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State of the art

Composants eléementaires de « matiere

* Most abundant particle in
the Universe
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* Lepton, 3 savours

BOSON de HIGGS
H

Le boton de Higgs est (o manifestation du
champ de Higgs. Par son interaction avec les
constituants eldmentaives de la matiere, ce
champ est responsable de leur masse. il
Mmmmm
dectromagnétique et faibie.

e Fermion (spin %)

* Mass < 1leV
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Researches

* Measure of the mass and determination of the mass hierarchy

@ for the nature : Dirac (v # v) or Majorana (VD‘\

SuperNEMO and LiquidO

* Measure of oscillation parameters and the 6., phase
e Search for sterile neutrinos

* Leptogenesis
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Double beta disintegrations ...

... With neutrinos emission

Er

W%< 7. 2n=2p+2e +2v, =T, =1

A. Pin

Intensity

\'E
- é§< -~ Rarest radioactivity ever observed

Exist whatever the nature of the neutrino \‘

>

08 - 10%%ans |

BB2v

... Without neutrinos emission

‘N pt+e+V, =P V. tn>pte
‘\2n—)29+2€_ 9 T1/2>1026ans
Forgiven by the Standard Model

Not observed yet
Will prove that v =v (Majorana v)
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BBROv very rare — need to controle the
background and so the measure
(systématics) on the energy
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The SuperNEMO experiment : description and
optimisation of the demonstrator’s calorimeter




SuperNEMO : the detector SIGNAL BpOv

Demonstrator = 1/20 SuperNEMO .

Installation at Laboratoire Souterrain de Modane E1l #,._4.—-«—_,* E2
LT 2

| t1 ] B 7
The source foll e |

7 kg de Sélénium 82
(Qgs=2,998 MeV)

2034 Geiger cells (14970 wires)
— reconstruction of the trajectory
— particules identification 4m

The calorimeter>

712 optical modules
— measure of the energy *
— measure of the time of flight

My thevis : to caracterise and to optimise!
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The calorlmeter

Dynodes

Photomultiplier
Photo-electrons

1

Photocathode Eo

]:

Plastic scintillator /

Myl.:ar + Teflon Scintillation
(réflectors) photons
=/ 3
o

Signal (char osited energy

SuperNEMO : mastery the energy at 1%!

e Precision of the calibration

* non-linéarity of light production and response of the photomultiplier
* non-uniformity of the scintillator and the photocathode.

Optical Module
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Effects on the energy to take into account

 Geometrical effects : difference on the energy measurement of a particle
depending on the interaction point (non-uniformity of light collection)

Correction factor for the full volume of the scintillator Correction factor for the front face of the scintillator

Z (mm) Cosmom 150
300r 13

* Normalisation

TT[II rTrTi

] ; L - ‘ 09 1 EERCIN IR BN RTEE ST NS RN SU ST SN A S ACREA S S ST X
O 20 40 60 80 100 120 140 160 180 200 O Nso 100 50 0 50 100 150
p (mm) X {(mm)

Results from A. Huber
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Effects on the energy to take into account

* Birks effect: local saturation of the scintillation (non-linéarity of light production)

§ - Without Birks
O |
= : \
S 0ot Low eff
— v F With Birks ow effect at
LY(EO) - SEO LE n.sf— ¥2 | ndf 0.7057 /10 high energy
-~ F norm  0.006983 + 3.321e-05
3 07 kB 0.02029 + 0.001653
E[] 1 Lug DEE—
LY(Ey)) =S / dE
J0 ' -
]. —|_ kB_ 0.4—
dx - _
0.3 Strong saturation at
1 | I 1 1 1 | I 1 1 1 | | I | | L1 1 1 | | I I | L1 1 1 | 1l 11 1 | |
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 low energy
Etrue(MeV)

9
A. Pin Journées Rencontre Jeunes Chercheurs Lege- Cap-Ferret



Effects on the energy to take into account

» Cerenkov effect : more light is produced when v3gi > vioT,

1000

n = 1.59 for the SuperNEMO scintillators

®
o
o

scint _ € _
> vight =~ =0,63c
600

m. c?

-0

% Ethresh - 1
/1——2

n

%NY=21T0(sz( LI )Sinzec

Amin Amax L |

Number of cerenkov photons generated

— myc® = 146 keV

400

200

— 0 500 1000 1500 2000 2500 3000
217 more photons @ 1MeV e, ener heV)

Result from A. Huber
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Effects on the energy to take into account

» Cerenkov effect : more light is produced when v350t > ST

% 1'035T ..............................................................................................................................................................................................................................................................................
S -
o L
S 1.03—
= —
e -
c 1.025 —
n = 1.59 for the SuperNEMO scintillators S -
(é 1.02-
. S -
évﬁcgl;l’lg:=_=0,63c g)1_015:_ ................................................... lendf 1074/16 |
n =PI S, 7, G S Prob 0.8255 |
, 5 - PO 1.051+ 0.00161
m.cC — : _ i
N Eeroch = = mOCZ = 146 keV 5 1:005¢ p1 0.3469 + 0.01747
/1—i2 S
n LL.I 1 ..................................................................................................................................................................................................
0.995 E' ..................................................................................................................................................................................................
1 1 . ]
9 N - ZT[CKXZZ - Slnzec 0 . 1 S SIS SIS ST NI S
Y Ao 5 A 99—
min max 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
= 217 more photons @ 1MeV 0 500 1000 1500 2000 2500 3000

