


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

214Bj

+<.

.
«
B particle emitted from 274Bi

in or on source foils can
iy create 2 electrons and

mimic f0v event

NN

[ decay
Z E; >3 MeV &

Moller scattering
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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

TrackFIT

214BjPo event + y ,
* 1 e inthe tracker

* 1 short track (alpha)

* 1 gamma in time with e

Top view
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BiPo selection

1 e in the tracker

82Se foils

* 1 short track (alpha)

1 gamma
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supernemo

PR At, , time delay between e & «

collaboration

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

§ 104 = Entries 884597
8 é\.\h ;%%?defv 1 034%39%2
10° -
il « Half file of 2'4Po: 163.4 + 0.2 us
Y fully consistent (163.4 ps expected [2])
- = Get more and more clean value !
- « Recommended 4'*Po half-life value (NUDAT)
10 - change during my phd to this value ©

| | | | |
1200 1400 1600
At(e/a) [us]

| 1
200 400 600 800 1000

=» Good channel analysis to measure radon activity
Plot with E= aQ calibration for more stat

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

214Bj electron energy spectra

S +Data 359.8 days

— MC sum

MNormalized entries
=

 MC : Field Wire Surfaces (FWS) only

0.4F—
02—

I I ¥ |
AR R N
OO TRn e s i AL T i1k
0E P i o A R LR L i
— e CRH id v -j-;: " :]‘ul'. ‘-i,? A g3l B : g i |‘ H
02 - | ‘I il |i| ‘
1

04—
0 0.5 1 1.5 2 2.5 3.5 4
E_e (MeV)

« Energy calibration (only weekly 2°7Bi data) : E = aQ+b from Mathis, great work !

« Good agreement between data & MC but not perfect from 1.5 MeV



Gamma energy spectra from excited state of 214Po

214Bi gamma energy spectra

% r\ = —— Data
g o =T —— MC sum
§ 3: \ mﬁ\ 359.8 days
107 % *5%%
— #
107 g %ﬁ}
107° = i ﬁ le
- M"WJH
0-2 _‘w; ,,,,,,,,,, Wﬁéﬁ%"g@%@ @’;ﬁm}%ﬁ@}w ]
02— i }W&m] | J
ot i WWIWW | }
0 0.5 1 1.5 2 25 3 3.5 4

E, (MeV)
« Energy calibration (only weekly 2°7Bi data) : E = aQ+b from Mathis, great work !

« E>1MeV = Bad agreement between data & MC =» electron calibration used !
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@ 3D angle between e~ /a from BiPo events

collaboration

3D angle between e™ /a (BiPo)

= " S —+ Data '
g T —MC 359.8 days
E o T
3 = ‘E”x
F e
ﬁff %
107 f ‘Q‘\;:
i {
107
04 ; L L L
0.2 i L
. %ﬂ%ﬁﬁh‘ﬂ@@%ﬁ#w I i psst et At gy e i) paRiagils o e e A gﬂ};}lﬁgﬂ{]ﬂﬂiﬁﬂlﬁﬁwm
-0.2 {1 i
04 &
0 20 40 60 80 100 120 140 160 180 200
angle (deg)

» Excellent agreement between data & MC
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supernemo

o= BiPo vertex distribution in SuperNEMO

collaboration

BiPo vertex x (mm)

500

Top View of BiPo vertex (Data)

data_11

400

300

200

100

-100

-200

-300

-400

o
||||‘|||I-‘IIII‘IIII‘IIII‘II||‘||||‘||||‘||||‘||||

.

Std Dev x

Entries 976634
Mean x -233.2
Mean y 0.2495

1354

Std Devy  220.7

~50% 500

—2000 -1000 0 1000 200 - 3000
BiPo vertex y (mm)

Small left-right asymmetric distribution
probably due to asymmetric helium flushing inside the tracker
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supernemo

JicRl BiPo vertex contribution

collaboration

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

10°

) - )
I} L) H .

Events/ (1)

AT T TG A, (g Simulations:

W 57 rrrrrrrrrrrrrrrrrrr Fws : 374323 + 641 Tl Y . : : .
i [ SFS : 18790 + 245 Field Wire Surface: FWS
il e  Source Foil Surface 82Se : SFS

10?

