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32 yearsago we starteda long-lasting collaborationand friendshipΧ
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ωThe Large-Scale PolarizationExplorer isan experimentto measure
the polarizationof the CMB at large angularscales.

ωScience drivers :
ς The B-modesfrom inflation are mainlyat large scales(r)

ςPolarizationsignatures from reionization(t) are  mainlyat large scales

ςRotationof the polarizationangles(relatedto new physics)

ςSensitive polarizeddustsurvey at frequencies closeto the CMB ones

ςSensitive polarizedsynchrotronsurvey at f closeto the CMB ones

ω Instrumentalapproach:
ς The use of a large numberof multimode detectors promisesto improvethe 

sensitivitywrt to Planck-HFI

ς The use of a polarizationmodulator (in SWIPE) promisesto solve several
systematiceffectsaffectingthe performance of Planck-HFI at large scales

ς The use of a single large polarizer, common for the entire focalplaneto 
defininethe mainaxisof the  polarimeterwith high precision(<<0.1°)  
promisesto improvethe absolutereconstructionof the polarizationdirections. 

3

LSPE in a nutshell



ωThe Large-Scale PolarizationExplorer isan experimentto 
measurethe polarizationof the CMB at large angularscales.

ωFrequency coverage: 40 ς250 GHz (5 bands) 

ω2 instruments: STRIP& SWIPEcoveringthe samenorthernsky

ωSTRIPisa ground-basedinstrumentworkingat 44 and 90 GHz 
(hearMarco Bersanelliin a while) 

ωSWIPEworksat 140, 220, 240 GHz 
ςcollects8800 radiationmodes

ςusesa spinning stratosphericballoon payload to avoidatmospheric
noise, flying long-duration, in the polarnight

ςusesa polarizationmodulator to achievehigh stability

ςAngularresolution: 1.3o FWHM

ςSkycoverage: 20-25% of the skyper flight / year

ςCombinedsensitivity: 10 mKarcmin per flight

ω Seeastro-ph/1208.0298, 1208.0281, 1208.0164 and forthcomingupdates

LSPE in a nutshell
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LSPE ςExperiment Strategy
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Credit A. Mennella

Credit L. Pagano, 
F. Piacentini



90 GHz 

Atmospheric monitor

220 + 240 GHz

Monitor level, slope and possible

rotation of polarized dust emission.

To date - extrapolated from 350 GHz

STRIP

SWIPE

44 GHz

Monitor polarized

synchrotron

LSPE : Foregroundscleaningstrategy

140 GHz

Main CMB channel

?

dustcloud 2
T2, t2, q2

dustcloud 1
T1, t1, q1

?

CMB

LSPE
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Å SWIPE isa StokesPolarimeter, basedon: 
ï a simple50 cm aperture refractive

telescope, 

ï a coldHWP polarizationmodulator, 

ï a beamsplittingpolarizer, and 

ï two large focalplanes, 

ï filled with multimodebolometersat
140, 220, 240 GHz. 

Å Everythingiscooledby a large L4He 
cryostatand a 3He refrigerator, for 
operationof the bolometersat 0.3K

Å The instrumentis flown at 40 km 
altitude to mitigate the effectsof ŜŀǊǘƘΩǎ
atmosphere, and scansthe skyspinning 
in azimuth. 

SWIPE : 
general design

Ferrara
Genova
Pisa
Roma1
Roma2b
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SWIPE gondola

SWIPE receiver



SWIPE: ground/sunshield

The groundshield isverylarge ..
ΧΦ but not impossible: 

6.5m

OLIMPO, flown from 
LYR on July7th, 2018



LSPE/SWIPE

Rendering without ground/sunshieldsςa 1.6 tonspayload

Azimuthpivot and motor

forebaffle

Cryogenicreceiver

Electronics (readout, 
data acquistion, ACS, 
communications) and 
batteries

Elevationmotor

Nicola
lookingat
the theory

Paolo
taking
measurements



SWIPE: Simple ACS
ÅACS basedon the successfull

pivot flown on BOOMERanG
and OLIMPO.

