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Exotic Weak Scalar and Tensor Couplings
• Beta decay at the nucleon level : Lee & Yang (1956)
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Standard Model : “V-A” theory

Beyond Standard Model : exotic couplings

Extend the limit at the per mil level to compete with 
LHC bounds on New Physics at the 1-10 TeV scale

T. Lee, C-N. Yang Phys. Rev. 104 (1956)
J.D Jackson, S.B Treiman, H.W Wyld Nuclear Phys 4 (1957) 
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Exotic Weak Scalar and Tensor Couplings
• Beta decay at the nucleon level : Lee & Yang (1956)

• Nuclear beta decay probability for allowed transitions

hadronic leptonic
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Standard Model : “V-A” theory

Beyond Standard Model : exotic couplings

Extend the limit at the per mil level to compete with 
LHC bounds on New Physics at the 1-10 TeV scale
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J.D Jackson, S.B Treiman, H.W Wyld Nuclear Phys 4 (1957) 

dW (J)

dEed⌦ed⌦⌫
= dW0 ⇥ ⇠

⇢
1 + a

pe · p⌫

EeE⌫
+ b

me

Ee
+

< J >

J
·
✓
A

pe

Ee
+ B

p⌫

E⌫
+ D

pe ⇥ p⌫

EeE⌫

◆�

<latexit sha1_base64="vNvtZqe/85u/ihctdmppjBqqnaw="></latexit>

e+

ne

Nuclear 
recoil

q bF ⇡ ±Re

✓
CS + C 0

S

CV

◆
aF ⇠= 1� |CS |2 + |C 0

S |2

|CV |2

aGT
⇠= �1

3

✓
1� |CT |2 + |C 0

T |2

|CA|2

◆
bGT ⇡ ±Re

✓
CT + C 0

T

CA

◆
Pure Fermi decay

Pure Gamow-Teller decay

CV ⌘ 1 CA ' 1.27

<latexit sha1_base64="pcCDrdbMuzT+D32Lx48xNVvUqG4=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAhWYTdEYhlNYxnBPCAbltnZu8mQ2dfMbCCE1Db+io2FIrZ+gZ1/4+RRaOKBC4dz7uXee7yEM6ks69tYW9/Y3NrO7eR39/YPDs2j46aMM0GhQWMei7ZHJHAWQUMxxaGdCCChx6HlDWpTvzUEIVkcPahRAt2Q9CIWMEqUllzzrOY2HUgzNsQ2dtI0Iz6uuTeOZCGk2C6WKq5ZsIrWDHiV2AtSQAvUXfPL8WOahRApyomUHdtKVHdMhGKUwyTvZBISQgekBx1NIxKC7I5nr0zwhVZ8HMRCV6TwTP09MSahlKPQ050hUX257E3F/7xOpoLr7phFSaYgovNFQcaxivE0F+wzAVTxkSaECqZvxbRPBKFKp5fXIdjLL6+SZqlol4tX9+VC9XYRRw6donN0iWxUQVV0h+qogSh6RM/oFb0ZT8aL8W58zFvXjMXMCfoD4/MHYymYyg==</latexit>

CV = C 0
V CA = C 0

A 2 R

<latexit sha1_base64="Sr1KxYFcVTeEugzNucDNmLGu9Ks=">AAACF3icbVA9T8MwEHXKVylfAUYWiwqVqUpQESyVCl0YC6IfUhNVjuu2Vh0ntR2kKuq/YOGvsDCAECts/BucNAO0POms53d3urvnhYxKZVnfRm5ldW19I79Z2Nre2d0z9w9aMogEJk0csEB0PCQJo5w0FVWMdEJBkO8x0vbG9STffiBC0oDfq2lIXB8NOR1QjJSWema53mvBKtRvyZlMItTX9KqqowSd9OtQDh0fqZHnxXeznlm0ylYKuEzsjBRBhkbP/HL6AY58whVmSMqubYXKjZFQFDMyKziRJCHCYzQkXU058ol04/SuGTzRSh8OAqGDK5iqvzti5Es59T1dmWwoF3OJ+F+uG6nBpRtTHkaKcDwfNIgYVAFMTIJ9KghWbKoJwoLqXSEeIYGw0lYWtAn24snLpHVWtivl89tKsXad2ZEHR+AYnAIbXIAauAEN0AQYPIJn8ArejCfjxXg3PualOSPrOQR/YHz+ADCNnYM=</latexit>

