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INTRODUCTION

 FIRE at pre-conceptual design level.

 ~1/4 ppy physics effort on diagnostics, no
engineering:
— Depend on ITER/ CIT experience,

— Significant engineering design and integration
required to demonstrate feasibility.

o Talk will address aspects of FIRE diagnostics,
— Alpha-particle technigues.
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Fire M easurement Specifications (Draft: 1/16/02)

(prepared in style used by ITER Group)

RANGE or AT or
MEASUREMENT PARAMETER CONDITION AX or Ak | ACCURACY
COVERAGE AF
Default 0—-1MA 1ms Integra 10kA
1. Plasma Current Iy 1-80MA 1ms Integra 1%
I, Quench 8.0-0MA 0.1 ms Integra 30% + 10 kKA
Main plasma gaps, I,>1MA, full bore - 10 ms - 0.5cm
Asp I, Quench - 1ms - lcm
2. Plasma Position and Divertor channd Default - 10 ms - 0.5cm
Shape location (r dir.) I, Quench - 1ms - lcm
dz/dt of current 1 0.05 m/s (noise)
centroid Default 0-100ms 01 ms ) + 3% (absolute)
3. Loop Voltage v Default 0-30V 1ms 4 locations 5mV
--oop Vot loop I_ Quench 0-500V 01ms Zlocations 10% +5mv
Default 01-1 1ms Integral 5% @p, =1
4.Pl Ei P
asma Energy o Therma Quench 01l-1 01ms Integra ~30%
Main Plasma Pgap Default TBD -2 GW 10 ms Integra 10%
X-point / MARFE o
5. Radiated Power region Paas Default TBD -0.2 GW 10 ms Integra 10%
Divertor Pgap Default TBD —0.2 GW 10 ms Integra 10%
Total Prap Disruption TBD —20 GW 1ms Integra 20%
6. Line-Averaged frodi/fdi Default 110% -1.10* m® 1ms Integral 1%
Electron Density ¢ After killer pellet 810%°-2.10%m* 1ms Integrel 100 %
Total neutron flux 110* - 1.10®ns? 1ms Integral 10%
Neutron/ 20U A8y dcl o
7. Neutron Flux and o, source 1107 -510"nm"s Lms 10 10%
Emissivity Fusion power 0.01-0.25 GW 1ms Integral 10 %
ggr‘:"s?t'; power 0.1-20 MW m?® 1ms a/10 10%
8. Locked Modes B.(mode)/B, 10*-107? 1ms (m,n) =(2,1) 30 %
0,0)
Mode complex DC- ©,
. TBD <(mn) < 10%
amplitude at wall 10kHz (10.2)
9. Low (m,n) MHD . 0,0)
Modes, Sawteeth, t'\gr?]d;;t'l:‘rde“"ed - DC—10 | <(mn)< Lo
Disruption Precursors pera kHz (10,2) 0
fluctuation
Ar=a/30
Other mode DC-30 o
parameters TBD KHz Integra 10%
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FIRE Diagnostics:

Radial Port Assignments

Blue: Diagnostics Components

Orange: Diagnostics-provided Services

Red: Auxiliary Systems
Green: Services
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A: MSE (2),

CXRS (2),

Beam Emission Spectroscopy,
Lost-a0 System

B: Diagnostic Neutral Beam
C: Pump Duct,

Pellet Injector,

UV Survey Spectrometer,
X-ray Crystal Spectrometer,
X-ray PHA,

Ion Gauges,

RGA

D: ICRF/LH Launcher

E: Neutron Camera,
Neutron Fluctuation Detectors
Bolometer Array

Hard X-ray Detector

TVTS Dump

F: TVTS Detection

Plasma TV,

IRTV,

MM-wave Receiver

G: ICRF/LH Launcher

H: ECE Systems,
Reflectometers,

I: TVTS Detection,
Plasma TV,

IRTV

Soft X-ray Array

J: TVTS Laser,

Pellet Charge Exchange,
Li-Pellet Injector,

Hard X-ray Detector
Synchrotron Rad. Detector
K: ICRF Launcher

L: ICRF Launcher

M: ICRF Launcher

N: ICRF Launcher

O: FIR Interferometer/ Polarimeter,
Plasma TV,

IRTV,

Bolometer Array

P: MSE (1),

CXRS (1),

Visible Survey Spectrometer,
Visible Filterscopes,
Visible Bremsstrahlung,
a-CHERS

MM-wave Collective Scattering Source and Receiver,

Magnetics Wiring
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Diagnostic Use of FIRE Ports

Design goal of deviceisto limit
radiation outside dewar so that accessis
possible within few hours.

