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ITER



fusion reaction : D, T, He
material on PFC: Be, C, W
impurity seeding

for core control: Ne, Ar, Kr
Plasma conditions

Core: T ~ 0.2 - 20 keV, n~1020 m-3

Edge: neutrals, 
T~0.1-200 eV, n~1018 – 1021 m-3

Composition of ITER plasma
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Specification for plasma measurements on ITER
- impurity influx monitor (divertor) -



Upper Port Plug



Equatorial Port Plug



Divertor Port Plug



Port 01

Port 01

Port 02

Upper port plug

Spectrometers
(λ < 400 nm)

Optical fibers
to diagnostic hall
(λ < 400 nm)

Collection optics

Front end optics

Bio-shieldUpper port

Equatorial port

Divertor portDivertor
Cassette

Front end optics

Window & Mirror

Mirror

Mirror

10 m

Main functions : to identify impurity species and to measure two-dimensional 
distributions of particle influx densities in the divertor plasmas by means of 
spectroscopic techniques in the wavelength range of 200 - 1000 nm. 
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The divertor impurity monitor composed of  three different types of 
spectrometers has been designed.

• Visible survey spectrometer
Parameters to be measured: Impurity species, Impurity and D/T influx
Wavelength range: 200 nm - 1000 nm (simultaneously)
Wavelength resolution: ~ 0.1 nm
Time resolution: >10 ms
Spatial resolution: ~ 10 mm 
• Filter spectrometer
Parameters to be measured: 2-dimensional impurity and D/T influx, Ionization front, 
Wavelength range: 200 nm - 1000 nm (~ 12 spectral lines simultaneously)
Wavelength resolution: ~ 1 nm
Time resolution: ~ 1 ms
Spatial resolution: ~ 10 mm 
• High dispersion spectrometer
Parameters to be measured: nT/nD and nH/nD ratio, Ion temperature (velocity)
Wavelength range: 200 nm - 1000 nm
Wavelength resolution: < 0.01 nm
Time resolution: >10 ms
Spatial resolution: ~ 10 mm

Impurity Influx Monitor (divertor)
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・ From calculation by ZEMAX code, the 
spatial resolution of 37 mm will be 
achieved for all lines of sight. 

• Integration these optical components to the 
Up #1port is performed.

・ As a result of the integration in the upper 
port, optical components of the front-end 
optics were installed inside the pipe with 
inner diameter of 300 mm replaced with 
that for the remote-handling of the port 
plug.

Optical Design of Upper Port and Port Integration



Front End Optics

Port Plug- Three mirrors can be installed on the mirror 
mounting module with 300 mm diameter. It is also 
used for a neutron shielding and cooling the mirror.

- The kinematic mounting is used to adjust tilt angel 
of the first mirror before the installation on the port.

- The cupper mesh is connected from the first mirror 
to mirror mounting module to enhance the thermal 
conduction.

First Mirror(Mo)
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Mechanical Design of Front End Optics of Upper Port



Shutter Plate 
with a micro-
retro-reflector
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•Three type of shutter are designed.
•The shutter plate has a micro-retoro-
reflector for the in-situ calibration.

•This shutter is mainly used during the 
discharge cleaning.

•Bearing and linear guide made of 
ceramic are used in this design. 

•To compensate the thermal expansion 
of wire, the wire tension adjuster is 
also designed.
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Mechanical Design of Shutter



Temperature Profile
Thermal Strain Profile

Flow Rate of Cooling Water：5 (l/min)
Nuclear Heating：2 x 10-4 (W/mm3)
Cooling Water Temperature：150 (℃)

Thermal Conductivity：686.4 (mW/m・K)
Heat Transfer Rate：4.29 x 10-3 (W/mm2/K）

Initial Temperature：150℃

Cooling Channel• Only nuclear heating is considered in this analysis.
• Temperature rise of the mirror and mirror 

mounting module is less than 60 °C.
• Temperature profile is almost symmetric against 

the optical path.
• The maximum thermal strain is about 0.15 mm 

calculated assuming that position of 3 point of 
mirror mounting module is fixed.

Fixed Point

Steady-State Heat Analysis
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Divertor Cassette

Optical Design of Divertor Port and Port Integration
for previous divertor cassette



Computerized Tomography at the divertor



Computerized Tomography at the divertor

CT Code: Dr. K. Fujimoto (JT-60U G)

Model distribution CT reconstructed image



material of the plasma facing components
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ITER-like wall Project (JET)

http://www.jet.efda.org/pages/jet-iter/wall/index.html



Carbon – Tungsten
merit
low radiation at core

demerit
high erosion
tritium co-deposition
damaged by neutrons

merit
low erosion
no tritium co-deposition
resistant to neutrons

demerit
high radiation cooling at 

core



Tungsten concentration

Electron temperature profile in PLT
Tungsten accumulation

Wall conditioning by boronization
sufficient additional heating power

1977

A. Kallenbach et al. PPCF 47 (2005) B207

ASDEX Upgrade 
( tungsten PFC)Application of central ECRH

cure the central tungsten concentration 



Spectrum from W I in tokamaks

Sergienko, et al.,  J of Nucl. Mater.
363-365, (2007), 96-100 

I. Beigman, A. Pospieszezyk, G. Sergienko et al.
PPCF49 (2007) 1833

limiter in TEXTOR

ASDEX Upgrade 
Divertor strike point
A. Thoma, K. Asmussen, R Dux, et al. 
PPCF 39 (1997) 1487



influx determination from integral line intensity
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ASDEX Upgrade 
For tungsten (S/XB) = 20 was used 

The flux Φ(r) of atoms with velocity of vA
is assumed be equivalent to the number of 
ionization events:
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A.Pospieszczk Diagnostics of Edge Plasmas by Optical Methods
R.K. Janev and H.W. Drawin eds. Atomic and Plasma-Material 
Interaction processes in controlled thermonuclear fusion, Elsevier 1993, p213

A. Thoma, et al. PPCF 39 (1997) 1487

R. Dux, et al. JNM 337-339 (2005) 852



Grotrian Diagram of W I

I. Beigman, A. Pospieszezyk, G. Sergienko et al.
PPCF49 (2007) 1833



coronal approximation from ground levels

Excitation: semi-empirical van Renenmorter formula

Ionization: Born-Ochkur approximation 

Dipole transition

I. Beigman, A. Pospieszezyk, G. Sergienko et al.
PPCF49 (2007) 1833



S/XB for W I 400.8 nm

I. Beigman, A. Pospieszezyk, G. Sergienko et al.
PPCF49 (2007) 1833

Tw: ground level population distribution
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D, T atoms and molecules

• Edge Plasma Modeling 
– Monte-Carlo simulation

• Neutral-neutral collision
• Radiation transport 

(in B field: Zeeman component  Polarization?)
– Molecules

• Vibrational excitation of D2, (DT, T2 ?)
• Rotational excitation



D, T atoms and molecules

• Edge Plasma Modeling 
– Monte-Carlo simulation

• Geometry
• Neutral-neutral collision
• Radiation transport 

(in B field: Zeeman component  Polarization?)
– Molecules

• Vibrational excitation of D2, (DT, T2 ?)
• Rotational excitation