ÅAzimuthspin of the entire
payload up to 3 rpm (with 3A 
current for a 1600kg load). 

ÅAttitude determinationfrom 
the samegyrosand star sensors
flown on Archeops(Nati et al. A 
fast star sensor for spinning 
balloon payloadsReview of 
Scientific Instruments, 74, 
4169-4175, (2003))



SWIPE - receiver
ÅA Stokes(HWP + polarizer+ 

power detector) polarimeter, 
panoramic

ÅSimple implementation

ÅTwolarge focalplanes(8800 
modes), at 0.3K, in a large 
cryostat, coolingalsothe 
lens(490mm diam. and a 
460 mm diam. coldstop ) 
and the polarization
modulator (HWP at about
10-15 K). 

ÅFOV: 20° split by a 500mm 
diam., 45° tilted wire grid
into 2 FocalPlanes300 mm 
diam(f/1.75)

ÅMost componentsbeing
machined, some ready

1.4 m



LSPE-SWIPE polarimeterand cryostat

LSPE-SWIPE 
polarization
modulator

Fast (1-2 rps) levitatingHWP rotator
and HDPE lens

LSPE/SWIPE: Receiver



Buzzelli et al., A&A 609, A52 (2018)



500 mm

Pisano et al., Proc. SPIE, Vol. 9153, id. 915317 (2014)

SWIPE ςHWPÅ Isa cold(2K), large (50 cm useful
dia.), wide-band meta-materials
HWP, placedimmediatelybehind
the window and thermal filters 
stack. 

Å HWP characteristicsfor the 
ordinaryand extraordinaryraysare 
well matched:
(To-Te)/To < 0.001, Xpol<0.01, over 
the 100-300 GHz band. 

Å Simulationsshow that continuous
rotation hasadvantagesin termsof 
1/f noisemitigationand angles
coverage.

Å A custom superconductiverotator 
hasbeendeveloped.



~670mm Pros

ω NO stick-slip friction

ω NO extra-effort to cool HTSs

ω Passive stable levitation

ω Low Coefficient of friction

ω Continuous rotation (0-10Hz)

T. Matsumura et al.,  IEEE Trans.Appl.Supercond. 26 (2016)

S. Hananyet al., IEEE Trans.Appl.Supercond. 13 (2003) 2128-2133

SWIPE ςHWP rotator

Cons

ω Variable magnetic field

ω Clamp mechanism at 4K



SWIPE ςHWP rotator - General layout

Al enclosure

YBCO 
bulk
(stator)

Small 
magnets

Rotor permanent 
magnets rings (in red)

Rotor groove ring for 
clamping

YBCO bulks 
Al support 
(stator)

Al ring (rotor encoder 

and support of the small 
magnets for the EM 
motor)

Free aperture ~ 500 mm;
Support for telescope lens

Signal from the sky Support for 
thermal 
filters

1T field strengthin the gap. Total mass 9 kg. 

Rotor iron rings (in brown)



SWIPE ςHWP rotator ςpartsprocured

smaller
diameter
Prototype
arXiv:1706.05963v3

Statorwith 
YBCO bulks

Rotorwith 
permanent
magnets

Groove ring 
for C/R



SWIPE ςHWP rotator ςclamp/release

Rotor

Clamp/
Release (1/3)

Stator

Frictionlessactuatorfor 
operation@ 2K

Fabio Columbro, Paolo de Bernardis, and Silvia Masi
A clampand release system for superconductingmagneticbearings
Review of Scientific Instruments 89, 125004 (2018)



SWIPE: CryogenicTestbed

A. Rocchi

Basedon a pulse-tube cooler



LSPE SWIPE 17 maggio 2012

M. De Petris - LSPE SWIPE 17 maggio 2012

Single lens 490mm in dia: plano-convex lens 
curved focal plane

Constraints:
Thermal filters max c.a. diameter = 500 mm
Wire Grid (WG @45 deg tilt) max c.a. diameter = 500 mm
HWP max c.a. diameter = 500 mm

