—_ENX—YREEE

136Cs e BHBMEISHBVER (T>102yr)

sexe L e 2DDBFRIFERHEERNRY KL
T x N—HYEREE L _

. NATFH W = vo)DEEHL

. ::L—l\') /’f’f ’\@%UBE

136B3

o _EBN—%FRiE

dN/d(K./Q)

QBB=2.46|\/|6V
304
2.0+ -':- ;"()*: ’ﬂ
x 104 | ‘.|
1.5 = 0;—4/—_-—‘5—1
| 0.9017.001.10
' 2v2P3 X/Q
1.0~
0.5+ V2R
0'00"0 0.' 0'4 0’6 0.8* /:'(\; —1 2v 2u |2 0 -1 0 Ov |2 2
. 2 ' . ) . . v _ % %
K./Q (Tl/Q) =G }M ‘ (T1/2> =G ’M ’ <m55>
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—_ENX—YBRIERTE
%% | QffifkeV] | Nat. | Cost* T2vy/2 [yr] XUy~
[%] [M$/ton]

4SCa

76Ge

8289

96/r

1OOMO

124Sn

116Cd

1 30Te

136X e

150N d

2019/10/17

4271

2040

2995

3350

3034

2228

2802

2533

2457

3367

0.187 > 1000
7.7 ~80
9.2 ~120
2.8
9.6 ~80

5.64 ~300
7.5 ~180

34.5 20
8.9 5~10
5.6 >300

4.4x101°

1.6x1021

9.6x1019

2.4x1019

7.1x1018

2.8x101°

7.0x1020

2.3x1021

9.1x1018

Nucl. Part. Phys. 39 085103 (2012)

RAQIE 1ENA, =iEEE

RT2v
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=NA
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CANDLES

GERDA, MAJOARANA

NEMO-3,
Super-NEMO

ZICOS

AMoRE, NEMO-3

COBRA
CUORE(-0), SNO+

KamLAND-Zen,
PANDAX-IIl, EXO,
NEXT, AXEL

DCBA, NEMO

S /32



R DOVv2RIRE &K

==f === N —_ S £
vV ERERD v EREERIERTET,
REGFIRELTWSIEE Mt hREHIELTWBIEE
KamLAND-Zen, SNO+, ... f GERDA, MAJORANA, CUORE, ...
e
~500|<g—yr ........ > % 10_15— KamLAND-Zen ('°Xe)
3
1ton x 10yr ........ > o !
: ; 4 .......... 1 ton X 10yr
100 ton x 10yr =eeeeeeeee > | o |
10°F N — . _ e
i, . CE
0* 1070 102 1070 S~ e e e
M e €V) (& IE % fE B 18iE Z favor
INDSRERZDIF
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K I a N D Z 1 00 - https://arxiv.org/abs/1605.02889

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

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

* o/E=6.6%/\[E
. BG; 2v2b, 10C, 214Bj, 110mAg
+ T>1.07x1026 yr (90% C.L.) & 61-165meV

(b) Period-2

10% £ ——Data — - MmAg - [{Ca_ .
= — Total 280422 Th+2'Bj ' [
B e Total +21Po+*Kr+"K 1E -
> 10 . (OVBBU.L.) - IB/External x
é’ - — "Xe 2vpp -~ Spallation
8 102 = ',I“h — 136XC OVI.))B § -1 5
= (90% CL.UL) u 107 F KamLAND-Zen (7X0) ]
- i, e
5 10 = T H t \E/
- T = 1072 3
gy 0 L ' s
E B H o "".: i NH .
— I 1 I | | 1 1 1 1 | 1 1 | | | 7:7-7 ; 1 1 | » ; i :-I-i 10—3 = :_
107! 1 2 3 4 4. Lyl 3. Ll 2. Lol 1. e
Visible Energy (MeV) 10 107 107 10° 50 10

Inlightest (CV)
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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

