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The Challenge

After an extremely rapid growth, the Electron Cloud build-up process

saturates.
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We investigate the behavior of the electrons after the saturation has
happened.
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The Effective SEY - der

Let n; be the number of electrons after i-th passage, then we define

Nit1 = Oefr,iNj.
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The Effective SEY - der

Let n; be the number of electrons after i-th passage, then we define

Nit1 = Oefr,iNj.

During build-up - therefore, by applying nji1 = desrni
recursively, we find:
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The Effective SEY - der

Let n; be the number of electrons after i-th passage, then we define

Nit1 = Ocfr,iNi-

During build-up - therefore, by applying nji1 = desrni
recursively, we find:
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The Effective SEY - der

Let n; be the number of electrons after i-th passage, then we define

Nit1 = Oefr,iNj.

During build-up - therefore, by applying nji1 = desrni
recursively, we find:
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Exponential Growth and Saturation
After a certain bunch passage the growth of the number of electrons
slows down until a saturation is reached. We, therefore, identify two
regimes: exponential growth and saturation.

=

o
}
~
o

20 40 60 80 60 g

Bunch passage 3

1e9 >

g ———— 5OE

2 40 ﬁ

& 30%
1 20
05 50 20 60 80 10

Bunch passage

10, 2019 A Study on the E-Cloud Saturation




Exponential Growth and Saturation
After a certain bunch passage the growth of the number of electrons
slows down until a saturation is reached. We, therefore, identify two
regimes: exponential growth and saturation.
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The change of regime happens in correspondence of a change in Jefr.

After saturation der ~ 1 and nj 1 = n; &~ const
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Exponential Growth and Saturation
After a certain bunch passage the growth of the number of electrons
slows down until a saturation is reached. We, therefore, identify two
regimes: exponential growth and saturation.
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The change of regime happens in correspondence of a change in Jefr.
After saturation der ~ 1 and nj 1 = n; &~ const

Why do we have a saturation? Does the emission of electrons decrease?
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Beam Shielding

At first glance, in might seem that the electrons space charge field could
be able to shield the bunch field.
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Beam Shielding

At first glance, in might seem that the electrons space charge field could
be able to shield the bunch field.
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Beam Shielding

At first glance, in might seem that the

be able to shield the bunch field.
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Beam Shielding
At first glance, in might seem that the electrons space charge field could
be able to shield the bunch field.
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Wrong: at saturation, the bunch field is still 2 orders of magnitude higher
than the electrons space charge field.

/10, 2019 A Study on the E-Cloud Saturation Mechanism 4/10




The Balance

During the exponential growth the number of emitted electrons exceeds
the number of absorbed electrons.
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The Balance

During the exponential growth the number of emitted electrons exceeds
the number of absorbed electrons.
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The Balance

During the exponential growth the number of emitted electrons exceeds
the number of absorbed electrons.
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The saturation takes place when the number of emitted electrons equals
the number of absorbed.
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The Balance

During the exponential growth the number of emitted electrons exceeds
the number of absorbed electrons.

The beam is clearly not shielded!
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The saturation takes place when the number of emitted electrons equals
the number of absorbed.



Potentials
The potential in the chamber increases with the number of electrons.

12 Emission Energy Spectrum
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Potentials
The potential in the chamber increases with the number of electrons.

12 Emission Energy Spectrum
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Electrons which are emitted with low energies don't manage to " climb”

the potential and impinge back on the wall before the new bunch passage.
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The Journey of an Electron

20th Passage 80th Passage
10.25 13.2
10.00 12.6
9.75 12.0
9.50 1143
3 ]
925 © 10.8 ©
2@ ]
9.00 S 102 S
g g
8.75 =2 96 2
8.50 9.0
8.25 8.4
8.00

Animation

A Study on the E-Cloud Saturation chanism 7/10




The Saturation

Because of the high potential, at saturation the electrons concentrate

close to the chamber wall.

0.025

0.020

0.015

0.010

0.005

0.000

This happens because the initial kinetic energy of the electrons is not high
enough for them to reach the center of the chamber.
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Electrons Time of Flight

We define the time of flight of an electron as the time interval between
emission and collision against the wall.




Electrons Time of Flight

We define the time of flight of an electron as the time interval between
emission and collision against the wall.
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Electrons Time of Flight

We define the time of flight of an electron as the time interval between
emission and collision against the wall.
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At saturation the electrons live shorter
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Electrons Time of Flight

We define the time of flight of an electron as the time interval between
emission and collision against the wall.
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At saturation the electrons live shorter

Electrons which hit the wall before the next bunch passage have high
chances of being absorbed, since they impinge on it with low energy.
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Conclusion

To summarize, the saturation happens because:
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To summarize, the saturation happens because:

® The potential increases with the bunch
passages and, thus, many electrons don't
reach the center of the chamber
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To summarize, the saturation happens because:

® The potential increases with the bunch
passages and, thus, many electrons don't
reach the center of the chamber

* A bigger fraction of electrons hit the wall
before the new bunch passage
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To summarize, the saturation happens because:

® The potential increases with the bunch
passages and, thus, many electrons don't
reach the center of the chamber
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