The SuperNEMO experiment
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The double beta decay

Mass excess of isobar nucleides N = 82
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Gives an access to 3 fundamental
informations

 Neutrino nature (Dirac
or Majorana)
. Effective massv_

« Neutrino mass hierarchy

The both decays have a different
energy spectrum and a very long
lifetime, for %2Se:

« T ,(2B2v) = 10" years

« T ,(2B0v)> 10* years
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Underground laboratories and

muon flux
-]

« Very rare events - needs a very low
background

 “Laboratoire souterrain de Modane”
e In the frejus tunnel
e Dug in 1983 for the proton decay research
e 1700 m underground, 4800 m MWE

Reduction of muon flux by a factor of 10°

1 Laboratoire Souterrain de Modane (LSM): 4800 M.W.E.
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| Pointe du Fréjus

Tunnel routier de Fréjus
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Underground laboratories and

muon flux
-]
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The SuperNEMO international
collaboration

- o e | o L N %
' ! r = I i
i .: : 7 -";‘_i - * 4 %
- r \ ey =
4 4 L 7
‘4 A F o
‘ j &~ N i, T [ - =
=l e i : s ;

an
4 & A

/ ) i : z = ¥ 1 L 'lh. r#'.,
f b s B . f?" !a‘ 1 fl. if _ :, .-‘-_.", ‘; o 2, —ﬂ _:- ety . ; 2253 .
NN L7 R ' . &

March 2017 C. Hugon 5




The calorimetry/tracking technology
From NEMO-3 to SuperNEMO

€

source = calorimeter

SuperNEMO

NEMO-3 (2003:- 2011} démonstrateur (= 2016)  _, GERDA, KamLAND-Zen, CUORE, ...

The calorimetryl/tracking technology

« Has a lower efficiency

« Poor energy resolution (8% @1MeV for
SuperNEMO)

But

« It has a good electron identification and 33

Kinematics

It can identify other particles (a,y,B*,)

It can be multi-sources

Background identification an rejection

Multi-channel study Bp0v, BB2v, BB*, ...

B
O

€,

calorimeter

source
tracker
or TPC

- EXO, NEMO-3, SuperNEMO
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Background identification
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The Backqground noise:
Internal background

foil B
-
Regroups the backgrounds comlng from /
the source foil, mainly come from : . 1
1'___33---....,_
 Radio-impurities inside the source foll ———
« 28T| (from 232Th), 24Bj (from 238U) e | [Piveer | | compton
« Single beta emitter ( “°K, #**™Pa, **°Bi) | | |
° 214B| from radon decay IN tracker NIEINIICI}-IS "cd-0.410kg, 526y Phys.Rev. D95 (2017), 012007
volume
10°
:
Backgrounds are measured through =
different background channels using g F
event topologies g
1E
e 2%8T] |n 1lely, le2y and le3y T SOTIITIEE + =
o 4K, 210Bj, 24mPa in 1e channel S o T .
, y & ...m-w.....n»m ¢
e 210Bj 222Rn in lela and lely channel N b .“+1
g 0: ".ﬂ...'“t.. “m..“m‘... “”.m
Example: Internal Background from !
NEMO_3 (116Cd) E,+E +E_ (MeV)
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The background noise:
External backaround

» Regroups the backgrounds not | P
coming from the source foll, < YR T 7|
come from : | A .

« Radio-impurities in detector —— ="
material (208 Tl, 214 Bi) creation +Complon | |+ Moler

NEMO-3 '"“cd-0.410kg, 526y Phys.Rev. D95 (2017), 012007

e y from (n,y) reactions

1400 1B Internal B Radon
 J from Bremsstrahlung . 1200 L I
g 1000 =f‘f’KT:sZ:1tShlald =j’°KT:3:::T ‘f
« Are measured In 2 main Ml Mo
channels, requiring the timing g Wresa e

iInformations : .
« external crossing electron
e externaly - e

A= 0 _:
| .

