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Direct search

Indirect search
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WIMP hunting
indirect

DM : SM
DM SM
Dark Matter searches in the 2020 - Tokyo
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Dark matter searches
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WIMP hunting

* Indirect Search E—;! ﬁ
DM SM
» WIMP's annihilate @ Galactic Center,
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~ « WIMP signal

* nuclear recoll: elastic scattering
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DRIFT, NEWAGE, MIMAC,
CYGNO,CYGNUS (gasTPC)
NEWS-DM(emulsion)

DAMA, DM-ICE, COSINE,
SABRE, ANAIS, PICOLON (Nal)
DEAP(Ar)
XMASS (Xe)

(photon + heat) (light + charge)
XENON, LUX,
PANDA-X,LZ (Xe
DarkSide (Ar)

CRESST
(Caw04)
* Technologies
* Ordinary radiation detectors
« Background: electron recoll
(charge Er (charge)

* more than two Info
+ heat)

= reject electron BGs PICO (CxFx) CoGent CDEX
CDMS (Ge/Si) DAMIC,SENSEI (Ge)
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1. Mainstream : Large Detectors



. DAMA, DMJICE, COSINE,

DRIFT, NEWAGE, MIMAC, SABRE, ANAIS, ICOLD(';NA(pI\ziIr))
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¢ D/ \ M I \ ( N a I ) NEWS-DM(emulsion)
(photon + heat) :
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« SOMETHING Is detected
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—xplaining DAMA with BG
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PRL 113, 081302 (2014)
« Solar neutrino has largest flux in winter. (Sun closer.)

Fitting the Annual Modulation in DAMA with Neutrons from Muons and Neutrinos
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 DAMA | Strong tension with other nucle;

PRL 109. 181301 (2012) Physics Letters B 682 (2009) 185-192
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COSINE-100, 1.7 yrs
¢ Single-hit
Multiple-hit
DAMA/LIBRA-Phasel

 Othér Nal detectors

DAMA/LIBRA-Phase2

 Annhual modulation measurement
Consistent with null and DAMA, yet.

North and South

[ ]
Modulation Amplitude (counts/keV/kg/day

l 20
Energy (keVee)

Pure crystal
arxXiv:1910.13365v]
—— DAMA/LIBRA result

—o— ANAIS-112 best fit

1o sensitivity
exposure 2.0y
20 sensitivity
exposure 2.0y
3o sensitivity
exposure 2.0y
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|
<
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Need to be stay tuned.

modulation amplitude
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)
DRIFT, NEWAGE, MIMAC, )
CYGNUS(gasTPC) X

» Lia Xenon : 1 phase (liquid-only) detect i
« XMASS 3
* Observation 2013 Nov.~2019 Mar. 5 R L
« 642X PMTs
» 800kg liauid xenon e
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A direct dark matter search in XMASS-I

XMASS Collaboration*



Fitting the obtained energy spectrum with BG + WIMP
Consistent with the BG model

XMASS DM limits
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Kaluza-Klein solar AXION
Extra dimension AXION: mass ~keV

 Thermally produced in the Sun = gravitationally trapped
= decays in the detector

Prog. Theor. Exp. Phys. 2017, 103C01 (10 pages)
. ; N.Oka et. al.
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En+ DIRECTION
DAMA, DM-ICE, COSINE,
DORIFT, NEWAGE, MIMAC, SABRE, ANAIS (Nal)
CYGNUS(gasTPC) Eq(light) DEAP{Ar)

» LiquidiXe/Ar : double-phase (liquid+tgas) [ =——_—"

(photon + heat)|

CRESST
Cawo4

e -
£ (charge Ea{charge)

+ heat)

PICO(CxFx) oGent CDEX
CDMS(Ge/SH) DAMIC (Ge)
GETWINPS2019 EDELWEISS (Ge NEWS-G (Ne)

Double phase detect incipl The Time Projection Chapka=FDa
oubie pnase aetector principie ] YENON detector

. . . . . . = tehas o - — 248 3" low-bkg PMTs

I mdrift X o1 m
—~ 2 tons active LXe
i — largest LXe TPC built
liquid Xe * m : filled and functional
‘ since May 2016

light yield

M. Lindner MPIK




Dark Matter Search Results from a One Ton-Year Exposure of XENONIT

« Some events in ROI PRL 121, 111302 (2018)

« ER : radon Nneutron : neutrons from « particle
red:nuclear recoil (signal) region
gray:BG (electron) region

ER W Surface Neutron I AC B WIMP
SOOOE ectron Accidental

R [cm]PRL 121, 111302 (2018)
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« XENON1 T11ton ¢ year result
fitting

—ER —— Surface neutron

— CEVNS —AC e \WWIMP
DAMIC (2012)
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N will be the ultimate WIMP detector before the neutrino “fog

* Final phase of construction
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2. New lrend : Low Mass DV



* You may know better than |...
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limit
WIMP-nucleon cross section [cmz]

Direct search history

 Bolometers
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 Bolometers

Latest results of CRESST-III's search for

sub-GeV/c? dark matter

Holger Kluck
on behalf of the CRESST collaboration
16th International Conference on

Topics in Astroparticle and
Underaround Physics (TAUP2019)

September 10, 2019

« May 2016:
10 CRESST-IlIl modules
installed

« Jul 2016 — Feb 2018:
data taking (80% blinded,
20% training set)

« Detector A

CRESST-IIl detector

- |lowest nuclear régcoil
threshold so far: 30.1 eV

« Target crystal massi 23.69g
« (Gross exposure: 5.6 kgd

« [arXiv:1904.00498],
accepted by Phys.Rev.D
- this talk
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* Lia. noble gas: S22 only analysis

PRL 121, 081307 (2018)

PRL 121, 081307 (2018)
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Double phase detector principle
PMT

" gas Xe

e DarkSide-50 2018
DarkSide-50 Binomial Fluctuation
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PRL 123, 251801 (2019)

* Improved 4-7 GeV limits
* note: lighter nucleus (Ar) is better for low mass WIMPs

PRL 123, 251801 (2019)

1

nucleus dependence
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(a): SI DM-nucleus scattering




« And still lower: MIGDAL PRL123, 241803 (2019)

PRL123, 241803 (2019)
10-2

4
ot eI

10 32 o8 \ o 3 sy

T

1078 EDELWEISS (MIGD)
CDEX (MIGD) — NEWS-G
CRESST-III —  CDMSlite = S2-only data (XENONIT)
10— ——  LUX (MIGD) | = DarkSide | = Sl-SZdawf(XEN()NlT) = PRL123, 241803 (2019)
Y

0.08 0.1 0.2 0.5 1.0 ‘ FIG. 1. Nustration of the ER signal production from BREM

m Z[GeV/Cz] (green) and Migdal processes (pink) after elastic scattering
between DM (x) and a xenon nucleus.
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3. Others



Bubble chhamber

¢ Superheated chamlber
« [hreshold-type detector
 Best SD sensitivity

many bubbles can you count?

