokinetic simulation is reduced, and shifted to

higher wavenumber with increasing density gradient.
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Electron Scale Turbulence Cannot Explain Experimental
Electron Heat Flux

* Previous simulation work focused on electron scale turbulence.

* Low-k turbulence was assumed stabilized due to high ExB shear:
— Wg,g ~ low-k growth rate y.
— Neoclassical levels of Q..

» Electron heat flux from experiment & gyrokinetic simulation is reduced at
high density gradient

AQ/Qqg) 7 Alkgp,)

Low Vn (t=398ms) \% )
RIL,.=1.5 e CE s
Q_(©xP) [MW] 1.5
Q,(sim [MW] 0.4
« For more details cf. Ruiz Ruiz PoP 2015. &

* Where is missing Q, coming from?
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Probe Origins of Anomalous Electron Heat Flux Using
Two Different Approaches:

1. Revisit the assumption:

‘lon scale turbulence is suppressed by ExB shear in NSTX NBI heated H-
mode plasmas’.

Approach: Identify ion scale instability and ion scale turbulence contributions to Q. using linear
and nonlinear gyrokinetic simulation (GYRO).

2. To what level of confidence do we trust transport predictions from previous e-
scale simulations?

Approach: Develop a synthetic high-k scattering diagnostic for quantitative comparisons
between electron scale turbulence measurements and nonllnear GYRO simulations.
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1. Revisit the assumption “jon scale turbulence is
suppressed by ExB shear.

Outline

« Characterization of linear ion scale instability at low and high
Vn (slides 7).

« Electron thermal transport due to ion scale turbulence at low
and Vn (slides 8,9).

« Summary of ion scale turbulence studies (slide 10).
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lon Scale Instability is Marginally Stable at Low Vn,
Driven Highly Unstable by Parallel Flow Shear at High Vn

Low Vn (blue)

. . 0.2
Wg,g 2 Y =2 suggests ion scale turbulence is

High Vn (green)

Y >> wg,z 2 unstable ion scale turbulence!

Yp increases growth rate >100%, drives mode
propagation in ion direction (-)

A, & B, fluctuations have big effect on growth

stabilized.

Parallel flow shearing rate y, has little effect o
on growth rate (+ 20%).

A, & B, fluctuations have little effect on y, (+

20%).

Ballooning mode structure.

rate (+70%).
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— Ballooning mode structure. ok,

— Driven by VT, B, B”, stabilized by VT, ', A”. Jw
_ 0

Parallel flow shearing rate (GYRO) y,, w, toroidal rotation frequency Vp =1 o
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Local lon Scale Nonlinear Gyrokinetic Simulation Shows
lon Scale Turbulence is Negligible at Low Vn

* Negligible Q, and Q, from electrostatic (ES) & electromagnetic (EM) ion

scale local gyrokinetic simulation at r/a~0.7 (GYRO).
Simulations included ExB + parallel flow shear.

 Electron scale simulation showed ~0.45MW (30% Q,).

d(Q, ! 04)
« Missing Q%% remains unexplained. e d(k,p,)

z -~ -ES ]
Low Vn 012 M
0.1F ! 3
Q. Q 008i ’; E
Experiment (TRANSP) 1.5 MW 0.25 MW N, ; ]
ESionscale GYRO (allgk) 102 MW  2.103 MW S
0.1Q 2.102 Qg oA ]
EM ion scale GYRO (all gk) 10 MW (all ES!) <104 MW 00zr/ ]
102 Qg ~ 10 Qg % os g 52

« cf. summary + backup slides for numerical resolution details.
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Local lon Scale Nonlinear Gyrokinetic Simulation Shows
High ES Transport at High Vn, Stabilized by EM effects

Experiment (TRANSP)
ES ion scale GYRO (dke)

EM ion scale GYRO (dke)

« cf. summary + backup slides for simulation details.

QP remains unexplained.

v
Q
1 MW
3.2 MW
23.6 Qu
~2.103 MW
~2.102 Qg

Simulations included ExB + parallel flow shear.

Electron scale simulation showed Q_ < 102 MW.

Q
0.2 MW
1.3 MW
9.3 Qu
~2.103 MW
~2.102 Qg

Q. is reduced a factor ~200 by including 0A + 8B, (Fig. 2).

Electromagnetic stabilization of ion scale turbulence.

