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Dark Matter and WIMPs

Our Milky Way, is surrounded by an approximately spherical 
not luminous halo of WIMPs. 

The Sun and the planets move 
through this halo at 220 km/s 
preceded by the CYGNUS
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• One of possible constituents of Dark Matter are the Weakly Interacting Massive 
Particles: neutral particles with a very low interaction probability with ordinary matter;

v(t)DM = vsun + vorb cos� cos(!(t� t0))

Rate and direction modulation: strong signature 

A directional detector will be crucial to confirm any future 
evidence of DM and to determine its origin



- Future focus on masses below 10 GeV;

WIMP Masses
- Large regions of high masses spectrum already explored without any confirmed 

evidence of WIMP;

Element Max E transferred by a 1 
GeV WIMP

Min WIMP mass with 1 
keV threshold

H 2.00 keV 0.5 GeV
He 1.30 keV 0.9 GeV
C 0.57 keV 1.4 GeV
F 0.38 keV 1.7 GeV

Na 0.32 keV 1.8 GeV
Si 0.27 keV 2.0 GeV
Ar 0.20 keV 2.4 GeV
Xe 0.06 keV 4.2 GeV

- To explore the GeV mass range, best candidates are He and H
(assuming )β = 2 × 10−3
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The CYGNO idea
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The CYGNO collaboration is developing and optimising a new 
technique for the detailed study of Low Energy Rare Events;

Gaseous TPC 
- Released energy, dE/dx profile, track position and direction, hundreds eV threshold;

Triple-GEM amplification 
- Large surface easy instrumentation, high reliability;

Optical readout 
- high granularities together with very low noise and high 

sensitivity;

- optical coupling allows to keep sensor out of the 

sensitive volume;



The CYGNO project
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CYGNUS_RD - CSN5 CYGNO - CSN2

INITIUM NITEC 

We are here
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Project FTE and International collaboration
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INFN FTE (CYGNO+INITIUM) since the project start FTE (CYGNO+INITIUM) distribution 

in the different groups in 2022.

This project, started by a few people in 2016, 
has now more than 50 collaborators,         
from 8 Institutions in 4 Countries



Project WP and TASKS
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Activities

A lot of activities are ongoing that will (partially) 
be discussed in this Collaboration Meeting



LIME
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- Underground LIME tests will represent the last step of the PHASE_0;


- The idea is to take data (with periodic calibration runs) with different and increasing shield 
schemes: no shields, 6 cm Cu, 10 cm Cu, 10 cm Cu + 40 cm H2O;


- This program will allow to characterise the real radioactive background present in the site 
and then to validate the GEANT4 simulation;


- Moreover, without the H2O, we can also study the neutron flux in the site as a part of the 
PRIN “Zero radioactivity in future experiments”;


- Installation and data taking with complete (copper+water) shield will be performed in 2023;



LIME: Activities for 2022
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2 Months}
1 Month}
4 Months}

- LIME is now expected to start installation underground at the beginning of 2022;

- Installation of detectors and ancillary systems should finish by the end of Feb. 2022;

- Then, commissioning and data taking program is expected to start:


- Unshielded:

- detector characterisation with 55Fe (we are buying a 7 MBq source) and AmBe;

-  bkg study (108 event/months), with periodic calibration with 55Fe;


- 6 cm Cu shield:  

- bkg study (106 event/months), with periodic calibration with 55Fe;


- 10 cm Cu shield: 

- bkg study (105 event/months), with periodic calibration with 55Fe;

- In this configuration we plan to study the lab neutron flux. About 100 NR are expected 

in the range 20-100 keV in 4 months. 



LIME: Activities for 2022
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Final demonstrator
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- A discussion with LNGS management and director has already started. We have sent a first version of 
required documents (CDR, application for a site) and we are waiting for following steps;


- Different designs of final demonstrator with a sensitive volume of the order of 1 cubic meter were 
prepared;


- They will be finalised in a TDR as soon as the space available at LNGS will be decided to be submitted 
in September 2022; 


- In the meanwhile we are working on:


- economic evaluation of the detector and ancillaries costs;


- internal radioactivity study and reduction;


- Trigger and DAQ based on custom and flexible boards;


- Data storage and handling;



Budget

Profile

13R&D, Travels, Radioactivity Studies Demonstrator Core Costs About 500 k€ spent



Conclusion
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We worked quite hard so far, and next years will be crucial for the project.


We have built and characterised a very good prototype, we (almost) setup an underground 
site, it’s time to exploit the work done and enter the “real experiment phase” (cit. INFN-
referees);


Even without forgetting all the work needed for the final demonstrator, we should focus on 
LIME activities: installation, commissioning, data taking, analyses and publications. 


Milestones (agreed with INFN-referees) can be used as lighthouses to keep the course:

- radioactive background characterisation with unshielded LIME underground at LNGS;

- submission of a paper on overground LIME performance at LNF;

- validation of underground MC and data-MC comparison;

Let’s have an interesting navigation with a safe landing.




