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StratospheridBalloons:

w Nearspacecarriersableto:

O
QY

9o e Shadle ¢ Reach 40 km (Bbar)
é ¢ Staythere for up to 40days
¢ Lift heavy(2tons) largepayloadglarger
cnNnes thanwhat we canreasonablyfly on satelliteg
USRI ¢ Costroughly1/100 of a satellite
mission
f | ¢ Allowfor recoveryandrefly of the

\)

R, 7 4 payload

w Importantfor the CMB community

I ¢ Tocarry out semsitiveobservationsat high
frequency highresolution, andat the
: largestangularscales
& ¢ Toqualifyinstrumentationin
preparationof satellites
¢ To educateyoungexperimentalistd
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@l Future balloon borne CMB experiments

WorkedSensitivityfexampleGroundbased

via spazi
italiana

GROUND BASED MEASUREMENT

telescope aperture diameter (m) 4.5 integration time (days) 730

TCMB (K) 2.725 time efficiency 0.5

T atmo (K) 240
Channel center f (GHz) 33 44 90 145 220 270 340 480
wavenumber (cm-1) 1.10 1.47 3.00 4.84 7.34 9.01 11.34 16.01
Channel center wavelength (mm) 9.09 6.82 3.33 2.07 1.36 1.11 0.88 0.63
fractional bandwidth 0.20 0.20 0.20 0.20 0.20 0.10 0.10 0.10
bandwidth (GHz) 6.60 8.80 18.00 29.00 44.00 27.00 34.00 48.00
throughput (m2 sr) 82.6E-6 46.5E-6 11.1E-6 4.3E-6 1.9E-6 1.2E-6 778.5E-9 390.6E-9
Airy disk diameter (first zero, arcmin) 8.5 6.4 3.1 1.9 1.3 1.0 0.8 0.6
Edge taper (dB) -23 -23 -23 -23 -23 -23 -23 -23
Spill-over (assuming Gaussian beam) 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Pure Gaussian beam FWHM (arcmin) 8.5 6.4 3.1 1.9 1.3 1.0 0.8 0.6
Beam FWHM (arcmin) 9.2 6.9 3.4 2.1 1.4 1.1 0.9 0.6
detector efficiency 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
x_ CMB 0.58 0.77 1.59 2.55 3.87 4.76 5.99 8.45
background (CMB only, W) 184.7E-15 221.2E-15 279.1E-15  237.1E-15 137.2E-15 42.3E-15 19.4E-15 3.3E-15
shot noise (W/sqrt(Hz)) 2.8E-18 3.6E-18 5.8E-18 6.7E-18 6.3E-18 3.9E-18 3.0E-18 1.4E-18
total NEP (W/sqrt(Hz) 5.7E-18 7.2E-18 11.5E-18 13.5E-18 12.6E-18 7.8E-18 5.9E-18 2.9E-18
NET (uK_CMB/sqrt(Hz)) 63 61 56 56 63 104 138 283
x_atm 0.007 0.009 0.018 0.029 0.044 0.054 0.068 0.096
T b (K) 4500 m OSL 2.3 8.3 5.3 5.8 9.7 14.5 28 117
Transmission 4500 m OSL 0.99 0.96 0.98 0.98 0.96 0.95 0.81 0.47
background (atmo only, W) 210.8E-15 1.0E-12 1.3E-12 2.3E-12 5.8E-12 5.3E-12 12.8E-12 74.5E-12
shot noise (W/sqrt(Hz)) 3.0E-18 7.7E-18 12.5E-18 21.0E-18 41.1E-18 43.5E-18 75.8E-18 217.3E-18
NET (uK_CMB/sqrt(Hz)) 34 69 62 89 215 615 2187 45394
NET_GND (uK_CMB/sqrt(Hz)) no turbulence 72 92 84 105 224 624 2191 45394
Number of detectors 10 30 150 400 200 200 200 200
Survey sensitivity (uK arcmin) 9.8 5.4 1.1 0.5 1.0 2.3 6.4 94.6
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Future balloon borne CMB experiments
WorkedSensitivityfexampleBalloorborne

