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VI.
3He Services
A. Overview
The measurement technique proposed for this experiment employs polarized 3He dissolved in 4He as a co-magnetometer.  The 4He provides mechanisms both for creating UCNs and for detecting interactions between 3He atoms and UCNs. The number of un-polarized 3He must be reduced to the level of 1012 atoms/cc in order to prolong the UCN storage time.  The 4He must, therefore, be isotopically purified.  The preparation and delivery of this mixture of polarized 3He and purified liquid 4He to the measurement cells is the task of the 3He Services (He3S) subsystem.
A block diagram of the major components of this part of the apparatus, already briefly described in Section II, is illustrated in Fig. VI-1.  Much of this subsystem resides in the upper cryostat, for which a conceptual design is shown in Fig. VI-2.

The measurement cycle, during which the neutron precession rate in an electric (and magnetic) field is measured, is repeated many times during the course of the experiment.  The cycle, also described in Section II, is largely controlled by manipulating the components of the He3S subsystem.  Two different versions of the cycle, with estimates for the durations of the individual steps, are listed in Table VI-1Table VI-1.  In version A, the polarized 3He relaxation time is assumed to be long enough to allow transfer of the atoms to the measurement cell before UCNs are introduced. While in version B, a shorter relaxation time is accommodated by beginning the precession measurement immediately after polarized 3He is loaded.
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	Version A
	Version B

	Start

(s)

Activity

0

Flip spins, measure precession (1000)

Purify LHe in purifier, collection volumes (885)

885

Close V4, open V7 (10)

895

Collect polarized 3He (100)

995

Close V7 (5)

1000

Reduce electric field (20)

1020

Open V2 (5)

1025

Decrease cell pressure (10)

1035

Open V1a, V1b, V3 (15)

1050

Purify “cell” LHe (200)

1250

Close V2, V5, open V4 (10)

1260

Load polarized 3He into cells (10)

1270

Close V3, open V2, V5 (10)

1280

Increase cell pressure (10)

1290

Close V2, V1a, V1b (15)

1305

Increase electric field (10)

1315

Open n shutter (5)

1320

Accumulate UCNs (1000)

2320

Close n shutter (5)

Repeat measurement cycle.


	Start

(s)

Activity

0

Flip spins, measure precession (1000)

1000

Reduce electric field (20)

1020

Open V2 (5)

1025

Decrease cell pressure (10)

1035

Open V1a, V1b, V3 (15)

1050

Purify “cell” LHe (200)

1250

Close V5, open n shutter (10)

1260

Accumulate UCNs (1035)
Purify LHe in purifier, collection volumes (885)

2145

Close V4, open V7 (10)

2155

Collect polarizeed 3He (100)

2255

Close V7 (5)

2260

Open V4 (5)

2265

Load polarized 3He into cells (10)

2275

Close V3, open V5 (10)

2285

Increase cell pressure (10)

2295

Close V2, V1a, V1b, n shutter (20)

2315

Increase electric field (10)

Repeat measurement cycle.
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After the completion of a number of measurement cycles, it is expected that the purifier absorption pump will require regeneration.  To allow the measurements to continue during regeneration, two purifiers will be installed.  A volume displacement bellows and associated purifier isolation valves allow the absorption pump of one purifier to be regenerated while the other is in use.

The configuration of the He3S subsystem and a number of design decisions related to its components are subject to the outcome of the R&D studies described in Section III.  Some of the technology, including evaporation purification, polarized 3He injection, superfluid film control, and reliable 0.3 K-rated valve design, will be prototyped and attempted for the first time during those R&D studies.  For this reason, we plan additional testing of the final components to ensure that they perform reliably and that they meet the necessary specifications.  The long cool-down time for the full nEDM apparatus provides additional impetus for pre-installation testing. Separate tests are planned for the polarized 3He injection, the purifiers, and the pressurization system.  These will be followed by a test of the entire 3He Services Subsystem prior to its incorporation into the full experiment.
In the following sections, the components of the He3S subsystem are described in more detail.
B. 3He Atomic Beam Source

The notion of using an atomic beam polarizer to provide polarized 3He was put forward in Sec. V.D of the EDM Preproposal.  The motivation is that, although the production rate for polarized 3He is very small with an atomic beam compared to the usual optical pumping techniques, it is high enough for our purposes. Furthermore, use of state selection of an atomic beam can yield near perfect polarization, compared to 70% for optical pumping techniques.
The technical details of the 3He atomic beam source were presented in Sec. V.G (pp 136-139) of the Preproposal.  This source has now been constructed and tested, with the design goals slightly exceeded.