2019/10/17 S. Obara, YMAPEX DFFZZ4 8 /32



Taken from TAUP2019

Fitting results

summary of observed & best-fit events in ROI

T 4 Observed events 3
T:S 2 --------------------------------------------------------------------------------------------------
s Best-fit total events | 10.7
Qd{‘) _4:_| I | I I I I | I I I I I I I I | I ! !
1055_ (Very Preliminary)] ¢ Daa —— Total(Ov B best fit) OV’8’828 _________
§ -== Total(Ovpp U.L) Boxe Ovpp 2 Y :8 :8 5 'I
3 Xe OVBB (90% C.L.UL) =—— "Xe 2vpp .............. e
E ;_ o 2MB2MPE **Th+Pileup 2]4Bi iﬂ I_S 04
S é s . Spallaton 212Bj-212Pg pile-up = 0.4
m 3 Film BG (214Bi) 0.9
- Spallation (1°C) 0.2
10-2 & '1 — Spallation (137Xe) 0.1
VlSlble Energy (MeV) ---------------------- -------------------------------------------
Best fit : 2.1 events/day/kton-XelLS Spallation (short-lived) 0.2
90% Upper limit : < 6.0 events/day/kton-XelLS Solar 8B v 04

Ty, > 4 x 1025 year (90% C.L.)



KamLANDZ2-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

2019/10/17 S. Obara, YMAPIL DS 10 /32



CAN D I_ES | | | @ Kamioka, Japan

(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

£
O | ]

Criical Proffem 0 L CaF, :

* Too small natural abundance Joann

o Difficult of enrichment BRIR D FL—4
In tﬁeﬁﬂure SAkISAT

. K

* Improve the enrichment —

« Use “Scintillating Bolometer” ? PMTs
Preliminarily

Ty, > 0.33 x 10% yr (90%C.L.) -— 3 —

2019/10/17 S. Obara, YMAPHK DR 11 /32



Results

Exp.Data and BG MC in 27 Cak;

27 Crystals : :
Q i o Data
Live time (ays) [T S g = vicu
L — 2
Ov B B eff. 0.39+0.06 - l . — CaF; Contamination
e S— (n, y) BG
Event in ROI 0 : ' Ogthers
Expected BG ~1.2 B
T1/20,85 “8Calyr) > 62 X 1022 I PP = S IO
Sensitivity (Yr) 3.6 x 10%2 19 S IS 1114 et WO e
000 3500 4000 4500 5000 5500
Energy(keV)
ELEGANT IV (previous study) * CANDLES is now giving the
Exposure : 4947 kg * d (2yr<) best lifetime limit !
Ovpp eff. : 0.53 + Add purity 14 crystals and
T ' ovpp : 5.8x10% yr (VCa) increase statistics

Taken from TAUP2019
2019/10/17 S. Obara, YMAPRX D3R & 12 /32



https://arxiv.org/abs/1512.05957
A M O RE @ YangYang, Korea

https://arxiv.org/abs/1903.09483

(Advanced Mo Rare process Experiment)

* Target; 100Mo (Q=3034keV); 1.5-5kg
* Detector; 48deplCa100Mo Q4 scinti-bolometer
« MMC photon sensor; AE=5keV @ 3MeV External

e T>9.5e+22yr, m<1.2-2.1eV (90%C.L.)

Metallic light reflector k

Copper holder

2019/10/17 S. Obara, YMAPFL DS
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https://arxiv.org/abs/1512.05957

GERDA @NGs, taly

(GERmManium Detector Array)

\ |:| prior liquid argon (LAr) veto and PSD
o 42 E Ay _ O o - after LAr veto :

I | K I iter LAr veto and PSD
50 keV blinding

counts / 25 keV

7460 1480 1500 1520 1540
energy [keV]

1000 1500 2000 2500 3500 4000 4500 5000

energy [keV]

|

Tl N\~
\
=

A Y
.l s
1 &
- B g =)
| AS
" |
[

.

