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. Searching for DM: complementarity is the key
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Driving to Cygnus, with a DM wind blowing in your hair...
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, Direct DM searches overview & context g’
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=, Direct DM searches overview & context )
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Dark Matter-Nucleon O [cm?]

10-50

¢ Ton scale detector with heavy nuclei

# Can go to Mwime <10 GeV only
completely giving up background )
discrimination (Sz only analyses) .o
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s Eventually, will be dominated by neutral
background also at high masses
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# Small mass detectors with
light nuclei

¢ 0.1-1 kg enough to explore
uncharted territories

¢ Trend to reduce module mass
— & background discrimination
W/ to reach lower threshold
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Dired DM searches overview & context
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¢ Ton scale detector with heavy nuclei
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s Eventually, will be dominated by neutral
background also at high masses

A4
PIFFFFPIFrPY
14144.-4444‘4_.“

10




Direct DM searches overview & context ]

# Small mass detectors with
light nuclei

¢ 0.1-1 kg enough to explore
uncharted territories

$ Trend to reduce module mass
& background discrimination
to reach lower threshold
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¢ PICO dominating SD
searches

¢ Insensitive to e/y by
construction (1010 rejection
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¢ Ton scale detector with heavy nuclei

# Can go to Mwime <10 GeV only
completely giving up background
discrimination (Sz only analyses) .o

¢ Eventually, will be dominated by n Ut
background also at high masses
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Direct DM searches overview & context ]
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¢ Ton scale detector with heavy nuclei

M mEth »

The “third way”: directional tracking
detectors for both Sl and SD ¢ Can go to Mwme <10 GeV only

IMP completely giving up background
\ nuclear recoil track charge discrimination (Sz only analyses)  .uasicou
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a Directionality as key for unambiguous identification of DME |

Increasing reliability of any observed signal, increasing difficulty in the experimental I'echmque
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a Directionality as key for unambiguous identification of DME )

Increasing reliability of any observed signal, increasing difficulty in the experimental technique

events on Ge / keV [arb. Untts|

E , [keV]

Energy dependence:
a falling exponential with

no peculiar features
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& Directionality as key for unambiguous identification of DME )

Increasing reliability of any observed signal, increasing difficulty in the experimental technique

events on Ge / keV [arb. Untts|

E , [keV]

Energy dependence:
a falling exponential with

no peculiar features

|
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background whatsoever
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Directional correlation with an astrophysical source is the only
available POSITIVE identification of a DM signal
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a? Directionality as weapon for background rejection asl

Constellation Cygnus (1 = 90° b = 07) J. Billard et a/., PLB 2010

N

Elastic scattering
100 GeV/cz2 WIMP

Dark Matter flux

In galactic cocrdinates

for a stanaard halo
(isothermal and isotropic)

Dark Matter signal
(recoil map)

Angular distribution of Fluorine
recoils [5:50] keV

Unambiguous difference
between WIMP and
o ey s background

DM signal in principle detectable
Background with O(10) 3D events, in case of
zero background

Directional detector can
lolerate even unknown amount
of isotropic backgrounds,
including neutral

100 DM + 100 bkg
events
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c s Directionality as an instrument to probe DM nature and ¢
s perform DM astronomy ‘E

J. Billard et a/_ PRD 2011 The Gaia gdus%e gives rise Lo peaks oll center [rom Cygnus
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~ 7 A Halo model = SHM + Sausage

F. Mayet et al., Phys. Rept 627 (2016) Phys. Rev. D98 (201 8) no. 10 103006
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E , Dlredlonallty as a new window on neutrino physus B ,

Neutrinos: an opportunity for directional DM detectors, rather than an inconvenlence

C. O'Hare et al, Phys. Rev. D 92 063518 (2015)
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E ° Directionality as a new window on neutrino physics ES,

Neutrinos: an opportunity for directional DM detectors, rather than an inconvenience

"% C. O'Hare et al, Phys. Rev. D 92 063518 (2015)

Coherent Neutrino- } -
NUCIeus Scatterlng ‘?IP{S v neutrinos

ﬁ

{8 WIMPs
—o— 26th Feb.
1} 3.3333 -
| NOTE: only a $
i directional DM detector .‘
can distinguish from ;

WIMP signal
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E ° Directionality as a new window on neutrino physus B ,