SD WIMP-proton cross section [cm?]

PICO-60 C F,
Complete Exposure

10

WIMP mass

DAMA, DM-ICE, COSINE,
DRIFT, NEWAGE, MIMAC, SABRE, ANAIS, PICOLON (NaI)

CYGNO,CYGNUS (gasTPC) DEAP(Ar)

NEWS-DM(emulsion) XMASS (Xe)

(photon + heat) ’ (light + charge)

CRESST XENON, LUX,
(Caw04) PANDA-X,LZ (Xe
DarkSide (Ar)

S

(charge Er (charge)

+ heat) CoGent CDEX
DMS (Ge/Si) DAMIC,SENSEI (Ge)
cccccccc 1QQ(Ra) NEWS-G (Ne)

C;F5 52kg
1167kgdays
2.45keV threshold
3 events remained



e Fluokine advantage

Hugh Lippincott, Fermilab
for the PICO Collaboration

DU 2017

Scaling to PICO-500

[sotope ‘ Abundance(%) Hiiag X¥ITF+1D unpaired nucleon

100
02.5
S0, 1
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ACT 1 SUMMARY

« DAMA, - Xenon(Sl), Fluorine (SD)

NUCL. PHYS. AT. ENERGY 19 (2018) 307-325

S2-only Migdal

S2-only NR
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ACT 1 SUMMARY

DAMA, - Xenon (Sl), Fluorine (SD)

2-6keV

DAMA/LIBRA -pliasel (1.04 lé)ug\l) e ——— | €= DAMA/LIBRA-phase2 (1.13 tonxyr) =—t———t——i—>

Residuals, cpd/kg/keV

Time. d

S2-only Migdal

S2-only NR

SD WIMP-proton cross section [cm?]

PICO-60 C,F,
XENON1T, Laura Baudis Complete Exposure

0.1 0.3 1 3 10 30 100 300 1000
Dark matter particle mass [GeV/c?] WIMP mass [GeV/c?

DM-nucleon cross-section [cm?]
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¢ XENON ER excess arXiv 2006.09721 (to appear in PRD )

https://web.bo.infn.it/xenon/sito_web Bologna/docs/
xenonlt _er excess 20200617.pdf

B ER W Surface Neutron R AC W WIMP

8000 _ B < for NR search
4000}~ N i ':.:, : PRL 121, 111302 (2018)

2000

arXiVv 2006.09721

1000~

4 for-ER search

I ER W Surface Neutron I AC I WIMP

—
o
o
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—— Hj
I SH1 data

cS2y, [PE]

30 40 ) 5 15
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 Energy scale & Efficiency
« Both confirmed independently
« Demonstrated with 220Rn calibration data

calibration

arxXiv 2006.09721
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« Radioactiveisotopes (¢14Pb. radon daughters)

- Solarv ~ ===- 83mKy
133y 124y 0
- Materials 131my e — By
- 136 - 125] ] SRI1 data
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* Excess between 1-7 keV

« 285 events observed

« 3.3 o Poisson fluctuation

arXiV 2006.09721

. 232 events expected (BG only) IR




« 320
e 3H/Xe=(62 £20) X 102° mol/mol

 [wo possible source

* cosmogenics. made from xenon by cosmic-ray
« atomosperic: H,O (HTO) or H, (HT)

(a) Tritium

« 100 ppb level of H, can
explain this amount.

® L 63.(:%2 < ‘1K)K)k)

Events/(t-y-keV)

15 20 25

30 1. z ] e B &L P . e
Energy [keV] ilable, we can neither confirm nor exclude it

as a background component. Therefore, we report re-

« Compared the significance with other sources.



XENON1T Anomaly and its Implicati

on for Decaying Warm Dark Matter
4l Motoo 5

h Suzuki (Tsung-Dao Lee hanghz
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H—DI5—D3EHE2020 online
(darKONIline2020)

20205£9H8H
R:AYTA

AENON NT EXPERIMENT

Columbia University
JSPS Postdoctoral research fellow

EXPECTED SENSITIVITY: TRITIUM VS ER SIGNAL (AXION) ?

Masatoshi KOb(T'].-’(T shi I 2'Ph: 1 pBg/kg (XENONNT goal)
. I ?'“Pb: 3 pBa/kg
I 2Pb: 5 uBq/kg (achieved in SR2) axion and tritium

» Discrimination power between

» Note: BGs are based on 1T
best fit
> If Rn BG level is enough low,
axion/tritium could be

Expected o

distinguished with few month of
data

» Ex. —4 sigma with 1-3 uBg/kg

3 -4
Exposure [t-y]







« And still lower: MIGDAL PRL123, 241803 (2019)

PRL123, 241803 (2019)
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10— ——  LUX (MIGD) | = DarkSide | = Sl-SZdawf(XEN()NlT) = PRL123, 241803 (2019)
Y

0.08 0.1 0.2 0.5 1.0 ‘ FIG. 1. Nustration of the ER signal production from BREM

m Z[GeV/Cz] (green) and Migdal processes (pink) after elastic scattering
between DM (x) and a xenon nucleus.




* MIGDAL effect ?

« calculated (predicted)
* nuclear recoill = excitation / ionization
« caused by a sudden change of the
« small probability

* reformulated
* energy momentum conservation
* probability conservation

can be used for DM search

Migdal effect in dark matter direct detection
experiments

FIG. 1. Nlustration of the ER signal production from BREM
(green) and Migdal processes (pink) after elastic scattering
between DM (x) and a xenon nucleus.

Masahiro lbe,*® Wakutaka Nakano,” Yutaro Shoji® and Kazumine Suzuki®




e Low~_mass WIMP search by MIGDAL effect

~lalls

INaCALANST 1] BN

LUX: PRL122(2019)131301
EDELWEISS: PRD 99(2019)082003
CDEX: PRL 123 (2019) 161301
XENON: PRL 123 (2019) 241803
SENSEI: arXiv:2004.11378v1
S2-only Migdal
PRL123, 241803 (2019)

, S2-only NR
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« Why MIGDAL observation is difficult”?

electron track ~0.1 keV
« K energy resolution
« < spatial resolution

Xe (ge = m,. X 1073)

2.0%x102
1.4x10?

FIG. 1. Mlustration of the ER signal production from BREM
(green) and Migdal processes (pink) after elastic scattering
between DM (x) and a xenon nucleus.




