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Abstract
We developed a cryogenic facility to assess the performance of different types of 
cryogenic mechanisms. The facility can host very large (up to ∼ 1m3 ) and heavy 
(up to ∼ 30 kg ) instrumentation, cooled down below 10 K. The operation of moving 
components can be visually monitored by means of two webcams looking inside 
the 4 K volume. In addition a large number of electrical feedthroughs (444 lines) 
allow the operation of a set of hall and capacitive sensors to measure both the mag-
netic field, the position of moving devices with an accuracy of tens of microns and 
their temperatures with an accuracy of few % . We present the results of the first tests 
on a large aperture (500  mm diameter) superconducting magnetic bearing for the 
SWIPE/LSPE experiment currently under test.
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1  Introduction

The measurement of cosmic microwave background (CMB) radiation properties 
(B-mode polarization, spectral distortions) probes physical phenomena near the 
big bang and fundamental physics at very high energy. Modern CMB experiments 
require large throughput detector arrays, optics and modulators, all working at cryo-
genic temperatures. Modulators are composed of large cryogenic mechanism which 
need to be carefully test to assess their performance and make a forecast of their 
systematics. The development of large cryogenic facilities to test the performance is 
the first step in its development.
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In Sec. 2 we describe the facility we developed in our laboratory while in Sec. 3 
we describe the polarization modulation unit (PMU) of the SWIPE/LSPE instru-
ment [1–3] and discuss the first tests performed. The PMU is a key and critical com-
ponent [4, 5] of modern CMB experiments [6–12] which has the goal of spin a half-
wave plate (HWP) optical element.

2 � Cryogenic Facility

We developed a cryogenic facility to assess the performance of different types of 
cryogenic mechanisms. The facility (Fig. 1) can host very large (up to ∼ 1m3 and 
heavy (up to ∼ 30 kg ) instrumentation, cooled down below 15  K. This testbed is 
based on a SHI pulse tube (PT) cryocooler (model RP-082B2S) with a second-stage 
capacity of 0.7 W. It operates with air-cooled helium compressor, and it features a 
separated valve unit to further reduce vibration.

Custom flexible heat straps composed of high-purity copper flanges and commer-
cial copper wires, with an estimated thermal conductance of ∼ 0.5 WK−1 , provide 
the connection between the second stage of the PT and the cold cryostat stage (left 
panel of Fig. 2).

A radiation shield surrounding the cold stage is wrapped with multilayer insula-
tion (MLI) blanket reducing the radiative load on the first stage from ∼150  W to 
<10  W and cooled by the first stage of the PT through a similar heat strap. The 
radiation shield and cold stages are supported by fiberglass tubes to provide the nec-
essary stiffness, allowing operation of the cryostat for tilts up to 30 ◦ from vertical.

A large number of electrical feedthroughs (444 lines) allow the operation of mul-
tiple set of sensors. Eight thermometers monitor the temperature in different cry-
ostat locations. A set of capacitive sensors [13] are used to monitor the displacement 

Fig. 1   Left: the cryogenic facility without the vertical section of the vacuum blanket. The radiation MLI 
blanket surrounds the cold stage shield. The fiberglass tubes ( ∼ 25 mm outer diameter) provide the nec-
essary stiffness to support the inner stages. A similar system is applied on the second stage. Right: sec-
tion of the cryostat with the PMU mounted on the second stage
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of moving components. In addition a temperature sensor can be connected to the 
capacitive sensor and biased with an AC current transferred to the moving compo-
nent via capacitive coupling. The position of moving devices can be monitored with 
an accuracy of tens of microns and their temperatures with an accuracy of few %.

The testbed is equipped with two Leopard Imaging webcams (right panel of 
Fig. 2). They are used to continuously monitor in real time the rotation of the system 
in the cryogenic environment. The webcams are attached to the first stage, look-
ing inside the second-stage volume, and their heat load is ∼1 W for each webcam 
(180 mA at 5 VDC).

The magnetic fields are monitored by an absolute Hall sensor (Cryomagnetics 
Inc.) and a set of relative Hall sensors (A sensor Technology model 144P) which can 
be mounted in different positions of the second-stage volume. Both sensors have a 
resolution of few  μT.

In the current configuration, the temperature of the bottom part of the second 
stage, where the mechanism to be tested is located, is ∼ 20K . With both webcams 
turned off, the equilibrium temperature is 14 K. The last region of Fig. 3 shows the 
effect of one webcam turned off ∼ 8 d after the start of the cooldown. With both 
webcams turned on (in order to keep them operative and warmer by self-heating), 
the cooling time to cooldown the second-stage plate below 30 K is ∼ 4 days. The 
equilibrium temperature reached by the second stage of the PT is 5 K. There is a 
non-negligible temperature gradient between the second stage of the PT and the 
other parts thermally connected to it, due to the thermal resistance of the flexible 
heat links and of the large aluminum shields. In a future implementation, we plan 
to improve the thermal conductivity of the heat links and to add a second pulse tube 
refrigerator. The cryostat has been designed and manufactured for two pulse tube 
refrigerators, and blank flanges are currently present in place of the second one.

