
Charge-Exchange 
Recombination Spectroscopy:

A technique for spatially localized diagnosis 
of a magnetized fusion plasma

Rian Chandra, PHYS 485

1



Who Cares?
LHD, Japan

ITER, France

NSTX-U, 
Princeton NJ

HIT-SI3, UW

http://www.japantimes.co.jp/wp-content/uploads/2013/06/nc20100929a1a.jpg
http://tempest.das.ucdavis.edu/pdg/ITER_Website/ITER01.jpg

http://www.pppl.gov/sites/pppl/files/styles/insert-default/public/basic-pag
es/associated-images/WorkersNSTX-U.jpeg?itok=zXnhI8AP 2



Plasma parameters

Temperature 10eV-10keV Energy 1KW-50MW

Density 1E16 - 1E22 m-3 B-Field 1mT-5.3T

Mean Free Path 1cm-1m Instability timescale 1μS -10S

Length Scale 1μm -1m Discharge timescale 5ms – 500s

• Harsh + Complex + Delicate environment demands localized, 
noninvasive measurements

B. Lipshultz et al., 2012 Nucl. Fusion 52 123002 3

Divertor tungsten tile, Alcator C-Mod



Overview
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Harness Neutral Beams
 

Neutral Beams Installed on NSTX-U
Neutral Beam and Spectrometer on MST

M. Ono Et Al, Nucl. Fusion 55 (2015) 073007 (11pp) 
S. Gangadhara,Rev. Sci. Instrum. 77, 10F109 "2006

5



Determining spectral lines of interest
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Calculation of cross sections
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Results from PSS and UDWA

- Comparison of UDWA (left)
and PSS (right) for C-V

- PSS more accurate at low energy
- UDWA gives global picture 

Fonck, R. J., D. S. Darrow, and K. P. Jaehnig. Physical Review A 29.6 (1984): 3288.
8

UDWA vs PSS emission cross sections for C-V



Predicting L-Mixing: Collisional and Stark

•  

Fonck, R. J., D. S. Darrow, and K. P. Jaehnig. Physical Review A 29.6 (1984): 3288.
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Collisional l-mixing onset level n



Motional Stark Effect Mixing

 

Fonck, R. J., D. S. Darrow, and K. P. Jaehnig. Physical Review A 29.6 (1984): 3288.
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Stark l-mixing onset level n



Diagnostic Possibilities: DopplerStuff
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Light-Gaussians on IDS CCD, center at 464.9nm



Motional Stark Effect

• Data pictured is from MST, using a 30keV 
neutral beam, with spectra from CIII

D. Hartog, Rev. Sci. Instrum. 77, 10F122 (2006)
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Raw data and fit for MSE from MST
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Collisional-Radiative Matrix for He-II line ratios



Conclusions

- CHERS is a powerful diagnostic tool
- Many diagnostic possibilities are unlocked (IDS/MSE/CRM)
- Common theme: wavefunction modeling precision
- Indispensable on large-scale experiments
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