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Motivations for the study of **P

2P,

e Weak magnetism:

o Allowed transition with large ft value

e Fierz interference term:

o Favorable endpoint for BSM,

o Pure GT

 Experimental constraint:

o Lifetime=14.3 days

1+
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Qﬁ = 1.7 MeV
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Data from NuDat 3, National Nuclear Data Center
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Spectra shape program at WISArD

Characterisation First measurement with 14[, ~ Measurement of
of the setup and calibration source isotopes of interest Complementary
(133g4 +207R; ) (1141 and 32P +22Na ) measurement
2024/25 January/February 2026 July 2026 August-december 2026

:
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Spectra shape program at WISArD

First measurement with 1141y = Measurement of

Characterisation
of the setup and calibration source isotopes of interest Complementary
(133Ba +207R; ) ( 1141 and 32P + 22Na ) measurement
2024/25 January/February 2026 July 2026 August-december 2026
10° %— - —— Top Si(Li)
e 40h runs for '*In 105 — Bottom Si(Li)
o At 6T: 3.8 x 10 events 3

o At 8T: 6.3 x 10 events 10°

10°

Counts

e 30h mixed calibration runs for 6T
and 8T -

. Backgrouqﬁi4measurement without 10
source of ~“In
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Spectra shape program at WISArD

Characterisation First measurement with 14Ty ~ Measurement of
of the setup and calibration source isotopes of interest Complementary
( 133Ba + 2O7Bi ) ( 114II1 and 32P " 22Na ) measurement
2024/25 January/February 2026 July 2026 August-december 2026
10° =
« 60h runs for *In e o popsith
o At 6T:1.85 x 10° events ol Bl
e 58h runs for 32p -
o At 6T: 2.2 x 10° events -
2 1025— "
e 30h calibration runs at 6T for the S F )
measurement of 14Ip and 85h for 3P oL
e Background measurement without -
the sources of interest E }nh I,
| I2(|)0I | I4(|)0I | I6(|)0I | I8(|)0I | I1O|OOI | I12|00I | I14|00I | I16|00I 1800
Energy (keV)

Spectrum of the 3*P source with pulser at 6T 5



« Spectra shape program at WISArD - Gain variation - Beta spectrum problemse Conclusion and next steps ®

. . . HV | —295V/— 305V
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—— Mixed source to cover the 0-2 MeV energy range of the beta spectrum as

much as possible
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N . o HV | -295V/—305V
Calibration source in July r [ e

Spectrum of the ( 2Y"Bj+ 33Ba, +!!4In ) source at 6T
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Decay scheme of ¥3Bj, ,
—— Mixed source to cover the 0-2 MeV energy range of the beta spectrum as

much as possible 7
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N . o HV | -295V/—305V
Calibration source 1n July r | e

Spectrum of the ( 2Y"Bj+ 33Ba, +!!4In ) source at 6T
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Effect of the magnetic field

Spectrum of the ( 297Bj+ 133Ba +141n ) source at OT and 6T

9/2 0 31.55Y4 —

- 207, —
83°'124 ( o
Qlgs)=2397.5 keV 21 1(%) Log
£:100 % —— Run at OT
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0 500 100 1500 2000
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Decay scheme of 207R; . . .
Y Bi , Effect of magnetic field : higher peak height for electron + 9

increase of EC peaks at high energy.
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Calibration sources July vs February

F4-1903 kev 5% sers@asn Spectra comparison of the calibration source from February (2*"Bj+!%Ba)
l e and July (207Bj+133Ba+ 1141y ) for the top detector at 6T without pulser
1% 99.50(15)% B- s
1141 f1/27713 10 Calibration February
49
27" Efjﬁta:si;ﬁv l Calibration July
1=0.140 %
10* |
\ log ft = 4.47 \’I
99,36 % 0+ E,=1988.6(6) keV 103
o o E
1145 e F
5 F
Decay scheme of 1141y © 02l
Top Si(Li) Bottom Si(Li) 1ol
February | 3.5 4+ 0.23 keV | 3.8 £ 0.57 keV = |
July 3.6 £0.28 keV | 6.8 £0.66 keV B ‘ W
1
. .'r il § ] | ] | | ] ] | ] ] | | ] ] ] | | ] ] | ] | | | | ] | | ] ] | | ] | ] ”“"‘l“‘h ”
Table 1. FWHM measured at 481 keV. 0 200 400 600 800 1000 1200 1400 1600 1800 2000

Energy (keV) 10
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Adding pulser 1n the data

' Spectra comparison of the calibration source from February (?°"Bi+**Ba)

With pulser

Pulserremovec and July (2V"Bj+133Ba+ 114In) for the top detector at 6T with pulser

10°

6 Pulser
1 O ; . Y01/2026
Calibration February

Calibration July

Pulser
07/2026
v

Counts
|

Pulser
07/2026

v
e, |‘

L

1 1 1 | 1 11 | | L1 1| I 1 11 | | L 11 1 | 1 11 1 | 1 11 1 | 1 1 1 | | 11 1
5 200 205 210 215 220 225 230 235
Energy (keV)

O T T TTT]

1

Counts

e Pulser peak and induced pile up are
removable using time window cut 10

e Added a pulser to use as a reference
to correct the gain variation, at 2.2

MeV in January and 2.5 MeV + 210keV

—
o il

I

500 1000 1500 2000 2500

n July. Energy (keV) i
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Gain correction with pulser in February

—— Follow mean position of the peaks of 160 keV, 190 keV and pulser at 2400keV over
time, with slices of 100,200,500s.

