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Background:
Spatially and Temporally resolved thermal plasma diagnostics

(2
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Thermal plasma

Isothermal balance close to the equilibrium = T_ =T,

U

High electron density, pressure, temperature and ionization degree

For argon arc plasma at p=10°PaLIE is achieved for N,~10?m- T ~ 104K

Spectrum
* intense continuous radiation

 lines appreciably broadened due to Stark broadening

e important contribution of Doppler broadening

Examples analyzed in this talk:

Arc plasma at atmospheric pressure - Stationary plasma

Plasma induced by pulsed laser — Transient plasma
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Plasma diagnostics requirements

Main goal: Plasma parameters: N, T., T,
Plasma composition (Quantitative analysis )

Ideal method:

> Temporal resolution adequate to a time scale of the plasma evolution

> Spatially resolved - good spatial resolution necessary to map plasma
parameters

» Non-intrusive — plasma state not disturbed

There is no such method which meets all of these requirements

Inhomogeneous plasma = Spatial resolution is crucial factor affecting quality of diagnostics
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Methods of plasma diagnostics

Optical emission spectroscopy (passive)

@ only spatially integrated intensity along the line

of sight can be directly measured (local values
need Abel transformation)

possible reabsorption
only excited particles can be probed
required assumptions about the plasma eguilibrium state

spectrometer
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Methods of plasma diagnostics

Optical emission spectroscopy (passive)

@ only spatially integrated intensity along the line

of sight can be directly measured (local values
need Abel transformation)

possible reabsorption
only excited particles can be probed
required assumptions about the plasma eguilibrium state

spectrometer

Methods based on transmitted light analysis (active)

v’ Laser absorption spectroscopy
v Polarization spectroscopy
v Cavity ring-down absorption

v Interferometry
® Non-local methods!

detector
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Spatially resolved laser based techniques

@ Laser based, local methods

v Laser induced fluorescence (LIF, TALIF)
@ Not useful at high electron density

+ Signal diminished by non-radiative decay
+ Masked in strong plasma radiation background

Pump — probe technique
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Spatially resolved laser based techniques

@ Laser based, local methods

v Laser induced fluorescence (LIF, TALIF)
@ Not useful at high electron density

+ Signal diminished by non-radiative decay
+ Masked in strong plasma radiation background

v Non-linear spectroscopy

FWM: Coherent third order non-linear process

— —

kl + k2 = k3 + k4 Phase matching condition

Pump — probe technique
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Spatially resolved laser based techniques

@ Laser based, local methods

Pump — probe technique
v Laser induced fluorescence (LIF, TALIF)
@ Not useful at high electron density

+ Signal diminished by non-radiative decay
+ Masked in strong plasma radiation background

v Non-linear spectroscopy — PC-Degenerate Four Waves Mixing

0= 0,= W; = 0, = 0, = O
Degenerate mixing

— —

k, =—k, = k, =K,

Phase-conjugate

Polarization separation
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Spatially resolved laser based techniques

Laser based, local methods .
Pump — probe technique

Laser induced fluorescence (LIF, TALIF)
@ Not useful at high electron density

+ Signal diminished by non-radiative decay
+ Masked in strong plasma radiation background

Non-linear spectroscopy

Scattering of laser radiation

Remains to consider:

) Thomson scattering
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Scattering of laser radiation:
A brief theoretical description
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Non-relavistic scattering of laser radiation

d
AP, =17 ALAQL . Sk, Aw) Awe
dQ ———

Elastic scattering
* Rayleigh scattering
* Thomson scattering
Inelastic scattering
e Raman scattering

Z

i AN

do _ 3 5 (1_ Sin20cos? (P) spectral density

dQ  8n function

scattering vector

Motion of scattering centers

— —

AmeL—a)S:(kS-kL) V=k-V

Non coherent scattering on an ensemble
S, (Aw) do, =F, (v, )dv, =k™*F (A®/Kk)do,

Spectral density function reproduces velocity
distribution of moving scattering centers

