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• The Low Energy Ion Facility

• Rutherford Backscattering 

• The Time-of-Flight Spectrometer

• Time Trials

• Thin Film Analysis

Outline
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The Peabody Scientific 

Duoplasmatron Ion Source

0 kV < Vsource < 30 keV
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Rutherford Backscattering (RBS)

 
  



















2
sin

416 422

2

2

2

1

2

0

2




Kr

ZZentN
N i



projectile

target



9

Rutherford Backscattering (RBS)

Elastic Collision 
i fP P i fKE KE

KErecoil ion < KEprojectile

For large Mtarget , KErecoil ion  KEprojectile

“The fastest recoil ions bounced off the 

heaviest target nuclei”
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Rutherford Backscattering (RBS)
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Rutherford Backscattering (RBS)

The Big Idea:  Use low energy ions for 

RBS.

The Problem:  

Determining the energy 

of the low energy ions

The Solution….

The Advantages
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The Time of Flight Spectrometer
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The Time of Flight Spectrometer
Signal Processing
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The Drama
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Time Trials - Predicting

50 keV alpha

Elastic scattering 

off Ta at 135°

KE = 46.385 keV

Alphas transmitted 

through a 5 mg/cm2

carbon foil: 41.7 keV
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Time Trials - Experiment

Vary d and measure t, compare to calculations

0.0 cm extension

37.3 ns

5.512 cm extension

76.4 ns
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Time Trials –

Results with 

Alphas
6(1.349 0.030) 10 /v m s  

Beam Energy 

(keV)

Target Measured

KE (keV)

Predicted 

KE (KeV)

50 Tantalum 37.67 ± 1.69 41.7

50 Aluminum 26.3 ± 2.9 26.1

25 Tantalum 19.9 ± 1.6 19.7
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Thin Film Analysis Test
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No coating
120 Å 197Au 

451 Å 197Au 

Date 2019-04-23 2019-04-29 2019-04-30

Thickness (RDM) 521 Å 138 Å 70 Å

RDM  Cos(30°) 451 Å 120 Å 60 Å

Thickness 

(Pelletron RBS)

(444.8 ± 2.2) Å (101.77 ± 0.71) Å (56.41 ± 0.60) Å
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RBS Spectrum (Counts vs. Energy) 

from the Pelletron.

3.626 MeV alphas on the 60 Å
197Au on C target.
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Thin Film Analysis Test
Thick 12C 

substrate
Thin 197Au 

Film

time

counts
197Au

12C

Expectations
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Thin Film Analysis Test
Results (with 5.51 cm extension)

445 Å layer
197Au on 12C

Leading edge 

predicted at 75.7 ns 

56 Å layer
197Au on 12C

Same integrated beam current.  

“Similar” detector conditions.

2019-05-02-a 2019-05-02-b
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Future Work

• Other ions (protons, deuterons)

• Improve time resolution

• Explore applications – surface 

science

• Everything’s better when you 

add accordion bellows

• CEM Bias / Count rate
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Future Work

• Other ions (protons, deuterons)

• Improve time resolution

• Explore applications

• Everything’s better when you 

add accordion bellows

• Publish?
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Summary

A Time-of-Flight Spectrometer has 

been designed, built, and tested to 

measure the kinetic energy of low 

energy ions produced by the 

duoplasmatron ion source and 

elastically scattered from targets.  

The TOF spectra can be used to 

analyze the surfaces of such targets.

Thank you!


