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Abstract: | will talk about the applicability of a new kind of gas sensor based on Rydberg excitations. From a gas mixture the molecule in question is

excited to a Rydberg state. By succeeding collisions with al other gas components this molecule ionizes and the emerging electrons can be
measured as a current.
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Optogalvanic Detection of CW Rydberg Excitations
in Thermal Nitric Oxide

Patrick Kaspar, Fabian Munkes, Philipp Neufeld, Lea Ebel, Yannick Schellander,
Robert Low, Tilman Pfau, and Harald Kiibler

University of Stuttgart, 5" Institute of Physics

——

*wresrreo o M g cQsimal @ DIF

SCIENCE AND TECHNOLOGY

TR AN

Pirsa: 22070019 Page 3/46



HENTENT ey e e ]
Motivation

I Targeted application: Breath gas analysis

M. Jorissen et al., Allergy 56, 1026 ( 1]
American Journal of Respiratory and Critical Care Medicine 171, 912 (2005)
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Motivation
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Motivation

I Targeted application: Breath gas analysis

I Why nitric oxide?
» Signaling inflammatory diseases
~ Blood pressure regulation
# Immune system
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Motivation

I Targeted application: Breath gas analysis

I Why nitric oxide?
» Signaling inflammatory diseases
~ Blood pressure regulation
# Immune system

B Human and Other SpeCImen hnps!gas-—dnnmund,de:‘lndx—gas,php'?lc‘ln 1&spath-420 04.03.2019
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M. Jorissen et al., Allergy 56, 1026 ( )
American Journal of Respiratory and Critical Care Medicine 171, 912 (2005)

Pirsa: 22070019 Page 9/46



HENTENT ey e e ]
Motivation

I Targeted application: Breath gas analysis

I Why nitric oxide?
» Signaling inflammatory diseases
~ Blood pressure regulation
# Immune system

" Human and other specimen
» THumans exhale between 1-2000 ppb
» Large gas volumes needed

https://hiox_stanford .edu/highlighttoenail-trim-saves-lab-mice-common-life-
[ T ll!." | threatening-skin-condition, 04.03.2019

ssen et al., Allergy 56, 1
Journal of Respirato al Care Medicine 171, 912 (2005)
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Motivation
week ending

PRL 110, 123002 (2013) PHYSICAL REVIEW LETTERS 22 MARCH 2013

Electrical Readout for Coherent Phenomena Involving Rydberg Atoms in Thermal Vapor Cells

D. Barredo, H. Kiibler, R. Daschner, R. Low, and T. Pfau

5. Physikalisches Institut, Universitdit Stuttgart, Pfaffenwaldring 57, 70550 Stuttgart, Germany
(Received 28 September 2012; published 21 March 2013)
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Sensing Principle

'J. Schmidt et_ al. Applied Physics Letter 113,011113 (2018)
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Sensing Principle

I Gas sensor' developement
requires:

'J. Schmidt et_ al. Applied Physics Letter 113,011113 (2018)
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Sensing Principle

I Gas sensor' developement
requires:
» Precise knowledge about
involved states including
State substructure

'J. Schmidt et_ al. Applied Physics Letter 113,011113 (2018)
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Sensing Principle

I Gas sensor' developement
requires:
» Precise knowledge about
involved states including
State substructure

I Opimization of excitation path

'J. Schmidt et_ al. Applied Physics Letter 113,011113 (2018)

Pirsa: 22070019 Page 15/46



Experimental Setup
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Experimental Setup

i Doppler-free saturation =5 F=200
spectroscopy Q1 )

» Pump: 4 mW, Probe 0.4 mW
» Pressure: 0.023 mbar
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Experimental Setup

i Doppler-free saturation =5 F=200
spectroscopy Q1 )
» Pump: 4 mW, Probe 0.4 mW
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Experimental Setup

I Doppler-free saturation F=5 F=200
spectroscopy OG D
» Pump: 4 mW, Probe 0.4 mW
» Pressure: 0.023 mbar
Actively stabilized laser power L "_
Detection via lock-in amplifier pel L]y .
: P Stabilization Detector
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High resolution spectroscopy of the NO groundstate transition
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High resolution spectroscopy of the NO groundstate transition
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High resolution spectroscopy of the NO groundstate transition
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High resolution spectroscopy of the NO groundstate transition
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Theoretical Treatment
F
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Theoretical Treatment
F
__________ I I 115
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Theoretical Treatment
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Analysis — Determination of molecular constants
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Analysis — Determination of molecular constants

I Theoretical description via empirical constants
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Analysis — Determination of molecular constants

I Theoretical description via empirical constants O
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Analysis — Determination of molecular constants

Theoretical description via empirical constants O
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Further resolution increase

Constant This work  Ref. [35]

! Very good agreement between our and 2 5.29(53)  5.59(64)
previous measurement b 41.06(9)  41.66(51)
eQg  —T7.31(12) —7.31(23)

by 42.82(26)  43.52(30)
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Further resolution increase
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Further resolution increase
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Further resolution increase
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Further resolution increase
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Investigation of the current signal
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Cell with onboard amplifier
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Investigation of the current signal

Power sweep
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Investigation of the current signal

Power sweep Voltage sweep Pressure sweep
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First CW Stark Map
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Outlook

! Rydberg Stark-Effect measurements: Analysis of Rydberg states and assignment

! Test measurements NO in N2 and first human breath samples
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Outlook

I Rydberg Stark-Effect measurements: Analysis of Rydberg states and assignment
! Test measurements NO in N2 and first human breath samples
!l Optimization of detection efficiency and Signal to noise ration

» Modulation of red or green laser
» Lock-in amplifier l
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LRI T TR
Outlook

! Rydberg Stark-Effect measurements: Analysis of Rydberg states and assignment
! Test measurements NO in N2 and first human breath samples
I Optimization of detection efficiency and Signal to noise ration

» Modulation of red or green laser 0
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» Lock-in amplifier SRty — l
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