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NorCC and CERN towards 2040

Something known and a lot of unknowns, ...
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NorCC and CERN 2024-2040

... Wishful Thinking ...
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NorCC and CERN before 2020

Construction of the Experiments
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NorCC and CERN before 2020

Run 1, Long Shutdown 1 and Run 2

First Beam
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NorCC and CERN before 2020

Run 1, Long Shutdown 1 and Run 2

-~ 160 'R o T e s e e e P e B e s
% 1 403 Run 1 Run 2 2 40F ATLAS Online Luminosity =
= - > T e 2011 =7TeV o
g - /s =7-8 TeV s =13 TeV '5; - e 28122:: E:BT:V .
£ 120— = 35:_ w— 2015pp Vs=13TeV =
g u i= T = 2016pp Vs=13TeV =
— 100— =] 30:_ e 2017 pp Vs =13 TeV ]
B - — m =
T go 3 F =
g - 2 20k =
= 60— © m =
- AR O 15 =
40— = a
- 10— g
20— / B -
u & 5 =
OMII T T TN R T S S RN EPN T .ol I wil S S N ST SR S N S N S 4/ =
= | (.

2011 2012 2013 2014 2015 2016 2017 2018 0 l : \

yot o' W oct

Integrated Luminosity LHC

Month in Year

Delivered Luminosity LHC

HEIDI SANDAKER - 13.09.2024

uoneIqied £10e reniul



Does the Higgs boson exist?

Run 1, Long Shutdown 1 and Run 2

Standard Model of Elementary Particles
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Standard model tested to a very high precision
but does not explain why elementary particles
have mass
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Run 1, Long Shutdown 1 and Run 2

Does the Higgs boson exist?

Standard Model of Elementary Particles
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Standard model tested to a very high precision

but does not explain why elementary particles
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Candidate Higgs event
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NorCC and CERN before 2020
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Run 1, Long Shutdown 1 and Run 2 Discovery !
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Run: 204769
Event: 71902630
Date: 2012-06-10
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Candidate Higgs event
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NorCC and CERN before 2020

Run 1, Long Shutdown 1 and Run 2 Discovery !

Candidate Higgs event
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Christmas wish list:
'ZFind the Higgs boson

Produce quark-gluon plasma

Find the properties of the
Higgs boson

Understand quark-gluon
plasma

Find a Dark matter particle

Go back in time closer to the
big bang
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What about quark-gluon plasma’

Run 1, Long Shutdown 1 and Run 2 yz ‘ E ' E
x,b

August 2012, ALICE produced quark—gluon plasma
Temperature at around 5.5 trillion kelvins
The highest temperature mass achieved in any physical experiments thus far
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Christmas wish list:
Find the Higgs boson

Produce quark-gluon
plasma

- Find the properties of the
Higgs boson

- Understand quark-gluon
plasma

- Find a Dark matter particle

- Go back in time closer to the
big bang

https://uebungen.physik.uni-heidelberg.de/vorlesung/20211/1312
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NorCC and C

—~RN before 2020

Fundamental

Run 1, Long Shutdown 1 and Run 2

Education,
training and
recruitment
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NorCC and CERN before 2020

High school visits, >120 pupils per year
Visit from courses UiB and UiO
Entrepreneur school (NTNU)
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NorCC and CERN 2020-2024

Run 3 and Long Shutdown 3
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Shutdown/Technical stop
Protons physics

LS5 J Run 6 ’ Tons (tbc after LS4) FCC?
Commissioning with beam
| | | | Hardware commissioning

Data analysis continues

Last update: June 24
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NorCC and CERN 2020-2024

Long Shutdown 2 and Run 3
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NorCC and CERN 2020-2024

increased energy of 5.36 TeV per nucleon pair (compared to 5.02 TeV
previously)and the collision rate has increased by a factor of 10

Long Shutdown 2 and Run 3

entirely new mode of data processing storing all collisions without selection

ALICE
Run 3 Pb-Pb
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NorCC and CERN 2020-2024

