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Direction-sensitive DM searches

e Detect scattering angle of nuclear recoils (NR)
from the “Cygnus direction”

Milky way

= |eads a strong signature of WIMP Cygnus -® Earth
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WIMP wind from Cygnus!

= allows to explore beyond the neutrino-fog
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Direction-sensitive DM searches

e Detect scattering angle of nuclear recoils (NR)
from the “Cygnus direction”

Milky way
Earth

= |eads a strong signature of WIMP
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WIMP wind from Cygnus!

= allows to explore beyond the neutrino-fog
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NEWAGE

¢ 1,000 m underground experiment in the Kamioka mine

NUwW

= ~5h by train from Kobe
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NEWAGE

¢ 1,000 m underground experiment in the Kamioka mine

= ~5h by train from Kobe

NUwW

7 B Ry '
mizu NIIGATA H
An/’al\aklzﬂo e o
oJoetsu e r v
= ! v’
c>Nana
tE A,"‘ ‘,. ‘
| OYalma cvenuszots)| - | i
Atotsu tunnel 7
_Nagano podos “B%
Lo \"I L ‘ Utsi
Entrance of Kamioka mine ’
Ueda o
R bfmme . fasak
| Sakui™’ '"-"lﬁ
o
95
Chlch|bu Tama-Kai
< tokvo | =00
: Tokyo
YAMANASHI —|—O k O
Moum-FLULJUIQ KANA y
| ‘ WA
-OAlamn
TS LA ® i
74"‘(‘/1w/u!r";‘mrmﬁ/‘m (('/m’ (1 ShlZUOka
S | AN =i
- HES. ErERSS
Shimoda
’ i
el o B ~5 min driving to reach
cure aken hom Google map | the NEWAGE site
$ Layers j&m""" rKgoTY;m Yoshino — Dedicated lanes  --- DirtAmpaved tralls ocﬁllaugsehima

B S



NEWAGE

ow pressure gaseous TPC

= 30 x 30 x 41 cm3 volume

= filled with CF4 gas (0.1 atm)
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NEWAGE

ow pressure gaseous TPC

= 30 x 30 x 41 cm3 volume

2020~ i
Copper shield installed | ‘g
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NEWAGE: 3D track reconstruction

DM, P \

e GEM: Gas amplification
e U-PIC:
=400 pm pitch 2D strip readout

= (Gas amplification

2D position + drift time
= WIMP search with 3D track
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Counts

L atest result

PTEP 2023 (2023) 10, 103FO01

e Null-consistent result in energy and directional distributions

= Electron recoll rejection analysis updated and exposure increased

= |_imit is approaching DAMA/LIBRA allowed region

= Head-tail recognition successfully implemented

e Future work: BG rejection and large target volume

Ryota’s next talk
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PTEP 2023 (2023) 10, 103FO01

Strategy of BG rejection
e External BG
= Ambient gamma (and neutron): shielding
e Internal BG

= Radon emanation: “clean” detector development
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PTEP 2023 (2023) 10, 103F01

Strategy of BG rejection
e Fxternal BG

= Ambient gamma (and neutron): S{E% % -

e Internal BG
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PTEP 2023 (2023) 10, 103F01

Strateqgv of BG re'eti _

Low-BG u-PIC
(ver0: 2020, veri: 2023)
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Radon BG



Development of “clean” detector

Original design Low surface alpha version Low-BG p-PIC
cfoppeTr e'e':f‘ronodes (LAp-PIC: 2017-) (2020-)
g g « y
| ,\ | 1 -
Polyimide Polyimia Quartz + Resin
w/ glass cloth Polyimide w/o glass cloth
(Rn contaminated) w/ glass cloth
~ LBGu-PIC (DN_I.)
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Radon emanation measurement:
LAp-PIC: 2.3 + 0.5 [mBgq / u-PIC]
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| BGu-PIC: <0.17 [mBg / u-PIC]
(90% C.L.)
NIM A 1072 (2025) 17014
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Detector installation (Dec. 2023
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Radon measurement

e Alpha from radon progenies can be identified by its energy and track length
=6 MeV alpha will have a track length of ~17 cm (calculated by SRIM)

= Events with > 4 MeV are counted as alpha rays from radon and its progenies
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What is the source of Rnh BG?

e Bn emanation rate for various TPC components was measured with
electrostatic collection Rn detector

=e.g. U-PIC, intermediation PCB, field cage (PEEK), O-ring, HV feedthrough, ...

e No component can explain the amount of Rn BG in the NEWAGE detector

Rn detector (40 >< 4O X 15 Cm3)

222Rn rate in 0.3b [mBq]
)}

-0.5

—e— 222R rate

—— Upper limit (90% C.L.)

lconvennonal u-PIC
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U/ Th decay chain?