Neutrmos: an opportunity for directional DM detectors, rather than an inconvemence

C OHare et al, Phys. Rev. D 92 063518 (2015)

Coherent Neutrino- , oo solar | Elastic Neutrino-
NUCIeus Scatterlng l" =y Meutrinos

t  Electron scattering ;'
.,; with event by event precise neutrmo
" energy measurement ]
e _ .7}
e -t !
WIMPs > @ .
26th Feb. \ 1
3.3333 - v ,

i'i NOTE: only a NOTE: only a
i directional DM detector f directional DM detector

WIMP signal i i ER background {

NEWI Physms reach under study

A directional DM detector is also a Sun and Supernovae
neutrino observatory

. |
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G Directionality: how well preserved in nuclear recoils? g s
B Choose your target material & resolution s
« Emulsion layers * Crystals scintillators * Low pressure TPCs ™ Froms?;[:\:\a:io::‘w are
A A “PLEASE NOTE: what matter is
the target density, not the gas o
pressure g Crysta ;
1620 um -~ Emulsion
| s ‘ w- — TPC
%3 4 ‘ I\ ‘, v ;,"rﬁr'; V’ - ' 'm-—
0.38 um > ‘_‘;‘.' = 0.12 um —«-ééé~ : - 1620 pm m
' o Mr
< »_‘ L e JJ L\L_
' ' 1960 um A D cz[)l:':.t_ :;indllTV })
- e | -« » F in TPC (34keV) (preservation of the
0.24 um 0.08 um direction)
C in Emulsion (.’_Zl\c'\"; . Oin (‘.':"Su‘] (29keV) JCAP 1 701 (201 7) n°-01 ] 027
NEWS-DM (emulsions Anisotropic¢ crystals ,

Epi-illuminated darkfield optics ir:nage

YOU MUST CHOOSE.. C;-&

‘ - I‘ ‘
) - ’\
* N e

BUTICHOOSE WISELY.
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5" Gaseous TPC facts & figures &°

. . . Recoiling nucleus
Gaseous Time Projection )

Chamber, inherently a 3D
detector

Sensitive to track sense
& direction c¢othode

WIMP ‘ i (
\ nuclear recoil track charge 1 g

.

Field cage

! How much 3D?

{ It all depends on

| your readout &
gas mixture

(cost/benefit?)

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

+ Technologically
challenging, but now
achievable via multiple
technologies

Drift direction

Energy loss and track topology to
efficiently reject background at O(keV)
energy threshold
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CYGNUS 2019 @Roma

¢ About 70 members

¢ Steering group (alphabetically ordered):
$Elisabetta Baracchini (GSSI/INFN, ltaly)
#Greg Lane (Melbourne, Australia)

#Kentaro Miuchi (Kobe, Japan)
¢Neil Spooner (Sheffield, UK) N L

¢Sven Vahsen (Hawaii, USA)
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Since fall 2016

CYGNUS proto-collaboration vision .

A multi-site, multi-target Galactlc
Recoil Observatory at the ton-scale to
probe Dark Matter below the Neutrino

Floor and measure solar Neutrinos
with directionality

The CYGNUS Galactic Directional Recoil Observatory
Proto-Collaboration Agreement

Now that conventional WIMP dark matter searches are approaching the newtrino floor, there
has been a resurgence ol interest in the passibility of introducing recail direction sensitivity
into the field. Such directional sensitivigy would offer the powerful prospect of reaching below
this Heor, introducing both the Fﬂo lblll‘._y of identilying & clear signature for dark matler
particles in the galaxy below this level but also of exploiting observation of coherent nentrino
Lalturu;., [rom the Sun and other scurces with directional sensitivity. There has also been
glgnificant progress recently in development af technology able to record the directional
information from nuclcar recoils at low encrgy (sub-100 ke necessary for these gozals. This
includes progress on improving the sensitivity of low pressure gas lime projection chamber
technology but also on novel ideas with higher density targets, such as ultra-fine grain

emulsions, scinlillation mdlu‘l:llb columnar recombination with noble gas ldr}.,«.. sand c.m.xpl:,
s O ol d s

remiar e smman e b sl wln Ainembinmal nermmcdine bmmnland cnmebleme nwmd Al .-

{"% Helium/Fluorine-based gaseous TPC }
§ for sensitivity to O(GeV) WIMP
i region for both Sl and SD couplings
{ #Goal of zero background operation
¢ after electron/gamma rejection and
t fiducialization at O(keV) |
{ sDirectional threshold at O(keV) .'

