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Summary

1. The WEST Tokamak

Quite a big data producer

2. The Tungsten density measurement
Just a little bit of physics

3. The WEST acquisition infrastructure
An effective one

4. The modern acquisition method
How to take into account the new needs
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1 m The WEST Tokamak

Quite a big data producer
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A superconducting MA class full W tokamak

nnnn-m

37T 25m 56 15m® 14/05 16 MW LSN, USN, DN

Flexible magnetic configuration

» Superconducting tokamak

_ _ Long pulse operation
» Actively cooled Plasma Facing Components

(1000 s)
Means a lot of data
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WEST - the recent record 2024/03/08

364s (6min) and 1,15GJ of Lower Hybrid Heating
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Inside WEST : a full W environment
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The Tungsten’s benefits & drawbacks

T

Highest melting point of any metal
and maintains strength at high
temps

Do not retain Tritium > no activation !

P i,

s

Gradually (but slightly) eroded by

the plasma

- Damage induced

-> Impacts plasma performance
even with a small amount of W
(Cw 0,01%)

>> the Tungsten density is an important measurement to achieve
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The Tungsten ratio
E measurement

Just a little bit of physics

N
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A little bit of physics

particle

a Tungsten dust into the plasma emits an

electromagnetic radiation made up of photons :
E=mc2 a “Xray” radiation.

Each radiation has a specific wavelength (and

o energy which is inversely proportional).
For tungsten some interesting radiation have a
E=hf wavelength in between 100ev to 15kev >>
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A little bit of physic : the general case

Tungsten emissivity general equation is :

-

Zw
- _ - _ —-b _ |
eW(hv, T, ,ne,FW,q) = NNy 2 fw.q (Te,ne,FW,q). [egf'i f(Te,ne, hv) + eéii (T,,n,, hv) + e:?,i b(T,,n,, hj]
i=0

o

4 Free-free Free-bound Bound-bound h
Fractional emissivity emissivity emissivity
abundance (Bremsstrahlung) (recombination) (line emission)

- - -

Cooling factor
Ly (hv,T,, ne, T )
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A little bit of physic (just a few last)

eW(hv, T, ,n,, I:)W,q) = nenWLW(hv, T,,n,, fw,q)

@ We ignore the transport term fw,q in

the case of high temperature and high
atomic number Z=74

ew(hv, T, ) = neny Ly (hv, Ty, )

We assume plasma is emitting

Tungsten density: Electronic Defpsity n. 1S megsugel Ry RO VRS Ys
ESYR Cooling factof Ly, (hv,Te) | at?{zjl?é?é’d to simplify here)
Y Y

Ne. Ly (hv, Te)

Ny =
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Detection principles

Principle of the triple-GEM (Gas Electron Multiplier):

T T eq |

(8]
]

In photon-counting mode (spectral resolution)
SPECTRAL Measurement (a) — First chamber wall
® \h‘. s L.5¢ — Last closed magnetic surface  ~
L B : + Magnetic axis
Ar + CO (1) Incident SXR photon I B GEM poloidal coverage
e38 e Conversion || & () Photoionization in the gas mixture
@ ®°0 G (Photoionization)
. 18 Transfer 1 || E
\;l\l P I-G-)---------------r-a:s-:r---/ : (4) EleCtron difoS|on and drift
M2 @ N E.
N _@2 R _‘__ e __Ir_a:"fir 2_ ' (5) Charge collection on the anode
GEM3[ ®" ‘@' — l d. t." T
naucton 4
= = Ei (6) Signal post-processing - (Q,P,T)
@ el E ? anode strips (pixels) .
[T. Czarski JINST 2015 ] S ¥ * E : T %
R(m)

An electric charge is measured and photon energy is deduced by computation
This gave an integrated measurement on a line of sight

Thanks to tomographic inversion we deduce emissivity radially
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The real instrument

Vertical Camera

f1h1
LR

The instrument contents ;

