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Neutrinoless Double Beta Decay: A Hypothetical Radioactive Process e e PR
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e — > Forbidden by the Standard Model : Violates the Leptonic number

If observed Proves the Majorana nature of neutrinos :
e I particles are their own anti particles
n Ep
Together with CP violation, could be Clues on whether they have
responsible for leptogenesis: Matter and v normal or inverted hierarchy

anti-matter assymetry

Together with other observables (sum of neutrino masses
constrained from cosmology or ve mass constrained from single-
beta decay experiments), could bring information about the
neutrinos absolute masses.
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Neutrinoless Double Beta Decay: A Hypothetical Radioactive Process Signal

Normal double beta signal
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: OVBP signal — Need Ultra-low
: Background experiments
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SuperNEMO: Tracker-Calorimeter Detector

Source is separate from
detector
- ability to study
several isotopes

\

Full topological reconstruction — High background rejection
(expected <10~“*events/keV/kg.yr)
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Measure individual particle
energies giving access
to decay mechanism




eeeeeeeee

i fig‘gg%ﬁe université
SuperNEMO: The Physics o= =2 e @

aaaaaaaaaaaaa

Demonstrator :

TO\)lI2 > 4 * 1024 y
<m_> < (260 - 500) meV (90% CL)

- Expected sensitivity: 17.5 kg.y exposure of 82Se >

- Measure background contamination

More physics :

Ovp Search :

- Different double beta decay mechanisms (Light Majorana neutrino, right handed currents, ...) using the full
kinematics (single electron energy and angular distribution)

2V Study:
- Quenching of axial-vector coupling constant (ga)
- Higher State Dominance (HSD) and Single State Dominance (SSD)

- Exotic Decays (Majoron (n = 2, 3, 7), Lorentz violation and Bosonic neutrino)
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The SuperNEMO Demonstrator Source

6.23 kg of 82Se as 33 source

oooooooo

Qpe = 2.998 MeV T1,=9.4x 10®y [ 1 1 [ 1T T [T f T] 1 1 Ivivolwack ]
(NEMO-B) ; T 11213 4)5|¢ 7l’WﬂﬂﬂlﬂﬂlfﬁﬂflWZO'HZ?HNH?G??ZJHJOJfI?JJMJSJS
Radio-Purity of  Specifications Measured SE = ,
82Se foils (uBa/kg) values for .
best source i
using BiPo-3 ‘
detector .
(HBa/kg)
2087 <2 ~20+10
214B;j <10 < 290 at 90% —wrm
CL e
X a7 RS ks i e A PP

Required for 500
kg.y exposure
(100 kg, 5 years)
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For source of
demonstrator of 17.5
kg.y exposure
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- 3D reconstruction of charged particle tracks b

(n*, e*, a)
Specifications Measurements
Over pressure of 10 (mBg/m3) can be xtrapolated
mbar is achieved to a tracker gas flux Already commissioned
inside tracker of 2 m3/3h d band vzed
chamber (mBg/m?3) ata to be analyze
Radon emanation 0.15 0.16 £ 0.05

Malak HOBALLAH Oct 20, 2021 7
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The SuperNEMO Calorimeter

440 8” PMTs
&
232 5" PMTs

Experiment
SuperNEMO Demonstrator 540
NEMO-3 832
Relative activity

(A(SN)-A(NEMO-3))/AINEMO-3) "

|
I
0\
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712 Optical
Modules

40K (Bq) 226Ra (Bq) 232Th (Bq)

-35% +151%
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8" PMTs

v

Energy resolution 8%
FWHM at 1 MeV

(14% - 17% for NEMO-3)

Time resolution < 400 ps for
electrons @ 1 MeV

197 124
302 49.4

?

Not the dominant
background for 2v
and Ov search




Time Calibration and Time Resolution of OMs using ®°Co Runs

Calorimeter . :
3 L e Entries 278
© 50— Mean -0.7161
i n Std Dev 1.888
i 2  nf 13.85 /11
40— Prob 0.2412
Ey,=117MeV - Constant 48.27 £ 3.90
—_ —p [ j Mean ~0.7436 + 0.0552
—» A(t)(nS)—tyl ty2 ak Sigma 0.861+ 0.045
{ T
%Co E,, = 1.33 MeV N / \ ‘
~ 184 kBq sl The mean is The sigma
- used to Is used to
- determine the ~ determine
10— time offset per ~ the time
C OM resolution
B per OM
0 111 | 111 M | | N I - | L 11 | 1 L | 111 M | | |+| L1 1 | |
=20 <15 10 -5 0 5 10 15
A® [ns]

Good calculation of the:

- Time offset in each OM is unique per OM, it takes into account: cable length + total delays inside (electronics,

scintillation time, ...)

