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Abstract 
Ion induced pressure instability is a potential problem for 
the ILC positron damping ring (DR) if the chosen 
pumping scheme does not provide sufficient pumping. 
The ion induced pressure instability effect results from 
ionisation of residual gas molecules by the beam particles, 
their acceleration in the field of the beam towards the 
vacuum chamber walls, causing ion induced gas 
desorption from vacuum chamber walls; these gas 
molecules in their turn can also be ionised, accelerated 
and cause further gas desorption. If the pumping is 
insufficient, this effect may cause a pressure instability, in 
which the pressure in the beam chamber grows rapidly to 
an unacceptable level. To analyse the ion induced 
pressure instability in the ILC positron DR the energy 
gained by ions was calculated for the appropriate beam 
parameters; it was found that the energy gain of ions will 
be about 300 eV. The ion induced gas desorption was 
estimated, and pumping solutions to avoid the ion induced 
pressure instability are suggested. The cheapest and most 
efficient solution is to use NEG coated vacuum chamber. 

INTRODUCTION 
The ion induced pressure instability was firstly observed 
at CERN in 1973 as an effect limiting the beam current in 
the ISR [1-3]. This effect and its key parameters were 
intensively studied in the following years [1-8]. It was 
found that the ion induced pressure instability develops as 
follows: first the residual gas molecules in the beam 
vacuum chamber are ionised by the beam particles; when 
these ions are accelerated in the field of a positively 
charged bunch towards the vacuum chamber walls, they 
collide with the wall and induce gas desorption. The gas 
molecules thus produced can in turn also be ionised, 
accelerated and cause further gas desorption. If the 
pumping is insufficient, this effect may cause pressure 
instability, i.e. pressure in the beam chamber grows 
rapidly by some orders of magnitude. Later, this effect 
was also investigated for the SSC [9] and LHC [10-12] 
storage rings, and considered in the vacuum system 
design. The aim of the work reported here was to study 
whether the ion induced pressure instability is a potential 
problem for the ILC positron DR. 

MODEL 
The beam-gas-surface interaction model was developed in 
earlier papers: the single gas model was used in [1-3,7] 
and the multi-gas model is described in detail in [8] and 
briefly in [9]. The latter considers that the ions of a 

generic gas species can desorb other gas species. 
Therefore, the equilibrium equations for the gas density of 
each species will be cross-correlated. Following [8], a 
system with N gas species, Ai (i=1,2…N), can be 
described with the following equations for the volumetric 
molecular density ni(z,t): 
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where the first term on the right hand side of equation (1) 
accounts for the photo-stimulated desorption; the second 
term accounts for the ion induced desorption from the 
vacuum chamber wall; the third term accounts for the 
distributed pumping along the wall; and the last term 
accounts for the axial molecular diffusion. It was assumed 
here that the parameters are constant in time and do not 
depend on the axial co-ordinate z. The notation is as 
follows: V is the vacuum chamber volume;  is the photo-
desorption yield; is the photon intensity;  is the ion 
stimulated desorption yield; I is the positron beam 
current; e is the electron charge;  is the ionisation cross 
section of the residual gas molecules for beam positrons; 

/ 4i i iC Av  is the distributed pumping speed,  is the 
sticking probability, v  being the mean molecular velocity; 
ui = Ac Di is the specific vacuum chamber conductance 
per unit axial length, A and Ac are areas of the vacuum 
chamber wall and its cross section, and D is the Knudsen 
diffusion coefficient. Solving the system of N equations in 
quasi-static conditions, where V dn/dt  0 and A ds/dt  0, 
for gas densities ni(z) one can find the gas density inside 
the vacuum chamber. For example, in a two-gas model 
the solution is in the form:  
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      The constants kj and Kj (j=1…4) are dependent on the 
conditions at the ends of vacuum chamber.  
   The gas densities n1 and n2 in equation (2) tend to 
infinity when the divisor (c1c2 – d1d2) tends to zero. 
Hence, the pressure stability criterion is  c1c2 – d1d2 > 0. 
   Solving this inequality for the beam current I one can 
find that the beam current must be below the so-called 
critical beam current, Ic, which is a solution for the 
equation c1c2 – d1d2 = 0. The vacuum will be stable as 
long as the beam current is lower than the critical current.  

