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Pulse Shaping                             

Workshop 2012
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Transient SOD changes measured by single shot MIIPS
Results from1mm quartz



Experimental Results: Active SOD+TOD+Amplitude Compensation

Pestov et al. Presented at UFO 2011
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TL pulse excitation

Selective Binary Phase excitation

Selective Single Beam CARS
Single shot thermometry
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Single shot ablation of silicon
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Dielectric Surfaces; Up to distances >100x focal spot.

Two-photon induced luminescence, far from focal spot

Surface Plasmon Transmission through nanoparticle wires.
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Fluorescence Stim. Emission

SHG
Int. FROG

Intensity Invariant
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Stim. 

Emission

Simulation

Revisiting the chirp effect observed by Bardeen and Shank,

Later by Wilson’s group

Experiment

Theory



Solvation Dynamics
Konar, Shah, Lozovoy and Dantus

Normalized Effect = [Max (IFL) – Min (IFL)] / (IFL TL) 

If found to be = x

Because IFL TL=x then Effect = x2

Excitation Range from 0.02% to 6%

Quadratic Intensity Dependence

J. Phys. Chem. Letters 3, 2458 (2012)

108 W/cm2



Measuring Interference Between Laser Pulses and Wave Packets Without Imposing

The two optical pulses interfere The spectrum is modulated

Scherer et al. JCP 93, 856 (1990), JCP 95, 1487 (1991)

1st order autocorrelation

2nd order autocorrelation

Michelson Interferometer
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Solvation Dynamics
Konar, Shah, Lozovoy and Dantus

Fluorescence

Stim. Emission

SimulationsNon-interfering Interfering
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Fiber Laser Design
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Compact <9fs fiber lasers
Sub-30fs Ytterbium oscillator

Soliton Similariton
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Binary Search Space Mapping

SHG 

Intensity
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Post-translational modifications: a challenge for proteomics Proteomics 6,1525-6 (2004)

Tumor antigen p53: (Science Molecule of the year 1993), has >18 phosphorylation sites.

DNA winds around Histones, gene regulation and DNA repair depend on histone PTM’s.

Breaking strong chemical bonds while leaving weak ones intact

Phosphorylation



Photoassociation

Chem. Phys. Letters 245, 393 (1995) J. Chem. Phys.106, 8013 (1997) Chem. Phys. Letters 306, 18 (1999)

Chirp control of chemical reaction J. Chem. Phys. 108, 4375-4378 (1998)

Four Wave Mixing (includes CARS) J. Chem. Phys. 111, 3779 (1999) J. Phys. Chem. A 103, 10226 (1999)

Temporal symmetry Chem. Phys.338, 259 (2007). 

Comment (no toluene found from acetophenone) J. Phys. Chem. A 113, 5264 (2009)

Dynamics observed in acetophenone J. Phys. Chem. A 115, 1305 (2011)

Coherent Control
Marvet, Gross, Backhaus, Schmidt, Pastirk, Brown, Grimberg, Gunaratne, Zhu, Shah, Goswami, 

Lozovoy and Dantus
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Femtosecond Photoassociation

Parallel

Perpendicular

Time Delay (ps) 

Hg + Hg Hg2
* hv

Signal is proportional to
D-X fluorescence depletion



Back of the Envelope Calculation
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The relative velocity of the mercury atoms

fsAxsmv /103/300 3 &−−=−=

The expected chirp in the absorption spectrum
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Cold Molecule 2001: Coherent Control and Cold Molecules

Gif-sur-Yvette,  France,

October 21-25, 2001

Unpublished data by I. Pastirk, presented



Looking for electronic coherence in strong fields
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First look at Cs atoms

B. Girard



Looking for evidence of electronic coherence in o-NT photodissociation

Opt. Express 14, 9537 (2006)

ortho-Nitrotoluene

Peak Intensity = 8x1013 W/cm2
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Dicyclopentadiene (DCDP)

Pump only

Probe only

Pump + Probe MS Signal800 nm, 1013 W/cm2

800 nm, 1011 W/cm2

Goswami, Shah, Konar, Lozovoy and Dantus to be submitted (2012)



Power Dependence Fit for CPD+

Goswami, Shah, Konar, Lozovoy and Dantus to be submitted (2012)



Comparison to Third Harmonic Generation Signal

Goswami, Shah, Konar, Lozovoy and Dantus to be submitted (2012)



Long lived electronic coherence – DCPD fragments

Goswami, Shah, Konar, Lozovoy and Dantus to be submitted (2012)
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Electronic coherence occurs between the 

ground and first excited state ion states

Multiphoton Ionization of Di-Cyclopentadiene

Baker et al., Anal Chem, 42, (1970) 



Dicyclopentadiene+ (DCDP) time-resolved fragmentation

Goswami, Shah, Konar, Lozovoy and Dantus to be submitted (2012)
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Stephen Boppart (UIUC, femtosecond endoscopy)
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Flavio Cruz (UNICAMP, Brazil, Novel laser sources)

Sunney Xie (Harvard, CARS microscopy)
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Phase control enables fundamental research and applications

The Dantus Research Group

dantus@msu.edu      visit www2.chemistry.msu.edu/faculty/dantus

Fundamental 

Science and 

Applications



Backup Slides for Follow Up Discussion



Is photofragmentation pattern phase dependent?

Zhu et al. J. Phys. Chem. A. 112, 3789 (2008) 

Comprehensive exploration on the role of phase coherence on 

the fragmentation of large molecules by intense shaped pulses

C7H7
+ C5H5

+ C3H3
+



Experimental Set-Up

L: lens – 300mm

Ti:Saphhire Regenerative Amplifier

- Rep Rate 1000 kHz

- 700 µJ/pulse



Is molecular response predictable?



Effect of phase & amplitude shaping



Generalizing to other molecules



Single Ultrafast Pulse Excitation for Remote CARS 

Optics Express 16, 5499-5504 (2008) 

Experimental Single-Beam CARS Setup

After MIIPS compression



2010 Pulse Shaping Workshop
August 20-22, 2010

Michigan State University

2011 Pulse Shaping Workshop @ MSU Aug 19-21. Keynote by Andrew Weiner


