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•Scientific Question: What happens to matter when you heat and compress it to 
extreme magnitudes which existed in the primordial universe? 
• Phase transition to a quark-gluon-plasma 

• State of the universe in the first 10 µs 
• Temperature ≈ 1012 K  – 105  times larger than the core of the sun 
• Magnetic fields ≈ 1018 G  – 1010 times larger than in the lab 

•Properties of the quark-gluon-plasma are still not well understood  
• Theoretically extremely complicated 
• QCD in the regime of extreme matter with emergent phenomena  

• Extremely dense, opaque system, which looks thermalized 
• Ideal fluid – viscosity over entropy ratio close to zero 

•Experimentally studied with high-energy nuclear collisions  
at the LHC at CERN: the ALICE experiment 

Independent quarks 
and gluons?

Or new collective 
degrees of freedom?
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•Dutch ALICE group (Nikhef+UU) is participating in the ALICE 
experiment at LHC as a leading group 
• Leading positions in ALICE 
• Well respected for hardware contribution 
• Very productive in data analysis using different probes of the quark-gluon 
plasma: 

• heavy quarks, elliptic flow & correlations, jets & photons

• Large impact for relatively small group 
• Impact: among 50 top-cited publications (WoS) from LHC, 15 from ALICE  

(CMS:15, ATLAS: 12.5, LHCb 7.5) 
• Possible through combination of contributions in hardware (detector 

technology) and physics analysis.

The ALICE Collaboration: 41 countries, 
176 institutes, ~1800 members
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The Nikhef ALICE Group
•The Dutch ALICE team is analysis-wise one of the 

most productive teams in ALICE 
• Our group produced the most cited ALICE 

publications, second to the Higgs publications, 
the most cited LHC publications 

•Deputy spokesperson, Physics Coordinator, 
Upgrade Coordinator, Editorial Board, 
Conference Committee, Physics Working Group 
and Physics Analysis Group coordinators 

•QM2018: 1 summary talk, 5 talks (one selected 
as best experimental talk), 4 posters (one 
selected as flash talk as one of the best posters)
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Meetings in the Netherlands
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Scientific Program
t Strangeness and heavy-quark production in nuclear 
 collisions and hadronic interactions
t Hadron resonances in the strongly-coupled QGP
t Bulk matter phenomena associated with strange 
 and heavy quarks
t QCD phase structure
t Strangeness in astrophysics
t Open questions and new developments

Conference manager

Sylvia Walter (UU)
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Conference secretary  
Astrid Portier (UU)
Eveline Schram-Post (Nikhef)
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Starts 4 Dec 2017, 09:00
Ends 8 Dec 2017, 17:00
Europe/Zurich

+
Other Institutes

De Nieuwe Liefde 
Conference Center, Amsterdam 

ALICE Physics Week

4-8 December 2017

Amsterdam

The Netherlands

The ALICE Physics Week 2017 will be held in Amsterdam, the Netherlands, from 4-8 December 2017.
The conference venue is in the De Nieuwe Liefde, a conference centre located in Amsterdam
downtown.

At the ALICE Physics Week we will review recent analyses and discuss their impact on
our understanding of the Quark Gluon Plasma and multi-body QCD. All presentations are in a plenary
session, so that results from different groups can be compared and discussed together to provide a
broader view of the physics and interpretations.

We will also use this opportunity to discuss the physics program of ALICE for Run 3 and 4, during
which we expect to collect large data samples plans with the upgraded detector.

