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A spherical tokamak
(ST) could provide a
cost effective
Component Test

9 Facility (ST-CTF) P
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New center column
1.6 Wb solenoid flux
3.2 MA rod current
high field side shaping coils

Jackable beam box
2.5 MW off-axis

New upper and lower divertor
closed, pumped - unique SXD capability
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New center column
1.6 Wb solenoid flux

U Pg rade 3.2 MA rod current

Ctarma 1 high field side shaping coils

Core Scorg

Need to deliver working
Jackable beari tOKamak within fixed budget
2.5 MW off-a

and
Considerable uncertainties
prior to contract placement.

e beam box
MW on-axis

New upper and lower divertor
closed, pumped — unique SXD capability

Pump installed but cryoplant is dependent on funding
~ Hendrik Meyer, PPPL Seminar, 17/04/2012, Princeton USA



- 8 new 4 guadrant divertor power supplies.
— Low level of ripple required for Super-X.
— Contract now placed within estimated budget.

= New toroidal field power supply.
— Contract now placed within estimated budget.

< 14 new In vessel colls.
— Contract now placed within estimated budget.

- 3 Cyanate ester airside coills.
— New solenoid — long conductor!

= Currently assessing which parts of Stage 1 can be
re-introduced.
— Cryo-plant and/or Double Beam box.
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Operations I

Restart
Commissioning

Manufacture _

Assembly

Installation

=
©

MAST PAC EPSRC Grant
(May 2012) Review
(Apr 2013)
|
Begin Shutdown
(Oct 2013)
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End Shutdown
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From the plasma core...
Enabling current drive physics

Through the plasma edge...
Enabling divertor physics

To what lies beyond the plasma
The engineering!
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From the plasma core...
Enabling current drive physics

Hendrik Meyer, PPPL Seminar, 17/04/2012, Princeton USA



Zm)

heating

— Beam driven

| = Ohmic
H |g h — Self induced Broad
normalised ‘ current

SN
pressure ﬂ profile

< current drivea

iImproved edge stability

Advanced shaping = Broader current profile,

l
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Advanced profile control
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Advanced profile control
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Advanced profile control

|

Ep<75 KV |
v”/v <1. 0

< On-axis = peaked.
- Off-axis = hollow.

« On- and off-axis = broad.

4.0e16
fast ion density (m™)

00

05 10
R (m)

15
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( off axis: 5.0 MW %
on-axis: 2.5 MW 3 © = On-axis = peaked.
1.0 :
| = = Off-axis = hollow.
o P
- ©w £ -
05 o = © On-and off-axis = broad.
_ 2 %
£ 0.0 S @
N ©
3 & = About 1 MA of non-
0.5 v 2 inductive current drive
| B = long pulse length.
1.0/ e, <75 kv I~ — Needs all 3 beams!
| vy/v<1.0 - ] .
00 05 10 15 o - High fast-ion pressure
R (m) (60% of total pressure)
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- Fast ions have only few collisions.

— Should be localised to
sources.

™~
o

1 ¥ — D_,=2.0 m¥s

- on-axis NBI { — DFI=O'0 mz/s } :

= Experiments suggest
source profile broadens.
— Instabilities? — yes, localised?
— Turbulence? — yes, how?

=t
(9]

—t
o

- Modelled as “anomalous”
diffusion Dg(r,E,...)
— Crude, ad hoc.
— Wrong for instabilities.

o
w1

O-O_ PR TR SR AN WA T S I SR T SR BT
0.0 0.2 0.4 0.6 0.8 1.0

= Need Integrated modelling Normalised radius
— Current profile affects stability/turbulence.
— stability/turbulence changes current drive.

Beam driven current (MA/m?)
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FUSION ENERGY=>

UPPSALA
UNIVERSITET

© CP09c-430-08

= 4 channel neutron camera in collaboration with Uppsala University
(Sweden).

