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A. Ravazio et al, PRL, 2009
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QuickTime™ et un
. décompresseur
sont requis pour visionner cette image.

\ Mancuso et al, New Jour. Phys, 12,

035003 (2010)

1,500 shots™ 15 pJ
~ 1015 photons
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Wavelength: 4 - 40 nm
(spatial resolution + strongest diffraction)

Energy: 10 mJ/pulse

Duration:
Plasmas expand « slowly »
V ~0,1 A/fs
10 nmresolution Dx~3nm Dt 300 fs

Coherence:  full spatial

temporal (L.~ | 2/DlI)
DI/l ~10- to ensure interference to happen at high numerical aperture
Polarisation: depends on experiment
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IR 60 mJ, 60 fs laser
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x (mm)

IR antireflection
coated plate 3 um focal spot

/’~\_———'

Al filter

~——
Off-axis parabola coated with B ,C/Si

Il /5 rms

1 uJ (101Y) per 30 fs pulse
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| /20 rms

x 200

dl /1 ~10->
S ps

Gaussian,
fully polarized
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T. Ditmire et al, Phys. Rev. A, 1995
Weak amplification (" 3)
ASE ~ 1,000 seed

Zeitoun et al, Nature 431, (2004)
Seeding gas amplifier
10! photons/pulse (~ 1 pJ) - few ps
Fully coherent, | /20 rms and polarized

Wang et al, Nature Photonics, 2 (2008)
Seeding solid amplifier
1010 photons/pulse (-~ 0.1 pJ) - 1 ps
Fully coherent
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TCE = transient collisional excitation

Wang’s exp.

TCE

Ditmire’s exp. plasma

QSS
Pumping rate rate (a.u.)

QSS=quasi-steady state

ATTOFEL-2011
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o)
2

I(n,Z=0) I(n,Z) = 1(n,Z=0)exp(G, L)
+

J(M[exp(G," L)-1]
Amplification of self-emission

Issues to solve:
Pulse duration, temporal structure
Energy/pulse,
beam shape, divergence, homogeneity
coherence, wave front

polarization
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Wang et al, Nature Phot. 2 (2008)

T
T
®

5 mm
|l 30 um focal spot
plasma target
MODELLING EXPERIMENT
Focal width (um) 30 30
Gain (cm'1) <60 ~ 60
Saturation fluence (mJ/cm?) 2.3 1.8
Output Energy (nJ) ~ 60 <75
ATTOFEL-2011

Oliva et al, Opt. Lett., 2009
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focal spot

2 mm 1 mm
\ focal spot

200 pm
focal spot

50 pm

20-40 pJ/pulse is the maximum reachable energy in seeding geometry
ATTOFEL-2011 18



30 pum focal width 75 pm focal width

For focal widths below 75 pum, the beam is expected to be of poor quality
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T. Ditmire et al, PRA, 1995

Seed 200 fs (20 fs)

Amplified seed
coherent

ASE i.e. amplified stochastic
noise

» Pulse duration after amplification?
« Parameters for optimizing E_ .4/E 57
Multi-scale modelling
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Reduced time

Depolarization by collision

Spontaneous emission

O. Larroche et al, Phys. Rev. A 62 043815 (2000)
l. Al'Miev et al, Phys. Rev. Lett. 99 123902 (2007)
ATTOFEL-2011 C. Kim et al, Phys. Rev. A 80 053811 (2010) 23



/ others
21.2 nm N, (2p°3p) J=0

others \ W /V

A N, (2p°3s) J=1

radiative < Free-bound
collisions

N, (1s22522p°)
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\

High harmonic seed
ASE
wake

Wang et al

Plasma: TCE,
30 um focal width
Ne =1.2 x 1020 cm=3

Seed: 50 pJ in-band, 20 fs
Output
HHG out: 0.15 nJ (x3)

Wake= 44 nJ (95%) ; 500 fs
ASE=0.05 pJ

ATTOFEL-2011 25
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High harmonic seed
ASE
wake

Plasma: TCE,
100 pum focal width
Ne =2.2 x 1020 cm=3

Seed: 15 nJ in-band, 200 fs
Output @ 2.5 mm
HHG out: 1.5 pJ (x100) 150 fs

N Wake= 0.2 uJ
ASE=0.05nJ
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Plasma: TCE,
1 mm focal width

Ne =2.2 x 1020 cm=3
Seed: XX nJ in-band, 200 fs

Output @ 4 mm

.......

Intensity (Wcm2)

seed ~ =8 PS

Intensity (Wcm)

55555 = AS E Wake

length Liaturation
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100 um plasma
Seed: 200 fs, 50 nJ
Length: 2.5 mm

ATTOFEL-2011

1111111

1 mm plasma

Seed: 130 fs, 1.6 puJ
Length: 1.5 mm
output: 120 fs, 15 puJ

28




HHG: 0.5 nJ, 0.2 ps seed unfocused
SXRL: Small-signal gain ~20 cm
500eV, 2" 10%°cm3

Intensity (Wcrre)

Time (ps)

ATTOFEL-2011

Seeded SXRL: 11pJ
ASE: 5 mJ
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HHG: 100 nJ, 200 fs, focused

Intensity (Wcny)

ATTOFEL-2011

Seeded SXRL: ~20uJ
ASE: 5 mJ

Time (ng) &

30



seed
0.5nJ
200 fs

(Ditmire et al)

Intensity (Wcm-2)

ATTOFEL-2011

GAIN (cm™)

Duration (ps)

1% of stored energy transfered to the seed .,



seed
0.5nJ
200 fs

Intensity (Wcm2)

ATTOFEL-2011

QuickTime™ et un
~ décompresseur
sont requis pour visionner cette image.

