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PREFACE

Welcome to the Monwegian Centre for CERN-retated Research (MonCC)

During 2022 MorCC has started to flourish. We are very pleased to be able 1o show
you with this report a glimpse of our many research achievements. in 2022 as well
as our existing and new activities, such as a summer event at CERN for the students,

2022 was a very Important year for MorCC as the Large Hadron Collider and Jts
experiments successfully restarted for Run 5 after the second long shutdown period
(L52). This pionesring run produced an unprecedented number of proton-proton
collisions at a world-record energy of 13.6 TeV. The events were detected by the
completely revamped ATLAS and ALICE detectors, thus providing new indispensable
data to physics researchers. This new data will be pivotal in the search for even rfarer
processes and even heavier unknown particles. We also see important developments
for the accelerator RE&D, ISOLDE and AEGIS experiments as well as important
developments for our many technology activities, Our LHC upgrades have received
additional funding [2023-2027) which will be essential to complete the future
campating and detector upgrades for ATLAS and ALICE.

2027 year has seen the end of the Cavid-19 measures but unfortunately the start of
War im Ukraine. Qur thoughts go to colleagues, family and friends and all affected by
the war, Luckily we have thanks to the effort of our members and institutes been
able to help a few. For collaboration at CERM we see a significant effect both for
wark on hardware, computing and analysis, but most Importantly affecting the Llives
of our friends and colleagues. Currently ATLAS and ALICE work is not published but
uploaded to Arxive [hitpsyfarziv.ong)

Many thanks for the enormous effort of our researchers and students during 2032,
For us in Morway, NorCC presents a great opportunity, an opportunity to advance our
research across institutions in Morway together with CERM, thanks to  the solid
support we have locally at our institutions, at CERMN. and from the Morwegian
Research Council. Many thanks to everyone in our collaboration for your important
work during 2022,
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“Measure what can be measured, and make
measurable what cannol be measured.”

- Galileo Galilei

"Many thanks to everyone in our
collaboration for your important work
during 2022!"

Fotagraf: Melanie Burford for Trond Mahn Stiftelse




We want to research and
discover new knowledge about
the fundamental particles and
the laws of the Universe

Mol wants to discover the nature of
ther Liniverss by answering fundamental
rgsearch guestions such as: what are
tha building Blocks of nature and how
da they interact, haw did the birth and
evalution of the wniverse happen and
haw heavy elements in the Universe
are grgated, Many mysterses remaing to
be discovered to wnderstand  better
haw nature works, such as the arigin of
Dark Matter, the matter-anti-matter
asymmaetry  and  how  the  umiverse
evalved shortly after the Big Bang, To
study  natwre mone profoundly
Horyegian scientists and students will
perform thearetical, experimental and
technolagical reseanch at CERN,
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MorCC aims to fully exploit the scientific potential of CERN related research and to do frontier
reseanch in particle and nuclear physics and technelogy, The care funding réceived fram RCM is
earmtarked 1o the pamicipation in lang term expeniments at CERN for Norwegian Scientists and
thus securing the best possible experimental expleitation aof the Morwegian CERN membership,
For LHC and HL-LHC, Morway panicipates in the experiments ATLAS and ALICE. In addition,
MorCC aims 1o prepare for & past-LHC high energy acceleratar project throwgh design studies,
research (CLIC, Awake) and construction. The centre alsa focuses on explaiting the Low energy
research program at CERM throwgh the I1SOLDE experiment and will pursue novel avenues lor
research through small-scale experiments at CERN and technology research, Last but not least,
central to vhe MorCC is the training of a new generation of scientists and engineers, engaging
industry in Morway for deliveries and collabosation, and facilitating technology twanster,
Additional funding thraugh, Beyand the care funding, enswe in-depth reseanch for e,g. 1I50LDE,
accelerators, ATLAS, High Luminasity-LHC (HL-LHC) upgrades and technology research,

Technlcal student
9.3%

Professar

Master student
18.1%
Researcher
B6.45%
Postdoc
4.9% Other staff
14, 7%

PhiD
26.5%

OUR
ORGANIZATION

MorCe is ted by LB and U0 and hosted by the Department of
Physics at Ui It is an umbrella for CERMN-related reseanch in
Morway amnd welcomes scientists from all Insthutions in
Morway who would Like to participate. The centre has a
Gowerning Board, & Steering Commitiee, seven activities and
currently two nefworks, The Governing Board cobadinates the
Morwegian activities assoclated with research and scientific
activities at CERM on the authodity of the Research Cauncil
Morway (RCK) and the faculties of mathematics and sclence
at the University of Bergen and the Uniwersity of Oslo.




Five of our activities are research activities in the fields of particle phywsics,
nuclear physics, accelerator physics, low energy physics and technology. In
addition, we have an activity dedicated to education, dissemination and
exploitation and one for management, MorlC wishes to enhance collaboratipn
across activities by creating netwaorks representing current foous aneas. Today,
we have two such networks, Detector and efectronics RE&D, and RED in
computing, maching learning and AL MorCC also includes the RCMN
infrastructures NorLHC and MorlHC-Il which funds the upgrades of the LHC
experiments towards the High-Luminasity LHC,

LigH LA

LB
L4

The steering committee handles the owerall coordination of the activitbes and
mebworks, TS repans and strategbes. All members of the steering committes have
autstanding, long-term experence with leadership and research management, as
wiell as a long track-recard fod attracting funding and promoting careers of
youing researchers. by additian, the centre will have a scientific advicory panel
{SAP) consisting of five International experis in the flelds of experimental
particle physics, experimental nuclear physics, accelerator physics, and two
theorists, one of them covering the field of astroparticle physies.

The heart of the centre is gur yearly workshop, The 3012 workshop was held in
person i Oslo for the first time after Covid-1% and featured the inawguration of
MarlC as well as a celebration of L0 years since the discevery of the Higgs
boson. The toplc of the 2021 workshop was presentations and discussions on
future goals and opportunities. \We aim for the organisation to be as clear and
open as possible ensuring the best possible communication within NorCC at all
levels,




Aurora 5i Grefsrud
PhD student (HVL)

‘Chatty, whimsical, animal-loving,
artsy, sclence nerd :D°

What is your background?
Applied physics master from NTHU In computational
astraphysics.

Where would we usually find you?
In the PhD computer sclence office at HVL or hiking with
vy dog ;)

How has the year of 2032 been?

ft has been nice (and slightly owenshelming) to meet
fellow physicists/computer scientists im persan finally. |
have been reminded that international collabaration i an
impoatant part of why | am daing this!

What are you looking fonsard te in 20237
Tao get my first paper published, hopefully..,

What do you plan to do after this perlod of your Life?
I can not plan that far inta the future! Let's get that paper
published first,

Choose one song to play every time you walked into a
raom, what song would you choade and wiy?

boun William's “Theme Fram Jurassic Park’, It 15 the parfect
mix of subtle and dramatic to announce my amival,

Which fictional character do you identify with the mast
and why?

Ash Ketchaem in the Pokémon series! He sets very
ambitious goals for himself with no clear plan for how to
reach them, has strong opinéons that are often wrong and
Learns by throwing himself at a problem and making
rmistakes. He also has a particudarly stubborn animal
sidekick, just ke ma 1D

‘What wold people be surprised to know about you?

I did nat take physics in high schoel and | actusally never
studied particle physics in university. The somewhat
arbitrary choices you make during your education do nat
necessarily Limit your future a5 much as many are led o
beligyvel

‘What is your eurrent research praject?

I am Looking at different ways of implementing maching
learning methods to high energy physics problems
Specifically, | want to use deep leaming to further our
sgarch for dark matter.

W'y did you choose this field?

Because dark matter Is so interesting! | also wanted to da
a lot of programming and a little physics, which is exactly
what | am daing right ndw,

Wy da you think this reseanch |s important?
I think increasing ow understanding of fundamental

physics is essential for the progress of the evolution of
new technology,

‘What would you like the impact af your project to be?

| hape to research good ways of implementing machins
learning technigues so that they can be tested, reprodweced
and understeod in a way that they are currently not.

‘What do you $ee a4 the most important issue in your field
today?

The rise of generative Al will change the world, but | don't
think we are ready for it Studying the way these
algarithime wark will be crucial for the safe
implementation of Al into our everyday lives as well as in
physics,




Eric Daniel Fackelman
Master spudent (L0}

What is your background?

After my bathelor's in physics | worked as a laser enginger
amnd manager for 5 years then came to Oslo and am
studying accelerator physics at Uid. | am excited about
nuclear energy and haw ta improve the wodld and sogisty,

Where would we usually find you?

In the physics masters student office or in the forest
arpund Oslo, enjoying the peace of the woods, preferably
in my hammock when it is wanm encugh,

Hew has the year of 3022 been?

2022 was fantastic, | learned a Lot in my studies and got 1o
traviel to many wondérful places, incleding CERM, Bavaria,
my home in Mew Yok, and the Mayan ruins of Tikal in
Guatemaial

What are you looking forward to in 20237
Wrapping up my masters project and exploring Ewrope
FTeOiE,

What do you plan ta do after this period of your life?
Sefure a job at an engaging Lab or company, enjoying the
natwne mearky and traveling arcund the world with my
wife.

Choose ane song to play every time you walked into a
room, what song woulbd you chepse and why?

Test Drive by John Powell from How Toe Train Yaour Dragon
mavie. Because | want a dragon to fly with,

What i your curreént reseanch project?

My reseanch is on the European Spallation Source praton
beam as it approaches the target, how it cowld change
bazed on linac fallwres, how the window it passes through
after the acceleratod effects the current density, and hiow
the imaging system will interpret the beam shape,

Whiy did you choose this fleld?
Afver learning about accelerator driven spallation sources
and their applications, | was thrilled to contribute to ES5

Why do you think this research is importamt?

| think the patential to use spallation sources for sub-
critical ruecleas fission breeder reactors and as mutlear
wiaste burning facilities is vital to building a sustainable
eningy future. Having a robust fallure detection and
pratection system is critical to such facilities, especially
fram a regulatory perspective,

What would you lke the impact of your project to be?

| hope the ESS Beam Physics and Diagnostics groups can
use the toals I've developed to estimate the beam profile
an target for the final beam parameters. | hope the
algarithm fior profile interpretation contributes to the cne
used for the Machine Protection Systesn and that it is
never wied {no failwes?),

What do you see as the most imiportant issue in your fleld
today?

| sense that the public has vague and often inaccurate
conceptions about high energy physics and its
applications, | would like to contribute to quality sclence
autreach and education with the goal of more facilites
around the world which can be used far improwing society,




HISTORY

CERN

On the border betwesn Switzerland and France,
near the airpart in Geneva, lies the Intesnatianal
research onganization CERN (European Councl for
Muclear Researchl. The CERM laboeatory was
founded fn 1954 and has now 27 member
countries from Europe, in addition o several
associated member countries and partnerships.
Phisicists and engineers at CERN wse the world’s
Largest and most comples scientific instruments o
push the boundaries of human knowledge and
study the fundamental building blocks of our
universe - fundamental particles,

One of these instruments is the Large Hadron
Callider (LHC), a particle acceleratos, which was
completed and used for scientific experiments in
2008, The accelerator i l(pcated 100 meters
underground in @  27-kilometer-lang  clrcular
tunnel of superconducting magnets. Around this
tunned, subatomic particles are accelerated near
the speed of light before they are set on a
collision course with each other to gain insight
inta the basic laws of nature and how the particles
interact. The high encrgy collisions in the LHC are
studied in four large detectors; ATLAS, CMS, ALICE
andl LHCD,

Other parts of the acceferator complex at CERM
accelerate particles to be collided with fixed
talgets to study nuclear propertles or deceterated
to be studied in anti-matter experiments. CERM is
alio the place of numerows technical advances
such as the birth of the Workd Wide Web in the
19805, and the warld's first website was published
fram here o 1991,

Endtially, the main focus of the CERM centre was
research in muclear physics, but in recent times
ouf understanding of matier goes much degper
than just the atomic nucleus itsedl, amd the main
area has developed Into particie physics. Althowgh
the main area iz particle physics, there are still
Large efvifonments within nuclear physics and
nuclear chemistry,




Norway & CERN

Morway was ane of the 12 European countries that co-founded CERM in 1954,
Since then, Norwegian researchers, students, and staff have been active in the
international environment at CERN and taken advantage of the opportunities
that the wnigue facilities CERM has to offer. The organization currently has
ower 20 member cowntries, around 2,600 full-time employess, plus nearly
8,000 sciemtises and engineers from 500 universities and B0 nations.

Monsvegian researchers have played a vital role in developing accelerators for
particle physics. Odd Dahl was the driving force behind the Proton
Synchrotron construction (P3), CERM'S first store accelerstor, which began
opetations in 1959, The Intersecting Storage Rings (58] accelerator was the
first machine for hadron codlisions and was built in 1971 under Kjell Johnsen'’s
Leadarship, The ploneers Folf Widerae, Bjeon 'Wilk, and several other well-
knawn Monvegian accelerstor physicists have also made an exiracidinany
effart in the area and have helped push the research farward,

The Horweglan environment at CERM is imvotved in many different activities
and s currently engaged in the expermments ATLAS, ALICE, CM5, 150LDE and
AEGIS, The Morwegian envirgnment s also involved in other CERN activities
such as accelerator and technology research, as well as future R&D activities
in silicon microsystems and GRID data processing The Morweglan CERM
comemunity also primarily initisted the successful GRID development in
Morway.
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GRID COMPUTING

Frgem early onin the development af the LHL, it was clear that fully
exploating the scientific patential af its experiments would réquine a
new pafadigm for processing, Wansmilting, s1ofing and analysing
data, This led to years of intensive research and development Across
the hibgh energy physics computing community, and vltimately lad 1o
the creation of the Waorld-wide LHL Comguting Gnd (WLLGE). Today,
WLLG /5 a network of 170 data centres in universities and natbonal
laborataries in 42 countries around the world. It has S10rage capacity
in excess af an exabyte (1 million terabyies), and processes 2 million
COMpuUting tasks per day on average using a mellion compule oones, It
15 bound together with high-capacity network links that enable
combined traffic of up vo 5008 per second DeTween its Si0es.

i
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A well as the disk, CPU, tape and network infrastruciure, Layers of
software are required to archestrate data movement, job execution
user authentication and monitoring. WLOG serves the four LHC
experiments and smaller communities, and is used for bath centrally
organised data pracessing and sirmulation, and also for direct analysis
of the data by individual physicists. It s perhaps oné of the rmost
literal expressions of the international callabaration that typifies high
energy physics research



Norway's contribution to the WLCG

Morwegian physicists and comguter sCientists have
been closely invelved in the development of WLCG
simce the earliest days. A particularly importam
contribution has Included collabosating i the
develapment of the data management layes for the
ATLAS experiment. Mow known as Rucko, this
coftware |5 also belng rolled out for the CMS
experiment, and |5 taking shape 35 a general
purpose data management tool for “big science”
data. Morsay was alss  stiumental 0 the
development of the Advanced Resource Connector
{ARLC), a lightweight teol for plugging compating
resources inta the grid which is now the de faclo
stapdard ool acrass the world. O leads the
ATLAS(EHome volunteer computing project which
allows members of the public [o run Samulaliosns of
the ATLAS detector an their home PCs,

Other essential contributions involee developing
the ALICE Grad middleware JALERN and the ALICE (2
Analysis Framework, where Nonsegian groups ane
amang the come developers. In addition, a new
monitoring system has been set up based on the
free software Premotheus, 3 monitoring system and
time series database, including the development
and testing of data exporiers and visualization in
Grafana dashboards. This development joins the
effort of the HEIC Nordic T1 to replace the existing
monitoring solution, which Is no longer actively
developed.

Morway hosts hardware used by WLEG at IO and
LiB. At the end of 2021, 1.52 PB of disk space, 3.82
PE of tape archival and 1828 KHS06" of compute
poveer were made available to ATLAS wia WLECG For
ALICE, Morway s providing 31.5% KHS06 of
compute, 3 24 PE of disk and 4 PB of tape

"HEPSpecDd 15 @ benchmark meaene of the compeling powes,
wihich |y maasured for asth CPU - type by running 2 set of sl
delined high erergy physics skt o contiolled conditiond. Sinde
diferen] CPUS fin i wiry  calberend pEriormandi, (his

megsune o more meaningtul than a count of CPUs



LABORATORIES

Laboratory of Electronics (E-lab)
& Instrumentation (I-lab)

Lacation: Lniversity of Osla

The E-lab s key 19 the Morsegian delivernes 1o ATLAS
Upgrade, including develapianent, canstrection and testing
af ITkPix madules. I addition, we ane engaged in wire
bonding and testing of ITkSurip modules. This work akes
place in E-lab's cleanroom with autemated machines for
asembling detector modules, wire bonding and guality
cantrol, In the Lab areas outside the cleanroom, there ane
plasma cleaner and climate cabinets for madule esting,
which are used for  electrical testing of modules and
Loggistics nasks associated with them. In 2022, focus have
been on the development of ATLAS 3D silicon pixel
radules and their flexes as well as bonding strip modules
for ATLAS. Preparation for ATLAS pixel module prodyction
staming 202% is ongaimg,

The Instrument Laboravory (I-lab) is @ mechanical
workshop that serve primasily the faculty of mathematics
and natural sciences as a partner In developments and
prototyping of new instruments for experimental sciences.
I<lab supports the module activity with development,
production and alignment of mechanical jigs and “tooling”
for the constnection process,

No ian Micro- and
Manofabrication Facility (MorFab)

Location: USM

The MicraSystemTechnalogy Lab (M5T-Lab) is ane of the
laborataries which are part of the MorFab facility. The lab
is a flexible cleanrgom facility for MEMS processes on
silicon wafers and other substrates with emphasize on
bonding. packaging and  Micro-System-Technology.
Therefore the Laboratory also containg advanced topls for
testing, dicing. pick and plate, fine-pitch wine bonding and
different flip chip methods.




Fatigue, Fracture and
Mechanical Characterization Laboratory

Location: CERN

The Fatigue, Fracture and Mechanical Characterization
Laboratory includes multiaxial, uniaxial and rotating
bending machines with several environmental chambers
The Lab allows characterizing the fatigue and fracture
behaviour of different metallic materials spreading in a
broad ramge of strategic topics related to the structural
inteqgrity of conwentional and innovative materials, In the
pictures 5 the ongoing besting campaign on fRexibde
graphite {Sigraflex), This material is currently employed in
the LHC Target Dawmps External (TDE} dewvices to dump
the proton beam extratted cut of the main LHC trajectory
The goal is 9o find 8 suitable constitutive law to be
adopted in the overall dumper simulations perfarmed by
CERM colleagues, To wnderstand  the out-of-plane
behavigur of the material in the plastic domain, a static
uniaxial compression testing at macro-scale was carried
out in the Fatigue Lab. to abserve the fracture behavigur
in the in-plane direction, a static in-situ tensile testing
and post-mortem fractography was carried out in the
Mandgmiechanical lab




Microelectronics Laboratory

Lecation: University of Bergen

The Microelectronics Laboratory in at the Undversity of
Bergen is essential for the R&D for the Morwegian activity
im ALICE. During the last 20 years, the readout electronics
of several of the sub-detectors in ALICE hawve been
desigmed and tested in this facility.

