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Missions’ Requirements

LSPE/SWIPE LiteBIRD i
Mass: 2.6t ~1rﬁ]°m‘:¢far§3:’?fmffﬁzﬁimm
* Balloon-borne mission * Satellite Du 79680y | Bussysem g0 T
e F\:;cslﬁf:gcv.\i) o8 MFT V-grooves
* 3 bands, 120 - 250 GHz * 15 bands, 40 - 400 GHz - HET | (e v ol
. LFT

e 326 TES bolometers
* + LSPE/Strip

* 3 telescopes

High-gain antenna
(for data transmission)

Sun shield

Star tracker

1430mm

SWIPE MFT HFT
Angular Accuracy <10’ <71 <9’
Power Load < 40mW <4mW
Temperature < 20K < 20K < 20K
Wobbling < 30’ < 30’ < 30’




Missions’ Requirements
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SWIPE MFT HFT Systematic Effects / Issues
: : : Reconstruct with good accuracy the HWP angle to
Angular Accuracy <10 <1 <9 avoid leakage from E-modes to B-modes
Limited thermal budget
Power Load < 40mW <4mW
Minimize the load on the detectors
Minimize spurious polarized emissions of the HWP
Temperature < 20K < 20K < 20K Detectors’ calibration is affected by the HWP’s
temperature
Wobbling <30 <30 <30’ Has to pe m.onltored both for optical and
mechanical issues




Polarization Modulator Unit

Continuously-rotating metal-mesh Half-Wave Plate

(500mm diameter)

Cryogenic environment: 5K

Subsystems:

Superconducting Magnetic Bearing
Clamp/release system
Electromagnetic motor

Optical encoders

Hall sensors

Capacitive sensors
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PMU - Superconducting Magnetic Bearing

* 18 YBCO bulks
* 2 NdFeB segmented rings

NdFeB

lron
rNngs

Aluminum
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PMU - Clamp/Release system

The actuator is holding
the SMB rotor

The plunger is retracted
In the radial direction,
releasing the SMB rotor. N

Small cylinders are

iInserted, latching the

head in the retracted

position. N

Cylinder (latch)

F. Columbro, P. de Bernardis, and S. Masi. “A clamp and release system for 6
superconducting magnetic bearings”. Review of Scientific Instruments. 2018.
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PMU - Electromagnetic Motor

DRIVING
CURRENTS
SIGNAL

ROTATION
8-PHASE
— | Current generator | ;P

TARGET
FREQUENCY
ﬁ

Arduino
PID control

POSITION FEEDBACK

| Optical encoders |

* 64 driving colls placed on the stator

* 8 small magnets (NdFeB) placed on the rotor

Current correction:
u(t) = Kye(t) + K[ , e(t)dr + Ky

\ | /

e(t) =r()—SP

de(t)
dt




PMU - Rotation
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PMU - Optical Encoder

* Absolute encoder—> single slit

* Relative encoder—> 64 evenly spaced slits
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Measurements and Results

1. Stability / Angular Accuracy

2. Friction 2> Power Load

- HWP temperature

3. Capacitive sensors - Distance measurements - Wobbling

- Temperature measurements - HWP temperature

10
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1. Stability

The PID feedback control stabilizes the rotation ’ Long-term stability < 0.1%
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1. Angular Accuracy

4000 -
Reconstruct the HWP angle with good accuracy to minimize 30007
a leakage from E-modes to B-modes
2000
1000-
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E Atl § Atz i At3 i At64 i Atl 2 %101 A o . d
< ' ' : >: <
Ato E ® o
o,
> 1071
* Absolute encoder At e
O
* Relative encoder At; (i =1, ... ,64) ® 6x10-
E
O 4 x 1072
. < e Encoder
Angular accuracy: gg = o - 360 - f - 60 31072 —— Readout

0.4 0.5 0.6 0.7 0.8 0.9
| o | | | Frequency [Hz]
F. Columbro, P. de Bernardis et al. "A polarization modulator unit for the mid- and high-frequency

telescopes of the LiteBIRD mission”. Proc. SPIE 11443. 2020. 12



2. Friction

Minimize the power dissipated during the rotation

dw
P(w) = wl— = 2nflay, + 2rf)*1a,

dt | |
Hysteresis Eddy Currents
< AB < AB?
— Fit
304 ° Data
—— Fit Eddy Currents
—— Fit Hysteresis
60 -
=
£
a 40 -
20 -
0 "
0.0 0.2 0.4 0.6 0.8 1.0

Frequency [HZ]
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Magnetic field inhomogeneities: — ~ 6%

120.0~

“ |

0 50 100 150 200 250 300 350
Angle [deg]

Hall sensor
HE144P from Asensor
—> 10uT resolution
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3. Capacitive Sensors

Capacitors allow to monitor: 3 plates mounted on the stator:
* 2 lines with a high frequency bias (40 MHZz)
* 1 line with a low frequency bias (90 kHz)

* Temperature variations —> Thermistor: R (T') and a lockin amplifier

5 x
* Levitation height —> V. = ARwV},, (€, —+ C™)

9 plates on the rotor:
* 8 monitor the levitation height
* 1 coupled with thermistor monitors temperature (#4)

ww 09

Spin
axis

Rotating Half-Wave Plate

A .