 ___________________________________________  
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ION IMPACT ENERGY 
The ion impact energy is required to estimate the ion 
induced desorption yields. The energy of ions in DR was 
calculated using a procedure described in [11]. The 
probability of ionisation (x,y) of the residual gas 
molecules is proportional to the density of positrons in the 
bunch at the molecule position (x,y) at the ionisation time.  
For a Gaussian distribution of particles in the beam:  

 ( , ) 2 ;x yxy
x y re  (4) 

where x and y are the transverse rms beam sizes. The 
energy of ions hitting the beam vacuum chamber wall 
depends on the beam parameters and the initial ion 
position. Since x >> y for the ILC DR, the electric field, 
Eb, of the bunch in the ILC DR can be described with the 
Bassetti-Erskine formula (see e.g. [13]) adopted for flat 
beams [14] as follows: 
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where qb is the positron bunch charge, 0 = 8.85 10-12 F/m 
is the permittivity of free space; c is the speed of light in 
vacuum; and lb is the rms bunch length.  
      In the model for calculation of the ion energy, a newly 
created ion is accelerated by the peak electric field during 
the bunch passage and then drifts with a constant velocity 
until the next bunch arrives. An estimate of its final 
velocity can be obtained by numerical integration. The 
iteration formulae for the ion velocity and the radial 
position 2 2r x y  in the presence of a bunch are: 
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where t =  / N is the time interval, n = 1,2 N. The time 
interval should be chosen small enough so as not to 
influence the final result. This requirement was found to 
be satisfied for N = 1000. Between two bunches the ion 
drifts with velocity vd=vN to the radial position rd when a 
new bunch arrives: rd = rN + vN (T– ). 
   The results of the calculation of the ion energy are 
shown in Table 1 for arcs, long straights and wigglers. 
For each set of beam parameters, the ion energy was 
calculated for different initial positions of the ion across 
and along the beam, according the distribution of 
positrons within the bunch. The calculations were 
performed for H2

+, CO+, and CO2
+: no difference was 

found between them. The ion energy varies between 220 
eV for largest x and y and 340 eV for smallest x and y 

in ILC DR. It was also found that variation of the bunch 
length between 6 mm and 9 mm does not affect the result.  

 
Table 1. Ion energy calculated for different beam sizes 

 Arc Straight Wiggler 

x (m) max 1.3 10-3 1.3 10-3 2.7 10-3 
min 6.5 10-4 2.7 10-4 1.9 10-4 

y (m) max 8.9 10-6 1.0 10-5 5.5 10-6 
min 5.6 10-6 5.6 10-6 3.8 10-6 

E (eV) max 265 320 340 
min 220 220 320 

INPUT DATA FOR SIMULATIONS 
Ion stimulated desorption yields are key parameters for 
vacuum stability estimates. The ion stimulated desorption 
yield depends on the ion mass, ion energy and the surface 
conditions [4-8], but the available results are not directly 
applicable as the measurements were made for higher 
energies and not for all necessary ion species. Therefore, 
the ion stimulated desorption yields shown in Table 2 
were extrapolated from the existing experimental data 
following the procedure described in ref. [10].  
 Table 2. Ion  stimulated  desorption  yields  calculated  for

 300-eV  ions
 

Impact 
ion 

, (molecules/ion) 
H2 CH4 CO CO2 

316LN stainless steel 
H2

+ 0.07 0.005 0.05 0.007 
CH4

+ 0.43 0.04 0.45 0.067 
CO + 0.64 0.06 0.80 0.12 
CO2

+ 0.77 0.08 1.12 0.17 
Pure aluminium 

H2
+ 0.18 0.008 0.07 0.022 

CH4
+ 1.1 0.056 0.67 0.20 

CO + 1.6 0.088 1.2 0.36 
CO2

+ 1.9 0.114 1.7 0.50 
Ti alloy 

H2
+ 0.13 0.002 0.04 0.007 

CH4
+ 0.80 0.015 0.38 0.067 

CO + 1.2 0.024 0.68 0.12 
CO2

+ 1.4 0.031 0.95 0.17  
      Unfortunately there are no data available for the ion 
stimulated desorption yield from NEG coated surfaces. 
However, the experimental data for photon stimulated 
desorption demonstrated that the desorption yields from 
NEG coated stainless steel vacuum chamber (activated 
180 C) is two order of magnitude lower than for an 
uncoated 316LN surface baked at 300 C [15].  Although 
the ion stimulated processes might differ from photon 
stimulated ones, it is still reasonable to expect that ion 
stimulated desorption yields from the NEG coated surface 
are lower than from uncoated surfaces. The “worst case” 
scenario for the NEG coated chamber was studied by 
using the data for uncoated stainless steel, i.e. the real 
NEG coated vacuum chamber should behave better. 