Residual (o) Data/MC

Example: External background
from NEMO-3 (*°Cd)
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The background noise:
The radon In the wire chamber

_ ] Mid-range
238[_] source surface
222 ‘.,\ 214 Short range - Longer range :
Rn'y B ""'(]6130 | source bl%lk tracker

-]4B1- " NEMO-3|""°cd - 0.41q kg, 5.26 Phys.Rev. D95 (2017), 012007

(19.9 min) la 400 L9} Cd-04T .g','. A ?rs*.e.“, s (01T, oraou

gla Y b o

v B ,2Ph-7 300 £ B Whe tctace

210T] /(22_3 y) é,E" 250 - :Bvata{sgzﬂ =

(1.3 min) % 200;_ _i

- 21Bj is an important background G 150 E
with a Q,=3,3 MeV “ 100F =

« Arise from 23U chain or ?*Rn 50 £~ =
emanation oE LG

« Measured in 1ela channel Q 15 -
- Background free measurement &

« Alpha track length provide o o L.
information on contamination = 5 I
origins g 0

A N E N B N B B
s 0 10 20 30 40 50

a track length (cm)
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Some results from NEMO-3
-]

NEMO-3 - ™Mo - 7 kg, 4.96 y PRD 92, 072011 (2015)
10° 0 —e— Data 27051 Evis
; 18 I 255 Mo

I &i trom =Rn
I External Bkgs.
B Bi Internal

Events / 0.1 MeV

-
au

Many results with different isotopes

L Ovpp and on different mechanisms

10°

.. 100Mo ( 04 5 of 150Nd \

: L Possible with Dirac Neutrinos
0 T )
R T R ‘4.15; o Best candidate 150Ng 207 MV,150G g 4 g
First measurement ever
T%% >1.1x10%* yr (90% C.L.) accepted by PRL arXiv: 1705.08847
- NEMO-3 "’Nd: 36.6 g, 5.25 y [4 electron channel]
(?'n;,/) < 03 — 06 eV % 0'15 —4— Data (0)
o S0.09F (a) "Nd Ov4f; 90% CL {+0.1)
0610608 13:35: 02673 B A g0.0Sf— — zl'll:nn:;lrlc
and Others: 351 keV %0_075_ — Semi-symmetric
= e Anti-symmetric
o ; 80.05;— :::di\-zﬁk y
* 2v33(meas.) and (33 of 82Se S -\ - eost [ omerackgroune
e vy 0.04F
 2U meas.) of 48Ca Shmyi 0.03F
}8 6 ( ) 0.02F
» 2v33(meas.) and Qv 33 of '*°Nd o 1
0.5 3

1 15 2 2.5
116 Electron energy sum (MeV)
* 2vff (meas.) of "°Cd \_ 7% >32 % 10" yr (90%C.L) W
* decays to excited states
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Assembling and status of
SuperNEMO
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SuperNEMO demonstrator
sources

@, | 5/ - Source
-f & .~ - 7 kg of 825e 2 17.5 kg.yr
W | . - ~40 mg/cm?

- Tl/Z(ZVBB) — 103 i 03
(stat) + 0.7 (syst) 1010y

~ Qu = 2,966 MeV
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SuperNEMO demonstrator tracker
_ ]

| « 2034 wires in Geiger
| e mode In each module
(~45 km of wires)

 Ultra pure material
(copper, steel, duracon,
| HPGe tested)

e 3d track reconstruction

t=344 £0.15ns
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SuperNEMO demonstrator
calorimeter walls

o Calorimeter

- 520 x 8" PM + 192 x 5" PMs
coupled with polystyrene
scintillators

- Energy resolution:
8% FWHM @ 1 MeV

— Time resolution:
0 =400 ps @ 1MeV
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SuperNEMO demonstrator status

« Calorimeter on site, under
commissioning

« Source foils radiopurity test ongoing at
Canfranc (BiPo detector)

« The demonstrator data taking will start
by the end of 2017
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SuperNEMO demonstrator
sensitivity
]
« Train BDTs to discriminate signal events from background events
« Radiopurity requirements : A(208Tl) = 2 uBg/kg, A(214Bi) = 10 uBg/kg

« and A(Radon) = 150 pBg/ms

 Half-life limit as a function of the background contamination levels :
Steven calvez ;pg

