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It's a Dark Universe

Assumption
| > Dark Matter is made of
Weakly Interacting Massive Particles.

O SM+yx—>SM+Yx

[l Direct detection of nuclear recoil

Dark Matter

Particle

Nuclear Recoil

Galactic coord
10 GeV WIMP
Fluorine target

ENERGY - Excess would result in falling exponentials.

TIME - Results in a few % annual modulation.
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Directionality of the DM flux

This is the only generic and unambiguous terrestrial
signature of DM that results solely from the
assumption that we live inside a DM halo.

The future of directional searches, Ciaran O’Hare

Only signature of DM halo presence
Rejection of background isotropy
Identification of solar neutrinos
Only way to do DM astronomy
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https://agenda.infn.it/event/39713/contributions/231103/attachments/123584/181322/d.pdf

CYGNO paradigm

Gas at 293K and 900mbar (ambient at LNGS) He/CF, 60/40
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CYGNO paradigm

Gas at 293K and 900mbar (ambient at LNGS) He/CF, 60/40
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With the high granularity of

the camera, we measure
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Absolute Z measurement
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CYGNO paradigm

Gas at 293K and 900mbar (ambient at LNGS) He/CF, 60/40 AZ of the track
incident 1.Independent
- | partce fied cage segenied ‘ ‘ ‘. | energy measurement.
\ Ty o 0% ..} o: _~: 2 2.Electrons times of arrival =
Bl ; k “ ‘ .‘.‘" m dZ coordinate (track's tilt)

1. ionisation 2. drift 3. registration EEEEE

Straight track
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Detector PoV

Pic # 339 - Ev # 0 out of 5 - fast board Pic # 339 - Ev # 4 out of 5 - fast board Pic # 339 - Ev # 3 out of 5 - fast board
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CYGNO roadmap

The CYGNO Experiment

PHASE O0: PHASE 1: PHASE 2:
R&D and prototypes 1 m3 Demonstrator 30 m3 Experiment
2015/16 2017/18 2019/25 2026/28 2029. .
ROMA1 LNF LNF/LNGS LNF/LNGS LNGS
» >
ORANGE CYGNO_30

LA 1_.-|_:_I \;.II;.:,:;-";.E.."&,,i‘gﬁ:x_.—
gy _
-1 cm drift - 3D printing - 50 cm drift - background

- 20 cm drift - underground tests - materials test, gas purification
- shielding - scalability - Physics research
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https://arxiv.org/pdf/2202.05480

LIME Underground Runs

s ok

EFTE window

33x33 cm?

Copper Rings
3-GEMs il

@LNGS no shield

50 cm Field Ca;;e N Cathode
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LIME Underground Runs

RUN 1: No-shielding
RUN 2: 4 cm Cu shielding

RUN 3: 10 cm Cu shielding

RUN 4: 10 cm Cu + 40 cm water
shielding
RUN 5: 10 cm Cu shielding
(neutron flux measurements)

T S

Time slot

3 Nov 2022 -
15 Dec 2022
15 Feb 2023 -
15 March 2023

5 May 2023 -
16 Nov 2023

30 Nov 2023 -
31 March 2024

17 May 2024 -
1 Dec 2024
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3D reconstruction
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® Different responses of the 4

PMTs in LIME

® Multivariate Bayesian fit

procedure

® (Calibrated on °°Fe source

Precision of ~1 cm

Bayesian network 3D event reconstruction in the Cygno optical
TPC for dark matter direct detection

Fernando Domingues Amaro®, Rita Antonietti®?, Elmbetm Baracchini®?, Luigi Benussi®, Stefano Bianco®,
Francesco Borra®3?, Cesidio Capoccia®, Michele Cdponelo . Gianluca c.wuto” Igor Abritta Costa®, Antonio
Croce®, Emiliano Dané®, Melba D’Astolfo™, Giorgio Dho®, Flaminia Di Giambattista™®, Emanuele Di Marco,
Giulia D’ Tmperio”, Matteo Folcarelli”, Joaq\um Marques Ferreira dos blmtosl Davide Fiorina®, Francesco
L.wmgdi' Zahoor Ul Islam™®?, Herman Pessoa Lima Junior®?, Ernesto Kemp!®, Giovanni Maccarrone®, Rui Daniel
Passos Mano!, David José¢ Gaspar Marques®>, Luan Gomes Mattosinhos de Carvalho?, Giovanni Mazzits -11.
Alasdair Gregor McLean!!, Pietro Meloni>?, Andrea Messina”-*, Cristina Maria Bernardes Monteiro
Antunes \IobrLgan Igor Fonseca Pains!?, Emiliano Paolettif, Luciano Passamonti®, Fabrizio Petrucci
Piacentini*?, Davide PiccoloS, Daniele PierluigiS, Davide Pinci?, Atul Prajapati®*d, Francesco Renga”, Rita Iuam
Cruz Roque!, Filippo Rosatelli®, Ale ndro Russof, Giovanna Saviano®!3, Pedro Albnrto Oliveira Costa Silva!, Neil
John Curwen Spooner!, Roberto Tesauro®, Sandro Tomassini®, Samuele Torelli>*, and Donatella Tozzi™