Design philosophy for diagnostic
Installation must be same asfor ITER.
Neutronics cal culations made with

1.1 m shield plugs. Radiation levels

at outer end ssimilar to those for ITER.
Most diagnostics must be designed with
labyrinths with 4 90°bends to reduce
streaming ~4 orders of magnitude.
|ntegration with divertor componentsin
upper and lower ports to be worked out

Cryopump
in half the

Divertor dugct

Divertor Midplane port
(coolant in all

ports)
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Radiation Effects on Diagnostic
Components

Diagnostic Component Wor st Radiation Problem

Ceramics (and Detectors) Electrical (RIC, RIED, RIEMF)
— RIC, and potentially RIEMF, are most severeissue for ceramicsand M1 cable
used in magnetic diagnostics
Fiber optics (and Windows) Absor ption, Luminescence.
— Developments of new doped fibersin progressfor reducing absor ption,
— Luminescence problem for low-light level signals.

Mirrors M echanical + Neutralsin Surface
Modification (near first wall)

— Studies of surface damage impact and of surface preparationsin progress.
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COMPARISON OF THE MEASURED RADIATION INDUCED

- - L
Magnetic D ostICs:
agnetic Diagnostics:
CONDUCTIVITY IN MONOLITHIC CERAMICS vs. MI CABLES
| ssues T T
E Vacuum Vessel ist wall

Qo
]
'\4—

L oops, coils, MI-cable must be inside
vacuum vessel

— Minera-insulated cable and
electrical connections are concern.

-
e
o

-
o

o

ELECTRICAL CONDUCTIVITY (S/m)

RIC and RIEMF, temperature, neutral
particles. s ;
Nuclear heating of alumina of coils ~ (
30 Wem'3, "
Very limited space behind tiles; YV splice plate

— need groovesin tiles, cladding, Cu filler

— need clear space between coils and Cu Passive

copper .

Slots must be cut in copper to allow
field penetration.
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|mpact of Radiation-induced L uminescence (and
absor ption) on M easur ement

e Lost-a diagnostic on TR
TFTR with fiberoptic S
outside vacuum vessdl. oo i g\ /

e TFTR shot at 5SMW
(5x102 MW/m? at first
wall.

e Dose at front end of e
fiber (in shielding) L

~30 Gy/s. Signal observed from scintillator/fiberoptic
during TFTR D-T; “pedestal” is radiation-
Induced fluorescence (D. Darrow)

fiberoptic 100
hm:kgrnund -

e DG R e
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Possible Diagnostics for Alpha-Particle Physics

Upgraded and additional techniques
required relativeto TFTR

Confined a-particle diagnostics (Devel opment
required).
— o-CHERS,

— Pellet charge-exchange (PCX) for radial
distribution,

— Collective scattering (uwave?, CO,?,
FIR?),

— Knock-on neutron,

— New confined-o. detector???

Escaping fast-ion detectors and IR camera,

Mirnov coils, reflectometry, BES for high-
frequency mode studies.

Tests on JET-EP essential.

TFTR
100
Normalization . 0.64 MeV
(] 0.80Mev
~ B 100Mev
> O 121Mev
g A 141Vev
2
7101
c
0
0 Ripple Loss Boundary
© for 3.5 MeV Alphas
[ TRANSP-FPPT /
q
]_0'2 T T T T T T T T
26 2.7 2.8 29 3.0 31

Major Radius (m)

@ PCX measurement of the trapped alpha density
profile in an MHD-quiescent supershot.

@ Only the trapped alphas born inside the stochastic
ripple boundary for E,= 35MeVare confined and

can slow down to produce the measured profiles.
Fisher et al.
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Evaluation of FIRE Diagnostics:

R& D Required

e Irradiation Tests of Materials

Evaluate radiation-induced conductivity (RIC) in selected ceramics and M| cable to define
design materials.

Determine cause of radiation-induced emf (RIEMF) with M1 cables to prevent signal pollution
by significant DC offsets.

Develop and evaluate electrical connection techniques for remote handling and insulation
properties.