High electron heat flux levels predicted by ES ion scale simulation (Fig. 1).
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lon

Scale Simulations Presented Cannot Explain Q_8xP
neither at Low nor High Vn

« Numerical Simulation details of local, ion scale simulations (r/a~0.7)

3 gk species (e-, D, C), Z4~1.85-1.95

EM: A+B, B~ 0.3 %

collisions (v, ~ 1 c /a)

ExB shear and parallel flow shear (yz~0.13-0.16 c//a, y,~1-1.2 c//a).

« Summary and future work on ion scale turbulence:

Low Vn \%
e- scale: QsM/Q .  ~30%
ion scale: Q. sM/Q.*  <0.1%

High Vn case is disconcerting! Q. s'™(e- scale)+Q_s™(ion scale) < 1% Q_%*°
Further characterize unstable ion scale mode at high Vn (linear GYRO).
lon scale simulations presented are low resolution: need higher resolution runs

« Linear GS2 suggests presence of unstable modes at kyp, < 0.1 driven by B.
Q. spectrum peaks at lowest resolved k (kgps ~ 0.1!) — cf. slide 9.

Study profile effects using global simulation (radial box L /a~0.3-0.5!).
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2. Develop a Synthetic High-k Scattering Diagnostic

Outline

« Operation of old high-k scattering diagnostic + Previous work
on synthetic high-k scattering (slide 12).

 Preambles + Preliminary steps (slide 13).

* Implementation of Synthetic Diagnostic (slides 14-17)

- Coordinate mapping:

Prerequisites (slide 15)

Jacobian Transformation (slide 16)
- Filtering (ongoing work)

Results from Coordinate Mapping (18-23).
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Operation of Old High-k Microwave Scattering Diagnostic
System at NSTX

Old High-k Scattering System
» Gaussian Probe beam: 15 mW, 280 GHz,
A ~ 1.07 mm, a = 3cm (1/e? radius).
Propagation close to midplane => k. spectrum.
5 detection channels => range k. ~ 5-30 cm-1 (high-k).
Wavenumber resolution Ak = = 0.7 cm-1.
Radial coverage: R = 106-144 cm.
Radial resolution: AR = = 2 cm (unique feature).

Previous Work on Synthetic high-k
cf. Poli PoP 2010

* Previous synthetic high-k scattering was implemented
20 15 10 05 o0 with GTS (cf. Wang PoP 2006).

X (m) . .
» Synthetic spectra affected by systematic errors
(simulation run time, low k, detected)

View from top of NSTX (D.R. Smith
PhD thesis 2009)
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Preliminary Steps Prior to the Implementation a Synthetic
High-k Scattering Diagnostic using GYRO

Preambles:

« Scattering data from the high-k scattering system is spatially localized:
scattering location is (R, Z.c: @1oc) (Cylindrical coordinates).

« Scattering data is sensitive to a particular turbulence wavenumber
(kRexp, kzexp)_

Preliminary Steps:

Obtain experimental high-k density fluctuation data = [dny|% (W)

« Use aray tracing code to determine:
- Scattering location + resolution=> (R, Z,.c) + (AR e, AZ,,.).
- Wavenumber response + resolution = (kg®*P, k,**P) + (Akg®*P, AK,*P).

* Run a nonlinear gyrokinetic simulation (used GYRO here) capturing
scattering location + resolving experimentally measured wavenumber.
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Summary Steps to Implementing a Synthetic High-k
Scattering Diagnostic using GYRO

Steps in synthetic diagnostic implementation

 Coordinate Mapping:
Coordinate mapping GYRO (r,0, @) €= physical (R, Z, ¢)
Wavenumber mapping (kPkePsdavro €2 (kg k2)

Compute (r,,., 8,,c) by nonlinear solve of { R(r,,c, 8,0c) = Rioer Z(li0er Bioc) = Zioe)-
Compute (k., kg)-grid (GYRO coordinates).
Compute (k.*°, ks®*P) by mapping from (kg®®,k,**).

« Filtering:  Apply instrumental selectivity function to simulated density
fluctuations

Define selectivity function on local grid (k;,kg)-grid (cf. Mazzucato PoP 2003, PPCF 2006).
Interpolate dn, to obtain fluctuation spectrum in (kg k;)-grid.
Apply (k,,ky) filtering to dn, =>synthetic signal dn,(t) >dn_"(w).

