CE/RW
\

N/ S

Studying the Nature of UFOs 2.

Dust Charging and Orbital Dynamics

P. Bélanger, B. Lindstrom, D. Wollmann

23/04/2021



Quick Recap

Since the end of Run Il, multiple studies on UFO Dynamics:

« P. Bélanger et al.: Charging mechanisms and orbital dynamics of charged dust grains in the LHC (to be submitted, PRAB)
« B. Lindstrom, P. Belanger et al.: Dynamics of the interaction of dust particles with the LHC beam (PRAB, 2020)
« B. Lindstrom et al.: Results of UFO Dynamics Studies with Beam in the LHC - CERN Document Server (IPAC, 2018)

« P. Bélanger et al.: Progress report : UFO Dynamics studies - CERN Document Server

: : . : Validated UFO dynamics with b-by-b measurements
Validated beam loss simulations with FLUKA , — s : — — ,
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https://cds.cern.ch/record/2670287
https://cds.cern.ch/record/2721906?ln=en

The UFO problem in the LHC Beam-dust nieractions

(well understood)
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Dust grains in particle accelerators

* Intensity drops in electron storage rings
(TRISTAN, CESR, HERA, DORIS)

 Pressure bursts in the SuperKEKB positron
storage ring

« Sporadic beam losses as well as magnet
guenches in the LHC proton beam

What can explain their interaction with both
p*and e  beams?
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Dust grains outside of accelerators (i.e. in outer space)

Lots of research on the charging of cosmic dust.
Can it equally apply to particle accelerators?

L N

Surveyor 7: 1968-023T06:21:37

D. A. Mendis (2002)
“Progress in the Study
of Dusty Plasmas”

Ultra-high vacuum Yes Yes

High energy photons Synchrotron Radiation Mostly from the Sun
Free electrons Electron clouds Yes (plasma sheet)
Free ions No Yes (plasma sheet)
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Dust Charging Mechanisms | ¢= == AT

» Electron collection, negative current Q\_\ ;
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Equilibrium surface potential

« Equilibrium is found from the balance of the currents

« With fixed environmental conditions (synchrotron rad + e-cloud), _
depends electron energy spectrum ; Je _I_ JS _I_ Jhl/ - O

* In most conditions, low energy electrons will dominate
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Equilibrium surface potential

« Equilibrium is found from the balance of the currents

« With fixed environmental conditions (synchrotron rad + e-cloud), _
depends electron energy spectrum ; Je _I_ JS _I_ Jhl/ - O

* In most conditions, low energy electrons will dominate
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Equilibrium surface potential (take 2)
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Equilibrium surface potential (take 2)
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Orbiting Dust grains

From previous slides, the conclusion is
that grains become:

« Positively charged in presence of low
density e-cloud (e- storage rings)

* Negatively charge in presence of high
density e-cloud (LHC)

Hence, the charge accumulated tends to be

opposite to the one of the beam!
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Logarithmic potential
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Shape parameter

S§S=-10x10""vm?

- TS 4 ) Can be used to describe
o L E — EC circular orbits as well as
< e R = trajectories falling into
- L 2K¢>?c y the beam (typical UFO
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Adding beam-dust interactions

e Beam (1o —40)

e~ beam

The grain is ionized (positive current).
--==No beam-dust interaction
Dynamics is consistent with historical observations in:
e e-storagerings
« The LHC

—— p ™ beam

Note: In this p+ example, the grain switches polarity
due to beam-dust interactions

Important result: the trajectory can be described by a
succession of orbits with instantaneous stiffness and
shape parameter!
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Beam losses

Analytical result without beam-dust interaction
(instantaneous value)

In this example, the grain is
ionized but remains negatively ,  £=0.10
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Beam losses in the LHC?

« Comparable amplitude (1e10
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Conclusion

« There are hundreds of papers treating charged dust grains in vacuum environments
outside of the LHC. Let’s use them.

 Charging currents from e-clouds and synchrotron radiation allows to obtain:

« Positive dust grains in low e-cloud density environments (e- storage rings)

« Negative dust grains in high e-cloud density environments (LHC)

« Orbital dynamics can be well described with:
* Grain Stiffness

» Shape parameter

« Orbital dynamics is consistent with historical observations in e- storage rings and the LHC!

« With charge-to-mass ratios above 102 C/kg, radial period of oscillation is consistent with
multipeak events from LHC Run Il
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