Specifically, the polarized 3He production rate is about 2 ( 1014/sec, with an angular divergence of 0.008 radians (half-angle).  The degree of polarization is better than 99%, and this accuracy is limited by the ability to discriminate a small background of unpolarized 3He gas.  This background can be made negligible by a straightforward inclusion of differential pumping at the source output.

The degree of polarization was determined by use of a quadrupole magnet assembly, or analyzer, identical to the polarizer, through use of radiofrequency spin manipulation techniques in a 1 m long free flight region between the polarizer and analyzer.  The 3He transmitted through the analyzer was measured by using a SRS RGA250 residual gas analyzer, which provided excellent signal-to-noise in measuring the 3He atomic current via pressure buildup in a collection tube.

The remaining tasks are to demonstrate that the polarizer will work when tilted at 45° as is required to inject the polarized atoms into a superfluid bath by having them strike the surface at an oblique angle (see for example, Fig. VI-2). The system as-built has a horizontal beam.  The polarizer support structure has been modified to allow tilting, and these tests will be completed in June 2006.  In addition, a differential pumping stage for the polarizer output to eliminate unpolarized background helium gas has been designed and will be incorporated.

C. ABS Interface, Collection Volume, and Injection Test
Polarized 3He with a nuclear polarization of 99.5% or higher at a flux of 2(1014/sec has been achieved from an Atomic Beam Source at 1 K with a quadrupole magnet with a maximum field strength of 7500 Gauss.  The polarized 3He atoms will be injected at 45° from the ABS into a collection volume of superfluid 4He bath at 500  mK. 
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The 3He collection volume will be made of Pyrex glass with a cesium coating to minimize depolarization of 3He from the wall.  The current design of the collection volume and the ABS interface is shown in Fig. VI-3. Fig. VI-2 shows the 3He injection/collection region in the upper cryostat of the nEDM experiment. A cesium ring serving as a 4He film killer is needed at the injection port. The injection port is oriented such that 3He atoms entering from ABS will impinge directly on the superfluid 4He liquid surface rather than the collection volume wall.  The interface tube will be thermally linked to the 50 K and 4 K heat shields of the upper cryostat.  This will reduce the radiative thermal load from the 1 cm aperture of the ABS to only a few mW.  A magnetic field transport system will be implemented around the ABS interface tube.  It will be arranged to both adiabatically rotate the 3He spin direction from along the axis of the ABS to parallel to the collection volume liquid surface and to match the magnitude of the collection volume holding field.  A cos(() coil with a diameter of 16 in and a length of 51 in will be mounted around the collection volume in order to provide a magnetic holding field with a field uniformity of 0.1%. The typical holding field from the cos(() coil will be on the order of 20 mGauss, but it will have the capability of reaching much higher field values (a few Gauss). This option is necessary because the injection/collection test during the installation phase of the experiment will take place prior to the final installation of the magnetic shields for this part of the experiment.  A polarized 3He “friendly” valve, the ABS shutter (V7), will be used to separate the ABS interface region from the 3He collection volume.