$
Registration
You have registered for this event. See details

Local Organizing
Committee

 apw2017-loc@nikhef.nl
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XII Workshop on Particle Correlations and Femtoscopy
Nikhef, Amsterdam, The Netherlands

June 12th - 16th 2017

Scientific Program

 Femtoscopy at RHIC and LHC: links to QGP physics 
 Femtoscopy in A+A, p+p , p+A and e+-e- collisions at relativistic energies 
 Femtoscopy at intermediate energies: links to the EoS of asymmetry nuclear matter 
 Charge fluctuations, correlations and balance functions 
 Fluctuation in initial conditions 
 Collective flow and correlations 
 Resonance decays at RHIC and LHC 
 Resonance decay spectroscopy in low and intermediate energy reactions 
 Chiral magnetic effect and wave 
 New methods and facilities

Local Organising Committee

Joan Berger (Nikhef)  
Panos Christakoglou (Nikhef) 

Paul Kuijer (Nikhef) 
Raimond Snellings (Utrecht University)

Sponsored by

Stichting voor Fundamenteel onderzoek 
der Materie (FOM) 
 Nationaal instituut voor subatomaire 
fysica (Nikhef)

 Site: https://indico.cern.ch/event/539093/ 
 Contact: wpcf2017-loc@nikhef.nl 
 Address: Science Park 105,1098 XG 
Amsterdam, The Netherlands 
 Phone: +31 (0)20 592 2000

We organized many big meetings in the Netherlands

A workshop for young scientists on the physics of  
ultrarelativistic nucleus-nucleus collisions 

  Scientific Program 

• QCD at high temperature/density and lattice QCD
• Initial state effects and Color Glass Condensate
• Relativistic hydrodynamics and collective phenomena
• Correlations and fluctuations
• Jets in the vacuum and in the medium  
• Baryons and strangeness
• Heavy-flavour, dileptons and photons
• AdS/CFT correspondence and the Quark-Gluon Plasma
• Experimental techniques and future programs

September 7-14 - Texel, The Netherlands 

http://hq2018.bnl.gov/

Organizing Committee: 
Javier Albacete, Universidad de Granada (Spain) 
Jana Bielcikova, Nuclear Physics Institute of the CAS (Czech Republic) 
Jorge Noronha, University of Sao Paulo (Brazil) 
Alessandro Grelli, Utrecht University and Nikhef Amsterdam (The Netherlands) 
Jiangyong Jia, Stony Brook University (USA) 
Hannah Petersen, FIAS (Germany) 
Lijuan Ruan, Brookhaven National Laboratory (USA) 
Sevil Salur, Rutgers University (USA) 
Bjoern Schenke, Brookhaven National Laboratory (USA) 
Anthony Timmins, University of Houston (USA) 

credit VVVTexel

credit VVVTexel

   HOT QUARKS 2018 
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Some Open Questions:

•Collective Flow 
• already strong constraints on shear viscosity, open 

questions initial state, hadronization, …  
•Hard and EM Probes 

• Medium modification of the jet structure, medium 
properties, thermalisation, degrees of freedom, … 

•Heavy Flavor  
• special role as it is a well calibrated probe and could 

contribute to better understanding of collective flow and 
jet-medium interactions 

•Angular Correlations 
• Understanding the magnetic field in these collisions and 

the strong cp violation as well as role of conservation 
laws in particle production
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Extracting quantitative information

Example: Shear viscosity to entropy density ratio η/s 
Broad theoretical efforts and experimental advances 
lead to increasingly precise determination of η/s 

11

LO pQCD: 	 	 P. Arnold, G. D. Moore, L. G. Yaffe, JHEP 0305 (2003) 051

AdS/CFT: 	 	 P. Kovtun, D. T. Son, A. O. Starinets, Phys.Rev.Lett. 94 (2005) 111601 

Lattice QCD: 	 A. Nakamura, S. Sakai, Phys.Rev.Lett. 94 (2005) 072305

	 	      	 H. B. Meyer, Phys.Rev. D76 (2007) 101701; Nucl.Phys. A830 (2009) 641C-648C

Ideal hydro: 		 P. F. Kolb, J. Sollfrank, U. W. Heinz, Phys.Rev. C62 (2000) 054909 

	 	 	 P. F. Kolb, P. Huovinen, U. W. Heinz, H. Heiselberg, Phys.Lett. B500 (2001) 232-240

pQCD/kin. theory: 	Z. Xu, C. Greiner, H. Stöcker, Phys.Rev.Lett. 101 (2008) 082302 

