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_It's a Dark Universe g

Planck Data 2018

Light
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Dark
Energy
Dark
68.5%
? Matter ?
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Baryonic

Matter orcevery day
4.9% maltter

Dark Matter holds it together
Dark Energy determines its destiny
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5, Gravitational DM evidences

Galaxies motion Cosmic Microwave
inside clusters Background

ESA/Hubble.

Galaxy rotation curves

Big Bang Nucleosynthesis

Neutron

' Nucleus

s Electron

N:

B
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DM candidates zoo &

1

Supersymmetry

\ Theories of
Sterile Neutrinas . Da Ir k M atter
—_ ~———

QCD Axions

T- ~Ta it . Axion-Tke Particles Littlass Higzs . h‘aCk hOICS @ :: Planets

™~ Other objects:

Little Higes O neutron stars . brown dwarf stars

@ black dwart stars
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ry, How to detect something mvmble" |

REVIEW D VOLUME 31, NUMBER 12

Detectability of certain dark-matter candidates

Mark W, Goodman and Edward Witten
Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544
(Received 7 January 1985)

We consider the possibility that the neutral-current neutrino detector recently proposed by
Drukier and Stodolsky could be used to detect some possible candidates for the dark matter in galac-
tic halos. This may be feasible if the galactic halos are made of particles with coberent weak in-
teractions and masies 110 GeV: particles with spin.dependent interactions of typical weak
strength and masses 1—10° GeV; or strongly interacting particks of masses 110" GeV.

L — -

O
DM

v~10-3c, based
on local galactic ‘ .‘
rotation velocity  _

t Look for signature  }
- § of recoiling nucleus }

Ry
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ravelling through space

Sun Cygnus ~ *Not in scale
| » constellation

Mercury
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Non-relativistic collision g

WIMP Target Nucleus WIMP . _
from galactic halo in laboratory Elastic collision | ReCOI Ilng nUCIel
e (partially) retain
v~220 km/s v~0 km/s [ 6  WIMP direction
Er~30 keVr
events | A o (v)
R~0.13 x—N ot Fo
kg year [ 100 10 cm? 220kms ' (0.3 GeVcm
x10° | Measured banana spedrum
Mass = 20 GeV 1200 {Hoeling et al Am.J‘Phys. 1999, 67, 440.
0.8- ON S| = 10_45 cm?2 1000 - With Ea:l%r:a
o Nuclear 800 oK h Electron
: 2 Recoils 600 | Recoils
- () Nucleus - h 400
‘oo mrmioeimin a3t 02 200
Without Banana
% 10 20 30 40 0 S -
E [keV] 600 640 680 720 7H) 800
1 events/kg/year 100 events/kg/s

Interaction rate is extremely low & backgrounds extremely high |
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E , " Direct DM searches signal & backgroumls. ,

. . : . - = . . o o . 2= <. . - - . - : . ey
Slgnal | § Eleciromagnetic background §}  Neutral bmkground
| nevtron/ |
'R 2 ¢ Recoiling nucleus neutrino i
Recoiling nucleus WIMP £ % | § V o< 7% 104 |
vic= 7 x 104 : '

gamma 3 ~ 10 keV
Er= 10 keV

Electron
| v/ic = 0.3
WIMP . gamma 1 neutron/
! nevtrino
Dense energy .- Sparse energy i Dense energy

deposition [ ¢ deposition § deposition
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Neutrine Flux [cm'z.s'].McV']]

atmospheric and diffuse
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71 Direct DM searches buckgroundsg .

“Neutrinos from Sun,
atmospheric and diffuse
supernovae

© Cosmic ruys & ;
¢osmogem¢ activation of |
detector materials

Dark Matter

s
-
L

|
F o efal 14usso

-
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-
-
>

-
-

Go underground +
active/passive shielding +
active recoil /e- discrimination

(not available to all exp.)
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' Natural radioactivity from
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. Material selection & screening +
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(not available 1o all exp.)
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71 Direct DM searches buckground

“Neutrinos from Sun,

" Cosmic ruys &

' atmospheric and diffuse § -
: i ¢osmogem¢ activation of §
b supernovae ~» L g | f
; Dark Matter ! etector materials
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| Direct DM searches backgrounds -

; “Neutrinos from Sun,
atmospheric and diffuse
' supernovae

Dark Matter

Only if you can measure track
1 direction (i.e. correlate with the
1 source), only for Solar Neutrinos

6th Sep. SO1AT 26th Feb.

ep. 1
53351~ 5 ey DEUTTINO: 3.3333 - 5 keV

WIMPs

= = By = - - =

-

¢ Natural radioacivity from .

