INR(BE
for the AXEL Collaboration

2018/11/09 S. Obara, S3ERPEHIERREFMES 1 /10



—_ENX—YREEE

dN/d(K./Q)

136B3

o  IEADEHEE I 57X UNE
EFIC T 2B AXRY KL)

e 2DME

o < =
. ::L—|\'J/f'f

Ty =)D

D EEHL
/\GJ%IJ BE

136Csg
v
136X e ) . "
x N—% BRiz=
o _EBN—%FRiE
Qpe=2.46MeV
30+
2.0- g 20} X
x 104 | ‘.|
1.5 odL M\
| 0.9017.001.10
' 2v2P3 X/Q
1.0~
0.5 V2B
0.0 <4 . . . —— /""I'
0.0 0.2 0.4 0.6 0.8 1.0
K./Q
2018/11/09

(1)

S. Obara, 23EIRRAEEREREGEF MRS

:GZI/}MQV‘2

=R (T>102¢yr)




R DOVv2RIRE &K

== ==y N —_— Y3
vV BERERD v EEERNERTET,
BREFIEULTWSIEE et HREFIR L TWDIEE
KamLAND-Zen, SNO+, ... GERDA, MAJORANA, CUORE, ...
e
arXiv:hep-ph/0202264
~500kg-yr ........ > % 107'F KamLAND-Zen (“*Xe)
3

Tton x 10yr .. ...... =

4 .......... 1 ton x 10yr

100 ton x 10yr ««-eeeeee- ;10_3; \ i

0% 1070 102 107 T~

BRIED =1 — kY /iIREEER

Mo ptest (eV) ((al—IEﬁl%-l Igjlg—_l'ls}% *%i%:_% favor
INDOENERD y
"BRERDIZV, HtonDIRHR"

2018/11/09 S. Obara, EE3[EIRRAERFTEFMAS 3 /10



AXEL (A Xenon ElectroLuminescence detector)

AYv 7707 k= ELCC

o4 )b k Bl TR F— & RS

=B EERMAE

NEXT PANDAX-IIIEER

ERlfea>ytE7 bk

° 13¢Xe for Ov2f3
¢ TtonFE/VAHAR

. ~10E

VUV PMTs

VFL—I 3R
CTHREEHREE

7Z14=ILcT—
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AXEL (A Xenon ElectroLuminescence detector)

Oy 24907 b= ELCC
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ELCC (Electroluminescence Light Collection Cell)

)

~100 V/cm/bar

Drift area

Anode Cu plate

PTFE insulator

Mesh electrode ~2 5 k\/em/bar

EL process area

MPPC array
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AXELE{EH & K E

2015 2018 2027 207?77
. 3000L - size .
10L - size (1 Og xenon) (100 kg xenon) Large - Size
° =3 .
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+ ELCCOREIRGE B

180L - size (8.6kg xenon)
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\,n!['!'ﬁ‘_ ° %%E?rg‘% WEEERAED
S¥if -
. Now constructing ...
®55cm =
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10L-prototype; AE
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180L prototype detector
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%%E% for 0v2|3 FICENBBENSHTL S

arXiv:1106.3630v1 [physics.ins-det] from NEXT paper
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https://arxiv.org/abs/1106.3630v1
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Pressure Bessel by
thin-metal+PEN
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B/INA—F DREEDSIBZFD

o EERMICHRITIER(MOV)DAREM
MoEZ R - IcHlBRICTR S

e Planck2018; Zm, < 0.12eV
https://arxiv.org/abs/1807.06209

S
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https://arxiv.org/abs/1807.06209

