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Spectroscopic Characterization 
of Plasma in Near-Field of a 
Tore Supra ICRH Antenna* 

Informal Presentation to CCIC 
Group – Torino, 8-Mar-2011 

Project DIAS: Dedicated 
ICRH Antenna Spectroscopy 

*Work supported by the US DOE 
under Contract No. DE-
AC05-00OR22725 with UT-Battelle, 
LLC.  
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ORNL-IRFM Collaboration 
ORNL 
•  C.C. Klepper 
•  R.C. Isler 
•  T.M. Biewer 
•  D.L. Hillis 
•  J.H. Harris 
•  J.B. Caughman 
•  E.H. Martin/S.C. Shannon 

(NC-State ) 
•  E. Oks (Auburn-U) 

IRFM 
•  L. Colas 
•  M. Goniche 
•  Ph. Lotte 
•  P. Monier-Garbet 
•  Y. Marandet (PIIM, CNRS/Univ- 

Provence) 
•  B. Saoutic 
•  D. Guilhem 
•  G. Colledani 

Link to JET program, via Ted 
Biewer – Exploratory study at 
ICRH and LH antennas 

New link to TEXTOR 
program via Oliver Schmitz 
(FZ-JÜLICH) and Zeke 
Unterberg (ORNL) 

Project DIAS: D+, H+, C+ 
Sources and Electric Fields 
from Dα Stark/Zeeman profile 
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Priority on E-field measurement 
(Proof-of Principle) 

** Modeling by Laurent Colas 

Interest in both DC 
(Rectified) and RF 
Electric Fields in the 
Plasma near Antenna 

EDC ~ 2 kV/cm for 1MW ICRH 

ERF ~ 2 kV/cm for 1MW ICRH, 
~1 cm from Faraday Screen 
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Measurement Approach: Stark-Effect on 
Balmer-series Deuterium Lines 

“Actual 
Geometry” 

(for present 
optical view) 

Simulation
for 

Simple 
Geometry 
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Main Experimental Challenge: Optical Access 

Any Tangential Access must 
penetrate the cryostat ~ 1m 

Any ITER-like machine will 
have the same challenge! 
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“DIAS-2” Endoscope Installation 

Photos by Gilles Colledani 

DIAS-2 
endoscope CR endoscope 

(Fast Camera) 

Operators’ CCD 
endoscope 

Reflectometer 
Port – Conflict 
Resolved! 
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DIAS-2 Endoscope 
View from inside TS 

Gilles Colledani checking optical alignment 
at Q5 ICRH Antenna 

Reflecto-
meter Port 

CR endoscope 

(Fast Camera) 

DIAS-2 endoscope 

Operators’ 
CCD endoscope 
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Back when physicists were  
allowed inside the torus 
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Now when physicists can only  
look from outside the torus 
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Status of Diagnostic 

DIAS Endoscope 

C3 LH Launcher 

Q5 ICRH Antenna 

Range of optical 
access old/new 
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Status of Diagnostic 
•  Present Capability 

–  Dα emission from ICRH (Q5 antenna) with high 
spectral resolution 

•  Spectral fitting to determine E-fields from Stark Effect 
•  Local (H)/(H+D) Isotopic Ratio 
•  C emission from C II line/Dα	


•  Absolute calibration of get H, D sources 

–  Optical access of LH Launcher also possible 
•  Have to change optical view manually 

•  Upgrade over Jan-Apr 2011 shutdown 
–  Compatibility with Giga-Joule plasma ops 
–  Extended Spectral Range 

•  Access to Dβ for more sensitivity to Stark Effect 
•  Access to He I with E-field activated satellite lines 
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Status of Diagnostic 
•  Dedicated endoscope completed in 

Summer 2010 
–  Plasma ops delayed to October 2010 
–  ICRH operations extremely limited for Oct-Dec 

campaigns 
–  Reduced power operation of Q5 antenna  

•   initial Dα profile studies. 
•   also collected C emission data 

•  Modification over Jan-Apr 2011 shutdown 
–  Moved braze sapphire window away from 

direct exposure to radiation from plasma 
•  Compatibility with Giga-Joule plasma ops 
•  Expect all 3 antennas back in operation 

–  But, alas, we lost access to 2/3 of the ICRH 
antenna! 