- Time resolution of Calorimeter for Ys @ 1 MeV

Malak HOBALLAH Oct 20, 2021
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Time Offset Per OM

As the two Ys are emitted simultaneously from the source, the time difference between the two registered hit is ‘0’, if using
the following time equation per hit:

ti:ty,.(ns)_TOFi_Ei « Time offset of OM:
unique per OM, fixed, unknown

Corrected time of detection

Time of Flight of
Y from source
to scintillator
block (known)

time measurement [ns]

We can measure the offsets relatively to the offset of a chosen reference OM using ti-tj=0

Malak HOBALLAH Oct 20, 2021 11
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Step 1: Determine the offset of OMs “j” in coincidences with the
reference OM (offset = mean of At distribution between OM “ref” & “J").

‘W»m/ OMS “j”

R

E| E| E| E| E| E| E| E
HEHE R IR

365 042 | 3.80 398

i i

‘ | ‘ ‘ uuuuuuuu

£

Step 2: For OMs “k” that are not characterized in step 1, determine e
the time offset using the coincidences between OM “k” and OMs “j". i

o wass | woss | wars | wass | wass | wors|wess | wozs

X
ungs\

e OM “k” not
- determined in
step 1

E| E| Bl ENCE| E| E| E| E| ¢
Bl ENE| @] & g E| ¢

IEREEEE

Lo P T e T o T

_ _ _ _ OMs calibrated (red squares)
Steps 3, 4: If OMs were not characterized in the previous steps, determine from step 1 (OMs ")

their time offset w.r.t OMs “k”.
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Final Offset Values per OM for a Main Wall, Combining all Runs

ITALY @5 | @ | GoM43 | GoMdZ | GO | GO0 | G008 | G008 | GONT | GOUE | G015 | @004 | @003 | @012 | GoMd | GotD
TUNNEL MOUNTAIN
heernrs[xeriis ez 300,115 00015
21.77 11.22

[LE-EN AR EE RN T [%:000.1.14 | X:000.0.14)
L SRLE L SRL ALY

"EXTXE| FTERRE] 17.60 | 16.71| 13.80 FETERE|CTTYXE

kotoizjxeriiz| |18.90]19.14 | 18.41| 15.64 001 12[xen01g

TEXXXT) FEERRT] 7;'_';; 7;"_;; 7;"_;; :"_?; EETXRT] FETYR

bororo|xerii0| |wates|wotes| woirs| wates o110 [xen0
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X008 | X918 X009 | X0009
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14.56(13.02 [ 12.28( 12.10

X008 | X918 X008 | X008
MALISE | MOIEE | MOITE | MOIEE

woa07 |xeaar| | 17.21) 1227 | 12,89 12.30 ROLAT | KODOT

- - MO185 | MO18.5 | MOA7.5 | MO16S - -

weans [xe118] |4y 67| 977 | 7.88 | 6.46 %AL1E | KEDDE

X005 | KOA15 MORA [ MO8 | MOITY | MOIES X005 | X005
11.84| 9.91 | 8.00 | 8.60

X0A0d | Xa1.a X004 | X000d
M0.19.3| MOIE3 | 0173 | MOIES
11.91| 7.50 5.22

X003 | XdA1.3 X003 | X000l
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xoi0z |xeniz| | 958 | 6.1  7.85 | 4.48 XOL1Z | KO00Z
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xean [xeart| | nge | 6.47 | 3.65 | 3.08 XL11 | XEDD

%0400 | X010 MDASD | MAIRD | MOIT.O | MOIED X000 Xonno
9.44 [ 8.20 | 7.36 | 10.81

ow
@ons | @onis | Gonaa GO0I0 | G005 | GOUB | G007 | GOO6 | GOOS | GOO4 | G003 | GOO2 | G001 | GO | oTArons:
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|

Reference OM

Color scale:
Final offset

values / OM
[ns]

Dead OMs
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Error on final offset values

35

30

25

20

10

5

Entries 251

Mean 0.03185

Std Dev 0.01709

.I...I..!‘JL].HI'II.ITI.I_L..I..I'II...IFI..I

(=]
CETTT

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
error [ns]

These maps are produced for all of the calorimeter walls

@
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A(t) Distributions Mean and their Errors Before & After Correction:

