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Pleased to meet you….

Topics suggested for 
this talk: 
- advice for careers 

in nuclear physics 
- advice for careers in 

applied nuclear 
physics 

- technology 
development  

- my experience
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Outline

• Technology development  
- Medical applications 

• Advice for careers in nuclear 
physics 
- My personal experience 

• Advice for careers in applied 
nuclear physics



Some Medical Applications of Nuclear Physics 

Medical Imaging



Applications of Nuclear Physics 

Particle Detector Spin-Offs Advance Patient Care

Nuclear physics detector technology developed to explore the structure of matter 
at Jefferson Lab leads to new and advanced tools for better patient care. 

Compact gamma camera 
for breast cancer detection

Hand held gamma camera 
to guide surgeons

Tools for nuclear physics research 
photomultiplier tubes, silicon photo multipliers, 

scintillator and detector electronics.

Tools for better patient care

o Led to several Jefferson Lab 
patents and a start-up 
company

o Silicon photo multipliers 
provide precise imaging at low 
voltages 

o Now also wireless, to give 
flexible motion without 
tethering 

o Working on on-board display
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Applications of Nuclear Physics 

Advancing Brain Imaging Technologies

Three IR markers attached to the head 
of a mouse enable the AwakeSPECT 
system to obtain detailed, functional 
images of the brain of a conscious 
mouse as it moves around inside a 
clear burrow.

Gamma 
cameras 

based on 
nuclear 
physics 

detector 
technology.

AwakeSPECT System is based on technology 
developed by Jefferson Lab, with contributions 
from ORNL, Johns Hopkins University and University 
of Maryland.  

o Utilizes custom-built gamma cameras, image 
processing system, infrared camera motion tracking 
system and commercial x-ray CT system. 

o Acquires functional brain images of conscious, 
unrestrained, and un-anesthetized mice. 

o Can aid research into Alzheimer’s, dementia, 
Parkinson’s, brain cancers, traumatic brain injury 
and drug addiction. 

Methods based upon anesthesia inhibit/complicate brain based studies. Scientists work 
towards imaging methodology in awake humans to study neurological based diseases.
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• Radiation treatment dose uncertainties can 
affect tumor control and may increase 
complications to surrounding normal 
tissues. 

• The current standard of practice does not 
provide information on actual delivered dose 
to the tumor. 

• Nuclear scientists at Jefferson Lab and 
Hampton University developed real-time, 
in vivo, dosimetry technology (3 patents)  

• Licensed to Radiadyne, created 

• Plastic scintillating detector (PSD) fiber 
technology with balloon-type patient organ 
immobilizers to measure real time dose 
delivery.  

Nuclear physics detector technology incorporates real time dosimetry monitoring 
into radiotherapy cancer treatment procedures. 

Enabling Real Time Radiation Treatment Dosimetry

Scintillating 
Fiber

Fluorescent dopants

Fiber Core

Fiber Cladding 
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Applications of Nuclear Physics  8

Proton Therapy for Cancer Treatment
Radiotherapy with a proton accelerator allows 
oncologists to design fine-tuned three-dimensional 
cancer treatment plans. 

Fundamental nuclear physics: Bragg peak determines   
proton energy loss = dose to patient 
o Enables higher precision localized treatment 
o Has fewer side effects due to reduced stray radiation outside the 

tumor region 
o Nuclear physics technology to enable this includes simulation, 

beam transport, acceleration, dose monitoring, and more 
o Jefferson Lab scientists have been instrumental in the design, 

construction and treatment plans at nearby Hampton University 
Proton Therapy Center, and other facilities.



Proton Therapy for Cancer Treatment

• >200,000 patients 
have been treated with 
particle therapy 
worldwide from 1954 
to 2016. 

• Current average 
~15,000 patients 
treated annually. 
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Tumor sites treated



Proton Beam 
Simulation

Doctors prescribe 
dose based on 
(CT) images of 
tumor volume and 
location

Physics team simulates 
radiation transport 
through patient using 
beam angles, energies, 
devices, etc. in patient to 
achieve desired dose

Varian Medical Systems  “Eclipse” software product



Proton Beam Simulation – “BioEclipse” Development

JLab, Eastern Virginia 
Medical School, HUPTI 
•  “Relative Biological 
Effectiveness” (RBE) factor 
allows comparison between the 
killing power of radiation of type 
R to that of X-rays.  

