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Abstract. Since the daring intuition by Fritz Zwicky in 1933 about the
existence of dark matter in the Universe, in spite of the extensive investigations
pursued over a very long lapse of time, the nature of this matter and of its
(other than gravitational, if any) interactions have remained unknown.
Very likely, at least a fraction of this matter consists of fossil particles, a
possibility that in the last decades has prompted direct and indirect searches
for these relics. Particular attention has been (and is being) devoted to the
investigation about the physical effects that fossil particles, and in particular
Weakly Interacting Particles (WIMPs), moving in our galaxy can produce
when they scatter off the material of an appropriate underground detector.
In this note we consider the present status of this type of experimental
investigation, and comment about some important results obtained recently
by the DAMA (Dark Matter) Collaboration and their possible developments.
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Riassunto. Dall ’audace intuizione di Fritz Zwicky nel 1933 sull’esistenza
della materia oscura nell’Universo, nonostante le estese indagini condotte
per un lasso di tempo molto lungo, la natura di questa materia e quella
delle sue interazioni (oltre l’interazione gravitazionale) sono rimaste
sconosciute. Molto probabilmente, almeno una frazione di questa materia é
costituita da particelle fossili; possibilita che negli ultimi decenni ha spinto
a ricerche dirette e indirette di queste particelle. Particolare attenzione
e stata (ed é attualmente) dedicata all’indagine sugli effetti fisici che
le particelle fossili, e in particolare le particelle a interazione debole
(WIMP), che si muovono nella nostra galassia possono produrre quando
urtano il materiale di un appropriato rivelatore sotterraneo. In questa
nota consideriamo lo stato attuale di questo tipo di indagine sperimentale
e commentiamo alcuni importanti risultati ottenuti recentemente dalla
Collaborazione DAMA (Dark Matter) e i loro possibili sviluppi.
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1. Introduction

An impressive host of astronomical and astrophysical observations (flat-
ness of the rotation curves of single galaxies, properties of galaxy clusters,
features of the cosmic microwave background, and others), accumulated
along more than eighty years, supports the brilliant and daring intuition by
Fritz Zwicky in 1933 [1] about the existence of a large amount of dark matter
(DM) in the Universe. The theory of formation of cosmological structures
provides further compelling support to the Zwicky’s conjecture.

The presence in the Cosmos of a number of relics from the Big Bang, be-
yond ordinary matter (protons, neutrons, electrons) and neutrinos, looks quite
natural. Indeed, many theories of particle physics and descriptions of cosmic
evolution imply that, by various mechanisms, some kinds of particles (such
as axions, neutralinos, sterile neutrinos) are present as fossils in our Universe,
together with cosmological objects (typically, primordial black holes). Thus
each of these physical entities, if really existing, can legitimately be consid-
ered as DM.

The most remarkable aspect is that DM, on the grounds of the mentioned
observations, turns out to be even more abundant than ordinary matter, roughly
by a factor of about 5 [2]. The total DM contribution might be due promi-
nently to one single relic object, with a number of other fossils contributing
very little to the total cosmological amount of DM. Though, it is obviously
not excluded that more than one component share the role of sizeable DM
components; a situation which would however raise the question whether this
circumstance would be accidental or a sign of some correlation among differ-
ent components.

Independently of the actual contribution to the total amount of DM, the
direct search for each fossil candidate is obviously of great importance for our
comprehension of cosmology, astrophysics, and particle physics.

In the present note only particle fossils are considered, and more specifically
those which are generically denominated as WIMP (Weakly Interacting
Massive Particles), even though we do not imply for them a dominant role
as components of DM. We do not enter into specific physical realizations of
WIMPs, except for some occasional mention of one of the favorite candidates:
the neutralino [3].

This note is not meant to be a thorough overview of the field. Rather, it
puts the emphasis on some aspects of the field that appear to be of particular
relevance, but are often overlooked in current literature.

Our comments on the very last developments are preceded by a retro-
spective look at the first steps in the field. In Sect.2 we outline some general
features of the strategies employed in direct search of WIMPs and the devel-
opments focused on measurements of the expected WIMP annual modulation.

































