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I Dark Matter: a search hampered by many false promises

.

i.e. many things can look like a signal if you don’t know where they are coming from
Direction is the only way
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The unexplained Low Energy Excess (LEE) appearing in many low threshold detectors (scipost Phys.proc. 9 (2022) 001)
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a. Directional DM searches
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¢ s Directionality as tool for background rejection,

Capability to reject
isotropy

A. M. Green et. al, Astropart. Phys. 27 (2007) 142

—

WIMP signal
(recoil map)

Angular distribution of Fluorine ‘
recoils [5;50] keV

galactic latitude

Background

Directional detector can tolerate
unknown backgrounds, including
neutral
WIMP signal in
principle detectable
with O(10) 3D events
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¢ s Directionality as tool for background rejection,
neutrino physics

Capability to reject Capability to identify
isotropy Solar neutrinos

e-Print: 2102.04596

Fluorine recoils [8-50 keV,] ~ September 6
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WIMP signal
(recoil map)

Angular distribution of Fluorine
recoils [5;50] keV
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Directional detector can tolerate

unknown backgrounds, including The Neutrino Floor is an
neutral opportunity, not a limit
.WI.MP signal in Sun nevutrinos
principle detectable hvsi
with O(10) 3D events physics
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¢ s Directionality as tool for background rejection,
neutrino physics and DM astronomy

Capability to reject Capability to identify Capability to probe DM
isotropy Solar neutrinos nature
e-Print: 2102.04596 Phys.Rept. 627 (2016) 1-49

Fluorine recoils [8-50 keV,] ~ September 6
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- Gaseous TPC experimental approach

Depending on the anode segmentation (x-y) and time sampling (z), tracks can be
reconstructed in 1D, 2D or 3D

Anode- and charge
readout plane
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lonising particle 1D GEM 2D optical 3D pixels

Energy + particle ID + 3D position + recoil angle + vector sense
Less event — More event
information ' information
Improved background discrimination
More physics cases per exposure
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He:CF; @ 1 atm JINST 13 (2018) no.05, P0O5001

CYGNO :3D TPC with optical readout via PMT + sCMOS

triple 50 um GEMs

lonization clusters P MT °
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EQC)(GNO :3D TPC wit

He:CF; @ 1 atm

JINST 13 (2018) no.05, P0O5001

h optical readout via PMT + sCMOS

sCMOS:

high granularity
X-Y + energy measurements

-@1/3 noise w.r.t. CCDs
@ Market pulled

€ Single photon sensitivity

¢ Decoupled from target

¢ Large areas with proper optics

—— PMT R7378
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h optical readout via PMT + sCMOS

sCMOS:

high granularity
X-Y + energy measurements

-@1/3 noise w.r.t. CCDs
@ Market pulled

€ Single photon sensitivity
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¢ Large areas with proper optics

—— PMT R7378
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GS
B ' CYGNO :3D TPC with optical readout via PMT + sCMOS

sCMOS:

high granularity

X-Y + energy measurements

"y

o e

Soft electron from natural radioactivity

&1 /3 noise w.r.t. CCDs
€ Market pulled

¢ Single photon sensitivity

¢ Decoupled from target

¢ Large areas with proper optics
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3 He:CF; @ 1 atm

| Photographing tracks with C)(GNO

....with classical electron drift
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Optical readout features

¢Camera focused on last amplification stage

Lens de-magnification sCMOS sensor
geometrical acceptance

5=t 1

g
g
@

@D 0= /51 1) xa)?

sCMOS-GEM Focal lenght
distance F.L.