T
3000 3500

1500 Ene?g?ypgte\!} 2500
E’ 1:— S?L?_topjulser ! iu: 0.4 — —=— SiLi_top_pulser
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0.2/~ of & E .......... uLi !...!5!!!!1:!5..:!ﬂ ....... bl i:!!u:...!!_.!si.!!s.!:.!!!i...a!!. i .!:!!!Ea! ............ L ""r_!!:f..:!m:!!fs:vfﬂ.:!!:='..
oF - E'I‘I.nﬁ' 1|: T '""'""I'i"'l'ﬂiii.i'|'ﬂ||| il i ||..|||.|;,u i 'i"|ll,;'li'l;i'"'iiﬁi::li;i i :il;]:;;iiii'}iEiiii;iiiii;i’"iii“ """""" H""
- 0.1 [
0o : = l ll | A ||||” i :‘ | I:\ |||I| |I
Y L I '
- o2 Y |. [
04l - ll | 1y
- -0.3— |
-0.6 — —
- -0.4—
_08 H— | | ] | | ] | | ] | | ] ] | | ] ] | | ] | ] ] | ] I | | | | | | | | | | | | I | | I | | I | | | |
0 5000 10000 15000 20000 Tiﬁg‘i{?’sﬂ 0 5000 10000 15000 20000 T_zso?t;
° ° ° ° ° ° Ime S
Betore correction for top Si(Li) After correction for top Si(Li1)

e« Observed similar variation of positions during the run for physics and pulser peaks

-> can fit a linear function between the position in slice vs position in run. 12
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Gain correction with pulser in February

—» Follow mean position of the peaks of 160 keV, 190 keV and pulser at 2400keV over ¢°
time, with slices of 100,200,500s.

M
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Gain correction with pulser in July

—

Follow mean position of the peaks of 160 keV, 190 keV from the 114In and added two

pulser at 210 keV and 2500keV .
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 Except high variation due to work in the hall, gain more stable in July, possibly because of temperature ,,

or different preamp settings.

e ?P has no physics peaks unlike ''*In so we added two pulser peaks

[x10°
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Leaking from the calibration source

We observed a discrepancy between the top and the bottom spectrum.

Ba(kB:35keV) Bi(ka:78keV)
Ba(ka:81keV)

22000

\ / Ba(80keV)
w A

— Top Si(Li)
~ Bottom Si(Li)

20000

15000

Counts

In(ka:25keV)

10000

2000

u | | | ] | | | | | | | | | | | ] | | | | ] | | | | | | ] | | | |

20 40 &0 80 100 120 140 160
Energy (keV)

Spectrum of *P at 6T, several runs merged

Many peaks between [30;80] keV are in the top SiLi and

not in the bottom (or many orders of magnitude less) at
6T.

Counts

16000

— Top Si(Li)
14000 f+ ~ Bottom Si(Li)

12000 |

10000
8000
“‘u.,‘\
6000 [— "
4000 [—

ﬂ_

2000

| [ ™

I |

o

Spectrum of *P at OT, run 101

At OT a more pronounced background until
450 keV is present in the Top detector.

1 1 | | 1 | 1 | J 1 | 1 | l | 1 | | | 1 1 1 | 1
200 400 600 800 1000 1200 1400 1600
Energy (keV)

1800
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Leaking from the calibration source

The differences between the detectors is because of the asymmetry in the geometry of the garage:

Y
Top Si(Li)
. . . W X ray
e Background at OT and higher contribution %
from the calibration source: beta from mixed - aaaaaad 009
source enters first the aluminum (top) or the Al
tungsten (bot).
ungsten (boy ey ag P
— I
e X-rays proportion difference: the X-rays from Al
the tungsten can be absorbed by the Al plate o
before reaching the bottom Si(Li). ~_
Bottom
: : : Si(Li)
Ongoing : GEANT4 simulations to reproduce and ~_

confirm this effect
16
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Problem: Oscillations 1in beta-spectrum

Il —— Top Si(Li)
16000 i —— Top Si(Li) — Bottom Si(Li)
it — Bottom Si(Li) 50000
14000 _‘
12000 f— 40000+
10000 { i
L 30000+
1) ~ %) T
c 8000 =
o -0
@) B 3 [
- @)
6000 20000 1
4000 | | r
I : 10000
2000 — i
0|£L11[11L|||||||||1||||IIIJJJ| O_|||||||||||||||||||||||||||||II‘h_ll|
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 800 1000 1200 1400 1600 1800
Energy (keV) Energy (keV)
114In - 6T - merged 32P - 6T - merged

