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Motivation
 Experiments with atomic hydrogen

- Quantitatively accurate ionization measurements 
- Absolute CEP determination
- Precise intensity calibration
- Attosecond streaking and tunneling time

 Experiments with molecular hydrogen
- Isotope effect in tunneling ionization of H2/D2



Motivation: Benchmarking and validating theoretical models 

- To achieve quantitative agreement of theory and experiment
- To validate approximate models by comparison with accurate measurements

2014 - 50 years since Keldysh’s paper

2018 – 25 years since Corkum’s paper
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- Isotope effect in tunneling ionization of H2/D2


Why H?

It is the only system where accurate 
ab initio modeling with strong fields
is currently possible



Strong-field ionization of atomic hydrogen:
results

Pullen et al., Opt. Lett. 36, 3660 (2011) 



Strong-field ionization of atomic hydrogen:
CEP effects

Wallace et al., 
New J. Phys. 15, 033002 (2013) 



CEP measurement: stereo phasemeter

Wittmann et al., Nature Physics 5, 357 (2009) 



Absolute CEP calibration with atomic H 
2.5×1014 W/cm2

1.2×1014 W/cm2

1.2 2.5

A, B – phase offset

C,D – difference between
experiment and theory

C. Khurmi et al, PRA 96 013404 (2017)



Precise intensity calibration

Measurement accuracy – 1%!

Pullen et al., Phys. Rev. A 87, 053411 (2013) 



Transferable intensity calibration standard
H

Ar Kr Xe

By fitting phenomenological curves intensities could be determined with
accuracies 1.3% using Ar, 1.5% using Kr and 2.5% using Xe. 

Wallace et al., Phys. Rev. Lett 177, 053001 (2016) 
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Attosecond streaking and tunneling time

What is tunneling time?

Is it real?       Is it finite?

Can it be measured?

Keldysh time

Tunneling regime  γk << 1

τk << T0



Attoclock experiments
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Pfeiffer et al, Nature Phys. 47, 204003 (2014) 



Attoclock interpretation
ARTICLES

PUBLISHED ONLINE: 25 MAY 2015 | DOI: 10.1038/ NPHYS3340

Interpreting attoclock measurements of
tunnelling times
Lisa Torlina1†, Felipe Morales1†, Jivesh Kaushal1, Igor Ivanov2, Anatoli Kheifets2, Alejandro Zielinski3,
Armin Scrinzi3, Harm Geert Muller1, Suren Sukiasyan4, Misha Ivanov1,4,5 and Olga Smirnova1*
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Tunneling is instantaneous!

Torlina et al, Nature Phys. 11, 503 (2015) 



Attoclock with atomic hydrogen:
experimental setup

H 
dissociation 
fraction

50%

 ~800nm

Pulse 
duration

6.0 fs

 0.84±0.01



Attoclock with atomic hydrogen

θtunnel = θoffset- θstreak - θCoulomb

θstreak = 90° θCoulomb = ?



Attoclock with atomic hydrogen: experimental and 
theoretical results



Attoclock with atomic hydrogen: Conclusions

For more details see Satya’s poster MO-049 and arXiv:1707.05445 (2017)



“Everything should be made as simple as
possible, but not simpler.”
(Albert Einstein) 

A model should neglect as much as possible, but not more.

Commonly used approximations: 

strong-field approximation (SFA),  quasi-static approximation (QSA),
single-active-electron approximation (SAE),    dipole approximation,
Born-Oppenheimer approximation (BOA),  frozen-nuclei approximation (FNA)  
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Ionization of molecular hydrogen

Frozen nuclei approximation fails!
Tolstikhin, Worner, Morishita, Phys. Rev. A. 87, 041401(R) (2013) 



Isotope effect in tunneling ionization

Wang et al., Phys. Rev. Lett. 117, 083003 (2016) 

(1):
(2):
(3):



Experimental results

Separation of channels Detector efficiency

26.7%

28.9%

Wang et al., Phys. Rev. Lett. 117, 083003 (2016) 



Wang et al., Phys. Rev. Lett. 117, 083003 (2016) 
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More research from Griffith group
Strong-field atomic ionization and excitation
Nida Haram TH-016 Intensity-dependent shift in transverse electron momentum 
distribution for strong field ionization
Rohan Glover MO-026 Metastable argon production via strong-field excitation

Laser-ablated plasmas
Smijesh N. TU-031 Optimization of laser plasma dynamics towards high order 
harmonic generation applications
Kavya Rao  TU-032 Plume dynamics of a laser produced plasma:Single and double 
pulse schemes

Ultrafast molecular dynamics
Han Xu WE-033 Observing electron localization in a dissociating molecule in real 
time
Atia-Tul-Noor FR-039 Enhanced ionization of C2H2

High harmonics interferometry
Mumta Mustary FR-024 Attosecond time delay in harmonic emissions of H2 and D2


