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class apertures

Laser damage in ICF class apertures

Pulse characteristics
Nanosecond timescale

A =351 nm

F~20J/cm?; I ~10GW /cm?

Optical components KDP structure
Frequency converters : KDP and

DKDP crystals T e
Grating or lens : fused silica SiO4 X
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Laser damage in ICF class apertures

Pulse characteristics
Nanosecond timescale Standard damage in KDP
A =351 nm ) crystals

F~20J/cm?; I ~10GW /cm
Optical components

Frequency converters : KDP and
DKDP crystals
Grating or lens : fused silica SiO4

Some problems...
Damage is observed
Need to understand the physical
processes responsible for damage
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Experimental report

Laser damage in KDP crystals
Laser damage in fused silica

Time-resolved damage in KDP crystals
Transient images of 2 forming damage sites

-1.81 ns delay -1.27 ns
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Experimental report

Laser damage in KDP crystals
Laser damage in fused silica

Time-resolved damage in KDP crystals
Transient images of 2 forming damage sites

-1.81 ns delay

Parallel and cross-polarized components
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Experimental report Laser damage in KDP crystals

Laser damage in fused silica

Time-resolved damage in KDP crystals
Transient images of 2 forming damage sites

-1.81 ns delay

Parallel and cross-polarized components  onclusions

> Vapo ~2km/s =2um/ns

» Visualisation of damage
precursors

» Initial step : build up of
localized absorption +
expansion via heating

Strong nonlinear growth of energy coupling

Guillaume Duchateau, Mike D. Feit, and Stavros G. Demos



Experimental report

Laser damage in KDP
Laser damage in fused si

Time-resolved damage in SiO,

I ~240GW /em?

-1.59 ns

0.30ns
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Experimental report

Laser damage in KDP crystals
Laser damage in fused silica

Time-resolved damage in SiO,

I ~240GW /em?

Conclusions

» Launching of a shock wave
o » Fast expansion of the absorbin,
> Vap < lkm/s = 1lum/ns
> (cs =5.9km/s = 5.9um/ns)

0.30ns
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Value of the parameters

Electron dynamics

Sequential one-photon

absorptions
nch
n2
nl
a. S.G. Demos et al, Opt. Express 18,
nd 13788 (2010)
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Theoretical model Wleding epprnesen

Value of the parameters

Electron dynamics

Sequential one-photon

absorptions Rate equations for electron

populations?

nch
Oney _ o/ _ N
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Gt =01y — oy Fpng — 22 + 22
onyg __ ny o
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a. S.G. Demos et al, Opt. Express 18,
nd 13788 (2010)
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Theoretical model L3 SR

Value of the parameters

Energy transfer to the lattice, heat diffusion

Sequential one-photon
absorptions

____ ncb

n2

nl

a. G. Duchateau et al, J. Appl. Phys.
111, 093106 (2012)
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Value of the parameters

Energy transfer to the lattice, heat diffusion

Rate equations for electron

Sequential one-photon populations 2

absorptions
__ ncb Sgtcb — 0’1 Fpn2 _ 7?:317
n2 % =01 Fpyn — o1 Fpng — 22 + na
% =o1Fpng —o1Fpn — % 4 %
nl aar;d _ —Ulend 4 %+%
—_— nd

a. G. Duchateau et al, J. Appl. Phys.
111, 093106 (2012)
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Theoretical model Wleding epprnesen

Value of the parameters

Energy transfer to the lattice, heat diffusion

Rate equations for electron

Sequential one-photon populations 2

absorptions
__ ncb Sgtcb — 0’1 Fpn2 _ :l_;b
n2 % =01 Fpyn — o1 Fpng — 22 + na
% =o1Fpng —o1Fpn — % 4 %
nl aar;d _ —Ulend 4 %+%
—_— nd

a. G. Duchateau et al, J. Appl. Phys.
111, 093106 (2012)

Energy transfer and diffusion
C%F = V(“VT)+("1E01/71+n2E12/72+nch23/73fEa%JrSiBncb)
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Theoretical model Modelinvg Sl

Value of the parameters

Physical ingredients

Density of point defects

Ny(r,t) = ng + Ko exp (—%) inside the precursor defect

Ny(r,t) = Ky exp (—%) outside the precursor defect
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Value of the parameters

Physical ingredients

Density of point defects

Ny(r,t) = ng + Ko exp (—%) inside the precursor defect

Ny(r,t) = Ky exp (—%) outside the precursor defect

Inverse Bremstrahlung absorption

SiB _ e?hw F,

8meeg(w2+12) Ve
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Theoretical model Wleding epprnesen

