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Experiment Layout
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Modulated Beam Profile




Spectral Characterization:
12 Joules — 130 mm from

Spectra Lineout
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Harmonic Spectra: 8 Joules — 100 mm from focus
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Absorption in Filters and Detector
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At longer wavelengths absorption in the argon gas and aluminum filters prevents
light from reaching the CCD 3

Transmission Plots Obtained from Berkeley Lab Center for X-ray optics: https://henke.lbl.gov/optical_constants/



Previous Harmonic Results
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Shadowgraphic Imaging of Mesh

Comparison of XUV bulb and Focused HHG for Mesh 2
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Image Projection Calculation

of Point Source
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CCD
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Point _—706 el Measured o A :
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Distance from Nozzle to CCD
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Distance based on Mesh 1 measurement: 2.96 + 0.08 meters
Distance based on Mesh 2 measurement: 2.86 + 0.08 meters
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Spatial Coherence Using Knife

Fresnel Diffraction

12

F. A. Jenkins, H. E. White, “Fundamentals of Optics, Fourth Edition”



Spatial Coherence Using Knife

Scaled Intensity
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Efficiency Scaling With Pressure and

HHG Dependence on Nozzle Transverse 'Ositich af 4] D I S t an C e F r O m L aS e r

backing pressure 31 bar, Argon"Gas

>
S 7E-07 4.E+07
§ 6.E-07 3.E+07 £
© 507 3E407 3 Optimum Pressure-Length
2 4E07 26407 ®
2 g Product: 40 mbar mm
2 3E07 2.E+07 E
(o] ~ Q 10 T
S 2.E-07 1.E+07 3 " 1.0
2 LEO7 5.E+06 1 10.0
0.E+00 0.E+00 I
0 5 10 15 20 25 30 8 : 7.5+ 0.8
Nozzle Distance from Laser, [mm] ’é‘ 1 5.0+
|
——XUV Conversion Efficiency =~ ——CCD Detector Total Counts E‘ 6 % 25 -0.6
e I
. = 1 0.0
HHG Dependence on Operating Pressure at 4J ] | 0 1
= 4 1 0.4
7.E-07 4.E+07 g
g 6.E-07 4. E+07 g
LM
S sgo7 3E+07 2 = ) 0-+ T 0.2
oW 3.E+07 g -—-—-0----1-02---2-02-1
c 4.E-07 )
9 26407 3
% Y 2.E+07 E 0 0.0
8 207 LE+07 3 25 50 75 100 125 150 175 200
>
> LE07 5.E406 Pressure (mbar)
0.E+00 0.E+00
0 10 20 30 40 50 60 70
Backing Pressure, [Bar] A. Nayak et al, “Multiple lonization of argon via multi-XUV-photon absorption induced by 20-GW high-
0 5 10 15 20 25 30 order harmonic laser pulses,” Physical Review A, vol 98, 2018.

Estimated Operating Pressure, [mBar]

14

—XUV Conversion Efficiency ——CCD Detector Total Counts



Scaling with Laser Intensity

HHG Dependence on Intensity at Interaction
Region for Argon Gas
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Conclusion and Future Work

Conclusions

« High Harmonic Generation has been obtained in the focal cone geometry
* Focusing harmonic spot has been generated

« Conversion efficiency on the order of 10~7 achieved

« Highly dependent on beam spatial properties leading to highly modulated
patterns

Future work

* Improve beam gquality to reduce modulation

« Carry out model calculations to identify best set up for high conversion efficiency
« Carry out more, higher precision, spectroscopic studies to improve efficiency
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Broadb_and XUV Emission at Higher Laser

XUV Emission at High Intensities, Nozzle Close to Focus, Xenon Gas
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At higher intensities hot plasma is formed
which emits recombination radiation
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Optic Studio Simulations
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Comparing Simulated and Measured

Comparison of Simulated and Measured Blurring Across a Comparison of Measured and Expected Signal across a Hole
Hole on Mesh 2 for HHG Using Mesh 2
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Step Wedge

Attenuation
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Scaling with Longitudinal Position

HHG Dependence on Nozzle Longitudinal Position at 4J

5.00E-07 3.50E+07
4.50E-07
_ 3.00E+07
S 4.00E-07
5 3.50E-07 2.50E407 @
[ C
W 3.00E-07 >
c 2.00E+07 8
2 250607 '
o o]
S 2.00E-07 1.50E+07 2
5 )
S Q
g 1.50E-07 1.00E+07 ©
2 1.00E-07
5.00E+06
5.00E-08
0.00E+00 0.00E+00
60 70 80 90 100 110 120 130 140 150 160

Nozzle Distance From Focus, [mm]

——XUV Conversion Efficiency ——CCD Detector Total Counts

22



Changing Off Axis Parabola




eam Spot Ablation Pattern

From Another Experiment
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Beam Spot
Ablation
Pattern
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Beam Profiles for 2022-02-23

Wavefront Near-Field




Interferometry/Simulation Results

Scaled Simulation and Interferometry Data
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Carlos Interferometry

e Data for the Brass Nozzle Argon gas density, brass nozzle (delay 0 ms) 10"
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