&€The further the camera, the larger the area it
can image

& a 36 x 36 cm? area with an effective granularity
of 155 x 155 umz2 (large volume application)

€a 10 x 10 cm? area with an effective granularity
of 43 x 43 um? (small volume application)

&The further the camera, the lower the light
yield detectable

€ =1 x 10-4 coverage for large volume application
&+ 1 x 103 coverage for large volume application

Camera electronics is integrated,
the output is an USB plug
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C Y GNO timeline

Instruments 6 (RORR) 1, 6 JINST 15 (R0L0) P10001
JINST 15 (ROR0) 12, T12003 2019 JINST 14 PO7011
JINST 15 (R0L0) PO8018 NIM A 999 (R021) 165209

Measur.Sci.Tech. 32 (R021) 2, 025902

INITIUM: PHASE O: PHASE 1: PHASE 2:

NID studies Ré&D and prototypes o(l) m? demonstrator 30 m3 experiment

Currently at _015/16 _017/18 2019/2024 2024/2026 R0R6 ...
LNGS ROMA1 LNF LNF/LNGS LNF/LNGS LNGS

MANGO ORANGE LEMON LIME CYGNO_04

: bmn mmu I “u i

LT AT

i wlmnn.lm 1

- up to B cm drift - i - intil - B0 cm drift - background
- for gas studies - - underground tests - material tests, gas
- MC validation purification - Physics research
- scalability

2
33x33 cm \.\N\E
Copper Rlngs
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1 sCMOS + 4 PMT + 3 GEMs

33 x 33 cm? readout area
N I 50 cm drift length
CMOS sensor i} 1 lgﬁ&%m@“g‘k, | 50 L active VOIume

50 cm Field Cage Cathode
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Eur. Phys. J. C 83 (2023) 10, 946
. LIME overground commisioning @ LNF =

Electron recoils calibration

-~

Multi-source + bkg

spectrum Energy response linearity Energy resolution
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to correct for detector
response disuniformities
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Measur. Sci. Tech. 32 (2021) 2, 025902

g NR vs ER discrimination

&

e AmBe neutron source to induce NRs

¢ Selection based on topological information of the
tracks (size, shape and light density)

¢ Discrimination based on single variable: light

(]
density
- Baracchini et al, Measur.Sci.Tech. 32 (2021) 2, 025902
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Measur. Sci. Tech. 32 (2021) 2, 025902

NR vs ER discrimination

GS
|

e AmBe neutron source to induce NRs

¢ Selection based on topological information of the NEW!
tracks (size, shape and light density) ’

e e e e , , ) ML techniques on full MC simulation
e Discrimination based on single variable: light

density Rejection factor with 40% Signal Efficiecny
4 keV bins
980 . Baracchini etral, MeasurSciTech. 32 @021)2,025902 L
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Experiments CRESST ~ LEGEND-200 OSMICSILENCECOS,NUS
Underground
installation with
full axuliary
systems
Shielding Number of bkg pictures Event rate Period

Runl none 4 x 10° 35 Hz Oct 2022

Run2 4 ¢cm Cu 4.5 x 10° 3.5 Hz Jan-Mar 2023

Run3 10 cm Cu 2.7 x 10° 1.3 Hz May-Nov 2023

Run4 | 10 cm Cu + 40 cm H,O 2.8 x 106 0.9 Hz Dec 2023-Apr 2024

; > B e e e e L EEEVAY
g S EE ] e e et e L/ L L L LT ity

Run1t Run2 - Run3 Run4
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als LIME underground operation with full
| auxiliary system configuration

N

Am_Pressoro (bara)]

¢ Automated system developed to control and monitor :
remotely HV, gas system, environmental parameters, DAQ, : R A4
trigger rate, 55Fe calibrations, detector conditions and data WU f
taking SR

staple LIME pressure

& Automatic data reconstruction implemented i I
& Complementary Grafana online monitor for fast — o o
interventions to critical issues : : Trigger rate

|

¢ Fully remote shifts 24/7 from Run4 | %-
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— F. Di Giambattista PhD thesis

ﬁ LIME expected backgrounds from MC simulation

External backgrounds Internal backgrounds

§> E_ No shielding 2 = c:::: t;°r|dsHEF:.+NR) i Event rate
% 10° E External ~——— 4cmCu E = gamodel(ERiﬁlF:i)NR) [1 0° yr1]
3 107 gammas P 5 M i cage (ERNF) Field cage (3.5740.01)
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; ) (015120008
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: 100 ’ “M TOTAL (7.3410.01)
E I
e o | 1 10 Please note LIME was NOT
S e by b by b by vy TR B B H H H N
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— F. Di Giambattista PhD thesis

