Estimate of total amount of desorbed gas on ionization chambers (beam loss monitors for LHC):

Two types of desorption should be considered in order to estimate the chamber pollution after 20 years: the thermal desorption and the particle induced desorption.

Thermal desorption:

For thermal desorption we use the outgassing rate for cleaned and baked Aluminum integrated over 20 years and the approximate area and volume of the chamber. 

An area of 5650 cm2 is calculated (30 plates, 10 cm diameter; cylindrical box of 10 cm diameter, 30 cm length) for a volume of 2.3 l. The area is dominated by the surface area of the plates.

	thermal desorption
	Data/results
	 units
	 remarks

	outgassing rate
	1x10-13
	mbar l/s/cm2
	 baked Al 

	outgassing over 20Y
	0.4
	mbar l
	

	impurity level
	1.6x10-4
	
	


The resulting relative amount of impurity is in the 10-4 range but consists mainly of hydrogen, CO being 2 orders of magnitude lower and CO2 even less after 60h pumping. Oxygen and water will be in negligible amount for a baked system.

	particle stimulated desorption (general)
	remarks

	releasable gas
	7x1016
	molec/cm2
	mainly CO and CO2 

	total releasable gas
	4.0x1020
	molec
	

	
	1.6x101
	 mbar l
	

	maximum impurity level
	7.1x10-3
	
	


Particle induced desorption:

Assuming that all the available CO impurities from a chemically cleaned Al surface (data not available for baked surface) are degassed we get 10 times larger total amount of impurities than for thermal outgassing and even more if we consider hydrogen desorption. Therefore the particle induced desorption could potentially give higher pollution by releasing this amount of gas. We try two estimates, for electrons and photons. The values obtained should betaken only for the order of magnitude.

Ions:

The ions from the working gas generated by the operation of the chamber can be neglected. Their mean free path at 1 bar pressure is very short and their energy gain with the applied potential is very low (less than 1eV), so that they cannot induce gas desorption from the walls of the ionization chamber.   

Electrons:

If we assume that all the particles (MIP) are electrons at 1-10MeV we must estimate the electron stimulated desorption yield, since no data are available at this energy. We assume that the desorption yield scales with the secondary electron yield (SEY). This can be justified by the arguments that the desorption is caused by the interaction of rather low energy electrons (some 100 eV) with the adsorbed molecules and the details of the energy spectrum of low energy electrons is independent of the energy of incident particle. Moreover we assume the worst case, i.e., the electron passes through all plates and desorbs on all 30x2 surfaces. In fact taking the stopping power at 1-10MeV of about 1-2 MeV g/cm2 we see that 1 cm of Al (density 2.7 g/cm3) stops already many electrons at 1-2 MeV kinetic energy. A better estimate needs to consider the wall thickness of the container, the plate thickness and the electron energy spectrum.

	Desorption from electrons at 1-10MeV (assume all MIP are electrons)

	
	Data/results
	units
	remarks

	SEY Al  1 KeV (order of mag)
	1
	
	

	SEY Al 1-10 MeV
	0.03
	
	0.03  at 100KeV,  [Seiler] 

	
	
	
	0.035 at 10 MeV [Angelov]

	
	
	
	0.04 at 10 MeV [Vit'ko]

	ESD yield at 1 KeV
	0.05
	
	

	ESD yield at 1-10 MeV
	0.0015
	
	

	
	
	
	

	MIP dose BLMA/BLMS
	1.0x1014
	partic/cm2
	

	Resulting secondary e-
	1.8x1014
	e-/cm2
	

	Impurity desorbed
	1.5x1011
	molec/cm2
	

	Total area (particle passing all the plates)
	5650
	cm2
	

	
	
	
	

	total 
	8x1014
	molec
	

	total 
	3.5x10-5
	mbar l
	

	impurity level
	1.5x10-8
	
	negligible

	
	
	
	

	MIP dose BLMC
	1.0E+19
	partic/cm2
	

	Resulting secondary e-
	1.8E+19
	e-/cm2
	

	Impurity desorbed
	1.5E+16
	molec/cm2
	

	Total area (particle passing all the plates)
	5650
	cm2
	

	total 
	8.5x1019
	molec
	almost all desorbed

	total (mbar l)
	3.5
	mbar l
	compatible with the SEY conditioning at dose 1018 e/cm2 [Hilleret]

	impurity level
	1.5x10-3
	
	high


Photons :

The second case considered here consist in assuming that all the MIP are photons of the energy 10MeV. The interaction of the photons with Al produces electrons through decay via electron-positron production (pair-production) and through Compton scattering. The coss section for both processes is similar in that energy range (photoemission is negligible). The attenuation coefficients for photons decaying in pair-production are given below. We assume that each photon produces one pair only and the electrons produced in this way have energies in the 1MeV range (kinetic energy remaining from the original energy of the photon, which is totally absorbed) and we make again the approximation that the desorption yield scales with the SEY. 

No estimate is made based on Compton scattering, since we are not able to model the energy distribution of the electrons produced in this way, however, even the worst case of electrons in the 100-1KeV range would not be an issue for the low dose chambers BLMA/BLMS.

	Desorption from photons (assume all MIP are photons)

	attenuation coef  at 10MeV
	0.01
	MeV cm2/g
	in Al pair production

	attenuation coef  at 1MeV
	0.06
	MeV cm2/g
	in Al Compton scattering

	attenuation coef  at 100 keV
	0.17
	MeV cm2/g
	in Al Compton scattering

	
	

	Assume 10MeV  photons can produce one pair only: 

Number of electrons = number of photons used
	

	e-/photons after 1 mm Al
	0.002696
	e-/ph
	

	
	
	
	

	MIP dose BLMA/BLMS/cm2
	1.0E+14
	ph/cm2
	

	Resulting  e- at MeV range
	2.7x1011
	e-/cm2
	

	ESD yield at 1-10 MeV
	0.0015
	 see above
	

	Impurity desorbed/cm2
	4.0x108
	molec/cm2
	corrected for particle passing 

all plates

	total 
	2.3x1012
	molec
	

	total 
	2.5x10-8
	mbar l
	

	impurity level
	4x10-11
	
	negligible

	
	
	
	

	MIP dose BLMC/cm2
	1.00E+19
	partic/cm2
	

	Impurity desorbed/cm2
	4.0x1013
	molec/cm2
	corrected for particle passing 

all plates

	total (molec)
	2.3x1017
	molec
	

	total (mbar l)
	2.5x10-3
	mbar l
	

	impurity level
	4x10-6
	
	low, not negligible


Conclusion:

The thermal desorption produced impurities can remain at an acceptable level if the materials are properly cleaned (quality of CERN standard cleaning for UHV applications) and the chamber is baked under vacuum before filling with the working gas. The last operation is mandatory to ensure a negligibly low amount of water outgassing. 

Particle induced desorption is an issue for chamber receiving a large dose as the BLMC, at least if one considers electrons and photons. The situation is particularly bad for electrons. For such chamber a further treatment is probably necessary, as for instance glow discharge processing in situ during the filling process. Note that in this case suitable shape of the insulators holding the plates is necessary in order to avoid insulator coating by any metal sputtered during the processing. Some time delay might be considered due to the fabrication of custom-made insulators. 

As a general remark the pre-requisite to the pumping, baking, …. procedure is leak-tightness: a systematic He-leak-testing of all the chambers should be performed before baking. 

The possible testing of the outgassing levels can be done (EST-SM) by pumping some prototype chambers and analyzing and quantifying the gas accumulated in the chamber after some period of time.
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