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18 sightlines viewing in midplane, from geometric center to outboard edge. 



Collaboration Tasks
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Task 1: Provide calibrated magnetic field 
pitch angle profiles for the NSTX-U project. 

- Prior to calibration and operation,  
check out and re-start MSE-CIF 
system. 

- Utilize equilibrium reconstruction 
code (LRDFIT) to provide the current 
and q-profiles. 

- Supports Objectives 1 & 2 in NSTX-
U Five Year Plan.
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Task 2: Real-time MSE rt(MSE) measurement of magnetic field pitch 
angle profile. 

- High performance real-time OS. 

- Low latency propagation of MSE data to NSTX-U Plasma 
Control System (PCS). 

- We are working with NSTX-U staff on implementation.  

- Supports Objectives 2 in NSTX-U Five Year Plan.
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Task 3: Reversed magnetic shear transport 
studies in NSTX-U  

- Study of reversed magnetic shear transport 
in L-mode and H-mode plasmas. 

- Develop simulation framework using 
TRANSP with various modules for modeling 
target plasmas with a range of q-profiles.  

- Supports Objectives 1 in NSTX-U Five Year 
Plan.

without a strong e-ITB, with typical !e values observed
in weakly reversed shear discharges ranging between
10–20 m2 /s.7

VI. ELECTRON FLUCTUATION MEASUREMENTS

Having established a connection between negative mag-
netic shear and the ability to sustain higher electron tempera-
ture gradients, a microwave scattering diagnostic was used to
measure local electron density fluctuations at the e-ITB at
electron scale wave numbers !k!"e#0.6".17–19

Figure 11!a" compares fluctuation power spectra be-
tween two discharges, one with a weakly reversed shear
q-profile without an e-ITB and another with a strongly re-
versed shear q-profile with an e-ITB. The q and Te profiles
corresponding to the fluctuation measurements are shown in
Figs. 11!b" and 11!c". The high-k fluctuations for the nega-
tive magnetic shear case are lower in amplitude over a wide
frequency range despite elevated electron temperature gradi-
ents !R /LTe

$20".
Fluctuation measurements were also taken outside the

region of negative magnetic shear, near the location of qmin,
where the magnetic shear is zero. Measurements at this lo-
cation did not display the same suppression of fluctuation
regardless of the value of magnetic shear further inside the
plasma, illustrating that turbulence suppression is a local
phenomenon tied to the local magnetic shear value.

Examples of e-ITBs up until this point have used NBI
for both heating and diagnostic purposes. Despite evidence
showing that magnetic shear is the more important factor for
electron transport, E%B shear has nonetheless been present.
Figure 12!a" shows a comparison of high-k fluctuation spec-
tra between two discharges heated only with HHFW, using
50 ms NBI blips for diagnosis. The electron temperature pro-

files and q-profiles are shown in Figs. 12!b" and 12!c", with
similar results as beam heated e-ITBs, where the strongly
reversed shear discharge with steep Te gradients shows re-
duced fluctuations. Er and the E%B shearing rate for the
e-ITB case are shown in Fig. 13. The lack of E%B shear
around the fluctuation measurement region shows that mag-

FIG. 10. !Color online" TRANSP calculations of the electron and ion ther-
mal diffusivities with an ITB. Magnetic axis !not shown" is at 102 cm and
the plasma edge is at 154 cm.
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FIG. 11. !Color online" !a" High-k microwave scattering fluctuation power
spectra comparison between a case with an e-ITB and strongly negative
magnetic shear vs a weakly reversed shear case with lower electron tem-
perature gradients. !b" Electron temperatures and !c" q-profiles for cases
shown in !a", shaded region indicates the high-k measurement region.
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• Re-start of MSE-CIF work requires on-site access, which is 
limited due to Covid-19.  

• Some material/vendor delays for procurements. 

• Current estimate for availability of MSE-CIF is mid-2022. 

• RT-MSE is making good progress. We have had several 
discussions with PPPL staff.   Testing of hardware is in process. 

• RT-MSE availability is estimated to be in FY2023. 

• Reversed shear studies under separate grant that will start 
9/1/2021.    

• We anticipate a key need/issue will be hiring additional staff 
(Physicist, Engineer) in late 2021/early 2022.