In addition to the ABS interface port, there are two vertical ports on the collection volume. The upper one provides access to the collection volume for in situ cesium coating of the walls.  A cesium ring is needed for this port in order to break the 4He film and to suppress the reflux. The bottom port connects, initially to the collection isolation valve (V4) and then, via a series interconnects and valves, to the nEDM measurement cells. This entire interconnection system must be polarized 3He “friendly”. With a 3He flux of 2(1014/sec, the overall collection time is estimated to be of order 100 seconds, and the depolarization of 3He during this period is expected to be negligible. The current design of the collection volume calls for a double-wall region to be filled with superfluid 4He from the dilution refrigerator mixer. This will provide efficient cooling with good thermal contact to the poorly conductive glass collection volume.
Alkali coated Pyrex surfaces have been shown to minimize 3He depolarization at the container walls. Cesium rings are known to be effective at breaking the superfluid 4He film, which would otherwise flow towards warmer temperatures, therefore suppressing the reflux of the 4He. The cesium ring helps to confine 3He to the liquid or to the vapor just above the surface [1].  Therefore, cesium coating of the entire collection volume and the formation of cesium rings at the inlet of the ABS interface and at the inlet of the upper 4He supply port are necessary for this experiment. However, these two procedures have only been undertaken, in the past, in much smaller and more straightforward geometries [1]. In our experiment, the collection volume where the liquid resides will be on the order of 1 liter.  Detachable glass seals will be mounted at all ports of the Pyrex collection volume so that the formation of cesium rings can be carried out in a separate vacuum and cesium handling system, prior to installation.  It is expected that the cesium coating of the volume will also be carried out before installation, but the design allows for the possibility of renewing this surface in situ.
R&D tests of the polarized 3He injection and collection will be performed prior to the construction of the experiment. These tests will be carried out at Los Alamos where the working ABS is located. A cos(() coil with a diameter of 12 in and a length of 40 in will be built by the Caltech group for this test. A low sensitivity NMR system will be implemented in order to measure the 3He magnetization in the collection volume, thereby demonstrating the success of the injection and collection of polarized 3He.  The total anticipated number of 3He in the collection volume will be on the order of 2(1016. Based on previous low sensitivity adiabatic fast passage (AFP) NMR measurements on 3He at room temperature [2] and at 1.9 K [3] at a holding field of about 25 Gauss, one expects that the AFP NMR measurement for the 3He injection/collection test will be feasible at similar holding field values. 

D. Purifier, Volume Displacement, and Purifier Test
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Liquid helium with fractional isotopic concentrations X of 3He of order 10-12 or less is required in approximately 10 litre volumes for the nEDM experiment. This specification can readily be met using purification systems that rely on the heat-flush-effect. A heat-flush-effect based purifier identical to the robust systems developed and refined by McClintock and collaborators [4] has already been acquired, and will be used to provide the initial bolus of liquid (see section VI-H).

The same methods could also be used to repurify the liquid (from X ~ 10-10 back to X ~ 10-12) at the end of every measurement cycle. The only drawback is that the heat-flush-effect requires the liquid to be at a temperature T of 1 K or higher. This constraint adds significantly to both the cost and the complexity of the overall experiment. For this reason we have decided to adopt one of the evaporative isotopic purification schemes proposed by Hayden, Lamoreaux, and Golub [5]. The advantage of these schemes is that the liquid can be purified at temperatures close to those at which the nEDM experiment will operate. 

The principle underlying evaporative isotopic purification of liquid helium is simply the fact that it requires less energy to remove a 3He atom from a dilute mixture of 3He dissolved in liquid 4He (about 3 K) than it does to remove a 4He atom (about 7 K). In other words, 3He is more volatile than 4He and so it can be preferentially extracted from the liquid by pumping on the vapor. Clearly this has to be done at a temperature where the thermal escape probability for 3He atoms is high enough. At the same time it should be done at a temperature low enough that the diffusion of 3He atoms is not impeded by diffusion. A compromise between these constraints exists in the vicinity of 0.6 K, at which point remarkably fast extraction rates are expected (10-second timescales for 10 litre volumes of liquid; see Fig. VI-4). In practice, lowering the extraction temperature somewhat further in order to reduce 4He vapor pressure is advantageous. This reduces the rate at which 4He atoms have to be extracted from the liquid and hence simplifies constraints on the pumping system. A reasonable compromise is expected in the vicinity of 0.4 K, at which point it is still possible to purify sufficiently large quantities of liquid 4He during the timescale set by the EDM measurement cycle and yet the 4He vapor pressure is low enough that conventional low-temperature sorption pumps can be used.

