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• Long Duration Balloon 

experiment for mm & sub-mm 

astronomy > SZ effect

• Operates from the stratosphere

- launch from Svalbard

• Cassegrain telescope, 2.6m 

aperture

• Multifrequency arrays of 

bolometers

• Low resolution spectrometer



• The instrument is based on a double 
Martin Puplett Interferomete. Double to 
avoid the loss of half of the signal.

• A wedge mirror splits the  sky image in 
two halves Ia and Ib , used as input signals for 
both inputs of the two FTS’s.

• In the FTSs the beam to be analyzed is split 
in two halves, and a variable optical path
difference is introduced. 

Olimpo Telescope

Cryostat with 
detector arrays 
(4 sub-bands)

See Schillaci et al. A&A 565, A125, 2014 for a 
detailed description of the instrument. The 
output brightness is

d = variable phase shift, introduced by the variable optical 
path difference. 
Only the difference between the two input brightnesses is
modulated by the variable optical path difference. 

Focal plane Dq = 30 arcmin in the sky

The OLIMPO DFTS: a Differential
Fourier Transform Spectrometer



The real thing….

… and measured interferograms
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Literature on OLIMPO & its DFTS
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tertiary

window

5th mirror
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460GHz
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250GHz

filters

4th mirror, Lyot-
stop & cal-lamp

350 GHz
250 GHz

Spectroscopy within 4 «clean» sub-bands

OLIMPO sub-bands
Cryogenic optics box with 
reimaging, dichroics, arrays 



OLIMPO - Kinetic Inductance Detectors

150 GHz

250 GHz

350 GHz

460 GHz

Channel

150 GHz 0.180

250 GHz 0.145

350 GHz 0.288

460 GHz 0.433

typical NET including 
radiative load from warm
spectrometer

A. Paiella, et al., Kinetic Inductance Detectors for the OLIMPO 
experiment: design and pre-flight characterization, 
JCAP01(2019)039, 2019,  astro-ph/1810:00598, 



Pre-flight calibration of OLIMPO produces the following expectation for the 

in-flight performance : 

A. Paiella, et al., Kinetic Inductance Detectors for the OLIMPO experiment: 

design and pre-flight characterization, JCAP01(2019)039, 2019

Pre-flight expectation:
24 hours of data on a 
rich cluster (y=8x10-5)

In flight, detectors NEP 
improved significantly.



July 14th, 2018



Launch
Longyearbyen
(Svalbard)
07:07 GMT
2018/07/14

Terminated
Ellsmere Island
(Canada)
02:28 GMT
2018/07/19

OLIMPO 2018 flight
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Silvia Masi – Italian CMB Experiments  – New challenges in Cosmic Microwave Backgroud studies – ASI 
30 March 2016  

Kinetic Inductance Detectors : in-flight performance

Calibration lamp signals (10 mK optical stimulator) as in-flight calibration transfer

See Masi et al. Kinetic Inductance Detectors for the OLIMPO experiment: in--flight 
operation and performance JCAP 1907 (2019) arXiv:1902.08993
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See Masi et al. Kinetic Inductance Detectors for the OLIMPO experiment: in--flight 
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Expectation from in-flight
NEP measurements:
24 hours of data on a rich
cluster (y=8x10-5)



Silvia Masi – Italian CMB Experiments  – New challenges in Cosmic Microwave Backgroud studies – ASI 
30 March 2016  

Kinetic Inductance Detectors : in-flight performance

Response of KIDs to cosmic rays in the stratospheric environment – first test ever

Center pixel (sky)

Center pixel (sky)

Side pixel (blank)

Side pixel (blank)

460 GHz array

Time ordered data Histograms

<0.2% of data 
contaminated
by CR hits

<2% of data 
contaminated
by CR hits

See Masi et al. 2019 JCAP 1907 (2019) arXiv:1902.08993See Masi et al. Kinetic Inductance Detectors for the OLIMPO experiment: in--flight 
operation and performance JCAP 1907 (2019) arXiv:1902.08993



OLIMPO DFTS: preliminary performance

From Silvia Masi - OLIMPOSee Masi et al. 2019 JCAP 1907 (2019) arXiv:1902.08993

SPECTROMETER INRELAY 
MIRROR 
MOVING

NO 
SPECTRO
METER

Dark
KIDs

Active
KIDs

}

}

See Masi et al. Kinetic Inductance Detectors for the OLIMPO experiment: in--flight 
operation and performance JCAP 1907 (2019) arXiv:1902.08993



OLIMPO DFTS: preliminary performance

From Silvia Masi - OLIMPOPreliminary. Analysis: G. D’Alessandro

In-flight A-B balance test : pointing blank sky, 150 GHz band

Optical path
difference:

