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* The SuperNEMO experiment, its specifications

* Radon issues in NEMO experiments

* Anti-Radon strategies in SuperNEMO

* Low background techniques developed for SuperNEMO
- Radon trapping

- Diffusion measurements
- Emanation measurements

* Overall gas contamination
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From NEMO-3 to SuperNEMO

* SuperNEMO : next generation of Ov2[3 decay experiment

Tracker  Source foils

7 kg of 82Se
* Tracker

2032 Geiger cells
e Calorimeter

712 PMT + Scintillators
e Shielding

Against y and neutrons
 Magnetic Field

For charged particles topology
 Anti-Radon strategies

Calormeter o irce Calo*rimeter Tent, has purification
* Phase 1 : Demonstrator module (7 kg of %2Se)

— Start of data taking mid-2015 in LSM ( N
* Phase 2 : 20 identical modules (100 kg of sources) l"'...n
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From NEMO-3 to SuperNEMO

SuperNEMO
NEMO-3 20 modules Demonstrator
Mass 6.9kgx5y 100 kgx5y 7Tkgx2y
Isotopes 1Mo (7 isotopes) #Se (**°Nd, “.Ca) 82Se
Energy resolution
FWHM @ 3 MeV 8 % 4 % -
Radon activity inside tracker 5.0 mBg.m? 0.15 mBg.m?3 -
Sources contamination
05Tl ~ 100 pBg.kg* < 2 uBg.kg* -
14Bi 60 - 300 uBg.kg? <10 pBg.kg™ -
Total Background
(cts.keV1.kgty?) 1.3 x 1073 5x10° -
Sensitivity (90 % CL)
T, ,(0v) >1.1x10* >1x10%° > 6.6 x 10*
<m_> <0.33-0.87eV <0.04-0.10eV <0.15-0.40eV
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* Radioactive gas (nhoble)
Few tens of Bg/m?3 in air

ESBU
I \ Main isotope is 22Rn

1

226R 4 * Part of >**U decay chain

(1602 y) Produced from the decay of **°Ra
l - T,,(?*Ra) ~ 1600 y

“2Rn . e -

(3.82 d) Half-life long enough for diffusion
o - T,,(***Rn) ~ 3.82 days

 Many radioactive daughters
a and 3 decays

— Issue for many low background
physics experiments

¢ =D

=1 Q,=3.27 MeV - Around Q,,
a emitters Q_ ~ [5; 9] MeV
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Radon in NEMO experiments

« Radon deposition on source foils or tracking wires

Tracking Source Source Tracking

chamber foil foil chamber Radon
Q,(*Bi) = 3.27 MeV

Oovpp
E, +E_~[2.8;3.2] MeV

el

|
|
|
|
| Q,,(**Se) = 2.995 MeV
|
|
|
|

-2

NEMO-3 - '®Mo - 7 kg, 4.96 y

—e— Data 27051 Evis
B 203 Mo
I *“Bi from Z*Rn

o |
| |
| |
| IZHB,E |
| € v |
I
| ©
| |
| |

I External Bkgs.
I *“Bi Internal
11 Internal

Events / 0.1 MeV

Beta decay + Maller Beta decay + Compton

......

* 2[3 energy measurement over 5 years
(NEMO-3 results)

8 29 3 31 32 33 34

3_ 1 1
« 5.2 + 0.5 events attributed to Radon N |
in [2.8 ; 3.2] Mev region e Ty
2 25 3 35 4 45 5
Eror (MeV)
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Radon issues in SuperNEMO
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Submodule
tracker

Radon concentration in LSM air - ~ 15 000 mBg/m?
Objective in Tracker gas —» 0.15 mBg/m?
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Radon issues in SuperNEMO

1"" = - Source
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Radon issues in SuperNEMO

1"'" = Source
! Rn in LSM air
! =
! i Solution
g Anti-Rn tent
&
Air
1 (22Rn)
! ~ 15 Bg/m?
1
1
p

Submodule
tracker

~ 15 mBg/m?