In this poster, will only focus on Mapping. Filtering is part of ongoing work.
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Prerequisites to Coordinate Mapping

We want to perform:
* coordinate mapping GYRO (r,6,¢) €= physical (R, Z, @)
« wavenumber mapping (K04, KePs)cyro €D (kg k)

Prerequisites
* Units: rffm], R[m], Z[m], 6, ¢ €[0,21]
« GYRO definition of ky°cand k, >

kéoc (r,0) = nov : kgS _ g cConsistent with GYRO definition of flux-surface

r oo r averaged k,"S=ng/r (cf. backup)

« Wavenumber mapping under simplifying assumptions

* Miller-like parametrization
kp =(k,.0,)Gyro |Vr| 1 (P)Gyro (=0, d¢/dr=0 (squareness)
« Z,=0, dZ,/dr=0 (elevation)

_ loc « UD symmetric (up-down symmetr
ky = (ko )évmo | (5P )arro sy o Smmen)
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Mapping (R, Z, ¢) = (r, 6, @)
(kRa kZ) 9 (kr! k@)

Jacobian transformation + definitions of kg, k,, K., Kq

oR 9z \ o Y

— — — — ky=—, ik, =—
or |_| or or OR L) OR 0Z
9 ok 92 o ikr=i’ ikg)c=1i
00 00 a0 |\ oz T o roo
k <k, Bip 92
:> ) or or
1 0R 107
koo 298 g 192
L rof  “ro6

* Need to compute dR/dr, dR/80, dZ/dr, dZ/60 @ (r\ocs O10c)
«  Will obtain (k;,kg)e., iIN GYRO coordinates!

exp
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Complete GYRO-Real Space Wavenumber

Mapping
The complete wavenumber mapping is
k. =k, o +k, 92
ar ar
ke =k, 1%+k 192
r oo rof

» Derivatives are computed at (r,,., 8,,c), and kg=kg®®, k,=K,*** (determined

by ray-tracing calculations).
« This mapping reduces to simplified mapping in slide 15 for 8=0+UD sym.
« Computed GYRO Geometric Coefficients (dR/dr, ...) agree with GYRO

output.
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Calculated (k,,kg)®*® in GYRO Geometry

Given from experiment (ray tracing)
kg =-1857 m, k,=493 m-' (channel 1 of high-k diagnostic)

Get from GYRO (internally calculated)

LV~ 1.43, K ~ 2

Apply mapping (simplified approx.)
{(krps dovro =Kr * (O )yro /|V}’|

loc

_ L kg% :
(koPs)yro =k * K™ (05 )Gyro of. shde 15

Obtain experimental wavenumbers mapped to GYRO

(KiPs)eyro™ 2.6
(KePs)ayro™ 2.0
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Mapped (kg, k)*** to GYRO (k;ps,KgPs)cyrO

(K., Kg) mapping in a high-resolution, e- scale GYRO simulation
of real NSTX plasma discharge (141767).

* Red dots: (k,, kg) assume 06,,.=0

0 hras approx (cf. slide 15,18).
-0.5 (k.0 )6vro = ki * (0 )rro |Vr |
-1 (keps )Z;RO = kz K (ps)GYRO
-15 -:‘_ v
2 JUEEREYY * Blue dots: (k,, ky) 6=0,,.
2 os NSNS (~-0.06 rad) (complete mapping)
< 2mrmsy « Ellipses are e' and e2
= amplitude of (k,, kg) gaussian
-3.5 filter (simplified selectivity
4 function)
-4.5 F(kr’k9)=E’(kr)F9(kr)
F,(k,) = exp(~(k, =k / Ak )

0 0.5 1 1.5 2 2.%0 3 3.5 4 4.5 5
k exp\2 2
oPs F,(ky) = exp(~(k, = k;®)* / Ak; )
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Resolving (kg,k,)®*® + Complete ETG Spectrum Requires
a Big-Simulation-Domain e- Scale Simulation

Resolution constrains: - Resolve (kg,k,)®** = AkgpFS ~0.3.
- Resolve full ETG spectrum = (kgp FS)max ~43.
- Radial overlap with scattering beam width - L~8 cm (L,~21 p,)

- Resolve e- scale turbulence eddies - Ar ~ 2p..
/ Scatterlng measurements

Resolution parameters

0.3 T .
Y . Standard e-  Big-box e-
0.251 d(Q /QgB) = scale gscale
: dk,p)
0.2 Q 0.4 MV\; L, [Ps] 6 21
0.15f ° | E byl ° =
: Ar [p,] ~2 2.5
i n, (radial grid) ~ 200 512
0.05¢ Akgp, 1-1.5 0.3
R | G 4050 43
:\ L1 ‘ L 111 ‘ L1 ‘ L 111 ‘ L1 ‘ L 111 ‘ L1 ‘ L 111 ‘ | \E n (tor. mOdeS) ~5O 142
_0'050 5 10 15 20 25 30 35 40
k,pLS keps here means kgp S

« Spectra show well resolved (kg,k,)®*® and ETG spectrum (cf. slide 22).
« Experimental wavenumbers produce non-negligible dn, and Q. consistent with
previous e- scale simulation results (Q, ~ 0.4 MW).

