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Introduction
 The charged particle imaging techniques have been extensively progressed in atomic and 
molecular physics since the pioneering experiment of Chandler and Housten [1] in 1987. 

 Eppink and Parker [2] discovered in 1997 that an appropriate electrostatic lens configuration 
can be used to guide all particles with the same initial velocity vector onto the same point on 
detector, and thus improving the resolution of charged particle imaging. This technique is 
popularly known as Velocity Map Imaging (VMI) Technique.

 In VMI, the three-dimensional (3D) distribution of charged particle momenta is projected 
onto a two-dimensional (2D) detector by implementing cylindrically symmetric electrostatic 
fields. 

 The laser–target interaction takes place in a region of high electric fields in VMI which 
project the charged particles (electrons and ions) towards the detector, in general, a Micro 
Channel plate (MCP) and phosphor screen with a CCD camera.

 The dual VMI comprises of 16 circular electrodes with the outer diameter of 80 mm and 
inner diameter of 40 mm with an increment of 2 mm. 

 The electrodes are equally spaced with a distance of 22 mm. The total length of the VMI 
electrodes is 346 mm. 

 The electrodes are mounted in a vacuum chamber pumped by a Turbo molecular pump 
and backed by a dry Scroll pump. 

 The minimum pressure achieved in the reaction chamber is 2x10-9 mbar and in the pulsed 
nozzle source chamber is 2x10-6 mbar. 

 The differential pumping is maintained in the experimental setup using a skimmer of 0.5 
mm aperture.

Applications of VMI
 VMI is a very popular and powerful technique used extensively to 
study the reactive collisions, photo-dissociation, photo-detachment 
and photo-ionization experiments. 

 A proven imaging technique in Molecular Reaction Dynamics 
Research, for example, Photofragment imaging, Photoelectron 
imaging, reaction product imaging

 For studying ultrafast processes in atoms, molecules and clusters 
using intense photon beam (Ionization, dissociation, coulomb 
explosions etc.)

 Extracting important informations (energy, angular distributions) 
from emitted electrons (produced by intense photon beam)

From Single to Dual VMI
 For complete kinematics of molecular reaction 
dynamics (Ionization, Fragmentation, Coulomb 
explosions, charge transfer etc), mapping electrons 
and ions) are required.

 To extract the complete kinematics informations in 
photoionization experiments, a dual VMI is a better 
choice compared to single VMI.

 For studying the ultrafast molecular reaction 
dynamics, we have developed a Dual VMI to detect 
both electrons and ions simultaneously arising from 
the laser-atom/molecule experiments. 

Design of Dual VMI Charged particle trajectory simulation Testing of DVMI
Sample injection:

 Xenon gas is used as a target for testing
 Supersonic Xenon gas pulses are produced by a 
pulsed nozzle (0.5 mm) at 1bar

Ionization of sample:
 A picosecond laser (Leopard SS) operating at 10 Hz 
and 532 nm providing 70 mJ, 120 ps linearly 
polarized pulses are used to induce ATI of Xe.

Detection:
 Electrons and ions are detected by a combination of 
MCP and Phosphor screen. Images are recorded by a 
CCD camera.
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 In order to ensure the detection of energetic electrons and ions with 
high detection efficiency, a charged particle simulation is carried out 
using SIMION 8.0 model.

 It is found by simulation that electrons up to 60 eV and Xe ions up to 15 
eV are can be easily detected in DVMI 

Imaging of Xenon ions produced by 532 nm, 10 Hz Picosecond Laser
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 The xenon ion signal is checked using Micro 
Channel Plate (MCP) and Photo Multiplier 
Tube (PMT) detectors

 The pulsed nozzle ON time is optimized to 
110 µsec with a repetition rate of 10 Hz

 For efficient ionization rate, laser pulse and 
gas pulse are need to be synchronized 

 The delay time between gas pulse and laser is 
optimized at 99.09 ms

 A photo diode signal is used to trigger the 
pulsed nozzle

 A delay generator is employed for the 
synchronization of pulses

Xe ion signal obtained
 using MCP and PMT

Xe ion image during optimization process 
using MCP Phosphor screen and CCD 
camera

 In order to record the Xe 
ion image; MCP, Phosphor 
screen and a CCD camera 
are employed.

 The optimization of Xe ion 
image is still in process.

 Once the spectrometer is 
calibrated with rare gas 
atoms, It will be ready for 
studying ultrafast charged 
particle dynamics in other 
gases and chemicals.
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