GAIN (cm)

50

Duration (ps)
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» Self-seeding (ASE)

100 ps
y 2
1(z,t) = |E(z,n)| e ?™dn

¥

Without phase relation between the spectral components, it is impossible to recover the Fourier-limited duration
or even infer the pulse duration.  Pulse duration of ASE soft X-ray lasers cannot be modified

 HHG seeding

Full spatial coherence A

Full temporal coherence > _

| /20 rms wave front Y,

ATTOFEL-2011 Today, the only phase locked, temporally coherent seed are the HHG 34



seed
100 nJ
200 ps

Intensity (Wcm2)

ATTOFEL-2011

20

QuickTime™ et un
~ décompresseur
sont requis pour visionner cette image.

GAIN (cm)

Duration (ps)
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seed
10 pd
200 ps

Intensity (Wcm2)
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20

QuickTime™ et un
décompresseur
sont requis pour visionner cette image.

GAIN (cm™?)

Duration (ps)
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Stretched seed ASE (Ditmire et al)

+1,000

10 pud

Direct seed (Ditmire et al)

ATTOFEL-2011

~1,000
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¥

1(z,t) =

-¥

E(Z,/’I) — EO(Z,/?)e

Initial phase introduced by the HHG seed
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-1/ (z=0,v)

2

[E (z,n)| e ?""dn

e 1/ (V)

Phase acquired during the amplification

_(n- V,
J(zt) =

>S . GL
2(17- v,
Dn

1+

(assuming Lorentzian spectral shape)

38



DI/l ~10-2

Laser XUV:

DI/l ~104 ! Df laser XUV << 1 as

QuickTime™ et un
décompresseur
sont requis pour visionner cette image.

Morlens et al, Opt. Lett.

Phase variation measurements performed by usit@tiaym-coated grazing-incidence

mirror (dashed curve) and the broadband XUV miatonormal incidence (solid curve).

ATTOFEL-2011 39
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IR LASER

HHG

1,
100 Jl 20

Low Gain, High E (QSS)

I
I I
High Gain I
10 J l (trgnsient scheme) | ‘
|
|
|
|
|
|
|

12 mJ
~ 200 ps

T~ 50 %
(conical mount)
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« It has been theoretically shown and experimentally measured that the efficiency in the offplane
mount is close to the reflectivity of the coating [22-26], »

Optical concept of a compressor for XUV pulses in the attosecond domain
Fabio Frassetto, Paolo Villoresi and Luca Poletto
28 April 2008 / Vol. 16, No. 9 / OPTICS EXPRESS 6652
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IR LASER

HHG

. |

High Gain (transient scheme)

0.5 mJ :
~ 20 ps 1= 5_0 Yo
(conical mount)
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- Direct seeding:
e transient plasma: ~ 40 uJ (thc wi

- Full spati

- short plas

poral coherences
0 prevent from strong wake

* long lifetime plasma: ~ 20 uJ with 5-

- weak spati mporal coherences

- Streched Seed Amplification
e12mJ, 200 ps - Fu
e6mJ, ~200fs -

nd temporal coherences
al and temporal coherences
Wcm-2

1V Hz (diode pump)

ATTOFEL-2011 44



THANK YOU



Imaging | holography | interferometry | High field | plasma
energy 1-10 mJ 10 mJ depends +++ +++
duration 100 fs 100 fs 100 fs ++ (+/-)

(+) (+) (+)

Temporal + +++ +++ / - +++ -
coherence
Spatial +++ +++ - [ +++ +++ +++
coherence )
polarization | Circular for | Circular for - linear linear

magnetism magnetism
Wave front Pt et et e  E

ATTOFEL-2011

46




Oliva et al, submitted to PRL

ATTOFEL-2011

—— High harmonic seed
— ASE
—  wake

Plasma: TCE, 100 pm focal width
Seed: 15 nJ in-band, 200 fs
Output

HHG out: 1.5 pJ (x100); 150 fs

Wake= 0.2 pJ (10 %)
ASE=0.05 pJ

a7



w; 60 w+2w; f20

ATTOFEL-2011 G. Lambert, Opt. Exp. 2009 48



1WJ > Zeitoun et al, Nature, 2004 E. Oliva etal, Opt.. Lett., 2009 22 pJ

0.1 pJ L5 Wang et al, Nat. Phot., 2008

My aim for ELI-beamline... achieve 10 mJ / 100 fs
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Small plasmas are not energy saver
20 pJ is reachable with 1 mm width plasmas

ATTOFEL-2011

50

Pumping efficiency (uJ/J)



