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The Zurich Project

➢ Pulsed Townsend at ETH Zurich
➢ Expertise in cross sections at CERN
➢ 1 PhD position dedicated to extracting
cross sections from alternative gases

Collaborators: Guida R, Mandelli B, Veenhof R,
Verwilligen P, Franck C, Stocco D, Metting van Rijn
M, and Biagi S.

Inofficially christened Zurich Project. See slide from Abbrescia M 2025 5th DRD1 �
Grant number 212060 2025 Swiss National Science Foundation �
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https://indico.cern.ch/event/1543925/contributions/6554869/attachments/3088980/5470253/Abbrescia@DRD1June25.pdf
https://data.snf.ch/grants/grant/212060
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First Meeting with Stephen

Platform 14 Glasgow Central

Protective laptop sleeve

Loyal customer

networkrailmediacentre.co.uk � thegrocer.co.uk � retail-week.com � 3/22

https://www.networkrailmediacentre.co.uk/resources/ap-7089
https://www.thegrocer.co.uk/news/tesco-scraps-5p-single-use-bags-for-10p-bag-for-life/556206.article
https://www.retail-week.com/department-stores/john-lewis-launches-500m-rental-homes-joint-venture/7042810.article


Comfy Place to Study
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Two Cappuccinos Later (∼ 1 hour)

➢ Complete theory on
extracting vibrational
excitation cross sections.

➢ Me, first year PhD student, completely overloaded.
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Caffeine and Vibrations

chem.libretexts.org UC Davis Libary �
Irina Kryvasheina Vecteezy � 6/22

https://chem.libretexts.org/Courses/University_of_California_Davis/UCD_Chem_002CH/Text/UNIT_IV:_MOLECULAR_SPECTROSCOPY/20.2:_Vibrations_and_Rotations_of_Molecules:_Infrared_and_Microwave_Spectroscopy
https://de.vecteezy.com/png/23522886-cappuccino-kaffee-tasse-ausgeschnitten


Vibrational Excitation in Polyatomic Molecules
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In atomic units and no resonances

Figure: Vibrational excitations in SiH4

➢ Born approximation
➢ Dipole approximation

Itikawa, Y 1997 International Reviews in Physical Chemistry 16.2 155-176 �
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https://doi.org/10.1080/014423597230253


Dipole Approximation

degustateruel.com/it � 8/22

https://degustateruel.com/it/blog/curiosidades/tipi-di-porcini-quali-sono-e-quanti-ne-esistono


Record Harvest on the 10th September 2024
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Rotational Excitation in Arbitrary Symmetry

σJ→J+1 = PJ
8π
3k2
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J Total angular momentum
PJ Level population
k0 Initial electron wave vector
k Scattered electron wave vector
D Static dipole moment

➢ Born approximation
➢ Dipole approximation
➢ Rigid rotor

In atomic units and no resonances

Takayanagi, K and Itikawa, Y 1970 Advances in Atomic and Molecular Physics 6 105-153 �
Massey, H 1932 Mathematical Proceedings of the Cambridge Philosophical Society 28 99-105 � 10/22

https://doi.org/10.1016/S0065-2199(08)60204-3
https://doi.org/10.1017/S0305004100010537


Combining Rotational and Elastic

Molecule Bmax (cm−1) Erot (meV)
H2O 28 3.5

R134a 0.2 0.02
C2F6 0.1 0.01
C3F8 0.06 0.007

➢ Rotational spacing small
➢ Dipole moment is large

B = h
8π2cI

I moment of inertia.
Erot ≪ ⟨E⟩avg, almost hard sphere (elastic)

CCCBDB, 2022 NIST Standard Reference Database Number 101 �
Golf.com Titleist pro v1x 2025 �
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https://cccbdb.nist.gov/rotcalc1x.asp
https://golf.com/gear/golf-balls/titleist-2025-pro-v1-and-pro-v1x-golf-balls-4-things-to-know


A Passion
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Rotational Excitation Cross Sections in Water Vapor

Total scattering cross section

Itikawa, Y Journal of Physical and Chemical reference data 34.1 (2005): 1-22. �
Biagi, S Water vapor. Plot generated with Garfield � 13/22

https://doi.org/10.1063/1.1799251
https://garfieldpp.web.cern.ch/magboltzcs/#cross-sections-used-by-magboltz


Understanding Electron Transport in CF4

Slide from Janssens D 2025 5th DRD1 18th June �
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https://indico.cern.ch/event/1543925/contributions/6554869/attachments/3088980/5470405/CF4_DjunesJanssens.pdf


An Interplay of the Ramsauer Minima and Vibrations

1: Ar elastic, 2: CF4 elastic, 3 and 4: CF4 vibration

Swarms with mean energy confined to
Ramsauer minima are fast.

➢ Rotational spacing small B → 0
➢ Weak coupling to electron D = 0
➢ s-wave scattering, δ0 = nπ
(Ramsauer minima)

D = 0 ≠⇒ Deep minima. Necessary
but not sufficient, counterexample (CCl4)

Bordage, M CF4 Bordage database �
Biagi, S Ar Magboltz �

Plot generated on LXCat �
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https://magboltz.web.cern.ch/magboltz
www.lxcat.net


Higher Mean Energy ̸= Higher Drift Velocity
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Figure: Solid lines are drift velocities, dashed line is mean energy.
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’Always Hide the Covers of Physics Textbooks’
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Ionization Impact Collision Cross Section

Figure: Cross section in Å2 as function of
incident electron energy in eV.(CF3)2CFCN

Ranković, Milos, et al. Physical Chemistry Chemical Physics
21.30 (2019): 16451-16458.

Kim, Yong-Ki, and M. Eugene Rudd. Physical Review A 50.5
(1994): 3954.

Mott Bethe
Electron-Electron collision σ ∼ (log E)/E for E → ∞

Binary-Encounter-Bethe theory (BEB) combines

σBEB(t, u) = S
t + u + 1

[ log t
2

(
1 − 1

t2

)
+ 1 − 1

t − log t
t + 1

]

t = E/B, u = U/B, S = 4πa2
0NR2

y /B2,

E Electron energy
Ry Rydberg energy
N electrons in subshell (qt. nr. l)
B Binding energy
U ⟨p2⟩/2me in subshell
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Resonances in Vibrations and Attachment Are Related

Massey and Burhop 1952 The International series of monographs on physics Oxford, Clarendon press p. 225 �

19/22

http://catalogue.bnf.fr/ark:/12148/cb324279169


Finishing Steve’s Last Work

Figure: Preliminary results for HFO1234ze(E) cross section.

Metting van Rijn M et al 2026 In preparation 20/22



A Lasting Impression

➢ Supportive, attending talks

➢ Providing honest and helpful feedback

➢ Made me want to continue in this field
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Stephen Francis Biagi (1949-2025)

A dedicated mushroom hunter, golfer,
father, and an inspiring physicist.
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