" Lo CCSF : 3040 +107 At
i T Damiiesrie « Source Foil Bulk 3°Se : SFB
NH” otal 1
10 § __ * OMs surfaces : CCSF
'/ < w -> Few events from source foils surfaces

- hv\-
i Yo,
& ]
x>

1 3 I ‘ 1 ;.:T":E\ | ‘ 1 ,.L"-"'HFI‘;{“-T I I | ‘ I | ‘ I | ‘ I ";7&“::“-.,’_‘1 1 | | Lg.-j\:-:. | | L1 1 i (in daShed blue)

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

_ Ngps
Niot

R

=4.73 £ 0.06%
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@ BiPo vertex contribution

collaboration

Radon activity dependency as function of Vertex

S N - 839 / Linear relation between Rn
* ata ¥¥ndf = 785.36/837 e fe— . . . .
—— Fity=ax+b ﬁ% activity from field wires and

++ source foils surfaces

~l
‘ \

g

E s

Py [

= -

S o ]

(O} |

g 4f ] b=8.4+2.6uBq

o F

3 S + O

s L =» Small contribution from

S 20— : : :

3 F Internal contaminations
1 .t

ki I R H R B AR AR B R B ' ' .
%0 20 40 60 80 100 120 140 160 180 Work in progress Wlth (e, ny)'nt
Tracker Field Wire Surface activity (mBq) anaIySIS
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supernemo

JicRl BiPo vertex contribution

collaboration

Events/ (1)

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

10°

H
N
g
:-'
I

i L. L o, #
O RTINS NN S U ANt AN U NN I TN N NN NN VIS NN U SO N < VI SO N N N A RO

2

e R

-.-' +

FWS : 374323+ 641 ¥4

SFS : 18790 + 245
SFB: 1000+ 1
CCSF : 3040 + 107
Data (N = 397153)
Total fit

-‘-'.
D
"
e
[

q
A
W
-

-500
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-400

-300

-200

-100

0

100

200

300

400

500

SN

o e o

—

-

-l

Vertex X psitign (mm)

44 mm

Geiger cell geometry



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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Alpha track length in 3D (x,y,z)

Normalized entries

alpha track length distribution

—_
o
o

44{4, Data (mean = 243.6 mm)

—— MC (mean = 220.1 mm)

—_
o
&b

=
L

—_
o
&

L

I

—_
o
&

ST T TIIm T T T T T T T 1T

Il

| | | | | 1 | | |
200 400 600 800

Antoine Lahaie

|l
1000

I
1200

I | | | | | | | | |
1400 1600 1800 2000

Alpha track length (mm)

Discrepancy between data & MC

Maximum alpha cell number < 11

Mean alpha track length

Data 243.6 £ 73,8
MC 220.1 + 63,1
Asp = 23.5mm




Alpha track length investigation : z out of the tracker

0 alpha (deg) 0, : angle from z axis
E s 90° =» normal to z axis
107 =— .
= 0° & 180 =>» straight down/up
105?‘
Ll I B N L L L L L I R | 1
0.4;— ‘ ﬁ {ﬁll i Iﬁﬁ ‘
20 g ; gt
0 2 = I[E{Hﬁﬁg%ﬁﬁlﬁ%ﬁi’I"@ﬁ*ﬂ;ﬁl‘ﬁﬁﬁIif%%Wﬁaﬂ%%lﬂ’ﬁﬁaﬁ"éﬁg@ﬁ%’éfgﬁ%@#@%’%‘fﬂmﬁ?@%’%ﬁﬁﬂﬂﬁ o
0.2 —
0'40} 20 40 60 80 100 120 140 160 180
angle (deg)
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ek Alpha track length investigation : z out of the tracker

collaboration

8 alpha (deg)

4;

= TR e

Py i3 fig!

(2) i— IIH{}%{%Hﬂ{]IIi}ﬁlﬂﬁylﬁ%g%@ﬁ*ﬂi%ﬁﬁﬁlgi@mﬂiﬁégﬁiﬁﬁg{ﬁi’%ﬁﬁgfmi‘fl‘iﬁ%%fgﬁgﬁiyfﬁﬁﬁ’gﬂpr‘&rﬁy{mﬁ%ﬂﬂﬁ#ﬁ ]{ |

2

A= | | | ‘ ‘ ‘ ‘ ‘

R w W w We can have alpha cell out of the
tracker...

= | et’'s remove theses events !

Antoine Lahaie 18




Alpha track length investigation : z out of the tracker

. e 6, : angle from z axis

- 7 . 90° = normal to z axis

= —Mc

. 0° & 180 = straight down/up
= Better | But don't explain alpha
N S AU S track length behavior...

