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ISU’s Dept. of Physics Mission:
Education and Research 

in Nuclear Science.

ISU Campus:

Idaho Accelerator 
CenterCenter

Department of 
Physics



ISU Physics : 
Who Are We?

� 13 Full-time faculty: all nuclear related (nuclear/particle 
physics, accelerator applications, radiation effects in 
materials & devices, radiobiology and health physics, etc.)

� 100 undergraduate students. Room for more!

� 70 graduate students (about half are international students).  



ISU Physics : 
Facilities I

Idaho Accelerator CenterIdaho Accelerator Center

Founded in 1996.

The IAC now has more 
operating accelerators than 
any other university in North 

America.



ISU Physics : 
Facilities II

Health Physics 
Laboratories:

Two Environmental-level 
health physics labs, plus 

NIST-traceable 
gamma/neutron sources 

and NIST-traceable 
dosimetry capabilities.



ISU Physics : 
Facilities III

Materials Labs

Radiobiology Labs

Laser Labs



Academic Programs

ISU Physics Programs:
– Traditional Applied and Fundamental Physics
– Health Physics

ISU’s Undergraduate Physics Programs have several tracks:ISU’s Undergraduate Physics Programs have several tracks:
• Associate Degrees (A.S.) in physics or health physics that 

are designed to position the student for technical careers at 
national labs or industry.

• B.A. degree program (physics, not health physics) that is 
primarily designed to serve prospective teachers (high school 
or junior high) as well as students pursuing bio-science and 
law careers.

• B.S. degree programs (physics or health physics) that serves 
the  dual purposes of preparing students for a career in 
applied physics or graduate school. 



Physics Tracks

� Physics (pure and applied) is the science and 
discipline that is focused upon understanding 
and using nature’s physical laws. and using nature’s physical laws. 

� ISU Physics programs cover a suite of degrees: 
M.N.S., M.S. and Ph.D education programs.



Health Physics Emphasis

� Health Physics is the profession, science and discipline 
dedicated to the understanding and protection of 
humans and the environment from the harmful effects of 
radiation while providing for its beneficial uses. radiation while providing for its beneficial uses. 

� ISU Health Physics programs were one of the first U.S. 
nationally-accredited (under ABET) A.S., B.S., M.S. and 
Ph.D education programs.



Some Numbers…

� ISU Physics students:
� Approximately 100 undergraduate majors (physics and health 

physics.
� Approximately 70 graduate students (making ISU the largest � Approximately 70 graduate students (making ISU the largest 

nuclear science program in the U.S.A.!).
� 13 faculty (plus associated faculty from Biology, Chemistry, 

Engineering, Anthropology, National Labs).

� ISU Physics Funding:
� Approximately $8.0 Million/yr in research funds
� Funding for students (Fellowships, Teaching Assistants, 

Research Assistants, hourly workers, graders, direct 
scholarships, etc.) is generally readily available.



ISU Physics : Programs, 
Opportunities and Research

� Research: Essentially all of our research is   
nuclear related:

� Nonproliferation and Homeland Security, 
� Materials Science, 
� Radiobiology, Radiochemistry and Health 

Physics, 
� Novel radiation beams and Medical/Biological 

Imaging Applications, 
� Fundamental Nuclear Physics.



Areas of Research Emphasis…

� Nuclear Applications: Biomedical
� Health Physics (environmental, accelerator, 

industrial)
� Radiobiology� Radiobiology
� X-ray Imaging

� Nuclear Applications: Fuel Cycle
� Nonproliferation and Homeland Security
� Material Science



Areas of Research Emphasis…

� Basic Nuclear and Particle Physics
� Jefferson Lab:  Quark Degrees of Freedom in 

nucleons (protons and neutrons).  Very Active 
Program with 3 Professors

� Los Alamos: Physics beyond the “Standard � Los Alamos: Physics beyond the “Standard 
Model” 

� SNO: neutrino research
� Nuclear Isomer Production and De-excitation
� Non-Exponential Decay and tests of Quantum 

Mechanics



Health Physics 
Areas of Research Emphasis

• Applied Health Physics
– Industrial Measurements

• Environmental Health Physics
– Measurement Techniques, Implications (human health, 

ecosystems, tracer studies, emergency response)ecosystems, tracer studies, emergency response)
• Accelerator Health Physics

– Portable and Safe Systems
• Reactor Health Physics

– Especially accelerator-driven reactors
• Instrumentation

– New methods for unique applications (accelerator, 
environmental)
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Develop applications of radiationDevelop applications of radiation
and nuclear science and acceleratorand nuclear science and accelerator
technology.technology.

Serve as a resource for university, Serve as a resource for university, 
commercial & governmental organizations.commercial & governmental organizations.