Active
charcoals
column
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Radon issues in SuperNEMO

Source |
Input gas L
g ] Source
contamination : :
1 Rn in LSM air
’ £
! ' o Solution
! R Anti-Rn tent
: :
~ 100 pBg/m? 1 e
Air
1 (*2Rn)
! ~ 15 Bg/m?®
1
1
Submodule
tracker
. ~1 B 3
Tracker input gas S mBg/m
He Active
bottle charcoals
column
Soulé Benjamin soule@cenbg.in2p3.fr CENBG

June 17" 2014 7




Radon issues in SuperNEMO

Source
Input gas
contamination

Solution
Active charcoals
column

~ 100 uBg/m?

N

1"" = Source
! Rn in LSM air
] ' =
! .,:_'t o Solution
-~ ® Anti-Rn tent
1 £ :
- | w
i Air
| _’ (22Rn)
| /,f/ ~ 15 Bgim®
1
j b/

Submodule
tracker

<1 uBg/m?3

He Active
bottle charcoals
column
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~ 15 mBg/m?

Tracker input gas

Active
charcoals
column
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Radon issues in SuperNEMO

Source
Diffusion through materials

Source _

Input gas | 4

contamination " gﬁlf:lcfSI\/l o
Solution * E _

Active charcoals xk o 2otl_u|go? t
column - g nti-Rn ten

~ 100 uBg/m?

Air
(222Rn)
~ 15 Bq/m?3

\ Wi

N

‘h—- S, i S, S, J-—l.-—ln-—l-n—l—l—l—l--l—l-l‘.—‘ﬂ

Submodule

tracker
<1 uBg/m?3

~ 15 mBg/m?

Tracker input gas

He Active Active
bottle charcoals charcoals
column column
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Radon issues in SuperNEMO

Source
Diffusion through materials

Solution
Material screening (diffusion)

Source
Input gas
contamination

Solution
Active charcoals
column

~ 100 uBg/m?
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tracker
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bottle charcoals
column
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Tracker input gas

~ 15 mBg/m?
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Issues In SuperNEMO

Source
Diffusion through materials

Solution
Material screening (diffusion)
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Tracker input gas

Source
Rn in LSM air

Solution
Anti-Rn tent

Source
Emanation from materials

Solution
Material screening (emanation)
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Tracker input gas

Source
Rn in LSM air

Solution
Anti-Rn tent

Source
Emanation from materials

Solution
Material screening (emanation)
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Radon trapping

Active charcoals Definition of a
Gas + Rn (B K factor (m3kg)
Gas + rn
< RS San.,\e’im :
5 um Study of best adsorbing
materials in CPPM
E < Ongoing study
& ] ofRRnbehavior |« K factor measurements
gy N the active ~ 700 — 1000 at -30 °C
charcoals
column
(2.5 m) » Effect of temperature
factor 100 - 1000
* Rn “adsorption from 20 to -50 °C
e 2 length” (for K48)
IR | N _ ~20cm * Engineering of new
NEMO-3 Radon Trapping nanoporous materials

Facility

Soulé Benjamin soule@cenbg.in2p3.fr

June 17" 2014



Radon diffusion measurements

« Materials screening with diffusion measurements 1
in CTU (Prague)
: : 2 o) E
[ Pump |/ %?Rn source Thin foil to be Y-
(1-51pm) || (107.5kBq) measured
' RTV 615 with
0
HV (+4 kV) e o, S Shee
L e [ ] ° > ‘:‘_‘i
°® X
Si |]' * . |] Si !
—~ High Rn ° .
'ﬁms ' _ .‘ ° o e
*\2;10‘,:? Suppressmnl High Rn Io '. | | G B
183"’35_ Low Rn o
™ :
| e Suppression factor
High Rn / Low Rn
= !(I)L - 15'0- - :1(IJDI - -1501 - Ile)O- - JZéOJ I_I_Ilr%(l)é (h)

 Diffusion length
Sensitivity ~ 20 pum §
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Radon emanation Measurements

 |f contaminated with “°Ra (HPGe measurements), materials may
emanate Radon - critical for components in contact with the tracker

« Several setups developed in the NEMO collaboration

NEMbox Control Flow Control NEMbox Power Supply

Filter
Flow
7~ Controllers

Trolley
Detector

Vacuum Pump Dewar for Trap Chiller

Large emanation tank Rn Concentration line
orsmeamt SGENBG *To B
(for 30 m? sample) (for overall contamination)
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Radon emanation setup - CENBG

