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Use of TRANSP at MAST for forward modelling of:
- neutron camera measurements: routine
- FIDA diagnostic (with FIDASIM): routine
- Charged Fusion Product Detector (W. Boeglin, R. Perez from FIU and
D. Darrow from PPPL): in progress

Use of TRANSP at JET for forward modelling of:
- TOFOR & MPRu neutron spectrometer data

Physics topics for which TRANSP is used:
- fast ion physics: confinement and redistribution
- sawtooth
- current drive (see D. Keeling presentation)
- neutron spectrometry analysis
- fuel ion ratio in DD and DT plasmas
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3 MAST

UNIVERSITET

Mega Ampere Spherical Tokamak:

- Aspect ratio R/a=13 (R =0.85m, a=0.65m)
- high elongation 1.5<x<25

- high triangularity 0<0.5

- plasma current Ip < 1.5 MA

- electron temp. T <2keV

- plasma density n ~0.1-1.0x10" m™

- toroidal field B =0.35-0.6T (at R = 0.75 m)

- NBls P, £5MW, < 75 keV D ions

Vg N 2.5 v,

Fast lon Diagnostics (FIDs):
- Vertical and tangential Fast lon D_ (FIDA) system

- Fission chamber, D_ edge monitors

- Prototypes:
- Neutron Collimated flux monitor (NC)
- Charged Particles Detector array (CPD)

10
o
IS0
<
o
™
~
e
S
—_
©
=
~
o
o
o
D
£
©
o)
=
aQ
S
o
—
)
w
—
o)
[%2]
-
o
"
Z
<
o
l_




TRANSP User’s Group Meeting, PPPL, March 23-24, 2015

4

UPPSALA

UNIVERSITET Typically 90 % of DD reactions are:

Discharge 29924, ¢t = 0.26 s
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Vertical Fast lon D-o diagnostic

Time resolution: 1 ms “He + n
. D.+D

Spatial coverage: 0.9-14m fi th .

Fast ion range: 5—70 keV TP

Sensitive mainly to trapped fast ion population

Discharge 29924, t = 0.26 s
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Tangential Fast lon D-a diagnhostic

Time resolution: 1 ms “He + n
: D. +D

Spatial coverage: 0.8-14m fi th -

Fast ion range: 30 — 70 keV TP

Sensitive mainly to the passing fast ion population

Discharge 29924, t = 0.26 s (b)
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Charged

Particles Detector

Number of channels: 4 b oD ‘He + n
Time resolution: 1 ms i T P -
Spatial coverage: 0.8-14m TP

Sensitive to:

Discharge 29924, t = 0.26 s
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8 Neutron collimated flux monitor

UPPSALA . . . .
UNIVERSITET Number of channels: 4 (2 mid-plane, 2 diagonally inclined)
Time resolution: 1 ms ‘He + n
Spatial coverage: 0.2-13m Dy + D,
Sensitive to: neutrons above 1 MeV T+p
- (a) Discharge 29924, t = 0.26 s .- (b)
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MAST

plasma
Diagnostics

1

TRANSP
NUBEAM

l

f.(t,R,Z,E\)
e (t,R,2)

—

Forward Modelling

HAGIS

1

perturbed
f.(t,R,Z,E.\)

(t,R,Z)

modes-fast ions
resonance maps

EFIT++ |—>| e O

X
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LINE2, DRESS

0
o
IS0
<
o
™
~
e
S
—_
©
=
~
o
o
o
D
£
©
o)
=
aQ
S
o
—
)
w
—
o)
[%2]
-
o
"
Z
<
o
l_

—

Synthetic
| | | FIDA




TRANSP input preparation

R  The MAST Chain Control Centre - mc® - is an interactive data preparation tool
developed by Rob Akers at CCFE to allow the user to generate a self
consistent set of MAST data for TRANSP.

