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The Probe of Inflation and Cosmic Origins (PICO) 

was competitively selected by NASA for study as a 
Probe class (<$1B) space mission concept for consid-
eration by the 2020 Decadal. The study assumes an 
October 2023 Phase A start and January 2029 launch.  

PICO is an imaging polarimeter with 21 logarith-
mically-spaced overlapping frequency bands centered 
between 21 and 799 GHz with 25% fractional band-
width. Polarimetry is achieved by differencing the 
signals from pairs of two co-pointed bolometers that 
are sensitive to two orthogonal polarization states. In 
five years of operations, PICO produces ten inde-
pendent full-sky surveys of intensity and polarization 
with a final combined-map noise level (0.87 uKCMB 
arcmin) equivalent to 3300 Planck missions for the 
baseline required specifications. In our current best-
estimate it would perform as 6400 Planck missions 
(0.61 uKCMB arcmin). The PICO mission data would 
enable a broad set of science investigations in cos-
mology, particle physics, extragalactic and galactric 
astrophysics (see companion Wen et al. poster paper 
and Hanany et al. oral presentation). 

Instrument:  The instrument is built around a 
two-reflector Dragone-style telescope. An actively 
cooled circular aperture stop between the primary and 
secondary reflectors reduces detector noise and 
shields the focal plane from stray radiation. The focal 
plane is populated by 12,996 TES bolometers read out 
using a time-domain multiplexing scheme. The PICO 
baseline focal plane design employs three-color sinu-
ous antenna/lenslet-coupling for the 21–462 GHz 
bands and single-color feedhorn-coupled polarization-
sensitive bolometers for the higher frequency bands. 
A multi-stage continuous adiabatic demagnetization 
refrigerator (cADR) maintains the focal plane at 0.1 K 
and the surrounding enclosure, filter, and readout 
components at 1 K. A cryocooler system similar to 
that used on JWST to cool the MIRI detectors re-
moves the heat rejected from the cADR and cools the 
aperture stop and secondary reflector to 4.5 K. A set 
of four V-groove radiators provides passive cooling. 

Survey Implementation: The PICO concept of 
operations is similar to that of the successful WMAP 
and Planck missions, but the survey scan strategy is 
adapted to optimize for polarimetry. PICO has a sin-
gle science observing mode, surveying the sky con-
tinuously using a pre-planned repetitive survey pat-
tern from a quasi-halo orbit around the Earth–Sun L2 
Lagrange point. PICO’s instrument spin rate (1 rpm) 
matches that of the Planck mission, but the precession 

of the spin axis is much faster (10 hr vs 6 months), 
and the precession angle much larger (26° vs 7.5°). 
PICO uses a zero net angular momentum control ar-
chitecture with heritage from the SMAP mission. The 
instrument is mounted on a spinning spacecraft mod-
ule, while a larger non-spinning module houses most 
spacecraft subsystems. The PICO spacecraft bus is 
Class B and designed for a minimum lifetime of 5 
years in the L2 environment. The instrument produces 
6.1 Tb of raw data per day (totaling >10 Pb over the 
mission), which is compressed on-board and returned 
in daily 4-hr Deep Space Network (DSN) Near Earth 
Ka-band passes.  
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