Evaporative isotopic purification of liquid 4He down to fractional 3He concentrations X of order 10-9 and below has been demonstrated previously for temperatures T >1 K [8,9]. The primary challenge associated with lowering the operating temperature (to take advantage of rapid 3He diffusion in the liquid) is associated with the fact that the saturated 4He liquid forms a Van der Waals film that tends to coat most exposed surfaces. The chemical potential of the liquid is such that this film flows from regions of low temperature to regions of high temperature. This is accompanied by a dramatic increase in the 4He evaporation rate (the saturated vapor pressure of the liquid is an exponentially increasing function of temperature), which in turn has several deleterious effects. First of all, the hot vapor tends to condense in regions where the liquid temperature is low, imposing a demanding heat load on the refrigeration system [10,11]. Second, the evaporating film limits the base pressure and hence the 3He extraction efficiency of the pumping system. Finally, the presence of a film makes it all but impossible to use a cryogenic sorption pump operating at or near the liquid temperature; the film would immediately cover the entire surface of the pump.
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Several methods for impeding or eliminating the flow of a superfluid helium film exist. The traditional approach is to “stress” the film by forcing it to flow over a surface with a sharp radius of curvature (a “knife edge”) [12]. This reduces the critical velocity of the fluid and hence the heat load required to “burn” the film. More recently annular rings of cesium metal (the only known substance that is not wet by liquid 4He) have been employed to block film flow entirely [13]. The approach we intend to use in the first instance is simpler and expected to be more robust over the lifetime of the experiment. Rather than trying to inhibit the flow of liquid helium toward the pump, the idea is to use a sorption pump that operates at a temperature below that of the liquid with the result that the film will tend to flow away from the pump. In effect, this strategy is very similar to a scheme that has been used previously to stop film flow in dilution refrigerators [14]. 

Fig. VI-5 summarizes the principal elements of the sorption-pump-based evaporative helium purification scheme presently envisaged by the collaboration.  Given the number of options for that exist for restricting film flow and the fact that an equivalent purifier has never been constructed, an appropriate test of this scheme as well as competing options will be completed as part of the R&D program (see Section III). The outcome of these tests will determine the final purifier design.
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It is anticipated that a pair of charcoal pumps will be employed, even though each pump is expected to have enough capacity for many purification cycles. This provides redundancy for a critical component of the experiment as well as a means for regenerating the charcoal in one pump without having to interrupt the measurement cycle.  Each pump is enclosed within a volume into which a shallow pool of liquid helium (with a large surface area to volume ratio) can alternately be admitted or extracted using a system of bellows and valves. The charcoal and adjacent walls are maintained at a temperature below that of the bulk liquid in order to inhibit film flow. Further detail is shown in Fig. VI-6.

At the end of a measurement cycle “dirty” 4He (with fractional 3He concentrations of order 10-10) is manipulated into one of the sorption pump volumes and heated to an appropriate temperature (if necessary). The preferential evaporation of 3He from the liquid surface and its subsequent adsorption by the pump results in isotopic purification of the liquid on a time scale of a few hundred seconds.  At this point the liquid is extracted and moved to the polarized 3He collection volume. Regeneration of the sorption pumps (after many measurement cycles) is accomplished by opening thermal heat switches than normally keep the temperature of the charcoal below that of the bulk liquid and heating the charcoal while evacuating the sorption pump volume with external pumps.
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E. Pressurizer and Pressurizer Test

The figure-of-merit of the nEDM experiment is proportional to the magnitude of the electric field that can be achieved within the measurement cells.  To date, studies of the breakdown voltage in 4He carried out at Los Alamos have achieved the required 50 kV potential only at atmospheric pressure and 4 K.  Reducing the pressure to lower 4He temperature has resulted in lower breakdown voltages. (See Section VIII for further discussion of this phenomenon.)  In order to reach 50 kV, it may be necessary to pressurize the fluid in the measurement cells.