Dimensions:
HDPE Lens (L1) diameter = 480 mm
Aperture Stop (AS) = 440 mm
Entrance Pupil = 450 mm
FOV = 20 deg
f/1.88
Curved Focal plane (CFP_T o CFP_R) 
diameter = 300 mm
Lens thickness = 65 mm 
HDPE lens with AR by porous PTFE

CFP_R

CFP_T

HWP

L1

WG
AS



LSPE SWIPE 17 maggio 2012

Single lens 490mm in dia: plano-convex lens 
curved focal plane

Corrected focal plane vsbands



SWIPE: Simple Optical Design

800 mm

M
. 
D

e
 P

e
tr

is



Single-Mode vs Multi-Mode design: 
how, whenand whygo Multi-Mode

- Reduce the numberof individual
sensitive elementseachhitting the 
photonnoiselimit more easily

- Sensitivityper individualdevicescales
like Nmodes

1/2

- Comparativelylargerdetector units
and coarserangularresolution. 

- Viableand cost-effectivewhen
sensitivityisa strongerrequirement
than diffraction-limited operation
(e.g. Planck545 and 857 GHz)

- CMB spectraldistortion and large 
scale B-mode searchescan fully take 
advantageof m-m design (PIXIE, LSPE)

- Diffraction- and photon-noiselimited
operationover quite a broadband 
demonstrated

- Solid modelingtechniques
- Reliablemethodsfor assessingreal-life 

performance.
- Instrumentdesign iscomplicatedbut

hugeexperienceaccumulatedby 
community over the last few years.

- Large numbersof detectors neededto 
break photon noiselimit

L. Lamagna



LSPE/SWIPE: multimodeoptics

ÅWhole system multi-
mode 

ÅFull EM simulation
describedin: Legg, Lamagna, 
Coppi, de Bernardis, Giuliani, 
Gualtieri, Marchetti, Masi, 
Pisano, Maffei, Development 
of the multi-mode horn-lens
configurationfor the LSPE-
SWIPE B-mode experiment
Proc. SPIE 9914, Millimeter, 
Submillimeter, and Far-
InfraredDetectors and 
Instrumentationfor 
AstronomyVIII, 991414 
doi:10.1117/12.2232400

ÅResultingbeamapproximately
top-hat. 1.5° FWHM.

ÅGood polarizationproperties.

L. Lamagna, S. Legg

L. Lamagna. M. De Petris



The SWIPE pixel assembly

L. Lamagna



SWIPE: Hornbeam

Lamagna et al., Proc. 36° ESA Antenna Workshop, manuscript110138 (2015)



Reflected focal plane transmitted focal plane

Scan direction

SWIPE focal planes : 33% 140 GHz, 33% 220 GHz, 33% 240 GHz

Total 330 detectors, with AW= 10l2, 21l2, 23l2 @140,220,240



SWIPE: FocalPlanesrealestate
ÅThe distributionof 

colors in the pixelshas
beenoptimizedwith a 
simplifiedschemefor 
foregrounds(dust) 
removal.  

ÅA roughlyequal
numberof pixelsin the 
three bandsprovides
sufficientprecisionto 
extrapolate the dust
signalfrom high 
frequency down to 150 
GHz 

ÅThisconfiguration
totalizes4400 radiation
modesfor eachfocal
plane(transmittedand 
reflected). 



LSPE horns& bolo holders

Focalplanedetector flanges

(goldplatedAl6061, 40 cm side). 

Large Throughput
multimodedetectors: 
8800 modescollected
by 330 sensors



LSPE horns& bolo holders(INFN-RM1)

Focalplanedetector flanges

(goldplatedAl6061, 40 cm side). 

LSPE horns& bolo holders

Large Throughput
multimodedetectors: 
8800 modescollected
by 330 sensors



ÅThe absorbersare large Si3N4
spider-webs(8 mm diameter, 
multimode)

ÅSensorsare Ti-AuTES

ÅPhotonnoiselimited

Åt= 10 ms

SWIPE  - multimodeabsorbers& TES


