Summer School of Vacuum Technology 2026 (SSVT 2026) will focus on
mass spectrometry covering the physical principles of the method and its
instrumentation.

Presentation of lectures in English for advanced users, doctoral students
and employees of research companies

SSVT 2026

“Mass spectrometry: Principles and instrumental
background”

25.5. - 27.5.2026
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Monday 25. 5. 2026, afternoon

1) doc. ing. Jakub Zldmal, Ph.D.

Institute of Physical Engineering, Faculty of Mechanical Engineering, Brno University of
technology, Brno, Czech Republic

Kontakt: zlamal@fme.vutbr.cz

Fundamentals of the Motion of Charged Particles in Electric and
Magnetic Fields

Introduction — history, electron optics, spectrometers, ion optics. Electric and magnetic
fields — Lorentz force, homogeneous electric and magnetic fields, their combination,
relativistic correction. Types of fields and their effect on trajectories: rotationally
symmetric fields — electrostatic and magnetic lenses, principle of focusing. Dipole field —
deflection systems, Wien filter. Quadrupole field — stigmators, strong quadrupoles.
Calculation of electric and magnetic fields — software: COMSOL Multiphysics, Agros 2D,
NGSolve, Python libraries, boundary conditions, approximations, mesh selection. Field
interpolation: bilinear interpolation, splines, FEM shape functions, field near the optical
axis. Potential expansion: trajectory equation, paraxial ray equation, imaging aberrations,
comparison with light optics. Accuracy of calculations in electron optics.


https://www.kravihora.cz/?utm_source=mapy.com&utm_medium=ppd&utm_content=hledani&utm_term=Bo%c5%99etice%20Hotel%20Krav%c3%ad%20hors&utm_campaign=firmy.cz-13066592

2) Dr. Andrew Chew

Edwards Ltd, Atlas Copco Scientific Vacuum Division, Burgess Hill, West Sussex RH15
9TW, United Kingdom

Kontakt: andrew.chew@edwardsvacuum.com

Considerations and approach in the design of vacuum systems for mass
spectrometry

Mass Spectrometry plays a major role in many scientific application areas. There is an
industry demand for continuous improvements in terms of vacuum pumping characteristics,
capital cost, cost-of-ownership, environmental impact, serviceability, safety and uptime.

This lecture will cover
- Principles of mass spectrometry
- Range and classification of different mass spectrometry techniques
- Vacuum requirements
- Chronology of bespoke developments — primary and secondary pumps and gauging
- Safety and environmental considerations
- Application examples

Tuesday 26. 5. 2026, morning

3) Mgr. Miroslav Polédsek, Ph.D.

J. Heyrovsky Institute of Physical Chemistry of the CAS, v. v. i., Department Chemistry of
lons in Gaseous Phase, Prague 8, Czech Republic

Kontakt: miroslav.polasek@jh-inst.cas.cz

lon formation and fragmentation in mass spectrometry

The lecture will focus on ion formation techniques used in mass spectrometry, which also
have applications in low-pressure measurements. The principles of electron ionization and
related techniques, such as chemical ionization and Penning ionization, will be explained.
The second part of the lecture will cover the basic concepts of ion fragmentation, including
the relationship between ion structure, internal energy, and the kinetics of their unimolecular
reactions.



4) RNDr. Jan Lérinéik, CSc.
Research Centre ReZ, Hlavni 130, ReZ, 250 68 Husinec, Czech Republic

Kontakt: Jan.Lorincik@cvrez.cz

Mass Analyzers: From Magnetic Sector to Orbitrap

Mass spectrometry is a key analytical method in chemistry, biology, and materials science,
enabling precise identification and quantification of chemical substances. The central
component of a mass spectrometer is the mass analyzer, which separates ions in space,
time, or frequency according to their mass-to-charge ratio. This presentation provides an
overview of the main types of mass analyzers—magnetic sector, quadrupole, time-of-flight
(TOF), and Orbitrap—focusing on their operating principles, performance characteristics,
and application areas. Key analytical parameters such as mass resolution, mass accuracy,
dynamic range, and scan speed will be discussed, along with current trends in the design
of new instruments.

Tuesday 26. 5. 2026, afternoon

5) Mgr. Jén Zabka, CSc.

J. Heyrovsky Institute of Physical Chemistry of the CAS, v. v. i., Space Chemistry and
Technology, Prague 8, Czech Republic

Kontakt: jan.zabka@ijh-inst.cas.cz

Mass spectrometry for space applications

Mass spectrometry is a very important analytical method for identifying unknown
substances or monitoring changes in the concentration of specific molecules. With certain
modifications, this method is also used in the analysis of extraterrestrial material.

