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NEWAGE history

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

+ |CF4 gas for SD search

+ Proposal rpLB 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

Kentaro Miuchi

CYGNUS 2023
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* Fluorine advantage

arXiv 2008.12587

CYGNUS x 6 yrs

even 10m3 detector =
can start explering 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,
e Search mode: 8 ke, [760 Torr SFg]
---lIIII_---lIIII_---IIIII_---IIIII---lll

10" 10! 10° 107 10

WIMP mass [GeV/ r]



NEWAGE detector

+ Kamioka underground
+ NEWAGE-0.3b” e NEWAGE-0.3b" . o
+ Detection Volume: 31X31X41cm? '
+ Gas: CF4 at 0.1atm (50keVee threshold)

s fasa

7, %00,m
T U311 % 31em?
- pitch : 400pm
- gain : ~1000

Drift length: 41cm
(CHIEIRVIY PEEK + copper wires

- made by DNP, Japan



» 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

Position

Board

« drawback: small mass O(kg) / m?



 Data™we record track data

+summed waveform

TOT

B N Y T R VY R T s (time_over_thresho|d)
X (cm) y (cm)

* Interestingly, 2d strip:was
found to be the “ideal” for us.

CyeNUS: 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




Publications since last CYGNUS

« DM search

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

» “Direction-sensitive dark matter search with a low-background gaseous detector NEWAGE-0.3b
PTEP (2021) ptab053

« "Direction-sensitive dark matter search with three-dimensional vector-type tracking in NEWAGE”,
PTEP(2023)ptad120
- Technical papers

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

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

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

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

« "Test of low radioactive molecular sieves for radon filtration in'SF6 gas-based rare-event physics experiments"
JINST (2021) 16 P06024
» “-Future physics
» -~ "Detection capability of Migdal effect for argon and xenon nuclei with position sensitive gaseous detectors"
PTEP(2020) ptaal62

» "Directional direct detection of light dark matter up-scattered by cosmic-rays from direction of the Galactic center”,
JCAPQ07(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 lkeda 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™’, Haml._l_'--_':-r:.hi H-:.'-l'-u:fﬁr:hi"._ Toru [animori-, }_Ii_dn:l-:.'--_-:]'lj Kubo-,

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

PTEP (2023) ptad120

Exposure [kg*days]

100 200 300 400 500 600 700 800
Day from December 12th, 2017




e Event.selections
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e Event.selections

-+ Previous cut
After TOT-sum-Length cut

’r

10—4 |

=

o
&
|

. e ]

THIS WORK (detection)

-+ THIS WORK (detection+selection)
-+ NEWAGE2021 (detection+selection)
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* Results: sky.maps

sky map
@detector coordinate A&
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15° £ o ®
0° [ -150°-120° -9(9" -60° -30° 0° 30° 60° 90° 120° ©50°
157\ e O
-303\\. [ e®
-45° 1@ © - 4
-60° - ~ /'_‘/,_,/
Jge e

@ 50-60 keV,,e @ 70-80 keVge @ 90-100 keV,,
@ 60-70 keV,e @ 80-90 keV,,

(a) Nuclear-recoil directions in the detector coordinate

sky map
@detector galaxy coordinate

Direction efficiency (%)

-75°
@ 50-60 keV,. @ 70-80 keV,.. ® 90-100 keV,,
@ 60-70 keV,. @ B80-90 keV,.

(b) Nuclear-recoil directions in the galaxy coordinate

* N0.“unexpected” was seen




 Results

PTEP (2023) ptad120 : s
energy spectrum cross section limits

b

No cut
Fiducial cut
Length-Energy cut
TOTsum/Energy cut
TOTsum-Length cut
Expected Rn BG
Expected gamma-ray BG

7 BG upper error (1g)
WIMP expected
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Original design Low surface alpha version Low-BG p-PIC
copper electronodes (LAM —PIC: 2017-) (2020 2023)
/ \

Polyimide Polyimide Quartz + Resin  (Shinetsu)
w/ glass-cloth Polyimide w/o glass cloth
(Rn contaminated) w/ glass cloth ;

Radon emanation measurement:

LA ¢ -PIC: 2.3 + 0.5 [mBq / u —PIC]

~

LBG ¢ —PIC (2023) : <0.10 [mBq / u —PIC]

(90% C.L.)