6

Bayesian network 3D event reconstruction in the
Cygno optical TPC for dark matter direct detection

D. Fiorina - GSSI & INFN
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https://arxiv.org/pdf/2506.04973
https://arxiv.org/pdf/2506.04973

3D reconstruction
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https://arxiv.org/pdf/2506.04973
https://arxiv.org/pdf/2506.04973

Z reconstruction

« To develop tools to evaluate the absolute z of low-energy ER, we use >°Fe events;
« Several variables spot-shape were studied, and the most effective resulted that takes into account the
distribution of the hits within the spot.

E oF
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257 4
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20 - Or X\Z 3
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15 - R P T =
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'l_llll]]ll]llllllll]ll]l|llll|lll]l|]l||llll]
10 20 30 40 -10 0 10 20 30 40 50 60 70

z steps [cm] Reconstructed z [cm]

David Margues (GSSI) - PhD thesis
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3D fiducialization

By reconstructing the 3D positions of the alphas, we can separate the contributions of o e,
* 222Rn chain (gas and cathode) | i
« 2384 and 232Th chains as found in the GEM and Field Cage copper by HPGe
238J and 232Th chains 232Rn chain
¥t | E o
:%— OPO aoo? Rn 1
50— ' 250;— O
wf- 200f- o3
. 218Pg 8T
20f- 1 100(— . ©
10F- C s0f- LA
OEA .h.«.(‘ﬁhﬂrﬂpﬂ‘wﬁﬂ‘fl / ,“.L[ﬂ.ﬂl“:.—m T S Y STSPE B w 05.4_1_,.,__._. [ B n,.r"'J. LR .\L.'—Lm'lfr’-r tntand L
1 2 3 4 5 6 7 8 E (1] 1 2 3 4 5 6 7 8
3D length [cm] i o 3D length [cm)
T 9o -
£ [ o 2 120 A — e
a3 h 2[22Rn S5 F 222RnN m 218P Q) canose |
wb 28U i3 i
°E B i r o
ol | - H o g
wof- -~ 218Po s Vg 3
40;— || 20:.— 1 1 a -L'lﬂ-rlk
20;— iy, oE. s Loars iUl Y hmﬂ'\"ﬂ'qff |'1. . .lj‘l’-n
S 2 3 s N — 1 2 3 a 5 6 7 8

3D length [cm] 3D length [cm]

10/07/2025 D. Fiorina - GSSI & INFN David Marques (GSSI) - PhD thesis 14




Radon progeny Nuclear Recoil

First detection of radon progeny recoil tracks by MIMAC Cathode Cathode

Q. Riffard, D. Santos, O. Guillaudin, G. Bosson, O. Bourrion, J. Bouvier, T. Descombes, C. Fourel,
J.-F. Muraz, L. Lebreton « Show full author list

