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SuperNEMO experiment

Demonstrator of unique technology for f50v reaserch

Tracker-calorimetry technology

SuperNEMO demonstrator
Source foils Tracker

82Se %
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& Source foils ®2Se

« 34 foils of 82Se ~300 um thick (6.11kg of 82Se)

* High energy decay (zp = 2.998 MeV/

Source foil
use  « TtP =869 10 years [1]
S
1%
14

[1] CUPID-0, Phys. Rev. Lett. 131, (2023) 222501
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supernemo

gCRl Tracker

collaboration

Tracker : aims to reconstruct charged particle trajectory

Source foils Tracker
82Se
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« 2034 Geiger cells (97.2 % working)
» Tracker gas : He (95%) + Ethanol (4%) + Ar (1%)
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@ Tracker

collaboration

Tracker : aims to reconstruct charged particle trajectory

Source foils Tracker
82Ge
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Sketch of a Geiger cell

Electric field of Geiger cells




Source foils Tracker

82Se
« 712 Optical Module (OM) )
/ Scintillator + photomultiplier 8” or 5” R
| \ y E; FWHM ~12% (e~ @ 1 MeV) e
| ::: B  Good time resolution
| N a 0~250ps (e @ 1 MeV)
W f o> E;
7/ |B

* 97.4 % OMs working

Module optique 8”
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Event topology reconstruction

 Full reconstruction of 5 event topology
% « Research for physics mechanisms of 50v
a
: 3 :  Electron : Track with associated OM
T « Alpha : Short track without associated OM
OM without associated track
Wire chamber Wire chamber
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Data acquisition

Start of data Taking : 10 April 2025

At Laboratoire Souterrain de Modane (LSM)

First event with 2 electrons : first 8 candidate !

tracks fits with

Calo hit 1 vertices extrapolation
E = 0.78 MeV
t =4.23 ns

tracker hits Calo hit 2

E = 0.78 MeV
t =4.69 ns

Side view

Top view

328.93 days of data




Radon as background :

« Naturally present in environment (238U chain decay)

226Ra
16i‘:y / 5 - 214Bi : Daughter isotope of Rn = Qz- = 3.269 MeV
?22Rn NAANANA
e Source | ¢
l foils  |#
218pg < B .particle emitted frpm 214Bj
3 min + . Inoronsource foils can
214Bj  [* create 2 electrons and
mimic SB0v event
214
26.8|:ilr? A VAV Vol
p decay
&

Moller scattering
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Radon as background :

« Naturally present in environment (438U chain decay)

- 214Bi : Daughter isotope of Rn = Qz- = 3.269 MeV

Top view of 2 electrons produced by 2'*Bi decay from

source foil bulk (MC) NN

Source | ¢
foils A

B particle emitted from 274Bi
+ N in or on source foils can
214§ |* create 2 electrons and
mimic f0v event

NN

[ decay

&
Z Ei >3 MeV Moller scattering
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supernemo

cR Anti radon strategy

collaboration

« Diffusion of Rn from the laboratory
Anti-radon tent
LSM air : : Alcool
~30Bqm™ | ~30mBq.m~* Diffusion Gas I towards the tracker =
s — J-tra . .
Y D« Rn emanation in the tracker:
1 ~015mBgm™3 L_|
Anti . o Al =>» Material screening
Radon Free radon P Emanation e
fact > A e — inati
eV e ar - Rn contamination of gas >
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BiPo selection

226Ra
1600 y

222Rn
3.82d

218pg
3 min

e Searching for 1 electron and 1 delayed alpha

19.7 min

214pp
26.8 min

oop from source foils or Tracker

stable
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BiPo selection

BiPo event

82Se foils

214BiPo event + y 1 e in the tracker

* 1 short track (alpha)

* 1 gamma in time with e

Top view
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BiPo selection

e 1 e Inthe tracker
82Se foils

* 1 short track (alpha)

+ 214BjPo event

1 gamma
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supernemo

PR At, , time delay between e & «

collaboration

Time delay between e~ from 214Bi & a from 274Po

B -+ Data ol
—MC
----- Fit
102 =
- N =80681.391+ 175.687 .
L T_163.3+0.2 * Half file of 24Po: 163.3 + 0.2 ps
B = 69.8057 + 3.7266 fully consistent (163.4 ps expected [2])
nE 8057 + 3.
107" 2/NDF = 94.75/97 = 0.977
- =>» Good channel analysis to measure radon activity
10_4 1 | | | | | | | | | | | | | | | | | | | | | | | | | | |

|
200 400 600 800 1000 1200 1400 1600
At . (us)

