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EXAMPLES | WORD ORIGIN

adjective
1 of or pertaining or appropriate to the Sabbath.

2 ( lowercase ) of or relating to a sabbatical year.
3 ( lowercase ) bringing a period of rest.

noun
4

( lowercase ) any extended period of leave from one's customary work,
especially for rest, to acquire new skills or training, etc.

https://www.dictionary.com/browse/sabbatical
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Rutherford Backscattering (RBS)




Rutherford Backscattering (RBS)
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Elastic Collision KE, = KE,

KE < KE
For large M

recoil 1on projectile

KE ~ KE

“The fastest recoil 1ons bounced off the
heaviest target nucle1”

target recoil ion projectile



Rutherford Backscattering (RBS)




Rutherford Backscattering (RBS)

The Big Idea: Use low energy ions for
RBS.

The Advantages

The Problem:
Determining the energy
of the low energy ions

The Solution....



The Time of Flight Spectrometer
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The Time of Flight Spectrometer
Signal Processing
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<8 TRIM Setup Window

fead| “ Y 79 [ W[ (Setup Window) Type of TRIM Calculation
/=4 — — b v v & —

= ] =
I I m e I r I aI S —_— TRIM Demo ‘ .‘i DAMAGE“DFI Distribution and Quic
-— . =~ il M | W : S .
Restore Last TRIM Data | 7 | BESIERIBHR o Divbuicn vi Fe -
e sl | M- e
| Symbol Name of Element Nm:r Mass [amu) Energy (ki Angle of Incidence
I o AT ‘: PT|He |Helium v || ““: 3 | 46.385 j 0
' TARGET DATA ?,

Target Layers . ‘
Add New Element to Layer | Compound Dictionary

Alphas transmitted AdaNewlaver fo 3 _

Layer Name Width 3 Symbol Name Number (amu) Stoichor% Disp Latt Su

through a 5 ﬂglcmz L - T ~|j6 120101 Ji00.1(28 [3
carbon foil: 41.7 keV

Input Elements to Layer

N\~ Elastic scattering
off Ta at 135°

50 keV alpha KE = 46.385 keV

Two-Body Kinematics Calculator and Plotter

This script generates plots and tables representing products of nuclear reactions, along with elastic and inelas
nuclei involved, the kinetic energy of the projectile, any excitation energy of the products and select the desir
page.

Enter Isotopes (AEl) or Masses (AMU or MeV). Isotopes should be of form 1H, 4He, 160 ... etc, case insensitiv
neutron, proton, deuteron, triton, 3He, alpha, gamma, electron and positron. Shorthand is also available for p
tau+ and tau-. More could be added by request. Isotope masses are taken from the table of atomic masses,

Please note: the notation has been changed so that my has the kinetic energy. For an explanation of the calc
Projectile (m1): [4He ® AEl O AMU C MeV
Target (m5): |181Ta ® AEl O AMU O MeV
Ejectile (m3): [4He AEl O AMU © MeV
Recoil (m4): [181Ta @ AEl O AMU © MeV

Projectile Energy: |0.050 MeV @kinetic Ototal




Time Trials - Experiment

Vary d and measure t, compare to calculations

0.0 cm extension
37.3 NS




TI me Trl aIS — TOF Spectrometer - 50 keV Alphas on Ta

0.12

Results with R,
Alphas |

Extensio

KE = %(mcz)(%j

100 120

Tantalum 37.67 +1.69 41.7

Aluminum 26.3+2.9 26.1

Tantalum 199+ 1.6 19.7




Thin Film Analysis Test
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Thickness (RDM) 521 A 138 A 70 A

Y RDM x Cos(30°) 451 A 120 A 60 A

Thickness (4448 +22) A  (101.77+0.71) A (56.41+0.60) A
(Pelletron RBS)

451 A 197Au

120 A 97Au
No coating
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RBS Spectrum (Counts vs. Energy)
from the Pelletron.

3.626 MeV alphas on the 60 A

197Au on C target.
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Thin Film Analysis Test  Expectations

Thin 137/ Au Thick 12C
Film substrate

counts

M

time




Thin Film Analysis Test

Results (with 5.51 cm extension)

56 A layer
197Au on 12C

445 A layer
197Au on 12C

2019-05-02-a

G
RO ertroid: 50513 (3933 ngl

eading edge
predicted at 75.7 ns

2019-05-02-b

Same integrated beam current.

“Similar” detector conditions.



Future Work

« CEM Bias/ Count rate
» Other ions (protons, deuterons)

e |Im
e EX

orove time resolution

nlore applications — surface

science
* Everything’s better when you
add accordion bellows
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Future Work

* Publish?
* Other ions (protons, deuterons)
* Improve time resolution

» EXxplore applications

* Everything’s better when you
add accordion bellows



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!



