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Motivation

Hope College Approach
— RNB studies
— Ion Beam Analysis Laboratory

Representative science:

— Lake sediment chemistry

— Metalloprotein biochemistry

— Luminescence & forensic geology

Conclusions




e Traditional Undergraduate Approach:

Lectures (and labs)

This approach is limited/threatened by:
(a) Changing demographics
(b) Changing student interests

(c) Years since discovery...




Figure 1. Physics bachelors and total bachelors produced in the US,
1955 to 2003.
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 Same observations for the “traditional”
undergraduate educational approach

Lectures (and labs)

e New Instrumentation and connectivity
allow new collaborative approaches

e Interdisciplinary and non-proliferative




Where is Hope?
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 The integration of research and education
 Publication—driven, NSF funded
 An interdisciplinary expansion




e Heavy Ion Reactions

Radioactive Nuclear Beams

Off-site experiments at MSU & Notre Dame
Equipment building at Hope

Data analysis at Hope
Small to medium-sized collaborations
Multi-year projects
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Equipment building at Hope
Data analysis at Hope
Small to medium-sized collaborations

Multi-year projects




Equipment building at

Data analysis at Hope

Fission Cross Sections

m Uy %py
¢ Up M

— Pu&CE
calculations

Small to medium-sized collaborations

Multi-year projects
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Phys. Rev. Lett. 100, 152502 (2008)
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Phys. Rev. Lett. 99, 112501 (2007)

Symmetry Vol. 4 Issue 6 Aug. 2007

"Undergraduates as Researchers'', The Chronicle Review, Vol. 53

Issue 33, (April 20, 2007).



 Jon Beam Analysis

PIXE, RBS, PESA, IBIL...

On-site experiments (HIBAL)
Sample preparation at Hope
Data analysis at Hope

Small collaborations

Single and multi-year projects

Very interdisciplinary




Particle Induced X-Ray Emission (PIXE)
Rutherford Backscattering (RBS)

Proton Elastic Scattering Analysis (PESA)

Ion Beam Induced Luminescence (IBIL)




FILM BADGE
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Metals via ICP
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e White Lake Sediment Core

Chromium ICP and PIXE Results for White Lake Core 3

— Quantitative,
reproducible,
non-destructive

y =0.7972x + 83.282
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— Faster by a
factor of ~3!

500.0 700.0 900.0 1100.0
Concentration by Depth As Measured by PIXE (ppm)

Manganese ICP and PIXE Results for White Lake Core 3

J. M. Lunderberg et al.
NIM B266 (2008)
4782-4787

y =3.2085x - 1561.4
R? =0.929

Concentration of Mn (ppm) via ICP
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Concentration of Mn (ppm) via PIXE




Proton Elastic Scattering Analysis (PESA)

e AK is directly proportional to Ax

« SIMNRA allows us to relate
energy loss to atoms/cm?

J.Warner, L.Ellsworth, M.Rycenga, L.Kiessel




SIMNRA Analysis

Energy [keV]

1000 1200 1400 1600 1800 2000 2200 2400

160 180 200 220 240 260 280 300 320 340 360 380
Channel

SIMNRA by Matej Mayer
http://www.rzg.mpg.de/~mam/index.html




PIXE
Analy51s

J. D. Warner et al.
NIM B (2009)
submitted
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F\'Il [T

6 8 10 12 14
X-ray Energy (keV)

16

399ug Cyctachrome c

6 8 10 12 14
X-ray Energy (keV)

16




CL System for Forensic Geology




Soil Analysis
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Ton Beam Induced Luminescence

Zircon H
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Another Example: Feldspars

CL peaks of known
CL17-8 (P-Albite) - =
origin, mostly...

Mn2+

. CL13-4 (W-Orthoclase)
r’=0.998
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Similar Spectra: Feldspar IBIL
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e It is not only possible to integrate research
and education — it attracts students

e New Instrumentation and connectivity
allow new collaborative approaches

 Undergraduates can contribute

e Interdisciplinary and non-proliferative
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