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Uniqueness of CMB Spectral Distortion Science

Guaranteed distortion 
signals in ΛCDM 

New tests of inflation 
and particle/dark 
matter physics 

Signals from the 
reionization and 
recombination eras 

Huge discovery 
potential 

Complementarity and 
synergy with CMB 
anisotropy studies

Zeldovich & Sunyaev, 1969 
Sunyaev & Zeldovich, 1970 
Danese & de Zotti, 1982 
Burigana, Danese & de Zotti, 1991 
Hu & Silk, 1993
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History of distortion experiments and proposals

1989 20112008 2013 2015 2016

COBE/FIRAS
Mather & Fixsen

 TRIS 
Gervasi, Zannoni & Tartari
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Kogut & Fixsen

PIXIE
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Polarized Radiation Imaging and Spectroscopy Mission 

Spokesperson: Paolo de Bernardis 
e-mail: paolo.debernardis@roma1.infn.it — tel: + 39 064 991 4271 

PRISM 
Probing cosmic structures and radiation  
with the ultimate polarimetric spectro-imaging  
of the microwave and far-infrared sky 
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PRISM
De Bernardis
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•  Concordia station: 

•  75° 06’ S – 123° 21’ E 

•  3233 m a.s.l. 
•  <T>=-50°    ;    min(T)=-85° 

 
•  High altitude but fully logistical 

supported 

•  16 crew-members during winter. 
Maximum 80 people during summer 

•  Diffusely site tested at all 
wavelengths and continuous 
atmospheric monitoring 

•  Water Vapour Content ~75% of the 
time below 0.4mm PWV       
(Tremblin et al., 448 A65 A&A 2012) 

•  Circular and linear polarizations 
constrained to  

•  CP<0.19%;  
•  LP<0.11% (Battistelli et al., 

423 1293 MNRAS  2012) 

Elia Battistelli for the COSMO collaboration 
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Figure 6. 3D visualization of the TMS optical system, as modelled with the Creo Parametric 3D Modelling
software. The optical design is based on a Gregorian o�set configuration, with a 1.49 m-primary mirror and a
0.6 m-ellipsoidal secondary mirror. The TMS feedhorn is positioned at one of the sub-reflector foci, aligned
with its phase center at 15 GHz. The removal of this sub-reflector allows us to switch between observations
with and without optics.

included the verification of the 3D mechanical model and subsequent adjustments. This process
required a few iterations until the final design was obtained. To conclude, we performed a more
complete analysis of the system radiation properties acknowledging the aforementioned di�raction
e�ects and the TMS feed behaviour. To this end, we used CST Studio Suite and performed a
preliminary study assuming an ideal system, which is presented in section 4.

Figure 6 shows the final optical design, based on a Gregorian system with a projected diameter
aperture of 1.2 m, and an equivalent focal length of 0.7 m, resulting in an F/D~0.58. The primary
mirror (PM) of the TMS is an o�set paraboloid, with 1.49 m major axis, and the secondary mirror
(SM) is an o�set concave ellipsoid, with a 0.6 m diameter and eccentricity n of 0.45. The half-angle
subtended by the SM at the feed is 30.32°, ensuring illumination levels  �20 dB in the mirror rims
along the whole TMS band. The system provides an angular resolution of about 1.5° on average.

It is worth noting that the final system does not satisfy the Mizuguchi [27] condition of
minimum cross-polarization by ⇠15° of deviation with respect to the optimal pointing of the
antenna. Similarly, the condition given by Rusch [28] for minimum cross-polarization and spillover
is not met. This design decision was motivated by the need to separate the cryostat and its pump
as far as possible from the optics, in order not to produce a blockage. Shading by the cryostat
was avoided by slightly reducing the pointing angle of the antenna with respect to the PM axis.
Nevertheless, the cross-polarization introduced by the optical system remains very low, barely
degraded with respect to the optimal configuration, according to GRASP results. In the same way,
spillover losses are almost negligible in comparison to the optimal configuration. Table 5 presents
the design parameters of the optical system, including the optimal and chosen values for the PM
o�set angle and the angle between the feed and SM axis. Optimal values are extracted from the

– 13 –

Tenerife Microwave Spectrometer (TMS), 10-20GHz

o IAC project. Instrumental participation: 

o Science driver: Ground-based low resolution spectroscopy observations

in the 10-20GHz range to characterize foregrounds (monopole signals;

spectral dependence of monopole signals; ARCADE results) and CMB

spectral distortions. Provides frequency intercalibration for QUIJOTE.

(Rubino-Martin et al. 2020).

o Location: Teide Observatory (former VSA enclosure). Full sky dome.

o Prototype for future instruments. Also important legacy value,
complementing future space missions.

o Proposed instrument concept:

• FEM cooled to 4-10K (HEMTs). 

• Reference 4K load.

• DAS based on FPGAs.  

• ~3deg beam, 0.25 GHz spectral resolution (40 bands).

o Project Status: 

o Enclosure and dome at the Teide Observatory. ✔
o Platform fabricated. Installation summer 2022. ✔
o Mirrors designed (Alonso-Arias et al 2022).  To be fabricated (à Fall

2022). 

o Cryostat at the IAC since July 2019. ✔
o Optomechanics in final fabrication phase. 

o Reference load fabricated (Nov 2021). ✔
o DAS based on FPGAs (à end 2022). 

o Commissioning in 2023. 

TMS
Rubiño-Martin


