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NEWAGE history

«| e-PIC(MPGD) based TPC
e 3-D tracks SKYMAP

+ | CF4 gas for SD search

+ Proposal rLB 578 (2004) 241
+~ First direction-sensitive limits
PLB654 (2007) 58 ~10%pb

+« Underground results

PLB686 (2010) 11, PTEP(2023)ptad120 26 pb

+ |lower BG, larger volume
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AFluorine advantage

arXiv 2008.12587

CYGNUS x 6 yrs

even 10m3 detector =
can start expleting Xe neutrino =
floor @

=== Single electron threshold: 0.25 keV; [T55:5 Torr He:SFg)
: I —— Worst-case threshold: 8 keV, [755:5 Torr He:SF,
- Search mode: 8 ke, [760 Torr SFg]
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NEWAGE detector

+ Kamioka underground
+ NEWAGE-O. 3 b0 6 e NEWAGE-0 . 3, k-0
« Detection Volume: 31x31x41cm?3 |

+ Gas: CF4 at 0.1atm (50keVee threshold)

s fasa

7, Jo0um
. e | g [« & 31x 31cn?
Drift length: 41cm >, . -pitch: 400mm
NChIEIRVIY F=EK + copper wires - _— - gain '.~1000

- made by DNP, Japan



AKey technology: Gaseous Time Projection Chamber
A 2-dimensidonal image; Micro Patterned Gaseous Detector (MPGD)

A timing information: 3 dimension MPGD
Arealtime| 3-dimensional tracking GEM, micromegas, £-PIC

Position

Memory
Board

A drawback: small. mass O(kg) / m3



AData"we record track data

+summed waveform

TOT

B Y T R VY R T s (time_over_threshokj)
X (cm) y (cm)

Alnterestingly, 2d strip:was
found to bethe n i d &auk. 6

CyGNUS: Feasibility of a nuclear recoil observatory with directional sensitivity to dark
matter and neutrinos
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pixel strip pad wire planar non-directional

TPC charge readout technology




A Publications since last CYGNUS

A DM search

A Firstlimits from a 3d-vector directional dark matter search with the NEWAGE-0.3b' detector
PTEP, (2020) ptaal47 DOI: 10.1093/ptep/ptaald?

A A Di r esersitive dark matter search with a low-background gaseous detector NEWAGE-0 . 3 b 0
PTEP (2021) ptab053

A "Direction-sensitive dark matter search with three-dimensional vector-t ype tracking in NEWAGEDO,
PTEP(2023)ptad120

A Technical papers

A Development of a low-U emitting £-PIC as a readout device for direction-sensitive dark matter detectors
NIM A Volume 977, 11 October 2020, 164285

A Development of an alpha-particle imaging detector based on a low radioactive micro-time-projection chamber
NIM A Volume 953, (2020), 163050 , arXiv1903.01090

A LTARS: analog readout front-end ASIC for versatile. TRC-applications
JINST (2020) 15 T09009

A Development of a Negative lon Micro TPC Detector with' SF6 Gas for the Directional Dark Matter Search
JINST (2020), P07015

A "Test of low radioactive molecular sieves for radon filtration in'SF6 gas-based rare-event physics experiments"
JINST (2021) 16 P06024
A--Future physics

A "Detection capability of Migdal effect.for argon and xenon nuclei with position sensitive gaseous detectors"
PTEP(2020) ptaal6?2

A "Directional direct detection of light dark matter up-scattered by cosmic-r ay s f rom directi on of t
JCAPO07(2023)061,



| atest results

PTEP (2023) ptad120

Direction-sensitive dark matter sea !."i.'.‘h with
3D-vector-type tracking in NEWAGE

Introduction

| atest results

Takuya Shimada“, Satoshi Higashino @', Tomonori Tkeda 2, Kiseki Makamura®, ACtiVitieS
Rvota Yakabe', Takashi Hashimoto', Hirohisa Ishiura®, Takuma Nakamura®,

Miki Wakazawa', Ryo Kubota!, Avaka Nakayama', Hiroshi lto*, Koichi Ichimura®, Summary
Ko Abe™', F;alafl._l_'--;:-r:.lii H-:.'-l'-u:fﬁr:hi"._ Toru lanimori-, }_Ii_dn:l-:.'--_-:]'lj Kubo-,

Atsushi Takada®, Hirovuki Sekiva®’, Atsushi Takeda®’, and Kentaro Miuchi'
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AUndergroaund measurements

PTEP (2023) ptad120

Exposure [kg*days]
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AEvent.selections
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AEvent.selections

