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SuperNEMO: Tracker-Calorimeter Detector
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Source is separate from
detector >
_. ability to study several 2
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
Measure particles time-of-flight
to reject backgrounds
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Tracker modules

Bp module

Calorimeter walls
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The SuperNEMO Demonstrator Source

6.23 kg of #2Se as 33 source I S05: it
: g VITO| WAL
QBB = 2'998 Mev T1/22V: 9'4X 1019y : + 1|2|3||4|5|6|7| 8|3 |to|11|12| 13| 14 I‘SI!G|1’T!I 15| 20| 21|22 | 23|24 | 25| 26| 27]| 28| 29|30 |31 | 32| 33 || 34 | 35| 6
(NEMO-3) :
E X X
h f
: : o N
Radio-Purity of Specifications Measured L
82Se foils (uBg/kg) values for ; 3 / g
best source ’
using BiPo-3 L
detector /
(HBa/kg) | /
2| <2 ~20+10 :
[ R viTo|l waLl
2B <10 <290 at 90% i :°'.-.° L [ cees TRACKER FRAME
CL l.l.lll ------------- 2 s s s sfe o v ¢ ¢+ - -v .........
4.8m . .
/ / Calibration source
For full detector of For demonstrator of deployment system
500 kg.y exposure 17.5 kg.y exposure
(5 years) (2.5 years) Absolute energy calibration
207Bi

Malak HOBALLAH Oct 16, 2020



eeeeeeeee 3

== WYCu i
The SuperNEMO Tracker o= 22 s @

ooooooooooooo

% ' 2034 drift cells operating in Geiger mode

g R i

3D reconstruction of charged particle tracks

+ +
(1, e, )
Specifications First Measurements
(mBg/m?3) (mBg/m?3)
222 Rn emanation 0.15 0.16 £ 0.05

Measured with RnCL, We can reach the
specifications with a Helium flow rate of 2 m3/h

Rn concentration line (RnCL), measures activities as low as 0.1
puBg/m?for large volumes
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Tracker Deformation & Lifting: September 2020

The tracker frame was deformed - short circuit in 270 cells (10% of
the tracker).

The Frame was raised ~ 4mm successfully with careful monitoring

- The structure is mechanically stable and is being monitored
with laser gauges.

- Short circuit cells were reduced from approximately 20% to 2%

Expert team from UK & Fr

- The source foils were not damaged in the process

B Repaired

Tracker cells
Remaining

-l o
._| shorts / bad
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Source —p
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The SuperNEMO Calorimeter

440 8" PMTs &
232 5" PMTs

Radio-purity of PMTs, Activity of all OMs:

Experiment 4K (Bq)
SuperNEMO Demonstrator 540
NEMO-3 832
Relative activity -359%

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

Operational and taking data since 2018!
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712 Optical
Modules

226R3 (Bq) 232Th (Bq)
197 124
302 49.4
-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 1
MeV electrons

T

No significant

contribution to

the 2v and Ov
search
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Calorimeter Commissioning: Energy Calibration and PMTs HV gain equalization ©= === sz @
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PMTs signals amplitudes

count

[ . T

Before gain equalisation

2.614 MeV Y of 25T

PMT Gain equalization with a dedicated :

method using 2°6TI Compton edge

TN T T e

Amplitude (mV)

count

T B A

After gain equalisation

™~
:

Calorimeter wall before Calorimeter wall after

Amplitude (mV)

After equalization —» Spread in PMTs HV
gain < 10%

Better results expected with electron source
(%°"Bi) and tracker commissioned

Dead Oms
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Calorimeter Commissioning: Baseline & Reflectometry Tests
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Calorimeter Commissioning: Time Resolution

E,=117MeV «

‘ E,, = 1.33 MeV 4

GOCO

Counting rate of the Oms:

Calorimeter wall, real data run

run_166_pmt_hit count raw_energy

1,168 _pia_ba_sound_tiw_srergy
Entries 631356
Mean x 9.271
Mean y 5.999
Std Dev x 4.04
StdDevy 3.153

ol

Dead Oms, most are recovered
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Time difference between 2 Oms hits in coincidence