oo
MIMAC paper: 10.1088/1748-0221/12/06/P06021
- - __
Parent i Mode | E /g ma Daughter | E.ofoi | Ereeon 0(100 keV) 21°Pb recoil a track inside the cathode
[MeV] [keV] | [keVee] .,/V
7.3 cm long a track
From 2%2Rn 210 :
O(100 keV,,) “""Pb recoil
22Rn 3.8 days @ 5.489 218pg 100.8 | 38.23
218pg 3.1 min a 6.002 214pp, 112.3 | 43.90
2l4pp 27 min B 1.024 214Bj - -
214Bj 20 min B 3.272 2l4pg - -
214 210
| “"Po 164 ps @ 7.687 Pb 146.5 |J 58.78 Comparison of distributions
210pp 22 years B~ 0.064 “1UB{ - - Radon vs No Radon, normalized by exposure
*10Bi 5 days B 1.163 210pg - - Radon: 40920-42848
210p,, 138days | « | 5304 | 205Pb (stable) | 103.7 | 40.28 6.0059 — No Radon: 43886-46628
0.0005 +
* 10%-20% Quenching Factor for Pb at the 150 keV energy, we 10,0004 1 ZEVents On the cathoge
should expect 15-30 keV,, 00003 0-30 kev._
« The identification of this dangerous background component .
will allow us to reject it
« Analysis currently Ongoing! 000017
0.0000 1 ~—
(III 2ID 4ID GID BID l[I]"D 12IO l‘IIO
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NR-ER discrimination

Background Rejection vs Signal Efficiency-GBC

We have access to many variables related to the signal shape! N —
0.06 —= == = —— T e T B
dE/dx AmBe data runs . T
Convolution Neural Network
Atul Prajapati Thesis c
 Training on MC using multiple  § |
shape variables £ | a0k
n o . c -- 8.0 keV
* Promising results beyond 3 | 120k
. - . 5,041 ---- 16.0 keV
traditional analysis g |- 200kev
A i -- 24.0 keV
-- 28.0 keV
0.2 -- 32.0 keV
001 36.0 keV
-- 40.0 keV
-- 44.0 keV
001 ---- 48.0 keV
B T S T = T % o o 7 7 o
Fneray [kl Signal Efficiency
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NR-ER discrimination

Background Rejection vs Signal Efficiency-GBC

We have access to many variables related to the signal shape!

