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o F/RIEEREIEIRIZLSLikelihoodX—Z Dvertex reconstruction
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SUSY-WIMP® % B M 1= 6H D R X E+E £, Noble liquid

« Large mass/scalability especially Ar «—cost
« Large mass number especially Xe
—Passive BG rejection: self shielding by fiducialization

e Purification—low BG XMASS!!
arXiv:1609.06735v3 [hep-ph] 29 Nov 2016

NG XMASSORIIEHERIL N LEL
NL\BF‘P‘_ ® MasterCode ALIELBULVEDIZAITTLNS
T pAMAT B FiS
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photon energy [eV

Noble Liquid detector

scintillation&ionization M il /5 % #& K vl §E
s BWOUTFL—avR + SULVEREEFERE

+ LXe: W,,=14.7 eV W=15.6 eV
« BRIZXLTIER], RLVvERE
« BIEEMNTGEEDR)IMEELHKRELD
e ~1cm/us @1kV/cm
LEA A MEDEEEMNSPIDAEE

ECoR Wl /\ctive BG rejection

Electron/nuclear recoil
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515 HIZArCH
e DEAP — DarkSide 20k'~ /)Il. arXiv:1707.08145v1

The DarkSide Collaboration: DarkSide-20k

! fprom

DEAP-3600 @ SNOLAB .

Single-phase liquid argon (no E-field) cround. sgrstike | “tota light (10000 n) LSV
e 36T of LAr, ~I T fiducial R ?l:;de PC
High 3°Ar background when using "tAr (~| Bg/kg) LBe Guide tube

Excellent discrimination using pulse shape. 2 Foire < Sensor box oo > L /

Wire drivé_r

Prediction: ~101° ER suppression

Higher energy threshold compared with Xe b T
detectors xR e P
Collecting data since late 2016 2B 1 S ——— T .
Projected sensitivity 10-4¢ cm2 @ 100 GeV/c2 e

% 50 100 150 200 250 300 350 400 450 500 p
Number of photoelectrons -M
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X E N O N 1-|— + Detector still running smoothly and taking data with high efficiency

+ SRO (34.2 days): best Sl limit 7.7 x 10-47 cm? at 35 GeV/cm? (PRL 119, 2017)

+ SR1 (246.7 days): improved detector stability - calibration statistics - refined analysis

+ Total Exposure: 1 ton-year for the estimated 1.3 ton fiducial mass!

The phases of XENON

XENON10 XENON100 XENON1T

—— All Exposure Corrections
Rn220 ’ ! nnr fntal Avr VO
= | toni-|year total exposure
AmBe Calibration
NG Calibration
LED

Earthquake Jan 17
SRO | SR

Science run time (days)

2017-01 2017-03 2017-05 2017-07 2017-09 2017-11 2018-01
Date

53

3.2tLXe @180 K

o 2.0t active target
q .. — ~1 meter drift length
2005-2007 2008-2016 2012-2018 i == — ~1 meter diameter
25 kg - 16cm drift 161 kg - 30 cm drift 3.2 ton - 1 m drift : wkokobd £ e Blind ana|ysis
A il il U plSricne — MH%<Data open®FESLLY
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KrB3m B Rn220 = NG = Rn220 = NG I « =« normal cperation

« == detector maintenance
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XENON nT

- A rapid upgrade to XENON1T, with a new TPC
with 4 x target mass than XENON1T

+ Most sub-systems, already operative, designed
with this upgrade in mind

« Main challenge: reduce Radon by x 10

e 85tLXe @180 K

e 5.9t active target
— ~1.5 meter drift length

— ~1.5 meter diameter 0+ TR o =
20 30 100 200 1000 2000 10000

e 476PMT WIMP mass [GeV/c?]
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& S2
o 28X KYHI. 1970F (7T & [ELXe Proportional counter®

EHhINTLV -

=

Charge Amp H A
7 A —EHE(Bi207 v 1MeV)

o I8l
,‘4 _'-f I »
' >
Masuda, NIM 1979 _ - a b
Miyajima, NIM 1976 Primary scintillation 50 ns/div. Proportional scintillation 100 ns/div.
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1$8E L XeTPCA [T TOHORIF/FEEEIR