{ y Rn progeny recoils on
| 2381 232Th. 222Rp. 40K...

| ’ ’ d detectors surfaces

Material selection & screening +
' active recoil /e- discrimination

Measure 3D position of
your event:
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. (not available to all exp.)
: (not available to all exp.)

| "

z i i
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7 Direct Dark Matter search signalg |

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

Crgrus

galactic pare

o DAMA/LIBRA Collaboration
g. o T m\ummwma':s‘::v (117 tnyr)
: g g i 17 ’
- LI T 1
.E' Z I 35 T SUATS AP TS DAY NP NS NP A AV S A
g ¥ & & B0J &0 N Fdoy UL 150 ‘1.‘.(.11“'!‘:;;)
Universe 4 (2018) no.11, 116
E_[keV] ez e ox
nr Arbitrary units
En.ergy depende.me:. Temnoral denendence: Directional dependence:
a falling exponential with ¢ g r dul ': an 0(100) forward /backward
: a ftew % annual modulation
no peculiar features — asymmetry that no background

[ ] [}
What most of experiments measure ' whatsoever ¢can mimic
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=, Directional DM searches features g .

The only approach able to unambiguously and positively identify a DM S|gnul

Capability to reject isotropy down to

low threshold, i.e. to fight all

backgrounds, induding nevtral
A. M. Green et. al, Astropart. Phys. 27 (2007) 142

difference from baseline configuration | Noo | Ngs
none 7 11
 Eryg =0 keV 13 21 |
no recoil reconstruction uncertainty 3 9
Ery =50 keV 5 | 7 |
Erp =100 keV 3 3
S/N =10 8 | 14
S/N =1 17 27
S/N =0.1 94 170
3-d axial read-out 81 130
2-d vector read-out in optimal plane, raw angles 18 26
2-d axial read-out in optimal plane, raw angles 1100 | 1600
2-d vector read-out in optimal plane, reduced angles = 12 18

2-d axial read-out in optimal plane, reduced angles 190

WIMP signal in
principle detectable
with order 10 events

270 |

Capability to leap beyond
the Neutrino Floor and to do
Neutrino physics
P. Grothaus, et al, Phys. Rev. D 90 (2014) no.5

~

‘cm” |

O'p

10-48 |

10-49 |

10

Sun neutrinos physics
through CNNS

¥
.

non-directional

directional

10*

10°
"’“’tl [(;(‘\I":

F. Mayet et al,,

Capability to probe DM
nature once discovered

Phys. Rept 627 (2016)

—  Directonal
= Non-drectional

L oo O,
—r 0.

10°

'\\\ INP

10°

DM astronomy & DM

interactions
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2. Experimental techniques .

Note: O(keV) nuclei Cryogenic Superheated Direction gets

will move of mm in bolometer Iqu|ds harder to infer as
gas, um in liquids e sy g the target medium
and nm in solids e‘ PHONONS / H EAT gets denser

“£80790%0f energy

Cryogenic bolometer T Scintillating cryogenic
with charge readout WIMP bolometer

d

Germanium \ Scintillating

detector / \ C stals
CHARGE\ UGHT

Liquid noble-gas

Dlrectlonal dual-phase time quwd noble -gas
detectors L detector
+20 % of energy projection chamber few % of energy
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50 #L CYGNUS-TPC vision &'

T3 AN - Amulti-site Galactic Nuclear
o . = | 'El5| 8 Recoil Observatory at the ton-
= | Wi E scale to probe Dark Matter
below the Neutrino Floor and
measure 8B solar Neutrinos
with directionality

CYGNUS-HD10 3

USA

i § Helium/Fluorine-based gaseous TPC }
{ for sensitivity to low mass WIMP
' region for both Sl and SD couplings §
¥ ¢ Goal of zero background operation |
. after electron/gamma rejection and
fiducialization at O(keV)

; ¢ Directional and gamma/electron
{ rejection thresholds at O(keV)

.

