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« The motion of the Earth together with the Sun produces
an apparent wind of DM particles.

——— WIMP 10 GeV °F
———— WIMP 50 GeV "°F
— — - WIMP 200 GeV '°F

« DM of about 1-10 GeV/c? can induce nuclear recoils of
light elements of few keV.
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Direct detection experiments aim at finding those recoils
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DIRECTIONALITY

1 more

« Nuclear recoils have also an angular distribution that could be measured
degree of freedom
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DIRECTIONALITY

1 more

« Nuclear recoils have also an angular distribution that could be measured
degree of freedom

« With one more degree of freedom life changes dramatically: example of pictures

Only wave intensity
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DIRECTIONALITY

1 more
degree of freedom

« Nuclear recoils have also an angular distribution that could be measured

« With one more degree of freedom life changes dramatically: example of pictures

Coloured Only wave intensity

Adding wavelength Ay
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DIRECTIONALITY

1 more

« Nuclear recoils have also an angular distribution that could be measured
degree of freedom

« With one more degree of freedom life changes dramatically: example of pictures

Hologram
Coloured Only wave intensity
A s Adding wavelength A s Adding phase
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DIRECTIONALITY

« Nuclear recoils have also an angular distribution that could be measured > 1 more
degree of freedom

« With one more degree of freedom life changes dramatically: example of pictures

Hologram
Coloured Only wave intensity
AR < A\dding wavelength A Adding phase
B B
Tt Tt
PORN PIAN

« Nuclear recoils angular distribution has a clear structure depending on the model, very different from a flat background
i Capability to probe DM
F reCOil due to WlMP The Gaia riq-rtlnarn-tngnrlll'?-nn-r from Cygnus
F recoil due to light DM from SN 9 N

b (deg)
8

HUGE
RELEVANCE FOR
DM SEARCHES
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DeRocco, W., et al. Phys. Rev. D 2019, 100, 075018.

v n . GeV
Phys.Rev. D98 (2018) no.10, 103006
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DIRECTIONALITY: POSITIVE DISCOVERY
Hints of signals?
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DIRECTIONALITY: POSITIVE DISCOVERY

Hints of signals?
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DIRECTIONALITY: POSITIVE DISCOVERY
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DIRECTIONALITY: POSITIVE DISCOVERY
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Hints of signals?

Nevermind

Likely mechanical
siress
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DIRECTIONALITY: POSITIVE DISCOVERY

Hints of signals?
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DIRECTIONALITY: POSITIVE DISCOVERY
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DIRECTIONALITY: POSITIVE DISCOVERY

Hints of signals?
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DIRECTIONALITY: VENTURING THE NEUTRINO FocG

= ] Plenty of reasons to push
o further into the neutrino fog 1w orectomacor
E 10 Direct Detection D. S. Akerib et al., 2022 E 0w
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DIRECTIONALITY: VENTURING THE NEUTRINO FocG

= Plenty of reasons to push
o - further into the neutrino fog .
£ o Direct Detection D. S. Akerib et al., 2022 E 10
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How does the discovery limit
improves with exposure?

n=—(dlno/dInN )"

« No background n=1

« Poissonian subtraction ,—»
of background

e Worse n>2
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DIRECTIONALITY: VENTURING THE NEUTRINO FocG
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DIRECTIONALITY: SEEING THROUGH THE NEUTRINO FoG

0 Fluorine recoils [8-50 keV)] September 6
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* Correct head/tail >75% of the time ¢ 2ddsnothing to the sensitivity
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¢ Fractional energy resolution < 20%
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* At the level of individual events see [2102.04596] and ---- Counting
* In as high a density target as possible Snowmass WP = Time
Bel 10 keV: [2203.05914] for i lie
elow < evr reasoning 10—49 - = 1d+Energy+Time ( ==-no head/tail)

+ With a timing resolution better than a few hours === 2d+Energy+Time ( —--no head/tail)

SI discovery limit at 9 GeV [cm?

