
• In order to verify the expected momentum and energy transport with low recycling 
PFCs, a Charge Exchange Recombination Spectroscopy (ChERS) diagnostic is 
being implemented on LTX

• The ChERS diagnostic is being designed and installed 
in stages on LTX
- Will utilize high throughput Kaiser Holospec f/1.8 spectrometer
- Coupled to a Princeton Instruments ProEM 512 (or 1024) 

CCD camera
1) Passive Impurity Spectroscopy 

- Similar to the Edge Rotation Diagnostic (ERD) found on 
NSTX [6]

- Limited sightlines (6 toroidal, 5 - 7 poloidal)
- Needed to evaluate available light levels (and background 

light levels for when the DNB is installed)
2) Toroidal ChERS

- High spatial resolution with a dedicated 
background view

- Based on measurements with passive 
spectroscopy

3) Poloidal ChERS
- vϑ is expected to be small, similar to vϑ 

measurements performed on NSTX [7]
- but vϑ contributes to the electric field in the plasma
- and as such, would play a role in forming a 

transport barrier, if one is found to exist in neutral 
beam heated LTX plasmas

- Will be implemented if found to necessary based 
on passive measurements as well as available 
time and budget

• Estimates of Ti, vϕ and nLi from passive 
measurements are made given an assumed 
lithium density in the core, Ti and rotation 
(shown in black)
- Peaked Ti and vϕ with sinusoidal radial 

distributions are assumed for these calculations
‣ Peak Ti = 100 eV
‣ Peak vϕ = 10 km/s

• Line of sight (l.o.s.) measurements of each 
are shown in red and Abel inverted profiles in 
green
- l.o.s. measurements clearly under estimate Ti, vϕ 

and nLi 
- while the Abel inverted profiles are in good 

agreement with the prescribed profiles

• A simple 0-D model is use here to illustrate the anticipated strong dependence of 
neutral density, momentum drag, and the edge rotation speed on the global recycling 
coefficient. 

- R0 is the plasma major radius, 
- TNBI is the total torque from the neutral beam injection
- νn = n0<σv> is the damping rate due to neutral friction, 
- n0 is the neutral density and 
- <σv> the charge exchange reaction rate parameter. 
- Neutral beam torque is computed for a 20 keV beam with:
‣ 3A of absorbed current
‣ tangency radius of 0.5 m
‣ yielding a total torque input of ~ 0.05 N-m.$

• Using a reference LTX scenario [5] with 
- an average density <ne> = 1(10)19 m-3, 
- central Ti up to ~1.6 keV
- a plasma volume of 1.7 m3, 
- a particle inventory of 2.7(10)18, 
- and an assumed momentum confinement time ~ 

reference energy confinement ~ 60 ms
- a very high “unhindered” toroidal rotation speed vϕ( ~ 

160 km/sec is predicted.

• Thus using this relationship and the torque 
balance above, the toroidal rotation speed is 
expected to increase strongly as the global recycling coefficient and neutral density 
are reduced with lithium wall pumping (see above: blue). 
- Also shows a calculation assuming a 50% reduction in the momentum confinement (in red) and 

central temperature, in case the experimental values turn out lower than the predictions. 
- In either case, it is clear that the toroidal rotation speed should depend strongly on the recycling 

coefficient and neutral density. 

• Charge exchange events affect the momentum and energy balance:
- Much of the ion momentum along the field is lost in the charge exchange process since incoming 

neutrals typically have a random velocity distribution. 
- Therefore charge exchange reactions effectively exert a large drag on the edge velocity, and 
- reducing charge exchange rate will enable the edge plasma to spin more rapidly. 

• Similarly, charge exchange events also represent a sink to ion thermal energy 
- Therefore reducing charge exchange rates should enable higher edge ion temperature 

• Because the edge values set a boundary condition upon which the core profiles are 
based, global energy confinement could also increase. 
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Abstract
Previous research on CDX-U and NSTX has demonstrated 
that liquid lithium and lithium wall conditioning in general can 
substantially alter the edge plasma in tokamaks. By providing a 
low recycling plasma facing surface, global plasma properties 
such as particle and energy confinement are increased [1,2] is 
designed to provide approximately 90% of the plasma facing 
surface with a near zero recycling wall. Near-term research 
involves measurement of impurity fluxes and transport from the 
close-fitting, lithium coated shell of LTX. This is accomplished 
with a set of fast (100 kHz) filterscopes, 2 optical 
spectrometers (380—590 nm) viewing the center-stack and the 
lower shell respectively with 1 ms time resolution, vacuum 
ultra-violet spectroscopy and filtered, fast camera images of 
the shell. Preliminary measurements and analysis of the optical 
and UV spectra will be presented as a function of lithium wall 
conditioning.

Acknowledgments
T h i s w o r k i s s u p p o r t e d b y U S D O E c o n t r a c t s 
DEAC05-00OR22725 and DE-AC02- 09CH11466.

References
1. R. Majeski, et al., Phys. Rev. Lett. 97 (2006) 075002
2. M.G. Bell, et al., Plasma Phys. Control. Fusion. 51 (2009) 

124054
3. E.M. Granstedt, et al., presented at The 2nd International 

Symposium on Lithium Applications for Fusion Devices. 
Princeton, NJ (2011)

4. R.J. Colchin, et. al., Rev. Sci. Instr. 74 (2003) 2068
5. R. Majeski, et al., Nucl. Fusion. 49 (2009) 055014
6. T.M. Biewer, et. al., Rev. Sci. Instr. 75 (2004) 650
7. R.E. Bell, et. al., Phys. Plasma. (2010)
8. J.M. Canik, et al., Phys. Plasma. 18 (2011) 056118 

Introduction & Motivation
• LTXʼs main line mission is to examine the effect of liquid lithium 

PFCs on core/global discharge characteristics
- Create tokamak discharges with near-zero recycling, and 

determine the consequences for transport and stability of 
operating in this extreme limit.