[2] E N Alexeev et al 2020 J. Phys.: Conf. Ser. 1690 012029
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Electron energy spectra from <'4Bj

% % —+—. Data
E i : ; : ; — MC sum 1 5497 dayS
R s ........................................... ........................................... ........................................... e e
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« Preliminary energy calibration (only weekly 2°7Bi data; daily LED calibrations not used)

« Good agreement between data & MC
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214Bi gamma energy spectra

Energy spectra

v 154.97 days

1072

Normalized entries
|

1078

E thenniac™. " 1|

« Preliminary energy calibration (only weekly 297Bi data; daily LED calibrations not used)

« Bad agreement between data & MC = electron calibration used !
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BiPo vertex distribution in SuperNEMO

Top Vlew of B|Po vertex (Data)

E
=
&
£
5
=
=
o
m

-1000
BiPo vertex y (mm)

Small left-right asymmetric distribution
probably due to asymmetric helium flushing inside the tracker
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BiPo vertex distribution in SuperNEMO

Top Vlew of B|Po vertex (Data)

E
=
&
£
5
=
=
o
m

-1000
BiPo vertex y (mm)

We can see the source foils of 32Se !
Due to Radon daughter isotopes deposited on source foils surfaces
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JicRl BiPo vertex contribution

collaboration

BiPo vertex projection on X axis — Comparisons with different vertex simulations

2 100 S : L Simulations:
N ' Wy « Field Wire Surface: FWS
I M Fws - 366282 + W e Source Foil Surface 82Se : SFS
A wooeo T » Source Foil Bulk 8Se : SFB
*************** CCSF : 2914 +105 !gi; e OMs surfaces : CCSF
. —+— Data(N=388418) : [} |
"‘ Total fit
-> Few events from source foils (in dashed blue)
I #";: ﬁ-"‘-._
A | Nsrs
1‘ :‘ Icﬁ_{f*‘; L1 | |%u\"'§'»+.\ L R = = 5'25 i 0'06 %

i L1 1 1 L 131 | | [ [ [ | lg] | - -
-500 -400 -300 -200 -100 0 100 200 300 400 500 N tot
Vertex X position (mm)

x? /I ndf =3.92
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JicRl BiPo vertex contribution

collaboration

Radon activity dependency as function of Vertex

s 7E. Data N = 760 "
£ - " x%ndf = 728.38/758 ] .
z e TP + Linear relation between Rn
E - t activity from field wires and
§ F “ source foils surfaces
S 4E }
TN + b=6.3+3.1uBq
2 b
R + = Small contribution from
1 ! Internal contaminations
0 Coc e e o e e by b by
0 20 40 60 80 100 120 140 160 180

Tracker Field Wire Surface activity (mBq)
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supernemo

JicRl BiPo vertex contribution

collaboration

BiPo vertex projection on X axis — Comparisons with different vertex simulations

2] .
£ 10° . ; )
ﬂ>) — % .
: ] 4;7 " '_,_ - »‘. ¥ W3 - 1 4 '. _._ .'
, R FWS : 366282 + 635 o .,/ \\_ ®
10 L SFS:19213+212 / \
Ly u
SFB:10+0 L. ° ° o
oo CCSF : 2914 + 105 =§i- \ /
. —F— Data (N=388418) : ; ;] ﬂ \ / o
" Total fit — .
10 / ® o ©
i -
S _ 44 mm
K : ﬁﬁ" h.-‘.\‘..
: ra "?"'-1 i
i Lo |."=E| L w-"'% Lo b b b By L;\ Ll Gelger Ce” geometry

-500 -400 -300 -200 -100 0 100 200 300 400 500
Vertex X position (mm)
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supernemo

cRl BiPo vertex: Geiger cell

collaboration

All BiPo vertex in the tracker merged in on cell geometry
SIMULATION

x (mm)

Proof that BiPo come from field wires surfaces
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Radon activity inside the tracker:

) Y : Integral
E fads o . o integ
g 1= ;. ",,:,'d o '.."m;-: . p
$ o .
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Activity (mBg/m3)

TN
LY , 3 —-Integral
102 S 0y e
— PR g W
i R
b :
] 3 Y
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10 ' g5
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1 ! w ' tﬁ _____________________
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Time

 Tracker became in
underpressure due to
ventilation test in the
tunnel
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Radon activity inside the tracker:

g . +inegrall -« Tracker became in
m =0
£ oA Ie underpressure due to
= B R ventilation test in the
< ] R tunnel
10 : W
TaNf » He flux set at 10L/min
A ﬁﬁ IS RE % instead of 3L/min
1 171 w i tﬁ _____________________
\[gn BT
e SuPerNEMO goal ]
%203 0105 o0i/07  31/08  31/10 3142 02003 02005

