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In two recent meetings (ELC2 at CERN on 1-2 March 2007 and ILC-DR Workshop in Frascati on 5-7 March 2007) I tried to find out (a) the relation between the experimentally measured input data for e-cloud modelling and the e-cloud models and (b) the effect of electron multipacting and e-cloud on vacuum chamber design.

1. Input data:

There is a number of data which were or should be provided by vacuum science, these are:

1) Photon stimulated electron emission
a) Photon distribution, diffused and forward scattered reflection
b) Photon stimulated electron yields
c) Conditioning effects due to photon irradiation
The uncertainties are the following:
· Existing data were obtained with synchrotron radiation (SR) with critical energy of 20-300 eV [
,
], while the SR at the ILC DR will have much higher critical energy: ~3 keV from the dipoles and ~30 keV from the wigglers.
· Diffused and forward and backward scattered reflection is dominated by low energy photons [
]
· Photon stimulated emission must be a function of the photon energy (i.e. different for photons from the dipoles and the wigglers)
· Photon stimulated electron yields depend on the potential gradient near the surface (increases up to 10-20 times in the presence of accelerating potential)[
]
· Photon stimulated electron yields depend on the magnetic field near the surface (decreases up to 2-20 times in the presence of the magnetic field parallel to the surface) [
]
· Choice of material: NEG coated surfaces was not well studied yet, there are no data TiN as well.

Main messages here are

· there are no data directly related to the ILC DR (i.e. measured at 3 and 30 keV),
· there are no data for NEG coated and TiN coated surfaces,

· the access to SR beamline and volunteers to perform a study are required . 
2) Secondary electron emission
a) Secondary electron yields
b) Conditioning effects due to electron bombardment.
The uncertainties here are almost the same as with photons:

· Secondary electron yields depend on the potential gradient near the surface (Most likely, similar to PEY, SEY increases up to 10-20 times in the presence of accelerating potential)
· Secondary electron yields depend on the magnetic field near the surface (Most likely, similar to PEY, SEY decreases up to 2-20 times in the presence of the magnetic field parallel to the surface)

· Choice of material: NEG coated surfaces was not well studied yet, it is still not clear what is better (i.e. lower SEY) NEG TiZrV coating or TiN coating.
2. Modelling

With a very high appreciation to the effort of e-cloud modelling, I do not intend to criticise the work performed, but I have put here a list of effect which looks to be not considered in the models.
1) PEY is a parameter which is used in the models (be aware that PEY is a model jargon name confusing many surface scientists: PEY in the model is number of photo-electrons per positron in the beam while usual meaning of photon induced electron emission yield is a number of electron per impact photon.) PEY in the models depend on vacuum chamber design (vacuum chamber cross section, choice if material, surface roughness) and therefore might be varied in a few orders of magnitude. This means that PEY should be varied parameter, not a fixed one.
2) As PEY and SEY depends on n the potential gradient near the surface that means that they both increase to a much larger value when the bunch is passing close to the emission place. This effect is not included in any model!
3) There are three sources of electrons in the electron cloud:  
a) photon induced electron emission
b) secondary electron emission
c) residual gas ionisation
d) in wigglers there might be an effect a residual gas ionisation due to intense SR 
1) If there is an electron cloud problem the main source of the electrons should be identified. These are usually either photon induced electrons or secondary electrons. 
2) Definition of e-cloud density. It is quite clear when results are shown in linear density in electrons/m. what is not always clear that how the volume density calculated:
a) The beam trouble with e-cloud within its size, electrons outside the beam are much less harmful. 
b) The e-cloud is not uniform and varies with time: high e-cloud density at the beam path is not a problem during time between two consecutive bunches. 
3) Apart the dipoles and straights with SR from dipoles and wigglers and straights with SR from wigglers one have to study the e-cloud in dipole irradiated by wigglers. 
3. Impact on Vacuum chamber design (cross section).  
There are two aspects in a vacuum chamber design:
1) Electrons multipacting in a vacuum chamber hit the vacuum chamber walls and cause the electron stimulated gas desorption. To consider the electron stimulated gas desorption one need the electrons flux to the vacuum chamber walls in           e-/(s*m)  or hits/(s*m) .
2) Clear identification of source of electrons affects the technical solution for e-cloud suppression. 
I made a vacuum model for ILC DR [
], the main conclusion is that assuming only photon stimulated gas desorption the best solution is a round vacuum chamber coated by TiZrV NEG film, because of this coating the choice of the vacuum chamber material does not affect vacuum performance, so the vacuum chamber can be made of either Al or Cu or stainless steel, based on necessary impedance, thermal conductivity or other criteria. No ante-chamber is needed for vacuum.
In the case that there is the e-cloud problem and the main source of electrons is the photon induced electron emission, the design of the vacuum chamber have to reduce it. There are a number of ways to do so:
1) Saw-tooth shaped surface (like in the LHC) 
2) Wings type antechamber (like at KEKB)
3) Antechamber with an SR absorber (like at storage rings of SR sources)
The cost goes up from first to last of these ways. It looks the it is possible to combine these solutions with NEG coatings. 
In the case that there is the e-cloud problem and the main source of electrons is the secondary electron emission, the design of the vacuum chamber have to reduce SEY. In this case, there are also a number of solutions:

· TiZrV NEG coating (the best as also the best for vacuum)

· TiN 

· Grids (Warner Bruns) 
· Electrode (Mauro Pivi and others)

· ??? 

All these solutions (except TiZrV NEG coating) will dramatically reduce vacuum performance. If pressure in vacuum chamber is high the main source of electrons could become the residual gas ionisation. Therefore, the intensive vacuum studies will be required: photon and electron stimulated desorption yields for TiN, grids and electrode materials and insulators. 

Grids and electrodes will also increase the vertical aperture of the vacuum chamber inside dipoles and wigglers which led to the higher cost of the magnets.
4.  Experiments with e-cloud.
Having in mind a huge number of difficulties and uncertainties in e-cloud modelling we might need to support by all available means the e-cloud experiments in operating accelerators. These experiments are the most valuable data and prove of all our modelling in e-cloud and vacuum. 
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