CA = C 0
A 2 R

<latexit sha1_base64="mGboKdAB5cxHHkQ7tOG0qmU0k3s=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovoqiRS0Y1Q7cZlFfuAJoTJZNoOnUzizEQooSs3/oobF4q49Rvc+TdO2iy09cCFwzn3cu89fsyoVJb1bRQWFpeWV4qrpbX1jc0tc3unJaNEYNLEEYtEx0eSMMpJU1HFSCcWBIU+I21/WM/89gMRkkb8To1i4oaoz2mPYqS05Jn7de/yQtcRdO4TFECHcuiESA18P70de2bZqlgTwHli56QMcjQ888sJIpyEhCvMkJRd24qVmyKhKGZkXHISSWKEh6hPuppyFBLpppM3xvBQKwHsRUIXV3Ci/p5IUSjlKPR1Z3ahnPUy8T+vm6jeuZtSHieKcDxd1EsYVBHMMoEBFQQrNtIEYUH1rRAPkEBY6eRKOgR79uV50jqp2NXK6U21XLvK4yiCPXAAjoENzkANXIMGaAIMHsEzeAVvxpPxYrwbH9PWgpHP7II/MD5/ACKUl60=</latexit>

CS , C
0
S , CT , C

0
T

<latexit sha1_base64="ids0WXQj1TU6dzfMHMKnHUbn8LU=">AAACEnicbVDLSgMxFM3UV62vqks3wSJVkDIjFV0Wu3FZsS9oy5BJUxuayQzJHbEM/QY3/oobF4q4deXOvzGdzkJbL+RyOOe+crxQcA22/W1llpZXVtey67mNza3tnfzuXlMHkaKsQQMRqLZHNBNcsgZwEKwdKkZ8T7CWN6pO9dY9U5oHsg7jkPV8cif5gFMChnLzJ11gD5DMiY3EJJBJXHVvT7FJxWmuJ6k4cfMFu2QngReBk4ICSqPm5r+6/YBGvplJBdG649gh9GKigFPBJrlupFlI6Mhs7Rgoic90L05OmeAjw/TxIFDmScAJ+7sjJr7WY98zlT6BoZ7XpuR/WieCwWUv5jKMgEk6WzSIBIYAT/3Bfa4YBTE2gFDFza2YDokiFIyLOWOCM//lRdA8Kznl0vlNuVC5Su3IogN0iI6Rgy5QBV2jGmogih7RM3pFb9aT9WK9Wx+z0oyV9uyjP2F9/gAK3pxi</latexit>

Oi =

8
>>>><

>>>>:

1 Scalar
�µ Vector

�µ�5 Axial�Vector
�µ⌫ Tensor
�5 Pseudoscalar

<latexit sha1_base64="tsx8CO6LjSdTD8CvSNxVjm75hdc="></latexit>

Oi =

8
>>>><

>>>>:

1 Scalar
�µ Vector

�µ�5 Axial�Vector
�µ⌫ Tensor
�5 Pseudoscalar

<latexit sha1_base64="tsx8CO6LjSdTD8CvSNxVjm75hdc="></latexit>

Oi =

8
>>>><

>>>>:

1 Scalar
�µ Vector

�µ�5 Axial�Vector
�µ⌫ Tensor
�5 Pseudoscalar

<latexit sha1_base64="tsx8CO6LjSdTD8CvSNxVjm75hdc="></latexit>



The WISArD Project
• Angular Correlation Measurement • Beta Spectrum Shape Measurements
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FIG. 1. Simplified 32Ar decay scheme. Only relevant transitions
discussed in the present paper are indicated.

ãβν can thus be inferred either from a direct measurement
of the daughter nucleus recoil energy [4–8] or by observ-
ing secondary particles emitted after the decay [9–13]. Both
techniques yield similar constraints on exotic couplings with
#ãβν ≈ 5 × 10−3 for pure F transitions [5,11], and #ãβν ≈
3 × 10−3 for pure GT ones [4,13]. Ongoing experimental
programs aim today at precision levels of 10−3 and below
[14–20].