Majorana

o CEIBTHINRSEEIEZ TS (v=vC; Majorana condition)

e v_ = anti-vr TlERWZ EIER

e C n‘i%*ﬂ 0))/%?*)3'V5E\IJET\*YL¥¢ }i*ﬁ? (lj:ﬁj\h\ S2TCW5 E. Majorana @ ltaly
1906/8/5 - 19387
Vi, «—— UVR MajoranafilFDIEEE
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Majorana mass term
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http://www.lowbg.org/ugnd/workshop/sympo_all/201705_Okayama/slides/21pm/201705_Okayama_Hamaguchi.pdf

w ovz b%i ST HTFEM 2017EERS, EESADRSA RHS
1IN (http://www.lowbg.org/ugnd/workshop/sympo_all/201705_Okayama/program.html)
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. “8Ca 136X e
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CANDLES

GERDA, MAJOARANA

NEMO-3,
Super-NEMO

ZICOS
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COBRA
CUORE(-0), SNO+

KamLAND-Zen,
PANDAX-IIl, EXO,
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KamLAND-Zen 400

(KamLAND-Zero neutrino double-beta decay search)

- Use 136Xe loaded liquid-scintillator ; ~380kg
- R~1.5m inner-balloon is a target volume

2018/11/09

* o/E=6.6%/\[E

(b) Period-2

* BG; 2v2b, 10C, 214Bj, 110mAg
e T>1.07x1026 yr (90% C.L.) & 61-165meV

g ——Data — oA
- — Total 28U+ 2Th+*"Bi
S . Total +21Po+PKr+ K
> . (OVBpU.L.) - IB/External
é’ -l — Xe 2vpp -~ Spallation
Zo10e i — ""Xe Ovpp
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e L ol
=
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S. Obara, FE3[ERREAERREFMAS

- https://arxiv.org/abs/1605.02889

(mgg) (eV)

@ Kamioka, Japan

B JCa Y
i Sle
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107'E KamLAND-Zen (**Xe) -
107%¢ -
i NH
107°F B
Ll Lol Lol L1 I
10* 1070 102 107! 50 10
mlightest (CV) A
21 /10



KamLAND-Zen 800

(KamLAND-Zero neutrino double-beta decay search) @ Kamioka, Japan

. Use 136Xe loaded liquid-scintillator ; ~780kg
- R~1.9m inner-balloon is a target volume

» Re-fabrication of the inner-balloon

in order to suppress 2'4Bi background on the film
* It will start from the end of 2018
* The goal set to be ~ 40meV

2018/11/09 S. Obara, EE3[EIRRAERFTEFMAS 22 /10



KamLAND2-Zen

(KamLAND2-Zero neutrino double-beta decay search) @ Kamioka, Japan

. Use 136Xe loaded liquid-scintillator ; ~1000 kg
- R~1.9m inner-balloon is a target volume

“KamLAND2" is a future detector upgrade plan

* For AE improvement;
* High-Q.E. PMT
* Winstone cone mirror

* New LAB-based LS
* The goal setto be ~ 20 meV
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CANDLES-HI e«amioks, sapan

(CAlcium fluoride for studies of Neutrino and Dark matters by Low Energy Spectrometer)

Bacﬁgmunaf-ﬁee detector (?)
(High Q-value than other isotopes)

» CaF; scintillator; 3.2kgx96 cyrstals
e 48Ca; Q=4.27MeV
 Liquid scintillator; active-veto

Using a pulse shape difference ooooo )
btw CaF2 & LS £ Oooooo D
v O | ]
p— co
DU o 9
* Too small natural abundance Hoaan
o Difficult of enrichment BRIK D FL—3 i
In tﬁeﬁﬂure SAkISAT
. 7K
* Improve the enrichment —
« Use “Scintillating Bolometer” ? PMTs
Preliminarily
Ty, > 0.33 x 10% yr (90%C.L.) -— 3 —
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https://arxiv.org/abs/1512.05957
A M O RE @ YangYang, Korea

(Advanced Mo Rare process Experiment)

* Target; 100Mo (Q=3034keV); 1.5-5kg
* Detector; 40Ca'00MoQy scinti-bolometer .
« MMC photon sensor; AE=5keV @ 3MeV H 5 e