) . . === 3d+Energy+Time ( ——-nohead/tail)
Can this be done? Maybe, but the way to go seems to be “recoil imaging” 10-51 ! I ! !
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DIRECTIONAL APPROACHES

Revisiting S. Vahsen et al., Ann. Rev. Nucl. Part. Sci. 71 (2021) 189-224

I Indirect 1 Recoil imaging |

— Statistical 1 Event-level |
Modulation-based Indirect recoil Time-integrated Time-resolved
directionality event directionality recoil imaging recoil imaging

Demonstrated -
R&D
Proposed [l

' >
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SoLID TARGET APPROACHES

uré
0% . <
.ge><P C, N, O, Ge, Si, Ag, Br, W, Zn /70’?%
fof o e‘-‘ol/
ﬂs‘ty S %,
\’“gh o 7)
« Emulsions
« Time integrated 2D tracking demonstrated down to 30 keV

o Crystals

« R&D with ZnWQ, for anisotropic response to nuclear recoils

« Carbon nanotubes

« R&D for anisotropic response to electron recoils
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SoLID: EMULSIONS NEWS-DM

Silver Bromide crystal
in gelatin film

RICAP 2022, G. Dho

Track length (micron)

 Recoil energy (MeV)

Some events
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SOLID

EMmuLsioNs NEWS-DM
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SoLID: EMULSIONS NEWS-DM
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SoLID: CRYSTALS

ZnWO, crystal anisotropic response

/

/ - Read by PMTs

aA « ADAMO project

- =, — Structure of the crystal
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SoLID: CRYSTALS

ZnWO, crystal anisotropic response ANDROMeDa %

| » Read by PMTs . Aim to build a Dark PMT (Graphen]

. . =
ADAMO project . Sensitive to directional ff*f{f‘;““; '
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LIQUID TARGET: COLUMNAR RECOMBINATION

o Exploitation of columnar recombination in
liquid noble gases

¢

E- - d Iigh*
& ez :
.-:..charge
— highly ionizing track
light

a*”""_’uﬁ‘”

. scharge
L

» First proposed by Nigren in 2013 (JPCS 460
012006)

« Onsager radius vs track length is an important

parameter

RICAP 2022, G. Dho
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LIQUID TARGET: COLUMNAR RECOMBINATION

o Exploitation of columnar recombination in
liquid noble gases

E .
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— highly ionizing track
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. . scharge

» First proposed by Nigren in 2013 (JPCS 460
012006)

« Onsager radius vs track length is an important
parameter
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LAr on neutron beam

One LSci at low

e m’/ scattering angle
ot I (low E,,.)
,@", ¥ Array of
Detect 'Be LSci
at 4-5° detectors
17-30 MeV %, . &
Characterization of TPC completed See talk N. Pino
HPXe
Xe TPC analyzing waveforms
component to determine recombination
20mme a-ray (ff’é?nmze‘\‘f;‘%.ﬁmm}
o ﬁlﬂ‘:“\a‘wn BX Xe 8atm Drift region : S5n
14;:: * EL region : 2mn
o \IBmm
ov \ PTFE <>
S— - de-excitation  recombination
(PMT guard) i fast slow
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GAS TARGET APPROACHES

| e
s He, CF, CS,, CHF ,CH. , SF £
<P 4 2 34" 10 6 4 i
\\ ol e o)) .
| o0 £ 9 o
ity bd Y0,
den‘5 TPCs at atmospheric or lower pressure for GeV WIMP mass (”7/77)
Low sensitivity
Recoiling nucleus . . Advantages:
Inherently a 3D detector Field cage -ﬁxial Dir_eictionality
"y . i . .
. Baclfground rejection DlreCtIOI‘lO|
Sensitive to tra_lck sense lonisation signal gg’}:ﬁ'fclgizaﬁon reconstruction
& direction  comode amplification & demostrated down to
WIMP readout » Technologically
\ nuclear recoil track charge challenging, but now O(ke\I)
e achievable via multiple
/ Tail Head -+ technologies
Drift direction
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NEGATIVE ION OPERATION