For the three isotopes measured: we observed oscillations on the spectrum every 70-80keV. 17
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Problem: Oscillations 1in beta-spectrum

22000
a =
| 20000 —
3000 'T.-“ — Top Si(Li) ' — Top Sl(Ll). .
O — Bottom Si(Li) 18000 [, — Bottom Si(Li)
- i, =
2500 — N i ¥ L”‘ 16000 _
- s TV 14000
2000 st —
o Wikl 2 12000F
% a o " > [
3 1500/ “ W dr S 10000
- LT 8000
| M"l.]. —
1000 Wi, | 6000
- Vit 4000~
500 _ "idph —
- 2000
] | | | | | l | | | | | | | | l | | | | | | | | | l T | L L I | I I I | I I I | | | | | I I I | I I L
200 400 600 800 1000 1200 1400 200 400 600 800 1000 1200 1400
Energy (keV) Energy (keV)
Run 087, spectrum of 114In, zoom on the range Run 119, spectrum of 32P, zoom on the range
[200keV-1400keV] [200keV-1400keV]

-For individual runs we can observe the oscillations as well but depends on the run so not constant in time.
-Z.0om on a specific range but possible presence of oscillations at higher energies with enough stats
-Present in February but only visible if total stat merged. 18
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Oscillations 1n beta-spectrum: magnetic field

32P runs at different magnetic field (0,2,4,6T) with pulser, zoom on the range below 1400keV :

Counts

— The oscillations increase with the magnetic field but their presence at OT is not clear yet...

22000 - Run: 101 B=0T
20000 ——1 Run: 105 B=2T
+ Run: 107 B=4T
18000 —- )
— Run: 111 B=6T
16000 -
14000 S— A
12000 —— ’
10000 —
8000 ——
6000 -
2000 — e e e e
i | | | | O Bt s O ]
0 200 400 600 800 1000 1200 1400

Energy (keV)
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Oscillations 1n beta-spectrum: source position

Runs with intermediate positions between the physics and the calibration, O being the closest to
the physics position while 3 is closer to the calibration position.

o }ﬂ
-

— — |
Y | — Run: 147 P=0
G e O N N Run: 148 P=3 2 1
1 03 W
o Aun: 149 P=2 Source holder at the
intermediate positions
10°

Counts

h
I

S N N T B B }WMHIII‘IJ H‘_ |H‘J

200 400 600 800 1000 1200 1400 1600 1800
Energy (keV)

— Shorter runs so less statistics but the oscillations seem to be present no matter the position

-Additional tests performed during the data taking (HV, cooling system, cables, pulser,
threshold, acquisition system... ect)

10

—e

NTW iiiﬁﬂi‘ |—|—|‘rrr||‘ [T ';I_

o
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Pulser reproduction with narrow pulser scan

The goal was to see if the pulser could reproduce the oscillations so we could correct
them

—
=
[75)

H_Channel_Sili_Puls...
Entries 3729732
Mean 2372
Std Dev 935.8

900

Mean (channel)

800 [}-

S
H | L “ “ | I II U N “ | A | d |

N
o
o

Counts

B
o
o

L1 ."103

3001

200

100

O - ] | 1 | ld L] i ]
1000 1500 2000 2500 3000
Channel

L
3500

Z.oom on a tew of the 200 Gaussian fits or

e Two kinds of oscillations observed
top Si(Li)

21
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Pulser reproduction with narrow pulser scan

The goal was to see if the pulser could reproduce the oscillations so we could correct
them

x10°
PRELIMINARY ] SOE _
| /
E: [ * L} s !
= 3 T g f : .
— [ i ¥ L ] :
— E * 5 3 3 3 £ 1o F )
e S ¥ A Tl.E... l---i----!- --------------------------------------------- L&
.;:_! [ ] ¥
.|....|....|.’<103
20 25 30
LSB

Resembles the oscillations observed
on the beta spectrum, with same

frequency of 70-80 keV.
To be confirmed by further analysis.

Two kinds of oscillations observed

22
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Problem: Oscillations 1in beta-spectrum

The sum spectrum of the two SiLi in coincidences doesn’t have oscillations.