In an extended version, the cryostat can also accommodate a very large focal 
plane. This is cooled down to sub-Kelvin temperatures by an additional pulse tube 
head connected to a sub-Kelvin refrigerator and can be illuminated by external 

Fig. 2   Left: thermal link between the PT second stage and the inner stage of the cryostat. Right: web-
cams totem, connected to the first stage of the PT, and protruding inside the second-stage volume
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radiation taking advantage of a large ( ∼ 600 mm diameter) optical window, fol-
lowed by a stack of thermal and low-pass filters.

3 � Polarization Modulation Unit Tests

The breadboard model of the polarization modulation unit (PMU) is based on 
the design for the SWIPE balloon-borne instrument one. This PMU is based on 
a 500 mm optical aperture superconductive magnetic bearing (SMB), which will 
host a metal-mesh HWP. Figure 4 shows the PMU ready to be tested in the cryo-
genic facility.

The PMU is composed of the following subsystems:

Fig. 3   Temperatures of the testbed measured in four different locations of the cryogenic testbed

Fig. 4   The polarization modulation unit mounted on the bottom cover of the cold volume. Main compo-
nents described in sec 3 are highlighted
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•	 Bearing [14]: the SMB is composed of a stator and a rotor. A superconductor ring 
(18 yttrium-barium-copper-oxide tiles) in the stator and a permanent magnet ring 
(2 NdFeB segmented magnetic rings and 3 thin iron yokes) in the rotor are faced 
radially to minimize radial displacement of the SMB. The rotor includes two addi-
tional aluminum rings: the groove ring located on the bottom and coupled with the 
clamp/release system to hold the rotor in place at room temperature and during the 
cooldown; the encoder ring located on the top and including 64 slots for the rela-
tive encoder, a single slot for the absolute encoder and 8 receptacles for the small 
magnets which are part of the motor. The top part of the rotor can host the HWP, 
mounted in its custom holder.

•	 Clamp and Release System [15]: the rotor is held by the clamp/release mechanism, 
keeping it in place during the cooldown process, until the transition temperature of 
the YBCO bulks is reached and the magnetic field is frozen. Thereafter, the rotor 
is kept in place by the magnetic field, and the clamps can be released. The clamp/
release mechanism is composed of three linear actuators, radially oriented toward 
the center of the HWP ring, spaced 120 ◦ in azimuth and pushing against a groove 
ring located below the main magnet.

•	 Motor [16]: an electromagnetic motor is used to spin the rotor while an optical 
encoder continuously monitors the position and the velocity. The electromagnetic 
motor is based on the interaction between 8 small (8 mm diameter, 2.5 mm height) 
NdFeB magnets, evenly spaced on the periphery of the rotor, and 64 driving coils 
placed on the same diameter on the stator. By modulating the current in each coil, 
we are able to simultaneously push/pull the closest magnet.

•	 Sensors: the performance of the PMU is monitored by means of the set of sensors 
previously described in the second part of Sec. 2

•	 Harness [17]: each of the subsystems described before needs a custom harness to 
be controlled and operated by the room temperature electronics. The harness is 
designed to minimize the heat load on the different cryogenic system stages.

•	 Control Electronics (at room temperature): a custom electronics controls the spin 
of the rotor thanks to a PID feedback control composed by the optical encoders, an 
Arduino board reading those, computing the error signal, applying the PID algo-
rithm and controlling a DAC, thus generating a set of phased currents driving the 
coils.

The most critical parameter of such a system is its coefficient of friction which gives 
and estimation of the heat load produced by the bearing during its continuous rotation. 
It is quantified in terms of power loss, measured by spinning the rotor up and then let-
ting it free to spin down, while reading its angular position versus time with the optical 
encoder. The rotation of the system is described by the equation of motion:

where � is the external torque applied to spin the rotor, �f  is the torque of friction 
forces, I is the moment of inertia of the rotating system and � the angular velocity of 

(1)�(i) − �f (�) = I
d�

dt
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the rotor we measure. When the bearing is free to slow down (applied torque � = 0), 
we can write an equation for the dissipated power:

where �0 and �1 are the coefficients of friction which come from two different contri-
butions. Hysteresis losses ( �0 ) can be produced in the YBCO superconductors by the 
trapped magnetic field of the rotor magnet, which is not homogeneous and shifts a 
little bit after the release due to gravity; eddy current losses ( �1 ) can be induced by a 
time varying magnetic field ΔB and dissipate power as Joule heat (Fig. 5).

Both the main magnet and the motor magnets generate eddy currents. In order 
to separate the two contributions, we performed an additional test by increasing 
the distance between the motor magnets and the stator. The measured friction is 
the same in both configurations, meaning that the main contribution to eddy cur-
rent losses comes from the main magnet.

4 � Conclusion

We developed a cryogenic facility useful to test large mechanisms at 10  K and 
monitor the performance both visually thanks to cryogenic webcams and elec-
trically by using capacitive and magnetic sensors. Currently a half meter aper-
ture PMU is under test. The baseline rotation frequency is 30rpm, and the heat 
load produced is 25  mW. The large mirror transport mechanism (MTM) of the 
COSMO experiment [18], designed to operate at cryogenic temperature, will be 
tested in the next months.
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�

→ Pf (�) = −�I
d�

dt
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Fig. 5   Power losses measured 
during the spin down tests. The 
hysteresis and eddy current 
losses produced while the rotor 
is spinning at 30rpm are 12 mW 
and 13 mW, respectively
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