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Motivation

* Proton Improvement Plan-Il (PIP-1l) requires an intensity upgrade from
4.5%x10'2 10 6.5x10'2 protons per pulse in the Fermilab Booster

« High-intensity performance may be limited by fast transverse instabilities
caused by electron cloud effects

» Is there an electron cloud present in the Fermilab Booster?

« Wil it pose a challenge in PIP-Il era Booster?
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Booster layout

« Fermilab Booster is a synchrotron that accelerates protons from 400 MeV to 8 GeV

Parameter Value
Circumference [m] 474.20
Cycle time [s] 1/15
Harmonic number 84
Number of cells 24
Transition energy [GeV] 4.2
Total intensity, N, 4.5 %x 10'2
Number of turns 20000

 Booster contains 96 combined
function magnets
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Fig. 1: Schematic of the combined function magnets.
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Fig. 2: Schematic of the F'ermilab Booster synchrotron.
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Background — Electron cloud trapping
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Antipov et al. finds that trapping in combined function magnets of the Fermi Recycler
causes an amplification of electron cloud, which leads to the 2014 instability

In a combined
function magnet, the
electron cloud
accumulates over
many revolutions,
reaching a much
higher density, than
in a pure dipole.

A clearing bunch
destroys the trapped
cloud, preventing the
accumulation.

Fig. 4: Electron cloud accumulates over many revolutions in Recycler.

The Booster also has combined function magnets; a similar effect can cause instabilities
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Notcher + Laser
0.2

Experimental technique

Single-notch
structure with
laser notcher and
the notch kicker

 Following the clearing bunch
technique, different gaps were
introduced in the bunch structure to

are aligned.
study the electron cloud effect
* |In the Booster, we have the laser Notcher Laser
notcher and the notcher kicker, which oo | |
we can misalign to create two ||| WML
different gaps instead of one Double-notch

structure with
laser notcher
misaligned from
the notch kicker by

U

« Studied the tune shift in high-intensity
and low-intensity data with these
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Experimental Set up
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Fig. 6: Scope signal includes horizontal sum and difference, vertical
sum and difference.
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Tune comparison near injection
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Horizontal data

The single notch, double-notch,
and opposite-notch look almost the
same despite the beam intensity

Change in horizontal tune in the
first few bunches is not due to
electron cloud (too large, present
in both high and low-intensity
data), but due to the notcher
kicker.

There is no visible tune shift from
the laser notcher
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Tune comparison near injection
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Vertical data

There is a tune shift from the
laser notcher in both low and
high-intensity data

There is a possibility of
impedance tune depression
effect in the vertical data, as the
lower intensity bunches (near
the laser notcher) show less of it.
Don’t have enough data to verify

The tune shift towards the end of
the bunch train in low-intensity
data is likely due to notcher
kicker
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Background - Recycler data shows electron cloud induced tune-shift along
the length of the batch
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Fig. 7: Betatron tune shift within the 80-bunch train with respect to the first bunch, measured
over 600 revolutions with a stripline detector in the Recycler.

The presence of the clearing bunch reduces the tune shift between the

head and the tail of the high-intensity bunch train

Electron cloud clearing pushes horizontal tune downward and vertical

tune upward
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Tune comparison near transition

By considering the bunches with tunes unaffected by the notcher kicker or laser notcher
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Tune comparison near transition

. By considering the bunches with tunes unaffected by the notcher kicker or laser notcher
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Electron density [m'1]
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Py EC LOU D Slmu |at|OnS Simulation parameters Value
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There is electron cloud present in the Booster
Both low and high-intensity beam shows almost the same electron cloud saturation despite their bunch structure
All three bunch structures show electron cloud reduction inside the gap

High-intensity data shows larger electron cloud reduction inside the gap compared to low-intensity data resulting in
possible larger tune shift in high-intensity data compared to low-intensity data
3% Fermilab
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Summary

From bunch-by-bunch tunes near the injection

« Change in horizontal tune is not due to electron cloud (too large, present in both high and low-intensity
data) and likely due to the notcher kicker. The vertical data also show something similar towards the
end of the bunch train

« There is a possibility of impedance tune depression effect in the vertical data, as the lower intensity
bunches (near the laser notch) show less of it. Don’t have enough data to clarify. Will try to figure out if
it is electron cloud or impedance

« There are a lot of peaks in the frequency spectrum we haven’t identified and features we don’t fully
understand

From average tune comparison near the transition

« High-intensity horizontal data shows a clear indication of the electron cloud

* High-intensity vertical data is too noisy to make a conclusion

* Low-intensity data also shows features that are consistent with the presence of electron cloud

From simulations

« There is electron cloud present in the booster

« The accumulated electron cloud density reduces with the gap resulting in possible tune shifts that have
been seen in the experimental data

We are going to continue this work to understand the data

Still, we do not know whether this will affect PIP-Il era Booster e ]
3¢ Fermilab
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Thank you!
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Backup
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Bunch behavior
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High intensity(15 turns) single (+0) horizontal ping

Bunch 1 spectrogram
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High intensity, horizontal ping
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Horizontal data

High intensity (15 turns)
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Vertical data
High intensity (6 turns)
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