• However, a wide body of tokamak research has demonstrated 
the dependence of the core parameters on the edge boundary 
conditions

• Lithium PFCs clearly alter the plasma-wall interactions and 
edge plasma characteristics
- which then provides a different, more favorable boundary 

condition for the core plasma 
• ORNL has chosen to focus on edge plasma studies, because: 

1) They are crucially important for unfolding the effect of 
lithium PFCs on core conditions, and 

2) ORNL has substantial edge plasma expertise in general, 
and a lead role on edge physics studies in the nearby NSTX 
device

Workshop on Innovation in Fusion Science (ICC2011) and US-Japan Workshop on Compact Torus Plasma ● Seattle, Washington ⎯ August 16-19, 2011

Conclusions
• Without lithium as a plasma facing material, LTX discharges 

were limited to 4 - 5 ms and Ip < 10 kA
• With evaporative lithium coatings:

- Discharge duration increased to 20 ms
- Ip increased up to 67 kA

• This may have be due to a radiative collapse of the 
discharge
- Though this is still uncertain since no measurements of 

edge ne and Te were available to quantify impurity 
influxes 

• Preliminary calculations indicate that passive impurity 
measurements, even with limited sightlines, will be able to 
measure Ti, vϕ and estimate nLi in the core plasma. 

Future Work
Upcoming LTX Run Campaign:
• After an initial run with more evaporative coatings, LTX will 

run with the lower shell filled with liquid lithium
- Similar to CDX-U experience, except ... 
- the entire plasma facing surface will be heated and 

coated with lithium 

New Diagnostics coming online (PPPL and ORNL Contributions):
• Increased filterscope coverage (Li II, Mo I and C II lines)

- Center-stack and limiter views
• VUV Spectroscopy to monitor core impurities
• Filtered, fast camera views of the shells

- up to ~ 50 kHz
- Hα, Li I (670nm) and Li II (548 nm) filters

• Langmuir probe(s) for edge Te and ne measurements 
• Limiter Lyα photodiode to estimate edge neutral density and 

recycling
• Implementing ChERS diagnostic once the diagnostic neutral 

beam comes online in Spring 2012
- Passive impurity measurements will be until then 

Edge Modeling of LTX Discharges
• SOLPS modeling of LTX discharges to estimate edge (ψN > 

0.8) transport properties
- Constrained by Te and ne measurements from Thomson 

scattering and Ti  and vϕ from ChERS
- This is a process already used on NSTX with success [8]
- Model the effects of low  recycling PFCʼs on edge 

transport

Background Info
• LTX began lithium operation 

in the Fall of 2010
• Prior to the introduction of 

lithium, 
- Plasma current, Ip was limited 

to < 10 kA
- Plasma duration was only 4 - 

5 ms

• The addition of lithium was shown to increase Ip up to 67 
kA and extend the plasma duration up to ~ 20 ms [3]

• Also measured a reduction 
in impurity line emission 
from filterscopes directed at 
the center stack

• This is suggestive of a 
radiative collapse of the 
discharge without lithium

• However, the lack of edge ne 
and Te for these experiments 
m a k e s q u a n t i t a t i v e 
e s t i m a t e s o f i m p u r i t y 
influxes difficult via standard 
S/XB techniques
- Currently exploring line ratio 

techniques to determine Te 
and ne based on visible lithium 
line emission

Major Radius, R 0.4 m
Minor Radius, a 0.26 m

Toroidal Magnetic Field, Bϕ 1.8 kG

Duration ~ 20 ms

Plasma Current, Ip 67 kA

core density, ne ~ 8(10)18 /m3

core Electron Temperature, Te 100 ⎯ 150 eV

Achieved LTX Parameters
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Charge Exchange Recombination SpectroscopyMomentum and Energy balance with low recycling PFCs

Toroidal Sightlines

Overview of the Lithium Tokamak Experiment Optical Spectroscopy
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Center Stack View
• Filterscopes 

- H, Li I, Li II,      
C III, O II 

• Visible 
Spectrometer
- 380 - 590 nm

Limiter View
• Filterscopes

- H, Li I, Li II, 
C III, O II 

• Visible 
Spectrometer
- 380 - 590 nm

• Measure impurity emission from the shells of LTX
- Center stack and limiter views

• Both filterscopes [4] and compact spectrometers (shown 
below) are used
- Absolutely calibrated with a Lab 

Sphere calibrated light source
- Using edge ne and Te as well as S/

XB coefficients, the impurity efflux 
can be quantitatively determined.

- Currently limited by a lack of edge ne 
and Te measurements

• Visible Spectra (shown left) show 
a relatively clean spectra with 
dominate impurities being 
Lithium, Oxygen and Iron likely from the shells as well as 
Carbon
- The appearance of carbon emission lines is surprising given 

that there are no carbon PFCs in LTX
- We believe the carbon source has been identified (glow 

discharge probe) and this will be verified in the next set of 
experiments

Compact Spectrometers 
in use on NSTX

Estimates of nLi, Ti and vϕ from passive 
measurements


