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Direction-sensitive DM searches

e Detection of scattering angle of nuclear recoils (NR)

from the “Cygnus direction” M//ky way
= |eads a strong signature of WIMP
Earth

= allows to explore beyond the neutrino fog CygﬂUS - @
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e Also sensitive for other directional DM candidates
such as “CRDM”
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Directional search methods

e Particle tracking is necessary to measure scattering angle from the Cygnus direction
= Need to measure < 10 keV nuclear recoil (VERY short track!)

e [0 achieve < 10 keV nuclear recoll track reconstruction, ...
= ultra-fine granularity detector (NEWSdm: next talk by N.Chin)

= use low pressure gas to extend trajectory (e.g. NEWAGE / CYGNUS)

Charged particle gaseOUS TPC
.. DM . )

NEWSdm NEWAGE
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e CYGNUS: World-wide consortium with low pressure gas + low BG toward DM, neutrino physics

e |[nternational workshop “CYGNUS2026" was held at Kobe on February
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CYGNUS2026 photo

= CYGNUS2026

Kobe University, Japar
M/’le Feb %T}i:’f

Many fruitful
discussions there!

Migdal community

It was the first time we’ve gotten together in person!

CYGNUS IT + OZ (+JP)
joint meeting @Kobe U.




NEWAGE

e 1,000 m underground experiment in the Kamioka mine

e | ow pressure gaseous TPC
=30 x 30 x 41 cms3 fiducial volume

= filled with CF4 gas (0.1 atm): spin-dependent search
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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

PTEP 2023 (2023) 10, 103FO01

L atest result

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
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Counts

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 and gas purification
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PTEP 2023 (2023) 10, 103F01

Strategy of BG rejecnon
e External BG L ,

= Ambient gamma (and neutron): shielding

¢ Internal BG
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. PTEP 2023 (2023) 10, 103F01
Strategy of BG rejection
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SD WIMP-proton cross section [cmZ]
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Recent activities



Radon (and its progenies) -oriented alpha rays

® [he gas circulation pass is currently constructed inside the chamber
= Only radon emanation from the field cage and detector seems to be effective

= Radon-alpha emitted nearby the drift top (cathode) and detector surface will be mis-
identified as nuclear recoll

e Contribution of surface alpha-rays is also background candidates but estimated to
be small

= However, we need to identify its source because the material might also emit radons

NEWAGE detector
Chamber (stainless steel)  and gas circulation system

Electric field

Field cage
(PEEK, copper, resister)

- >
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Drift plane (cathode)
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(from Sep. 2024) Ag zeolite 13



Radon (and its progenies) -oriented alpha rays

® [he gas circulation pass is currently constructed inside the chamber
= Only radon emanation from the field cage and detector seems to be effective
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Radon (and its progenies) -oriented alpha rays

® [he gas circulation pass is currently constructed inside the chamber
= Only radon emanation from the field cage and detector seems to be effective

= Radon-alpha emitted nearby the drift top (cathode) and detector surface will be mis-
identified as nuclear recoll

e Contribution of surface alpha-rays is also background candidates but estimated to
be small

= However, we need to identify its source because the material might also emit radons
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ToT / strip

Study of alpha-ray source position

e 3D track reconstruction analysis will make identity source position of alpha-rays

= Alpha tracks will make a bragg peak just before stopping

= Measurement of Time over Threshold for each strip allows to identity a bragg peak

» We can determine a particles’ direction of flight and consequently identify its source position

source
position
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NEWAGE Event Display
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Alpha source distribution

e Track analysis performed to identify the source position of alpha-rays

= 108 plate (for energy calibration) , and unknown distribution in -Y region??
» Radon emanation from 10B plate was already investigated ... not a dominant source

» Bias resisters, Pb-free solder and Copper tapes (for GEM bias supply) placed in -Y region

- Their radon emanation was also measured and was not consistent with NEWAGE BG
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Alpha source distribution

e Track analysis performed to identify the source position of alpha-rays

= 108 plate (for energy calibration) , and unknown distribution in -Y region??
» Radon emanation from 10B plate was already investigated ... not a dominant source

» Bias resisters, Pb-free solder and Copper tapes (for GEM bias supply) placed in -Y region

- Their radon emanation was also measured and was not consistent with NEWAGE BG
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Alpha source distribution

e Track analysis performed to identify the source position of alpha-rays

= 108 plate (for energy calibration) , and unknown distribution in -Y region??
» Radon emanation from 10B plate was already investigated ... not a dominant source

» Bias resisters, Pb-free solder and Copper tapes (for GEM bias supply) placed in -Y region

- Their radon emanation was also measured and was not consistent with NEWAGE BG
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Gas barrier with EVOH film

e Bias resisters was covered with EVOH (Ethylene-vinyl alcohol copolymer) film

=10 suppress surface alpha and radon contamination to the gas region

e Surface alpha successfully rejected. but internal radon decays still appear

= Slightly decreasing but statistics not sufficient yet to conclude it

= Also need to investigate the ROl region in lower energy

- Demonstration of BG reduction campaign using track analysis achieved!!
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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




C/N-1.0 commissioning w/ a modular detector

e Test with small area (10 x 10 cm2) GEM + p-PIC system

= 2 strip bundled readout (= 800 pm pitch) due to limited electronics

Lots of
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LAST SURFACE COMMISSIONING!!

e Test with small area (10 x 10 cm2) GEM + p-PIC system

400 ym
= =S S=H e S E=re R eOui=C==800=m=aiels=d Uec 10 limited electronics

e 10 x 10 cm? modular detector w/ full electronics already
e Orepared (equivalent to the detector in Kamioka).

