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Direction-sensitive

e Detect scattering angle of nuclear recoils (NR)

from the “Cygnus direction”

= |eads a strong signature of WIMP

= allows to explore beyond the neutrino-tloor

Nuclear

|||||||||||||||||||||||||||||||||||||||||||||

Simulation

F
o

&
RRRRN KRR ALY RLLE LU RLAM R

W
(3}

w
o

Mpwm = 80 GeV

N
o

counts/3m?® year/bin
&

—
o

(3]

1 -08 06 -04 -02 -0 02 04 06 08 _ 1

PLB 578 (2004) 241-246 cosB 3

DM searches

Milky way

N
L
N

N
l
I
|

| ]

\J
’

Cygnus @

Sun

WIMP wind from Cygnus!

10—38

10 CRESST-II

b A

95)
g 107+ ls,d('i’?/ N\,
.5 107 o
= X 4
S10“E & .
m 00r
2 1051
o |
O10% ey
i 4

10 47 ~ .

1074 S

10_49 1 | IIIIII| | 1 IIIlIII 1 1 L1 11 11

1 2 3 5 10 20 30 50 100 200 500 1000

WIMP mass [GeV/c?]



et =
.
—-\_
i
.
5
L
o
o
&
=
i3
e
k
"
)
Di.
5
D'
[
‘\
e
-
»
'-»‘ "o
b} e
Bt
-
..3. -
Py e
= '.'
E d

NEWAGE

il 4,
Lf e
4
: " .
.. | '
.
)“ ‘A;.—7 e ey - »
- ~ Entrance
S B~
-~ = oo R %" B da )
- . Ry -
o~ ‘“—‘:-co_,-_\
.
—
———
—— p
4
—— /
~.
-
-
<t S o
-._.- Bt ‘n_i
“: '—;--::::~ =% & o _‘_'h-_'ﬂ
% T e ST o
i it V5 '&i"-:
S
s L T
o -
:
Wy t. €no
- -, — P .
¥ .- ,.“‘: 5 I~
W% ” v—h -
Vet 0{. o ’ "7
{4 - -
e b
o o o - T
3 i * - s St
o v - e - -— +
< - e i r
d——-”"’ - L e — 33 — Pes -
- e o >
v o : - '
T '
e DAL |

Oour

d



NEWAGE

electronics ™=

g, B T




NEWAGE

O
O

Q

|

<
@)
C
@)
4
E 101 -
(?_ \ & —— DMTPC 2012

- —— RUN14
% S - RUN14-18 3D-vector
—— RUN22 I
— 100 E mmmm RUN20-25 3D-vector (This work)
; —— DRIFT 2017
] DAMA/LIBRA
101 102
WIMP mass (GeV/c?)

' .

—r 7 -




P 4
fo -
) N
o p N
| ® o«&f N\ O J
< R © ®
b 102 . I l A = /
C - L — . N ﬁ___ _:
— 101 E ZeF a ¥
O R\ ¢ —_|__—_Jrr —— DMTPC 2012
! & ) AN U —— RUN14
% S 0 —— RUN14-18 3D-vector
—— —— RUN22 .
— 100 E | mmmm RUN20-25 3D-vector (This work)
; —— DRIFT 2017
| DAMA/LIBRA
101 102 103

WIMP mass (GeV/C )

paper in preparation

Only 4 active people!



NEWAGE: 3D track detection with gaseous TPC

M TPC e TPC is filled with CF4 gas (76 torr)
s E e Recoll angles can be measured by
reconstructed tracks
R
GEM it /\/;/;/ i 2D position + drift time
o —WIMP search with 3D track
* u-PIC

* U-PIC readouts 2D position
=400 um pitch 2D strip

= also has capability of gas amplification

e GEM allows to cause further amplification

5 U-PIC: 2D strip readout + amplification



NEWAGE: 3D track detection with gaseous TPC

v TPC ~ *TPCis fillec Withgas (76 torr)
y .
will be replaced to SFe
J N (negative-ion gas)
GEM/N/ == e J DOSION + OFIf tme
—>WIMP search with 3D track
* u-PIC

* U-PIC readouts 2D position
=400 um pitch 2D strip

= also has capability of gas amplification

e GEM allows to cause further amplification

5 U-PIC: 2D strip readout + amplification



TPC using negative-ion gas: Sks

e Molecules capture ionized electrons and form 2 types of negative-ions

SFg +e~ — SFg* >

Absolute position can be calculated from At = 2020 JINST 15 P07015
S - i | I IIIIIIIIIIIIIIIIIIIIIIIII |