Pressurization of the 0.3 K liquid helium would be carried out by reducing the volume occupied by the helium while maintaining constant temperature.  This could be accomplished by compressing a pressurizer bellows using an actuator driven from outside of the cryostat.  The change in volume:
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required to raise the pressure from the vapor pressure of 4He at 0.3 K to 1 bar is 1.1%.  For the roughly 20 liter volume of the measurement cell, pressurizer/cell interconnect plumbing, and pressurizer bellows, this implies a modest 0.22 liter change.  Associated with the change in volume is a heat of compression of about 0.16 mJ, which would impose a negligible heat load for reasonable pressurization times.  More serious may be the heat load associated the mechanical work done to compress the bellows itself.  This will depend on the choice of bellows material.  It will be experimentally measured during R&D testing of the pressurizer design.  The heat budget goal of 1.25 mW may limit the speed with which the compression can take place.

Assuming that the pressurizer bellows will be in contact with polarized 3He, it must be made of material that will not cause excessive relaxation. Conventional metal bellows would then be ruled out.  One possible candidate material for the bellows is Teflon.  It remains ductile at cryogenic temperatures, and both formed and “welded” Teflon bellows are available commercially.  Low temperature tests of the reliability of Teflon bellows and the outcome of R&D measurements of the 3He relaxation time in the presence of Teflon will determine its suitability for this application.  Reducing the exposure of the pressurizer to polarized 3He would allow materials with shorter relaxation times to be considered.  This is the purpose of the pressurizer isolation valve (V2), which is opened just before and closed immediately after  the bellows is compressed in the measurement cycles listed in Table VI-1.  Another possibility, attractive because it eliminates an actuator feed-through, is the isolation of the pressurizer bellows with a “superleak”, which would allow only the passage of superfluid 4He.  Whether this is a practical solution depends on the degree to which the superleak truly stops the flow of 3He and on its conductance of 4He.
The force required to compress the helium by 0.22 l is negligible compared to that required to compress the bellows material.  A helium pneumatic actuator, similar, if not identical, to the system planned to actuate the valves, will be employed to transmit this force from 300 K to the 4 K shield.  A thermally non-conductive mechanical linkage will provide the final connection to the pressurizer bellows.
F. Valves

In the 3He services system (see Section VI-A), there are five different types of valves required to effect the loading of polarized 3He into the superfluid 4He, and then its removal after the measurement period.  Each valve will consist of an actuator assembly at 4 K and a stem/seat assembly at the operating temperature of 0.3 K.  After describing the common actuator for all the valves, the general and particular properties of each of the five types are described in turn.

The actuators must transmit a force applied at room temperature to the valve assemblies at the operating temperature.  For most of the valves in the 3He services system  located in the upper cryostat region, it is likely that the force can be transmitted from a simple rotary or linear feed-through at room temperature (located on the top flange of the upper cryostat) via a simple mechanical linkage to the valve assembly proper.  This linkage would have heat stations at 50 K, 4 K and 1.2 K.  Should the geometry prove to be too complicated for such a simple link, we can transmit the force using 4He gas at a maximum pressure of 0.75 atm as the working fluid, in a “pneumatic” piston and cylinder arrangement.  In this case the room temperature feed-through would be used to compress or expand a bellows at 4 K (and in vacuum) but near the feed-through, which would be connected to a second bellows at 4 K near the valve assembly via a small tube.  A force of 100 lb, for example, could be generated with a bellows approximately 3.4 in. in diameter.  The second bellows is then connected to the stem/seat assembly with a thermally non-conductive mechanical link, likely with a heat station at about 1.2 K.  This arrangement can provide for indirect connections from 300 K for control of the valves.  The bellows system is likely to be used for control of the valves on the target cells (described in Section VIII), which are far from the region of the upper cryostat feed-through plate.