Since fall 2016

e *
/ \‘ * .*

* -
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5 Gas TPC concept & features '

° ° ° R .I. ' . *
Gaseous Time Projection B ety o Ad":;t?%‘?se fonalty
R eld cage * AXial uire nall
Chamber, mherently a 3D P ST I AT SIS IO  HeadAail
detector ‘- : - Background rejection
By " » Particle 1D
Sensitive to track sense np ; * 3D fiducialization
& direction c¢athode 11 1 '3 amplification & ! :
WIMP r 3 ( i % readout  § Technologically
\ nuclear recoil track charge 1 ¥ 1 j challenging, but now
———— g % achievable via multiple
e \ i 3 .
/ Tall Head : A technologies
\ Drift direction

N |
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5, Gas TPC concept & features 5’

\

° ° ° R .l. l . .
Gaseous Time Projection O % o Advzn.t?%gs. fonaity
R 1eld cage * AXial Lirecuonall
Chamber, inherently a 3D o srusemmmmnnesern,  + HeadAal
detector - Background rejection
* Particle ID
Sensitive to track sense i * 3D fiducialization
& direction : ificati ‘ ,
Cathode j . amplification & } Technologically

§ challenging, but now
& achievable via multiple
' technologies

WIMP . i | | 3 | readout
\ nuclear recoil track charge ) 1B 1
/ _T—all Head ‘

Drift direction

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

| e recoil ' nevtron recoil

7 Kl [ x 2 ! 4 -] 8 7 8 9
K {mml Xmmn)
Sparse energy Dense energy
deposition deposition
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5. Gas TPC concept & features '

Gaseous Time Projection Recolling nucleus + Advantages:
. Field cage « Axial Directionality
Chamber, inherently a 3D o prucmemmmmsnsmesemn,  « HeadAail
detector - Background rejection
» Particle ID
Sensitive to track sense : + 3D fiducialization
& direction c¢athode y amplification & ! :
WIMP ‘ )| | ¥ readout  § lechnologically
\ nuclear recoil track charge : : i : cha!lenglng, _bUt now
————— : & achievable via multiple
/ “Tall Head g J technologies
‘ Drift direction
Helium-Fluorine gaseous target for Energy loss and track fopology o
simultaneous Spin Independent & Spin efficiently reject background at O(keV)
Dependent sensitivity to O(GeV) WIMPs energy threshold
- v v — - 7 — 13 =
S ot Forsame WIMP mass, —Hej e recoil R neutron recoil
E He max recoil energy is —Ge
- 20-30x bigger than Xe —Xe | v
510" —e-
g 5 E 16
@ -1 : y
g 10 1 7
— 10_9 18
é o ! 19
=10 3 At same recoil energy, . 20
= He is sensitive to 5.5x ’ Y ke " PPt e 0
, I than X
10— = ‘:'OTasses 1:? ° o Sparse energy Dense energy
WIMP mass (GeV/c?) deposition deposition
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G S G S
] [ ]
ry | CYGNO's change of paradigm: go for the light py |
: ; |
...instead of the more commonly Gas o 7%%0
detected electric charge
"

Gas Electron
Multipliers
(GEMs)

In the amplification
process, photons are
produced together
with electrons
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CYGNO amplification & readouia‘?

GEM amplification

lonization clusters

/ \ Ionlzmg track

.. =~ _.

. g 0 . 49
o . ® g @  Electrons
.00. -o" 4

%0
-' -
ot o qc#
Photons Photons
Wq
el He:CF,
400 4
= ] spectrum
g ey
_Szoo-j
- /\
0: r T < T T

200 300 400 500 600 700 800
wavelength (nm)
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CYGNO amplification & readoui&?

GEM amplification PMT:

lonization clusters fast, integrated
’/ \\‘ Lol Z + energy measurement
».o T .0 T :
o o o g Electrons g ‘an /b--—-J
.00. -o" - - g
%0 _ !
-' ¢ -
e |
Photons Fhotons =
Al a0 Awe AU fhsa fEhe  aam DS oo
Single photon sensitivity
Widely used in particle
physics and DM searches
100 Electronic Detector Spectral Sensitivities
m: gu
o He:CF4 <
400 g0
S spectrum :
e i 40
_gzoo-j é
= /\ 3"
P R M P S A T 3% o 6o s TR 8 4

wavelength (nm)

=
’
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| CYGNO amplification & reudouig

SCMOS GEM amplification PMT:

slow, high granularity

lonization clusters fast, integrated
X-Y + energy measurements P N .
~ . lenizing track Z + energy measurement
Low rcis2 O
10 16 D -4 4 . 9 s |
electrons median electrens rms 9] ... q° Electrons g e e
at 100 frames/s <
.o 4.2 4 : g
|
= |
O ‘ 8 electrons median 1 4 elacirons rms |
| Stow wcun at 30 frames's h J
|

oo (o

¢ Market pulled

$c: ose o . epsn m
Single photon sensitivity Single photon sensitivity

Widely used in particle
physics and DM searches

¥ Decoupled from target
¥ Large areas with proper optics
¢ Spectral response matched to CF4

