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NEWAGE

New general WIMP search with an Advanced Gaseous tracker Experiment



O
—
<
L
=
O

220km/s

0—

“CYGNUS” concept

Solar system




NEWAGE history

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

+| CF4 gas for SD search

180 160 140 120 100 80 60 40 20 0 340 320 300 280 260 240 220 200 180

+« Proposal rLB 578 (2004) 241
+~ First direction-sensitive limits

PLB654 (2007) 58
+« Underground results

PLB686 (2010) 11, PTEP (2015) 043F01s

+« Phase for “low BG detector”
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NEWAGE detector

NEWAGE-0.3b’
+« Detection Volume: 31X31X41cm?3
NEWAGE-0.3b" s
+ Gas: CF4 at 0.1atm (50keVee threshold) i l\“ '
+ Gas circulation system with cooled charcoal /% _m |

. a1 2= ‘ , j -31 X 31cm?
Drift length: 41cr.n o7, - pitch : 400um
PEEK + copper wires "~ i & - gain : ~1000

1000m

- made by DNP, Japan



K. Nakamura

BG study e

+« BG source: alpha particle from uy-PIC
L —lh Glass cloth in Pl had O(ppm) U/Th

s Pi{w/GC)100um GEM(LCP +cupper)
L s PI{w/GC)800um

% Pl{w/GC)100pm

100pum  800pm  100pm

By dissoiving the Pl -« 5

using NaOH and KOH
.- - tll

PI(w/GC)800um PI{w/GC)100pm

G N\ G —

S N
u-PIC u-PIC gap GEM GEM
(Polyimide} (Copper) || (CF,) || (LCP) || (Copper)

\ 10um |B.99mm{|200um|| 5um

_______________________
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Low-a u-PIC

«~ 2014 material selection

e new material :Pl + epoxy
e BGlevel: <1/100

Pl including glass cloth 0.39+0.01

PI+epoxy <2.98x103

copper electronoddl

i I
A A T P|(W}’GC) 100pm

— Pl(w/GC) 800um
_—» PI(w/GC) 100pum

T. Hashimoto
helped by K. Ichimura, K.Abe (XMASYS)

1.81+0.04

<6.77x102  &|New material

copper electronodes

R

_» Pl{w/oGC)5um
T epoxy 75um
— PI(w/GC) 800um
__y epoxy 75um
— Pl(w/0GC) 5um

Direction Sensitive

WIMFP-search

NEWAGE



T. Hashimoto

Low-a p-PIC : development

& DNP Co.
+ Development of low-a emitting p-PIC
e 2015: 10X 10 cm? p-PIC
low-a u-PIC

@ 2016 30)(30 sz |J -PIC electrodes

l.l

perfectly produced !

In spite of the material change

IV ¥y Nivl.




Low-a u-PIC : performance [=tnee |
+ 2017: performance of low-a emitting g-PIC

@ gas gain >1000 (requirements)
@ gain non-uniformity RMS < 20% (requirements)

[1.16 0.88 1.05 1.00 1.09

0.88

______ —e— 10cm low-a u-PIC

10—
50.90 122 093 101 1.16 0.88

Cathode [cm]

—4&— 30cm low-a u-PIC
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DNirertion Sencitive

requirements satisfied !



Low-a u-PIC : DM run
« |nstallation: Dec. 2017

« DM run: 2018-
e RUN22-1 2018/6/6~2018/8/24 (47days)
e RUN22-2 2018/9/20~2018/12/3 (61days)

SD 90% C.L. directional upper limits

——— RUN22 (Low o u-PIC) NEWAGE 2015

PTER(2015)043F015
RUN14 (conventional u-PIC)

NEWAGE 2019
prelimina
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NEWAGE
and beyond
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NEWAGE : next

« new main BG:
e M-PIC: surface BG
e radons

copper electronodes

;oo

_» Pl{w/0oGC)5um

i — L1
e e W N epoxy 75

Pl{w/GC) 800um

~_» €poxy 75um
~—— —» P|(w/0GC)5um

Drift plane

) | (CFa) | |(Le 7 (CF.) (Copper)
4mm 41cm

[a/cm?/hr]

2.5<E<4.8MeV(bulk) (8.1%3.2) x10°
4.8<E<5.8MeV(surface) (2.1+0.5) x104 |
l| ll| I

o ...1_I__II..:.jlL._.1||I..I“ LLIEL

G P Direction Sensitive

more than X10 improvements in next 5 y‘ears'



« Negative ion TPC
+ minority peaks “discovery” (DRIFT group)

+« O, additionto CS,+CF, gas

+« Sk gas several species of ions with
different velocities

SF, results
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X-ray source(SsFe)

Kapton foil Window

/

+« SF6 gain study

e 2 (or3) XGEM
(LCP, 100um Scienergy)

H. Ishiura @MPGD 2019

proceeding in preparation

E
Drift mesh(SUS)
10mm -
Drift SF,
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e Measurement results H. Ishiura @MPGD 2019
normalized to Single GEM gain proceeding in preparation

m  Double GEMgain persingle GEM |

Triple GEM gain per single GEM
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e plotted on one line =no (significant) charge loss
14



H. Ishiura @MPGD 2019

« Garfield for negative ion Wl
@ (details in tomorrow’s Miuchi’s talk)

Single GEM gain (experimental result)

Garfield Simulation w/ threshold model

A Garfield Sim w/ cross section model

I:I experimental error
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@ gain curve reproduced
without any CORRECTION !