The present project targets a similar goal by improving by
a factor five or more the most precise results previously ob-
tained from the recoil energy broadening of β-delayed protons
in the decay of 32Ar towards its isobaric analog state in 32Cl
[11,21,22]. Figure 1 shows the simplified decay scheme of
32Ar where the 0+ → 0+ and the pure Gamow-Teller tran-
sitions of interest are indicated. Instead of a broadening, the
present experiment, called WISArD (weak-interaction studies
with 32Ar decay), measures the kinetic-energy shift of protons
emitted in parallel or antiparallel directions with respect to
the positron. This β-proton coincidence technique drastically
reduces the influence of the proton detector response function
and of the intrinsic proton peak shape. It also increases the
statistical sensitivity on ãβν : Monte Carlo simulations of the
experiment with the present setup show that the statistical
uncertainty on ãβν is reduced by a factor ≈2.5 when using
the proton peak energy shift technique instead of the peak
broadening technique. The effective gain in sensitivity should
be even higher because this factor was obtained assuming a
perfectly known proton detector response function. In real
experiments, the uncertainty on the detector response function
would affect significantly the precision for a broadening mea-
surement, but not for a shift measurement. Moreover, this new
technique allows simultaneous measurements with β-delayed
protons resulting from both pure F and pure GT transitions
of the 32Ar nucleus (Fig. 1). Note that a similar approach
is currently undertaken by the TAMUTRAP experiment [16]
using a Penning trap to confine radioactive ions.

II. EXPERIMENT

While a dedicated setup for WISArD is still under devel-
opment, a proof of principle experiment was performed at

FIG. 2. Schematic of the detection setup (see text for details).
Only four silicon detectors are visible on this sectional view. The
energy difference between protons emitted in the same hemisphere
as the β particle (red) and those emitted in the opposite one (purple)
is a function of ãβν .

ISOLDE-CERN with equipment and detectors readily avail-
able and the details of which will be presented separately [23].
The detection setup, shown in Fig. 2, is installed in the vertical
superconducting solenoid of the former WITCH experiment
[8]. It comprises eight 300-µm-thick silicon detectors with
effective diameter φ = 30 mm for protons and a φ = 20 mm,
L = 50 mm plastic scintillator coupled to a silicon photo-
multiplier for positron detection. The 30 keV 32Ar+ ions
from ISOLDE are implanted on an about 7-µm-thick φ =
15 mm mylar catcher at the center of the setup. Positrons
emitted in the upper hemisphere are confined by a 4 T vertical
magnetic field and guided towards the plastic scintillator with
an efficiency close to 100%. For protons, the total detection
efficiency is about 8% due to the solid angle. The four upper
silicon detectors, labeled Si1U to Si4U, are located 65.5 mm
above the catcher and the four lower ones, labeled Si1D to
Si4D, are mounted in a mirrored configuration below the
catcher. For protons of a few MeV, the energy resolution of the
detectors ranges from 25 to 45 keV (FWHM). All detectors,
including the scintillator, were read out by the FASTER data-
acquisition system [24]. During an effective beam time of 35
hours, ≈105 proton-positron coincidences were collected for
the superallowed 0+ → 0+ transition, which corresponds to
an implantation rate of ≈100 pps. Ion transmission in the
beamline was only about 12% due to the inadequate existing
beam optics. 32Ar+ ions were produced by a 1.4 GeV proton
beam with a mean intensity of 1.4 µA driven by the CERN
Proton Synchrotron Booster and impinging on a CaO target.
Ions extracted from the Versatile Arc Discharge Ion Source
(VADIS) were then mass selected using the ISOLDE high-
resolution mass separator. The average 32Ar+ production yield
was estimated to be ≈1700 pps, more than a factor two below
the ISOLDE standard capability [25]. With the nominal ion
production yield and an improved beam transmission, the
present 32Ar+ implantation rate can thus be increased by more
than one order of magnitude in future experiments.

055501-2

The WISArD Project
• Angular Correlation Measurement

Kinematic shift measurement in 32Ar

• Beta Spectrum Shape Measurements
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Ø Increased sensitivity
Ø Less sensitive to background

Ø Less sensitive to detector 
response functions 

Ø Pure Fermi transition : scalar currents 
Ø Beta-delayed proton emitter

 IAS : T1/2~ 10-17 s and p ~ 3.35 MeV 
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FIG. 1. Simplified 32Ar decay scheme. Only relevant transitions
discussed in the present paper are indicated.

