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Reduction of outgassing is critical to save the overall cost of Cosmic Explorer (the next-
generation gravitational wave detector, two arms each 20 km long 1.2 m dia pipe)

Focus: Pump-down → Huge cost (X)
1) Pump cost
2) Bake cost
3) Operation cost (electricity)
4) Maintenance cost

Target P_ul= 1.00E-09 1.00E-09 1.00E-10 1.00E-11 1.00E-11 Torr

q= 1.00E-11 1.00E-12 1.00E-12 1.00E-12 1.00E-14 Torr.L/cm2.s

S_eff/pump= 100 100 100 100 100 L/s

D= 1.2                   1.2                 1.2              1.2              1.2              m

L_arm= 20                    20                  20               20               20               km

L= 40,000              40,000            40,000         40,000         40,000         m

A= 1.5E+09 1.5E+09 1.5E+09 1.5E+09 1.5E+09 cm 2̂

Q= 1.51E-02 1.51E-03 1.51E-03 1.51E-03 1.51E-05 Torr.L/s

S_req= 1.51E+07 1.51E+06 1.51E+07 1.51E+08 1.51E+06 L/s

# pumps= 150,796            15,080            150,796       1,507,964    15,080         pcs

Inter Pump distance= 0.3                   2.7                 0.3              0.0              2.7              m

$ pump price, per L/s 50 50 50 50 50 $

$ price/pump= 5000 5000 5000 5000 5000 $

Pump cost 754.0                75.4               754.0           7,539.8        75.4            m$

Focus: Material → Cost effective (√)
1) Surface treatment cost (?)
2) Operation cost (electricity) 
3) Maintenance cost 

Diffusion barrier and  hydrophobic coating 
can promise the XHV requirement achievable 
in a cost effective way.
 Save on baking
 Save on pumping time
 Save on pumping expense for the lifetime 
 Mild steel is ~3X cheaper than SS316
 Save on operation task and cost

Aim is to identify materials (+ coating) that 
can promise required low outgassing with 
minimum surface treatment



We studied the heat treatment effect of H2 Outgassing rate of bare and thin film coated SS3041. 
Application of surface coating can change the outgassing behavior that can benefit us
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SS304 :  Ed = 14.4 kcal/mol = 0.63 eV after 250 °C bake
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Eliminating adsorbed gases that have activation energy of desorption between 10-
20 kcal/mol can lead us to achieve 3-4 order reduction in ultimate pressure for 
SS304 material.



Cheap magnetic mild steel (AISI1020) showed lower H2 outgassing rate than SS316

Low outgassing rate (10 -15 Torr L/s-1 cm-2 ) is critical for good vacuum ( 10-11 Torr)
• Surface with less H2 content or high activation energy of H2 outgassing results low outgassing rate
• Low binding energy of adsorbed gas species (H2O, H2, CO, CO2 and CH4) is desirable for achieving better 

vacuum and lowering pump down time, and saving on overall pumpdown cost.

SS304 :  ED = 14.4 kcal/mol = 0.63 eV (after 250 °C bake)

Pressure = Gas Load/Pump Speed



Water outgassing of SS316 and AISI1020

• In low temperature heat treatment regime, water 
dominates the outgassing. 

• We recently experimented for pumpdown from room 
temp to 110 °C (~ a metal can reach in a hot summer day 
in direct sunlight) to study the water outgassing of these 
two materials.

• We collected a good number of pump down 
measurement for water outgassing. We will apply 
isotherm modeling study to evaluating the binding 
energy of adsorbed water on mild steel and stainless 
steel. 

• The ultimate pressure and the pump down curves from 
these materials did not show any significant difference in 
water outgassing behavior between mild steel and 
SS316. 

• So, the bare AISI1020 will not be able to get us to low 
outgassing rate without moderate or high temperature 
bake, which is a costly avenue for a 40 km 1.2 m dia
pipeline of cosmic explorer project. For JLab baking is not 
an issue. 1.E-09

1.E-08

1.E-07

1.E-06

1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03

P
re

ss
u

re
, T

o
rr

Time, h

Pumpdown pressure vs. Pumpdown time

SS316 (25 °C) SS316 (75 °C) SS316 (110 °C)

1020 (25 °C) 1020 (75 °C) 1020 (110 °C)



We need to study water outgassing of metals with black surface coatings like DLC or 
AlTiN and explore few other things

• We need to investigate for water and hydrogen outgassing on these materials with thin film 
coating on these materials as well as other grades of steels.

• We did not measure water outgassing from Silco coating previously that we need to study the 
quick pump down nature of this coating.

• We also want to explore evaluation of binding energy and activation energy of adsorbed gas 
species from small test sample using surface science technique such as thermal desorption 
spectroscopy, and applying these parameters to model pumpdown behavior in quest of saving 
time spent on outgassing measurements.

• Also we want to explore induction heating over conventional bake to reduce water and hydrogen 
outgassing, that can save significant cost and time for cosmic explorer project.

• For photogun application, we need to evaluate abilty of de-Gaussing the magnetic chamber. Effect 
of annealing on the magnetic property of AISI1020

• Finally need to study modeling and simulation using CST and GPT to predict beam emittance 
degradation with unintended B field.



Plan for experiment

• Binding energy of water: isotherm modeling of pumpdown curves
• Activation energy of H2 outgassing: and OR at different temp and/or thermal 

desorption spectroscopy 
• Study induction heater to replace conventional bake for degassing of pipes, 

(potential application for JLab: heat cleaning of photocathode puck)
• Demagnetization study on magnetic AISI1020 
• Design a mild steel photogun chamber including electrostatic modeling and 

beam emittance simulation with CST  and GPT
• Fabricate a mild steel photogun vacuum chamber with black outgassing 

barrier coating (to minimize beam hallo effect and reach better vacuum to 
extend photocathode lifetime)






