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StratosphericBalloons:
ωNear-spacecarriersableto:
ςReach 40 km (3 mbar)

ςStay there for up to 40 days

ςLift heavy(2 tons) large payloads(larger

thanwhat we can reasonablyfly on satellites)

ςCostroughly1/100 of a satellite 
mission

ςAllowfor recoveryand refly of the 
payload

ω Important for the CMB community:
ς To carryout sensitive observationsat high 

frequency, high resolution, and at the 
largestangularscales

ςTo qualifyinstrumentationin 
preparationof satellites

ςTo educate youngexperimentalists!
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Photonnoisefrom the localenvironmentfor CMB observations
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Future balloon borne CMB experiments
WorkedSensitivityExample: Ground-based
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Future balloon borne CMB experiments
WorkedSensitivityExample: Balloon-borne



ω In absoluteterms, a large array of photon-noiselimited
detectors on a ultra-long-durationballoon isableto reach
cosmicvariancelimits at all interestingangularscales.

ωThe comparisonto the theoreticalsensitivityof ground-
basedexperimentsis interestingbecausedefinesthe 
frequencyrange wherethe balloon advantageis larger. 

ω In the absenceof atmosphericturbulence:
ςone day of integrationon a balloon equals:

ω12 daysof operationon the groundat 220 GHz

ω34 daysof operationon the groundat 270 GHz 

ω198 daysof operationon the groundat 340 GHz

ω1390 daysof operationon the groundat 480 GHz

ςAt thesehigh frequencies, the advantageof a balloon mission is
goingto improveif atmosphericturbulenceis takeninto account. 

6

Future balloon borne CMB experiments
WorkedSensitivityExample
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Future balloon borne CMB experiments
AtmosphericEffects: absolutebrightness
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Long Duration Ballooning

Flight Options

Å Antarctic Long Duration Balloon (LDB) : 10 ς30 days / 3 tons

Å Wanaka Super Pressure Balloon (SPB) : 30 ς100 days / 1 ton

Å Polar Night Flights : ~ 10 days

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

Flight Parameters

Å 33-37 km altitude

Å 1 km altitude stability (200 m for SPB)

Å Annual flight windows

ï January (LDB, Svalbard),  April (SPB, Wanaka), June (Palestine), September (Ft. Sumner) 



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

Great progress with 
super-pressure 
balloons: COSI payload
flown by CSBF in may
2016 for 47 daysat
altitudesbetween33 
km and 21 km, with a 
with a 0.5Mm3 SPB 



10

Polar Night Flights



StratosphericBalloons:

Disadvantages:

ωStringent limits on mass, power

ωComplexity of automation

ω Insane integration schedule

ωNarrow, and scarce, flight 
windows

ωRisky recovery
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CMB-relatedscience from balloons
(with large advantagewrt ground-basedexperiments)

ωDust-cleanedpolarization& Dust-cleaned
inflationaryand lensingB-modes

ωCMB Polarizationat verylarge angularscales

ωSpectralmeasurementsof the SZ 

ωSpectralmeasurementsof CIB anisotropy

ωPrecision measurementsof CMB spectrum(at
selectedfrequencies)
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Current/ PendingBalloons for CMB-relatedscience
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Missions RecentlyFlown surveyarea

[sky fraction]

frequencies

[GHz]

resolution

[arcmin]

EBEX (2012/13) 0.2 150/250/410 8/5/5

Spider (2014/15) 0.1 94/150 42/28

PILOT (2015) <0.01 1200/545 3

MissionsPlanned surveyarea

[sky fraction]

frequencies

[GHz]

resolution

[arcmin]

Piper (2016) 0.8 200 36

Spider(LDB 2017) 0.1 94-285 (3) 42-15

OLIMPO (N.LDB 2017) 0.01 140-220-340-

450

2/4

LSPE (N.LDB 2018) 0.25 44-240 (4) 85-20

Missionsin Preparation surveyarea

[sky fraction]

frequencies

[GHz]

resolution

[arcmin]

Piper (2017-2020) 0.8 200-600(4) 36-12

BLAST-TNG < 0.01 1200, 860,600 1

EBEX-IDS 0.035 150-360 (7) 8-3

BFORE 0.23 270-600(3) 4

BSIDE 0.05 600-700 7
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Sky coverage About 10 %

Scan rate (az, sinusoid) 3.6 deg/s at peak

Polarization modulation Stepped cryogenic HWP

Detector type Antenna-coupled TES

Multipole range 10 < Қ < 300

Observation time 16 daysat 36 km

Limits on rϞ 0.03

Frequency [GHz]