< Can be scanned from shot to shot.
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Modelling
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0.5

=
)

1.0

Impact Radius (m)

(1,=0.8 MW)

With one beam no redistribution is needed.

Off axis heating may be more beneficial.

High fast ion redistribution in DN MAST discharges with 2 beams
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UNIVERSITE

Neutron rate (101%cm-3s-1)

Pug=1.5MW vs P g=3MW
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= Higher q,,;,> 1.3 helps to avoid detrimental MHD.

=
)

= Neutron rate doubles with double the beam power.
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LHAM CENTREZ
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SION ENERGY>

Fast ion transport
with
TRANSP/FIDASIM
modelling.

Example: 1 beam
SND (Dg,=0,
classical).

Horizontal: below
classical in core
and above in
edge.

Vertical: Signal is
much lower
indicates loss of
trapped particles.
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- lon-scale density turbulence measured with 2D BES

< Allows study of interaction of flow-shear and
anomalous, ion-scale turbulent transport

- Signal-to-noise sufficient to measure core turbulence

Shot #27274: BES Movie: Time = 0.250 713 0C s

128 13C 132 124 136 138 140 142
R [em]

0.0 05 10
dn{t)/n(t)

-Ol 5

-1.0
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£[m]

- lon-scale density turbulence measured with 2D BES

< Allows study of interaction of flow-shear and
anomalous, ion-scale turbulent transport

= Signal-to-noise sufficient to measure core turbulence

= Synthetic diagnhostic to compare with GK modelling.

ORBS5 density fluctuations, dn_/n,, orb5_22807_0.25_01
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Through the plasma edge...
Enabling divertor physics
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Contours at
5mm intervals
from
separatrix at
outboard mid-
plane
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Unique divertor
concept < Super-X

Large plasma
volume In the
divertor.

— Neutral-plasma
Interactions.

— Impurity radiation.

Can the target heat
load be reduced?

Can the geometry

be controlled?
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FUSION ENERGY=>

= Low collisionality (hot SOL)

— T const. along the field line ‘fg ﬁ [ - gz:\:rz_n;ionalj
- High collisionality z ;": " |
— T drops towards the target. %‘ Lol : ll |
= Increased connection length ,ﬂg E ‘1‘
— Increased collisionality. og 0.5} Il \ -
— increased temperature drop & HEEAN

m—

0.0 - L -
-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4

along field line

401 Distance on target from strike point (m)
= 30+ = Confirmed by 2D fluid edge
o plasma simulations:
> 207 — Here, low power (1.8MW) into

— — Conventional (3.0mm) S_OL’ but ... ) )
10- Super-X (2.3mm) — high power simulations show
same trend.
0 T T T T T T 1
0 0.5 1 1.5 2 2.5 3 3.5

Poloidal distance (m)
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= Density control is fundamental
to MAST-U.

= Seek high neutral density Iin
the divertor < efficient

pumping

— Require sufficient plasma in

throat

= to prevent divertor neutrals

leaving

- for low main-chamber density

= Seek minimal recycling from
the main-chamber baffle

surface

-0.5

E
N

-1.5

— require sufficiently diffuse plasma

at edge of throat

-1+

conventional
divertor
N«
//,’/
/ /
AL®
o °
)
4+N Nose
\\ 7
’?s@p
Q, /
0.5 1
R (m)
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- Perpendicular SOL shot 1630/ frame: 3180

transport is not diffusive. 0.5
0.4
= Mean field approximation gg
is not sufficient. 86

- Need a further o.2431  G.2411 2421

understanding of the ELM
and ELM avoidance.

