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Outline

e Status of the radon background in NEMO3
 New radiopurity requirements for SuperNEMO

e Status of radon R&D for SuperNEMO



Radon in NEMO-3

« 2003: start of the NEMO3 detector at LSM (A, ,40on~38 mBg/m3)

. . . . gain of a factor 6
« 2004: installation of an anti-radon facility (A,,4on~6-5 mBg/m3)

NEMO Collaboration, NIM A 606 (2009), p449-465
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(500 kg of active charcoal at -45<) 10-20 mBg/m 3
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NEMOS detector [

~6.5 mBg/m 3

No recycling

Origin of the remaining radon?
— emanation of the materials
inside the detector LSM




BROv results for 1Mo and 82Se

100Mo (6.9kg, 4.5y)

82Se (0.9kg, 4.5y)
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[2.8-3.2] MeV: DATA =18, MC=16.4%t1.4
T1/2(0v) > 1.0x10%* y at 90%CL T1/2(0v) > 3.2x10%3 y at 90%CL
<mv>< (0.47 -0.96) eV * <my><(0.94-2.5)eV *

[2.6-3.2] MeV: DATA = 14; MC = 10.9+1.3

*Using NME from Kortelainen, Suhonen (2007), Simkovic (2008), Rodin (2007), Caurier (2008)
Three background components:
— events from B2v
— events from the radon in the gas
— events from %*Bi and 2%Tl in the 3 foil




From NEMO-3 to SuperNEMO

R&D since 2006
NEMO-3 > SuperNEMO

100Mo Isotope 82Se (or 15°Nd or 48Ca)
7kg Mass 100+ kg
A(2%8TI) < 20 uBg/kg A(2%8TI) < 2 uBqg/kg
A(%14Bi) < 300 uBg/kg A(%14Bi) < 10 uBg/kg
Rn: ~5-6 mBg/m3 Rn < 0.1 mBg/m3

Radiopurity of the B foll

Radon in the tracker

18% Efficiency ~ 30%

Calorimeter energy

8% @ 3 MeV resolution (FWHM)

4% @ 3 MeV

<m><0.3-09eV* <m><0.04-0.11eV*
*Using NME from Kortelainen, Suhonen (2007), Simkovic (2008), Rodin (2007), Caurier (2008)

Sensitivity

* Radiopurity of the 3 foil in 214Bi/298T| : development of the BiPo detector
(see Mathieu Bongrand’s talk)
» Radiopurity of the gas in 222Rn/?2°Rn : R&D in progress (this talk)



SuperNEMO Design

Collaboration: France, England, Russia, Czech Republic, USA, Japan, Slovakia, Spain

.. Planar Geometr
20 modules, each containing: y

Submodule
Submodule Source and
Tracker calibration

Submodule
Calorimeter

Source
* 40 mg/cm?, 4 x 2.7 m?2 — ~5 kg per module -
« 823e first choice: high Qgg, long T,,(2v), TR =k

f] :
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Calorimeter:
550 PMTs + scintillator blocks

. (S L
proven enrichment technology i S “
« 150Nd and 48Ca under consideration £ 1S o I
<t t o : ..ﬁ'
. |7 1 e
Tracking : 5 2 |
Drift chamber ~2000 cells in Geiger mode %

Modules surrounded by water passive shielding

2m (assembled, ~0.45m between source and calorimeter)

2013: running of the SuperNEMO demonstrator with 7kg of 82Se
Sensitivity in 2 years: T,,,>6.510%% yr (90% C.L.)



Radon R&D for SuperNEMO

Goal : A(%?°Rn) < 0.1 mBg/m3in the tracking chamber

Main sources of the radon background:

» Emanation from the materials inside the detector

« Diffusion of the radon coming from outside the detector

» Radiopurity of the gas tracking chamber

Possible solutions :

Emanation measurements of some crucial materials that will be installed
inside the detector (glass from PMT, wires...)

Isolation of the tracking chamber from the calorimeter part using thin foils
with low radon diffusion coefficient

Increase of the gas flow by a factor up to 10 to lower the radon level in the
tracking chamber — recycling of the gas

Purification of the gas before entering the tracking chamber
Development of radon detectors sensitive to ~0.1 mBg/m?3



— radon emanation from calorimeter components (PMT glass, mylar...)

SuperNEMO:

First step: best radiopurity of the PMT glass in 21Bi (?2?Rn) and 28Tl (*2°Rn)

Radon emanation measurements

NEMO-3: no separation between calorimeter and tracking chamber

— low background Ge measurements at LSM

Second step: emanation measurement of a whole PMT
— setup dedicated to emanation measurements in Bg.s!
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222Rp

aa WA\

Bottle
of Ar gas

\ 4

Cd

charcoal
column
at -30C

A

Silica gel

emanation chamber

» Radon transfer efficiency to the detector: ~99.5%
« Minimum measurable exhalation rate E of radon: ~5.10° Bg.s!