Electron energy (keV)
Result from A. Huber
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Effects on the

e Geometrical effects Y
e Birks effect
* Cerenkov effect )

207Bj electron spectra

—_
o
w

energy to take into account

Exemple : 2%7Bi (EC + y) spectra

Impact on the spectrum: _ _
(calibration sources of SuperNEMO)

distorsion + enlargement

207Bj gamma spectra

12071 I N
L MC (falaise) o =
L [t L
100 L MC (corrected) 10° E
80— [ —t— oama -
N 10* =
60— ;
40— 10° - &
: E MC (falaise} h' }
20— i L
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0— = —|— DATA
B 10 =
-20 B
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200 400 600 800 1000 1200 1400 1600 1800 2000 500 1000 1500 2000 2500
Energie (keV) Erergig (teay)
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Results from A. Huber 12
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Implementation of corrections in the simulation

° M : Measurement of corrections

E=
| =

0.94 + 0.03 MeV
263.75 £ 0.00 ms

E =040+ 0.02 MeV
I = 263.75 + 0.00 ms

SuperNEMO simulation : 2°7Bi events
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Implementation of corrections in the simulation

° m : Measurement of corrections

All events are placed
in the same referential

)

Division in little surfaces

)

Main wall : 297Bj e- simulation Draw of the corresponding
200_ 102 sEpe‘c}rg_euisT;gzsg; e_ spectrum - spec‘lre_euis_e_sj
C - niries 1200|— Entries 99259
r I 1200[— Mean  0.8485 = Mean 0.8485
150 » o o o - C RMS  0.2641 N StdDev  0.2641
m-E---2-0 0
ool 0S4 0M  OW3 0 00 03 oeM 0 0% ) 0,976 (MeV - r
E L o o, Correction = 9.976 (MeV) sos Fit > E 00—
50 - - —098 masured . masured C
E 0sm osm oo s00{— 800 }
o; o, _ : ;
I osn oo oam 400 :_ aoof
- . 09 om0 oW ows oo 0w . » Job done for each . i
-100— ' 200|— 200—
g 0S5 0ME oS om0 oam om0 0%k I|tt|e Surface . i
= - 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 22 0 0.2 0.4| 0.6 0.8 1 1.2 1.4 1.6 1.8 zE(Me\%z
-20_%00‘“‘.1;0‘“‘.1‘00‘”‘_‘50”H[‘)"H5‘0‘“‘130””15‘.0””200 482 keV 976 keV
Reconstructed corrections
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Implementation of corrections in the simulation

« 2" step: Discretisation of geometrical corrections

200 1.02
Correction factor for the front face of the scintillator C
150 150
- - |
vool— 100/~
505 50— 0.98
- Discretisation C
£ o 0
> [ - 0.96
50} 50—
‘.‘_.L J bk _l_.l_AL_J_,.i _h_.l.,-_ J.._L_L."..L._L_J._._.A',J. - . heabendeadlay __
1950 100 0 0 50 100750 -150 0.92
X {mm) — .
- _I L 11 | | | I | | I | I | I .| | I - | |
2[5!]0 =150 =100 =50 0 50 100 150 200
True corrections
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Implementation of corrections in the simulation

3" step: Comparison true/recontructed corrections

True - Reconstructed VS g
F £ — Entries 49
= 1500 a m o o 6—
e 1 : | IR | 1 = Mean  —0.0003799
£ o84 AT 08T 0sm0 0SB LoM —
100 C . Std Dev 0.0049583
505— 098 058 5__
a | :
Df 096 036 B
-502— 4_—
-100 ;7 a8 87 0885 0885 (L4 087 0849 03¢ e [—
-1502— ™ 092 3__
2 -
| 21—
1=
N |||IIIIII|||||||7|||||||||||||||||||||||||||||

|
-8.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 003 004 005

Difference < 5 %o

150

0.92

b Lo b b L
0 -0 -0 60 0 50 W0 B0 20

True
We are able to measure the effects on energy
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Implementation of corrections in the simulation

« 4% step: Use of corrections to correct effects on energy

1035 |
= . == Measured energy Cmmaza

e / \ == Corrected Spectrumﬁ/ et / \

10 = A L ' \ _ o _ 0
1 [ I

10—15_
2 | Improvement on resolution : 12%

10—0 - ‘0.2‘ | ‘0.4‘ | ‘0.6‘ | ‘0.8‘ — 1 — 1.2I |1.4‘ 1.6 | 1.8I -~ 2

Energy (MeV)
We are able to correct the effects on energy

17
A. Pin Journées Rencontre Jeunes Chercheurs Lege- Cap-Ferret



The LiquidO project : R&D for a multi-ton
double beta experiment
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Motivation