From Rayleigh, Thomson and Raman scattering we have information on electron
and heavy particles density and their temperatures — PLASMA DIAGNOSTICS
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Incoherent and coherent Thomson scattering

11 ) JZ
Kk, 4rsin(®/2) A, - Oy =-/€N,/(g, M)

o << 1 — Non-collective scattering o >> 1 — Collective / Coherent scattering

/\/\l/Y\/\/\ }/\/‘
— e ™ L~

>l K | 27/ K |
v" Coupling with Langumir plasma waves

Spectral distribution gives EEDF v Coupling with ion acoustic waves

30, = |03 +3K2 kT, /m, 0, =k 2K,T, /M,

ion feature

At optical wavelength
and thermal plasma o, ~1
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Thomson scattering — Partially collective case (o=1)

(S
ion feature

T/ T; =1=3=5

AA (nm)

0 0.1
ion feature electron feature lon feature

© Electron feature contains information about electron density and electron

temperature.
© lon feature contains information about ratio of electron temperature and heavy

species temperature.
© Straightforward interpretation, no LTE assumption required
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Thomson scattering — Partially collective case (o=1)

5 The spectral form factor

T.=20 000K, T,/T=1  n,=1.0x102m?3 T,/T=1  T,=20 000K

—1.0x1023 m3
lon feature n.=1.0x10% m*,

lon feature

electron feature

A =532nm,¢=0=1/2,7Z=1
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Thomson scattering in different plasmas

 — Plasma source N, [m?] T.[K] o

E,

SHG Nd:YAG Tokamak
A=532nm

Glow discharge

Argon arc

at atmospheric pressure

Laser induced
plasma

B» Always collective scattering dominates !

B» N_, T, can be determined based on the single Thomson scattered spectrum

Diagnostics Plasma, RPF, Orléans, 02-12-2014




Thomson scattering in thermal arc plasma

IS @ D
& ho t‘; roup
- Jagiellonian‘Uhiversity, Lracow

Diagnostics Plasma, RPF, Orléans, 02-12-2014




Thomson scattering in thermal arc plasma

Plasma generated in a transferred arc,
burning in pure (99.995%) argon
at atmospheric pressure
with 40 - 160A arc curent

m» Electron temperature T.:10000 -24000 K
m» Electron concentration N_:10%2-102m3

m» Stark broadening dominates

mB» Long term stability

B Large gradients of plasma parameters

I —
B Strong continous emission
2
o« NJ /T,

H» Domination of non-radiative processes cathode

Plasma generator Plasma column
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Thomson scattering in thermal arc plasma

Experimental set-up

Arc plasma, pure argon at p=10°Pa , 1=200A

Measurement procedure

A) Plasma radiation + Scattering

B) Plasma radiation

A) - B) Scattering
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Thomson scattering in thermal arc plasma

Thomson scattering
— electron feature

lon feature +
Rayleigh scattering
+ stray light

Arc plasma, pure argon at p=10°Pa , 1=200A

0 AL
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Thomson scattering in thermal arc plasma

N, and T, versus energy of the laser pulse

35 . Plasma perturbation

==

30|

o5 |

204

| 15}

0O 20 40 60 80 100 0O 20 40 60 80 100
Laser pulse energy [mJ] Laser pulse energy [mJ]

2~

Te [ 1000K ]

N, = 1.45(3) x 1023 m3
|

®» T_is higher than T, ;¢ obtained form N, by few thousands kelvins, which contradicts the
LTE plasma model
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Thomson scattering in thermal arc plasma

% Plasma disturbance by laser pulse

Possible absorption processes

Absorption Single and —

at spectral multiphoton

lines ionization
Increase of n,

Inverse bremsstrahlung

Electron heating,
Increase of T,
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Thomson scattering in thermal arc plasma

%, Electron heating by laser pulse

B» Plasma perturbated (heated) in the inverse bremsstrahlung process !!

radiation - neni/ Te

losses

collisional - Z R Ei

‘ / ionization

laser . e P
heating ﬁ

=

elastic
. . O<
collisions

&

14 aT.
electron heat __ —(rzc e

conduction 1 gr ar ambipolar __ L J [ - 5 |
diffusion | Jr [rwamne(z KeTe + E )