BALLON-BORNE MEASUREMENT

telescope aperture diameter (m) 4,5 integration time (days) 120

T CMB (K) 2.725 time efficiency 0.9

T atmo (K) 240
Channel center f (GHz) 33 44 20 145 220 270 340 480
wavenumber (cm-1) 1.10 1.47 3.00 4.84 7.34 9.01 11.34 16.01
Channel center wavelength (mm) 9.09 6.82 3.33 2.07 1.36 1.11 0.88 0.63
fractional bandwidth 0.20 0.20 0.20 0.20 0.20 0.10 0.10 0.10
bandwidth (GHz) 6.60 8.80 18.00 29.00 44.00 27.00 34.00 48.00
throughput (m2 sr) 82.6E-6 46.5E-6 11.1E-6 4.3E-6 1.9E-6 1.2E-6 778.5E-9 390.6E-9
Airy disk diameter (first zero, arcmin) 8.5 6.4 3.1 1.9 1.3 1.0 0.8 0.6
Edge taper (dB) -23 -23 -23 -23 -23 -23 -23 -23
Spill-over (assuming Gaussian beam) 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Pure Gaussian beam FWHM (arcmin) 8.5 6.4 3.1 1.9 1.3 1.0 0.8 0.6
Beam FWHM (arcmin) 9.2 6.9 3.4 2.1 1.4 1.1 0.9 0.6
detector efficiency 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
x CMB 0.58 0.77 1.59 2.55 3.87 4.76 5.99 8.45
background (CMB only, W) 184.7E-15  221.2E-15 279.1E-15 237.1E-15 137.2E-15 42 3E-15 19.4E-15 3.3E-15
shot noise (W/sqrt(Hz)) 2.8E-18 3.6E-18 5.8E-18 6.7E-18 6.3E-18 3.9E-18 3.0E-18 1.4E-18
total NEP (W/sqrt(Hz) 5.7E-18 7.2E-18 11.5E-18 13.5E-18 12.6E-18 7.8E-18 5.9E-18 2.9E-18
NET (uK_CMB/sqrt(Hz)) 63 61 56 56 63 104 138 283
x_atm 0.007 0.009 0.018 0.029 0.044 0.054 0.068 0.096
T b (K) 40 km OSL 0.00011 0.00018 0.0002 0.00074 0.00408 0.02408 0.0461 0.4937
background (atmo only, W) 10.1E-18 22.0E-18  49.7E-18 294.6E-18 2.4E-15 8.8E-15 21.1E-15 314.5E-15
shot noise (W/sqrt(Hz)) 2.0954E-20 3.572E-20 7.6838E-20 2.375E-19 8.428E-19 1.772E-18 3.077E-18 1.4116E-17
NET (uK_CMB/sqrt(Hz)) 0.23 0.31 0.38 0.99 4.23 23.80 71.88 1385.90
NET_balloon (uK_CMB/sqrt(Hz)) 63 61 56 56 64 107 156 1415
Number of detectors 10 30 150 400 200 200 200 200
Survey sensitivity (uK arcmin) 15.8 6.6 1.3 0.5 0.5 0.7 0.8 5.4
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°°°°°° WorkedSensitivitfExample

w Inabsoluteterms, a large array gbhoton-noiselimited
detectors on a ultrdong-duration balloonisableto reach
cosmicvariancelimits at all interestingangularscales

w Thecomparisono the theoreticalsensitivityof ground
basedexperimentssinterestingbecausalefinesthe
frequencyrangewherethe balloonadvantagaslarger

w In theabsenceof atmospheridurbulence

¢ one day ofntegrationon a balloorequals
w 12 daysof operationon thegroundat 220 GHz
w 34 daysof operationon thegroundat 270 GHz
w 198daysof operationon thegroundat 340 GHz
w 1390daysof operationon thegroundat 480 GHz

¢ Atthesehighfrequenciesthe advantageof a balloon missiors
goingto improveif atmosphericturbulenceis takeninto account.