It consists in the addition of a high electronegative dopant to the gas (CS,, SF,)

Improved track resolution thanks to
limited diffusion

« electrons get attached to the dopant close to
the ionization position 0(100) um

« Anions drift acting as the image carrier but with
a longitudinal and transverse diffusion reduced
to the thermal limit

T. Ohnuki et al.,
J. Martoff et al., Negative
NIM A 463 |+ A
LATA+ Time
el e e Projection
J. Martoff et al., J Chamber
NIM A 440 355 c's,f Jeff Martoff

.o.ooooigﬁo.ooo

RICAP 2022, G. Dho
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Full 3D fiducialization

« Thanks to multiple charge carriers, the difference in
mass induces a difference in arrival time

start together ...but drift at different velocity
v a
e 1 . o | | e
E < HE ' o a1k
i 5 1 L 7 | é0 At *
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STATUS OF THE ART

Established

readout &
directionality

Micromegas +

Established

gas

R&D readout

Largest

detector
realised

Detector under

development

CF4:CHF5:C4Hqg 0.05 m3 1 m3
FADC
MIMAC 3D @ 0.05 bar (underground) | (under study)
S MWPC CS»:CFs:O; | THGEM + wire/ | SF&:(CFa) 1 md 10 m3
1.5D @ 0.05 bar micromegas @ 0.05 bar | (underground) | (under study)
GEM + muPIC CF4 SFs 0.04 m3 1 m3
NEWAGE 3D @ 0.1 bar GEM + muPIC @ 0.03 bar | (underground) | (vessel funded)
DVIA(EINIIEE 2 GEMs + pixels | Ar/He:CO2 Strip He:CFa:X 0.04 m
. 0.0003 m3 (under
HD 3D @ 1 bar micromegas @1 bar construction)
- THGEM + CCD CF4 THGEM + CF4:CS2/SFs 3
New Mexico 2D @ 0.13 bar CMOS @ 013 bar | 0-000003 m
TG 3 GETSPL‘T:MOS He:CF4 3 GEMs + He:CF4:SFs 0.05 m?3 0.4 m?3
2D+1D @ 1 bar CMOS + PMT @ 0.8-1 bar | (underground) (funded)

Electron drift
RICAP 2022, G. Dho

Negative ion drift

13

Charge readout Optical readout
September 7™ 2022




MIMAC (FRANCE)

1 ion beam

AR & &

Sampling
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(b) The correlation between the polar angle and
. . . i i IonDuration.
Disentangling ionic signal gave
possibility to measure head/tail
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« Micromegas +FADC
« CF;:CHF;:CH, 70:28:2 at 38 torr

MIMAC-Fast!
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DRIFT (UK)

R&D on gas amplification structures R&D on gas purification
« Hybrid THGEM-Micromegas  coiecior Top - -

________ el I— L - --- Mesh1

40 f CF,or Sf Amp 1 02mm
. torr o ,or Sf S I | s
1mm
""""""""" Mesh 3
0.2 mm
""""""""" Mesh 4
Mesh_Readout
— M2
2.0 M3 1mm
> Amplification_Field_Strength
2 —— 22000.0 - 12500 Bottom
v --- 26000.0 22000 3
© 15 = 26000
o —— Experimental X .
--- Simulated MS filter ready to use ‘as is’

Op tim i zing Issues with conserving target gas mixing ratio
transparency to
—_— electrons

Mesh_Trans
{ b

0.00 0.02 0.04 0.06 0.08
E2/E1

10°
Transfer Field Strength (V/cm)

Negative ions at low pressure (40 torr)