23



S CyGeNuUs: Feasibility of a nuclear recoil observatory with directional sensitivity to dark
| matter and neutrinos .

G

What you will find in the Whitepaper
G S
S K
s |

The physics case for DM and Background discrimination @ 105 (for 3D Engineering studies
neutrinos measurements readout) down to 1 keV, with simulation and for 1000 m3 detector
R supported b\( measurements
> v 30 smulaton
” \ 21014 § i miee
U.’ ) 8 O MIMAC[55) CF..CHF, 50 mbar
\ ; 102— o cam
N / = 1n0b— highly preliminary estimates
g 107 Y work in progress
T - g 10“ _ ' §"é e Example average o 100 |
B 10— & o B R
5 104 A g "" 'I S ———
g2k o ° | I I i~
w v b |
100
0 10 20 c 30 el 40
nergy (keVee) PRELIMINARY
Detailed simulation of six readout options, with both A detailed simulation & studies of all the
negative ion and electron drift, with a cost/benefit FOM internal and external backgrounds
| ‘ f BT i : i | T . l;ca;)\;; — ".N-!:tc_ri:l- Thickness (mm) Total mass (tons)
: : : ; , o THGEM  Acylic 1.0 2.36
'Ml . e L‘ P ok’ + R g 7 ok THGEM Copper 0.1 3.6
A Aty age T Ay el Tty R -":_-g.,,-ﬂ."."-" T ;;‘,‘.--;;’k‘ ) u-PIC Polyimide 1.0 2.84
10 GEM 1.5 D: wires 1D pads 2D optical 3D strips 3D pixels %I;:xi ;(tt::fon (()0025) (1):21?10'3
Wires (frame) Acrylic 10 0.236
Worse performance Better performance Pixel Chip Silicon 0.400 1.86
Luwer cost DEST STHIETERINATs SHTSISRET STERy S0 TS S8 Higher cost Pixel Chip Copper 3.9%x107° 0.07
Pixel Chip  Aluminium 4.5x10% 0.024

IS mmRmms———— I
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What | can show you now PRELIMINARY

' CYGNUS SI & SD sensitivity &'

CYGNUS 1000: 10m x 10m x 10m Ciaran O’Hare

He+SF, 755+5

10 ¥

D WIMP-proton cross section [em?]

SI WIMP-proton cross section [ci?]

10 8
10~4
o

10—45 L

L 104 T —
WIMP mass [GeV /] WIMP mass [GeV /¢]
Significant improvement in Sl in the low WIMP Significant improvement in SD reach over existing
mass region, expect 10-50 IDENTIFIED neutrino experiments for all WIMP masses, a 10 m3 detector
nuclear recoil events can already breach the Xe neutrino floor

Low energy reach strongly dependent on electron rejection
]
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= CYGNUS-KM
1 m3, GEMs + 2D strig

CYGNUS-HD10 "% gEiged | SF&/CF4

GEMs + 2D strips | . ' Kamioka, Japan
He:CF4:CsH10 / AL
SURF, USA

funded towards 30 m3 CYGNUS-0Z2*
detector Stawell, Australia

GEMs + CCDs
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3D optical readout
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. CAXGNO: GEMs + sCMOS + PMT &

lanlzation clusters

/ \ lonizing track
0 L
».Jo T .0 T
.0’ e° . Electrons
-o-.. -.’p -

e’P q:;b -

Photons Photons
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3D optical readout

CXGNO GEMs + sCMOS + PMT

PMT:

./lonlzanor clust< ini'eg I'GTEd
lonizing track
¢ . c Z + energy measurement
». o a0 .9 T f—3
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3D optical readout

