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Dark Matter directional search: unambiguous

identification of WIMPs

Gaseous TPC — He:CF,, 60/40 @1atm, room
temperature

Triple-GEM amplification stage

Optical readout: sCMQOS + PMT

 sCMOS: x-y tracking +
energy measurements

e PMT: z tracking + energy measurements

Advantages: axial directionality + head/tail,
background rejection, particle identification

see D.Pinci's talk 18/03/21 for the details
Parallel session on Gaseous Detectors
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CYGNO background simulation

* Complete geometry imported in GEANT4 from CAD

technical design
* We simulated external and internal background based on

measurements performed at Laboratori Nazionali del Gran
Sasso (LNGS) in Italy
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5cm of copper
200cm of water
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Gamma flux @LNGS (Hall C) - measured by SABRE :
0.56 cm™2 st
Rate of events:

8.8x102 cpd/kg/keV = 103 ER/yr (0-20 keV)
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Internal background

Thanks to M.Laubenstein

Camera Body Limit/M Activity
Orca Flash eas (Ba/kg)

Main radioactivity contributions come from

U238 (Th234) M 3.16E+00
* sCMOS camera lens CameraLens Limit/M Activity
Orca Flash eas (Bg/kg)
 sCMOS camera body U238 (Th234) M 4.22E+00
K40 M 5.15E+01
* GEMs
Limit/M Activity
. GEM eas (Bg/kg)
’ ACFYIIC bOX U238 (Th234) M 1.63E-01
K40 L 3.58E-01
We are working on the substitution of the most Limit/M | Activity
radioactive components AcrylicBox  eas  (Balkg)
K40 L 3.50E-02

Different cameras were measured

Each internal component of the camera is

-‘ ‘L'-‘-c“...zns.\
_,.,.; .M - | being measured
_*T}\g
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Before background rejection
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: ; 6 keV electrons
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Simulation of recoils:
 GEANT4 (for ER) Electrons (GEANT4) and He, C, F nuclei (SRIM) at low energy
e SRIM (for NR)

7%—5;‘5““ . 160 (AP0
Production of images: Images are produced taking into account
Diffusion + amplification + diffusion and amplification of ionization
digitization electrons + the noise of the camera
GEM stack 1+ b T,
Track reconstruction: : : : 2 e
. . . Images are analysed using an intensity-based g f »
Retrieve information , , ; :
: DBSCAN clustering algorithm g r,
from the image 5 3 :
JINST 15 (2020) no.12, T12003
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Low energy nuclei lose only a fraction of their energy in the
production of electron-ion pairs

The ionization energy fraction is given by the quenching factor,
calculated as

E-." Lz e mGE dFE dE
.- _ Fioniz _ — - 1
QF[:E) E A !( dx )c. * (Ei.‘lﬂ ).”_] o

For each track, we multiply the deposited energy by the QF to
obtain a 3D ionization profile for each ion species

dQF

We are developing an alternative approach, applying 15

reproduce the correct ionization profile (and the head-tail effect)
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track
Hit: AE, (x,y,2)

* The number of primary electrons is extracted from a Poisson

AE-»Ner=AE/W, distribution with mean AE/W (W=46.2 eV/pair from Garfield)
e Diffusion has two contributions
/ __i: \ D2 or =402, ®@D2-z DY =140 % oS/ = (280 + 60) um
Or1 iiVv9p = Upo s N
r, PN * Electrons are amplified at the GEMs:
S . . . .
. i * Multiplication factor at first GEM extracted from
GEM stack :__.--" "'-..'_'i T, exponential distribution with mean G, = 123; total

number of electrons = N&! (Ggepy)?

 Total number of photons extracted from Poisson distribution with mean N;"**"*" = N[t 0.07 ¥/,

* Number of photons reaching the sensor depends on the solid angle N, = N;°¢-

(depending on camera and detector parameters) INEN G S
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Digitized images and noise

ORCA Flash sensor noise: i e e
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Fe-55 data comparison

Fe-55 source — 5.9keV photons

Data taken with LEMOn prototype: 7L active volume, 20cm drift, 500 V/cm drift

* Energy resolution: 12.2% in data, 12.5% in MC
e Spot size of few mm
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1D

INTERNATIONAL
DATA ANALYSIS OLYMPIAD

CALLING FOR
WORLD'S BEST TEAMS

Conclusions and future work

A complete simulation of the background in the CYGNO detector was done

Simulation of ER and NR images seems consistent with preliminary

measurements

A more detailed comparison is foreseen, also including directionality and

head-tail effect

Machine learning studies are ongoing — we are partners of the IDAO Data

Analysis Olympiad

Thank youl!
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Camera

= 2 10 w1a o] |NtErnal radioactivity

eVl 10 10 11 1.1 43 8. Limit/M Activity
Prime BSI n:’:;:1 Camera Body Limit/M Activity GEM eas (Balkg)
rime 51 Mode 2 TR OrcaFlash  eas (Bq/kg) U238 (Th234) M 1.63E-01
sensstiobedl 1.3 1.8 1.0 6.0 36 137 U238 (Th234) M 3.16E+00 U238 (Ra226) M 3.25E-02
percwerdl - - - - - [wm U238 (Ra226) M 8.13E-01 U235 L 1.58E-02
griciurtbedl - - - - - tbm U235 M 1.81E-01 Th232 (Ra228) L 3.09E-02
] 03 06 02 30 12 53 Th232 (Ra228) M 9.49E-01 Th2d2 (Th228) L 1.56E-02
K40 L 3.58E-01
Th232 (Th228) M 9.49E-01
I - Cs137 L 8.13E-03
Camera Lens Limit/M Activity K40 M 8.59E-01
Co60 L 7.48E-03
Orca Flash eas (Ba/kg) Cs137 M 4.07E-02
U238 (Th234) M 4.22E+00 Co60 L 5.42E-03 Limit/M Activity
U238 (Ra226) M 1.92E+00 Acrylic Box eas (Ba/kg)
U235 M 1.45E-01 U238 (Th234) L 3.50E-03
Th232 (Ra228) M 3 61E-01 Radioactivity of the different U238 (Ra226) L 3.50E-03
Th232 (Th228) M 3 65E-01 components of the camera, and of. Th232 (Ra228) L 5 00E-03
K40 M 5 15E+01 samples from the GEMs and the acrylic Th232 (Th228) L 4 50E-03
Cs137 L 2 67E-02 box ws&zrsnea?:; r:ISIGu nge;grfc)u ndat K40 L 3. 50E-02
Co60 L 4.64E-02 @ Wi € detectors
La138 M

2 44E+00 Thanks to M. Laubenstein INFN GS
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B40K 238U
232Th —Tot Bkg

Rate [cpd / kg / keV]
8u

Camera body
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4.46x105 ER/yr (1-20 keV)

e Substitute PCB with lower
radioactivity material
* Copper shielding(4.5cm
layer)

Rate [cpd/ kg / keV]

Internal background
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Acrylic box
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Energy deposit [keV]

9.83x10° ER/yr (1-20 keV)

e Substitute with

5.14x105 ER/yr (1-20 keV)
5.07x103 NR/yr (1-20 keV)

Suprasil

* Syntheticquartz 5cm

layer

22/03/2021

e Substitute kapton—
under study

4.34x10° ER/yr (1-20 keV)

e Substitute with lower
radioactive plastic
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