Oslo Cyclotron Laboratory (OCL)

Location: Lniversity of Dslo

The Qile Cyclotron Laboratory (OCL) housés the only accéderatar in
Morsay Tod ignized atoms in Badic resparch. The Labaratary Serdes as an
experimental center far various fields of réteanch and applications. The
main field of research is within nuclesr physics and nuclear che mistry,

In addelition, Hotopes ang produced for nuclear medicine

Currently, the laboratory containg & full reference Setup
for the Inner Tracking System [ITS) readout chain, of
which the Fornward Calorimeter [Focal) pixel layers
develapment 5 based upon. The laboratory is equipped
with high-speed oscilloscopes, logic analyzers and ather
vital equipment for design, development and testing of
migdern electranics systems,

Scintillating materials have been in wse for
beam imaging at CERM for decades, but the
performance of scintillators with the amount
of radiation present at theEuropean Spallaticn
Source target needs to be assessed. The Osio
accelerator group is using the OCL as a part of
the testing of scintillator coatings for the ES5
target imaging systems [1], Sampdes of coated
aluminum are mounted on an in-air Faraday
cup for measuring the beam current. Images
and optical spectra are recorded, and
correlated with the Faraday cup readings. A
heating gun is also available for measuring
light vield and spectra as a function of
temperature. The coating process affects both
the amownt of doping and the crystal structure
of the coating, which are both linked to
performance. This is an example of how our
expertise with CERM-prajects may be applied
to other projects at the reseanch frontier.




Refrigeration Laboratory

Location: MTHLU

There are several systems belonging to the
natural refrigerant laboratory using CO2 as
refrigerant:

Super-Smart rack

The Flexible test rig is abie to replicate the next
generation of commercial and Industrial €02
systems (o validate and demonstrate performance
and efficlency for new concepts. There have been
several activitles in the past, such as test plvating
compressors  [Interchangeable  suction  amang
different pressure lewels, aiming to redwece the
total number of compressors, enhancing the
flexibility while maintaining system efficlency),
ejector for the World concept (Ejector part of the
cycle at all conditens, actively or passively,
alming to increase the rack flexibility and
removing one comgeession stage), and mubtl-
temperature  CO2  refrigeration  unit  {through
ejector use In a traditional medium-sized
refrigerated truck). Activity In the future will be to
implement an additional expansion work recoveny
device (ejector and expander).

Cold Thermal Emergy Storage (CTES)

& Movel CTES unit composed of 3 plates-in-tank
HEX design Immersed In water as the cold storage
meadium for industrial refrigeration applications.
Past activities Inclwde industrial refrigeration
using €02 as refrigerant and waterwater+AT-9HC
(commercial organic POM). Peak shaving In
refrigeration units for food peocessing plant
Future artivity will be ultra-low termperature
thermal energy storage wsing CO2 as PCM at
-50°C {charging storage with an ethane unit R-
17,

MultiTest-Rack

Experimental setup working with CO2 to validate
components and circwits at freezing (LT) chilling
(MT] and air conditioning (AC).

Absorption-compression heat pump

Which uses ammonia-water mixture as natural
working fluld.  Investigation on  practical and
efficient solutions to prowide a sustainable cold
chain for the food sector alming to decrease
carbon foatprint

Pfufei Tast-Rock




Other Laboratories

DETECTOR
LABORATORY

Location:
University of
Bergen

POWER
ELECTRONICS
LABORATORY

Location:
NTNU

SNAKE
ROBOTICS
LABORATORY

Location:
MNTML




Simen Hellesund
Postdoc (LiB)

'lam a 32 year old human male, with a
pleasant disposition and bad knees, working

at the University of Bergen as a postdoctoral
researcher with the ATLAS experiment’

What Is your background?
My backgraund s doing data analysis with the ATLAS
experiment.

What would people be surprised to know abouwt you?
I can play the saxophone,

Where would we usually find you?

In the forest, hkiking or foraging for edible mushroems. Or
in the clean room at the UIE department of physics,
performing electrical tests and metrology of 3D pixel
SENISOrS,

How has the year of 2022 besn?
2037 was a landmark year for me: | finally managed to
defend my PhD thesis, and | started my first pastdoc,

What are you looking foreard to in 20237

This year | look forward to continued good cooperation
and camaraderie with my new calleagues in Bergen, and |
hope to be able to contribute to the sclentific outpot of
ATLAS in some way,

What do you plan to do after this period of your life?
I dream, like mast young researchers, of a permanent
position.

Choose one song to play every time you walked into a
room, what song would you choose and why?

Tafl | pyjamas’ by delillos, but anly the bit where Lars
Lille S1enberg sings her kaommer dumme dumme dumme
dum’,

Which fletional character do you dentify with the mast
and why?

The Fresh Prince of Bell Akr, Because | am laid back and
charismatic, and hijinks seem to follow me, but mainly
bacause a Buzzfeed quiz | took just now told me.

What is your current research project?

My main foouws right now ks the testing compenents for the
inner tracker upgrade of the ATLAS detector planned for
the high-lwminosity LHC. | am also involved in & search far
CP-viglation in the wector bofon fusion Higgs production
channel.

Wiy did you choase this field?

When | started university | planned to study astronormy,
bust a trip to CERM during my undergraduate studies
ignited my passhon for high energy physics

Why do you think this research is important?

| am passionate about the inherent value of basic research
Like Carl Sagan =aid, we are a way for the unlverss ta
know itsell. Discovering the laws of nature should be one

of humanity's greatest goals,

What would you like the impact of your project to be?
| would love 1o see & particle consistent with dark matier
be discovered at the LHL,

What do you see as the most important issue in your fleld
today?
The standard model 15 1eo Good,




ACTIVITIES






PARTICLE
PIIYSICS

Particle physics studies the most fundamental constituents of matter, called elementary
particles, and the forces between them. This knowledge is not only necessary to
comprehend all the matter around us at the fundamental level but alsoto understand
how the Universe in its present form appeared. It is clear nowadays that this
understanding needs to go beyond the Standard Model of particle physics. On the
experimental level, tests of the predictions of the Standard Model and searches for
phenomena beyond the Standard Model are performed. The Norwegian contributions
within this field are mainly focused around the largest volume detector ever constructed
at a particle collider, the ATLAS detector. The LHC and the ATLAS experiment have so far
been hugely successful. The discovery of the Higgs particle and the painstaking search
for new physics in all possible detectable manifestations that can appear in the "corners”
of the present enormous statistics of the data are the highlights of our results. So far, the
LHC has provided the ATLAS experiment with less than 10% of the collision data it is
scheduled to produce during its lifetime. The extremely successful start of the Run 3 in
2022 is a good sign for the future operations. The ambitious remaining physics
programme may shed light on the nature of dark matter and the behavior of the
gravitational force at the microscopic scale.

Leader
Farid Ould-%aada (LWQ)

Deputy
Anna Lipniacka (LIB)







HIGHLIGHTS: UPGRADE

Loadar - Resparcher
Bjarne Stugu (LB} k Dle Myren Rahne (Ui0)

The research groups for experimental particle
physics in Oslo and Bergen have beon part of
the ATLAS experiment since it was proposed
in the early 1%%0's, and have contributed to
the construction of ATLAS through the
delivery of silicon tracker modules. Later,
RE&D projects in  the development of
radiation-hard pinel sensors have been
angoing by the groups, in close collaboration
with SINTEF Minalab. This leads naturally to
participation in the ATLAS upgrade program
through contributions to the ITk, the new
inner tracker of ATLAS that is planned to be
ready for data-taking at the startup of High-
Luminosity LHC (HL-LHC).

Marway i taking part in the constriection of
the new ATLAS inmer tracker, the ITk, where
thi ﬂ!.'li.\'t-r!.' af silicon pi:r:t-l pnrLerl  and
sensar modules is foreseen, SINTEF MiMalab
has completed the praduction of & preseries
af radigtion-hard "3 tensort {run &) with
excellent production yield. Tharaugh tests for
overall performance and radiation hafdness
&b GNGOing.

The remaining sensors are anticipated o be
used in the preproduction and production aof
triplet modules for the 1T in Osboe Osla has
produced the project's firet ‘linear triplet
raduls’ using clese 1o final companants (10-
senaars, electramics sl the thin  Pexed
whore the Components ang I'I'hCH.II‘II!_'d]. It i
Flso o be noted that Odlo it rrimﬁi.ihl{' e
dl':‘-".:-igrl and d(‘liwrﬁr af théde Mexes o the
different productson groups in the [Tk @ffen




Within the ITk plxel community there has been an
extensive module production and testing program using
prototype components. The Lab in Oslo is close to balng
qualified far module producticn throwgh this program.
Furthermane, both Oslo and Bergen have now qualified
setups for Initlal tests of these modules. The testing
programme also includes thorowgh testing and thermal
cycling of some modules. A system for this has been set
up in Bergen, but some work remains before it is fully
qualified and functional.

Bergen has been a wery adtive parner in the
development and testing of the ASICs developed for
pixel modules through membership in the RO53
collaboration. With the submission of the final readout
chig, this activity is going to be completed. Oslo is alsa
contributing to the prodwection of 1Tk strip sensoe
mgdules by using a modern autamaths wire bonder. This
constitutes a very large number of bonds, and Oslo has
demonsirated their ability to perform this work.

2023 will be a very busy year for the Morwegian [Tk
effort. The final work on our laboratory setups will be
performed, and  thorough  tests of  prodection
companents (sensors, ASICs, and flexes), as well as
production of the first modules will begin. Fortunately,
we have gotten a new project approved from HFR =
'‘MorLHE-I1'. This secures resources mecessary for the
aCtivities.

A ring riplet” modide being fedred in Bergen, & UVE



HIGHLIGHTS:
COMPUTING, SOFTWARE
& COMBINED PERFORMANCE

:I ; I lames Catmone {LICH

Computing

The ATLAS computing and softeare infrastrecture, as well
as the personnel, successiully made the transition to data-
taking again, successfully peocessing the mew  data
recorded by the deector as well as continuing to produce
simulated ewents and  amalysis datasets. In 2022,
computing eguipment hodted in Morway was used heavily
by the ATLAS central production tearm, and by individual
ATLAS physicists from around the world, The breakdown
between these activities was approximately 6%% 1o
central operations and 31% 1o individeal users,
Morweglan-hosted  resowrces  have  consequently
cantributed to the production of simulated esents far the
analysis of the run 2 and 3 datasets, to the production of
Fnalysis-ready datasers for teams of physicists, and have
also provided thase 18ams with he computing power and
storage far their analysis, The work done by these analysis
tearnd will ultimarely form part of the scientific output of
ATLAS in the form of publications in pesr-réviewsd
pournals.

The Adwvanced Besources Conmector [ARC) middleware,
partly developed in Morway and coordinated by Osla
persannel, continued o play a vital role across the grid,
allowinig ATLAS to profit frem a wvariaty af infrastruciure
rypes including wery large High Performance Computers
(HPCs),

Members of the centre have been heavily inwdlved in
development work towands HL-LHL, for which a detailed
work plan inCluding milestones and demonsiratons was
devised Last year, and which i1s now being executed The
caordination team for this propect Incledes a centre
repner.

Members of the centre have key roles in ARC including
overall coordination (Ouwld-Saada), release managemen
(Padersen, USIT) and development (Camenon), Camenon is
also co-coordinator of ATLAS distributed computing (ADC),
respansible for worldwide ATLAS computing operations
and future sirateqy.




Software & combined performance

Morwegian researchers continue to make leading
contributions to software development and to the
measurement of the pedformance of ATLAS particle
reconsiruction and identification (3 task referred to as
‘combined performance’)

& major milestone was passed in late 2022 with the
start of run 3 data-taking wsing the new multi-threaded
software, Several Norwegian personnel wene imeolved in
the preparation, validation and running of this software,
particularly with regards t0 muon- and tau-lepton
reconstruction. Software algorithms undensent a major
owerhaul in order to provide optimal pedformance for
future physics anmalyses. In the tau-lepton domain,
substantial  improvement in the reconstruction
efficiency was achieved after seweral years of intense
development. Mew algorithms  based on machine
learning wiere deployed to better calibrate taw-leptons
and distinguish them from other particles [1]. Besides,
these algorithms were made modular to allow for
further developments and improvements in the next
fiewr years

Seweral members of the centre worked to bring the rwun 3
analysis model, including the two new analysis data formats,
inta prodisction with the run 3 data and simuelated events. in
2025, with the run 3 software and analysis model being
largely complete, project members with an interest in
software and computing will begin to work towards run 4,
when further changes will be needed to ensure the software
can scale up to the demands of HL-LHC data and simulation
Topics that will be addressed include: investigating how to
make wse of GPUs in data processing and  analysis;
developing columnar analysis formats and tools to allow
cfficient interactive analysis in the style commonly adopted
by the data science community; developing ideas arownd
‘analysis facilities’; launching a major effost Gn unsupervised
deep leaming and anomaly detection. Work on muon and
tau-lepton reconstruction will continue, and several new
Morwegian contributors will stremgthen this effort. Project
members are also committed to  tau-lepton  trigger
developments for run 3, with deliverables expected in 2023

A cenng  member l':-.q'ltl'llﬂfl."l was necently -13|:|I:Ii"|'i'f.'l.'| a%
softwaire coordinator for ATLAS

[1] B. Mamin e Latens € al, Mrpoiiooosimahinboond 3327111
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HIGHLIGHTS: ANALYSIS

Leader
Benrand Martn e Latoer

The ambitious physics programme of the ATLAS collaboration continees to shed light on the fundamental laws of nature.
Besides precision measurements of the Standard Model, ATLAS physicists keep searching for physics beyond the Standard
Model. Among ouwr goals are understanding the nature of dark matter, the behavior of the gravitational force at the
micred<opic scale, and discovering new Symmetries of nature,

MarLC membars are contnbuting to a broad set of physics analyses, These are primarily based on Run 2 data reconded by
the ATLAS experiment from 2015 to 2018, After Run 2, the LHC accelerator and detectors went through 3 years of
maintenance and upgrades, Kun 3 started in 2028 with proton-proton collisians at a record center-of-mass epergy of 1356
TeY. The ameunt of data collected by the end of 2025 is expected to surpass the Run I dataset.

Mew heavy bosons

MorlC members are involved in an Dﬂgl:lil'lg search for dilepion resonances produced in association with MISSING Eransyerse
EMETQY O |8ts These searches are motivated try & lange set of thegries prediciing the existence af new heavy gauge bosons.
Yoo have [aken leading roles in the analysis of final states with two leptans and MiSsing transverse enengy, covenng all

aspects of the analysis.

& CERN




Higgs boson

Previgusly, Morll members from Uil and U0 hawve worked on the
discavery of the Higgs bosan, precise measurements of its couplings ta
warigus particles, and searches for Higgs boson production in assediation
with dark matter, In 2022, we contributed o the precise measureément of
the Higgs boson mass in the diphoton channel and specifically the
radelling of the large background under the relatively tiny and narrow
signal peak. & more precise value of the Higgs boson mass sharpens the
predictions of all the other properties of the Higgs boson and contribures.
ta the determination of wihether owr universe 15 stable or metastable,
Final results of the painstaking analysss of the full Bun 2 datasetr ane
eupecied o be puldished in 20023,

During 20221, we joined the effart to search for the rare but important
process af two-Higgs boson production, which is one of the key goals of
the HL-LHLC physscs programeme. Dur first objective s 1o stody and
improve the discowery poential duning the HL-LHC ery in the final stape
where one Higgs boson decays to bwo phatons and the ather 1o a pair of
tau leplons of Dosons, whene one of more [eprans are observed in the
detector. This is not the most sensitive decay channel, howeves, all
channels must be searched Tor in arder to maximize the overall discovery
potential. This focus allows ws 1o make qood use of our expemise.

We also started working on the measurement of the Charge-Pasity
quantum members af the Higgs boson, in events where two electioweak
bosons fuse and produce & Higgs bason Machine leaming will be
employed 1o enhance the sensitivity of the analysis.

Analysis methods

MorCl members have Invented a new way [0 caloulate the
trials factor [1], which ks impontant to take into account in the
calculation of statistical significance In searches for new
pafticles that cover a wide mass range. The method models
the significance field resulting from a scan of the mass {or e.q.
mass and resanance width} as a Gausslan Process and resulls
in improved accuracy and precision at low to modedate
significances {withaut imcreasing CPU consumption), which in
turn imgraves the statistical precision of highly significant
observations, ie. discoverles, that are made with existing
methodology that extrapolates from Low 1o high significance.

L} V. Araniey, AL Read, Camaian Process-baved caloelation of look-
Elapwhes rialy facner, a3 0512308 [Sebmivned 1o Eur, Pivws, L O




Supersymmetry

Uil and LB groups are playing key roles in a broad and
complementary set  of  analyses  searching  for
supersymmetric (SUSY) particles in ATLAS data We are
searching  for  chargings, neutralines  and  sleptons
produced via electroweak interactions, as well as squarks
and gluingd produced via strong interactions. The fenal
states of inferest contain electrons, muons, tau eptons,
jets arud missing transwerse energy.

