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What are we composed of ?
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The Standard Model of particles
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Where the Standard Model ends?

Particle masses

Fermions Bosons

The universe:
(a pie chart)

o o ce : /N

1o 8 We have no idea

59, Stuffwe know
(including pies)

/\

Dark matter

100

We need to go beyond the Standard Model
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A bit of history

H.Becquerel (1896)

wstor
Discovery of radioactivity through 5 decay
Only electron observed
Non conservation of total energy
. (CH
W.Pauli (1930) o
Solution to conserve total energy B-particle f
“Neutrino” count ‘ ©
o Neutral ./ Total Energy
Relea'sed in Decay

Spin 1/2

°
@ Small or null mass
°

Small interaction probability

Kinetic Energy of B-particles

E.Fermi (1934)

2

E{g:i

Effective theory:
Foundation stone of weak interaction
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Neutrino oscillations: neutrino masses are not described by the SM

In the Standard Model neutrinos are massless

14 v 1
2
G.Pontecorvo (1957): Can neutrinos oscillate? '
v: I
Vo = Upmins ) Vi Vs
12,3

Oscillation probability (2 flavours):

A 2
Pes u(t) = sin? 20 sin? 27’"L

source detector

Possible only if neutrinos are massive particles

SuperKamiokande experiment (1998): Observation of neutrino oscillations

— At least 2 massive neutrinos (considering 3 flavours)

Py ‘
Need to go beyond the Standard Model *
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Proof of massive neutrinos lead to extentions of SM

The mass generation mechanism depends on the neutrino nature

Dirac particles: neutrino & antineutrino are distinct particles

As other fermions: Higgs mechanism v

LDirac — —ﬁmqu + h.c — | Chirality e
%2 W M mw

BUT weak interaction only talk to LH particles HE

AND only weak interaction for neutrinos VNN

Vi

= No LH neutrino described by the SM
= Need to extend the SM v v v,

Sterile neutrino
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Proof of massive neutrinos lead to extentions of SM

The mass generation mechanism depends on the neutrino nature

o my, K< m => origin of neutrino masses different from those of

@ Neutrinos are neutral charged fermions ?

Majorana particles: The neutrino is its own antiparticle

Majorana mass term in the Lagrangian v
; 1
Lyeerana Emyﬁfzq_ + h.c. e ,;//'e\f/'\e",

No extra particle w Mo W
P R e Y

[standard Modet |

o Lepton Number Violation (LNV) with £ VNN
AL = 2 (forbidden in the SM) , v

— could explain matter/antimatter
asymmetry in the universe

[ Majorana |

@ Seesaw mechanisms:
heavy vg mixes with v, and generates light
Majorana masses for active neutrinos
— could explain smallness of neurino
masses

Probe: Neutrinoless double beta decay
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Beyond the Standard Model

Probe neutrino nature with neutrinoless double beta decay

Double beta decay = 2 simultaneous neutron decays inside the nucleus

o Allowed in SM o Forbidden in SM
o Has been observed in several isotopes o Possible only if neutrinos are Majorana
o T29% ~ 10'8 — 10! years particles

° T?‘/’fﬁ > 1024 — 10% years
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The SuperNEMO demonstrator installed @LSM

‘ Tracko-calo experiment + ultra-low background ‘

Calorimeter . C.harged
measures energy P source foil  particle tracks
2

Magnetic field to
distinguish Gaseous mixture:
electrons from 95% He, 4% ethanol
positrons and 1% Ar

Fréjus peak N

Fréjus road tunnel Altitude 2932 m §
Altitude Altitude
1298 m

BBOv

(E1+E2)Q

1228 m

10

Distance 0 m /6;‘ 6210m 12 868 m
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The SuperNEMO demonstrator

First commissionning datas were taken!
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The SuperNEMO demonstrator
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Noise background: events which mimic the signal