- the detector which has so stay at a certain

[D. Mazon et al., JINST 2017] distance of the high temperature

ARA TR
N GEM detector actively
PO L LT L[
=t = cooled
/ He Buffer
L

| Fe>> source

EEEEEEEEE:
BB

Be pinhole

- An helium buffer : that helps photon to reach
the detector

- An inner Fe55 source : a known source to
calibrate

- A Be pinhole : to limit the amount of photon

Counts x 1(;;g

res% counts events samples I
— 24 2778428 2778430 7898360 |

Fe55 characteristic
ray = 5,9keV

Channel Y

Argon escape peak
due to fluorescence

h
16 24 32 40 48 56 84
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Figure 9. The GEM detector characteristics for two >Fe reference sources with different intensity for XY
array structure: planar distribution (left), energy spectra (right).
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Data produced

The GEM instrument is a photon counter .. It produces 100Gb for a 300s pulse
50 data acquisition unit @WEST >> 5T per pulse ..

But the needed value is actually “only” the Tungsten density, which is obtain by post-processing.
ﬁ)etecﬁnn (GEM)\ f Post-Processing \

- R

& 2
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The WEST
Acquisition
infrastructure

An effective one
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The Acquisition World
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The world of .. security

Nk
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What is the problem ?

Data are growing {much-toeo) fast .. Faster than the network
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The problem

@ Network link are not easy to change :
 evolutions are limited

- it's highly expensive

Acquisition network remains a IPV4
network .. That means .. Only 255
devices possibles




The modern
m acquisition method

How to take into account the new needs
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The requirements

SSD support high magnetic fields .. Allow to avoid
useless and time consuming data transfert

Q9,3
IMPORTANT AMOUNT OF LOCAL DISK u

A PRIVATE NETWORK

To allow multiple actors sharing data without
impacting the others acquisition units.

USE & SHARE STANDARD

A lot of requirements are common : pulse
sequence synchronization, parameter readings,
datafile saving..

NO NEED LICENCES

Also a need of cost effectivhess but mainly for long
terme maintenance purpose..
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The WESTBOX gateway

a.ﬂ A specialized advanced computer called « Westbox » acts
as gateway between GEM network and acquisition network ‘ %

J #5_BHHHR WY
FHHR ROy

44 HARA BRR

with 65Tb of SSD available (650Pulses - ~6 weeks)

WESTBOXES are synchronized with Pulse experiments by
an expert system called « supervisor »

-
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Overview of the Qt based Westbox infrastructure
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The manager

A raspberry Pi has been chosen to manage the different
device

Backup is easy
Robust
Lite and simple to program : bash/Php

Cost effective

RN cry high amount of data - IAEA TM 2024 Sao Paolo
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Autonomous & dedicated remote powerstrip

First function of the manager, turning on/off the different units thanks to a dedicated HTML interface.

m‘mJ WEST GEM Supervisor @ 20/6/2023 12:56:40
PowerStrip Tailon CESI Live VIDEO Data Viewer IPMI/BMC
GEM 0N . DGEM 0N . RPI ON . Power Supply ON . 873 W HV .UFF LV ON . Measurmt Syst. QN . 199 W WESTBox .UFF Downloader .UFF
LastCommand: e mmmm = = = = = = = = e m = = m
20230609 15:15 : command run by Someone manually > > measure_stop i GEM s}f‘nupti:al

20230609 15:20 : command run by Andrzej > > shutdown

20230620 09:41 : command run by Andrzej = > program_and_reboot
Argon valve is Opened &lECVEIEN Gl

Helium valve is Closed RIS ERVEER TN

Julabo is OFF
GEM UP GEM DOWN

...............................................................

.....
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Autonomous & dedicated
slow controller

MONTEE

DESCENTE

AUTO

OFF

MANU

Fin de course HAUT

P S, S
-
ol iy

Fin de course BAS

A modern Infrastructure to manage shared diagnostic and very high amount of data - IAEA TM 2024 3

A basic schema: lift up or
down by actuating a motor © .

As there is no side effect on
other system, we are able to
manage locally.

Motor are managed
with a ABB driver



Autonomous & dedicated
Cooling system

basic Schema : turn on or off the cooler for electronic
boards.

No side effect if GEM detector is in trouble.