22000

35
20000

|

18000 30

IIIIIII‘IIIIIII‘I

16000 ,
; . . ‘ 5
14000 Summing / Pile-Up CE ‘

12000 20

10000

Counts
Counts

15
8000

6000 10

4000
2000

III‘III|IIIIIIIIIII‘III||

| | | I l | l I | | | | | | | | | | | | | | | | | | | | | | | I | O
D 400 600 800 1000 1200 1400 1600 1800 2000 200 400 600 800 1000 1200 1400 1600 1800

Sum between the Si(Li) of the merged 114In runs Sum between the Si(Li) of the merged 32P runs

e Next steps:
o Ongoing experimental work to reproduce the oscillation in Bordeaux/Leuven
o Pulser scan analysis ongoing
o We will need to advance further in the analysis to know if the sum spectrum can be really useful
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Additional measurement: autoradiography of sources

Goal of the measurement: Resulting images of the sources

e Position of the radioactive spot on the mylar
e Size and uniformity of the spot

—To include them in the GEANT4 simulation

32P 114In Mixed

24
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Additional measurement: autoradiography of sources

Goal of the measurement:

e Position of the spot in the mylar
e Size and uniformity of the spot

—To include them in the GEANT4 simulation

Preliminary results so far:

e Spot size =
FWHM = 7190 * 3.1 pm for larger gaussian
FWHM = 2624.6 £1.4 ym for narrower gaussian

e Position=
Distance to the left edge = 6461 £ 6.2 um
Distance to the right edge = 8104.2 £ 9.3 um

Resulting images of the sources

32P 114In Mixed
-
AN
// \\\
AR
i F*
il ‘
) ,\,\,ﬁ/‘”ﬂ: . %“’W\Jﬁ?}“&&

00000

00000

Plot protile of 114In for R=25um and d=5min
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Conclusion and next steps

ot First measurement with 114, Measurement of
Characterisation and calibration source isotopes of interest Complementary

114 390 4 22 measurement
(133, +207R; ) (1**In and 3P +“*Na )

B |

of the setup

2024/25 January/February 2026 July 2026 August-december 2026

Next analysis steps:

e Auto radiography analysis
e Pulser scan possible reproduction of oscillations
e Event selection

Additional measurement:

« RBS measurement at AIFIRA: mylar thickness, homogeneity of deposit

e Si(Li) dead layer measurement at KU-Leuven 0
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List of additionals tests carried out to try to find the origin of the oscillations
What's we learned:

/ -Oscillations doesn’t seems to be

related to the physics. No matter the
source position, the magnetic field?,
the depletion region.

e What's we done:

 Run without pulser

e Run with different threshold

e Run with different FASTER card

e Run at lower HV (-50V from the
measurement value)

 Run with only 1 detector switch on

e Switch cables, power supply HV or LT

-Not stable in time : oscillations
more or less present depending of
the run+ not always on the same
detector

-Effect of switching off/heating the
Sil.1: have to wait some time to see
oscillations afterwards

-Happen only when two detectors?
Oscillations in opposite phase= 28
crosstalk between the SiLis?



Plot profile
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Oscillations 1in coincidence spectrum on a single run
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Preliminary results
st mu E— Very intermediate results so far:
- PN = -Spot size =
S [ ‘j' \ FWHM =7190 £ 3.1 pm for larger gaussian

. / r"\, FWHM = 2624.6 +1.4 pm for narrower gaussian

20/ f
I,,-"l \ -Position:

15] / Distance to the left edge = 6461 £ 6.2 ym

o d Distance to the right edge = 8104.2 £ 9.3 ym

r | b,

f"*‘"ﬁ LW
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i a
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9/2
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Calibration source in February L
Activity 1 kBq

2339.9

1633.4

897.8

569.7

0 31.55Y 4
- 207
83°1124
Q(gs)=2397.5 keV 21 I(%) Logft
£ : 100 % =
7.03 8.28 /2- e .
1442.2 |
BR=0.1310 % ¢« 1770.2
84.0 10.576 L3/2+ "
1063.7
3/2- .
328.1 |
J' 897.8
8.9 12.000 2/2- l l
569.7
12
207
g2PP125

Decay scheme of 207gj
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— Effect of magnetic field : higher peak height for electron + increase of

EC peaks of 2'"Bj at high energy.
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Next steps for the analysis

Priorities: finalize all setup-related tests in preparation for the July data-taking campaign, with
mounting at ISOLDE planned for mid-June. . Runc 025 HV = 100V

Run: 024 | HV =150 V
Run: 027 | HV =190 V

Run: 028 | HV =210V

i
10°

e Complete gain correction s | f"

§ 10% - "N

e Analysis data runs at different HV F M
o Required previous corrections (actually no)

o Experimental optimization of the setup i e
- Iélll-ﬂllllIflilllélll1l()lll1l2llI1|4I 16 18 20 22

Channel

Spectra at different HV for the top Si(Li)

Run: 027 | HV =100V
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Analysis data runs at different HV

1/Fit gaussian on several peaks
2/Iteration to try to find the best chi2
3/Plot mean, sigma and height vs HV

