Planck satellite helps to unveil the large-scale structure of the Universe

March 31, 2015

Designed to detect the fossil radiation of the Universe, the Planck satellite, working in tandem
with Herschel, can also help to understand the macrostructure of the Universe. A just-published
experimental study, carried out with the participation of SISSA, has detected astronomical
sources that may be precursors to galaxy clusters, the largest dynamically stable structures
existing in the Universe. These primitive elements have long been sought by astrophysicists since
they are crucial for tracing the development of the Universe’s macrostructures. The classic
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methods used in the quest for large-scale structures are unfortunately difficult to apply (or just
completely inapplicable to these objects). The method used by Planck is based on the predictions
put forward in a study conducted by Mattia Negrello in 2005 as part of his PhD thesis at SISSA, in
turn based on a theoretical model devised at SISSA and the Astronomical Observatory of Padova.

“Planck detects, then Herschel analyzes”. That's how Gianfranco De Zotti, professor at the
International School for Advanced Studies (SISSA) in Trieste and at INAF-Astronomical
Observatory of Padova, summarizes the rationale of the study just published in Astronomy &
Astrophysics. “"As Mattia Negrello had already suggested in 2005, it is precisely Planck’s low
resolution - optimized for the study of the cosmic microwave background but a major limitation
for identifying extragalactic sources - which makes the satellite a powerful tool in the search for
large-scale structures. And today we finally have the first experimental proof”.

But let's take a step back. Planck is a satellite that has scanned the entire sky. It was designed to
observe cosmic background radiation, that is, the residual electromagnetic energy that
permeates the Universe and comes straight from the Big Bang. Its eye does not have excellent
resolution (its vision is not sharp enough to see single objects of a certain type), but it's able to
provide coverage of the whole sky.

Galaxy proto-clusters are the precursors of the largest dynamically stable structures in our
Universe. These clusters contain many galaxies at high “redshift” (i.e., shifting towards the red
end of the spectrum, a parameter astrophysicists use for calculating their distance). Given that
these structures are rare and large, Planck’s ability to capture the overall picture makes it
particularly suited to detecting them.

In 2005, Mattia Negrello’s PhD thesis at SISSA proposed a series of theoretical considerations
supporting the use of Planck for this type of observation. The doubts mainly concerned the
hypothesis that proto-clusters could contain a sufficient number of intensely star-forming
galaxies for them to be identified by Planck. Now, an international group of scientists has just
demonstrated, on the basis of observational evidence, that Negrello’s hypotheses were well
founded. Planck has provided the first all-sky map of high redshift sources, and with the help of
the Herschel satellite (which has a “sharper” vision but coverage limited to a small portion of the
sky), a more advanced characterization of these sources is being attempted. The authors of the
study, led by Hervé Dole of the Institute of Space Astrophysics in Orsay, include Negrello (now at
INAF-Astronomical Observatory of Padova), and De Zotti, a member of the SISSA “Planck
group”.



it virtute
cﬁ%‘“ . eca,,

N
o
£

- Q)
e1®

“Thanks to this new study, we now hope that Planck will be able to play a major role in research
into the large-scale structure of the Universe”, concludes De Zotti.
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* Original paper (active from march 31, 2015, 11.00 CET): http://dx.doi.org/10.1051/0004-
6361/201424790
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