A.B. Murphy; PRL 89, 025002 (2002); Phys Rev E 69, 016408 (2004)
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Thomson scattering in thermal arc plasma

%, Electron heating by laser pulse

B» Plasma perturbated (heated) in the inverse bremsstrahlung process !!
AT, _ 2 kgE
T. 3k nzr}

(S]

Z°n
AT, =6.6x107 Z:%|'3/2 = 7ZI-EL2 Xy (ﬂL)Zi (1_ exp(— he/ kg Te ))

e r0

3
ne [M°]
] — 20x10%
- == 10x10%

5.0x10%
1 == 20x10%

Time [ns] E1, - Laser energy [mJ]

E, =100mJ, T,= 17400 K, n,= 2 x10 2 m Initial temperature : T, = 11600 K

A.B. Murphy; PRL 89, 025002 (2002); Phys Rev E 69, 016408 (2004)
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Thomson scattering in thermal arc plasma

%, Electron heating by laser pulse

MHD model, argon thermal plasma heated by the square,
/ns long laser pulse

L)
)
I I N T |

Electron heating is a strongly nonlinear
function of the laser power

so the to zero pulse
energy is

—
e
o
o
o
]
el
D)
=

S &
[ ] I ] 1 [ ] I
Number density [1023 m'?’ ]

T

e,

, —assuming no cooling channels

A.B. Murphy; PRL 89, 025002 (2002); Phys Rev E 69, 016408 (2004)
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Thomson scattering in thermal arc plasma

%, Electron heating by laser pulse

MHD model, argon thermal plasma heated by the square,
/ns long laser pulse

Electron heating is a strongly nonlinear
function of the laser power

so the to zero pulse
energy is

A.B. Murphy; PRL 89, 025002 (2002); Phys Rev E 69, 016408 (2004)
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Thomson scattering in thermal arc plasma

& Averaging over laser beam cross section
and over duration of laser pulse

TS spectra for different n_and T, values

Aw [10” Hz] Aw [10” Hz|
10 15 20 , o100 15

ne [m”]
— 20x10%
1.0x10%3
50x10%
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Thomson scattering in thermal arc plasma

& Averaging over laser beam cross section
and over duration of laser pulse

Effect of electron heating by laser pulse
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Thomson scattering in thermal arc plasma

& Averaging over laser beam cross section
(Experimental results: spatially resolved results)

TS spectra (electron terms) across the laser beam
- u i

; r:— 1&:),_ pu:n

I.A.udu JM - n.u
Do r* l44um Ao

e ()= [1 (A, v, 0 e
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5 r= 0 éu.m

(A1) = jdl(/i y)/dyd

Iy

Diagnostics Plasma, RPF, Orléans, 02-12-2014




Thomson scattering in thermal arc plasma

& Averaging over laser beam cross section

(Experimental results: spatially resolved results)
Before Abel transformation
TS@y=0

Te=36300 K

) After Abel transformation
ne=1.69x 102 m

=
<o

Te=39040K
ne=1.81x10%m

Intensity [arb. units]

|
o
[\

2
g
=

et

3
2

gz

B

k=

» systematic errors dominate
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Thomson scattering in thermal arc plasma

& Averaging over laser beam cross section
(Experimental results: spatially resolved results)

Local values (across the laser beam) of n_

22 22

1.8 1.8

1.4 1.4

1.0 1.0

——— 06l 1 0.6 ————r—
100 200 0 100 200 0 100 200
Radial position across the laser beam [um]

A 1,.=100A,z=4.0mm | 1, =100A,2z=6.0mm @ |, =80A,z=6.5mm

No variations of n_ at lower laser energies
and at the edges of the laser beam
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Thomson scattering in thermal arc plasma

& Averaging over laser beam cross section
(Experimental results: spatially resolved results)

