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Cloud Trapped in Combined Function Magnets
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Transverse beam instability in Fermilab’s Recycler
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Microwave measurements confirm the presence
of electron cloud
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Combined function dipole as a “magnetic bottle”

Cross-section of a Recycler permanent combined function dipole
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Thanks to trapping, the cloud reaches much
higher densities than in a pure dipole
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Beam energy 8 GeV

Machine circumference 3.3 km

Batch structure 80 bunches, 5e10 p
Tunes: x, v, s 25.45, 24.40, 0.003
RF harmonic number 588

RMS bunch size: x, vy, s 0.3,0.3,40 cm
Secondary emission yield 2.1 @ 250 eV

Density of ionization e 10* m (at 10 Torr)
B-field and its gradient 1.38 kG, 3.4 kG/m
Beampipe Elliptical, 100 x 44 mm




Thanks to trapping, the cloud reaches much
higher densities than in a pure dipole
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Clearing prevents the multi-turn the build-up
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Stabilization by a low-intensity clearing bunch
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Conclusion

Combined function magnets trap the electron cloud
> Trapping of the order 103 — 102 leads to multi-turn accumulation of the cloud
> The cloud reaches the densities orders of magnitude greater than in a pure dipole

o May lead to a fast transverse beam instability

Trapped electron cloud can be cleared out with a clearing bunch

o Stabilizing the beam
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Analytical model of the instability

Proton beam:
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Tune measurement agrees with the simulation
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Recycler instability at higher intensity:
first goes up and then down
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Beampipe conditioning

As an accelerator runs high-intensity beam SEY goes up immediately after the beam has
beams the secondary vyield of its vacuum been turned off
chambers decreases
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Beampipe conditioning:
hreshold goes up as the machine operates
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