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Introduction
An atom can be ionized by photons with energy νh much 
less than ionization energy, if the photon flux is strong 
enough, which, from a practical point of view can only be 
achieved with laser radiation [1]. This process is designated 
as Multiphoton Ionization and results from the simultaneous 
absorption of a number N-photons defined as[2].    

∗=+ XXNhν
The first lasers in the early 1960s equipped physicists with 
extraordinary tool. It became possible to study not only 
multiphoton transitions between bound states, but also 
between bound free multiphoton transition i.e. Multiphoton 
ionization [3]. The multiphoton excitation and ionization 
processes have received an increasing interest, both from 
the experimental as well as from the theoretical side.

When photons, meets the atom, the atomic electron(s) can 
take up the energy of one or many photons [4]. If the electron 
is released by absorption of only one single photon then the 
ionization probability will be proportional to the number of 
photons which interacts with the atom. Hence in one-photon 
ionization the probability linearly depends on the number of 
interacting photons (photon flux) [5,6].
 N-photon Ionization rate N

N Iσ∝  ,

 
Where, Nσ  generalized cross-section and NI  laser intensity 
numerically equal to photon flux, for N photons. 

Ionization Rate of Hydrogen Atom
We now calculate the probability of ionization of a hydrogen 
atom initially in its ground state [7], when it is placed in a 
harmonically time varying electric field [8]. 
The perturbation 
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Fermi-Golden rule for the transition rate, [9] 
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Taking the incoming wave to be an electromagnetic field 
having vector potential
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Hence the interaction Hamiltonian is given by replacing the 
electron kinetic energy term    
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 (Under dipole approximation)

An Introduction to Multiphoton Ionization
and Study of Ionization Rate of Hydrogen Atom:

N. Shrestha, J. J. Nakarmi and L. N. Jha
 Central department of Physics, Tribhuvan University, Kirtipur, Kathamndu

Correspondence: nilamstha@yahoo.com

Abstract
We have discussed the problems of non linear interaction between electromagnetic radiations with atoms from semi-classical 
point of view.  Time dependent Schrödinger equation for single electron system is solved by using perturbative technique to 
obtain transition probability. Higher order perturbation is also discussed which is used in multiple processes, in which two 
or more quanta are emitted instead of a single photon. The theory is based on assumption that the perturbation is small. 
From this transition probability ionization rate and absorption cross-section of hydrogen atom is calculated. Its variation 
with photon energy and field strength is analyzed which agrees very well with experimental observations.

Keywords: non linear interaction, perturbative technique, multiple processes, absorption cross-section.



41

The Himalayan Physics
Vol. 3,  July 2012

Density of states (DoS)
We make the assumption that the final state is the plane 
wave state, rki

f
fek
 ⋅∝  [10] which has to be confined 

into a box of side L and use the boundary conditions. The 
normalized plane wave state becomes:

 rkirki e
L

e
V

k


⋅⋅ ==
2

3
11

Thus, DOS becomes,
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Matrix Element for hydrogen atom:
The ground state wave function for hydrogen is                        
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Here, the interaction Hamiltonian matrix for the hydrogen 
atom is [11]  
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Integrating by parts gives the gradient operator acting on the 
plane wave states,

Solving the integration, and using Fermi-Golden Rule:  
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Here δ - function measures the density of possible outgoing 
states. The ejected electrons are measured by a sensitive 
detector to some small solid angle Ωd .
Hence, 
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Here, ϑ222
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  ejection is most 
likely to be parallel to the electric field. The total ionization 
rate is given by the integrating the rate over all angles, and 
on the unit sphere 3/1cos 22 == zϑ , thus,     
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The total ionization rate is ,  fi−Γ   
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Ionization Cross-section
The area of the disc equivalent to one atom is the ionization 
cross-section. Since during ionization an atom takes energy 
of ω  from the incident beam, the rate of energy absorption 
is just ω fi−Γ [12], hence,

ω  fi−Γ ))((sec)( ωσωρ tionCrossEc −×><=  

Energy density is given by , 
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Averaging over )(sin2 trk ω−⋅ , gives the energy 
absorption density, 
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Hence, the absorption cross section is 
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  Plot (1)        Plot (2)

   Plot (3)       Plot (4)

  Plot (5)        Plot (6)
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Results and Discussion
The results are presented in the various plots: in the plot 
(1) and (2) we have shown that ionization rate decreases 
with energy of ejected electron. In plot (3), ionization rate 
increases with increase of field strength for three different 
values of energy of ejected electron. From plot (4) to (6), it 
shows that ionization cross-section is independent of field 
strength; it depends inversely to energy of ejected electron 
for fixed value and three different values of photon energy, 
but in plot(6), it gradually decreases with incident photon 
frequency.

Conclusion
 We have solved the time dependent Schrödinger equation and 
calculated ionization rate and cross-section of the simplest 
atom like hydrogen by using perturbative technique.
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