@NSTX—U 58th Annual Meeting of the APS Division of Plasma Physics, Oct 31-Nov 4, San Jose, California 20



A Big-Simulation-Domain Electron Scale Simulation Was

Performed to Apply New Synthetic Diagnostic

* Outboard mid-plane on. (R, Z) in high
resolution e- scale GYRO simulation of
real NSTX plasma discharge.

« Shot 141767, time t = 398 ms
(cf. Ruiz Ruiz PoP 2015).

« Scattering
simulation domain.

* Dots are scattering location for channels
1, 2, and 3 of high-k diagnostic.

« Dashed circles are 3cm and v2*3 cm
microwave beam radii (for channel 1).

location and scattering
volume extent are within GYRON

-0.02

-0.04

Re{sne/ne ) t=9.98 ¢ =0 degrees

% .

A \"

-

Illf’.l

llllll

1.36
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1.38 14

0.02

0.015
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Mapped Experimental Wavenumbers in GYRO Density
Spectra

t=10.64-10.66, ﬁe(aﬂc) (6¢/pi= 0], (outgyro.moment_n}

t=10.64-10.66, Re(aﬂc) (e/pi= 0), (outgyro.moment_n}

60 (Zoom)

40

KPs
o

220
A0 I -10
= 0 1 2 3 4 5 5 7 3
l(’apfs
0 5 0 15 20 25 80 35 40 | 2 ng
aPs ké’S — fkéoc d "1
- Note: Plotting kgp.FS, not kgp,oc!! 27 % r

« Black dots: scattering (k,, kg)**P for channels 1,2,3 (note in these figures, spectrum is
output at 6=0, and black dots correspond to 6~-0.06 rad).
 Ellipses: e’ and e2 amplitude of (k,, kg) gaussian filter (simplified selectivity function).
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Numerical Resolution Details of lon and Electron Scale
Simulations Presented

Experimental profiles used as input

Local, flux tube simulations performed at scattering location (r/a~0.7, R~136 cm).
Only electron scale turbulence included.

Experimental T, n., T;, rotation, etc.

3 kinetic species, D, C, e (Z_+~1.85-1.95)

Electromagnetic: A +B,, B~ 0.3 %.

Collisions (v.; ~ 1 c//a).

ExB shear (yg~0.13-0.16 c /a) + parallel flow shear (y, ~ 1-1.2 c/a)

« Fixed boundary conditions with AP ~ 8/1.5 p, buffer widths (ion/e- scale).

lon scale resolution parameters Big-box e- scale resolution parameters
* L, xL,=74x36 pg(L/a~0.4). * L xL,=21x21pg (L/a~0.16).

n.xn=192 x 14. n.xn=512 x 142.

KePs S [min, max] = [0.1, 1.4] KgpsF> [min, max] = [0.3, 43]

k.ps [Min, max] =[0.85, 4] K.ps [Min, max] = [0.3, 38]

[nH, n,, N, =[14, 12, 12] [n”, n,, N, =[14, 12, 12]

High-resolution electron scale runs presented here are NOT multiscale:
. lons are not resolved correctly Akgp,~0.3, L, x L, =21 x 21 p..
. Simulation ran only for electron time scales (~20a/c,), ions are not fully developed.
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Summary and Future Work on Synthetic Diagnostic
Implementation

Summary

 Completed coordinate transformation and wavenumber mapping from GYRO

space to real space.

« Abig-box electron scale simulation is needed to simultaneously resolve full
ETG spectrum and experimental wavenumbers in old high-k system.

« Experimental wavenumbers produce non-negligible dn_ and Q_, consistent
with previous e- scale simulation predictions.

Future work

« Implementation of selectivity function and filtering = quantitative
comparisons with experiment!

* Project operating space of new high-k diagnostic.

