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» Key technology: Gaseous Time Projection Chamber
« 2-dimensional image: Micro Patterned Gaseous Detector (MPGD)

« timing,information: 3 dimension MPGD:
» realtime| 3-dimensional tracking GEM, micromegas, p-PIC

Dirift plane

« drawback: small mass O(kg) / m?



- « Physics cases for directional TPCs as a function of
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Directional Detection

» Clear-Discovery
even with-the neutrino BG

+ study the nature of DM after discovery  wi neutino BG

(expected)

directionality 1.6667 - 3.3333 keV

expecer) M=80GeV neutrino floor ~

J Billard, L Strigari, E Figueroa-Feliciano arXiv:1307.5458 SB V,S
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CYGNUS: community

» 7 X bi-annualworkshops (2007-)

. Xichang, Sichuan, China June 13 - 16, 2017

. Occidental College, Los Angeles, California, USA June 2 - 4, 2015.

. Toyama, Japan June 10 - 12, 2013.

. Aussois, France June 7 - 10, 2011.

. Massachusetts Institute of Technology, Cambridge, Massachusetts, USA June 11 - 13, 2009.
. Boulby Underground Laboratory, Saltburn-by-the-Sea, Cleveland, UK July 22 - 24, 2007.

» proto-collaboration (20164)
« >50 researchers
 discussion-on:going for actual cotlaboration

* Joint papers

International Journal of Modern Physics A
Vol. 25, No. 1 (2010) 1-51 \

© World Scientific Publishing Company

’s World Scientific

www.worldscientific.com

Readout technologies for directional WIMP Dark Matter

detection
Physics Reports 662 (2016) 1-46

THE CASE FOR A J.B.R. Battat ¥, L.G. Irastorza?, A. Aleksandrov =~ | .
DIRECTIONAL DARK MATTER DETECTOR AND E. Baracchini®, J. Billard "%, G. Bosson’, O. Bourrion’, ]. Bouvier’,

THE STATUS OF CURRENT EXPERIMENTAL EFFORTS A.Buonaura*?, K. Burdge “r"‘“,I_S. Cebrian?, P. Colas 12, Consiglio %, T. Dafni?,
N. D’Ambrosio '?, C. Deaconu '*'* G. De Le]l_lis %9 T. Descombes’,
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Gaseous TPC activities

« gaseous TRPCs: most-widely studied in the world

CYGNUS-10
Boulby, UK

10m?3 He:SF,

GEM + wire readout

il »

NEWAGE/CYGNUS-KM
Kamioka, Japan

o\ CF,

Strip.readout

CYGNUS-HD10
SURFE. USA

MIMAC He:CE,..C,H,,
Moderne, France Strip readout
CF,+CHF; ‘p

Strip readout
S .

‘CYGNUS-OZ
Stalwell, Australia
<« R leading to 1'm?
Long-term plan 10 m?3

CYGNO-Initium
Gran'Sasso; Italy
He:CF, (SFy) :
sCMOS+PMT readout
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CYGNUS: physics reaches

» Realistic simulation (strip readout) arXiv 2008.12587

CYGNUS x 6 yrs
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proposal: PLB 578 (2004) 241

Japanese “CYGNUS” aCt|V|t|es first results: PLB 654 (2007) 58

latest results: PTEP 2021 063F01

* pioneered 3d-tracking (direction sensitive) (NEWAGE)
e C/N-1.0 chamber (18 X 30 X 30 cm? detectors)

« chamber ready "“r~
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{ C/N-1. O chamber

NEWAGE-0.3b”
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Directional DM search results
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PTEP 2021,
063F01
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 Recent C/Nt1.0 activities
« Sheffield (DRIFT) micromegas detector test

HG wavetorm
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* Resistive Shdaet TPC PTEP 2019 (2019)063H01
 need electric field to drift electrons
 traditional method: wires, ribbons...

* new approach: resistive sheet
easy to assemble
radioactive low BG mi“,.;j 100, - R 110
uniform electric field (At

s )
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carbon sputtered
EVOH sheet (for radon barrier



Negative ion TPC Study

* N0 "S1° signal
» Pioneered by DRIFT group
» Minority carrier discovery (CS,+0O,, Occidental group)

» Sk discovery (2015,dNM group).

b

(=
uwy
(=]
-
S o
E &
4]
E
o
= o
[=3
E
< o
=
o
o
T

2017 JINST 12 P02012

g0 200 L
Al us)

(a) AT laser calibration pulses



* to be CYGNUS: Trackings

LTARS2016 + Wellesley’s micromegas

resistive-strip readout

Time [us]

readout

TOSHIZOU2 Y2
(BXLG+8X HG)

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

Waweform
digitizer (64ch)

Ethemet

2019 J. Inst. 14 T01008 X(Anode ) fmm] ¥ (Cathod ) (mm)

SN 30

SR
«d Tomonori Ikeda (Kobe) >

JPS Mar2018
paper in preparation
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* MIGDAL effect

PRL123, 241803 (2019)

|
1072 | L. Sp}n—independem

10~

10-32

1038 EDELWEISS (MIGD)

CDEX (MIGD)
CRESST-II — CDMSlite e 572-only data (XENONIT)

10-4 L ~ LUX (MIGD) —  DarkSide - SI-SEdmallHKEN{}[‘i]Tk = PRL123, 241803 (2019)

L0 :
0.08 0.1 0.2 0.5 1.0 FIG. 1. Ilustration of the ER signal production from BREM

m Z[GEV!’CE] (green) and Migdal processes (pink) after elastic scattering
between DM () and a xenon nucleus.