CXGNO GEMs + sCMOS + PMT

sCMOS: PMT:

high granularity g integrated
X-Y + energy measurements ‘/ \. lonizing track c Z + energy measurement
Low energy electron ».a T .0 T 2
o . * q @  Electrons [T}
-.-.. -.‘p @ S| e >
T ,
‘.P ﬂl# PN £y straight track
Cosmic ray Photons Photons 'E >
— . ' . : ‘M /’—-—J
L./ He nuclear recoils “ y
0k st s 1
|
: a0 A% FLnd S05a 5050 [Fea] l?z’(zm
.Q ““'
‘6 “““
d, “““u
) .= “‘,-‘
¢1/3 noise w.r.t. CCDs o e
$ Ty . tilted track
Market pulled B = 00bronn om pp————y
§ ° e 0 o § t / 'N‘ &
Single photon sensitivity - ~ £
§ . 04 g ‘.‘- i
Decoupled from target wh % : :
! ° ° .é .
¢ Large areas with proper optics oaf- 'v“*‘_.i;a\
10 -
350 ag asn 00 550 ﬁﬂulm I.r:.;n
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3D optical readout

AGNO: GEMs + sCMOS + PMT

G S
s

sCMOS:

high granularity

X-Y + energy measurements

Low energy electron

Cosmic ray

- ‘ni . ~He nuclear'recoils -

‘51/3 noise w.r.t. CCDs

¢ Market pulled
¢ Single photon sensitivity
¢ Decoupled from target

¢ Large areas with proper optics

“0O(100)

E. Bara

JINST 13 (2018) no.05, P05001
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drift direction

drift direction
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o8 7 i

um 3D tracking with high quality particle identification (PID)

G

PMT:

integrated

S
I

Z + energy measurement

straight track
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» [

Sl He & CFs: choose the content of your gas target WISG|YE |

—~ . 1 For same WIMP mass, —He-
o He max recoil energy is
= 20-30x bigger than Xe —Xe
0 .
10 e-
©
-
@« -
S 10
(&}
2,2
g 10
g _
< 107° At same recoil energy,
g He is sensitive to 5.5x
4 smaller masses than Xe
10 - 1 0 1 2
10 10 10 10 10
WIMP mass (GeV!’cZ}
600 _
500 - Visible light
400
2 He:CF4
300 spectrum
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He:CF4 gas mixture at ATMOSPHERIC PRESSURE
Sensitive to both Sl & SD interactions

A
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0.6
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——e—— Quenching factor per He in HeCF, 60%/40%

{| ——e—— Quenching factor per He in HeCF, 70%/30%

: — @ Quenching factor per He in HeCF4 80%/20%
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&5 CAGNO:photographing trackss:

Soft eléctrons

.

Electrons beam

Single ionisation clusters from MIP

 Alpha particles

Number of collect. ph. per 50 um
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He recoils produced by
2.45 MeV neutrons

Natural radioactivity
(low energy electrons)
inside the neutron beam

. facility

———

10 L volume

20 x 24 cm? readout area

20 cm drift
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https://web.infn.it/cygnus

G S 3D optical readout
5, CAGNOroadmap erc
| | |

CYGNUS_RD PHASE_ 0 PHASE_1 PHASE 2

2018 2019 2020 2021 2022

| @ LNF | @ LNGS | >
El&d ron Construction Installation &
& test data taking

drift

1 atm ‘ S
1 sCMOS 1 sCMOS 1 sCMOS
10 x 10 cm? area 20 x 24 cm? area 33 x 33 cm? area
PHASE_O funded
by INFN

H e:c F4:S F6 4 Timepix chips 1 sCMOS

3 x 3cm?area 10 x 10 cm? area
0.8-1 atm NITEC MANGO

2015 T 2016 2017 018

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
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a8 Negative ion drift operation  °«

Reduced diffusion = improved tracking

Nagative
lon

Time
Projeclior
Chamber

Jaff Marto®

Cs,” -
18,
(S,

e .
seovvesvesoveces

¢ Electronegative dopant in the gas mixture (CS2, SFs,
CH3NO,, ...)

¢ Primary ionization electrons captured by
electronegative gas molecules at O(100) um

¢ Anions drift to the anode acting as the effective
image carrier instead of the electrons and reducing
both longitudinal and transverse diffusion to thermal
limit

a //2};11 0.7 mm ( 1 )1"““) 380V /em ) YEroL ')""""
TN Tem T 300K E 50 cm

\ 4

low diffusion increases active volume per readout area '

: T. Ohnuki et al., J. Martoff et al., ,
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q Negative ion drift operation ¢«

