Surface

Surface of a disk: Ad = D2*PI/4 = 7*7*PI/4 = 38.5 cm2
For 3 disks, 2 faces:  6*Ad =231 cm2
For the cylindrical box: Ac = D*PI*h = 7*PI*10 = 220 cm2
Total surface A = 6*Ad + Ac =451 cm2
Gas load
1) Thermal outgassing:

Typically H2; take outgassing rate of vacuum fired and baked stainless steel q = 2E-13 Torr l/s/cm2
Total amount of H2 in 20y = A* q * 3600 * 24*365 *20 = 0.057 Torr l
Another gas present in the residual pressure could be Ar, coming from the TIG welding process of the box to the cover-plates. The evaluation of its amount is not possible, since it depends from the TIG procedure, which is done partly manually in this case. 

2) Dynamic outgassing
We assume that the relevant gases are CO and H2, which are generally dominating for electron stimulated or photon stimulated processes.

CO/CO2:
No desorption coefficients are known for particles (MIPS =no heavy ions, basically electrons and photons in the MeV range) at high energy. Therefore for CO we assume that the necessary amount of oxygen is given by the surface oxide (as assumed in TS-note-2006-002, P.Chiggiato). The assumption is rather pessimistic and will ive an upper limit for the load.
Possible oxides are Cr2O3 (stainless steel box) and Al2O3 (electrodes) and are ssumed to be 5 nm thick. The amount of oxygen atoms per unit area of Cr2O3 oxide is then:

QO/A= 3*(*N0*d*1000/(2*MCr+3MO)*3 =
=3*5210*6.02E23*5E-9*1000/(2*52+3*16) =

= 3.1E16 atoms/ cm2 
(where (=density in Kg/m3; N0= Avogadro number; d = oxide thickness in m; MCr+= atomic mass of Cr in g; MO = atomic mass of O in g)

For Al2O3 we would obtain 3.3E16 atoms/ cm2 and since we are making only order of magnitude estimates we consider only Cr2O3 everywhere. The total amount of O at disposal is therefore:

QO [atoms] = 3.1E16 *A = 3.1E16*451 = 1.4E19 atoms

QO [torr l] = 1.4E19/3.3E19 = 0.42 Torr l
This is assumed to be also the amount of outgassed CO.
H2:
Again there are no desorption coefficients for H2 at high energy of the impinging particles; looking at the desorption coefficients at low energy (ESD at 300-500eV) we observe that at low dose the desorption of H2 is roughly 3 times more intensive than for CO. Assuming that this relation ship is valid also at very high energy of the impinging particles we get for H2:
QH2 [atoms] = 4.2E19 atoms

QH2 [torr l] = 1.26 Torr l
Through the same reasoning and seeing that the ESD coefficient for methane is about oen order of magnitude lower than for CO we get:

QCH4 [atoms] = 1.4E18 atoms

QCH4 [torr l] = 0.04 Torr l
Other method to get an upper limit:
Another estimate of an upper limit can be taken from the measured number of molecules desorbed by ESD at low energy (500eV) per surface area unit from unbaked copper exposed to low energy electrons up to a dose of 1E19 electrons/cm2 (A Summary of Main Experimental Results Concerning the Secondary Electron Emission of Copper, V.Baglin, G.Vorlaufer, I.Collins, B.Henrist, N.Hilleret LHC-Project-Report-472; CERN-LHC-Project-Report-472). After this dose the desorption yield is 3 orders of magnitude lower than initially and can be neglected.
QH2/A = 6E16/cm2
QCO/A = 1E16/cm2
QCH4/A= 8E14/ cm2
Therefore for the total surface the gas load will be:
QH2 = 451*6E16 = 2.7E19 molecules corresponding to 0.82 Torr l
QCO = 451*1E16 = 4.5E18 molecules corresponding to 0.14 Torrl
QCH4 = 451*8E14 = 3.6E17 molecules corresponding to 0.01 Torr l
Two remarks should be made. First we see that the order of magnitude is the same as evaluated from the previous method using the thickness of the oxide layer and all values are slightly higher. Second, the dose in the present case is lower than 1E19/ cm2 although it will be given by particles at different energy). The total dose will be: 