Double slit experiment at femto scale

double-

slit screen
Electrons
(e || B -
electron
beam gun /
interference
pattern

In the photoproduction of pO mesons in
ultra-peripheral collisions between two lead
nuclei, the interference between the two
possibilities shown in this illustration (Image:

| . cos(29)
CERN) | modulation
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NorCC and CERN 2020-2024 6

Established in 2020, collecting several
Norwegian CERN-related projects into one

centre
About 200 people total
Open to all interested institutions:

(Participation: \

NTNU, UiA, USN, HVL, UlB UlO Nuclear Accelerator
S SRR Physics Physics
A1 N1 N1 Ad
. . : R&D R&D
Research is focussed mainly on: Particle Detectors & Gomputing, Low Energy

Experiments: UiB, UiO, HVL, USN, UiA Physics geuEICCHRNIEs ML & Al Physics

Technology: NTNU, UiA, USN, HVL

. . o A5
includes also some theoretical activities
Technology

The centre is lead by UiB and UiO together
and hosted by UiO

+ Dissemination & Exploitation
HEIDI SANDAKER - 13.09.2024



A1
Particle Physics

Lead: Farid Ould-Saada
Deputy: Anna Lipniacka

NorCC organisation

Analysis: B. dit La Tour
Computing: J. Catmore
Upgrade: B. Stugu

5 research activities
A1 - Particle Physics
A2 - Nuclear Physics A6
A3 - Accelerator Physics
A4 - Low Energy Physics
A5 - Technology

2 supporting activities

A6 - Education, Dissemination and
Exploitation

A7 - Management

2 networks enabling synergies across
the research activities

N1 - R&D Detector and Electronics

N2 - R&D Computing, Machine Learning
and Al

Laboratories and infrastructure
NorLHC | &
NorFab (USN)

Education,
Dissemination,
Exploitation

Lead: Steinar Stapnes
Deputy: Eli B. Rye

A5
Technology

Lead: Jarn Wroldsen
Deputy: Sgren
Kragholm

Management

Centre Head: Heidi
Sandaker

A2
Nuclear Physics

Lead: Dieter Rohrich
Deputy: Trine Tveter

Analysis: I. Arsene
Computing: M. Richter
Upgrade: K. Roed, J.
Alme

A3
Accelerator
Physics
Lead: Erik Adli

A4
Low Energy
Nuclear Physics

Lead: Sunniva Siem
Deputy: Andreas Goérgen

Network 2:
R&D Computing,
ML & Al

Network 1:
R&D Detector and
Electronics

Eirik Gramstad & Therese

Sjursen
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Ketil Roed & Bjarne Stugu



NorCC @ C
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Activity 5 - Technology
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Currently 8 PhD students co-

financed with CERN Detector Control Systems and

Machine Learning




NorCC and CERN 2020-2024

High school visits reduced

Visit from courses UiB and UiO R — v E
Summer@CERN (UiB, UiO, HVL, NTNU, USN, UiA + UiS) 0 1 M- I!'
Entrepreneur/Innovation school (NTNU+HVL) -g: == o | '

Uueens bury Kenton
Harrow op the Hill |
Northolt Yeading
Hayes Station |
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NorCC and CERN 2025-2028

Run 3 and Long Shutdown 3

( N
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ALICE3
ATLAS ITK upgrade
2039 2040 2041

Shutdown/Technical stop
Protons physics

LS5 J Run 6 ’ Tons (tbc after LS4) FCC?
Commissioning with beam
| | | | Hardware commissioning

Data analysis continues

Last update: June 24
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NorCC and CERN 2025-2028

Long Shutdown 2 and Run 3

Higgs boson production modes Higgs boson decay channels
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More Higgs and more quark-gluon plasma
Strong hints on physic beyond the SM ! B Aomic nucei

Baryon density
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Christmas wish list:
Find the Higgs boson

Produce quark-gluon
plasma

Find the properties of the
Higgs boson

Understand quark-gluon
plasma

* Find a Dark matter
particle

- Go further back in time
closer to the big bang

Neutron stars



ALICE and ATLAS Computing Upgrade
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ALICE Upgrade

ITS3 - to be installed in LS3 (2026-2028)

