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Introduction & talk layout

DM should form an halo around the
galaxy - DM “wind” from CYGNUS

N

* Underground, large
volume experiments; |
* DIRECTIONALITY

g
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Ex
1-100 keV recoil energy for\ :
~1-100 GeV WIMP massx
* WIMPS are natural DM candidates;
* Direct observation:
* scattering off target nuclei.
X
J
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Talk layout:

* DM detection and directionality

* The CYGNO technique

* Ongoing work (selected topics):
* Detector response simulation

* LIME@LNGS

J * QOutlook: the 0.4 m? detector

\.

* Performace of the Long Imaging ModulE (LIME)
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DM detection and directionality

WIMP flux
(<v>~220km/s)
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* Anisotropy in the angular
distribution of nuclear recoils;
* No background can mimic it.

N —_ Nuclear recoil map
\ ' (direction+head-tail)

Nuclear recoil map

A. M. Green et. al, Astropart. Phys. 27 (2007) 142
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NR (partially) retain the direction

200N N (only direction)
( \ Bflckgrou_nd
Directional discrimination is the only way to: (isotropic)
* Unambiguously identify a DM signal
* Searching beyond the neutrino floor M L track ch
. Moreover __n_ui:iear_rfcm_trac charge
* Properties of the solar neutrino flux;
* DM halo properties (DM astronomy).
PN
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searches with CYGNO Eive

DM
Spin Dependent
1032 g .
0% ;- nexe=:gj ¥_/ To observe light (<10 GeV/c?) WIMPs:
34 § ®®dlpg®
:g_:” 1 ~ Nggg = 10* —
0% % \ ) - * Less energy transferred to the recoiling nucleus
= 3 CYGNO .
07 N\ - lower the detectable signal threshold
107° NN :
10—39} . :
1041"57___. He/CF, 60/40 * Exploit light target nuclei to maximize energy
o 1;_" _____
118 o j ----- He/CF /iC,H,, 58/40/2 “’""'“‘"""' -------------------------------- transfer.
10495 EwmOS5keV,, -
104 E . 7 '
! - DN? mass (GeV/c?)
4 . N\
Gas mixture
Fluorine: * Allows several mm tracks at few keV
o HeaVier target fOI’ |ntermed|ate masses ° D|rect|on and energy deposrt topology
* Sensitive to SD couplings
ROMATRE ) J
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The CYGNO technique (in 1 slide...)

A TPC with He/CF, at atmospheric pressure:

* Primary ionization electrons are transported by the drift field

and multiplied by a 3-GEM stack.

Amp+Readout

ionization
clusters

Charged particle

multiplication
electrons

=3
4
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. QE and He:CF, emission R g
Light produced by the de- 2 100 s .

[ [ 8 E s | === | | e
excitation of the gas 32 ‘-E straighttrack | . tilted track
molecules during electron S ¢ . e i ——

[T ' E § o g2 Il T B
multiplication; o . / LDV I VI 3

30 ‘ o3 g/
significant yield at the 2 y ; £oF Vi
: | . /o
Camera’s QE peak of 200 400 600 800 1000 Rl R O e
Wavelength (nm)
N Y, \ JINST 13 (2018) no.05, P05001 /
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sensor

4 e X-Y position in the GEM plane
* Energy deposition topology:
* Direction;
* Head-tail asymmetry;
* Background rejection.

sCMOS

j

N
e PMT
* Integrated energy
* |onization electron’s time of arrival

> track tilt (d2)
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The CYGNO roadmap

PHASE 0: PHASE 1: PHASE 2:

R&D and prototypes 1 m3 Demonstrator 30 m? Experiment
2015/16 2017/18 2019/22 2022/27 2027...
ROMA1 LNF ENF/LNGS LNFILNGS LNGS

ORANGE  LEMON CYGNO_04 CYGNO_30

e——
l 2 ,* ‘Ju‘

Ei'.. < A’ ~ =

._w(:’. } /| un'nwllmm.dm
-1 cm drift - 3D printing - 50 cm drift - background

- 20 cm drift - underground tests - materials test, gas purification
- shielding - scalability - Physics research
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The Long Imaging ModulE - LIME

>

* Our largest prototype: 50L sensitive volume
* 33x33 cm? thin (50 pm) GEMs, 50 cm drift;

* Optical readout:
* 4 PMTs at the corners;

* 1 sCMOS camera (Hamamatsu ORCA Fusion);

* 2304x2304 pixels, low noise (1 ph/pixel), high granularity
160x160 pm?2, 2 counts/photon;
* Operated for few months @INFN LNF.