Local values (across the laser beam) of T_

40 5 40 40

35 ] 354 35
30 30 30

25 3 253 “ 25 3

|
M
<
<
o
L]
[—
[
=

20 ] 204 204

5 151 — 15
100 200 0
Radial position across the laser beam [um]

A 1,.=100A,z=4.0mm | 1, =100A,2z=6.0mm @ |, =80A,z=6.5mm

Increase of 7 _ depends on laser power and initial plasma cond/-
tions, i.e. the electron number density and temperature
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Thomson scattering in thermal arc plasma

& Averaging over laser beam cross section
(Experimental results: temporally resolved results

Temporal evolution of n_ during the laser pulse

Timedelay [ng]

l,..=100A,z=4.0mm |l |, . =100A,2z=6.0mm @ |, =80A,z=6.5mm
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Thomson scattering in thermal arc plasma

& Averaging over laser beam cross section
(Experimental results: temporally resolved results)

Temporal evolution of T_ during the laser pulse

=1
A
o
o)
e
—
el
L
=

Timedelay [ng]

I, = 100A, z=4.0mm l,.. = 100A, z=6.0mm @ |, =80A,z=6.5mm
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Thomson scattering in thermal arc plasma

% Determination of initial T,

Te [1000K]
T.[ 10000K ]

Number density [1023 m'3]

L I L L L L I L L L L
4

Delay time [ ns]

N.[102m?3] T.[LTE] T,[lin.extr.] T, [origin]
1.46 13900 22780 14000
114 13050 20090 12200
0.89 12500 17760 10000

ISIOI . Il|20. . I1|60
Er [mJ]
Measurement of the temporal evolution of T,

and then
is more adequate method than extrapolation to the zero laser energy
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Thomson scattering in laser induced plasma

GREMI - Site de Bourges
University of Orléans / CNRS
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Laser induced plasmas: two main types

Solid target (ablation)
Application: film deposition, analysis...

A. Mendys et al. / Spectrochimica Acta Part B 96 (2014) 61-68

Gaseous target (breakdown)
A. Mendys, at al., Spectrochim. Acta B (2011) 66, 691 Application: plasma igniters...
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Laser induced plasmas

L ,Pump - probe” experiments

pump beam ablation / breakdown
(pump) laser beam
probe beam ‘

‘4—>

delay time " laser beam

target
(solid, liquid, gas)
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Laser induced sparks in gases

% Experimental setup to study laser induced
spark created and probed by ns Nd:YAG lasers

4ns Nd:YAG @ 532nm, 40 J/cm?
SJ")EJ't]EJJ TESOJLJ;]E)IJ sing'e-mode AG <0.01 cm-l

radially limited by
laser beam:=150um

axially determ. |
by: slit width

S iy

6ns Nd:YAG @ 532nm,

2.0kl/cm?, Ao <1.0cm?
to spectrometer + ICCD

R = 28 000

Diagnostics Plasma, RPF, Orléans, 02-12-2014




Laser induced sparks in gases

% Experimental setup to study laser induced
spark created and probed by ns Nd:YAG lasers

Breakdown laser Nd:YAG @ 532nm, 2.0 kJ/cm?, AT =6ns, single-mode AG < 1.0 cm™!
Probe laser Nd:YAG @ 532nm, up to 40 J/cm?, AT =4ns, single-mode Ac < 0.01 cm™!

orope laser

- \ . 5ns — 100us

— 2ns — 500ns
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Laser induced sparks in gases

% Experimental setup to study laser induced
spark created and probed by ns Nd:YAG lasers

Breakdown laser Nd:YAG @ 532nm, 2.0 kJ/cm?, AT =6ns, single-mode AG < 1.0 cm™!
Probe laser Nd:YAG @ 532nm, up to 40 J/cm?, AT =4ns, single-mode Ac < 0.01 cm™!

