
Extreme High Vacuum
Marcy Stutzman, Ph.D. Jefferson Lab Center for Injectors and Sources



Outline

ÅJefferson Lab

ïPolarized Electron Source

ÅPumps

ÅMeasurement

ÅModeling

ÅSummary



Jefferson Lab vacuum

Beamline vacuum: 
Ultra-high vacuum

Experimental scattering chambers: 
High vacuum

Cryomodulevacuum at 2K: 
Calculated to be
Extreme High vacuum

Polarized electron source: 
Approaching Extreme High vacuum

Cryomoduleinsulating vacuum
Medium-High vacuum



Photoemission Source
ω -130 kV DC (vs.RF) electrode bias

ω x-Ǌŀȅ ǎǘŀƴŘŀǊŘ άƛƴǾŜǊǘŜŘέ ƛƴǎǳƭŀǘƻǊ

ω Pumps with NEG modules and ion pump

ω .ŀǎŜ ǇǊŜǎǎǳǊŜ ŀǇǇǊƻŀŎƘƛƴƎ ·I±  t ғ мȄмл-12 Torr

-130kV

light in
electrons out

photocathode



Any gas in chamber can be ionized by electron beam, 
accelerated back toward the photocathode and 

limit photocathode operational lifetime



Photocathode Lifetime
ÅIon bombardment ςwith characteristic QE 
άǘǊŜƴŎƘέ ŦǊƻƳ ƭŀǎŜǊ ǎǇƻǘ ǘƻ ŜƭŜŎǘǊƻǎǘŀǘƛŎ ŎŜƴǘŜǊ 
of photocathode ςdamages NEAof GaAs

ÅHigh energy ions are focused to electrostatic 
ŎŜƴǘŜǊΥ ŎǊŜŀǘŜ v9 άƘƻƭŜέ 
5ƻƴΩǘ Ǌǳƴ ōŜŀƳ ŦǊƻƳ ŜƭŜŎǘǊƻǎǘŀǘƛŎ ŎŜƴǘŜǊΦ

ÅQE can be restored, but takes about 8 hours to 
heat and reactivate



Strained GaAs
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QE 1% and Polarization 85%



Vacuum levels
Example Pressure

(Torr)
atoms/cm3

Atmosphere
Atmosphere at sealevel 760 27,000,000,000,

000,000,000 or 
2.7x1019

Low vacuum
(1-300 Torr)

Atmosphere onMount 
Everest

252 1x1019

Pressure in bell jar 
experiment, Mars

1-10 1-3 x 1017

Medium 
vacuum

(1 Torr-1mTorr)

Insulating vacuum,
atmosphere on Pluto

10-3 10 quadrillion

High vacuum (1 
mTorr- 1x10-7)

Scattering chambers 10-5 100 trillion

Ultra high 
vacuum (UHV, 

1x10-7ς1x10-12)

Vacuumtubes, Cathode Ray 
tubes, beamline vacuum

10-8 100 million

Pressure outside Space 
Station (400 km)

10-10 1 million

JLabElectron Gun 10-12 10,000

Extreme high 
vacuum (XHV 

<1x10-12)

Interstellar space estimate  ~ 
1 atom / cm3

10-17 1

Voyager space probe



Modern Vacuum Pumps

Gas Transfer Pumps

ÅRotary vane pumps

ÅRoots pumps

ÅTurbo pumps

Capture Pumps

Å Ion pumps

ÅGetter pumps

ÅCryopumps

Compress rarified gas
Move gas to higher pressure exhaust

Remove molecules from gas phase



Capture Pumping

Ion pumps

ÅGas ionized

ÅHigh voltage 
accelerates 
ions into plates

ÅIon implant in 
plates -
captured

Getter pumps

ÅChemically 
reactive surface

ÅGas molecules 
incident on 
surface stick

ÅChemisorption 
removes gas 

Cryopumping

ÅLarge surface 
area material

ÅCooled below 
freezing 
temperature of 
desired gas

ÅGas incident on 
cold surface 
sticks


