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Physics cases & foreseen measurements
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Classical WIMP searches: 3 σ sensitivity in frequentist 
approach with and without presence of background 

Solar neutrino measurement with elastic scattering on 
electrons 

LIME underground LNGS neutron flux measurement
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CYGNO WIMP searches:  
3 sigma sensitivity
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What do we mean with WIMP

From Prof. Ferroni Astroparticle Colloquium 
at GSSI, November 2019 “The Astroparticle 
Physics roadmap for the coming decades”
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How to

G. Dho
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Background & signal modelling
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Background Signal from WIMP theory

G. Dho
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Angular spectrum in galactic coordinates
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Fake experiments for signal & background 
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Experimental assumptions
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Results 
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PRELIMINARY G. Dho
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Comparison with other experiments
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0 bkg & 1000 bkg shown for each threshold

Please, keep in mind that only 1 m3 year exposure is shown for CYGNO

get up to ± 100 kg year exposure with 30 m3 3 years

DAMA region covered even 
with 15 keV + 1000 big events
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CYGNO/INITIUM beyond 
WIMP searches:  

electron recoils from  
Neutrinos
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Electron recoil thresholds
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Single ionisation clusters from MIP

Tens of keV electrons in magnetic field

Tentative detection threshold: 1-2 ionisation clusters > 100 eV
Tentative directional detection threshold: >20-30 keV

55Fe
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Directionality as a new window on neutrino physics 

C. O’Hare et al, Phys. Rev. D 92 063518 (2015)

Elastic Neutrino-
Electron scattering

NOTE: only a 
directional DM detector 

can distinguish from 
ER background 

NOTE: only a 
directional DM detector 

can distinguish from 
WIMP signal

Neutrinos: an opportunity for directional DM detectors, rather than an inconvenience

NEW! Physics reach under study 
Coherent Neutrino-
Nucleus scattering

with event by event precise neutrino 
energy measurement
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Message from back on the envelope evaluations & old published 
papers: O(50 kg) directional detector can measure neutrinos 

through elastic scattering using directionality to reject 
electromagnetic backgrounds (CYGNO PHASE 2 ok!)
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Elastic neutrino - electron scattering with gaseous 
TPC: revitalising old ideas

1992 CF41996

1994

He

Typical spatial resolution: 1-2 mm
Energy threshold: 100 keVDirectional TPC
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Borexino Sun neutrino measurement
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CYGNO has O(100) um tracking 

CYGNO has 20-30 keV DIRECTIONAL threshold

CYGNO directionality provides background discrimination

Borexino Ethr: 160 keV

Borexino interaction position resolution:12 cm
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Solar neutrino measurements with directionality
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eGiven the Sun position,  
recoils in opposite 

direction are 
kinematically forbidden

Differently from WIMPs, 
background can be 

measured on 
sidebands data



Elisabetta Baracchini - CYGNO physics cases & measurements - CYGNO international meeting, June 2020 �17

CYGNO as an innovative detector for low energy, 
precision solar neutrino spectroscopy

He:CF4 allows a lot of electron, with a low 
density gas

CYGNO readout approach has O(100) um 
track resolution

CYGNO can aim at 20 keV DIRECTIONAL 
threshold for electrons (i.e. 80 keV 
neutrinos) 

CYGNO is sensitive to single ionisation 
cluster for MeV electrons (i.e. 
calorimetry)

Good target/density ratio

Question to answer: upper 
energy threshold.

Obvious: contained track
But: if track not on dE/dx 
plateau, could measure E 

through dE/dx?

3D electron range in 
CYGNO from GEANT4

～1 cm @ 20 keV

59.6 keV electron in  
CYGNO 10 L prototype
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Expected # of events

For 1 m3 of He:CF4 60:40 with 20 keV threshold

Including neutrino oscillations

PRELIMINARY
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Input parameters: energy & angular resolution

Neutrino energy resolution from expected electron 
resolutions

our energy resolution 
with 18% @ 5.9 keV e 

2% @ 2 MeV

https://arxiv.org/pdf/
1407.7013.pdf

PRELIMINARY
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Neutrino energy resolution
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PRELIMINARY
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Measurements with LIME:  
underground LNGS 

neutron flux
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LIME @ underground LNGS
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 Neutron flux measurement @ LNGS with LIME 

Proton 573 keV Tritium 191 keV

Z. Debicki et al., 
Nucl.Phys.Proc.Sup

pl. 196 429-432 

Simultaneous sensitivity to thermal and fast neutron 
flux with3He:He:CF4:SF6  at atmospheric pressure 

Fast neutron through nuclear recoil  

Thermal neutron through capture on 3He (0.5% is enough 
thanks to the large capture cross section).  

O(10 keV) or lower threshold on fast neutrons 
Precise spectral measurement 
Directional measurement 
Seasonal measurement  
LIME location in front of DAMA setup 
Possibility to optimize pressure and gases content for 
higher yield or lower directional threshold 
Demonstrator for CYGNO PHASE-1

± 250 detected nuclear recoils induced by fast neutrons/year  
± 250 detected thermal neutrons through capture/year

Environmental neutrons in underground halls are background to all current & future  
experiments: their precise knowledge is fundamental
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PRELIMINARY