ãβν can thus be inferred either from a direct measurement
of the daughter nucleus recoil energy [4–8] or by observ-
ing secondary particles emitted after the decay [9–13]. Both
techniques yield similar constraints on exotic couplings with
#ãβν ≈ 5 × 10−3 for pure F transitions [5,11], and #ãβν ≈
3 × 10−3 for pure GT ones [4,13]. Ongoing experimental
programs aim today at precision levels of 10−3 and below
[14–20].

The present project targets a similar goal by improving by
a factor five or more the most precise results previously ob-
tained from the recoil energy broadening of β-delayed protons
in the decay of 32Ar towards its isobaric analog state in 32Cl
[11,21,22]. Figure 1 shows the simplified decay scheme of
32Ar where the 0+ → 0+ and the pure Gamow-Teller tran-
sitions of interest are indicated. Instead of a broadening, the
present experiment, called WISArD (weak-interaction studies
with 32Ar decay), measures the kinetic-energy shift of protons
emitted in parallel or antiparallel directions with respect to
the positron. This β-proton coincidence technique drastically
reduces the influence of the proton detector response function
and of the intrinsic proton peak shape. It also increases the
statistical sensitivity on ãβν : Monte Carlo simulations of the
experiment with the present setup show that the statistical
uncertainty on ãβν is reduced by a factor ≈2.5 when using
the proton peak energy shift technique instead of the peak
broadening technique. The effective gain in sensitivity should
be even higher because this factor was obtained assuming a
perfectly known proton detector response function. In real
experiments, the uncertainty on the detector response function
would affect significantly the precision for a broadening mea-
surement, but not for a shift measurement. Moreover, this new
technique allows simultaneous measurements with β-delayed
protons resulting from both pure F and pure GT transitions
of the 32Ar nucleus (Fig. 1). Note that a similar approach
is currently undertaken by the TAMUTRAP experiment [16]
using a Penning trap to confine radioactive ions.

II. EXPERIMENT

While a dedicated setup for WISArD is still under devel-
opment, a proof of principle experiment was performed at

FIG. 2. Schematic of the detection setup (see text for details).
Only four silicon detectors are visible on this sectional view. The
energy difference between protons emitted in the same hemisphere
as the β particle (red) and those emitted in the opposite one (purple)
is a function of ãβν .

ISOLDE-CERN with equipment and detectors readily avail-
able and the details of which will be presented separately [23].
The detection setup, shown in Fig. 2, is installed in the vertical
superconducting solenoid of the former WITCH experiment
[8]. It comprises eight 300-µm-thick silicon detectors with
effective diameter φ = 30 mm for protons and a φ = 20 mm,
L = 50 mm plastic scintillator coupled to a silicon photo-
multiplier for positron detection. The 30 keV 32Ar+ ions
from ISOLDE are implanted on an about 7-µm-thick φ =
15 mm mylar catcher at the center of the setup. Positrons
emitted in the upper hemisphere are confined by a 4 T vertical
magnetic field and guided towards the plastic scintillator with
an efficiency close to 100%. For protons, the total detection
efficiency is about 8% due to the solid angle. The four upper
silicon detectors, labeled Si1U to Si4U, are located 65.5 mm
above the catcher and the four lower ones, labeled Si1D to
Si4D, are mounted in a mirrored configuration below the
catcher. For protons of a few MeV, the energy resolution of the
detectors ranges from 25 to 45 keV (FWHM). All detectors,
including the scintillator, were read out by the FASTER data-
acquisition system [24]. During an effective beam time of 35
hours, ≈105 proton-positron coincidences were collected for
the superallowed 0+ → 0+ transition, which corresponds to
an implantation rate of ≈100 pps. Ion transmission in the
beamline was only about 12% due to the inadequate existing
beam optics. 32Ar+ ions were produced by a 1.4 GeV proton
beam with a mean intensity of 1.4 µA driven by the CERN
Proton Synchrotron Booster and impinging on a CaO target.
Ions extracted from the Versatile Arc Discharge Ion Source
(VADIS) were then mass selected using the ISOLDE high-
resolution mass separator. The average 32Ar+ production yield
was estimated to be ≈1700 pps, more than a factor two below
the ISOLDE standard capability [25]. With the nominal ion
production yield and an improved beam transmission, the
present 32Ar+ implantation rate can thus be increased by more
than one order of magnitude in future experiments.