Kentard Miucﬂ?per In preparation CYGNUS 2023



CNCmachine N R
(atomstack a5 10w) <

anode cathode

. 1u-PIC/day
| W W

wr -
0000

- ahode: pixel formation matters

- "prightness”™ =
(anode - cathode) /cathode



* Anode “brightness” comparison

brightness histogram

brightness map il brightness map :
' (model 2020) | . (model 2023) |
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 Model 2020 had line structure.
«.Same pattern was seen in the gas gain
was seen for model 2023.




* Low BG u+PIC performance

gas gain distribution

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

e 2020
|+ 20232

0

voltage [V]

L1111 11

11 L1 1 1 11 1 1 L1 1 11 1 ]
480 490 EUD 510 0

0.2 04 06 08 1 12 14 16 18 2

Gain

» 2023 model shows sufficient performance



* Low BG |J-P|C for Kamioka run
test Wltha GEI\/I L
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55Fe Waveform

CF,/76torr Installatlon Nov 2023

200 400 600 800 1000 S NEWAGE‘O.B b 117 :
Ty vy e commissioning ongoing




* NEWAGE-0,3b""status: so far so good!

« Details will be reported in a few months

e L I I O —

Fiducial cut : 0
well-ballanced /' signals
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"CYGNUS”-KM chamber s. Higashino

» C/N-1.0.chamber (18pcs X 40 X 40 cm? windows)

* Originally we planned to use resistive sheet
for the field cage.

« Performance degradation was seen in a
long-term use...
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* Low BG Molecular Sieve production (H. Ogawa)

produstioh précedure established R0

Radon capture test

=~ Relative Humidity -== ft: As(MS off)=57.47 Bq
At: Ag(MS on)=29.4] Bqg

MS ¢ 'HJ)QL(,I
+ Radon Concentration data

Radon Activity (Bq

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

I
i
[

sl ]

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

Results
222Rn Emanated per

Molecular Sieve | 595, SR
“““Rn captured (x107-)

C .mnu]ea
Powder

» Better performance
* Repeating O(kg) productions



operation snapshot Dew Point Meter

» Gas circulation system

-70*C

RN Dew point [°C]

s0c M

-85 °C MW%MU
07Nz 07114 07116 07118 07/20

= DP-00 Last*:-857 °C == DP-01 Last*: 776 °C

Coolant Temperature

W“W”W\l Coolant temp. [*C]

-20°C |

-40°C
H R B b L e ¥ T Y N '\'V““J"W"‘"‘Y‘T(rv—vw—“ﬁﬁ‘m

-60°C |

-80°C !
-100°C

0712 0714 07/16 07118 07/20
== OMRON Last*: -49.3 °C

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

250

Rn rate [count/day]

200 F N

150

counts/day

100

50

o 5 I\ e T = /-_ - m = - —s_
| i A o7z o4 o07ne o7na 07120
refrlgerator == RD1Po214 Last*:20 == RD1P0218 Last*: 28 == RD2Z Po214 Last*: 12 == RD2 P0o218 Last*:16
(cold trap) .
u

Bl ready for housing detectors




Detectors for C/N-1.0

* Two_requirements for the detector modules
« Electronicsneeds to fit 46 X 46 cm-.

’ VT B |
C/N-1.0 inner view &

CYGNUS 2023



- Two Kobe modules for C/N-1.0 (M. Ofuji

. I\/Iodu]e 0: Iarger w/o tracking for BG measurement

¢ Module 1 smaller w/ tracking as a DM detector

-3 GEMs | GEM + 1 —PIC

2 | !
30 2 ::)O cgm jetectlon afea 10 X 10 cm? detection area
e VY, © pads e o - read by 256 strips
8 readout channels
Track reconstruction

Kentarg Miehi -+ = & '~ L. CYGNUS 2023

20



* Module-1 test status
* being tested in a test chamber

¥ pre—amplifiers [\ ./
"|boards |

. Cathode ch. 1
Cathode ch. 1 55
Fe source

Jesva @ Fuhdamental testas a gas
detector was completed.

