
Complex Dissociation of Simple Molecules

Strong field photodissociation of H2
+

Vaibhav S. Prabhudesai, Adi Natan, Uri Lev, Barry Bruner, Adi Diner, Oded
Heber, Daniel Strasser, Dirk Schwalm, Itzik Ben-Itzhak, J. J. Hua, B. Esry

Daniel Zajfman and Yaron Silberberg



Simple control…
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Motivation:  why photodissociation of H2
+?

• H2
+ is the simplest molecular system, still it reveals 

complex dynamical characteristics in strong fields.

• How pulse shaping affects photodissociation?
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Photodissociation of H2
+
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Typical Experimental Data

Time of flight: KER

CCD: 2D momentum map
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Previous studies…

WANG et al. Phys Rev A 74, 043411 (2006)
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Strong field photodissociation dynamics in H2
+

• Bond Softening (BS)
• Bond Hardening (BH)
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KER

The measured KER



Transform limited pulses

Pulse length: 35fs 
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Peak Power: 1014 W/cm2



KER spectrum for a narrow band strong field

Peak power: 3x1012 W/cm2 

Pulse length: 120fs (transform limited)
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Weak-field KER spectrum
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“weak field” model
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We sum over all the contributions for all the 
frequencies sequentially for each (v,j) state with the 
constraint of a finite population. 

The calculation parameters are as close to the 
experimental parameters as possible. 



Peak power: 3x1012 W/cm2

Intermediate-field KER spectrum



Angular distributions
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Negative Chirp

No Chirp (Narrow band)

Positive Chirp

The effect of chirp – 120 fs pulses



Negative v/s positive chirp

Peak Power: 8 x 1012 W/cm2

Pulse length: 120fs

Time Time
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chirped pulses levels shift with intensity
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We’ve seen this also in higher chirp rates…
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Angular distribution in 1-photon region



1D TDSE calculation confirms shift mechanism



chirped pulses levels shift with intensity
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Negative chirp:
comparison with absolute normalized data along the polarization
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Positive chirp:
comparison with absolute normalized data along the polarization
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Angular distribution analysis
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Angular distribution analysis

Positive 
chirp (90fs)

Negative 
chirp (90fs)
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Negative chirp dumps better
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Chirp sign and rate controls dissociation efficiency

One photon events are 
barely affected

For multiphoton events, 
positive chirp is always 
more efficient
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In conclusion…

• The simplest strong field experiment on molecular 
photodissociation has still some elaborate physics

• The frequency content of the pulse, given by the 
chirp rate, has a significant role in the overall 
dissociation mechanism, it affects:
– Dissociation probability.
– Angular distribution.
– KER peak positions (levels shift).
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