
ALICE  
in The Netherlands 



Nikhef SAC - Thursday June 5 - 2025

The ALICE Program

2

• What happens to matter when you heat and compress matter to extreme magnitudes 
which existed in the primordial universe?

• Phase transition to a quark-gluon-plasma

• QCD in the regime of extreme matter with emergent phenomena
➡ Unique conditions to study QCD

• Temperature ≈ 1012 K  – 105  times larger than the core of the sun
• Magnetic fields ≈ 1018 G  – 1010 times larger than in the lab
• Initial angular momentum of order J = 107, of which a fraction is transferred to the 

interaction region 

• Properties of the quark-gluon-plasma are still not well understood 
➡ Theoretically challenging (lQCD, AdS/CFT, pQCD, Hydro, ..)

• Experimentally studied with high-energy nuclear collisions  
at the LHC: the ALICE experiment 
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2. Research proposal 
2a. Description of the proposed research 
2a1. Overall aim and key objective 

Four fundamental forces, gravitation, electro-magnetism, the weak, and the strong force determine 
the basic laws of physics in our universe. The strongest among these, the “strong force” [1] is 
responsible for almost all the observable matter that surrounds us: it is what binds the quarks, the 
fundamental building blocks of matter inside the nuclei of every atom. We understand how quarks 
interact with each other: they exchange another type of fundamental particle called the gluon, and 
the rules of this exchange are well established. The same is true for a few quarks: just repeat the 
same rules for all pairs that are interacting. This picture changes completely however, when a 
hundred of them are interacting. They do not behave as a mere collection of hundred individual 
quarks anymore, instead, they make a novel form of matter, a single soup-like substance called the 
quark-gluon plasma [2,3] (fig.1). Most of the observed matter in the universe originated from this 
“fundamental fluid”. The universe was filled with it microseconds after the Big Bang when it was 
extremely hot and dense, just before the atomic nuclei formed.  

Today, large-scale experiments at RHIC (Brookhaven) and LHC (CERN) collide gold and lead nuclei to 
reach the extreme conditions of the early universe (fig.2) and artificially recreate this plasma to 
explore its fluid-like properties. The magnetic fields created during these collisions can raise up to 
1014 Tesla, the largest observed in the universe. These fields impact the energy and charge flow in the 
plasma substantially. Three large-scale experiments (RHIC-isobar at Brookhaven, FAIR at Darmstadt 
and NICA at Dubna) are planned to explore the electromagnetic and the finite quark density (see fig. 
2) properties of the plasma.  

Scien&fic challenges and key objec&ves 

The existing first principles theory, quantum chromo-dynamics (QCD), is insufficient to describe the 
collective, wave-like motion observed in the plasma because it is formulated in terms of individual 
particles [4,5]. Just like we use the motion of waves to describe the ocean surface rather than 
motion of the individual water molecules, we need the “theory of waves” for the quark-gluon plasma 
rather than the theory of individual quarks [6].  

The various approaches used to study the plasma, QCD perturbation theory [7], effective field theory 
[8], kinetic theory [9], lattice simulations [10], hydrodynamics [11] and holographic duality [12] are 
suitable only for certain type of problems e.g. statistical, equilibrium or non-equilibrium, and apply 
only at certain energy or time scales [7]. Moreover, electromagnetic effects — which occur in all 
realizations of the plasma in Nature, heavy-ion collisions [13], early universe [14], neutron stars and 
magnetars [15] — have not been properly incorporated in the theory. An overarching approach that 
captures the wave-like nature of the plasma and involves the different type of physical processes 
altogether is lacking.   
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Fig.1. Quarks and gluons, illustrated here by 
spheres and strings, form a fluid at extreme 
temperature and densities, called the 
quark-gluon plasma.

Fig.2. Creation of the quark-gluon plasma in the 
ongoing (solid curve) and future-planned (dashed 
curves) experiments. One objective of the proposal 
is to uncover the new phases of matter when a third 
axis, magnetic field, is brought into this picture. 