*Tracking performaneeis being
tested
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| 10 2 4 7 :
480 490 B00 510 520 0 10 20 30 40 50 60 70 80 90 100
clock [5 MHz] ADC count




» Detalls tg welcome your modules...
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» and, 'actually. welcomed.
« Sheffield MICROMEGAS detector test

HG wavetorm

first light

0 1200 1300 1400 1500 1600
ot us(4000sampling)




Negative ion TPC Study

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

» Sk discovery (2015,dNM group).
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 Nuclear tracks detection

IN SF6 T. Ikeda+

JINST (2020), P07015

alpha-ray tracks
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» ASIC.development for negative ion TPCs R o

JINST (2020) 15 T09009

LTARS 2018 SPECS

Table 1. Technological parameters and requirements to the ASIC.

Technology Silerra 180 nm CMOS

Chip size 2 55 mm? : noise level

The number of channels 16

supply power 1.8V corg/10, max. 2.4 mW/ch

Fabrication options 6 metals, deep N-well, high-value poly res., MIM cap.
Detector type Ml p-TPC LA-TPC

Minimum =signal charge =3 fC = 10 fiC

Shaping time 4 us | s - e Measurement

Operating condition rOOm emperature — 185 °C . " Slmuletion

Detector capacitance (Cg.,) @ ~ 3} pF | N L

Cynamic range 2800 fC for narrow range, £1600 fC for wide range Cdet [pF]

Voltage gain [0 mV/TC for narrow range, 0.5 mV/TC for wide range

ENC 3000 e~ (S/N=20) for small signals, < 6.4 x 107 e~ for larpe signals

“: Estimaed from the pad size of MPGLs.




* “TIGAI", a compact board to fit with C/N-1.0
TIGArBoard #1&/1L%k

N

A FPGA

ASIC *12bit - Xilinx : Artix7 XC7A200T -
-LTARS2018A chip -8ch/chip ' — | EiREE

-2.5M sampling | ‘ -%%;ﬁ+5.0V / 3.0A

SFP
-Send to data by GTX

136mm < g e i | RS S e NIMa 24 (R#/28v%9)
- TR 1 S -NIM_IN: 4
*NIM_OUT: 2

T
Input : 32chALIE A] FE
Output : 64ch (HG/LG)
SiTCP:#1{E, UDP&1{E
/O3 DRIEL
2500 %85%E

> /O flff—

> AZEHIYTSE/R<

A QEvog 4¥31L




PIXEL readout (QPIX NEO V1) s Higashino

* Energy threshold is limited due to electrode’s strip pitch (400 um)

« Started to develop fine granularity “pixel” readout detector

* 64 ch ASIC developed and testing its performance

2 mm

6, 90@7 sampling (2.8 us¥ , OO0 7,100

2 mm

ch: 0
gain: X8
test pulse: 100 mVpp (40 fC)
pedestal: 690-700

readout ASIC
(155 um)? pixel pad
connecting to electrodes
by bump bonding

Analog circuit + ADC
successfully working!

Kentaro:Migehi CYGNUS 2023 34



a-ray. Imaging

NIM A Volume 953, (2020), 163050

Reusina NEWAGE-0.3a 3 AICHAM: Alpha-particle Imaging CHAMber
/N usJ I"'gJ'/C'ﬁL)-C. C Iy W ITTVI/JIANNAR iﬁy}bj)ﬁ%)?/r)(_.yﬁ*ha)téba)\
(Sep. ~ Dec. 2008 in f§[H) u-PIC#&E AL\ X TPC(time-projection chamber)
PLB 686 (2010) 11. NIMA 953 (2020) 163050.
NEWAGE 0,33 detector KGEMIFANTAEL
Sample /%?32 [;)1er
Zoa Drift plate