-+ Previous cut
After TOT-sum-Length cut

’r

10—4 |

=

o
&
|

. e ]

THIS WORK (detection)

-+ THIS WORK (detection+selection)
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AResults: sky.maps

sky map
@detector coordinat
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(a) Nuclear-recoil directions in the detector coordinate

sky map
@detector galaxy coordinate
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(b) Nuclear-recoil directions in the galaxy coordinate
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AResults

PTEP (2023) ptad120 ) e
cross section limit

energy spectru

No cut
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Original desig Low surface alpha versio Low-B G -RIC
copper electronodes (L AIC: 2017-) (2020, 2023)

Polyimide Polyimide Quartz + Resin (Shinetsu)
w/ glass. cloth Polyimide wi/o glass cloth
(Rn contaminated) w/ glass cloth

Radon emanation measurement;
L A®RIC: 2.3 + 0.5 [mBg/ -PIC]

2\Sg

L B GBIC (2023): <0.10 [mBq / -PIC]

(90% C.L.)

Kentaro I\/IiucPfflper A PEEpYAuOD CYGNUS 2023



CNCmachine
(atomstack a5 10w)

USB microscope’
DINOAM4815ZTL

T = gl

A anede: pixel formation matters

Aobx i gh® nesso
(anode - cathode) /cathode

anode cathode



AAnodedib r. i g hdomparsan

brightness histogram

brightness map fEiiie & brightness map f'
' (model 2020)  § . (model 2023) |
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AModel 2020 had line structure.
ASame pattern was seen in the gas gain
was'seen for model 2023.




ALow BG £:PIC performance

gas gain distribution

Normalized gain distribution
2020 RMS: 0.347
2023 2 RMS: 0.193

e 2020
2023 2 |
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A2023 model shows sufficient performance



ALow BG 8-P|C for Kamioka run

test Wlth a GEI\/I bl
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ANEWAGE-0.. 3 b 6 0 $pdat sa tjoods

A Details will'be reported in a few months
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N C Y. G N W8 chamber s.Higashino
AC/N-1.0.chamber (18pcs x 40x 40 cm?2 windows)

- L i

— i A Originally we planned to use resistive sheet
. CIN-1.0 chamber [ SSSSSS

for the field cage.

A Performance degradation was seen in a
long-term use...
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ALow BG Molecular Sieve production (H. Ogawa)

A produstion précedure established g el RRo02d

Radon capture test

=~ Relative Humidity -== ft: As(MS off)=57.47 Bq
-—iw At: Ag(MS on)=29.4]1 Bq
‘.‘*"‘\ ol MS ¢ eng )r_‘q_d

+ Radon Concentration data

Radon Activity (Bq

Thiswork Commercially-available one
(Nihon University) (Sigma-Aldrich)

~E
N
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222Rn Captured | 2?’Rn Emanate 222Rn Emanated per
per kﬂ l' Bq ke=1) ) | 222Rn Captured (x10~)

Results
222Rn Emanated per

Molecular Sieve | 595, 2
“““Rn captured (x107)

C .mnu]ea
Powder

A Better performance
A Repeating O(kg) productions



AGas tirculation system

Rn det
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CYGNUS

operation snapshot Dew Point Meter

-70*C

Sy, Dew point [3 ]
-85 °C MMW%M
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== DP-00 Last*: -85.7°C == DP-01 Last*: -77.6 °C

Coolant Temperature

W“W| Coolant temp. [3 ]
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== OMRON Last*: -49.3 °C

RD-1, RD-2 rates (U chain)

250

Rn rate [count/day]

200 F N
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o7nz o714 07186 0718 07/20
== RD1P0214 Last*: 20 == RD1P0218 Last*: 28 == RD2 Po214 Last*:12 == RD2Z Po218 Last*:16

.Aready for housing detectors



Detectors for C/N-1.0

ATwo_requirements for the detector modules
A Electronics needs to fit 46 x 46 cm?.

CYGNUS 2023

’ VT B |
C/N-1.0 inner view &




: 3 GEMs.
~ .. 30x 30cm?detection area

. readby 8 pads -
' w .. 8 readout channels

Kentaro Mlucm

CYGNUS 2023

GEM +PICy

10 x 10 cm? detection area
read by 256 strips
Track reconstruction

20



AModule-1 test status

A beingtestéd in a test chamber

Cathode ch. 1
55
Fe source
cE/E: 14.3% @5.9 keV

Cathode ch. 1
55
Fe source
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A-undamental test as a gas
detector was completed.

Arracking performanee’is being
tested



ADetails tg welcome your modules...
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