Reduced diffusion = improved tracking Multiple charge carriers = fiducialization!!
...but drift at
star( together different velocity
. ® a e | ¢ o
Nagative i 9] 1k : i o 1k
. lon | i : i, . : L
% Frvaier E® T el wmR T Ged exA
Chamber Deifs disection Drite direcion —
('S"E:S L | Jaff Marto® 2 S gl
cs, VgriftUdrift
€ . z = (t"l o tp) N P ¥
Pecovvesvesovecese \ bdriﬂ._vdriﬂ
| e C5,:CI,:O, 30:10:1 Torr
¢ Electronegative dopant in the gas mixture (CS2, SFs, ;
= Minority cariera | \Main pask D. Snowden-lfff,
CH3N02, ...) reqicn ' raninn .
, o : Rev. Sci. Instrum.
¢ Primary ionization electrons captured by o l 85 (2014) 013303
electronegative gas molecules at O(100) um T8 |
¢ Anions drift to the anode acting as the effective § 8 P g l
image carrier instead of the electrons and reducing <o \ DRIFT
both longitudinal and transverse diffusion to thermal - |
limit .
T 'FOI' Z' 'HO' :
[2k 1] ) s 1/2 580V /em ) 1/2 ;- 1/2 -1000 -.?rc:w mc:g _ 500 1000
=\ g T Ormm (\3001{) (T) (50cm) ) m— _
low diffusion increases active volume per readout area ’ ' From 2015 avallable aISO Wlth non'tOch,

easy to handle, good DM target as SFs

, T- Ohnuki et al., P J. Martoff et al., —«v |
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negative ion drift .:::

CYGNUS_RD PHASE_ 0 PHASE_1 PHASE 2

2018 2019 2020 2021 2022

3D optical readout with
as, CYGNOroadmap & synergy with

2015
| ewr | awas | .
Eleciron Construction | Installation &
dri " & test data taking
bl CXGNO

1 atm , = — - 5 E
—— 1 sOMOS 1 SCMOS emonstrator =
10 x 10 cm? area 20 x 24 cm? area 33 x 33 cm? area o)
S
PHA:E_I(Lth;:ded 1 KRR 4
y funded Cz>
He:CF4:SFs 4 timepix chips 1 sCMOS 0
3 x 3cm?area 10 x 10 cm? area D=
0.8-1 atm NITEC MANGO U

2015 T 2016 2017 018

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
T
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$¢ CYGNOMIYRIIITIsynergy -

NITEC: a Negative lon Time
Expansion Chamber (2015-2016)
“Falhgde

mﬁ:&‘ ;in;s

) [t -
= -

% E + 1 A pura 8575100 150 Toe
> 2 rel? I FX I T L WY
T HeCRSR, 350240:10 Togy
E:ZE He:CFa:SFs  fauinil SQ?"' Opened the.d?ors for
. 0.8 atm a realistic
' | development of NITPC
1 it at 1 bar with SFs
08 s t
06 e ¥ o ¥
04 * -
02— | JINST 13 (2018) no.04, P04022
2 P S S S N |

0

10 EM x 1T [V en]

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 O
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NITEC: a Negative lon Time
Expansion Chamber (2015-2016)
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DM detector (i.e. CYGNO PHASE_2)
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JINST 13 (2018) no.05, P05001 PoS EPS-HEP2017 (2017) 077
10x 10 x 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
7o T —- LEMOn
s e o) | /
P i
LA;- Field Cags
* 3D printed gas box O Adaptabie belo
- 3D printed field cage with metalic rings (O} CMOS camers
- semi-transparent cathode (wire mesh)
ORANGE: small prototype LEMOn: large prototype
Optically ReAdout GEms Large Elliptical Module Optically readout

Camera distance = 18 (m Camera distance = 53 im

Equipped with a suitzble large aperture (f/0.95) anc

a short foczl length (25 mm) lens bark Matter, GGI 2019

41
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' CYGNUS-RD project (2016-2018) °-
J JINST 13 (2018) no.05, P05001 PoS EPS-HEP2017 (2017) 077 |
10x 10 x 1 cm® 24 x 20 x 20 ¢m?
0.1 Liters 9.6 Liters
Triple thin GEMs Triple thin GEMs

