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1 INTRODUCTION 

The aims of the collaboration have not changed.  A specific list of tasks was agreed during 

the fall of 2006 in preparation for the 2007 C-Mod campaign by Earl Marmar, Head of Alca-

tor Project, Ken Gentle, Principal Investigator, and William Rowan, Collaboration 
Coordinator with the facilitation of Adam Rosenberg (DOE grant monitor for the collabora-

tion).  The activities reported follow the list of tasks. 

During the year, the FRC staff was reduced by one research scientist because of constant 

funding levels, rising personnel costs, and the need to convert some funding to equipment 

purchases.  This staff member was responsible for BES on C-Mod. We see the impact on the 
C-Mod program in the following way.  The diagnostic will be continued in the coming year 

to make measurements of DNB parameters such as profile shape and possibly to measure 
frequency localized modes such as the quasi-coherent mode.  Broadband fluctuation meas-

urements will not be pursued in the lab, but we plan to continue to search for means to 

measure broadband fluctuations on C-Mod.  This issue is discussed briefly below as a conse-
quence of studies of broadband fluctuation measurements on C-Mod.   



 

2 FRCECE 

The FRCECE system provides electron temperature profiles with high temporal and spatial 

resolution.  There are 32 spatial channels.  At 5.4 T (the typical C-Mod operating field), the 
32 channels cover the full C-Mod radius and the spacing between channels is ~7mm.  The 

data is used by other members of the C-Mod group because of its high resolution and high 

bandwidth.  It also provides well-localized temperature and density fluctuation measurements 
for particular conditions. The main areas investigated during this past year are listed in the 

following. 

• The Te scale length acquired in studies in plasmas with varying RF power deposition 
were investigated to determine the dependence of microturbulence on scale length.  This 
was a search for critical gradients.   Two new tools were developed for C-Mod data in 
this study.  One was the ability to compare fluxes to scale lengths.  The other was 
development of a module to input temperature profiles from the FRCECE system into 
TRANSP in the presence of time varying magnetic fields.  The study itself was inconclu-
sive because the experimental run discharges for the study were found to be dominated 
by radiated power which masked thermal fluxes.  These experiments will continue 
(mainly in background) in the coming year. 

• Alfven eigenmodes studies were pursued with the detailed profiles available from the  
FRCECE. 
This was first reported in  
"Fast Electron Driven Alfven Eigenmodes in Alcator C-Mod,"  J.A. Snipes, et al., Ab-
stract: PO3.00013, 49th Annual Meeting of the Division of Plasma Physics of the 
American Physical Society, November 12–16 2007,  Orlando, FL 
A paper has been submitted to Physical Review Letters as  
"Fast Electron Driven Modes in the Current Rise in Alcator C-Mod,"  J. A. Snipes, R. R. 
Parker, P. E. Phillips, A. Schmidt, G. Wallace  

• A realtime method for detection of locked modes via sawtooth suppression was devel-
oped by C-Mod staff.  The critical diagnostic  was the FRCECE, and the critical feature 
used was its high temporal resolution. 
This was reported in  
 "Real-time Detection of Locked Modes, " S. Angelini, et al., Abstract: NP8.00091, 49th 
Annual Meeting of the Division of Plasma Physicsof the American Physical Society, No-
vember 12–16 2007,  Orlando, FL 

• During latter part of the campaign, 16 of the 32 channels were not available due to failure 
of a mixer.  The manufacturers that originally supplied the device were very slow in mak-
ing repairs.  New sources for the instrumentation were identified and the first steps taken 
in acquiring spare components. 



•  

3 CHARGE EXCHANGE RECOMBINATION SPECTROSCOPY 

As proposed for this year, charge exchange recombination spectroscopy (CXRS) supple-
mented by spectroscopy of ambient emission was used to measure ion temperature and 

poloidal and toroidal rotation of impurities as well as to measure the distribution of the boron 

impurity ionization stages in the C-Mod plasma. From these, radial electric field was in-
ferred. 

