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=, Directional DM searches: context g
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Driving to CYGNUS with a DM wind
blowing in your hair...




irectionality as key for unambiguous identification of DM

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

—_— —

| [ | |
z||| lighter WIMPs ~ [— 3. 1
B — 20| @i [GeV]
a [ — 30 %
2L — 40 i
% — 50
f -
8L il
§|
A heavier WIMPs

0 10 20 30 40 50
E  [keV]

Energy dependence:
a falling exponential with

no peculiar features

T |
Directional Dark Matter Searches with CYGNO - lll South American Dark Matter Workshop - ICTP/SAIFR 8



a%) irectionality as key for unambiguous identification of DM E |

Increasing reliability of any observed signal, increasing difficulty in the experimental technique
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Increasing reliability of any observed signal, increasing difficulty in the experimental technique
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c s Directionality as tool for background rejection, g ¢
s i H'
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g s  Directionality as tool for background rejection,
sy neutrino physics

"
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c s Directiondlity as tool for background rejection, ¢
s B neutrino physics and DM astronomy sl
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c s Gaseous TPC experimental approachto ¢ s
s 1 directionality ml
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c s Negative ion drift (NID): improved tracking ¢ s
s s
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c s Negative ion drift (NID): improved tracking ¢ s
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Cy GNO: 3D optical readout with sCMOS & PMT e:rc
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CHYGNO: 3D optical readout with sSCMOS & PMT e:rc
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< ° CAGNO: photographing tracks ¢
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G S 30 opticai readout with negative ion drift
| CmO roadmap & synergy with Merc
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=, Response to X-rays: energy threshold g

INST 15 (2020) P1 1 JINST 14 (2019) P07011
Performance on 5.9 keVee electron recoils from %5Fe x-ray source
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(3] Response to high energy electrons: als
s i tracking & fiducialization s i

NIM A 936 (2019) 453-455 arXiv: 2005.12272
450 MeV electrons from Frascati BTF

Analysis was performed by splitting tracks in 36
slices 7 mm long (i.e. 1.6 keV)
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G S Response to neutrons & gammas: G S
El ' low energy nuclear recoil & discrimination from 55Fe El |

z |

AmBe source, Pb shield arXiv: 2007.01763

Rebinned image

supercluster axis
20 Tewan \ "'
220 ad tarrsan
220 |
200
A
180 - e
180 | -
3 5 ’
w
> i60 6 -
S x 160§ { o~
: a ")
- : - ¢
@ 4 o Y, a
£ 140 o | - - —
= E >
>
12 . =
100+ 1001
\ *
A -
803 80
240 260 260 00 120 340 360 360 400

240 260 280 00 320 340 w0 380 :GC
x (macro-pixels)

x (macro-pixels)

Rebinnedimage ~ IMultiple DBSCAN iteration Morphological geodesic

x (pixels)

Iterative morphological

to select different active contours (GAC) thinning for actual
e ionisation patters to connect long tracks track length
Rebinned image

300
= 5.2 keVe.e nuclear recoil
e candidate
= 2504 - i
1 P ol
) - y
£ 200 g. 220 ‘ %

E 210
150 ; { :
& Can spot direction
100 and sense!
LEMON 220 240 260 280 300 320 - :
x (macro-pixels)

x (macro-pixels) x (pixels)

e
Directional Dark Matter Searches with CYGNO - lll South American Dark Matter Workshop - ICTP/SAIFR

28



cl=|

Response to neutrons & gammas:
El ' low energy nuclear recoil & discrimination from 55Fe Bl 1
|

G|s|

Light density &

Calibrated energy

ROC curve

for & >10
;‘g 140 v n g 103% s e ;;; I
% 1202 — 2 — oo L/ L T T T\ —» 5> 10 photonsipixel
2 1002 e }':’ -
o § S 08
® - °
% 60 @ 2
3 o : —— D o6 . ‘
40_ 5 ; -8 I 3 > 11 photons/pixel
20} 2 3t
B 44t = 04
120 % . * 2 -
& 1002— - R s o S i
E 3: i ‘ s e @ oo
g ;g: ;ft;d#j* B g 113_2' I 1 L a | e
L 3 0 " m -5 .*30 102 40 80 80 100 70 140 160 180 200 80 02 04 06 08 10
BHpIOsnape) E (keV) Signal efficiency ( €2 )
working point  Signal efficiency = Background efliciency
l L
sgrese E(SS 6g)tal 6%7‘686 653 Eté)tal
WPs 098 0.51 050 | 0.70 0.050 0.035
WP 4 098 0.41 0.40 | 0.70 0.012 0.008

Meas. Sci. and Tech. 2020 « e-Print: 2007.12508
=N ' 40% nuclear recoil efficiency for energies < 20 keVee, with 99% 55Fe events rejected

Directional Dark Matter Searches with CYGNO - lll South American Dark Matter Workshop - ICTP/SAIFR

29



- 3D optical readout with negative ion drift ::::
¢ CAGNO roadmap & synergy with (XKLL &

AU
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1 sCMOS + 4 PM
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50 cm drift
1/18 module of 1 m3 detector

ORCA- FUSion Sensor noise
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ECYGNO LIME prototype @ underground LNGS

LUNA 50kV

% : ... WITH UPPER FLOOR
o Used as Control & Service Room
— \‘\ LUNA MV . GasSvstem
: gt . - Clean Room Access MAN-HOLE
. " - Storage

