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What Requirements are Necessary for the First Wall?

The search for suitable materials for the �rst wall is an important
area of research in fusion science

Requirements:

I High thermal conductivity, ability to withstand large heat
�uxes (possibly on the order of 100 MW m� 2)

I Not a source of detrimental impurities

I Not be easily damaged

I Able to withstand high-energy neutron �ux

Traditionally, solid materials such as carbon, tungsten, beryllium,
and molybdenum have been used



Liquid Lithium is an Excellent First Wall Material

I Recently, attention has been focused on liquid lithium as an
alternative

I Liquid walls are self-healing

I Lithium does not deeply penetrate into the plasma due to a
low ionization potential

I Lithium does not cause large levels of radiation as Z = 3

I Lithium can also be used to breed tritium for use in a D-T
reactor (although this is in the blanket, experience working
with lithium is important)

Most imp ortantly, liquid lithium walls lower the recycling rate



Liquid Lithium is an Excellent First Wall Material

I Recently, attention has been focused on liquid lithium as an
alternative

I Liquid walls are self-healing

I Lithium does not deeply penetrate into the plasma due to a
low ionization potential

I Lithium does not cause large levels of radiation as Z = 3

I Lithium can also be used to breed tritium for use in a D-T
reactor (although this is in the blanket, experience working
with lithium is important)

Most imp ortantly, liquid lithium walls lower the recycling rate



Recycling

De�nition
The process by which plasma ions that di�use out of the plasma
become neutralized by interaction with the �rst wall, and then
re-enter the plasma as neutrals

R =
� wall! plasma

� plasma! wall



Recycling

I Recycling helps maintain the
plasma's particle inventory

I Recycling has a co oling e�ect a s
re-entrant neutrals have low
energies

I Edge temp erature is brought
down

I Increases thermal gradient

I Drives instabilities

I Degrades con�nement

Lithium �r st walls allow a means of improving con�nem ent,
core temp erature, and other measures of plasma p erformance
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Previous Experiments Showed Better Plasma Performance
with Lithium Walls

I TFTR conditioned a graphite limiter
with lithium pellet deposition to increase
t E , Q , and the Lawson triple product

I DIII-D demonstrated similar increases in
plasma performance

I The T-11M and FTU devices studied the
feasibility of using a liquid lithium limiter
in tokamaks

I NSTX studies with evaporative lithium
deposition show increases in T e , T i ,
con�nement, and MHD stability

I CDX-U saw a reduction in R ,
impurities, an increase in the
plasma core temperature and
t E
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The Lithium Tokamak Experiment

Parameter Value

R 0 0.40 m

a 0 0.26 m

B T 3.4 kG

I P 400 kA

k 1.55

T e ;max >300 eV

t �attop >100 ms



(Eventually) Lithium-Coated Shell



Diagnostics on LTX

Diagnostic Measurement
Flux loops, Mirnov coils Magnetic �eld

Rogowski coil Plasma current

Microwave interferometer Line-integrated electron density

Langmuir probe Edge temperature and density

Digital holography system Electron density �uctuations

VUV spectrometer Impurity levels and charged states

Bolometric array Radiated power

Lyman-a detectors Recycling rate

Thomson scattering Core electron temperature and density



Measurement of the Recycling Coe�cient

I Intensity of light emitted from recycled neutral atoms is
proportional to the number of neutrals present

I Measured using Lyman-a detectors

I Lithium is less re�ective to light at 121.5 nm (Lyman-a ) than
at 656.3 nm (Balmer-a /Ha )

I Lyman-a levels along with particle inventory and plasma edge
data are used to estimate R

I Modeling using the DEGAS2 neutral particle transport code
may be used for more precise determination of R
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Thomson Scattering

I Scattering intensity is
directly proportional to n e

I Width of the scattered line
gives T e

I Thomson Scattering has a
very low cross section

I Intense light sources and
sensitive optics necessary



Beam

I Ruby laser (694.3 nm)

I 15 J, 20-40 ns single pulse
per plasma shot

I 4 stage ampli�cation (6
mm oscillator, 9 mm
pre-ampli�er, 18 mm and
25 mm ampli�ers)