C.C. Klepper et al., CCIC/Torino Mar-2011 Presentation – Draft 1  – Slide 13 13 First measurements with DIAS               RST 2009-11-16 
C.C. Klepper, ORNL, FEST Seminar 14-Apr-2011  – v1-1   – Slide 13 

Dα and C II	

10µm 

slit	


Dα	


10µm 

slit	


C II 

10µm 

slit	


M
os

t I
nt

er
es

tin
g 

D
α
 

(1
-D

ec
-2

01
0 

G
on

ic
he

/A
nt

ar
 D

ay
) 



C.C. Klepper et al., CCIC/Torino Mar-2011 Presentation – Draft 1  – Slide 14 14 First measurements with DIAS               RST 2009-11-16 
C.C. Klepper, ORNL, FEST Seminar 14-Apr-2011  – v1-1   – Slide 14 

C II Emission From the ICRH Antenna Bumper 

λ = 6578 Å 

1.06 MW 

0 MW 

1.32 MW 

1.56 MW 

1.79 MW 
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C II Emission From the ICRH Antenna Bumper 

λ = 6578 Å 
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C II Emission From the ICRH Antenna Bumper 
 Dependence on PICRH much stronger 

than expected for physical sputtering 

 Would expect ions accelerated by 
EDC ~ PICRH

1/2  and C+/Dα ~ flat 
for range of Eion (Eckstein et al) 

 Thus, need to explore chemical 
sputtering contribution. 

Here normalized to Dα ~ ne(local) 
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IR Data at the ICRH Antenna Bumper 
 Tsurf at location of DIAS measurement 

 Temperature of bumper surface 
increases ~linearly in time and in the 
range where chemical sputtering is 
expected to increase ~proportionally 
(see Haasz et al 1980’s work). 

 Roughly speaking,  C+/Dα ~ 
proportional to Tsurf, as typical of 
chemical sputtering in this range 

300-500oC 



C.C. Klepper et al., CCIC/Torino Mar-2011 Presentation – Draft 1  – Slide 18 18 First measurements with DIAS               RST 2009-11-16 
C.C. Klepper, ORNL, FEST Seminar 14-Apr-2011  – v1-1   – Slide 18 

Perhaps a first real detection of the Stark 
effect in Dα at the ICRH antenna? 

Power scan at 
~constant plasma 
conditions + strong 
emission signals  
Observed first 
significant changes in 
the central region of 
the profile. 

Small changes in the 
tails of the profile. 

Profiles 
NORMALIZED to 1, 
but NOT smoothed 
(great S/N) 

Modeling is progress… 
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At first attempt, one could explain the 
profile changes as TDo effect 

Simulations** – Not 
fits to the data! 

** Modeling by Ralph Isler (for the 
specific geometry at the Tore Supra 
antenna / lateral protection limiter 
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At first attempt, one can explain the 
profile changes as TDo effect 

 Analysis, simulation and fitting 
of the spectral profiles by 
Ralph Isler continuing 

 Asymmetry in the wings and 
the central part of the profile 
requires to assume different 
red and blue-shifted profile 
components 

 Matching the model to the 
expt’l data requires ~3.5% H/
(H+D) 

 Also Lorentzian-like tails, 
likely due to CX with hotter 
ions 
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Next, we try to explain the profile 
changes as from Stark effect** 

** Modeling by Ralph Isler 
(Continuing) for the specific 
geometry at the Tore Supra antenna 

*** Including ASSUMED direction of 
static electric field *** 

Middle rising, but 
shape still differs 
from data 
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Coming soon…near-term 
•  Include in Ralph Isler’s code a polarization model for 

the first mirror. 
–  Better match to the experimental profiles? 

•  LP data (pending analysis) to independently check 
SOL conditions – Magnetic connection to antenna 

•  Fast Camera images (CMOS camera with wide field 
of view; includes the Q5 antenna)  

•  Absolute D+, H+ sources (recently calibrated the 
optics; need to complete calculations) 

•  Model for the broad wings of the Dα profiles:  
Yannick Marandet has model – CX with ions 

•  Discussions on how to better model the D+, H+ 
sources and C/D)  --- How to connect to the EFDA 
task that drives the program on TEXTOR? 
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Coming soon…long-term 
•  Improved access to blue region of the spectrum. 