ﬁ LIME expected backgrounds from MC simulation

R e RN

External backgrounds Internal backgrounds

026810001
(015120008

“ v | Comerabody | (0024240.0005) |
14 (()) sl ﬂ] . (0.5£02) (2.0£02) e Camera body (0.0242+0.0005)
z - ey TOTAL _____ (7.34:001)
E Il
e o 10 Please note LIME was NOT
Seoaoadao b b Lo b Lo L a Lo = = H H
0 20 40 60 B0 100 120 140 16G A OOed” 50 100 150 200 250 300 350 400 450 500 built with radioactive pure
EnergylkeV] Components

(26.2:0.6) (870£10) 10°

= E =
S F No shielding 2408 BN Camera body (ER+NR) Event rate
° L > . C lens (ER+NR| Source
2 10 External ——— 4cmCu e H-avods ERNR) [105yr]
€ E - i) I Actylic box (ER+NR) 5
g 10° gammas ?oc ':mcgu g — Efl?siffie(é?ﬂl?) Field cage (3.57+0.01)
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Shielding background background F £ Cathode (1.095+0.001)
[108 ER yr] [NRyr] 10°E- o oo GEMs (0.3891+0.0002)
Unshielded (1140+30) (1480+90) E
= L

(9.4+0.3) (1000+30)
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no shielding

x10°

30 - Internal
No shield I External gamma
[ External neutron

Event rate [events/keV/yr]

Total rate: 1.14(3)x10° ev/yr

50 100 150 200 250 300 350 400 450 500
Energy [keV]
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ﬁ LIME expected backgrounds from MC simulation

External backgrounds Internal backgrounds

é £ No shielding g 10° Bl Camera body (ER+NR) Event rate
$-  External | semos 2 = e Souree [10°yr]

L s SEE: | TR

g 10° gammas 10 ¢m Cu 8 . i cage (SR Field cage (3.57+0.01)

s 10om Cu+40cmwater || g 1" B GEM (RN (1.873+0.006)
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Shielding background background F £ Cathode (1.095+0.001)
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§ § 300
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Total rate: 1.14(3)x10° ev/yr Total rate: 3.45(7)x107 ev/yr
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ﬁ LIME expected backgrounds from MC simulation

’

External backgrounds Internal backgrounds
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E % B iterra E pternal E | ] ISnrt:iee;IT:ialraldicactivity
z . Il External gamma 2 I Shield radioactivity 2 120
8 No shield B xcorn noutron 5 4 cmCu B External gamma 5 10 cm Cu I External gamma
o o I External neutron -% 100 I External neutron
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ﬁ LIME expected backgrounds from MC simulation

-
’

External backgrounds Internal backgrounds
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F. Di Giambattista PhD thesis

ﬁ LIME underground data/MC comparison results

Runt
<+ Simulation Runl background
g+ + Runl data
1071 * ki
4 ’t*
} +++*++ Dominated by
* ™ external backgrounds
+
]
* o
i !
pre
0 20 A(E)nergy [ke\?? 80 100
—e— Run 1 (Data-MC)/o
1-0 band

The consistency shows the
- capability of simulating
external background

0 20 40 60 80 100
Energy [keV]
Data/MC agreement
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! LIME underground data/MC comparison results

Rate [events/s]

F. Di Giambattista PhD thesis

Runt
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' +++f+ external backgrounds
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* \'\ﬂ\" “aN
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0 20 4gnergy [ke\?;) 80 100
—e— Run 1 (Data-MC)/o
1-0 band

The consistency shows the
- capability of simulating
external background
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Rate [events/s]

F. Di Giambattista PhD thesis
LIME underground data/MC comparison results
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The consistency shows the
capability of simulating
external background
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Discrepancy increases
with suppression of
external backgrounds
- internal component is
missing
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G S
. A closer look into the missing component

S

nnnnnnnnnnnn

un 1 data (6 <40, 6> 11)
un 2 data (6 <40,6>11)

107 R
R
Run 3 data (6 <40, 6> 11)
R
R
R

* Excess of a events in all runs (long, dense tracks)

1072 un 1 data (6 >11)

un 2 data (6 >11)
un 3 data (6 >11)