A near SOL

log(T,n)

far SOL, filaments

R-R

sep.
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Application of resonant magnetic
perturbations in N=6

2208 DAL 2720 5K 5

18 in vessel coils for ELM
mitigation

IELNM (KAL)

n_g (x1072 m-3)

D, (arb)

0.50
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_ _ Application of resonant magnetic
18 in vessel coils for ELM perturbations in n=6

mitigation
le y (KA) 3 E

LG E = - =y Pupp——

0.22 b4 Q.56

Lobe structures are observed when

= |

IELM THR
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FUSION ENERGYS

Application of resonant magnetic
perturbations in Nn=6

1.5E <

lerw (KA) of ;

G E

il
0.22 b4 Q.56

NS

00 05 10 15 20
R {m} Lobe structures are observed when

>

IELM THR
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< Electron Bernstein Wave mode
conversion mechanism contains
information on Vn, and B.

— Need to measure EBW
emission window.

= The new Synthetic Aperture
Microwave Imaging (SAMI)
diagnostic uses a novel technique
for producing images of thermal
emission in the range 10 - 40
GHz.

THE UNIVERSITYW

Vertical angle, deg

40

20

o

Full wave
simulation

-20 0 20
Horizontal angle, deg
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Electron Bernstein Wave mode
conversion mechanism contains
information Vn, and B.

— Need to measure EBW
emission window.

The new Synthetic Aperture
Microwave Imaging (SAMI)
diagnostic uses a novel technique
for producing images of thermal
emission in the range 10 - 40
GHz.

First SAMI images from EBW
emission obtained.

— Technique works, but some
differences between
experiment and simulation.

First steps to calculate j(r).

THE UNI\’ERSITYW
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Large range in n, and T, In
the SOL.

100.0 -
Low temperature plasma. : TS (UPSTREAM)
Neutrals, impurities e,
Line radiation, atomic ~ 100 T OREEN A 1%
data. 2
¢
|_

1.0-

down stream
FILTERSCOPE (NEAR TARGET)

04017 o ‘1‘018 o |1‘019 1020 1021

Ne (M)

The SOL is turbulent: on/n — O(1)
Many different diagnostics needed
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Reciprocating
Probe

Bolometer
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To what lies beyond the plasma
The engineering!
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CCCCCCCCCCCC P
FUSION ENERGY=>

Top Plate Module (TPM)

= Optimise
_ engineering
DR, break.

= Progress work
In parallel.

- Better
1\ Cylinder Module (CM) alignment.

T~ Centre Tube Module (TPM)

Bottom Plate Module (BPM)

Centre Stack Module (CSM)



CULHAM CENTRES
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EASTWALL | | |

4
o i
= i
~ 1 hl
i Vessel Lower Flange
urrl"‘ﬁa CER {
cight | |

e
e

FFL 56.730

N s i o - —— MAST D1/11 ALPHA ASSEMBLY AREA

- Move MAST out of the block house (test cell).

- Parallel assembly outside the machine area.
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CoeH=eans - EXplosion.forming

FEM Strain simulation

D1 can (4mm SS 316L) most complicated.
= Assessment of prototype is positive.
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FEM Thickness simulation

= D1 can (4mm SS 316L) most complicated.

= Assessment of prototype is positive.
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Temperature (deg C)

400
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Lol 4
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DT4 Tiles

B1 Back-Plate
B2 Black-Plate
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Nose

Baffle

Time (hours)
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Heating Fractions

Apr1 =
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15

Final Temperatures.
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Inner

Outer

= Put heat + particles into core plasma | scrape-off Scrape-off
Layer (SOL) Layer (SOL)
Core
l Plasma l
= Transport processes remove these - >

= Divertor handles “exhaust”:
— Controls surface temperatures
— Controls impurities
— Removes particles

- Benefits: -

— Improved performance |
. I

— Cleaner experiments i
I

I

— Control of core plasma density

Particles

Cryopump
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connection length:
length along the
field line from
mid-plane to target

= Basic concept: Increase radius of strike point (Rg;,)-
+ Larger Ry, = larger wetted area.
+ Lower toroidal field = lower parallel heat flux.

= Increased connection length using low poloidal field
In divertor chamber. _
Super-X concept:

+ Increased volume for plasma interactions. Valanju et al. Phys. Plasmas
16, 056110 (2009)
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