— . . Electronic Detector Spectral Sensitivities
Speclial response 108
- 600 i Figure 3
70 v ] S a0
= N 3 -
. / N 500 - ©
i_zm / —s 1 1 He-CF4 =
- e ~~— A 400 §‘ 80
-4 N = spectrum §
2w, N 3 300 :
; ‘“"‘,\\ ~ : w “
e SN _.5 200 - 3
3 op o= ORCAFRlic0V2 "‘§ ] t 20
¢ . O3CA Flagh2 8 i "‘ 1001 é
Y- Cfn | 5().1."33 o o
0 L J T
A e 200 300 400 500 600 700 800 250 350 v::ed .:3' m:nsg m.Z'sr.; ) 850 950
viavelength (nm) wavelength (nm)
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CYGNO gas mixture g’

HeCF4 Gain and photons efficiency

6
ol * N . 0.10
rs - ‘. °
o> o P 0.08 | K’
I .‘ ,,."""’ .' 0 y ] °
. o A 8006 _ °
= o 4 3 fau o
3 - d Y % HeCF:60/40
'f,"" P ‘g 0.04— .
. I — om?
10 5| L J HeC F4 70/3 0% .6 Q i :: ] '. 103 geometrical
- e HeCF, 60/40% g 0.02 004 efficiency included
002!
e HeCF, 50/50% é ol e
» HeCF, 40/60% 0.00—— - — - 1°\°
4 1 A l ' l A i | l - | l ' l 1500\ hoo\ goop bo
360 380 400 420 440 460 ,\0\ b°\ o,o\ 50\
Vgem [V]

about 0.07 photons produced by
secondary electron in the GEM shower

D |
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5 CYGNUS-RD project (2016-2018) 5 ;

JINST 13 (2018) no.05, P05001

I0x10x 1 am’
0.1 Liters

Triple thin GEMs

CMOS & PMT on sume side

b P
< W
£4 130
- Q!

-
‘x

[ o) el g vy
(4w g D mape my

ORANGE: small prototype

Optically ReAdout GEms
Camera distance = 18 ¢m

E. Baracchini -

PoS EPS-HEP2017 (2017) 077

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

- Elliptical field cage ' "
G ‘ 7x7 cm? PMT with semi-transparent

Tuneable

% bellows

20x24 cm? GEMs

LEMOn: large prototype

Large Elliptical Module Optically readout
Camera distance = 53 im

Equipped with a suitzble large aperture (1/0.95) and

a short f

o~ -~

OCC

| length (25 mm) lens

camera -
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CYGNUS-RD project (2016-2018) 5 ;

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

ORANGE small prolotype LEMOn: large prototype
Optically ReAdout GEms Large Elliptical Module Optically readout
Camera distance + 18 ¢m Camera distance + 53 ¢m

Equipped with a suitzble large aperture (1/0.95) and

e o short foczl length (25 mm) lens



f#socialdetector

#socialdetector #infn | hitps:/ /web.infn.it /cyqnus
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https://web.infn.it/cygnus

sCMOS: photographing 2D tracks gy |

3\

e AN et
450 MeV electron with its § ray

. .
=

Soft electron from natural radioactivity

5 seconds nql‘ural radnouchvnty

g \H\ e 5_‘
.
. ot

Nuclear recoil

Particle identification capabilities, hence
background rejection, clearly visible
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)
a ORANGE: sCMOS 2D tracking performances (XY) /N7~

B : Sigma 230 pm

o 1 2 3 4 5 6 7

=
3
o
"2 30 E Number of detected photons
O —
o 255 . . . .
P ﬂ_ongltud al profile of light detection
E). 15;— ;z Sigma 35um
5 10k M U \ ﬂ“
HNATL Y il
5 T i ; i o
g oF /- "”.“w. ...... *.“""f‘*“*f. . .W"‘f bt AR -
2 25 30 35 50
X (mm) -500 400 300 200 -100 0 100 2%Oes?gﬂal4&?n)500

About 330 detected photons per track millimetre (for Vegm = 440V),

i.e. 230 eV released in gas (from Garfield).