- Alphas from GEANT4 (not simulated) are not enough to
explain the excess

K
o 1077
L

° Due to gain saturation, alphas direct energy measurement not .-
feasibile

107®

0 200 400 600 800 1000
Energy [keV]

T
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A closer look into the missing component

nnnnnnnnnnnn

—— Run 1data (6 <40,6>11)
— Run 2 data (6 <40,6>11)
— Run 3 data (6 <40, 6>11)
Run 1 data (6 > 11)
Run 2 data (6 >11)
Run 3 data (6 >11)

Excess of a events in all runs (long, dense tracks)

1072

- Alphas from GEANT4 (not simulated) are not enough to
explain the excess

._.
2

-
o
a

Rate [events/s]

=
o

Due to gain saturation, alphas direct energy measurement not
feasibile

-
o
|

=
o
|

Length distribution indicates peaks around 5.9 MeV, 6.6 MeV, 8.1 N
MeV peaks (might be ?22Rn) .,
Radioactive contamination might (A TR~
also induce beta and gamma i [V = seaeon
events, populating the low energy ¢ e
region : ez
Further studies to identify the
source (ongoing)
Low radioactivity Radon filter T T e T

installed at the end of Run4!
JINST 19 (2024) 03, P03012
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CYGNO TDR. DOI:10.15161/0ar.it/76967

&5 PHASE 1: CYGNO_04 design in LNGS Hall F e

e OPEN SETUP
Aggiornato 04.04.. e

Infrastructure
| ‘ | construction work
S v || starting in June

& 2 TPCs back to back, 50 cm drift, 0.4 m3 active volume
¢ 50 x 80 cm2 readout area per side
¢ Triple 50 um GEMs amplification per side
& 3 sCMOS Orca Quest + 6 PMTs per side

¢ Effective granularity 130 x 130 um2 + 100 um along Z
& Goals:

Photoelectron (electrons)

¢ Minimise internal radioactivity on a realistic experimental layout and scale
& Assess actual potentialities of a large O(30) m3 PHASE 2 experiment to reach the expected physics goals

|
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S

LNGS - HALL "C" WITH
CYGNO 30 Cubic Meter
Isometric view[6)
Scale: 1:250

CYGNO 1 Cubic Meter

Cygno of 30 cubic meters made by an array
of 4x8=32 Cigno modulus of 1 cubic meter.
The setup is completed by a copper (100 mm

thick) and water (3m thick) shielding

PRELIMINARY |

! ! 2 1 1 5 1 ‘w1 1 s [ ’ 1 1 n u
. HALL "C* WITH SOENATC e

OPERA EXP. STRUCTURE N
] Isometric view[5] =7 \, |

Scale: 1:250 .~ \

B . B
c c
0 D
> <

INFN Fasscan Nanowet L
7 Reseance Duasin - SEM

IS0 80156 | Roughness IS0 1302
. NAME

TT_TuE

= N NAME
e | I_:.:' NAME

CYGNO EXPERIMENT

CYGNO 30 Mc @ LNGS-U SETUP i [
FIRST EVALUATION OF SETUP-ENVELOPPE

3T s o

o 23/11/20200 C.Capoccia
=X ‘1—9— o
11 .

CYGNO 30 Mc

SO T T T AT T [ T 7

T

) I

9

I 10 I 1

PHASE 2:
30 m3 Experiment

2026..
LNGS

CYGNO_30

- Physics research

Multiple stacked
CYGNO-04 like
modules
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lower the ener

R&Ds towards CYGNO-30:

Paper on arXiv
tomorrow!

threshold

¢ The possibility of increasing the light yield is under study to
lower the energy threshold

¢ By applying a strong O(10) kV/cm induction field after the
last GEM, additional secondary photon are produced

¢ Up to a factor 2 enhancement achieved for standard
CYGNO ampilification and gas mixture without any
degradation in diffusion or resolutions

¢ Up to nearly a factor 20 enhancement achievable with
altenative amplification strategies/gases fractions

Drift gap

Y EEEEEEE

¥ (poels)

g 8 8 8 & 3 3 8

Events/10

10?

