
Imaging at 40º reveals that laser 
transients reduce grassy structure
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Damage Follows Retention
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When ELMs occur in tokamaks, up 
to 30% of the pedestal energy can be 
deposited on the plasma facing 
boundary causing 

• Heating 

• Changes to Surface Morphology

• Mass Loss

• Change in T retention

When fluence to PISCES targets 
between transients is increased 
synergistic effect between thermal 
transients & plasma exposure leads to

• Enhanced material removal

• Retention/morphology changes

Experiments with D-loaded samples 
in DIII-D on DiMES have shown that 
the enhanced erosion effect is not 
phenomena only witnessed in the 
laboratory PISCES device. 

Effects of D Loading on Damage
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• At lower fluence, blisters appear as 
small, rough features when exposed 
only to plasma (a).

• Laser only exposure causes melt and 
reflow of the surface material, which 
cracks during cooling (b). 

• Melt, reflow and cracking can be seen in 
the lower image but the surface is 
dominated by bursted blisters (c)
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Deuterium Retention Decreases…But

0

0.5

1

1.5

2

2.5

3

0 500 1000 1500 2000 2500 3000

Time (sec)

D
es

o
rp

ti
o

n
 F

lu
x 

(1
015

 D
2/

cm
2 -s

ec
)

0

100

200

300

400

500

600

700

Te
m

p
er

at
u

re
 (

C
)

PLASMA ONLY

LASER+PLASMA

Temp

Plasma 
Only

Plasma 
with Laser

D2/cm24.2 x 1017 1.6 x 1017

1 x 1017 1.4 x 1017

2 x 1016 8 x 1016

50% vs <5%

Heating to 350ºC

Laser
Direction

Tungsten 
Sample

Deuterium 
Plasma

Emission from Hot 
Surface

Thermal Diagnostic (2-Color)

505K

615K

0.0E+00

1.0E+15

2.0E+15

3.0E+15

100 300 500

R
e
te

n
ti
o

n
 (

 D
/c

m
2
-s

e
c
)

Temperature (C)

1E21 D/cm2

5e21 D/cm2

1e22 D/cm2

Be Retention Experiment 

• Plasma Exposure: 
– 1 hour to D plasma

– F = 4 x 1025 D+/m2

– Ei ~ 70eV

– T up to 100ºC

• Brush Wellman Beryllium
– Be~98.5%

– O up to 1.5%

– C, Mo, Al balance

• Simultaneously irradiate one 
sample with laser ~1Hz 

Alimov and Roth 2006

F~1022 D+/m2 between transients 

expect to nearly saturate Be 

Be Coated Samples to Avoid 
Plasma/Laser Area Mismatch

K.Umstadter, et al., Nucl. Fusion 51 (2011) 053014

Conclusions

• Transient heating effect surface morphology by reducing the density 
and height of grassy structure

• At low flux and bulk temperature, 1Hz transient heating during 
plasma exposure increases retention and Deuterium is released at 
higher temperatures but flash heating after exposure to plasma only 
decreases retention 

• At high flux, moderate bulk temperature and 1Hz transient heating, 
Deuterium is released at higher temperatures and retention is nearly 
unchanged

• Impact is that Be PFCs subjected to simultaneous D  plasma and 
transients will retain significantly more D above 250C, the planned 
heating temperature of the Be walls for ITER

System Characteristics

• Resolve temperature changes at 10msec rate
• LabVIEW-based DAQ
• NIR System 

• measures at 1300 and 1550nm
• Tmeas > 400°C 
• NIR PMT Detectors

• IR System 
• measures at 2.7mm and 3.5mm
• 50°C < Tmeas < 1000°C
• InSb Detectors

• Transient heating can 
cause evaporation of Be

• Important to monitor 
temperature in real-time

J. Nucl. Mater. 399 101-7
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Initial measurements 
indicate that under 

normal laser irradiation 
conditions above, Be 
surface is heated to a 

peak DT ~ 475°C
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Components
• Fiber: Light from collimator 

facing sample thru CaF2 port
• Lens 1: Collimator
• Lens 2/3: Focusing
• BS: 50/50 Beamsplitter
• Filter 1: Bandpass @ l1

• Filter 2: Bandpass @ l2

• Laser Filter: Blocks 1064nm
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Orthogonal Imaging Shows Similar Features

A: No Plasma

B: Plasma

0

100

200

300

400

500

600

700

0.00

0.50

1.00

1.50

2.00

0 500 1000 1500 2000 2500 3000

Te
m

p
e

ra
tu

re
 (

°C
)

R
et

e
n

ti
o

n
 (

1
0

 1
4

D
/c

m
2
-s

e
c)

TDS Time (sec)

Low Flux  - Tbulk ~ 30°C

Plasma Only

Laser + Plasma

Plasma with 1 Pulse
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High Flux  - Tbulk ~ 175ºC
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Temperature

Ret (D/cm2) F (D/cm2) % Ret

5.86E+17 2.52E+21 0.023%

7.38E+17 2.52E+21 0.029%

3.04E+17 2.52E+21 0.012%

Ret (D/cm2) F (D/cm2) % Ret

2.09E+18 1.62E+22 0.013%

2.02E+18 1.62E+22 0.012%

Important to mimic ELM heat pulses in divertor-like plasma 
environment with ITER-relevant fluences

Retention is
fluence dependent