Max MIP flux in BLM = 4.2E9 MIP/s/cm2
Dose in 20 years = 4.2E9*3600*24*365*20 = 2.65E18/ cm2
3) Possible solutions

It is obvious that the dynamic outgassing is by far dominating over the static outgassing. Assuming that pumping is done by NEG strips we can consider ST707 or magnetron sputtered TiZrV layers. Pumping speed is not an issue since outgassing is very slow, the main parameter to be considered is the capacity or saturation value of the NEG.

Here are some data fro materials and the corresponding length or surface needed.
	
	Capacity for CO/CO2 in 
	Capacity for H2 in 
	g of NEG
	Length or surface needed for H2
	Length or surface needed fro CO

	St707
	0.8 Torr l/m
	10 Torr l/g
	20 g/m
	0.4 cm
	32 cm

	TiZrV smooth
	3E-5 Torr l/cm2
	10 Torr l/g *
	0.001 g/cm2 *
	72
	14000 cm2

	TiZrV rough
	2E-4 Torr l/ cm2
	10 Torr l/g *
	0.001 g/cm2 *
	72
	2100 cm2


· the capacity for H2 in the NEG TiZrV layer is evaluated by using 10 Torr l/g and a film of 2 microns thickness of composition Ti30Zr30V40, and using the density as the average density of the elements
Considering that a ring of ST707 strip in the cylindrical box would be 21 cm long, the solution with the St707 seems to be feasible for pumping CO and H2; moreover, since the main limitation is for CO the getter could be regenerated by heating. The rough NEG would also be close to what ca be done for the amount of surface needed, about within a factor of 4.
However, CH4 is not pumped by the NEG; if the evaluated amount is correct CH4 will be the main limiting factor for the pressure, since it could in principle give a pressure in the 10-2 Torr range by assuming the amount of gas calculated above. This is roughly in agreement with the calculation of Chiggiato (TS-note-2006-002) where the amount of methane desorbed dynamically was about 20 times less than H2 and an ion pump was inserted to cope with the methane load.
Pumping of methane:

The electron impact ionization for methane by 1MeVelectrons is ( = 0.002E-20m2
(http://physics.nist.gov/PhysRefData/Ionization/molTable.html)

The amount of ions created by the MIPS shower per second is:

NCH4+ = I*S*V*n(CH4)*(/S
Where S is the cross sectional area where the gas is present, V is the volume, I is the current density and n(CH4) is the density of CH4 molecules.

I = 4.2E9 MIPS/s/cm2
V = 0.5 l = 500 cm3
By knowing the degassing rate of methane we can then calculate an equilibrium pressure. For this we must make assumptions on the desorption coefficient: let us assume that it is in the order of 1E-3; then  

q(CH4) = I*A*( = 4.2E9*451*0.001 = 1.9E9 molec/s 

corresponding to 5.8E-11 Torr l/s
Equilibrium density to get all the emitted particles pumped:

I*V*n(CH4)*( = I*A*(
n(CH4)= A*(/V/( = 10-5 molec/cm3
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Abstract

Published experimental photon and electron impact ionization cross sections of CH4 have been reviewed and analyzed. Absolute partial ionization oscillator strengths (f ij ) for CH4 +, CH3 +, CH2 +, CH+, H+, and H2 + have been obtained. Electron impact ionization cross sections are recommended based on agreement between the oscillator strength values derived from photoionization and electron impact measurements. Analytic functions for cross sections of CH4 +, CH3 +, CH2 +, CH+, C+, H2 +, and H+ produced by electron impact ionization of CH4 are established. The derived excitation cross-section functions are accurate from threshold to impact energies limited by relativistic effects (i.e., E < 0.2 MeV). The cross sections examined here are important for modeling Titan ionospheric chemistry