10

Normalised light integral

18
16
14
12
10

N A OO ©

t+t+t, 60/40 GEM @400V
T+T, 60/40 GEM1/2 @775/490V
T+T 70/30, GEM1/2 @700/500V

T+t 60/40, GEM1/2 @770/430V

|11

T+t 70/30, GEM1/2 @700/385V

PRELIMINARY

T I|IIIlllllllllllI|fll||||||l|||||

C>O

PRI RS T
14 16
EMesh (kV/ cm)

g 8 8 8 8 338 8

gt

—\_‘w = - ; s - ‘ B T
0 kV/em in $ 10 13.6 V/em in
c
EL gap g EL gap
Polya fit Polya fit

Mean = 159 F Mean = 567

Sigma =70 & Sigma = 233
¥ 10
1

" 1| I PR —— | -
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200

Number of photons

Number of photons

%5Fe spectrum
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R&Ds towards CYGNO-30:  “Tmorow -
lower the energy threshold

P
¢ The possibility of increasing the light yield is under study to s 18
lower the energy threshold 8 16
& By applying a strong O(10) kV/cm induction field after the § 145_ —————————
last GEM, additional secondary photon are produced 2 1oF- T y—
© -
& Up to a factor 2 enhancement achieved for standard 2 1oE- b
CYGNO amplification and gas mixture without any £ F e
degradation in diffusion or resolutions S 8- e
¢ Up to nearly a factor 20 enhancement achievable with °c PRELIMINARY
altenative amplification strategies/gases fractions 4
2
. 0_ PR [N S TR TN N TN S TN (NN SN ST SN (NN TN ST TR SN ST SR SN (N SO SR SR NN S S
Drift gap 0 2 4 6 8 10 12 14 16
GEM1 I I BN N B . - EMesh (kV/cm)

GEM3

¥ (poels)

g 8 8 8 & 3 3 8
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g 8 8 8 8 338 8
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1 - .m - n L 43
1R i . —_— T
= o—ss_E bl --=- By = 0.5 keVe, 2 0 kV/ecm in S 13.6 V/em in
2 F 1 : EL ga s EL ga
3107 |‘\ \ -——- Ey, = 1 keV,, il gap Polya ft gap Polya fit
n “ \‘ gean =_17 .‘g) i Mean =567
%1 0 40 \ \\ igma = Sigma = 233
[e] S YO 10
6 E \\ \\ 10 |
61041 S
2 = \\ \
o - v 3
21 0—42 E \\ \‘\
= - v 1 1
; 1 0—43 - \\\:\\~\ = [l l |
- \\‘ . > ,“’ - | ]| S S LA
10-44é 100 th bk S irszammewse==T"" - i St mWrIgO:hoto:\iw : o Wy IO zg(r’nbergo:hoto:éoo
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| R&Ds towards CYGNO-30: ™iwiel™™  erc
__increase sensitivity to O(GeV) WIMP masses

& Possibility of adding hydrogen-rich gases under <1 PRELIMINARY
study to increase sensitivity to lower WIMP B o <
masses > % ' CHq
& Isobutane (iC4H10) and methane (CHa) in < 10% 235100 o
concentration tested z Hedowcr,
& While overall light yield is quenched by § ,}g, o .
hydrocarbons, the addition of methane & im of8 % iC4H10
allowed to reach higher gains effectively = &
achieving higher LY : %
6 x 103

0 2 4 6 8 10
Hydrocarbon content [%]

|
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Paper under journal
SIk R&Ds towards CYGNO-30: ™"