	 	 	 J.-W. Chen, H. Dong, K. Ohnishi, Q. Wang, Phys.Lett. B685 (2010) 277-282

Viscous hydro:	 P. Romatschke, U. Romatschke, Phys.Rev.Lett. 99 (2007) 172301 

	 	 	 M. Luzum, P. Romatschke, Phys.Rev. C78 (2008) 034915

	 	 	 H. Song, U. W. Heinz, J.Phys. G36 (2009) 064033 

	 	 	 H. Song, S. A. Bass, U. Heinz, T. Hirano, C. Shen, Phys.Rev.Lett. 106 (2011) 192301
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The ALICE Upgrade in LS2
•We would like to characterize this 

complex almost perfect liquid (EoS, 
transport parameters) and understand 
how it emerges from multi-body QCD 

•Improve statistics: new faster ITS 
• Improve S/B: new ITS; smaller pixel 

size inner layers, less material budget 
and optimized number of layers 

Upgrade to full energy Increase in luminosity
10x more data

high luminosity LHC
100x more data

LS1
2014

LS2
2019-2020

LS3
2024-2026

Current program (upgrade and people) funded to 2021
ALICE programme approved to 2029 

Rare probes: jets, heavy flavor, electromagnetic probes

Nikhef is leading these Physics Working Groups in ALICE

�7

New ITS FoCal?
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The ALICE Inner Tracker
•The current ITS consists of 6 layers of silicon 

detectors 
• Nikhef led the construction of the outer two layers of 

the silicon strip detector 
• This detector worked almost perfectly for the last 

decade, due to our continuous support for its 
operation 

• Important for almost every physics analysis in 
ALICE

�8



RECFA - Friday October 19 - 2018

The ALICE Inner Tracker Upgrade

�9

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

•High standalone tracking efficiency and pt resolution
• Increase granularity 6 -> 7 layers with reduced pixel size 
• Larger radial extension 39-430 mm -> 22-430mm 

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

rate of 50kHz 
• Current ITS slow, maximal readout at 1 kHz 
• In new setup Pb-Pb collisions are readout at > 50 kHz and pp at > 2 

MHz
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The ALICE Inner Tracker Upgrade
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Electronics

Tooling/Hardware

Stave assembly
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The ALICE Inner Tracker Upgrade
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Produced and tested variants of band-gap and 
temperature sensor

Both circuits behave exactly as designed and 
simulated 
Both are integrated in ALPIDE

Deepak Gajanana
German Henao
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The ALICE Inner Tracker Upgrade
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Marcel Rossewij
Jan-David Schipper

•Nikhef/UU is responsible for the integration of the read-out 
unit (between pixel modules and DAQ)
• Interface to local power supplies (Berkeley) 
• Interface to pixel modules (CERN) 
• GBT link to DAQ 

•Cabling
• UU+Nikhef test data transport across (firefly) cables and 

between modules 

•Design and prototyping complete
• Tender completed 
• UU will do test pre-series (25 boards) 
• Nikhef does acceptance test for full series (200 boards)
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The ALICE Inner Tracker Upgrade
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•Reception of material 
•Acceptance testing (QA) 

• Powering 
• FIFO 
• Memory tests 
• Resistance/connections 

•Flipping 
•10 μm precision cutting 
•Post-cut testing 
•Storage/ assembly/shipping 

Large student involvement
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The ALICE Inner Tracker Upgrade
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3. Module Assembly 4. Soldering

1. Module Handling 2. TAB Cutting First Half Stave
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The ALICE Inner Tracker Upgrade
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•Nikhef will produce 25% of the OB staves 
•Commissioning and assembly started, 4 full 

staves ready so far 
•Expected production rate > 25 staves per 

year 
•Final delivery to CERN in July 2019 is on 

track
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FoCal Upgrade

�16

•Proposal to measure forward direct photons to 
study low-x gluon distributions (under discussion 
for installation in ALICE during LS3)
• EM probes provide best sensitivity to initial state 

distributions  
• In ALICE the region 3.5 < η < 5.3 can be used 
• Main challenge is to separate γ/π0 at high energy 

• π0 at forward rapidity pt = 10 GeV has d = 2mm  
• Need small Moliere radius and high granularity read-

out for EM calorimeter

Juan Rojo (VU and Nikhef)
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FoCal Upgrade
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Good energy 
resolution

•R&D at Nikhef+UU on high granularity layers for 
FoCal upgrade proposal
• Successful proof of principle of digital calorimetry 
• Enables unique measurement in ALICE 
• goal to get internal ALICE approval this year 
• LHCC and TDR 2019?

