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Dark matter “direct” detection

e Dark matter (DM) makes up Y85% of the mass of the universe

e DM form a halo around the galaxy

e Weakly Interacting Massive Particles (WIMPs) are natural candidates
WIMP

Direct detection:
DM elastic scattering off
target nuclei
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The recoil energy is 1-100 keV

o). IMP flux on Earth: 10° cm? s™ for a 10-1000 GeV WIMP
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Expected rate
Astrophysics

p Local dark matter density in the Milky Way: ~0.3 GeV/cm?
<v> WIMP average velocity V220 km/s

Ro< N—0,, (V
XN < > m_WIMP mass (~ 11000 GeV)
4 G N WIMP-nucleus elastic scattering cross section
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Rare interactions » Experimental challenge: detect tiny signal over large background



Background sources

Ambient neutrons/gammas
(radioactivity of the laboratory)

"Radiogenic" neutrons/gammas g

(radioactive materials in setup)

Cosmogenically activated isotopes

(activation from cosmic rays) }

Cosmogenic neutrons

(cosmic muons interactions) /k‘/\/.
Electron
v/c = 0.3

gamma

Most of the background
from electron recoils (ER)
caused by B/y events

Recoiling nucleus

v/c =7 x 10
Er~ 10 keV

X

Neutrons produce
nuclear recoils (NR)
similar to WIMPs



Background rejection

e Ambient neutrons/gammas
(radioactivity of the laboratory) mmm) Passive/active shieldings

e "Radiogenic" neutrons/gammas
(radioactive materials in setup)

e Cosmogenically activated isotopes
(activation from cosmic rays) =) Underground laboratories

e Cosmogenic neutrons
(cosmic muons interactions)

mmm) Careful choice of low
radioactivity materials
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Detection strategy: directionality

WIMP Target Nucleus WIMP
>< from gascrichalo - infsberatery - Elastic collision Nuclear recoils (partially) retain the
P

o— © =T incoming WIMP direction
. . v=220kmis  v~0kmis @ /6~
Er~30 keVr
e Dark matter particles arrive from a - Fluorine recoils [8 50 keV,]  September 6
precise direction in the sky (Cygnus)
o +60°
. .. '§“+30° ----------------------------------------------
e Radioactivity neutron background £
. . 8 g
= no preferred direction T
E —30°
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e Solar neutrinos —60° ——— .
= Sun never in the same position of the ' 5
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Directionality could be an important tool to discover DM and go beyond the neutrino floor,
e




The CYGNUS concept
e Time Projection gas Chamber

“athode technique to track the nuclear
y- recoil
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fc; :\ : S e \Very low threshold (¥ keV)

Z (¢ ] : and sensitivity to ¥ GeV DM

5 I = use gas mixture with He

o &

s & %Illdft o5 e Measuring the shape of the
anode _ recoil (rejection of electron
e recoil - - } neutron recoil recoils) down to few keV

e Measuring the direction of the
recoil for energies >20 keV



CYGNUS possible sites
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CYGNO a CYGNus TPC module with Optical readout

GEM electron amplification g Z readout

X-Y readout
sCMOS

Slow O(10-100 ms)
High granularity XY

Low noise (<2 e RMS)
High quantum efficiency

>70% @600 nm

: & » 2D tracks
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CYGNO roadmap and synergy with INITIUM

CYGNUS-RD CYGNO-PhaseO CYGNO-Phase1 CYGNO-Phase2
2015 2018 2019 ploplo) 2021 2022

@ ROMAT/LNF @ LNF @ LNF @ LNF/LNGS

CXGNO

He:CF4
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(NG
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10x10cm?area 20 x 24 cm?2 area 33 x33 cm? area
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ion drift
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Low energy electrons S

Typical operation conditions
e He:CF, 60:40 gas mixture atmospheric pressure

e Driftfield E; =600 V/cm N
® V., =460V for each GEM plane %"} r ““Uass| | Noise distribution
e Transfer field E, = 2 kV/cm :2102_ e (light outside the
2 f sensitive region)
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High energy electron tracks S
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3D tracking: combined readout P

Time (ns)
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Particle identification

Am-Be source

e 1-10 MeV neutrons
e 4 MeV and 60 keV gamma
e 0.2 T permanent magnet

Analyzed with
iterative
algorithm
iDBscan

Low energy electrons (60 keV X rays)

wo QoL

200 — Y/pX > 8
[ = 3 <y/px<8

e Ylpx <3

2 Rebinnedx 10 © ™
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clusterize 3
different species
of tracks based
on density y/px

)

Ty

MeV electrons due to 4 Mev y NUCl€ar recoils

o

"w

00 ns o)
Photons/Pixels

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

14




Simulated tracks in CYGNO

m = 143.58 + 4.07

q =349.23 *+ 15.30

X2 = 57.01

m=171.35 + 10.66

q=372.24 £ 50.34

X2 =15.36

m = 130.04 + 2.36

. q=286.70 + 11.20
X? = 41.53

¢ 300 V/icm

4 450 Vicm

¢ 600 V/cm

2 4 6 8 10 zldzista:;te [E?n] 18 20
Diffusion measured with LEMOn
Apply diffusion and noise to the
MC truth recoil tracks
Possible to apply reconstruction
algorithm (same used for data)
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Simulation: ambient background
Goal total background <10* cpy in [0-20] keV

