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Abstract 

A comparative study has been made of the synchrotron 
radiation induced gas desorption from vacuum chambers made of 
stainless steel and aluminium alloy. The sample vacuum chambers 
of about 3.6 m length have been exposed to synchrotron radiation on 
an external photon beam line at the DCI storage ring in Orsay. The 
desorbed gas species are H2. CH4. CO and C02. The gradual decrease 
of the desorption yield with continued exposure to radiation the 
dynamic cleaning effect and the influence of a high temperature 
thermal treatment of the stainless steel vacuum chamber on the 
desorption process have been investigated. The different behaviour 
of the aluminium and the stainless steel for the latter both a 
lower level of gas desorption and a lower cleaning rale are found - 
is interpreted in terms of the photoeleclron production and the 
different surface oxide layers. 

To convert the photon dose per metre into photons per 
square centlmetre, the perimeter of the test chambers, 36 cm for 
the aluminium chamber and 43 cm for the stainless steel chamber, 
has been used. This assumes that the desorption by primary 
photons and by scattered photons is equal. 

The specific desorption yield ‘\i for the main desorbed 
gases is calculated from the specific pressure rise pi [mbar], the 
specific pumping speed Si [l/s] and the incident flux of photons or 
electrons respectively. 

1. Introduction 
Si 

qi,p = 8.67 Km+ 
n 

Synchrotron radiation induced neutral gas desorption 
(SRD) due to circulating highly relativistic electrons or positrons 
is responsible for most of the gas load in storage rings. This paper 
presents a comparative study of the synchrotron radiation induced 
gas desorption from aluminium and stainless steel. 3.6 m long 
vacuum chambers, made of the extruded aluminium profile used in 
LEP and of 316 LN stainless steel were tested at glancing angle of 
photon incidence at DCI. The cr’tical crlcrgy of the photon beam was 
varied bef\n/cer 0.77 and 3.5 keV by operating the DCI storage ring 
at different beam energies. Since the gas desorption is caused by 
both, incident photons and by photoelectrons, the measurements 
were complemented by electron stimulated desorption (ESD) 
experiments for the two considered materials. 

The SRD test system also permItted the measuremelt of 
the photoelectron production using a wire electrode with an 
effective length of 33 cm positioned in the centre of the test 
chamber and biased positively to 1000 V. The photoelectron yield p 
is derived from the collected current le [A] on this wire. 

2. Experimental set-w 

Two, in principle similar, experimental set-ups were 
used for the photon and electron stimulated desorption experiments. 
The experimental facility used for the SRD experiments, which is 
described in detail elsewhere [I], consists essentially of the 3.6 m 
long vacuum test chamber, equipped with a quadrupole residual gas 
analyser, a total pressure gauge and a pumping system consisting of 
a combination of an ion pump and a Ti sublimation pump. At an 
angle of 11 mrad between test chamber and the photon beam (this 
configuration was maintained constant throughout the 
experiments), the chamber was exposed to the synchrotron 
radiation over 3.12 m. In a second laboratory set-up, electron 
stimulated neutral gas desorption was measured by accelerating 
electrons from a hot tungsten filament, biased negatively and 
positioned in the centre of the vessel, towards the test chamber 
wall. Boths test systems, SRD-and ESD, were pumped through an 
orifice with a known conductance. Desorp!ion yields were obtained 
from the specific pressure rise pi and the specific conductance Si of 
the orifice which represents the pumping speed for the test system. 

The two materials studied were aluminium type IS0 
AlMgSi and stainless steel type 316 LN. The stainless steel vessels 
were made out of hot-rolled. work-hardened sheet metal. The 
aluminium test chamber and the stainless steel vessels were cleaned 
according to a procedure consisting of the follolriing steps : 

. Immersion in perchlorethylene vapour at 121°C 
* Ultrasonic cleaning in alca!ine detergent at 65OC 
* Immediate rinsing in demineralized water 
l Drying in a hot air oven at 150°C 
* Vacuum bakeout at 150°C (aluminium) and 300°C 

(stainless steel) 
* Second bakeout a: 150°C after installation in the experimental 
facility. 