* Migdal ghallenge

Observation of the Migdal effect from CERN-UK

nuclear scattering using a low ol 2
. https://indico.cern.ch/event/872501/contributions/3730586
pressure Optical-TPC Jattachments/1985262/3307758/RD51_mini_week Pawel
_Majewski_ver2.pdf

Pawel Majewski
Rutherford Appleton Laboratory

RD51 mini-week, CERN, 10-15 Jan 2020

Detection capability of Migdal effect for argon
and xenon nucle1l with position sensitive
gaseous detectors

JP

Kiseki D. Nakamura!, Kentaro Miuchi!, Shingo Kazama?, Yutaro Shoji®,

: = 22 2
Masahiro Ibe*®. and Wakutaka Nakano®

rX1v:2009.05939v 1




Observation of the Migdal effect from
nuclear scattering using a low

g Straightforvvard method pressure Optical-TPC
 Nuclear track +electron track with gaseous detector S

o Demonstrations OK ‘For Rutherford Appleton Laboratory
nuclear recoil / electron recoil each.

RD51 mini-week, CERN, 10-15 Jan 2020

O-TPC at CERN (from F. Brunbauer) O-TPC at UNM (from D. Loomba)

2D reconstruction

» 25-35 Torr CF4

+ 2THGEMS (0 > 0.7 mm)

* Imaging area ~1,9cm x 1.9¢cm
+ 4x4 on-chip binning

- Data acquired using following sources:
& * Fo-55 {59 koV x-rays)

nu_1

* Co-6l (y's)
* DD neutron generator (~2.2 MeV n's + y's)

gL e 44
a8 3D track ——————— l I
Infermaton visuahsation l
3D track reconstruction . 2 . /
in Ar/CF4 (80/20) § =: § -
at 100 Torr 3 | I I |
E ~ 270-300 keVeo |

E ~ 100-120 keVee




Detection capability of Migdal effect for argon
and xenon nuclei with position sensitive

* Detect characteristic signal gaseous detectors

“two-cluster” events

. He]D tO reduce huge baCkgI"Our]d Masahiro The*5 and Wakutaka Nakano®

cluster A

1.nuclear recoil cluster B
(Enr)

3.de-excitation X-ray
(Edex)

4.de-excitation electron
(Enl - Edex)

2.Migdal electro?
(Ee)

v g i 7 . : g - 9 - -
Kiseki D. Nakamura!, Kentaro Miuchi!, Shingo Kazama?2, Yutaro Shoji?,

arxXiv:2009.05939v1

distance between clusters

Ar 1atm

expected SIG+BG

counts / day / cm

SIG: Migdal (cut3)

-- BG: intrinsic neutron (cut3)

any “MIGDAL anomaly” prediction?






 Directional search : concept "CYGNUS™

* Morexobust evidence than annual modulation
¢ Study-the BM-nature after discovery

; : :,1 . _’: -" ; '.'__ '.-.' . i
(e, 1 gl ., T e e
- . '., S S 5 e gl «
RS £ stem & e
e :‘_’t' o e e -
expected anguler distribution S o Vol
Physics Letters B 578 (2004) 241-246
Wi AT A
R N e @ LAB
Ng: 12 events N, :201 events X N g “/
. . . ;-_° % . ¢ {

(1] | RN A5 W . s
'M=80GeV L R i i | K 2

- 0=0.1pb B Clear forward scattering | %nucleug’}

»
™ ]

AL .\-;\—RR- SRR :‘:':'.‘ ﬁ:‘:‘:“'““: ' 7. e .

-1 cos 0 1 S
(0 : angle between the nuclear recoil direction .

and constellation CYGNUS) :




World-wide CYGNUS

2020 J. Phys.: Conf. Ser. 1468 012044
il gl NEWAGE/CYGNUS-KM

CYGNUS-10 Kamioka, Japan
Boulby, UK 2 SF6 / CF4 '
10m3 He:SF4/ | AN, Strip readout

GEM + wire readout;

a3 V-

CYGNUS-HD10
SURF, USA
He:CF,:C,H,,

Strip readout
CYGNO-Initium

Gran Sasso, Italy
He CF, (SFy)
SCMOS+PMT readout

CYGNUS-0Oz
Stawell, Australia
R&D leading to.1 m3

PR multi-site observatory
Kentaro Miuchi KEK-PH Oct. 2020 bb




e SKYMAP (measured DATA)

galactic latitude

-\WAGE (Kobe+t)

u _Plc ) . - B . ) . — M =
SKYI\/IAP 180 160 140 120 100 80 60 300 280 260 240 220 200 180 ICICI|Ei N EWAGE Iimits
SD 90% C.L. upper limits and allowed region
10°

High spatial resolution
Spin—-Dependent search

PLB 578 (2004) 241

PLB 654 (2007)58 [T s——

PLB 686 (2010) 11, PTEP (2015) 043F01S, TAUP2019
PTEP (2020) ptaal47  TikedaTAUP2019

M, v/



arXiv 2008.12587

» Realistic simulation (strip readout)

CYGNUS X 6 yrs

-0 IS
210 2 >

even 10m?3 detector

can start explering Xe neutrino
floor

—————

Q.‘
"
.

.
o
.
vy
’’’’’
---------

-——~ Single electron threshold: 025 keV, [755:5 Torr He:SFy)
q I Worst-case threshold: 8 keV, [755:5 Torr He:SF,] |
-------- Search mode: 28 keV; [760 Torr SFg
---lll"---.llll--.Illll---Illll---.ll |
10" 10)° - 10° 10

WIMP mass [GeV /c?

SD WIMP-proton cross'S



Toward discovery

» Potential to search beyond the “neutrino floor”
whereJarge detectors are reaching.

F. Mayet et al. / Physics Reports 627 (2016) 1-49

1.6667 - 3.3333 keV
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CYGNUS After Discovery. astronomy/cosmology

Test the HAEO model
« (ex) Sagittarius stream

 constellation B
‘jﬁ CYGNUS -

Our GALAXY

Sagittarius~

A\,

dwarf \‘

Orphan
slrebm

\

,‘ Mqowll

Trailing arm

PHYSICAL REVIEW D 90, 123511 (2014)

expected

standard HALO

lm standard HAO +
stream

galactic
coordinate



* isotropic (1-r) + anisotropic(r) DM HALO model indicated by n-
body simulation (r~0.3)

Discrimination of anisotropy in dark matter velocity distribution with

directional detectors
Keiko I. Nagao ***, Tomonori Ikeda ¢, Ryota Yakabe ¢, Tatsuhiro Naka %¢, Kentaro Miuchi €

* Faculty of Fundamental Science, National Institute of Technology, Niihama College, Nithama, Ehime 792-8580, Japan
® Faculty of Science, Okayama University of Science, Okayama, Okayama 700-0005, Japan

