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CYGNUS-TPC Collaboration Meeting @ GSSI June 2018

A multi-site Galactic Nuclear 
Recoil Observatory at the ton-

scale to probe Dark Matter 
below the Neutrino Floor and 
measure 8B solar Neutrinos 

with directionality

CYGNUS-TPC vision

Helium/Fluorine-based gaseous TPC 
for sensitivity to low mass WIMP 
region for both SI and SD couplings
Goal of zero background operation 
after electron/gamma rejection and 
fiducialization at O(keV)
Directional and gamma/electron 
rejection thresholds at O(keV)
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See S. Vahsen talk

He-F target for simultaneous SI & SD 
sensitivity to O(GeV) WIMPs
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: GEMs + sCMOS + PMT
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3D optical readout
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: GEMs + sCMOS + PMT
3D optical readout

He nuclear recoil

sCMOS: 
high granularity  

X-Y + energy measurements

1/3 noise w.r.t. CCDs 
Market pulled  
Single photon sensitivity 
Decoupled from target  
Large areas with proper optics
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: GEMs + sCMOS + PMT
3D optical readout

He nuclear recoil

O(100) um 3D tracking with high quality particle identification (PID)
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CYGNUS-RD project (2016-2018)

Camera distance ± 18 cm Camera distance ± 53 cm
Large Elliptical Module Optically readoutOptically ReAdout GEms
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CYGNUS-RD project (2016-2018)
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Camera distance ± 18 cm Camera distance ± 53 cm
Large Elliptical Module Optically readoutOptically ReAdout GEms
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#socialdetector #infn https://web.infn.it/cygnus

: photographing ourselves

https://web.infn.it/cygnus
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roadmap & synergy with

Part of this project has received fundings under the European Union’s Horizon 2020 research and innovation programme from the 
Marie Sklodowska-Curie grant agreement No 657751

3D optical readout

50000 cm3

LEMON

0.01 m3100 cm3

LIME

0.05 m3

He:CF4  
1 atm

He:CF4:SF6 
0.8-1 atm

50 cm3 500 cm3

MANGO

1 sCMOS 
10 x 10 cm2 area

1 sCMOS 
20 x 24 cm2 area

1 sCMOS 
33 x 33 cm2 area

4 Timepix chips
3 x 3 cm2 area

1 sCMOS 
10 x 10 cm2 area

PHASE_0 PHASE_1 PHASE_2CYGNUS_RD

PHASE_0 funded 
by INFN
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synergy
NITEC: a Negative Ion Time 

Expansion Chamber (2015-2016) 

This project has received fundings under the European Union’s Horizon 2020 research and innovation programme from the Marie 
Sklodowska-Curie grant agreement No 657751 and from the European Research Council (ERC) grant agreement No 818744

First ever negative ion operation at 
nearly atmospheric pressure with SF6

He:CF4:SF6 
0.8 atm

Opened the doors for 
a realistic 

development of NITPC 
at 1 bar with SF6

�12
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synergy
NITEC: a Negative Ion Time 

Expansion Chamber (2015-2016) 

This project has received fundings under the European Union’s Horizon 2020 research and innovation programme from the Marie 
Sklodowska-Curie grant agreement No 657751 and from the European Research Council (ERC) grant agreement No 818744

First ever negative ion operation at 
nearly atmospheric pressure with SF6

He:CF4:SF6 
0.8 atm

Opened the doors for 
a realistic 

development of NITPC 
at 1 bar with SF6

±1% SF6±19% CF4 ±80% He 

3D optical readout with negative ion 
drift demonstrator towards the 

development of 100-1000 m3 directional 
DM detector (i.e. CYGNO PHASE_2)

Funded with 2 
MEUROs!!
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roadmap & synergy with

Part of this project has received fundings under the European Union’s Horizon 2020 research and innovation programme from the 
Marie Sklodowska-Curie grant agreement No 657751 and from the European Research Council (ERC) grant agreement No 818744

3D optical readout with negative ion drift
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18 sCMOS x 1 m3  
1 kg mass 
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1 sCMOS 
20 x 24 cm2 area
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PHASE_1: detector concept
*gammas & neutrons shielding not 

shown but present 

Active contribution from several 
CYGNUS-TPC members

�15

He:CF4(:SF6) 1 kg mass, 1 m3 volume

9 cameras/m2

To be installed @ LNGS

IMPORTANT: first unshielded run 
will provide seasonal, spectral & 
directional ambient neutron flux 

measurement

Full background simulation on going 
with sCMOS camera & GEMs 

activities recently measured @ LNGS

�15
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CYGNUS-RD developments 
towards 