Volume:

(35%35) x15cm? @ LabA in Kamiok

CF4 gas 0.2bar —g
z
%

AICHAMZf# > Iz 34 (&,
RE~10-3 a/hr/cm2 (90%CL)
@E>2.5MeV., 15x15cm?27C.

measuring samples of various

experiments
GAGG, GSO, ZnW04 PENT « LYY FIL

()

Low-a p-PIC (micro-pixel imaging chamber) Live tme: 12 hr 2

* Anode and cathode 2-D strip sensor.
* 400 pm pitch, 768ch+768ch, 300 x 300 mm? covered.
* Low alpha emission from the surface

MINA 977 (2020) 164285.

i

Color:hcounts/ hr

(]

Sample Region
(15x15cm?)

BG Region

Anode [cm)]

| (/' Cattiode femP= A




MIRACLUE (MIGDAL study)

K. Nakamura (Tohoku)

* Ar (1atm) and Xenon (8 atm) gas

e start with existing technologies

Direction Sensitive
WIMP-search

NEWAGE

. Ar 1atm 4 "’i— ? L. BE Xe
. GEM + uPIC B W/ | - ELCC + MPPC
. (10cm)”3 "} - 16cmex10cm




» Charaecteristic X-ray channel for 2-cluster detection (first step)

* Low energy (565keV) neutrons (@AIST, Japan)

expected signature
(2-cluster distance)

Ar 1atm
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* High pressure Xenon TPC

!-‘- AT -V
Xenon TPC

Measured energy spectrum with
bobkeV neutron beam

Xe X-ray ——— 2cluster
(Used for calibration)

counts/s/keV

—— 2cluster && 30keV

"
ELCC b
* lcm pitch EL readou Y
H}**I i§ d ; - ¢
.

“?2 cluster” event

* Hﬁmw "

*\#Jﬂwff u“‘h’h '...g*

79.3 + 0.14 escape peak of #2 \ - ‘;‘H"‘f*;
109.7 + 0.08  19F(n, y) 110keV )

166.5 + 0.74 escape peak of #4

196.5+0.25  19F(n,y) 197keV



Cosmic-ray up-scattered DMs(CR-DM) caporzozos:

K. Nagao
Light (1~100MeV) DMs would be up-scattered at
Galactic’'Center by cosmic-ray protons

Can be detected with directional detectors
Studied for gaseous TPCs and emulsions

Incoming DM maps
@Galactic coordinate

also in Nicole’s talk

expected recoils
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 Results

Sensitivity [o]

F recoil, SD

NFW  mp,, = 100 MeV
NFW  mp,, = 10 MeV
PIT  mp, =100 MeV
Mpy = 10 MeV
Einasto mg, = 100 MeV
Einasto mp, =10 MeV

0 1000 2000 3000 4000

= 10" cn?

R000 86000 7000

Exposure [kg year]

Sensitivity [o]

Ag recoil, Sl

NFW  mp,, = 100 MeV
NFW  mp, = 10 MeV
PIT  mgy, =100 MeV
PIT mpgy, =10 MeV
Einasto mp,, = 100 MeV
Einasto mp, =10 MeV

99 _
G, =10 #2 em?

12

Exposure [kg year]
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SUMMARY
» Since last CYGNUS,

« DM search
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DMTPC 2012
NEWAGE2015
NEWAGE2020 3D-vector
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—— NEWAGE2021
=== THIS WORK 3D-vector

new tracks

DAMA/LIBRA
-
-

* First limits from a 3d-vector directional d:
PTEP, (2020) ptaa147 DOI: 10.1093/pte

SD WIMP-proton o, _, (pb)

(W) Z SIN|OSGE PEIINU)SUCISY

.......

JINST (2021) 16 P06('

» Future physics “
» "Detection capability c! -

PTEP(2020) ptaa162=. ;

» "Directional direct det . :

center”, < : [ | = -150 —100 -50 50 100 150

JCAPQ7(2023)061, ¢

DM