• CXRS was used for measurements of ion temperature and poloidal and toroidal rotation 
of impurities as well as to measure the distribution of the boron impurities ionization 
stages in the plasma.  From these, radial electric field was inferred inward from the top of 
the pedestal for H-mode discharges. The poloidal rotation data was also compared with 
neoclassical theory. But for a one-day failure of an internal shutter (since repaired), the 
radial electric field would have been measured for ITB discharges as well. 
This work was reported in  
"Impurity poloidal rotation and other CXRS measurements for 0.1 < �  < 1.0 in Alcator 
CMod plasmas," Igor O. Bespamyatnov, William L. Rowan, Kenneth Gentle, Robert 
Granetz, Dexter Beals, Abstract: NP8.00072, 49th Annual Meeting of the Division of 
Plasma Physics of the American Physical Society, November 12–16 2007,  Orlando, FL  
This work will continue into the next year and will become part of a thesis for I. O. Be-
spamyatnov. 

• Impurity transport studies were successful this year. We exploited our  new-found ability 
to measure B+5 densities with CXRS. Impurity transport was measured at the foot of the 
ITB.  One factor in this success was the use of electron-ion bremsstrahlung to maintain 
the calibration of the in-vessel CXRS optical systems. 
The results of this were reported in  
"Use of  Electron-Ion Bremsstrahlung Emission for Shot-to-Shot Absolute Intensity Cali-
bration of the CXRS Diagnostic on the Alcator C-Mod Tokamak," Igor Bespamyatnov 
and William Rowan The University of Texas at Austin, Fusion Research Center,15th In-
ternational Conference on Atomic Processes in Plasmas, March, 19-22, 2007 
Gaithersburg, MD 
"Ohmic and RF Heated ITBs in Alcator C-Mod," William L. Rowan, Igor O. Bespam-
yatnov, C.L. Fiore, A. Dominguez, A.E. Hubbard, A. Ince-Cushman,, M.J. Greenwald, L. 
Lin, E.S. Marmar, M. Reinke, J.E. Rice, K. Zhurovich, Abstract: NP8.00072, 49th An-
nual Meeting of the Division of Plasma Physics of the American Physical Society 
November 12–16 2007, Orlando, FL 
A paper is in preparation entitled "Light impurity transport at an internal transport barrier 
in Alcator C-Mod," W. L. Rowan and I. O. Bespamyatnov, et al. 

• The predictions of neoclassical theory for major radius smaller than the pedestal top were 
compared with experiment.  Similar results were obtained to those on other devices. 



•  
This work was reported in 
"Impurity poloidal rotation and other CXRS measurements for 0.1 < �  < 1.0 in Alcator 
CMod plasmas," Igor O. Bespamyatnov, William L. Rowan, Kenneth Gentle, Robert 
Granetz, Dexter Beals, Abstract: NP8.00072, 49th Annual Meeting of the Division of 
Plasma Physics of the American Physical Society, November 12–16 2007,  Orlando, FL  
This work will continue into the next year and will become part of a thesis for I. O. Be-
spamyatnov. 

• Support the use of CXRS data for other experiments.  Provide data on slow transitions 
for which we are providing Ti and Er at the very top of the pedestal. 
This was reported in  
"H-mode pedestal and threshold studies over an expanded operating space on Alcator C-
Mod," A. E. Hubbard,J. W. Hughes, I. O. Bespamyatnov, T. Biewer, I. Cziegler, B. 
LaBombard, Y. Lin, R. McDermott, J. E. Rice, W. L. Rowan, J. A. Snipes, J. L. Terry, S. 
M. Wolfe, and S. Wukitch, Physics of Plasmas 14, 056109 (2007). 

• The use of CXRS data for other experiments was supported by provided tools for viewing 
and accessing the data.  In some cases, special purpose "scopes" have been created for 
particular users. 

• The UT CXRS was upgraded to 15 additional poloidal chords.  The 10 chords in the tor-
oidal system were reconditioned and realigned.  The resulting Wide-View CXRS system 
covers the plasma from the ρ=1 to the core of C-Mod.  Measurements are intended to 
emphasize the ITB foot region.   