Time
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Radon activity inside the tracker:

Activity (mBg/m3)

o\ __
A A s G ~+Integral
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 Tracker became in
underpressure due to
ventilation test in the
tunnel

 He flux set at 10L/min
instead of 3L/min



Activity (mBg/m3)

Antoine Lahaie

A o, 1 -+ Integral
102 ”‘.,:,",J y
— A | £ :
* X} Y c' F
] .: : . -
g. . :, ] .
o v H
. T T
10 o NEMO3e !
AN NN NEENENNN RN NN RN NN NN NN NN NNN % jEEEEENR IIIIIIIIIIIII.-IIZ* IIIIIII ‘? llllllllllllll
__________ 1% | bt Pra
1 % ! t,
1o ! w fe
1 ; B i
e SuPerNEMO goal. ]
1 —1 | | | | | | | | | | | | | | |
002/03 01/05 01/07 31/08 31/10 31/12 02/03 02/05

Time

Best radon level at 0.6 mBg/m?
(with high He flux)

10 x better than NEMO3 !
65.3 days below 2 mBg/m3

1 mBg.m~3 =» 70 BiPo
detected over 1130 BiPo per

day!




Conclusion

* Measurement of radon background in SuperNEMO possible by looking on BiPo topology event
« Best radon activity : 0.6 mBgq.m~3 = 10 times better than NEMO3!
« Some low background data acquisition periods (65.3 days below 2 mBg/m3)

« For similar He flushing, anti Radon radon facility improved the Rn background by a factor ~ 24

« BiPo vertex location is under study. Better anti-Rn facility stability will help to study the remaining
radiological contaminations of the source foils
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Thank you !
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supernemo

@ Radon evolution in SuperNEMO / ARF

collaboration

Total time data acquisition : 354,1 days

75,9 days : Ap, < 2mBg.m™3

— Integral

10? LAY Yl

o A

o e A -
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I ] bl o " o
o 1] : :. .
£ ! 4 sl H
g 10 3 T 3
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1 f ' 3
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4 Y | | ]
11 L] |
1 |
SuperNEMOQO. goal
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10°
10
E
= 107
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)
£ 10 SuperNEMO N\
< ) ARF goal
1 \_/
1 07 |2?J'02f’25 25/03/25 20/04/25 16/05/25 11/06/25 07/07/25 02/08/25 28/08/25 23/09/25 19/10/25 14/11/25 10/12/25 05/01/26 31/01/26 26/02/26 24/03/26 19/04/26 15/05/26 10/06/26 08/07/26

Time
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Anti-Radon strategy on SuperNEMO:

* Need to prevent Radon from external contamination

Anti radon tente

LSM air - : alcool
N _3 ~30mBa.m-3 Diffusion Gas
30 Bg.m q . +-
> — r 1
— v  — E J-trap
| ~015mBgm™ |
anti-radon — B Arl IH
Factory Free radon L Emanation —
air i i
>
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Radon Survey strategy

« We can monitor output quality from Anti-Radon Factory (ARF)

Anti radon tente

I3-()S]I;,I arI;—B ~30mBq.m~3  Diffusion Gas 4 alcool
> - *_ $ 1 L]
— N E J-trap
| ~015mBq.m™ ||
anti-Radon . . Arl lH
Factory Free radon |_ Emanation —
Electrostatic N air
detector h B

Antoine Lahaie



supernemo

oR Radon Survey strategy : ARF

collaboration

In = Out
ectronics
il o

Si PIN Diode

Stainless Vessel —

)

Electrostatic detector ¢ ~ 0.16 in dry air

Antoine Lahaie

Diode Si

s

215p0

a

Diode Si

Diode Si Diode Si
E
L ] >
ZZZRn 2‘_3p0+
Diode Si Diode Si
- 218
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Radon Survey strategy : ARF

Counts

In = Out
‘ ectronics \
SEa—

O

-Ev-‘%li —

Si PIN Diode

Stainless Vessel —

o
!
Ty
L |
R
| 2
.v..'ll
v
i,

Electrostatic detector ¢ ~ 0.16 in dry air
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@ Anti radon factory

collaboration

Anti radon factory* : Trapping radon with charcoal

* Developed by LSM

Charcoal trap

J. Phys. G: Nucl. Part. Phys. 46 (2019) 115105

Antoine Lahaie

: ;‘;Qﬁ;‘;“:‘:’;x:ﬁ, « Radon activity decreased by a factor 3000 :
e | Foo===7 30 Bg.m™3 > 10 mBq.m™3
JI S e
) Fooooo] * Radon free air flux used by SuperNEMO:
120 150 m*. h™*
TS I WD e