Z reconstruction effect ?

Other angle distribution are fine..

Antoine Lahaie



@ Alpha track length investigation : bad z reconstruction

collaboration

nc = number of cell (alpha)

¢
#

| <|la x> vs nc | <A z||> vsnc

4
i

| <[|Ay|l> vs nc

>
=1
T
[ ]
(=]
=1
[
-
=23
=1
T

<)A x| [mm)
1] [

]

[=]

[
T

P

(=]
<[4 y[]> (mm)
<||A Z[]> (mm)

-
™
=1

250

180 120

200

180f-

100

140

180[ e e gl

120f-

100 sol

100t b

a0l

s
'EG_—"; .......... AR AR AR freseenies freseenies e Feeseseens | O NN SO NS SN SO S L “ o

o I T O I 111 | ] Ll 11 = I I I I I L1111 111 | T T O
3 4 5 [ 7 ] E] 10 11 3 4 5 [ 7 & E] 10 11
ni_cell_alpha nk_cell_alpha

|AX| |Ay]| |Az]
Mean diff (mm) 5.9 5.1 26.8
Mean diff (%) 4.4 % 2.0% 48.6 %
* Good agreement between Ax & Ay

« Systematic effect on Az =» Need Sam'’s z calibration
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supernemo

e 2D alpha track length (x, y)

collaboration

alpha track length distribution (x, y)

-% 101 = 1 - i % Data (mean = 197.3 mm)

E - W L Lﬂ‘yﬂw - — MC (mean = 181.9 mm)

s 102 e - Better agreement between Ax & Ay
- o - H o 1 " - Systematic effect on Az

=» Need Sam’s z calibration

ey
o
IS
HH
.

Still an effect not reproduced in MC

—h.
<
o
—
[ ]

8 — ==
[
1
e
I

—h.
S
[e2]

600 700 800 Azp = 23.5mm
Alpha track length (mm)

T
—
(e]
(e]
N
o
o
W
o
o
I
(e]
(e]
[6)]
(e ]
[an]

A,p = 15.4mm
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supernemo

o8 Reconstruction effect ?

collaboration

Alpha cell radius distribution

0.04

0.035

0.03

Normalized entries

0.025

k — MSFWS(}LS:15.16iC.09)

0.02

0.015

0.01

0005 e

o
OfrTTT
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35 40 45 50
radius cell alpha (mm)

Decay Scheme

Intensities: I(y+ce) 0+

00 163.6 us

214 G =
34P0130H T%oo=100

per 100 parent decays

&
S & 6
SS Q,=7833.46
8 &
I 4 Ea Ia HF
& o . j/ _
4+ @ 1097.7 3 6x10-5 400
2+ y T99.7_V 6902.2 0‘01@
I
0+ 0.0 b// T686.82 99.9895 1.0
?59Pb g
Cell alpha with 31% 0.01 %

radius (%)

More alpha cell with radius in data than MC !

TrackFIT : alpha cell radius as free parameter
for the fit, no informations available on PTD,
TCD, etc ?

Does it affect alpha reconstruction ?
22



G Reconstruction effect ? Alpha angle preference in MC

collaboration

€ [-180, 180] de
®41pnq VS NUMber of alpha cell bq €[ ] deg

. ~ (° in +
Duie e ¢, = 0° =» alpha in + x
3 | 2 | = * ¢, = +90° = Horizontal (+y & -y)
- 150 = 150 — .
- ; - —— R ¢, =~ +180° =>» alphain - x
100 100 —_— —=- |
| Jasn =N e |dy| <90°=> alphain +x
_ N e 5 10
A i == * |¢,| > 90° =>» alphain —x
- : - MC looks uniform alon
_50 s — . g (palpha
: —
B o | Data with preferred ¢,1,n4
~150F ~1501 SRR I S N I —
Ha 4 5 6\\!!7\I 8 9 10 1‘1 Flgl\l\l\l\\élllﬁé\ I; \1—0—8 g 10 "11" 1
nb_cell_alpha nb_cell_alpha
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o= Questions

Where discrepancy is coming from ?