Mean value of
At
distributions

Error on mean

value of At
distributions

Malak HOBALLAH
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Before correction of offset —> After correction of offset
g 3 Entries 868 £ F Entries 868
8 r Mean —2.676 3 40— Mean  -0.02236
B Std Dev  4.304 E Std Dev 0.1787
30— F
C 35—
25— 30 f—
20} 25 ?
= 20—
15— C
r 15—
10— =
: 10—
5:— 5}
B ol r L= I
0 15‘ 0 I :1.I ‘0.6‘ ‘ I0.8
mean of A(f) fits [ns] mean of A(t) fits [ns]
= = — £ 70— -
5 L Entries 868 5 - Entries 868
8 60— Mean 0.1199 8 E Mean 0.1183
E Std Dev 0.03786 60— Std Dev_ 0.03753
o -
C 50_—
40— =
F 40—
30— C
E 30
20_— 20:_
10:— 1D_—
oC RIS | P D P 01‘ Ll
. 0.4 1] 0.4 0.5
error on mean of A(t) fits [ns] error on mean of A(t) fits [ns]
Oct 20, 2021

tion

The time
calibration
performed
achieved <~ 0.2
[ns] precision
on timing after
applying the
calibration.
Enough to reject
background
using time of
flight
measurements.
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OM; OM;

Time
resolution
A(t)_[3,5]_&_[0,1]_run_425_it

A(t)_[3,5] & [0,1] run_425_it
Entries 83
Mean

Std Dev 1.178

Using parameters from the 3 coincidences we can retrieve
Poo oo 7 ‘ the time resolutions oo+ 80, , 01+ 80; and 02+ 80;
| Meam 2227 T U105
Csigma 08002  0.1048 D

Oo

=3
RARARARARARNRARNRRRA RARNRRRN RARN|

=20 -15 -10 -5 0 5 10 15(ime(n52)0 OMO
(Reference OM)

Use weighted average to get
final resolution/OM
Time resolution for Ys @ 1MeV
& full wall resolution

777777777777777777777777777777777777777777777777777777777777777

' for 8” OMs : 0.614 + 0.002 (stat) + 0.064(sys) — 0.000(sys) [ns]
. for 5” OMs : 0.814 + 0.006 (stat) + 0.073 (sys) — 0.000 (sys) [ns]

Malak HOBALLAH Oct 20, 2021 15



Sensitivity of SuperNemo to the Quenching of the Axial-Vector Coupling

Constant (ga)

F.Simkovic et al. Phys. Rev. C 97, 034315 (2018)

vpp1— e v 1 v v v
(T3] " =(g% )‘WM?;H]Z—[ §2V]2(G3 +5/G)')
31

oy MET, 2vpP processes with
Where &= Ve different kinematics

Yl

Determines the contribution
of GO and G2

Calculating the Sensitivity:

Count

1000

800

600

400

200

-G2

| PR VRN ERUT TS S S S SN NS SRR |

15 2 25 3 3.5 4
Minimal Energy [MeV]

- Generate many pseudo-data samples with different &;; value in the SuperNemo environment with background

- Fit energy spectra of each sample - retrieve &;; — estimate the bias and the dispersion between different samples

Malak HOBALLAH Oct 20, 2021
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- The calorimeter is commissioned, working and taking data since 2018.

- The tracker is commissioned and taking data -> Data to be analyzed

- A time calibration of the calorimeter walls is done.

- Preliminary time resolution is extracted for Ys @ 1 MeV - To be done with es.
- Studies for the sensitivity to the quenching is under progress

- Study the Rn222 contamination inside the tracker is under progress

END

Malak HOBALLAH Oct 20, 2021 17



Why Should | post an Oyster joke?
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Oyster Industry profits

N

JRJC jokes [day]
} >
1 3

Bankruptcy
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Time Resolution 5” vs. 8”

de-excitation time of scintillator Dispersion time, linked to PE creation on photocathode

2 + (FWHMtransittime/2 \/ZIH(Z))Z

c NPE \
Uncertainty on measured time

Number of photoelectrons

N pe=E*(2V/21In(2)/FWHM )’
-

/ —

Energy resolution

Energy deposited
Energy resolution : 5" ~ 11 % Time resolution: 5” ~ 800 ps Ratio between 5" and 8”: Energy 11/8 =1.375
8" ~ 8% 8" ~ 600 ps Time 800/600 = 1.333

Malak HOBALLAH Oct 20, 2021 21
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Scintillation Block

