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M A G N E T   
S T R E N G T H

What is achievable with (HT) superconductors?
Will we have to play off field strength and field quality?

GAToroid, CERN KT



A C C E L E R AT I N G  
G R A D I E N T

High gradient, compact structures 
(High frequency)

What is the ultimate limit in accelerating gradient
with NC, SC and novel techniques?

Laser driven sources

‘TULIP’ turning proton therapy LINAC



A U TO M AT I O N

http://accelconf.web.cern.ch/AccelConf/ipac2018/papers/thygbe1.pdf

Can AI be used to control extremely complex systems? 
Will we always need operators?



R E L I A B I L I T Y

Bargallo. FMEA for ESS Neutron Source.

C O M P L E X I T Y



R A D I O T H E R A P Y  L I N A C S  W O R L D W I D E
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Slides: Manjit Dosanjh, CERN

https://home.cern/about/updates/2017/11/combatting-cancer-challenging-environments
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Can we made a medical LINAC that is: cheaper, more 
robust, easier to maintain, modular, reliable while 

providing state-of-the-art treatment?

Uganda’s only (broken) radiotherapy unit in 2018
�13
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STFC & Global Challenges 
Research Fund

1. Study of Accelerator Technology Options - P. 
McIntosh, DL/STFC


2. Robust permanent magnet beam delivery 
systems - S. Sheehy, Oxford/JAI 

3. RF Power Systems and Optimized RF Structures 
for Electron Beam Acceleration - I. Konoplev, 
Oxford/JAI


4. Linear Accelerator Simulations for Stable and 
Sustainable Operation of Developing Country 
Radiotherapy Linear Accelerators - S. Boogert, 
RHUL/JAI


5. Cloud-based Electronic Infrastructure in Support 
of Linac-based Radiotherapy in Challenging 
Environments, A. Aggarwal, KCL/Guys

Student (L. Wroe, MPhys) independently 
awarded funding by Laidlaw Scholarship to 
study failure modes of medical LINACs (will 
visit Africa during summer).

A modern radiotherapy unit… �15

+ 2 x STFC ‘Opportunities’ GCRF grants



BENDING MAGNETS
• Bring the beam around to the pat ient

• Di fferent companies at  present use di fferent 
focusing systems

• Keeping the whole system compact can be 
achieved by th inking careful ly about th is 
part

FOCUSING MAGNETS
• Keeps the beam control led through 

the main l inac body

• In main l inac sect ion there are also 

a number of  steer ing magnets

• Should be kept fa i r ly  s imple in terms 

of  beam dynamics



W H AT  C A N  W E  D O ?What	can	a	physics	student	do?

Compared	the	failure	modes	of	LINACs	
between	high-income	countries	(HICs)	and	
low- and	middle-income	countries	(LMICs)!

Me…?

But no-one had any data to show this….What	did	I	conclude:	part	3

• A	variety	of	great	food

• A	variety	of	good	beer

• Great	people!	

Laurence Wroe 
Funded by Laidlaw Scholarship



Abuja, Nigeria

IN PREPARATION





Vacuum subsystem



Air/Cooling/Generator subsystem



RF power subsystem



STFC Expertise 
Science & technology 

accelerators, detectors, imaging, computing, 
grid/data, engineering, power

International 
Organisations & NGOs 

ICEC 
IAEA 
WHO

UK Partners 
clinical, oncology,  
medical physics, LINAC engineers, 
radiologists & technicians

LMIC and ODA Partners 
clinical, oncology, 

medical physics, LINAC engineers,  
radiologists & technicians

GRACENet: 
Global Radiotherapy 

Access in Challenging 
Environments Network

Funding outcome expected 
January 2019. 
Hope to launch network soon 
after!



LIVINGSTON PLOT

https://www.symmetrymagazine.org/article/october-2009/deconstruction-livingston-plot
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