Let’s discuss after if you have idea, plots idea ©

Antoine Lahaie



PR Anti Radon Factory (ARF)

Activity of Po-214 and Po-218

E 10° =
S Long story of the Anti Radon
5 10 Factory
Bty - Still not stabilized....
= —
107 - Physical parameter on radon
- trapping from Charcoal done.
10 |

| | | | | | | | | | |
01/07/25 31/08/25 31/10/25 31/12/25 02/03/26 02/05/26 02/07/26
Time
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EU . -+ Integral
E 10° ,@‘M’V ""r‘- \
< v A Best radon level at 0.6 mBg/m
< ’ P AR (with high He flux)
¢ R
10 NIESNALND. ;, sié ?’I
......... N s ndeiecscaciccn 10 x better than NEMO3 !
i i t
i t b H& +} by
f w I 42.61 days below 1 mBg/m?
e “Low” background since
. -3
________________________________________________________________ opemenogoa ———————————2026/04/18 : ~ 1 mBq.m
—1 | | | | | | | | | | | | | | | | |
1%2/03/25 01/05/25 01/07/25 31/08/25 31/10/25 31/12/25 02/03/26 02/05/26 02/07/26
Time
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Conclusion

« Robust BiPo analysis, need to improve simulation/data understanding for a track length

« Best radon activity : 0.6 mBgq.m~3 = 10 times better than NEMO3!

« Some low background data acquisition periods (45.1 days below 1 mBg/m3)

« For similar He flushing, anti Radon radon facility improved the Rn background by a factor ~ 24
« Strong effect on the z reconstruction on alpha track length

« Still an effect on alpha track length (2D) : Reconstruction effect (cell radius) ? He gas mix ?

« BiPo vertex location is under study, almost done = study the remaining radiological
contaminations of the source foils with (e, 2y).. analysis in progress (see my 2'4Bi talk)
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Thank you !

I’'m going back to write my
thesis now
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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



supernemo

“o- EEINE

collaboration

¢ alpha (deg)

—+ Data ¢, € [-180, 180] deg

— MC

Normalized entries
LY

~ * ¢, = 0°=>alphain + x

: | : * ¢, = 1+90° = Horizontal (+y & -y)
‘ -- o A ﬂf’%m | - ¢, = +£180° =>» alpha in - x
TN T T ) || < 90° = alphain + x
| Il |¢pe| > 90° =>» alpha in — x

o

i i
#1}1; _;i gor iy E % __I?f_i &w ; ; ; ;):;’ . i Eoi ji‘;_ ________ £ ?I k]
N 7—; Bz}} 1 Hﬂi&% *;’#K#f iy ﬂig i]; ;;’ B;f’; lﬁz% @g;; ;;lﬁi:‘;i S ; :l}; 5 %}]ﬁ]ﬁ ix,’g;*;g 3 ¥ iﬁ;% 1r ;] ;IHIEE ili]l;l;;;;;llf ;}%&mﬁiﬂﬁ il("h;;
o4 ; . ; i kit 1
4 -0 50 o 5 100 150
angle (deg)
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supernemo

Al Phi electron

collaboration

¢ electron (deg)

e [P R #a € 180, 180] deg
E = 4 ; +Data
- \ f “mc | * ¢, =0° alphain + x
= E [ \ ( * ¢, = 1+90° > Horizontal (+y & -y)
s W « ¢, = 1+180° = alpha in - x
= w * |, <90°=> alphain + x
e e || > 90° = alpha in — x
0.4 —
0.2 %ﬁﬁgg i;; ; fE ;ﬁ% i :3151 . Iﬁ:a;##%] f’?ﬂl}i Voo A ;;;1;] # 1:]; }1]5];]2
_0.2 ;’?‘%* fﬂii:*’f@aﬁ}iﬁﬁi% - Jﬁﬁﬂé@@;ﬁ,ﬁ%;*ﬁ**ﬂ" ”””””” ””””” PR jﬂfm,ﬁﬁf#ﬂwl Wﬂﬁfﬁmﬁ, ””” *”é """""""" %
0.4 — - o . J
—150 '—10(1 %0 o s 10 150
angle (deg)
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Al Theta electron

collaboration

0 electron (deg)

- [ [t
3 — —MC
Eow o - \\\
o // \\
1078 = 'ﬁr[ }{
107° ;
0.4 ; | |
025" hl L A W
0= H%H}ﬂ?] ;HH#ﬁ@@%ﬂw@%’;ﬁw’%mwwﬂmmx Pt s %ﬂwifﬁﬁwmmwwﬂwﬁﬂﬁﬁl'ﬂﬂ}ﬁ I
-0.2 ;— m I ] M ]
-0.4 —
0 20 40 60 80 100 120 140 160 180
angle (deg)
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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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