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Two operation modes

Fast Extraction (FX) Slow Extraction (SX)
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Electron Cloud appears . ..

FX mode
after large modification of vacuum components (usually long shutdown)
accompanying vacuum pressure rise,
scrubbing run of a few days is effective to reduce the pressure rise
Nno issue during routine operations
Beam intensity will increase from 2.5x10' ppp =2 3.3x10' ppp in future
e-cloud is not foreseen because of higher incident e~ energy

SX mode
at the debunching process at the flat-top
accompanying vacuum pressure rise,
connection to transverse instabilities is not clear (only one sample)
very slow decrease of the electron signal ~ a few % reduction / year
still potential risk
Beam intensity will increase from 5.5x1013 ppp = 1.1x10' ppp in future



Electron cloud detectors (ECD)

Figure 1: The ECD installed at MR of J-PARC.
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Figure 2: Schematic view of the ECD at J-PARC MR. Cour-
tesy of R. J. Macek.
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FCT signal Electron cloud detector signal
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SX mode

EC at the debunching process at the flat-top
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Beam conditions where EC appears

- ; ; - ' ' Injection at RF phase
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EC presence depends on Larger RF phase results longer bunch
the RF phase at MR injection length before debunching.

and the beam intensity / beam power
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Figure 4: The beam current signals for events with and without electron cloud in the time
domain, top and bottom left, respectively. The corresponding Fourier transform plots are
shown in right side in the same order.



Simulation for SX mode (debunching
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Figure 1: The total SEY (6;01a1, green solid line) is the sum Figure 4: The comparison of the total electrons generated

of the contribution for the elastic part (deiastic, blue dot line) by the four intensities simulated at the two different times

and the true secondaries (6;rue, red dot line). (5 ms and 75 ms after P3). The model used a § = 1.6 and
Enax =200 eV.



Simulation for SX mode (debunching)

Simulation

with the sinusoidal beam density modulation
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“Multipactor condition” may be satisfied



-lectron frequency and instability threshold

e Electron frequency bounded in proton beam potential
A7y’

(o, + 0y)0y

* ©y =0, ,=32MHz (2.8x10%3ppp), 40 MHz (4.2x10*3ppp) for
G,,=/.omm.

* A,=averaged proton line density=1.8x101-2.7x101m"1,

« These frequencies are consistent with the electron
amplification in the previous page.
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Simulation for SX mode (debunching)
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Figure 1: The total SEY (00741, green solid line) is the sum
of the contribution for the elastic part (6.;45¢ic, blue dot line)
and the true secondaries (0;,,¢, red dot line).

* Seed: lonization Gas™ (H was used as residual
gas).

* Beam profile: FCT measurements at SX mode.

*SEY: 6=1.7, Emax= 287 eV, Ro=0.8.

* Tracking simulations: 15 turns.



Result of the EC simulation
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Figure 5: Left: the beam current; right: the comparison of the electron flux signals

measured (green dot line) and the simulated (blue dot line). The values corresponded
at 75 ms after the beginning of debunching.



Peak flux (A/cm”2)

Time evolution of the EC
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Trend is reproduced.
This suggests the longitudinal beam profile affects the EC growth.

The discrepancy may come from the estimation error of detector efficiency efc.



Simulation for FX mode

Parameters

0=1.7.

Emax= 300 eV.

Ro = 1.

Proton per bunch~ 4.2x1013. (Bunch length ~ 54 ns)
Measured longitudinal profile by Fast CT

Tracking turns = 6.



Proton density vs Electron density
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Electron cloud density is very small comparing to the proton density.



- lectron energy distribution
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« Measurements

v SX mode:

v FX mode:

Summary

EC appears during debunching process.
EC and vacuum pressure rise in the whole ring.
Larger initial RF phase offset suppresses the EC growth.
possible scenario:
- suppresses longitudinal coupled-bunch oscillation
- smoother debunching
- no EC

EC only appears after vacuum component modification.
EC & vacuum pressure rise decrease after a few days.



« Simulation

v' SX mode:

v FX mode:

EC growth is reproduced with spiky beam profiles.
Details of the spiky beam profiles affects the EC growth

Beam profile structure around 40 MHz seems to satisfy
multipactor condition at the beam intensity ~ 4x1013 protons.

EC estimated to be negligibly small with the beam profile
at 4.2x1013 p/bunch, 8 bunches.
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Model for low electron energy
PyECLOUD

. -— G. Landarola. PhD Thesis, CERN-THESIS-2014047.
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Spectrum energy secondary
electrons
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Observation of the instability

One event during SX mode
Transverse instability triggered the e-cloud or vice versa = not clear

Beam intensity = 5.5 1013 protons (51 kW)

Electron cloud signals larger than normal shots
Beam loss MPS stops the operation
Pressure rise larger than normal shots

Vertical oscillation observed
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