CMOS & PMT on same side
1Y

CMOS & PMT on opposite sides

Hamamatsu Orca Flash V.3

» — e o pyP—— #0.95 aperture, 25 mm
W/ s AN Pix":e; - 5" » focal length optics
i/ N — -2 1 —> 160 um pixel size at
ER \\\ Eff. dred 13.312 x 13.312 mm2 ]
g | Jernaeow BN Readout noise 1.4e RMS (slow scan mode, < 30 frame/s) the object planc (GEV) @
", s N . ' o 60 cm object distance
@ om we T w W o Resolution 16 bit

y I

E. Baracchini - Directional Direct DM searches & the CYGNO/INITIUM project - Next Frontiers in the Search of Dark Matter, GGl 2019 42



He:CF;1 atm

sf CYGNUS-RD developments toward C ¥GN ....érc

l. ’

Deetction energy threshold @ 2 keV (conservative)

AT S A SR S e e Exponential distribution for noise
SCMO.S lmage for 5_9 keV:55Fe LEMON \ Sensor (slope 16 photons)
:.eYe"*f at 20 cm drift distance S f’"!f{ Siaig ( Noise { With 400 ph. threshold (2 keV) : |

fake rate 10 events/year

<
il
[Q\}
A
(@)
—

8
y toinad)

6

-0 0 S0 100 150 200 250 300 330 400
clusier ghl

4

e LEMON: 20 x 24 cm? readout Aoyl hoka
T . . can be rejected with.
area, with 20 cm drift pattern recognition

JINST 14 (2019) P07011

< 3 1.2 -

50— 2 - L

- \ Natural % 2'5:_ = o o Q
40— ‘ 2 - B

- adloactlwty Bkg i T 2f s //r’
i '\ 9 k“ F \\L :

- y ] S 0.6—
oF /7 1N\ : — :

E / { 1:— (1) 0_4:_
oE ‘ J Photo peak o 02l

: { / L.', - . i .
O e 500 800 10001200 300 a0 a0y 00_""1(')0'"'2(')0""3(',0""4(')0""5(')0""6(')0" T

Light in spot (photons) Drift Field (V/cm) 00 100 200 300 400 SgoftF Id6((\)/9 )
18% energy resolution 100% efficiency above
1 photon detected every 5 eV
P ry @ 5.9 keV 300 V/cm drift field

P’
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a: Large prototype stability test =°
3_

T E
LEMON g 25 :
3 [ Fastsparks
1 atm ?
He:CF4 g
- Hot|spots

Bl Hot spots, easily cured lowering
il GEM voltages of 100 V and then
raising it again to nominal

n[l 200 400 600 800 1000 1200 1400 1600 1800 2000
Pixel X

60:40

N

4
only 7% dead time due to GEM recovery over 13 days

€

Power cut in the Lab

|

70:30 80:20
%5Fe source setup

g 10 12 14
Elapsed tme (day)

LEMOn (20 x 20 x 24 cm?3)

successfully operated for

13 consecutive days, with

automatic GEM hot spots
+ trips recovery

654400

654600

654820
time [5]

655000

655200
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He:CF;1 atm

° CYGNUS-RD developments toward C)GNO e“‘

absolute position measurement =
background reduction through fiducialization
with electron drift!!!

MIP electrons 24 cm

2 electrons @ 1 ecm

2electrons @ 18 cm

3:_ ! Ix Te -7':: :‘l:::: l :é 175 "'?- '4-"'::::.’
- R i A =T "'F&ﬂ % 1.50 s YA 1

dj ’ l . - ¢ E 1.25 ® *

; 3: ‘:"} > gl sy ™ --I".‘..' _.,-"4.1“ ;‘:E? ::: .-; . 1—"."

F g t ‘E“o 0 ..-l"i I

A % S - T |

R g o b
N R R T SR BT 200 2ta e e he 1 e e 1w
distance 7 |[mm]| Zdistance 2 [cm])

+2 cm resolution +2 cm resolution
over 20 cm drift over 20 cm drift

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

NIM A 936 (2019) 453-455

T I
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He:CF;1 atm

as, CYGNUS-RD developments toward CYGNO e"c

absolute position measurement =
background reduction through fiducialization PRELIMINARY
with electron drift!!!