Picture: Umut Gursoy
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•Dutch ALICE group (Nikhef+UU) is 
participating in the ALICE experiment 
at the LHC as a leading group
➡ Leading positions in ALICE

➡ Very productive in data analysis using 
different probes of the quark-gluon 
plasma:
- our group produced the most cited 

publications 
➡ Significant and visible contribution to 

the detector hardware

The ALICE Collaboration: 40 countries, 163 institutes, ~1900 members
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•External funding (PI and/or co-PI)
➡ NWO VENI & VICI grant
➡ NWO M1 grant
➡ NWO-ENW XL grant: FASTER (co-PI)
➡ NWO-ENW XL grant: Probing the phase 

diagram of QCD (co-PI)
➡ NWA-ORC grant: Emergence at all scales

ALICE spokesperson
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Prize for LHC experiments; the ALICE Collaboration: 40 countries, 163 
institutes, ~1900 members
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•The ITS 1 consisted of 6 layer of silicon detectors
➡ Key for almost every physics analysis in ALICE
➡ Nikhef led the construction of the outer two layers of the 

ITS (silicon strip detectors) and assembled half of the ITS
➡ This detector worked almost perfectly for the last decade, 

due to Nikhef’s continuous support for its operation 

Now a museum piece
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• Improve impact parameter resolution by a factor of 3
➡ Get closer to the IP: first layer 39 -> 22 mm
➡ Reduce material budget: 1.14% -> 0.3% X0 inner layers
➡ Increase pixel density 50 x 425 μm -> 20 x 20 μm

• High standalone tracking efficiency and pT resolution
➡ Increase granularity 6 -> 7 layers with reduced pixel size

• Fast PbPb (and pp) readout
➡ Instantaneous luminosity: 6x1027 cm-2s-1 gives hadronic 

interaction rate of 50kHz

Change of technology: new tracker based on 
monolithic CMOS sensors!
- Thin sensor with on-chip digital readout (~10m2)

J. Phys. G: Nucl. Part. Phys. 41 087002 (2014)
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Data collection very successful!
- Already collected about ~30 times more collisions than in Run 

1+2. End of run run 3 projected a factor 50 increase in 
recorded collisions
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Summary paper Run 1&2
- Review of key ALICE physics results from 

run 1&2 with big involvement and 
contribution from Nikhef ALICE group
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•Can we get thinner?
➡ Reduce material budget: 
➡ Can we get closer?

➡ Improved tracking 
precision and efficiency at 
low pT

•Contribute to analog and digital design

•Contribute to data transmission

•Contribute to mechanical design

replace innermost 3 layers ITS 2

Chip size is traditionally limited by CMOS 
manufacturing
- New option: stitching and bending  

CERN-LHCC-2024-003 ; ALICE-TDR-021
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• Completely new experiment
➡ Material budget: 0.1% X0 iris layer 

(other layers < 1% X0)
➡ Magnetic Field: 0.2 and 0.5 T
➡ Rapidity coverage: up to 8 rapidity 

units
➡ Trying to get as close to the beam 

as possible
➡ Improved Velo like solutions 

➡ Time measurements: outer layer ~ 
20 ps
➡ More timing layers and different 

silicon pixel technologies 
considered
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European Strategy 
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ALICE high priority in European strategy; Nikhef strongly involved in strategy proces
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Summary paper Run 1&2
- Review of key ALICE physics 

results from run 1&2 with big 
involvement and contribution 
from Nikhef ALICE group

Comprehensive characterization of Quark Gluon Plasma properties through light-flavored hadron spectra, momentum 
anisotropies, and various correlation measurements; based on properties at chemical and kinetic freeze-out
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Characterization of Quark Gluon Plasma properties through rare probes (heavy-flavor, electromagnetic probes, hard probes) 
will allow us to study the space-time evolution of the QGP, which will require the integrated luminosities from HL-LHC run 4 &5
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To contribute our share to 
building this detector requires a 
significant investment which 
relies heavily on the NWO 
roadmap proposal 
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➡ Nikhef ATLAS, LHCb, R&D & PDP 
program
➡ Via e.g. ENW-XL: FASTER

➡ MAPS & 4D tracking
➡ Nikhef/UU Gravitational Waves program

➡ Via e.g. ENW-XL: Probing the QCD 
phase diagram
➡ Neutron Star properties 

➡ Nikhef/UU theory program
➡ Via e.g. NWA-ORC: Emergence at all 

scales
➡ Dutch theoretical contributions (AdS/

CFT, pQCD, relativistic viscous 
hydrodynamics, spin transport 
theory,…)
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ALICE work in progress

Probe nuclear (neutron star) EoS with heavy ion collisions: e.g. neutron skin 
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• The Nikhef ALICE group is very productive and 
has a large impact on the ALICE program
• Connected to the Nikhef and Utrecht Theory 

department, joint effort on heavy-ions and 
gravitational waves

• Connected to other Nikhef programs via 4D tracking

• Current ALICE data taking well on track

• Strong future program and ambitions!
➡ Started with R&D for ALICE 3
➡ Joint Nikhef R&D program for 4D-tracking with the 

detector R&D and other LHC groups 
➡ Funding required for 4D tracking R&D, Physics analysis 

and building ALICE 3