¢ Department of Physics, Kobe University, Kobe, Hyogo 657-8501, Japan

d Department of Physics, Faculty of Science, Toho University, Funabashi, Chiba 274-8501, Japan
® Kobayashi-Maskawa Institute, Nagoya University, Nagoya, Aichi 464-8601, Japan

Physics of the Dark Universe 27 (2020) 100426

* main observables. energy +
direction(8) =2D fitting

[Entries / bin]
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iNnteraction provide characteristic angular distributions

angular distribution

(93
operator
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PHYSICAL REVIEW D 92, 023513 (2015)




- Clearevidence.: DM na




- "KEK-PH Oct. 2020,







e | atest results

« DAMA
annual modulatio

e bolometers
e liguid xenhon

2
Cwimp p[Cm ]

latest results

DAMIC (2012)

107
= _DAMIC (2016)

10°% = }_

CDMSlite (2016) DAMA allowed
10 41 N S o

DarkSide-50 (2018) b COSINE (2018)
107* XMASS(2018)
10+
107 SUSY

8
107 B A7)
(20
i ::_NomT t
(g7 neutrino floor
cted)
: AT (proV®
107% xENON
107 atomospheric
10-5-3 . 4
1 10° 10°
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* Cross section

M M,

. Enhancemezféf@czt@r CC o ™ M, +My
-N — Fluz—N N GZ : Fermi coupling constant

: reduced mass
Oy-N7
Sl interaction

2 . .
Coc A A. atomic number
SD interaction (contribution of either proton or neutron is

CO@idoeCre QJ (J +1)

Lande factor
J . total spin of the

[sotope i Abundance(%) ' Hmag ' ,\2.][./ F1) | unpaired nucleon
H | 100 2703 | 0.750 | proton
“Li 92.5 3.256 0.244 proton
LR 80.1 2.689 0.112 proton
15N 0.4 —(.283 0.087 proton
. 100 2.629 0.647 proton
“Na 100 2.218 0.041 proton
k) 100 2.813 0.007 proton
133 100 2.582 0.052 proton
‘He 1.0 x 10~ —2.128 0.928 neutron
o) 0.0 —1.890 0.342 neutron
296 4.7 —0.555 0.063 neutron
BGe 7.8 —0.879 0.065 neutron

129% o 26.4 —0.778 0.124 neutron

131 ¥ e 21.2 0.692 0.055 neutron
183W 14.3 0.118 0.003 neutron

[V [ S f SO S S

(SR S SO S SR SR SR S )




« Neutro BG (1 3events/4ton year) = neutron Veto(nVeto) detector
 |Load Gd in the water

neutron background in XENONnNT
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« Upcoming detectors: XENONNT, L/

XENONNT projection
(2()08)
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Kentaro -Miwuchi
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strip readout with
various threshold

CyYGNUS-1000

m” X 6 yrs
Strip
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. UK ABdulby
 pioneered this field (DRIFT)

tTm3detector running underground (Boulby)
for yéars

. low BG, large volume

« _10m°* ehamber design”ongoing
* low BG vessel design w/ simulation
-« R&D for GEM and wire readout
 clean space underground at Boulby
« easy to excavate more

Boulby Underground Lab

KentaroMiuchi TAUP2019
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« JAPAN / Kamioka See T.lkeda's Talk for NEWAGE

« pionsered Bd-tracking (direction sensitive) (NEWAGE)
«.C/N=1.0 chamber (18 X 30X30 cm?2 detectors)

* chamber ready
« TPC cage (W/ resistive sheet), feedthrough being commissioned

C/N-1.0"chamber
* Negative ion studies

« 3-D tracking

« MPGD gas avalanche simulation

+ ASICs for negative ion strip readout
| > 5k channels made
g S /
| 4 + chip test started

1L
TPC cage =

S 019 83



e ltaly / GranSasso (intended)

3D optical readout with negative ion drift
* electron drift CXGNOroadmap & synergy with [f{ﬂm

* negative ion drift CYGNUS_RD PHASE 0 PHASE 1 PHASE 2

2020 2021 2022

Construction Instaliation &
data taking

: Demonstrator
1 sCMOS 1 sCMOS 1 sCMOS

10 x 10 em? area 20 x 24 cm2 area 33 x 33cm2area__,

PHASE_O funded
by INFN

3x3cm?area 10 x 10 cm2area

0.8-1 atm NITEC MANGO

L)
£
g
o
™
o
5
>
v

Negative :
ion drift E A

@l
2016 2017 2018

Part of this project has received fundings under the European Union’s Horizon 2020 research and innovation programme from the
Marie Sklodowska-Curie grant agreement No 657751 and from the European Research Council (ERC) grant agreement No 818744




—‘
"

- US / U?r(intended)

* Focusi X pixel, strip readol

\ EAR

T AR

- e - {‘ )
_.,.‘\ K,

- ‘ x-;“ ¥ 4
fﬂd 1 ® Ja ff@posed

,-‘;‘-_J !
LY LJ.

S - i il = o -j..: '

” 4‘" ',

P, ‘u!“!

AT
-
fw £ >
YA ;
» ’ ..'
rv-

Kem;arngﬂfEtf 2L L TAUP2019




» Australia /.Stawell

¢ Excavation of new lab
started -.operation in
2020

¢ Space available in 2020
for 1 m3 CYGNUS TPC,
10 m=.in 20257

DM community.recéntly
funded - includes R&D

for-CYGNUS

CYGNUS-0OZ @ SUPL

Stawell Underground Physics Laboratory:
1025m depth in the Stawell Gold Mine

« Decline construction, accessible by truck *f-::

$10M funding - excavation started
« Operational in 2020

Australian Centre of Excellence for Dark

Matter Particle Physics: >
$35M in funding from 2020-2026 >

Clean-room\low radon areas

First experiment to be Nal-

based (SABRE), but there .
is space available for a
1m3 CYGNUS detector.

=\ Environment broadly:

\comparable to Gran !
: Sasso

g WiFP

"h .Szusar

Stawell
| osueL X
 3000mwe N

Stawell
Deepest
point

CYGNUS-0Z:
Australian National
University plus Universities
of Melbourne, Swinburne,
Adelaide, Sydney and
Western Australia




s BRZWHAATEBEMEORER -« T5/%65
+ O(10)  SBXRTRIDAGBELOEI  (cf ZEIEE) O (1ed) EXR)

HESNERHATY T BiESh3RBAN

= T Physics Letters B 578 (2004) 241-246

ettt h
cos 6
(0 :13< b & 5BOFHEEFEREDOFAOETE)




CYGNUS: community

7><b|—annua] workshops (200 7-)

e« CYGNUS 2017 Xichang, Sichuan, China June 13 - 16, 2017
e CYGNUS 2 t.) ' 5 Occidental College, Los Angeles, California, USA June 2 - 4, 2015.
CYGNUS 2013 Toyama, Japan June 10 - 12, 2013.
NUS 2011 Aussois, France June 7 - 10, 2011.
CYGNUS 2008 Massachusetts Institute of Technology, Cambridge, Massachusetts, USA June 11 - 13, 2009.
o« CYGNUS 2007 Boulby Underground Laboratory, Saltburn-by-the-Sea, Cleveland, UK July 22 - 24, 2007.