–  Dβ (~486 nm) expected to have more sensitivity to Stark, 
especially in TS strong magnetic field, then the Dα (~656 nm). 
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Parallel Effort on TEXTOR 
•  Focus is on alternative technique. 

–  Use Forbidden Lines of He I that are enabled only by strong 
electric fields 

–  Main benefit:  Overcome problem of emission from 
unperturbed region obscuring the effect. 

–  Main challenge: Find candidate spectral lines that have 
sensitivity to relatively low electric field. 

•  Advantages of TEXTOR  
–  Two hi-res spectrometers already viewing an ICRH antenna 
–  Already sensitivity to blue region of spectrum 
–  Additional spectrometers to simultaneously collect Balmer-

series D & H spectral line profiles. 
•  Successful Techniques will then be also applied to 

Tore Supra 
–  More power per antenna 
–  More ICRH time expected in next campaign season 
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Forbidden Lines of He I  - Example 
Main (“allowed”) spectral 
line of He I at 4143 A; 
shifting position due to Stark 

Satellites (“forbidden 
transitions”) of the spectral 
line of He I at 4143 A 

Model including the effect of the 
MAGNETIC FIELD (1.6T for 
TEXTOR antenna location) 

Transition proposed by E. Oks; 
Profile modeled by R.C. Isler 
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Status of the TEXTOR Effort 
•  Initial Exploratory Run on 10-Mar-2011 

–  Emphasis in identifying useful He I lines for the “forbidden 
line” approach;  Used survey spectrometer for this. 

–  In parallel, looked for Stark-Effect on Dβ line, using 2 hi-res 
spectrometers, both also viewing the ICRH antenna 

–  Devoted first half of the run to He plasma conditioning shots 
to reduce [H]/[D] to improve ICRH coupling 

–  The survey identified one of 3 predicted, 4000A region lines 
•  Additional data acquired in parallel with Filterscope 

Commissioning ICRH experiment of  
–  No significant data analysis yet, but…. 
–  It is claimed that a forbidden line satellite has been observed 

in one of the 7000A-region lines used for the filterscopes. 
•  More extensive experimental studies planned for mid-May 

2011 
–  Combine Filterscope studies with the E-field studies 
–  Aim for much higher powers 

•  Note: TEXTOR ICRH antennas are rated for up to 2MW, but 
rarely exceed 0.5MW due to wall conditioning problems!!! 



C.C. Klepper et al., CCIC/Torino Mar-2011 Presentation – Draft 1  – Slide 27 27 First measurements with DIAS               RST 2009-11-16 
C.C. Klepper, ORNL, FEST Seminar 14-Apr-2011  – v1-1   – Slide 27 

TEXTOR ICRH Antenna E-Field Modeling 
is also under way (CST-MWS) 

From V. Kyrytsya LPP, 

Brussels 06.04.2011 
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Tore Supra LH Launcher E-Field 
Modeling is also under way 

From J. Hillairet, Mar-2011 
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Tore Supra :  Beginning new exp’l 
campaign with DIAS on the LH C3 

Trying to tap into our new understanding of the 
Dynamic Stark Effect; we can now compute for 
frequencies down to 3.7 GHz! 
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Summary 
•  Optical (non-intrusive) Characterization of ICRH Antenna 

Near-Field Plasma 
–  Emphasis in E-Field Measurement 
–  Initially Stark-Effect on Dα, Dβ lines, with Modeling that 

includes B-Field Effect (i.e. Stark + Zeeman) 
–  Alternative Approach based on E-field enabled satellites of 

some He I lines 
•  Primarily a ORNL-IRFM Collaboration 

–  But extending to TEXTOR and 3 Universities 
•  Initial/Limited Dα Spectra Obtained on Tore Supra 

–  Modeling under way (See recent Isler FEST seminar) 
–  C II data acquired simultaneously 

•  Accepted EPS-2011 (Strasbourg) Abstract:   Counting on 
the TS Spring/Summer campaign to fill in the voids!! 

•  Any guidance from ORNL RF Physicists always welcome to 
make sense of the measurements and make choices on the 
direction of the project. 