Spectrograph on

0 order — imaging I
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Laser scattering from laser spark in Ar atP_,,

plasma image plasma emission scattered probe laser light
AT =3000ns, x=0; y=0, exposure time =4ns

Pump fluence — 2kJ/cm?
Probe fluence — 18 J/cm?
0=90°
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Laser scattering from laser spark in Ar atP_,,

plasma image plasma emission scattered probe laser light
AT =3000ns, x=0;y=0, exposure time =4ns center: lon feature and Rayleigh scattering

I I v

| Ray[eigh

sywi| ewse|d

electron electron
feature feature

Intensity (a.u)

I T
0.0 1.0

>

Pump fluence — 2kJ/cm?

Probe fluence — 18 J/cm?
ICCD gate — 10 ns
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Laser scattering from laser spark in Ar atP_,,

plasma image plasma emission scattered probe laser light
AT =3000ns, x=0;y=0, exposure time =4ns center: lon feature and Rayleigh scattering

I I v

| Ray[eigh

sywi| ewse|d

electron electron
feature feature

Intensity (a.u)

I T
0.0 1.0

>

N
o
N
o

z=0, y=0, x=0

e
N, = 1.23 x 102 m*
electron T = 19 700 K

feature e electron feature

N
»

) M T
-
N

—
N
1 1 1
o
n

el. density (1023 m'3)

Pump fluence — 2kJ/cm?
Probe fluence — 18 J/cm?

ICCD gate — 10 ns -0 -05 - 0,9 _ 0,5 1,0
Z - radial position (mm)

el. temperature (1000 K)
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Laser scattering from laser spark in Ar atP_,,

%, Comparison with OES

_ T 532 nm, 25 mJ / pulse

* Imaging of the plume °* Optical Emission Spectroscopy (OES) °* Thomson Scattering (TS)
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Laser scattering from laser spark in Ar atP_,,
%, Comparison with OES

emission from LIP in Argon

at 400ns after breakdown pulse
& Boltzmann plot

1%
& = A, Eni = | i if plasma optically thin

n =n——exp(—E; /kgT) if excitation equilibrium
Q(T) °

.
:Y:In[mJ:—Ei/kBT+C

Aj g|

! Excitation temperature defined under assumptions of LTE plasma !
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Laser scattering from laser spark in Ar atP_,,

& Electron temperature perturbation

due to electron heating by the probe pulse in
the ?

LIBS = thermal plasmas: low Te and high Ne = very susceptible to el. heating

5.0 x 1022 m3
2.0x 102 m3
1.0 x 102> m?3
5.0 x 1022 m3

B 1.0x10%2m3

probe laser fluence
during experiment

Heating LIP plasma by probe laser strongly
depends on its initial conditions
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Laser scattering from laser spark in Ar atP_,,

% Electron temperature perturbation:
Influence on probe laser fluence on T,

LIP in argon at 1latm

~N
N

o
~

o
o)

»
oo

»
o

—
?

€
Q

o
S
N d
)
=
2]
c
O
o
©

(M 0001) @injesadws) ‘|9

»
N

5 10 15 20 25 30 35 40 45 5 10 15 20 25 30 35 40 45

Pump: 2kl/cm? laser fluence (J/cm?)
ICCD gate: 6 ns

e Below some value of laser fluence no significant change of
T, is observed but only

e For high values of laser fluence,

A. Mendys, at al., Spectrochim. Acta B (2011) 66, 691, doi:10.1016/j.sab.2011.08.002
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Laser scattering from laser spark in Ar atP_,,

breakdown «— ——"7—
pulse ‘ ‘ pulse

ICCD
gate: 2-5ns

)

probe
pulse

-

A
Al
Al

% Electron temperature perturbation:
T, evolution during the probe laser pulse

. P
Delay At probe Probe laser fluence: 50J/cm?,

ICCD gate width: 3ns

Unlike N, T, is significantly disturbed as
the result of much shorter time scale of
inverse bremsstrahlung process

A. Mendys, at al., Spectrochim. Acta B (2011) 66, 691, doi:10.1016/j.sab.2011.08.002
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Laser scattering from laser spark in Ar atP_,,

N, and T, evolution on axis of LIP generated in argon by 6ns pulse of 2kJ/cm? fluence