» 2 XTreview papers, another iIs coming

(‘r\ NU\ 019 =

International Journal of Modern Physics
v 1 (2010) 1-51
itific Publishing Company

THE CASE FOR A
DIRECTIONAL DARK MATTER DETECTOR AND
THE STATUS OF CURRENT EXPERIMENTAL EFFORTS

CYGNUS 2019 @Roma

Readout technologies for directional WIMP Dark Matter
detection

Physics Reports 662 (2016
J.B.R. Battat *, I.G. ha@tmza ,A. Aleksandrov = - =
E. Bar uchlm j Billard "%, G. Bosson’, O. Bourrion’, ]. Bouvier’
A Buonama K Bmcluc f0.11 .5 Cobllan P. (ohe1 L. (omlgllo ' T. Dafni?,







CYGNUS: collaboration

oroto~collaboration (2016-)

+

The CYGNUS Galactic Directional Recoil Observatory .
Proto-Collaboration Agreement.

Now that conventional WIMP dark matter searches are approaching the neutrino floor, there
has been a resurgence of interest in the possibility of introducing recoil direction sensitivity
into the field. Such directional sensitivity would offer the powerful prospect of reaching below
this floor, introducing both the possibility of identifying a clear signature for dark matter
particles in the galaxy below this level but also of exploiting observation of coherent neutrino
scattering from the Sun and other sources with directional sensitivity. There has also been
significant progress recently in development of technology able to record the directional
information from nuclear recoils at low energy (sub-100 keV) necessary for these goals. This
includes progress on improving the sensitivity of low pressure gas time projection chamber
technology but also on novel ideas with higher density targets, such as ultra-fine grain
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DarkSide-50 LAr TPC and vetoes

. ‘DarkSide S2=-6nly &

50 kg LAr active mass

19 PMTs top / 19 PMTs bottom cryogenic (LT bi-
alkali photocathodes)

Active neutron veto with borate-scintillator

Data taking since 2014 and still running

< ERKVcn T

Sandro De Cecco

Liquid Argon TPC
153 kg 3°Ar-Depleted
Underground Argon

Target

4 m Diameter
30 Tonnes
Liquid Scintillator
Neutron Veto

10 m Height
11 m Diameter
1,000 Tonnes
Water Cherenkov
Muon Veto




Low Mass DM ionization only search background :

E [keVnr]
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Excess of events wrt to
background prediction

due to trapped/delayed
electrons peak.

N, > 7 analysis threshold for My > 3.5 In high N, region, dominant ER
GeV in Data-MC good agreement region. backgrounds, level prediction
with extrapolation from high

energy spectrum MC fit, in very

Also seen by XENON100. N. > 4 analysis threshold for My < 3.5 GeV. good agreement with data (at
Further studies ongoing. Region dominated by excess of Data over MC % level).

£




Low Mass DM 90% C.L. exclusion limit result :

Assuming quenching a
non-stochastic process

1078

10—39

1 0-40

with binomial quenching
10741 fluctuation model

10742 DarkSide-50 Binomial
DarkSide-50 No Quenching Fluctuation

- NEWS-G 2018 LUX 2017

= XENON1T 2017 e PICO-60 2017
10—43 PICASSO 2017 -+« . CDMSLite 2017

e CRESST-III 2017 PandaX-II 2016

= XENON100O 2016 DAMIC 2016

t- - = CDEX 2016 CRESST-II 2015
10—44

o~
E
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-
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©
=
o}
0)
—
0
-
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I
-
0
o
")
1]
=
-
-
1]
a

.=+ =+ SuperCDMS 2014 CDMSlite 2014

= COGENT 2013 CDMS 2013
CRESST 2012 DAMA/LIBRA 2008
Neutrino Floor

r._
10—45E g 1 A | ‘ L.y & |
5x10°! 1 2 5 6 7 8 910

3. 5
M, [GeV/c”]
- Profile Likelihood Method for N_>4 and N_>7 thresholds shown respectively for My < 3.5 GeV and My > 3.5 GeV
- Uncertainties for both WIMP signals (NR ionization yield, single electron yields) and BG spectrum (rates, ER ioniz. yield)

Due to lack of knowledge about fluctuation at very low recoil energy, two cases :
- Binomial fluctuation for NR energy quenching, ionization, and recombination processes.

No Fluctuation for NR energy quenching process. Corresponding to apply hard cut off in quenched energy ~0.6 keV
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Quantum I\/Ieasurement and
a Weak value

Ferromagnet Qubit

Hybrid Quantum System

Y. Tabuch: et al. Phys Rev. Lett., 113, 083603 (2014)

Microwave cavity

erromagnet Qubit

K:ttel mode
8.01
13.

Reflection coefficient [te(Ar

17)9Y] JU9IDI0D UORODYOY



Ferromagnet

Hybrid Quantum System

Y. Tabuchl et al.

L .
Ferromagnet

o Kittel mode
8.01

27 (GH2)

-3.65
Coil current / (mA)

o,

Bt —
201801@#F

Qubil

Phys Rev. Lett., 113, 083603 (2014)

o
BN

o
w

Reflection coefficient Ite(Ar)

o

N
o
—
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Highlight 2: Negative ion PC Study

* Pioneered-by DRIF | grou..
» Minority carrier discovery (CS,+0,, Occidental group)

U
]

» Sk discovery (2015, UNM growp)




* to be.CYGNUS: Trackings

LTARS2016 + Wellesley’s micromegas
resistive-strip readout

readout

detection area
trigger strip {16+ 16strips, 3X3mm?)

