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General Context From NEMO-3 to SuperNEMO

NEMO - 3:

* [Bp decay experiment with different Isotopes (mainly Mo and 82Se)
* Combining the measurement of the particles energy with the reconstruction of their tracks
* Located at the Modane Underground Laboratory (~4800 m.w.e.):

* Data taking (2 phases) from February 2003 to January 2011 — Decommissioned Afterwards

Isotope Mass T (years) Ref.
1Mo 6.9 kg 7.16 £ 0.01 (stat) = 0.54 (sys) 10%® PRL 95 (2005) 182302
82Se 0.93 kg 9.6 £1.010%° PRL 95 (2005) 182302
150Nd 36.5¢ 9.1+0.7 10 Phys. Rev. C 80 (2009) 032501
%Zr 9.43 ¢ 2.35+0.21 10% Nucl. Phys. A 847 (2010) 168
130Te 0.45 kg 7.0+1.410% PRL 107 (2011) 062504
Isotope Exposure T .(years) Ref.
100Mo 34.3kgy >1.110% Phys. Rev. D 84 (2014) 111101
82Se 4.88 kgy >2.510% Eur. Phys. J. C 78 (2018) 821
usCd 2.16 kg y >1.0 102 Phys. Rev. D 95 (2017) 012007
150N 0.19 kg y > 2.0 102 Phys. Rev. D 94 (2016) 072003

Background free experiment above 3.2 MeV.
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General Context

From NEMO-3 to SuperNEMO

From NEMO 3 to SuperNEMO

SuperNEMO

1Mo, #Se and others
7 kg
60 mg/cm?

15 % FWHM @ 1 MeV
8 % FWHM @ 3 MeV
~ 100 uBg/kg
< 300 uBqg/kg
~ 5 mBg/m?
6180

1940

1.310°3

Tov > 1.110%y

<mﬁﬁ> <0.3-09eV

Isotope
Mass
Foil Density

Energy Resolution

208T| source radiopurity
214Bj source radiopurity
Rn level in Tracker
Tracking cells

Calorimeter Blocks

Total Background (c/keV/kgly)

Sensitivity

82Se (5°Nd or “Ca?)
~100 kg
40 mg/cm?

7% FWHM @ 1 MeV
4 % FWHM @ 3 MeV
<2 uBg/kg
<10 uBg/kg
~0.15 mBg/m?

20 x 2034

20x 712

510°

T0v1/2> 1 1026 y

<mﬁﬁ> <0.04-0.1eVv
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General Context SuperNEMO Radiopurity Control

| Rn Concentration Line

Rn emanation setup

HPGe Detectors: Radon Studies:
* Routine Material Screening * Required internal Rn Bkg < 0.15 mBg/m?
- Radiopuity Budget « Radon emanation
* Radon tightness @ sensitive volume
: SuperNEMO

Background Control + Reliable measurements @ low level
Radon concentration

/

BB Source Foils Radiopurity —» BiPo DETECTOR

* Required Sensitivity Levels:
<2 uBg/kg in 28Tl

) _ Less constraining limits
< 10 uBg/kg in #“Bi for the demonstrator

* Non-destructive method

* Dedicated set-up to reach these sensitivity levels
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BiPo Experimental Setup

BiPo detection principle = - a delayed coincidence detection.

232
238U Th \//
N 214 Q
A\ B Po N\ B~ Po ||V S
/214B \ (164 HS) 2]2Bi L= (300 llS) 212BiP0 214BiPO “ Il' Time
\(19 9 mm), o (60.5 min) o ~ 299 ns ~164ps
\ 36 % /
l 0 02 0/ W J‘
208
2101y ~
210 7 Pb’ i 208 1 e (STEE)
TI--p (@23 N5 B
(1.3 min) (3 1 11]111

Different prototypes and R&D demonstrated that expected levels can be reached with a face to-
face scintillation approach (back-to-back events).

