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Main achievements

« Spin angular momentum in XNLO

* Full control over polarization of high-order harmonics using
a simple knob, without compromising efficiency.

 Missing quanta for conservation of angular momentum
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Outline

» |nifroduction to exireme nonlinear optics

» High harmonic generation:

- Polarization

» Conftrolling the polarization of HHG

» Spin angular momentum conservation

NL Medium
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High Harmonic Generation

» |ntense femtosecond pulse interacts with a gas generates high harmonics.

1~1014 W/cm?2
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Sources of Extreme UV & X-rays

HHG-based Sources

10 nm 0.1 nm = 1A
D
! CuKy,!
Soft X-rays 2ag
Extreme Illtraviolet Hard X-rays

S G
100 eV
Photon energy

HHG — Femto and Atto-second pungs

— Improved Coherency



Ellipticity Effect

» High harmonic radiation commonly composed of odd
harmonics, with linear polarization ¢ = 0.

» Ellipticity diminishes HHG efficiency

» maximal measured HHG ellipticity € < 0.4
Weihe, FA, et al,, PRA 51, R3433 (1995)
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Circularly & Elliptically Polarized HHG

Circularly polarized HHG .\
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Circularly & Elliptically Polarized HHG

Circularly polarized HHG
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Counter-Rotating BI-Chromatic Driver

A =400 nm, right helicity A =800 nm, left helicity

JoP N0

Eso0 (t) + Egoo (t)
Long, S. et al,, PRA 52 2262 (1995).




High harmonic generation with counter-rotating

circularly-polarized bi-chromatic fields

BBO D i

HHG Spectrometer

Grating
wl

Toroidal
CCD mirror HHG Polarizer




Comparable efficiency to HHG by
ineally polarized driver

HH signal for 1.2W red & 0.67W blue
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Comparable efficiency to HHG by
ineally polarized driver

HH signal for 1.2W red & 0.67W blue
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« Measured circularity
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 Sub-cycle synchronization of 3 recollisions
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High harmonic generation with counter-rotating

elliptically-polarized bi-chromatic fields
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« Changing o,f .



Harmonic order

Q

Rich spectra - Resolved channels

Experimental Numerical
Spectra Spectra
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Harmonic order

Rich spectra - spin angular momentum

Experimental Numerical
Spectra Spectra
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Spin conservation ‘0‘ <1
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Rich spectra - spin angular momentum

Experimental Numerical Numerical Experimental
Spectra Spectra Spectra
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Controlling HHG ellipticity

Numerical

Numerical spectra  g|ipticity * helicity Experimental
15 =

intensity and ellipticity
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« Changing a by as little as 8° modifies the polarization of H19 from circular (¢=1) to linear (£=0).



Discrepancy in conservation of spin angular momentum

Energy (@)
conservation:

(ng.ny)

Spin
conservation: 0, ,
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Experiment and numerics indicate the opposite!
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Additional (radiation or electronic) quanta

Possible solutions:
- Conservation law hold true for harmonic pairs:

Q + Q)

(ng.ny) (ny.ny)

=(n,+n,)-0o+(n +n,)-1.950

O-(nl,nz) + G(nz,nl) — (nl T n2)'o-1 T (nl T nZ)'GZ

- quantum optics

« Medium transfers angular momentum
- Strong-field - anisotropic media
- Process is not parametric
- HHG spectroscopy of circulating current
@ attosecond resolution



Summary

Full control over polarization of HHG

- by attosecond & angle control over the 2D recollissions
Role of spin angular momentum in extreme NLO
Resolve (n,,n,) channels using single-atom physics
Conservation of spin angular momentum:
- Qualitative agreement with experimental & numerical results

- Quantitative disagreement with experimental & numerical results

- missing quanta. Radiation or electronic?



Next...

High spatiotemporal imaging
of magnetic domains.

Molecules

Mask and sample v
uma
iN, membrane
agnetic fi

Eisebitt, S., et al., Nature 432, 885 (2004)
(by synchrotron)

Attosecond pulses with
circular and elliptic
polarization

Phase Matching