. 214 .
Moriond 2017 Tl Bi Radon
w 6 7 & w6 : |
@ ® 5.5, s :
S 534 gi 5t 2 5:———\\
L o5 © 45 2 4 Ee |
= 45 = 4 = |2
£ | [—sundad £ 3s5- — E 3 .
£ F |—8DT s 3 = 2
= c = - |—BDT = . — BDT
'_; 3.50 PP :.; 2.5- H . i P - / -
- - 10 100 T 10 100 1000 | T 1000 10000
Contamination [uBqg/kg] Contamination [uBq/kg] Contamination [uBg/m’]
18 E £ % 250, 2
E 16- 3 E E 200 2
g 4 % 2150~ '
= = C
"E .Z .E 100
@ i
£ g E 50
3 J gk s o -
5 90 10 g P10 100 1000 | & © 71000 10C
= Contamination [uBg/kg] £ Contamination [uBqg/kg] E ho 19000

Contamination [uBg/m?]
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Conclusions
-]

e SuperNEMO detector

- Very low background experiment
« 4800 MWE underground laboratory
« Very good background reconstruction and exclusion

- Calorimeter/tracking technology validated by NEMO-
3 (new limits on 2[0v), used by SuperNEMO

- The data taking should start by the end of the year

- Sensitivity T,,,0v~ 1024 years (T,,0v~ 1026 years for full
detector)

november 2017 C. Hugon 18




backup
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The Double beta decay and the

mass hierarchy
]

NEMO3

(Tlo/VQ)_l = GOU(Qgﬁ,Z)|MOV\2<m55>2 1

(mgg) =1 3 miUg Tom o o
L.

1/2
my, = (Z Wﬁ\ m?)
1

| ne measurement of the douple beta decay "™
lifetime and the PMNS angle values gives an
access to the hierarchy: YT Py EE—— 1
« NH: <m_> =[4;0] meV | T omy, [eV] Data PDG 2016
« IH: <m_>=[60;15] meV &m__~ 40 meV

(=]
—_

=

(=1

—_
T

[<m>[ [eV]

Nemo-3 1Mo result: 300-900 meV

SuperNEMO goal: 50-100 meV
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Radon and thoron decay chains

Radon Thoron
In of ['*380) (Chain of 232Th)
(oo [TTTTTTTTTIIITToTTTTTTTTTooTTTTmomoooes
! : 220Rn
! 222Rn / Disintegration - : 556 s
I . 1
i 3,82] . Eg=6,3MeV
i % l Disintegration c E 216Pg
: oy | 0155 649 ' PO
I 218 : 2120 288 10H =
| Po 214Pg 210Pp | | @6,8 MeV) Bi
| 3,05 min 1,65 10-4s 138, || v 70,90 min
' 212Dp o
. : - ' £ Ey = 8,8 MeV
| E 214B; / E 2108 / e ! 0641 32
! | 19,9 min - 501 s : E,=6 1@) "
! 214Pp S — | m’ } *Ph
! 210Ph 206Pp |1, 2087} stable
: 26,8 min 22.2 ans stable E 3,053 min
I :
| 1
o o o e e e e e e e D o
* Remarks :

- The two decay chains are identical in the chemical point of view
- The main difference comes from the periods : 56 seconds for the thoron
3.8 days for the radon
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-rom NEMO-3 to SuperNEMO

NEMO-3 "camembert" (source top view)

sources
60 ma/cm? Foils
10 kg of B isotopes

L LT
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- J |
=
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a
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iin,

* Tracker + calorimetric experiment searching for OV decay
* Located at Modane underground laboratory from Feb.2003 to Jan. 201 |

* 5 years of effective data taking

* 10 kg total of different B isotopes




reconstruction
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The reconstruction of the events
and NEMO3 spectrums

Event reconstruction

C. Hugon Ph.D (NAT++)
Source
calo. 2B calo.
Signal BB
Ll 2B 1 3 2 Fund.
000 3500 gvge At(silge ‘51030 State
e I
vy 1 EXxc.
states
2
2 €
trav.
1
BG
g N R R R T R Y R T\ ﬂﬂfE\ﬂJ) 3 eXt' Y
B eV 1 ’ —ee’
45c 2
402— = Données 4 BB
e —— bb2nu 0+100Mo . W
g ——— Bruit de fond fils -traCkln EXC.
i3 = Y ione EkottUy 21 states
e igha
- 2
156
10E- BG ¥ ext. Y
T RN R
A
1 L4
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Trajectographe (50 cm)
Scintillateurs (15 cm)

Blindage en eau (30 cm)

wduge en fer (19 cm)

Feuille source (80 microns)
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