Main backgrounds:

o External v from natural radioactivity’ Background events for 2v543 ‘

o Origin: detector PMs, laboratory
o £y <26 MeV

@ Internal contamination of Radon in the tracker’ Background events for Ovj33 ‘

@ Internal contamination in the source foils ’ Background events for Ov3 ‘

o 208T| from 232Th decay chain
o 214Bi from 238U decay chain

Foil Foil Foil

s Y s
S s o/ o

Beta Beta + Beta +
+1C Moller Compton
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Analysis to reject 2°8T| background events

Use the electron of internal conversion of 208T]:

3.054 min
208 28% 3708
817! =
=
217% 3475
51% 3198
221% @
0.03% i 2614
86%
=
T
&
Q=499 Mev — |
2 100%
Pb

<100ps
dps
294ps

17ps

2e topologies in [2.7,3.2] MeV:
75% of 28T decays are 3 decay +
internal conversion of the 2.615 MeV-~

»
Delayed electron | %

= Possible rejection of 208T|
background events

60Co source to determine o in optical modules:

C. Girard-Carillo (L,

60
2 Co 99.88% 2505
g
0.12% 1332
99.8%
4
=
Q=2.82 MeV

99.98%
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Calorimeter walls cabled: Commissionning data analysis

Reflectometry tests on signal cables for one board (slot)

Slot

Electronic pulses generated at boards l

Electronic board

.1.

+—— Channel

Reflection

Multiple pulses for each PMT (13 channels - 20 slots)

$ wE .
i mE I | Electronic
¥k | pulses Recorded pulses. ...
w0 § for diffnrnnéf
m cable. Inngt‘h:
ZWE 'Y y
o X
= 100 150 00 m"'a
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Calorimeter walls cabled: Commissionning data analysis

Reflectometry tests on signal cables for one board (slot)

Mean time difference between 2 peaks (CFD)
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Conclusion

@ Neutrinoless double beta decay is the best known process to probe LNV

SuperNEMO is a tracko-calorimeter detector searching for Ov 33

In installation @Modane underground laboratory

@ First commissionning data analysis in progress

Pandas & Cartoon fishes
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Thank you
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Back up J
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Exponentially modified gaussian

Convolution of an exponential and a gaussian function:

f(Xv s U) = %GXP%

(2u+>\a'2 —2x) ptro?—x
erfe( BV )

withp = 0,0 = 0f+cf(23£)+a%_and7—:294ps
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Background scheme for external gammas and Radon

External gamma background:

Foil Foil Foil

T T
~

TN Y

Pair Compton Double
creation + Moller Compton

Internal Radon background:

222Rp Foil

38days B

214Bj &
Q“=3.27Mev \

Beta +
Moller
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Active light neutrino number with the total Z width

The most precise measurements of the number of light neutrino types come from studies of Z
production in et e~ collisioners.

-g /Zv
=
Z3| ALEPH /3
DELPHI
L3
OPAL
20
¢ average measurements, /
error bars increased |
by factor 10
10
0 I L !

86 88 920 9|2 9‘4
E_ [GeV]

cm

N, = 2,984 + 0,012 light neutrinos
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From NEMO3 to SuperNEMO

(Pour Laurent : je voudrais mettre ici un tableau comparatif NEMO3/SuperNEMO, est-ce que tu
aurais a quelque part en stock ?)

NEMO-3 "camembert" (source top view)
sources
60 mg/cm? foils
10 kg of Bp isotopes

L

ddddddddddddddddd
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OvBp sensitivity
Neutrinoless double beta decay sensitivity:
ovBB ae M x t
2 % o\ Nig x AE
mol bkg
€ - efficiency of the detector
M X t - exposure

Npkg - the background rate (counts.keV~1.kg=l.y™1)
AE - energy resolution

a - abundance of isotope

To have a better sensitivity:
o High detection efficiency
o Long period data taking
@ Big quantity of isotope

Low background level
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Double beta decay and mass hierarchy