055501-2

The WISArD Project
• Angular Correlation Measurement

Kinematic shift measurement in 32Ar

• Beta Spectrum Shape Measurements

Spectrum Shape in a magnetic field

October 9 2025 EAP S3 - DESIR : The WISArD Project 5

dW = dW0 ⇥ ⇠

✓
1 + a

pe · p⌫

EeE⌫
+ b

m

Ee

◆

<latexit sha1_base64="S+KWWpV1THm7IMno236lvFGOzLE="></latexit>

aF ⇠= 1� |CS |2 + |C 0
S |2

|CV |2

Objective: Measure 𝑎F at a precision level of 0.1 - 0.2% 
                  - state of the art is ~0.5% -

Objective: Measure 𝑏 at a precision level of  0.1 - 0.2%

e+

ne

Nuclear 
recoil

q

Singles
b-p Coincidences Esingles

<latexit sha1_base64="Z18+meydSiogT0G80pJjsUtGzAk=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5JIRZdFEVxWsA9oQ5hMb9qhk0mYmQglduGvuHGhiFt/w51/46TNQlsPDBzOuYd75wQJZ0o7zre1tLyyurZe2ihvbm3v7Np7+y0Vp5JCk8Y8lp2AKOBMQFMzzaGTSCBRwKEdjK5zv/0AUrFY3OtxAl5EBoKFjBJtJN8+7MXGztPZzcTPFBMDDmri2xWn6kyBF4lbkAoq0PDtr14/pmkEQlNOlOq6TqK9jEjNKIdJuZcqSAgdkQF0DRUkAuVl0/sn+MQofRzG0jyh8VT9nchIpNQ4CsxkRPRQzXu5+J/XTXV46WVMJKkGQWeLwpRjHeO8DNxnEqjmY0MIlczciumQSEK1qaxsSnDnv7xIWmdVt1Y9v6tV6ldFHSV0hI7RKXLRBaqjW9RATUTRI3pGr+jNerJerHfrYza6ZBWZA/QH1ucPJ+WW2A==</latexit>

Ecoinc

<latexit sha1_base64="gadH9OXFMOM7+T4p8XLctk1SPfs=">AAACDnicbVBNS8NAEN3Ur1q/oh69BEvBU0lE0WNRBI8V7Ae0oWy203bpJht2J2IJ+QVe/CtePCji1bM3/43b2IO2Plh4vDczO/OCWHCNrvtlFZaWV1bXiuuljc2t7R17d6+pZaIYNJgUUrUDqkHwCBrIUUA7VkDDQEArGF9O/dYdKM1ldIuTGPyQDiM+4IyikXp2pYtwj/mcVEE/S7vSlE+npVdZL2WSRyzLenbZrbo5nEXizUiZzFDv2Z/dvmRJCBEyQbXueG6MfkoVciYgK3UTDTFlYzqEjqERDUH7ab5G5lSM0ncGUpkXoZOrvztSGmo9CQNTGVIc6XlvKv7ndRIcnPspj+IEwZyVfzRIhIPSmWbj9LkChmJiCGWKm10dNqKKMjQJlkwI3vzJi6R5XPVOqqc3J+XaxSyOIjkgh+SIeOSM1Mg1qZMGYeSBPJEX8mo9Ws/Wm/X+U1qwZj375A+sj2/vi53w</latexit>

Ø Increased sensitivity
Ø Less sensitive to background

Ø Less sensitive to detector 
response functions 

Ø Pure Fermi transition : scalar currents 
Ø Beta-delayed proton emitter

 IAS : T1/2~ 10-17 s and p ~ 3.35 MeV 
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Ø Challenges
o Partial energy deposit in detector due 

to backscattering, out-scattering, 
Bremsstrahlung

o Energy loss in catcher and dead layer

Ø Confine beta particles in a magnetic field 
between 2 symmetrical detectors.