•  A single (RBE) value is currently 
applied to all proton patient 
treatment plans, RBE=1.1 

•  We were able to show that 
RBE’s at the far side of the 
treatment volume can be 
significantly higher

X-Ray  proton        RBE

Effect of RBE-weighted 
treatment planning on 
brain tumor dose 
distributions



Proton Beam Characterization and Dosimetry
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GEM Detector: 
• UVA & INFN production 
GEM Electronics:  
• INFN (Italy) production 
• UVA testing and QA

Gas Electron Multiplier 
Detectors for Jefferson Lab Hall 
A Super Bigbite Spectrometer

70 micron 
resolution 

7 mm 
resolution

Potentially 
excellent tool 
for (new) pencil 
beam scanning 
delivery



Careers

1. Nuclear physics provides you training 
with many tools! To name a few… 
• Detectors and instrumentation 
• Complex problem solving 
• Advanced computing  
• Data analytics 
• Data acquisition and electronics 
• Simulation 

2. ALL are used for BOTH fundamental 
research AND [medical] technology 
development 
• Academia (fundamental or 

applied research and/or teaching) 
• Industry 
• Clinical medical physicists, 

dosimetrists 
• More!... [data science, software 

product development, defense 
analytics,…]
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Outline

• Technology development  
- Medical applications 

• Advice for careers in nuclear 
physics 
- My personal experience 

• Advice for careers in applied 
nuclear physics



But first, a poll….

• How many of you… 
– Are physics students? 
– Graduate students? 
– Undergraduate students? 
– Postdocs? 
– Other? 

• Are you interested in… 
– Industry? 
– Academia (including government labs)? 
– Either/both? 
– Not sure?



Careers

With great tools come great opportunities… 

Overall employment of all physicists is projected to grow 14 percent to 
2026, faster than the average for all occupations. 

When General Electric acquired the machine learning startup Wise.io, 
CEO Jeff Immelt boasted that he ”had just grabbed a company packed 
with physicists.”  

"We didn't go into the physics kindergarten and steal a basket of 
children," says Stripe president and co-founder John Collison. "It just 
happened."  



• What does physics career 
path look like? 
• Physics Major 
• Continue to graduate 

school 
• Continue to a 

postdoctoral appointment 
(or 2) 

• Get a “permanent” job 
• Academic (university or 

lab) 
• Industry 

• Build your career 

Two slides on my personal experience…

Yes, 
but…..



• What does MY career path look 
like? 
• Physics Major    Liberal Arts 

Major 
• Race cars and teach 
• Continue to graduate school 
• Continue to a postdoctoral 

appointment (or 2) 
• Academic (university and 

lab career) 
• Build your career 
• Add a new field, start some 

new businesses

Two slides on my personal experience…



Current Job Titles 
i. Hall A and C Group Leader, 

Thomas Jefferson National 
Accelerator Facility 

ii. Senior Executive Director, 
Hampton University Proton 
Therapy Institute 

iii. Partner, K&N Physics 
Consulting, LLC 

iv. Chief Technology Officer, 
Providence Therapy, LLC 

v. Community Faculty, Eastern 
Virginia Medical School

My personal experience?…..................



• What does physics career 
path look like? 
• Physics Major 
• Continue to graduate 

school 
• Continue to a 

postdoctoral appointment 
(or 2) 

• Get a “permanent” job 
• Academic (university or 

lab) 
• Industry 

• Build your career 

Building your personal experience…

Yes, 
but…..



For a successful interview, let’s work backwards…

• You’re a laboratory Leader – who are you looking for? 
– Someone with a skill to round out your team 
– Someone with breadth and/or promise to develop needed 

future skills 
– Someone who can get along in the department 
– Someone who can initiate research and attract collaborators  
– Someone who will make your department famous

Slides from a talk I gave 

about a year+ ago about 

working at a laboratory



For a successful interview, let’s work backwards…

• You’re an industry Leader – who are you looking for? 
– Someone with a skill to round out your team 
– Someone with breadth and/or promise to develop needed 

future skills 
– Someone who can get along in the department 
– Someone who can streamline development, cut costs 

and attract customers  
– Someone who will make your department profitable

Industry is not very 

different! 



Someone who can get along in the department
• Communicate well  

– Work on listening and asking relevant questions as well as presenting your 
self and science (ball toss) 

• Be friendly, clear, professional, and collaborative 
– Don’t only talk about you, see above 
– Do a good job when you do talk about you (think about the strengths that 

you want to present), and don’t hesitate to self-promote a bit 
– Don’t assume they know about you 

• Laboratory: Develop a skill that is of great use that not many others can do as 
well as you, preferably cutting edge – and critically tied to ongoing hardware 
needs (alert! experimental bias! ☺ ) 

• Develop skills that are of general use – and offer them 
– In addition to my focus on x and y, I think that I can contribute to this 

department also by… 
• For experimentalists, significant hardware experience is always a major plus 

– “Someone with a skill to round out your team.” 
– There are also skill-specific groups and divisions, provides more 

opportunity (think JLab target, DAQ, detector,…. groups)



Someone who will make your department famous

• Intangible, but try to be: 
– Original (read a lot of papers, get to know topics well, ask questions 

individually and in person, discuss with experts,…)  
• Don’t leave it up to someone else to guide you entirely or for the 

community to notice you 
• Be driven by the science – this is the fun part! 

