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INTRODUCTION

• The 7𝐵𝑒 isotope decays in 7𝐿𝑖 through electron capture
(EC). There is a growning interest in the investigations of
half-life variations induced by environmental conditions.

• The study of the 7𝐵𝑒 half-life variation has an impact in
astrophysics, in the fundamental physics and in the solid
state physics.

• In the CIRCE facility we will study the variation in the
decay rate of 7𝐵𝑒 with two approaches. The first
approach is based on a dose of 7𝐵𝑒 atoms implanted in
SiC diode depletion region polarized with an intense
electric field (MV/cm). The second is the measurement of
in-flight decay rate of a pure 7𝐵𝑒 beam in 3+ charge
state studied with recoil mass separator ERNA.
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The scientific motivation.

• In fundamental physics, the study of the 7𝐵𝑒
decay rate in ionized state would provide
information on beta-decay matrix element.
For instance, the triple ionized state of the
7𝐵𝑒 is an hydrogenoid atom with a well know

electronic wavefunction.

• The measurement may set constraints for the
nuclear term in the electroweak matrix
element .

• The nuclear term is included in the universal
Hamiltonian density in the form of the
hadronic current.
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𝜚 Fermi Golden Rule  

According to QED , the matrix element depends on
the coupling between hadronic and leptonic currents

𝑴𝒇𝒊 = 𝒏𝝂𝒆 𝑮𝑬𝑪 𝒅𝒙׬
𝟒 𝑱𝝁 𝒙 𝑳𝝁 𝒙 + 𝒉. 𝒄 𝒑𝒆

𝑮𝑬𝑪 = 𝑮𝑪𝒄𝒐𝒔𝜽 Coupling costant

൝
𝑱𝝁 𝒙 = 𝒊ഥ𝝍𝒑 𝒙 𝜸𝝁 𝟏 + 𝝀𝜸𝟓 𝝍𝒏 𝒙

𝑳𝝁 𝒙 = 𝒊𝝍𝝂𝒆 𝒙 𝜸𝝁 𝟏 + 𝜸𝟓 𝝍𝒆 𝒙

Manipulating the matrix element and the Golden
Rule we obtain that the decay constant is :

𝝀 ∝ 𝝍𝒆 𝟎 𝟐
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𝟕𝑩𝒆 electron capture decay

• The electron capture process:
𝑍
𝐴𝑋 + 𝑒− → 𝑍−1

𝐴𝑋′ + 𝜈𝑒
• 𝑇 Τ1 2

= 53,22 ± 0,06 𝑑

• The shells K or L are involved in the capture. The
electronic wavefunction and the density of electrons in
the nucleus can be perturbate by the application of an
electric field (Stark effect).

• The implantation of 7𝐵𝑒 atoms inside the depletion
region of a SiC diode is motivated by the expectation of a
variation of half-life due an intense electric field.
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First approach:implantation test with 𝟗𝑩𝒆 atoms

• At the CIRCE Laboratory we are developing a line
for materials analysis (RBS, channeling, NRA…).

• To have information about the substitutional and
interstitial 7𝐵𝑒 impurities, we will perform
channeling/RBS on the implanted sample. For
this purpose, we are developing a 5-axis
manipulator.

• On test diodes we have performed 9𝐵𝑒
implantation to explore the possibility of damage
recovery through annealing and the behavior of
the interstitial atoms. The implanted substrates
were explored with SIMS depth profile
measurement (Probion).

1,25 MeV 3,5 MeV 5 MeV

SRIM 

Data  
9𝐵𝑒
c.s. 2+SIMS setup
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First approach: implantation test with 𝟕𝑩𝒆

• The samples have been implanted in a spot of
circular area thanks to the magnetic triplet
quadrupoles.

• Stopping test on photoresist (P2-PR) and P3-LTO
layers:

• Implantation on SiC1009M without electric
contacts for activity measurements ai LNGS with
HpGe detector.

depth time Concentration

(
𝒂𝒕𝒐𝒎𝒔

𝒄𝒎𝟑
)

Activity 

P2-PR 0,25 𝜇𝑚 2040 𝑠 5,2 × 1016 ( 14,40 ± 0,21) 𝑘𝐵𝑞

P3-LTO 0,25 𝜇𝑚 1800 𝑠 4,8 × 1016 (13,50 ± 0,22) 𝑘𝐵𝑞

SiC1009M 0,25 𝜇𝑚 140 𝑠 6,35 × 1016 (1,80 ± 0,13) 𝐵𝑞

Simulations with LISECute++ code
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Second approach: IC test

• The in-flight decay is studied with ERNA where can be
reached an excellent suppression of 7Li leaky .

• The aim of the experiment is to detect the
7𝐿𝑖 producted by the decay during the flight. For this

scope is used the ionization chamber of ERNA.

• The IC optimization is motivated by the use of gas without
hydrogen and by the stopping beryllium atoms before the
active region of the detector.

• The combination of the signals from the two anodes
gives a matrix plot (∆𝐸 vs 𝐸𝑟𝑒𝑠).

Combination of windows and cell
pressures that reduces beryllium
counting rate
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Conclusion

• The residual activity of 2 cps on the P2-PR layer after the washing reveals that we need a photoresist
thicker than 10 μm to implant only in the device with a diameter of 500 μm. These steps are
necessaries for the the diode build -up. The diode is now in production and the masks have been
completed.

• In the previous in-flight decay experiment the count rate of event expeted was about 1 ൗ𝑒𝑣𝑒𝑛𝑡
𝑑𝑎𝑦

according to the 7𝐵𝑒 current beam. Improvements for reaching higher beam current are required. For
these scope, we are designing new cathodes and we are studying an optimization of the chemical
preparation of the process.
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