'- -'- s S v',
1 QE ’

BiPo 3 prototype (LSC)

BiPo 1 (LSM): 2007 - 2011 BiPo 2: 2008 - 2010 2010 - 2012
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BiPo Experimental Setup

Final BiPo 3 setup:
2 modules detector —» Possibility to measure 8 SuperNEMO source foils simultaneously

20 30x30 cm? optical sub-modules in each module
3.6 m? of sensitive surface

Volume separation and nitrogen flushing for Rn suppression and external shielding

Fully operative from 01/2013 I
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BiPo Analysis
DAQ:
20 MATACQ VME digitizer boards to digitize each of the 80 PMTs signals
2.5 ys time window, 1 gS/s sampling rate, 12-bit amplitude resolution, 1 V amplitude dynamic range

Dedicated trigger board to manage delayed coincidences upto 1 ms (~6 T_ . (?*P0))

1/2

Module 1; Optical Line 6 - top Module 1; Optical Line 1 - top

Signal Amplitude [mV]

Signal Amplitude [mV]

0.6 0.8 1 1.2 14 530 530.2 530.4 530.6 530.8
time [us] time [us]

Module 1; Optical Line 1 - bottom

-7.23 nVs

Signal Amplitude [mV]

Signal Amplitude [mV]

0 0.2 0.4 0.6 0.8 1 1.2 1.4
time [us]

0 0.2 0.4 0.6 0.8 1 1.2 1.4 530 530.2 530.4 5306 530.8
time [us] time [us]

212BjPo example 214BjPo example

Pulse Shape Analysis and Noise Rejection (Q/A ...) — BiPo events selection
Full characterization:

Light Detection Efficiency vs Hit Position

All considered in the corresponding
o — quenching factor determination ~ | BiPo simulations (performed using
SuperNEMO simulation framework)

Routine time and energy calibrations (**Mn)
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BiPo Analysis

Analysis:

Data — Simulation Likelihood Fit ( and o spectra simultaneously) considering all possible BiPo — type events:
Sample (if there is)
Surface Background

Random coincidences (crosscheck with delay time distribution)

Analysis validation with calibrated Aluminum Foils (88 and 176 um thick)

212BjPo — 88 um 22BjpPo - 176 um 21“BjPo — 88 um 214BjPo - 176 um
Z % 18 3 [ p— 3 F —— Datad77 everts
§ + —— Data 2818 events ;—. : —— Data 1752 events § b ——_— § so;— B 5 rtace Fadon
‘;é ‘ﬁ Aluminium Fod § 1 w Aduminium Fod g KL = Fanckm Coinciderces ‘E 50;— : :I;:n P 208T|
E — Te E
¥neit: 60 /35 : vl 48 133 3 zsé_ r’:d‘: Rk : e B T;:d‘: IETE]
2o E
E =

£ =i BiPo (40 days)
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¢ Sinctt: 37 120 “ Sl 25/ 2 H i :16,:“ e 24 l‘:‘;]:la_i === Aandam Cancidarces
|soE Aindt: 37 ¢ 1 o it 257 21 . e | _;_;:":ﬁm

== 214 B i
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Delay Energy (eV] Deday Energy [keV]

S a0 F e o o0 o e i o0 BiPo (25 days)

ety Erem el - 10.2 + 2.8 £ 1.4 mBqg/kg
émf_ Concdences 3830 + 65 |
E HPGe (21 days)
- J[ ? + - 9.2+ 3.3+0.9 mBg/kg

gx":‘ Caincidences 2= 13 | ;m Conciderces 41 = 11_]

3 =
o s e ek uu L ] e E All the presented
200 400 SO0 200 1000 1200 1400 1600 1800 2000 200 400 500 =00 1000 1200 1400 1600 1800 2000 a4 T T - T o
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BiPo Results

- Background and Sensitivity: 214BjPo

> C > F
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BiPo Results

Background and Sensitivity:
Considering nominal SuperNemo source foils: 8Se with a surface density of 40 mg/cm?

This determines detection efficiency (both for sample and background events)

= 20 ESDD: 8o .
@ 0 _ & 21Bj surf. bkg: 1.0 + 0.4 pBg/m’ scint
o 16 ——— %71 bkg: 0.9 + 0.2 pBg/m” scint D 400F- p1hes _ _
2 C 2 Bi rand. coinc. bkg: 0.063 + 0.006 cts/day/m* scint
B 14 @D 350
= F = F (At < 492 pus)
2 12 2 300
= - = C
T 10 B 250
| = | = -
@ C @ C
| D 200F
- m F
{ 6 5 150F
4 100F- —
o 50 -
D: T T T T e e D:"|'"'|""|""1""|""|'"'|""I"'|""'|""|'"'I""|'"'|'"'i"'1""|""|'"'|'"'I"'i""u""u""l'"'f"'i
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Measurement Time [month] Measurement Time [month]
208T] (BiP0-212) 214Bi (BiPo-214)
Expected sensitivity reached in ~7 months Limited by Random coincidences
measurement