Extremely power and flexible:

- data from multiple diagnostics integrated (TS, CXRS, MSE, FC, Neutrals, magnetics, Zeff, ...)
and mapped onto EFIT flux surfaces

. . 'E me3 version 2,10 (Cerberus) | BUILD: CEREERUS 2110 | R.Akers x6323 (on fuslwi18) =lalx)|
- E F IT fI UX SU rfaces detal Ied anaIySIS SHOT | 23576 QI @l ﬂ BI il g‘ %&I CHRS INeumlsI Zesp I HHD Iﬂwertor] Co NBI (2 beams) ”U;
- M S E Co nstra i n ed T=5.568 dee=2.200 max[RUN}=13 4 Telt) data] ne(t) data] L.F, data ]ms (Ruhg)] T8 Results] FIT] TS Euts] LP Euts]
"
X/d°’=‘155."dﬂf=75 g [10.\10] AME corraction stogs #1 ANE sorraction stage ﬁ?\ wRGit) [ 1000 675 B shift [nd | 0.0000
15 i . h| r H =
- multiple smoothing/ : E (S
. . > <L y ] " Rotation ondoff in ATH ne Fitting
£ Wil St s e s s
interpolation methods = 3 1 [ EE—
iu i o 20 P oy 50 I Use CHRS in ATS fitting (if possible}
t- I L T oosid i Correct For nifast) using LOCUST
- Ime S ICIng E I Use CHRS Ti in ATS Fits
TR A Force Te synmstry 1F Telsep) is pinned

- FI pressure from TRANSP g S e S
. . s . o M — = [ AT Tetrit) [ AT netfied
- iterative equilibrium reconstr. HanEEEE X

nate cycle i Terminate cycle

I Default MINUIT? I Default MINUIT?

max{dew}< | 1,300 nax{dev}< | 1.300
maxiRUN} | 5 naxiRUNK | 5
max{chi2}k{ | 3,000 max{chizh< | 3,000

I Default CH ASYH?

with diagnostics constrains e S
- automatic generation of UFILES |
- interactive generation of TR.DAT
S i el TG

file gt "

fi

1
D
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TRANSP and MC® for FI pressure

11
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' 2110 (Cerberus) | BUILD: CERBERUS 2.10| R.Akers x6323(on fusiw11g)

TEQ solver in TRANSP SHDTW 0O B M XK E PN ekt | To e | RS | Nesteals| Zer | HHD | Divertor
(from CORSICA) cannot L BTl (_i@_l Lom Jore] o

account for: =

ESH ] Rimin,max), Ip,R,Bphi ] Prad,P{NBI} ] q ] Yloop ] Re-run EFM ] HsY ]

o (= [ORS), B = TB . 4 win{sig(F}} | 0.1000
T b g = 1060000 Wiy = 41,16 ki
: er P {sig(P)} | 10,000
1) pressure anisotropy Do R
. : s : I” Fix ohmic points?
2) toroidal flow [ O B _
;, L . Fl ' Pressure constraint
= [ ----Mappad : 7 P constr. [on/off]
e _TR“\NSF';‘" MSE constraint
. I ; : o I catr, | offset
NUBEAM used to determine E | \. | e
o a0 e ——— iy I-alpha constraint

0.2 G 0.8 o8 1.0 1.2 1.4

the FI velocity distribution

RIm1 A ADA{L INCAM)+dR_LFS
fU n Ctl O n a n d p reSS U re : Attriluite | Description Value + KIC (HOMER)+dR_LFS
kppeur Order of polynomial representing p' I
kffcur Order of palynomial representing 7 2 ~ Current
[N Qrder of palynomial representing o 0 i
peurbd | Enforce condifion p'=0 at separatrix o + User Defined
feurbd Enforce condition =0 at separatrix 7
fFI l i [r 5 [ ; p weurbd | Enforce condimion per=0 at separati | e ~ NONE
? ? )
= le —— I 0,010
= dR_LF5
windPSI3 | 0,000 (2]
[
I—E maxiPSIT | 1,000 j
£(0) | 0,0100
Ql QI @l H tlend) | 0,3400
Ignore Fl pressure
=y | |
A04 [LINGEM) b ¥DG (HOMWER] = L4 @ @ dt I 01, 005G

i o @ B e X




e TRANSP modelling of NC
=" measurements
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Field of view of NC not pencil-like: non-flux averaged neutron emissivity required.

