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 SEY (d) : number of secondary electrons emitted from a surface per incident primary 
electron. 

Motivation Experimental Setup for SEY measurements 

     ANNEALING -AGING -RECOVERY.   SEY -  XPS – SIMS - Raman spectroscopy                        
HV versus AIR.    Influence of temperature.  Influence of time.  Aging-Recovery cycle.         
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 Find out technical surfaces to improve the beam quality in modern accelerators. 

 Materials and coatings with low secondary electron yield SEY (below 1.3) are 

mandatory. 

 Most promising solution seems to be amorphous carbon (a-C) coatings deposited by 

magnetron sputtering showing a SEY ≈ 1. 

 However, measurements  at laboratory (CERN  Technology - Vacuum surfaces and 

coatings) have revealed an increase of the SEY as  a function of long air exposure 

time. 
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Ongoing and Future  studies 

 Contact  angle studies 
 SEY studies for different angle of incidence of the primary electron 

beam 
 Ultra-violet Raman experiments 

S. Candeias, while  Master’s student in Physics Engineering  (Master  Dissertation). 
 F. Rocha, while  Bachelor’s last year student in Physics Engineering (UROP activity). 

• Fig. 8a and fig. 8b:  
• Samples aged without  water reveals higher increase in SEY. 
• H2O as a protective over-layer for nasty hydrocarbons.   

Passivation by water vapour?                                                                              Competitive adsorption  
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FIG.8 a

Exposer to hydrocarbons at RT

With versus without water vapour

 S23n2 vial with hydrocarbons vapour (+ 18.71 %)

 S26n2 vial with (hydrocarbons + water) vapour (+6.02 %)

 refS26n2 (x1) 

 refS23n2 (x1)
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 S22n1 baked 2h at 200C (+ 26.5 %)

 S28n1 baked 2h at 200C in vial (wet) (+ 13.17 %)

 S22n2 baked 2h at 200C in water vapour (+ 6.08 %)
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FIG.8 b

Baking in stainless stell container under static vacuum

With versus without water vapour

Co-adsorption of water reduces the SEY increase during ageing in the 
presence of hydrocarbons or baking under static vacuum. 

vacuum humid atmosphere back to vacuum 

water has high sojourn time in 
carbon, therefore coverage is 
high, leaving few adsorption 

sites available for contaminants 

contaminants 
easily reach the 

surface 

water is released together with 
contaminants  

Influence of annealing on ageing 

Environment tE TA (°C), tA = 20 h Δδ/δ 

  

          HV 

10 days - 27.9% 

8 days 100 1.46% 

20 days 100 5.74% 

         Air 1 month - 15.7% 

2 months 100 3.34% 

SEY recovery due to annealing 

History tA TA (°C) Δδ/δ 

Exposed to HV 
for several days 
at T = 100 °C 

18 h 120 -2,3% 

2.5 days 120 -2.7% 

15 h 200 -7.2% 

Kept in air for 
about 1 year   

18 h 120 -12.3% 

15 h 200 -21.8% 

Kept in HV at RT 
for 20 days 

20 h 100 -19% 

tE – Exposure time; tA – Annealing time,  Δδ/δ – relative change 

of the SEYmax 
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Annealing in Air for 2h at different temperatures.

S27 previously exposed to vacuum

S18 previously exposed to air for 7 months

SEY 
 Annealing samples in air, at moderates 

Temperatures, decreases degradation 
rate and even contributes to the sample 
recovery, even for samples aged under 
bad vacuum. 

 T= 200 C seems to be the optimum 
temperature for annealing and 

 annealing for 2h seems to be enough . 
 The rate of recovery depends on initial 

conditions: relative drop of SEY taht can 
be achieve depends on how far we from 
the optimum initial condition. 

 Glass vials are bad for annealing, but 
stainless steel reservoires seem to be 
good (results not shown). 
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Annealing in AIR at T =  200 C for differents annealing time

"Ref*"_: Before annealing

       First Results 
 Fast aging under vacuum conditions (10-6 mbar). XPS and Static SIMS showed the 

mainly contamination is due to hydrocarbons.  

 SEY grows in HV much faster than in air, particularly intensive aging during baking. 

 Water does not contribute to fast aging.  

 Selective exposure to controlled atmospheres of N2, H2O, H2 and O2 shows higher 

increases in SEY  due to O2. 

 XPS measurements clearly suggest SEY increases with impurity concentration, no 

matter what kind. 

Previous work 

• A. Santos  et  al. Vacuum 98 (2013) 37-40 

• N. Bundaleski  et al. Ecloud’ 12 Proceedings (2012) 

• N. Bundaleski, B. Jean-Shaw et al. Scanning 33, 1-4 (2011) 
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Aging-Recovery cycle

 SIMS: SEY increases with the hydrogen content in the coating. 

Annealing in air triggers surface segregation of hydrogen. 
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SIMS depth Profile H
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XPS: Sample with highest  SEY has an extra contribution  
at higher binding energies. After annealing the absolute 
concentration of Oxygen is decreased. 
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XPS X-ray photoelectron spectroscopy
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Raman spectroscopy

 Raman: After annealing G peaks increases 
and becomes narrower suggesting 
increased size of sp2 grains.  The 
graphitization of C is increased. 
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