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1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work plan) 
 

Project title: Accurate laser spectroscopy of simple diatomic molecules 

 

1.1. Project goals 

• Development of a cavity-enhanced spectrometer 

• Application of the spectrometer to accurate measurements of rovibrational spectra 
of simple molecules 

• Theoretical calculations of simple molecule properties that are important for these 
measurements  
 

1.2. Outline 
 

The measurements of the rovibrational spectra of simple molecules is of great importance for 
studying molecular physics, testing the quantum theory (including the QED corrections), and for 
applications in other fields that build their approaches upon molecular physics methodology and 
results (for instance for remote studies of Earth’s and other planets’ atmospheres). The two main 
properties at which molecular spectroscopy is focused are line position and intensity. Accurate 
measurements of these two quantities can be confronted with their ab initio counterparts to 
validate the theory [1,2]. Furthermore, accurate line-shape measurements provide also collisional 
line-shape parameters that encode information about collisional process, hence these experiments 
give also an insight into the physics of collisions at molecular scale [3]. 
 
Within this PhD project proposal, the student will focus on developing the cavity-enhanced 
spectrometer with the frequency axis linked to the primary frequency standard. The very accurate 
spectroscopic data will be retrieved using ultra-sensitive cavity-enhanced techniques such as cavity 
ring-down spectroscopy (CRDS) [4] or novel cavity mode-dispersion spectroscopy (CMDS) [5]. The 
PhD student will also carry out the measurements. The experiments will focus on simple diatomic 
molecular species that are of great interest from the perspective of fundamental physics such as 
molecular hydrogen (different isotopologues) and carbon monoxide. Besides the experimental 
work, the PhD student will undertake theoretical calculations of the properties of the simple 
molecules that are important for these measurements, such as monomer properties or collisional 
effects [6]. The student will be also involved in the line-shape analysis of measured molecular 
spectra using various models including e.g. the speed dependence of collisional width and shift and 
Dicke narrowing [7]. 
 

1.3. Work plan 

• Development of cavity-enhanced laser spectrometer 

• Spectra measurements 

• Theoretical calculations  
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1.5. Required initial knowledge and skills of the PhD candidate 

Skills and experience in experimental physics. Skills and experience in electronics, control systems 
and data collecting systems. Experience in signal processing and data analysis. Experience in 
programing microcontrollers and DSP/FPGA. Experience in numerical and computational methods 
(including software such as Mathematic or Matlab). Teamwork ability. Good command of English 
language. The candidate has to be a PhD student during the entire scholarship period. 

 
1.6. Expected development of the PhD candidate’s knowledge and skills 

Knowledge, skills and experience in molecular and optical physics, laser and cryogenic technologies, and in 
molecular spectra analysis. 

 

 

2. INFORMATION ON ACADEMIC ACHIEVEMENTS BY SUGGESTED PROJECT SUPERVISORS 
 

A. Suggested supervisor  
dr hab. Piotr Wcisło, prof. at NCU 
degree/title, first and last name 

a. Grants obtained in the last 5 years 

1. “Quantum scattering of optically excited molecules – calculations from first principles and ultra-
accurate measurements for molecular systems relevant for the studies of atmospheres of Earth, 
planets, and exoplanets”, 2019 – 2022, Narodowe Centrum Nauki, program OPUS, 
(2018/31/B/ST2/00720), rola w projekcie: kierownik i główny wykonawca 

 
2. „System kriogeniczny do rozwijania nowych optycznych technologii kwantowych”, 2018-2019, Duża 
infrastruktura badawcza MNiSW (DEC 6810/IA/SP/2018), rola w projekcie: kierownik 
 
3. “Cooling and trapping of polar molecules - new tool in fundamental studies”, 2018-2019, MOBILNOŚĆ 
PLUS (DEC 1619/MOB/V/2017/0), miejsce realizacji: Joint Institute for Laboratory Astrophysics (JILA), 
NIST + University of Colorado (Jun Ye group), rola w projekcie: kierownik i główny wykonawca 
 
4. “Ab initio calculations for molecular collisions at low temperatures - longstanding spectroscopic 
puzzle and planetary/astrophysical applications”, 2019-2020, Wymiana bilateralna naukowców 
pomiędzy Rzeczpospolitą Polską a Republiką Francuską – Program Partnerstwa im. Huberta Curien 
"Polonium" NAWA (PPN/BIL/2018/1/00012), rola w projekcie: kierownik i główny wykonawca 