L. Hayen et al, Rev. Mod. Phys. 90 (2018)
N. Severijns et al Phys. Rev C 107, 015502 (2023)
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Status
• Angular Correlation Measurement • Beta Spectrum Shape Measurements

• Fully operational detection tower as of 2024

▷ Eight 300 µm thick single-sided silicon strip detectors, 
resolution = 10 keV FWHM, 100 nm dead-layer for protons

▷ 1 scintillator + 9 SiPM array for beta detection
▷ 1 triple-stage MCP detector for beam characterisation
▷ 1 tailor-made 3-position catcher to intercept the beam
▷ Active glycol cooling
▷ 9T superconducting magnet

• Two 32Ar physics campaigns @ CERN-ISOLDE

▷ 2024: ~ 11x106 events
large beta rate due to contamination + beta 
backscattering on collimator

▷ 2025: ~ 6x106 events 
 with previously identified problems solved

• Ongoing Data analysis : Samuel LECANUET

• 1 paper in preparation : MCP operation in a magnetic field

• New detection tower under construction / tests

▷ two 5 mm thick Si(Li), 11 keV FWHM at -70°C
▷ 1 tailor-made 2-position catcher 
▷ 2 triple-stage Peltier elements + active glycol cooling
▷ 9T superconducting magnet

• Successful 1st test of installation @CERN-ISOLDE 09/25

• Upcoming calibration and data taking during LS3

▷ 2025: calibration with and without magnetic field
▷ 2026: data taking 

Ø 114In to constrain weak magnetism predictions 
and determine new limits on BSM physics

Ø 32P for BSM physics and weak-magnetism

• Manpower
▷ IN2P3 permanent: B.Blank, X.Fléchard, M.Versteegen, P.Alfaurt, P.Ascher, L.Daudin, 

M.Gerbaux, J.Giovinazzo, S.Grévy, M.Roche
▷ IN2P3 PhD: S. Lecanuet / A. Lépine
▷ KU Leuven: N. Severjins, S. Vanlangendonck, C. Knapen, UIF Rez: D. Zakoucky, SCK-

CEN Mol: D. Atanasov, IBS Daejon: J. Ha

        
 Si(Li)

Ongoing project

C.Knapen, Characterisation of Si(Li) Detectors for β Spectrum Shape Measurements, Master thesis, KU Leuven (2023)

Ongoing test

β-shape at WISArD 2025 setup

17

Scintillator+SiPM

Scintillators+SiPM
Si(Li)

• Manpower
▷ IN2P3 permanent: B.Blank, M.Versteegen, P.Alfaurt, P.Ascher, L.Daudin, M.Gerbaux, 

J.Giovinazzo, S.Grévy, M.Roche, X. Fléchard
▷ IN2P3 PhD: A. Lépine / S. Lecanuet
▷ KU Leuven: N. Severjins, S. Vanlangendonck, C. Knapen
▷ UIF Rez:: D. Zakoucky, SCK-CEN Mol: D. Atanasov, IBS Daejon: J. Ha
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M. González-Alonso, O. Naviliat-Cuncic Phys. Rev. C 94 (2016) 
L. Hayen et al, Rev. Mod. Phys. 90 (2018)



Prospectives
• Angular Correlation Measurements • Beta Spectrum Shape Measurements

• 8Li: b-delayed a break-up with existing set-up

▷ Gamow-Teller decay ➭ sensitive to BSM Tensor currents

▷ Measure 𝑎GT at a precision level of 0.3% or better

▷ Triple coincidence measurement: b-a-a
▷ Existing detection tower and set-up
▷ Improve Argonne National Lab result  (~ 0.7%) with different technique

• Manpower and Funding
▷ IN2P3 permanent: need for support to continue this activity at same level 
▷ 1 PhD and/or Post-Doc for 8Li measurement 
▷ New ANR project to fund new set-up at DESIR

• Manpower and Funding
▷ IN2P3 permanent: B.Blank, M.Versteegen, P.Alfaurt, P.Ascher, L.Daudin, M.Gerbaux, 

J.Giovinazzo, S.Grévy, M.Roche
▷ Collaboration: IBS South Korea

▷ 2026: ANR application for Post-doc, PhD and equipment

CERN – ISOLDE: 2028 onwards 
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M.T. Burkey et al. Phys. Rev. Lett. 128 (2022)

GANIL – DESIR: 2030? 

• 20Mg: b-delayed p emission “à la 32Ar”

▷ Increased sensitivity to BSM Scalar 
currents because larger kinematic shift

▷ Need for 20Na contaminant cleaning at 
DESIR with HRS or PIPERADE

▷ New magnet and new detection set-up 
needed!