< 3.5F
—~45 > ¢
E - % - —e— 975 keV
S — }‘. —
5 F —e— 975 keV 5 4 o 481 keV
s _f o 481 keV S o 320keV
aF —e— 75 keV 251 |
- - t
25[ o[ :
E _§ - :
s ! ; - ' ’ ]
- ® N 1.5+ )
15¢ _
. ‘ ; ¢ - : ;
1F- is
0.5 = E
: 05 I_? 1 L1 1 i 1 1 1 1 I 1 1 I L1 1 I 1 1 L1 I 1 L1 1 I
0 el 5oy oy by oy oy oy oy by sy 100 150 200 250 300 350 400
100 120 140 160 180 2UDHV V) HV (V)
Top SiL1 Bottom SiLi

Additionals test: use diff function, change interval fit + initials parameters.. 34
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Analysis data runs at different HV

1/Fit gaussian on several peaks
2/Iteration to try to find the best chi2
3/Plot mean, sigma and height (normalised) vs HV

> 5F ¢ 45F . .
=R s F ¢
8 4.5 . L] 8 4:_ . —e— 975 keV
O - ¢ O - o 481 keV
‘E[—e— 975 keV 3.5 = e 320 kev
35 |——481keV sF
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— 1= ° *
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05 E—l [ ] o [ . 05 E—. ¢ [ L [ ]
0; I . . . I . . . I : : : I : : . I . T . I . . J 0 [ T L1 1 1 T 11 1 1 I 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I
0 120 140 60 180 200, 100 10 2000 20 %0090
Top SiL1 Bottom SiLi
Issue fit for HV=100 for top, height normalised or not way too high-> several peaks also.. 35

Next steps: try to improve fit again, use gain correction with only physics peaks?



Removing Pulser

Purpose: pulser is sent at the same time in the data, to have a clean spectrum pulser has be removed from them. The
pulser (113) is still in the data even if taking into account the trig of the channel 3 recording directly the pulser signal. So, in
January the removing condition lied on a lower limit energy in the other detector to remove the remaining pulser
contribution. This condition couldn’t be reused be cause now a second pulser is sent at 200 keV.

Problem: Groups done by faster (trigger on 1 or 2 with 113 as a follower) does not contain the 3 signals each time the
pulser is sent by the computer (~0.26%). Another cut has to be found regardingless the energy.

H_Energy SiLi top

H Energy SilLi top
Entries 3.484933e+07
Mean 2085
Std Dev 1.388

10°

t
]
||||||II‘ ||||||II‘ ||||||II‘ [ TTI

| | \
||Mu | ||||||'||||'|| il ||Im 1 M |

Sl b
Ny
2P - run 111



Removing Pulser

Solution: Even if the pulser is not detected/triggered by faster for any reason, the frequency of the pulser should be stable
and so we know when it should be in the data. A time window to remove data will be open at each period.

The first step of the analysis is to verify the frequency of the pulser (regardingless the pulse height), the set value is 10 Hz =
100 ms. By plotting the time difference between pulser signals we obtain the pulser period/frequency:

H_Pulser_frequency

H_Pulser_frequency
Entries 346536

Mean 0.09999
Std Dev 2.604e-08

T =0.099 988 666 (26) s

50000

f =10. 001 133 528 Hz

pulser

pulser

30000

Counts

20000

10000

The uncertainty is the sigma of the distribution. I | | | | | | J e
Thepulser frequency which isnot equalto10_Hz strictly is not 990884 99.9885  99.98855  99.9886  99.98865  99.9887  99.98875  99.9888  99.98885  99.9889

Pulser period (s)

a problem but the real value and its dispersion could be 37

important for the following. 39
P-run 111

_|
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Removing Pulser

The second step consist of determining the time difference between the pulser signal detected in channel 3 and the SiLis
(driven by the walk). This estimation will determined the a part of the width of the time removing window.

By plotting the time difference between a SiLi and the pulser channel every pulser period for the remaining signals:

H_TimeDiffPulser_SiLi_top

H_TimeDiffPulser_SiLi_top
. Entries 3879
600 1— Mean 76.15
B Std Dev  30.56

Removing window width = 400 ns , oF —
(larger window than is shown on the plot because at § -
some point pulser channel trigger has been modified)

DTIIIIlIIIIIIII|IIII|IIII|III|IIII_|III.IJ_IIII|
-100 50 0 50 100 150 200 250 300 350

At(s) 38
"In - merged




Removing Pulser

Result: Removing all the signal every pulser period in a time window of 200 ns (pileup flag is used). The full stat of 114In
has also been checked and he pulser is fully removed.