» Study turbulence characteristics in high-resolution e- scale run - towards
multiscale simulation in NSTX-U.

This work is supported by US. D.O.E. Contract No. DE-AC02-09CH11466. Computer simulations were carried out at the National
Energy Research Scientific Computing Center, US. D.O.E. Contract No. DE-AC02-05CH11231.
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Back-up slides
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Numerical Resolution Comparison with Traditional lon
Scale, Electron Scale and Multiscale Simulation

Poloidal wavenumber resolution (kgp, here means kyp,5)

Akgp, KgPM@*  n #tor. modes
lon scale ~0.05 ~1 ~20-30
e- scale ~1-1.5 ~50 ~50
Multi-scale ~0.1 ~40 ~500
High res. e- scale 0.3 43 142

Radial resolution Ar— radial box size L,

Ar L, n, radial grid
lon scale ~0.5p;, ~80-100 pq ~ 200
e- scale ~ 2 P, ~ 6-8 pq ~ 200
Multi-scale ~2p, ~40-60 pq ~ 1500
High res. e-scale 2.5p, 20 p, 512
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Input Parameters into Nonlinear Gyrokinetic Simulations

Presented
t=398

r/a 0.71 0.68 Ro,/a 1.52 1.59
a [m] 0.6012 0.596 SHIFT =dR,/dr -0.3 -0.355
n, [10719 m-3] 4.27 3.43 KAPPA =k 2.11 1.979
T [keV] 0.39 0.401 s =rdIn(k)/dr 0.15 0.19
a/L, . 1.005 4.06 DELTA=6 0.25 168
a/Lse 3.36 4.51 sg=rd(8)/dr 0.32 0.32
Bunt 0.0027 0.003 M 0.2965 0.407
a/L. 1.497 4.08 Ve 0.126  0.1646
a/L;. 2.96 3.09 v 1.036  1.1558
T/T, 1.13 1.39 p. 0.003  0.0035
np/n, 0.785030 0.80371 A/ 0.000037 0.0000426
n./n, 0.035828 0.032715 c/a (10° s-1) 4.4 2.35
a/L,c -0.87 4.08 Qe (gB) 3.82 0.0436
a/Lsc 2.96 3.09 Qi (gB) 0.018  0.0003
Z.q 1.95 1.84

nu, (a/c,) 1.38 1.03

q 3.79 3.07

S 1.8 2.346

@NSTX-U 58th Annual Meeting of the APS Division of Plasma Physics, Oct 31-Nov 4, San Jose, California 27



Mapping (k.ps,KgPs)ayro 2 (Kr, Kz)®*P

We want to perform:
» coordinate mapping GYRO (r,6,¢) €= physical (R, Z, @)
« wavenumber mapping (k.p.KoPs)cyro € (kg k)

Preamble 1
* Units: rffm], R[m], Z[m] 6, ¢ €[0,21]
« GYRO definition of ky°cand k>

ik, (r,0) = 19 =k, (r,0) = _nov (To be shown in slide 17)

roo r o6

Consistent with GYRO definition of flux-surface averaged kg >=nq/r
(cf. out.gyro run)

21

kgS fkloc dH _ _ﬁa_vdg ( )V(r 2‘777) V(r 0) nCI(r)
2w, 1 a0 r 27 r
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Mapping (k.ps,KgPs)ayro 2 (Kr, Kz)®*P

Preamble 2 why is k" (r,0) - -ﬁz—g ?2?
r
GYRO decomposition of fields
Nn-1 Nn-1

8p(r.0,a)= Y 66,(r,0)e™ "™ = ¥ 8,(r,0), a=@+v(r,0)

j=—Nn+1 j=—Nn+1

Set ¢=0 and w, = 0. Focus on transformation of one toroidal mode n. By

definition of kg'°

I o 190 .~ ,
.kloc(s ,6 _ 5 ,6 _ 6 ,0 —inv(r,0) _
iky 09, (r,0) raH( ¢,(r,0)) r—ae( ¢,(r,0)e )
130 ww n ( . 0V —in dv
- n inv (S _ inv 5 ,6
r( 06 ¢ ¢n( mae)e ) Pl )( r 80)

Conclusion: we assume definition of ky'°c is correct.
There is a one-to-one relation between n and kg'°° .

ky“(r,0) =

naov

r o6
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Mapping (k.ps,KgPs)ayro 2 (Kr, Kz)®*P