Educate the next generation of nuclear Educate the next generation of nuclear 
scientists and engineers.scientists and engineers.scientists and engineers.scientists and engineers.
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Primary Advantages are:Primary Advantages are:

– High Intensity (High Dose-Rate)

– Directed and Easily Controlled Beams

– All Radiation Types and Energies are Available.



���
�
���������
�
������ ��������
� ��������
�

X-rays Accelerator

IN
T

E
N

S
IT

Y

� -rays

Beam on

TIME

IN
T

E
N

S
IT

Y

Beam off

neutrons

0

Peak Dose Rate Peak Dose Rate >> Average Dose Rate>> Average Dose Rate



���
�
����������
�
���������������
� ��������
�

“Typical” Electron Linacs have a pulse width of 
approximately 1 micro-second, and a pulse separation of 

Peak Dose Rate Peak Dose Rate >> Average Dose Rate>> Average Dose Rate

approximately 1 micro-second, and a pulse separation of 
approximately 10 milli-seconds.

Accelerator is “Off” 99.99% of the time!

Other accelerators range from always “On” (100%) [cw] to 
“On” less than a part in 1012 (0.0000000001%).
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•• ElectronsElectrons
–– 1.2 MeV DC Accelerator1.2 MeV DC Accelerator
–– 4 MeV LINACs4 MeV LINACs
–– 10 MeV Induction Accel. (~10 kA)10 MeV Induction Accel. (~10 kA)
–– (4) 25 MeV LINACS(4) 25 MeV LINACS
–– 45 MeV Short Pulse LINAC 45 MeV Short Pulse LINAC (upgrade) 
– + BOEING FEL (100 MeV at 100 mA CW)

•• XX--RaysRays
–– XX--Ray Tubes: ~450 keVRay Tubes: ~450 keV

LL--Band Traveling Wave LinacBand Traveling Wave Linac

–– XX--Ray Tubes: ~450 keVRay Tubes: ~450 keV
–– Monoenergetic LCS:  5Monoenergetic LCS:  5----100 keV100 keV
–– 137137Cs Sheppard Source: 13 CiCs Sheppard Source: 13 Ci

•• IonsIons
–– 2 MeV Van de Graff2 MeV Van de Graff

•• NeutronsNeutrons
–– Electron LINACSElectron LINACS
–– Variety of SourcesVariety of Sources
–– Neutron MultiplierNeutron Multiplier
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Highest power electron accelerator on any 
university campus.  ISIS

Funding for world class tunable x-ray source to 
be completed in ’08, for medical diagnostic 

������������������������������!!��������	��
��	����������	��
��	��
������"�����������������	
���	��������"�����������������	
���	��

LL--Band Traveling Wave LinacBand Traveling Wave Linac

be completed in ’08, for medical diagnostic 
imaging and materials science studies, only one 
at a university.  

IAC Business Development Center.

Large scale contraband inspection technology 
site for development and demonstration, only 
known facility of its kind.
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R&DR&D

At the IAC we pursue applications of nuclear physics using acceleratorsAt the IAC we pursue applications of nuclear physics using accelerators
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New methods for determining the performance                             New methods for determining the performance                             

of materials of materials 

Contraband detection technology for nationalContraband detection technology for national
security applicationssecurity applications . 
Novel radiation sources for biomedical and other us es.Novel radiation sources for biomedical and other us es.
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• Commerce �  Movement of Goods
– 95% Arrives by Ship
– 22.5 Million Cargo Containers
– 118 Million Vehicles

• Very Few Inspected
– 2% of Containers Inspected

• Fissile Material Abundant
– ~100 Tons in Storage
– Located at 100’s of Sites
– Security at Some Sites is Lax
– Some Material is “Missing”

• ~4 kg 239Pu for a Crude Bomb
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•  g-rays �  Thin Converter (~ 2 mm) 
• Neutrons �  Thick Converter (~ 5 cm)
• New High-Energy   g-Ray Sources of Great Interest

– Monoenergetic! (LCS = Laser Compton Scattering)
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235U

Probing Radiation
Pulse
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DelayedDelayed
NeutronsNeutrons

Fission
Fragment

Prompt
Neutrons

•• Delayed gammaDelayed gamma--ray Yieldray Yield ~400%
– Most probed materials radiate gammas

•• Delayed Neutron YieldDelayed Neutron Yield ~0.3% to ~5%
– Exclusively emitted by fissionable materials (Actinides)

Prompt
g-rays

DelayedDelayed
gggggggg--raysrays

t = 10-11 sect = 0 sec t = 10-3 to 100’s sec



Delayed g-Rays: Continue to emit after stimulation
238U at 14.5 MeV; 30 Hz
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Experimental Setup