The valves for the 3He services system proper are of five different types (valve V1 on the cell is described in Section VIII).  The materials for all the valves and actuators must be generally non-magnetic (unit permeability) to prevent affecting the required uniform fields; for cold devices this precludes the use of any superconducting materials as well.  We assume that the valves and actuators for the 3He services system are in a region of apparatus that can be shielded from neutrons, so these materials are not restricted by activation considerations.  The additional materials considerations are mainly associated with the depolarization of 3He.  For those parts of the system that do not have to be compatible with polarized 3He, alloys such as BeCu, CuNi and SiBronze can be considered.  Glass (either uncoated or coated with a few monolayers of Cs) or possibly acrylic (again either uncoated or coated) may be considered for surfaces wetted by polarized 3He.

Aside from the Pressurizer Standoff Valve (V3), which has a pressure difference specification, the maximum leak rate for these valves is set by the requirement that, in the relatively short time these valves are “visible” before the cell valves are closed, the polarized 3He that leaks past them, is depolarized and leaks back into the main volume should not significantly affect the overall 3He polarization.  The conductances of all valves must be consistent with that of the interconnect plumbing.

Valve V2 (Pressurizer Isolation Valve) is used to isolate the cell pressurizer from the rest of the system.  Its purpose is to provide a polarized 3He “friendly” surface in place of the interior of the pressurizer, which is likely to have metallic parts.  The leak rate need only be consistent with minimal 3He depolarization during the short period when the polarized 3He is transferred from the collection volume to the cells and before the cell valves are closed.  There is no pressure difference across this valve.

Valve V3 (Pressurizer Standoff Valve) is used to isolate the purification and collection parts of the system from the cells.  It must sustain a pressure difference of 1 atm between the cells and (the very low pressure of) the purifier.  It must be sufficiently compatible with polarized 3He to cause minimal depolarization during the transfer from the collection volume to the cells.

Valve V4 (Collection Isolation Valve) is used to isolate the collection volume.  In its closed position it must have a polarized 3He depolarization time well in excess of the anticipated time required to load the collection volume (100 s).  When open, it must be sufficiently compatible with polarized 3He to cause minimal depolarization during the transfer from the collection volume to the cells.  There is no pressure difference across this valve.

Valve V5 (Purifier Control Valve) is used to decouple the purifier when polarized 3He is transferred from the collection volume to the cells.  When closed it must be sufficiently compatible with polarized 3He to cause minimal depolarization during the transfer from the collection volume to the cells.  It also provides additional protection  during a switch between purifier volumes when one of the purifier pump needs to be regenerated.  There is no pressure difference across this valve.  Valves V4 and V5 may be of the same type.

Valves V6a and V6b (Purifier Isolation Valves) allow a single purifier to be used at one time.  There is no polarized 3He requirement for these valves.  There are no pressure differences across these valves.

Valve V7 (ABS Shutter) controls the beam of polarized 3He from the atomic beam source.  Its leak rate should be such that it allows only a small fraction of a single “charge” of polarized 3He into the collection volume in the (relatively longer) time between collection volume fillings.  There is no pressure drop across this valve.

G. Interconnections

As currently planned, the plumbing network, shown in Fig. VI-1, which connects the various components of the He3S subsystem and the measurement cells, calls for three plumbing segments: the “Volume Displacement Interconnect Plumbing”, the “Collection/Purifier Interconnect Plumbing”, and the “Pressurizer/Cell Interconnect Plumbing”. These transport tubes should be non-magnetic, non-superconducting, and not prone to activations by neutrons. Pyrex and acrylic plastic will be evaluated for this application. Connections to valves at the ends of the plumbing segments must be superfluid tight. Differential thermal contraction will make this a challenging requirement.  One possible solution, to be tested during the R&D phase of the experiment is illustrated in Fig. VI-7.  An “H”-shaped Nylon gasket is used to seal, in this case, copper and acrylic. The large coefficient of thermal contraction of Nylon ensures that during cooldown the seal is maintained on the outer surfaces, while during warm-up it is the inner surface that remains sealed.  The 3He-“friendliness” of Nylon must be checked as part of the R&D program.
Because of the large diffusion constant of 3He in superfluid 4He, D = 1.8 T-7, at 0.3 K,  the superfluid 4He “looks like” a near perfect mechanical vacuum from the point of view of 3He atoms.  Because the 3He density is low, 3He-3He collisions do not hinder diffusive/ballistic flow significantly.  The diameter of the transport tubes is therefore determined by the requirement that conductance of 3He in this pseudo-vacuum be large enough to result in a reasonable transit time to the purifiers and thus a reasonable purification time.  Calculations suggest that a diameter of order 3.5 cm will be required to empty the measurement cells in around 200 seconds.


