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l. Introduction and Motivations
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Beta decay to probe BSM physics

* Standard Model provides the
most robust predictions to date
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Beta decay to probe BSM physics

* Standard Model provides the
most robust predictions to date

* Weak interactions studies are
especially interesting for BSM

searches aln. AhiiD.,
* Beta decay is competitive, with ull

several probes for high precision a R
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Probing CKM matrix unitarity

d Vie Vs Vb d
* Study beta decay spectra to test S = V. V.. Vo S
KM matri itari
CKM matrix unitarity b y Vie Vie Vi b .
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Probing CKM matrix unitarity

d Vie Vus Vb d
* Study beta decay spectra to test S = V. V.. Vo S
CKM tri itarit
matrix unitarity b/ Vie Vis Vi b/

* Largest elementintherow:V 4

[Vud|? + |Vus|? + |Vub|? =1
~0.973 ~107°
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Probing CKM matrix unitarity

0.980

* Study beta decay spectra to test 0-978:‘
CKM matrix unitarity i
0.976

* Largest elementintherow:V S
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Why recoil spectroscopy ?

* How to access V ,, using beta decay ?
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Why recoil spectroscopy ?

* How to access V ,, using beta decay ?

* Obtain V,, through the mixing ratio mirror fA 9
. ud St [1 ™ ] GQ 2 1 AV
for mirror decays I +

* Then use mixing ratio to get a 1 —p%/3
the angular correlation parameter CLIAN _|_@
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Why recoil spectroscopy ?

* How to access V ,, using beta decay ? a>0

Y
* ObtainV , through the mixing ratio \.@
for mirror decays

°* Then use mixing ratio to get a

: a<0
the angular correlation parameter

* Recoil spectrum sensitive to a @

- recoil spectroscopy

N SALER @
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Why recoil spectroscopy ?

* How to access V ,, using beta decay ? a>0

Y
* ObtainV , through the mixing ratio \.@

for mirror decays
°* Then use mixing ratio to get a a<0
the angular correlation parameter

* Recoil spectrum sensitive to a @

- recoil spectroscopy eV-scale spectrum
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ll. Superconducting Tunnel
Junctions
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Superconducting Tunnel Junctions (ST))

* Josephson Junction with multi layers ~500 nm
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Superconducting Tunnel Junctions (ST))

* Josephson Junction with multi layers ~500 nm

Tunnel Wiring
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Superconducting Tunnel Junctions (ST))

* Josephson Junction with multi layers ~500 nm [ X @

* Currentinthe biased barrier Tunnel

> recompose the momentum b :
arrier Absorber
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Superconducting Tunnel Junctions (ST))

* Josephson Junction with multi layers ~500 nm [ X @

° Currentinthe biased barrier Tunnel
> recompose the momentum

barne\rA Absorber
* eV scale resolution fraps
Base electrode

* >103counts/s per pixel

Substrate

* Lowthreshold
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Superconducting Tunnel Junctions

J TITTITTT
NSRS NZZ

* Josephson Junction with multi layers

°* Currentinthe biased barrier
> recompose the momentum

* eV scaleresolution
* >103counts/s per pixel

* Low threshold 128-pixel ST

//’—ﬁ'\ o Cooled to 40 mK &
(E];%? (ADR) A

Z

SALER experiment - ISOL 22




BeEST experiment

BeEST experiment used 7Be (T,,,= 53 days) to search for keV-scale sterile
neutrinos - ’
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BeEST experiment

BeEST experiment used 7Be (T,,,= 53 days) to search for keV-scale sterile
neutrinos - ’
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BeEST experiment

BeEST experiment used 7Be (T,,,= 53 days) to search for keV-scale sterile
neutrinos, with competitive results
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BeEST experiment

BeEST experiment used 7Be (T,,,= 53 days) to search for keV-scale sterile
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How to use short-lived nuclei ?

* Use STJs with short lived nuclei for nuclear recoil spectroscopy
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How to use short-lived nuclei ?

