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WIMPs
Weakly Interacting Massive Particles

● Masses in the range few GeV - TeV

● Interaction cross section with ordinary matter at the electroweak scale

● Expected to induce nuclear recoils of few keV

● Seasonal modulation of the detection rate



Direct Searches
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● Rare (<0.0001 /kg/day), low-energy (~keV) scattering of thermal relics (e.g. galactic WIMPs) 
○ Very sensitive detectors operating underground
○ Elastic scattering off nuclei, spin-independent, spin-dependent, EFT operators, inelastic 

scattering, electron scattering, annual modulation, signal directionality, …

Slide di C. Ghag, IPA2022 



Axions and axion-like particles

• neutral, spin 0
• weakly interacting
• mass proportional to coupling 

Required by the Peccei & Quinn solution of 
the “strong CP problem”

Predicted by several extensions of the standard 
model (e.g. string theory)

• neutral, spin 0
• weakly interacting
• small mass (not related to coupling)

Coupling g
aγ

 with e.m. fields → “Primakov effect” Coupling g
ae

 with electrons

Compton Bremsstrahlung

Slide di F. Tavecchio, M. Civitani, O. Straniero, F. Finelli



Axions: astrophysics and cosmology

Dark matter/cosmology

Stellar evolution

Photon propagation

Slide di F. Tavecchio, M. Civitani, O. Straniero, F. Finelli
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➢ All detectors of XENON 
Project operated 
underground at Laboratori 
Nazionali del Gran Sasso 
(Italy)

➢ 1.4 km rock coverage 
(3800 m w.e.) provides 
factor 106 reduction of μ flux

  The XENON Project at Gran Sasso
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  Dual-phase XENON TPC

Ideal for dark matter and rare processes search

➢ S1 prompt scintillation
➢ S2 proportional to ionization

➢ S2/S1 to discriminate nuclear 
recoils (NR) and electronic 
recoils (ER)

➢ 3D position reconstruction

➢ Low energy threshold

➢ Energy reconstruction 
combining S1 and S2 
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➢ Ricerca interazioni di WIMPs negli eventi di tipo rinculo nucleare
➢ Il livello di background è tale da consentire anche ricerca interazioni di assioni e 

ALPs negli eventi tipo rinculo elettronico

➢ Progetto finanziato INFN, in presa dati

  The XENON Project at Gran Sasso

E. Aprile et al., Phys. Rev. Lett. 129, 161805 (2022) 
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➢ Walter Fulgione (OA Torino)
➢ Andrea Molinario (OA Torino)
➢ Gian Carlo Trinchero (OA Torino)

Responsabilità del veto di muoni di XENONnT → riduzione del fondo indotto da 
muoni

Partecipazione al veto di neutroni di XENONnT → riduzione del fondo di neutroni 

Analisi dei dati di bassa energia 

  The XENON Project at Gran Sasso
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The Global Argon Dark Matter 
Collaboration 

Realizzazione di vari rivelatori ad argon liquido (LAr) indipendenti tra loro per 
aumentare la sensibilità a interazioni di WIMPs di diversi ordini di grandezza

● DarkSide-50: 50 kg di LAr in TPC doppia fase, installato 2012

● DarkSide-20k: 23 t di LAr in TPC doppia fase, in costruzione al Gran Sasso

● DEAP-3600: 3.6 t in singola fase, in operazione a SNOLab (Canada) 

● Argo: 360 t di LAr in doppia o singola fase 

 



DARKSIDE-20k 

1
4

● DarkSide-20k
○ >400x scale-up from DarkSide-50 for 23 ton LAr 2-phase TPC
○ Design employs large-area cryogenic SiPMs for light readout
○ Ops. planned from ~2025; 5+ year exposure 
○ Alternative target useful for (high-mass) WIMP confirmation

■ Sensitivity comparable to LZ/XENONnT at high masses

Slide di C. Ghag, IPA2022 
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Sensibilità a ν da supernova

The DarkSide-20k collaboration et al., JCAP03 (2021) 043 

Interazione dei ν da supernova con 
scattering coerente su nuclei di Argon.

Studio della sensibilità dei futuri rivelatori a 
LAr: DarkSide-20k e Argo.
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DEAP-3600 
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● Single phase LAr, 3.6 Ton (1 Ton fiducial); 255 8” PMTs
● Pulse shape discrimination (PSD) for particle ID
● Eth ~ 39 keV determined by PSD (39Ar 𝛽-decay, 1 Bq/kg, Q-value ~550 keV)
● Promising initial (4.4 day) run but latest result suffers from ‘neck backgrounds’

○ 231 day exposure, S.I. limit above 3.9 x 10-45 cm2 (2019)
○ Expect some improvement from PLR analysis (ongoing)

Slide di C. Ghag, IPA2022 
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Solar Axions

Solar axions produced by 
photon-to-axion conversion 
of the solar plasma photons 
in the solar core

“Primakoff
” Solar 

axion flux 
at Earth

Slide di F. Tavecchio, M. Civitani, O. Straniero, F. Finelli



Solar axions produced by 
photon-to-axion conversion 
of the solar plasma 
photons in the solar core

* if the axion 
couples with the 

electron (gae)
(non hadronic axion)

Non-
hadronic 

“ABC” 
Solar 

axion flux 
at Earth

Solar Axions

Slide di F. Tavecchio, M. Civitani, O. Straniero, F. Finelli



Axion 
helioscope 

concept
P. Sikivie, 

1983

Helioscopes

Slide di F. Tavecchio, M. Civitani, O. Straniero, F. Finelli



Helioscopes

A concrete 
realization

Slide di F. Tavecchio, M. Civitani, O. Straniero, F. Finelli



The future: IAXO

Slide di F. Tavecchio, M. Civitani, O. Straniero, F. Finelli



The near future: 
Baby-IAXO

Prototype/demonstrator but
Interesting discovery space!