Beam Path



Viewing Optics

I 5 element lens set, f =3 :8, 59 cm
from b eam line

I 1 mm dia. quartz-core �b ers (0.9
mm cladding dia., 0.8 mm core
dia.) in a curved holder ab ove
collection lens

I 12-16 spatial channels

I System may eventu ally b e
con�gured with background light
channels viewing o� the b ea m
axis













Measurement of Spatial Locations

I A rigid rod with a ruler is placed along the beam path

I Fibers are back-illuminated with a halogen light

I Viewing optics are aligned

I Measurement locations are recorded

I Locations are mapped from 'ruler' to machine coordinates

Ch R [m] r [m] r =a
1 0.408 0.008 0.031

2 0.418 0.018 0.069

3 0.427 0.027 0.104

4 0.449 0.049 0.188

5 0.468 0.068 0.262

6 0.488 0.088 0.338

7 0.508 0.108 0.415

8 0.529 0.129 0.496

Ch R [m] r [m] r =a
9 0.547 0.147 0.565

10 0.567 0.167 0.642

11 0.587 0.187 0.719

12 0.608 0.208 0.800

13 0.618 0.218 0.838

14 0.628 0.228 0.877

15 0.640 0.240 0.923

16 0.650 0.250 0.962



Spectrometer

I HoloSpec spectrometer

I Princeton Instruments Intensi�ed CCD (512 by 512 pixels,
12.35 mm by 12.35 mm, gate 50 ns)

I Low dispersion transmission grating currently sees light from
547 to 764 nm, for high T e

I High dispersion transmission grating also available, sees light
from 703 to 732 nm, for low T e

I Laser light and Ha lines blocked by internal �lters





Low Dispersion Transmission Grating

l n = cosg[sin (q1 + f 1) + sin (q2 + f 2)]

R image =
l 0

l
f 2 cos (q2 + f 2)
sinq1 + sinq2



Wavelength Calibration

I Wavelength is mapped to CCD
pixels by the grating
spectrometer

I This function is measured using
�ts to known emission lines
from gas lamps

I From a previous He calibration:

l = 1nm
2:35 x + 547nm

I Spectrometer has been moved,
more careful calibration is
necessary



Density Calibration Methods

I n e is measured by the intensity of scattered light

I Absolute n e measurement requires knowledge of the overall
system transmission

I Determination of the spectrometer e�ciency will use a
calibrated light source (Labsphere)

I Raman or Rayleigh scattering in a neutral gas at a known
pressure can be used

Rayleigh Scattering
I Has a higher cross section

I Scatters at laser wavelengths
(stray light di�culties)

Raman Scattering
I Scatters at wavelengths above

and below laser light

I Has a lower cross section

I Only diatomic gases may be
used (note that high pressure
H2 presents a hazard, and N2
reacts with Li)
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Thomson Scattering Data Fitting

N p e =
N i h Tn e r

2
0 L �


l i d
p

p
exp
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l 2
i

d2

!

Npe Number of photoelectrons (per wavelength) 103 � 1010

N i Number of incident photons 5:2 � 1019

h E�ective detector quantum e�ciency 15%

T Optical transmittance 30%

ne Electron density 1018 � 1019 m � 3

r0 Classical electron radius 2:8 � 10� 15 m

L Axial beam length imaged in �ber 0:5 cm

�
 Solid angle collected by �ber 0:010 � 0:015 sr

l i Incident wavelength 694 :3 nm

l s Scattered wavelength 547 � 764 nm

d 2
p

2T e =me =(c sin(q=2)) 0:05 � 0:22

T e Electron temperature 100 � 1000 eV

q Scattering angle 69 � 90�



Expected View

For plasmas expected in the experiment, the system is predicted to
measure T e with 6%-8% relative error, and n e with 8.5%-11%
relative error
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Goals

I Determine the electron temperature and its pro�le as a
function of recycling

I Correlate the electron temperature pro�le peaking and the
con�nement

I Correlate the recycling and the edge temperature using a
combination of Thomson scattering and Langmuir probe data

I Determine if the edge temperature correlates with the
recycling predicted by UEDGE or other models

I Compare the response of the edge temperature and core
temperature pro�le in NSTX for similar recycling coe�cients,
if possible
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Timeline

Completion of system, alignments, and calibrations 3 months

Data acquisition 9 months

Data analysis 9 months

Thesis writing 3 months

Total 24 months
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