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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

Since fall 2016
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CYGNO: GEMs + sCMOS + PMT  ©
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&' CAGNO: GEMs + sCMOS + PMT ©°
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&EI:MC)?(%KI& GEMs + sCMOS + PMT
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EECYGNUS RD project (2016- 2018).,35:.:9?0

JINST 13 (2018) no.05, P05001 PoS EPS-HEP2017 (2017) 077
10x10x 1 em® 24 x 20 x 20 ¢m?®
0.1 Liters 9.6 Liters
Triple thin GEMs Triple thin GEMs
CMOS & PMT on same side CMOS & PMT on opposite sides

/t
- Elliptical field cage ' "
7x7 cm2 PMT with semi-transparent A -
cathode
. : ORCA FLASH 4.0
[ () [}
R o [ —
0s8al g N T o -
PENE ==
IS I~ ]
ERER =
Tuneable camera
, 3 bellows
20x24 cm2 GEMs
ORANGE: small prototype LEMOn: large prototype
Optically ReAdout GEms Large Elliptical Module Optically readout
Camera distance + 18 (m Camera distance = 53 cm

Equipped with a suitable large aperture (1/0.95) and
N ALY @ short focal length (25 mm) lens
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JINST 13 (2018) no.05, P05001
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ORANGE: small prototype

Optically ReAdout GEms
Camera distance + 18 ¢m

PoS EPS-HEP2017 (2017) 077

24 x 20 x 20 ¢m®
9.6 lLiters
Triple thin GEMs
CMOS & PMT on opposite sides

LEMOn: large prototype
Large Elliptical Module Optically readout
Camera distance £ 53 cm

Equipped with a suitable large aperture (1/0.95) and
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G <3D optical readout
C )?ﬁ‘l Oroadmap erc
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Negative

ion drift

MARIE CURIE

2015 o 2016 2017 2018

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




&5 CXGNOMNEIITIsynergy

NITEC: a Negative lon Time
Expansion Chamber (2015-2016)
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First ever negative ion operation at
nearly atmospheric pressure with SFe

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 9
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3D optical readout with negative ion
drift demonstrator towards the
development of 100-1000 m? directional
DM detector (i.e. CYGNO PHASE_2)
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G  <3D optical readout v.vith negative ion drift
CXGNOroadmap & synergy with [Ii'ﬁm
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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 8]8744]4




Gas Electron Multipliers *gammas & neutrons shielding not
(GEMs) amplification shown but present ‘
Electron Microscopy of a GEM Foil
- 50

PMT + sCMOS optical
readout decoupled

from target volume

§E| PHASE_1: detector concept erc

Transparent texturised
mylar cathode a’la DRIFT

Atmospheric pressure &
room temperature:
minimal infrastructure

Full background simulation on going

with sCMOS camera & GEMs HE:CF4(3SF6) 1 kg mass, 1 m3 volume
activities recently measured @ LNGS

G S )
INFN
| (P

To be installed @ LNGS

18 cameras monitoring
330*330 mm each

G o with 160 mp resolution  §
e Hit e ., 2
@ IOJIf'JiVersity gljﬁfgjig“c’%?!ﬁmm THE Ll§|:4’1t1<s|’|.\’ of TPV PRSIV SRR EREESO RN e g —
ST Sheffield. NEW MEXICO B S PR P S I A P I SRy Sl . A
Australi : . .
e'ﬂ Nustradan e cameras/m2 IMPORTANT: first unshielded run
sz University 2

will provide seasonal, spectral &

directional ambient neutron flux
measurement
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A total of 72 106 readout

Active contribution from several
CYGNUS-TPC members




CYGNUS-RD developments
towards

CYGNO & [RITW
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G S ‘He:CF41 atm
| Energy threshold (conservahve) & energy resoluhon
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-4 Stability test &=

. With 60:40, 70:30 and 80:20 Details & results in F. Renga talk on
gas mixture ratios Thursday afternoon

2000 20

|
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Fast Sparks >Fe source set up

Pixel Y
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200 Hot spots s
0

0 200 400 600 800 1000 1200 1400 1600 1800 2000 \
Pixel X

8
6
400 4
2
0

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

and then raising it again to nominal

Power Cut in Labs

201 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
2 ol GEM recovery over 9 days
N LEMOn detector (20 x 20 x 24 cm3) successfully
«—— 1 operated for 15 consecutive days, with automatic
tme 5 GEM hot spots + trips recovery

| |
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G § "EErel A
| Fiducialization in the drift direction exploiting diffusion’ .,..'.'.‘..