2019/10/17 S. Obara, YMAPFL DS

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

14 /32


https://arxiv.org/abs/1703.00570
https://arxiv.org/abs/1703.00570
https://arxiv.org/abs/1803.11100

— combined (+ Phase |) unbinned maximum likelihood fit [Nature 544, 47 (2017))

OVBP decay analysis e b

° TO"I/2 > 0.9:10%% yr (median sensitivity T°"1/2 >1.1:10% yr) @ 90% C.L.

cts/ (keV -kg -yr)

- " = — E i
L enriched detectors - 53.9 kg-yr 5, F enriched coaxial - 23.1 kgyr ! ! —— background IeveI l §
) - [___] prior to active background rejection 2 107'E L | --== T,, =0.9-10?° yr limit (90% C.L.) I} g
10 = [ after pulse shape discrimination (PSD) < 102k | °
- I after liquid argon (LAr) veto and PSD £ F {y
i 2vpp (T, =1.92-10% yr) - 10'3E ALY
10 - 12 '.6 1 1 1 1 1 | 1 1 1111 | 1 1 1 1 | 1 1 1 1 | 1 1 1
= g E ’ | 5 ! " ' | : : | ' y ' . | " v ’ * | A . ’
- N F enriched BEGe - 30.8 kgyr — = Q. " +20 l[
n E I
o |
1 3 '{‘
: ]
/
T SRR W T Y P
10 1950 2000 2050 2100 2150
energy [keV] &
A
o
a
10
| |
1 1 L 1 I L 1 1 1 1
1000 1500 2000 2500 3000 3500 4000 4500 5000
\ Y ) energy [keV]
agreement with T2V1/2 from Phase | [Eur. Phys. ). C 75 (2015) 416) "w/o 5.0 kg-yr of coaxial data with different PSD method

9

m < 0.10 - 0.23 eV
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https://arxiv.org/abs/1710.11608
@ SURF *https://www.hindawi.com/journals/ahep/2014/365432/
* PRL 120 132502 (2018)

# PRC 100 025501 (2019)
(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 >

2019/10/17 S. Obara, YMAPIL DS 16 /32



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

Counts/(2.5 keV kg yr)

2018 OvBB Result 3

Operating in a low background regime and benefiting from excellent energy resolution

Initial Release:
9.95 kg-yr open data
[PRL 120 132502 (2018)]

Data Cleaning, Muon, & Multiplicity Cuts
All Cuts

Latest Release:
First unblinding of data
26 kg-yr exposure

‘ [PRC 100 025501 (2019)]

10

N

Y/
o
=
>

I

All Cuts .
— 90% C.L. Limit |2

5
T
MAJORANA-1806.06

T T T
Counts/(keV kg

©

o

@
I

—
o
=}
[}

|

Median T1,2 Sensitivity:
4.8 x 1025 yr

0.02r+

- MALHINFARTER N AR i1 A i
1950 2000 2050 2100 2150 2200 2250 2300 2350
Energy [keV]

Full Exposure Limit:

T12> 2.7 x 1025 yr (90% CL)
S A AR ||, | Background Index at 2039 keV
1000 2000 3000 4000 5000 6000 in lowest background config:
Energy [keV] 11.9 2.0 cts/(FWHM t yr)

107"

Matthew P. Green - TAUP 2019 - Toyama, Japan 6
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LEGEND

(Large Enriched Germanium Experiment for Neutrinoless B3 Decay)

Bacﬁgrounc[—free detector

https://arxiv.org/abs/1709.01980

GERDA + MAJORANA = LEGEND

°Ge (88% enr.)

10%°
o8| ”— ""‘, -
'@' 10 § ”, "’_a Looc
o — ’f "_f' “““ wett
o — _eT e
= - et e
8 10275— ,”,‘,’/ .............
@) E _/"‘ ..........
o - ST e .
N I < Pty
[ 108 AT e (o) ml’;g" range
“““ — Background free
........ - = - 0.1 counts/FWHM-t-y
102 7 ==+ 1.0 count/FWHM-t-y
T 10 counts/FWHM-t-y
1024 | | IIlIIIl | | IIllIII | | IIIlIlI | | IlIIIlI | | IlIIIII | L 111111l
107 107 107 1 10 10? 10°
Exposure [ton-years]
Ar A
2019/10/17 S. Obara, YMAPIX DR =

N
.
g
\

e

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 ——» -4— Copper Holder

Weak Thermal

Coupling

Absorber NTD Ge Sensor
Crystal (Thermometer)
(TCO:)

« 988 TeO2 crystals (total 742kg)
« Target; 130Te (Q=2527keV) 34% of nat. (206 kg)