3. Molecular desorption yield and accumiJlated number of Dhotons 

The total incident photon flux Np per metre of test 
chamber depends on the electron beam energy E,, the electron 
beam current le and is determined by the collimation of the photon 
beam. In our configuration we have 

Np = 1.93 1014 E, I, photonsis m (1) 

The accumulated number of photons, the phofop dose D, is simply 
the integral of Np over time t 

In addition, the second stainless slecl vessel was given a special high 
temperature treatment at 950 oC under vacuum between the 
chemical cleaning and before the 300 oC bakeout. After the chemical 
cleaning, the metal surfaces are covered by their omnipresent oxide 
layer i.e. about 35 A of aliminium hydroxide on the aluminium 
alloy and 25 A of (Fe,Ni,Cr)-oxide on stainless steel. On both 
materials, a carbon contamination of about 20% could be measured 
by Auger analysis made ‘in situ’ after bakeout. The topography of the 
surfaces, as seen by the scanning electron microscope, for the two 
materials after this treatment is found to be signtficantly different 
(see Fig. 1). The surface roughness factor, expressing the ratio 
between real and geometric surface and hence affecting the amount 
of surface gas, was estimated for aluminium in the range from 2 to 
4 [3] and for stainless steel at about 14 141. 
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D = jNpdt 

0 
(2) 

niol/phot0n 

mol/electron 
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4. Material treatment 
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Fig.1 Surface of (a) stainless steel [2] and (b) aluminium as seen 
by the scanning electron microscope ( ~3003, viewing angle 45O). 
The bar represents 4 Kim. 

5. Exoerimental results and discu& 

5.1 Photoelectron yield 

Synchrotron radiation photons may desorb gas molecules 
either directly or, more efficiently, indi,rctiv by the resulting L 
photoelectrons. To eslimate the contribution oi the photoelectrons 
on the neutral gas desorption, the photoelectrcn yield /> was 
measured for aluminium and stainless steel at normal and at 
gracing angle of photon incidence. The results are shown in Fig.2. 
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Fig.2 Photoelectron yield p at 11 mrad incidence of the synchrotron 
radiation for aluminlum and stainless steel. The solid curves are 
calculated from eq.5. Note that the calculated values for stainless 
steel have been devided by a factor of 5 to fit the experimental 
points. 

The photoelectron production 1) for alumimum may be 
calculated with good agreement using the photoelectron yield Y (E) 
at normal photon incidence and !he photon ,oflec!ivity R(E) scaled 
to the angle 0 between the photon bcarn and the surface. WC find tha! 
the calculated photoelectron productIon on stainless Sleel agrees 
much less with the experimen!, probably because ti-e data for Y(E) 
and R(E) were not available and instead data for nickel had to Se 
used [6,7]. 

P= .!” ‘f(E) (1 -R(E)) & N /, ( 17 ) d I (5) 

se?/ 

The result of calculations according to eq.5, which has been 
described in detail in ref. [5], is included in F1g.2. 

5.2 Molecular desorption yield 

The molecular dcsorption ytcld ‘Ii for the main desorbed 
gases Hp, CH4, CO and CO2 at the beginnIng of the ewperlmcnt is 
listed in table1 for the ESD and SRLZ t?*ppr~rrir:nts from alurninium 
and from stainless steel. The desorp’ion yicl:! from stainless steel 
with and without a 950 oC high ternpcraiurc treatment was found to 
be the same within the exoerimcntal unceriaintics. 

Aluminium Stainless Steel 

rli,e Qi,p ‘1i.e ‘11.p 
9 “2 0.57 0.2-0.5 2.7 10-z 1.3 10-3 

qCH4 1.2 10-2 2.5 10-3 1.3 10-3 4.8 10-3 

?a 5.8 10-2 3.6 10-2 3.3 10-3 2.5 10-4 
r\ CO2 8.3 1O-2 3.4 10-2 4.3 10-3 3.5 10-4 

Table 1: Molecular desorption yield Tli for aluminium and stainless 
steel exposed to synchrotron radiation with a critical energy of 
2.95 keV and 11 mrad photon incidence and to electrons with an 
energy of 150-300 eV. 