- Need to detect 2 pulses !
- Slow pulse due to slow drift velocity |

SF¢ |

SF ™ 4+ SFg — SF¢ |+ SF¢ (BR: ~97%)

SF(,)T+ —|SF: HF (B8R ~3%)
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Benetfit of negative-ion gas

e Reduce alpha ray backgrounds produced in material surface

= detector and drift cathode

e l[ower diffusion improves precision of track reconstruction

= allows to reconstruct short track

» more sensitive for low mass dark matter search

chamber
field cage

Diffusion [mm]
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loday's topics

- Test of prototype negative-ion TPC w/ u-PIC

- Development of fine granularity
pixel readout MPGD for negative-ion gas
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Prototype detector

¢ 400 pm pitch p-PIC readout + 2 GEMs amplification

e Dedicated electronics (LTARS2018 ASIC: T. Kishishita, et. al. 2020 JINST 15 T09009)

. ~

2 Amplifier
(| TARS2018)

E g :»ﬂ

Filled with pure SFs gas (20 torr)

241Am source (calibration)

252Cf source (NR measurement)

241 Am
(alpha source)

1.28 cm

< j'(heutron source)

Kl Digital board
(ADC + FPGA)

N

u-PI1C: 256 ch x 256 ¢
10 (64 ch x 32 ch active)




Demonstration using Alpha rays

e (Somehow) collimated 24'Am alpha source are placed

= COome across to the drift region

e Both SFs- and SFe are clearly seen
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NR detection in neutron run (252Cf)

e Detect NR: signals inside the fiducial region

= NO signals at the corner of strips

e Small SFs5- signals are also clearly appear

0'—T-I‘-Tr rrrrrrrrrr|yrreryrrrrprrrr

EEnergy: 59.7 keV ————————

neutron,

~500:

—
o
o
O

voltage (+otrset) |mv|

-neutron  *

Y,

i
&

E

| TVAVAVAVAVaY VAV VAV VAV, VAV AV AV Vo
-3000 ;Aq‘v\,ﬂ\;v\/\!‘v'\lv\,"\/\/‘u’\!\nr\;m:"-u’\r\,.-"\,-"\.-’\’\.-'\/\/\/"\/VV\-
IIIIIIIIIIIIIIIIIII]IIIIIIIII
900 950 1000 1050 1100 1150 1200

19 Time [us]




Absolute position reconstruction efficiency

e Absolute 3D position reconstruction successfully performed
e Good 2-peak detection efficiency
= defined as “#events with SFs- peak / #NR evens”

¢ Ready to use for dark matter searches (directionality study is still ongoing)
3D hit map

252Cf source o o o
§ "L 252Cf run x
© 12 Total: 85 £ 3% -
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100 um pitch pixel readout

e Enable to achieve lower energy threshold
= 100 keV, (current: 400 pm pitch) = 10 keV, (100 um pitch + SFe 20 torr)

= allows to explore lower DM mass region

¢ Pixel readout can reduce ghost tracks
\ HERE NN = e —
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Pixel readout system for gaseous TPC

e Some excellent systems are already exist

= put we need to detect 2-peak events (=multi hit readout for each trigger)

e.g. ) ASIC TimePix LArPix QPIX (by JP group)

Silicon (ATLAS)

Gas TPC (SuperKEKB) LArTPC Gas TPC

Application Gas TPC

Charge integral ADC
Time over Threshold

200 x 200 pmz2 (ASIC)
400 x 400 umz2 (Pad)

Blleliir£lilc]s Time over Threshold Time over Threshold Charge integral ADC

Pixel size 55 x 55 pmz2 50 x 250 pm2 4 x 4 mmz2 (Pad)

S I B B B B UL B
0.af e ]
TPC @KEK (w/ Fl-14) o ]
Excellent track however... &% ?
reconstruction! > ot SFi L
02704 06 08 1 12 4

Time (ms)

M.Hedges, S.Vahsen, et. al.
NIM A, Volume 1026, 1 March 2022, 166066 we heed to produce

16 dedicated ASIC for SF!



Pixel readout system for gaseous TPC

e Some excellent systems are already exist

= put we need to detect 2-peak events (=multi hit readout for each trigger)

e.g. ) ASIC TimePix LArPix QPIX (by JP group)

L Silicon (ATLAS)
Application Gas TPC (SuperKEKB) LAr TPC Gas TPC

Charge integral ADC
Time over Threshold
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To achieve 100 um pixel readout, ...

