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Nuclear-spin modifications of water and ammonia

Hama, Watanabe, Chem. Rev. 113, 8783 (2013)
van Dishoeck, Herbst, Neufeld, Chem. Rev. 113, 9043 (2013)
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Microwave transitions between para and ortho states

Kanamori, Dehghani, Mizoguchi, Endo, Phys. Rev. Lett. 119, 173401 (2017)
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Spatial separation of para and ortho water 

Horke, Chang, Długołęcki, Küpper, Angew. Chem. Int. Ed. 53, 11965 (2014, VIP)
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Specific chemical reactions of para and ortho water

Kilaj, Gao, Rösch, Rivero, Küpper, Willitsch, Nat. Commun. 9, 2096 (2018)
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Why ammonia first?

Yurchenko, Barber, Yachmenev, Thiel, Jensen, Tennyson, J. Phys. Chem. A 113, 11845 (2009)
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14N

More complex hyperfine structure
due to the nuclear quadrupole
moment on the N atom.

Low barrier double-well potential:
high sensitivity to external and
induced internal electromagnetic 
field perturbations.



Hyperfine interactions between rovibrational states
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Methodology
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•  Theoretical predictions for kHz-precision experiment  


•  High-quality (SNR, frequency accuracy, intensity accuracy) 
spectrum of ammonia

- Cover the whole branch with 15 MHz frequency spacing

-  Narrowband with 1 kHz frequency spacing 

•  Select the most promising rovibrational levels for observations 
of para-ortho transitions




Rigorous variational approach

Experiment: Twagirayezu, Hall, Sears, J. Chem. Phys. 145, 144302 (2016)

Theory: Yachmenev, Küpper, J. Chem. Phys. 147, 141101 (2017)
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Spin-rovibrational Hamiltonian

Sub-Doppler saturation dip profiles in the 𝑣1+𝑣3 band of NH3

rP(3,0)s pP(2,1)s



Block diagram of state-of-the-art frequency comb spectrometer

Rutkowski, Masłowski, Johansson, Khodabakhsh, Foltynowicz, J. Quant. Spectrosc. Radiat. Transf. 204, 63 (2018)

Silva de Oliveira, University of Hamburg, PhD dissertation (2018)
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Yb doped Fibre comb system

Difference frequency generation (DFG) system
Fourier transform infrared (FTIR) system

Central wavelength: 1050 nm
Repetition rate: 150 MHz
Pulse duration: ~100 fs



Difference Frequency Generation (DFG)

Ruehl, Gambetta, Hartl, Fermann, Eikema, Marangoni, Optics Lett. 37, 2232 (2012)
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Crystal: Periodically poled lithium niobate (PPLN)

Crystal structure: Fan-out

Poling-periods: from 26.15 μm to 30.65 μm

Tuning range: 3 μm to 5.1 μm 



Fourier transform spectrometer (FTS)

Masłowski, Lee, Johansson, Khodabakhsh, Kowzan, Rutkowski, Phys. Rev. A 93, 021802 (2016)
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Input

Frequency stabilised helium-neon (HeNe, SIOS SL4)
Wavelength: 632.9909178 nm
Frequency: 473612436.6 MHz

Frequency spacing (resolution): 15 MHz



Summary and outlook
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Have done in first step: 

•  Theoretical predictions for kHz-precision experiment  


• Experimental setup preparation


Next steps: 

• 15 MHz spectrum of ammonia in room temperature and cold condition


•  Refinement and addition of theoretical predictions


•  1 kHz spectrum of cold beam of ammonia


•  Predict and search for para-ortho transitions.
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Join us in Hamburg…

We are looking for motivated colleagues,  
please see https://www.controlled-molecule-imaging.org/careers 
or contact me directly.
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Overview of the theoretical approach

Yurchenko, Thiel, Jensen, J. Mol. Spectrosc. 245, 126 (2007)
Yachmenev, Küpper, J. Chem. Phys. 147, 141101 (2017)
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Vibrational transition in ammonia

Yurchenko, Barber, Yachmenev, Thiel, Jensen, Tennyson, J. Phys. Chem. A. 113, 11845 (2009)
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Raman soliton
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MIR beam profiles recorded after collimation. 
Left: focussing lens of 40 mm focal length, 
        the beam waist is about 30 μm.
Right: focussing lens with 250 mm focal length,
        the beam waist is about 200 μm. 


