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Abstract

We have observed  a shortening of electron lifetime in the LUKE cryostat when exposed to a room temperature O-ring.  The contamination rises to a saturation value in a few hours, and cleans up at a similar time constant.

We propose microscopic water ice crystals as the cause, and claim we can explain all observations, using only two free parameters:  the ice crystal size and the dissolution time of ice crystals in liquid Argon.

The Ice Crystal Process
We start with water vapor in the warm gas volume above the liquid Argon.

The water vapor evolves from warm surfaces , mostly organics such as O-rings.

The water vapor can condense on the liquid Argon surface of the pool, or it can be carried  with the Argon gas into the condenser.

The pool surface is exposed to mostly stratified, non-turbulent Argon gas.

By contrast, the condenser aspires about 0.5 l/s of gas to be condensed.  We expect that the major fraction of the water vapor gets carried into the condenser.

In the condenser the Ar gas liquefies on a moving liquid Ar film, and runs into the drain tube of the condenser.   The water vapor solidifies very quickly on the same moving LAr surface, leaving it very little time to form larger crystals.  This is a bit like hail formation in the atmosphere, where hail must  dwell for long  times (supported by updraft currents) while growing.  The crystal grains get washed away with the LAr down the drain.
We will use the grain diameter as a free parameter, guided by observations. We will show that a grain size of about 0.05 micron explains our observations.
The LAr dwells for about  12 minutes in the drain pipe and then exits (easily)  through the steel wool and sinter metal ion catchers, before it mixes in with the LAr pool.
Rate of Ice Crystal Production

To get an estimate of the  ice grain production rate we start with the outgassing rate from our O-ring.

We can estimate the water vapor production from the vacuum pressure in the Ar lock due to the O-ring (about 5e-6 Torr) while pumping at about 3 /ls speed. The attached spreadsheet shows details. Water is produced at 3 e-13 kg/s rate.
Using the 0.05 micron ice crystal size, we make 2 e13 grains per day, which averages to 1 e14 grains per cubic meter per day.

The grains are too small to move significantly under their own buoyancy forces; they get carried with the macroscopic LAr flow movements.
Effect on Electrons in the Purity Monitor

Ice has a (to me ) surprisingly large dielectric constant epsilon, about 100 times that of vacuum.  I think this is only true for very low frequencies, and is applicable here.
A grain suspended in LAr in a uniform electric field (such as the Purity Monitor drift field) attracts field lines just like a conducting sphere would.  In fact, for the very high epsilon, the filed lines will behave very much like those around a conducting sphere.  For that sphere, all field lines within about 2 sphere radii bend and terminate on the surface of the sphere.  This means the sphere gathers field lines over an area 4 times larger than its physical cross section.  We will use the same factor for our ice grains.

Electrons in the drift field follow field lines very closely; they are not ballistic, due to the frequent collisions with Ar atoms. Those electrons that follow a filed line that terminates on a grain surface will hit the grain and attach themselves.  The attachment force comes from the reduced field energy (E * D) of the electron when half its field volume is in a very high epsilon material. In fact the field energy inside the grain is nearly zero.  The electron will never leave the grain as long as the grain exists.  
Effect on the Electron Lifetime and a Surprising Prediction

When fewer electrons reach the anode than were injected through the cathode grid,  we interpret their loss assuming  a constant loss probability per unit time, and deduce a lifetime.

We can estimate the electron loss from the size and density of ice grains.  This is a classical particle scattering problem off a target with a known cross section.  The cross section is the effective grain size, 4 times the grain area. The density is as listed above.

We find that for the 0.05 micron grains, produced for a day,  about 1/3 of all electrons are attaching themselves to grains and are lost.

This result depends only on the geometric path length of the drift electrons, not on how fast they go.  Hence if we measure the electron loss with different strength drift fields, hence different travel times, we would expect the loss rate to be independent of the drift field.  We would interpret that (incorrectly)  as a lifetime that is proportional to the drift time.  This provides a test of the ice grain based explanation

Ice Crystal Removal

Since we observe that the contamination saturates, and diminishes once the source (e.g. the O-ting) is removed, there has to be a mechanism that removes ice grains.  Without supporting information, we assume here that the grains gradually lose water molecules into solution into the LAr, just like Hawking’s black holes evaporate.
Why does Molecular Sieve not remove the Ice Grains?
Molecular sieve is designed to have pores of  the size of small molecules.   Ice grains will not be able to enter these pores.

A Remedy

It would be nice to filter out the ice grains at the exit of the condenser.

However they are quite small, and also they would clog any reasonably sized membrane, because they cover as much as a square meter a day.

A more promising remedy is to pass the water vapor laden Ar gas through a molecular sieve filter (located in the Ar gas space) on its way into the condenser.  This would be a totally passive device, except that it contains a heater to regenerate the molecular sieve while the cryostat is being vacuum pumped, in preparation to filling. 
