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The C /G N O project

incident
particle field cage

cathode />\ MPGD anode
"‘

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

« Experimental challenges: rate O(evt/kg/y), background °
rejection, and energy threshold (keV)

» Strategy: photograph nuclear recoil in a He:CF4 (1 atm) TPC
with a GEM amplification stage

3D tracking: position, direction, and fiducialization

» total released energy, dE/dx (head/tail)

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

* optical coupling: sensors outside the sensitive volume, He nuclear recoil
acquire large surfaces with small sensors

Refer to G. Cavoto’s talk in DM section for further details on the physics reach
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C Y GNO timeline

-mﬂ--amm

ORANGE LEMONn MANGO LIME CYGNO demonstrator
@ ROMA(1 @ LNF @ LNF / LNGS @ LNF / LNGS @ LNF / LNGS
e 10x10 cm2 GEMs e 20x24 cm?2 GEMs e 10x10 cm2 GEMs « 30x30 cm2 GEMs * 9x2 back-to-back LIME modules
* 1 cm drift « 20 cm drift e variable drift « 50 cm drift * 1 m3volume
« 100 cm3volume e 0.01 m3volume  performance studies e 0.05 m3volume * material tests
e 3D printing e gas mixture tests  performance and * background assessment
. stability test * underground installation &
 underground commissioning
« shielding * gas purification
« data-taking * scalability
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= LEMONn prototype

JINST 15 (2020) P10001
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https://arxiv.org/pdf/2007.00608.pdf

Detection efficiency
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Energy resolution of 15% at 5.9 keVee with sCMOS and PMT
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https://arxiv.org/pdf/2007.00608.pdf
https://arxiv.org/pdf/1905.04066.pdf

=won Response high energy electrons: tracking and fiducalization |
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Both with light and charge 15% z position resolution
y position evaluated with 100-300 #m resolution

The diffusion can be exploited to

estimate the z position of the event.

The width (S) and amplitude (A) of the
transverse light profile and PMT waveform
become larger and smaller respectively with
increasing distance from the GEM (z position).
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projection chamber for Underground
.. Dar k Matter searches

Elisabetta Baracchml

Electronegative gas generates negative ions
that drift w/out diffusion with different

velocity allowing high accuracy on z from At.
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https://arxiv.org/pdf/2005.12272.pdf
https://iopscience.iop.org/article/10.1088/1748-0221/13/04/P04022/pdf

> Response to low energy nuclear recoils
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https://iopscience.iop.org/article/10.1088/1361-6501/abbd12/pdf
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Electroluminescence studies
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E. Baracchini et al., JINST 15 (2020) 08, P08018
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First demonstration of electroluminescence in CF4
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https://arxiv.org/pdf/2004.10493.pdf
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1 sCMOS + 4 PMT
33 x 33 cm2area
50 cm drift

530

ORCA-fFusion

» reduced noise | 45 cm from GEMs

from 1.4 to 0.7 e
electrons i &

* more pixels

(2304x2304) S o LmEsre spors

* larger quantum
efficiency 0.8 (0.7)
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Large prototypes stability tests
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C Y GNO 1m3 demonstrator

He/CF4 60:40 (1.6kg) in two TPC with a 50 cm drift and 1 kV/cm drift field

. 5 Cameras Gas Electron Multipliers
h‘% ‘m (GEMs) amplification
I and PMT

Atmospheric pressure &
room temperature: ZY

Triple GEM
3x3 matrix

Field _ -

i | 9 LIMEs

‘

/A

i per 1 m2
= Cameras
\My Isometric view and PMT

Scale: 1:15

Acrylic vessel
for gas

Cathode

Pield Triple GEM
cage 3x3 matrix
(copper rings)

Designed at LNF and to be installed at LNGS
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Trigger and DAQ for CYGNO
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* HW trigger: photodetectors with minimal logic (e.g. majority)

* Software trigger: reconstruction of images and waveforms
on a farm of CPUs/GPUs based and trigger on interesting
features (e.g. clusters), typically 1 evt/s
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Summary
The CYGNO project is developing a GEM-based TPC with optical readout

* \Very good energy and position resolution
* High discrimination power
* R&D ongoing to optimise the already very good performance

* First underground campaign by the end of 2021

ORANGE LEMOn MANGO LIME CYGNO demonstrator
@ ROMA1 @ LNF @ LNF / LNGS @ LNF / LNGS @ LNF / LNGS

2015-2016 2017-2018 2019-2021 2021 2022 2023
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