94 150

Telescopes 3 3

Bandwidth [GHz] 22 36

Optical efficiency 30-45% 30-50%

Angular resolution* [arcmin] 42 28

Number of detectorsϞ 652 (816) 1030 
(1488)

Optical backgroundϟ[pW] Җ лΦнрҖ лΦор 

Instrument NETϞώ˃Yϊrts] 6.5 5.1

*FWHM. ϞOnly counting those currently used in analysis
ϟIncluding sleeve, window, and baffle

Pivot

Aperture

Sun shield

Top dome

Hermetic 
feedthrough
Gondola

Reaction 
wheel

SIP

Vacuum
vessel

Ϟ Ignoring allforegrounds, at 99% confidence

Spider 2015: Overview
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Sub-orbital radiative environment: 
radiative backgrounds comparable to that of PlanckHFI

< 0.2 pW of optical background
(½ of our photons are from the CMB monopole!)
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Spider 2015: flight performance
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Spider 2015: survey coverage
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Spider 2015

The observational challenge:
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[˃YCMB]
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[˃YCMB]
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[˃YCMB]
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[˃YCMB]



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



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



BLAST-TNG

Å2.5 meter Carbon Fiber Mirror

Å2200 Polarized KID detectors 

ÅThree bands: 250, 350, and 500 mm 

Å22 arcsec resolution at 250 mm

Å28 day flight!

Å10 times the mapping speed of 

BLAST-pol

ÅFirst flight December 2018 (TBC) 

with Shared Risk Observing



PILOT
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BFORE







Paris 05/04/2016

Bside datasheet
OPTICS:
- M1 = 0.8 m
- 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
- 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/Hz0.5

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 !!!

Credit: Ken Ganga



LSPE
the Large-Scale 

Polarization Explorer
Paolo de Bernardis, 

Università La Sapienza, Roma, Italy
for the LSPE collaboration
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ωThe Large-Scale PolarizationExplorer is :
ς an instrumentto measurethe polarizationof the CosmicMicrowaveBackground at

large angularscales

ς The SWIPE instrumentusesa spinning stratosphericballoon payloadto avoid
atmosphericnoise, flying long-duration, in the polarnight

ς usesa polarizationmodulator to achievehigh stability

ωFrequencycoverage: 40 ς250 GHz (5 channels, 2 instruments: 
STRIP& SWIPE)

ωAngularresolution: 1.3o FWHM

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

ωCombinedsensitivity: 10 mKarcmin per flight

ωCurrentcollaboration: Sapienza, UNIMI, UNIMIB, IASFBO-INAF, 
IFAC-CNR, Uni.Cardiff, Uni.Manchester. INFN-GE, INFN-PI, INFN-
RM1, INFN-RM2, INFN-FE

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

LSPE in a nutshell
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90 + 140 GHz

Main CMB channels

220 + 240 GHz

Monitor level and slope and rotation of 

polarized dust emission

To date extrapolated from 350 GHz only

STRIP

SWIPE

44 GHz

Monitor polarized 

synchrotron

LSPE :
Foreground
cleaning
strategy



STRIP polarimeterin Tenerife)



LSPE/SWIPE



LSPE-SWIPE polarimeterand cryostat

LSPE-SWIPE 
polarization
modulator

Studyof a fast (1-2 rps) levitatingmodulator
Currentbaseline: stepper(SeeSalatino et al. 2012)

LSPE/SWIPE: General system



ÅMade in Cardiff 
(G.PisanoP. Ade,  
C. Tuker)

ÅProduction phase
startedfor 
polarizerand HWP, 
thermal filters.

LSPE/SWIPE:
large polarizerand HWP

50 cm diameterpolarizerςdefiningprincipalangle ςaccurate mearuementof angles. 



LSPE/SWIPE: multimodeopticalsystem

ÅWhole system
multi.modeEM 
simulationdescribedin: 
Legg, Lamagna, Coppi, 
de Bernardis, Giuliani, 
Gualtieri, Marchetti, 
Masi, Pisano, Maffei, 
Development of the 
multi-mode horn-lens
configurationfor the 
LSPE-SWIPE B-mode 
experimentProc. SPIE 
9914, Millimeter, 
Submillimeter, and Far-
InfraredDetectors and 
Instrumentationfor 
AstronomyVIII, 991414 
doi:10.1117/12.2232400

L. Lamagna, S. Legg



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