. . Proliminary Collaborating
- Collaborating with CYGNO

o . with NEWAGE

MS Emanated per captured x10-2
— E msF6 Sigma Aldrich 4+0.7 50 Torr CF4
L] O (Commercial) 5.4£0.
000 -
20000 D . Nihon-Uni (v2) W ! e g AT T
10000 o - = SF 6 g al nr eaCh ed 1 m Equilibrium between MS Gas System Filtration & Contamination
o i = MS Gas System operation indicates towards a stable gain
16000 18000 20000 22000 24000 26000 28000 30000 32000

an Fields Stengtn (Vicm)
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NEWAGE (JAPAN)

o Development of Garfield —++
T i ™« MuPic+ GEM amplification simulation
il 84mm J |- resistors
il = « 20torr SF, - 5
A il a : | ;'?I:lw:;umuda . NITPC on SFoass
wee =f o1« l44cmdrift i S
meanet JIRE: - 3. Negative ion are produced. “Alhchmem
- il T : ® 4. Negative ion are drifted. Electric Field &
« 10x10cm? 3mm il I | 5. Detachment in high electric field region. Negtive lon Drift
Piteh 400 Transfer gap il 1 | 200M0 6. Avalanche amplification.
. itc um : : - v . :F-:"““ ....... e |
. GEM1 {-1540V-1370V EJef) Avalanche
« Made in Japan A on gap _ Detecion area (12 8mm/32stips) ?:—EF"‘I‘é E;%%%:W] 4PIC ;_ mm\-f? CETD L |
Measurements of alpha particles with e
130 um resolution Detach with probability by calculating the mean free path
- from energy vs cross section.
? 140 . 10°F
%. 120F ]
2 ~ gof _ 3 ? g
a -g ) 10° E « * \‘l?
& S 60 f & 5 oot N
N 2 [ ] . . . ’ aet’t e
] S 40} »” Minority carr First simulation of 10p @ Simlation oﬁ#'
” 20 used to fiduciglize ~ SFgiondriftand | ®Mesremem °
r ‘ ‘ | | | ‘ ‘ amp/l'ﬁcation 4-!30 500 520 540 560 580 600 620
OO 20 40 60 80 100 120 140 A GEM (V)

a-ray mean z position (mm)

JINST 15 (2020) 07, PO7015
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D3/CYGNUS-HD (US)

CYGNUS HD “Keiki”

« CERN strip Micromegas + SRS
e 20x20cm?readout area

Ghrear

! \ T il
CYGNUS HD “Keiki” - factor 1000 scaleup of BEAST TPC

Vessel design
for 1 m’ ready!

20 x HDMI

20 x HDMI

1 ey,
150 cm

A VR

RICAP 2022, G. Dho

50 cm drift length x 2 (double sided)

Head/tail possible °-8
down to 1 keV 0.7
0.6

0.5
0.4

17

ML techniques for background
discrimination and head tail

gr = 0.5 €he = 0.5
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» ::: T _'._‘ o
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. . e 10 :n: -&_,,, i 10
O(10°) rejection | ..~ - =% 102
- - - *
of ER below 10keV .  ~/ . IBSUS Lot
10— 10
1234567 89101234546 78910
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arXiv:2206.10822
1.0
0.9

C. A. J. O'Hare et al,
arXiv:2203.05914

—4— G — 15,000 (Equn)  —4— G — 900 (Equn)
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NEw MEgxico (US)

Detection signature #1

Nuclear recoil

WIMP, neutron or neutrino
with velocity vou Er
Nucleus

AF

Migdal ionisation
electron

MIGDAL
collaboration

Zeroed Binned Image 27

Optical readout: CCD and
Homamatsu ORCAQUEST = |- M =
Measurement of MIGDAL effect s
2 Glass GEM 570um thick

Low pressure NID

Up to 50 cm drift

CF :SF, NID operation 20-50 torr

1800
. , ‘(mm) over 60 cm drift in CF /SF mixtures
Bragg Curve along Trajectory 1400
Trajectory and Initial Direction 000 T Trork Lot 3.5 .
rrrrr gth is 100
- 28,04 pix . -©~50CF4 3SF6
? = = -8-20CF4 0.8SF6
. 50 Torr B 830 3F 20CF4 1.2SF6|
! 5 ~b—-20CF4 35F6
1250 oy - = Thermal
) z 25
E 200 \
£ 1000 _ 2 : [ Y}
= MO0 20 0 2@ M0 B0 E ! DIfoS/OI') Gt thefmG/ //m/t
& 750 f ure 9 Fagare 14 \T\‘ 2 jo-&) 1
Zeroed Binned Image 76 )
500
15}
I 250
af 1F R.Lafler, PhC
5 45 Torr CF4 + .
! Lem.:!u" HlUlIUlF'BLk -{D‘IJ::I'- ° 43 Torr ©52  F | S = thes's’ 20 1 9
. " . . 0.5 L I L L |
Head/tail and direction reconstruction 0 200 400 600 800 1000 1200

