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Main part of budget:
• accelerator R&D related to 

future collider programs, 
linear colliders (CLIC)

• Support CERN PhD 
students in accelerators

Activities 2020-2026
• Main part of the (small) budget: core CERN collider activites
• Some parts of budget, related accelerated activites, used to “seeding” other activities, “feeding” back to main activity

Example 
(2017):

accelerator in-
kind project for 

ESS

Example:
NFR grants 

related to novel 
accelerator 

technology for 
colliders

Example: 
investigating  

improved particle 
therapy, 

dosimetry

Collaborations with SLAC, DESY
and CERN

Collaborations with ESS

Collaboration with CERN
Potential collaborations with OUS

Mainly collaborations with CERN

Recent examples of “other accelerator funding”:
• 2023 YRT on Particle Therapy pending
• 2023 ERC StG –funded

New ERC-grant 
on plasma 

accelerators
(Carl Lindstrøm, 

next pres.)



Collaboration with CERN, Oxford and DESY

Development of novel active plasmas 
lenses for strong beam focusing and 
future colliders. Two paper published, 
first post-covid experimental run Aug. 
2023.

Highlights from NORCC core funding Development of advanced beam focusing for 
proton therapy (application of CERN-technology)

We study how our expertise in advanced beam optics, for example needed 
for future particle colliders, can be applied to improve proton therapy.

New master student, Elisabeth R. Lindstad.

K. N. Sjobak, NFR YRT Application, 
“Hyperfocus”: Particle accelerator final 
focus systems for improving precision of 
dose delivery for medical applications 
and irradiation test stands



Highlights from NORCC core funding

Kyrre N. Sjobak et al, arXiv:2307.06681 (2023)

Conclusion of a long story started by 
postdoc Reidar Lillestøl, in 2014 !

ANA.

SIM.

MES.
Related to our core 
X-band High-Gradient research

https://arxiv.org/abs/2307.06681


Applications of X-band technology: Topic for tomorrow,“Future Accelerator activities”



Benchmarking against well established

and dose-rate independent dosimetry methods

… which are “passive”, i.e. manual, time consuming and repetitive.

Cut and engrave 
radiochromic films Scan (one by one)

Calibrate

Irradiate

Process to determine dose distribution 
and correlate with beam parameters

Process to find relationship between 
dose and darkening for given batch

Vilde F. Rieker, CERN-UiO PhD
VHEE/FLASH Real Time Dosimetry Monitoring



Experimental Setup

BCT

Vilde F. Rieker, CERN-UiO PhD



10 nC CONV

Beam Size Evaluation in CLEAR

10 nC FLASH

Vilde F. Rieker, CERN-UiO PhD

V.F. Rieker et al., IPAC’23

https://www.ipac23.org/preproc/pdf/THPM060.pdf


Electron Field Emission and Plasmonics 
role in Vacuum breakdown

The Compact Linear Accelerator 
(CLIC) is a proposed accelerator 
intended to collide electrons and 
positrons up towards 3TeV energy. 

This required high electric fields. 
However, when materials are 
exposed to this high field, they can 
experience breakdowns. 

During a breakdown, the beam is lost 
and surface damage can be found, 
see Figure 1b. 

The reason behind this 
mechanism is unknown!

Breakdown studies in accelerator 
structures using RF waves, is severly 
difficult!
To easier test this, a DC setup was built, 
see Figure 2a.

A Marx generator applies short pulses of 
high voltage to the system.
An oscillosocpe can monitor the signal 
given to the system and its response.

The Large Electrode System (LES) is the 
heart of the system Figures 2a and 2b.
Inside, are two electrdoes (anode and 
cathode), having a very small gap 
between them (20-100um) using 
spacers.

Introduction

Figure 1: a) CLIC prototype. b) SEM image 
of breakdown damage.

Experimental Setup

Figure 2: a) Experimental setup with the 
differnt components attached to it. b)Inside 
view of the LES. Two electrodes have a small 
gap, enabling a high electric field.

a)

b)

a)

b)

Victoria M. Bjelland (M. Kildemo), NTNU/CERN PhD, RF break down

(M. Kildemo)



Conditioning is a method where a material is exposed to an 
increasingly stronger electric field while maintaining a low
enough breakdown rate, see Figure 1 a).

Many metals and alloys have undergone testing to establish
their electric field limit, see Figure 1 b). 