216 g natural CaMoO, crystal SQUID

200 nm thick
gold film

Metallic light reflector

Copper holder
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https://arxiv.org/abs/1512.05957

GERDA @NGs, taly

(GERmManium Detector Array)

>

2 10 E 400 |:| prior liquid argon (LAr) veto and PSD
! B >

9 a0 42K \ = 40 w“ [ after LAr veto =

-~ 3 - |

2 10 : Q, g 200k K I aiter LAr veto and PSD

3, 8 I 50 keV blinding
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i
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.

https://arxiv.org/abs/1212.4067
*https://arxiv.org/abs/1703.00570

*https://arxiv.org/abs/1803.11100

Phase-ll started from 2015

fBacﬁgrouncf-ﬁee detector

(High energy resolution)

87% enriched 76Ge
Total 31kg
Q=203%eV
AE ~ 3-4 keV @ Q-value (FWHM)

Cryostat

64m:3 LAr
for cooling & shielding
590m:3 Water
for muon veto
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https://arxiv.org/abs/1703.00570
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https://arxiv.org/abs/1803.11100

@ SURF *https://arxiv.org/abs/1710.11608
https://www.hindawi.com/journals/ahep/2014/365432/

(The MAJORANA DEMONSTRATOR)

Poly shield -

» 30kg of 86% enriched 7¢Ge

e Ne=0.16% (4keV) @
203%keV [ongs Co

* P-type Point-Contact (PPC)
Germanium detectors

CBacEgrounc[—ﬁee detector

PPC HPGe Low-Mass . : ,
Detector > > Mount > >Strm9 > > 7-String Array > > Cryostat >> Shield >
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https://arxiv.org/abs/1710.11608
https://www.hindawi.com/journals/ahep/2014/365432/

LEGEND

(Large Enriched Germanium Experiment for Neutrinoless B3 Decay)

CBacEgrouncf-free detector

GERDA + MAJORANA = LEGEND

°Ge (88% enr.)

T,,, 30 DS [years]
3

—

o
™
o

o
™
a

1

IIIllII| |

Illlll | IIlIIIll | 1 1111

10 m:;;“ range
— Background free

= == 0.1 counts/FWHM-t-y
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1 024 ]
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2018/11/09

1072

107" 1
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10 102 10°

Zy,
. ://arxiv.org/abs/1709.01 Zl}‘g
L,
\/ec‘zg
Using high purity 76Ge with ton-scale
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https://arxiv.org/abs/1709.01980

C U O R E @ LNGS, Italy *https://arxiv.org/abs/1710.07988

(Cryogenic Underground Observatory for Rare Events)

Heat Sink =9 ~¢— Copper Holder

Weak Thermal
Coupling
Absorber NTD Ge Sensor
Crystal (Thermometer)
(TeO,)
* 750 kg TeO2 crystals
é";i@m » Target; 130Te (Q=2527keV) 34% of nat.
adiation
e AE =(7.7£0.5) keV FWHM
History CUORE-0 (2&?2%50)
Bericin (2013-2015)  _oaifhoe,
(2003-2008) ; o
Cl-[igﬁ AE & Large mass detector E
Completed (2008) Completed (2015) Prosemd (2020)
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https://arxiv.org/abs/1710.07988

CUPID

Improvement from CUORE detector
Option1; Scintillating-Bolometer (Zn82Se/Li»"90MoQ4)
Option2; TeO; + Light-detector (Pl by Cerenkov photon)

1' LR LR L RRLL G E R
| I I

0.1 CUORE

10—47 Lot Lol 00 v aal

10! 0.001 0.01 0. 1
Miightest (eV)
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log,,(Counts/14 keV)

log,,(Counts/14 keV)

4 B (a) SS

E X O — 2 O O @ W|PP, New Mexco *https://arxiv.org/abs/1402.6956
https://arxiv.org/abs/1605.06552

(Enriched Xenon Observatory)

* Liquid Xenon TPC; 175kgx86%

of 136Xe + LAAPD
 o/E=1.53% @ Q-value
 Batagging ?