S (Aw,Ne,Te) -

0.0 0.2 04 06 0.8 1.0
At [us]

intensity (arb. units)

o £ Y ;
30 e s'_;_‘_ R P
N :,ét‘?' "'{":_3 Kok

L L 1
526 528 530 532
wavelength (nm)

Pump : 2kJ/cm?
Probe : 16J/cm?
ICCD gate — 6 ns

el. temperature (10?3 m3)
el. density (102> m3)

delay between pulses(us) x=0, y=0, z=0 delay between pulses(us)
A. Mendys, at al., Spectrochim. Acta B (2011) 66, 691, doi:10.1016/j.sab.2011.08.002
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Laser scattering from laser spark in Ar atP_,,

N, and T, evolution on axis of LIP generated in argon by 6ns pulse of 2kJ/cm? fluence

> Electron feature of TS diminishes at short delays
due to high continuum plasma radiation

significantly
reduces S/N of electron feature of TS signal,
only ion feature can be considered
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lon feature of TS spectrum: Determination of the ion temp.

 indispensable to verify the thermodynamic equilibrium of LIP

THEORY

lonic feature of TS spectrum contains
information about T,_:T; which is a direct

measure of plasma departure from LTE

® The measurements need relatively high spectral
resolution, better than 0.1cm™ .
Pulsed ns laser with narrow linewidth and
spectrometer of spectral resolution higher than
100 000 are indispensable
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lon feature of TS spectrum: Determination of the ion temp.

Sion

-
o
vl

-
|

intensity (arb. units)

il of the Rayleigh scattered light

 indispensable to verify the thermodynamic equilibrium of LIP

" calculations for LIP in He, a=1.51, N,=1.04 x 10%> m3, T,=34300 K

@ from the intensity ratio of the ion to electron part

from the spectral profile
of the TS ionic feature

... or from the Doppler profile

528 532 536

®
2

wavelength (nm)

T.T.=1,2, 3,4

N
o
|

o
[}
|

rel. intensity: ionic / electron.
o
N
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lon feature of TS spectrum: Determination of the ion temp.

Example: Helium pump fluence — 1.2 kd/cm?; probe fluence — 9.5 J/cm?Z.

ion feature and electron feature ion feature and
Rayleigh scattering Rayleigh scattering

electron feature electron feature

528 530 532
th

%]
waveleng

{nm)

Data treatment

1. Determination of T, and N, from electronic feature
2. Deconvolution of the apparatus profile (FWHM = 0.028 nm) from central peak (h)

3. Fitting ion feature of TS and Rayleigh spectra with T. as a parameter

K.Dzierzega et al. Appl. Phys. Lett. 102, 134108 (2013)
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lon feature of TS spectrum: Determination of the ion temp.

Example: Helium pump fluence — 1.2 kd/cm?; probe fluence — 9.5 J/cm?Z.

T, = 60140 K T, = 34340 K T, =12730K
N, = 5.16 x 1022 m3 N, = 1.04 x 102> m3 N, = 0.36 x 1023 m3

531,9 532,0 532,1 531,9 532,0 532,1 531,89 532,0 532,1

L L U T L L I L T T L I L L T L
531,9 532,0 532,1 531,9 532,0 532,1 531,89 532,0 532,1

wavelength (nm)

— Rayleigh scatt. — = Thomson scatt. ® experiment

# |on temperature measurement: difficult to discriminate Thomson from Rayleigh contribution

K.Dzierzega et al. Appl. Phys. Lett. 102, 134108 (2013)
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lon feature of TS spectrum: Determination of the ion temp.

Example: Helium pump fluence — 1.2 kd/cm?; probe fluence — 9.5 J/cm?Z.

1024 m3 >N, > 10%2 m3
100- 103K > T, > 10- 103K
50- 103K >T, >2- 103K

— Deviation from isothermal equilibrium

Large discrepancy between electron and heavy particle temperatures which
indicates two-temperature plasma out of the local isothermal equilibrium.