Particle identification (p/o.
discrimination) could help

01/06/2021 Héctor Gomez - IRFU



BiPo Results

SuperNEMO source foils:
First foils installed in BiPo in August 2014

Between 2014 and 2018

8 #Se-enriched foils
2 nat-Se foils

Several test pads (natural and enriched)

Background control Runs

For the Likelihood analysis all contributions are

Backing Film: Irradiated mylar (~12 um) considered independently:

82Se + PVA

82Ge + PVA (~40 mg/cm?) - Backing Film (Previous screening as input)

Surface Background

Backing Film: Irradiated mylar (~12 um) - Random coincidences
So itis possible to determine the radiopurity of the
whole source foils but also of their components
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BiPo

SuperNEMO source foils (First 4 foils) - 212BiPo:

01/06/2021
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BiPo Results

SuperNEMO source foils (First 4 foils) - 214BiPo:

% C —— Data 79 events % N —— Data 79 events
e 14— —) . w [ T iy
E C =— TSe + PVA mixing 512_ == ""Se+ PVAmixing
E r = Surface E "H:I_— = Surface
g 10 - Random Coincidences 8 C Random Coincidences
C Total sl Total
8 ¢ ¥ndf: 20735 C w3ndf: 4715
r &=
B C
4 i
oF 2F
C e '-- i N f : AR “._ ______
ﬂn 800 1000 1200 1400 1600 1800 2000 0 200 400 800 00 1200 1400 1600 1800 2000

Prompt Energy [keV] Delay Energy [keV]

| Coincidences 270 + 2.2 |

Ewents /50 ps
— b3 P
=
T T[T

PN IR IR AP PO LN LTI PR RPN PR
200 400 600 800 1000 1200 1400 1600 1800 2000
Delay Time [us]

=2

214Bj (241 days) — A(®2Se+PVA) = < 300 uBg/kg (90% C.L.)
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BiPo beyond SuperNEMO

Bipo became an unprecedented sensitive instrument for planar samples

If geometry fits, it can provide radiopurity measurements for materials of all kind of Rare Evets Searches
experiments

In parallel to SuperNEMO source foils, BiPo performed measurements for many other experiments:

High — radiopurity micromegas detectors (Axions, DBD, DM...)

Polyethylene and Vikuity from CUORE
LiFZnS from Solid

Arlon from DarkSide

Vikuity from CUPID
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BiPo beyond SuperNEMO Micromegas Radiopurity

R&D program of radiopure Micromegas Improving the sensitivity with BiPo
v Radiopurity measurements on Ge spectrometers v Same samples (cross-check) and new ones
v Process monitoring with CERN uM workshop v Most sensitive measurements ever done
Xenon PMT* UM - Ge** UM - BiPo***
A(%°®TI) [uBg/cm?] 27.9+9.3 <9.3 < 0.035
A(?“Bi) [uBg/cm?] <37.2 <40 <0.134

- Eur. Phys. J. C 75 (2015) 546*
- Astroparticle Physics 34 (2011) 354—-359**

- J. of Cosm. And Ast. Phys. 1601 (2016) 01 033***

1l

PandaX - llI: 1*¢Xe Double Beta Decay with uMs - equipped TPC

v uMs measurements used for Background model

— <3 % uncertainty in the uM contribution

v Science China Physics 60 (2017) 061011 (PandaX — Il General Paper)
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Summary and Conclusions

BiPo is a dedicated detector to measure the radiopurity levels of planar samples
It was conceived to respond a particular necessity of SuperNEMO

- To exploit all its capabilities it was necessary to combine a carefully construction and
commissioning process with a dedicated analysis development

BiPo reached its main goal in 2014 with the first SuperNEMO source foils measurement

It became the most sensitive detector for this kind of samples in non-destructive way

Some other Rare Events Searches experiments enjoyed its capabilities for their radiopurity studies
Radiopurity determination

Precision measurements as input of Background models

 This work has many contributors from people who belong(ed) to SuperNEMO

Most of the presented material is discussed in more detail @ JINST 12 (2017) P06002
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