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LSPE In autshell

W The LargéScaIePoIarlzatlorEprorens an experlmentto measure
the polarizationof the CMBat largeangularscales

w Science drivers

The Bmodesfrom inflation are mainlyat largescaleqr)
Polarizationsignatures fronreionization(t) are mainlyat largescales
Rotationof the polarizationangles(relatedto new physic$
Sensitivepolarizeddustsurveyat frequenciescloseto the CMBones

¢ Sensitivepolarizedsynchrotronsurveyat f closeto the CMBones

w Instrumentalapproach:

¢ The use of a largeumberof multimode detectorspromisesto improvethe
sensitivitywrt to PlanckHFI

¢ The use of @olarizationmodulator (in SWIPE)romisesto solveseveral
systematiceffectsaffectingthe performance of PlanelFlat largescales

¢ The use of ginglelarge polarizer, commonfor the entire focalplaneto
defininethe mainaxisof the polarimeterwith highprecision(<<0.Z)
promisesto improvethe absolutereconstructionof the polarizationdirections




LSPE In autshell

W The LargesScalePolarizatiorExplorensan experlmentto
measurethe polarizationof the CMBat largeangularscales

w Freguency coverage: 4250 GHz (bandg
w 2instruments STRI& SWIPEoveringthe samenorthern sky

w STRIKsa groundbasedinstrumentworkingat 44 and 90 GHz
(hearMarcoBersanellin awnhile)

w SWIPRvorksat 140, 220, 240 GHz

¢ collects8800radiationmodes

C usesa spinningstratospheridialloon payloado avoidatmospheric
noise flyinglong-duration, in thepolarnight

usesa polarizationmodulatorto achievehigh stability
Angularresolution 1.3 FWHM
Skycoverage: 225% of theskyperflight/ year
Combinedsensitivity 10nKarcmin per flight

w Seeastro-ph/1208.0298, 1208.0281, 1208.0164 aodthcomingupdates
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LSPE Experiment Strategy Bl

Large Scale

North Pole

STRIP SWIPE

Ground telescope at 43 Balloon borne telescope at
and 95 GHz located in 143, 220 and 240 GHz. Will
Tenerife. Will measure for < take measurements for
two years. Based on : two weeks during a LDB
coherent polarimeters f ;-‘-~ N -sky nocturnal flight around the

: - - North Pole. Based on TES
bolometers

Credit A. Mennella

Mask covB + foreground - sky fraction: 0.303 Mask covB + foreground - sky fraction: 0.303

Credit L. Pagano,
F.Piacentini

Equatorial Galactic




LSPEForegrounds:leanmgstrategy -

= STRIP
| == SWIPE

Pla ncL
WMAP
Synchfot
Thermal
PSI%F[J

dustcloud 2
Tyt 0

dustcloud 1
Tt 0

70 100

44 GHz
Monitor polarized
synchrotron

90 GHz

Atmospheric monitor

150 200 300 400

ﬁ "LSPE

220 + 240 GHz

Monitor level, slope and possible
rotation of polarized dust emission.
To date - extrapolated from 350 GHz

140 GHz
Main CMB channel
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A SWIPEsaStokesPoIarlmeterbasedon CARDIFF [l MANCHESTER

UNIVERSITY

asimple50 cm aperturgefractive Siowll @ sarinza
telescope

a cold HWPpolarizationmodulator,
a beamspilittingpolarizer and
two largefocalplanes

filled with multimode bolometersat
140, 220, 240 GHz.

&/ UNIVERSITA DI ROMA

A Everythingscooledby a large 4He g
cryostatand a3Herefrigerator, for = /]
operationof the bolometersat 0.3K  swIpPE gondola

Theinstrumentis flown at 40 km 4| |+
altitude to mitigate theeffectsof S I NI K Q & el (st
atmosphere andscanghe skyspinning SWIPHEeceiver |EIEh .
in azimuth '




SWIPEgroundsuns

Thegroundshieldigverylarge . e
X dut not impossible - LYR oduly7™, 2018
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Istituto Nazionale w spozinle
di Fisica Nucleare talicna

Cryogeniceceiver

Electronicsrgadout, forebaffle

dataacquistion ACS, >
e g Nicola Paolo
communicationyand : takin
batteries Z/7\l lookingat ing
s Al the theory measurements

Elevatiormotor

Renderingwithout ground/sunshieldsg a 1.6tons payload




SWIPE: Simple ACS&WHW

A AC%asedon thesuccessfull
pivot flown on BOOMERanG
and OLIMPO.

