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Introduction
• In order to provide an alternative experiment to the MMC, a
double focusing magnetic spectrometer has been refurbished
• First preliminary tests performed in 2013 have shown the
ability of the spectrometer to measure the beta spectrum
•
• Additional improvements have to be performed to obtain a
good accuracy to compare with theoretical predictions
• In the MetroBeta project, the goal is to improve the
operation of the spectrometer and have a better accuracy
for the beta spectrum shape measurement and provide
measurement at higher energy (~1 MeV)
• Measure the spectrum shape of Cl-36 and Tc-99

The magnetic spectrometer
•
•

Semicircular vacuum chamber containing pole pieces and a pair of coils
Poles pieces are shaped to produce a magnetic filed focusing in both
horizontal (x,y) and vertical (x,z) planes
Theoretical B field:

r0 is the reference radius =18 cm
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The magnetic spectrometer
•
•
•

The electrons are bent in a circular trajectory at a reference radius of 18 cm
The source and the detector are positioned to have a deflection angle of 180°.
The magnetic field can be increase up to 0.1 T allowing measuring kinetic energy up
to 5 MeV.

Schematic horizontal top view
• Vacuum with rotary pump
• Water cooling
• Movable hall probe allows measuring B field
(linear relation between B and I)

B[mT] = 𝒂. 𝑰 𝑨 + 𝒃
• Slits in front of the detector
• Silicon detector

The magnetic spectrometer
• The detector is a Silicon Surface Barrier connected to a preamplifier (model 2003 BT – Canberra).
• Signal is sent to an Amplifier and SCA. Its output logic signal is sent to a counter.
• A Labview program automates the acquisition by setting current in coils and recording counts.

Schematic horizontal view

Relations between I, B, momentum P
and kinetic energy T are used for energy
calibration, finally we obtain:

T=

𝑷𝟎 𝑰𝟐 + 𝑷𝟏 𝑰 + 𝑷𝟐 − 𝒎

Where P0, P1, P2 are parameters
obtained from a fit knowing T
and measuring I
m is the electron mass.

Measurement protocol
• The acquisition is performed point by point setting a current value
in the coils (which determines the energy with
).
• Usual current step is ~4 mA (~0.5-1 keV)
–

Minimal step: 0.1 mA

• Count rate is given by direct counting of electrons reaching the
detector.
– No energy cut as the electron can backscatter out of the detector and not
deposit all its energy.
– Electronic threshold is around 60 keV.

• Acquisition is fully automated
with a LabView program.

New source support
• Minimise the matter of the support
– Plexiglas support of 1 mm thickness with a hole of 1.5
cm diameter.
– A Mylar layer of 0.5 mm thickness is glued on the support
– Sprayed with graphite paint to make it conductive

– A radioactive drop is directly deposited on the centre

Detector choice
• Canberra Si(Li) LEC 500-5000 (5 mm thickness)
– Too noisy – difficult to have a threshold below
100keV

• We decided to use a 1mm thick Si detector
– Threshold ~60 keV
– Energy resolution is 2% at 1 MeV

Optimisation of the acquisition chain
• In order to improve the data quality a selection window is
set on the deposited energy in the detector
– A National Instrument PCI-6115 DAQ card (SCA card) records
the Pulse Height (PH) from the amplifier
– The calibration PH vs Energy is used to set the window
• Need a good calibration (T vs I and T vs PH and then PH vs I)

– The acquisition is automated through a Labview code
– The window is set to 25 keV for all energies
T=

𝑃0 𝐼2 + 𝑃1 𝐼 + 𝑃2 − 𝑚

𝑇 = 𝐴1 . 𝑃𝐻 + 𝐴2

PH =

(PH in Volts)

𝑃0 𝐼 2 + 𝑃1 𝐼+𝑃2 −𝑚− 𝐴2
𝐴1

Energy calibration
Using conversion electrons from Ba-133, Cs-137, Cd-109 and Bi-207 (45, 62.5,
240, 266, 320, 481, 624, 975 keV) a large energy range is covered
T=

𝑃0 𝐼2 + 𝑃1 𝐼 + 𝑃2 − 𝑚

PH =

𝑇 = 𝐴1 . 𝑃𝐻 + 𝐴2

𝑃0 𝐼 2 + 𝑃1 𝐼+𝑃2 −𝑚− 𝐴2
𝐴1
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The PH value is used to set the
energy window

Measurement protocol
• The acquisition is performed point by point setting a
current value in the coils, which determines the energy
and select the window position:
PH =

𝑷𝟎 𝑰𝟐 + 𝑷𝟏 𝑰+𝑷𝟐 − 𝒎 − 𝑨𝟐
𝑨𝟏

• Acquisition is fully automated with a LabView program.
• All the electron reaching the detector are recorded and
the analysis is performed offline
• Count rate is given by counting
the electrons inside the energy
window of 25 keV.
– The energy threshold is ~ 60 keV.

Efficiency measurement
• The efficiency is measurement using a Tl-204 with a source of 45 kBq

• Tl-204 is a pure b- emitter with end-point energy 764 keV (unique 1st forbidden)
• Covers the energy range needed to measure Cl-36 and Tc-99 ( <750 keV)

• Measured spectrum is divided by the theoretical spectrum shape

Measurement validation
• Validation using Co-60, Cs-134 and Cs-137
•
•
•

Co-60 is low energy b- emitter – end-point 317 keV – allowed
transition – source 4 kBq
Cs-134 is an allowed transition with end-point at 658 keV – source
4 kBq
Cs-137 is medium energy b- emitter – end-point 514 keV – unique
1st forbidden – source 24 kBq

Cl-36 measurement
• The source used for the first measurement of Cl-36 was too
concentrated in NaCl salt
• Tests with different sources with low salt concentration and low activity
Source type

Activity in kBq

NaCl mass in

mg
Simple drying

83

33∙10-4

Simple drying

40

16.5∙10-4

Drying with

45

18∙10-4

6.6

2.6∙10-4

Addition of
seeding agent

Ludox
Drying with
Ludox

• It is Important to use low salt concentration to avoid accumulation which
can attenuate electrons and distort the emitted beta spectrum

Final Cl-36 measurement
• Measurement from 62 keV to end-point with steps of ~10 keV
• Fitted shape factor : C(W) = 1 - 1.346W + 0.6562W2
• In agreement with previous measurement with MMC and 4p Si(Li)
• Corresponding Kurie plot gives an end-point value of 709.7 ± 3.7 keV
• In agreement with DDEP value (709.53 ± 0.05 keV)

Tc-99 measurement
• Thanks to PTB we got a source of Tc-99
• Measurement with steps of ~10 kev from 62 keV to end-point

• Only 26 points in the spectrum measurement not enough to
perform a fit for the shape factor, but compatible with C(W) =
q2+0.54p2
• Kurie plot using C(W) gives an end-point at 293.6 ± 2.8 keV
• Compatible DDEP value (293.8 ± 1.4 keV)

Conclusion
• We have developed a magnetic spectrometer able to measure beta
spectra up to 700 keV
• Validation performed with known spectra have shown the good
operation of the set-up.
• Measurement of Tc-99 and Cl-36, two non-unique 2nd forbidden
transitions, gives good agreement with previous measurements
using MMC and 4p Si(Li) detector
• The measured spectra show a lot of fluctuations which come from
the detector or the electronics – all would/could be replace with a
new Si detector of 2 mm thick
• Cooling system could improve but not foresee in the hardware

• Redo measurements of Tc-99 with more points and also Cl-36 to
reduce the uncertainties

• Measurement of positrons source can be done as the magnetic field
can be inverted – can disentangle electron/positron source