Other tests can be undergone while applying the high electric
field like:
• Electric field emission
• Light emission (due to current)
• Light emission due to breakdowns
• Localization of field emitters (under development)

We also test more «exotic type» of 
materials, such as additively manufactured
electrodes and frustum shaped electrodes, 
for different applications. 

Results and Project Aspects

Current Results Future Aspects
• How to link plasmonics into the LES 

system.
• Looking for field emitters
• In co-operation with the 

photoemissiong group

Current Publications

Presented at IPAC 2023 by Andris Ratkus
Figure 1: a) Conditioning example. b) Maximum 
(green) and final (pink) electric field of materials 
tested at CERN. c) Light emission spectrum from 
CuBe when applying different voltages.

Victoria M. Bjelland

Link

https://opg.optica.org/ome/fulltext.cfm?uri=ome-13-5-1440&id=530132


Plasma acceleration (FRIPRO project)

G. J: Cao et al, arXiv:2309.10495

B. Foster, R. D’Arcy and C. A. Lindstrøm, New J. Phys. 25, 093037 (2023)

New 2023:
• Postdoc, Ben Chen
• PhD Ole Gunnar Finnerud
• Master Daniel Kalvik

https://arxiv.org/abs/2309.10495
https://iopscience.iop.org/article/10.1088/1367-2630/acf395


The ESS project:
Has utilized a broad spectrum of 
Oslo resources.  Increasinged our 
competence for future participation 
in accelerator projects.

Finalization of the ESS Oslo in-kind contribution:
• At start 2024:  contract terminates, and funding ends
• all deliveries will be formally completed, all hardware sent to ESS, documented, final in-kind report 
• systems will not be installed in final location, beam comissioning will happen under ESS responsibility
• Oslo will likely get small assistance contract for commissioning



• Accelerator R&D related to 
future collider programs
• Support CERN PhD 
students in accelerators

Activities 2027- discussion tomorrow

Plasma collider 
development?

Contribute to 
next CERN 
approved 

project (FCC, 
CLIC, MC) ?

Contribute to 
other 

European 
construction 
projects (like 

ESS) ?

Develop case 
for and fund a 

compact 
National 

accelerator?

Intensify
particle therapy 

research?



NORC Activity 3 Budget

Payroll and direct expenses: covers < 75% of a researcher at UiO. 

Other operating expenses: should cover necessary CERN experiments, computers, 
conferences/workshops.  Currently < 100 kNOK/year, insufficient 

Model only possible as long as we have signifiant other external funding.

Next NORCC period:

Due to success of attracting funding, would be resonable to increase core activity 
to minimum one 100% researcher + sufficient operation

- or more, depending on the strategic plans for the centre



END





Project Highlights: AM Electrodes and Frustum Electrodes

Additively Manufactured Electrodes Frustum Electrodes
Additive manufacturing opens many possible doors 
regarding more complex cavity designs. 

However, it is unknown how well these structures will 
perform under the presence of a high
electric field. 

Therefore, an AM cathode and anode was
prepared to be tested at CERNs DC lab, see
Figure 1 a).

Initial testing shows 
promising results
regardings its ability to 
withstand breakdowns, 
reaching limits close to 
those experienced by 
mirror polished surfaces.

Test 1 is with a gap of 275𝜇𝑚 and 
test 2 is with a gap of 115𝜇𝑚, as
shown in Figure 1 b).

These results have been presented on
IPAC 2023 by Andris Ratkus.

It is not well enough understood the connection between applying high electric fields and 
conditioning.

Therefore, an electrode having a higher electric field in the middle with
linearly decreasing field torwards the edge of the electrode was
designed, see Figure 2 a).

The electrode can be divided into 5 areas, as shown in Figure 2b). An average electric field on
each area and the corresponding breakdowns/𝑐m2 can be extracted, see Figure 2b). 

In area 1, the final electric field is 80MV/m. In area 2, the final electric field is 78.3MV/m. 
However, the breakdowns/𝑐m2 is much lower at the end of conditioning. This trend follows in 
area 3, 4 and 5.

Figure 1: a) AM electrodes, where the anode’s surface has been
polished, but the cathode surface is as manufactured. b) 
Conditioning test having 275𝜇𝑚 (test 1) and 115𝜇𝑚 (test 2) gaps. Figure 2: a) Regular cathode and frustrum cathode. b) Breakdown distribution on the electrode and how it is divided into 5 regions. c) 

Average electrcif field and calculated breakdowns /cm2 in each region.

a)

b) a)

b)

c)