Manageable through RS232 communication (converted
in USB on raspberry)
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Autonomous & dedicated
Gas injection & measurement

The GEM requires a precise gas injection to retrieve and
manage :

the helium pressure in the buffer Helium is needed for the
photon not to be absorbed and to reach the detector

The argon pressure in the detector : argon is needed for
the photon to generate an electron

-> Impact on the computation

>

A bronkhorst-propar /
o rproparA " Bronkhorst’
Propar API
Introduction
Examples Instrument
B Propar API
Instrument class propar.instrument(comport, address=128, baudrate=38400, channel=1, serial_cl¢

'serial.serialposix.Serial'>)

Master

Implements a propar instrument for easy access to instrument parameters.

Database
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Autonomous & dedicated cabinet

[D. Guibert et al., SOFT 2024]
Compact design of the cabinet

Entirely exportable for laboratory
test

Siemens <¢—
LOGO! R

Motor <~
management
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\ 2 2 W
Data automatically produced in IMAS Format
Data Access Operations

API get() put()
POSt treatment are get_slice(tjinterp)  put_slice()

launched as soon as data
data directly in IMAS
Backend f ‘viztest' data source, shot=52344, run=0
BACKEND Actions Node Selection
~ occurrence 0 “  Preview Plot

» ids_properties

~ Array of flux_loop with 17 element(s) File
MDS+ HDF5 ~ flux_loop 1/17

[L. Fleury et al., SOFT 2020] Library Library e ———

» Array of position with 1 element(s) 6
v flux

/O /O maagnetics . flux loop[0] flux.data (FLT 1D)

» magnetics flux_loop[0].flux.data_error_u... 4

routines routines » magnetics.flux_loop[0] flux.data_error_lo...
» magnetics flux_loop[0] flux.time (flt_1d_t...

(«
O
[

flux_validity=-999999999 2
» flux_loop 2/17
name=Flux_loop
identifier=identifiernotdefined
» Array of position with 1 element(s)

IMAS = ITER Integrated Modelling _2
and Analysis Suite

S(t)

flux_loop 5/17

flux_loop 6/17 -

flux_loop 7/17

flux_loop 8/17

flux_loop 9/17

flux_loop 10/17

g“"-:“p L1f17 0 10 20 30 40 50 60 70
ux_loop 12/17 )

flux_loop 13/17 time[s]

£ 1 CW LR

vy v v v vvwvwvww
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5 m Conclusion

Still some works to do
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Results and plans

The modern acquisition methods implemented has

succeeded taking into account different « standard »

needs (synchronization, data storage, post-

processing)

For GEM purpose it has shown his benefits : the —— 1
b

acquisition is now automatized.

N
Horizontal camera to install for improve precision “_
Next step will be to produce data on the real-time

Retworr]k (means a(l;l least il?_ milliseconds) in order to ""_
ave the tungsten densit e.
\Y; ung ity liv s V4

.A .A_

V V
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The problem -

E—
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Vertical Camera

i [D. Mazon et al., JINST 2017]

GEM detector -

He Buffer

/

| | Fe>> source

Be pinhole

-
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A little bit of physic (just a few last)

General equation for emissivity of a given S source (which have different ions Zs) source is :

sg(hv, T,,n,, Ig,q) = n,ng

4 Free-free Free-bound Bound-bound h
Fractional emissivity emissivity emissivity
abundance (Bremsstrahlung) (recombination) (line emission)

zs P > = > =

- —_ —b —
fs.q (Te; Ne, I_é‘,q)- [Eéii f(Te; Ne, hv) + E£i (Te, ne, hv) + Esl?,i b(Te; Ne, hV)]

J

We ignore the transport term in
the case of high temperature and

high atomic number Z

We assume plasma is
only W impurities (we
even H)

—
Cooling factor
Ls(hv, Ty, n,, T54) > Ly (hv,T,) > Lw tabulated
_em'ptmggsten density: Elect_ronic Density Ne is measurec_:l by interferopolarymetry
ignore ESXR Cooling factor of the tungsten Lw is tabulated
Nw = - Emissivity has to be measured
Ne- Ly
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