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

LEMON

MIP electrons 24 cm

»

2electrons @ 18 cm

6r 8f- 2.00
- r N=18 — -
T mm M=116e+01 ’ ) -
L 6 S =7.10e+00 E 1.75 B
: 4:_ Z S A o meu v Z 1.50-
- ¢ 7)) -
4+ X N
C | ® 1.25F
s .F %0 10 20 30 a0 50 : N
© 3: =4 of light tracks [%] 'En 100:
N % 0.75
C ol
- N 0.50
1k- c
N = 0.25
C : E n
0llll‘lllllllll-l'—l--l-::l-.llllllllllllI1|1 0.00 1111111111]1111111111111111111111111111111
0 25 50 75 100 125 150 175 200 0 2 4 6 g§ 10 12 14 16 18 20
distance Z [mm] Z distance Z [cm]

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

Conference Record of 2018 IEEE NSS/MIC/RTSD Measurement to be soon repeated

arXiv:1901.04192 [physics.ins-det] and verified on nuclear recoils

R |
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Nuclear recoils from AmBe with dlredlonulliy

LEMON 0 :
Hint of directionality = 852 keV 'c;‘l'jﬁi'e‘:a;:ta
down to low thresholds! 100 Line model from all data

—— Robust line model

150
lead

200 R ‘D!” m@.

250
Inlier data
B 300 Outlier data
Line model from all data
AmBe iy . Robust line model 116 keV

Inlier data

Outlier data

Line model from all data
—— Robust line model

field cage ring

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 identifi mhon
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Details & results in I. Abritta Costa talk on
Thursday afternoon
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a "'?{"-'K ¢ Step 0: remove noise clusters (no
nearest neighbours)
€ J ¢ Step 1: cluster high density pixels
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L I
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G S O O
' Background simulation =<

F. Bellini, G. Cavoto, G. D’Imperio, A. Messina Under development
w 10 1] T 1 | 1 1 I I 1 I | ' 1 | 1 L= - - -
> F . | | | LS Various shielding
x A Pb o — HallC : options under study
© ~N\214ph I
5 TN .. HallB —
© | "‘(},\J 228 p -
? A 24Bi /L :
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Yhir hsh? }‘ A .
2] \ _
107 E | Y ﬁb{%\ E
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= Total gamma flux in Hall B: ~0.36 y / cm®/ s
Total gamma flux in Hall C: ~0.56 y Icm?/ s {
0 . S S S S S S Y N S [ S S S S By S
0 500 1000 1500 2000 2500

E[keV]
From SABRE measurements

Full CYGNO geometry implemented
as from engineering designs

I
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ﬁNew R&D gas studies to go green ¢°

g |

Details & results in D. Piccolo talk on
Thursday afternoon

R&D undergoing to possibly
substitute CF4 with HFO
GWP =6

CF,4 for quenching +
scintillation
GWP = 6500

Gas mixtures tested

Mix
He-CF4 (60-40)
He-CF4 (60-40)
He-CF4 (70-30)
He-CF4 (70-30)
He-CF4-HFO(70-30-10)
He-CF4-HFO(70-30-10)
He-CF4 (80-20)

Not in scale cb O

I 1

= |
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- New prototypes -

@

. L ] ®

..........
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C. Capoccia, A. Pelosi, F. Rosatelli, S. Tomassini A. Orlandi, E. Paoletti, L. Passamonti, D. Pierluigi, A. Russo

MANGO: a Multipurpose Apparatus
for Negative ion studies with GEM
Optically readout

1 sCMOS + 1 PMT
10 x 10 cm?
readout area
1-5 cm drift

MANGO first images!!

I  *Fe

“Rf i

'""I
(I
I
gy

T

W
1 ‘ s

Cosmic ray

500 50

Installed at LNF July 2019: light vs
gain studies, negative ions,
CYGNO field cage tests, HFO

R
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LIME: Long Imaging ModulE

1 sCMOS + 4 PMT

33 x 33 cm? readout area 50 ll'l "1’3(’_) l;me
50 cm drift _
1/18 of CYGNO manufacturing
10mm PMMA - .
am oy Shielding

studying materials

performing a detailed study,
minimisation and simulation of
radioactive background;

gas re-circulation and purification.
optimisation of PMT/SiPM readout
and trigger.