Waweform
digitizer {64ch)

Ethemet

X (Anode ) [mm] Y (Cathode ) [mm]

2019 J. Inst. 14 TO1008

~300event
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o 5A0)steer|ng Commlttee@1 EC L/CE.%EI%E |l— B Kentaro Miuchi ™ e

{Kobe University) S Activiies

* Highlights
* Summary

nnnnnnn

World-wide CYGNUS (ver. TAUP2019)

CYGNUS-KM
Kamioka, Japan
SF6 / CF4
Strip readout

CYGNUS-10
Boulby, UK

10m° He:SF, -
GEM + wire readout

T
3

CYGNUS-HD10
SURF, USA
He:CF,:C H,,
Strip readout

CYGNO-Initium
Gran Sasso, ltaly

He CF, (SF)
sCMOS+PMT readout .
-~ &
CYGNUS-0OZ
Stawell, Australia

R&D leading to 1 m? k :
Long-term p‘lan 10 m? mUItI'Slte Observatory

Kentaro Muichi TAUP2019 &5

Kentaro sMiuchi 104




BESE 831 X31X41cm3

85—y 2 CF, at 01K/
. BENBMRE,

LS

WIZARABIRY AT A

(T=R)LF—FEFE 50keVee)

Field cage
NEWAGE-0.3bA B Drift length: 41cm

L PEEK + copper wires

.
|

=~ GEM

u-PIC(Micro-pixel chamber) -31X32 cm?
-31 X 31cm? - 8-segmented

- pitch : 400pm - hole pitch : 140um

- gain : ~1000 - hole diameter: 70um

- made by DNP, Japan - insulator : LCP 100pum
-gain:"~5
- made by Scienergy, Japan
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TRILF—ZART ML
Energy spectrum RUN22

22Th[ppm]

Standard material

(Pl+glass cloth) 0.39+0.01 1.81+£0.04

' — RUN22 (Low a u-PIC)
New material [l o |

(PI+epoxy)

<2.98x103 <6.77x1073
RUN14 (conventional 1-PIC)

Rate [counts/keV/kg/days]

200 300 400

Energy [keV]

[T A% I CRASE LT
30cmf  low-a p-PIC BGO)1E,/JjZ(1/5OJ/Js_F)' hjZIjJ

(NIM submitted)
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1903.04843
Probing GHz Gravitational Waves with Graviton-magnon Resonance

Asuka Ito,* Tomonori Ikeda,” Kentaro Miuchi,} and Jiro Soda’
Department of Physics, Kobe Uniwersity, Kobe 657-8501, Japan
(Dated: May 17, 2019)
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» Realistic simulation (strip readout) oo

strip readout with
various threshold

even 10m3 detector

(3 order magnitude higher than
the shown curves) can start
exploring Xe"neutrino floor

section [cm”]

&
f
o
A
—
o
i
p—
g
—
-
M
—
/
—
-

e
T F\um"“e

OIFGIIIARIIAFSTRT
_ - ;

114

KentarosM Kentaro Miuchi






» World-wide SF4 activities (convener: Miuchi)
« Wide varieties of MPGD (micro patterned gaseous detectors)
« _Werydctive, new comers are welcome!

Spring loa |ta|y
D gy | P - triple thin(50um) GEM (3 X 3cm?)

New Mexico 4 CERN, 50um pitch, ®30um

" thick(400um) GEM (3 X 3cm?)

gas gain h. QW
2000@30Torr o B gas gain
' 5000@ 175Torr, 2000@370To

Sheffield

Kobe
thin(100um) GEM (10 X 10cm?) Scienergy, 140um pitch, ®70um thick(400um) GEM(50 %X 50cm?)
UK, 0.5 um pith ®0.3um

+ U-PIC(10 X 10cm?) DNP, 400um pitch strip readout
triple thin (100um) E Sueergy, 140um pch, ®70um Wellesley
',7’ Sl p—— o\ Micromegas (10 X 10cm?)
04 [ . ' i CERN(gap 128um and 256um)

10 % 10 em*

s ap
128 um and 256 um

). gas gain
: gas gain . — 6000@30,40Tor
’ 2000@20Torr > Basgain '

. % 300@40Torr




« KOBE s activity 1 -PIC in SF6

| tracking test (a-rays)
| AJIC development
« simulation (Garfield++)

- .1
WEEM + - PLCY

2018/3/23



 ASIC development for strip readout

two types of architectures were implemented in LTARS 2016
dynamic-gain
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« ASIC (cont’ d

readout

detection area
trigger strip {16+ 16strips, 3% 3mm?)

800

Time [us]
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M. Lindner MPIK

248 3” low-bkg PMTs
I mdrift X el m
2 tons active LXe
— largest LXe TPC built

filled and functional
since May 2016

L

TAUP, July 24-28 , 2017

The |.UN Detector

| tarun

Vissils

Anode ond

PTFE reflector paneds

PMT holding

copper plates

ounterweght

Bottom thermosyphon




«2-phase Liquid Xenon

Discrimination techni

WIMPs and neutrons interact with nuclei
short, dense tracks

ys and e interact with atomic electrons
longer, less dense tracks

S2/S| used for discrimination
(>99.5% @ 50% NR acceptance)
Drift time

Particle indicales depth

Electron recoils
L L)

i o 1“‘l

Jis \ _ 137Cs source
gy 18 - :
3 o .‘9")- .gu““ﬂ
10 S5y S0

¥ ionization electrons

N9 UV sdntillation photons (=175 nm)

3D Position Reconstruction Recoil

. . median
Z from time difference between S| and S2

(1.5 mm/us @ 181 Viem)
XY reconstructed from light pattern
(resolution of a few mm in WIMP search region) ZEPLIN-1I
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Location of RI RI Activity [mBq/detector] Activity [mBgq/detector]
initial value of the fit the best fit value
LXe 222Rp - 8.53+0.16
85Kr = 0.25 + 0.04
39Ar - 0.65+0.04
14¢ " 0.19 4+ 0.01
Copper plate and ring 210pp  _ (6.0+ 1.0)x 102
Copper surface 2W0pp  — 0.7+0.1
PMT quartz surface Wp .~ 6.4+0.1
PMT 238y (1.5+0.2)x 103 (2.0+£0.2)x10°
(except aluminum seal 232Th  (1.2+0.2)x103 (1.1+£0.3)x 103
and quartz surface) 60Co (1.9+0.1)x 103 (1.6£0.2)x10°
40k (5.841.4)x 103 (9.6+1.7)x 103
210pp  (1.3£0.6)x10° (2240.7)x10°
PMT aluminum seal 238y (1.5+0.4)x 103 (9.0+4.1)x 102
235y (6.841.8)x 10! (414+1.8)x10!
232Th  (9.6+1.8)x10! (5.54+2.2)x 10!
210pp  (2.94+12)x103 (3.4+12)x103
Detector vessel, 238y (1.8+0.7)x 103 (9.04+7.6)x 102
holder and filler 22Th  (6.4+07)x10° (6.443.2)x10°
60¢o (2.34£0.1)x 102 (3.0£1.9)x 102
210pp  _ (3.840.5)x10%

event/day/kg/800PE

Energy scaled by light yieldlkeVee]