~_increase sensitivitz to OSGeV! WIMP masses

& Possibility of adding hydrogen-rich gases under <10 PRELIMINARY
study to increase sensitivity to lower WIMP B o <
masses > % CH,
L C
& Isobutane (iC4H10) and methane (CHa) in < 10% 235100 o %
concentration tested z Hedowcr,
. . . . £
¢ While overall light yield is quenched by = ,Sg o
hydrocarbons, the addition of methane ¥ 108 M % iCsH1o0
allowed to reach higher gains effectively = &
achieving higher LY : %
6 x 103
0 2 4 6 8 10
Hydrocarbon content [%]
= 10°%
0% | e 2% CiHi ——
107 =% E,=05keV,, 1044 1
10—38 ? _ 10_35 ? %, I d DAMA Allowed
10‘32 =\ 107 i i ARIFT (2016)
40 [ ] L CYGNO
10_415 10 %, omxdyr g0, === Ngyg = 10°
113_42 3 10_38 i ,"' ,,,,,,,,,,,,,,,,, ; g 1) BKG — 10:3
L; _39 .....................
1078 s, S S T ————— 10—40 —
o4k BT v 10_41 ===+ He/CF, 60/40
1045§ ==== He/CF, 60/40 10_42 vevs HOICFICH, 58/40/2  TWREIITESSSSITIITU e
46 = ) Xenon1T W] »=) T el picO-500
10 E wrwwe He/CF iC,H,, 58/40/2 1035 Ew=05keV,,
10_477 1 ool 1 TR R T | A 1 W B A | —44 | L1l
10
1 10 DM mass (GeV/cz)102 L 10 DM (r)nzass (GeV/cd)
P
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G S R&Ds towards CYGNO-30:

imerove tracking Berformances & scalabilitz

¢ Electronegative dopant in the gas mixture (CSg,

T. Ohnuki et al., J. Martoff et al.,
CH3NO>, ...)

NIM A 463 NIM A 440 355

¢ Primary ionization electrons captured by
electronegative gas molecules at O(100) um

€ Anions drift fo the anode acting as the effective

Negative image carrier instead of the electrons
AL, I1<3n
+ 'me . L[] . .
e Projection  © Longitudinal and transverse diffusion reduced thanks

€ e-
S to the large mass of the charge carrier

CSz(J:S _ Jeff Martoff
2¢8, € Allow for realisation of larger TPC volume with same (or

e improved) tracking performance
R XXX
¢ Negative ion drift velocity is O(cm/ms), compared to

O(cm/us) electon drift velocity because of larger
mass

¢ Significant improvement of resolution along drift direction
thanks to slower image carriers for low rate applications

European Research Council ~ INITIUM goal is to realise NID
Supporting top researchers (N ——— operation within the CYGNO approach
R 0P PP

from anywhere in the world

E. Baracchini - Directional Dark Matter Searches with the CYGNO/INITIUM project - Conference on Science at the SURF 2024 38



E.

R&Ds towards CYGNO-30:
improve tracking performances & scalability

....1o this with same experimental layout

From this....

He:CF4
60:40

From this....

15m

1m

2m

30m?

94 m?

60 m?
readout

*real data!

He:CF4:SFs
59:39.4:1.6

....to this with same tracking performances

3m

30m3

62 m?

2m 20 m2
readout

30 m? less surface:
Less material
(background)

Less redout sensors

N
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G S are

| Negative lon Drift studies  °

0.90 atm PMT waveforms
(LNGS atmospheric pressure)

°
2

Ampiitude [mV]
8

¢ Negative lon Drift studies: diffusion and mobility S S ——
¢ Base mixture He:CF4:SFs ' W ED
¢ Multiple relative fraction of He/CF, tested with 1.6% of SFs o

¢ Tranverse diffusion via sCMOS images analysis = W

b 6 b5 & °
8 8 2 B o

¢ Longitudinal diffusion via PMT waveform analysis §
¢ Finalisation of analysis and interpretation of the results on going )

To our knowledge,this is
the first time ever NID
operation at 900 mbar
with optical readout is

<
t[ms]

0O(0.1 us) time extent for ED
O(10 ms) time extent for NID

measured =
S NID mobility from PMT | °*°m e
52t \waveform analysis .
Gas Diffusion @1 kV/cm [L2= 2 b i _ y —— JINST 13 04
cm g E *—5 § :: : J—/‘j\l—
Ar:CH4 (90/10): 600 \] § 1-5;— ' ‘ '
~aY & F
He:CF, (60/40): 120 09 i :é
?(e\‘ 05F ‘
He:CF..SF;(59:39.4:1.6): 35 : , , , , |
- // 0 1 2 3

4 5 6
Reduced drift field [V/cm/torr]
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" Conclusions & outlook