Stability oy

Tested for > 1 month

Energy threshold
<10 fake events/year (tested with >°F

7 ndf 5.187/8
p0 1343 + 4224
pt 31762277

1200 counts = 1 keV
thr 0.5 keV

!

00 20 300 400 800 em %o
Light in take " Fe spots
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LIME images i
] / 1300 =
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Interaction of
5.9 keV X-rays
from a °°Fe source '
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2000

* Background image with 50 ms exposure Pos.ition_s of_the g
* Reconstructed tracks are shown in different colours spots illuminating the S
k j detector in a run with -

S5Fe source
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Simulation: Modelling the detector response >

x_hits:y_hits:z_hits {eventnumber==6946}

MC simulation of 3D energy deposition:

et N GEANT4 for ER, SRIM for NR

\ The following processes are considered (including fluctuations):
0 i > * |onization;

0.02 o~ - 4 . . . .

mﬁ““““”‘“m&-{ﬁ/@w * Diffusion (in the gas and in the GEMSs);

N

* Absorption;
* Multiplication in the 3-GEM stack;
* Gain Saturation effect (depending on the charge density);

* Production of photons in the multiplication process;
* Photon collection on the sensor;
* Sensor noise. 8i

Lens ————

Sensor

N, :Né'one—z//l R
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Tuning the simulation - u
é —

T = 5 200( o xj:: - W
% 1:_ § 180( G+ bos0105
. . . . £ L §,

Simulation parameters are optimized § - 8.k
in comparison with LIME data -3 -
(°°Fe source in different positions for & = * B oo}
. . o A sigmaT=120 sigma0T=350 800f—
different detector settings) g - et o ok
0.6— sigmaT=120 sigma0T=450 -
: 5 e ol
05~ TET et samaot 230 200}

:. ,|,,H\‘,,,|,,,,|‘,,‘\_‘?I_‘fa,m,”‘”‘“H”h” c:‘..l....l....l“..l“.Al,.,.l.,“l,.,.lu.,l“,

50 100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450
z_gem [mm] z_gem [mm]

4 30 keV electron )
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LIME performances

>

Study of linearity and energy resolution overground performed with different X-Ray source:

* 55Fe-source for 6 keV;

* Different materials (Cu, Rb, Mo, Ag, Ba, Tb) irradiated by a 24 Am-source for higher energies;
* 55Fe on a gypsum (Ca) target for 3.7 keV.

Fe6kev * CHB koY - . Ba 3§ ke
« | Rb15keV
4 . Mo18kev | Ag2akev ¥
< >
Spot like tracks Extended tracks
600@

Amersham AMC.2084 X-ray source

g

Combined fit
of the source
signal over the
background 200

Events / ( 580 counts )

'Am source X-rays

o

o

IIII|IIII|IIII|IIIIII

) 0 ":;'wtlaool g ba00 o0 50000 60000
INFN . Integral (counts)
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LIME performances

A

Light Counts

70000

60000

50000

40000

30000

20000

10000

Spot like tracks

Linear energy response was found between 3.7 keV and 44 keV,;

Energy resolution ~14% in the whole volume;

100% reconstruction efficiency at 5.9 keV in the whole volume; [E. Baracchini et al., JINST 15 no.12, T12003 (2020)]
Very good data-MC agreement.

GJE [%]

—*— Data

—*— Simulation
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LIME underground@LNGS ’i‘é“

Gas and environmental parameters

LIME installed underground at National Laboratories of Gran Sasso
(8600 m.w.e.) early in 2022:
* Automated system allows to control remotely the gas system,

environmental sensors, HV, and data acquisition system allowing Gas Temperature

=
-

a continuous data taking > stability tests; Ty = =T -

* First data underground (without any shielding) are being analysed = Cimie

“:5 " ] dlc

to be compared with MC simulations. S e icteaa B Clusters/un

= =T e
|:’l — ———— .dﬁ !
=

l,.
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Lime background studies B

Aiming at the characterization of the background in different phases:
* No external shielding: external background measurement
* Copper shielding (10 cm): reduced external gamma background - neutron background measurement
* Water tanks (40 cm) + copper shielding:
* Internal background measurement
* Final test in low background and low pile up conditions

?; 70__ . Internal (NR) after cuts
% [ External neutron (NR) after cuts
Neutron flux measurement- % 60F— - Radiogenic neutrons (NR) after cuts
After fiducial cuts (next slide): § ool
772 NR/yr from neutrons (+16 NR/yr from other sources) & i
above 1 keV
30~
* 316 NR/yr from neutrons (+11 NR/yr from other sources)
above 20 keV 20
10 10cm Cu shield
% 50 100 150 200 250 300 350 400 450 500
ROMA TRE ) Energy [keV]
s, =, INEN ;
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Internal background Experimen

