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EMPIR -Project MetroBeta
Work packages:

Work Package Title Active Partners Months
WP1 | Theoretical calculations of beta spectra |CEA; UMCS 21.5
High-resolution beta spectrometry 60.9
WP2 |based on Metallic Magnetic PTB; CEA; UHEI
Calorimeters (MMCS)
Measurements of beta spectra with CHUV; CMI; 28.5
WP3 .
_...__lother methods Gonitec
: ’\'NPA:"Z.._Comparison and validation of PTB: CEA: CHUV 16.0
t..___.fMeasurements
WP5 | Creating impact CMI; all partners 11.5
WP6 | Management and coordination CEA; all partners 10.9
Total months 149.3
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Effect of beta spectral shapes on abso
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Counting efficiency In LSC
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63Ni

Measurement of beta
spectra usingMMCs
at LNHB

From Mougeot& Bisch,

Phys. Rev. A90 (2014) 012501
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FIG. 2. (Color online) Measured **Ni 8 spectrum compared to
analytical calculation (green), numerical calculation with screening
(red), and numerical calculation with screening and exchange (blue).
Normalization to the data was done by integration from 500 eV to
E o - Standardized residuals between the data and the most complete

CompariSO calculation are also given. A zoom of the low-energy region is also
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63Ni

From Kossert & Mougeot
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63Ni

From Kossert & Mougeot
Appl. Radiat. Isot. (2015)
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My conclusion:

We should be distrustful when seeing activity results with relative uncertainties

well below 1%.

Counting efficiency
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Dominant beta spectrum off°Co
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LSC analysis
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Results for%9Co

Method ain kBqg/g |Relative  deviation
from final resultin %
lonizationchambemrnddilution” {14343(72) [-0.042

TDCR (mean of results from 2|14347(29) |-0.014

counters 14345 kBg/g and
14348 kBa/q)

CIEMAT/NIST 14344(35) |-0.035
4 b ( B Ebincidenceounting |14361(34) [0.084
4" b ( 4 &@incidencecounting [14350(47) |0.007
Final result 1434929) |-

A relative uncertainty of 0.20% was estimated for the final result. This uncertainty is
larger than the internal (0.14%) and the external (0.05%) relative uncertainty of the
weighted mean.
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Activity determination of ®°Co and the importance of its beta spectrum
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HIGHLIGHTS
e The activity of ®’Co was measured using four methods. @

® 4nf-y coincidence counting and liquid scintillation counting (LSC) was used.
® Results of LSC depend on the computed beta spectra.

® Discrepancies were resolved with improved beta spectra calculations. @-@@@

e The atomic exchange effect and screening corrections matter.
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Validationof newexperimental
datafrom this project

~

K. Kossert et al.

Comparison and validation of measurements

PIB



36C|

< K . s
ossert et al. Comparison and validation of measurements PI B



The beta spectrum of°Cl

36Cl is of 2dforbidden nature and has a maximum energy of
709.53(5keV (nuclear data from DDEB, @&t al. (2013))

Due to the rather high maximum energy, (small) variations in the beta
spectrum cause low changes in the computed LS counting efficien¢ies

=> LS methods are not ideal for validation

36

Cl

17 19

P
. 302 (4) x10"3 a

Decayschemdrom DDEP:
http://www.Inhb.fr/nucleadata/nucleardata-table/
0 % 2 Stable
Ar
18 18
Stable 0.0y Q"= 709,55 keV
0 36 %p =981
S
16 20
Q" = 1142,14 keV
%@ + % =19
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The beta spectrum of°Cl

Shapefactor functions for°Cl as derived from several references.

0.2 mg/cmto 5 mg/c  165.0
Thinnest: 0.08 mg/cm 301.8

Proportional counter 80 keVi 680 ke

Magnetic spectrometery/’ 105 keVi 640 ke
4p plastic scintillator 89 keVi 630 keV

ng/cn? in

4p Si(Li) 30 keVi 680 keV Not stated

Awep matched Si(Li 105 keV 660 keV

detectors (~d), sum

signals recorded

_ 4p Si(Li) 20 keV- 680 keV Not stated
Liquid scintillation 86 keVi 400 k n.a.
spectrometry

- e T -

9, 19, and 2@rg/cn? plus 303.8

zaponfilm of less than 8

309.9

299.7

304.9

305.3

309.6

Fulbright and Milton (1951)
Feldman and Wu (1952) and
Wu (1955)

Johnson et al. (1956)

Willett and Spejewski (1967)

Sastry (1972)

ReichandS c h ¢ p f(¥074) i

Grau Carles (2005)

Rotzingeret al. (2008), Kosse—
et al. (2011)



The beta spectrum of°Cl
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The beta spectrum ofeCl
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The beta spectrum of°Cl

Most methods suffer from

- High energy threshold, i.e. no information on the low energy part of the beta
spectrum

- Self absorption and attenuation effects

- Limited energy resolution

- Potential loss due to bremsstrahlung
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The beta spectrum of°Cl

MC study to investigate self absorption (M. Paulsen)
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The beta spectrum of°Cl

MC study to investigate self absorption (M. Paulsen)
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The beta spectrum of°Cl

First magnetic spectrometer measurements at CHUV and MC study

0.35
36

32 Cl

=0.30 . &,-ﬂ-"-"-'-_.___-

|

i -~ -....l. L B Magnet spectrometer (CHUV), high salt conc. This

— l. [ - o u work

b - ..- .l..
:E -"}— Sn ..l

0.20 - -

ﬂ o [ ] n

[ - .. " = MC input spectrum
*=0.15 —

ot

-
= .
- ]
%0.10 -
S a

- MC, NaCl sphere, r= 0.1 mm

=0.05 s

=5 -
[l
0.00 . . . . . . }.’»z
0 100 200 300 400 500 600 700
E in keV

PIB

K. Kossert et al. Comparison and validation of measurements



Magnetic spectrometer measurements at CHUV (sample preparation matters)

Probability in arbitrary units
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The beta spectrum of°Cl
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The TDCR-L erenkov method
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The TDCR-L erenkov method

According to the Frank and Tamm theory the number of photons
per unit path is given by

dk a1 1 & 1
— =2 i
ax O URE ? () %k

- a¢ IS the fine structure constant

- nis the refractive index of the medium (wavelengédpendent!)

- b=v/c

- I ; andl , are the lower and upper limit of the wavelength region
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Pavel Alekseyevich II'ja Mikhailovich lgor Yevgenyevich
Cherenkov Frank Tamm

Source: http://nobelprize.org/nobel_prizes/physics/laureates/1958/
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The TDCR-L erenkov method

Number of photons is computed by numerical (Romberg) integration

“dk 1
kE:n—” dE
(E) E, dx r dE/dX

The electron stopping powellg/dX are taken from the ESTAR database (NIST).

The functionn(<) (for water) was parameterized prior to the integration.
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The TDCR-

_erenkov method
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The TDCR-L erenkov method
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The TDCR-L erenkov method

Wavelengthdependent PMT

response curves are taken into
account

When using PE vials, the method gives excellent results, e.8Y&P,89Sr

For detalls see

Kossert ApplRadiatisot. 68 (2010) 1116
and

Kossert et al. (2014), Apptadiatisot 86 (2014) 712

K. Kossert et al. Comparison and validation of measurements PI B




