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Outline

High-Order Harmonics from Relativistic Electron Spikes
Possible applications

Why interesting at multi-PW? Power? dependence
Why good spot? Dependence on Strehl ratio

Why high stability?

Requirements:
— wavefront quality
— angular dispersion

— compressor alignment accuracy



High-Order Harmonics from = BEREZX

~TOS . (
Relativistic Electron Spikes
« Experimental discovery of new
HHG regime

* New model of HHG by V

relativistic singularities

XUV harmonics comb

« Theory predictions confirmed experimentally:
— Point-like double emission source,

— Wide angular distribution

Pirozhkov et al PRL 108, 135004 (2012)
Pirozhkov et al NJP 16, 093003 (2014) 4
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Bright resolved harmonics in the XUV
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Hundreds of resolved, equidistant, odd and even harmonics



PIC Simulation

dx = M256, dy = M64, 6x108 particles, box 122Ax100A
T©=20M\c, spot =25\, a, =5, n,=4x1073n,,

Lorentz force ‘cNaI'(: wave
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Cavity: Pukhov and Meyer-ter Vehn, APB 74, 355 (2002) y
Bow wave: Esirkepov et al PRL 101, 265001 (2008) 6



Possible Applications

» Laser-plasma interaction diagnostics
— Bow wave generation
— Self-focusing

« Coherent x-ray source

—e.g. 50 nd @60-100 eV, up to 0.5 keV @10 TW



X-ray yield ~ laser pulse Power?

 Testedup to 0.1 PW
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Spot Quality (Strehl Ratio)

* More important than laser power
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Normalized on-axis signal (nJ/eV/sr/J
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pendence on focal spot quality

Same laser q;% .
Same setup o0 7
Same spectrograph ¢ >,
Sk
Different campaigns QO?’ >5?>
with different focal spot quality (\°\° % % _
(O s // - -

Data taken in different years:

e Reproducible trend
o’ | | Strehl ratic
0.2 0.4 0.6 08 1

Tremendous opportunity for improvement 11



Spot Quality

Assuming a power law dependence:

 Higher Strehl is better®

* More important than laser energy:

1J, Strehl = 0.25 0.5 J, Strehl = 0.5
(Strehl®): 712 A "
_ ssumption:
(Strehl"): 450+120

Better not to have energy outside! 50% Energy is better if Strehl is 2x
12



Stability
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How often?
1315° Off-axis signal appearance probability. A good day.
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2 3 4 5
14



s (RER))

Laser Parameters Summary

Spot parameters

FWHM x, um

FWHM y, um

FW1/e2 x, um
FW1/e2y, um

Eff. radius, um

Energy above 1/2, %
Energy above 1/e2, %
OEnergy, %

OFluence, %

Pointing stability x, um
Pointing stability y, um
Strehl ratio

10.30.7 (6.8%)
10.90.2 (2.1%)
21.8+3.6 (16.3%)
20.4+2.8 (13.5%)
7.97+0.44 (5.6%)
33.8+7.1 (21.0%)
71.0+8.0 (11.2%)
7.04%
7.48%

1.8
2.2
0.2610.03 (12%)

Pulse parameters

Pulse energy, J 0.69+0.02(3%)

FWHM, fs 44+3 (8%)
Eff width, fs 81+10 (13%)
Peak power, TW 8.611.2 (14%)

Not stable enough!

@Focus
Peak irradiance, W/cm? (4.3+0.7)x1018 (16%)

a, 1.46+0.12 (8%)

15



Requirements

« Wavefront rms
* Angular chirp
« Compressor alignment accuracy

16
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Strehl vs. wavefront quality
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rms =9 nm

Strehl = 0.99

rms = 68 nm
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Strehl vs. rms wavefront error

10 Different lasers, different places, A = 779 (LD) and 820 nm (TiS)

Noise-like [high-frequency]

0.8 wavefront aberrations -
5 Debye-Waller-like factor |

0.6 fFrms << 100 nnt\ &t fm f= 1.85_ -
depends on sampling

A y) here ~20x20

Low-order aberrations
~ - (Astigmatism etc)

O.OIIIII -
0 50 100 150 200 250 300 O 13
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Measured spot vs. calculated PSF
300 @285 mm beam, f/7 OAP, ~2000 samples

Strehl = 0.48+0.03 " Strehl = 0.63+0.06-
min = (.38 min = (.38 '

250 max = 0.55 max = 0.76
»00L Measured spot PSF
: calculated
from
wavefront -

Count

e
; -5

00 02 04 06 08 Strehhs

[ FWHM = 1.1xdiffraction limit
[ 1/e2 size = 1.06xDL
50 -~50% energy in halo ®




Angular Chirp Effect

1.0 Example for the J-KAREN-P compressor
A | A = 810 nrﬁ, AN = 40 nr'n, four g'ratir'lgs 1480 Iinés/rﬁm, beam @253 mm|
0.8} N
| ngular chirp
PR | effect 2«
% 0.6] CAL <<=
S | 9 .
E 04 _- Required Diffraction -_
= | _ divergence |
071 angular chirp:
“{~10-2 yrad/nm

0.0
0.00 0.02 0.04 0.06 0.08 0.10
Angular chirp, urad/nm

Estimate based on: Pretzler et al. Appl. Phys. B 70, 1 (2000) 20



Compressor Alignment Accuracy
1.0 Example for the J-KAREN-P compressor

« V [\, = 810 nm, AA = 40 nm, four gratings 1480 lines/mm, beam @253 mm" |
0.8}
>N | J-KAREN-P compressor alignment goal: |
7 0.6 10 urad
5 | :
= 0.4
H 3
0.2} |
O O ...................

0 20 40 60 80 100
Groove tilt, urad

Estimate based on: Pretzler et al. Appl. Phys. B 70, 1 (2000) 21



“"Laser is The Key” (iminori Kondo)
HHG efficiency ~ Power? (tested up to ~ 0.1 PW)

Focal spot quality: need Strehl > 0.5
Wavefront: rms << 100 nm

Angular chirp: < a few 0.01 prad/nm
Compressor alignment: ~ 10 yrad accuracy
Diffraction-limited PW pulses

Stability!!! -
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