Value of the parameters

Physical ingredients

Density of point defects

Ny(r,t) = ng + Ko exp (—%) inside the precursor defect

Ny(r,t) = Ky exp (—%) outside the precursor defect

Inverse Bremstrahlung absorption

SiB _ e?hw F,

8meeg(w2+12) Ve

Thermal conductivity
K(r,t) = Ki + ke(r, t)

Ke _ 3 (kp _ 312 naTv.
0'6_2(6) T_>He_2k3m(:.)2+tjf)
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Fheorotical model Modeling approach

Value of the parameters

Initial conditions

Nep = 0
ng =0
Inside the precursor defect (r < 100 nm) : ¢ ny =0
ng = ng
T="T
nep = 0
no =0
Outside the precursor defect : ¢ ny =
ng =20
T =T
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Theoretical model

Modeling approach

P
Value of the parameters

Description of variables and parameters Symbol Value

Photon energy hw 3.54 eV

Laser intensity I 3 GW/cm?
one-photon absorption cross section o1 1.5 x 10718 ¢m?
one-photon absorption cross section ol 701
Recombination time T1 1 ns
Recombination time T2 50 ps
Recombination time T3 1 ps

Energy gap between ground state and level 1 Eo1 2.3

Energy gap between level 1 and level 2 Eq2 3.2

Energy gap between level 2 and CB Ess 2.2

Collisional frequency Ve 10%% 71

Heat capacity C 2 J/K/cm?
Thermal diffusivity of DKDP D; 107% m?/s
Room temperature To 300 K

Initial point defect density no 5 x 109 ¢m =3
Maximum point defect density Ko 1022 ¢m ™3
Energy of a hydrogen bond in KDP E, 0.042 eV
Radius of the precursor defect 70 100 nm
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Evolution

Temperature (K)

3

Electronic densities (cm”)
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Absorbed power density (W/em )
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Numerical results and discussion

Evolution of physical quantities with time
quantit

Evolution

Temperature (K)

Electronic densities (cm )

Absorbed power density (W/em )
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Conclusions
» Thermal explosion at ¢ ~ 0.5n.
(T ~ 500K)
> nep ~ 102%ecm =3
» Non-radiative relaxation of

conduction electrons is the
main contributor to the T rise
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Evolution of physical quantities with position
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Numerical results and discussion
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Numerical results and discussion

v

=3

3
T

Temperature (K)
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Conclusion

Evolution of the size of the
absorbing zone with time (outside
the initial precursor volume)

Electronic densities (cm )

3
0 50 100 150 200 250 300

Absorbed power density (W/em ™)

50 100 150 200 250 300
Radius (nm)
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Space-time evolution of physical quantities
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Numerical results and discussion

Space-time evolution of physical quantities
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Space-time evolutlon of physical quantltles

Numerical results and discussion
Absorption front

Space-time evolution of physical quantities
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Numerical results and discussion

Evolution of the absorption front (AF) as a function of
time

800 ! ! ! ! s

[nm]

Definition of AF velocity

<wap >i= 7 [g dtoar(t) = r(f-ro

T

Position of the absorbing front

var ~ 170nm/ns

o
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Numerical results and discussion

Evolution of the AF velocity as a function of intensity

200

Average velocity of the Al [nm/ns]

Laser intensity [GW/cmz]
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Numerical results and discussion

g*““’ Analytical estimates

5 I(T) = pexp(—E,/kT) = 1/7(T)

j";150— T:a%

: §=CVDr

ga"’“’ ] vap = 6/7 = C/DT

z sop ] VAF = CMﬁpexp (*?)
I T Y S RN R R T Wherenzggli“

Laser intensity [GW/cmz]
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Summary and outlooks

Conclusions and outlooks

Main results

» Thermally-driven absorption modification based on point defect
formation

» Damage results from a strong nonlinear energy coupling
» Time evolution of the absorbing area

> AF velocity is found to be one order of magnitude smaller than the
speed of sound for standard laser illumination conditions

> Description of damage initiation in the ns regime
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Conclusions and outlooks

Main results

» Thermally-driven absorption modification based on point defect
formation

» Damage results from a strong nonlinear energy coupling

» Time evolution of the absorbing area

> AF velocity is found to be one order of magnitude smaller than the
speed of sound for standard laser illumination conditions

> Description of damage initiation in the ns regime
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