- -:"’ b B
\ Y

, .

—

300 mm

P. de Bernardis, F. Columbro et al. “A simple method to measure the temperature and

levitation height of devices rotating at cryogenic temperatures.” Rev. Sci. Instrum. 2020. 14



3. Distance Measurements

O el U \. ."l - '\ j U \\/———ﬂf'

L] |

0.0 0.5 1.0 1.5
Time [s]

Data from 1 capacitive sensor over a 360° rotation

Cor

R(T)

R
AVin 9 II L

Cpop

AV

out

v

Schematic of the equivalent circuit

of the capacitive sensors
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Sensor calibration

X - Fit
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10 15 20 25 30 35 4.0
d [mm]
S 2

2d

SAPIENZA

UNIVERSITA DI ROMA



3. Distance Measurements

Rotor Release

1.8 A

V [V]

0 10 20 30 40 50 60
Time [min]

Left: rotor clamped Right: rotor levitating

and spinning at 0.6 Hz

Estimated drop of the rotor: Ah = 0.43 mm

F. Columbro, G. Barbieri Ripamonti et al. “Capacitive sensors for the polarization modulator unit of

the Mid- and High- Frequency Telescopes of LiteBIRD space mission”. Proceedings of SPIE. 2024.
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Wobbling
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N 2
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Error on the levitation height: 0 ~ 20um

|

LSPE/SWIPE: Wobbling Angle < 20 arcsec
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3. Temperature Measurements i

2C 2C

R(T)

u | gy p— | |
AV,, |C| R‘*@ AV,

Goal: to measure rotor’s temperature variations during the rotation " "
—> The thermistor on the rotor has a resistance change very small with respect to the impedance of the readout circuit

We have been able to measure the trend of the thermistor resistance 1.24
due to temperature variations during the cooling down of the system 4
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HWP Cryogenic Tests

Goal: to measure the optical performance of the HWP at cryogenic temperature—> Mueller matrix

@*

Vacuum feedthroughs with
polyethylene plugs in the waveguides

300K-40K thermal disconnection,

waveguide gap

40K-4K thermal disconnection,
waveguide gap

s
v—— -

Sketch of the measurement Hardware Implementation

ESA-TRP project. P. de Bernardis, G. Pisano 18
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Summary and Conclusions

Angular Accuracy

The angular resolution is ~ 0.1 — 0.2 arcmin between 0.3 and 1 Hz

Wobbling

The wobbling during the rotation has been measured to be AG < 20 arcsec

Power Load & Temperature
The magnet will be replaced to reduce friction
Rotor’s temperature measurement is under development and promising

Future Goal
Cryogenic optical tests of the HWP will be carried out in the near future

19
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Waveguides - Preliminary Measurements

GAP 0.1mm Dx O NORMALIZED

F5E410 H5E+10 95E+10 1.05E+11

Freq |GHz) Average Signal Conserved 97%

GAP 0.1mm Dx 0.2mm NORMALIZED

dB

7.5E+10 8.5E+10 9.5E+10 1.05£+11
Freq [GHz] Average Signal Conserved 97%

The waveguides have been
designed and are currently being
tested at room temperature

GAP 0.1mm Dx 0.6mm NORMALIZED

7.5E+10 85E+10 9.5E+10 105E+11

Freq [GHz) Average Signal Conserved 93%

Credits: G. Gorla and G. Pisano 21
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GAP 0.5 DX O NORMALIZED

STy

/5E110 SEt10 d5ee10 e+10 J5er10 1t+11 105e¢1] 1.1k41]
Freq [GHz)

Average Signal Conserved 96%

GAP 0.5mm DX 0.2mm NORMALIZED
:
TWWWWW W Iy

75E410 RE+10 B.SF+10 OF+1( 95E+1( 1E+11
Average Signal Conserved 95%

105 +11 1.1E+11

Freq [GH:

GAP 0.5mm DX 0.6mm NORMALIZED

7.5E+10 8.5E+10 9.5E+10 1.05E+11

Freq [GHz] Average Signal Conserved 91%
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Friction and Thermal Conductivity

Groove ring: Aluminium —> G10 The new configuration reduces the cooldown time
Heads: Teflon —> Brass
300 —10ld
3mm ——— New
250 1
Harmonic spring steel 200 1
f \\ —
3 lron X,
= 150 1

rings
100 -

50 -

<+—— Aluminum

Friction should be reduced We gained a factor 2 in the
—> test to understand the contribution from this ring conductive heat transfer

22
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Temperature Measurements - Optimization

Resistance of the current thermistor as a function of Response of the readout circuit to different
temperature resistances
1.1
o)
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Currently: AT = (100K —20K) > AR = (163Q —6931Q)
New thermometer: AT = (100K —20K) -> AR = (515Q —1720Q)

1

We could gain a factor 2 in the output signal
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