ﬂ
x 10’ x 107 -2.4 . . x 10
-2.4 : . . - - -2.4 , . : . Lt il
Iy Iy — {0 [ IS S— 6
3 3
-18 == | 18 . -1.8 = |
a) ’ b) <)
- L = 4
19 1 25 2.5 - |
0 - wf em Sl AR
. _ i -
8 -0.6- 4 2 _ 060 /= u . 2 _ -0.6 s [ P12 _
- _ - o L T _ L Ta
q_ E 1 "E" 1 E 1 L]
N ~ 1.55 N O 1,55- R [ o §
™ i NN ] i
AN 0.6 | 0.6 | 0.6
-8 i 1 h | 1 N 1 i 172
E 1.2r 1 1.2 ¢ 1.2 e N
= 03 05 i -4
i 1.8 — | 1.8 _ 1.8F e — 1
o — — — —
o 2.4 L L Y 24 or, : —a ol 1! -
o 0 05 1 15 2 25 0 05 1 15 2 25 s 1 15 2 25
03 R {m) R (m) R im)
C — — —
= 00 (0) 0.225 <t < 0.230 = (b} 0.235 <t < 0.240 3 C (c) 0.245 =t = 0.250 3
E 4% =138 E 4 =189 E 42 =118
%J 350 T - — s
Q 00— - -
= - F - -
o £ 250 - —
) I = E E
» £ ool - -
:_ = = = =
o) I F C o
) = = =
o 100 - B
(7)) - - -
<Z( 50— il - ’
Lt bil i dib i aligprtbepiibiripibiiaili L ety rrrrerrrrrrrrrrirrirrdn 1 1 111 111
o 1 = I L L FTN P B P Lol Lol LA
= 05 06 OF OB 08 1 1.1 1205 08 0.7 0g 0.9 1 1.1 1205 08 07 08 09 1 1.1 12

P (m) p m) ) p {m)




TRANSP modelling of NC
=" measurements: H/D ratio
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Plasma Hydrogen puff ny/np ny/np
discharge (ms) Eq. (1) TRANSP
30457 0 0 0
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o
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TRANSP modelling of NC
measurements: AFID

Time-dependent anomalous
fast ion diffusion necessary
to reproduce FC and NC
Measurements within
experimental errors.

Choice of appropriate
diffusion coefficient
usually enough to get
good agreement but for
those scenario with

very strong MHD activity




M TRANSP modelling of NC
M measurements: fishbones
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TRANSP modelling of NC
measurements: fishbones
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E 2 55 keV
-0.5=<v/v=0.5

LM2:

all trapped ions
E =z 37 keV
+ D, = 0.5 m?%s-1

EQ pre-FB
*  EQposi-FB
LM1 pre-FB, 1° = 2.38

s | M1 post—FE, x?eu =757

+ EQ pre-FB
. EC post—FB
| m— M2 pre-FB, 1 = 0.83
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DIAG pre—FB
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TRANSP use for modelling of FIDA
= measurements
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NUBEAM models the FI from beam injection to thermalization including CX loss
process but does not provide the re-neutralized FI trajectories nor distribution among
atomic levels.

FIDASIM with FI distributions from TRANSP/NUBEAM used to simulate FIDA
measurements on MAST
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TRANSP/NUBEAM modelling of
18 B 8 NC & FIDA measurements: an
integrated approach

Example of the same TRANSP run 22
0 output used to simulate: N
S i
N * NC via LINEZ2 g :
& « FIDA via FIDASIM S TS TR 7 R 7 R TR T
_S Time (s)
g _ 8_ T I T T T _ ZI_d)l : T T—T—T T : T
. In presence of TAEs using the 2 ol : 1o b :
i : . : % or | | 15 15 ]
o anomalous fast ion diffusion E ! N\ 1z | : !