A Azimuthspin of theentire
payload up to CP m (with 3A
currentfora 1600kdoad).

A Attltude determinationfrom
the samegyrosand starsensors
flown on ArcheopgqNati et al.A

Large Scale Polanzation Explnfe;

fast star sensor for spinning
balloon payloadfkeview of
Scientific Instruments, 74,
41694175, (2003))




SWIPE receiver 'NFMM,Z.WQ;?

Large Scale Polanization Ex| l » sica Nucleare italiana

A AStokes(HWP +polarizer+
power detector)polarimeter
panoramic

A Simpleimplementation

A Twolargefocal planes(8800
modeg, at 0.3K, in a large
cryostat coolingalsothe
lens(490mmdiam. and a
460 mmdiam. cold stop )
and thepolarization
modulator (HWRat about
10-15 K).

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

detectors

detectors

A Most componentsbeing
machined some ready




LSPE/SWIPEecelver

LSPESWIPEPolarimeterand cryostat

LSPESWIPE
polarization /4
modulator
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Fast (12 rps) levitatingHWP rotator
and HDPEens
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Buzzelli et al., A&A 609, A52 (2018




Isacold (2K), large (50 cmseful SW| PE HWP

dia.), wideband metamaterials

HWPplacedimmediatelybehind — CARDIFF
the window andthermalfilters MANCHESTER OnVERSITY
stack CARDYD

HWHPcharacteristicgor the
ordinaryandextraordinaryraysare
well matched

(T-T)/T, < 0.001 X,,<0.01, over
the 100300 GHz band.

Simulationsshowthat continuous
rotation hasadvantagesn terms of
1/f noisemitigationandangles
coverage.

A customsuperconductiveotator
hasbeendeveloped

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




SWIPE HWP rotator NN @/@

NO stickslip friction

NO extraeffort to cool HTSs
Passive stable levitation
Low Coefficient of friction
Continuous rotation (LOHz)

Cons
w Variable magnetic field

High Temperature Superconductors w Clamp mechanism at 4K

S.Hananyet al., IEEETrans.Appl.Supercond.3 (2003) 2122133
T. Matsumura et al., IEEErans.Appl.Supercon@6 (2016)




SWIPE, HWP rotator- General layout (M.

Small _
magnets Signal from the sky Support fo

Al ri NJ(rotor encoder thermal

and support of the small 7
Al enclosure magnets for the EM filters

motor)

Free aperture ~ 500 mm;
Support for telescope lens

Rotor iron rings (in brown)

Rotor groove ring for - ROtor permanent

Al support clamping magnets rings (in red)

(stator)

1Tfield strengthin the gap. Total mass 9 kg.

SAPIENZA

UNIVERSITA DI ROMA




SWIPE HWP rotatorg partsprocured — iwe

Statorwith

@

\ Groove ring
= _ for C/R

smaller

diameter f
Prototype
arXiv:1706.05963v3




{SPE) SWIPE HWP rotatorg clamprelease ¥ (@l

ogemcspomle

Large Scale Polarizat Epl

Frlctlonlessactuatorfor
operation@ 2K

Stator -

Release (1/3)

Fabio Columbro, Paolo de Bernardis, and Silvia Masi
£ SAPIENZA Aclampand release system feuperconductingnagneticbearings
B v o Roma Review of Scientific Instruments 89, 125004 (2018)




SWIPECryogenidestbed ' _c@al’
A B |

Basedon apulsetube cooler
INF
W (s AL Rocchi




Single lens 490mm in dia: plaigsonvex lens
curved focal plane

Dimensions

HDPE Lens (L1) diameter = 480 ir
Aperture Stop (AS) = 440 mm
Entrance Pupil = 450 mm

FOV = 20 deg

f/1.88

Curved Focal plane (CFP_T o CF¥f
diameter = 300 mm

Lens thickness = 65 mm

HDPE lens with AR by porous PTF

LSPE - 5B-CM IN
TUE MAR 13 2812

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

M. De Petris LSPE SWIPE 17 maggio 2012
LSPE SWIPE 17 maggio 2012



Single lens 490mm in dia: plaigsonvex lens
curved focal plane

Corrected focal planesbands
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+Y FIELD IN DEGREES

STREHL ERTIO VS FIELD

REFERENCE: CENTRODID

LSPE SWIPE 17 maggio 2012



SWIPE: Simple Optical Design
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2.00 DEC