Next prototype (tungsten+two 
Alpides per layer and cables)

mini-FoCal (pad-only) currently 
in ALICE cavern for tests

Excellent two shower 
separation
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QGP in Neutron Stars?
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The neutron star EOS Anna Watts

Figure 1: Schematic structure of a NS. The outer layer is a solid ionic crust supported by electron degeneracy
pressure. Neutrons begin to leak out of nuclei at densities ⇠ 4⇥ 1011 g/cm3 (the neutron drip line, which
separates inner and outer crust), where neutron degeneracy also starts to play a role. At densities ⇠ 2⇥1014

g/cm3, the crust-core boundary, nuclei dissolve completely. In the core, densities may reach up to ten times
the nuclear saturation density rsat = 2.8⇥1014 g/cm3 (the density in normal atomic nuclei).

1. Introduction

Neutron stars (NS) are the densest objects in the Universe. Composition evolves from ions
embedded in a sea of degenerate electrons (and eventually neutrons) in the solid crust, through the
crust-core transition where nuclei dissolve to form neutron-rich nucleonic matter, to the supranu-
clear densities of the core, where theory suggests the presence of exotic non-nucleonic matter
(Figure 1). The nature of matter in such extreme conditions is one of the great unsolved prob-
lems in modern science, making NS unparalleled laboratories for nuclear physics and quantum
chromodynamics (QCD). NS also host super-strong internal magnetic fields, and share the rich
phenomenology of low-temperature physics. Although born in the hot furnace of a supernova col-
lapse, NS cool rapidly to temperatures far below the relevant Fermi temperature. When matter
cools there are two options: it can freeze to form a solid, or become superfluid (or superconducting
if there are free charge carriers involved). NS are expected to exhibit both these phases. The outer
kilometre or so of the star forms a solid crustal lattice of increasingly neutron-rich nuclei, while the
star’s core hosts a neutron superfluid coupled to a proton superconductor and a free gas of electrons
(as required to make the conglomerate charge neutral). The free neutrons permeating the crustal
lattice in the inner crust are also expected to be superfluid.

The most fundamental macroscopic diagnostic of dense matter interactions is the pressure-
density-temperature relation of bulk matter, the equation of state (EOS). The EOS can be used to
infer key aspects of the microphysics, such as the nature of the three-nucleon interaction or the
presence of free quarks at high densities. Determining the EOS of supranuclear density matter is
therefore of major importance to fundamental physics. However it is also critical to astrophysics, to
understand not only NS but also NS/NS and NS/Black Hole (BH) mergers, prime sources of grav-

2

•Densest objects in nature 
•The balance of gravity and QCD 

• A neutron star is a macroscopic 
laboratory of QCD! 
• Deep core of some neutron stars 

could be a QGP

2 Eduardo S. Fraga et al.: Neutron star structure from QCD
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Fig. 1. Known limits of the stellar EoS on a logarithmic scale. On the horizontal axis we have the quark chemical potential
(with an offset so that the variable acquires the value 0 for pressureless nuclear matter), and on the vertical axis the pressure.
The band in the region around the question mark corresponds to the interpolating polytropic EoS used in [5].

The structure of our article is as follows. First, in sec-
tion 2 we review the current status and prospects of pQCD
both at high temperatures and high densities, concentrat-
ing on the lessons to be learned from studies of high-T
Quark Gluon Plasma (QGP). Next, section 3 is devoted
to explaining the matching and interpolation procedure
of [5], while in section 4 we review the implications of
these studies on neutron star structure. Section 5 finally
contains concluding remarks as well as our view of where
future efforts in the field should be directed, if we want
to decrease the current uncertainty of the EoS of neutron
star matter.