No pulser in the 2 pulse regions after the cut:

H_Energy_SiLi_top

S H_Energy_SilLi_top
4

;
il III|III|III|III|III|III|I

210
Energy (keV
! ! 2075 2080 2085 20 2085 2100

H_Energy_SiLi_bottom

H _Energy SilLi_bottom

39
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v

Gain correction with pulser

—— 1/Use the three peaks to plot mean position in the slice vs reference position in run,

2/ fit with linear function
3/Apply function on each channel
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One example of correction function for slice 100s and binx=201
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’ e H_Energy_SiLi_top ‘

——— H_Energy_SiLi_bottom

Gain correction with pulser

—— 1/Use the three peaks to plot mean position in the slice vs reference position in run,
2/ it with linear function
3/Apply function on each channel
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Source diameter and magnetic field value

Pour E=2 MeV
B (T) | r_cyclo (mm) | r max (mm) | r max_backscat (mm)
4 2,00 6,01 10,19
6 1,36 4,73 7,46
8 1,02 4,09 6,01

Tdet = 12mm Tsource, 114In — 6,9mm T'source, mixed — 6,1omm
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Cuts Pulser details
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Pile up model with FASTER
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Background measurement

6
10 ——  Top Si(Li)

Bottom Si(Li)
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Systematic uncertainties on WM and 2020 results

Effect Uncertainty Abw s
Theory Endpoint energy 0.3 keV 0.1
0, R and d/Ac None
Geant4 Detector threshold 3.75 keV 1.2
Source position
b Rotation 1° 0.1
I — Source diameter 1 mm 0.3
A, 17.0(23)““(18)8% QDC time window 50 ns None
Foil thickness +10% None
Energy resolution o O fit < 0.1
02 O fit < 0.1
SiPM non-linearity E/pixel 0.16 keV 1.1
Pcrﬂsstaik Unknown
(Auto-)calibration ag O fit < 0.1
(11 g fit 0.3
Total 1.7

49

S. Vanlangendonck, The effect of weak magnetism on the shape of the "“In beta energy, PhD thesis, KU Leuven (2023).



	SPELS at WISArD
	Spectrum of         ELectron Shape
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD


	Motivations for the study of
	³²P:
	Weak magnetism:
	Allowed transition with large ft value
	Fierz interference term:
	Favorable endpoint for BSM,
	Pure GT
	Experimental constraint:
	Lifetime=14.3 days
	Data from NuDat 3, National Nuclear Data Center
	M. González-Alonso et al, PRC, (2016)


	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Spectra shape program at WISArD
	Aluminium garage
	+
	tungsten plates
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Spectra shape program at WISArD
	First measurement with                               and calibration source        (           +           )
	Measurement of isotopes of interest         (          and        +          )
	Characterisation of the setup
	Complementary measurement

	January/February  2026
	2024/25
	July 2026
	August-december 2026

	40h runs for
	At 6T:                  events
	At 8T:                  events
	30h mixed calibration runs for 6T  and 8T
	Background measurement without source of
	Spectrum of the          source with pulser at 8T

	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Spectra shape program at WISArD
	First measurement with                               and calibration source        (           +           )
	Measurement of isotopes of interest         (           and        +          )
	Characterisation of the setup
	Complementary measurement

	January/February  2026
	2024/25
	July 2026
	August-december 2026
	58h runs for
	At 6T:                    events
	30h calibration runs at 6T  for the measurement of          and 35h for
	Background measurement without the sources of interest
	60h runs for
	At 6T:                    events

	Spectrum of the        source with pulser at 6T
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Calibration source in July
	1/2+
	Decay scheme of
	Spectrum of the (          +           +         ) source at 6T
	Top Si(Li)
	Top Si(Li)
	Bottom Si(Li)

	Mixed source to cover the 0-2 MeV energy range of the beta spectrum as much as possible
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Calibration source in July
	1/2+
	Decay scheme of
	Spectrum of the (          +           +         ) source at 6T
	CE K
	XR
	CE L
	CE M
	CE K
	CE K
	CE K,L
	CE +
	Top Si(Li)
	Top Si(Li)
	Bottom Si(Li)

	Mixed source to cover the 0-2 MeV energy range of the beta spectrum as much as possible
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Calibration source in July
	9/2-
	Decay scheme of
	Spectrum of the (          +           +         ) source at 6T
	XR
	CE K
	Top Si(Li)
	Top Si(Li)
	Bottom Si(Li)
	CE K


	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Effect of the magnetic field
	9/2-
	Decay scheme of
	Spectrum of the (          +           +         ) source at 0T and 6T
	Counts
	500
	100
	1500
	Energy (keV)
	Run at 0T
	Run at 6T

	2000

	Effect of magnetic field : higher peak height for electron + increase of EC peaks at high energy.
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Calibration sources July vs February
	Spectra comparison of the calibration source from February (         +         )      and July (         +         +         )  for the top detector at 6T  without pulser
	Calibration February
	Calibration July
	Counts
	200
	400
	600
	800
	1000
	1200
	Energy (keV)
	1400
	1600
	1800
	2000
	Decay scheme of

	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Adding pulser in the data
	With pulser
	Pulser removed
	Counts
	195
	200
	205
	210
	220
	Energy (keV)
	215
	225
	230
	235
	Spectra comparison of the calibration source from February (         +         )      and July (         +         +         )  for the top detector at 6T with pulser
	Counts
	500
	Calibration February
	Calibration July

