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1. Overview 
 

Resonant laser radiation can be used to manipulate more than 

just the internal state of the atom. An excitation or spontaneous 

or induced emission can also affect the motion of the whole 

atom due to the photon momentum absorbed or emitted. In this 

way, atoms can be selectively slowed down or accelerated, 

cooled and trapped.  

The coherent manipulation of atoms is only possible through 

induced processes (excitation and stimulated emission) - 

spontaneous emission destroys the coherence of the quantum 

state. Laser pulse induced processes can be used to manipulate 

the motion of atoms in a variety of ways (e.g. deflection or 

focusing of atomic beams) and in many cases offer the 

possibility to preserve the coherence of the atomic wave 

packets. In order to preserve the coherence it is important to 

accomplish complete population transfer. Adiabatic passage 

techniques offer an efficient and robust solution to this problem 

[1] [2] [3] [4] [5] [6] [7]. These methods often use two 

counterpropagating laser pulses that interact with the atom 

(during the spontaneous lifetime of the atom) to force the atom 

to undergo a population transition (e.g. from the ground state 

to an excited state and back). With one photon absorption the 



atom is transferred to the excited state, and it acquires 

ℏ𝑘 momentum. If the atom interacts with another similar laser 

pulse coming from the opposite direction, it undergoes 

stimulated emission, thereby gaining an additional quantum of 

ℏ𝑘 momentum in the same direction as the first one. The 

second interaction must happen within the spontaneous life 

time, to avoid the spontanous emission. The system will 

acquire in total 2ℏ𝑘 momentum [8] [9] [10]. 

  

An important effect is produced when the counterpropagating 

laser pulses interact with the atom simultaneously, rather than 

separately, partially overlapping each other. Simulation models 

have shown that the atom, instead of the expected 2ℏ𝑘, can 

receive an integer multiple of that [11] [12] [13]. This is 

possible if the process is adiabatic, which implies strict 

conditions on the interaction parameters (such as laser 

intensity, pulse length, frequency sweep, pulse overlap). 

Accelerating atoms in this compact way can result in important 

practical benefits. 

  



2. Aims and methods 
 

In this thesis, the aim was to implement and study coherent 

excitation and adiabatic population transfer between atomic 

quantum states. The transitions were induced by frequency-

modulated laser pulses, in which the frequency sweeps across 

the frequency of the atomic transition during the pulse, causing 

adiabatic population transfer. In order to reach and maintain the 

required laser radiation parameters, specific methods had to be 

developed, which may find applications in other spectroscopic 

fields. The motivation is to show how the particular adiabatic 

phenomenon obtained by theoretical calculations is realized in 

experiments [11]. The multiphoton adiabatic transfer results in 

the acceleration of the atom, and the aim of the present studies 

was to demonstrate this phenomenon and to achieve as high 

efficiency of momentum transfer as possible. 

I have carried out experiments to accelerate cold rubidium 

atoms initially collected in a magneto-optical trap, by 

measuring the displacement of the atomic cloud. With the 

inclusion of the actual experimental parameters, numerical 

simulations have been performed to describe the results of the 

measurements. 



The required nanosecond laser pulses are cut out from a 

continuous wave, frequency-modulated laser beam. The pulse 

slicing must occur at the appropriate part of the frequency 

sweep. In order to avoid unwanted frequency modulation 

during the process, attention is required to detect and eliminate 

unwanted effects of the modulators performing the pulse 

slicing. In addition, stabilisation of the centre frequency of the 

modulated laser may be necessary to reduce frequency 

fluctuations or drift.  

This thesis aims to explore this phenomenon from a theoretical 

and experimental point of view, and to present and solve the 

problems that arise in the process. 

3. Theses 
 

1. Using an analogue spectrum analyser, I have 

developed a simple and practical method to reduce the 

drift and fluctuation of the centre frequency of a 

frequency modulated diode laser. By displaying the 

beat signal of the beam of the laser to be stabilized and 

a reference laser on the spectrum analyzer, the 

modulated laser can be stabilized to the electronically 

output signal of an arbitrary sideband of the beat 

spectrum [S1] 



 

2. I have shown that a few-nanosecond-long laser pulse 

with good contrast and no additional frequency 

modulation can be cut out from continuous wave laser 

radiation using two different Mach-Zehnder type 

amplitude modulators with appropriate timing. To 

monitor the frequency parameters of the resulting 

pulse, I have developed a method whereby, together 

with the pulse shape, the beat signals of the diagnostics 

beams with a reference laser are also continuously 

recorded, from which the parameters of interest can be 

determined by fitting a mathematical formula. [S1] 

 

3. I have carried out acceleration experiments using pairs 

of overlapping chirped laser pulses on rubidium atoms 

collected in a magneto-optical trap. I have shown that 

an average momentum transfer in excess of 2ℏk can be 

measured with the experimental parameters presented 

here. This implies that multiple photon exchange 

occurs during the interaction [S2]. 

 

4. I have developed a new extended model for the 

numerical simulation of the multi-photon adiabatic 

transition on rubidium atoms, since numerical 



simulations with previous theoretical models deviated 

significantly from experimental results. This model 

includes elements that are essential for the experiment 

- the effects of spontaneous emission and repumping 

lasers, and the Doppler effect due to the motion of the 

atoms. The numerical solutions of the new model 

describe the experimental results approximately well 

[S2]. 
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