Interferograms
barely larger
than detector 
noise (180 
uK/sqrt(Hz)) in 
raw data

ZPD ZPD ZPD ZPD ZPD

(125 fps)



OLIMPO DFTS: preliminary performance

From Silvia Masi - OLIMPOPreliminary. Analysis: G. D’Alessandro
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In-flight A-B signal test : 
observing faint sky brightness gradient, 
150 GHz band, several pixels, raw data
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In-flight A-B signal test : 
observing faint sky brightness gradient, 
460 GHz band, several pixels, raw data



OLIMPO DFTS: preliminary performance

• Very preliminary analysis, much more to come, not
ready to make quantitative statements
• DFTS implementation (@room temperature) basically

working:
▪ Detectors withstand well the background change when

interferometer inserted
▪ Mirrors moving smoothly
▪ Mirror position accurately monitored
▪ Instrument well balanced
▪ Data analysis under way

• This has been a test-flight. More data in a forthcoming
science flight. 



Band
Center
(GHz)

Background

240K 
spectrometer
& telescope
(pW)

NEP

240K 
spectrometer
& telescope
(W/sqrt(Hz))

Background

2K 
spectrometer
240K telescope
(pW)

NEP

2K 
spectrometer
240K telescope
(W/sqrt(Hz))

Background

2K 
spectrometer
& 40K 
telescope
(pW)

NEP

2K 
spectrometer
& 40K 
telescope
(W/sqrt(Hz))

150 8 1.1x10-16 2.6 6.5x10-17 0.5 2.9x10-17

250 50 2.6x10-16 14 1.3x10-16 1.1 3.9x10-17

350 15 1.6x10-16 5 9.0x10-17 2.1 1.6x10-17

460 33 2.4x10-16 12 1.5x10-16 0.4 2.7x10-17

Balloon (45° elevation) Space

The Future of OLIMPO:
Photon-noise-limited DFTS

Current OLIMPO Cryo spectrometer Satellite

• Current OLIMPO (240K spectrometer) basically optimized, for warm telescope
• 2K spectrometer would gain a factor 2-ish in NEP 

–> we plan to re-fly OLIMPO as it is and get science data (see below).
• Satellite version with cold interferometer and 40K telescope can gain a factor 5-10 

in NEP (plus gain from larger telescope area) -> Millimetron



The near-future of OLIMPO

• In a circumpolar summer long 
duration flight (>200h) we plan to 
observe 40 selected clusters and 
to perform a blind deep integration 
on a clean sky region 

• We have optimized the 
observation plan distributing the 
integration time among the 
different targets according to their 
brightness and diurnal elevation.

ASI is evaluating options for the next flight opportunity



The near-future of OLIMPO

ASI is evaluating options for the next flight opportunity

• OLIMPO will also attempt to measure filaments between clusters 

• Important for synergic study with forthcoming X-ray surveys, like 
Athena

Forecast for the 

observation of a 

filament with 

y=1.5x10-5

with OLIMPO
(24 hours of integration)

Planck coll. , A&A, 550 (2013) A134



The far future of OLIMPO: A differential
Fourier-Transform Spectrometer (DFTS) for 

Millimetron : 0.1-1 THz

DFTS SCIENCE: 
• Spectral distortions of the CMB

• Spectral dependance of CMB anisotropy
• important for calibration of anisotropy

measurements, and powerful check for foreground
residuals

• detect small effects due to frequency-dependent
scattering of CMB photons

• SZ in clusters and other sources
• Separation of components
• Physical properties of the gas (thermal SZ)
• Non thermal properties (relativistic SZ)
• Survey 100000+ clusters up to z=3.5
• Scaling relations
• SZ in giant radiogalaxies lobes

• Survey of high-z galaxies with the C+ line
• 10000+ galaxies in 100 hours
• Beat confusion using spectroscopy
• Get accurate high-z luminosity function
• Select evolutionary models
• Other fine structure lines and metallicity

• AGN survey (cover transition from 
synchrotron to dust)

• Galactic & planetary science (a lot…)

• …

DFTS IMPLEMENTATION: 
• OLIMPO is an excellent pathfinder for a 

DFTS instrument in space

• The balance test performed with 
OLIMPO was an expecially severe test 
(room T interferometer and 
spectrometer) and was successfull

• Phase-A study (ASI + Kayser IT) for a 
cryogenic DFTS for Millimetron
completed, using 1/4 of the focal plane
area and available cryogenic volume

TTele=40K
eTele=0.01

y=8x10-5