with *°Fe
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CYGNO (ITALry)

FIELD CAGE COILS
R « Optical readout: sCMOS

EXIT \ INUS |
CUQRE \Luna-400 |  LYD /XENON:AT GINGER ] \ |
/S W camera and PMTs
\ [/ &= _tunamv g H||||||||II /
. CUPIDRED b /

S « 3 GEM 50um thick -
v
. Atmospheric He:CF, 60/40 ﬂﬁ,
« 50 cm drift
50 | underground @ LNGS
0,4 m?*funded and TDR submitted

Running
Construction/Commissioning
Decommissioning

-
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CYGNO (ITALy)

Experiments

- . Optical readout: SCMOS =T
LA camera —_
, L | pE— . 3 GEM 50um thick <
o N Lo Ml . Atmospheric He:CF, 60/40 q§
e =l - . 50 cm drift =

« 50| underground @ LNGS
« 0,4 m*funded and TDR submitted

i

i

,

NID at high pressure
demonstrated (ion

Different energies X rays

. e mobility measurements) o
100l= - - - / % 3 e PAT : 3 g Sigma @ 12.5 cm drift distance
Sim & o W G Vi I o z0em o or-s2em
p1 1295 +74.32 ey 7 *F \
8sor- oo 7 s o i
: -+ Data - Rt P ; F ‘*\‘ Il
[ lesim + Linearity 7 He:CF iSF -
o | o owon g L . 59:39.4:1.6 - /‘ I
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s t matched simulations . /i b
! i % I'ndf 1908/4 a:: ELD ; mo’ ng\ogma[u:fo
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= i el R -
e Data , _
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o w® x » e = . SeeposterofS. Piacentini 0 g= i
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AND THEN...
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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

éHelium/Fluorine gas mixtures at 1 bar

CYGNUS 2019 @Roma e § Sensitivity to O(GeV) WIMP for both SI & SD
S ' : ' cou plings

’ Abou'I' 70 members ¢ Possibility of switching between higher (search
¥ Steering group: mode) and lower gas densities (improved
$Elisabetta Baracchini (GSSI/INFN, Italy) directionality) for signal confirmation
$#Greg Lane (Canberra, Australia)
$Kentaro Miuchi (Kobe, Japan) L :
! ¢ Through negative ion drift or “cold” gases
I I ¢Neil Spooner (Sheffield, UK) N L7 ' o
#Sven Vahsen (Hawaii, USA) 2 'S #3D fiducialization

¢ Through minority carriers or fit to diffusion

¢Reduced diffusion

¢Directional threshold at O(keV)
¢ Full background rejection at O(keV)
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CYGNUS PROTO-COLLABORATION

« Extensive paper on a 1000 m*® gaseous NITPC detector for WIMP search through nuclear recoils

CvyGNUs: Feasibility of a nuclear recoil observatory with directional sensitivity to dark
matter and neutrinos

E. Vahsen,! C. A. J. O’Hare,2 W. A. Lynch,® N. J. C. Spooner,? E. Baracchini,® % ¢ P. Barbeau,”
B. R. Battat,® B. Crow,! C. Deaconu,® C. Eldridge,® A. C. Ezeribe,® M. Ghrear,’ D. Loomba,®
K. J. Mack,’ K. Miuchi,’? F. M. Mouton,? N. S. Phan,'® K. Scholberg,” and T. N. Thorpe!:®

S.

J.

