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What is OLIMPO and why is it relevant here
• OLIMPO is a large ballon-borne telescope

(2.6m aperture), with a differential Fourier 
transform spectrometer and cryogenic
detector arrays covering the frequency range 
120 – 480 GHz in 4 wide bands. 

• OLIMPO will carry-out two measurements:
• Spectroscopic Measurement of the SZ effect in a 

number (order 20) of selected clusters, with 
angular resolution around 1’-2’ (similar to 
ground-based 140 GHz surveys) and wide 
frequency coverage, not easily achievable from 
the ground. 

• Spectroscopic survey of a blank sky patch, to 
measure the frequency dependance of the 
anisotropy of the mm-wave sky (mainly CMB, CIB, 
ISD) in frequency/multipoles range still
unexplored. These are important foregrounds for 
anisotropic spectral distortion measurements. 

• OLIMPO is propedeutic to more sensitive 
space-borne instruments, targeting
fluctuating spectral distortions. 
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OLIMPO performance
• The sensitivity of OLIMPO detector arrays is close to be the photon noise limit

from the warm optical system and the residual atmosphere at 38 km altitude. 

• The latter is dominated by oxygen and ozone lines, and is almost 100 times lower
than in the best grond-based sites. 

• Roughly speaking, at f>200 GHz 1 day of observation on the balloon is equivalent
to 100 days of observation on the ground in outstanding atmospheric conditions. 



OLIMPO measurement approach
• The Fourier Transform Spectrometer of OLIMPO is a Martin-

Pupplett instrument, with two input ports (as in FIRAS and PIXIE). 

• This instrument is intrinsically differential, and measures the 
spectrum of the difference in brightness at the two input ports.
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OLIMPO measurement approach
• Instead of comparing the sky brightness (port A) to a cold

reference blackbody (port B), as in FIRAS, here the two ports
are located in different positions of the telescope focal plane, 
i.e. they look at different directions in the sky.
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OLIMPO measurement approach
• If the telescope is pointed so that

• port A looks at the center of a galaxy cluster and 
• port B looks at a blank sky reference position outside the cluster, 

• the instrument will measure the classical negative-zero-positive brightness
difference due to the Sunyaev-Zeldovich effect, rejecting with high 
accuracy the common mode signal (i.e. the isotropic CMB, residual
atmosphere, instrument emission, electronics offset etc.).  

• We call this instrument configuration differential FTS, or DFTS. 
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OLIMPO
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OLIMPO Payload integrated @ the launch site – Longyearbyen – 5/July/2014

Rear side: complex HW 



OLIMPO: DFTS

Silvia Masi – Alessandro Paiella for the OLIMPO collaboration  – Stratospheric Balloons Workshop, ASI 18-19 Dec.2017

• OLIMPO uses an imaging Differential 

Fourier Transform Spectrometer 

(DFTS, see Schillaci et al. A&A 565, 

A125 (2014)) 

• The instrument is able to measure the 

difference in brightness between the 

two input ports, which are placed in 

different locations in the focal plane of 

the telescope. 

• This instrument has an excellent 

rejection of the common mode signal, 

allowing to measure the spectrum of 

small signals (like the SZ) embedded 

in an overwhelming background (from 

the CMB, the residual atmosphere, and 

the instrument, see D’Alessandro et al. 

App.Opt. 54, 9269-9276 (2015)) 

Blue: source at port A
Red: source at port B



OLIMPO: Detectors

• OLIMPO uses Kinetic Inductance Detectors
150 GHz

200 GHz

350 GHz

480 GHz

Channel

150 GHz 0.180

200 GHz 0.145

350 GHz 0.288

480 GHz 0.433

typical NET



OLIMPO & Sunyaev-Zeldovich Effect

• The hot gas filling the volume of clusters of galaxies 

scatters CMB photons.

• It is an Inverse Compton scattering, where CMB 

photons acquire energy from charged scatterers.

• The spectrum of the CMB is perturbed with a very 

distinct spectral signature, allowing efficient 

separation from other signals from the same 

direction

• The amplitude of the signal is of the order of 

DT/T=10-4; it is proportional to the density of the 

ionized gas, and does not depend on the 

distance of the cluster.

• The OLIMPO balloon-borne mission is aimed at 

accurate spectroscopic measurements of the SZ.

cluster of 
galaxies

CMB
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Spectral measurements of CMB anisotropy and SZ

• A spectral measurement of CMB anisotropy, 

which can be done only from space or 

(partially) from the stratosphere, can:

• Vastly improve the accuracy, allowing 

efficient, unbiased separation of the CMB and 

SZ components from all other components in 

the same LOS (see A&A 538 A86 2012).

• Produce unique science like:

• The study of patchy reionization

• Unbiased estimates of cluster 

parameters and SZ clusters catalogues

• Temperature profiles of clusters, 

including the periphery

• Study of low-density ionized regions 

(e.g. filaments of the LSS)

• Accurate TCMB(z) measurements



OLIMPO

• The OLIMPO experiment 

is a first attempt at 

spectroscopic 

measurements of CMB 

anisotropy.

• see 

http://planck.roma1.infn.it/

olimpo for a collaboration 

list and full details on 

the mission

• Close to Photon-noise 

limited detectors

• Spectroscopic 

resolution: 1.8 GHz 

within 4 bands centered 

@ 140, 210, 345, 480 

GHz

At high frequency, OLIMPO has the same angular 

resolution as the ground-based large telescopes used 

for SZ surveys @140 GHz.



Long-duration flights in the Arctic

Silvia Masi – Alessandro Paiella for the OLIMPO collaboration  – Stratospheric Balloons Workshop, ASI 18-19 Dec.2017

• The Longyearbyen (Svalbard) launch
site offers circumpolar flights, in 
both summer and winter (see Mem. 
S. A. It., 79, 792-798 (2008), ESA SP-
700 (2011), Proc. of the I.A.U., 8, 
208-213 (2013)).