• UT-FRC puchased two sets of transfer fibers to support the MIT staff in the expansion of 
the CXRS coverage in the pedestal region. 

4 ADDITIONAL EXPERIMENTAL SUPPORT FOR C-MOD 
• Assisted in monitoring the long-pulse diagnostic neutral beam using the optical ports in 

the duct and in the beam chamber and the in-situ calorimeter.  One outcome was meas-
urement of beam perveance which facilitated optimization of the beam performance to 
produce the maximum diagnostic signals 

• Collaborated with PPPL in assessing the result of rotating the beam to improve MSE 
measurements by providing high resolution MSE spectra.  Also, high resolution spectra 
were acquired to accurately determine the Doppler shift of the MSE spectrum for each of 
the MSE channels.  This is actually a measurement of the angle at which each MSE view 
intersects the DNB.  This result is critical in setting up the MSE filter system for meas-
urements. 

5 BEAM-EMISSION SPECTROSCOPY (BES) 

The hardware presently deployed for BES is suitable for measurement of coherent modes in 

the edge of C-Mod and for measurements of the beam profile.   Extensive work during the 
last year, indicates that the diagnostic as presently constituted is not suitable for measurement 

of broadband fluctuations.  In an unpublished document entitled "C-Mod BES System 

Status," the following conclusions were drawn 



• D�  emission from the C-Mod edge is of order 500-5000 times the emission from the 
DNB and leaks through the bandpass filters even with optimal tuning. 

• Bremsstrahlung and impurity line emission (CI, CII, FIII) within the filter passbands are 
of the same order as the beam emission. 

• Core toroidal rotation is relatively small in C-Mod (compared to co-beam DIII-D dis-
charges).  (Strong rotation helps to separate core fluctuations from the large edge 
fluctuations in the frequency spectra.) 

• Perpendicular wavelengths of the turbulence are much shorter in C-Mod than other to-
kamaks on which BES has been successful  (� �  ∝ � s). 

• The DNB is injected radially, which requires viewing across flux surfaces to obtain any 
Doppler shift of the beam emission.  Because the DNB is of finite width, this results in a 
larger net collection volume, violating the second requirement above. 

In the coming year, we plan to operate this diagnostic where it is shown to be successful 

(DNB monitoring and coherent mode observation).  We will explore possible hardware up-

grades to make broadband fluctuation measurements. 

6 ADDITIONAL CONTRIBUTIONS NOT INCLUDED ABOVE 
"Confinement and transport research in Alcator C-Mod, M. Greenwald, N. Basse, P. Bonoli, 
R. Bravenec, E. Edlund, D. Ernst, C. Fiore, R. Granetz, A. Hubbard, J. Hughes, I. 
Hutchinson, J. Irby, B. LaBombard, L. Lin, Y. Lin, B. Lipschultz, E. Marmar, D. Mikkelsen, 
D. Mossessian, P. Phillps, M. Porkolab, J. Rice, W. Rowan, S. Scot, J. Snipes, J. Terry, S. 
Wolfe, S. Wukitch, and K. Zhurovich, Fusion Science and Technology 51, 266 (2007). 
 
"Diagnostic Systems on Alcator C-Mod,"  
N. P. Basse, R. V. Bravenec, A. Dominguez, E. M. Edlund, C. L. Fiore, R. S. Granetz, A. E. 
Hubbard, J. W. Hughes, I. H. Hutchinson, J. H. Irby, G. J. Kramer, B. Labombard, L. Lin, Y. 
Lin, B. Lipschultz, J. E. Liptac, E. S. Marmar, D. A. Mossessian, R. R. Parker, P. E. Phillips, 
M. Porkolab, J. E. Rice, W. L. Rowan, J. G. Schilling, S. D. Scott, A. Snipes, V. Tang, J. L. 
Terry, S. M. Wolfe, S. J. Wukitch, K. Zhurovich, and S. J. Zweben, Fusion Science and 
Technology 51, (2007). 
 