& 
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sCMOS image for 5.9 keV 55Fe 
events at 20 cm drift distance
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18% energy resolution 
@ 5.9 keV

100% efficiency above 
300 V/cm drift field

He:CF4 1 atm

example of noise: 
can be rejected with 
pattern recognition
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Energy threshold (conservative) & energy resolution
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Stability test
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He:CF4 1 atm

LEMOn detector (20 x 20 x 24 cm3) successfully 
operated for 15 consecutive days, with automatic 

GEM hot spots + trips recovery 

With He:CF4 @ 60:40 we had 28 discharges (3/day), 72 
hotspots (8/day) for a total of about 7% dead time due to 

GEM recovery over 9 days

A typical hot spot, easily cured 
lowering GEM voltages of 100 V 

and then raising it again to nominal

Details & results in F. Renga talk on 
Thursday afternoon

With 60:40, 70:30 and 80:20 
gas mixture ratios
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Fiducialization in the drift direction exploiting diffusion

�19

The high readout granularity and position resolution allows to to 
measure coordinate along drift direction fitting for the diffusion

He:CF4 1 atm

Light transverse profile of both sCMOS images and PMT waveforms sensitive 
to absolute Z position via fit to diffusion 

Measurement to be soon repeated 
and verified on nuclear recoils
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Nuclear recoils from AmBe with directionality

Hint of directionality 
down to low thresholds!

852 keV

116 keV

21 keV

He:CF4 1 atm

New work just started to 
quantitatively estimate Head-Tail 
& directionality performance on 

these + FNG data 
(G. Dho, GSSI PhD)
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Cluster reconstruction and particle identification
He:CF4 1 atm

Details & results in I. Abritta Costa talk on 
Thursday afternoon

Step 0: remove noise clusters (no 
nearest neighbours)
Step 1: cluster high density pixels
Step 2: cluster medium density pixels
Step 3: cluster low density pixels

Step 0 Step 1 Step 2 Step 3

Original image
Based on an improved 

DBSCAN algorithm
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Background simulation
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Under development

Full CYGNO geometry implemented 
as from engineering designs

From SABRE measurements

Various shielding 
options under study
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F. Bellini, G. Cavoto, G. D’Imperio, A. Messina
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New R&D gas studies to go green
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CF4 for quenching + 
scintillation 
GWP = 6500

R&D undergoing to possibly 
substitute CF4 with HFO 

GWP  = 6

Details & results in D. Piccolo talk on 
Thursday afternoon
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Gas mixtures tested
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1 sCMOS + 4 PMT 
33 x 33 cm2 readout area

50 cm drift
1/18 of CYGNO

50 L volume
under 

manufacturing

shielding

New prototypes
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MANGO: a Multipurpose Apparatus 
for Negative ion studies with GEM 

Optically readout
LIME:  Long Imaging ModulE

Installed at LNF July 2019: light vs 
gain studies, negative ions, 

CYGNO field cage tests, HFO

1 sCMOS + 1 PMT 
10 x 10 cm2 

readout area
1-5 cm drift

Cosmic ray

55Fe
MANGO first images!!
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New infrastructures @ LNF
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New 30 m2 ISO-7 clean room 
at Laboratori Nazionali di 

Frascati, to be soon 
equipped with a gas system



E. Baracchini - CYGNO & INITIUM: Directional Dark Matter searches with sCMOS optical readouts- CYGNUS 2019 Workshop, Rome La Sapienza

TDR, working plan & new members
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FTE 2019 FTE 2020

CYGNO + INITIUM 4.5 10

TDR preparation to be submitted to 
October 2019 Scientific Committee, 

with the help of LNGS services

Preliminary Risk Analysis (PRA) 
under development for TDR, towards 

Quantitative Risk Analysis (QRA)

Thanks to new members + PhDs 
& Postdocs hired with ERC

Details in G. Mazzitelli talk on 
Thursday afternoon
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CYGNO prospects sensitivity at low WIMP masses

Zero background assumed

CDMS

DAMA

DAMA
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Stay tuned for CYGNO birth!
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Backup slides
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CYGNO gas mixture
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LEMOn tracking performances
He:CF4 1 atm


