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Introduction

e In this contribution we present LIME, the latest 50 L prototype of the
CXGNO project.

e The CY¥GNO experimental approach is based on a gaseous Time
Projection Chamber (TPC) with optical readout.

e The goal of the collaboration is to contribute to the direct search for
dark matter candidates with a detector with directional capabilities

e LIME has been recently installed underground at the Laboratori
Nazionali del Gran Sasso (LNGS):

@ to assess the performance of the C )Y G N O experimental approach in
a low background environment

@ to validate the background model, measure the neutron flux and
determine the best shielding configuration
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The C /GN O project

e Aiming at a large detector for high precision 3D
tracking of rare low energy nuclear recoils
(keV) as for example WIMPS.

e Experimental challenges: rate O(evt/kg/day),
background rejection, and energy threshold (keV)

o Strategy: photograph nuclear recoils in a, (1 atm)
He:CF4 TPC with a GEM amplification stage

low energy events in 1 atm gas = visible tracks

Access to position, direction, total released
energy, dE/dx (head/tail), PID

optical sensors: high granularity, very low
noise, and high sensitivity

optical coupling: sensors outside the sensitive
volume, acquire large surfaces with smaill
SEensors
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Light counts

Overground tests: ER energy response

Electronic recoil (ER) calibration:
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clusters (normalized to AmBe)

bkg. subtr. data

NR vs ER discrimination

e NR vs ER discrimination power: preli:
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Event rate [1/year]

o Activity of the components: measured @ LNGS
e Main contribution to the internal backgrounds: copper rings, resistors, GEM/cathode

* 96% (99%) reduction of -

R (NR) events with fiducial cuts

Background studies for LIME

e Studies about the shielding are ongoing (10 cm copper + 40 cm water for the underground

campaign)
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Underground installation

e The LIME prototype has been preliminarily
assembled and tested overground at Laboratori
Nazionali di Frascati (LNF')

* Moved underground at Laboratori Nazionali

del Gran Sasso (LNGS) the beginning of 022 1 e ‘ =
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* LIME is currently collecting its first data
underground @ LNGS

First images

e We are testing the stability of the chamber
and the gas system

e In parallel, a clone of LIME, called LIMER, has
been installed at LNF for the assessment and
the setup of an upgraded trigger and DAQ
system.

underground

Event: 98 at 2022-06-27 12:52:13 Event: 85 at 2022-06-29 10:57:31
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CXGNO PHASE 1: CYGNO_04

e Preliminary design: Designed at LNF and to be installed at LNGS
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CAGNO PHASE 2: the 30 m’
experiment for low mass DM searches

e O(30-100 m’ ) detector for directional dark matter (DM) search in the ~GeV/ ¢’ mass region.

e Preliminary sensitivity projections. Assumptions:
@ Low energy threshold: 1 keV (0.5 keV)

® Quenching Factor: SRIM si:

mulation

@ Observable: angular distribution

@ Angular resolution: 30°

@ Background.: different scenarios (isotropic background)
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Conclusions

e The CAGNO collaboration is developing a gaseous TPC with optical A
readout

 LIME, a 50 L prototype, has recently been moved @ LNGS and is now
taking data.

e This is just a step towards larger detectors for directional dark matter
search

e Other R&D activities:
@ Internal background reduction: custom sCMOS sensor, custom lens

@ Studies of the gas mixture: addition of hydrogen-rich gas (CH,),
study of the light yield from hydrocarbons, possible eco-friendly gas

mixture to substitute CF,

@ Negative 1ion drift: negative ions with the addition of SF, for better
fiducialization, 1 atm tests with encouraging results
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LEMON

Detector performances: LENMOnN

Energy resolution Reconstruction efficiency

Multiple DBSCAN + GAC* pattern recognition algorithm
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Detector performances: LENMOnN

Z position reconstruction
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Detector performances: LENMOnN
Detector efficiency
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LEMON

Detector performances: LENMOnN
Diffusion
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DAQ system for LIME
underground

DAQ system based on USB for the camera + NIM
and VME modules for analog signals:

e NIM.: Splitting (N6&5), Discriminating
(N840)

e VME: Fast digitization for PMT (V1742),
slow digitization for GEMs (V1718, V3718),
and logic (VO76 or custom trigger module)

e Two servers Xeon 16 core 4216, 32 GB
RAM+ 2x8 TB HD, NVIDIA RTX5000 24 GB
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LIME: the underground campaign
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CAGNO PHASE 1:
CYGNO 04

PRELIMINARY NEUTRON
SHIELDING SETUP
GEM 500x800 CATHODE ( 1 METER THICKNESS )
— ) FIELD CAGE COILS

’GEM 500x800
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(SCHEMATIC VIEW

CAGNO PHASE 2:
the 30 m’ experiment
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