& Directionality as a tool for positive DM signature identification

& Successful operation of 50 L detector underground for > 1 year
¢ Stable and high quality operation achieved with full auxiliary system

¢ High quality data and highly consistent MC simulation allowed to identify Radon contamination
impossible to predict in advance

& Development towards CYGNO-04 realisation advancing
¢ Construction expected to be completed by Fall 2025
& Several R&Ds under development towards CYGNO-30

¢ First ever demonstration of NID operation at atmospheric pressure with 3D optical readout
¢ Lowest measured diffusion ever reported to our knowledge

T ——————
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¢ Directionality as a tool for positive DM signature identification

& Successful operation of 50 L detector underground for > 1 year
¢ Stable and high quality operation achieved with full auxiliary system

¢ High quality data and highly consistent MC simulation allowed to identify Radon contamination
impossible to predict in advance

& Development towards CYGNO-04 realisation advancing
& Construction expected to be completed by Fall 2025
& Several R&Ds under development towards CYGNO-30

¢ First ever demonstration of NID operation at atmospheric pressure with 3D optical readout
¢ Lowest measured diffusion ever reported to our knowledge
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PPIND017 | ' P DELLE ECCELLENZE PER LA RICERCA IN ITALIA.
x i, 7 7 ® Measurement
= Directional neutron X-ray polarimet -
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| From neutrino floor to neutrino fog

D. S. Akerib et al., 2022 Snowmass Summer Study, arXiv:2203.08084 C. A. J. O’Hare, Phys. Rev. Lett. 127 (2021) 25, 251802
¢ Discovery limit as function of the Gradient of discovery limit, n = —(dInc/dInN) !
observed N neutrino background P L — 4 ; , - =

events and uncertainty 8® on 1040
neutrino fluxes

Background free
N<1l0x1/N

104

10—44
Poissonian background subtraction

Né®? < 1,0 x 1/V'N

10—45

10—46 D

Purely dominated by systematics i

N6&> > 1,0 o /(1 + N6®?)/N

10—48

SI WIMP-nucleon cross section [cm?]

¢ nis defined so that n = 2 under W DsNB
normal Poissonian subtraction, 10‘5100_1 100 01 102 L0 Lo e 105 108
and n > 2 when there is saturation WIMP mass [GeV /2] Number of 8B events
¢ The value of the cross section o at
which n crosses 2 is defined as the ] Lo .
neutrino floor. Reducing the sensivity of an experiment by a factor
dlogo \-1 X requires an increas in the exposure by at least x"
n=—\—-—1——=
(d log M'T )
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| From neutrino floor to neutrino fog

D. S. Akerib et al., 2022 Snowmass Summer Study, arXiv:2203.08084 C. A. J. O’Hare, Phys. Rev. Lett. 127 (2021) 25, 251802

¢ Discovery limit as function of the
observed N neutrino background
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neutrino fluxes ¢
13— Ge -
Background free g Ar
> 102 — Si 4
N<1l,0x1/N *g /
- _
Poissonian background subtraction o 10
9 g
Né®* < 1,0 x1/VN T 100+ _
V]
-
Purely dominated by systematics %10_1 _
X
N§®% > 1,0 x \/(1 + N§®2%)/N M Exposure in ton-years required to reach the n = 2
107 (systematic limited) spin-independent neutrino fog
¢ nis defined so that n = 2 under level as a function of the DM mass for various targets
. - —3 1 1 IlIIII| 1 | IIIlIII 1 1 IIIIIII 1 1 lIIIIIl 1 1 Ll 1111
normal Poissonian subtraction, 10 10! 100 10! 102 103
and n > 2 when there is saturation. Dark matter mass [GeV/c?]
¢ The value of the cross section o at
which n crosses 2 is defined as the . o .
neutrino floor. Reducing the sensivity of an experiment by a factor
dlogo \-1 X requires an increas in the exposure by at least x”
n=—\—-——=
(d log MT )
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-~ Gaseous TPCs landscape
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cos(0)

Quenching Factor
» Use 1 keVee threshold

» Evaluate QF with SRIM ° ' SRIMMC 1L H
» Introducing angular 0'82 i
distribution as discriminating vied
» Full head/tail recognition “H 11 sl
» Using a 30 deg resolution 02— He n He G,
P e T 1Foi2n e E (keV.)