Shielding choice:
e 2 m of water
modular tanks, start with 1 m

Input » gamma flux measured

by SABRE experiment @LNGS ® 5cm of copper
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107 E
10° i Iz
- Total gamma flux in Hall B: ~0.36 y / cm?/ s ‘
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Simulation: external gammas

200 cm water + 5 cm Cu
Rate [0-20] keV = 9 102 cpd/kg/keV

Gamma Flux at LNGS 0.56 cm' s” > 102 cts/yr [0-20] keV in CYGNO detector
Gamma Flux after 2 m water shield 1.4 10° cm™s™

Gamma Flux after 5 cm Cu shield 2107 cm™’s™
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Flux [y/cm®/s/keV]

gamma flux @LNGS
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pass 5cm Cu shield
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Simulation: neutrons (and secondaries)

200 cm water + 5 cm Cu

Neutron Flux @LNGS 2.7 107 cm™@ s™
Neutron Flux after water shield 2 10"%cm=2 s™
Neutron Flux after Cu shield 310 ¢cm? s™

Rate [0-20] keV =7 10 cpd/kg/keV
=+ 8 cts/yr [0-20] keV in CYGNO detector
=+ O(1) NR/yr

7 10°g 5 . .
S 107 %_ neutron flux @LNGS % 0.0016— Prellmlnal’y —— tot energy deposit
= E ; X -
e
[T -6 =~
10° ko] B
E 8 C
107 R O, 0.0012—
E GJ 5.
-8 :_ "(6' =
107E © 0.001—
0ok :
o 0.0008
10 "= C
101 — = — 0.0006/—
10712; —‘_\_Lu-’J C—
= 0.0004—
10 e
107 i_ 0.0002 :—'*__ _‘__‘_—'_'_“‘__-.-_.__,_______
3015 vl vl ool o vl il ol ol 3l b e e o L
10° 102 100 1 10 10° 10° 10° 10° . 10° 0 20 40 60 80 100 120 140 160 180 200
Energy neu?ron [keQ/] Energy deposit [keV]
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Negative ion drift: INITIUM

primary_ negative electrons
electrons ~ ions —> (avalanche)
drift grid* .
cathode = ano fes
= <
7= =<
DRIFT -
GAIN

e |onization e- captured at <100 um
= negative ions

e Anions drift to the anode

e Extra e- stripped from the negative
ions =+ electron avalanche

e lon longitudinal diffusion ~ 1 mm/m (~
20 mm/m for electron drift)

Electron
drift

4 Negative

SF, Reduced Mobility

Gas mixture ;
+80% He 4
+19% CF,
1% SF,

4 i | R
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hd ArCUQSh 19278593 Torr

+ +
+ LI )
Fy *
-y o e
2018 JINST 13 P04022
1

» 1

20 Eny10vvend

First ever negative ion operation at nearly atmospheric pressure with SF6

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

IN TIUM

an Innovative Negative lon Time

projection chamber for Underground
. Dark Matter searches

Elisabetta Baracchini

Gran Sasso Science Institute




CYGNO projected sensitivity

Dark Matter-nucleon cross section [cm?]

Spin Independent Spin Dependent

1 0—37 = ; - 1 0—1 1 0-34 .
‘\ I: . 103% - CYGNO1m3,
10-38 “ o 10-2 ] ! 1 year, 3 keV
S i _ 51036 ... CYGNO30m?,
-~ | o i 3 year, 3 keV
-39 S T i = = 10%
10 ¢ A ) ] :-. 10 c .9
oL om | % § 10738
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0 e el 1073 2 10
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» e |\ % s 2 8 wf ==1000 m
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. ey E 94 -
10743 8 &y 1070
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© 10-45
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Ge Neutrino Floor
10.47 1 0 1 2 3 4
10-46 J 10° 10 10 10 10 10
0.1 0.5 1 5 10 3
WIMP mass [GeV /¢
Dark Matter Mass [GeV/c?] [ /¢]
e Zero background assumed
e 1keV threshold on He, 2 keV on Cand 3 keVonF
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Direct DM search future

P L —

1042 |

(cm?)

Fan. 108 |

1048 |

100

10 [

Neutrinos

Only a directional
experiment can continue
DM searches and study
neutrinos

MSSMp19
cmssm [ 7]

10 [

Neutrinos

1 10 102 10° 10*
m, (GeV)

Only a directional

experiment can test the

galactic origin of the

observed signal

Only a directional
experiment can perform DM
astronomy
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Backup




Some picture with LEMOn detector

Cosmic s | ~ - Neutrons @FNG 2.45 MeV

Compton electron

Electrons from BTF (450 MeV)




Diffusion effect

m = 143.58 + 4.07
q = 349.23 + 15.30
X2 = 57.01
m = 171.35 + 10.66
q=372.24+50.34
,,,,,,, 2 X2 = 15.36
m = 130.04 + 2.36
..... q = 286.70 £ 11.20
x? =41.53
= ¢ 300V/icm
= ¢ 450 V/cm
- ¢ 600 V/icm
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Z distance [cm]
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