1.0
0.06 —= == = -
dE/dx
AmBe data runs .
- Convolution Neural Network 0s]
. . .
; . i Atul Prajapati Thesis c
« e . . =
— -+t
« Training on MC using multiple
: ini | | 5
T - 0.6
5 h iabl ?
&
o
3 Snape variabies = 4.0 kev
= .. c ---- 8.0 keV
]
: * Promising results beyond 3 |-
i ISI 2 12.0 keV
“ 044 ____
% .. | I . o 16.0 keV
P V4 —_—
traditional analysis v 200 kev
g @© ---- 24.0 keV
w m
---- 28.0 keV
029 ---- 32.0 keV
36.0 keV
---- 40.0 keV
---- 44.0 keV
004 ---- 48.0 keV
: T
0 5 50 15 . 100[k " 125 150 175 200 0.0 02 04 0.6 08 10
nergy [ke! . . .
Signal Efficiency
Background Rejection vs. Signal Efficiency:440V Background Rejection vs. Signal Efficiency:400V o o o
Lo 10/ Saturation is clearly present in LIME!
e
—F
‘ And it affects the ER/NR discrimination
0.8 VGEM: 440V 08/ \VVGEM: 400V -
.
5 € . Modeling the light response of an optically readout GEM based 240 6 0 57 1 3
E b ’ TPC for the CYGNO experiment *
] . . .
206 - 0.6- \ , Enhancing the light yield of He:CF, based gaseous
T 2 Fernando Dominques Amaro', Rita Antonietti®, Elisabetta Baracchini?, Luigi Benussi®, Stefano Bianco 3
X Campagnola’, Cesidio Capoccia® ', Michele Cdpunﬂorq Gianluca Cavoto™ gor Abritta Costa®, Antonic etector
o ° Emiliano Dané®, Melba D’A orgio Dho®, Flaminia Di Giambatti Emanuele Di Marco’,
5 5 D'Imperio” Jodqmm Marques Fumm dos b,um».‘ Davide Fio: 'na‘“. Franc Ia(oal)ﬂnl] Zahoor Ul . Fernando Dom]ngues Amaro', Rita Antonietti>?, Elisabetta
3 8 Herman Pessoa Lima Jiinior 8, Giovanni Maccarrone, Rui Daniel Pas: Baracchini'’, Luigi Benussi®, Stefano Biancof, Roberto
5 0.4 o 0.4+ Robert Renz Marcelo Gregor J Luan Gomes Mattosinhos de Carvalho'? Campagnola®, Cesidio Capoccia®, Michele Caponero®7, Danilo
) = Mazzitelli®, Alasdair Gregor Mc Ledn“ Pintro Meloni5, Andrea Messinal™®, Cristina Maria Bernardes M Somrn mrordoss: , Luan Gomes Mattosinhos de Carvalho?,
= g Rafael Antun l\obrLgan Igor Fonseca Pains!?, Matteo Pmtalam Emiliano Paol(,tm( Luciano Passar Gianluca Cavoto!!!, Igor Abritta Costa’, Antonio Croce’,
E m Fabrizio Petrucci ‘“, Stefano Piacentini®:? i N anmk Pmlmg] ide Pinci™ , Atul Praj. Emiliano Dané®, Giorgio Dho"%?, Flaminia Di Giambattista’?,
— MaxDen —— MaxDen Francesco Renga”, Rita Joana Cruz Roque!, Filippo Rosatelli®, Ale \dro Rus . Sabrina Salamino®, ¢ Emanuele Di Marco, Melba D’ Astolfo', Giulia D’ Impem ;
0.2 MaxDen-BKG N 0.2+ --—- MaxDen-Data Saviano®!3, Federico Francesco Scamporlino®, Angelo ¢ «dro A]hem) Oliveira Costa Silva', N Davide Fiorina'?, Francesco Iacoangeli'!, “Zahoor ul Islam®
. ---- MaxDen-| —— dEdX Curwen Spooner'!, Roberto Tesauro®, Sandro Tomassini®, muele Torelli*3, and Donatella Tozzi™* Herman Pessoa Lima Junior'®, Ernesto Kemp'?, Giovanni
—— dEdX dEdX-Data d | h | h f ) ” Maccarrune , Rui Daniel Passos Mano!, Robert Renz Marcelo
ke x - - Gregorio'?, David José Gaspar Marques™’, Giovanni Mazzitelli®,
:E:: K6 —— dEdA Mode ing the light response of an optically Alasdair Gregor McLean'?, Andrea Messina“"“, Pietro Meloni®?,
1 Cristina Maria Bernardes Monteiro!, Rafacl Antunes Nobrega®
0.0 ---- dEJA-BKG 0.0 dEdA-Data readOUt G EM based TPC for the CYG NO Igor Fonseca Pains’, Emiliano Paole'jti", Luciano Passamonti®, '
eX erl ment Fabrizio Petrucci®?, Stefano Piacentini’?, Davide Piccolo®, Daniele
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 expernment Pierluigi®, Davide Pinci'!, Atul Prajapati®, Francesco Renga!’,
! . P it Rita Joana da Cruz Roque', Filippo Rosatelli¢, Alessandro Russo®,
’ ’ ) ' ’ ' Signal Efficiency ! ‘ '
Signal Efficiency Joaquim Marques Ferreira dos Santos', Giovanna Saviano®!4,
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https://arxiv.org/pdf/2406.05713
https://arxiv.org/pdf/2505.06362
https://arxiv.org/pdf/2505.06362
https://arxiv.org/pdf/2505.06362

Angular Resolution
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ER angular resolution

« Measured by 90Sr electrons
irradiation

« Good match with Simulated data

415. X-ray polarization from astrophysical sources. Development and early results of a large vol-ume
Time Projection Chamber (TPC) from HypeX project

A Giorgio Dho (INFN - LNF)

® 09/07/2025, 18:00

15—
- [
: — = X-ray polarimetry is an observational technique with the potential to enrich our understanding of high-energy astrophysics
| . | by enabling the measurement of the polarization of X-rays emitted by exotic cosmic phenomena such as black holes,
10
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Angular Resolution

AmBe data runs

MIP band

0.06
=] B —&— Deconvoluted °
Sa | « smeicussn | ER @ngular resolution
2 . - 0.05
T « Measured by 90Sr electrons
f- -+ ER Measured irradiation o
o . . &
E * Good match with Simulated data i
E 20 415. X-ray polarization from astrophysical sources. Development and early results of a large vol-ume §
Time Projection Chamber (TPC) from HypeX project -
‘ i A Giorgio Dho (INFN - LNF) g 0.02
15__ ® 09/07/2025, 18:00 5
- -
: ————— ’ = X-ray polarimetry is an observational technique with the potential to enrich our understanding of high-energy astrophysics 0.01
) | | by enabling the measurement of the polarization of X-rays emitted by exotic cosmic phenomena such as black holes,
10
: 0.00
| 1 | 1 1 1 | 1 1 | 1 | | 1 1 1 1 I 1 D
10 20 30 40 50 60
e Energy (keV)
5 60r
s b »2 [ ndf 91.51/23 .
& sof 0o —2975z05705 | | NR angular resolution
g - p1 135.9 £3.942 . . .
- « Estimated via naive
40— .
- ER Simulated assumption on AmBe
— iImulate ;
oE- neutron source data taking
oF « Estiamted 45° RMS (>20
keVee)
- « Upper Limit!
C— PR B | | ] |
0 20 40 60 80 100
E [keV] D. Fiorina - GSSI & INFN
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CYGNO_04