The lecture will present applications of mass spectrometry used during past space missions,
as well as other projects currently in preparation. One of these is the HANKA (Mass
Analyzer for Space Applications) instrument, a high-resolution mass spectrometer based
on an electrostatic ion trap. Its excellent analytical parameters are based on an Orbitrap™
detection cell, which is originally a key component of commercial analytical instruments
used in biological and medical research.

HANKA aims to bring this new technology into space, where it will combine a CubeSat
space version of this high-resolution mass analyzer with a velocity/charge detector and a
hypervelocity impact ionization source.
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6) prof. Ing. Josef Cdslavsky, CSc.

Global Change Research Institute of the CAS, Laboratory of Metabolomics and Isotope
Analyses, 603 00 Brno, Czech Republic

Kontakt: caslavsky.[@czechaglobe.cz

Hyphenation of mass spectrometry with separation techniques

Introduction to hyphenated techniques, advantages of their use, coupling problems due
to different working pressures. Tandem mass spectrometry (MS/MS, MS"), historical
development, ion fragmentation methods, product ion scan, precursor scan, constant
neutral loss scan, selected reaction(s) monitoring (SRM/MRM). Gas chromatography -
mass spectrometry (GC-MS), technical problems, historical development and present
state, ionization techniques, analyzers, detectors, data registration (full spectra, monitoring
of selected ion(s), monitoring of selected reaction(s). Liquid chromatography - mass
spectrometry (LC-MS), technical problems, historical development and current state,
ionization techniques, compatibility of mobile phases. Minority tandems: Capillary
electrophoresis-mass spectrometry (CE-MS), ion chromatography-mass spectrometry (IC-
MS). Isotope Ratio Mass Spectrometry and specifics of its hyphenation with separation
techniques.

Wednesday 27. 5. 2026, morning

7) prof. RNDr. Stefan Matejéik, DrSc.

Department of Experimental Physics, Faculty of Mathematics, Physics and Informatics,
Comenius University Bratislava, Slovakia

Kontakt: matejcik@fmph.uniba.sk

Application of Dopants in Atmospheric Pressure Chemical lonization
(APCI) for lon Mobility Spectrometry.

lon Mobility Spectrometry (IMS) is a spectrometric method based on the drift of ions in an
electric field in gases. This spectrometric method has found applications in various fields
such as security control in the civilian and military sectors, environmental monitoring,
industrial processes, as well as in analytical methods combined with other spectrometric
techniques like mass spectrometry or chromatographic methods. The advantages of IMS
includes its high sensitivity (ppm-ppb), speed, robustness, relative simplicity, and cost-
effectiveness.

The application of the IMS technique is strongly influenced by the ionization method. The
most commonly used methods are radioactive sources, APCI, and photoionization sources.
In all these ionization techniques, the method of modifying ionization processes using
suitable dopants is employed, which can effectively influence the ionization process,
sensitivity and separation efficiency of IMS spectrometers. The lecture will focus on the use
of dopants and their application in various fields



8) Michal Lacko, Ph.D.

Thermo Fisher Scientific Brno s.r.o., Vlastimila Pecha 1282/12, 627 00 Brno, Czech
Republic

Kontakt: michal.lacko@thermofisher.com

Technology and applications of soft chemical ionization: SIFT-MS and
PTR-MS

Selected lon Flow Tube Mass Spectrometry (SIFT-MS) and Proton Transfer Reaction Mass
Spectrometry (PTR-MS) enable real-time, high-sensitivity detection of trace volatile organic
compounds (VOCSs) in air using soft chemical ionization, which minimizes fragmentation
and preserves molecular information. Their rapid, quantitative response supports diverse
applications, including homeland security (explosives and threat agent screening), health
and clinical diagnostics (breath analysis and biomarker monitoring), and environmental
monitoring (air quality, emissions, and atmospheric chemistry).

Within this talk, we will cover

1. Foundations of soft chemical ionization: reaction mechanisms, reagent ions, kinetics,
and quantitative principles.

2. Technology development: evolution from laboratory instruments to robust, field-
deployable systems; advances in sensitivity and selectivity.

3. Application case studies: real-time VOC profiling, source apportionment, and decision
support in operational settings.

4. Current challenges and future directions: compound specificity, humidity effects and
method standardization.

Attendees will gain a clear understanding of how SIFT-MS and PTR-MS deliver rapid,
actionable VOC measurements and where these tools are poised to make the greatest
impact.
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