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L-H transition
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* Towards the MAST Upgrade: (under procurement) - n=3 (Even,0dd,30L,90L) ® Powerrange were o 0.4
— Flexible, closed divertor including Super-xX configuration. - n=4 : _ ' H is observed § 03
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— Longer pulses with potential for fully non-inductive flat-top. n=2 (external mid-plane) INcCreasing aensity. Time (s)
H. Meyer ITPA 2012/R. Scannell EX/P7-22

H. Meyer, OW/3-2, 24th IAEA FEC, 9/10/12, San Diego, USA

H. Meyer, OV/3-2, 24th IAEA FEC, 9/10/12, San Diego, USA : H. Meyer, OV/3-2, 24th IAEA FEC, 9/10/12, San Diego, USA

2 - 2 -
.|_
Pedestal & ELMs * Cycle start: |9,»%¢ | ! . A 1§
: : 0
. 27204 |, O KAt 272051 ,,=56 KAt (n=6 i
o f.. . increased by up to w0 kAL ELM (n f inreases as filamentary g _ ., AN
LM e e turbul d z g* vV 5
& CCFE - o f a oFfeu (A n=6 1 urbulence decreases. £ 2 £
% .I"'C Pedestal width grows at constant Vp 5 OF SND - _ consistent with turbulence = 8 =4
Suirow : : ~ feLm-AW = const. 2.0k - on by fl H R4 o 7Y iz
R. Scannell EX/P7-22 0. Dickinson et.al, PPCF, 53 (2011) " : 0.0k et 1 suppression by Tlow shear, K\ﬁi‘“ f £
() (% of ELM oycie (b) ® 2D Stablhty analy5|s: a0k ® Cycle end: Filaments B g "
J— 1 ‘ . +
1.5 —_— RO @ 3 whyv hiaher fe m? _ _ o 40 142 1.44 940 142 144
— — ;H‘E & yang ELM* 8-2; ' — Consistent with vorticity R (m) R (m)
© ' — - T | being expelled b - .
L 10 20 18 ] 3 g P ¥ rror bars L I T c
3 _E_z T e ONDEY 0.2} turbulence. E, E;Tﬂ':“%TWL ]/\ ; }
& — l F AP TIIRRREN| i i i - Cilr A L : - | i _
O . 1 3 Y j glg-o (arb‘“‘*) _: ® Is this consistent with PSS 4/1 : \‘I‘*ﬂh
o > / 1 F ¢ predator-prey dynamics? “.as0 o0 S0 o so 100 150
0.0 0 3 " Unstable = : — No simple phase shift i (15)
0.94 096 098 1.00 094 096 098 1.00 e e P W B T Cond. averaging of (3) poloidal and (b) toroidal
Normalised pol. flux g4 o N 020 0% 00 0% 40T 05 O between flow and o, g, e pelede e [8) forade
s 1 Time (s) turbulence. gz scannel Ex/P7-22 paointsin [c) D, -intensity are colourcoded.

o
™ r
%

A. Kirk EX/3-2

H. Mevyer, OW/3-2, 24th IAEA FEC, 9/10/12, 5an Diego, USA

® ELM cycle profiles constructed from 50 profiles in 3 10 12 4

similar shots = good for micro-stability analysis. SNIMREOC PRNNY JERFOS: ___R. Scannell EX/P7-22 \ /
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* Widening of steep gradient region = peeling-

ballooning modes unstable at lower gradient.
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® Peak heat flux
increases linearly
with ELM energy.

. » 5-.':
* Natural and mitigated [ i
ELMs follow the same i."'_"; ¢ ]

trend.

— Consistent with
‘iFlE;__J'-,I ' ":IIII.'L':.ELH = I:'ﬂ'ﬂ.gtu

Upear (MW/M?)

® For lim AWSEP
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QeLm = = Qinter-ELM . 3 10 15
— Trend should deviate ﬁWE‘ﬂF (kJ)

from linear. A. Thornton et.al., 20¢ P5I{2012)
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ESEL reproduces SOL turbulence

i

® Electrostatic interchange
turbulence captures some
statistical properties of MAST
SOL turbulence.

¢ dimensionless parameter
scans to arrive at mid-plane
7.q Scaling.

Militello et al., PPCF, 54 (2012)

Increasing; Aq
Nedge weakincrease
Tegge . strong
decrease &
Ly increase © & MAST-U super-X
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Slower.than NC current _diffusion

Current drive and Fast

¢ LOCUST-GPU = high
resolution, gyro-resolved

X v § 6.3
fe1(%,¥) OF fz;(E, By, A; 0) - 23 1.28773 [m®s’]
— Used directly in stability =

calculations.
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Towards predictive FI capability

$CCFE

* LOCUST-GPU = high

rES::_tILitu:rﬂ, gyro-resolved o —— o Soam |
fer(x,v) OF fpp(E Py, A;0)

— FIDA emission
. . . —— Iotal
— Used directly in stability ota

calculations.
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* HAGIS &f = FI redis-
tribution (non-linear)

— m=n=1 fishbone modes.