HV Test

24



many thanks to MU2E group and in
particular to E. Paoletti and F. Marino

A. Mengucci,
L. Passamonti
Reuse, Recicle

New 30 m? ISO-7 clean room
at Laboratori Nazionali di
Frascati, to be soon
equipped with a gas system

G. Mazzitelli, CL preventivi 09-07-2019

N
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EEITDR, working plan & new members erc

Technical Design Report Details in G. Mazzitelli talk on

Es i t xxx - - - -
perimento Preliminary Risk Analysis (PRA) Thursday afternoon
In questo documento sono descritte le linee guida principali che necessariamente
devono essere presenti nella redazione di un Technical Design Report (TDR) under development for TDR’ towards
Questo documento & derivato dal template redatto e approvato dal Gruppo di Quan tita tive RiSk AnalySis (QRA)

Lavoro “Project Management” dell’Istituto Nazionale di Fisica Nucleare (INFN) ed &
declinato tenendo conto delle peculiarita dei Laboratori Nazionali del Gran Sasso

(LNGYS)
"""""""" Autore  Verficatoda  Approvatoda
Summary
Lista degli AULOMi....ccuuuiiiiiiiiiiiiiiiiiiriiiiirriiissaiissesiessrsssssanissssnsssssnnes - FTE 20 I 9 FTE 2020
EXOCULIVO SUMMBIY ocvccccescrcsesesosrscossersossssssssssesesssesssssssssseesssrnessseness 4
1. Motivazioni scientifiche.............ccoorimiiiiiiiiiiiiiiiiiiiiiiiicccieriis - -
2. Risultati dall’RED ........covuvumiiiiimiiriimsmmmssmsmmmsmmssmmsmmmmmmmsmnnes 4 o o=
3. Organigramma Esperimento ...........ccouuiiumieriiemieasssmmesmmnsarnesnesnnes “
4. Specifiche e parametri - Overview ...............ococieiiiiiiiiiiiiiniininnnnns -
5. D izi T T 5
6. VIGRZIONS oo e 6 CYGNO + INITIUM
7. Installazione e Commissionina.... ... ... 6

L’ONAJRE DI ESSERE UTILI

TDR preparation to be submitted to
October 2019 Scientific Committee, Thanks to new members + PhDs

with the help of LNGS services & Postdocs hired with ERC
e GLIMO-S&E: to be define TDR and R&D 2019 GAN-IT

MAR 2019 APR 2019 MAY 2019 JUN 2019 JUL 2019 AUG 2019 SEP 2019 OCT 2019 NOV 2019 DEC 2019 JAN 2020
13 10 177 24 31 7 14 21 285 12 19 262 9 1% 23 30 4 21 264 M 8 251 8 15 22296 13 2027/3 10 17 241 8 15 22295 12 19 26

CYGNO 52%

+ LIME (Renga) s —> undergoing test

» MANGO (Baracchini) 85%

» LEMOn (Pinci) 91%

» CYGNO Physics (Baracchini) 74%

» CYGNO - Detector Design (Mazzitelli) 45% »

» CYGNO - Detector Services (Pinci) 5% » —> gas system delivery

» CYGNO -Trigger, DAQ and Data Analysis (Messina) 76%

» CYGNO - Apparatus Simulation (Cavoto) 57%

» CYGNO - Construction and commissioning (Mazzitelli) 9%

» CYGNO - Physics perspectives and roadmap to a 30 - 100 m3 54% »
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d—CYGNO prospects sensitivity at low WIMP masses=5§2§10

Zero background assumed
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Stay tuned for CYGNO birth! =<

g

@ ROMA1/LNF @ LNF @ LNGS

Construction Installation &

ORANGE & test data taking CYGNUS

https://web.infn.it/cygnus/

| e———— —
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Backup slides
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. CYGNO gas mixture ere

HeCF4 Gain and photons efficiency
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about 0.07 photons produced by
secondary electron in the GEM shower
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G | g He:CFa1atm )
EL LEMOn tracking performances /**

0.61 = 0.66 - .
6.44 + 5.84 Energy resolution was studied at

different depths (Z).
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In the few keV region a relative
resolution of 20%-30% is achieved
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