– A Leader 
• Write papers 
• Take on high level responsibilities 
• Volunteer for tasks, committees,.. 

– Dedicated 
• Likely long hours 
• Work beyond what you are asked and take on what makes 

scientific sense, not the minimum required 
• Help others, but you will need to budget your time 

• Physics fashion can be a pro and a con



Someone who can initiate research and attract collaborators

• Leadership of a project 
– Spokesperson of an experiment 
– Heading a major construction effort 
– Patents  

• Longevity 
– Don’t want to be a one hit wonder – think a bit longer term 

• Breadth 
– Other applications or areas of interest? 

• Bottom line for laboratory: 
– Something to expand or round out scientific expertise/reach of 

group, attract or support users 
– Technical and intellectual leadership/responsibility



So, how do you get there?
• Get to know the field, and the people in it 

– What is interesting to the community?  
• Seminars 
• Papers 
• Conferences 

• What is interesting to you?  
• What new facilities are being built? 

– New technology coming available? (theory too) 
• Where do the above match, and where are there opportunities that you 

can champion moving forward? 
• Seek a postdoc that fits the answer to this, talk to the people working in 

this area way in advance 
– Maybe even contribute to their efforts before hired to do so (as 

possible) 
• Be proactive  

–  Don’t just wait to see what’s around and join 
- Don’t assume your famous advisor or institution will see you through



So, how do you get there?
• Work hard and do very well in all that is assigned to you 

– Communicate with your supervisor and group, be a helpful member 
• Try to effectively go above and beyond, but be careful of your time not to 

spread too thin 
• Find something to lead – try and be original with this, but OK to ask for 

guidance and ideas 
• Go to conferences, meetings, seminars – talk, ask 
• Talk (even via e-mail) to experts in an area you are trying to break into, 

are interested in 
– [personal example, CTEQ] 

• It has to be genuine.  
– If you’re not really interested and not thinking deeply it will show. 
– You’re choosing to do this for your career – should be of great 

interest to you (and fun) to spend this level of time and effort



Network
• You are always on an interview. You never know! 
• [personal stories as example] 

– HUGS Summer School 
– Thesis 

• Human nature to be comfortable with the known 
• Join, volunteer, attend, talk, ask – be active, get to 

know and be known. 



Back to you (the Chair) …
• Any position is a serious financial commitment on the part of an institution 
• Before you posted it, something strong motivated it 

– Try to find out what that is and perhaps speak to it. Could be… 
• Specialty area group (think JLab target/DAQ/detector/etc.) 

wanting to either round out their expertise or perhaps expand their 
“services”  
– what are they doing now? (know this!) 

• General nuclear physics group (think JLab Physics staff) wanting 
to perhaps strengthen an area of expertise or expand their 
general capabilities nurturing someone new  
– what are they doing now? (know this!) 

• May have had to overcome opposition to open or keep position 
– Want candidate that will justify you going to battle for the 

position.. i.e. they want you to shine – help them with this!



They went through a lot to post the position…

• Don’t put too many requirements on the department from the start 
– Two body issues  
– Startup requirements 
– Distance experiments,… 

• Get them interested in you and your science first, give them 
something to rally around, support and pitch to their department, 
Division, and up 
– If they are enthusiastic they will help with your concerns, but 

they need to be enthusiastic first



Your talk 
• What makes a good Seminar? 

– Cool physics 
– Right level! The audience will know a lot, but will also want to see 

that you know a lot – but don’t be too simple, very tricky! 
– Organization and flow 
– Clarity (don’t use yellow, no clutter – same goes for your words!) 
– Wow factor – nice graphics, movie, pictures, humor, props,…  
– But, it is physics…serious business, not too much wow and all wow 

should be on topic ☺ 
– Basics – dress well, speak loudly, look at people, move about, pay 

attention to your audience 
– If you can bring in something the institution did and link it without too 

much of a stretch that’s great  
– Definitely bring in something that you did and make your contribution 

clear 
• Practice and accept criticism from experts, but work with more than one 

expert (do physicists ever agree?! ☺ )
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Jefferson Lab Hall C

Proton 
Therapy 
Gantry 
Under 
Construction

….and don’t run over time!