CERN – ISOLDE: 2028 onwards 

• 14O: super-allowed 0+ è 0+ branching ratio from spectrum shape

▷ Improve the constraint on BSM scalar currents from 0+ → 0+ Ft values
▷ 14O second lightest nucleus, very sensitive to new physics
▷ Improve the uncertainty on 14O super-allowed 0+ → 0+ BR by 2 to 3 to reduce total 

uncertainty budget

J. C. HARDY AND I. S. TOWNER PHYSICAL REVIEW C 102, 045501 (2020)

FIG. 3. (a) In the top panel are plotted the uncorrected experi-
mental f t values for the 15 precisely known superallowed transitions
as a function of the charge on the daughter nucleus. (b) In the bottom
panel, the corresponding Ft values are given; they differ from the f t
values by the inclusion of the correction terms δ′

R, δNS, and δC . The
horizontal gray band gives one standard deviation around the average
Ft value. All transitions are labeled by their parent nuclei.

be established with high precision. Relatively imprecise mea-
surements of the tiny Gamow-Teller branches, which must be
subtracted from 100%, are all that is required.

Not so for the decays of the Tz = −1 parents. They are
even-even nuclei that decay to odd-odd daughters, where 1+

states are available at low excitation energy. The Gamow-
Teller transitions to these states turn out to be strong enough to
compete with, and often surpass, the superallowed transitions.
This raises a serious experimental challenge: the intensity
of the Gamow-Teller branches—or the superallowed branch
itself—must be measured directly with high relative precision.
Considerable progress has been made in the last few years
in improving the measurements of superallowed branching
ratios from Tz = −1 parents, but they still cannot match the
precision of the Tz = 0 parents’ branching ratios.

The eight cases included in Fig. 5 are much more limited
by experiment. All but 66As and 70Br are Tz = −1 parents,
which will require very difficult measurements to arrive at
precise branching ratios. All but 18Ne and 30S are quite far
from stability and will be difficult to produce in sufficient
quantity for high statistical precision. Overall, the two most
advanced candidates are 18Ne and 30S but even they will

FIG. 4. Summary histogram of the fractional uncertainties at-
tributable to each experimental and theoretical input factor that
contributes to the final Ft values for the 15 precisely measured
superallowed transitions used in the Ft-value average. The two bars
cut off with jagged lines at about 0.20% actually rise to 0.23%
for 62Ga and 0.29% for 74Rb. The bars for δ′

R and δC-δNS include
provision for systematic uncertainty as well as statistical. See text.
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FIG. 5. Summary histogram of the fractional uncertainties at-
tributable to each experimental and theoretical input factor that
contributes to the final Ft values for the eight tabulated superallowed
transitions not known precisely enough to contribute to the Ft-value
average. The three bars cut off with jagged lines at about 4.0%
indicate that no useful experimental measurement has been made of
those parameters. The bars for δ′

R and δC-δNS include provision for
systematic uncertainty as well as statistical. See text.

045501-18

• New detection setup 

▷ 2 plastic scintillators + SiPMs with one 
being automatically rotatable

▷ Active cooling
▷ 9T superconducting magnet from WITCH
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Conclusion
• The WISArD Project 

• ~ 20 collaborators from 8 institutions
• ~ 1.1 M€ from ANR 2018-2024 and FWO
• 2 PhDs and 1 post-doc fully or partially funded by IN2P3

• Fully functional detection set-up for angular correlation measurements
• New detection set-up for spectrum shape measurements mounted and 

being characterized

• New limit on 𝑎F at the ~0.2% level expected within the next year from 
2024 and 2025 data

• Ready-to-go for new Physics cases @CERN-ISOLDE
• Angular measurements : 8Li
• Spectrum shape measurements : 32P, 114In, 14O, mirror nuclei...

• Long term plan @DESIR 
• New set-up with smaller and horizontal superconducting magnet for 

20Mg and other spectrum shape measurements
October 9 2025 EAP S3 - DESIR : The WISArD Project 8
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Need for support : 
• 20 k€/year for travels to CERN
• PhD grants 

• Long term : 500k€ for new 
infrastructure 



Thank you

P.Alfaurt, P.Ascher, D.Atanasov, B.Blank, L.Daudin, X.Fléchard,  A.Garcia, M.Gerbaux, J.Giovinazzo, S.Grévy, J.Ha, L. Hayen, C.Knapen, S.Lecanuet, 
R.Lica, E.Liénard, D.Melconian, C.Mihai, C.Neacsu, M.Pomorski, M.Roche, N.Severijns, S.Vanlangendonck, M. Versteegen, D.Zakoucky