Afty_[9,7]_8_[8,10]_coincidences_run_166_fr_wal_callbrated energy

count

Al 18,718 {010 s run_185_fr_ wali caktmated orargy
1= Entrigs 104
- Maan 016
= il Dy 1.8336
= it 14.53: 18
- Pl 1.5500
= Gonstsnt 8086 + 1211
L= Maan 01588 1 01142
— Sigma 09087 101218
. 1 . 1 R (LTS T N S IR, (TR
[ & 4 4 ]

Calorimeter wall, simulations

run_center_middle_pmt_hit_count_raw_energy

60Co source position

Tirnﬁngm(ns)

Time resolution primarily results using ®°Co give a

< 600 ps for Ys @ 1 MeV

Better results expected with an electron source
(%°"Bi) and tracker commissioned



SuperNEMO: Hardware Status

Remaining Tasks:

- Gas Tightness (after
lifting)

- Tracker Commissioning
- Magnetic field

- Shielding
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Magnetic field coils
25G
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Iron shielding
20 cm

polyethylene water tanks and
boron polyethylene plates

v
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Demonstrator :

TO\I:IJ2 > 4 * 1024 y

- Expected sensitivity: 17.5 kg.y exposure of %2Se <m,> < (260 - 500) meV (90% CL)

- Measure Background contamination

Maore 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 Stat Dominance (HSD) and Single State Dominance (SSD)

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

Fini
Malak HOBALLAH Oct 16, 2020
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Backup

Malak HOBALLAH Oct 16, 2020 12



Axial-Vector Coupling Constant (ga) Studies

Following the paper F.Simkovic et al. Phys. Rev. C 97, 034315 (2018)
the 2vpp decay rate may be expressed as:

(ignoring higher order terms )

o 21 :
[Tf}j’i} e (yh")

M o g (GE + EGE)
‘;1

The “ga” processes

Fit single and total energy
spectra to get a value for &z

Gamow-Teller matrix element
from Shell Mode calculation

Finally obtain ga value for 2v3[3
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Axial-Vector Coupling Constant (ga) Studies E "’"&%m uvzzess @
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Following the paper F.Simkovic et al. Phys. Rev. C 97, 034315 (2018) simulated E1

simulated E1
the 2vpp decay rate may be expressed as: Eo Mo 0762
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SuperNEMO: Background Identification

Source

fonil

Sirce

ol

& 2 e produced by an external Y,

Detected through (Y,e) external channel

Pair creation Double Comptlon Compton + Maller

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

BEEE BB

B-decay + P-decay + P-decay +
internal conversion Méller Compton

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

Detection Channels:

(1e,2Y) for 208T|

(1e,10) for 24Bi

(Y,e) for external backgrounds

B EEE B
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5” photomultiplier

Light guide The 2128.i (208T|> and 214Bj .
contaminants inside the foil are
o identified by the detection of a 3
Scintillator decay followed by delayed a particles
emitted in the opposite direction.

A

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 o o .
scintillator and (i]an alsollldentlfy rgndocrjn comgldinces, radiopurity 01;]

. . . the scintillators and Radon and Thoron presence in the
t(;r_lmprove the light collection gas between the foil and the scintillators.
efficiency
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Radon Concentration Line (RnCL)

g g
Electrostatic
SuperNEMO RnCL Detector
Tracker
components or
c-sections

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

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

Malak HOBALLAH Oct 16, 2020 17



Radon Concentration Line (RnCL)

airin air out
high voltage divider and

l e T

n = HE-' = ﬂ
. HV ez -
Si PIN Diode

Stainless Vesse| —»

N A
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- 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.

@
E 5000 — Entries 700000 214PO¢
S B
2 w00~ Example of detection Daughters
< C
g of 222Rn
3000/
2000 A
r 218
Electronic Noise PO
1000
07‘ Loow ey Fovg vl ewy o 1oy [ ‘Lm...
0 1000 2000 3000 4000 5000 6000 7000
= ' ) A S e e S e e _ﬁ_\Dc_:ghannel
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