 Future plan: reduction by a factor ~5 of the radon exhalation rate of the emanation chamber

214Ri 208
PMT glass ACHBI) | ACPTD
(Ba’kg) | (Ba/kg)
NEMO-3 ~0.8 ~0.04
Target for
SuperNEMO 0.04 0.003
First results
with glass from 0.12 0.06
Hamamatsu
Out
» Flow meter—>
o Heating of the column at 500 Radon
after trapping the radon detector
i
charcoal (Lucas
column Cell)
at -30C

First result: emanation measurement of a R6594 Hamamatsu PMT (like those used in NEMO3)
Eexp=(5.7 £2.1)107 Bg.s* — 0.3 atom.s™*

— ready to measure and select future components of the SuperNEMO demonstrator




Isolation of the tracking chamber

Tracking  gg foil Radon-tight , 504: to remove the possible diffusion of the radon
chamber foil . .
\ l from the calorimeter to the tracking chamber

* Requirements for the airtight foil:
« very good radiopurity in 214Bi and 298T]|
* low diffusion coefficient for radon
« very thin foil to minimize the electron energy
loss and to keep a good energy resolution

* R&D: development of a sensitive set-up to measure
the diffusion coefficient for various kind of foils

1

8"PM + PS

First test on energy resolution with a foil of EVOH (ethylene vinyl alcohol used for food)

” e EVOH | EVOH | EVOH
8”PMT + Plastic scintillator + [No EVOH (15 um) | (20 pm) | (25 pm)

Energy resolution
FWHM at 1 MeV (%) 85+0.1 87+0.1 8801 87+0.1

— small effect on energy resolution (no difference between 15 and 25um)



Setup for the radon diffusion measurements

Flux: 1-5 L/mn
Air in Flow
Pump H meter g’
I Tested foil S .
for diffuson 3 o 214Po
/\ 107.5 kBq 5

=2

I| s w=p

si ‘l

Vessel 1 Vessel 2 5 h‘
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Background: ~7-8 counts/day l |HV channels
(+4kV)
Preliminary results : foils of mylar, EVOH or TROPAC S ey Diff.
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Optimisation of the gas flow in SuperNEMO

Hypothesis:

- source of radon emanation inside the tracking chamber with a rate Wqnanation IN BA/M3/s
- noradon in the gas

— the volumic activity A;,°9in Bg/m?3 at equilibrium in the tracking chamber is:

Cloranation I.40n- lifetime of radon

1/ Trcon + D I\ Bas- 9as flow

Ay

V: tracker volume

— Increase of the gas flow will decrease the radon activity in the tracking chamber. Effective

lifetime 7, of the radon is defined by:
Teff Tradon \

Expected gas flow for SuperNEMO: 1-5 m3/h

Tracker Gas flow Effective
volume (m 3) (m3/h) lifetime 1.4 (d)
NEMO-3 28 0.45 1.76 )
Gain of a factor 6
SuperNEMO ~15 2 0.3

Problem: a large gas flow requires gas recycling because of the cost of raw helium



Possible gas handling system design
for SuperNEMO

Composition of the gas: He (94.85%), Ar (1%), ethanol (4%), water (0.15%)

K Reduced radon concentration \

Purified air volume (tent or water)
10mBg/m 3)

« anti-radon » facility
with charcoal

Purified air
tClc:oling r|?owerI Purified air .Count'ing gas Gas flow
0 t?;[igzgfoa circulation pump Circulation pump 1-5 m3h

Ethanol/water
mixing unit

Cooling power

Cryogenerator shared | to keep ~120K | Cryogenic radon,

by anti-radon and He/Ar A ethanol and water

recycling system (base separation unit
temperature ~100K)

He/Ar mixture storage volume
(low or high pressure)




Improvement of the sensitivity of radon detectors

Goal: gas radiopurity measurement, emanation measurements of the internal materials...

air inlet

f

b [—— =
ceramic feed-through

high voltage divider ai
and amplifier circuit *

Detectors used for monitoring the air surrounding NEMO3 :

* Electrostatic collection of the radon daughters on a Si PIN diode
* Volume: 70L

» Background: 1-2 counts/day

« Detection limit or sensitivity: ~1-2 mBg/m3

acrylic plate

PIN photodiode

stainless steel
vessel

Volume:68.7liter

44— 350mm ——p

< 500mm ¢ »

— need to improve the sensitivity by a factor 10 to be able to measure the radiopurity of the gas

Relative measLrementsvith C120 (HV =[08KV]; reference vessd = C21, V)

] : . :
g - L i L 1 i Ideas to improve the sensitivity of this type of detectors:
Sl aupg 1 { Gain of a factor 3 * increase of the volume (70L to 200L at least)
- 218p0 . . . ..
4 from1t08kV "=~ , increase of the HV to improve the collection efficiency

I T AL « optimisation of the geometry of the detector

- hemispherical rather than cylindrical shape
- optimal size of the detector for Po ions collection
e improvement of ceramic and stainless steel radiopurity