2 Equilibrium thermodynamics of cold quark
matter

The thermodynamic properties of deconfined quark mat-
ter has been a topic of active research for decades. In the
regime of high temperatures, the motivation stems from
ultrarelativistic heavy ion physics and the early universe,
while at lower temperatures and high densities the pri-
mary motivator has been the desire to understand the
composition and properties of compact stars. While at
high temperatures the leading source of information is by
now unequivocally lattice QCD, at high densities its use is
prevented by the famous Sign Problem, leaving the prob-
lem to be tackled by a combination of phenomenological
models and perturbative approaches, as discussed above.

In this section, we review the current status of research
on the bulk thermodynamics of quark matter, and in par-
ticular explain the prospects and limitations of first princi-
ples weak coupling calculations as a means of determining

the EoS of cold and dense deconfined matter. Though his-
torically important for the development of the field, we
leave the topic of non-first-principles model calculations
aside in our presentation; for a classic review with plenty
of references to relevant papers, see [9]. The section is
structured such that we first review the status of pertur-
bation theory at high temperatures, paying attention to
the agreement of the results with lattice simulations. Af-
ter this, we take a look at the zero-temperature limit, and
finally discuss the interpolation of perturbative results be-
tween these limiting cases as well as briefly comment on
the prospects of future developments.

2.1 Lessons from high temperatures

As the only nonperturbative first principles tool available,
lattice QCD has established itself as the method of choice
for the evaluation of thermodynamic quantities whenever
numerical Monte-Carlo simulations are feasible. At van-
ishing baryon density, the efforts of several independent
groups have indeed led to pinning down both the EoS, the
(pseudo-)critical temperature of the deconfinement transi-
tion and various other quantities to a very good accuracy
(see e.g. [10,11,12] for recent results), and by now there is
impressive agreement on all relevant observables. Proceed-
ing away from the µB = 0 axis, the complex-valuedness
of the lattice action, however, complicates things signifi-
cantly, and it is only for rather small values of µB/T that
methods such as Taylor expanding physical observables
around µB = 0 [13] or statistical reweighting [14] allow
one to accurately estimate their behavior. At the same
time, a different limit that has historically been problem-
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physics of heavy-ion collisions
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•ALICE programme to 2029 
• Need to secure funding 

•Possible extensions (FoCal?) 
•Gravitational Waves (Virgo, ET) 

• Funding requests via NWO 
Physics, Zwaartekracht 
proposal, Sectorplan
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Figure 1. Artist’s conception of the evolution of the Big Bang (top – credit: NASA) and the Little Bang
(bottom – credit: Paul Sorensen and Chun Shen).

Of course, the Big and Little Bangs are quite di↵erent in other aspects: Their expansion rates
di↵er by about 18 orders of magnitude; the Little Bang’s expansion is 3-dimensional and driven
by pressure gradients, not 4-dimensional and controlled by gravity; Little Bangs evolve on time
scales of ioctoseconds, not billions of years; distances are measured in femtometers rather than
light years. Most importantly, the Little Bang Standard Model is still under construction. This
overview discusses recent progress of the edifice.

2. Eccentricity fluctuations, anisotropic flows, and flow fluctuations

We can observe only one Big Bang (the one that produced our universe), but at the Relativistic
Heavy-Ion Collider (RHIC) and Large Hadron Collider (LHC) we have experimentally created
and studied billions of Little Bangs. Each Little Bang is di↵erent: Highly successful
phenomenology based on hydrodynamic evolution models [8, 4] has taught us that the initially
very dense quark-gluon matter created in heavy-ion collisions reaches approximate local thermal
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•Colliding heavy-ions at the LHC allows us to 
create and study a new state of matter  

• Its emergent properties are surprising and 
completely different than predicted, now they 
can be measured and modeled for the first time 

• Still many important open questions 
•The Nikhef ALICE group is one of the most 

productive groups with strong contributions to 
the collaboration 

• ITS upgrade well on track 
•Strong future programme and ambitions! 
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