*{GENBG

« Emanation tank (V =7101L)
 Electrostatic detector (V =701L)
- Carrying gas : N,

- )

Z Emanation chamber

2 V=710L
A 4

N K

N7 | Electrostatic
N

detector
X
= Vacuum
pump
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Radon emanation setup - CENBG

. | “{GENBG
* Emanation tank connected to an electrostatic
detector (KAMIOKANDE)
alrlln HHHHHHHHHH IIalrout
« Alpha spectroscopy [5 ; 9] MeV 1N i | ]
222Rn 2 o emissions Bidinlessilems—e

(3.82 d) from 222Rn

daughters

B (164.3 us)

C 1 1 1 1 1 1 1 |
0 200 400 600 800 1000
Channi
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Radon emanation measurements

« Detector sensitive to ~ 3.8 mBq inside “GENBG
the emanation tank

e Setup suited for large samples

Aluminized Mylar (36 m?) 5" PMT from NEMO-3 (N = 30)
A_ (*’Rn) < 97 puBg/m? A_. (**Rn) < 119 uBg/PMT
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Radon emanation measurements

« Detector sensitive to ~ 3.8 mBq inside “GENBG
the emanation tank

e Setup suited for large samples

Rn emanatlon Sensm\nty
_% ..... BlackP

- Sensnwlty

6 SuperN EMO reqmrement
1 S I I

Sensitivity (mBg.m2.d1)

102 s

10-1_ ..................... T 1 ........... r ....... e I ..... 1 ..... r1| ........................... . 1 ....... r ..... 1 1|

1 10 10°
Surface (m?)

Aluminized Mylar (36 m?)
A_ (*’Rn) < 97 puBg/m?
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Radon concentration Line

« Monitor Rn concentration during construction :
SuperNEMO specification : A < 0.15 mBgq.m3

Radon

concentration line
Flush

)

(12 — 24 Lmin)

& Tracker gas

W flushed into a
f carbon trap

(-30°C)

Trap is heated . Radon transfered

He bottle SuperNEMO tracker
(~ 0.1 mBg/m?) (~ 16 m)
- Diffusion
- Contamination Electrostatic detector
-Emanation

Radon measurement

Overall sensitivity
~ 0.01 mBg/m?
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 SuperNEMO represents the next generation of 230v decay

experiment. One of its biggest challenge will be to reach a
“0” background level.

* From the different background source, Radon was the most
Important in NEMO-3 (ignoring 2[32v)

* Objective for SuperNEMO : reaching a tracker gas contamination
< 0.15 mBg.m3

 Different strategies are established to prevent Radon
contamination (purification of input gas, diffusion
measurements...)

« Emanation measurements were developed for SuperNEMO
and represent today an additional tool in the materials screening
process.
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Extra slides
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Radon inside the tracking chamber

dA ¢A A+a)_S+DA0ut.8+¢Ain

dt V..t 'V vV |4

From the input gas contamination
- He bottles - ~ 100 puBg.m
- active charcoals to “filter” the input gas

* From Diffusion inside the tracker (& potential leaks)
- tracker impermeability tests
- materials diffusion coefficients measurements

From 222Rn emanation from the materials
- HPGe measurements to ensure a low %2°Ra contamination
- emanation measurements for critical materials
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Radon inside the tracking chamber

dA  ¢A A wS DA

> > >

35

— 0O oOwn<se g

Soulé Benjamin

June 17" 2014

+—+
dt V 1 V

activity inside the tracker

activity inside the radon free tent
activity of the input gas
emanation rate (Bg/surface/time)

gaz flux

tracker volume
emanating surfaces in the tracker
radon diffusion coefficient

thickness
radon mean lifetime

PA;,

0uf.8+
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Background in NEMO-3 ([2.8 ; 3.2] MeV)

Expected background in [2.8 — 3.2] MeV

2v208 8.45 £+ 0.05
214Bj from radon 5.2 1+ 0.5
External < 0.2
214Bj internal 1.0 =0.1
2087 internal 3.3 0.3
Total 18.0 = 0.6
Data 15

Total background
1.3 x 1077 cts-keV t kg ty Tt
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