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/&) Evaluation of Low BG detectors =~ -

L\ for underground experiments NEWAGE
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= 1 Introductlon NEWAGE Motivation

'. * Direction-sensitive WIMPs search experiment. & S3 e I
s WIMP(Weakly Interacting Massive Particle) . using gaseous Trc. e expected rate is very low.

\ — To be Low background is important.

PTEP (2023) 103F01 |
 Had developed Low alpha(LA)u-PIC (2017). !

e Candidate particles of dark matter.

e The predicted mass is about tens of GeV to hundreds of GeV

Micro pixel chamber (u-PIC)

=+ Anisotropy is expected in coming direction of WIMP.

cathode
=~ Make anisotropy of nuclear recoil — Reduced the Rl (alpha rays) originating from the
surface of the detector.
3 *
N T e @ (\ @ CF, (0.1atm)
, 2 N | § nexa

. (pre-amplification)

Ny * Also want to reduce radon originating from
* Two-dimensional readout

* Electric field around the anode pixel inside the detector. :
: '/ nucleus makes the gas multiplication. —> DEVE'OPEd a Low BG (LBG) U'PIC- ‘
:'. "-:' = W”\/IP -~;l:";
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2 P d t. Modifications / N
» roauction * .Reduced solder resist area to 1/15. LAp-PIC e _ 5
; * Thinner than LAu-PIC. >3
i Requirements  Changed core material =
3 Before : Polyimide w/ Glass cloth
. - : > : . %
Radon emanuation rate : 1/10 less than LAu-PIC. After : Quartz with Resin (Shin-Etsu Chemical. Co, Ltd.) Quartz w/ Resin s
: * Size:768 X 768 pixels (400um pitch). 1 \. Polyimide w/ Glass cloth b
. . Core 238(J upper 238J middle 232Th , ; b
* Gain:> 1000 in CF, (0.1atm). : PP Material Screening %
material [Ppm] [Ppm] [Ppm] . i
“ ¢ Gain uniformity : < 20% RMS. imi . ' . 3
? y %0 Polyimide oL 0 1Y% 101 (7.640.1)x10-1  3.42 + 0,03 Rl material content reduced to about _ ?
: w/ Glass cloth
ot 1/100. N =
¥ Atz 56 +1.0)x1073 (5.1+1.0)x 103 (1.2 +0.4) x 1072 v o
w/ Resin — Less radon emanation is expected. B s G *
2 PRSI MLt L0 S0 T P S I 0 T 00 S RS0 N O b A i ST > 250 XSS SO IATor SO, ol i MDA AL %, W o e P e, e e G :
isual Inspection Background
77 | |
= -3, Measurement Glorrageesa | | . ;
e e e e It is not realistic to measure the gain of each pixel. | * 22?Rnrate was measured with electrostatic collection. ‘E
3 : | — Developed the system to estimate the gains from images. | / -
S Gas gain : - SR ——— ™ detector
! m ' . Fine pixel | @@ * bad pixel | ,
- e Gas gain was measured with a test chamber. l g 1 AR/ " ganemas M : -HV
; | -— Sk 4 "’ ‘ S o «. 218po+ @R~ PIN photodiode
| | = | | l : ‘ é
: : : 214P g+ ‘ R ‘ 222Rn ,
3 | < Bad anode formation and large cathode radius reduce gas amplification. : ‘
. I A
' ek, Measured anode brightness(Br), cathode radius(R) | B
> ey s e rives prve s v %:"q,":"f"l'é o | By — anode brightness—cathode brightness I ri
> e TR 2 cathode brightness l %
' . Satlsfled the requwement with anode > 480V | A;Bdb — g °F |
r distribution H X : T 214Po rate from LBG-PIC .
Ga|n unlformlty I 0.50 200 | : o BT unlformlty § : 4.2+ 0.4 de " -h_‘
: : | = N A - 7 better than R,.. :
* The gain was measured at 6 x 6 points | R S e | 3
*  Be calculated relative gains by average I | g
b Fge @ » ©® & Q& | I 700‘: I 5
'.‘ | %0 100 200 300 400 500 600 700 800 0 100 200 3oox [sl:(:iol 500 600 700 I :4
| . p I« Calculate radon rate from 214Pg rate a
| ° It was speculated that there was a relationship between R, and gain distribution. | ' £
| — Ploted the relation of them. | - Radon emanation rate '9
I 4
: * The red and blue point is simulated value sample Rn rate [mBq/m’] ?
| with Garfield++. I LAu-PIC 85.2+17.4 r
: 00 o ees g NCRIECR R, | — The contribution of R, to the gain is larger : LBGp-PIC < 1.0 (90% C.L.) i
\ Relative gain diStribUtion I Simurated Gain (Anode Height = 15um) than BT(S One' . ."
: I dsrdiodl Gt il oA I« Achieved less than 1/60 of LAp-PIC 5
% 5 vt : ¢ " * Measured gain is correlated to R... | 5
L ¢ RMS20.0% : satisfied the requirement . ] ey | . -
- — Gain uniformity can be corrected using R.. | N Paper is preparatlon
| -
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4. Prospects

| 5 Conclusion
. * Installed in Kamioka underground experiment S ; The LBG U-PIC develsbodwih | NG "
|« Started measurement from 2023/12/15 g e p-PIC was developed with a low amount of radon emanation. . &
. » Details of measurement will be presented by Satoshi H. [E ;. ¢ Gainuniformity is 20.0% RMS. ¥
Installation DANIA allowed E ~ Gas gain satisfies the requirement with anode voltage > 480V. r
| | '« Compared to the current LAu-PIC, the radon emanation is now 1/60 or 5
E less. L;..
eXpOSUre * [Installed to underground experiment and started WIMP search. 3
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