Using this table and the values in figLrc 2, we find that 
for aluminium the PSD desorption yield ~,.p may be calculated 
using the ESD desorption yield qi,e and the photoelectron 
production p Thus neglecting direct photodesorption we may use 

l1i.p = P rli.e (61 

For stainless steel the same calculation for SRD gives 
values slightly higher than the ones measured. This would suggest, 
that the mean photoelectron energy and, hence also the ESD gas 
desorption yield for stainless steel. are lotwcr than for aluminium. 

The molecular desorpt on y&Id of the gases I-12, CH4, CO 
and CO2 is shown in figure 3 as a function cf the critical energy of 
the photon spectrum 
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Fig.3 The dependence of the measured moIoZulnr dcsorpticn yield ‘1 
on the critical photon beam energy for a!umini:Jm and stainless 
steel with 11 mrad photon incidence. Prior to th,s measurement, 
the chambers had been exposed to a dcso D =I .2 1 O*l photons/m 
and D = 2.4 IO*’ photons/m for the alljminiurn ?rld t+e siainless 
steel chamber, respectively. 

5.3 Beam cleaning 

During continuous pho:on or electro’? exposure the gas 
desorption decreases due to the cleaning of t’le surface. Figures 4 
and 5 show the desorption yield as a function of the pholzn dose. 
More than 2 102’ photons/m were accumulated tl~~rin~ each run. 
The pho!on beam critical energy was 2.95 kc\/ a~!! the nrgle of 
incidence il mrati. Arrows in the figures indicate an increasing 
photon intensity from 6.65 1014 to 1.66 10’ 6 and finally to 8.3 
1016 photons!s m. This change of radiation ntensity coincides with 
discontinuities of the desorption yield. For H2 and CO the 
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desorpiion decreases with time t as t-1;2. A model describing the 
clean-up of the surface as a process whore the time dcpendance is 
determined by gas transport via diffuslor: 1’1 the surface oxide layer 
(3.8,9] has heel appl:ed to olJr data and tlli! reskilt is represented 
by the solid lines in Fig4 and Fig5. Th,s d~ifus~cn model describes 
both the hydrogen desorp!ion yield dccrcaslng with time and the 
discontinuitles of t’le desorption yield ;vhen the intensity is 
increased. For the calcuiat ons a diffcslon coefficient of approx. 
2 10-l g cmz/s was used for both, alurrinium and stainless steel. 
The model is restricted to the behaviour of hydrogen, because for 
H2, the effect of chemical reactions may be neglected. However, CO 
shows a similar behaviour to H2 thus the proposed model may also 
be applicable for CO. 

10" 10'8 10'9 ,c20 :$l 1022 

dosed [ photons’n- ] 

Fig.4 The molecular desorption yield qi,p fcr the gjscs H2, CH4, CO 
and CO2 as a function of the accumulated ptioton dose for alumniurn. 
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Fig.5 The molecular desorption yield qi,p for the gases H2, CH4, CO 
and CO2 as a func?ion of the accumulated photon dose for s!ainless 
steel. 

rr n n w et een Alyminium and Stanless ad 

The initial molecular gas desorption yield for aluminium 
and stainless steel can be described by the photoelectron production 
and by the ESD of these photoelectrons. For both materials the 
photon stimulated desorption appears to be negligible. The 
synchrotron radiation induced initial gas desorption yield of 
stainless steel chambers is aboyt 50-150 times lower than for 
aluminium. This may be partly a consequence of the lower 
photoelectron production and partly of the smaller mean energy of 
the photoelectrons for staInless steel. AlternatIvely, it is not 
established whether the lower gas desorption yield for 
photoelectrons is due !o a ‘by nature’ more stable oxide layer on the 
stainless steel alloy or due to the slightly different marerial 
treatment. The 300°C oakeou! of the stainless steel test chambers 
in comparison with the 150°C bakeout of the aluminium tube may 
also influence the gas desorption yield. However, this :*Jould be in 
contradiction with our finding that the 950°C high temperature 
treatment of stainless steel didnot provide a lower desorption yield 
once installed on the test system. 

The lower beam cleaning rats of stainless steel in 
comparison ‘Nith aluminium may be attri?ulcd lo the larger real 
surface area. Due to this larger surface. itic snacific radiation 
intensity is reduced and at the same t rnp also th? c’~sorptic~n rate 
per square centimetre. 
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