Intensity (s nm ' m™sr’)
S

¢ Synthetic diagnostics to  10®
compare to measuremens.

— Meutron Camera.
— Fast-ion D, emssion (FIDA)
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Heat flux modelled with NEMORB

»CCFE

$CCFE

® Poloidal field diffusion is slower

(EFIT with MSE }

than predicted by neoclassical i |
(NC) modelling in dynamic Al E”iﬁial
=== +50ms

phase.

® Use shot to shot MSE at NBI
start to measure j(r,t).

— Use to benchmark modelling.

* New capability on MAST:
JINTRAC integrated modelling

suite. e

1] - - - .
— JETTO = 1.5 D transport. 0 02 04 06 08 1.0
_ UEDGE = 2D SOL rfa

D, Keeling et.al,, EPS (2011)

— ASCOT-GC/FO = MBI 0. Asunta, et.al., EP5 (2012)
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* Global gyro-kinetic modelling A-R. Field, EX/P7-1

(NEMORB) shows reasonable "
agreement with new BES data. 10728

| kne fow ool

* Turbulence is sensitive to:
— Flow, o
— Kinetic electrons (KE), Ea]m-z_
— and collisions (C). iz -

® Inclusion of kinetic electrons
(KE) and collisions needed to
bring fluctuation amplitude to 10
within a factor of 2-3.

— Inclusion of flow should Improve
agreement further.

3
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* Improved ELM coil set
— 6 upper and 12 lower coils.

¢ Beam emission spectroscopy forion turbulence.
* Neutron camera for fast ion profiles.

¢ Fastion D, emission to sample 4
— Poloidal views = sensitive to trapped FI.
— Toroidal views = sensitive to passing FL
— Spectrum = sensitive to FI energy.

¢ 50kHz edge Doppler spectroscopy for edge E,
fluctuations.

* FPGA technology improves diagnostics (SAMI) and
data acquisition (event triggering).
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%CCFE Synthetic aperture microwave imaging

V. Shevcnenko et. ai.,
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® Measure EBW emission with 8 antennas at 16
frequencies = 3D emission pattern with 100 kHz.
— Access to edge current profile.

® 3D ray tracing agrees well with observed emission.
— Vertical elongation due to shape of antenna array.

® Active probing gives access to 3D velocity profile.
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In. Summary

¢ MAST research has strengthened the tokamak
physics basis in many areas:

— ELM mitigation, pedestal stability, L-H transitions, pellet
Injection, SOL physics, fast-ion physics and current drive
physics.

— MNew and sometimes unigue measurements are fundamental
to this progress.

¢ Experiments and modelling aid the MAST-U design
and solidify the physics research plan.

— The findings with respect to off-axis current drive and SOL
width bode well for the MAST-Upgrade.

H. Turnyasn<y EX/Fe-06

1.6 ’ .
o a) on-axis NBI (DN) b) off-axis NBI (SN) Pog = 3.0 MW
Pugi = 1.5 MW
1.2 " — )
TRAMNSP:
1.0 Fast kan du:}H'I'i'
— O

D,, (méis) : ! '_‘ﬂ
ok £0 —- e = a qlg: :'1":--“'

00 02 04 06 OB 10 12 1400 02 04 06 OB 10 12 14
Tangency Radius (m) Tangency Radius (m)

®* Fishbone modes redistribute fast-ions (FI).
— Instability driven by gradient in fastion distribution f;;.

® Off-axis beam deposition should reduce gradients.

* Confirmed by matching neutron emission profile:

— DMN/On-axis: Dg~2 m</s; SN/Off-axis: Dg < 0.5 mi/s.
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Ion. turbulence i1s inherently 3D

¢ Statistical comparison of

i 100 " 100 ~
turbulence correl. time 1, (a) (®)
with associated time 7 4 T
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- ! ’ - -
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: __ mrE 1 10 100 1 10 100
— Il streaming ;. = -y : [ se] ¢ [u sec]
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® Grand critical balance L s
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* [, and I, not independent

— 3D turbulence. A.R. Field, Ex/P7-1
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Orals:
A. Kirk EX/3-2 Wed 11:05

C.M. Roach TH/5-1 Thu 14:00
5.E Sharapov OV/4-3 Tue 14:50

Posters:

M.R. Turnyanskiy EX/P6-06 Thu 14:00-18:45
G. Fishpool EX/P5-17 Thu 8:30-12:00
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A.R. Field EX/P7-01 Fri 8:30-12:30

P. Cahyna TH/P4-27 Wed 14:00-18:45

P. Gohil ITR/P1-36 Tue 8:30-12:30 (ITPA)
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