( SoARAET BFHDBIEKV/cm)DLELVE l
- 1EBHMEFH-YDS20FEINE gain (ph/e-)

W BEIRILF—ES(<10keV)TS2HE I AIRED efficiency )
e - Masuda, NIM 1979

21 x 21 x 23mm = 10
9 SUS wires of 100 pume

wmm | —i— ¢20pm'7'f’(’—
i S2 thrEShOId: k voun-:sz-E DIFFE;;IENCE 4\' (kvis

=
3
g
3

_. |Table 2. Results from a simultaneous fit of the 10 and 5 ym data and individual fits of the 10 and 5 ym data.
Apri le rode—E == The last line shows the S2 gain factor after converting PE to ph /e~ using the conversion factor g.
JINST 2014 ) parameter 10 & Sum only 10 um
| . charge gain factor [1/(um-e™)] 0.804+0.10 1.15+0.15 1.46+0.02
.- | : slope 1n charge gain [kKV/cm] 242+45 561 +119 298+1
----- _ 3 ,: threshold of charge mult. [kV/cm] 725+ 48 58647 750+ 1
'S ,: S2 gain factor [PE/(kV/cm-im)] 16.6+1.1 13.3+£0.4 17.9+£3.4

=
(8]
I

Relative charge [a.u.]

: threshold of S2 [kV/cm] 412+ 10 399+7 416 +13
x*/ndf 125/63 71.4/42 19.9/16

;- S2 gain factor [ph/e~/(kV/em-um)] (2.0970%) x 1072 (1.68753¢)
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¢« JAN—IZKHBRPTHDS2ZEHT S
— AZ AU TR{E400kV/cmZ R T 5
R ECETCEIRILE—TERTESD

. 207Bj (0.55,1.05MeV y, 0.98MeV B)

K. Masuda et al., Nucl. Instrum. Meth. 160 (1979) 247

o 109Cd (22keV y) #mkm mAmEE2V0153 No.3, 1998
e 210Po (5.4MeV a) E. Aprile etal., 2014 JINST 9 P11012

o BIKLXe-TPCZEZRIEA DD, EfLHIKTR&DZFITD,
— AN —ZFHI=-XMASSHE 21t
— TERIR TAT | 0D BA 5

ESEASE v HAYEBZRETIEERKRE VRV DL HRER K 2018.3.24



FIFIRIE Cryogenics  xedsiim~EA+amicrva—smLThilt
e XMASSODT AN

: MFC for filling 8 MFC for collection
. N : Xe line
L3 ELCA A xeline AL

Xt/ UEENTE
5HE&OIZE%E —
o KEK{E:ZRFiT

=
’

Xe bottle o

]

NEZMEARS

(dﬂl:#ﬁ.‘ﬁ%% -

LXe operated at

Temperature -101.9°C
Pressure 0.045MPa(G)
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LXefB1E 24mm[d X 50mm

== /L 1.7k
e PMT: BHLIEGNDTHH-TIELLY oosmm }T?;’Eif’(ﬁ;;éoﬁ(gas)

— MEGA®OEZRHEA—RIZ+HVEADLDEIX A
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BERFZ HAYEFZSE73RERKRE PRI L RRERIK 2018.3.24 19



I Hamamatsu
JAN—tyh7 V2 R8520-406

24mmL]

2 . v _ 4 " +HV
GND wires :
A
Au coated
170mm { 50mm 10pm W wire
v
241Am

v: 59.5, 26.4keV
X:20.8, 17.8, 13.9keV.
a: 5.49, 5.44MeV

T
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Formed electric field

e 5kV — 880kV/cm@ wire surface

Field@ wire surface [kV/cm]

(@)

cAlHHEHAE T T
Applied wire voltage[kV]

wire 5kV

880kVem@0.005mm
Source position

Ao
i
i
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top vs bottom

topsS1[mV ng},

o
(=]
o

S1 59.5keV signal @0V

linear
fan infout

discriminator coincidence FADC trigger

oscilloscope

FADC | CAEN DT5751 FADC 1GHz

10000 15000 bottom

bottom S1[mV ns]

top+bottom

hS1_area_top
[ hST_area
| | | | | | ean 4483

0 e RS 298

1000

800

00 7000 8000
[mV ns]