MIP electrons 24 cm

4 R Ll s £ e giag
s Ty e - STV an T

LEMON

Hint of
m directionality
ameeand sense down

; to very low
thresholds!
:; i; ':: . l;—:ﬁ‘.‘... 5 - 4 « |Inlier data
2 Outlier dat
4— 1 K g 13 852 keVee Li:e fr:odaelafrom all data
3 ‘e gy e [ ' % 1.00 e L —— Robust line model
F - + \ |' P E‘&Z:: i >--q *7; * ! e Y ) nﬁ-
Cebt - ] it
) b ..J.V'L\.,..‘ g 025 [ ~‘+ % |
R e T e e T ool Gutlerdna S A
. I odel f Ild
+2 cm resolution +2 cm resolution 5ol pobustine model | * EVee
over 20 cm drift over 20 cm drift
et
Light transverse profile of both sCMOS images e Abx T i
and PMT waveforms sensitive to absolute Z - g i 8
position via fit to diffusion pi-a |

NIM A 936 (2019) 453-455 21 keVee
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G S e
5% Directionality: simulations -

We developed a preliminary 2D simulation starting from ion recoils produced by SRIM,
taking into account quenching factor, gas ionisation, diffusion during drift, gas gain and
light yield, and sCMOS sensor noise, to study our directionality capability

. : : : (A/o)
Eccentricity evaluated from the double ratio p between amplitude A and sigmac: p= A )y
o X
10 keV: No direction ) 10 keV: Direction
;él 6500; PO = 92.66 %él
g 6480 Y Eé o%ééé g, 86.75
o/ = 0989 o
(=36440f— (=<3 2
6420 X
I L A I L A
&
For 10 keV. tracks with 50 cm drift we obtain an eccentricity of: Q\é
10 keV: Direction 10 keV: No direction Q@\'
p=1.10%0.03 p =0.98 £ 0.01 ?
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€
MANGO: a Multipurpose - LIME: Long Imaging ModulE
Apparatus for Negative ion 3 (8) Fiek Cage
studies with GEM Optically , ) Comera siane
readout ——
50 L volume
under =1
manufacturing

PMMA gas box + copper sheet for EM shield ng/gamma shiclding/darkening 1 sCMOS + 4 PMT

Field cage made of copper rings on PMMA supports . 33 x 33 cm? area
possibilty of tasting also DRIF I-like teld cace (Kapion fol with coppar .
strips) and resistive foil 50 cm drift

4 PMT for pos tioning sensitivity with fast readout (cenier-cf-gravity) 1/18 of CYGNO

d MANGO first images!

| °Fe
1 sCMOS + 1 PMT -

10 x 10 cm? area -
1-5 cm drift

Cosmic ray

successfully a
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. PHASE_1: detector preliminary design iQ-J‘C

He:CF4(:SFs) 1 kg mass, 1 m3 volume' Transparent texturised Gas Electron Multipliers
(GEMs) amplification

mylar cathode a’la DRIFT

Electron Microscopy of a GEM Foll

| 3307330 mm each
{ with 160 pm resolution |

» @ »
BOum
v -

.
(_,opper
deton .
-

v >

—3 = 5 {

Image CENN GDD Growp (2001)

500,00 50,00 | 1036,00 150,00
0 INFN
| C
The
University

i Of
Sheffleld.

| I Australian o
iz, National 'HE UNIVERSITY «
s r‘.v University NEW MEXIC ()

5iie
9 cameras/m?2 " i lE
A total of 72 106 readout PMT + sCMOS optical Atmospheric pressure &
165 x 165 um? pixels readout decoupled room temperature:
e S At SOt L s 8 b from target volume minimal infrastructure

|
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=, PHASE_1: preliminary backgrounds & shielding

counts / keV /s

-
(=)

S

A
(=]
O T T T T T T T T I T T T T L ULt £

—
L=
L

—
-
T

214Bi

\

Total gamma flux in HallB: ~0.36 ¥ /cm?/ s

Total gamma flux in HallC: ~0.56 ¥ cm? | s

L1 | - | - |
1000

I - l

200 1300 20CC 2500
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| 1 I | I l

: g .. 50 cm |
= =~ 10 after water shield
I \ 15 cm atter Pb shield
= § S — Scm after Cu shield
E g 10" TN L -
L haa N\

L1 1

For < 104 Y/year between 0-20 keV

interacting in the active volume (gas)
TRl

4 Tk WY

ik kb
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2000
Largest internal background from sCMOS cameras
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] Jl 1

PR LRI R
L |

1000 1
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|
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10 "

P 1] 1'12
"o

2500
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E[xaV]
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: mm .- About 105 Y/year in
- . K40 . ° °
10 -_ s cnen. 0-20 keV with minimal
Th232 Chan

5 e¢m Cu shielding,
more effective options
under study
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=, Feasibility of 104-105 e-/y rejection @ 1 keV'---@"C

o o a D
From simulation within CYGNUS From measurements
collaboration (paper in preparation) T -
4 : recoil
» Simulations (Hawaii, Sheffield) CASINO, SRIM (mod), s '
DEGRAD, GEANT4 all being used = 9
E 25

6 V 3D simulation mm

210~ R .