Cesidio.Capoccia@LNFINFN.IT |

WATER SHIELDING WITH |
MRP-TANKS &
POLYETYLENE PARTS

(12x) POLYETHYLENE WATER TANK

Slowed by
COVID19, expected
completion by first

semester 2021

N. 16 MRP-TANKS
N. 04 POLYETHYLENE BLOCK (1/4 MRP SHAPE)
N. 36 POLY. SHEETS 950x750x50 (BOTTOM & TOP)

Cesidio.Capoccia@LNF.INFN.IT
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Electron Microscopy of a GEM Foil
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165 x 165 um? pixels
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E CYGNO TV ELY),.Y 1 m3 preliminary background %

(Ambitious) goal: < 104 Y/year between 0-20 keV interacting in the active volume
for zero background after ER rejection with 10° discriminating power

[l externaiNeutron [l Cathode

B externaiGamma [ FieldCage

B cameraBody [ AcrylicBox
GEM Cameralens

3
10 r: — Tot Bkg — Tot Bkg NR

0 5 10 15 20 25 30
Energy deposit Tot [keV]

Shield: 200 cm water + 5 cm copper;

Detector: current GEM, acrylic, copper, camera and lens

Main internal contribution from sCMOS &
GEMs O(10°) /year in [1-20] keV

I ———— |
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E CYGNO TV ELY),.Y 1 m3 preliminary background

(Ambitious) goal: < 104 Y/year between 0-20 keV interacting in the active volume
for zero background after ER rejection with 10° discriminating power
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Shield: 200 cm water + 5 cm copper;

Detector: current GEM, acrylic, copper, camera and lens

Main internal contribution from sCMOS &
GEMs O(10°) /year in [1-20] keV
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EC){GNOM in the CYGNUS picture dE

recodl (track '.'.
opastion | |

S CYGNUS-KM
g m3, GEMs + 2D strig

CYGNUS-HD10 & A s et 4 SFs/CF.

GEMs + 2D sirips ’ : ~ "Kamioka, Japan
He:CF4:CsH10 -

§  He:CFy (:SFs)

; d ( :} LNGS’ Italy ) 0 AL CEN IL‘&:OI EXCELLENCE FOR
; B
., cYGNUs-0z B A\ R« c
Stawell, Australia ) TTER

GEMs + CCDs for gas studies

TeMo £ el
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Since fall 2016

CYGNUS proto-collaboration

A multi-site, multi-target Galactic Recoil
= Observatory at the ton-scale to probe Dark
Matter below the Neutrino Floor and
measure solar Neutrinos

with directionality

UL L EE L R LLL

TI1ILLL

o8 SO ¢Helium/Fluorine gas mixtures at 1 bar
CYGNUS 2019 @Roma e i § Sensitivity to O(GeV) WIMP for both SI & SD

couplings
¢ About 70 members
¢ Steering group:

¢ Possibility of switching between higher (search
mode) and lower gas densities (improved
$Elisabetta Baracchini (GSSI/INFN, ltaly) directionality) for signal confirmation

€Greg Lane (Canberra, Australia)
&Kentaro Miuchi (Kobe, Japan)

I I &Neil Spooner (Sheffield, UK)
&Sven Vahsen (Hawaii, USA)

¢Reduced diffusion
¢ Through negative ion drift or “cold” gases

¢3D fiducialization
¢ Through minority carriers or fit to diffusion

¢ Directional threshold at O(keV)
¢ Full background rejection at O(keV)
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CYGNUSs: Feasibility of a nuclear recoil observatory with directional sensitivity to dark

G S matter and neutrinos G S
ET S. E. Vahsen,! C. A. J. O’Hare,? W. A. Lynch,® N. J. C. Spooner,® E. Baracchini,* ¢ P. Barbeau,’ BT
J. B. R. Battat,® B. Crow,! C. Deaconu,’ C. Eldridge,® A. C. Ezeribe,®> M. Ghrear,! D. Loomba,°
K. J.

Mack,!! K. Miuchi,!?2 F. M. Mouton,® N. S. Phan,!? K. Scholberg,” and T. N. Thorpe!:6 = |
arXiv:2008.12587 Final message of the paper:
need to demonstrate on actual O(m3) detector rejection performances
He:SFs 755:5
10-37 103 CYGNUS X 6 yrs
c'\1_'10_38 ] 10—36
510“39 .10~
8107 g107%
= - i
5%9 1074 ég’ 10~
@ 10—42 @0 10—40 =
2 ool !
g 1074k 51074
2 .45 B —43
© 10 S 10
o? 1046 B 104
= 107¥ > 1074
= 1048 | = 104
7 1049 H===~ Single electron threshold: 0.25 keV [755:5 Torr He:SF¢| - 10~4"H ===~ Single electron threshold: 0.25 keV: [755:5 Torr He:SF¢|
Worst-case threshold: 8 keV, [755:5 Torr He:SFj| £ Worst-case threshold: 8 keV, [755:5 Torr He:SFy|
10750 g . Search mode: 8 keV, [760 Torr SFy| 1074 || . Search mode: 8 keV, [760 Torr SFy]
—51 —49 I ' T | b s 15
107701 10° 10! 107 10° 10 0770 107 10' 10° 10° 10!
WIMP mass [GeV/c?] WIMP mass [GeV/c?]

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

I ———————— |
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SI Stay tuned for (a flock of) CYGNUS birth! a‘?

@ ROMA1/LNF @ LNF @ LNGS

Construction Installation &

ORANGE & test data taking CYGNUS

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

I |
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Backup slides
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