=]
=i

600

Mean 2697 400

Nn E\;SN'T b 200 — | i WH

N

WJJ o 4[2000 -2000 0 2000 4000 6000 8000 10000 12000 1400(; V16?00
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800
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400
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79(]()0 -1000 0 1000 2000 3000 4000 5000 6000 7000 8000 " "
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S2 sighal @ 4.5kV

e Oscilloscope « FADC for analysis

File ertical Timebase Trigger Display  Cursors  Measure  Math Analysis Utiliies Help Pedestal fOI' 81 . Pedesta' fOI" 82
' average between average between
T,-220ns to T4 -20ns T,-200ns to T, - 100ns

950

| S1 integration : | | S2 integration
for 300ns | | | for 600ns
1 T,toT,;+300ns | 11 T,-100nsto T, + 500ns |~

LTTTTTTTTI ||||!|||| ||||!IIIII

L1 I 1 1 1 | I 11 1 1 l | [ I | I I | I - I | I T l L1 1 | I 11 1 1 I 1 1 1 1
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
time [ns]

SH16/2016 9:49:08 Al

Drift time

Egir ~ 1.6kV/icm — ~0.2-0.3cm/us [N T

S2 trigger: top and bottom PMT output voltage < (pedestal for S1) -10mV
e source-wire: 1cm — ~4'5HS Start searching S2 from T,+1.5us
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5.5MeV alZ&5S28H-5T,59.5keVyIZ&BEHMD TIXALY

e S1 spectrum @OkV

S1 top + bot

v: 59.5, 26.4keV
X: 20.8, 17.8, 13.9keV
o 5.49, 5.44MeV

E&Fz BAYEZLREBRFRRE YRPD L

| Entries 10018
: Mean 3.605e+04
RMS 3.653e+04
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S1,S2 and drift time distributions@ wire 4.5kV
« 800kV/cm @ wire surface

S1 top + bot S2 top + bot drift time
histS1_2 - - - - - histS2 | & —_hdrifttime

{Enries 9922 Entries 1429 £ 10" = ! Entries 1429
{Mean  3.402e+04 Mean 8209 o Mean 4247
|RMS 3725e+04| °F RMS 6506 - e LR R |RMS 1334

| | L1 1] .I. i .I. i | . a
-5000 0 5000 10000 15000 20000 25000 30000 9000 10000
S2sum drift timefng)

RN W

S2 after cut

hS2_cut
Entries 366
| Mean 7720
v AMS 2737

S2 after a selection
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af N RDFERF @4.5kV

(]

ks
-
=

hdriftvsS1top
Entries 1249
Mean x 4.333
Meany 3.027e+04
BMS x 1.208
AMSy 242e+04
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8

0 1 2 3 4 5 B 7 8 9 10

60000
c
=>
£50000

40000

N
0p)

30000

20000

10000

E&Fz

drift time [ns]

hdrifivsSZ2top
Entries 1249
Mean x 4.381
Mean y 6162
RMS x 1.203
RMS y 8518

1 2 3 4 6 7 R [5} 10

drift time [ns]
BAYEZRETIAFERAR

hS TtopvsSZ2top

Entries 1249
Mean x 3.016e+04
Mean y BORSE
BMS x 2.41824+04
RMS y 8471
14

2

0
x10°

drift time

100
[mV ns]

|
80

hdrifttime

Entries 1249
Mean 4.332
1.215

SURD L

drift time [ns]
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Wire ENNDE & F 1%
e 4.5kV

drift time drift time drift time

hdrifttime hdrifttime
f Entries 1422 I Entries 1249

Mean 4.402 ’J Mean 4.332

hdrifttime
Entries 1054
Mean 4.154
RMS 1.164

RMS 1.18 RMS 1.215

8 9 10
drift time [us]

JL ﬂ|_||rr|-| 1111 1111 1111 L 111
7 8 9 10 1 2 3 4 5 9 10
drift time [us] drift time [us]