lonization

Avalant‘l%

% [
_}“ﬁﬂﬁm ..... | -75kV Photodiodes

TECTRRRTIPIRTOIY . E
. 2250 2300 2350 2400 2450 2500 2550 2600 ]

Energy (keV)

‘Detection (Signa(/ﬁacﬁgrounc[ icfenuﬁcaﬁon)

e TPC observes “e-" from ionization; —

Identification Single/Multi-site
Pt v W o APD detects “scintillation light”; —
' E Energy, alpha-particle
2 O, T 2 I, ‘Exotic double-beta
| < | | | | | :f - Majoran (https://arxiv.org/abs/1409.6829)
1000 1500 2000 Eooroy (kev) 020 3500 4000 - TPC violation (https:/arxiv.org/abs/1601.07266)
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https://arxiv.org/abs/1402.6956
https://arxiv.org/abs/1605.06552
https://arxiv.org/abs/1409.6829
https://arxiv.org/abs/1601.07266

https://arxiv.org/abs/1710.05075

(next Enriched Xenon Observatory)

 ~5000kg of LXe 100
(TPC Xenon is ~ 4000kg)
e O / E < 1 .O% Eﬁﬁgiezs?g 229 (2014)
e In SNO Lab. AR
SO 107
=N\
== \L"/:\g E
.-~ A l//
i 2 .
&
Underground 10-2{nEXO 10 Years ,l',
cavern /
N.H.
||\ Refrigerant® = eryostat M|l |
-l ; . . . |
104 1073 101 1074 1073 1072 101 109
A '/ Mmin [eV] Mmin [€V]
ccess tunnel
32 /10

2018/11/09 S. Obara, E3EIRRAHEERFEEFMRAS


https://arxiv.org/abs/1710.05075

S u pe r- N E M O@ Modane, France
0

*https://arxiv.org/pdf/1707.06823.pdf

T mcﬁing Detector

» Target; 82Se etc, ~7kg/module (total 100kg)
 AE = 8% FWHM @ 1MeV

712 calorimeter channels
Currently working as NEMO-3 TR S R
1 1

7 kg #Se 3 source
& ¢ 4 ¢ AP

N
O
\\®

/
e

T I T I T T T T I T It
NEENNEEEEEEENER
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https://arxiv.org/pdf/1707.06823.pdf

NEXT etsc,spain

(Neutrino Experiment with a Xenon TPC)

*http //|opsmence iop. org/artlcle/10 1088/1 748 0221/7/06/T 06001/pdf

10-15bar Gas Xenon TPC; 13¢Xe ~ 100kg
AE ~ 3% @ 2.5MeV by Electro-Luminesence
Using event topology

-
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http://iopscience.iop.org/article/10.1088/1748-0221/7/06/T06001/pdf
https://www.sciencedirect.com/science/article/pii/S0370269317307153?via%3Dihub

PAN DAX_III @ Jin-Ping, China

(Particle And Astrophysical Xenon Experiment) *https://arxiv.org/abs/1710.08908

* 10-15bar Gas Xenon TPC; 136Xe ~ 200kg
» Currently data taking with 20kg scale prototype

High Pressure Vessel — High Voltage Feedthrough
—_— \ @|Iﬂ —_—
|
(9
~é® | o T rrr R | | ot | |
,bk\t\

\OV @ --------mmme- > 102 :—T PandaX-lll 200 kg /— |

Mixture of enriched % s > i i 1

136Xe and 1% TMA @ ——---—mmmmmmmmmeeee > — ] T PandaX-lll ton-scale
\e

v
mgg (meV)

10° E3

Drift electrons

aue|d Inopeay a8iey) seSawodIN
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E Field E Field : Hierarchy { Hierarchy :
> < M| MR | sl e ol M| el —
| : 10 10° 10t 102 10" 10° 10* 102
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https://arxiv.org/abs/1710.08908