>

e Two independent tests were taken place NEWAGE circulation system (simplified)
= Circulation ON / OFF NEWAGE
= Rn detector installation in the circulation system TPC ; AVA
Activated charcoal
« Th-chain (220Rn: 55.6 sec, 212Pb: 10.6 h) (-55°C)

is the dominant Rn source | Rn detector |

*
= and these two results are consistent @

circulation pump

> [ T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T | T T T T T T_] > 10_I T T | T 17T | IIIIIIII | L | T 17T | LI | L | 1T T 1]
A - _ ] o - =
© 160 NEWAGE —$+— Run39-1, No circ, - = 9 NEWAGE Elapsed time: 15.0 days —
2 ~ BGrun - - e = E
S 140 —¢— Run37-2, Circ. (0.4 L/min) o 8E BG run 212Pg (Th) ]
0 - >3000 keV,, . ~ - :
W q120F = e 7 218Po (U), E
100FU-chain half time (3.8 dayd} | n E £ 6 [2'2Bi(Th) E
- ! ] 5 4 —
80— = =
+T 4 o | -;
60t e 3t 4| 216Po (Th) + =
40F +- suppressed by = o 214Po (U) ! E
4 gas purification ] ; :
20_ + ] 15 —:
O 11 1 | 11 1 | 1 1 1 | 11 1 | | I_,_l 11 1 | 11 1 | 11 1 | 11 1 | 1 1 I_ :I 11 1 | 1111 | L1111 | 1111 | 111 1 | 1 10101 | 1111 | 111 1 | 1L 1 1 I:

0 2 4 6 8 10 12 14 16 18 20 Q.S 6 65 7 75 8 85 9 95 10
Elapsed days Energy [MeV]

14




Ag-zeolite for Rn filtering

¢ \We discuss about “clean” gas purification filter for a long time
= especially for Rn reduction (JINST (2021) 16 P06024, JINST (2024) 19 P02004)
e SK/HK group reported a radon removal performance of silver-ion exchanged zeolite (“Ag-zeolite”)

= PTEP 2025 (2025) 1, 013HO1
» Powerful radon removal performance even at room temperature

> Prof. Yasuo Takeuchi will give us a beneficial summary of the radon removal study tomorrow morning!

e NEWAGE group also tested to introduce an Ag-zeolite filter with low-pressure pure CFs4 gas

S g
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¢
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_ > 2200 T T T T T T T
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Ag-zeolite is filled in 15 20

1/2" stainless pipe - Elapsed day (started from 2024/10/23 15:57)



Ag-zeolite for Rn filtering

¢ \We discuss about “clean” gas purification filter for a long time
= especially for Rn reduction (JINST (2021) 16 P06024, JINST (2024) 19 P02004)

e SK/HK group reported a radon removal performance of silver-ion exchanged zeolite (“Ag-zeolite”)

= PTEP 2025 (2025) 1, 013HO1
And very effectively remove Th-chain radon!

Installed Ag-zeolite filter in NEWAGE system on July 2025

o NEWA group also tested to Introauce an Ag-zeolite Tilter with low-pressure pure Cry AS
_ > 2200 T T T T T T T
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A part of NEWAGE circulation system
(in the Kamioka mine)

: Activated
Ag-zeolite
t room temperature Charcoal

-55°C
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NEWAGE
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Rn detector] @—>
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AQ-zeolite performance

- Radon rate successfully reduced by 1/3

ee

-~ NEWAGE2025 —4— w/o Ag-zeolite
—  BGrun ——— w/Ag-zeolite
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Underground
experiment



NEWAGE2025

e Measurement has started from Dec. 4 2025 after commissioning

= only 1/8 exposure obtained comparing with the NEWAGE2023 analysis
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)  Q Search Kobe PP
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Detector status Is

monitored from

Kobe University with
GGrafana + slack

O et o @ automatic posting
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Measurement is
ongoing now!




