
Present state needs alternatives for future

Implementation of multipass laser absorption spectroscopy
and measurements of the erosion of liquid tin in PILOT-PSI
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• Damage and erosion of solid PFCs accumulates over time →
regular and labour consuming replacement
• DEMO will scale up highlighted processes comparing to ITER
[1,2], which motivates alternative materials investigation
• Liquid metal (LM) surface can ameliorate these problems:

 Mechanisms of replenishment and self-healing surface
can be implemented
 Liquid flow can conduct/convect heat away: improved
heat removal capability
 “immune” to neutron embrittlement (no lattice)

• Main candidate materials Li, Sn or Ga due to low melting points

Exposure conditions and 
procedure

Pilot-PSI
high flux low temperature conditions 

are a good simulation of the 
ITER/DEMO divertor

Parameters:
Gas: Ar
Te ~ 1-3 eV
ne ~ 2-3x1021 m-3

Heat flux: 0.5-8 MW m-2

Particle flux ~ 1024 m-2 s-1

Target biasing: -50 V
B field: 0.2 T

erosion/fuzz

neutron 
embrittlement

melting

cracking
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Perspectives and challenges
Potential large heat exhaust capability of liquid tin ~ 25 MW m-2

Low evaporation even at high temperatures ~ 1200 ⁰C [3]
No stable hydrides of tin are foreseen → indication of low retention
Broad temperature operation window
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286.3315 0.544 0.000 5p2 3P 0

34914.282 5p6s 3P° 1

[5]

Experiments demonstrated
temperature enhanced
erosion [4]

Significant re-deposition
efficiency needed

Liquid surface stability
issues

CPS sample 

Conclusions: 
• Demonstration of high sensitivity CRDS technique for the first time
• Provides unambiguous quantitive measurement of neutral tin 

density
• Indication that evaporated material is swiftly redeposited as not 

seen at CRDS location (5 mm from surface), unlike normally 
sputtered material

Experimental setup Pilot-PSI

Cavity Ring-Down Spectroscopy
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Advantages:
 Fast measurement speed
 Does not require large

sampling media (high
sensitivity)

 Absolute measurement of particle
density via absorption

 Immune to shot-to-shot noise
 Can be tuned to multiple lines

Principle:

 Gradual variation of source power with fixed bias
 Subsequent variation of deposited power, temperature of the 
sample and tin line emission at 380.10 nm (see the graphs)
 Simultaneous performance of CRDS measurements at 
286.331 nm to detect eroded tin neutrals.  

 Thus  a direct density measurements
of sputtered particles by comparing two
ring-down times

Time evolution of T, I has a big 
increase in the end (TES, 
evaporation) while τ has almost 
same gradual steps

Source power has the same 
trend, but its gradual steps are 
similar in amplitude to variation of τ

Absorption level of Sn I reference data
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