O 02— Ui crooter g | 100 'I'orr CF4, GEM + CCD

O ¢ DRIFTI [3] CS; 40 Torr 1 1

= 1010 v highly preliminary estimates {105 rejection @ 10 keVee

c work in progress

Pp— - v 0

g 108 ':' R 1[&_:::?“: 2;;?: : :’oé,w‘m 0 0 Eggrgytkeegel w0 »

2108 . " TR (e N.S. Phan et al, Phys.Rev. D90 no.5, 055018 |

i

5 104 A o N Fisine soent

3 102 o ° e e § 1

UJ100111111111|111|1111|| R ?

0 10 20 Ener3goy (kevee)40 g 1 70% cr4 + 30% C"F3 @

wid 50 mbar, Micromegas
105 rejection @ 2 keVee

(with multivariate analysis)

-
o

CYGNO is a 3D detector

S
~N

J. Billard et al., JCAP 1207 (2012) 020 '
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SI' C Y G N O prospeds sensitivity at low WIMP masse

PRELIMINARY

10797, . . 10
- . ' -
107 % ' 1072 1035 . CYGNO1m?,
& Yo, ~ - _— | : 1 year, 3 keV
S ] L0 g -
.S, 1073 6>‘3\‘@ * : 10 & 31036 .., CYGNO30m?,
< \‘ ' S g 10%7 3 year, 3 keV
- “> ] — o
21070 3 >3 10 & = .38 .
3 - s
g "0»0 - g § 10 v‘eoo
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° e |8, —=1000 m* }
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S 03 g0
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Ge Neutrino Floor 7
104
46|
1070.1 05 1 5 10 1047 B . ‘ 2 3 ‘
Dark Matter Mass [GeV/c’] 10 10 10 10 10 10

- WIMP mass [GeV/¢?]

Zero background assumed
1 keV threshold on He recoils (2 keV on C, 3 keV on F)
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o, Stay tuned for (a flock of) CYGNUS birth erc

@ ROMA1/LNF @ LNF @ LNGS

Construction Installation &

ORANGE & test data taking CYGNUS

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

N I
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. CYGNO neutron flux measurement @ LNGS ©'
Environmental neutrons in underground halls are background to all current & future
experiments: their precise knowledge is fundamental

G
El

¢ Simultaneous sensitivity to thermal and fast neutron G @ )

: 3 ° ° ° i
flux with3He:He:CF4:SF; at atmospheric pressure Proton 573 keV  Tritium 191 keV

n+%Me — p-+°IT + 764keV

¢ Fast neutron through nuclear recoil

¢ Thermal neutron through capture on 3He (0.5% is enough
thanks to the large capture cross section).

Gran Sasso neutron background |

¢ 0(10 keV) or lower threshold on fast neutrons . —

= - —=

¢ Predise spectral measurement T - . ,_%
- 2 Q - Y -

¢ Directional measurement 3k N 1.

| c E this work I-‘—r
e -z-. =

¢ Seasonal measurement % | - wemes  Z Debickietal,

u O A Rindietal.

‘b ° ' Nucl.Phys.Proc.Sup

Background free measurement 5 [ o1 L ioe 2043

¢ Hall B measurement [ et 4
) 10.4 ; I7....m.I.E... .I'E...... I4. l‘3 ,I-z.......l-.... | PP B

¢ Possibility to optimize pressure and gases content for ©° ¢ ¢ 10 07 0t w0t g 0 w0 A8

neutron energy [MeV]
higher yield or lower directional threshold

€

Demonstrator for DM searches

5000 detected nuclear recoils induced by fast neutrons/month
e — 5000 detected thermal neutrons through capture/month  F=== 55 |