•• HighHigh--Energy (EEnergy (Egg �  2.5 MeV) Delayed �  2.5 MeV) Delayed gg--Rays EmittedRays Emitted
–– Few Emitted without InterrogationFew Emitted without Interrogation
–– Many Emitted with InterrogationMany Emitted with Interrogation

•• HighHigh--Energy Energy gg--Rays More Penetrating Through Shielding.  Rays More Penetrating Through Shielding.  
Yards of Concrete, Feet of Steel.Yards of Concrete, Feet of Steel.
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Delayed g-Rays: signature of photofissionable material

All g-Rays After 13 ms

14.5 MeV
30 Hz
Between Pulses
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9Be

• Many Delayed High-Energy g-Rays from Fissionable Materials
• High-Energy g-Rays from Non-Fissionable Materials

– Some at Short Times
– None at Long Times
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Detector
Recovery

20 MeV Bremsstrahlung
7.5 Hz Rep. Rate
1.1 kg 238U
10 kg Pb
5 min Data Collection

• Delayed Gamma Region beyond 60 ms

– 10 Times More g-rays for 238U

• New Technique (Need Detector Development and Testing)
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• Detection of contraband

A Portable Gamma Probe Could be Developed
to Detect Shielded and Hidden Nuclear Materials

For example:

• Detection of fissile material
hidden underground
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20 MeV Bremsstrahlung
7.5 Hz Rep. Rate
5 min Data Collection10-1
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238U (1.1 kg)

232Th (0.26 kg)

239Pu (0.011 kg)

Delayed Neutron Region

• Delayed Neutron Region beyond 5 ms

– 2� 106 More Neutrons Detected for 238U
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20 MeV Bremsstrahlung
7.5 Hz Rep. Rate
1.1 kg 238U
0.26 kg 232Th
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Test bed for new nuclear material detection and content radiography 
technology.   At present, detection of 4 kg of unshielded Uranium is 
possible with the container moving at  2 ft/sec.  A 10-MeV electron 
LINAC is housed within the shed. 

IAC Facility at the Pocatello Airport



New Signal: Combined Neutron/Gamma Radiation 
Detectors Alarm with 40 second scan time



Nuclear Applications: Biomedical
Novel X-ray Beams for Imaging

Lower-dose higher-contrast medical images are needed for:

� Early detection of soft-tissue tumors

� Better 3-D and time-resolved imaging

� Lower incidence of diagnostic x-ray induced cancers



X - pinch
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Lower-dose higher-contrast medical images are needed for:
� Early Detection and Treatment of soft-tissue tumors
� Better 3-D and time-resolved imaging
� Lower incidence of diagnostic x-ray induced cancers



Other Capabilities: Novel BeamsOther Capabilities: Novel Beams
LCS LCS �������� Monochromatic XMonochromatic X--raysrays

Monochromatic  X-rays from 5 to 100 keV.



Material failures cost 
lives, money, and jobs.



What are the Questions?
Why are they Important?

•• Can we measure, quantify and image damage in Can we measure, quantify and image damage in 
materials from:materials from:
–– RadiationRadiation–– RadiationRadiation
–– Stress/StrainStress/Strain
–– ShockShock
–– Fatigue?Fatigue?

•• Important because the detection and prevention of Important because the detection and prevention of 
material “Failure” is critical to public safety and t he material “Failure” is critical to public safety and t he 
economy.  Failure due to material fatigue, for exam ple, economy.  Failure due to material fatigue, for exam ple, 
costs the U.S. economy over $100 billion/yr.costs the U.S. economy over $100 billion/yr.



Photons produce positrons in matter,
+ Positron “finds” defect and gets trapped
+ Annihilation Radiation Emitted

= Information about Defects



���	��������	�	���	�����	��������	�	���	��

• In homogenous, defect free materials, delocalized 
positrons will annihilate with both the core and 
valence atomic electrons with a probability that is 
determined by the bulk properties of the material.

• If a material is damaged, 
the positrons become 
localized at the defect 
sites, and preferentially 
annihilate with the 
nearby valence 
electrons.



What do Defects have to do with What do Defects have to do with 
Material Failure?Material Failure?

Important questions:

– How are defects correlated with useful 
(macroscopic) material properties, such as strain.(macroscopic) material properties, such as strain.

– How sensitive is PASPAS to these defects?

– Ultimately, how well correlated are PASPAS “signals” 
to these material properties?