Scintillation Ys
Around 10 cm
Ey~1 MeV
Delay > 1.25 ns

i Few mm for 50 keV <e <10 MeV
Delay negligible

Malak HOBALLAH Oct 20, 2021 22



Cobalt Source Background

PMT glass contamination

Malak HOBALLAH Oct 20, 2021

Gamma from source or lab undergoing double Compton

Y

Random coincidences
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SuperNEMO: Background Identification

2 e produced by 2“Bi and 2°¢T]
contamination inside the B foils

Sirce

ol |.'_J'e

]

=t

Pair creation

Kolrce

fruf

Double Comptlon

Source

it | € 2 e produced by an external Y,

v Detected through (Y,e) external channel

BEEE BB

P-decay +
Mdaller

P-decay +
Compton

B-decay +
internal conversion

Detection Channels:

(1e,2Y) for 208T|

(1e,10) for 24Bi

(Y,e) for external backgrounds

B EEE B

Malak HOBALLAH Oct 26, 2020

Wires

Radon background, 22Rn can emanate from the
detector materials, or the rocks of the laboratory then
diffuse towards the tracker.

Also, the entrance gas of the tracker can be
contaminated

224



BiP0-3 Detector: successfully running since 2012

5” photomultiplier

The 212Bi (*°¢Tl) and #“Bi
contaminants inside the foil are
identified by the detection of a 3
decay followed by delayed a particles
emitted in the opposite direction.

Light guide

Scintillator

|

Scheme of two optical sub-modules (on the left) and of the whole detector (on the right)

Surface covered with 200 nm of
evaporated ultrapure aluminium in
order to optically isolate each
scintillator and

to improve the light collection
efficiency

Can also identify random coincidences, radiopurity of
the scintillators and Radon and Thoron presence in the
gas between the foil and the scintillators.

Malak HOBALLAH Oct 26, 2020 285



Radon Concentration Line (RnCL)

Electrostatic
SuperNEMO RnCL Detector
Tracker

components or

c-sections measures activities as low as 0.1 uBg/m?for large volumes

- Gas from the tracker components inside emanation chambers is pumped through a cooled ultra-pure carbon trap
and the #2Rn in the gas is adsorbed

- The concentrated sample is then heated and transferred to an electrostatic detector via helium purge.

Malak HOBALLAH Oct 26, 2020 286



Radon Concentration Line (RnCL)

air in air out
high voltage divider and
l ampfilter circuit T
= hE.-r r—3 -
- -HV etz -
Si PIN Diode

N

Malak HOBALLAH

Stainless Vesse| —»

Oct 26, 2020

- 222Rn is pumped into the vessel where it decays.

- Daughters of 2*2Rn decay are mostly positive ions — these ions are
collected on the PIN diode due to the applied negative HV.

- Once on the photodiode, they decay and their a particles can be
identified by the energy deposited.

5000

4000

Counts / Channel

3000

2000

[ Entries 700000

Example of detection

218P°

Electronic Noise

)

214P°¢\

A

ST TS T T N SONTIN SUN SO P SR
1000 2000 3000 4000

5000

6000

7000
ADC Channel

Daughters
of 222Rn
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GaAnalysis and the &z Factor
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g T ll | L LI | LI I I | | LI | T T 7T ;
1.2 é \| ® shell model (GCN) _é
L1 E b m  shell model (MC) 3
- - —- QRPA (CD-Bonn) §
1.0E QRPA (Argonne) 3
0.9 E_ excluded, KamLAND-Zen ";
ﬂg; (90% C.L.) =
T« ¢
o 0.7 :
U . E - | Ll 0 | N - | (-] I §
0 0.005 0.01 0.015 0.02 0.025 0.03
2v
MGT—3

FIG. 3: Effective axial-vector coupling gf;‘f as a function of
the matrix element ﬂ-ﬂ%’}- _g for H6xe 2083 decay. The yel-
low (light yellow) region £3 < 0.26 (0.05) is excluded by
the present KamLAND-Zen measurement at 90% (1e) C.L.
Nuclear shell model results are displayed by the blue cirele
(GCN interaction) and black square (MC). QRPA results
are shown by the dashed orange (Argonne interaction) and

dashed-dotted green (CD-Bonn) curves.

uuuuuuuuu

WC

J =

E L?VB universite
e PARIS-SACLAY

ooooooooooooo

arXiv:1901.03871v1 [hep-ex] 12 Jan 2019

@

28



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28

