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CYGNO DETECTION TECHNIQUE 4

Gaseous TPC
๏ He:CF4 (60:40) 
๏ Room temperature 
๏ Atm pressure
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LIME - LNGS 5

50 L active volume of He:CF4 (60:40)

Optical readout  4 PMTs + 1 sCMOS camera→

LIME

Atmospheric pressure and room temperature



LIME - LNGS 6

Background dominated by 
the external sources

External background 
suppressed by a factor ∼40-600

Residual external neutron 
background suppression

RUN 1 RUN 2-3-5 RUN 4

Spr/Sum 2022 Autumn 2022 Winter 2023 Spr/Sum 2023

RUN 0

Commissioning

RUN 1

No shielding

RPMT = 30 Hz

VGEM = 420 V

RUN 2

4 cm Cu

RPMT = 3.5 Hz

VGEM = 440 V

RUN 3

10 cm Cu

RPMT = 1.6 Hz

VGEM = 440 V

Sum/Aut 2024

RUN 5

10 cm Cu

RPMT = 1.5 Hz

VGEM = 420 V

Win/Spr 2023/4

RUN 4

10 cm Cu + 40 cm H2O

RPMT = 1.0 Hz

VGEM = 420 V - 440 V

AmBe Neutron flux
AmBe241Am



RUN5 - ANALYSIS FRAMEWORK 7

Data processing Event selectionCalibration Bayesian unfolding



8RUN5 ANALYSIS - LIGHT YIELD STABILITY

Raw 55Fe data

Corrected 55Fe data

DATA SIMULATION

Simulation must reproduce the 
same variability of the data

Normalizing flow maps MC 
observables to arbitrary gas 

conditions
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Data processing Event selectionCalibration Bayesian unfolding



RUN5 ANALYSIS - DUAL-ENCODER CONTRASTIVE LEARNING MODEL 10

Graph Encoder

GCN Layer

Pooling + Projections

Graph Embeddings zG

Waveform Encoder

Conv1D

Temporal Pooling

Wave Embeddings zW

X

Y
Z

Graph Waveforms

Conv1DGCN Layer Similarity matrix (zG zWT)·



RUN5 ANALYSIS - DUAL-ENCODER CONTRASTIVE LEARNING MODEL PERFORMANCE 11

EPOCHS

FAST+SLOW WFS

FAST WFS

~98%

~81%

SELECTION CUTS

1 track - 1 wfs set per event

Wfs set within sCMOS global 
exposure window

Track light integral > 850 ADU

Track centroid radius ≤ 800 px

1.0
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Track RMS > 6
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PMT 1 PMT 2

PMT 3PMT 4



RUN5 ANALYSIS - ASSOCIATION EXAMPLE 13

PMT 2

PMT 3

PMT 1

PMT 4



RUN5 - ANALYSIS FRAMEWORK 14

Data processing Event selectionCalibration Bayesian unfolding



RUN5 ANALYSIS - EXTERNAL NEUTRONS AND AMBE RUNS 15

RUN5 - EXTERNAL s CAMPAIGN n RUN5 - AMBE CAMPAIGN 

Exposure matched to the AmBe 
acquisition window
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RUN5 ANALYSIS - AMBE NEUTRONS AND GAMMAS 16

241Am 12C(α, n)

 + 9Be   + 12C*α → n LEGEND
Nuclear recoils
Electron recoils

What does the AmBe source 
produce?

Where do neutron- and gamma-induced events 
appear in detector observables?

ER → low-δ band NR → high-δ band 

4.43 MeV γ
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RUN5 ANALYSIS - ALPHA BACKGROUNDS FROM RADON AND DETECTOR MATERIALS 17

What alpha-emitting contaminants 
are present in LIME? How do alpha events appear in detector 

observables?
Radon in the gas 

Radon daughters 

Surface/bulk U-chain contamination

"3D Tracking with the CYGNO/INITIUM experiment” 
D. J. G. Marques’ thesis

LEGEND
Rn222 in gas
Po218 in gas
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RUN5 ANALYSIS - PRELIMINARY NEUTRON-RECOIL SELECTION AMBE RUN 18

PRE-ASSOCIATION POST-ASSOCIATION

Sensor on events
Alpha particles
ERs

Alpha particles
ERs

NRs NRs
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RUN5 ANALYSIS - PRELIMINARY NEUTRON-RECOIL SELECTION AMBE RUN 19

POST-ASSOCIATION FIDUCIAL CUT 

Alpha particles
ERs
NRs
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RUN5 ANALYSIS - PRELIMINARY NEUTRON-RECOIL SELECTION AMBE RUN 20

AMBE NEUTRONS SIMULATIONAMBE DATA
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RUN5 ANALYSIS - PRELIMINARY NEUTRON-RECOIL SELECTION AMBE RUN 21

AMBE NEUTRONS SIMULATION - ZOOMAMBE DATA - ZOOM
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RUN5 ANALYSIS - PRELIMINARY NEUTRON-RECOIL SELECTION AMBE RUN 22

AMBE NEUTRONS SIMULATION 
(sc_length < 140 px)

AMBE DATA 
(sc_length < 140 px)

δ > 15 δ > 15
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RUN5 ANALYSIS - PRELIMINARY NEUTRON-RECOIL SELECTION AMBE RUN 23

WAVEFORM

CUSUM-UP

CUSUM-DOWN

TOT

Associated PMT waveforms provide additional 
observables (e.g. TOT) that may further improve 

the purity of the selected NR sample

δ > 15
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RUN5 - ANALYSIS FRAMEWORK 24

Data processing Event selectionCalibration Bayesian unfolding



RUN5 - BAYESIAN ITERATIVE UNFOLDING CODE TEST 25

ϕ(Cμ) =
nE

∑
i=1

P(Ej |Cμ)P(Cμ)

ϵμ[∑nC
ν P(Ej |Cν)P(Cν)]

n(Ei)

PRIOR

RESPONSE MATRIX

EFFICIENCY

UNFOLDED SPECTRUM
G. D’Agostini https://doi.org/

10.1016/0168-9002(95)00274-X

DATA

P. Belli et al. / F. Arneodo et al. 



NEXT STEPS

๏ Determine detector response matrix 

‣ Test it with different fluxes and priors 

๏ Finalize cuts on ambe run 

‣ Valide the whole pipeline on ambe data 

‣ Determine uncertainties on unfolding procedure 

๏ Apply the analysis pipeline on the external 
neutrons induced recoils 

๏ Estimate underground neutron flux
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RUN5 ANALYSIS - X-Y FIDUCIALIZATION 28



RUN5 ANALYSIS - CMOS GENERAL EXPOSURE 29