Wa=yy Small but more stable detector will achieve high gain
4 operation, allovvmg to explore lower mass region.
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Future detector: Negative-ion x Pixel

e “Negative-ion gas” such as SFe allows to reconstruct absolute 3D position

= |onized electrons are attached to SFe and form mainly two types of negative ion
» Time difference between these pulse corresponds to charged track position along the drift coordinate

> Background events nearby detector surface and drift plane can be rejected analytically
= Diffusion of negative-ion drift is relatively smaller than that of electron drift
e Combination of high granularity pixelated electrode leads more precise track reconstruction

= Pixel readout resolves track ambiguity
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Detector development

e Prototype detector being preparation
= Ver.0: Simple 1 channel pad electrode for gas studies

=\er.1: 64 ch, 400 um pitch pixelated electrodes (electronics under development)

ver.0 GEM x 3

Poster:
(P18 W.Toyama) =



Detector development

e Prototype detector being preparation
= Ver.0: Simple 1 channel pad electrode for gas studies

=\er.1: 64 ch, 400 um pitch pixelated electrodes (electronics under development)

16 mm

Pixel pad + ASIC

i il First light for the
D prototype detector!
20 us

Ver.1 pixelated detector

Poster: , NI\l stay tuned!!
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lonization yield 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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Conclusion

e NEWAGE conducts direction-sensitive dark matter search using gaseous TPC

= Background reduction and scalability studies mainly ongoing to obtain more sensitivity
e Track analysis can make identity radon emanation sources
e | arge scale (~1 m3) chamber will be in a final commissioning phase right after this conference

e Next generation detector: negative-ion gaseous TPC assuming pixelated detection system
under development
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Backup



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

: Energy spectrum .
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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

UL |
1.6667 - 3.3333 keV WIMP 10-% 1 I CYGNUS X 6 yrs
1
c'\l_'10—36_ ]
§10—37 | e -
0% |
SR Ul
S 103 n
% 10—40
51074
S 10
B 10-43
88 2 10
' 107HE
=R
E— o
Q —47H ===~ Single electron threshold:
0 5 10 18 ; —_— Wo%st -case threshold: 8 keV [755:5 Torr He SFg]
— — — Bl | R Search mode: 8 keV, [1520 Torr SFg]
dR 2 dQ nd tOn 1 eal" 1 Sr 1 — A TN T T N T U I Y N M I N TN T N I I I N fﬁfﬂ.‘l
bin/d¢2 | 4 | 10707 107 10! 107 107 10!
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Physics Reports 627 (2016) 1-49 CYGNUS expected (arXiv:2008.12587)
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arXiv:2301.04779 (hep-ex)

Underground measurement

¢ [ncrease statistics: 108 days — 318 days (x3) 1.2
PTEP 2021, 063F01 (NEWAGE2021)
. . . 252f
= Use higher gain operation run 1.07
| £0.8
= Electron recoil (ER) by gamma rays should be removed & NR ol
< 0.6 S
[ [ [ . [ . [ [ m O
e Additional selection applied with multi-variate analysis §0_4ER ”
= correlation between track length, ToT and energy 0.2 f gain = 1890
B = 250 .
0.0 - i ; — 10
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Gamma rejection
(Copper shield)



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

25 | Nuclear recoil-like event §
& N_q9f : ] .
E 19: N 2520f source run c;)10—4__._ 4 Previous cut
= i o - After TOT-sum-Length cut
Ll | S +
8 _21i E — 160 ke\/ee _Ei 107°
I L L v
14 145 15 O 10-61 |
(Anode strips) X [em] 0
S Electron recoil-like event &
< Nop gl : 50 100 150 200 250 300 350 400
g ¥20.5 N 137CS run Energy (KeVeo)
e -2 i L
A : E = 72 keVeo Rejection power: ~106
—21.5r° =" _ ... - :
e (this event was dropped but need to reduce the ambient
=4 gamma flux into our chamber itself

— 136 134 130 DYy our event selection )

(Anode strips) *[em] 30



Copper shield

S hICK cop oDer

E)12000_I Creerrerrrerr e Ihl b I— (%, 0_6_| LI | LI | LI | LI LI | LI | LI | LI |_
o _ Simulation Cu shield - ke, B , i
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§ 8000:_ E L%’ g BG measurement _+_ No Cu shield g
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o 30% rejection 1 0.4F :
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IN simulation
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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.)