Scalability of the Technology

Radiopure materials based on multiple CYGNO_04

Feasibility for a larger scale detector

modules

LNGS Hall F

0.4m3 common cathode TPC
« 3 ORCA QUEST2 (next-gen) per

side
8 PMTs per side

« 4+6cm copper shielding
(radiopure+traditional)

e« 100cm of water

10/07/2025

Throughput expected =20Mb/s
Computational resources very
demanding

- Triggerless data selection with ML on GPU
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Expected Limits

LIME naive limits with a subsample of 17 days the rest as data
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Expected Limits
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. i eV, eptember

uorine recoils

The CYGNO collaboration is developing a high-precision
triple-GEM TPC at atmospheric pressure with optical
readout. NN -
- The main focus is the directional direct search of DM “- A 1B
WIMP-like particles in the low mass range (0.5-10 GeV) ™ " "oodower:
with a threshold of 0.5 keV,..
 Directionality provides a unique handle to confirm the
presence of the Galactic dark matter halo.
* |sotropic Background rejection
« Operations beyond Neutrino Fog

S tor] “5p/aD

Galactic latitude, b

SI DM-nucleon cross sec
5 5 5 5 5 &5

DMrna [Ge V/ 2]

« LIME demonstrated the feasibility of such a detector for rare event search valldatlng
our MC chain

« CYGNOO4 will prove the scalability of our detector model for a larger project starting
in the first trimester of 2026

Expariment Where Amplification Gas Volume | Energy Thr Active
+ Readout Prassure [mbar] L] [keV..] Mass [gr]

DRIFT UK MWPC 55 800 20 33

NEWAGE Japan 1 GEM +muPIC 100 37 20 ns
MIMAC France Microme gas 50 58 2 1.2
D3 Australia | 2 GEM + pixelated RO 1000 a0 5 &0
CYGMNG Italy 3 GEMs + sCMOS + PMT 00 400 1 &00
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Detector overview
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It's a Dark Universe

Energy, Time, and other widely used methods are not enough to prove that an
eventual signal is a Dark Matter signal

Capability to identify
Solar neutrinos

Directionality of the DM flux B 2 TR NS

. . . ; Fluorine recoils [3-50 kY] Beptember 6
Dive into the Neutrino Fog ki —— .

Capability to reject
isotropy

A. M. Green et. al, Astropart. Phys. 27 (2007) 142 e /5
= +* (=9
e £ e
Phys.Rept. 627 (2016) 1-49 2 o 5
WIMP signal L ( ) ¥ o Tyl
(recoil map) ENERGY-ONLY DIRECTION+ENERGY T Fad
Anguilar distribution of Fluorine Y & 600 = : ahl
recoils [5:50] keV } o |
o5 — T g 500 18I 12° 6° r r M 180
Galactic longitude,
Z 400

E. 300 Solar Neutrino Spectrum

u:I: o BP2000

’?: 7Be Water Cherenkov
mns @ 3 pe][
BECkgmuﬂd A NE Chlorine'
0 200 400 600 200 400 600 =
Viab (km/'s) Vieb (km/s) E B
E ,/ \Gallium

. . ° ° . ° E hep \GasTPc
This is the only generic and unambiguous terrestrial signature of DM that >

results solely from the assumption that we live inside a DM halo.