REFERENCE : CHIEF RAY
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Large Scale Polarization Explorer

how, whenandwhy go MulttMode

Diffraction and photon-noiselimited - geer?stfﬁ\?eg}g]r%rennt’;géggﬁrﬂi[\{iir?u?}!e
operationoverquite abroadband photon noiselimit more easilg/

demonstrated S tivit individualdevi |
Solidmodelingtechniques Iikeel’llsll VI X[/%el‘ln IvVidualdevicescales
modes

Reliablemethodsfor assessingeallife : :
erformance Comparativelyargerdetector units
P ' andcoarserangularresolution

Instrumentdesignis complicatedbut Viableand costeffectivewhen
hugeexperienceaccumulatedby sensitivityis a strongerrequirement
community over the lasiew years than diffraction-limited operation
Largenumbersof detectorsneededto (e.g.Planckb45 and 857 GHz)

breakphoton noiselimit CMBspectraldistortion and Iarg%e
scale Bmodesearchesanfully take |
advantageof m-m design (PIXIE, LSPE

L. Lamagnha




LSPE/SWIPEultimodeoptics il

A Whole system muli —
m O d e 3 Diameter (mm)

Centre thickness (mm)
Focal length (mm)

A Full EMsimulation ormeas

Conic constant

describedn: Legg Lamagna, Gt oo dmers
Coppl’ de Bernardls’ GIUIIanI! Back focal distance /:}erturestop
Gualtieri, Marchetti, Masi,

Pisano, MaffeiDevelopment CT’E“" analyﬁsis — small angle beams
 W—

of the multtmodehorn-lens antagna, kegg
configurationfor the LSPE 0.0
SWIPE #nhodeexperiment —140 GHz| 004
Proc. SPIE 991Mlillimeter, =220 GHz 00
Submillimeterand Far ~240GHz - o
Infrared Detectors and
Instrumentationfor
AstronomyVIll, 991414
doi:10.1117/12.2232400

R
Q

[Intensity (dB)

Intensity (dB)

A Resultingpeamapproximately
top-hat. 1.5 FWHM.

A Goodpolarizationproperties

Intensity (dB)

L. Lamagna. M. De Petris




The SWIPE pixabsembly @ @4l

Large VSce;]e l;él.;ﬂz;nuiu‘nlE};;:le\r‘ef

BP+FC SCH MSWG STT ABS+BS

Nominalfreq (GHz) Bandwidth Min freq (GHz) Max freq (GHz)

140 30% 119 161
220 5% 214.5 225.5

240 5% 234 246
Table 1 — mainfeatures of the SWIPE bandpasses (source: C. Tucker, Cardiff Univ.)

Channel Vmin(GH2Z) Nmodes(Vmin) Vmax(GH2) Nmodes(Vmax) Vetf(GHzZ)
140 119 10 161 17 140
220 214 28 31 220
240 234 32 35 240

Table 2 — number of coupled modes N..des at the center and at the edges of each SWIPE band. The total
L. Lamagn;

ptical throughput at frequency vis N



SWIPHBHornbeam

Winston hom gain, E,,¢=0 ¢
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transmitted focal plane

Scan direction >

101 2, 211 2, 231 2 @140,220,240
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o teiteteitee!

®
ORORORORORORORA
® ooooooowomowo
2 Ca0eS

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

Total 330 detectors, with AW




—FocalPlanegeal estate -Lf7

A Thedistribution of 15 [@ TR TR T T
colors in thepixelshas L
beenoptimizedwith a @ =0 Bz
simplifiedschemefor 10 @ 220 CHe
foregrounds(dust)
removal

A Aroughlyequal
numberof pixelsin the
three bandsprovides
sufficientprecisionto
extrapolate thedust
signalfrom high
frequency down to 150
GHz —10}

A Thisconfiguration 3
totalizes4400radiation _15 I
modesfor eachfocal
plane(transmittedand —15
reflected).

—~~
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Istituto Nazionale di Fisica Nucleare

Sezione di Roma

......
.......

LargeThroughput
multimodedetectors:
8800modescollected
by 330sensors

Focalplanedetector flane{ .
(goldplated Al6061, 40 cm side). |



Istituto Nazionale di Fisica Nucleare

Sezione di Roma

w4

a5 R Largelhroughput
= ;};\,fﬁ@@&ledetectors:

5 Bt =) "’ﬁ?@%ﬁﬁdescollected
-1 %b¥ % o%ensors

e T 0y 1% e Ry

-

Focalplanedetectorflanej"
(goldplated Al6061, 40 cm side).



SWIPE- multlmode absorbers& TES-”

A Theabsorbersare large SN,
spiderwebs(8 mmdlameter
multimode)

A Sensorsare TIAUTES
A Photonnoiselimited

A t=10ms