* Use STJs with short lived nuclei for nuclear recoil spectroscopy
* Couple STJs detectors to a beamline (on-line)
* Aim of the SALER experiment based at FRIB

* With mirror decays for p:''C and
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I1l. SALER Set up
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SALER Experiment
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SALER Experiment

Entrance Chamber h
or 8 um

_ —_
Beamline

lon Beam (1 MeV/u)

Si Substrate

lon Beam (~70 keV/u) ]]

I—I 5:]|nm

Al deirader 300K

Stable beam commissionning in April/May !
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SALER Experiment

Entrance Chamber h
or 8 um

_ —_
Beamline

lon Beam (1 MeV/u)

Si Substrate

lon Beam (~70 keV/u) ]]

I—I 5:]|nm

C||Al <100 mK

Al deirader 300K

Dress rehearsal /testing calibration procedure last week!
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Unshielded device

SALER
CAEN .
§ 3 % E SALER experiment - ISOL 35




Unshielded device
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Unshielded device

Laser fiber
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Shielding
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Shielding
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Shielding
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Shielding
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Assembling
With the 4K shield
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Assembling

With the 50K shield
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Laser calibration
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Laser calibration

Spectrum for one pixel
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Laser calibration
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Laser calibration

Spectrum for one pixel
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Laser calibration

262 nm laser-4.7 eV Spectrum for one pixel
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Conclusion and outlook

* STJs able to perform at 1 -4 eV resolution in the range of interest
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Conclusion and outlook

* STJs able to perform at 1 -4 eV resolution in the range of interest
* Stable beam in May, radioactive beam in late 2026

* Study electron scattering background for uncertainty budget

* Pave the way for ASGARD (at DESIR)

BSM: Beyond Standard Model
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Thanks for listening !
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Back-up
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Superconducting Tunnel Junctions

* Five layers detector : absorber, trapping layer,
biased insulator, trapping layer and final layer N

* Onset of superconductivity : formation of
Cooper pairs

Ta Al AlOx Al Ta
165nm S50nm Inm 50nm 265nm
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Superconducting Tunnel Junctions

* Five layers detector : absorber, trapping layer,
biased insulator, trapping layer and final layer

* Onset of superconductivity : formation of Ert+Arg,
Cooper pairs

* Recoil breaks Cooper pairs and create a Er _ &
quasiparticle in the absorber

* Quasiparticles scatter down into the trapping E-A
layers, breaking other pairs in the process r

Ta Al AlOx Al Ta
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Superconducting Tunnel Junctions

* Five layers detector : absorber, trapping layer,
biased insulator, trapping layer and final layer

* Onset of superconductivity : formation of Ert+Arg,
Cooper pairs

* Recoil breaks Cooper pairs and create a Er _ &
quasiparticle in the absorber

* Quasiparticles scatter down into the trapping E-A
layers, breaking other pairs in the process r

* Measuring the tunneling current to

recompose the momentum of the nucleus Ta Al AlOx Al Ta

165nm S50nm Inm 50nm 265nm
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About BeEST results

1072
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BeEST Phase-III (projection) \ \_
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Meson decays (90% C.L.) [57]
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sater FIG. 25. Projected sensitivity for the BeEST Phase-III with 1o un-
certainty band. Only the statistical considerations were made. Previ-
ous limits are shown in gray shaded regions [54-58].
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Stastical Uncertainties (from Andrew Marino’s poster)

0Vud 0Vud
Species dp only [10~%] All uncertainties [10™]

n 5.7 6.6
SH 95 95
e 78 8.2
L3N 6.9 8.7
50 5.2 8.5
s 3.8 5.8
INe 2.6 4.1
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Beta decay spectrum
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Beta decay to probe BSM physics

0.004
| ' B decays
» High precision measurements at low- 0.002 .
energies = explore TeV-scale physics | '
& 0.000r----------

 In the search of exotic currents for
the Standard Model, betadecayis _;,,,

competitive with LHC :
CLLLL LHC13 (pp—>e*e)

-=-=- LHC13 (pp-ev)

~0.004 -0.002 0.000 0.002 0.004
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Extension of SM Lagrangian (V.Dumenil)

(

Leff = — ey - OV [Cy — (Ca—2c2)7°1d + ccév, - Od

N\

GF Vud
V2

\

—cp8yp - Oy’d + @0y v - Do (1 — 75)d}

¢, correspond to Right, Scalar, Pseudo-scalar
and Tensor contribution respectively
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Effects on the recoll spectrum
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ASGARD
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What about fierz interference term ?

A T 1 b e Ex
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Material effects
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The importance of background
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Elastic cross-section studies
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STJs for SALER

SALER experiment - ISOL 70




STJs for SALER
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Electronic pickup
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Additional photos
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Laser calibration
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Additional laser photos
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STJs masks
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