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High Harmonic Generation (HHG):
auculmm A Quantum Technology Tailored for Ultrafast Science

Microscopic Picture
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Kuchiev, JETP, 45. 404 (1987)
Classical: Ferray, J. Phys. B., 1988; Corkum. PRL 1993
QM: Krause, Shafer, Kulander, PRL 1992; Lewenstein, PRA, 1994

Video: Courtesy of Carlos Hernandez-Garcia

Macroscopic Picture
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Polarization Control in HHG:
aucUmm Coming Full Circle in Quantum Control of High Harmonics

External control of time, frequency, space in EUV and beyond... Polarization?

Video: Courtesy of Carlos Hernandez-Garcia

One Color Elliptical Driver

Budil, Phys. Rev. A. 48, 1993
Weihe, J. Opt. Soc. Am. 13, 1996
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Circularly Polarized High Harmonic Generation (CPHHG):
aLilCUNE The Attosecond(s) From the Pastl!
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Circularly Polarized Harmonics, You Say?
oSO \Well, Surely We Have Circular Attosecond Pulses!
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Active Control Over the Polarization of High-Harmonic Waveforms:
MEculem Production of Elliptically Polarized Attosecond Pulse Trains! fﬁ m

o |2w, 395-nm
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Dorney et. al., Phys. Rev. Lett., 118, 2017
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Controlling the Driving Waveform for CPHHG:
Mhcule Active Control over Spectral Chirality

Intensity (aro. u )

Harmonic

20 21 22
Harmorio Qrder

Helium

w

Expeniment Cutoff Region (3x)

OO0 OO

NN
o

Harmanic Intensity (erb. u.)

34
Harmoanic Ordar

Dorney et. al., Phys. Rev. Lett., 118, 2017

10



Controlling the Driving Waveform for CPHHG:
Mhcule Active Control over Spectral Chirality |

& (IRCP = ILCP) ’
(IRCP als ILCP)

SFA Simulation in Ar

X

Intensity (aro. u )

Harmonic

20 21 22
Harmorio Qrder

Helium

E.(arb.u.)
Expeniment Cutoff Region (3x)

OO0 O C

-
o
—
L.
>,
=
M
c
]
4
=
A=
c
o
=
—
C
I

Harmanic Intensity (erb. u.)

34
Harmoanic Ordar

Dorney et. al., Phys. Rev. Lett., 118, 2017

18 21 24
Harmonic Order

10



Helicity-Selective CPHHG: Frequency-Invariant Chiral Control
SVl and Preservation of Spectral Polarization
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Helicity-Selective CPHHG: Frequency-Invariant Chiral Control
and Preservation of Spectral Polarization
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Active Control Over the Polarization of High-Harmonic Waveforms:
Myculem Production of Elliptically Polarized Attosecond Pulse Trains! |
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First demonstration of real-time polarization control of attosecond pulse trains in CPHHG!
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Active Control Over the Polarization of High-Harmonic Waveforms:
Myculem Production of Elliptically Polarized Attosecond Pulse Trains! ﬂ |
« First demonstration of real-time polarization control of attosecond pulse trains in CPHHl !

l,./1. = 0.1
v = 0.72 Neufeild, et al., arXiv:1709.06261, 2017
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MEiculem Perturbative-(ish) Photon Absorption Model

Simple Interpretation of Elliptical Control in CPHHG:

I OCP(Q) X 2p|n1| |Tl2|

Dorney et al., Phys. Rev. Lett., 118, 2017
Pisanty et al., Phys. Rev. A, 90, 2014
Li, et al., arXiv:1702.04084, 2017
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Attosecond Polarization Control at a Price...

Mancuso, Phys. Rev. A., 93, 2016
Dorney et. al., Phys. Rev. Lett., 118, 2017
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Production of Elliptically Polarized Attosecond Waveforms:
Miculem Custom Attosecond Pulses for Chiral Spectroscopies
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Production of Elliptically Polarized Attosecond Waveforms:
Miculem Custom Attosecond Pulses for Chiral Spectroscopies
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Production and Control of Elliptically Polarized Wavetorms:
NEiculey FUture Demos and Applications

> Helicity-selective CPHHG is completely compatible with time-gating techniques.

 Intensity gating, ionization gating, external field gate

|

U

16



]I[A Production and Control of Elliptically Polarized Waveforms:
NEiculey FUture Demos and Applications

> Helicity-selective CPHHG is completely compatible with time-gating techniques.

Intensity gating, ionization gating, external field gate
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Production and Control of Elliptically Polarized Waveforms:

NEiculey FUture Demos and Applications

> Helicity-selective CPHHG is completely compatible with time-gating techniques.

 Intensity gating, ionization gating, external field gate
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Production and Control of Elliptically Polarized Waveforms:

NEiculey FUture Demos and Applications ﬂ|
i

> Helicity-selective CPHHG is completely compatible with time-gating techniques. I‘

 Intensity gating, ionization gating, external field gate
> Macroscopic control can yield APTs with even higher ellipticity.

Phase-matching conditions can be manipulated to increase spectral chirality
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Production and Control of Elliptically Polarized Waveforms:
NEiculey FUture Demos and Applications

> Helicity-selective CPHHG is completely compatible with time-gating techniques.

 Intensity gating, ionization gating, external field gate
> Macroscopic control can yield APTs with even higher ellipticity.

» Phase-matching conditions can be manipulated to increase spectral chirality
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> Helicity-selective CPHHG is completely compatible with time-gating techniques. I‘

 Intensity gating, ionization gating, external field gate
> Macroscopic control can yield APTs with even higher ellipticity.

» Phase-matching conditions can be manipulated to increase spectral chirality
> Straight-forward and robust methodology: elliptical APTs from existing

systems
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> Helicity-selective CPHHG is completely compatible with time-gating techniques. \

 Intensity gating, ionization gating, external field gate
> Macroscopic control can yield APTs with even higher ellipticity.

» Phase-matching conditions can be manipulated to increase spectral chirality
> Straight-forward and robust methodology: elliptical APTs from existing

systems
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