The future of directional searches, Ciaran O’Hare

1 1
100 10’
Neutrino Energy (MeV)

[2408.03760] Feasibility of a directional solar neutrino
measurement with the CYGNO/INITIUM experiment
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https://agenda.infn.it/event/39713/contributions/231103/attachments/123584/181322/d.pdf
https://www.arxiv.org/abs/2408.03760
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Background Rejection

Data taking with Americium-beryllium source - Neutrons to induce Nuclear Recoil signals

dE/dx

0.05 1

Energy / sc_nhits [keV/pixel~ 2]

0.01 -

0.00

10/07/2025

—

0.04 -

0.03 -

0.02 -

AmBe_ data runs
] = ‘ ] -I-. [ ] : 3 = '.
L e R o wiges 1 = ' E e @
. l-'.-.' e Tl ' ) .n.. . ol s qu " :
s N .. . ! '. ..l a e : .l

-

25 50

100 125 150 175

Energy [keV]

D. Fiorina - GSSI & INFN

200

Flux [cm~2/MeV/s]

—— AmBe spectrum (5 cm)

0'%.1 2.0 4.0 6.0 8.0 10.0 12.0 14.0
Energy [MeV]

27




Background Rejection

—— AmBe spectrum (5 cm)

Data taking with Americium-beryllium source - Neutrons to induce Nuclear Recoil signals
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Background Rejection

Data taking with Amer|C|um berylllum source ~ Neutrons to mduce Nuclear Recoil signals
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—— AmBe spectrum (5 cm)
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Background Rejection

Data taking with Amer|C|um berylllum source ~ Neutrons to mduce Nuclear Recoil signals
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—— AmBe spectrum (5 cm)
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Background Rejection

Data taking with Americium-beryllium source - Neutrons to induce Nuclear Recoil signals

AmBe - UNCUT
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R&D activities

Enhanced Light Yield
. Add hyd rogen‘riCh gaS is Under StUdy to gain Sensitivity [2406.05713] Enhancing the light yield of He:CFS_4$ based gaseous detector (arxiv.org)
to lower DM masses iC,H,, and CH, with <10% G. Dh
. 10%

concentration 10® 3. UNo
ol 5 o) Impact of a strong electric field below the GEM on
S L I . B o e light yield and saturation in a He:CF4 based Time
P > Projection Chamber
e & e .
P T o s

| “;‘ ‘& 1 343 E“- 05 kev“ ............................ PiC 0-500

" irocrvon ot 1 © oo Cotete 0] o | 10 TN

Negative lons SF,

Low radioactivity Lens
« Building low radioactivity camera sensor and lens
together with Hamamatsu/BMI experts

He:CF4:SF6 (59,39.4:1.6)
Reduce diffusion during drift by adding SF, (thus
negative ions) to the gas mixture.

' (. ‘X ‘[‘ - Operation at 900mbar!

Feasibility study for low
radioactivity lens
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https://arxiv.org/abs/2406.05713

LIME — Long Imaging ModulE

50L single-side TPC
Commissioning done in LNF in 2021/22

33x33 cm? standard triple GEM
« D/T1/T2:500/2/2 mm - 1/2.5/2.5 kV/cm
«  VGEM: 440V

Imaging:

« ORCA FUSION camera 2304x2304 pixel granularity 155 x 155 um?
4 PMTs on the four edges

« Schneider Xenon lens (F=0.95, f=25.6mm)

| Work at 910 mbar (atmospheric)
« He/CF4 60/40 in recirculation mode (5+20 L/h fresh+recirculated)
« Oxygen+Nitrogen+radon filters

DAQ based on MIDAS Or X\Z
- #5 + Single USB 3.1 readout from camera
il ”  Fast+slow VME ADCs for PMTs waveforms

=3 '“ Trigger
« >2 PMT over the threshold (FPGA-based)
« Save 300ms exposed camera picture

. LIME SETUP
DETECTOR ONLY
MAX WEIGHT = 200 |

ope . . “~—_(4%) PMT
55Fe source stability/calibration T

« At different drift distances
« Standard candle for intrinsic working parameters

.

':* T.ﬁ’ = |l e
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https://daq00.triumf.ca/MidasWiki/index.php/Main_Page

LIME — Long Imaging ModulE

Reconstruction:

Directional iDBSCAN to detect cosmic-ray tracks for the CYGNO experiment — IOPscience
A density-based clustering algorithm for the CYGNO data analysis - IOPscience

« Based on the iDBscan algorithm + Directional cluster search

Digitization:
« Fast simulation to mimic the response function without a full simulation

¢ F —— Data
—* Data s
a0 —*— Simulation
—*— Simulation . E {.

o +.. tt + . . | CYGNO data managing
. 3 | ] Data handling of CYGNO experiment using INFN-Cloud
Fet . | | | . "; L solution (epj-conferences.org)
T el n " 4w o Beta tester of the INFN-Cloud
‘l \\ DATA STREAMING and p rOJ eCt

ONLINE RECONSTRUCTION « Data streamlined on cloud, where
it is reconstructed and stored

* Thoughput = 3 Mb/s

) * Reconstruction queue 40CPUs

mongoDB.