* To achieve even better tracking precision and vertexing

performance than ITS2

 New CMOS technology, stitching + thinning, enables wafer

scaled curved sensors (low mass)

FoCal - to be installed in LS3 (2026-2028)

 Extend the coverage into the forward region
close to the beam pipe

* Sheets of tungsten interleaved with sheets of

silicon detectors (FoCal-E)
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LS3 - ATLAS Upgrade

ATLAS ITK

The ATLAS Inner Detector will be replaced by an all-silicon detector (14 m2 of instrumented area)
Due to the high radiation levels the innermost layer will use 3D pixel sensors

Some 300 of the 3D pixel modules are planned to be assembled and tested in Norway
* Improved tracking resolution and precision !
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Norwegian Centre for C

> 200 people total

Open to all interested institutions,
currently:

UiB, UiO, HVL, USN, UiA, NTNU +
Research is focussed mainly on:

Experiments: UiB, UiO, HVL, USN,
UiA

Technology: NTNU, UiA, USN,
HVL

includes also some theoretical
activities

Strong collaboration between
technology research and
industry

More Norwegian hired by CERN

HEIDI SANDAKER - 13.09.2024

RN-related research (NorCC)

Experiment Physics
Maintenance analysis,
& Operation statistics

Accelerator Fundamental Theory

Detector Research Pheno-

Computing menology

Technology Education, Screening

transfer T;chnolroay training and Week
Industry ESEEHE recruitment Summer@
liaison CERN

NorCC NorCC
Industry D Research

HUB Research School

+ Dissemination & Exploitation



A1
Particle Physics

Lead: Farid Ould-Saada
Deputy: Anna Lipniacka

NorCC organisation

Analysis: B. dit La Tour
Computing: J. Catmore
Upgrade: B. Stugu

5 research activities
A1 - Particle Physics
A2 - Nuclear Physics A6
A3 - Accelerator Physics
A4 - Low Energy Physics
A5 - Technology

2 supporting activities

A6 - Education, Dissemination and
Exploitation

A7 - Management
Technology

2 networks enabling synergies across -
T ead: New person
the research activities found

N1 - R&D Detector and Electronics Deputy: TBA

N2 - R&D Computing, Machine Learning
and Al

Laboratories and infrastructure
NorLHC | &
NorFab (USN)

Education,
Dissemination,
Exploitation

Lead: Steinar Stapnes
Deputy: Eli B. Rye

A5
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Management

Centre Head: Heidi
Sandaker

Network 2:
R&D Computing,
ML & Al

Eirik Gramstad & Steffen
Maeland

A2
Nuclear Physics

Lead: Dieter Rohrich
Deputy: Trine Tveter

Analysis: I. Arsene
Computing: M. Richter
Upgrade: K. Roed, J.
Alme

A3
Accelerator
Physics
Lead: Erik Adli

A4
Low Energy
Nuclear Physics

Lead: Vetle Ingeberg
Lead: Antoine Camper

Network 1:
R&D Detector and
Electronics

Ketil Roed & Simen
Hellesund



Microelectronics laboratory UIB

Advanced laboratories in Norway

Oslo
Cyclotron
Laboratory

Electronics and
NorFab USN INstrumentation laboratories
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NorCC and CERN 2025-2028

High school visits back to normal?

NorCC researcher school (all institutes)
NorCC Entrepreneur/Innovation school (all institutes) §
Common courses in Norway

=
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NorCC and CERN 2025-2028

Norwegian
Industry

CERN Green Village

Village size testbed Societal change

Researchers at

Innovation & 4 !
" Entrepreneur School \,.r"r

CERN and in
Norway Training & - ’ 2
raining K3
New knowledge Recruitment E /l )\ ]

\_ - -
Qﬁ ) Ap 6 é@ ':'—Q :i"

-

e
£

yyyyy

667 3 450 17.3km 64km 9000 8500+ 54km 11iha 400ha 629ha

BUILDINGS RESTAURANTS HOTEL ROOMS TECHNICAL GALLERIES TUNNEL PERSONS/DAY OFFICE WORKING STATIONS ROADS GREEN SPACES FIELDS & FORESTS TOTAL AREA
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NorCC and CERN 2029-2034