S2 after cut

hS2_ cut

Entries 461
Mean 8317

RMS 3373

Underflow 0

Overflow 0

[}

|

I[N

L L
10000

L
15000

I
20000
S2sum

S2 after cut

hS2 cut

Entries 366

Mean 7720

RMS 2797
Underflow 0

Overflow 0

1

=1

L L
10000

S2 after cut

hS2_cut

Entries 251
Mean 6173

RMS 1952

Underflow 0

Overflow 0

1

|

=1

L
10000

L L
15000 20000
S2sum
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Wire ENNDE & F 1%
e 3.5kV

drift time

hdrifttime

drift time

hdrifttime

Entries 933

drift time

hdrifttime

Mean 4.061

RMS 1.176

Entries 588
Mean 3.723
RMS 1.149

10
drift time [us]

S2 after cut

hS2_ cut

S2 after cut

10
drift time [us]

Entries 389
Mean  3.364
RMS 1.039

hS2_cut

Entries 187
Mean 5621
RMS 2061

Entries
Mean 38
RMS 10

Underflow 0

Overflow 0

Underflow

Overflow

43
85
55
0
0

I
|

L Ll L
10000 15000 20000
S2sum

E&Fz

HAYEBEZERSFE7IEERKE

L L
10000

7

1 L
15000 20000
S2sum

DTN

RRERX

S2 after cut

8 9 10
drift time [us]

hS2_cut

Entries
Mean 230

Underflow

QOverflow

5
0

RMS 253

0
0
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S2 Dwire NI EEKTFTE

Field@ wire surface [kV/cm]

RN
o

5 6

AR O 7
Applied wire voltage[kV]

-
=
E
o)
)
S
=
=1
S
©
o
7))

o 3kV UTZTEIZAEYT SHEMN
&675§\
S2NDERfE~400kV/cmZEFEER

wire voltage [kV]
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EIRILE—AAUREZDT-5H13Cs 662ke V) Z[ BE 5

histS1_2
{ Entries 7643
| Mean 1.462e+0
{RMS  1.582e+0

595kqv S1 top + bot

drift time : S1

-
*,
Moy
Y
"+
St
v

v b bvvv b b Pvvvn by P P vy 1
2000 3000 4000 5000 6000 7000  BOOO 9000 10000
drift time[ns]

o

107

S2 top + bot

histS2_2

Entries 2891
Mean 1.099e+04

T

1

+ +

NIRRT RN N RN R WA R R
0 3000 4000 5000 G000 7000 8000 9000 10000
: drift time([ns]

drift time

hdrifttime

Entries 2891
Mean 2992
RMS 1452

T O M B O I I A

1000

2000 3000 4000 5000 7000 8000 9000 10000
dift ime[ns]

@4.2kV
S2 by ~100keV & #ED !
LA LSI1DEREZIEFR+ 57
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M F FH R 23aK301-9

137Cs 662keV4 ERERSTDMC

® XMASS-Gﬁj\b\OTL\T:lj:ftJ:@': o SlO)GGZkeV@I:"—OliEi@L\
- NI=blf FHANFDANR + ETFPMTRENSOMBBHERELTAE

137Cs®-_2'/:y§ I/'_".?/E :'/ﬁll-. REEDYVFL—Y gy

LPMT vs TPMT

only 137Cs
" Area2
l" - ‘W

DHEME FBEEORHE
EWIGLTWE

LB
IVC X-ZEfiE E
X
TEF
IVC Y-ZHfE

top S1[p.e]
s g =

0 200 400 600 800 1000 1200 1400

RE ! mma '

BEELRIEWNTALY (TPCTHL)RARH IO EE
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FOPCERIRIEHH IR D EE: W RELIEERTF
o BRIRAD RAEHIZE NEWS-G

A Novel large-volume Spherical Detector with Proportional
Amplification read-out, |. Giomataris et al., JINST 3:P09007,2008

» Simple and cheap
 Large volume

* single read-out
C=R;,=7.5mm < 1pF = e Robustness

1Y g/ = « Good energy resolution

 Low energy threshold

 Efficient fiducial cut

» Low background capability
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loannis’s spherical detectors

University of Saragoza detector

Low background detector d 60 cm p=10 bar B Basic R@D detector in Saclay

HV filter & 3
PreAmplifier 8§ =

= _ . Vacuum
*\+ system

. - |

i

- -
g

Calibration

% window
4 e Gas output

University of Tsmghua HEP detector Radon Monitoring
— (for SuprNEMO)
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NEWS-SNO

« 140 cm @ detector, 10 bars, Ne, He, CH,
o Copper 1 uBag/kg
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Thank you for your attention!
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