Two papers |34], ready for publication, ane tangetting a
search far Supersymmetry through the direct production of
chargings, neutralings or sleptoni dedxying into final
states with twa leptons, 2éra, one of mare than bao jets,
and  mikding traniverie  energy. We wodked on a
particularly challenging and novel decay channel wherne
the two initislly produced charginod decay Wia twa W
bosens 1o leptons and neufrings. For this channel, an
analysis viing Boosted Dedition Trees (BDTs) has been
perfarmed in order to enhance the sensitivity. Mane of the
searched  show significant evidence for new  physics
beyond the Standard Model

Wi have béen invelved in combining the relults of the
LHC Run-2 Searched fof Superiymmeétry through thae
production of electroweeak gaugings and sleplons by
perfarming a statigtical combination of the results of each
of the individual analyses, The paper will be published in
2023 and presents the best and moast complete ovenvicw
af the limits on electroweak production of Supersymmetry
from ATLAS, covering a large et of production modes and
decay channels,

W are also conducting a search for squarks and gluings in
final states with tau leplons, jets and missing ransverse
marmentum, The smalysis initially focused on Run 2 data
bt is being extended o Run 3 data, and it benefits from
the recent improverments in tau-lepton reconstruction. The
analysis Team puts strong emphasis on maching learning
algarithme ta enhange the wensitivity of the search,
Theorists arttached to the Morll centre work on the
calculation of production cross-sectionsg for relevant
el

[3] H. Qg H, Saudaeir, F, Quld-Saada, E, Gramatad of al. Search fod
direct pir preduction of iepions and changing: decaying ot lEneore
@ neutralings with mass Splnings near che Wl-boben mass in+s = L5
TeV g Dolliasns wilh 1he ATLAS detecbar. v I 10T 13955 ficbimifled ta
IHER)

[4] .00 Vasdla, F. Quld-Saada, B, Gramdtad ot al, Searches for mew
preenodmeena in evenis with b Lepions, |[ets, and missinsg transverse
meenerau in 139 -1139 -1 of % = 15 TeV pp colliasns with 1he
ATLAS detectorn, arkie 11 1507] [socepbed by EPR0)

Dark matter

MorCl mermbers have carried ol a search for dark
matter prodeced in association with a Higgs bogon that
decays to tau leptons, The analysis relies on triggers
reguiring  tau-leptons and  missing  tranmsverse
momeniurn, and wses data-driven edimations for the
main Standard Model backgrounds, The results have
been presented at an international conference [I]. the
jounnal publication is in the final stages of a preparation,
[2] M. Formin, E. Aakvaag, 1. Djevsland, A Lipniacka e al, Searcs for dark
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HIGHLIGHTS: THEORY ACTIVITIES

Are Rakley

The thepretical physics section at US0 alse contributes fo
MarCC activities, Tocusing on the search for new physics using
the statistical collation of results from the LHC and other
high-energy physics experiments. Here, researchers are
heavily inwolved in the construction of computational tools to
perfam the nesded (hearetical model predictions far LHC
searches and measurements, and the consistent statistical
analysis of realistic models for new physics with high-
dimensional parameter spaces. This work also involves the
use of machine learning regression applied te speed up
precision guantum  field thepry calculation in order 1o
improve the reach in new physics searches,

Much of this wodk s perormed within the inlernational
GAMBIT Collaboration, supporting the GAMEIT global fitting
tool [1], Here MonlC researchers hawe leading rates, filling
both the position as Head of the Collaboration (Kwellestad)
and head of the Callider Working Group (Raklev),

[1] httpsigambitbsm g/
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Vilde ldt Rieker
PhD student (CERN)

An optimistic idealist driven by curiosity

What is your background?

I started studying physics with the idea of going
thearetical, but then an internship at SpaceMNorway made
me interested In Space and radiation effects to electronics,
and my Masier's thesis was all about that, Afver that | ded a
Fellowship working on radiation effects in the context of
accelerators at CERM for threo years and now | am doing a
PhD at CLEAR on dosimetry for FLASH radiothesapy
applications,

Where do we usually find you?
The CLEAR control-moom of somewhere in the mauntains
wiould be good places vo star!

How has the year of 1022 been?

It has felt like bit of a roller-coaster bath professipnally
and personally, but far sure an imparmant learning
experience which | aim to benefit from

What are you looking forward te in 200257
Seing imy project taking shape, going o conferences amnd
riew achventures in the mountaing.

Wiy did you choose this field?

| found it to be a perfect combination of expanding an mry
current knowliedge and widening my hotizon i terms of
applications and technical skilts. All within a domain
which | believe has a net positive impact on society,

Why dao you think this research is important?

If we want to establish whather or nat FLASH radiotherapy
cam treat camces mare efficiently, and potentially treat
patsents with it, | believe it is a fundamental requinement
to have reliable and efficient dosimetry,

What do you plan to do after this period of your life?
Get a dog|

Choose one song to play every time you walked nto a
roam, what song woeuld you choase and wivy?
Bohemian Rhapsody; that should cover just about any
emotional state,

Which fictional character do you identify with the mast
and why?

A soft version of Arya Stark maybe? Independent and
tombioyish are not uncomman descriptisns,




Sohaib Hassan
PhD student (LIE)

'An ambitious physicist who is always up for
ermbarking on new adventures’

¥What is your background

I completed my masters in Muctear Enginsering and
Physics from Pakistan. After that | woeked at CERN for a
year wihere | helped with assembly and testing of GEM (Gas
Electron Multiplier) based detectors for CM5 muon system
arsd ALICE TPC experiments. | also contributed to physics
analysls regarding production of (anti-jtriton in pp and pPb
collisions in ALICE,

Where would we usually find you?
Mainly in IFT cleanroom, likely in my affice, If not there,
probably somewhere unknown trying some new stulf.

How has the year of 3032 been?

2022 has been a wonderful year for me, | travelled to
Bargen, experienced the rains and Ltamed an imgartant
phase af my life, the PhD studies.

What are you looking forsard te In 20252

I am really kooking forward to my PhD projects at the
rrarment, Other than that, | wouwld like to traved, try a
couple of new sports and possibly learn Norwegian in
20735

¥What do you plan to do after this period of your life?
would like to continue and expand my current reseanch. |
am a physicist at the core, can't change that and have to
stay im a research based emvincament.

Which fictional character do you identify with the maost and
wihy?

Sasuke Uchiha from Maruto serfes. | love his character
development, specifically his perseverance for the goals
and his space-time technigees are awesomep

What is your current research project?

My current research praject includes development and
application of & system for testing silboon pixel sensar
modisles and seanch for dark matter in ATLAS,

Wy did you choose this fleld?

It has always been interesting Lo look for mysieries that
are 50 abvious yet difficult to solve, like the puzzle of
dark matter. Also, | hawve been warking extensively with
QAN of detectors at CERM, therefare, | thowght this was
a perfect praject Lo get into.

Why do you think this research is important?

I miy opdnion what separated us, the homo saphens, from
other species was the curosity. Curiosity §5 the fuel that
dirivis human rste farwand. We want to know b
universe works, how it started and how it would ond.
Particle physics research tries to find answers to these
fundamental questhans and henoe is one of the mast
irmpartant reseanch angds in modern human éra.
Additianally, pushing the limits to extreme conditions of
particle physics the development of technology and
computation come slong as by-products.

What do you see as the most important isswe in your field
today?

Thiere are mady imponant problems and unsolved
mysteries in today's physics, Amd | think riddle of dark
matter is one of the biggest We knaw it's there, but
somiehow it keeps evading our ever-precise seanchaes, |
think observation of one crack in the Standard Model can
reveal many interconnected mysteries,

Choose one song to play every time you walked Into a
room, what song weuld you choase and why?

Hard to chisode ane but, “Bet on it™ fram high schaal
musical 1, childhood memories maybep




ACTIVITY 2

NUCLEAR
PHYSICS

Muclear physics explores the behaviour of nuclear matter under extreme conditions and in
particular the Quark-Gluon Plasma (QGP), which existed for approximately one microsecond
after the Big Bang. Such conditions can be recreated in ultra-relativistic heavy-ion collisions
in the laboratory. Therefore, the MNorwegian contributions within this field are mainly
focused around the dedicated heavy-ion experiment ALICE. The physics analysis efforts of
the Norwegian ALICE groups are primarily focused on exploring the interaction of heavy
quarkonia and heavy quarks with the QGP, and their production mechanisms in small
collision systems, as well as the vector meson and dilepton production in photon-nucleus
and photon-proton interactions.

| Leader
Dieter Rohrich (UiB)

Deputy
Trine Tveter (UiQ)
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HIGHLIGHTS: PHYSICS RESULTS

Leader
lonut Arsene

Qur main feus is on measurements of heavy particles, comtaining heavy quarks, such as charm of beauty, which are used as
probes of the QGP. We are currently leading soveral studies in ALICE invelving the measurement of the 1/psi meson in both
Lead-on-lead (Pb-Pb) and proton-proton collisions. The 1/psi production measurement is very versatile as it provides access
to many different aspects of the heavy-ion and pp cellisions phenomenology. Our studies aim at shedding light on the
mechanisms of hadronisation (particle creation) of heavy particles bath n vacuum and the medlear collisions fireball, and
on the mechanisms of parton energy Loss in quark-gluon plasma, The angoing studies on the LHC Run-1 data were finalised
in 2022 and are expected to be published during 2023 in four papers which are in different stages of preparation within the
ALICE Collabaration. In parallel, during 2023, our group will participate in the commissioning of the wpgraded analysis
software with the first data from Run-3.

Proton-proton collisions

Qur angaing studied in proten-proton collisions for
the production of the 1/psi metan are testing the
theasetical understanding of the guarkanium and
Beauty-hadron production mechanisms.

Ingrid McKibben Lofnes [UIE, PhD student) i
finaliting an analysis, based on the entire Run-2 pp
datazes, on the jet fragmentation ™o J/psi medans
which will provide ingight inta pets subsStructure,
Thanks to the separation of prompt and non-prompt
Vpsi, this measurement will acoess also beauty-
quark jets besides the inclusive ones. Her analysis
will be part of a talk o be présented at the
upcoming Hard Prabes international conferénce

Ida Tarkjellsdatter Storehaug (Ui, PRD Student)
finalited an analysis on the reconstruction of the B+
méson decaying intd the |Apsi + K+ ¢hannel, whing
the Run-2 dataset. Her analysis praoved for the firig
time the feasibility of such a mesturement with the
ALICE detecvnd, and i1 vall bé continesd with the
ruch larger datasets available from Bun-3 in both
pp and Pb-Ph collisions




Heavy-ion collisions

The studies in heavy-lon collisions (Pb-Pb) alm at both
characterising the QGP using the psi a3 a probe, but also
unoersianding the Inimial conditions of the ooiliding nuclei
befare the QGP farmatian,

Alexandra Meagu (LG, PRD student) finalised in 202170022
an analysis on ihe measurement of the |/psi coherent
photo-production cross-sstion in Ph-Pb collidions using
the whaole Run-! data sample (upper figurel This
mEasurement i senditive to the initial gluon density in the
colling nucled, thus seftsng constraints on the Pb-Pb
calligion initial state, This analysis was highlighted during
a talk presemted by Alexandra at the most Important
canference for the heawg-ion physics community, Quark
Matter. These results are the sulpect of a paper which is

BiEirg currently reviewed within the collabaration

Jon-Are Saetre (UIB. PhD student) finalised his analysis on
the measurement of prompt and non-prompt ps nuclear
suppression In Pb-Pb collislons. These results highlight the
rake of chamm quark recombination in the production of
Ipsl at LHC energies, and at the same time, due to the
nan-prompt measererment, add impoentant information on
the suppression of beauty hadrons (lower Tiguel lon-Are
discuseed this analysis in a talk at the Cuwark Matter
conference, and the results are incleded in a paper draft
under pregaration

forut Arseng (LD, researcher) had a leading oole in
preparing a comprehensive ALICE review paper “The ALICE
euperiment - A journey through QLDC, which was recently
released. lonut contributed in particular to the guarkonium
Ections, summarising the entwledge gaimed from Pb-Ph,
¥e-Xe, p-Pb and pp physics data from the Run 1 - 2 era
(00 20r18)
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HIGHLIGHTS: INSTRUMENTATION

Leader
Ketil Reed

ALICE tracks new territory - The inner trecking sysiem of ALICE has
recently been upgraded and prepared for & pew run period. After
the start of Run 3 in 2022, data has successfully been collected
from both proton-proten and lead-lead collisions at record high
energies. This is the first detector at the Lasge Hadron Collider to
use stabe-of-the-art monolithic active pixel sensors, a bechnology-
based modern CMOS camera imaging sensor technalagy. The Full
patential of this technelogy is however yet to be fully exploited.
Further improsemints for high energy physics detectors could corme
from the rapid progress made in CMOS process technolagy,
achieving curved large-area sensors. MorCC members take active
part in this development, building new groundbreaking detectors
for particle tracking and energy measurements.

Maonolithic active pixel sensors

Solid state detectors based on semiconductors, and in particular
silicon detectors, are uied in almost all high energy physics
enperiments, Since they can easily be segmented in pixels or strips
uging standard photolithography techaiques, they can achiewve
superh position resoluticn, This makes them excellent detectors for
tracking charged particles, and for reconstructing the lecation af
individual particle collisions, and further the logation where
particles generated in these collisions later decay intd ather
particles - also referred to as vertexing,

Recantly, a technalogy based on ithe CMOS active
pueel sensor (APS) technology has emerged as an
attractive option for future racking detectors. CMOS
APS was invented in the 19905 when MASA needed
1o miniaterize cameras for interplanstary messions,
Today, this techmology s the basis of all modesmn
CMOS irnage sensors used in for example consumer
praducts like DSLR cameras and cell phones. The
key invention of the CHO5 APS is the integration of
in-pixel amglification of the signal. This eliminates
the need for almost perfect charge-transfer across
pinels, 3 main disadvantage of the previously used
charge-coupled davice (CC0) technolagy,

Limce it inpegrates both the sensor pixel matrix and
readoul electronics on the same chip, it 5 also
referred 1o as 4 monolithic active pixel sensor
{MAFS). Taking advantage of recent developments n
standard comrmerceal CMO5 technology, such as
small feature sizes and Lower power disign, it s
especially suited for applications requiring low-mass
and excellent position resatution, The CMOS5 MAPS
develaped specifically for the ALICE experiment is
called ALPIDE - the ALICE Pixel Detector.
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A 12.5 gigapixel camera

The Immeer Tracking System {ITS) is the innemmost
detectar of the ALICE expariment. AL 05 Closest, it s
located only 22 millimeters fram the collision point,
The ALFIDE MAPS chips are the key part of the
recently upgraded ITS version 2 (ITSd). With more
than 24000 chips, each with half 3 million pixels of
30 x 30 micrometers, distributed in S gircular Layers
surrounding the LHC beam line, this detectar is a
115 gigapixel camera capable of taking 50000
piclures every second. (overing an area of 10
Sgueare meters, ib 5 at present the largest scale
apolication of mondmhd acinve paxel SEnsors m a
high energy physics expenment, and the first LHC
detecior 1o wse the MAPS Technodogy

The upgraded 1T detector is now ne-installed in the
cavern af the ALILE experiment. A main objective of
the upgrade has been o incréease the capability to
record collisions af rates in excess of S0 kHz, The
Morwegian  groups  have singe 2016 altively
contributed 1o the design, werifecation, and 1@s0ing
of the electronics that control and read out the
ALPIDE chips. Additionally, the Morwegian groups
have participated n data rate  smulations,
chafacterisation, and calibration of the ALFIDES
With the help of the Morwegian groups. ITS was
made ready for the sta of Run 3 in 2044
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Ultra-thin curved sensors

After a successTul installation of ITS2, we now prepane for the future, and continue 0
wink an the next exciting upgrade of ITS - the ITS: upgrade projedt To achieve even
better tracking predision and vertexing performance, the project will explait the rapid
progress made for MAPS technology in the field of imaging for conswmer agplications,
One of the featwres offered recently by CMOS imaging sensors technology s called
stitching. This lithography technigue overcomes the chip mask or reticle size limitations
by using multiple exposures of a fixed repeating pattern, A tiny overlap at the edges
rrakes it posdible 16 connect the axpodure to echieve a significantly larger sensod, only
Limited by the water size, Furthermore, if silicon is thinned below 50 micrometers, it can
be bent likbe paper without breaking. This will open the door 1o wafer scaled curved
sensors, making it possible to realise low-mass and truly cylindrical silicon-anly sensor
Layers, ALICE therefare plans to upgrade the three innenmiost Layers using this technalagy.
In Marway, USM has started studies on a flexible wafer-sized integrated detector, Further
sfvancements have been made on the thinning and intérconnection technigues, A fully
functianal detectar pratotype wiing multiple of the current 180 nm ALPIDES is h:ing
developed in collabaration with groups from Ukraine, Baly, Germany amd other countries,
Electranics for bending tests of prototypes of the next generation 65 nm ALPIDE chips
are being prepared in the same international collaboration, Marway pland 1o actively
cantribute ta the develapment and testing of this technalagy in the eoming years,

A forerd dnd Doty vy g ALPDE. Shalo Gapde: Q5N findert b sefup af CERN Pado crebies OACH

The new Forward Calorimeter

With the Forward Calorimeter (FoCal), ALICE plans to extend the coverage into the
forward region close to the beam pipe. This detector will consist of an Electromagnetic
Calorimeter (FeCal-E) and a Hadronic Calorimeter (FoCal-H), The FoCal-E is designed with
sheets of tungsten interleaved with sheets of silicon detectors, Two types of sensor
planes are wsed; low granularity (LGY and high granularity (HG), The twe HG planes will
consist of the same ALPIDE chip used in the ITS detector, Moresay contributes both te the
detector design and to the design of readowt electronics together with a large
international collaboration with growps from for instance USA and Japan, We have the full
responsibility of the HG layers and for synchronizing the data-taking. Recently we also
performed beam tests at CERM where layers of ALPIDE chips were tested in FoCal-like
configurations.




HIGHLIGHTS:

COMPUTING & SOFTWARE

Leader
Marthias Richrer

im 2021, LHC operation has been resumed after a long
shutdown peniod. Many of the subdetectors of ALICE have
been heavily upgraded and rebull. In order 1o process the
imcreased data volume and operate at a much higher data
rate, a completely mew computing model has been
desigmed and is now 0 production. This invalves all stages
of data processing from  simulathonysacquisition,
reconstruction to analysis. Sclentists from Morwegian
Institutes hawve significantly  contributed to  the
development and deployment of a unified moded of data
processing with scalability from a single-laptop prototype
casa 1o full-scale productions on large compute farms.

Scientists from UIB hawe taken a leading role in the
implementaticn of a gquasi-online processing paradigm
which also has Large Implications on the overall ALICE Grid
processing. Movel approaches Like declarative composition
of processing  workflows  have  been  coherently
implemented. A unified analysis data model based on
columnar  n-memory  data  representation  allows
processing of large data sets In order to analyse rare
physics processes. As an imporiant contribution, physicists
from Ui0 are implementing generic modules within the
ALICE O analysis framewosk on top of the ALICE O2
processing modal

ALICE Grid productions are pow foCwsed on reconstrection
of mew Run 3 data and comesponding simulations. Monvay
is a strong provider of computing and storage resources in
the WLCG, the global LHC computing grid. The pledged
share of resources for ALICE in Borway is provided by the
installations within the LI8 domaln of NREC. Maintenance,
operation, and optimisatien of these resources are a
cruckal task camried out by enthusiastic techadicians and
scientists at LB, The owment resowrces are funded by the
MorLHC infrastructure project

Mew servers have been purchased, installed and
commissioned in 2022, By the end of 2022, WiB-hosted
resaurces have grown to the largest contribution to ALICE
computing resources of Tier 1/ centers outside CERM.