@l Future balloon borne CMB experiments
Atmosphericffects absolutebrightness
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Long Duration Ballooning

Flight Options

A Antarctic Long Duration Balloon (LDB) g13D days / 3 tons

A Wanaka Super Pressure Balloon (SPBX:13® days / 1 ton

A Polar Night Flights : ~ 10 days

A Conventional Flight (Ft. Sumner, Palestine, Timmons) : 1 day

Flight Parameters
A 33-37 km altitude
A 1 km altitude stability (200 m for SPB)

A Annual flight windows
I January (LDB, Svalbard), April (SPB, Wanaka), June (Palestine), September (Ft. Sumner)

William C. Jones CERN CMB Workshop, May 16, 2016



Great progress with
Ssuperpressure
balloons: CO%$layload
flown by CSBF imay
2016 for 47daysat
altitudesbetween33
km and 21 km, with a
with a 0.5Mn? SPB

https://blogs.nasa.gov/superpressureballoon/



Polar Night Flights
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CMBrelatedscience from balloons

(with largeadvantagewrt groundbasedexperiments

wDustcleanedpolarization& Dustcleaned
inflationaryandlensingB-modes

wCMBPolarizationat verylargeangularscales
wSpectraimeasurement®f the SZ
wSpectrameasurement®f ClBanisotropy

wPrecisiommeasurement®f CMBspectrum(at
selectedfrequencie$
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Current/ PendingBalloons for CMBelatedscience

Missions RecentlyFlown survey area frequencies resolution
[sky fraction] [GHZ] [arcmin]

EBEX (2012/13) 150/250/410  8/5/5
Spider (2014/15) 0.1 94/150 42128
PILOT (2015) <0.01 1200/545

MissionsPlanned survey area frequencies resolution
[sky fraction] [GHZ] [arcmin]

Piper (2016)

Spider(LDB 2017) 0.1 94-285 (3) 42-15
OLIMPO (N.LDB 2017) 0.01 140-220-340- 2/4
450
LSPE (N.LDB 2018) 0.25 44-240 (4) 85-20
[sky fraction] [GHZ] [arcmin]
Piper (20172020) 0.8 200-600(4) 36-12
BLAST-TNG <0.01 1200, 860600 1
EBEX-IDS 0.035 150360 (7) 83
BFORE 0.23 270600(3) 4

13

BSIDE 0.05 600-700 7



2013 Flight

EBEX 250 GHz

o ! E— W 5 54 mK

Plangk processed as EBEX

- ]

M Observational Cosmology - University of Minnesota



Spider 2015: Overview

Pivot

Scan rate (gzsinusoid 3.6 deg/s at peak

Polarization modulation Stepped cryogenic HWP

Detector type Antennacoupled TES

Multipole range 10 <K <300 \//

Observation time 16 daysat 36 km ' N N ' Aperture

Limits on ¥t 0.03 ' ' sun shield

"|gnoring alforegrounds, at 99% confidence " ALY \ Top dome
| Frequency[GHZ] W) Vacuum

94 150 vessel

Telescopes 3 3 ‘Hermetic

Bandwidth [GHz] 22 36 feedthrough

Optical efficiency 3045%  30-50% Gondola

Angular resolutioh[arcmin] 42 28 Reaction

Number of detectors 652 (816) 1030 _ wheel

(1488)
Optical backgroundpWw] X nodHpX ndop = SIP
InstrumentNET o Sirg] 6.5 5.1 | E’ é

*FWHMOnly counting those currently used in analysis
“Including sleeve, window, and baffle

William C. Jones CERN CMB Workshop, May 16, 2016




Suborbital radiative environment:

radiative backgrounds comparable to thatRinckHFI

am, McMurdo at.88km

10° ATM., South Pole, 30km
ATM, South Pole, 40km
Spider Bands

10°

10°

William C. Jones

Atmospheric Spectra at McMurdo for am and ATM Models

Ui

< 0.2pW of optical background
(%2 of our photons are from the CMB monopole!)