Proceedings of IPAC’10, Kyoto, Japan WEPE093

03 Linear Colliders, Lepton Accelerators and New Acceleration Techniques

A10 Damping Rings 3567



PRESSURE (IN)STABILITY 
The pressure instability was studied for a tubular vacuum 
chamber with inner diameter ID = 50 mm and a distance 
between pumps L = 6 m for conventional vacuum 
chamber, or L = 40 m for NEG coated vacuum chamber 
[16]. Whilst the pressure in the electron DR increases 
linearly with the beam current because of photon 
stimulated desorption, the pressure in the positron DR 
increases more quickly as the ion induced desorption 
becomes the main source of gas when the beam current 
excess 0.2 A. The critical current calculated for different 
vacuum chamber materials and distances between UHV 
pumps is compared to the maximum design beam current 
Imax = 0.4 A in Table 3. Taking into consideration that the 
ion stimulated desorption yields may vary significantly 
depending on cleaning treatment, bakeout procedure, 
duration of pumping, photon and electron bombardment, 
etc., it is reasonable to assume that the critical current is 
calculated with an accuracy of +100% / -50%. Therefore 
the pressure could be unstable if Ic / Imax < 2.  
      If the distance between the UHV pumps (S=200 l/s) is 
6 m [16], then the pressure is unstable in an vacuum 
chamber made of aluminium, and has a very small safety 
factor with the 316LN stainless steel and titanium. If the 
distance between the UHV pumps (S=200 l/s) is 10 m 
then pressure is unstable for all three materials. The same 
calculations were performed for a vacuum chamber with 
larger diameter of vacuum chamber, ID = 60 mm, and 6 
m distance between the pumps. This helps to increase the 
critical current by 20-25% which is still insufficient to 
allow the use of aluminium.    
 

Table 3. Ion stability of the ILC positron DR 
Vacuum 
chamber 

Ic, (A) Ic/Imax Dominant 
gas species 

Stable 
or not 

ID = 50 mm,  L = 6 m 
316LN 1.0 2.5 CO Yes 
Pure Al 0.5 1.25 CO No 
Ti alloy 1.1 2.8 CO Yes 

ID = 60 mm, L = 6 m 
316LN 1.24 3.1 CO Yes 
Pure Al 0.64 1.6 CO No 
Ti alloy 1.4 3.5 CO Yes 

ID = 50 mm, L = 10 m 
316LN 0.47 1.2 CO No 
Pure Al 0.24 0.6 CO No 
Ti alloy 0.53 1.3 CO No 

ID = 50 mm, L = 40 m 
NEG coated 5 12.5 CH4 Yes 
 
      Finally, if a vacuum chamber made of any of these 
materials is coated with NEG and the distance between 
the UHV pumps (S=20 l/s) is 40 m [16], then there is no 
pressure instability with a good safety margin: Ic/Imax = 

12.5. This technical solution allows much grater 
flexibility in the choice of material for vacuum chamber, 
diameter or cross section of vacuum chamber and 
distance between pumps. It is also important to mention 
the gas partial pressure pattern. In a baked accelerator 
vacuum chamber four gases are mainly presented: H2, 
CO, CO2 and CH4. The gas spectrum changes when I/Ic > 
0.25. Inside a stainless steel or aluminium vacuum 
chamber, molecules of CO and CO2 play a dominant role 
for the ion induced pressure (in)stability because of the 
lower effective pumping speed and higher ion stimulated 
desorption yield than for other gas species; in this case, 
CO becomes a dominant gas species. However, if the 
vacuum chamber is NEG coated, this introduces large 
distributed pumping speed for CO, CO2 and H2. This 
results in the change of the dominant gas species to 
lighter species (CH4 and H2) as well as giving a much 
larger critical current.  

CONCLUSIONS 
In this paper, the analysis of vacuum stability against ion 
induced desorption in the ILC positron DR is presented. It 
is found that gas species ionized by the beam can be 
accelerated in the field of the beam to impact the vacuum 
chamber walls with energies about 300 eV. Because of 
the lack of experimental data, the gas desorption yields 
were estimated from experiments with higher ion energy. 
These results were used to model the pressure instability 
in ILC positron DR. It was found that the ion induced 
pressure instability is a potential threat to the positron DR 
if the pumping speed is insufficient. TiZrV NEG coating 
is the best solution to guarantee the vacuum stability. In 
this case, a distance of 40 m between UHV pumps with 
an effective pumping speed of 20 l/s is found to be 
adequate. 
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