Neutron irradiation test (252Cft source)

e Performance demonstration using 2%2Cf source
= Neutron irradiation from the top of the drift plane direction
= Unitorm distribution for detector plane was obtained

= NR-ER separation successfully working by track information

252

22Cf run, Energy-length cut Cf run, Preselection
| !
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ENnergy spectrum

e NEWAGE standard event selection applied (detail skipped)

=BG rejection performed by each selection

= <100 keVee region and its directionality still blinded (analysis ongoing)

e Event rate considering detection and selection efficiencies keeps low

> Consistent with ~6 MeV peak event reduction!

= Also 1/3 reduction after Ag-zeolite installation in the sideband (Rn BG-rich)

e But remaining BG still limits the sensitivity = need to investigate the BG source more and more
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Future plans and
recent activities



NEWAGE roadmap

2025 2020 2027 2028 ...
{NEWAGE 0.3b” underground experiment continue experiment with
= (~100 live days) CF4 or SFsgas
> >
Dec. 2023
Lo :?% ERIC Pixel detector
y l installe (small scale detector)
= /| T P L PP EEP PP PP PP PEPE >
20 » 41 o Low BG p-PIC
X oo s em installation to C/N-1.0
2025~
detector commissioning v 1 m3exposure
with modular detector underground experiment under_ground
at Kobe Univ. (commissioning) experiment (18 modules)
----------------------------------------------------------- > >
2026~

move to Kamioka

Ryota’s next talk 24



NEWAGE roadmap

20128 2026 2027 2028
{ NEWAGE 0.30” yrtiérground experiment continue experiment with
iy = : (~100 live days) : CF4 or SFegas
> >

- . ’
#41 “Low BG” commissioning and ool detector
measurement ongoing (small scale detector)
..................... >
Low BG u-PIC
installatjon to C/N-1.0

feedback Low BG technologies to
2025~

detector commissioning
with modular detector underground experiment underground

at Kobe Univ. (commissioning) experiment (18 modules)
- MEREEEE T e PP PP E LY > >
2026~

move to Kamioka

C/N-1.0 toward underground experiment

Ryota’s next talk 24



NEWAGE roadmap

2025 2026 2027 2028

untlerground experln'fent continue experiment with
#(~100 live days) CF4 or SFe gas
.\ l—/\ >

{ NEWAGE 0.30"

>

Update NEWAGE limit

= “Low BG” commissioning an

) with 0.3b Pixel detector
measurement ongoing (small scale detector)
................... >
Low BG p-PIC Low mass WIMP search

installation to C/N-

with Pixel detector

feedback Low BG technologies to
2025~

detector commissioning
with modular detector underground experiment under_ground
at Kobe Univ. (commissioning) experiment (18 modules)

"""""""""""""""""""""""""""""""""""" '> ~

2026~ explore “DAMA/LIBRA region”
move to Kamioka with C/N-1.0

C/N-1.0 toward underground experiment

Ryota’s next talk 24



SD WIMP-proton cross section [cm?]
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Expected limits
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CYGNUS-KM / NEWAGE (C/N-1.0)

e Modulated chamber (~1 m3) : 18 module windows are available

= Enables to install the conventional NEWAGE detector (30 x 30 cm2 fiducial area)

= \\e can accept detectors from any other groups: your “clean” detectors are candidates!

CYGNUS/NEWAGE vessel
40cm modules




Ske

¢ [ested using small detector with prototype electronics

e 2-peak signals are detected with a 252Cf source
= SFs- peak detection efficiency is 70%

= succeeded in reconstructing 3D position

e New readout board is developed by Waseda Gir.