Incident
Radiation e T<10mK
 AE =(7.7%0.5) keV FWHM —> 5keV(as goal)
= CUORE
History SIGRED (2016-2020)
Cuoricino (2013-2015) :

(2003-2008)

)3
%

-

ﬂ-ﬁgﬁ AE & Large mass detector

1 [

Com) (2008) Completed (2015)

2019/10/17 S. Obara, YMAPEX DFFZZ4 19 /32
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https://arxiv.org/abs/1710.07988

Dilution Unit Y-Beam

Detector suspension il > F CUORE Preliminary
-‘% ‘ AL A 45:_ Exposure: 369.9 kg yr
oL, S .F
A = 40— T
%mi* = F — Best fit
= S C
e 2 BE N\ —— 90% limit on Ty,
L b z —
e Rt — 5
= 30
N T Outer Vacuum Chamber 25:_
OVC plate ‘ s OVC (300K) —
40K plate b - e E
IVC plate T |I = - + _I_ .|.
Stil plate Lo Radiation Shield (40K) 15E J[ | I T
= Inner Vacuum Chamber 3 T
| I 0 T T T
MC plate § . . —
SUI|ShIeId(O-6_O-9K) 5_IIII|IIIIIIIIIIIIIIIIIII|IIII|IIIIIIIIIIII
Lateral Pb shield 2490 2500 2510 2520 2530 2540 2550 2560 2570
Reconstructed Energy [keV]
Mixing Chamber Mixing Chamber Shield (0.01K)
Top Pb shield
OVC shield
Detector IVC shield
988 TeO, TOvyp > 2.3x1025> yr (90% C.L.)
crystals

Mpp < 0.09 - 0.42 eV (90% C.L.)

Taken from TAUP2019
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CUPID

Improvement from CUORE detector
Scintillating-Bolometer (Zn82Se)

N.Casali et al PRL 123 032501 (2019)

Taken from TAUP2019

Light Detector

\
\
-

==

>

Light

Light signal

v
-y
2
m
=
- .
o
3
m
-~
m

r

Energy <
release
4
Scintillating
> bolometer

>
) Heat signal = =
E‘) 1E Final Heat Spectrum = 107y
> F + o Rejection . %
% " I + Delayed Coincidences Veto - §
g Q
* 995 kg X yr gm-lz— —210~
e AE ~(20.05%0.34) keV in RO - '

e« T>3.5x10%yr

BKG = 3.2 x 10-2 counts/(keV kg yr)

BKG = 1.3 x 10-2 counts/(keV kg yr] 1023

BKG = 3.5 x 10-3 counts/(keV kg yr) 2800 2850 2900 2950 3000 3050 3100 3150 3200
“ Energy [keV]

2019/10/17 S. Obara, YMAPH D= 21 /32



log,,(Counts/14 keV)

log,,(Counts/14 keV)

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)

lonization

* Liquid Xenon TPC; 175kgx86%
of 13¢Xe + LAAPD

* o/E=1.53% @ Q-value

 Batagging ?

E 7
|y i eh>
: . | ,
3 831 } 25KV Avalanche
5 R S ol ol e o I ‘,JJ | A - -
gl I i = b = Medatdnt S Photodiodes
r * 2250 2300 2350 2400 2450 2500 2550 2600
1o e . 7 Energy (keV) + e

‘Detection (Signa(/ﬁacﬁgrounc[ icfenuﬁcaﬁon)

e TPC observes “e-" from ionization; —

Identification Single/Multi-site
(et ettt I APD detects “scintillation light”; —
', T Energy, alpha-particle

ST T R S e NP
""'w:? - 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

12 L Phase |, SS ROI i

10j E Phase I, SS + Data — Best Fit

------- — 3% Xe 0v38
----- 2% Xe 2v38

.........

9
(%]
Q -lo
o

1000 1560 2060 2560 ' 2350 2450
Energy [keV] Energy [keV]

Exposure: 234.1 kg-yr
Limit: T,,9F > 3.5 x 102 yr (90% C.L.)