— =

Frequency [GHZz]
CERN CMB Workshop, May 16, 2016
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Spider 2015: flight performance
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survey coverage

der 2015:
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The observational challenge:

William C. Jones CERN CMB Workshop, May 16, 2016




Spider 90 GHz
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Reobserved HFI 100 GHz
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Spider 150 GHz
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Reobserved HFI 143 GHz
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Stacking hot spots : SPIDER
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EBEX-IDS

« 7 bands: 150, 180, 220, 250,
280, 320, 360 GHz

scan direction

>
>

- 1500 sq. deg. Co-observe with L 1280

BICEP/Keck + Simmons Array % "8 6 Ol

+ Sinuous Antenna Trichroic 15351080

Pixels (PB2, SPTPol, LiteBIRD) 320

30 cm

Total of 20562 detectors

1.0 T
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BIIAST-TNG

‘%\ A 2.5 meter Carbon Fiber Mirror

S A 2200 Polarized KID detectors

A Three bands: 250, 350, and 500 mm

A 22 arcsec resolution at 250 nm

A 28 day flight!

N\ U - A 10times the mapping speed of
B FaN |\ W48 BLAST-pol

» ‘‘‘‘‘‘ First flight December 2018 (TBC)
N N _ Wwith Shared Risk Observing



Exp Astron
DOI 10.1007/s10686-016-9506-1

ORIGINAL ARTICLE

PILOT: a balloon-borne experiment to
the polarized FIR emission of dust grai
in the interstellar medium




Table 1 Key characteristics and performance of the PILOT instrument in its nominal configuration. The
last lines gives the expected 30 performance in the two extreme observing modes corresponding to deep
(59/hour) and large (150"/hour) surveys respectively, where the O symbol stands for square degree. Our
estimated polarization sensitivity assumes a dust polarization fraction of 10 %

Primary mirror diameter [mm] 730
Equivalent focal length [mm] 1800
Numerical aperture F/2.5
Detector temperature [mK] 300
Mapping speed [H/h] [5-150]
FOV [°] 1.0 x 0.8

SW Band LW Band
Ao [pm) 240 550
vo [GHZ] 1250 545
Av/v 0.27 0.31
Tr(dust) 0.025 0.136
beam FWHM [] 1.9 3.29
Number of Detectors 1024 1024
background [ pW/pix] 5.7 4.0
NEPp.: [ W/~/Hz] 2.010°16 2.010716
NEPpo: [W//HZ| 9.810~7 6.010~17
NEP7,, [ W/s/Hz] 2210710 2.110°16
Sensitivity (3¢ in 3.5")
Intensity [MIJy/sr] [0.98-6.28] [0.33-2.13]
Av [mag] [0.05-0.30] [0.12-0.75]
Av polar [mag] [0.47-2.99] [1.17-7.48]
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William C. Jones CERN CMB Workshop, May 16, 2016



BSIDE

A balloon project to map dust
polarization with the accuracy required
to search for primordial B-modes down

to a tensor-to-scalar ratio r = 0.0




Table 2 : Main instrumental requirements

B-SIDE Requirements

Primary murror diameter [mm]
Equivalent focal length [mml]
Detector temperature  [mK]
Polanisation modulation [Hz]
Total transmission

700
1800
150 mK (goal) & 220 mK (spec)
40 (goal) & 10 (spec)
40 % (goal) & 20 % (spec)

LF band

HF band

Central Frequency [GHz]

450

600

Bandwidth [GHz]

150

200

Number of detectors
Fraction of good pixels
Multiplexing ratio
Pixel size

1900 (goal) & 980 (spec)