Pb210 copper plate

and ring

— 100, 1500 2000
:— LXe PMT aluminum
: seal

Pb210 surface Detector vessel,

holder and filler

PMT (except

aluminum seal)

5000

70000 15000 20000 25000 30000 35000 40000

PE



(a) Inner detector (ID)

Inner surface of the ID

» plate gap40 130um (MTIEARRIESS um)

Table 2 Bl

List of the systematic error on the total event rate in the BG MC simulations. Neg- v, \ e
ligible values are indicated as a blank entry. The contents are categorized according ~ ' - '

to the uncertainty of the detector geometry (a) for (1)-(5), the systematic errors for
the detector response (b) for (6)-(8) and the systematic errors related to the LXe
properties (c) for (9). (b) Section A-A

“¥PMT holder PMT photocathode
Copper vessel Copper plate

(c)
Contents Systematic error Copper\ f Evaporated
‘\

plate *,  aluminum

2-15 keVee 15-30 keVee — ‘:;%uam_ iidow
(1) Plate gap +6.2/—22.8% +1.9/—6.9% )

(2) Ring roughness +6.6/—7.0% +2.0/—2.1% Copper ring MY gy a"m;'r"inum
(3) Copper reflectivity +5.2/—0.0% +2.5/—0.0% e ﬁg&’:",’

(4) Plate floating +0.0/—4.6% +0.0/—1.4%

(5) PMT aluminum seal +0.7/—0.7% - (c) Copper plate around boundary
(6) [—6
(7)
(8)
(9)

Reconstruction +3.0/—6.2% -

Timing response +4.6/—8.5% +0.4/—5.3%
Dead PMT +10.3/—0.0% +45.2/—0.0%
[Xe optical property +0.7/—6.7% +1.5/—1.1%

Overlap and screw Not overlapping
g L
or 300 um

85 um i

—————————

6
7
8
9

- -
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Standard WIMP search
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Source housing & Safety check
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WIMP-nucleon og; [cm

PHYSICAL REVIEW LETTERS 121, 111302 (2018)

Nomalized

10°
WIMP mass [GeV/c?]

WIMP mass [GeV/c?]



Xenon 1T 2017458

o 000 pr—r 34.2 live-days
i F v 1042kg filducial mass

2000

PE

1000 :“’* .. ' 2 2% 1047em?

1705.06655v?2

100

HO

1O—43
100

Corrected S2 bottom

]

8000
y—44

4000 1)

2000

1000 l()—-l'-

100 -l vy N
- BEF- AR

wolk - - (b) ***AmBe calibration

200 10748

WIMP-nucleon o |em

8000 3 : = 10—47 _
102 10°

WIMP mass [GeV /c?]

1000
2000

1000 ‘ PSS

400

s \ MRK D RIEIBGT ) —
s00 L DM run /32 KD TRIZES

100 (¢) Dark matter search ‘%fﬁ . J:D\Bd)%a}lljj L/:Eﬁ
50 : i -3 D 56 (214Pb,85Kr)

20 30 10 50 60

Corrected S2 bottom I]’l:‘l

Corrected S1 |PE

130






Residuals (cpd/kg/keV)

2.6 keV

DAMA/Nal (0,29 tonxyr)
(target mass = 87,3 kg)

Eur. Phys. J. C (2008) 56: 333-355
DOI 10.1140/epjc/s 10052-008-0662-y

Residuals (cpd/kg/keV)

246 keV
IDAMA/LIBRA = 250 kg (1.4 tonxyr) |

Time (day)

Eur. Phys. J. C (2013) 73:2648

132

Time (day)

PRL 113, 081302 (2014)

PRL 114, 151301 (2015)
Eur. Phys. J. C (2014) 74:3196




“CYGNUS” concept
g
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\ WIMP-wind detection
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Solar System

directionality

ot @ LAB
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Physics Letters B 578 (2004) 241-246
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CYGNUS: Directional Detection

e Clear Discovery
+ study|the nature of DM after discovery

directionality
(expected) M=80GeV

seasonal
modulation
(expected)

Oxr = 0.1 pb

Pp = 0.3GeV/c?/cm?| |

Vo =220 km/s

VE =247 km/s (Jun.)
217 km/s (Dec.)

Vese = 650 km/s
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Toward discovery

» Potential to search beyond the “neutrino floor”
whereJarge detectors are reaching.

F. Mayet et al. / Physics Reports 627 (2016) 1-49
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CYGNUS: community

7><b|—annua] workshops (200 7-)

e« CYGNUS 2017 Xichang, Sichuan, China June 13 - 16, 2017
e CYGNUS 2 t.) ' 5 Occidental College, Los Angeles, California, USA June 2 - 4, 2015.
CYGNUS 2013 Toyama, Japan June 10 - 12, 2013.
NUS 2011 Aussois, France June 7 - 10, 2011.
CYGNUS 2008 Massachusetts Institute of Technology, Cambridge, Massachusetts, USA June 11 - 13, 2009.
o« CYGNUS 2007 Boulby Underground Laboratory, Saltburn-by-the-Sea, Cleveland, UK July 22 - 24, 2007.

» 2 XTreview papers, another iIs coming

(‘r\ NU\ 019 =

International Journal of Modern Physics
v 1 (2010) 1-51
itific Publishing Company

THE CASE FOR A
DIRECTIONAL DARK MATTER DETECTOR AND
THE STATUS OF CURRENT EXPERIMENTAL EFFORTS

CYGNUS 2019 @Roma

Readout technologies for directional WIMP Dark Matter
detection

Physics Reports 662 (2016
J.B.R. Battat *, I.G. ha@tmza ,A. Aleksandrov = - =
E. Bar uchlm j Billard "%, G. Bosson’, O. Bourrion’, ]. Bouvier’
A Buonama K Bmcluc f0.11 .5 Cobllan P. (ohe1 L. (omlgllo ' T. Dafni?,




CYGNUS: collaboration

oroto~collaboration (2016-)

+

The CYGNUS Galactic Directional Recoil Observatory .
Proto-Collaboration Agreement.