Increased efficiency and rellability has been a major focus
also in 2022. Based an the free software Prometheus and
time-series data-based Victodia and Promscale, reactive
manktoding has been deployed, including development and
testing of data esporters and wisualisation In Grafana
dashboards. This development joins the effort of the MEIC
Mordic T1 to replace the existing monitoring solution
which is no longer actively developed.

ALICE has been developing the next generation of grid
maddlevware, JALED, with a strong participaticn of scientists
from HVL. The JALIEn project involves a complete redesign
and re-write of the foemer AliEn ALICE Grid middleware.
Sclentists and technicians of the Morwegian ALICE
commumnity have taken a leading role in the project team.




HIGHLIGHTS: THEORY ACTIVITIES

Larissa Bravina

Kanrad Tywoniuk

The nuclear theory activity foouses mostly on
understanding the praperties of the guark-glucn plasma
(QGF). This nowel state of matter is created in high-enargy
heavy-ion cellisions and exists in the extreme conditions
that were prevalent in the early Universe, The QOGP twins
out to behave like an almest perfect Liguid, which results
in striking flow-like signatures In the experimental data
and can be studied using hydrodynamical simulations or
microscopic models, Another interesting signal is the
suppression of observed clusters of high-energy particles,
called jets. Warying the parameters of the jet, for instance
its cone-size, probes a wide range of scales, from the
interactions of single panons with the QGF to the
collective interplay of multiple partons. The et
suppression Is alsg sensitive to the path length, which
affects the flow-pattern of the QGP.

The groups in Bergen and Oslo study these effects using
both analytical teols and memerical models that aid in
eytracting the microscopic properties of the QGP. One can
also focus om a mare data-driven approach, where machine
Learning methods can be applied. The heavy-ion groups
arg  also  actively suggesting new  observables or
experimental setups, such as triple-nuctear collisions, and
organizing workshops, for instance the |NOFP 2022
conference  in Crete  30008-12.092011 with 250
participants.
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Another activity wathin nuclear theory deals with
stedying and exploiting Rayleigh-Taylor Instabilities
that can agpear in laser-induced thermonuclear fusion
processes, as first pomied out by L. Csernal in 1987, A
configurateen Inedlving polymer targets and only Dwo
emergetic lasers shooting at the fusian tanget from the
W opposite sides, has been proposed and intensively
siedied Doth theoretically and experimentally since
S040 @ the Szeged EU Extrerne Light Infrastructure in
Humngary, with promising resulis! This appears one of the
mast exciting direction [0 achiese and harness
thermonwclear fusion, and we are expediing a
Morwegiam contributon In targel manulaciunng wsing
the nanolechnology expertise in Bergen.




Vetle Elvebakken Andersen
Tehnicad student (CERNMNTHUY

What is your background?

I am currently studying electrical englneering at NTHLL |
have been & technical student at CERN since February
2022, where | cumently write my bachelor thesis. Hene |
am working in the magnetic measurement section,

Where would we ususlly find you?

Most of the time you can find me in CERN: magnatic
measurement laboratory while at work, or in the
climbing gym or in the alps skiing whenm I'm not
working.

How has the year of 2022 bean?

2021 has been a rewarding and interesting year, where |
have learnt a lot and worked on some incredibly coal
projects!

What are you looking forsard te in 20237
I'm laoking farward to finishing my thesis and project
herg at CERM, and starting school again in Morsay.

What would people be surprised to know about you?
Wihen | applied 1o CERM as a technicol student | Lived in
a car in Spain a3 an exchange student, and this
conducted my interview cramped inside the car, luckily
mmy supervisor didn't notice!

‘What do you plan to do after this period of your life?
| will start @ masters degree In August, so until then |
will spend some time in the Alps, and then do a lang
road trip back o Morway before schaol starts,

‘What is your current research project?

My project is about a way o combine ratating coll
measurements for wie in particle accelerators, The idea
is to do several rotating coil measurements close to the
magnet apertwne, and then by some mathematical
trickeny combine them inta ane measurement, which
reprgsents the magnetic field better than gne single
measuUrement.

Wiy do you think this research is important?

For some magnet aperures, this method will eliminate
the need to make specialized coils for doing
measurements, and ane can get by with just one. There
will also be a gain in precision in some cases.

¥What wouwld you like the impact of your project to be?

| hawve verified that the method works and is feasible to
use in the Lab, so hopefully the impact is that the
mathod will be used in the future with great swtceds,




David Shope
Postdoc (LIO)

lam naturally a very curious person, whio
enjoys having many hobbies and
understanding things on a deep level

What is your background?

I'm originally from Texas, whese | lived wntil obtaindng a
bacheloss degree In physics amd chemistry. | graduated
with a PhD in experimental particle physics from the
University of Oklahoma, where | joined the ATLAS
callaboration and was stationed at CERMN for 4 years |
Spent Dwo years as a postdoc in Seeden, before staming
vy current position with Oslo Lagt year,

What would people be surprised to know abowt you?
Once-upon-a-time | performed as a D and went by the
rime "0 Titrate”,

Where would we usually find you?
Running around my neighborhood o stay  active -
atherwise, behind a mouse and keybaand,

How has the year of 2022 been?

For me, 1022 was a wransitional year - mowving foom
Sweden 1o Nonway and starting my new postdoc pasition
with Oslo, Settling into a life in a new country abways
takes time, but the process was about as smooth as |
eould have haped for and |'m happy with where ['ve ended

up!

What are you looking forsard te In 20252

I look forward to a productive year ahead, as well as a
number of opporunities to travel [bath for work and
holiday),

¥What is your current research project?

My cwrrent research includes the analysis of LHC proton-
proton collision data recorded by the ATLAS decector,
specifically the search for events producing two Higgs
bosans (so-called “DiHiggs® ewventsh. I'm also actively
imendved in the preparation of ATLAS software for HL-LHC
(High tuminasity data taking which will begin in 2029,

Why did you choose this field?

Yhat attracted me to experimental high energy physics
was the scale of the endeavour - The unigue opportunity
to Bath participate in such a large  collaborative
environment and put to the test so many big ideas about
the fundamental nules for how our universe operates.

‘What do you sex as the most important issue in your field
today?

It can be traced to many factors (e.g. direct applicability of
skills and abundance of positionsMunding with respect to
academia), but the migration of talent (particutarly in the
softwane domain) into industry is cerainly a big ssue.




ACTIVITY 3

ACCLELLER!
PITNY SICS

The performance and cost of future particle accelerators limit which experiments can be
performed at the energy frontier. Therefore, accelerator research will be fundamental in the
coming period. In the last 15 years, Norway has built significant accelerator science
expertise through participation in accelerator research at CERN. The centre funding secures
a stable funding base towards future accelerators and also puts Morway in a position for
industrial utilization when new accelerators at CERN are implemented in the future,

TOR

Leader
Erik Adli (UiQ)

Researcher
Kyrre Ness Sjabak (UiD)
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HIGHLIGHTS

Several large new colliders are on the study
table, including the ciroular FOC with 100 km
circumference and the linear CLICALC with
lengths up te 50 km, L0 has been a partner in
the development of CLIC for more than 15 years
with significant contributions of Pumerical
simulations and experiments. We have strong
expertise in beam dymamics and simulations,
RF-design, collective effects, particle-matter
interactions and instrumentation. all which are
needed to develop the next generation of
particle colliders.

& novel sccelerator concept, plasma wakefisld
technology, uwies plasma wave acceleration 1o
scceledate particle beams with much higher
sccelerating gradient than today's technalogy.
Ui is studying plasma wakefield Jccelaration,
bath Aumerical and experimental contribution
It is the performance and coat of future particle
sccelerators that limit which experiments can
be perfarmed al the energy frontier, therefare
sccelerator research 5 highly impontant far the
future of particle physics. Particle accelsratos
technslogy develaped at CERM it alse being
used In advanced medical applications, &
deqcribed below, The accalerstos resesrch fisld
provides very interesting projects for Nonaegian
students, a3 they can do both numerical or
experiments] sudies, bath at CERN and in
Marway, in  collaboration with  leading
international groups
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Experiment

Development of linear active plasma
lenses for strong beam focusing

W0 Is teading an experiment hosted at the
CLEAR facllity at CERM to develop linear active
pasma lenses for strong beam foousing. LG
buflt up this experiment In 2017-2018, In
collaboration with CERM, DESY and Oxford. Moce
information and a sketch of the experiment are
faund i [1]. While COVID has prevented
experimental activithes In J020-2021, we have
used the time to analyse and write wp data from
earlber mns [1], and are now preparing for the
mext round of experiments. We also study the
applicaticn of aur lenses In different high-enargy
physics applications [2). and also for medical
applications, see next page.

11] &, Sjetaek, E Adli ¢t al, "Strong foCusig grasen in a limpe
ackive plasmd s’ Phys. Rew, Aocel Beami T4, 371506 (J021)
[£] %% Kim, K. Moon, M. Chung, K. Sjobtaek, E Adl et al.
Wit eleceien ea infeion using an aclive pleama lent fo
bewm-ge tven plasma wkefield acceleratory’, Py, Rew, Aooel.
Bearrs 24, 121504 (2021}




Application of CERN-related
research to proton therapy

We have contimeed the effort at WO 1o study how our expeise
im advanced beam optics, required for future colliders, can be
applied o improve proton therapy. Recent examples of the
applications of our experiise are;

» Ome master student, Fardous Reaz, has completed his mastes
thesis on this tapie [3].

o Publication [4] Mustrates how novel comoepts have also
peen tested ar the CLEAR west facility at CERM, with the
imvvalvement of participants of MorCC Activity 3. A new
CERM-funded Phl¥ student, Vilde Rieker, has joined the team
for further studies of these topics.

= In publication [5] we have taken the (deas further, and the
publication opens up for new research frontiers in proton
therapy, possibly in combination with the strong focusing of
plasma lenses,

An example of the techniques we develop is shown in the below
figuire.

The activity pamticipants wese also involved in an application fos
am SFF, ProBlo - Proton physics in cancer biology, and a LHO KD
application for “barekrafi (the application was not seccessful)

[3) F Rgar. "Advanced baam ihaping for spatislly fractisnated protan beam
therapy”, Haser thesi, 180, 2031

[#) K. Kohuidwice, £, M. Sjetark o1 al, "An sxperimental mhedy of facusad very Righ
erargy elecinen bearm for radigthevapy”, Commun P 4, 13 20710

[3] F. Reax, K. M. Sjobak, £ Malinen, N Edin, E. Adlh, "Sharp dose profiles for Regh
PIeCisioe protan thisfmpsy uiing foosied pronoe Beam”, Matune Soi Rep 17, 1ESLS
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Jan Malamant
Master student (LIIC)

‘lam a rebel. Also, | try not to shy
away from trying out new things and
getting new experiences’

What ks your background?

| weas ariginally bodn in Israel, but my family moved Bway
from the desert to live in the snow when | was just 1 year
old, = P been here over since, | am npw finishing my
master's degree at the University of Oslo.

Where would we uswally find you?

Currently, you'll often find me working in the AEQIS
controd room at CERM. When I'm in Morsmy, you'll find me
winfkindg in the master room at the HEP section

How has the year of 2022 been?

Personally, Last year was huge careenwise, I've besen to
Paris 1o participate in an experiment on high harmonic
generation; worked on building up the rocket engine
manufacturing procedure at Portal Space; | started
working at CERM as a Technical Swdent, and ['ve attended
exciting conferences and met many intéresting people.

What are you Looking forward to in 20257

| look forward to meeting new people within physics; to
finish my meastes’s degres, and hopefully get into a PhD
programme, IF the Latter doein't happen, | suppose UL ook
for a job somewhere. Perhaps in space engineering.

Which fictional character do you Identify with the most

and why?
Wiktor in the show Arcane.

Cheose one song to play every time you walked into a
room, what song would you choose and why?

The BWF World Superseries Anthem is great for this, |
grew up hearing it a lot, and it still pumps me up every
Time,

What is your current reseanch project?

| am participating in the AEglS collaboration, which has as
its goal 1o precisely test the weak eguivalence principle of
general relativity on antimatter. This will be dane by
producing a beam of antihydrogen (newtral atoms
consisting of an antiproten and a positron) and letting
them propagate in Earth's gravitational field, and then
measuring their fall. At AEgI%, the production of

antibpdragen is dane by codliding codd positranium (3
bound state of an electron and a positron) with cold,
trapped, antipratons. In short, the colder either of these
are, the higher the production rate, My master thesis i3
about laser cooling positronium (Ps) by exploiting the
momentum that photons carry. The lsswe is that Ps has a
wisry short Lifetime (~142ns in the grownd state of Ortha-
Ps) and has a very broad doppler profile due to its very
lerw mass. In traditional laser cooling, the sample
undengees spontanesus emission many thmes in onder to
coal it, but the sbsarption channel that is used for cooling
of P& has a spontansous emission lifetime of arcund Jns,
Az such, the long lifetime of the excited state is one of the
bottlenecks of laser coollng Ps. So, my thesis is to study
lager-Pa interactions in which the emission of photons is
stimulated by laser. Lsing picodecond Laser pulses, | hope
to shiow that this scheme has the potential to caol much
quicker than traditional laser cooling.

At the same time, | am working on-site alongside
memibers fram AEQIS on the currently installed Laser
system. However, since this experiment is small compared
o the likes of ATLAS and others, | also get to work in
many areas of physics. | get to learn about vacuum
Satems, Crypgenics, superconducting magnets, and
various detectors and instrumengation. Most importantly, |
have learnied the manky art of moving heavy objects from
point A to B by overhead crane,

Why did you choose this fleld?

Because | get vo call myself an “antimatter physicist®,
wihich spunds Like something stralght out of Star Trek ;)

In all honesty, two years of pandeémic taught me that,
despite Liking theanetical waork, I really hate sitting still for
lang periods of time. So, | knew that | wanted to work on a
praject which blended computationalfthearetical wark
with hands-on experimental work Luckily, my supervisors
gave ma a fantastic opportunity by encouraging me to
apply for a Technical Studentship.

Why do you think this research is impartant?

There are two skdes to this: The first is that this is
undoubtedly important progress towards having a better
understanding of fundamental guestions such as the
question of baryon asymmetry, On the sther hand,
wiarking with antimatter requires a complex experiment in
terms of magnets, lasers, detectors, and vaouum systemrs.
To achieve AEgIS's goal requires a Lot of novel problem-
solving and state of the art technalogy,




Igor Slazyk
Paostdoc (HYL)

‘Opan-minded and easy-going person’

What is your background?

I did my bachelors and master's degree in applied physics
in Poland. Then | moved to ttaly far my PhD in particle
physics,

How has the year of 2022 been?

Ag in 2022 | moved 1o Norway, there were a Lot of changes
and mew things for me. | learned a little bit of Norwegian
cultire and met a ot of exceptional and smart people.

What are you looking forward to in 20237
Qutside of work, | am looking foreard to seeing mare of
Morway.

What do you plan to do after this period of your life?
I like daing research and programming. If nat bath, | plan
to do ane of these.

‘Which fictional character do you identify with the mast
and why?
bon Snow as sometimes | feel that | know nothing.

What would people be surprised to know aboust you?
| always congidered myself weatherproof wntil it started to
rain in Bergen.

‘What s your current research project?

Development of machine learning techniques to pinpoint
dark matter at the LHC with data collected by the ATLAS
detectar,

Wiy did you choose this field?
Phiysics always fecinated me, The mare | studied it, the
mare | enjoyed it

Wiy da you think this research is impertant?
It many angwoer some fundarmantal quisstions Conoerming
the universe we live in,

‘What would you like the impact of your project to be?
It would be great to understand the nature of dark matter
particles = at least partially J)

‘What do you see a5 the moest important issue in your fleld
today?

Sometimes, we are not technologically advanced enough
to implement some innovative ideas,




ACTIVITY 4

LOW ENLERGY
NUCLEAR
PHY SICS

Within the low energy nuclear physics activity, NorCC participates in the two experiments
ISOLDE and AEqglS at CERN. Muclear physics has as its objective to investigate and
understand the nuclei; the hearts of atoms and the place where almost all mass of visible
matter resides. Nuclear physics can explain how stars continually work to release virtually
all of the useful energy in the world, while at the same time assembling the various
elements. There are many potential applications of nuclear physics, e.g. in energy
production, medical diagnosis and treatment. There are still several challenges, which make
nuclear physics an exciting and active field of future research. Some of the experiments
cover topics such as nuclear shapes, shape coexistence, and highly excited nuclei’s
statistical properties.

f

Leader
Sunniva Siem (UiQ)

Deputy
Andreas Gorgen (LH0)







HIGHLIGHTS: ISOLDE

ISOLDE is the longest running facility at CERM dating back
to 1967, It provides very short-lived radioactive nuclei for
studles of bask necear propertbes. The nuclel are
produced fram spallation, fission, or fragmentation
reactions In a thick target lrradiated by protons from the
PSB at energies of 1.4 GeV. This produces 1000's of short-
liwed nuclel, & specific nucleus b5 selected throwgh a
wariety of technigues such a3 laser ionization and more.
The selected nuclews is then transported to one of the
experimental stations or re-accelerated with the HIE-
ISOLDE linear accelerator to nduce nuclear reations.
Today the facility houses several ewperimental setups
dedicated to measuring a large warlety of nuclear
propertie

The 2022 ISOLDE running period

in 2021 1S0LDE had one of its most productive years,
Protons were delivered from the PS5 Booster an the Tih ol
March, with the physics program starting on the 28th of
March, There were & total of 245 days of running, with the
last protons delivered on the Z8th of Movember. In
addition, there wede esght days of affling winter physics,
giwing a total of 253 days of mntime

A total of 51 experiments and development runs took
place with a tofal of 4655 shifts delivered. The breakdown
of the shifts is 8% went to experiments at HIE-ISOLDE,
31% to low-energy beams for nuclear structure studies,
7% to biophysics, 7% for solid-state physics, and 2% to
medical phwsics. The 25% rerminder weni o developmen
and alternative nens due to unforeseen events,

One of the highlights of 2022 was the retwrn of the
MINIBALL germanium arrdy after major refurbishment of
the detectors. A new digital data acquisition system to
accampary the gy wat olso commissioned. The
refurbished array saw its first beam In October. The
IS0LDE Salenoidal Spectrometer was the most productive
sotup at the HIE-ISOLDE beamline with a total of six

SEPETIMENTE,

The Resonance lonization Laser Bon Source  [RILES)
provided beam to abouwt 50% of all physics uns and was
wied in 29 out of 36 weeks This year also saw the firs
operation of the perpendicular llumination Laser lon
Source and Trap (PI-LIST) which improses the resodwving
power of the LIST system by an order of magnitude

In dewelopmental news, the preparation ahead of the long
shutdown 3 i well underway. This year A majod study of
the |SOL0DE beam dump was carried out. The aim of the
Ludy was to determine upgrede needs in preparation of
an upgrade to 2 GeY proton beam delivery. As part of the
process moving towands I Gev, new yield measurameants
were carried out at both 14 GeV oand 1.7 GeV proton
BriEngi s

Finally, the collaboration gained 8 new member this year,
Switrertand was formally approved by the [SOLDE
Collabormion Commimes a3 a member on the Tth of
Movember, making it the 1%th collaboration member,

CERM



Constraining an important
cross-section for i-process at ISOLDE

Im a recent study by McKay et al. it was shown that the
Suiiny) capture rate could act like a bottleneck for the
wirak i-process and that measuring this rate would .)
significantly imprave our wnderstanding of the |-process
nucleasynthesis)..)” [1]. The unstable nature of *Ni
prohibits  direct  measurements of this  reaction
However, the reaction rate can be deduced indirectly
through reaction calculations, The accuracy of these
calculations nelies on the neclear level density (MLD)
and y-ray strengih function (ySF) of “NI, which we
extracted from measurements done at CERN ISOLDE
facility, results shown in Fige 1 2] With these
measurements the "‘Hl'{n.v] reaction  rate  was
calculated, and the result ks shown in Fig. 1 [2]. The
neutron captere rate 15 strongly constrained and is in
the upper end af the thegretical window, suggesting a
fast i-process.