Examples of expected measured angular distribution in Galactic coordinates

035

He nuclear recoil by 10
GQV WIMP

cos(6)

F nuclear recoil by
100 GeV WIMP

¢ (rad)
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. Eyes (and waveforms) can’t lie

sCMOS image
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GEM preamp output

08 ~

06

~

o —ND

0.0015
t(s)

0,005 0 0.0005 0,001

O(us) rise for ED
O(ms) rise for NID

0.90 atm

Amplitude [mV]

Amplitude [mV]

°
o B %

PMT waveforms
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&° NID drift velocity and mobility from PMT WF analysis ¢

>
g

From ED PMT signal, given  : wwww
the known drift velocity, we o L
? estimate the alpha dZ et ﬂ
- spread (? == 7 mm) - | dT = varift X dZ
Field cage rings 0.90 atm 3 \ED PMT average WF
(LNGS atm preSSure) ‘ 7(‘11‘ ‘ ‘lO,‘OS‘ ‘ ‘8‘ - ‘0.05‘ - ‘0‘.1‘ ‘ ‘0.‘15‘ - ‘OﬁZ - ‘0.‘25‘ - O}S‘I‘(u‘s)

Given the alpha dZ spread estimated from ED (7 mm), estimate NID drift velocity:

¢ From GEM preamp output rise time
¢ From PMT waveforms time window extension, after proper WF rebinning
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s | = 5 —— JINST 13 04
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Drift field [V/cm] Reduced drift field [V/cm/torr]

Black points from published data with pixel charge readout and same mixture at 610 Torr [8]
T
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Smce fall 2016

CYGNUS proto-collaboration vision

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

MeRRANRERNRRRRRRRARARRRNRENN

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

Vahsen,! C. A. J. O’Hare,> W. A. Lynch,® N. J. C. Spooner,® E. Baracchini,% 8 P. Barbeau,”

. E.
. B. R. Battat,® B. Crow,! C. Deaconu,’ C. Eldridge,® A. C. Ezeribe,> M. Ghrear,! D. Loomba, 10
K. J. Mack,!* K. Miuchi,}? F. M. Mouton,® N. S. Phan,!® K. Scholberg,” and T. N. Thorpe!:6

arXiv:2008.12587

E ¢Helium/Fluorine gas mixtures at 1 bar
. . Y ..o ¢ Sensitivity to O(GeV) WIMP for both SI & SD
| Cyeyus SRR - couplings
; ' ; ¢ Possibility of switching between higher (search
mode) and lower gas densities (improved
directionality) for signal confirmation

- Y ... & ¢Reduced diffusion
S o™ s Through negative ion drift or “cold” gases
[ ¢3D fiducialization
. : ¢ Through minority carriers or fit to diffusion
- o &Directional threshold at O(keV)
A= & . | 3 sFull background rejection at O(keV)
B |
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E[l CYGNUS 1 ton WIMP searches expected sensitivity *
’ !
He:SFs 755:5
10-57 CYGNUS X 6 yrs 10-35 CYGNUS X 6 yrs
81075 L1070
210—39 &10—37
= 10-10 g sl
= 10 210 =
o r— -~
g1t 2 107%
N N
o 1074 2 107"
2] . a 1 Sy Sa\N\ \N O o=
S 1078 5104
— —44 = —42
8 10—40 8 10—43
21 0—46 -1
o 10 ' 1 < 10
= 1077 SO S — = 107
= 10~ FRNEE el = 101
A 1079 e Single electron threshold: 0.25 keV, [755:5 Torr He:SFg) A 10~47H ===~ Single electron threshold: 0.25 keV, [755:5 Torr He:SF
. Worst-case threshold: 8 keV, [755:5 Torr He:SF) «2 = . Worst-case threshold: 8 keV, [755:5 Torr He:SF ]
107V /e, Search mode: 8 keV, [1520 Torr SF 1071 e Search mode: 8 keV, [1520 Torr SF
-5l —49
0701 10° 10" 10° 10° 10 10707 10" 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

. |
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