• CMB experiments can access most of 
the northern sky in a single flight, 
• within a cold and very stable

environment
• Accumulating more than 10 days of 

integration at float (>38 km altitude).

• ASI is organizing the forthcoming
OLIMPO flight campaign. Launch of a heavy-lift balloon from the 

Longyearbyen airport (Svalbard 78oN). 

Ground path of a flight performed in June 2007



OLIMPO: Expected performance

• In a FTS the spectral resolution can be 
changed (changing the path of the moving
mirror). Mind the noise per bin, however: 
it is proportional to the inverse of the 
spectral bin-width. In the case of OLIMPO, 
with a spectrometer at 250K, photon
noise is important. 

• 1.8 GHz resolution: About 110 
independent spectral bins, within
optimized bands. 

• 5 GHz resolution: 40 independent spectral
bins, within the same bands (see figure).

Forecast based on the 
measured sensitivity of 
the OLIMPO KIDs arrays

Products: For a single flight:
• high accuracy multi(40)frequency maps of 

selected sky regions (2ox2o tiles, 2’ FWHM 
resolution) centered on ~20 clusters and 
20 blank-sky regions; 

• one deep blank sky survey of > 100 square
degrees.  

 = 0.005
Te = 8.5 keV
Bd = 6 kJy/sr
@ 150 GHz



OLIMPO: Expected performance

To date (Planck)

Products: For a single flight:
• high accuracy multi(40)frequency maps of 

selected sky regions (2ox2o tiles, 2’ FWHM 
resolution) centered on ~20 clusters and 
20 blank-sky regions; 

• one deep blank sky survey of > 100 square
degrees.  

spectral slope 
@217GHz
related to TCMB

• In a FTS the spectral resolution can be 
changed (changing the path of the moving
mirror). Mind the noise per bin, however: 
it is proportional to the inverse of the 
spectral bin-width. In the case of OLIMPO, 
with a spectrometer at 250K, photon
noise is important. 

• 1.8 GHz resolution: About 110 
independent spectral bins, within
optimized bands. 

• 5 GHz resolution: 40 independent spectral
bins, within the same bands (see figure).

 = 0.005
Te = 8.5 keV
Bd = 6 kJy/sr
@ 150 GHz

OLIMPO



Blank-sky spectral-spatial
anisotropy with OLIMPO

• In addition to spectroscopic measurements of the SZ in 
clusters, OLIMPO will carry-out a blank sky survey, 
mapping say 100 square degrees while taking spectra. 

• The measured power spectra are dominated by regular 
CMB anisotropy + anisotropy in the cosmic infrared
background. The former is well known, the latter is
poorly known at high multipoles (say > 1500). 

• Spectral distortions due to fluctuating diffuse SZ are 
sub-dominant but within reach from satellite missions. 



Unresolved sources (CIB) – OLIMPO 4-bands photometer forecast
2 days survey

𝐼𝜈 ∝ 𝜈𝛼 α ≅1



Unresolved sources (CIB) – OLIMPO 4-bands photometer forecast
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Unresolved sources (CIB) – OLIMPO spectrometry within band 3
4 days survey
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Unresolved sources (CIB) – OLIMPO spectrometry within band 1
4 days survey

𝐼𝜈 ∝ 𝜈𝛼 α ≅1



Unresolved sources (CIB) – OLIMPO spectrometry within band 1
4 days survey

𝐼𝜈 ∝ 𝜈𝛼 α ≅0.4



Spectral distortions of CMB anisotropy

• Even in the low-multipole range, which is cosmic-variance
dominated, there is important information to retrieve. 

• Slightly frequency-dependent CMB anisotropy is expected
e.g. due to Rayleigh scattering effects. 

• Moreover, fluctuations in diffuse y produce frequency
dependent CMB anisotropy. 

• Neglecting cosmic variance and asking ourselves which is
the wavelength dependance of the anisotropy for the 
observed sky patch, the OLIMPO blank-sky survey has a 
very high SNR.

• Galactic CO emission (115 GHz, 230 GHz, 345 GHz, 460 
GHz) is readily excluded by neglecting the corresponding
frequency bins (and mapped, using them, if one is
interested) 
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𝐼𝜈 ∝ 𝜈𝛼 α ≅1

Unresolved sources (CIB) – OLIMPO spectrometry within band 4
4 days survey



Unresolved sources (CIB) – OLIMPO spectrometry within band 2
4 days survey



Unresolved sources (CIB) – OLIMPO spectrometry within band 1
4 days survey



OLIMPO is an experimental challenge
• OLIMPO is mainly a demonstrator of the DFTS technique. 

• The main experimental challenges for this first implementation
are
• Kinetic Inductance Detectors (used for the first time on a balloon)

• Instrumental offsets due to misalignment in the FTS

• Common-mode rejection performance (see D’Alessandro et al. 2017)

• Calibration (use differential dipole and planets)

• …

• If succesfull, the differential FTS approach can be upgraded in 
several ways:
• Using a ultra-long duration flight to boost the integration time

• Using larger detector arrays with a higher throughput telescope

• Using a cold FTS to reduce the background on the detectors

• Going in space with a larger, cold telescope (Millimetron, see below)



Millimetron DFTS

3 hours of 
observations of a rich 
cluster with a DFTS 
on Millimetron,
using a photon-noise 
limited detector in 
the cold environment 
of L2, with a 10m 
telescope cooled to 
<10K. (see A&A 538 
A86 2012)



Millimetron DFTS

A survey of a blank sky region would produce accurate power spectra at a large number of 
frequencies … and access to diffuse Y distortions with unprecedented accuracy. 