[} 1. E. McKay ¢t al, Mon Mo B s, Soc, 451, 5179 (020,
[2] W W, rgebeng ¢f @ Miruscnpl A poeparalion jexpédied
putlication I0Q %)

Flgaure:

Top teft: Level density for NI, The experimentad resuts (black
points), the model fif {solid tines). The bevel density found in
shell medel caloulagions (black, dashed Ling].

Tap right; The measured y-ray sirength function of Nl s
shown by black circles whale the red and blue shaded area are
mepdel fits, Black diamonds are the experimental y-ray strength
of ®Hi, The black line & the strength function found in shell
model calsudations,

Lower pancl: Black ling shows the caiculated newbron capiung
cross-spction based on the experimental MLD and v&F and the
shaded dark area showing the crpdibte intervads. The black,
dotted lne is the TALYS dofault,

Muclear shell evolution and constraining
neutron-capture cross-section for r-process at
ISOLDE via ™Zn{d,py)**Zn

One of the main questions in mechear physics during the
Last twio decades i5 1o undersiand whethes the tradithonal
shell gaps remain enchanged far away from stability.
Significant changes, so-called shefl evalution, have baen
found for different mass regions in the meclear chart [3],
Among them, the mass reglon near NI ks the least
knawn due to ™Hi being the most unstable doubly-magic
nucleus with the largest neutron 1o proton ratio. While
our knowledge on the Z=18 proton gap is rather well
known thanks to  increasing capabilities of the
radigactive ion beam facilities aroumd the woeld, the
MN=50 shell gap 5 much less known and was aimed o
explone at 1SOLDE via transfer reaction. A ™Zn{d,p}*Zn
one meutron Wwansler reaction has been proposed (o study
the neutron excitations adross the M=50 shell which
could help understand the location of the neutron shell
orbitals abowve M=50 and the size of the N=50 gap at
Z=30, only two protons away from ™Ni. The ™2Zn beam at
an energy of 3 MeVdh will be impinging on a deuterated-
polyethylena target Emitted protons and y rays de-
exciting the states in the residual nuclews will be
detected using the T-REX <+ MINIBALL setup,
respectively,

The reaction could also aflow us to populate the excited
states up 1o the neutran-separation energy (Sn= 6.2 Mal)
thus, suitable for measuring the (ny) cross section of the
TZn seed nucleus. This |5 particularly important for the
sensitivity studies of the neutran caplure reaction in the
context of the weak r-process that forms prirmarily the
A—BD r-process peak [4) The scientific proposal was
submitted in February 2022 to the INTC at ISOLDE, The
comrmittee approved the physics case and considened it
to be very [mpomant. The reason why the proposal was
not granted beam time wag becawse of insufficient beam
intensity at the present time., ‘With more beam
developmend, there is hope that this purely technical
Limdtation can be avercame in the future.

15) 0. Sorlin and .-G Porguet, Prog. Pari. Nucl Phys. &1, 800 (1000
[4] B Surrman et s, AP Advances 4, (41008 (2014)




HIGHLIGHTS: AEgIS

Larader
Anfoéne Camper

AEglS produces and studies antihydrogen atoms to probe
the origin of the baryonic asymmetry (the predominance of
Patter gver antimatter in the Universe). The main goal of
AEglS is to measure the free fall of antibydrogen in the
Earth’s gravitational field to test the Weak Equivalence
Principle with antimatter (the fact that everything massive
falls at the same rate). In 2020 and 2021, ithe
euperimental apparatus has been extensively modified and
dupgraded te receive antiprotens from ELEMA  [the
Eutremely Low Energy Antiproton ring, which started to
deliver antiprotons to experiments in 2021). This upgrade
was successful and AEgIS demonstrated the first trapping
af antiprotons from ELEMA during the 2021 mm. In 2022,
AEgls commissioned the new traps and demonstrated a
record high antiproton catching efficiency (50% of the
amount delivered by ELENA) thanks to a refined degrador
scheme. In 2025, AEQS will work on producing colder
antihydrogen, at higher rates and with improved
directionality which s a presequisite to the first
maeasurement of gravity on antihydrogen,

Trapping antiproton from ELEMA

ELEMA, the new generation antiproton deceleratar
delivering 104" keV antiprotens, delivered its  First
antipraton to experireents &t CERM in 2021, The new beam
line cannecting AGEIS to ELEMA was installed during the
spring of 2021, This operation reguired several important
madifications of the experimental installation which wene
successfully carried out in 2021, Because the antigratons
from ELEMA are colder than the ones from the antiprotan
decelerator (AD), a brand-new degrading scheme was
designed and tested. In 2021, AEglS demonstrated a
record high antipraton eatching efficiency.

Progress towards colder positronium

in parallel, AEIS prepased the 2021 nun with a complete
redesign of the antihydrogen production trap in view of
the more efficient of colder antihwdrogen. This includes a
different trap gecsmetry to allow for colder antipraton
plasmas, positronium  excitation to  higher principal
guantum  numbers, redection  of  the  antihydnogen
background signal due ta the laser and more,




S

=-| Timm Baumann
PhD (CERM/MNTHLIY

"A curious power electronics researcher

which tries to understand degradation
mechanisms to develop condition monitoring
systems’

What iz your background?

I made a M.5¢. in Electrical Engineering and parallel a
M.Ed. in Electrical Engineering at TU Berlin. Befone | made
a B.5¢. Electrical Engineering at H5LU and same working
experiences in development of electranic circuits in
Switzerland.

What would people be surprised to know abowt you?
I really Like when it is warm, but | still spend most of my
time in macthern Eurape,

Where would we usually find you?
Is there a usually? | am used to work at different places,
This can be in NTMU or at CERN office, in the Laboratory,
at home, in trains and sometimes also in the nature but
st of the time behind my notebook. Therefore, if you
search me, just send a message to
Iifﬁm.lfﬂﬁ.hﬂuﬁ'llﬁﬁ@{l&fl‘l.th.

What do you plan to do after this period of your life?
There are many interesting oppartunities, | lke warking in
the research field and think | will continue this way,

How has the year of 2022 been?

Afrer the start of my PhD in May 2021 I can continue my
repeach with more focus and sucoess. bn May | changed
form MTHU Trondheim to CERM, This change gives me
better access to the required resounces | need for my work,
but the resettlement also took some af my energy which |
preferred to push into research. In 2022 | had the chance
to present at conference far the firs time, which was 3
great experience and the next submissions are stitl in
progress,

‘¥What are you looking forward to in 20237

Many experiments | will complete this vear at CERN
befare | travel back to Trondheim (o finish my PhD, | am
Ligrking forward going on conferendes sgain, bul also to
publish first time in a journal,

What is your current research project?

Developing a condition monitoring system for CERNs
power converters. AL the moment | focus on manitaring
principles for capacitor banks and liquid cooled
sefniconductons.

Wy did you choose this field?
Power electronics is an interesting field with an increased
impact to many applications in our energy system.

Why do you think this research is important?
Evin mare power electronics will be employed in
production, distribution, storage, and usage of energy. For
#ll these applications a high reliability is required,
Condition monitaring helps to improve this,

‘What dio you see as the most important issue in your field
today?

Artificial inulligen:e %3 great tood Tor data an.'ll:.ﬂ_h:!. and
make predictions, it is a convenient way 1o get a quite
good cutput, Mevertheless, we still need a deep
understanding about the physics behind to improve the
prodisct.




TECHNOLOGY

The NorCC technology activity highlights the importance of Norway-CERN collaboration in
technology and engineering, in addition to the collaboration in physics. It will add to and
secure a broader set of collaborative areas between Morway and CERM. So far, the activity
acts as an interface between CERN and UiA and NTNU researchers. Moving forward, the aim
is to expand the collaboration and invite other Norwegian institutions to participate. The
two universities, NTHNU and UiA, have engineering educational programmes in cybernetics,
mechatronics, data science, ICT, renewable energy, material science and civil engineering,
and together with advanced laboratories, they are well-positioned to carry out the tasks in
the MorCC technology activity. The aim is to develop and explore new technology,
innovation, insights and knowledge, of importance both to science and society.

Leader
Jern Wroldsen (NTHNU)

J

Deputy
Seren Kragholm (UiA)

y U






HIGHLIGHTS: UiA-CERN CMS COLLABORATION

Slnce the visit of UIA to CERM i Februany 20230, Ui4 has continued to develop thelr retations with CERN. Their new
assoclate membership of the CM5 collabpration at CERM, put in place in 2020, provides new opportunities without
having te pay a membership fee as the full members do. The main studies are related to Artificial intelligence and
CO2 copling for the experiment, where UlA has significant expertise. A Junior fellow from Wia was recruited by
CERM in 2021 for the CMS collaboration, strengthening the Links between CERN and UiA related to the on-going
technical collaboration

Fellow: largen Fone Pedersen PhD student: Mulugueta Asres

Technical coordination within the experimental area

LDetecion 5:.!5!E|'I"| Manitering and Dugrestics for the

r [
MaAgemEnt boam at Ch3 Hardon Calarimater (HCAL) of tha CMS Experimant

o automate faults d

Pl'ﬂjtﬂ LTS LT T
Prof. Chirls Jimuliry [LIeA)

HIGHLIGHTS: NTNU-CERN DOCTORAL PROGRAMME

MWTHU and CERM researchers hawe been collaborating for several years with a long-running tradition of
having Master and Bachelos students from NTHU in the CERN Technical Student programme. In 2017, the
Bets institutions decided to formalise the collabaration in science, technology, and engineering damaing, In
2019, they agreed on a joint Doctoral Program, where they co-finance PhD stedents within engineering and
techmical physics. Typically the students will start with a stay at NTHU, then come to CERNM for 18- 24 months,
andl then go back again to NTHL towards the end of the project. There are several projects in progress. In
2031, all eight collabarative NTHL and CERM PhD arg well on their way, based on the CERN-NTML Mol) for
co-funding of technology PhD projects sigred 201%, cowvering key technology developments for future
accelerators and detectors.

Hyper-redundant robots for maintenancs

in Big Science Facilithes
Mechanical and thermeophysical characterisation To understand the needs of remote maintenance in
big science facilities and to recognize the steps
nepded to overcome the current state of the art. Ta
design, similate and prototype robotic solution for
dexterous. remote maintenance. in kg science
facilities

mMaier

beam inlercep

Project "‘_"'"'-'"-“ Project leaders:

erto [(NTHLE

o Professor Kristin Y. Pettersen (MTHLY
1)

Maro [ Castro (CERM)




Diagnaostics and prognastics for power electronics
converters in lange-scale accelerator facilities

* pbjectivie of the project is to develop an addi
ef of diagnostic and prognastic functionalities
grated with the central power comvener controlle
1t LERM and to deliver advanced design methidolog
for highly reliable poweer converiers operating &t a

FIETy ol mEEian pialikes

Project leaders:
Frofessor Dimosthenis Peltiisis (NTMLU)

Kanstantings Papastiergiou (CERM)

The social impact of CERNs technological,
human, and branding capital

social impact 5 a vital measurement far ensversities
and rgsearch inditutions, The mmpact can be related to
the dizseminntion of knowledge and technology, 2.0
applied in the indusiry, spin-off companies and
knowledge development through students, Thene 152
lack of knowiedge about Social impact The goal of this
privject 15 to quality and quanily the social imgact of
LEKM s technological. meman, and branddng capital,
throwgh CERM's knowledge ransfer activities

Praject leaders
Professor (hystein Widding (MTMLU)
Gagwanni Anelll [LERN)

Surface plasmons [and other surface waves) and thelr
robe in fleld emission and breakdown in high-feld
accelerating structures

The project will investigate the compsatling Link
en the localised and strongly enhanced plasmaon

sanances (o the enhanced field emission amd

breakdown phenomenon observed In migh-flald

EysTems

F'rlfliﬂt[ l=aders:
Frofessor Morten Kildemo (N1 ML)

Walter Woensch (LERM

LHC detector caoling with R744
refrigeration technology (CoslCERM)

CoolCERM warks ta develop o full COY refrigeration
chrcudt fior the ATLAS and CM5S particle detectors with
coaling capacities up to D00 AW (ATLAS) and G000 kW
{CM5) at evaporating temperatures below -50°C Theoe
detectors have a total cost of about 1 biltion NOK, and
this is wivy we need a primary cooling system
complylrg with stability and rellability to eip the
detectors in continuous operation, withouwt sy
Imterruption. In addition, there I5 an increasing copcem
at CERM 1o meet the environmental sustainability
comsirainiy due (o the European F-gas requlathon,

Project leaders:
Professor femin Hafner (MTHLUY
Bart Verlaat [CERN)

Energy-optimal control of cooling systems

The aim of the project is to investigate control
approaches to ensure energy-optimal operation of
cooling and wentilation applications featuring a variety
of aCtuators. The project will explost knowledge about
the actuators’ energy usage characteristics to derive a
control strategy that seeks to minimise the energy
consumption of the system

Project leaders:
Professor Maorten Hovd (NTHL)
Brad Schofield (CERM)

Chirped optical later cooling of positronium

The progect will develop and use an wltraviolet short
[ub-microtecond) chirped-pulsed Tizapphire and
Algxandrite based laser system to Laser conl
positronium (Ps) and perform temperatung
characterisation of the positronium cloud using
Doppler velocimetry, The project will develop the basic
Tizapphire laser system at NTHRLU first and will move o
CERM to canry out the firsd Laser cooling expetiments
with an existing Alexandiite based laser system

Project leaders:
Prafessar brina Sorokina (NTHU)
D, Michael Doser (CERM)




Anastasia Merzlaya
Postdoc (Li0)

What Is your background?

I got vy bachelos and master degrees in Salnt Petersburg
State University, and PhD degree in Jagielionian Wniversity
in Krakow.

Where would we usually find you?
I am wsually in my office in HEP UIO department, but |
#ls0 often work from home,

What do you look ferward to in 20237
I hope 1o participate in a few conferences and Shdw the
results - after @ long break during the pandemic,

What do you plan to do after this perlod of your Life?

I really would Like 1o stay in academia and stay in Norway.
Since there ane not 50 many positions available, | am open
to the possibility to change the experiment or do teaching,

What would people be surprised to know aboist you?
Despite the fact that | have no art education, | illustrated 3
published children books and created 7 hand-drasm PC
Qames,

What Is your current research project?

I'r Stuedying open charm production at the SPS energies in
MAEL experiment, Recently | also started 1o laak for
closed charm in ALICE data,

Why did you choose this fleld?

Imitiadly | was studying nuclear physics, but during master
studies | switched to HEP; it seemed much more exciting
in the meaning of understanding the creathon of the
universe, and marecyes there was a chance to study
abroad,

Why do you think this research is Impaortant?

Oipen charm had never been obsenved before at low
enengies, and it i5 4 powerlul tool for studying at which
conditions QGP is created as well as for the search for the
Critbcal point of strongly interacting matber,

What would you like the impact of this project to be?

5o far my research showeed the first abseration of open
charm at low enengies, and | hope that the mone detailed
study will allow for QGP creation conditions study,




Victoria Madeleine Bjelland
FhD student (NTNL/CERMN)

What s your backgrownd?
I hawve both my bachelor and masters in physics from
MTMU,

Where would we usually find you?
In my office at CERM nowadays,

How has the year of 2022 bean?
It weent by wery fast. A Lot changed over the past year.

What are you looking forward to in 20237
Improving in my work,

What do you plan to do after this perod of your life?
I will g where appamunities present themselves. Either

that will be hame to Merway or somewherne else in Ewnope.

It is oo early to say.

What would people be surprised to know about you?
I can do-a split.

Choose one song to play every time you walked into a
raam, what Long would you choase and wiy?

To have the Imerial March play every time | enter a raom,
wepuld make my brother jealows.

What Is your current research project?
I study the breakdown phenomena found in Lnear
accelerators.

Why did you choose this field?
I was very eager to start a PhD after my masters and the
opportunity 1o go to CERM Landed in my Lap,

Why do you think this research is important?

Mot only is this problem preventing the CLIC project, but it
i% also a common phenomena in all high voltage
applicatians.

What would you like the impact of your project to be?
Uneavering of new infarmation and & better
understanding behind material properties.