1
NEMO3
GERDA
orE H KamLAND-zen
S
2
gﬂ,ﬂl
v
0.001

0.001 0.01

0.1 1
my, [eV] Data PDG 2016
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SuperNEMO gas composition

Gas proportions chosen to have the wire chamber functioning at optimal performances

@ 95% He: low atomic number = low energy losses for incoming particles (1 MeV electron:
50 keV energy loss)

@ 4% ethanol: absorption of UV photons generated by Geiger plasma

o 1% Ar: ionisable = ease the Geiger plasma propagation

C. Girard-Carillo (LAL) PHENIICS Fest 2019



utrino mass ordering

m?

2
myT4

N
my -

2
myT4

-\Iﬁ

LI

_— V.

m?

solar~7x107%e V2

2
-y

I ——”"12

atmospheric
~2x107%eV? )
atmospheric

] ~2x10-%eV?

solar~Tx105eV?

+m?
? ?
0

PHENIICS Fest -




The source foils

The choice of isotope

High Qgg to reduce natural radioactivity background
Qﬂg > 2.615 MeV

TOor V=1 — H4c0vipg 12188 |2
( 1/2) 8a Moy || m |

e
High phase space factor G% and matrix elements M% to minimise Ov38 half life

o Isotopic abundance

o Highest T12/”2 to reduce the 2v3f background contribution
Isotope Qza (MeV) Go, (10~ Py~ 1) lel’2 (y) n (%)
%BCa 4.273 24.81 6.37 x 101° 0.187
"®Ge 2.039 2.363 1.926 x 107! 7.8
825e 2.995 10.16 9.6 x 107° 9.2
7y 3.350 20.58 2.35 x 107° 2.8
T0Mo 3.035 15.92 6.93 x 1018 9.6
116 ¢y 2.809 16.70 2.8 x 1070 7.6
B30T 2.530 14.22 6.9 x 10%° 34.5
130 e 2.458 14.58 2.165 x 10°T 8.9
TONg 3.367 63.03 9.11 x 1018 5.6
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Applying cut Pt > Pey, to reject 2% T/ background events

205T1: Py, VS P, With 6,=400 ps @1 MeV

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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Internal and exponential probabilities

Specific case where o = 0

2%71: P, Vs P, With 6,20 ps @1 MeV

Pexp

60 At
0 At=0

Internal p_robabilit%. .
20 Exponential probability

o R P T N S B B B N 0
o ol 02 03 04 05 06 07 08 09 1
P

int
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Internal and exponential probabilities

At >0

2%71: P, Vs P, With 6,20 ps @1 MeV

Pe><p

20

18

- N

12

At

At=0

Internal p_robabilit% .
Exponential probability

o N » O ®

o Lo bov i b Lo Lo Lo Lo Lo Lo
0.3 0.4 0.5 0.7 0.8 0.9

0
P

int
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Internal and exponential probabilities

At € [0,x2

max

2%71: P, Vs P, With 6,20 ps @1 MeV

PO T 5
o E
Y= - 45
E -
08 e | 4
0.7F = 35
= -- s
05F- 25
0.4 2
0.3; 1.5 At
02F- 1 At=0
E Internal probabilit
01 0. Exponential proba%ility
o) I EIT VIV AT VAT AR IS W IR o
01 02 03 04 05 06 07 08 09 1
P.

int

C. Girard-Carillo (LAL) PHENIICS Fest 2019



Internal and exponential probabilities

At <0

2%71: P, Vs P, With 6,20 ps @1 MeV

o 1
3 E
Y=
0.8 & 10
07F
E 8
0.6
05F- - 6
E -
04E |
E - 4
0.3F - At
02F = At=0
E 2 o1s
o1fF- Internal p}’Ob‘dblllt{). .
E *- Exponential probability
ol b b b e b Lo Lo Luns o
01 02 03 04 05 06 07 08 09 1

P

int
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