Results do not rely on assumptions about the equilibrium state of the plasma!
K.Dzierzega et al. Appl. Phys. Lett. 102, 134108 (2013)
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Rayleigh scattering from laser induced plasma

shockwave
position

plasma
limits

Y
prob; ;cgzer beam | scat — | las L@j% AQ
/

atom density

B.Pokrzywka et al.,Spectrochim. Acta B (2012) 74-75, 24
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Rayleigh scattering from laser induced plasma

shockwave

an

Rayleigh scatt.

Wavelength:
breakdown

laser

Image of Thomson

scattered signal recor- Rayleigh scatt.
ded 600ns after break- + Thomson scatt.
down pulse

Shockwave analysis can be
made by recording such
images for different delay
times between laser pulses?

B.Pokrzywka et al.,Spectrochim. Acta B (2012) 74-75, 24
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Rayleigh scattering from laser induced plasma

Shockwave evolution on axis of LIP generated in argon by 6ns pulse of 2kJ/cm? fluence

x=0, y=0 shock detachment — T .
¢ shock front position
v fireball boundary

* .
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LIP generated on Al target in air

%, Set-up and Optical scattering

ablating laser: fluence 30J/cm?( 6.7 x 10° W/cm?)
probe beam: fluence 100 J/cm? (16.6 x 10° W/cm?)
Spatial resolution: 200um (radial) x 30um (axial)
iCCD gate: 8 ns - 2000 laser shots

A. Mendys, et al. Spectrochim. Acta B 96, 61-68, (2014) doi:10.1016/j.sab.2014.03.009
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LIP generated on Al target in air

%, Set-up and Optical scattering

time = 800 ns
Me =3.17(9) x 10%* m=
Te = 48150 (3740) K
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Ne = 0,91(1) x 1023 m3

Y Te = 13 866 (410) K

T | T | T | T | T | T | T | T
534 536 538 540 542
wavelength (nm)

ablating laser: fluence 30J/cm?( 6.7 x 10° W/cm?)
probe beam: fluence 100 J/cm? (16.6 x 10° W/cm?)
Spatial resolution: 200um (radial) x 30um (axial)
iCCD gate: 8 ns - 2000 laser shots

A. Mendys, et al. Spectrochim. Acta B 96, 61-68, (2014) doi:10.1016/j.sab.2014.03.009
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LIP generated on Al target in air

%, Set-up and Optical scattering
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time (ns)
ablating laser: fluence 30J/cm?( 6.7 x 10° W/cm?)
probe beam: fluence 100 J/cm? (16.6 x 10° W/cm?)

Spatial resolution: 200um (radial) x 30um (axial)
iCCD gate: 8 ns - 2000 laser shots

A. Mendys, et al. Spectrochim. Acta B 96, 61-68, (2014) doi:10.1016/j.sab.2014.03.009
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LIP generated on Al target in air

% N, T, distribution in the plume

A. Mendys, et al. Spectrochim. Acta B 96, 61-68, (2014) doi:10.1016/j.sab.2014.03.009
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LIP generated on Al target in air

%, Perspective: Raman scattering

Raman, Vg
358p 2p°0’1’2 \electron feature

Ref: A.Delserieys, F.Y.Khattak, S.Sahoo, G.F.Gribakin, C.L.S.Lewis, and D.Riley,
Raman satellites in optical scattering from a laser-ablated Mg plume;
Physical Revies A 78 (2008) 055404

) Raman scattering could be used for diagnosing the relative
populations of excited levels in a partially ionized plasma.
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Summary and Conclusions

Laser scattered light from LIBS plasma gives a lot of information on
plasma, especially on transient one.

Simultaneous measurement of plasma parameters

Scattering of laser radiation is local method — high
spatial resolution

Direct prediction of plasma parameters without
assumption of thermodynamic equilibrium

Derivation of the most important plasma parameters
like N, and T, from TS spectra is straightforward and
usually does not need further calibration

in Thomson
scattering experiment, fortunately this effect can be corrected

L “What can we learn about laser-induced plasmas from Thomson scattering experiments” (Review),
K. Dzierzega, A.Mendys B.Pokrzywka, Spectrochimica Acta Part B 98 (2014) 76-86
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Thank you
for your attention
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