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Overview of Motivation

Development of laser-based technologies for :
On-line diagnosis using Laser Induced 

Breakdown Spectroscopy (LIBS) ;
3D characterization on D/T retention by Laser 

Ablation-Time-Of Flight Mass Spectrometry 
(LA-TOFMS);

Removable of the co-deposited films on the 
fist mirror using laser cleaning; 

D/T recovery technique using laser heating .



Experiments 

Laser cleaning co-deposition film on the first 

mirror combined with LIBS diagnosis;

Laser ablation TOF mass spectroscopic 

characterization of H/D-retention on the first 

mirror.



I. Laser ablation and LIBS system



Schematic diagram of LIBS diagnosis or cleaning
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Principle of LIBS

materials



Laser system



Experimental set-up
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a) Scheme of set-up of laser ablation of 
the first wall targets

b) Photo of the experimental set-up.



5 0 0 5 1 0 5 2 0 5 3 0 5 4 0 5 5 0

1 0 0 0

1 1 0 0

1 2 0 0

1 3 0 0

In
te

ns
ity

(a
.u

.)

w a v e le n g th (n m )

C
2 5

15
.4

6n
m

 d
3 

g
a3 

u

53
0n

m

50
1.

1

5 3 2 .7

5 3 5 .3

51
0.

6

5 4 0 .7

C -
2 5 3 0 -5 4 5  n m (B 2 +

u X 2 +
g )

52
3.

4 
 00

 B


A

54
7.

0

C
- 2 5

05
.9

nm
 (

00
,B

4 - u
X

4 - g) 

C
4 5

11
nm

(
00

,3 - u
X

3 - g)

4 0 0 4 1 0 4 2 0 4 3 0 4 4 0 4 5 0

7 0 0

8 0 0

9 0 0

1 0 0 0

W
I 4

34
.5

5 
 5 P 

- 
   

W
I 4

23
.6

1 
3 D

 - 
  

W
I 4

13
.0

8 
5 P

 - 
 

w a v e le n g th  (n m )

W
I 4

00
.9

2 
7 S

 - 
7 P



W
I 4

07
.0

6 
7 S

 - 
7 P
 

W
I 4

30
.2

7 
 7 S

-7 D
  

W
I 4

45
.2

9 
5 G

 - 
  

W
I 4

29
.4

6 
7 S

 - 
7 P


N d : Y A G  la s e r +  W  ta rg e t
      3 5 5 n m , 9 0 m J , 6 n s

LIBS benchmarked testing @ 355nm laser

W C

200 300 400 500 600 700 800 900
-500

0

500

1000

1500

2000

2500

3000

3500

4000

C
r 4

27
.4

88  

 

In
te

ns
ity

(a
rb

. u
ni

ts
)

W avelength(nm)

-N
a 

58
8.

99
5-

-5
89

.5
92

C
r 5

20
.4

51

M
o 

55
0.

64
9,

 5
53

.3
03

, 5
57

.0
44

Fe
 4

38
.3

54

C
a 

61
6.

21
7

C
a 

II 
39

6.
84

7

Fe
 4

95
.7

60

N
e 

60
3.

00

Fe
 5

40
.5

77
 

H
 4

86
.1

29
  (

D
 4

86
.0

04
)

M
o 

VI
I 3

54
.4

76

M
o 

VI
I 7

66
.8

46
+

N
e 

III
  8

20
.9

91
   

M
o 

V
II 

 8
67

.0
20

   

Mo

Graphite Mirror



Laser cleaning first mirror

(a)-(e) 
0.36, 
0.3, 
0.21, 
0.16,
0.12J/cm2

Mirror with 2 years exposure to HL-2A tokamak

Mo coated with gold film

First mirror

laser energy

@193nm

@355nm

@355nm



The micro-geometric parameters were 
measured with profilometer  

SEM measurements indicate that the depth of the 
gold film is about 1 micrometer and the dust film is 
less than 1 micrometer

Profile of point A with average depths is 1.17 micrometer

A



Inter-layer morphology of the first mirror



Morphology of co-deposition layer on the mirror



Surface topology after Excimer laser
cleaning @193 nm 
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Observed droplets 
Ablation laser @193nm, 0.454J/cm2

Main droplet

Small spraying droplets



Recovery of reflectivity after 
laser cleaning
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Laser: Nd:YAG laser (355nm)
Pressure: H2 10Pa
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The released average dust particles 
as a function of laser power density
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With H2 3Pa
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II. Laser ablation TOF mass spectrometry 
for diagnosis of H/D retention

2D or 3D analysis
(A method beyond TDS)



The schematic diagram of laser ablation 
TOF mass spectrometry
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TOF mass spectrometry



LA-TOFMS: how working 
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LA-TOF spectrum of co-
deposition on the first mirror

The dominated species are  CxHyDz



Removing efficiency for different 
species
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1.Developmment LIF spectroscopy for diagnosis PWI

Outlook of the future projects



2.Developmment of CRDS spectroscopy for diagnosis PWI

Outlook of the future projects
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