E. Baracchini - CYGNO: directional Dark Matter search with optical readout - Probing the Dark Universe - Zaragoza, Spain, 2018 3]



& ° PMT: fast sensing of track orientation (Az é S

Sensitive gap

parallel to the beam

Scope fie2 019 Image 12

g '
" ,-/ Wﬁ‘"‘% :
{ ' :. . “..‘... 1 '
!‘ ) | Mt"f |!
| I‘ R
GEM 5'9“"' Y Lkl T GEM S|gnul
" straight “Iruck tilted track

1 cm in 140 ns => drift velocity 7.2 cm/ps in agreement with Garfield

expectation of 7.3 cm/us.
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51 Optical 3D track reconstruction |

. |
sCMOS: JINST 13 (2018) no.05, P05001 PMT: !
fast, integrated .

AZ + energy measurement @

slow, high granularity
X-Y + energy measurements
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| O(100) um 3D tracking with high quality particle identification (PID)

- e |
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INFN
C

022 P 368, Ph: 3812 A: LD

9078 ph / 5800 eV
—> 1.5 ph/eV.

(pedestal based on data averaged
with the Fe source in the detector)

Energy resolution ~ 24% ~ 1.5 keV

o 4, P: 50, Ph: 497, R: 1.4

0 20 40 60

w‘ Sensor 1 photon detected every 5 eV
b | Noise Exponential distribution for noise
' \ (slope ~ 16 photons).

'

With 400 ph. threshold (2 keV) :
fake rate 10 events/year
per sCMOS sensor
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. LEMOn tracking performances N

10.61 = 0.66 : -
66.44 + 5.84 Energy resolution was studied at

different depths (Z).

-

- Run58 @ 20 mm
Run60 @ 40 mm

- Run62 @ 60 mm
Run72 @ 150 mm

] L

=
=
c
()
=
=
a
o 1l
—

8

N
<
|

L l - l | 1 l 1 | L L l 4
12 14 16 18 20
Z distance [mm)]

Energy relative resolution [%]
—
<o

. . L L L L P | - | 11
In the few keV region a relative e 2 2
resolution of 20%-30% is achieved
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, Fiducialization in the drift direction exploiting diﬂusion |

or else, suppression of RPRs (i.e. surface) backgrounds

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

MIP electrons 24 cm

- - - . - : ‘

2 electrons @ 1 cm 2electrons @ 18 cm

6 - . 2.00
1.75

1.50}

1.25F

1.00+
0.75F

% of light tracks [V/mus]

| 0.50F

c ;
0.25F
s 0%
0.00

L 11 1 1 . 11 [ ~-l 1 1 | T T A Al ) LA - ] | IR R l LJ A Al l LAl 1 -
0 25 50 75 100 125 150 175 200 0o 2 4 6 8 10 12 14 16 18 20
distance Z [mm] Z distance Z [cm)]

Light transverse profile (sCMOS) and PMT waveform:
larger width and lower amplitude from z farther from the anode
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& S, ORANGE: response to AmBe neutrons & PID&?

or else, small prototype response to WIMP-like (i.e. neutrons) scattering &
capability to distinguish them from backgrounds

1-10 MeV neutrons along with 4 MeV and 60 keV photons.
A 0.2 T magnetic field was present within the dritt field provided by a

permanent magnet.

trons

~
~

Low energy ele:
due to X rays

MeV electrons nuclear

due to 4 MeV y recoils

E. Baracchini - CYGNO & INITIUM: Directional Dark Matter searches with optical readouts- Bologna, 2019



S, ORANGE: response to AmBe nevtrons & PIDSI

Nudear recoils cdearly distinguishable from
#photons/pixel
(i.e. ionisation density)

—WX‘IB
m— G Yox < B
— X = S

200

LR

m Recolls
Bl Soft Electrons
. MeV Electrons

180}

0251

160} e
140f - e
120fr S by
100k, - \}4 L
80 w4 |
60| fj S

aof- RS

20 : Al |
. Reblmr‘e'dx10 Y " 00 s ) 17 %

lll | . | .| ll‘l] lll A lll lllll llIlll I e
% 20 40 60 80 100 120 140 150 180 200 Photons/Pixels

ProDaLIty

Please note: only ionisation density used. PID
can be complement and largely improved
combining it with track topology and track length
Vs energy

N I
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sh LEMOn: nudear recoils from AmBe with directionality B

Hint of directionality ” inlier data
Outlier data
down to low thresholds! i et o o

100

—— Robust line model

150
lead

200 R - ﬁ”l 'p“

250
Inlier data
0 300 Outlier data
Line model from all data
AmBe B0mE Robust line model 11 6 keV

Inlier data

Qutlier data

Line mode| from all data
—— Robust line model

WIMP
\ nuclear recoil track charge

/ Tail Head
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http:/www.fusione.enea.itYLABORATORIES/Tec/FNG.html.en

