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A few papers | will cover

De Bock — 02.107 — Edge Current Measurements using MSE
during MAST H-modes

 Medvedev — P4.145 — Free-boundary equilibrium and stability

of snowflake diverted and negative triangularity plasmas in
TCV

Michael — P1.1067 — Internal Transport Barrier in the MAST
Spherical Tokamak

* Piras —15.115 Snowflake divertor experiments in NSTX

Electronic copies of first 2 in hand, and hardcopy of third one

NSTX #\,%‘&m EPS 2010 meeting recap: R. Maingi 28June 2010



Conclusion and outlook

* Conventional MSE can be used for edge current
measurements in Spherical tokamaks (MAST ~2 ms)

* Neoclassical calculation yields lower and more
narrow edge current layer than measurement.
Just due to assumptions (e.g. 7'=T)), or Is

neoclassical no longer valid in the edge (p ~L )?

* Transient drop in max(;, ...) When V p increases.
Related to collisionality?

tyfTh ology

TU/fe == BCCFE



Motivation

* Advantage of spherical tokamaks

— Low B, at LFS, comparable to B,
— Causes larger y and larger changes in y for similar

m

changes in B, than in conventional tokamaks

- eg.
B, 02T
AB, 0.02T
B, 25T 0.25T
y,, =arctan (B,/B,) 4.6° 38.7°
Ay, =B,/(B:+B.) AB, 0.46° 2.8°

TU /e s +=CCFE
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MSE at MAST

* MSE diagnostic at MAST?

— 35 channels Polarisation angle Y [#21430]
020 k=7 ;
_ AR-20cm, ARa~28% e

— Range=0.7m — 1.5m N
-0.1-1.0

— Core channels:
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(e.g. due to lower signal levels at pedestal foot)

2 M.F.M. De Bock, et al. Review of Scientific Instruments, 79(10):10F524, 2008
N.J. Conway, et al. Submitted to Review of Scientific Instruments, 2010
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Strong edge current in H-mode

* L-and H-mode
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Electric field correction

15400

1.0-10°"

* Effect of £, is small in
MAST

-1.0410"

—_ ~2% |n BZ 1.5410°"
— ~10%in j,

E, [V/m]

0.22

B.[T)

« Correction...
— Makes max(,) lower G ;

— Makes peak broader
— Shifts peak inwards
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De Bock
02.107

Comparison with neoclassical calculation

Neoclassical calculation (bootstrap)

— Lower and narrower than measured
15.10% o

Just after the ELM (t=0.347s) : Late in the ELM free perlod (t 0 3673)
'O
1M
w
1 0-10° |
NE :
3 |
= 50010 I
3+ measured by MSE|
Qe Neoclassical  r---------- -~ o
1.25 1.30 1.35 1.40 1.25 1.30 1.35 1.40
R[m] R [m]

— T'=T and n_=n_assumed, fitting of profiles, ...

— Spatial smoothing of MSE signal, ...
— Is neoclassical theory correct in the edge (p,~L )7 ..

TU /e i %CCFE
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a0 Current evolution
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el Stability evolution and calculation

— Type lll ELMs where peeling boundary is expected
— Type | ELMs occur when ballooning boundary ~crossed

’ : |
x type lll ELMs (t=0.263s - 0.301s)
. #24409 —— before type | ELM (t=0.303s - 0.343s)
1.5:10 -9 type | ELM crash (t=0.343s - 0.347s)
—»— after type | ELM (t=0.347s - 0.387s) )
—= Ballooning boundaries (type 1) (calculated with ELITE)
"""" Peeling boundary (type Ill) (to guide the eye)
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wee. (GONClUsiONs: SF with 0<0

* PF coil currents within TCV limits
— Separatrix leg positions controlled

» High sensitivity of plasma shape to
pedestal current density near null
point

* Narrower plasma near null point with
Increasing pedestal current density
—Better n=0 stability
— Edge stability enhancement

EPS 2010 Dublin Snowflake and negative 15
triangularity in TCV



SPIDER: Negative triangularity
SN and SF equilibria (Ip=380kA)
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Figure 1. Free boundary equilibria with negative triangularity: single null (SN) with pedestal profiles
(a), SF with pedestal profiles (b) and SF without pedestal (b). The positions of full toroidal coverage
zones with graphite tiles are shown by thick red lines.
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Medvedev

P4.145
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PF coil currents: SF positive 0
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Medvedev

stability: 6>0
.
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Snowflake X-point
F. Piras et al. Snowflake divertor experiments on TCV.
This conference 15.115 Friday 10:40
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Medvedev

“ KINX edge stability: 0<0

1=05p'__ Ip'=05

eoge

tev nix0 x==0.935 J

cdge

fov snfint x,=0 985 w=0.015 J, o, JJ=05 D'y, /0'=05

Figure 3. Edge stability diagrams for negative triangularity plasmas in TCV. The plasma shapes corre-

spond to the free boundary equilibria from Fig.1.

EPS 2010 Dublin Snowflake and negative 12
triangularity in TCV



Stability of self-consistent free
we boundary SF equilibria
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EPS 2010 Dublin

» Rescaling pressure gradient
and current density In
pedestal by the same factor

* Free-boundary equilibrium
with prescribed null point
position

o Stability limit enhancement
compared to fixed boundary

— n=1 mode: 1.2101.25
— nN=5mode: 1.4101.6

Snowflake and negative 14
triangularity in TCV



Internal transport barriers dynamics in MAST

- Co- and counter ITBs build in early phases of discharge after
favorable rotational shear profiles are established

« Mirnov signals:
» Co: onset of fishbone/energetic instabilities at barrier time
» Counter: quietening of fishbone/... at barrier time
* NBI modulation shows counter torque at mid radius by NBI
« Two barriers in counter: at q,.,, and near q=5/2
» Rotational shear weaker at the inner barrier
« Ultimately a LLM or tearing mode destroys the barrier
» Tearing Mode locking condition is satisfied

ETB formed some time after a mode destroys ITB and ITB
moves its shear toward edge

Michael
P1.1067
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Piras

15.115 Snowflake divertor experiments in TCV

Established snowflake, snowflake +, and snowflake — (SFD)
configurations

* Most comparisons between SFD, SFD+, and std. divertor

« Mostly magnetic topological changes quantified; no IR
thermography data shown

« Confinement improved by 15%
« ELMSs got less frequent and bigger on D,
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