	1000
	1500
	Energy (keV)
	2000
	2500

	Pulser peak and induced pile up are removable using time window cut
	Added a pulser to use as a reference to correct the gain variation,  at 2.2 MeV in January and 2.5 MeV + 210keV in July.
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Gain correction with pulser in February
	Follow mean position of the peaks of 160 keV, 190 keV and pulser at 2400keV over time, with slices of 100,200,500s.
	Observed  similar  variation of positions during the run for physics and pulser peaks  -> can fit a linear function between the position in slice vs position in run.
	Before correction for top Si(Li)
	After correction for top Si(Li)
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Gain correction with pulser in February
	Follow mean position of the peaks of 160 keV, 190 keV and pulser at 2400keV over time, with slices of 100,200,500s.
	Before correction for bot Si(Li)
	After correction for bot Si(Li)
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Gain correction with pulser in July
	Follow mean position of the peaks of 160 keV, 190 keV from the 114In and added two pulser at 210 keV and 2500keV .
	Before correction for top Si(Li)
	After correction for top Si(Li)
	Except high variation due to work in the hall, gain more stable in July, possibly because of temperature or different preamp settings.
	has no physics peaks unlike         so we added two pulser peaks
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD
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	Spectrum of  ³²P at 6T, several runs merged
	Many peaks between [30;80] keV are in the top SiLi and not in the bottom (or many orders of magnitude less) at 6T.

	Spectrum of  ³²P at 0T, run 101
	At 0T a more pronounced  background until 450 keV is present in the Top detector.

	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Leaking  from the calibration source
	The differences between the detectors is because of the asymmetry in the geometry of the garage:
	Background at 0T and higher contribution from the calibration source: beta from mixed source enters first the aluminum (top) or the tungsten (bot).
	X-rays proportion difference:  the X-rays from the tungsten can be absorbed by the Al plate before reaching the bottom Si(Li).
	Ongoing : GEANT4 simulations to reproduce and confirm this effect
	Top Si(Li)
	Bottom
	Si(Li)
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD


	Problem: Oscillations in beta-spectrum
	114In - 6T - merged
	32P - 6T - merged
	For the three isotopes measured: we observed oscillations on the spectrum every 70-80keV.

	Gain variation
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	Conclusion and next steps
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	Run 087, spectrum of 114In, zoom on the range [200keV-1400keV]
	Run 119, spectrum of 32P, zoom on the range [200keV-1400keV]
	-For individual runs we can observe the oscillations as well but depends on the run so not constant in time.
	-Zoom on a specific range but  possible presence of oscillations at higher energies with enough stats
	-Present in February but only visible if total stat merged.
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Oscillations in beta-spectrum: magnetic field
	32P runs at different magnetic field (0,2,4,6T) with pulser, zoom on the range below 1400keV :
	The oscillations increase with the magnetic field but their presence at 0T is not clear yet...
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Oscillations in beta-spectrum: source position
	Runs with intermediate positions between the physics and the calibration, 0 being the closest to the physics position while 3 is closer to the calibration position.
	Shorter runs so less statistics but the oscillations seem to be present no matter the position
	-Additional tests performed during the data taking (HV, cooling system, cables, pulser, threshold, acquisition system... ect)
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD


	Pulser reproduction with narrow pulser scan
	The goal was to see if the pulser could reproduce the oscillations so we could correct them
	Zoom on a few of the 200 Gaussian fits on top Si(Li)
	Two kinds of oscillations observed
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD


	Pulser reproduction with narrow pulser scan
	The goal was to see if the pulser could reproduce the oscillations so we could correct them
	PRELIMINARY

	Resembles the oscillations observed on the beta spectrum, with same frequency of 70-80 keV.
	To be confirmed by further analysis.
	Two kinds of oscillations observed
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD

	Problem: Oscillations in beta-spectrum
	Summing / Pile-Up CE
	The sum spectrum of the two SiLi  in coincidences doesn’t have oscillations.
	Sum between the Si(Li) of the merged 114In runs
	Sum between the Si(Li) of the merged 32P runs
	Next steps:
	Ongoing experimental work to reproduce the oscillation in Bordeaux/Leuven
	Pulser scan analysis ongoing
	We will need to advance further in the analysis to know if the sum spectrum can be really useful
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD


	Additional measurement: autoradiography of sources
	Resulting images of the sources
	32P

	Goal of the measurement:
	Position of the radioactive spot on the mylar
	Size and uniformity of the spot
	→To include them in the GEANT4 simulation
	Gain variation
	Beta spectrum problems
	Conclusion and next steps
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	Resulting images of the sources
	32P
	114In
	Mixed


	Goal of the measurement:
	Position of the spot in the mylar
	Size and uniformity of the spot
	→To include them in the GEANT4 simulation

	Preliminary results so far:
	Spot size =
	 FWHM = 7190 ± 3.1 µm for larger gaussian
	 FWHM = 2624.6 ±1.4 µm for narrower gaussian
	Position=
	Distance to the left edge = 6461 ± 6.2 µm
	Distance to the right edge = 8104.2 ± 9.3 µm
	Plot profile of 114In for R=25um and d=5min