Preamble 3 Wavenumber mapping under simplifying assumptions

kp =(k,.0,)cyro ‘Vr‘/(los)GYRO

kz = (keps ZC?;RO /(K 'lOs)GYRO

« Assumptions
— (=0, d¢/dr=0 (squareness + radial derivative)
— Z,=0, dZ,/dr=0 (elevation + radial derivative)
— UD symmetric (up-down asymmetry of flux surface)

* In the following slides, develop mapping when assumptions are not
satisfied, invert

(R(r;8),2(r,0))=(Rexps Zexp) P (Fexp:Oexp) -
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Principle of Geometric Mapping is Independent of
Flux Surface Parametrization

Computation of metric coefficients

* Whether you use a Model Grad-Shafranov equilibrium (GS, Miller-type) or
a general equilibrium (Fourier), procedure is the same.

* In cases shown here, | use GS equilibrium.

— In GYRO simulation, | use input parameters THETA PLOT=8,
THETA MULT=128 (fine poloidal grid).
— Get r[m] from out.gyro.profiles (use a . !!)

— Create a 0 array €]0,21], size THETA_PLOT*THETA_MULT+1=1025.
— Define R(r,8) and Z(r, 6) (GS or general eq.). Used GS equilibrium here:

R(r,0) = R,(r)+r *cos(0 + arcsin(0(r))sin(0)) [m]
Z(r,0)=Z2,(r)+r*x(r)*sin(@ + £ (r)sin(20)) [m]

« How am | sure that these derivatives are computed correctly?
=» Comparisons with output from out.gyro.geometry_arrays!
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Computed GYRO Geometric Coefficients agree
with GYRO output

12
% 2+ % 2 _%
rlirgy . 28) \a6 sinu(r,0) = ——00
Vr|(r,6) = Rz IR (aR) +(az))
ar 06 96 or 96/ \96
1.6 T T 1
_____________________________________ 0.8
1.4+ out.gyro_geometry_arrays ||
= = = gnalytical 0.6+
[ ] e=6Ic»c
1.2F — ~ ~exact6=0 04 L

1+

0.8

0.6

— out.gyro_geometry_arrays

0.4 = = = gnalytical
_0_8 Y @ e=9loc
02108 06 —04 02 0 02 04 06 08 1 -1 : '
- 08 06 04 02 0 O - : : -1 -0.5 0 0.5 1
0/n

Conclusion: Agreement between output from out.gyro.geometry arrays and
computed coefficients gives us confidence the mapping is being performed correctly.
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Poloidal Cross Section of High-Resolution Electron
Scale Simulation

Flux surfaces of GYRO sim domain (synhk e-scale, t398): blue=GYRO, red=efit
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Linear Growth Rates for Low-k and High-k Turbulence

 Note ion propagating high-k mode + electron propagating, non-balloning
mode at krho~12.

* Microtearing turbulence?
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kg resolution in synhk GYRO sim.

Huge e- scale run for sSyn hk (tested it in debug! - 1h30m for 1 a/cs)

16,488 cores, ~ 24h, 4 open MP threads( 4x4,032cores), Edison (x1.2) ->500,000 h
(400,000h)

Run for 20 a/cs
Distribution points 495,452, 1 nov
istribution points 495,452,160 Jloc ___(r 6=0)

roo
Radial and poloidal variation of (kgp,)"°¢ [6=0]
A(k,p%%) & A(k,pFS), (n_ =8, 6=0 A(k,p) , r/a= 0.70825, A(k p )" = ~0.31404

min

-0.05

Ak |
-0.2¢ . A(kepzs) |

0.65 0.7 0.75 0.8 o 05 0 05 1
r/a 0/n
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Appendix: Compute (Akg, Ak,)
= (Ak.p., Akyp,)CYRO

Assume Ak,=Ak,=Ak = 66.7m"!