« Pixels best at
recovering the 3D

» Detailed simulation of seven readout options with cost/benefit evaluation

track
, . L , . : : » Strips aimost as
« Background simulations and rejection studies and engineering of the construction
good but lower cost

= E 10° 3 5 10°
i il + 1t ilcavEaT:very L+
g : % , gm —— %;m simplistic et
3 i S0k sof algorithm -
: £ o E ; —— 3 -
E" g [SRPS s SRPS —r——

% , ] —— —

E r 10° 3 1 ——

= 0.2:— Head-tail 10 [ —— F 10 : He

[ Planar  wmWire mm Pad Swrip 3 Planar  mm Wire Pad Strip —— g Fluorine, before diffusion === Helium, before diffusion
O:' | Pixel  saPostdrift mEPredif [, Pixel Post deift  wm Pre drift | » F—e— =—#— Fluoring, after diffusion == —#— Helium, after diffusion
1o 20 30 40 50 G0 70 20 Yo 10 20 30 40 S0 60 70 80 10 1 2 3 4 5 I 7 8 9 10 'U 1 2 3 4 5 6 7 8 9 10
. Encrgy [keVr] Energy [keVr] Energy [keV,] Energy [keV,]
Angular resolution o ” o -
Rejection at O(keV) ER rejection
possible
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CYGNUS: WIMP SEARCH AND OPTIMIZATION

1”—37

&1075

210739
51070
o104

-

5 10712
]

1

sectl

O —13
= 10 ’
51(1 _
8 1(]—-1-.;
71071
= 107"
= 107"
;1079

10—

—51
10 107! 10" 10! 10° 10°

WIMP mass [GeV/c?]

---~ Single electron threshold: 0.25 keV, [755:5 Torr He:SFy)
Worst-case threshold: 8 keV, [755:5 Torr He:SFy)
Search mode: 8 keV, [1520 Torr SF|

Significant contribution at low masses and
expected to be measure 10-50 neutrinos

RICAP 2022, G. Dho

SD WIMP-proton cross section

22

CYGNUS X 6 yrs

TH ===~ Single electron threshold: 0.25 keV, [755:5 Torr He:SF)

Worst-case threshold: § keV, [755:5 Torr He:SF |
wewsve. Search mode: 8 keV, [1520 Torr SF

10" 10! 10° 10°
WIMP mass [GeV/c?

SD sensitivity with fluorine is expected to
strongly improve current status
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CYGNUS: NEUTRINO AND E-RECOILS

Number of ER recoils induced by neutrinos vs
angle away from the Sun

105 Electron recoils E, € [5,1000] keV

1 1

Exposure xdR/d cos 6

0.0 0.2 0.4 0.6 0.8 1.0
cos B y

€ w. . .
>< . _» Kinematics allow to
Vo N € _ak"" measure directly the

background where recoils
cannot happen
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CYGNUS: NEUTRINO AND E-RECOILS

Number of ER recoils induced by neutrinos vs
angle away from the Sun
€ [5,1000] keV

Electron recoils E,
1

10° E T
O 10t
0 - pp
o 10°
U E
T e g
_F-‘é -
10!
X
“é‘ 10°
8 101 ==
% -==""NO (EC)
[ 102
1073 L

0.4 0.6
cos 0 y

Klnemotlcs allow to

€ v.. . .
X e -
VoS meosure directly the

\ background where recoils
cannot happen

RICAP 2022, G. Dho

1 o sensitivity to pp flux as a
function of the
total non-neutrino ER background

2 o sensitivity to combined
measurement of the

CNO and pep + 7 Be pp fluxes,
fixing the background

rate to 10 times the pp electron
recoil rate

23

|fop — frp<| [%]

14 H

12

10H

o}
6
=

100

T T o v .
2AInL =1
Nondirectional
Low performance

| Mid performance

B High performance

| 1000 m* x 5 years
He:SFg at 740:20 Torr

T T
2AIn L = 6.18 contours:
Nondirectional
Low performance
B Mid performance
B High performance
= Borexino