<

W Camera body (ER+NR)
W Camera lens (ER+NR)
I Cathode (ER+NR)
I Acrylic box (ER+NR)

Radioactivity from all main detector components

I Camera body (ER<NR) after cuts
I Camera lons (ER-NR) after cuts
I Caode (ERANR) after cuts

After Cuts

£ B s .
g = e £ et were measured with HPGe detectors =
2 W GEM (ER+NR) 2 B oo ) e (o)
= B B e (ERNR) ater cuts .
g 10 * Camera components measured separately: the Ns)
& I N
5 : : N
2.8(4)x10° ER/y sensor and the lens are the most radioactive ,
96% rejection -
—
iy
ist
resistors m
— field cage v W)
0 50 100 150 200 250 300 350 402ne‘:95)2ke\5;?0 50 100 150 200 250 300 350 402(]9?95)2“3(])0 LIM‘foT:nms:ive rings LIME sensitive volume \GEM §
S
cathode
T 10° = 10°¢ g-
6.1(1)x10* NR/y 3 — Bl i< o = ' @
z 10 z 10 B Cathode (NR) after cuts 800
g 4 M Acrylic box (NR) after cuts r N
o 2 [ W Field cage (NR) after cuts F 5 3 o
) esistors after cuts C
% g 10L‘ — ZEMI(NR)(:Z-c"ms : 00 TJ = a + B Z B
E g C 0+ -
& i 600~ 4y
m 4t +
1 17(1) NR/y . v P
W Camera body (NR) o . . g-SOO_— . + . >
c lens (NR! 25001 (=
- B Cornac ona (NP o 99.97% rejection o L e o
I Acrylic box (NR) C L <
W Field cage (NR) 400~ “e (o)
B Resistors (NR) - S (2 +B27 o
102 1 GEM (NR) 10 300F AN Bé 3
kT Op = +
5 ) |L l : ; | F B°= 129.7 3.1 3
10° 10'0 “500“‘1000"41500““2000'"'2506‘ 1‘3000 200 | | | Ll | | TN R AR N BRI
500 1000 1500 2000 2éggrgy[ke%/0]00 EnergylkeV] 0 2 4 6 8 10 12 14 16 1z 3[cm ]20 g
k V.C. Antochi et al, NIMA 999 (2021) 165209 /
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The CYGNO 04 demonstrator

COPPER FRONT-COVER REUOVED

Internal background reduction:
Building low radioactivity camera sensosrs, lens
and windows (Suprasil, PMMA, polycarbonate)

ROMA TRE /w

"
" "
b ]
\HD-POLYETHIENE BASE b
)

Phase 1 - CYGNO_04: Funded and TDR ready!
* 0.4 m3 detector in LNGS hall F

* 50 x 80 X 100 cm? volume

* Common cathode

* Readout by 4 sCMOS and 12 PMTs

* Demonstrate the full scalability of the technique

GEM 500x800 CATHODE
\ \ FIELD CAGE COLS

\ \ GEM 500x800
Rl
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R&D on gas
Electroluminescence (increase light yield, S )
with no further ionization): ‘ catode "
* Add a mesh (or ITO glass) 3 mm after last 'o,acm.&lkwcm -
GEM,; — e e  m mm CEM1 AVAIOV w0

2mm, E=2.5kV/cm

* Apply drift field between GEM and mesh; ™= ™= "L e

* Electrons travelling in the GEM-mesh gap  ~  (:qme.

produce additional light - -
—> decrease threshold.

GEM2 AV™410V

GEM3 AV7410V

-

20
150
100
o0
1000
%0
%0
0

J

\_ A new paper is in preparation
4 Addition of H-based gas:
CERLY * Improve sensitivity for low mass WIMP;
i %@8@8 * Both isobutane and methane quench some of the the visible and UV photons
E HeAmer = emitted by He/CF4. For concentrations up to 10%, the absorption is partial
i o & & and does not compromise the operation of the CYGNO TPC.
éig Look at the poster “Electroluminescence in He/CF4 and hydrocarbons gas mixtures for
% Hidrocarbon Content 1% directional dark matter searches with the CYGNO Optical Time Projection Chamber” from
\___ F. Amaro presented by E. Baracchini
ROMA TRE /j
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Outlook
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* Data taking underground with LIME will continue in the coming month:
* MC validation;
* Internal background measurement;
* Neutron flux measurement underground;
* AmBe neutron source to test directionality with NR data.

* Design under finalization for the next phase CYGNO O(1 m3) demonstrator to be
installed underground at LNGS (funded, TDR submitted).
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