% . TR, - .m\\ S \
-l e — : = | e | '\

Radon emanation measurement:
LAp-PIC: 2.3 + 0.5 [mBgq / u-PIC]

~>

| BGu-PIC: <0.17 [mBg / u-PIC]
(90% C.L.)
NIM A 1072 (2025) 17014

2 30 cm



Detector installation (Dec. 2023
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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

18

Var|ous Samples are mveshgated Sample ID

o4




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 —:
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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

400
200

¢ ’l# x30 radon removal
+¢power than cold
¢

activated charcool

_ > 2200 T T T T T T T

Ag-ZEOllte ° 2000; NEWAGE —+— #'%Po (Th chain): 1176.6 = 11.1 _f
“8Ag-FER-B” 20 g % 1800 RD-1 —$— 2P0 (Uchain): 702598  —

room temperature = 1600;_ No Ag-zeolite Ag-zeolite _

12001 +# ; 1214Po rate: -

‘ ‘ 10005 *++++ h <0.003 (95% C.L.)

| Rn detector | | Rn source] | 800 * E
600 =

—0—

circulation pump

o
(6)]
—
o

{

N
(6)]

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
Ag-ZEOllte ° 2000; NEWAGE —+— #'%Po (Th chain): 1176.6 = 11.1 _f
“8Ag-FER-B” 20 ¢ % 18002— RD-1 —4— #"Po (U chain): 702.5 = 9.8 —i
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12001 +# ; 1 214Po rate: -
‘ ‘ 1000E- *++++ i <0.003 (95% C.L.) 3
i goof~ # =
| Rn detector | | Rn source| cook. ¢ ’Px30 radon removal -
l - 4005_ R ‘power than cold 1
, = ! ’activated charcool 1
i 200E-, «f [ . E
O_ L1 | [ 4 I

o
(6)]
—
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N
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Ag-zeolite is filled in 15 20

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



NEWAGE2025

e Measurement has started from Dec. 4 2025 after commissioning

= only 1/8 exposure obtained comparing with the NEWAGE2023 analysis

>  o4— NEWAGE -
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)  Q Search Kobe PP

%5 1 newage_status_monitor 245%™ v O Q

@ Messages £ Files -+

NEWAGE SM na2 A%P 3:51 pM foaay

4 NEWAGE 0.3b status &
http:/10.240.101.210:3000/d/3tq-AbFnk/newage-0-3b-status?orgld=1&from=now-7d&to=now
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3files w @ Download all

Detector status Is

monitored from

Kobe University with
GGrafana + slack

O et o @ automatic posting

http:/10.240.101.210:3000/d/3tq-AbFnk/newage-0-3b-status?orgld=1&from=now-7d&to=now
http:/10.240.101.210:3000/d/3tq-AbFnk/newage-0-3b-status?orgld=1&from=now-2d&to=now
http:/10.240.101.210:3000/d/3tq-AbFnk/newage-0-3b-status?orgld=1&from=now-6h&to=now

3 files w & Download all

Measurement is
ongoing now!




Neutron irradiation test (252Cft source)

e Performance demonstration using 252Cf 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
| !

'g‘ T [T 9 ..‘2 E 5: rrprrrrprrreprr e e et 800"(2
S, 2 g o S, 45F o
7 2 -
5 9 35F 600
; 3E 500
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2 N 200
1 0.5E 100
0 00: 0

39 Energy [keVee]



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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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-)

900l - 950 1000 1050 1100 1150 1200 _
Time [us] 41 2023 JINST 18 C06012




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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ASIC evaluation board

readout ASIC developed with KEK

9 SoC (ZYNQ) board |
Xilinx: ZC702 |
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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

ASIC will mount
backplane

drift plane (SUS mesh)

—

feed through

field cage
(flame: PEEK)

o 400 7 i

8 x 8 channel

~100 mm

gas outlet

—

'l
=
v D000 OO00O00000000C)

pixelized electrodes and
C readout board - detector under development




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 | |
Cosmic muon in underground?

Ultra heavy DM search?

DAQ server Readout board \ 1.6m
Config, 5 Al n
Control flag Control
> o ¢
‘ | Response — oo | )
esp Data ata ! DAQ Ul
)
DAQ Ul 4ch <«
Veto Analog sum
| 4 Response DAQ (—C ToTSiana] —
» | Controller | < onT:;;;g:na Discri DAQ system 16
. . .6m
Control flag overview diagram
v

smorts pOSter CYGNUS/NEWAGI I
(focusing on the DAQ development for the Migdal seﬂch) aocm modules X



arXiv: 2607.23527

MIMAC latest result

e Directional search with low pressure gaseous TPC (50% i-C4H10 + 50% CHF3z @0.03 atm)

e 424 um pitch pixelated detector coupled to a Micromegas structure

= _ow energy track reconstruction performed, resulting low energy threshold (0.45 keVee) achieved

e They set an upper limit on the SD DM-p cross section of < 6.65 x 1036 cm2 (C.L.)
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