NeG3 = Ne . (GGleGl ) . (GG2€G2) . GG3(nin)

extr extr

—

sentinel
events

consumer

l ) ¥
Hiconas I [

) on line
middleware reconstructed data
producer and metadata
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https://iopscience.iop.org/article/10.1088/1361-6501/acf402
https://iopscience.iop.org/article/10.1088/1361-6501/acf402
https://iopscience.iop.org/article/10.1088/1361-6501/acf402
https://iopscience.iop.org/article/10.1088/1361-6501/acf402
https://iopscience.iop.org/article/10.1088/1361-6501/acf402
https://iopscience.iop.org/article/10.1088/1361-6501/acf402
https://iopscience.iop.org/article/10.1088/1361-6501/acf402
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/T12003
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/T12003
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/T12003
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/T12003
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/T12003
https://www.epj-conferences.org/articles/epjconf/pdf/2024/05/epjconf_chep2024_07013.pdf
https://www.epj-conferences.org/articles/epjconf/pdf/2024/05/epjconf_chep2024_07013.pdf
https://www.epj-conferences.org/articles/epjconf/pdf/2024/05/epjconf_chep2024_07013.pdf
https://www.epj-conferences.org/articles/epjconf/pdf/2024/05/epjconf_chep2024_07013.pdf
https://www.epj-conferences.org/articles/epjconf/pdf/2024/05/epjconf_chep2024_07013.pdf
https://www.epj-conferences.org/articles/epjconf/pdf/2024/05/epjconf_chep2024_07013.pdf

CYGNO_04 TDAQ

2° Level Trigger+Reco — U-Net CNN

1° Level Trigger -Trained CNN classificator
Individuate for every image if it contains signals or not

Feature Extraction

Binary classification

Convolution Max-Pooling  Convolution Max-Pooling

Input image d d d d

I B ]

Pooling

Flatten

Output
probability

Pooling

Convolution + Convolution +
activation function activation function

Sigmoid

Fully-Connected
Layer

3° Level PMT association — Bayesian FIT
Associate each PMT waveform to the correct camera cluster

11111111

/, 4
pxh10) = T [T =1Ly =
=1 =l HE

Fixed x;, y., L.! ot x_cam. mu:0.106cm, 5t 1,55
' ! ' y_pmt - y_cam muy 1y: -1.82¢m, std: 1.55¢1
w0
< P N
S~ \\ 1 /
o N\ | 4
\\\ N 7/

0 :

N With: !

L . |
/

o Lij=c¢;—

ji R ]
. ij — -
i € Nparrs Do s 0 s oo 2 B
Difference em]
2 2.2
. z

J € Npoints

1to1 association

LIME tested '
Oy/y=1.5CM

— Signal/Noise classification on the pixels basis

=»conv 3x3, ReLU
=+ copy and crop
# max pool 2x2
4 up-conv 2x2

Expected Pipeline for commissioned CYGNO_04

* Reduce throughput

 Imporved reconstruction performance

 Possible automatic 3D reco

10/07/2025 D. Fiorina - GSSI & INFN
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LIME performance

* Prove we can operate such a
detector underground
» Study and improve out MC chain

Phase Shielding GEMV [V] | # pictures | Livetime[s] | Rate PMTs [Hz]
Run 1 None 420 285665 175627 30
Run 2 4.cm Cu 440 297992 191382 35
Run 1 Run2 Run3 Run4 Run 3 10cm Cu 440 171579 191471 1.6
‘ l — Run 4 +40 cm H20 Great external neutron suppression = Under analysis...
# I S wen Rang Hckarsund & +  Simulation Run2 background A t e

+ Run2 data /

Rate [events/s]
Rate [events/s]

Rate [events/s]

AIIO EICI d‘ 50
K
Energy [keV] Energy [kev] Energy [keV]

External background consistent with MC
With increasing shield, we highlight a non-expected background.
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