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Many anomalous transport models predict a threshold for critical electron temperature gradient scale 
length (LTe|C, or brifely LC, where LTe = Te/∇Te) above which the turbulence develops and heat 
transfer increases. In tokamaks, indirect measurements supporting evidence of existence of LC is 
reported, for both electrons [1] and ions [2]. However the first direct observation of the fluctuation 
paradigm associated with the critical electron temperature gradient length scale was reported in 
DIII-D tokamak [3]. 
At C-Mod, a constant ∇T (as a function of input power) was found in L and H mode discharges [4], 
which is consistent with marginal stability of the LC for ITG modes. Thus, although the ion 
temperature gradient is thought to be more important than the electron temperature gradient, at 
sufficiently close coupling of the two temperatures (i.e., higher densities), the LC for the electrons 
should be seen. 
Above LC, electron transport is found to increase strongly with LTe

-1. Assuming an ETG model, the 
heat flux is given by 
 
 
A high spatial resolution temperature diagnostic, like an electron cyclotron emission (ECE), will 
provide information on α and β depending on the electromagnetic or electrostatic nature of the gyro-
Bohm model for ETG turbulence. 
Recently we developed a technique to measure LTe at Alcator C-Mod tokamak. Here we present our 
preliminary results for LTe measurements and discuss our future experiments. 
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-  Since I-mode discharges exhibit reduced electron thermal and density 
fluctuations [5], the jog technique will be applied in I-modes to 
measure LTe and the results will be compared to that of L-mode’s.  

-  As the technique is not applicable to tokamaks with superconducting 
magnets, YIG filters with the ability of fast frequency switching 
(already in use at DIII-D) will be considered to be included in FRCECE 
at C-Mod. 

 

The diagnostics used in this work is a heterodyne electron cyclotron emission (ECE),   

The 1/R dependence of the magnetic field in tokamaks maps the ECE radiation back to 
localized positions in the plasma. A slight change in the toroidal magnetic field (ΔB) yields a 
small change in the location of the flux surfaces viewed by the ECE diagnostics as 
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When the viewing volume is scanned by scanning the 
magnetic field, a flat region is found in the vicinity of R = 
0.84m. This likely indicates an island and is consistent with 
the suspected existence of a locked mode in this plasma. 
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hereafter, referred to as FRCECE. It detects 2nd 
harmonic X-mode plasma emission in the 
frequency range 234–306 GHz . This frequency 
range provides full coverage of the outer half of the 
plasma for standard C-Mod fields. The system has 
high spatial (∼ 1 cm radial, ∼ 3 cm poloidal) and 
temporal (1 MHz video bandwidth) resolution. 

The quisi-optical mirrors of 
the system collects lights 
from 32 sample volumes 
(channels) with 7 mm radial 
and 3 cm poloidal widths. 

The signal out of the RF/IF sections of 
the system is amplified by a video 
amplifier and signals with 1 MHz time 
resolution is provided for each 
channel. 
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As long as ΔB (hereafter referred as Bt-jog) is small, the plasma current and density are 
constant during the jog. Thus ΔB scans the measurement location for a particular ECE channel 
over a narrow range. The change in signal during the ramp provides the gradient and the 
averaged ECE signal provides the scale length: 

Time evolution of a) Line 
averaged density, b) electron 
density, c) electron 
temperature from GPC 
diagnostic, d) Rmid values 
from EFIT (circles) and ΔR(t), 
toroidal magnetic field for 1% 
jog, f) plasma current.  
C-Mod Shot 1140402006 
 

LTe =
Te
∇Te

= ΔR ECE(t)
ΔECE(t) during

ramp−up
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In Eq. (3) ECE (t) is the raw signal from each channel and ΔR is calculated from Eq. (2), 
meaning that the process of measuring the LTe profile is independent of the diagnostic’s 
calibration. Note that ΔR = Rfinal –Rinitial where “initial” and “final” are referenced to before 
and end of the Bt ramp-up. 

Te measurements from 
FRCECE channels. The last 
panel shows the time 
evolution of Rmid locations. 

Temperature profile at t=0.7s, 
and LTe profile. At r = ~0.83m, 
the temperature profile 
exhibits a change in the 
slope; this is measured/
detected in LTe profile. 

The Bt-jog technique was applied to a few discharges in run day 1140402xxx; the summary of 
the shots are as follows: 

Shot # ne.l (1020 m-2)* ne (1020 m-3)** Ip (MA) 
1140402006 0.947 1.555 0.79 
1140402009 1.09 1.826 0.78 
1140402011 1.043 1.699 0.78 
1140402012 0.934 1.572 0.79 
1140402014 0.822 1.429 0.795 
1140402016 0.687 1.268 0.795 
1140402018 0.587 1.039 0.795 
1140402019 0.535 1.014 0.795 
1140402020 0.415 0.815 0.79 
1140402023 0.293 0.455 0.79 

* Line averaged density from    
TCI channel 4. 

** ne (0), Thomson Scattering 
The numbers are mean values 

between 0.6s and 1.4s. 
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