	Gain variation
	Beta spectrum problems
	Conclusion and next steps
	Spectra shape program at WISArD


	Conclusion and next steps
	Next analysis steps:
	Auto radiography analysis
	Pulser scan possible reproduction of oscillations
	Event selection

	Additional measurement:
	RBS  measurement at AIFIRA: mylar thickness, homogeneity of deposit
	Si(Li) dead layer measurement at KU-Leuven
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	List of additionals tests carried out to try to find the origin of the oscillations
	What’s we done:
	Run without pulser
	Run with different threshold
	Run with different FASTER card
	Run at lower HV (-50V from the measurement value)
	Run with only 1 detector switch on
	Switch cables, power supply HV or LT
	What’s we learned:
	-Oscillations doesn’t seems to be related to the physics. No matter the source position, the magnetic field?, the depletion region.
	-Not stable in time : oscillations more or less present depending of the run+ not always on the same detector
	-Effect of switching off/heating the SiLi: have to wait some time to see oscillations afterwards
	-Happen only when two detectors?
	Oscillations in opposite phase= crosstalk between the SiLis?
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	Example of larger slice used for 114In:

	Oscillations in coincidence spectrum on a single run
	Counts
	Superposed 32P coincidences spectrum for both Si(Li) , run 119
	Sum of the coincidences spectra for the run 119

	Preliminary results
	Very intermediate results so far:
	-Spot size =
	 FWHM =7190 ± 3.1 µm for larger gaussian
	 FWHM = 2624.6 ±1.4 µm for narrower gaussian
	-Position:
	Distance to the left edge = 6461 ± 6.2 µm
	Distance to the right edge = 8104.2 ± 9.3 µm
	Context and motivations
	Experimental setup
	First tests at ISOLDE
	Conclusion and next steps

	Calibration source in February
	9/2-
	Decay scheme of
	Spectrum of the mixed calibration source without pulser at 0T and 8T for bottom Si(Li)
	Run 0T
	Run 8T
	Effect of magnetic field : higher peak height for electron + increase of EC peaks of           at high energy.

	Context and motivations
	Experimental setup
	First tests at ISOLDE
	Conclusion and next steps

	Next steps for the analysis
	Priorities: finalize all setup-related tests in preparation for the July data-taking campaign, with mounting  at ISOLDE planned for mid-June.
	Complete gain correction
	Analysis data runs at different HV
	Required previous corrections (actually no)
	Experimental optimization of the setup
	Context and motivations
	Experimental setup
	First tests at ISOLDE
	Conclusion and next steps

	Analysis data runs at different HV
	1/Fit gaussian on several peaks
	2/Iteration to try to find the best chi2
	3/Plot mean, sigma and height vs HV
	Top SiLi
	Bottom SiLi
	Additionals test: use diff function, change interval fit + initials parameters..
	Context and motivations
	Experimental setup
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	Conclusion and next steps

	Analysis data runs at different HV
	1/Fit gaussian on several peaks
	2/Iteration to try to find the best chi2
	3/Plot mean, sigma and height (normalised) vs HV
	Top SiLi
	Bottom SiLi
	Issue fit for HV=100 for top, height normalised or not way too high-> several peaks also..
	Next steps: try to improve fit again, use gain correction with only physics peaks?

	Removing Pulser
	Purpose: pulser is sent at the same time in the data, to have a clean spectrum pulser has be removed from them. The pulser (113) is still in the data even if taking into account the trig of the channel 3 recording directly the pulser signal. So, in January the removing condition lied on a lower limit energy in the other detector to remove the remaining pulser contribution. This condition couldn’t be reused be cause now a second pulser is sent at 200 keV.
	Problem: Groups done by faster (trigger on 1 or 2 with 113 as a follower) does not contain the 3 signals each time the pulser is sent by the computer (~0.26%). Another cut has to be found regardingless the energy.
	P - run 111

	Removing Pulser
	Solution: Even if the pulser is not detected/triggered by faster for any reason, the frequency of the pulser should be stable and so we know when it should be in the data. A time window to remove data will be open at each period.
	The first step of the analysis is to verify the frequency of the pulser (regardingless the pulse height), the set value is 10 Hz = 100 ms. By plotting the time difference between pulser signals we obtain the pulser period/frequency:
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	Removing Pulser
	The second step consist of determining the time difference between the pulser signal detected in channel 3 and the SiLis (driven by the walk). This estimation will determined the a part of the width of the time removing window.
	By plotting the time difference between a SiLi and the pulser channel every pulser period for the remaining signals:
	Removing window width = 400 ns
	(larger window than is shown on the plot because at some point pulser channel trigger has been modified)
	114

	In - merged

	Removing Pulser
	Result: Removing all the signal every pulser period in a time window of 200 ns (pileup flag is used). The full stat of 114In has also been checked and he pulser is fully removed.
	No pulser in the 2 pulse regions after the cut:
	P - run 111
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