
Range in the document

 L.S. Erhardt, D. Deptuck, J.P. Harrison, Transition-edge microcalorimeter for 
tritium beta decay, Nuclear Instruments and Methods in Physics Research A, 
444 (2000) 92-95

 18.6 keV electron range in Cu: 1.1 μm

 191 keV tritium deposition(range) in Cu: 1.2 μm
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Electron range - ESTAR database

 Copper

KIMS 22017-01-12

Kinetic 
Energy(keV)

Collision
SP(MeV cm2/g) 

Radiative 
SP(MeV cm2/g) 

Total SP(MeV 
cm2/g) 

CSDA 
Range(g/cm2) 

Radiation 
Yield

Density Effect 
Parameter

17.50 8.874 1.366 X 10-2 8.887 1.170 X 10-3 7.972 X 10-4 2.304 X 10-3

20.00 8.066 1.399 X 10-2 8.080 1.465 X 10-3 9.019 X 10-4 2.683 X 10-3

SP: Stopping power



Electron range - ESTAR database

 Copper

 Approximation:
 Almost linear (in log scale) near 18.6 keV

 Fit by [10,40] keV data

 Get range≈1.30 X 10-3 g/cm2

 Density=8.96 g/cm3

 Range=1.45 μm (different from the document?!)
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Electron range - ESTAR database

 Gold
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Kinetic 
Energy(keV)

Collision
SP(MeV cm2/g) 

Radiative 
SP(MeV cm2/g) 

Total SP(MeV 
cm2/g) 

CSDA 
Range(g/cm2) 

Radiation 
Yield

Density Effect 
Parameter

17.50 6.103 2.543 X 10-2 6.128 1.839 X 10-3 2.050 X 10-3 1.131 X 10-3

20.00 5.595 2.666 X 10-2 5.621 2.266 X 10-3 2.349 X 10-3 1.323 X 10-3

SP: Stopping power



Electron range - ESTAR database

 Gold

 Approximation:
 Almost linear (in log scale) near 18.6 keV

 Fit by [10,40] keV data

 Get range≈2.02 X 10-3 g/cm2

 Density=19.30 g/cm3

 Range=1.05 μm
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Electron range

 Copper vs. Gold

 1.45 μm vs. 1.05 μm

 If we consider 1.1 μm of the paper is right and change the range value 
proportionally, gold range -> 0.80 μm
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Tritium Deposition

 Given 1.2 μm of deposition on the copper foil on the paper

 Assume deposition depth=range

 Let’s consider the tritium particle as a heavy charged particle (so, may 
not correct)

 We can use the Bragg-Kleeman rule
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Tritium Deposition

 The Bragg-Kleeman rule


𝑅1

𝑅2
=

𝜌2

𝜌1

𝐴1

𝐴2
(𝜌: density, 𝐴: atomic number)

 -> 𝑅Au = 𝑅Cu
𝜌Cu

𝜌Au

𝐴Au

𝐴Cu
= 1.2 𝜇𝑚 ×

8.96

19.30

79

29
≈ 0.92 𝜇𝑚
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Conclusion

 Copper vs. Gold

 Electron: 1.45 μm vs. 1.05 μm (or 1.1 μm vs. 0.80 μm)
 The range of the paper may be wrong

 Tritium: 1.2 μm vs. 0.92 μm
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Reference

 ESTAR Database
 http://physics.nist.gov/PhysRefData/Star/Text/ESTAR.html

 William R. Leo, Techniques for Nuclear and Particle Physics Experiment 
A How-to Approach, Springer-Verlag, Second Revised Edition
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Data
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 Copper



Data
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 Gold


