
The high resolution x-ray imaging crystal 
spectrometer (XICS)1

A major upgrade was undertaken for the XICS 
diagnostic that expanded the view of the Ar

has been upgraded from its initial 
installation configuration.  An analysis program has been 
developed allowing complete spectral analysis and 
tomographic inversion of the measured data.  The resulting 
ion temperature profiles have been integrated into the 
TASK3D transport code, allowing for the first time a 
complete static transport analysis of ECH heated discharges
without NBI injection.

16+ (helium-like) 
system to include the full plasma profile (Fig. 1), and added 
a completely new Ar17+ (hydrogen-like) system.2 The 
upgraded Ar16+ system now includes a water cooled Pilatus 
300K-W detector which allows for operation on every 
discharge as well as during long pulse discharges.  The 
expanded view range, from -0.50 m < z < 0.51 m, allows the 
measurement of poloidal rotation (Fig. 2) and improves the 
accuracy of the tomographic inversion procedure.  The 
newly installed Ar17+ system allows the measurement of the 
ion temperature profile in plasmas with 3 keV � Te � 10 
keV, providing a significantly expanded range for the XICS 
diagnostic.

Fig.1 Line-integrated (black) and inverted (red) XICS 
measurements from shot 114206. In (d) the XICS 
measurement of Te is compared with Thomson scattering 
(blue). 

A full acquisition and analysis package is now 
complete for both the Ar16+ and Ar17+ XICS systems.  This 
package includes: data acquisition, spectral fitting using an
atomic physics based spectral model, and tomographic 
inversion based on a known plasma equilibrium.  A new 
inversion procedure has been developed that allows 
constraints to be enforced as part of the inversion process.  

These constraints ensure that the inverted profile is realistic, 
and allow inversions to be done with low signal levels or an 
incomplete viewing range.  Both the STELLOPT 
equilibrium reconstruction code3 and the TSMAP 
equilibrium lookup system4

XICS measurements of the poloidal rotation profiles 
and ion temperature have been applied to the transport study 
of pure ECH heated high-T

have been integrated into the 
inversion procedure.

e plasmas.  Ion temperature 
profiles from XICS have been integrated into the TASK3D 
transport analysis code5

The evolution of the poloidal rotation for shot 114722 
is shown in Fig. 2.  As the plasma enters the high-T

. This allows a complete static 
transport analysis in the absence of NBI injection.  
Measured temperature profiles from the XICS and Thomson 
scattering systems are shown in Fig. 3 along with the 
calculated power density from electrons to ions, assuming a 
pure hydrogen plasma.

e
regime around 3.6s the poloidal rotation is seen to increase, 
indicating the development of a strong radial electric field.

Fig.2 a) Time evolution of the electron temperature for shot 
114722 as measured by Thomson scattering and b) line-
integrated poloidal rotation as measured by the XICS 
diagnostic.  Each line corresponds to a different viewing 
height in the plasma.  Views above and below the magnetic 
axis measure opposite flow velocities, indicating a clear 
poloidal rotation.

Fig.3 a) Measured ion and electron temperatures for shot 
114722 at 4000ms and b) power density from electrons to 
ions as calculated using the TASK3D analysis suite.
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