= Mass production is preparing to allow O(1000) ch readout

= O JASAIS VS I LSS 3D hit map ‘ m111wmuw|m\mw ‘.
= Energy 59.7 keV \ -
§—500 ] v
S — SFe
g1 ) — -
REBNE===—==

2000 \\ _

-2500

ANAN\MNAMNNANNANNNA B
3000 A A A A A AR A A New readout boara
1 l | I I - l | I I - l | I I] 11 l (by Waseda Gr-)
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Pixelization

e Equal to low energy nuclear recoll detection

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

= Started to develop fine granularity “pixel” readout detector

» to reduce “ghost track” reconstruction

= Dedicated readout electronics (prototype) was prepared
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Prototype pixel detector

e Started to develop a small size detector
= for demonstration of pixel readout at the first stage
= Pixel pitch keeps 400 pm (due to difficulties of fine pitch electrode production)

e Assuming to use low pressure pure SFs gas to enable additional SFe studies
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lonization quenching factor measurement

® Precise energy measurement is important as well as the directionality

= [ow-energy ion beam test was performed at 5-200 kV acceleration facility at Kanagawa U.
e 5 - 50 keV fluorine ions were injected to single-wire proportional chamber

= filled with 0.06 atm CF4 gas (assuming low-pressure NEWAGE operation)

e Result is consistent with COMIMAC and SRIM

= Good demonstration of low-energy ion injection into gas detector in Japan!
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Integrated DAQ system

e NEWAGE is using old DAQ system

Readout board — _/a

| ' &

= need to replace electronics
e New system was developed for a Migdal search experiment |
= Enable to use it in NEWAGE as well ] | ‘
e Multi-DAQ servers are integrated in this system

= DAQ for any detector can be integrated with this technology

= capable of reconstructing long tracks or back-to-back processes | |
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Conclusion

e NEWAGE is conducting underground experiment in
Kamioka observatory

= focusing on the BG reduction studies

e Ag-zeolite filter was installed for radon capture
= Radon BG was successfully reduced to be 1/3

= Studies for additional reduction is ongoing

e Future upgrade plans are in progress

= [arge u-TPC, Pixel, SFs, IQF, DAQ), ... studies ongoing in parallel
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Direct dark matter (WIMP) searches

e Direct search = SM particle recoil detection

= |[ts Kinematics depends on the motion of the Earth, the sun, and the Milky Way Galaxy
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Benefits

e Strong signature of WIMP (CDM)
e Kinematics of DM (isotropic or non-isotropic?)
¢ 8B v rejection allows to explore “neutrino floor”

= Neutrino-nucleus coherent scattering will be irreducible BG without directionality
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arXiv:2301.04779 (hep-ex)

Underground measurement

¢ [ncrease statistics: 108 days — 318 days (x3) 1.2
PTEP 2021, 063F01 (NEWAGE2021)
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Backgrounds

e Ambient gamma (external source) ol gnele

. . 137Cs source
= Cu shield installed

= Measurement ongoing " No shield
e Alpha from Rn progenies (internal source) §& # . shleld E
o T e st essessnes

= Emanation from the detector ARl #lE 3
€ 05] :
~90% releCtlon g [ eseeseesessesessesessosesteteges, fv’* ++++ ++ ¢
= “Clean” detector developed (137Cs source) £ 020 40 60 80 100 120 140 ;i:;fff@ifo
6] L1 No cut Low-BG p-PIC (DNP Inc.)
10 | e 1 Fiducial cut — A —
E — 1 Length-Energy cut = _:';f"“?"_ll""""f_“_—"' )
10° 3 —— 1 TOTsum/Energy cut
— 1 TOTsum-Length cut
104 3 [ Expected Rn BG
_,‘ﬂ § ' Expected gamma-ray BG
C 3] wzz BG upper error (10)
-’ 107 ; % —
] -2 WIMP expected
8 102_% 4 Roundness cut i
101 - 0 -
] — 1
100 - , .uﬂmﬂ'mb.ﬂlbun;;m;;;nﬂ Y =
Lo-1. ! Rn emanation:

100 200 300 400 : - |
Energy (keVee) - < 1/10 from the previous version!



What is “Dirty” materials®

e One by one suspicious material check started using our radon detector

= Hhut no BG source materials are found...
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amber Next plan is to change feed through flange and its cylinder:
iInner surface may not be polished.
(but radon BG level is not certain...)

New feed through system is ready, planning to exchange it
during this summer

and investigation of
38 other possibilities ongoing



Review of ambient gamma-induced electron recoll

* [he lowest energy bin is the most sensitive B
= Ambient gamma flux had been measured by Csl 194,
= Expected events were simulated but 100% unc. assigned (MC) 100

Rn alpha: 1.61 £ 0.28 events

» Detector response was not completely understood gamma: 1.53 = 1.53 events
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