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Search for Physics Beyond the Standard Model…

…with b-n Correlation in Nuclear b Decay

The V-A theory of Electroweak Interaction [1]

• Vector-axial vector coupling constants: 

• Maximal parity violation: (only left-handed n) 

• No scalar (S) or Tensor (T) components: 

• Time reversal conservation: all Cs are real

Nuclear Recoil Measurement with b-Delayed p Emitter 32Ar [3]
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➭Best measurement of aF compatible with SM at 0.45% [2] 
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Kinematic effect in b delayed p emission
• Nuclear recoil from b emission : ~ keV

• b delayed p emission : ~ 3 MeV 

• IAS : G ~ 20 eV⬄T1/2 ~ 10-17s ➭ p emission in flight

• kinematic shift in p detector plane between p 

emitted in parallel/opposite direction to the b

IAS

➭WISArD : 1‰ level on aF and bF

p Detector Plane

p and b emitted in 
opposite directions 

DE

• 3rd most precise measurement
of ãF
• account of major sources of 
systematic errors
• access to Gamow Teller 
transitions 

Beam lines and Magnet
• Magnetic field homogeneity measured down to 0.1 mT
• high transmission through the HBL and VBL
• Segmented Faraday Cups in VBL
• MCP + resistive anode for beam implantation profile characterization

➭ possible exotic currents ?

Nuclear b decay rate for non polarized nuclei

b-n correlation
coefficient 
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1 Motivation

The search for new physics in the electroweak sector of the standard model (SM) continues
in many forms despite its remarkable success [3]. Precision beta decay experiments are
ideal tools to study the existence of new gauge bosons in a way that is complementary
to high-energy, e.g. the LHC experiments. The minimal description of beta decay con-
tains only vector (V) and axial-vector (A) currents. But, the full form of the beta-decay
Hamiltonian allows other Lorentz invariant current contributions, such as scalar (S) and
tensor (T). The present experimental limits on these coupling constants are derived from
correlation measurements, that are known to the 0.65% level for pure Fermi and 0.91%
for Gamow-teller transitions [4]. This level of precision does not allow one completely to
rule out exotic currents, and furthermore still permits sizable contributions to be accom-
modated without a↵ecting the phenomenological conclusions of the weak interaction.
The numerical value of the predicted beta-neutrino correlation coe�cient (a�⌫) for the
strict V -A structure of the weak interaction, is fixed currently in the SM to a�⌫ = 1 for
pure Fermi decays and a�⌫ = �1/3 for pure Gamow-Teller decays. The values of the
Fierz interference term in both transitions are fixed to b = 0. Thus, any admixtures of S
or T currents to the dominant V or A one, would result in a measurable deviation from
the SM expectation value such that 1
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where Ci and C
0
i , (i = V,A, S, T ) are the fundamental weak coupling constants. However,

it is di�cult to measure both a�⌫ and b independently and the observable extracted from
experiments is in fact ã�⌫ which is expressed as:

ã�⌫ =
a�⌫

(1 + ↵b)
(2)

where alpha denotes the weighted average over the measured part of the beta spectrum.
The study of the ã�⌫ coe�cient is possible only by the fact that the momentum of the
neutrino can be inferred from measurements of the momentum of the recoiling daughter
nucleus. It was shown, that if the daughter nucleus is unstable to particle emission
(�-delayed), its momentum can be determined by the kinematics of the decay products
[5]. When a light energetic particle is emitted from a moving source (i.e. the recoiling
daughter nucleus) its energy will be subject to a kinematic shift that reflects the motion
of the moving source. Thus, one can study the energy spectrum of subsequently emitted
beta-delayed particles, instead of the slow heavy nuclei. One such example is the decay
of 32Ar, where in Fig.1 a schematic representation of the V - and S-type kinematics are
shown. Applying the kinematic shift technique in the case of 32Ar requires the detection of
coincidences between: (i) the beta-delayed proton emitted by the recoiling 32Cl daughter

1Assuming maximal parity violation and no time-reversal symmetry violation of the standard V -A
terms

2

p and b emitted in 
parallel directions 

Proof-Of-Principle Experiment : nov. 2018 [4] 

DE is proportional to aF and bF

Proton Detectors : 
• Two hemispheres covering a 40% solid angle
• 4 actively cooled SSSSD per hemisphere
• 10 keV resolution @ 3 MeV
• dead layer of ~60nm 

Beta detector : 
• plastic scintillator coupled to a 9 SiPM array
• 4 T magnetic field to ensure ~50% detection
efficiency
• ~10 keV detection threshold

• 500 nm thick mylar catcher foil

➭ high proton detection sensitivity with maximum solid angle to increase statistics
➭ thin catcher foil and beta detection threshold as low as possible to minimize systematics due 
to backscattering

➭ improve statistics and 
charaterize systematics on 
proton detection due to the 
beam position 

Next data taking : fall 2021 + spring 2022

Beam time
• 6 days of 32Ar
• 0,5 days of 33Ar for calibration of the proton detectors
• 1,5 days of stable beam for beam line tuning

Expected uncertainty on ãF and bF : 0.2%

➭ 3x107 b-p correlated events to reach this level of 
precision and be competitive with future search at 
LHC [5]

�EF = 4.49(3) keV
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ãF = 1.007(32)stat(25)syst
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