Now that conventional WIMP dark matter searches are approaching the neutrino floor, there
has been a resurgence of interest in the possibility of introducing recoil direction sensitivity
into the field. Such directional sensitivity would offer the powerful prospect of reaching below
this floor, introducing both the possibility of identifying a clear signature for dark matter
particles in the galaxy below this level but also of exploiting observation of coherent neutrino
scattering from the Sun and other sources with directional sensitivity. There has also been
significant progress recently in development of technology able to record the directional
information from nuclear recoils at low energy (sub-100 keV) necessary for these goals. This
includes progress on improving the sensitivity of low pressure gas time projection chamber
technology but also on novel ideas with higher density targets, such as ultra-fine grain






World-wide CYGNUS (ver. TAUP2019)

| jslx x“ CYGNUS-KM
CYGNUS-10 \ Kamioka, Japan
Boulby, UK | 2 SF6/CF4 f
10m?* He:SFz/ | AN Strip readout g‘

GEM + wire readout;

-
&

CYGNUS-HD10
SURF, USA
He:CF,:C,H,,

Strip readout
CYGNO-Initium

Gran Sasso, Italy
He CF, (SFy)
SCMOS+PMT readout

CYGNUS-0Oz
Stawell, Australia
R&D leading to.1 m3

e b0 £ 1 multi-site observatory
Kentaro Midchi TAUP2019 140




. UK ABdulby
 pioneered this field (DRIFT)

tTm3detector running underground (Boulby)
for yéars

. low BG, large volume

« _10m°* ehamber design”ongoing
* low BG vessel design w/ simulation
-« R&D for GEM and wire readout
 clean space underground at Boulby
« easy to excavate more

Boulby Underground Lab

KentaroMiuchi TAUP2019
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« JAPAN / Kamioka See T.lkeda's Talk for NEWAGE

« pionsered Bd-tracking (direction sensitive) (NEWAGE)
«.C/N=1.0 chamber (18 X 30X30 cm?2 detectors)

* chamber ready
« TPC cage (W/ resistive sheet), feedthrough being commissioned

C/N-1.0"chamber
* Negative ion studies

« 3-D tracking

« MPGD gas avalanche simulation

+ ASICs for negative ion strip readout
| > 5k channels made
g S /
| 4 + chip test started

1L
TPC cage =

010 142



e ltaly / GranSasso (intended)

3D optical readout with negative ion drift
* electron drift CXGNOroadmap & synergy with [f{ﬂm

* negative ion drift CYGNUS_RD PHASE 0 PHASE 1 PHASE 2

2020 2021 2022

Construction Instaliation &
data taking

: Demonstrator
1 sCMOS 1 sCMOS 1 sCMOS

10 x 10 em? area 20 x 24 cm2 area 33 x 33cm2area__,

PHASE_O funded
by INFN

3x3cm?area 10 x 10 cm2area

0.8-1 atm NITEC MANGO

L)
£
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o
™
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Negative :
ion drift E A

@l
2016 2017 2018

Part of this project has received fundings under the European Union’s Horizon 2020 research and innovation programme from the
Marie Sklodowska-Curie grant agreement No 657751 and from the European Research Council (ERC) grant agreement No 818744
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- US / U?r(intended)
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» Australia /.Stawell

¢ Excavation of new lab
started -.operation in
2020

¢ Space available in 2020
for 1 m3 CYGNUS TPC,
10 m=.in 20257

DM community.recéntly
funded - includes R&D

for-CYGNUS

CYGNUS-0OZ @ SUPL

Stawell Underground Physics Laboratory:
1025m depth in the Stawell Gold Mine

« Decline construction, accessible by truck *f-::

$10M funding - excavation started
« Operational in 2020

Australian Centre of Excellence for Dark

Matter Particle Physics: >
$35M in funding from 2020-2026 >

Clean-room\low radon areas

First experiment to be Nal-

based (SABRE), but there .
is space available for a
1m3 CYGNUS detector.

=\ Environment broadly:

\comparable to Gran !
: Sasso

g WiFP

"h .Szusar

Stawell
| osueL X
 3000mwe N

Stawell
Deepest
point

CYGNUS-0Z:
Australian National
University plus Universities
of Melbourne, Swinburne,
Adelaide, Sydney and
Western Australia




DAMA, DM-ICE
COSINE, SABRE, ANAIS(Nal
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CRESST-III low threshold detectors

EDELWEISS-III: FID Ge-bolometer
Detector layout optimized for low mass dark matter

Full InterDigitized (FID) detectors: 820-890 g, h = 40 mm, Radical reduction of dimension
ATBABAGABAEAN KB A * Cuboid crystals of (20x20x10)mm? (=24g)
E : Self grown crystals =3 counts/(keV kg day)
100 eV threshold

Fully scintillating housing Veto surface
Instrumented sticks related background

Simultaneous measurement '\ &2

of heat and ionization signals



arXiv:1707.01632v2

Run 2
Run 1
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Flg. 6 Energy spectrum of all events in the acce ceregion (307 eV-
40keV. see Fig. 5) truncated at a bin content of 30 for reasons of clarity.
For the final result all ev are conservatively considered as poten-
tial signal events to extract an exclusion limit using Yellin's optimum 4
interval method : 157 2.0
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Highlight 1: Feasibility Study. ...

« Realistic simulation (strip readout’ o

strip readout with
various threshold

3

CyaNuUs-1000 m” x 6 yrs

even 10m3 detector

(3 order magnitude higher than
the shown curves) can start
exploring Xeé"neutrino floor
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strip readout with
various threshold
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Highlight 2: Negative ion PC Study

* Pioneered-by DRIF | grou..
» Minority carrier discovery (CS,+0,, Occidental group)

U
]

» Sk discovery (2015, UNM growp)




* to be.CYGNUS: Trackings

LTARS2016 + Wellesley’s micromegas
resistive-strip readout

readout

detection area
trigger strip {16+ 16strips, 3X3mm?)

Waweform
digitizer {64ch)

Ethemet

X (Anode ) [mm] Y (Cathode ) [mm]

2019 J. Inst. 14 TO1008

~300event



Summary

« CYGNUSE: direction sensitive DM direct search
* community, collaboration

» multi=site observatory (1m3. =\larger scale
detectors) i

« New comers (physics, detectors::+).are welcome!

Kentard Midchi TAUP2019 153



Physics after discover
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PHYSICAL REVIEW D 83, 075002 (2011)
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Physics after discovery
 Astrophysics

o Sagittarius stream

PHYSICAL REVIEW D 90, 123511 (2014)

. , Our GALAXY

expected

7 standard HALO

Leading arm e
) Orphan

stream
( 7
@Sun %rsa r
Sagnmiu':" A Major Il
@
\‘ \ stream

\ \ A galactic

coordinate
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Physics after discovery .

:  Neeib, L : WO 1807.02519 #
ib, Lisantif G e 281, Hopkins, arXiv:1808. XXX XX
: SPRL 120(2078) no.4, 041102
JCAP 1804 no. 4, 052

SDSS-Gaia DR2 . .
Heliocentric /s Can be found in a github
| >2. repository near you . o .

distribution

Lina Necib, Caltech 31 7/23/18
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Physics after discovery
« Particle physics()

PHYSICAL REVIEW D 92, 023513 (2015)
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Physics after discovery
« Particle physics®@)

PHYSICAL REVIEW D 81, 096005 (2010)
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