PAS = Positron Annihilation SpectroscopyPAS = Positron Annihilation Spectroscopy
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•• Investigation of Investigation of 
“bulk” materials“bulk” materials

•• InvestigationInvestigation of of 
thin filmsthin films

�� The most common systems for bulk studies use positrons from         The most common systems for bulk studies use positrons from         
radioactive sourcesradioactive sources

�� Sample thickness is limited by the range of positrons in matter.  Sample thickness is limited by the range of positrons in matter.  

�� If one wants to probe more deeply, a highly penetrating probe If one wants to probe more deeply, a highly penetrating probe 
is required…..is required…..
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gggggggg--ray induced positron annihilation ray induced positron annihilation 

spectroscopy (PAS)spectroscopy (PAS)

• Instead of positron beams, we use MeV gggg-rays to bombard 
the material under investigation,

• MeV  gggg-rays penetrate deeply inside the material, create 
positrons via pair production,

• Photon beam energy is below neutron emission thresh old:
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Doppler broadening using Electron LinacsDoppler broadening using Electron Linacs

  
6 MeV 

Electron Linac 

Electron 
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detector 

Pulsed electron beam causes bremsstrahlung radiatio nPulsed electron beam causes bremsstrahlung radiatio n.  

The collimated bremsstrahlung beamThe collimated bremsstrahlung beam deeply penetrates 
inside the sample resulting in pair productionpair production .

The created positrons annihilateThe created positrons annihilate with the sample material’s 
electrons and emit coincident 511 keV photons (gammas).
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• Spectral Broadening of the 
511 keV line reflects the 
electron momentum electron momentum 
distributions involved in 
annihilation.

• Annihilation with “core” 
electrons causes greater 
broadening.

J. Appl. Phys. 76 (1994), p. 4935
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• Doppler broadening can 
be characterized by SS, WW
and TT parameters:

• “S”“S” measures the 
annihilation with valence
electrons    S = A/CS = A/C,        electrons    S = A/CS = A/C,        

• “W“W” measures the 
annihilation with core
electrons   W = B/CW = B/C,

• “T”“T” measures both:
T = W /ST = W /S.

J. Appl. Phys. 76 (1994), p. 4935
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• Defects lead to a larger contribution 
of positrons that annihilate with of positrons that annihilate with 
lower momentum valence electrons

®®®® narrower peaknarrower peak
®®®®®®®® increase in increase in SS parameterparameter

( decrease in ( decrease in WW or or TT ))



World’s First 2-D Defect-Density 
Image of THICK (~ 1 cm) Material
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Nuclear Applications: 
Fuel Cycle Nonproliferation 

� Active Detection and Imaging of Uranium  
and Transuranics,and Transuranics,

� Active Safeguards of Spent Fuel.



RadioRadio--PharmaceuticalsPharmaceuticals

ChemicalChemical

Physicians produce medical images and deliver therapeutic doses 
with very expensive radio-pharmaceuticals produced at a 
handful of locations:
� Local production with electron accelerators could greatly 

enhance availability, selection and reduce cost
� Improve treatment outcomes, improve access in 

rural areas

RadiationRadiation SampleSample
New Therapy DrugNew Therapy Drug

ChemicalChemical
PreparationPreparation



RadioRadio--BiologyBiology

Radiation Dose-Rate Effects - potential applications in:

� Life in Extreme Environments: (fuel cycle/storage, space exploration…)

“Bystander” Effects and Cell-Signaling:
with potential applications in

� Medicine
� De-activation of bio-threats

2H O

2H O
2H O



Direct and Indirect Cellular      
Radiation Responses

• Direct:
Survival and/or genetic change in a cell 
after receiving dose

• Indirect (“bystander”):
Survival and/or genetic change in a cell as 
a result of exposure to other cells that have 
received dose
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Novel X-ray beams for medical imaging, 
pharmaceutical chemistry and surface 
science- General Atomics Corp.

WMD detection and defeat, INL, DOD, 
American Science and Engineering.

Use of positrons for defect detection in Use of positrons for defect detection in 
critical materials- Positron Systems, Axter 
Technology.

Container inspection prototype, Paceco, 
Casper Phillips & Associates. 

Radiation effects in electronic devices and 
materials for nuclear energy- INL, Sandia 
Nat. Lab., Los Alamos Nat. Lab. UNLV, 
others.

Radiobiology, high radiation dose effects-
British Aerospace, US Air Force, DOD.
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• Using Delayed Neutron Signatures 
For  Identification Of Contraband 
Fissile Materials, held by ISU

• Positron  Imaging Technology, held 
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• Positron  Imaging Technology, held 
by ISU, licensed by AXTER Inc.
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Contraband, held by INL
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We are looking for We are looking for good studentsgood students..

For more information, see:For more information, see:

www.iac.isu.eduwww.iac.isu.edu