What do you see as the most important issue in your feld
today?
Understanding the mechanism behind the phenomena,

Which fictional character do you kdentify with the most
and why?
Lowdse from Bob's Burger. | can feel the chaatic energy,




EDUCATION,
DISSEMINATION
& EXPLOITATION

To ensure the continued high impact of the centre we have established Activity 6, for our
education, dissemination and exploitation. In addition to the many educational and
dissemination efforts within the other centre activities, specific activities related to
education, dissemination and CERN membership exploitation (EDE) are covered by this
Activity. Examples include scientific publications, PhD, M5c and BS5c degrees, as well as
education and outreach actions and materials targeting various groups. Active and effective
communication is key to international wisibility and collaboration, as well as optimal
functioning of the centre.

| Leader

k] i Steinar Stapnes (UiQ)

Deputy (January-luly)
Mina Waage (Lli0)

Deputy (September-December)
Eli Baeverfjord Rye (Ui0)







HIGHLIGHTS: EDE

Specific activities related 1o education, dissemination and CERN membership exploitation (EDE) are covered by this MarCC
activity and Includes scientific publications, PhD, MSc and B% degrees, as well a5 education and cutreach actions and
rraterials targeting various groups. Full exploitation of CERN depends on the ability to make use aof CERM's resources and
funding invested in confracts, technology transfer and technical student programmes, Another impomant goal af this
activity is to increase the amount of outreach within the centre, The research performed within these fields are of great
significance, and bringing this forward (o the society as a whole i part of our mandate,

Morwegian visits to CERN

Each year, araund 1000 Moreegian pupils visit CERM. Alsg
mary students at different Moswegian wniversities and
university colleges get the apportunity to visit CERN. During
thess yisits, MerCC members help the CERN visit service by
holding lectures and acting as guides. Further, a school far
Morwegian physics teachers s arranged bisnnually, next
time i 023024, A this school, arcund twenty
Morwegian teachers spend one week at CERM, where they
are updated on the |latest development in particle physics,
from accelerators to data analysis, Many of the lectures and
activities are presented by Morsegian researchers.

Norwegian Technical Student Programme

Hundreds of technical stedents carry out their research at
CERM yearly, of which around 10-12 are Morwegian, Around
eight of these students are co-finamced by Morsay and
CERM, while the remainder are financed by CERM only. The
students are at master o end-of-bachelor level. They come
from many wniversithes and wniversity colleges, with HTHU
histarically as the main source including its campuses at
Gjewik, Agder, Mardk, HYL and Stavanger. In 2021, the
technical stedent programme invalved on average around §
students.

Summer@CERN

For the first time after the starg of MorCC and for the
first tirme after the pandemic we wene able 1o invite all
young researchers 1o a two-week eventfschool at
CERM. The evemnt was aftended by 31 young
researchers, Bachelars, Masters, PhD and pastdoctoss
The program consisted of one week of academic
program with lectures and visits 1o the experiments
and a second week wath Higgs celebration and
Innovation program with ldeasquare. We were very
pleased that we were able 1o have such an excellent
attendance o the end of the pandemic and the
feedback from the fudems will be wery valuable
when we arganise another sech event in 1-1 years
time. In surnmary the event was very well seen by the
students and they recommend we continue,

SummevBLERN. Thepveticel pinsicar John B poee o apecis
et fov ud dermig Ihe gy CEFDnREAEL. 16 TE ASI0, Sdger
perixrponty bk fo him dflir A deghaes




HIGHLIGHTS: TTO/ILO

Industry Liaison Officer
Technology Transfer Officer
e Petter Hordahl

The industry liaison service

An industry liaison service has been established to
help Morwegian companies that are interested in
delivering goods and services to CERN. The
industrial liaison officer (ILO) helps CERN identify
possible Morwogian suppliers and quides the
Nprwegian company through the qualification and
tender processes. In addition, the ILO can help the
company get in touch with nelevant contact
persons at CERW to market their products or
onganise wisits, Ole Petter Mordahl is appointed
the Marwegian Industry Liaison Officer, a position
he has had since 1004,

In 2022, a Norwegian industry day was arganized
at CERW 3ith May to 1st June. 10 companies
participated and 55 BIB meetings took place. In
the future the national industry days will be
replaced by smaller thematic industry days.

WVacuum and low bemperature
10.8%

Centralised expenses
24

Cihdll engineering and bulldings
B.1%

Office supply, furniture and communication

21.6%

Industrial contracts

The research foundation CERN in Geneva, Switrerland, annually
purchases gooads and services for on awverage 5 billion NOK,
primarily from its 23 member states and 10 associated member
states. A5 @ member of CERM, Morwegian companies deliver
both supplies and services, Monwegian companies have far
years mainly delivered products and services within the aréa of
mechanical waork, adwanced précision machining in particular,
and electronics, Since J021, Morwegian companies  have
increased the deliveries of specialised IT equipment and have
algo won framework contracts for affice furniture and chairs,

Industrial Return
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Knowledge and technology transfer

CERM 15 hiwne to somé of the warlds most comglex
scientifec instruments, used by phySicisls to probe the
fundamental structure of the Universe, The technalogies
developed to operate these instrements — and, in general,
to pursue CERN'S fundaméental mission — have applications
in areds beyond particle physics. Knowledge transier
hagpens in Jl interaction points between people, At CERN
the knowledge happens farmally through the CERN
Kndrwledge Transfer growp (KT) and |deasguare, and often
rare infarmally in the ndustry contracts and the résearch
callaborations, The KT group it respansible for ntellectual
property  (IF) managerment and the entreprensurship
initiatives, while |deaSguare Tacilitates innovation or
entrepreneurship-dinven events and courses aftén using
the Challenge Based Innovation (LBl methadology.

For Marway. the main knowledge transfer beyond the
research happens thromgh the indwstrisd contracts. This
type af knowledge transfer i nol ety [0 monitor o
quantse and might aften be related 10 IMprovements in
production methodology, 1esting procedures and quality
cantral.  Sométimes completeély néew technologies are
developed in oooperation between CERN researchess and
campanies, But most of the time CERN enginsers help the

campanies to improve tolerances or the attributes of the
produwdt or services, This helps the companies 1o IMpaove
their competitivensss and might opeén nesw busingss areps.
Ofe Petter Mordahl is aso appointed the Morwegian
Knawledge Transfes Dficer.

Structured Laser Beam

NTNU Screening week

Since 2008, MTHU nas been sending their sudents at
HTHU Schoal of Entreprensursiip to CERM for a week. 5o
far mare than 340 students have participated in the evem
and 57 technologhes have been screened. During the
WTHU 5Screening  week the sudents chose CERN
fechnaologies and know-how 1o develop a feasibility siudy.
The swdents are assigned o teams based on thei
background and they then cooperate and discuss with the
LEEM technical expers and with companiés 1o develop
viable swrategies for commercialisation. Finally, they
presented their findings at the end of the week, followed
by a written repart, If a technodogy has great business
potential the students have the possibility (o establish a
start-up based on the CERM technology. So far there has
been fouwr start-up  amempts, One  compary, Tind
Technologies AS, has been aperating since 2014, The 15th
version of the NTHU Screening week was held from 241h
October to I8th October 2032, where 30 students
participated,

During this week, five CEEN technologies wene screpned:

s Ruckh- @& propect that provides services and associated
libraries  for allowing scientilic  collabarations 10
manage large volumes of data spread acrass Facilities
at multiple institutions and organisations.

« Wihiie Kabbit - a iechnology developed at CERM 1o
provide sub-panosecond accuwracy and eooseconds
precision of synchronisation for the LHC acceleratons
Chain

# [:!utlll: Laser - a laser thal operaies aon a single
resanator mode, so that I[ emits quasi-monhasmatit
Light with a very narrow lineswidih and wery low phase
Mo SE.

o Ulwalight Cold Plate - a technology developed by
LEEM For the cooling of power dissipating elements,
based of mMICAO-MAcro vascular pipes embedded in
migh thermal conduciive carbon subsirate.

o Structured Laser Beam - a low-cost laser that
produces a non-diffractive beam (MOB) that has Wery
low diverge and Can mamntain the Bessel-like beam
and spob sires for long distanoes.
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Fellows
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Norwegian personnel

CERM= staff members, aumbering ancund 2500, take part in thie dedign, coastruction and operation of the retearch
ifrastiectiong, They 3lio contfibute to the pregaration and opecation of the experiments, 84 well a4 1o the analyiis of
the data gathered for 3 vast community of users, comgeising aver 12 200 scientists of 110 nationalities, Trom
indtitites in mene than 70 coumtries. tn sddition 1o about 100 users asgociated 1o Nofwegisn universities, Nofway lad
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permanently from Gemeva by the end of 2022,
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Eskil Wik
Technical stedent (MTNUACERM)

"Curious nanotechnologist getting a bit lost at
CERN - and loving it

What is your background?

I am currently in the middle of an integrated masters
degree iin Manotechnology at NTHU in Trondhetm, where |
rainly specialize in nancelectronics and solid state
physics, This year | am at CERM as a techmical student,
working on a computational physics project on beam
dynamics.

What would people be surprised to know about you?

In the semmer of 2020, | hiked the 700 km (or roughly &
weeks) from Trondheim to Stavanger with my family. | can
hizartily recarmmend trying it, it was amazing!

Where would we usually find you?

My office is the first place | would Look, But | wowldn't ule
out finding me at chair renearsal, in the alps skiing, or on
a brain 10 visit 4 new city,

How has the year of 2022 been?

Py year has been very good, especially since it has been
incredibly varied, In the spring | had a great semester at
my university, whare my studies are getting more
interesting as | progress (n them, and at the same time the
siacial swident Life is picking itself up as covid restricthons
werd getting mone relaxed. In the summer | did an
internship whene | did data science for carbon capture, and
the autum |'ve spent at CERML. All in all it has been a
great yearl

What are you looking forward te in 20237

Taking advantage of being in the middle of Europe! Since
I'm gaing back to Morway 1o resums my studies after
summaer, | want 1o take every oppofunity | can get hene to
go skiing, interrailing, hiking - all the while making new
friends. On a more professional note, | think my work will
also be evien more interesting, as |'m now (mostly) past the
I have no clue what's gosng on"-phase that comes fnom
starting a new job in what is for me a new field,

What do you plan to do after this period of your Life?

I have bwa more years at university before |'m finished
with mry master's, 50 1l start with that. After that, who
knaowes?

Choose one song bo play every time you walked into a
ropm, what song would you choose and why?

| think it's impossible to find something that fits well
played out loud in the office, at the supermarket, in a bar
or 3t & funeral, S0 | suppose if I'm doamed 1o a life of
constantly interrupting things in an inappropriate manner,
| might as well go all out with something as dramatic as
possible: Nl go with Phantom of the Opera by Andrew
Lloyd Webber!

What ks your current research project?

| 'work an improving a saftware tool for calculating
impedances and wake fields, primarily in beam
collimatars, My tasks here range fram mastly IT related,
swch as improving installation procedures or developing
interfaces to ather pleces of software, to tasks mone
related o mathematics and physics, for exarmple
implementing calculations of higher order terms of the
impedance.

Wiy did you choose this Held?

It actually happened a bit by chance! | was applying to be
a technical student at CERM, and enwisioned it to be
sommething related to material sclence. But then | got an
offer far my current praject and thought it seunded veny
interesting! It helped that the project was to a large extent
compistatipnal physics, which 'm well acquainted with
and know | enjoy from unbversity, so even though beam
dynamics 5 new 1o me, | both lesmn & Lot and fee] like |
contribute well to the project,

Wiy do you think this research is important?

With the enarmous political and economic costs of
building of upgrading particle acodlerators, good
simulation tosds are essential to ensure sufficiently
thorough feasibdlity studies for them 1o even e bublr. The
software |'m working on is one of many that comprise
CERM's ecofystem of simulation toals, so impraving s
performance and usability is an important contribution to
CERM's angoing search for the next step after the LHC.

Which fictional character do you identify with the most
and why?

Hmm, maybe Ash Ketchum from Pokémon? Full of wonder
and curiogity, and resobved to excel at what he does, but
still most interested in having fun with the friends made
along the way. An ideal to try to live up to, to be sure|




Oda Langrekken
PhD student (Li0)

What is your background?

I finished my master’s degree in physics at L0 i 2015,
After findshing my degree | got o job as 3 data scientist in
ingurance, After two years away from physics | realized
that Life just izn't as much fun without some particle
collision data to analyze, so | returned to LD to start oy
Phi,

How has the year of 2022 been?

I got the opportunity to travel to CERN at two different
oEcasions this sumeer, Being at CERN always helps me
stay motivated and excited about my research, After some
years of limited travel, being able to travel to CERN again
felt really invigorating. | also finally bowght my own
apartment.

What are you looking forsard te in 20257

In X023 | am looking forsand 1o progressing mare with imy
research | am also looking farward 1o many howrs
sunbathing with a glass of wine now that | finally have rmy
own balcony!

Wheat s your current research project?

| search for new particles in the data from the ATLAS
detector using machine leaming methads. In particular |
explore how we can search for new particles wsing
unsupervised methods that make no assemptions on how
the signal from the new particles should loak.

Why did you choose this field?

| lowe elementary particle physics because | am very
detall-oriented. | also lowe programming (1 even enjoy
debugging), o wiiting code 1o analyze data from particle
collisions is really the perfect fit for me,




ACTIVITY /

MANAGEMENT

One of the most important advantages of having a centre such as the NorCC is to be able to
work together and create a community with research opportunities, networks and
community, for researchers in Morway and at CERN. This is particularly important for the
young researchers of NorCC but also to improve research and research relations with CERN.
Indeed in 2022, the focus for NorCC has been on the young researchers, establishing the
first Summer@CERN school, setting up a Young Researcher Council and a starting student
seminar series and a regular seminar series for all. The managment of NorCC has a rather
flat structure. The Steering Committee consisting of the leaders and activity leaders meet
every week and once a month with the network and sub-activity coordinators, all working
together to improve NorCC and our relations with CERN,

Centre leader
Heidi Sandaker (Ui0)

Administrative coordinator (lanuary-July)
Nina Waage (Li0)

Administrative coordinator (September-December)
Eli Baaverfjord Rye (Ui0)







HIGHLIGHTS

Annual workshop

Qur second annual workshop was held for the first tme in
persan i Dgla in Gamle Festial, with Zogm connrgction
possible, and with the attendance of around 50 peaple in
total. This years workshop was dedicated o discuss the
future plans aof the centre owards writing a shorm 10-year
plan during 1022,/2023, All areas of research in the centre
were discussed and althaugh far come areas more wark s
nesded, pthers had several concrete ideas which are warth
purswing further and also new ideas emerged during the
discussions. We very much look forward to follow up on the
auteame ol the wadkihop,

MorCC inaguration

Part of the workshop was a dedicated Inauguration attended
by Statssekretar Oddmund Lakensgard Hoal, the Norwegian
Research Council and representatives from the member
uniwersities WG, WiE, NTHUW, HYL, UlA and USH. The
speakers prorektor Ase Gornmitzka and statssekrefar Hoel
opened the centre,

Tour of NorCC institutes

After the wisit to NTHU in Movemnber 1021, the tour of
MarCC institutes continued disring 2022, & visit 1o Uik took
place in May and & visit 10 HVL and UiB took place in
Movember. Thanks to all the institutbons for fruitful
discussions and many plans 1o follow up in the years to
came, Mext a visit o USN is planned in 2023,

Mgl wrkidoog in Seplember 2O

Young researcher council

& Young Researcher Council (YRC) was proposed and set
up during the workshop to ensure a strong wodce of our
youngest members inte the leading and operation of the
centre as well as to the work on our future plans. The
Cauncil will be ted by Tarje Hillersay (HYL) amd [da
Storehaug (LHO), with Oda Langrekken (Wi0) as deputy
ardf Ruben Guevara (Ui being the woice of the M5
students. An YRC representative will also participate in
the extended Steering Commiltes mestings of the
centre pnoe a month

Student seminar series

In 2032 we started our Student seminar series, open to
all. Thanks to all the student who presented in 2022
and we are wvery much looking forward to the
pregentations in 2023,




Even Simonsen Haaland
PhD student (LIiO)

"An old man with a taste for dark chocolate
and 1970s music, disguised as a relatively
young particle physicist that likes sports

What Is your background

I did my bachelor degree in Mathematics and Physics at
the University of Stavanger, befare mawing to Dalo for my
masters. | finished a masters degree in Subatomic Physics
at the University of Oslo In 20017, For my master thesis |
worked on a search for Supersymmetny with the ATLAS
expErirnant,

What would people be surprised to know abowt you?
I can play the banjo!

Where would we usually find you?

These days you mast often find me waoeking, either at the
uniwersity or somewhere else, trying to finksh my Phi.
Wehen I'm mot warking you can find me in the akiing tracks,
at the football pitch or in the swimming pool {sporty
version), or close to a guitar, a beer or a guiz book (relaxed
varsion).

What are you looking forward to in 20237
I'm looking forward to finish my PhD

What ks your current research project?

I'm working on data analysis with the ATLAS expariment.
My PhD project is a search for mew "exolic” panticles
Lging the data set recorded during Run 1| of the LHC
Specifically, | Look for processes where a nesw neutral
gauge boson (£ is produced in association with dark
matter candidate particles.

Wiy do you think this research Is important?

Discovering physics beyond the Standard Moded has
turned out to be more tricky than many people expected,
but | think there is still a great potential for discoveries
and interesting results in the data set that was recorded
during Rum |1 af the LHC. Since we do not know what kind
of physics there is beyond the Standard Model, it i
imipartant that we explait the full potential of the data
sef wie hawe, and imeestigate as many madels and final
states as possible. The particular final state ['m working
with ks pne that has not yet been studied, neither by
ATLAS nor CM5,




NorCC

NETWORRS

The centre networks offer, to a collection of people at all career stages, the
opportunity to engage in scientific exchange and cooperation across locations. The
networks will be dynamic and cover various topic areas throughout the evolution of
the centre. They will change, expand and be supplemented by additional networks in
the future if needed. Furthermore, such networks are highly important for the
development of scientific communities and creates a platform to form new alliances,
share ideas and increase the overall creative output. Moreover, it can inspire young
hopefuls by connecting them to more advanced scientists - leading to growth within
the scientific community.







HIGHLIGHTS: _ _
R&D Computing, Machine learning/Al

Leader
Elrik Gramstad

Deputy

Therese Berge Sjursen

Fundamental research today, in particle and nuclear physics, astrophysics
and many other fields besides, often invabves hugely complex experiments
producing ever greater volumes of date and increasingly relying on
advanced, computationally intensive simulations. Whilst experimental
equipment is the baiis of data collection, computing is a1 the heart of data
explpitation = it enables researchers to tum streams of raw data into
rganingful ndights about the nature of the Universe, This issue will be
particularly critical in the mid to late 20200s as the High Leminosity Large
Hadran Collider (HL-LHC) begin 1o take data. Consequently, the research and
development needed to ensure the computing workflows for such projects
are sustainable needs 1o begin now: Mo computing, no physicsl The
continual and growing pressure on moedern reseasch caused by limited
computing resources gives a strong incentive ta develop novel technigues
that enable full exploitation of data whilst keeping the required Investment
in computing  infrastructure Bo A fedonable leval With the recent
developments in computational accelerators and machine learning (ML),
there has been a steadily increase in the use of ML at almest all Llevels of the
data handling in large experiments. This will evolve to be one of the most
IApOAAnE aspects in the future of computing within the physical sciencesd,
This netwaork will bridge the activities in the different groups connected to
the centre, premoting osllaboration acnggs experiments and sharing of
experience to ensure that Moowegian scientists can take a teading rele in
utilising fenw advandes in campuling in the fields of particle and Auclear

physics.