" 2.45 MeV neutrons test @ FNG

D(d,n)3He fusion reaction. 2.5-MeV neutron sCMOS
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Nuclear recoils from 2.45 MeV
neufron scatter

PMT

pic_run00060_ev142_cluster2.png wim_run00060_ev142.png
e ”
_‘_3 690 -c;:
X 680 -] |
= o
-~ 670:
- B
660
650
630
(ﬂ(l;
620
610" R
300 400 410 420 430 w) 2 %0 000 e . \T-.) €10 e P a0
> P _runuvuuou EvVias snanes -
x (pixels) latprofile.png
c ’ .
F E 1sl
= 10 | s I8 +
£ | 2 16
b
E 8 . 4
: | £ ! +
5 "
E O i L +
% | 10
[ E' ‘
z Ty g’
-~ h
. < } '
é 4
) N '
0 -
. of¢ * ¢ e ’
0 1 2 3 & 85 6 0 Theesdesssdiessadaadadiadias
. 0 05 ] 15 2 25 )
X, (mm) ’ 4
e X (mm)

Suwaniverse

longitudinal profile lateral profile

track sense!

WIMP
\ nuclear recoil track charge

/ Tail Head

E. Baracchini - CYGNO & INITIUM: Directional Dark Matter searches with optical readouts- Bologna, 2019

40



A CYGNus tpc module

with Optical readout
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q GNO roadmap towards 30-100 m3

PHASE_O PHASE_T PHASE 2

2019 202 2022

@ ROMA1/LNF @ LNF @LNGS

Construction Installation &
& test cominissioning

OiANGt

"1 i \,L LEMON
kY o
bl

i:

-OPT readout
-1 cm drft

™
S
o
S
S
o
o

OPT readout —baCkground

-0 resolution materials test

-3D orinting
-20 ¢ crift -50 an drift

-PID - drift scaling -5h|e|-d-|r|g
- stability

- gas purification

tracking materials test -
. -scalability
drift gas

-reliabilit
resolutions 4

PHASE_O

funded by INFN in

I Sep'l'ember 2018
E. Baracchini - CYGNO & INITIUM: s with optical readouts- Bologna, 2019




G S
|

HASE_1: detector concept
g P : B
| —
Gas Electron Multipliers *gammas & neutrons shielding not
(GEMs) amplification shown but present ‘

PMT + sCMOS optical
readout decoupled

from target volume

|

nage CENN GDD Group (2001) '5
40} (40
Transparent texturised
mylar cathode a’la DRIFT
l‘OlIO

Atmospheric pressure &
room femperature:
minimal infrastructure

Year Rich. (k€)

ST 18 cameras monitoring | ISEINDRZUE
e CFERMTI , 330*330 mm each (TDR) 2019
L= X SRR S ik with 160 miy resolution 2020
= M Q) NS oA 2021

Active contribution from several A total of 72 106 readout o
CYGNUS-TPC members ! 165 x 165 um2 pixe|s (‘ Tot (20-22)
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PHASE_1 very preliminary background bhudget a S,

GEMs: Kapton + Cu,

radioactivity measured @ LNGS

Field cage, Acrylic +
Cu, low radioactivity

~1 x 10% electron reconls/vear" -e
~1 x 10°° neutron recoils/year '

Transparent texturised

mylar cathode a’la DRIFT

(37X 10 gammayear between 1-100 kev}

n
:K,,

i-e¢ //

- .—-'_——-

¥ ~2.6 x 10° gammal/year between 1-10 keV., ¥
_ ~0. 04 neutron reconls/year 3

Feedihroughs
ti servues

;ll

’ :t _l,“

7587
__/' K-}'/bw/////// % '/ ‘

S
—

' / /‘A< Z

f/J— -/ 7 ‘ '.‘-k
~.
T

Low radioactivity PMTs,
fur & outside gas
# volume

Cameras: radioactivity
measured @ LNGS, can
be partially shielded

Gas vessel: do not need
to keep vacuum, i.e. not
necessary sieel, low
radioactivity materials
under evaluation

Full simulation on going with sCMOS camera & GEMs activities recently measured @ LNGS

Component Material n bkg [cts/yr| ~ bkg [cts/yr]
Environment (after shield.) Rock, concrete 1 x 1077 0.01

. . Ex. shielding H,O. Steel, Cu, Veto 1 x 1079 1 x 10?
Prel'mmary In. shielding + field cage Acrylic, Cu 1 x 10°° 1 x 10°
background GEMs Kapton, Cu 4 % 1072 3 x 108
budget Cathode (after fid.) Mylar 1 x 107° 2 x 10°
Vessel Steel or plastic? 1 bar == thin vessel