8k

6F

06 0.8 1.0
f, pep+7Be
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Background rate = 10 x Rp, |
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CYGNUS: NEUTRINO AND E-RECOILS

Number of ER recoils induced by neutrinos vs

angle away from the Sun
€ [5,1000] keV

Electron recoils E,
1

0 :
O 10k
0 - pp
o 10°
U E
E 102 g
% -
10!
X
“é‘ 10°
8 101 -
% == "(NO (EC
[ 102
4 ‘\'\Lﬁ‘.\
-3 1
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) Bl High performance i/
= /
— 60_1(]00m3x5yea:5 ‘,“j
] a He:SF at 740:20 Torr ',/
&

|

=
)

Solar neutrinos spectroscopy

possible with CYGNUS:
Borexino measurement could be
extended at lower energies with
0O(10) m® detector
CYGNUS 1 ton could measure the
CNO cycle

feno

Klnemotlcs allow to

€ v.. . .
X e -
VoS meosure directly the

\ background where recoils

cannot happen
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2 0 sensitivity to combined measurement of the
CNO and pep + 7 Be pp fluxes, fixing the background
rate to 10 times the pp electron recoil rate

14 H

12

10H

)

2AInL =1

T T

1000 m* x 5 years |
He:SF at 740:20 Torr
Background rate = 10 x Rp, |

T T
2AIn L = 6.18 contours:
Nondirectional
Low performance
B Mid performance
B High performance
= Borexino -1

0.8 1.0
f, pep+7Be
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CYGNUS: NEUTRINO AND E-RECOILS

« Improvements for electron recoil studies are ongoing

And evaluatig the expected

angular resolution
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CYGNUS: Puysics CASE

N = volume in
m?3and atm
pressure

Many different
physics studies at
different scales!

RICAP 2022, G. Dho

Dark matter Neutrinos Other physics

sub-GeV WIMP search Directional CELNS " Directional neutron

! . g | =

® Measurement
of Migdal

Constrain non-
standard CEv
NS interactions

- Do on L . Rl
Competiti\-'e ])n"i."i.‘-'slt")l'l. dl_r(“!;‘t‘nll'nr'l'd]
sub-keV ER/NR
non-WIMP measurements
search
100 e T S——

High-statistics directional
background measurements

.~ e it . ST g

Thim

s

10k m— [ W77 . T L i M
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CONCLUSIONS

Today and future uncertainties (excess..) and background sources (neutrino fog..) on the Dark Matter
landscape shows the necessity of exploiting extra measurable quantities.

« Directionality is the only viable option to finally positively identify and characterize DM and distinguish from
other source of potential signal

« EXxperimentally, more and more techniques are under development or demonstrated the feasibility to
measure direction of nuclear recoils induced by various DM candidates

« The recoiling imaging of the recoils of the gaseous TPC is focused on the classical WIMP paradigm and is
well established with good performances and already the possibility to scale at O(1) m? towards the
realization of CYGNUS

« CYGNUS projects aims at building a large scale detector for Galactic Electron and Nuclear Recoll
Observatory at ton scale with time-resolving 3D imaging capabilities with the potential already expressed
in an extensive conceptual and practical paper and in the Snowmass paper
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SoLID: CRYSTALS

Levitating SiO,

@ - (b)
X . ~ 200 kml.i -
‘ ; J 1 -

dyjop s |Neutmn DM Ngg

10 ¥ time trace

0,004

Background-free 90% projected sensitivty

RICAP 2022, G. Dho

0.010

In case of DM interaction

Ge crystal anisotropies

» Conjecture: The threshold for creating an electron-hole pair has a
similar directional dependency.

» This idea is supported by time dependent density functional theory
(TDDFT) calculations.

<«

haracteristic electrical G éﬁ o
signals on plates are N "&
measured in every ‘f"_ <
direction o w @
S
Promising proposal
for MeV DM candlidates
mpw=0.3 GeV ]
§ glﬂ_
Eé _510*2
1073

03 04 05 06 07 08 09 1

Dark matter mass (GeV)
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