Test selected optical fibers for performance in realistic radiation environment at relatively low
light-signal levels.

* Development of New or Improved Diagnostic Techniques

Develop an Intense Diagnostic Neutral Beam: specification ~125 keV/amu, 1x106 A/m?ina
cross-section of 0.2m x 0.2m at the plasma edge for 1 micro;sec at 30 Hz repetition rate.

Extend the operational range of Faraday-cup based and scintillator-based escaping-o
diagnostics to FIRE parameters.

Seek new technique for measuring the confined fast-as.

* Development of New Components/Techniques

Continue development of small rad-hard high-temperature magnetic probes based on
integrated-circuit manufacturing techniques.

Evaluate metallic mirror performance and effects on reflectivity of neutral particle
bombardment and nearby erosion (ongoing ITER R&D activity).
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Development of High Power Pulsed Beam
IS Necessary

* Spectroscopic diagnostics for measurement of Ti r), o
v(r), q(r), dn(r)( by BES) all depend on a neutral 5
beam. E '
-Conventional beam provides very little signal % o R,
from plasmacore. Very low signal compared . —
to visible bremsstrahlung. ot L e
» Need to develop high-power pulsed beam: (1o 407t aems e
100 keV/amu, L
1 MAM2in0.2x 0.2 m?, + E._h 0 l
30 Hz repetition rate. o= |'r =7 .
- Development program at LANL, based on T Lo R '
technology developed for a high average- N
power microsecond pulser (Wurden et al.) ! q"'fi;::-_ )
- Development needs funding.. fgc;:;hzsch kV
1 ps
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FIRE Diagnostics Schedule revo; sept 1099)

YEARI1|2I3|4I5|EIT|EI5‘|IDI11|12I13|14I15|16I
' ' ' * War. Vessel Delivery
¥ Euilding Completion
..................................... T
. . . . *‘ Sfart Tests —
SYSTEMS PHYSICS & ENGINEERING 1 . First Plastua yeics '
. o . . . f * oD Ph].rsu:s * DT élpha Ph].rsns

STARTUP.
DILAGNOSTICS
hagnetio Diagnostios

© Phoema IR TV

Halxwy

Eclbme®t anay
Vis UV sunrey spect

: : ECE het. radiometer % ' :
INDSET . Sumrey Flasma IR TV ¥is. Eremsstrhlung

hfultiple chotd spectiometers  Divertor VIV gpectnomeer ECE giating, :FO].]."CTI‘[D‘H'LEI“:I:I'[

(Physicsof - Diwnicn IR TV : : : : _
II::RFII'ﬂi .. ) #uimexhle I.l'[l'_l.tl':'S ..... isibk B dph.a T oo - os - l:'g'[g- Thamscn scatteng, B ]-:lurg'[tg'[ TICLOMAME: -+ ¢ o 0 o ot v e e e e e e e e e e e e
Bobmeer imays H-my oyl spedtiometer Drertor Thomzom smtteting,  interfeom et : : :
: Visible surwenr spechorscopy Bioft - Ty ARy . IR'FIE. Biultichanmel Epitheimal newtpon detectors
H- zlpha momitors -y pinhok cameta intedferomeet . Chatze exchange newtrl analyzet
Wisible filterscopes Moy PHA - ECE hfichelsom interfetometet - .

SRDSET . | . . . Becipodiing edee pobes. . . . . . . %mm— ......
Full DD - Waouum aressel ﬂlummm 0 :

. . Soft % Ty ATTS Tangental densitometet Diagnestio neutral beam Beam emissiom spe-:tnss:::-p:.r ECEi mag.mg

Ph!‘ SiCS) : Soft % Wi spectiometer IR/HE poladmetor Charge exchange specttcazopy Imputty pellet injecion Multichannel nention camet,
' Edue e ot Lamtiduced fucwssence  Motbnal Stark effeot Folme-density teflectometer Newtrom fhirtution deeotons
) - ECE grating polychromaton Poloddal totation CES Mm-vare wflctometet Eszmping fast ion' Alpha- pathicle detectors
. . . . i . . Comfined 3lpha- patticle

STHSET . . ............. Imparity pelietinjedn . . % ........ o puride dhgtestes

Full DT Alpha - bdultichannel neutnon mmen . . .

Physics) ' Esmping fustiom Atpha-pa ticle detectors : : : . .
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Céomfined alpha- particle diaznostios
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