=k, Ry 2 (AK Y = (Ak, ) (aR) +(AK,) (az)

' or or or or
| OR 0Z | 1 oR 107
rk k +k — 2 _ 2+
| 0 86 86 (Akg) = (Akg) (r_aﬁ) +(Ak, ) (raﬁ)

This assumes beam radius a = 3cm, such that Ak = 2/a = 66.7m"’
As a first approximation, assume simplest selectivity function: gaussian is k, and kg

F(k,.ky)=F.(k)F,(k,)
F, (k) =exp(-(k, -k / AK? )
Fy(ky) = exp(=(k, = k;™®) 1 Ak; )
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Inverse Mapping (kg, k,)= (K.pg,Kgps )" RO

Step 2: Compute derivatives: %(noc,g)
(Noes B10c) IS location of scattering or

dR/or
1 .
Analytical value at 8=0 is (GS eq
0.5+ %(r,0=0)=1+%(r,6=0)
R : ar ar
analytical

o 00, =1+ SHIFT

Or - - - exact 6=0|

-1 -0.5 0 0.5 1
O/n -
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Inverse Mapping (kg, k,)= (K.pg,Kgps )" RO

Step 2: Compute derivatives: %(400,6)
d

(foe» O,0c) is location of scattering

dR/06
0.5 .

0.4

© analytical||
® @ezeloc

0.3}
0.2}
011 #
0.1}
0.2}
0.3}
0.4}

-1 -0.5 0 0.5 1

O/n
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Inverse Mapping (kg, k,)= (K.pg,Kgps )" RO

Step 2: Compute derivatives: %(rwc,e)

(oo Bloc) is location of scattering 22 or

° analytical
-1r ® @ e=6Ioc ]
_ol
_3 1 I A

-1 -0.5 0 0.5 1

O/n
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JIJ
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Inverse Mapping (kg, k,)= (K.pg,Kgps )" RO

Step 2: Compute derivatives: %(;’loc,ﬁ)

(foe» O,0c) is location of scattering

AALL)
1 !

o analytical| | Analytical value at 8=0 is (GS eq
° @E):E)IOC

0.8r

0.6 - — —exact 6=0|

%(r,ﬁ =0)=rK
00

047 =1, *KAPPA

0.2F
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0/t

|
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Appendix: Compute Inverse Derivatives

Start from the coordinate transformation

Ok IR
SR | | or ae(ar)_J(ar) (5r)__1 SR
- = = =J
57 0z 9z || o0 56 560 5Z
or 006
Additionally, we can write the inverse transformation
or  oJr
or \_| 9R 9Z || OR
56 0 90 |\ oz
IR 0Z
Compute inverse matrix J-
9Z  OR
i 1 F Y] oty ORIZ _9RIZ * Recall dRd6 =0
detJ| 9z oR | or 00 96 or * Recall dZ/dr =0
or ar
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Appendix: Compute Inverse Derivatives

We find
(or 1 0Z
OR  detJ 96
ar 1 OR detJ=aRaZ_aRaZ
J0z  det/ 00 or 96 90 or
0 1 0z
a_R__detJ or
90 1 4R
kaZ_detJ or
Steps:

Compute forward derivatives
Compute inverse derivatives
Complete (kg,k,) mapping
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Conclusions and Future Work on Synthetic Diagnostic

* Implement instrumental selectivity function and wavenumber filtering.

» Goal: a direct, quantitative comparison between experiment-GYRO

simulation of e- scale turbulence.
« Compare fluctuation spectrum high-k diagnostic/synthetic high-k.
« Study energy transfer between different k’s (different channels).

* Project operating space of new high-k diagnostic.
» Are streamers predicted to be detected with the new high-k system?

« Study turbulence characteristics in high-resolution e- scale run - towards

multiscale simulation in NSTX-U.
» High-resolution electron scale runs presented here are NOT multiscale

- lons are not resolved correctly Akgp,~0.3, L, x L, =21 x 21 p.
- Simulation ran only for electron time scales (~20a/c,), ions are not fully developped.
In future, can apply synthetic high-k to multiscale simulation in NSTX-U.

This work is supported by US. D.O.E. Contract No. DE-AC02-09CH11466. Computer simulations were carried out at the National
Energy Research Scientific Computing Center, US. D.O.E. Contract No. DE-AC02-05CH11231.
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Intro

e First level

— Second level
= Third level

* You really shouldn’t use this level — the font is probably too small
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Here are the official NSTX-U icons / logos

@INSTXUpgrade @@
@YNSTX Upgrade

@NSTX-U @@NSTX-U
@

@D National Spherlcal Torus eXperlment Upgrade

National Spherical Torus
eXperiment Upgrade
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Instructions for editing bottom text banner

Go to View, Slide Master, then select top-most slide

) age Setup 0se
y A
5555051535 02 1 55 L 5 5055 5 5 0 0 0 2 L) 3 0 A A e

: : : : : : : / : :
~ Click to edit Master title style

« Click to edit Master text styles

—Second level

= Third level
« Fourth level
» Fifth level
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