250

90 % (goal) & 70 % (spec) .
From23x2 3to 32232 mm™

1900 (goal) & 980 (spec)

250

90 % (goal) & 70 % (spec)
From 2.3x2.3 to 3.2x3.2 mm"

Resolution [arcmin]

5 (goal) & 7 (spec)

5 (goal) & 7 (spec)

Field of View [degrees]

3

3

NEP[107 W.s']

13

17

Observing time

72 hours (goal) & 20 hours (spec)

Observed area

2000 deg”

» B-SIDE data to be combined with ground-based observations at 95, 150, 220 GHz

and Planck 353 GHz

» We are discussing a joint data analysis with the BICEP/Keck and the Polarbear/

Simons array teams




' ‘Credit: Ken Ganga

Paris 05/04/2016

Bside datasheet

OPTICS:

-M1=0.8m

- M2 and M3 at 50K

- FoV =3 deg

- Angular resolution (540 GHz) ~ 3 arc-min

DETECTORS:
- Baseline (2018): 493 x 2 = 986 KID
- Angular resolution (baseline) ~ 7 arc-min
- Electronics power consumption < 150 W
8 - Cryostat cabled for 2000 KID at the beginning
- Angular resolution (2000 KID) ~ 5 arc-min
- Pixels 23 times bigger than PILOT !!
- Roughly 50-100 pW per pixel
--> Goal NEP of the order of 2:10-16 W/HZz%>

BANDS:
- Baseline: single band 450-630 GHz

- PlanB will be compatible with two bands,
e.g. Band 1: 450-630 GHz, Band 2: as-you-like
My choice: Band 1: 450-630GHz, Band 2: 390-540GHz

NO NEED TO DECIDE NOW 't
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LSPE In autshell

w The LargescalePolarizatioreExplorerns:

aninstrumentto measurethe polarizationof the CosmidvicrowaveBackgroundat
largeangularscales

The SWIPHEstrumentusesa spinningstratospheridoalloonpayloadto avoid
atmosphericnoise flying long-duration, in thepolar night

usesa polarizationmodulatorto achievehigh stability
w Frequencycoverage 40¢ 250 GHz (8hannels 2instruments
STRIR& SWIPE

w Angularresolution 1.3 FWHM
w Skycoverage 20-25% of theskyperflight/ year
w Combinedsensitivity 10nKarcmin per flight

w Currentcollaboration Sapienza, UNIMI, UNIMIB, IASHEAF,
IFACCNRUnNI.CardiffUni.ManchesterINFNGE, INFNPI, INFN
RM1, INFNRM2, INFN-E

w Seeastro-ph/1208.0298, 1208.0281, 1208.0164 adodthcomingupdates
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STRIPolarimeterin Tenerife:




LSPE/SWIPE




LSPE/SWIPE: Genesaltem

LSPESWIPEPolarimeterand cryostat

LSPESWIPE

polarization

modulator
e

Studyof a fast (32 rps) levitatingmodulator
Currentbaselinestepper(SeeSalatino et al. 2012)
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CARDIFF

UNIVERSITY
PRIFYSGOL

(ASRDY®

A Made in Cardiff
(G.Pisand’. Ade,
C.Tukel

A Productionphase |
startedfor
polarizerand HWP
thermalfilters.

ningprincipalangleg accuratemearuementof angles



LSPE/SWIPHultimodeopticalsystem

AWholesystem
multi.modeEM
simulationdescribedn:
Legg Lamagna, Coppi,
de Bernardis, Giuliani,
Gualtieri, Marchetdtti,
Masi, Pisano, Maffei,
Development of the
multi-modehorn-lens
configurationfor the
LSPESWIPE #hode
experimentProc SPIE
9914 Millimeter, ‘
Submillimeterand Far
Infrared Detectors and
Instrumentationfor
AstronomyVlll, 991414
doi:10.1117/12.2232400

Coxupling analysis — small angle beams
amagna, egg
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