Run 4 and Long Shutdown 4
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| Run 4 ‘ LS4 J Run 5 ]
ALICE3
ATLAS ITK upgrade
2039 2040 2041

Shutdown/Technical stop
Protons physics

LS5 J Run 6 ’ Tons (tbc after LS4) FCC?
Commissioning with beam
| | | | | Hardware commissioning

Data analysis continues

Last update: June 24
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NorCC and CERN 2029-2034

Run 4 and Long Shutdown 4
e HL-LHC collision rate is 5 times
larger than for LHC

e \We need more statistics to find

rare phenomena (Beyond
Standard Model, Dark Matter)

e NorCC participate in the
upgrades of ALICE and ATLAS
both for computing and
detector upgrade

e Financed by NFR infrastructures
 NorLHC-1(2018-2022)
e NorLHC-II (2020)

e Part of the ESFRI roadmap

HL-LHC: Pileup of 250

HL-LHC will deliver 170 million Higgs bosons over 10 years

HEIDI SANDAKER - 13.09.2024



NorCC and CERN 2029-2034

Run 4 and Long Shutdown 4
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Christmas wish list:

NorCC and CERN 2029-2034

Produce quark-gluon
plasma

Run 4 and Long Shutdown 4 - Finding Dark matter? Find the properties of the
Higgs boson

D Understand quark-gluon
plasma

? Find a Dark matter particle

- Go further back in time
closer to the big bang

This view of the massive galaxy cluster Cl 0024+17 (ZwCl 0024+1652) reveals the bent and amplified light of distant galaxies. The left view is in visible light with odd-looking blue arcs
appearing among the yellowish galaxies. These are the magnified and distorted images of galaxies located far behind the cluster. The right image holds added blue shading that indica

the location of invisible dark matter. The shape and position of the gravitationally lensed galaxies we see in the left-hand image, mathematically requires the presence of this dark matt
NASA, ESA, M.J. Jee, and H. Ford (Johns Hopkins University)
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NorCC and CERN 2029-2034

Run 4 and Long Shutdown 4 - Finding Dark matter?

ATLAS

EXPERIMENT

Run: 302393
Event: 738941529
2016-06-20 07:26:47 CEST
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NorCC and C

RN 2029-2034

Run 4 and Long Shutdown 4 - ALICE 3 + ATLAS upgrades

Muon chambers
FCT

— Absorber
Magnet

ECAL
RICH
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TOF
Tracker

Vertex detector

The aim is to build:

a nearly massless barrel
detector consisting of truly
cylindrical layers

based on curved wafer-
scale ultra-thin silicon
sensors with MAPS
technology

featuring an unprecedented
low material budget of
0.05% X0 per layer

with the innermost layers
possibly positioned inside
the beam pipe



Norwegian Centre for CERN-related research (NorCC)

> 300 people total

Open to all interested institutions,
currently:

UiB, UiO, HVL, USN, UiA, NTNU +

Research may have a different
approach - matrix?