Anti radon factory

Anti radon factory* : Trapping radon with charcoal

* Developed by LSM

A (Ba/kg)

2
T

10—

» Data
—Fit

908.4 + 26.87
28.8 £0.3727
1.145 £ 0.1221

J. Phys. G: Nucl. Part. Phys. 46 (2019) 115105

Antoine Lahaie

« Radon activity decreased by a factor 3000 :
30 Bg.m™3 > 10 mBq.m™3

* Radon free air flux used by SuperNEMO:
150 m3.h71




Gas purification « J-Trap »

Gaz purification system in SuperNEMO : J-Trap

Heat exchange

INPUT | i | OUTPUT
Cooling box
Prevents blocking by\. :'I'{'I
Y ice formation e
Pt
6 small column 500 cm? (1,5 kg charcoal) « 2 column 500 cm?3 (2509 charcoal)
« Radon absorption « Cooling, Water absorption
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e Duty cycle

Mean duty cycle without calibration periods : 97,9 % !

Duty Cycle per Day

0O R
“HIIT

Date (UTC+1)
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S P TD extraction module

 Falaise Skeleton module = Reading PTD information from TrackFit

3 types of particles saved :
1. Gammas (OMs hit without tracks) = Few ambiguities to corrects

2. Electrons
I. Electron on one side of the tracker
ii. Electron crossing the source foil (needed for §~ background studies)

3. Undefined particle ("UND”’) : = Few ambiguities to corrects

=» Short reconstructed track without associated OMs

Antoine Lahaie



Electron crossing source foil at low At

AtUND/e_ cut

-g’ 102 =
- — MC
Mean time difference with § 10-3; — Data
OM of UND cells merged
with electron 104
Cut applied : -
107° =
—0.5 us < Atynypje- <10 us
e T
-4 -2 0 2 4 6 8 10 12 14

Time difference between electron crossing and UND cell (us)
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Al‘e—/UND cut

. . : Ry e
Vertex distance measured in & {f ‘E\ — Data
the plane of the source foils 5 el | Wt
T'Nf‘%%w%
Selection Cut applied : WM“”'M
107 II'HI W i IIW TP
Are- jywp < 200 mm el
|
0 e T T e T s 200

Distance between electron crossing and UND cell (mm)
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BiPo selection : vertex distance e™ /a

104_

107° 'z

107°

vertex distance betwee, e-/o

SO wmm

Jl |
u
0 200 400 600 100{1

)
o (Mmm)

Antoine Lahaie

Cut set : Ar,-/, < 200 mm

97.55 % of MC event withAr,- ,, < 200 mm




e BiPo selection N, .

nb cell elec
prad 10"'5—

s +Data

10‘25— _MC
|  General good agreement

1077

- between Data and MC
10"42—
10_55—
10_6?

(}—I | I1|{]I 1| I2|0I 1| ISOI 1| I40I 1 1 IEOI 1 1 IBOI 1 1 I?OI 1| IBUI 1] Igol 11l 1100

N cell elec
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supernemo

Jo& Radon Survey strategy : ARF

collaboration

ARF
© B
%
T o 216pg,
> = 214
c — Po
[ap] L
= .
@]
=~ 10=
@ — Jr T !
o — I g i
i — f ) el By o Il u I |
g B ILE & =|!‘ ‘gE‘Jf! fe! il i I |H|Ih\l|l prl ““ "'H'HI
o — \[!! | il‘ 2]l g i I“'[ i r| ||\| H]I\H
°© L I L5 |ii ||ai bl U I 1
= il Ii e 'y -.]
107" =
- inmni
1072 | | | | \ \ \ .| e \

20/11 27/11 04/12 11/12 18/12 25/12 01/01 08/01 15/01 22/01
Time
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supernemo

Jo& Radon Survey strategy : ARF

collaboration

ARF

Counts per hour (3h average )

~ ARF output Radon increase

1 J{

107

DD T

L. | | | | | - o |
20/11 2711 04/12 1112 18/12  25/12  01/01 08/01 15/01 22/01

Time

1072
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supernemo

Jo& Radon Survey strategy : ARF

collaboration

[(b] L

(@]

o 2 218
o 10° = Fo
& — 214

c — Po
9 L

g L

T 10= il

@ — £y At ’_I.:!I't 5 1 ]
o — i .'.-.r."-%:i" =| 'I

Iz - i R 5 e

= - I i e o

S - A i |= i l‘?!""!l “,‘imw ul.,munqu“n

Q Il o0 R it
O I‘ - ‘ “i ”” i m\lul \i\“i““"