PMTs Glass, electronics >50 cm from gas volume

sCMOS Si, electronics 50 cm from aas volume
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. : i
a7 ERC Consolidator Grant ==

n
-
o
1
Iy
o

PHASE_1 is funded as a synergy to the INITIUM project ”

¢w~| December i PHASE 1

INTIUM — EEEENLEEE "7/

‘o .0..:... '|.
, . : o0 08! 2022
an Innovative Negative lon Time TR LAY
projection chamber for Underground S AU
Dark Matter searches European Research Council @ LNF

Supporting top researchers

Elisabetta Baracchini
' : from anywhere in the world

Gron Susso Sdence Inslitele

Construction
& test

*  ERCCOG- 2018
Propescl number 18794

PL R Fombanedul Conpttvnnds of Mater I
Leark Mo ke womoh [Fe o a “ ge  com— s
el NLTOMNUSAD 19 . TC

1200
INITIUM innovation:
. 900
atmospheric pressure
negative ion He gas o
mixture with 3D optical
-background
readout demonstrator 300 eerE
towards the development — gas purification
f 3 ¢ - shielding
o 100'1000 m GSSI INFN tabilit
- stability
d|recll'|ona| DM deteCtor B Equipment+Consumable | Personnel ~s<:aabi|ity
Trave Overhead -reliakility
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= Negative ion drift concept 5

Reduced diffusion, improved tracking & additional means of fiducialization

T. Ohnuki et al.,
NIM A 463

: |
E :
- '
Negative : ® : s
Tine ! : : |
Prcjection v P S | e ]
Chamber =30 z=! :=0 =5 z=? =)
- Cathode MWPC cathode MWPC
Cs:ész' Lol Drift direction ——. Drit: dirccion ey

- .~

4 ? drift¥drift i
NIM A 440 355 ' : — om 3

¢ Primary ionization electrons are captured by
the electronegative gas molecules at tens of um

C ..
........iﬁ.....

p 3
drift drift 3

. . . . . , D. Snowden-Ifft
o Minarily carriars 1) Main paak ’
#Amons CII"IF!' to.the anode acting as the effective 2 ogon | rogon SR
image carrier instead of the electrons 5 ‘q 85 (2014) 013303
¢ At the amplification stage, anions are stripped . |

of the additional electron and common electron
avalanche is generated
¢ This effectively reduces both longitudinal and

P g i
men
{
transverse diffusion to thermal limit o w \“ MWMVWM
ROI E

Arplilude (m\V)
20

10

k DRIFT

/)

NI 4 ! l“a! - ' l’:' \ l o~
1 2KTL - T N'C/580V/em\ ' L / = i ROI
0=v =0.7mm | . ) - N S — - L S )L | S
el SO FE  Hlem -1000 -£00 c 500 1000
low diffusion inereases actve volume per readout ares Time relalive 10 fripger (us)
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| SFs: a new non-toxic player in the negative ion game |

Known since cs, . Only low pressure (10-100 Torr)
=l e operation demonstrated- T
T x| 15526 pm N.S.Phan et ‘lp el
TOXIC 0 st 12 g0v7) | gt
no. 02, P02012 i 11111

<ﬁ>®@’> %

First evidence for SF; neqative ion operation in July 2015

Gas gain ! Mobility ' Fiducialization !
. o ' 1000
Tk — 32 [ sr e | [ Eemven] |
. R?Mia Mo;ms; . X SF; (2016) 800/ 20 Torr SFG ]
X l
. ety __ 065} - Cs; 700}
m 173‘-:2':20:: '(D 0 6 ! ) SF; (20‘5) - E 600}
S N5 SF; (2015) , « * * "'u - I'
S 055 | X ¢ i g 400 tvnr SF I
e F=>
= 0'5 = m 5 \'n
, 200
l—s : " D 0.45} H
100 200 300 400 500 “l) TJOO 800 900 100+ p [
Charge (arb. units) ) T
0.4 2 0 J\
(a) *"Fe energy spectrum in 30 Torr SFg using 10 7. A9
0.4 mm THGEM E/N (107" vem?) 19%00 2000 2100 2200 2300 2400 2500 2600

Time (us)

| Discovered by CYGNO & INITIUM University of New Mexico collaborators I .‘ |
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NITEC: a Negative lon Time Expansion Chamber (2015-2016)

S
|

This project has been funded by the European Union’s Horizon 2020 research and innovation
programme under the Marie Sklodowska-Curie grant agreement No 657751