o ff . t & af ! : . S 1F ! 1\
. coertiicient. = \ | o 1 & : I |
E) g of E | E ' §0,5:— E | A\ 4
E BT, L T T
= 0 0.6 I 0.8 1 I 1.2 0 0.6 ' 0.8 1 I 1.2

% _ Tangency radius (m) _ Tangency radius (m)
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TRANSP/NUBEAM modelling of
19 B8 NC & FIDA measurements: an
integrated approach to FBs

Tp]
0 . . <
S g abs(/d0) Small AFID was applied to Fl with E <75 keV
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TRANSP/NUBEAM modelling of
208 & NC & FIDA measurements: an
integrated approach to sawtooth

Kadomtsev mixing model with full mixing (actually mixing parameter not making
a huge impact).

TRANSP indicates that the crash causes a large radial redistribution
of fast ions from the core to regions of the plasma outside the mixing radius.

w
w

Passing fast ion population is reduced
at each crash while the trapped
population is increased:

pitch angle scattering
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Neutron spectrometer at JET:
= MPRuU
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The upgraded magnetic proton recoil (MPRu)
spectrometer for DT mainly

- Neutron energies deduced from the positions of
elastically scattered protons on an array of
scintillators.

- G. Ericsson et al, Review of Scientific Instruments, 72, 759 (2001)

- E. Andersson Sundén et al,
Nuclear Instruments and Methods in Physics Research A, 610

. 682 (2009)

Neutron collimator Proton collimator

AL d T GA L AL LE e AT S w7 s

D1 magnet
i Neutron dump Torus
MPRu
ek Coils
Line of sight
Hodoscope 1 —R \
(scintillator array) D2 magnet

Port
Yoke
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Neutron spectrometer at JET:
e TOFOR

i3 n

<

- M Gatu Johnson et al, 1
Nuclear Instruments and Methods in Physics F :;g 14 MeV
100k *

counts / bin
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TRANGSP for neutron data analysis
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* Fastion distributions from NUBEAM are used for neutron spectrometry analysis

* The expected neutron spectrum from beam-target and beam-beam reactions can be

calculated and compared with measured data (C. Hellesen et al, Plasma Phys. Control. Fusion
52 (2010) 085013)
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S * RF capabilities in TRANSP would make this framework even more useful
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* The calculated spectral shapes and the corresponding reactivities can be used to
estimate the fuel ion ratio in DT plasmas

- nyand ny are related the components intensities (obtained from the spectral analysis of the
data) and the corresponding reactivities (calculated from the NUBEAM distributions)
« ndnyin DT plasmas from the JET DTE1 campaign has been estimated using data

from the Magnetic Proton Recoil spectrometer (C. Hellesen, J. Eriksson et al, Nucl. Fusion 55
(2015) 023005)
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* The calculated spectral shapes and the corresponding reactivities can be used to
estimate the fuel ion ratio in DT plasmas

- n;and ny are related the components intensities (obtained from the spectral analysis of the
data) and the corresponding reactivities (calculated from the NUBEAM distributions)

g  n/nyin DT plasmas from the JET DTE1 campaign has been estimated using data
:. from the Magnetic Proton Recoil spectrometer (C. Hellesen, J. Eriksson et al, Nucl. Fusion 55
N (2015) 023005)
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TRANSP/NUBEAM code

- Faster NUBEAM MC module: 50.000 particles take a long time!
Needed for smoother Fl velocity distribution functions

- SXR synthetic diagnostic

- Integration with orbit following code

- RF heating modelling

- “kick” model for fast ion transport developed by PPPL

TRANSP/NUBEAM user support

- netCDF viewer (http://meteora.ucsd.edu/~pierce/ncview _home_page.html)
- examples
- training sessions




- Fast lon D-a diagnhostic
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- Proton Detector (2013)
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Neutron measurements (2010)

CEVERSLES Large neutron shield and collimation assembly.

Liquid scintillators (2 X 5 X 1.5 cm) coupled to PMTs
Full digital acquisition 250 MS/s and post-processing with PSD.
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