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DK experimental groups at CERN

ATLAS – KU: Physics at the energy frontier

ALICE – KU: Nuclear matter at extreme pressure and 
temperature

ALPHA – AU: Anti-hydrogen atomic physics.

ISOLDE – AU: Nuclear structure and synthesis. Biochemistry.

NA63 – AU: Extreme electromagnetic fields

… in fruitful interaction with theoreticians (SDU+KU+AU), 

astro-particle physics (IceCube (KU+AU), ARIANNA (AU), 
PLANCK (KU+DTU)),  ESS 

… and technological fields (DTU), and 

High Performance Computing (KU+AAU).
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Experiments at CERN with Danish participation
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ALPHA

NA63
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Large Hadron Collider (LHC)
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Long Term Schedule of LHC: will run at least until 2035

PHASE I Upgrade
ALICE, LHCb: major upgrade
ATLAS, CMS ‚“minor“ upgrade

DK@ CERN     9 June 2018

PHASE II Upgrade
ATLAS, CMS: major upgrade

Run2 Run3

Run4 Run5

Run6

Børge Svane Nielsen, Niels Bohr Institute
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CERN-UP
approved
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ALICE – KU

Danish contribution to the detector:   
TPC laser calibration system (2008-…)   
Forward Multiplicity Detector (FMD) (2008-2018)
Forward Interaction Trigger (FIT) (2018-…) 

The 10,000 tons ALICE detector 
studies nuclear matter at extreme 
energy densities where quarks 
and gluons are free particles in a 
quark-gluon plasma (QGP).

Uses Pb+Pb, p+Pb and p+p from LHC
(and  Xe-Xe and   maybe  O-O  this year)

DK@ CERN     19 June 2018
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Et af de første Pb-Pb sammenstød set i ALICEMini Big Bang efter et Pb-Pb sammenstød

DK@ CERN     19 June 2018

Børge Svane Nielsen, Niels Bohr Institute

T= 1015 K
T= 1012 K
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ALICE

Detector:
Size: 16 x 26 meters
Weight: 10,000 tons

Collaboration:
> 1000 Members
> 100 Institutes 
> 30 countries

DK@ CERN     19 June 2018
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TPC laser kalibration
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ATLAS - KU
ATLAS is the world’s largest 
particle detector with 
participation of 182 
universities in 38 
countries.

The purpose is to study
quark collisions broadly at 
the highest possible 
energy.

Danish contributions to the detector:  
Transition Radiation Tracker (TRT) electronics            
High level trigger and offline software

Upgrade of ATLAS tracker system (2024+): 
DK@ CERN     19 June 2018

Børge Svane Nielsen, Niels Bohr Institute
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ATLAS Tracker Upgrade

The LHC Roadmap includes a major upgrade to the machine luminosity from 2025.

This necessitates a update to the detector, in particular the inner tracker. 

The new tracker will be based 
fully on silicon sensors
• Innermost: pixels
• Further out: strips (NBI + others)

DK@ CERN     19 June 2018

cartoon side-view
light blue/red: barrel
dark blue/red: endcap
pixel and strip silicon detectors

Børge Svane Nielsen, Niels Bohr Institute



ATLAS ITK, endcap production model

1. Quality control of 
components

2. Detector module production 
including mechanical and 
electrical control

3. Production of petal 
detector segment

4. Electrical, mechanical, 
thermal control

5. Mounting of End-cap unit 
DESY and NIHKEF

6. Installation in ATLAS 
Experiment at CERN

Module

Endcap section

Petal segment
ATLAS

silicon sensors: Hamamatzu
ASIC chips : custom-made ATLAS
powerboard, converters: custom-made ATLAS
Hybrid done and module assembled in industry 
(Sweden). Wire-bonded in Norway.  
Quality control in NBI and Sweden.

End Of Stave (EOS) boards take care of all communication 
between petal detector segment and the outside world . EOS 
design and production/test is NBI/DESY effort. DC-DC 
converter from NBI.



ATLAS Trigger upgrade

1 MHz= 106 events/sec= 1Terabyte/sec
Balance the data processing
between fast hardware (ASICs, FPGAs 
in HTT) and GPUs in processing farm

)

(few 100 ms)

ITK
data

pattern
matching



ATLAS Trigger upgrade

1 MHz= 106 events/sec= 1Terabyte/sec
Balance the data processing
between fast hardware (ASICs, FPGAs 
in HTT) and GPUs in processing farm

)

(few 100 ms)

ITK
data

modern FPGAs
offer better performance/watt
and better performance to
run neural network algorithms
than GPUs

each ASIC (CAM) chip - custom 
made in ATLAS - can process ~ 2 
Gbits/sec and pattern- match data 
to up to 400.000 patterns

planned production in Denmark & Italy, design in Italy, collaboration within few ATLAS Institutes including 
Sweden.
this high level of fast,  large data analysis (real-time)  - cognitive imaging - is a very interesting playground for 
studying applications to other areas : biomedical (CT scans, MRI, MRF) , surveillance and security
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NON-LHC:
ALPHA, NA63, ISOLDE

Børge Svane Nielsen, Niels Bohr Institute
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ISOLDE Facility: Produced Nuclei: 50 y Experience
• Over 20 target materials (carbides, oxides, 

solid metals, molten metals  and molten salts) 
operated at high temperature 

• 3 types of Ion-sources: Surface, Plasma, laser

• > 1000 nuclides of 75 chemical elements 
produced B (BF2) and Ge (GeS)

p+p+

DK@ CERN     19 June 2018

Børge Svane Nielsen, Niels Bohr Institute



Slide 20

ISOLDE Facility

intensity (2uA -> 6uA) 

energy (1.4 -> 2GeV) 

Linac4
PSB upgrade

targets

ISOLDE is the CERN radioactive beam facility.

Oldest experiment at CERN

Provides low energy or post-accelerated beams

> 500 Users from 100 Institutions, 50 experiments / year

(2020) 
DK@ CERN     19 June 2018
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Possible CPT- and Lorentz-invariance violation

1S-2S transition in Hydrogen:
2 466 061 413 187.035(10) kHz

Now also in Antihydrogen:
2 466 061 413 187(5) kHz

DK@ CERN     19 June 2018

Plans include
• Better precision 
• Antiproton/antielectron mass
• Antiproton/electron charge
• Antiproton/proton mass
• Gravitational constant of antimatter

Børge Svane Nielsen, Niels Bohr Institute
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Summary

• CERN builds accelerators

• Collaborations build detectors  experiments

• Experiments operate on time scale of 
decades: R&D, building, exploration

• Danish physicist and technicians participate 
through the collaborations

• Danish instruments are fully integrated in the 
experiment 

• Future: 

LHC will still be running another 20 years

Non-LHC continues, mostly with AU groups

DK@ CERN     19 June 2018
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