55 x 55 um? pixels |

No silicon in our TimePix, just
 charge collection

Charge pixel

reac_loujt with ] Field cage: rings support structure (in black in
negative ion drift the picture) manufactured with 3D printer at
LNF

E~d

(™ TOA, TOT or "

Triple GEM = S -

=i Triple, GEM | \tounting mode |}/
Quad Timepix ASIC Timepix ' R 1’ \
r o Wgﬂnr.rrgrﬂ.‘l\W“.rr.rnr.n |

Developed at LNF Ii 5 s Tos |

in collaboration | Adjustable dk from 50 kHz to § |
with CERN L : 100 MHz SUITABLE for both §

. " eledron and negative ion drift§

-t i S i

-
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K

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

This project has been funded by the European Union’s Horizon 2020 research and innovation

programme under the Marie Sklodowska-Curie grant agreement No 657751
e —

First ever negative ion operation at nearly

atmospheric pressure with SF;
SF, Reduced Mobility Pure SF, gain

~22 ] on =
T i + & pure SE75, 100, 150 Torr ¥wno 95 Otine Araipss . i
2 1 ERE crspegaoisorel | P -
- | 362:220.13 T - @ "~ Cosmig¢ track % 8o
AL o ‘ “;rLQQ - I
| 6f— ' ' / 1
= e ol X ray .-
141 JINST 13 (2018) no.04, P04022 i 'g;:\| : i
12f- axf . ¢
- * : N :
P 3 |
- - + + 100 [
08 + 4 X ray :
- - NPEPEPE ol s
06— " ‘-"'a“-‘ T 1% = *o o Lol S T IR IR DI SAPIATE ST P T T
- - 200 4300 1400 <500 1800 <7D <ADA 4940 2000 200 2200
04} r Vo = Ve v M, [N
o a NITEC event u 200 Torr of pure SF; |
of C

10

ENx 10" [ch"]

Opened the doors for a realistic development of
negative ion TPC at 1 bar with SF;
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) 04
ot ate ",

. INITIUM gas mixture  °«

+80% He +19% CF4 +1% SFe

¢ Induce negative ion drift (NID)
¢ NID reduce x 20 diffusion
¢ NID provides fiducialization

¢ Kinematic match to O(GeV) WIMPs ¢ Quencher with high light yield
¢ Spectrum matched to sCMOS

¢ Fluorine for SD sensitivity

Electron 4 Negative
drift : N /on drift

¢ Longer tracks at low energies

¢ Low density

.

A

S0t I _o4 W,

He:CFa:5Fs 1 kg mass, 1 m3 volume | Increased active volume per
unit area with same or

improved performances
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Dark Matter-nucleon cross section [cm2]

E > CYGNO prospecis sensitivity at low WIMP mussesE |
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51 Di DM hf -
=5 Dired search tuiure

S
|
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DM is observed:

only a directional
experiment can perform
DM astronomy

N |
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= Direct DM search future &'

NOTE: this is already happening

n 1 107

nl

g0 w” q 10
107 107 10~
107 X107 07
10" R 107 10 &
{1 Z10¢ = R
-w‘glo“ -w‘g
ot 8
. B . m“:‘-g
ok i lons
l;' 1o~ l;"g
1" 107" 107"
L B T T I ST L
DM is observed: Incompatible results:
only a directional only a directionadl
experiment can perform experiment can test the
DM astronomy galactic origin of the

observed signal

T I
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G S O G S
= Direct DM search future &'

NOTE: this is already happening

| 1 *
10" 0¥
of 10" 107
107 2107 )
10 310 %
< L2

10"
o 10

“an-4

19

" 2 o3 gl e | e
2 3456 1IC 20 30 100 2a0°

DM is observed: Incompatible results: DM is excluded to the
only a directional only a directional Neutrino Floor:
experiment can perform experiment can test the only a directional
DM astronomy galactic origin of the

experiment can continue
DM searches and study
neutrinos

observed signal
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5 Stay tuned for CYGNO birth! 5|

@ ROMA1/LNF @ LNF @ LNGS

Construction Installation &

ORANGE & test data taking CYGNUS

https://web.infn.it/cygnus/
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ES.WIMP Sun neutrinos backgroum!a?

solar

6th Sep.

3.3333 - 5 keV

neutrinos

WIMPs

angle between recoil from

Solar neutrino and sun
1.0 . v .

0.5}

26th Feb.
3.3333 - 5 keV

angle between recoil from
Dark Matter and sun
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