Two 
bores

Two 70 cm 
mirrors

B =3 T

Slide di F. Tavecchio, M. Civitani, O. Straniero, F. Finelli



Baby IAXO



B a b y I A X O
S u p p o r t  a n d  D r i v e  S y s t e m

I n f r a s t r u c t u r e  a n d  S i t e

B a b y I A X O P R C  R e v i e w
D E S Y

2 0 . 0 5 . 2 0 1 9  
U w e  S c h n e e k l o t h

BabyIAXO 
with CTA MST 

system

70 cm

XMM 
Flight 
spare

70 cm

40 cm

Inner optic

Outer optic

70 cm
40 cm

Custom optics
hot and cold slumped glass

multilayer-coated, segmented-glass Wolter-I

Mirrors



INAF contribution to x-ray optics
Outer corona for ‘custom x-ray optic module' Support for XMM usage

?????? Proposed for a large grant (2022)
- Not founded -

Slide di M. Civitani



Fundamental physics from astrophysical data (FUPA)

• Participants:

– INAF staff: Galanti (PI, 0.3 FTE); Bonnoli (0.1+0.2 FTE); Ghirlanda; Ghisellini; Landoni; Tavecchio 
(0+0.2 FTE)

– INAF associates: Caraveo; De Angelis (0.1 FTE); Roncadelli (1 FTE)

• Involved Infrastructures: Amazon; AMEGO; ASTRI; COSI; CTA; e-ASTROGAM; Fermi-LAT; IAXO; 
IXPE; MAGIC

• Research Grants: Mini Grant, INAF, 20k euro (PI: Galanti), 2022

• Objectives:

– Explaining astrophysical phenomena starting from first principles

– Use astrophysical data to study fundamental physics, mainly in terms of 

1) axion-like particles (ALPs); 2) Lorentz Invariance Violation (LIV)

Slide di G. Galanti



• ALPs light neutral pseudo-scalar bosons, predicted by superstring theories, interacting with photons in the 
presence of external magnetic fields and producing astrophysical effects:

– Photon-ALP oscillations – similar to massive neutrino oscillations (De Angelis+2011)

– Increase of the Universe transparency (De Angelis+2011; Galanti+2018)

– Solution of two VHE astrophysical problems:

• Observation of photons from FSRQs with E > 20 GeV (Tavecchio+2012)

• BL Lac VHE spectral anomaly (Galanti+2020b)

– Blazar spectral alterations (Tavecchio+2015; Galanti+2019)

– Variation of photon polarization (Galanti 2022b; Galanti+2022)

– Measure of emitted photon polarization through photon-ALP interaction (Galanti 2022a) 

– Possible explanation of the detection of GRB 221009A (Galanti+2022a,b)

• LIV predicted by quantum theories of gravity and producing astrophysical effects:

– Variation of the behavior of standard physics processes (Tavecchio+2016)

– Increase of the Universe transparency (Tavecchio+2016; Galanti+2020a)

– Blazar spectral alterations (Tavecchio+2016; Galanti+2020a)

Fundamental physics from astrophysical data (FUPA)

Slide di G. Galanti



• Publications starting from the formation of the team: 1) Galanti & Roncadelli, PRD 98, 043018 (2018); 
2) Galanti & Roncadelli, JHEAp 20, 1 (2018); 3) Galanti, Tavecchio, Roncadelli & Evoli, MNRAS 487, 123 
(2019); 4) Galanti, Tavecchio & Landoni, MNRAS 491, 5268 (2020); 5) Galanti, Roncadelli, De Angelis & 
Bignami, MNRAS 493, 1553 (2020); 6) Galanti & Roncadelli, Universe 8(5), 253 (2022); 7) Cenedese, 
Franceschini & Galanti, MNRAS 516, 216 (2022); 8) Galanti, PRD 105, 083022 (2022)

• Submitted papers: 1) Galanti [arXiv:2202.11675]; 2) Galanti, Roncadelli & Tavecchio [arXiv:2202.12286]; 
3) Galanti, Roncadelli & Tavecchio [arXiv:2210.05659]; 4) Galanti, Roncadelli & Tavecchio 
[arXiv:2211.06935]

• INFN-INAF press release: Galanti et al., MNRAS 493, 1553 (2020) 

(https://www.media.inaf.it/2020/03/03/blazar-bignami/)

Fundamental physics from astrophysical data (FUPA)

Slide di G. Galanti
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Reduced cosmic opacity

Slide di F. Tavecchio, M. Civitani, O. Straniero, F. Finelli



Reduced cosmic opacity

Slide di F. Tavecchio, M. Civitani, O. Straniero, F. Finelli
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“L’effetto lampione”

Attenzione: 
Il rischio è di cercare solo dove è più “facile” farlo!
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Collegamenti con altri RSN
Presentazioni di S. Cristiani e S. Ettori alle Giornate INAF 
di RSN1.

“Large scale structures and physics of matter”
➢ Formazione ed evoluzione di galassie e clusters di galassie
➢ Test delle predizioni di modelli di dark matter
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Conclusioni
➢ Approcci diversi e complementari al problema
➢ Collegamenti con altri RSN
➢ Finanziamenti degli esperimenti da INFN

➢ Possibile aumentare partecipazione INAF?
➢ Come coordinare le diverse attività? 
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➢ Possibile aumentare partecipazione INAF?
➢ Come coordinare le diverse attività? 

Grazie a tutti i colleghi che hanno fornito il materiale!
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