* Migdal observation proposals by gaseous detectors

+|MIGDAL

Migdal effect Investigation as
RAre event CLUEs

Migdal In Galactic Dark mAtter expLoration

PEP Prog. Theor. Exp. Phys. 2021, 013C01 (14 pages)
. DOI: 10.1093/ptep/ 02
arXiv:2207.08284v1

The MIGDAL experiment:
Measuring a rare atomic process to aid the search for dark matter

Detection capability of the Migdal effect for argon
and xenon nuclei with position-sensitive gaseous
detectors

. Brunbauer®, C.

Kiseki D. Nakamura'2*, Kentaro Miuchi', Shingo Kazama®*, Yutaro Shoji*, Masahiro Ibe®’,
and Wakutaka Nakano®




. I\/IIGDAL experlment

* Low-pressure gas:‘SO Torr of CF,
P €9 [IMIGDAL » Extended particle tracks

The MIGDAL experiment * Avoid photon interactions
Towards observation of the

Migdal effect in nuclear scattering * Imaging: 2x glass-GEMs + camera
oo * |onisation: 120 ITO anode strips

MIGDAL talk o .
Henrique Araujo, Imperial College London @IDM2022 ¢ SCIH’EI”E\tIDh. phOtomU|t|p||er tUbe

On behalf of the MIGDAL collaboration

oo 200 * High-yield neutron generators
{1 st Cotornc onth tctonof Dt 102 2072 Ve, A * ID-D: 2.47 MeV (10° n/s)
* ID-T: 14.7 MeV (10'° n/s)
* Defined beam, “clear” through TPC

* Electron and nuclear recoil tracks

vetizen i e S * Migdal: NR+ER tracks, common vertex

* NR and ER have very different dE/dx
* 5 keV electron threshold (Fe-55 calibration)

ITO anode /




 MIGDAL experiment

 CF4 gas (50@Torr)
- optical readout for NR+e-track

* (relatively) high energy neutrons  MIRACLE experiment

s Ar(latm)and Xenon (8 atm) gas
MIRACLUE detectors direct interests in DM search

e, T — * start with existing technologies
" Wine-searcr R *“ Lo e | I ess R&D
| | I WS . characteristic X-ray channel for 2-

cluster-detection-(as-the-first-step)
ess BG

L. low energy (565keV) neutrons
less BG

- Ar Tatm /e o RN
. GEM + wPIC SR\ /| - ELCC+ MPPC o 8
. (10cm)”3 m - | . 16cm ¢ x10cm




gamma-ray BGs

* BG and signal identifications from lab (avoidable)

Laboratory (n,y) BG

I cuto: no cut
- cut1: fiducial cut
- cut2: N-::Ius-ter =2

[ Jouta:1.2keV<E, <5.2keV
Migdal (cut3)

intrinsic neutron BGs

2-cluster distance
(565keV neutrons)
Intrinsic neutron BG Distance between clusters

I cuto: no cut

I cut1: fiducial cut

B cut2:N, =2

[ Jcut3:12keV<E,,,, <5.2keV
Migdal (cut3)
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o LiF loaded polyethylene shieldings

1 = @neutron source
g i B Akl by b e Ly o

10 0 10 20 30 40 50 60 70 80 90 100 / 5 10 12 14 16 18 20 e e

keV cm -

PTEP 2021 013C01 -
neutron beam

6Li(p,n)’Be @ AIST Japan continuous
565keV

1000 neutrons /cm? /sec @ 1m from the source




77 : 50keV T2-cluster ({S S84
:200keVH <
E

* MIRACLUE now and future Ty Iy Miraclue xe detector

« FREFERIF(ZRZH

] SN cluster®, SEETESTL
« BG study with scintillators (BGO, Csl) b

prell m 1§
Kiseki Nakamura S
JPS Sep 2022

now: comparison with MC
Xe, Ar, chamber test

« BG study with real size (30cm)3 Ar chamber

* shielding optimization
 MIGDAL effect observations

Ke| Kanezakl
JPS Sep 2022

44 45 48 47 4.9 5
y position [cm]
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Thank you, and see you in Japan...

|ICRC2023

The Astroparticle Physics Conference

Nagoya, Japan, Jul 26-Aug 3, 2023

icrc2023.org