.
.
T
1
L

Im 2022 we arranged two workshops on topics relevant for the nebwork, The
first wad & bwo-day confedence at Geils, facusing on comman challengss
using ML in analysing data from the ATLAS experiment. in particular within

searches far new physics beyand the Standard Model The workshop had . =41 .
geed attendance from all groups invelved in the pasticle physics activity in : abanaada :
MarCC, in particular fram young peaple, The network alsa arranged a

satellite workshop on the day directly following the annual NorCC workshop I :

i September, where people from activities ®ress the whole centre
presented their waork and participated in discussions related to ML
Furtherrmgne, the network also arranged & session during the workshep,
covering topics on ML and data science, including a talk on the applications
af the skills and toals of the HEP community related to B&D Computing and
ML with a Morwegian perspective,
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HIGHLIGHTS:
R&D Detectors & Electronics

. Leader
1 Bjarme Stugu

Silicon detectors and electronics are central in particle physics in
order to identify, track and image high energy particles emitted
during plysics processes. Constant developments are required 1o
match the increasingly demanding requirements of  physics
experiments. Traditionally Moreay has had $veng activity in detectar
developments, both sensor and electronics and with MorCC we have
the appartunity (o work more closely together on fulure detectod
technologies.

Deputy
Ertil Roed

One of HorlC's Largest research areas are on silicon detectors. Work is
angaing 1o study Aew prapemies such as partoularly ultrathin curved
sensors a5 being designed for ALICE IT53. A preseries of radiation-
hard 30 sensors was dedivered by SINTEF 1o the ATLAS Tk in 2022,
and will be subjected to extensive tests in 2023 Hopefully this will
result in further delivefies of such iensers During 2023, the RD53
collaboration will deliver the final designs of pixel readout
electranics for bath the ATLAS and CM5 collaborations. Discussions
are now taking place conceming how the available resources could be
directed towards new development projects for future experiments.
There is also development work on extremely thin detectoss to be
aperated under extremely codd conditions as for AEGIS, where both
electronics and sensors needs to operate at 4 K. In addition, we
participate in development of novel CMOS sensors for fulure
experiments as well as investigating Sclid State Electron Multiplier
concepts for LHCH,

The newvel detecior array Oscar a1 U0 OCL, based on LaBr3[Ce)
scintillator crystals, are being considered for use in o new range of
experiments at 1S0LDE at CERN. A new emenging collaboration in
2021 is the investigation of Laser drilling of silicon sensors by NTHU
in collaboration with WO and CERM. This resesrch can take place
thanks to modemn cleanrooms, electronics and instrumentation
labaratories [such as a micro-Bonding machine, microscopes, a
climate chamber, electronics, probe lasers and more) that can be
shared between different activities,

The activity of this network can directly contribute 1o balancing the
industrial return for the Moreegian contribution to CERN through
cotlabpratian with Morsegian comganies.




International TWEPP 2022 conference
{arranged by UiB&HVL)

The Topical Workshop on Electronics for Particle
Physics [TWEPP) conference was arranged in
Bergen from the 19th 1o 23rd of September in
2024, 205 scientific contributions  divided
between orals and posters is am all-time high,
and close to 250 participants traveled from all
awvier the world to a B-E'I'I;EI"I that was bathed in
sunshine far the occasion. They experienced
saveral interesting talks and posters on R&D
projects related to potential technology advances
for the next generation detectors, OF social
activities, the participamts enjoyed a boat trip in
the fjords in beautiful weather and a conference
dinner with a spectacular view at the restaurant
at Maount Fladen.

The scientific committee from CERN and the
participants showed great appreciation for the
arfrangerment, amnd for the opportunity o lll'la'lll]r
meet again after 2 years of cancellations and
online conferences due to the pandemic.

TWEPF BavIicipanrs




Sigurd Mese
PhD student (Li0)

"A physics-obsessed PhD student who is
simultansously focused and too easgily
dlistracted’

What is your background?

I got my Bachelor of Physics in Tremge, and moved to
Bergen to study thegsetical particle physics. My master
thesis was an the magnetic moment of neutrings (n
theosies beyand the Standard Moded,

Where would we usually find you?
Probably in the physics bublding ag L0,

How has the year of 2022 been?

For me it was a year with a kot of change, as | finished my
master's degree and moved twice, Definitely one of the
rare stressful years of my life, but it had a Lot of
exciterment as well!

What are you looking forsard te in 20237
Exploring and getting to know Oslo, and traveling 1o
CERMI

What da you plan to do after this period of your life?
Hopefully more physics,

Cheose one song bo play every time you walked into a
room, what song would you choase and why?
Anything by Vulfpeck.

What ks your current research project?
| will look at photaproduction of chanm in heavy-ian
collisions in data fram the ALICE detector

Wy did you choose this field?

The subatemic warld has always fascinated me, hnd being
abile to get hands-on with data from CERN was very
appealing!




Ruben Guevara
Master student (Ui0)

"Man with access to super computers looking
for WIMPs at the local detector

What is your background?
I completed my Physics and Astronomy bachelor at the
Univeraity af Oslo.

What would people be surprised to know abowt you?
I still peed & calcutator to do multiplications at a
reasonably fast spesd.

Where would we usually find you?

I usually sit in the HEP masters room at U hldden away
in my corner, If not, I'm prebably hidden away in a corner
at home or the gym.

Hew has the year of 2022 besn?

it wias an amazing year for me where | finally feel like | am
daing actual physics, espetially now that | started my
masters thesis and have attended multiple conferences
with Mor({ »

What are you looking forward to in 20237
Finishing my thesis and seeing what the future halds!

Choose one song to play every time you walked into a
room, what song would you choase and why?
"Love Sosa” - Chief Keef. Hardest song of all time.

What is your current research praject?

I am doing a model independent search for dark matter
(WIMPs) in a dilepton + missing energy final states wsing
warious machine kearning methads.

Why did you choose this fleld?

| really enjoy understanding things on a fundamenial
level, and as far a5 testable physics goes, experimental
high energy physics is the best we've got!

Wiy do you think this research is important?

Other than helping every scientists with their curiesity as
of what dark matter is, the togls needed to get an
emipirical answer to this mystery would benefit society as
a whaole, as most technology created for physics has in the

past,

What would you Like the impact of your project to be?
That at least one of my machine learning methods |s
useful for spmeona in this feld, or at least the core ideas
behind them

What do you see as the most important ssue in your field
today?

| wiould say that the trigger syiterm on detectors i an
impartant problem to solwe as | am currently looking at
dark mattes, becawse the trigger system would most Lkely
thirow Bway events that are not desmed "status quo

impartant”,

Which fictional character do you identify with the mast
and why?

Goku from Dragon Ball Because he never gives up no
matter how hard things get and always sees the best in

BVETYONE.




OUTREACH






HIGHLIGHTS: OUTREACH

Afver several difficult years, we are very glad 1o see in 2022 that visits and outreach
activities resume!

Ouitreach is an important part of owr activities since long before the stant af Narll. Frem
rare than 1100 Morwegian pupils at wisiting CERN 2ach year to the very attractive
yearly masterclasses where hundreds of pupils ge1s a taste af High Enengy Physics at the
Universities. ln 2027 was alse & year of celebrating 10 years singe the discovery of the
Higgs bosen, with celebration at CERM and in Morway. One of the main focuses of our
activities i recruitfment to the physics programmes and the education of teachers, as
well a5 and to infedm and promote our research to the general public.

Higgs 10 year celebration

Duiring 3023 we celebrated 10 the years annbersary of
the discovery of the Higgs boson at CERM. This is of
particular  interest due te the many. Norweglan
contributions to this discovery, The Higgs saga is by no
meaErs now aver, currently Monwdglan scienists ane
wiarking hard to study the Higgs bosan and its impact on
nature, and we are oven tlking about building a Higgs
factory in the futurel

HorC celebrated the anniversary by a special event
during Smemer@CERN with a speclal lecture by Fohn
Ellis. In addition, the Higgs distoveny was celebrated by
a special dinner during olr yearly workshop In Oslo. Last
buit nat least sevedal articles were written celebrating
the event and discussing s impact, in paticular by
@nvstein Middiun, Bjame Stugu and Alex Read

Fra




Hew podeast: God fysikk

Ida T, Storehawg has started & podcast
dufing the pandemic fo discuss
physics topics which is of inferest 1o
her and athters filling a gap after tha
lack of seminars, Several colleagoes
huwe visited her podeast such as Gen
Kluge, Anders Kwellestad and EU B
Kye, discussing  paricle physics,
astrophysics ard theosetical physics.

Eurapean Particle Physics Communication Metwark [EPPON])

Nonvay participate EPPCH where Hilde Lynnebakken is the
representative for Morway, The 31 meeting took place in
Nevember 2022,

European Particle Physics Qutreach Group (IPPOG)

P0G I8 network of sciemtlsts, scence educaiors  mmd
communication specialists working across the globe in science
education and public engagerment for particle physics. Norway
participate theough MorCC in this network and 1s represented
by Farkd Duld-Saada

Abels tbrm

“Abels a5 a popular sCience
radio  program  and podcast,
whera threg researchers angwed
guesiiong from he listenars and
iy T fimd the truth about how
the universe works. During £02.2,
three MorCC resegochers have
Deen  guests on this show! A
Maklew, Ida 1 '.‘|'.I:II'I."|=.]LII'=I and
Anedars Kvellestad




Masterclass 2022 in Bergen

Im 2022, HVL and LB collaborated on amanging a Masterclass in
particle physics {organired by the International Particle Physics
Qutreach Group - IPPDGL The esent was carried out as an online
meeting whene we had 19 participants from 5 high schools in
Bergen and the surrounding area. The program was built anound
the scheme fram [PPOG which is based on analysis of data from
ATLAS followed by an online meeting with CERM respanchers, To
imdreaie the ||_'.'ll'||'u'r pulcomes of theé students, we Croated aur
own program i advancé with  Iintmodectarny  lectures on 1hHe
standard model and experimental particle PHY LS We  alzo
intrdduced the stisdents to the curment stiudy offers at VYL and UiB
In 3023 the plan is to arrange again, a5 before Covid, master

classes bath in Oslo and in Bergen

Z-Path

The overall goal of the ¥-path project (since 201Y recekving
funding from the Olav Thon Foundafion) B o bring the latest
developments and discoveries within high energy physics to the
class- ropm [1]. In 2021 the Tpath Galaxy portal [2] was
devetoped and fanally released, enabling access o haidwade
resources, software packages and experimental data for amyone
to analyze, including, among others, the full 15 TeY ATLAS open
fata release. In ponciple anyone Ccan create a user .and fog Into
the portal. Ome then immediately ger sccess (o a limited ambunt
of Computing resouwrces, with adl the needed saoftware pre-
installbed, The portal provides severasl means of buslding up an
analyses and analyse expeomental data; aither thrugh El}mpilﬂﬂ
Le+ programs of ineractively using jupyier-noieboogs The
portal was extensively used in the Research Based Particle
Physics couwrse at the University of Oslo during spring 2022, and
other courses at LD ame I:llil'll'llﬂ-; 10 make use of the resources
for the next cemesters. The podtal, ACCompanyang siftware and
the experimental data will continue to be developed and
extended in the future, to always foliow the heart-beats of the
leading high energy physécs experiments. Moregver the Z-path
project enables stwdents, as part of one of thelr courses n
partecle physecs, [0 take par in the complete process from
dgetector building at CERM, through testing, remning  and
commissioning before developing analyses looking at the data
recoeded by the dewectors. Unfodunately, due o the Cenild-1%
pandemic, it has bepn difficull 10 bhing stedents to CERN . the
past fiew years, but we will re-start this activity in 2023

1] Bpirpatirweh hepp wocinusd no'Tpath
1 2] Mpafigailaany-Feepp hpe uiongd




High School wisits to CERN

During pre-pandemic years around 1200 Morsegian
high szhool students visited CERM every year. A core
team of Morwegian CERM helps to make the wisits an
gvent ta remember and are cnucial for retruitment nof
only to resarch at CERM but alss to physics and natural
sCicndes in general,

In 2022 we were happy to welcome back the firse
visitors to CERN, and the first high school classes from
Monsay is expected back to CERM in 202 3!

Sehonl viskts In Moy

I 2022 first requesis have swarted to come oo
visht seheols In Noreay, One of the first schoals
wias Marker skole In @ife. Four talks weve held for
7.8 % and 10cth grade. Enthisiastic puplls and
teachers and very interssting questions mads the
vizit 3 plagsure.

Several more school visits are now planned for
207% and we very muh [ook forward to meet
with puplls and teachers and talk about physics!

o F
Phicta Teain M ke REmEmn e,

Recruitment to CERMS student programs

Ouring 2022 we have continued (0 fmprove on
aur recruitrment program to the CERN stodent
programe  (Summer student, technical udent
hD  studeng), The potitiend  have  besn
anmounced o 8 wider audieste and  with
Siractive posters amached In additeon,  key
pereons at CERN wvisited NTMU for the fargl tifme
afain after Covad-19. We hape that this effert will
raise the amount af Norwegians ot CERN but also
MSpENe younger students 10 apply for masters and
fimilar within these fialds, This work will be
further developed in JUZ2 and can budld on the
fundarment alresdy created
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PUBLICATIONS




The ATLAS and ALICE papery lisbed balow wene published
betesen January 1 and March 3, Since then, the four LHC
experiments have frozen all publications due to the war in
Ukraine. Papers sre still prepared and made publicly
anilable through the CERM Document Server [CD5), bt
they will not be published in scientific journals before the
collaborations hawe sgreed on how to acknowledge work
bry Russia, JINR and Belans,

ATLAS Collaboration (2022)

1) Sy of 8 — G and Br — JAWD™ deveys b pp
coffiphons ar ¥ = I Tel with the ATLAS detecror,
JHER, DE0RT, B022

i Searrh flor meutrad fong-dved parficles Jo pocoldisions
at s = 15 Tel that decay info désplaced hadronic féts
in phe ATLAS colovimeler. BHER, 062005, 2021

B} Seavch for events with & poir of disploced vertices from
long-liven neatrgl pavTicles decayimg anng hodvanic fets
in e ATLAS muon spectrowstey in pp foliickans ar
wen |3 Tel, P, R, D, 106(5)032005, 2022

1] Meggevements of jet observabies seasithe [0 D-guonk
[rngreenitalion @@ B events of the LM wibfathe ATLAS
detechor. Py, Rew, D, 1063032008, 2022,

5) Megsarements af differenbial fross-sections im dop-
quark pok dvealy willr @ Righ ErenTverse Mdmhennum
fop quork and fmits or beyoeod the Standord Model
confribations he fop-guark pair produchion mith Ehe
ATLAS detector af 5 = 15 Tel. IHEP, D6:063, 2022

&) Megserement of the palorisation of single Hop quarks
aad antiguanks prodered i e f-ahaie @ 5 = 1T
Te¥ ond bouwds on the tWh dioole operaior from Hhe
ATLAS experiment. IMEP, 114040, 2022,

7 Seavriy for lovistble Higgs-boson decays ia events
with vertor-beton fusion sigretures ming 139 fb-F of
proRen-prati dhata recarded by the ATLAS experiment,
IHEP, 0104, 132

E) Seaveh for resonant pair production of Higgs bosons in
it bbb D final siate iming pp collisions of 5 = 15 Fel
with the ATLAS detector. Piys. Rew, D, 10509092 002,
LIRS

) Seareh fior Bppe-ill seesow hedvy feptons in [aptoais
Jinal sares o pe collivhess af ¥5 = 15 T e wath ihe
ATLAS drtector, Eur, P, ), COB2(1135288, 1022

Two-poriicle  Bose-Einstela  coveiones  In pp
10)  colftebons ar ¥ = 1 Telf megouned with the ATLAS
deteciov of e LWC Eur. Phys. | O BT 008, 1021

Meagevpments of the Higgs boson feclugh  and

11)  differentiol fiheeial cross-sections in the dipheon
decay channel with g collisions ar +5 = 15 Tel with
tee ATLAS detector. \HEP, 08027, 2022

1)  Direce congtrging ow the Higgs-cham coupling from o
seaerh for Higgs boton cevays nfo chanm guarks willy
ifre ATLAS derector. Eur. Py | C, B2TLT, 2022,

13) Meosuremenws of Mg bosan  praducrion | Erasse
sections in i H == 1 *7 - decgy chonnel in pp
pollifiorns o o = 15 Tl wane ofe ATLAS gensciorn
MHER 08175, MO

14} Saarch for simgle production of o vectoriee T guark
decaying inte @ Higas bosan amd fap guank wiity fllly
todeondc fimad stotes usimg dfe ATLAS defector. Phys.
Rev. D, 105(% 092013, 2032,

15) Search  for long-lived  chonpénos bosed o0 @
discppenring-lrack  signotwre mying 136 =1 of pp
collisons ar ¥ = 13 e with it ATLAS detector. Eur,
Phys. |, €, B2(7)606, 2022,

In adiditeon 1o the above published papers, anound 70 mone
wene prepaned by the ATLAS collaboration in 2023

ALICE Collaboration (2022)

1) First stdhy of the hvo-body scatienng imesdving
charr hadrews Phys, Rev, D, 106(5)053010, 2022

7 Mensunermen of bemuty produchion vi mo-prompt
D0 mesons i P-Pl collisions ar Y= 502 Tel
IHEP, 1i:116, 2021

3] Mulitiplicite dependence of chored-particte fef pro-
dwciron in oo codlisioms of o5 = 15 Tel Eur, Phws |, €
BR[Ey514, 2022

In addition to the sbove published papers, arownd 50 mare
wern prepared by the ALICE collaboration in 3033




Other publications (2021)

1)

4

&)

11)

135)

Camper, &, Rehne, 0, M., Sandaker, H. ot al, AEGIS
Codlaboration, High-retolulion MR- TimePix 3

ingdiming detector  or  ortimaier  plaics
Meoror, 5o, Tech. 35 (2023) 11, 115105

Camper, A, Rabne, 0. M, Sandaker, B, et ol AEGIS
Collaboration,  Expeniments  with  mdsfeawy
antipratenic afoms i ASg TS, Pos PANIC203 (2021
446