* Need bump bonding to connect to electrode pads

e Usually ASIC not only has pixelized region (e.g. |/O, digitization, ...)

= need to prepare <100 um pitch pixel region on ASIC

e.g. QPIX

electrode pads

\ bump bonding

LTCC

17

LArPIX
LArPix ASIC
Signal wirebonds Neighboring ASIC
Data PCB __
Shielding layer — || — || —— || ——
Pixel PCB | |
Focusing grid —/‘ : + __________ T T
Charge-collection pad — i T
Drift electrons — %
lonizing particle
2018 JINST 13 P10007
TimePix
GEM Pad plane
A T TS G G S -/
Flat surface for bonding -~ = | ‘
Bump bonds / Electronics Pad board
Timepix chip VHDCI connector

arXiv:1801.07178



QPIX NEO v1 prototype

Thanks to the electronics group in KEK
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QPIX NEO v1 prototype

Thanks to the electronics group in KEK
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ASIC Specification

e 2 type output format prepared (waveform & ToT) just for tests

= ADC: main plan, ToT + time: backup plan

A Ghoed e anancacss:

Analog pulses ADC waveform
ﬁ ) I oy I

S | N e —
SN | N pa E—

:_I'I_I_I_
e ToT + time (max 4 hits)



ASIC Specification

e 2 type output format prepared (waveform & ToT) just for tests

= ADC: main plan, ToT + time: backup plan

=

Analog pulses

Keyword: Multi-hit readout

(instead of SFs- and SFs- detection)

DM search-specific = general purpose? _n_|—|_
19 ToT + time (max 4 hits)




c.f. Eqgivalent circuit for each channel

x8 Amp

10bit 2.5Msps

[> ToT counter
N

Amp+ Comp

Shaper 10bit x4 (multi-hit)
Vin —[>_ ToF counter
I

4 us shaping time
due to slow negative-ion drift

NN

20 12bit x4 (multi-hit)



c.f. Eqgivalent circuit for each channel

Achieve large dynamic range

x8 Amp OFF

10bit 2.5Msps

[> ToT counter
.

Amp+ Comp

Shaper 10bit x4 (multi-hit)
Vin —[>_ ToF counter
-

4 us shaping time
due to slow negative-ion drift

20 12bit x4 (multi-hit)



PCB development

e First prototype electronics production ongoing
= \W/0 chamber, electronics only

= QPIX NEO is packaged
e ASIC board + ZYNQ evaluation board

= ASIC evaluation WI|| be started from Jan 2023. Stay tuned'
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Conclusion

e Negative-ion TPC + MPGD has capability to improve sensitivity for
direction-sensitive dark matter search

* First absolute 3D position reconstruction successfully worked using p-PIC

e Development of high granularity readout electronics is started
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Backup



Drift diffusion

¢ |n case of electron drifts, difficult to reconstruct <1 mm short tracks due to drift diffusion

= |_imited by readout pitch (400 pm for our py-PIC)
e Negative ion drifts slowly and with small diffusion, which enable to explore low mass DM search

- Need to readout with high granularity
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Event selection
e Events which have no signals at the corners are selected

= for alpha ray BG rejection

e | ength - Energy cut is applied

= for ambient gamma BG rejection
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Future plans
e For directional dark matter searches, we need to ...
= measure angular resolution
= increase the number of readout channels — electronics updating

= increase detection volume — Large scale (~1 m3) commissioning
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Diffusion of electron drifts

e Electron drift: calculated by MAGBOLZ

e Negative ion drift: calculated using thermal diffusion model

3

--------- CF4(76Torr) Longitudial V=100V/cm

2.5 ——  CF4(76Torr) Transverse V=100V/cm

lllillli

— Negative lons Trans&Long V=580V/cm

n

Diffusion [mm]
o

-
-
-
-
.......
-
-
-
.
-

..............................................................

—

llllllllllll

-
-
-
-
' -
-
-
-
»
-

0.5

‘~lllll

LLlliLJlliiJlLiiJlLlLLJliLlllillll!lle
o s 10 15 20 25 30 35 40 45 50

Drift &e/ngth [cm]

T. I[keda’s master thesis



2010 um

(=L T 5 R)

CHIP SIZE 1960 1960 [um]
PAD SIZE 55 66 [uml (opening)
FyIE  12mils

28

M. Miyahara (KEK)



M. Miyahara (KEK)
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