R&D

Fundamental Accelerator

Research Detector
Computing

Experiment

Physics Theory
analysis, Pheno- O

statistics menology

Maintenance

& Operation Research

NorCC
Technology R&D &
Research = Industry
' HUB

Education, , NorCC
training and o Research

recruitment Norsk veikart School

HEIDI SANDAKER - 13.09.2024 + Dissemination & Exploitation



NorCC and CERN 2035-2041

Run 5, Long Shutdown 5 and Run 6 - Final Run

2021 2022 2023 2024 2025 2026 2027 DF 2028 2029
JIFIMAM[](][A[SIO|N|D}J|FIMIAM[]|]|A|S|O|N|Dy ] [FIMA[M|]|J|A|S|O|NDY ] [FIMIAIM|J|J|A|S|O[N|Dy ] |FIMIAIM|J | J |A[SIO|N|DY J |FIMIAIM[] [ ] |A|S|O|N|DY J | FIMIA{M[] | J |A|S|O|N FIMAM[](]|A[S|ION|DyJ|FIMAM
\' Run 3 ] [ Long Shutdown 3:(LS3)
>« >
NorLHC | NorLHC Il (
ALICE P1 upgrade (completed) ATLAS upgrade (ITK)
2030 203 2032 2033 2034 203 2036 2037 2038
J|FIMAM[] (] [A[S|O|N|D{J|FIMIAM[][]|A|S|O|N|Dy ] [FIMIA[M|]|J|A|S|O|NIDY ] [FIMIAM| ]| J|A|S|O[N[Dy ] |FIMIAIM| ]| J |A[SIO|N|DY ] |FIMIAIM|] [ J [A[S|O|N|D J | FIMIA[M[ ] [ J |A|S|O|N|Dy ] [FMIA[M| ]| J |A|S|O|N|D{ ] |FIMIAM
| Run 4 ‘ LS4 J Run 5 ]

ALICE3
( \ ATLAS ITK upgrade k

Shutdown/Technical stop
Protons physics

LS5 J f Run 6 ’ Ions (tbc after LS4) FCC?

Commissioning with beam
| | | | | Hardware commissioning
Last update: June 24

k JData analysis continues
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Christmas wish list:

NorCC and CERN 2035-2041 FZT

Produce quark-gluon
plasma

Find the properties of the
Run 5, Long Shutdown 5 and Run 6 - Final Run Higgs boson

Understand quark-gluon

THE SOLAR plasma

:::;T:; ? Find a Dark matter particle

FIRST STARS CLULTEE) 2 5o further back in time
(50-150 million years) closer to the big bang

THE BIG BANG

Galaxies form

New exiting physics with ALICE 3!
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NorCC and CERN 2035-2041

Run 5, Long Shutdown 5 and Run 6 - Final Run

bl bl

++

Innovasjon !



Norwegian Centre for CERN-related research (NorCC)

Many High School visits CERN
Large NorCC researcher school (all institutes)

NorCC school of innovation (all institutes) i | ; .
Common courses in Norway and open internationally | = »

TET A e g g ;
.g, /; \ -

| &2

wERL | —
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NorCC and CERN 2042-2070

Future Circular Collider
1z ;‘-*:‘ . - 2025 - completion of the Feasibility Study
SAR) 7P LEN PN - 2027/2028 - Decision
NESD g5 - 2030s - Start of construction
| : We - mis 2040s - FCC-ee begins operation (15 years)
| 2070s - FCC-hh begins operation (25 years)

»

24

»
. 3
R
v fa S
.

.#.~ 100 km circumference’

v" !
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NorCC and CERN 2042-2070

Beyond HL-LHC New accelerator = new physics and technology opportunities for Norway

ng * T
iy’ |

'} Legend
4

e=me CERN existing LHC
Potential underground siting :
esee CLIC 500 Gev

CLIC1.5TeV
CLIC 3 TeV

4 ar Collider

+ § No feasibility study

If start of construction is 2026:

ééhevée.‘} First beam in 2035 (25-30 years operation)
SR RS- Norway involved in looking at FCC alternatives
s P e Alternatives outside of Eurpoe

8- ILC - Japan

Muon collider - US

Hadron collider - China
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Update of

—uropean Strategy for particle physics

Timeline for the update of the

European Strategy for Particle Physics

Council appointment of the
members of the PPG and
decision on the venue for the
Open Symposium

End September 2024

December 2024

Council decision on the
venue for the ESG
Strategy Drafting
Session

Deadline for the
submission of main
input from the

community

31 March 2025

f &\
N \
i &
\Y)
)

Deadline for the

Open submission of final -~ e dra
H national input in advance ubmission of the dra
Symposmm of the ESG Strategy strategy document to
Drafting Session the Council
23-27 June 2025 14 November 2025 End January 2026

End September 2025

Submission of the
“Briefing Book” to
the ESG

!

26 May 2025

Deadline for the
submission of additional
national input in
advance of the Open
Symposium

1-5 December 2025 March and June 2026

ESG Strategy
Drafting
Session

Discussion of the draft strategy
document by the Council and
updating of the Strategy

- Hope to arrive at a clear message for FCC and alternatives to FCC

- |Is earlier than planned

HEIDI SANDAKER -10.09.2024
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