
Ion scattering on residual gas 

Sergei Nagaitsev

Dec 1, 2022



Fermilab IOTA ring (40-m circumference, 
50 – 150 MeV/c momentum range)

• Present status: operating with relativistic electrons (~100-150 MeV)

• This proposal: add a 50-keV (120-MeV/c momentum) 171Yb+ ion source, 
install counter-propagating lasers for Doppler laser cooling and extra ion 
diagnostics.

50 keV 171Yb+ ions

Rev. freq.: ~6 kHz
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Ion parameters
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Charge-exchange cross section (example)

• From: Detection of Energetic Neutral Atoms, Peter Wurz

http://wurz.space.unibe.ch/paper_bad_honnef.pdf
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Lifetime estimates

• Assume that the main loss mechanism is the charge 
exchange with residual (neutral) atoms/molecules:

– A+ + B → A + B+

– In our case the kinetic energy is about 300 eV/nucleon

– Cross-section is estimated at 1e-16 cm-2
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Residual gas parameters

• Typical composition: N2/CO and H2

• T = 300 K

– Ave. velocity: 5e4 cm/s (N2) and 2e5 cm/s (H2)

– Thus, the thermal velocities are much smaller than Yb+ ion 
velocity (2.4e7 cm/s) at 50 keV
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Coulomb scattering between Yb+ ions and neutral molecules

• Consider the minimum approach distance between nuclei 
Yb (Z = 70, A1 = 171) and N2 (z=7, A2=28), H2 (z=1, A2=2)

– In the CM frame, Yb is almost stationary.

– Nitrogen:

– Hydrogen: 

– It looks like the minimum approach distance is about equal to 
the atomic size, thus the Coulomb interaction is highly 
screened by atomic electrons.
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Small-angle Coulomb scattering in accelerators
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•Emittance growth due to multiple scattering (standard formula) 

where                                           is set by atom size 

and

is set by nuclear size or the ring acceptance 

This formulas may not be applicable in our case since Yb+ ion velocity is small: Z 
https://www.sr-niel.org/index.php/sr-niel-long-write-up/protons-and-ions-scattering-on-screened-coulomb

https://www.sr-niel.org/index.php/sr-niel-long-write-up/protons-and-ions-scattering-on-screened-coulomb


Scattering by polarized neutral atoms
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This might be an important mechanism in our case (50 keV Yb+ ions)


