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Outline
¥ Ablation Harmonics: A highly

efficient method for harmonic
generation

¢ Silver Harmonics: Intense
sources 1n the plateau

¢ Quasi-monochromatic, i1ntense
harmonics using 1ndium and tin
ablation

¢ Manganese Harmonics: Extending
harmonics to shorter
wave lengths
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Gas Jet

High-Order Harmonics

YCoherent soft x-ray beams (odd multiple orders

of pump)
YLow-divergence (~ mrad)
YUltrashort pulse (femtosecond, and even

attosecond)
¢Harmonic orders > 500, photon energy > 1000 eV,

observed
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Femtosecond diffractive imaging
with a soft-X-ray free-electron
laser
Chapman et al., Nature Physics 2, 839 (2006)
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Ablation Harmonics

A New Method to Generate Intense

The ldea ... use derdRIMARECGHIation media as the
nonl tnear medium

Setup at ALLS
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Ablation Harmonics
are Highly Efficient

¢ High conversion (Sllver)
efficiency of 10

> demonstrated 1in
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Ag Ablation Harmonic Intensity
as a function of Main Pump
Intensity
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Prepulse Intensity has large
effects on Ablation Harmonics
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Higher Prepulse Intensity
results 1In Higher lon Density
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" to be Controlled
Carefully

Gold Harmonics
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Harmonics from Indrum
Ablation
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Other Quasi-Monochromatic
Harmonics
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3) Manganese (Mn) Intense 17 H, A=23.5 nm
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Spectral Intensity [arb.units]

Comparison of Harmonic Spectra
with Emission from Over-i1onized
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—---Iv — e = ummn sl o TR P R

due to Anomalous
Dispersion
Phase-matching condition for gt harmonic

27N,
Ak =N,r,(gA,—2A,,) - a

[8(2,)=8(4,,,)]

g

Neca): electron (atom) density; re: classical electron radius;
Aqw: wavelength of g™ harmonic; & : neutral atom dispersion

Idea: use anomalous
dispersion near strong
resonances to compensate
for 1Increased phase mis-

atch dug to N
... already demonstrated

for third harmonic of KrF ) :32.55 827 B275 828 532.35 SEE;B:?EI;_ESD

A [mirm]

laser In Ar C. Dolle et al., Appl. Phys. B 75, 628-634
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Going to Shorter
Wavelengths

Extending the C off with
Manganese EF

25H 33H
1

19mJ

30mJ

38mJ

45mJ

ULargest cut-off (101t order, 4= 7.9nm) ever
observed with this method
¢Two plateaus
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What makes Manganese
Different ?
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lonization potential

Mn | 7-431 1 clag ol-.. not that different
Au |9.22 5 5

Electron density of
Ablation Mn: 3.25 x10'" cmp=
(I, =2 x1010 W/cm?2) AU - 14.2 x1017 cmp3
Simulated by HYADES

Under the same prepulse condition, the
electron density for Mn i1s unusually low

reduced negative effects of free
electrons



Conclusions

¢ Ablation harmonics: Intense
sources of high-order harmonic

generation

® Si1lver harmonics: 1ntense sources 1In the
plateau

® Quasi-monochromatic harmonics: i1ntense,
single-11ne harmonics

¢ Manganese harmonics: One step
toward shorter wavelength
harmonics
® Low electron density of ablation medium
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