NAln(Z)mts

Ty, /2 2

MN gxcluded

N, = Avogadro cte = 6.02x10%3 mol™*

@ of exposed isotope (kg) >

t = exposure time (year)

e = selection efficiency of the BBOv signal

M = Molar mass (kg/mol)

@ 2.3 (background dep@ D ,
LiquidO
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MOtivation Good sensibility

Radiopure materials

Technology
Compromise between mass, transparency
A lot of mass . ow background
and cost for a good detection
il <
& 2,
Very : X 5,
~ 4mmm Enrichment %, &
expensive %, @Q\
% S
Loss of transparency
of LS @mmmmm  Huge volume Particle identification
>
< i Technolo
More transparent LS High background S SENNOTOBY
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MOtivation Good sensibility

Work with natural
isotopic abundance

Technology
Compromise between mass, transparency
A lot of mass . ow background
and cost for a good detection
& <
& 2,
Very ) R % .
nrichment %, 5
72 NG
% K
% &
4mmmmm  Huge volume @Ie identificatio)
High background 4.~ Technology

LiquidO : use of an opaque liquid scintillator!

Radiopure materials
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A. Pin

Detection principle

Opaque liquid scintillator to confine the light + optical fibers to collect trapped scintillation photons

z-length (L)

radius (R) (plane x-y)

- -"uul+' 1
|

True Hits

40
X [cm]

|
|
|
|
|
|
!
N e iy
|

__-ﬂ#

lattice distance: §
(a few cm)

Particle identification with LiquidO (simulation)

Pictures from Anatael Cabrera
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R&D first results with opaque liquide made in CENBG

NoWash 10% & LAB / Fiber 0 (bottom)

—————————— B------@---@--@---#--o-8--- 8@

-PM
NW10 -
NWA0 -
NW10 -

F2 (top)
F1 (middle)
FO (bottom)

LAB - PM

LAB - F2 (top)
LAB - F1 (middle)
LAB - FO (bottom)

1 MeV 4 electrons

A. Pin Journées R

8 10

12 14 16 18 20 22 24

LS temperature (°C)

encontre Jeunes Chercheurs

26

28 30 32
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R&D first results with opaque liquide made in CENBG

NoWash 10% & LAB / Fiber 1 (middle)

’3\'25000—- —————————— = mom o = g---@o--m-----o-E---0- o - ==
E‘., 20000—_
o 15000
()] 4 R
S ] ]
O 50007 H NW10-PM
= z NW10 - F2 (top)
= 14 4 @® NW10- F1 (middle)
NW10 - FO (bottom)
= O LAB-PM
T LAB - F2 (top)
10 - O LAB- F1 (middle)
4 LAB - FO (bottom)
8 -
6 -
%’_ . 1 e o ,° ® o0 &
| i wr_oﬂ}“ﬂ}_‘"GD".‘@“&‘"?@ ______ ,—
2
0 ] l 1 I ] I L] l T I L] l L] I 1 l ] l | I I I 1
1 Mev e|ectrons 8 10 12 14 16 18 20 22 24 26 28 30 32

LS temperature (°C)
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R&D first results with opaque liquide made in CENBG

A. Pin

1 MeV 4 electrons

NoWash 10% & LAB / Fiber 2 (top)

< 25000
& 20000 -

—————————— B------@---@--0---F--o-8---8 @

Npe

NW10 - PM

NW10 - F2 (top)
NW10 - F1 (middle)
NW10 - FO (bottom)

>0

LAB - PM

LAB - F2 (top)
LAB - F1 (middle)
LAB - FO (bottom)

Journées R

LS temperature (°C)

encontre Jeunes Chercheurs
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R&D first results with opaque liquide made in CENBG

PM charge (a.u.)

1 MeV electrons

A. Pin

NoWash 10% & LAB - Fibers 0 (bottom), 1 (middle), 2 (top) & PM

250001 - - §--------- m----- 2 Dl - B R e s o
2097 |1 l 12
15000 - X il X
10000 - . —u
5000 - . B NWi0-PM
7 | ' . ' A NW10-F2
14 ® NWIiD-F1
- U | ¥ NWID-FD
e O LAB-PM
‘+ A LAB-F2
10 - O LAB-Fi
- ~OX V LAB-FO
8-
6 —

A Y S —
4---"deA o S0-9-- S o . ——— SR » . /S i i T T
e e e I e

[<06X 4 a4 s —a
212 a4 a &t x I 0
0 ' | ! | ' | ' I ' | ' I ! I ' | I | !
10 12 14 16 18 20 22 24 26 28 30 32
~opaque LS temperature (°.C)  ~transparent
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Conclusions

* Neutrinos are very badly known
* The discovery of the neutrinoless double beta decay will help us to know about their nature

* SuperNEMO::
* Unique technology to detect the BBOv and to study the involved mechanisms
* Need to control all systematics on the measurement on energy
 We are able to correct these systematics

e LiquidO:
* Potential to be a multi-to experiment
e Stillin R&D

* Very promising results
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