+ Garfield++ for negative ion M A
proceeding in preparation
® most of the process are already in Garfield++
e detachment process needs to be implemented

e Two detachment models were made

Cross section mode

—— Threshold model
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e + SFg+ SFg
e + SFs+ SFg

F— + SFE, + ()er

F~ + (}TF4 + (;Fb
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The Journal of Chemical Physics 91 (1989) 2254
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+« ASIC development for negative ion readout
e Lig Ar electronics “LTARS2014”
e Slow shaaping time (~several us)
e Wide dynamic range(1.6pC)
e Large Cdet (300pF)

e heed SPECS for nuclear track detection
= | TARS 2016 2019 J. Inst. 14 T01008

Table 1. Specification and requirements of the ASIC.
Technology Silterra 180 nm CMOS
Chip size 5x5 mm?Z, 16 total channels
Supply power 1.8 V core/lIO, £0.9 V operation, max. 2.4 mW/ch
Fabrication options 6 metals, deep N-well, high-value poly res., MIM cap.
Minimum signal charge 3 fC (minority species) 100 fC (main species)
2000 e~ (S/N=10) < 6.4x10% e
4000 e~ (S/N=35, see Section J)
Dynamic range
Voltage gain | 0.5 mV/fC R e

- ~ — MP-search
Shaping time 4-7 pus for NI uTPC /j1-4 us for LAr-TPC 85 E




s LTARS 2016 2019 J. Inst. 14 T0O1008
e two types of architectures

_ _ dynamic-gain
static-gain

Miki Nakazawa
JPS Mar2018

noise was larger than designed
— modified for LTARS 2018

LTARS 2018:
sharing full-wafer run with other
groups. several k channels were

made. Chip test starts soon.
19 100 200

Detector capacitance [pF] I VL. FV mAArL




« L TARS2016 TEST with detectors

o @Wellesley (Oct 2017) c/w 256um micromegas
e 16ch+16c¢ch active area

2019 J. Inst. 14 TO1008

2D tracking of a was confirmed

e With Sheffield group micromegas, wires

Direction Sensitive

WIMFP-search

s NEWAGE



e 3D tracking + z-fiducialization ( first!)

Tomonori Ikeda JPS
Mar2018
paper in preparation
prellmlnary e o -v.v?l.J‘lldu\
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NEWAGE
and low BG activities
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+ a-ray imaging chamber (Al-cham)
e application of low-a p-PIC H. Ito. (NIMA submitted, 1903.01090)
@ a-ray imaging ( pos.res.=0.7cm)
e BG level = 1.58X10% a/h/em? (subtraction possible)

Anode (cm)

_.J 2] .
6 . Sample window
(9.5%9.5 cm?)

CF, gas 0.2 bar
Volume:
(35%35)x31cm?

u-PIC (30%30cm?)

Cathode (cm)




+« New concept TPC with sheet resistor
e to overcome potential problem of existing TPCs:
- distortion of field cage or complicated design
- radioactive background «. miuchi ;PTEP 2019 (2019)063H01 )

E—5X 1%EHH0. 2x1000x10m

il
(&)

‘ ¥ 34,900
Vessel=GND
(~10GQ/O)




K. Miuchi (PTEP 2019 (2019)063H01 )

e prototype of SR p-TPC

zoomed XZ view

<506 ~ 184 <134 [ <777 [ < 1L

z (drift) (cm)

YZ view

. "y oW X
AN\ TS ¥/ A

z (drift) (cm)
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e SR Y-TPC performance K. Miuchi (PTEP 2019 (2019)063H01 )

I systematic error (trigger ¢ondition) |

. innermean +1¢

.-




+ Columnar recombination K.b.Nakamura (JINST 13(2018)P7015)
e S|l (Xe), high pressure

With AXEL

See K. Nakamura’s talk

a-riy (SoAMeEY 2T mim)
fram “34rm

e @ Proof of concept
B | e regon : 2mm (for high energy a’s)

F“u 18mm

& &

-,
" PTFE

GHO-mesh

(PMT guard) WU-senditive PMT

0
1 006 0.4 0.2 0 recombination : 1 08 06 0.4 0.2 D

4 5 2000 -
g :

Figure 1.
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« Japan (CYGNUS/NEWAGE)
e C/N-1.0 chamber (18 X 30X30 cm? detectors)

 chamber ready
 TPC cage (w/ resistive sheet), feedthrough being commissioned

should be ready in 3 month !
C/N-1.0 chamber

o ASICs for negative ion strip readout

e > 5k channels made
e chip test will test soon

= system design and development

e collaboration

* w/ US groups: KEK-DOE funding (2017)
* w/ Sheffield: JSPS-RS funding (2018-2019)
/ * w/ MMAC: TYL-FJPPL funding (2019)

A

= welcoming more !



« Summary

e NEWAGE : low-a p-PIC development
= DM sensitivity X10 improvement

e Further low BG p-PICs
@ ASIC development (LTARS 2018)

e a-imaging chamber (Al-cham)
e low BG TPC with sheet resistor (SRu-TPC)

30