Since the second and the third segments provide the interconnection between the polarized 3He collection cell and the measurement cells, they must be constructed using 3He “friendly” material (i.e. material which does not depolarize 3He). Moreover, solenoid coils surrounding these two plumbing segments are required to provide the holding fields for preserving the 3He polarization. An upper limit on the field homogeneity has been calculated for a transport tube of 1 cm diameter.  The transit time of any particular 3He atom would be approximately 2 seconds. Hence a T1 relaxation time longer than 200 seconds is needed to limit the polarization loss to less than 1%. This implies a requirement on the magnetic field homogeneity of α < 1.8 mG/cm, which can be readily achieved.

H. McClintock Purifier

As noted in Section VI-D above, evaporation purification is impractical when the initial 3He concentration is that of natural helium (0.000137% atomic abundance).  The initial load of purified 4He will therefore be generated by a separate apparatus which employs the McClintock “heat-flush” mechanism [4,15].  The heat flush technique relies on the fact that 3He atoms in superfluid helium form part of the normal fluid component.  Thus, in thermal counterflow, where normal fluid travels away from a source of heat and superfluid simultaneously moves towards it, any 3He atoms will tend to congregate at the colder end of the apparatus.  A purifier based on this mechanism was acquired from the Hahn-Meitner Institut and tested at Los Alamos in June of 2003.  Using a mass spectrometer at Argonne, the purity of resulting was 4He was checked and found to meet our requirements.  While the actual purification is quite rapid, it is expected that about one week (beginning from a “warm start”) will be needed to produce the purified 4He required by the experiment.

Some refurbishment and the replacement of hardware borrowed for the initial purifier test will be necessary if this apparatus is to become a production facility of purified 4He for subsystem commissioning and for the nEDM experiment itself.  This includes replacement of sensors and corresponding readout controllers and acquisition of a high-speed Roots blower pumping system, power supplies for heaters, and a compressor and associated transfer line to push purified gas to a storage tank.
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Fig. VI-4:  Time constant for removal of 3He from a 10-litre volume of liquid 4He by forced evaporation through a 30 cm diameter free liquid surface, as calculated in reference [� REF RefHa �5�]. At high temperatures the extraction rate is limited by the diffusion of 3He impurities in the liquid phase [� REF RefLa02 �6�,� REF RefBe52 �7�], while at low temperatures it is limited by the thermal escape probability. The dashed curve illustrates the influence of 3He-3He scattering when X is (relatively) large. The optimum operating temperature for a sorption pump based 3He extraction system is expected to occur at around 0.4 K.
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Fig. VI-5: Schematic diagram illustrating the manner in which liquid helium is manipulated into one of two charcoal sorption pump based isotopic purifiers. Further detail of the purifier volume is shown in � REF FigAbsPump �Fig. VI-6�.
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Fig. VI-1. This block diagram illustrates the interconnection between the major components of the He3S subsystem.  WBS identifying numbers are also noted.





Fig. VI-2. The upper cryostat of the entire experiment.





Table VI-1. Many of the operations that occur during the measurement cycle involve components of the He3S subsystem.  This table lists two possible cycle sequences.  In both cases, the cycle begins with V1a, V1b, V2, and V3 closed and with V4, V5 and V6a or V6b open.  The durations of activities during the cycle are given in parenthesis in seconds.





Fig. VI-3.  The current design of the Pyrex collection volume for polarized 3He.








Fig. VI-6: Detail illustrating elements of the proposed evaporative isotopic purification system. 
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Fig. VI-7.  This figure illustrates an “H”-gasket cryogenic connection system under consideration for connections, which involve materials of dissimilar coefficient of thermal expansion (CTE).
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