10" /N, iniection ins [T
\/ N, injection inside detector L

for background checking

.. | | | | | .| . |
20/11 27/11 04/12 11/12 18/12 25/12 01/01 08/01 15/01 22/01
Time

1072
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supernemo

Jo& Radon Survey strategy : ARF

collaboration

ARF
© B
&
o 102 = 218p
= — 214p
® —
:5 L
o ot &
£ 10= P
Q — ik !!"‘F'n--. . I
5 = ii |
% - " ARF parameters reset  “11 1
© L I = Flux decrease inside the
- {ARF

107 =

= T

102 .. | | | | | .| L.

20/11 27/11 04/12 11/12 18/12 25/12 01/01 08/01 15/01 22/01
Time
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oR Radon Survey strategy : ARF

collaboration

ARF
’g Bl
©
c 107 =
© —
® —
- N
< 10=
8 -
S -
&) 1 .
= J{ ARF parameters reset ‘l Ell
- =» Get colder, better Rn trap ‘
- efficiency ! |
—1
10 - [
1072 .. | | | | | | | |

20/11 2711 04/12 11/12 1812 25/12 01/01 08/01 15/01  22/01
Time
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Radon Survey strategy : ART

« We can monitor air output from Anti-Radon Tent (ART)

Electrostatic

—
detector
LSM air Anti radon tente _ _ oo
~ 30 Bq m=3 ~ 30 mBaq. m-3 Diffusion Gas ‘ +-
= *_ r 1
— v  — E J-trap
| ~015mBgm™ |
anti-radon — B Arl IH
Factory Free radon L Emanation —
air i i
>
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o8 Radon Survey strategy : ART

collaboration

ART

R i AeteetOr - ALARI- e oo ARF-ON-135.m3/h
| 1

]Iil :E E : :ARIF SSSSS : 2
: gl : P : 14
& gy M : L : Po
F L aBRRL Py M n E R
4} L " ' . . -3 [ 1 1 1

| |
idetectdr at 7L/min NRE-240-T3br et e d=TFAP- Oy -]

« Radon leaks inside
electrostatic detector !

Counts per hour (3h average )
2

 ARF issue, not enough
gk 1 it 485, efficient due too high air
10° = ________ e i temperatu re at the Output

L | | HER | ] L | |
18/09 25/09 02/10 09/10 16/10 23/10 30/10 06/11 13/11 20/11 27/11 04/12
Time

Antoine Lahaie



Distribution of Aty yp /.- from real BiPo

';Ej - A — Data
- - 1% — MC
: « Better agreement between
107° = { i
- : MC/Data from BiPo event
0 |”|| (electron corssing the SF)
i e
. ||\|||
* |
10° =—
—1:0 —‘5 l‘ 0 | 5 . 1|0 D 15

AtUND{eIec crossing (MS)
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BiPo selection : vertex distance e™ /a

vertex distance between e-/a for phase 2b

% 102 & ——Data
A - MC All range before cut
10° =
0% §
10° = i‘l i |||\ IIHHIIIII\ I || \ !HH\IIHII|||||IIII
B .| |"l ||Iwn |||nl;||||||\n|||‘|! TR !‘ Ty WW” L
N w“ I ‘ e | | il |‘|I|| il m\‘
10 = | AR

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
vertex distance (mm)
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supernemo

e OMs map

collaboration
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supernemo

o= Muons backgrounds

collaboration

RN Laboratoire Souterrain de Modane (LSM)

Fréjus peak
Altitude 2 932 m

Frejus road tunnel

‘ xwf?ﬁ&?*
& = : ltitud Altitude
w B CallioLab 400 Overburden Altitude 8
o 1298 m
£ 10°° = e Flat 1228 m )
O, = a LSC ,
< _C lioLab 660 ® Mountain
=) waliona » Kamioka
&= 7 Soudan &
c 10 S CallioLab 990 Distance o m /r 6 210 m 12 868 m
S - ' LNGS FLULLL
= - Boulby 1100 .
CallioLab 1390
1078 |- Boulby 1400 & A0
— L]
g SURF
107
= CJPL
- SNOLAB ® "
10—10 11 1 | I Il L1 I L1 1 1 ‘ L1 1 1 I L1 1 | I L1 1 1 I 1 1 L1 L1 1 1 I I Muon quX reduCed by a faCtOr 1 06

0 1000 2000 3000 4000 5000 6000 7000 8000
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214Bj measurements in source foils

Measurements of radiopurity in source foils using “BiPo” detector
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