(Mgs) < (93 — 286) meV [NMES]
Sensitivity: 5.0 x 102 yr

2018: Phys.Rev.Lett. 120(2018) 072701
2019: arXiv 1906.02723

2019/10/17 S. Obara, YMAPIL DS 23 /32



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//
&
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
24 /32
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https://arxiv.org/abs/1710.05075

Super-NEMQ@Medane, France

*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 2034 tracker cells

7 kg #2Se 3 source
@ ¢ 4 @ /! v 1 v

NS
O
4

/
o

RN RS E TR

o
[
¥
V.
i
"_ ,
N
.

i

.

.

-
/
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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¢6Xe ~ 100kg 20 g)“ y
. _ A-zog X
AE ~ 3% @ 2.5MeV by Electro-Luminesence :- & | VQ\
Using event topology o “@f -
EL '60;: B0 40 20 0 20 a0 eoj: "°°&40 60 80 100 120 140 féo
Drlﬁ region reglon X (mm) X (mm)
< > &>
| 11 °®
: ). e
1 11e
:) Ny Il e
| I
[ 11
. . \ 1 =
) :) ":~~ é e =
P> . > o o
= (L) |8
‘“ I v. lle x
10 iy =
o Ll 1. Q
i e | ©
D : - Electroluminescence (.\'3): : e -
- 11e
= S R Ile
| )' i~ = I1e
: Cathode-... -~ . : Anode ;; *
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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
—_— \ mllﬂ —_—
I
S
‘OQ LR R o T rrr ! "__ R L R
,b*\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

10° E3

v
mgg (meV)

Drift electrons

aue|d Inopeay a8iey) seSawodIN

_ _ 10° | Inverted | Normal J
E Field E Field : Hierarchy § Hierarchy 1
> < M| ol sl e el M| el P
| . 10! 10° 10! 102 10% 10° 10! 102
—— —_— ms (meV) my (meV)
Field Cage Cathode
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https://arxiv.org/abs/1710.08908

AXE L (A Xenon Electrobuminescence detector)

AV Y7707 k= ELCC
o4 )b k Bl TR F— & RS

=B EERMAE

—_—

NEXT, PANDAX-III5258

ERlfeavtE 7N ,Dr_iftﬁEIectron
° 136X e for Ovzﬁ\ \
e lTtonFtz/ VAR
. ~10E
VUV PMTs
YVFL—avit N B
TR REHES 74—k T—=2
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AXELTE 2 & ELCC

PMT: Xe-3 VUV FZ IR A TERFRE A= L

for HP10L

" geleXe)
VOL0OU00000
OO
00 00,00 0,0

DN N N R R NN SN SN S S S R S R SN RN BN B N S - S BN B

S
: +
; ©
: S~
i &
: @)
= S
:dﬂ ﬁf
o
2
&
A
L]
I
w Eg(~2.5kV/cm/atm

LEfl = S5E1E TRtz i8R

EREE T ZieA T

T X)LF— & RIFES e @ @ @—>

(ElectroLuminescence Collection Cell)

ELCC;
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Prellmmary Results from HP180L

h_xy avq h xv hit Event center * hitch (normalized by enrty)

h_xy_avg_hitch_r

y[cm]

y[cm]

T .rel|mtnary
-50 0 5Ox[cm]
3000
S [
1500 _
i 40
i = AE ~ 0.8% (FWHM) @ 2.46MeV
1000f~ D |29_- . >  Goal —> 0.5% (FWHM) @ 2.46MeV
| Preliminary ™ :
500 |
O- L L L . | 2 ' : . : | X1
0 50 100 150

photon
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o

o HRODIZENR—YBERER(EFEREEBE)ICIE,
« KZEWEE BERERETONEE
« = BIXRILF—57HEEE, Scalability, RBF
* HABBRBZIREIFTHEHE>TWSD
c EDHATHEERSDRER
. AXEL#RH 25
« BEEXt/VHATPC
o JREHORINEAE U AT L; ELCC
- RE180LY 1 XDOEHEEREMEFR; QED 5 EE e

I

J.|JIJ|
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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

I ><' I e Za—kYU/ODNF/RAFXA] = 22RAFDete 1938F M E TITARBAE R o T

_ _ 'CEHUL TR FI BE—&VnSZ

Lpyv =mp (ZZLQ?R T 1221?%) +mpi] + mpYgYs + hee.

Majorana mass term
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Fitting results

summary of observed & best-fit events in ROI
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