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ESTDiredionulin us key for unambiguous identification of DM&%

T
Increasing reliability of any observed signal, increasing difficulty in the experimental technique
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aglbiredionuliiy us key for unambiguous identification of DME%

|
Increasing reliability of any observed signal, increasing difficulty in the experimental technique
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%Diredionuliiy us key for unambiguous identification of DM&%

Increasing reliability of any observed signal, increasing difficulty in the experimental technique
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G 'S Directionality as tool for background rejection, . s
: neutrino physics and DM astronom S

Capability to reject isotropy down
to low threshold, i.e. to fight all
backgrounds, including neutral
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Directional detector can tolerate
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principle detectable
with O(10) 3D events
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G Directionality as tool for background rejection, .

o o
Sl | neutrino physics and DM astronom !
Capability to reject isotropy down  Capability to leap beyond
to low threshold, i.e. to fight all the Neutrino Floor and to
backgrounds, including neutral do Neutrino physics

A. M. Green et. al, Astropart. Phys. 27 (2007) 142  C. O'Hare et al, Phys. Rev. D 92 063518 (2015)
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G S Directionality as tool for background rejection, . s

- neutrino physics and DM astronom B2

Capability to reject isotropy down  Capability to leap beyond

to low threshold, i.e. to fight all the Neutrino Floor and to
backgrounds, including neutral do Neutrino physics

Capability to probe DM
nature once discovered

A. M. Green et. al, Astropart. Phys. 27 (2007) 142  C. O'Hare et al, Phys. Rev. D 92 063518 (2015) F. Mayet et al., Phys. Rept 627 (2016)
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c s Directionality: how well preserved in nuclear recoils?
d | Choose your target material & resolution
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8 Gas TPC concept & features “

Recoiling nucleus

Gaseous Time Projection
Chamber, inherently a 3D
detector

Cathode

Head

- Advantages:
+ Axial Directionality
- HeadAail
» Background rejection
* Particle ID
+ 3D fiducialization

Field cage

lonisation signal
amplification &

readout » Technologically

challenging, but now
achievable via multiple
technologies

Helium-Fluorine gaseous target for
simultaneous Spin Independent & Spin
Dependent sensitivity to O(GeV) WIMPs
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Drift direction

Energy loss and track topology to
efficiently reject background at O(keV)
energy threshold

e recoil neutron recoil
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CYGNO 3D optical readout: GEM + sCMOS + PMT E[G S|
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CYGNO 3D optical readout: GEM + sCMOS + PM'I'EEI

GEM amplification PMT:

lonization clusters ini'eg rai'ed
........... ./\'gk Z + energy measurement
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CYGNO 3D optical readout: GEM + sCMOS + PM'I'E[

'sCMOS:

high granularity
X-Y + energy measurements

He nuclear recoil
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¢ Single photon sensitivity
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G S o G S
' CYGNUS-RD project (2016-2018) & °
|
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CYGNUS-RD project (2016-2018) 5
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, CYGNUS-RD developments toward C)(GNOEE

Energy threshold @ about 2 keVee
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, CYGNUS-RD developments toward C)(GNOEE

Energy threshold @ about 2 keVee = Absolute position determination along
drift direction (background reduction
through fiducialization)

|

ie )
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He:CF;4 1 atm
> S, CYGNUS-RD developments toward CXGNOQE

Hint of 2D directionality and
sense down to very low
thresholds!

Energy threshold @ about 2 keVee  Absolute position determination along
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G 3D optical readout v.vith negative ion drift ..
C YGNOroadmap & synergy with mefc

CYGNUS_RD PHASE_ 0 PHASE_1 PHASE 2

2018 2019 2020 2021 2022

20|15
| ewr | ewes | .
Eledron I Construction Installation &
dri f 7 & test data taking
e CXGNO
1 atm = - S E
’ frat
. | SCIIOS 1 SCMOS emonstrator o
10 x 10 cm? area 20 x 24 cm? area 33 x 33 cm? area - o
B SCMOS x 1 m® :
PHASE_O funded 5 =
by INEN 1 kg mass
y funded _a <z>
He:CF4:SFs 4 mimepix chips 1 sCMOS 0
3 x 3cm?area 10 x 10 cm? area D=
0.8-1 atm NITEC v
Negative

ion drift

GEMPix = triple thin GEM 3 x 3 am? + TimePix

0

mMACTIONS

2015 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 and from the European Research Council (ERC) grant agreement No 8]87422




PHASE 0: Mango & Lime

MANGO: a Multipurpose WME | IME: Long Imaging ModulE
Apparatus for Negative ion A Fied Cage
studies with GEM Optically < ©) Gamera stand

readout S—

1 sCMOS + 4 PMT
33 x 33 cm? area =D
50 cm drift

1/18 of CYGN

PMMA gas box + copper sheet for EM shielding/gamma shielding/darkening
Field cage made of copper rings on PMMA supports
possibility of testing also DRIFT-like field cage (Kapton foil with copper
strips) and resistive foil
4 PMT for positioning sensitivity with fast readout (center-of-gravity)

To be soon
installed in our
new

overground
LNGS lab in

50 L volume

MANGO first
images!!

>°Fe Under prellmmary tests @ LNF to be mstalled
in underground LNGS by end 2020 to asses
Cosmic ray performance & measure neutron flux
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PHASE_1: 1 m3 detector @ LNGS

Gas Electron Multipliers
(GEMs) amplification

Electron Microscopy of a GEM Folil

)
INFN
—

Transparent texturised

30um

Copper .
¢ * -
Kapton

50um

—_——P S P

Atmospheric pressure &
room temperature: - '

——
——
Z S~
~—

Isometric view
Scale: 1:15

9 cameras/m?2
A total of 72 106 readout
165 x 165 um?2 pixels.

« :
i @

PMT + sCMOS optical
readout decoupled

from target volume

18 cameras monitoring
330*330 mm each
with 160 pm resolution

\
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