Better collection efficiency for hemispherical detecto r

— R&D in progress



Development of a new concentration line

Filled with He or, diri
perhaps better, N3 }

air out

PIN photodiode

stainless vessel —

Drift Electrode

Transfer line v/

Electrostatic detector

= |
Tracker module =8

Radon concentration line

o (like MoReX in Heidelberg)
Radon concentration line

e 222Rn and gas mix is pumped through an ultra-pure activated carbon trap — 2??Rn is adsorbed

* Once sample collection is complete, trap is evacuated at -196 °C and then at -100 °C to remove any
trapped N,

« Trap can then be heated and helium purged to transfer the more concentrated ?22Rn into a detector

— design/construction in progress

Sensitivity expected

* V=4 m3 of concentrated gas

» Radon detector: background~20 counts/d (pessimistic) and efficiency~10% (idem)
« Sensitivity for 1 day measurement: A;,<0.23 mBg/m3at 90% C.L.

— very promising with better detector characteristics

Measurements to be performed
» Radiopurity of different components of the gas: He, Ar, He+Ar mix, He+Ar+Alcohol...
« Emanation measurements of the tracker sub-modules and of other components for SuperNEMO



Development of a new sensitive radon detector

Principle: to trap the radon/thoron in liquid scintillator and to measure the e-a BiPo coincidence

Basic setup : SuperNEMO gas

| Charcoal

or radon emanation | column

Transfert of the radon

from a sample

o s T Y TV (8 M St gt
”M

500 700

First tests with a thoron source
1st step : trapping the thoron

Thorium source

N, flush

liquid scintillator

« barbotage » and
thoron trapping

after heating

Radon exit or

el |

Liquid scintillator LAB
(Linear AlkylBenzene)
+ PPO + POPOP

closed system

2"d step : measuring the BiPo events

H=5cm I

3”7 PMT] ,
Delrin
=TT 4 container
“x\‘i<|__ LAB
(200 mL)

Energy calibration
with monoenergetic electrons

Spectre charge1
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200

100

T[T T I T T T I oT

RMS

h2
Entries 33950
M

177

1 MeV elec
(~9% FWH

10
Charge (nV.s))

tron
M)



Development of a new sensitive radon detector

\,_.(un47 - event #21130 \

. ” . . >
Basic conditions to select a 2?Bi-Po event coming from thoron: E T 214 puise
. . . 2 | 15t pulse
- 2 pulses are required in the 2.5 ps window of the MATACQ board -%"’ (e|e?:tr0n) (alpha)
- energy of the electron (1% pulse) between 0.1 and 2.25 MeV (Qp) '?;110;
: <
Energy signature i
\ Energy spectrum from the charge of electron \ Enm’shd o7 I# w W‘MW l'
24 Mean 07874 I
2 RMS 0.4743 I “ ‘
. . . 20 1075 500 2500
Tlmlng Slgnatu re Entries. h 1520 :2 EleCtron Tlme (nS)
LT, ,(212P0) ) - 289 £ 11 ns |, s " spectrum o
- T s o e/a discrimination —
i : QB:2'25 MeV - Entries 1520
- 4 250 — Mean 0.1622
10 ou.m”m””m” \ r a Ratio a/ e
I Ene:gy spec‘:f:lm from1lhe cha::e of alplea | 8 hé 200; atio q Q

Entries 1767
Mean 1.048
RMS 0.2548

(Q : total charge
g : partial charge)

140

150}

L ‘2“;‘ Alpha .
EH.\..I\.\I\.\I...\.\.MHI\.\M 1""? speCtrum b3
Time (ns) . Quenching sof-
40; faCtor ~8 at B | | | | | | |
° 8aMev L T B R,
uz‘ %Wmﬁﬂ 1 — ‘1.?‘ ‘h;.‘AI ! ‘1.‘6‘ ! ‘1.‘8‘
« Very good background rejection with all Energy (MeV)
these selection criteria
* 1st background measurement (~3 days): - Need to measure the trapping efficiency of the setup
only 1 « thoron » event kept among 7.5 106- » Need to adapt the MATACQ board for the 222Rn
raw events (single counting rate : ~30 Hz at measurement (time window of 500 us for the delayed event)

Bordeaux with no lead shielding)



Conclusions

 Knowledge from NEMO-3 : radon is one of the background components
that limits the sensitivity of the detector

e A reduction factor of 50 (~0.1 mBg/m?3) of the gas radiopurity in the
tracking chamber has to be reached for SuperNEMO

 Radon R&D is shared in different directions
— Radon emanations measurements with existing setup

— Radon diffusion measurements of thin airtight foils to isolate the
tracking chamber

— Development of a new radon concentration line in connexion with
new radon detectors designed to be sensitive to 0.1 mBg/m3

— Design/development of a gas handling system for SuperNEMO

— Radon R&D in progress in order to reach the radon level for the
SuperNEMO demonstrator in 2013