Camper, &, Rabine, 0. M., Sandaker, M., et ol AEGIS
Codlabevation, Contred system Jor ion Penning traps ot
five AFalS pxperiment of CERMN, |Phys ConfSer, 2574
(2022) 1,00 2088

Lamper, A, Rehne, 0, M., Sandaker, H, ot al. AEGIS
Cotlaboration, Develapment of o detector for inertial
sensing  of pesiromium  or  AFQIS  [CERN,
1P Conf.Ser. 3374 (2027) 1, 012057

Van Rijnback. M., Sendaker, H, & al MALTAT:
Concepts for 0 any reclation folerant seasar dn dhe
Towerfarr 180 nm fechnology  Mucl fmsirum Metfod
T (2028 167836

Van Rijnbach, M. Sandaker, H, et al Timing
peformanre of radintios hand HALTA manofithic Pixel
seasors, Muclirstrem Methu, 10461 (20323167590

van Rijmbach, M., Sendaker, H, et al Rodiotian
hardness and timing perfarmanor in AL TA monolinhls
pivel seators i Towerdaer 180 nm, [EINST 17 (2022)
04, 04034

Van Rijnbach, M, Sandaker, W, et al & IpuW
Rudiotion-Hend  Front-Ead in @ OIf-upm CHOS
Precess for phe MALTAS Monalihic Sensov.  IEEE
Trans Mot Sci. 69 (7027) 6. 1299-1309

Van Rijmbach, M. Sandaker, H., et al Letvst
develonments and  characterisation resulis of Hhe
MALTA weeiors i Towetlorr  1EOmm  for  High
Lawminpsity LHC, PoS EPS-HEPIOZ] (2022] 808

Halvorsen M., 1 al, The Siticon Electron Multiplier
sensor, Muclirsorum Methoa 10461 (2032) 167525

Halvorsen M., e al, Conskderations for the VELO
dotector af the LHCh Upgrade 1, LHCB-PUB-20322-
00, CERMN-LHCB-PUB-2022-001

F. Reaz, K, M. Sjobak, E Malinen, N, Edin, E Adli,
Sharp dose profifes for high precision profon Mherapy
wnng focused peoton beoms, Mature Scl Rep 12,
18919 (2032}

L. Pedersen &t ., Coulfommd exciiorion of 2208m,
Phyys. Rov, © 105, 024535 (2020

1. Papp, L Bravina, LP. Csemad, ot al, Kinatie Model
fvriwmtion  of  the  Besifeme  of  Aesmonk
Monoantenves for Laser-indoced Fusion, PRX Energy
203 Mol L 025000

15)

16)

17}

1%

19)

L Bravina et al  Storus and il plgsics
perfarmaace. studies of the MPD expeviment at WICA,
The Europesn Physical lournal & volume 58 Anticle
number; 140 (202.1)

L. Bravina, E. Zabrodin, &t #i. Triple high energy
reacivar and badmn colfisiaas - @ new method fo oy
(D phase dingrom of high borpomic demsities, The
Eurapean Physical lewrmal A walume 58, Arsche
mambser: 169 (20E 23

M. Teslyk, L Brawing, E. Zabredin, Tomi and Partial
Shear Viscosity in Heeayelon Coiflelons ot Enerngies of
BES, FAIR ond NICA, Symmetry 2022, 14(4], 634

L. Bravina, E. Zabrodin et al, Monve of pemicies
orimulfenl eeisolropy of low oad Aigh fansverse
MTeied A0 ulrarsmiidte Ae A codlisions, Physica
Scripta 2022, 97 064007

M. Teslyk, L Bravina, £. Zsbrodin et &, U e

and infeemation Enfropy. Approach. Particlos 104L,
5{z), 157170,







PLOPLL

MorCC welcomes all the institutes, researchers and students working on CERN-related
Research, Currently members of the centre, as listed below, are all persons that profit from
the funding of NorCC, either directly by salaries and such, or indirectly by using the
experimental membership of experiments at CERN. We want to welcome all that wish to
participate and work on CERN-related research. Persons listed below are those registered in
NorCC in 2022, either by their activity leaders or through direct contact with the MorCC
administration (if you are not on the list for 2022 we are more than happy to add you or if
you joined later to the current list for 2023),




&1\ Senior Academic Staff

Activity University Name Function
iParticbe Physics |H'ﬂ. Therese Borge Sjursen | Associate Professor
Pariche Prhoysics |H'-1. Tiygve Buanes Associame Frofessor
Particle Phrysits JHvL Dag Teppe Lidsen Aseoriate Professos
Partiche Physics L Steffen Maland Associate Professor
Particle Prisics juig Gerald Elgen Profrssor

Pariche Prosics juis Anna Lipriacka Peodpssar

Partiche Phrysics IUIE Bjarne Sausgi Prodpasar

Particle Prrysits juic Farid Ould-Saada Profpssar

Particle Prysics/ Theary juio Are Rallev Professor

Farsche Prysics ||.||u Almmander L Read Prodessar

Partacle Physics + |um Heidi Sandaker Prodpssor

Huclear Physics fHvL Hivard Helstrup Professar

Nuclear Physics VL Kristin Fanebust Hetland Azsociate Professor
Huclear Physics |J-r'-=L Blane Kdeng | Assogiate Professor
Muclear Physics fuis ahar Alme Assestiate Pralessor
Huclear Physics juis [faakim ingemar Hystrand [r—

Huclear Physics IUiE Digter Ritwich Professor

Partcle PhysicsMuclear PhslosTheory |J.I|B Kprrad Tywonik Assoriate Professor
Huclear Piysics |1JiB Kjetil Ullsbund Prodpssar

Particle PhysicaMuclear PhysicyTheory IUiI] Lariita Bravirg Prodessar

Muclear Physics |1JII} Katil Beed Professar

Huciear Physics ||.III:Il Torall Bernhard Skaali Prodessor Emernitus.
Nuelear Physics |1.|in Tiine Speditad Tvites Prodisssar

iHuclear Physics IIJEH jrangen Andre Lien [Assaciate Professor
Lhcpebnraton Physics |u|n- Eri Adli Prodrssor

Low Energy Nuclear Physics juic Tar Bjornstad Professar Emenins
Lo Energy Nuclear Physics |ui|:r Anr-Cecilie Larsen Assaciate Professor
Low Energy Muclear Physics |1.|iI] Andeeas Gingen Prodessar

iLow Enengy Muclear Physics IIJiEl Magne Guttormsen Professor Emeritus
Low Energy Nuclear Physics |I.lll:=l Sunniva Slem Prodessar
Tachnalogy INTHU Filippa Bemo Peotigsar
Technology IHTHU Armin Hafaer Profussar
Technalogy IHTHLI |Manen Hows Professor
Technalagy INTHU Manen Kildemo Professar
Techraligy INTHU Dimesthenis Pafritsis Penfessar
Tethnology INTHU Kristin ¥. Pettersen Professar
Technalogy |1-|11-.|u Irina Sorokina Professor
Technalogy INTHU Are Strandlie Peodmssor
Tachmalegy [NTHU Brystein Widdsng Prodessar
Technology INTHU lrerm Wroldsen Profussar
Technalngy |uu Pystein Midttun Professor
Education. Dissemination and Explostation |1.IID.-'EERH Saeimar Stapnes Peodessor




@ Researchers and Postdoctoral Fellows

Activity |University Name Function
Partsche Phroysics Juis [hulia bsabatl Divsland Resparchir
ricle Physics IIJiE Mikalal Fomin Pastdoctorsl Fellow
artiche Proysicy ILIiE Samen Hellesund Postdoctoral Feliow
IParticle Physics |I.IIB Berrand Martin it Latour Researcher
Pantscle Fhysics ||.IIE Graham Rechand Lee Pastdoctarsl Fetlow
Particle Phrysics |um David Gordon Cameran Ressarcher
Particle Physics IIJIﬂl jlames Richard Catmore Researcher
Particle Prysics juio Eivik Gramistad Researcher
Partiche Physics/ Theany ||.||n Anders Kvellestad Pastdoctoral Fellow
[Particle Physics IUiI] Ole Myren Rphine Researcher
Wuclear Physics IIJII] Anastasia Merrlaya Pastdoctoral Fellow
Muclear Physics juis M Rauch Postdoctoral Feilow
[Hiclear Physics |J.IIE |r-lmhm Righites Researchir
Muclaar Physics luis [Boris Wageer Retaarctier
Muclear Physics IIJII} |h:|r|-|.l Christian Arsene Researcher
Huclear Physics |u|n |Fi-:|r|.-|L:| Fianda Researcher
Accelerator Physics |1.m:: Kyrie Mess Sjobaek Researcher
Livw Enetgy Muclear Physics juio Atoine Camper Researther
r.-uw Erergy Muclear Physics. IUiI] Tamas Erikien Pastdoctarsl Fellow
[Low Energy Muclear Physics juic Frank Bello Garrote Researcher
Low Energy Muclear Physics IUiD Exla Sahin Researches
Technalody IHTNIJ Pigrre Andne Calhau Barracs Pastdoctorsl Fetlow

Technical, Supporting and CERN Staff

Activity University  Name [Function
Particle Prysicy ICERM Wicko Coca IIEE'RH Seaf
iParticle Prysics !EEH.H Petra Riedler FEHH Sealf
Particle Physics II.IIG Kjelt Martin Canielsen [Senior Engineer
Part e Prasies L i Deahalr SEOr Enginssr
Paracle Prysics Ui Wincent Gananre Seniar Engineer
Particle Prysics !Uiﬂ Maiken Pedersen I‘E:ru-:lr Engineer
[Particle Physics !LIIE! Crystein Eprgsagel {eeniar Engingor
Panicle Prosics 'l.liﬂ Thomas Pouliznitis S niar Engineer
Partichs PrysicsMuelsar Physies |UIB Atti Lr Radman Suriar Enginesr
Muclear Physics !IJIE Ganesh Tambave {Chief Engineer
Muclear Physics !IJIE Shiming Yang FSenior Enginger
Huclear Physics II.IID lon Christopher Wikna Ceniar Engineer
Technogy i'EEHH Gigwarmi Anetli 'EElH Seaff
Technalogy ICERM Marco Calviani I-EEHhI Seaff
Technalogy JceRm paric Di Castro anu Seafi
Technalogy Jcenn Machaned Doser ICERN Stal
Tachnolgy Jcenm Koestantings Papastergion  JCERN Staff
Technalogy EAN Bart Verlaat JCERN Staft
Technalogy LIiA Saren Kragholm IEEruu:lr.ﬁ.mir.w




ﬁé@ Technical, Supporting and CERN 5taff (continues)

Activity |university  [Name [Function

Technalegy Jcern Brad Schofisld JCERN Staft

Techralegy JceRm Walter Wiznsch {CERM Staft

Education, Dissem, and Exploit. |CERM Cidd Bysind Andreasser ann Stafi

[Education. Dissem. and Exploir. |CERM Hels Halmmyr FEIIH Srafi

Education Dissem. and Exploie  |UIQSCERN Qie Perer Noadshl Ilrldu!-ll'r Liaisan CificedTechnology Transher CNicer
Edustation, Dissem. and Exploit. |CERM Lars Tare Radne I'EEHH Seaff

|Education, Dissem. and Exploit, I':H‘" Jems Wigen I(EI‘:H Seafd

Edication, Dissem, and Exploir. JUID Halda Lyrinabakken ltumrﬂ.lnn::mn Achvisor, EFPCH
Management L EL B. Bye Iﬁ.dfrllﬁlir.mi-.r Coardinator
Management |uio Heidi Sandaker Icentre Leader
Management !IJIE! Mina Waage ihdministrativ Coordinator
Technical Students

Activity |University |Name

Eduation. Disseminatian and Exploation r{ERHi Velle Elvebakken Andersen
Ediscation, Disseminatson and Exploiation [CERH! (s Tranwsm Amegdrd
Education, Dissemination and Expioitation ERM [Andreas Elavenes Berg
Education. Bsemination and Exploitation LERM Marianme Brekkum

‘Education. Disseminstion and Explodation LERM Eivird Dalans

iEdwcation, Dissemination and Exploitation ERM HEriend Flatland

Ediscation, Disseminatian and Exploitation [EEFIH Fredrik Scmmaesfelt Granwoid
Education, Dissemination and Exgloitation CERM Angders Gadrud

‘Education. Dissemingtbon amd Exploation CERM Harald Minde Harsen
Eduation, ideminatign and Explodation LERM Ingebrigt Hovind

Education, Dissemination and Exgloitation |CERM leirik laccherl Haydalsvik
Eduation, Dsseminatian and Expicitation LERM Hervik Sargdrd lehannessen
‘Education Dissemination and Expleaation CERM lerity Lumda

FEdwcation, Distemination and Explcitation LEREM .|Jln Malamant

IEducation, Dissemination arnd Exploitation IEEIIH lida Mjelde

Education, Dissemination and Exploitation !(EF!H Obe Kristian Maonud

Fuscation, Dissemination and Exploitation [cerm linegen Teag

Edwcation, Didseminathon ard Explosation CEEM Marce] Rad

Education, Dissemination and Exploitation LERM Lasse Tpernaes Wardenaer
Education, Dissemination and Exploitation PLERM Ason Stram Werkland




.:@ Doctoral Research Fellows

Activity University Hame

Parcbe Prysicg HWL Aurora Grefsnsd

Particle Prysics HvL Tatje Hiltersoy

Particle Prysics Liig Eriend Aakvasg

{Particle Prysics uig Sohaib Hassan

Paracle Physics LiB SEmon Kiestian Heiberrs
Partscle Prysicy uia Ane Sivertsen Traet
Particle Prysics Ui Wiktar Araniey

iPariicle PrysiosTheony LG Lasse Braseth

Part b Praysios)Theeany Lh Tore Kiungland

Partcle Prysitd LD SCERM Pl Maklum Halbvarsen
Particle Prysics Lifi Andieas L. Heggelund
fParticle Prysics L Even 5, Hiland

(ParaCle Proysics L Dl Langreiicen

[Particls Physicd LD CERM Ml ows wvan Rijnbasch
[Partxie Physics LD Eli Baverfjord Rye
Huclear Physicy HVL Haakon Andee Reme-Ness
tMuclear Physics HWL Flakzim Melnd Stonepedm
Huclear Fhysics UiB Tes Badova

[Huclear Physics Lig Wiljar Milsen Eikeland
Huciear Physics L@ Magnus Rentsch Ersdal
Puclmar Frysics Uig Hira Iy

Huclear Physics Ui Ingrid Mekibben Lofnes
Wuclear Physics LiE [Fon-Are Satre

Particle Physicy™uclear Physics/Theory  |LIE Adam Takacs

Pariscbe ProsicsMuclear PFhysicy Thegry L8 foharnies Hamee Baksen
Panicbe PrysicdMuclear Physicy/Theory (LB Alegandre Falcas

(Huclear Physics Ui Gursim Waheed Malik
Huclzar Physics Uig Alexandra Heagu

Muclear Physicy g Ernllie Haugland Sotheim
fHuclEar Physics Ui lda Terkjellsdateer Storehaug
Wuclear Physics LisH Rure Langary

Accederator Physics L Hareed Cao

lLow Enengy Muclear Physics Wi Matali Gusaknea

Lowe Ervergy Muclear Physics L0 Welie Wegner Ingaten
[Low Enengy Muclear Physics LiQ Wanja Paulzen

Lo Energy Muclear Physics i Lire Gaard Pedersen

iLow Erergy Muclear Physics i Fabip feiser

iLow Enerngy Muclear Finysics WDCERM Giirn Khatrl

iLow Energy Huclear Physics U CERM Tim Wolr

fLow Enengy Muclear Physics # Technology |MTHLUACERN Matall Gusakowa
Technalogy HTHLVCERN Glanduca d’'Antucra
Technal oy HTMUYCERMN Fiera Andre Calhau Barota
Technalogy HTHUYCERN Timm Felix Baumann
Technalogy NTHLCERN Victosia Madeleine Bjeliand
Technalogy NTHULEREN Lisca Conthem
Technalogy NTHUWCEREN [Thuy Do

Technalogy NTMLVCERMN Faig Ghawash
Technalogy HTHLLTERN ]!mam,m Soilfiti




ﬁ Master Students (not complete)

Activity |University |Mame

Particle Physics HAYL [&,mn'n Helmeren Yikane
Particle Physics HYL Fahan Hakey

(Paracbe Prysicg HVL Isabel Foster

iParticle Prysics HYL Tobias Kristensen
[Partacle Physics HVL. [reneycias Sprindys
Fartcle Prysics HWL Andewas Valen

Pariacle Physics LiB Rasmus Brekke

Particle Physics uia Tar Gunnss Hagen
Particle Prysics LB Sigurd Maugen

franicte Prosics Lig Yl Chin Leurg

Parcle Praysics LB Wi Kit Lewng

Partcle Prysitd Ui Tobias Opdalihei Baumann
iParticle Prysics (H]la] Hikon [ Fossheim
Particle Prysics LG Sakarlas Fretto

IParaCle Proysics (d]1a] Flartin Falk

Particls Physicd Ui Olav Grankech

Partsche Physics H]L4) Ruben Guewara

Faricie Prysics LI William Hirst

[Parteche Phosics (]1%] Andeeas Middelthan
Particle Prysics i Eriing Mupen

Particle PhysicwTheary Lig Hsdvig Borgen Relersrud
Partiche PhosionThaony LI Andega Mamhanussen
Pantcle PhysicsTheary 1]14] Carl-Manin Fevang
Huclear Physics HVL Hasken Andie Beme-Mota
Wuclear Physics HWL Maksim Melnik Storctveds
Huclear PhysicsParticle Physics/Theory  |LIB Hdvard Gullanger
Muclear Pysics Wig Sander lersen

(Muclear PhysicyParticle Physicy/Theory (LB lda-Marie lohandion
(Huclear Physics Lis Savert Olsen Lovaas
Huclear PhyslcsParticle Physlcs/Theory  |LIE Maghilas Milsen

Huclear Physics g Liena Sectencahl

Wuclear PhysicyuParticle Physics/Theory  |UIB Kristoffer Skjslangss
Nuclear Physics LIiB [Emilie Sotheim

HHuclear Physics L |anr||;i Thuen

(Huclzar Piysics Lig Fredrik \Widerpe

Muclear Fhysics uig Thomas Eidand
Ureeleraton Physics LD Eric . Fackelmdn

Low Energy Muclear Physics uia fian Matamans







