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HOW DO THEORISTS WORK?

• Typically collaborations of about 1-10 people. 
• Involvement of students, postdocs and staff. 
• The Netherlands as a small country allows a 

lot of interaction between different groups. 

• Nikhef provides a very stimulating setting, 
also for theorists, leading sometimes to joint 
projects between theory and experiment. 
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• Paper and pens + pencils 
• Computers 
• Coffee (!) 
• Personpower 
• Blackboards for discussions …

THEORY “HARDWARE”
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• Amsterdam: Nikhef, VU, UvA  
• Nijmegen: Radboud Universiteit 
• Groningen: Rijksuniversiteit 
• Utrecht: Universiteit Utrecht 
• Leiden: Universiteit Leiden  

• Large community: 
• O(45) staff members 
• O(60) postdocs 
• O(100) PhD students

DUTCH THEORETICAL PARTICLE PHYSICS 

[Nikhef Theory Groups]

[No theoretical particle physics at Technical Universities]
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•Broad spectrum of research topics: 
•QCD and collider physics 

•Flavour physics 

•Dark matter 

•Cosmology 

•Serves as a national centre for particle 
physics phenomenology 

•Exploit environment at Nikhef through close 
interactions with the experimental groups

NIKHEF THEORY GROUP AMSTERDAM
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• Head of the group from 2005-2018: 
                       Eric Laenen  

•Largely shaped Nikhef theory 
•Initiated collaborations within our community  
•Conducted two FOM programmes 
•Stimulated also a lot of further success in acquiring 
external funding (FOM, NWO, ERC grants, …) 

              

• Since September 2018:  R.F. (… giving this talk)

NIKHEF THEORY GROUP AMSTERDAM: LEADERSHIP

Many thanks to Eric!



Theory Landscape in the Netherlands - rECFA Meeting, Amsterdam, 19 October 2018!8

• Staff members:  
•  Robert Fleischer (+VU): flavour physics 
•  Eric Laenen (+UvA+UU): QCD, collider 
•  Piet Mulders (VU): QCD  
•  Marieke Postma: cosmology 
•  Juan Rojo (VU): QCD, LHC pheno 
•  Bert Schellekens: string theory 
•  Wouter Waalewijn (UvA): QCD, collider 

• Junior staff members: 
•  Franz Herzog (Vidi): higher orders, Higgs 
•  Kalliopi Petraki (Vidi+Paris): dark matter

NIKHEF THEORY AMSTERDAM: PEOPLE

• (Formally) retired staff members: 
• Jos Vermaseren: FORM 
• Jan-Willem van Holten: BSM, gravitational waves 
• Bernard de Wit (+UU): string theory, black holes
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• MSc:  

!9

• Postdocs:  

NIKHEF THEORY AMSTERDAM: PEOPLE

• PhD:  
 

+ many new arrivals …
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• Professorships by special appointment: 
• Wim Beenakker: Universiteit van Amsterdam 
• Robert Fleischer: Vrije Universiteit Amsterdam 
• Jan-Willem van Holten: Universiteit Leiden 
• Bert Schellekens: Radboud Universiteit Nijmegen 

• This is a very beneficial scheme: 
• Teaching, usually at the MSc level, access to students… 
• Promotors for PhD Students

IMPORTANT LINKS TO UNIVERSITIES
“Bijzonder hoogleraren”
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• NNNLO Higgs production 
• QCD resummation 
• B decays 
• Colour entanglement 
• Dark matter bound states 
• Supergravity 
• String theory landscape

NIKHEF THEORY A’DAM: RESEARCH HIGHLIGHTS

Selection:
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• Developed by Jos Vermaseren: 
•Computer Algebra Program 
•1984-now: currently version 4.2 

• Various (N)NLO calculations 
•5-loop beta function (!) 
•3- and 4-loop splitting functions, … 

• Crucial to secure the future of form: 
•Open source code available (GitHUB + forum) 
•Share the knowledge among the physicists 
•Aim at dedicated/shared/European funding/project,  
having broader support from the community

FLAGSHIP PROJECT:  FORM
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•Theorists learn about experimental challenges, 
may point out new observables, … 

•Excellent experience with joint grants and PhD 
projects (with LHCb, ATLAS and Virgo) 

•Joint papers Theory-Experiment 
•Initiative “Theory meets Experiment”: 

•Theory colloquium with informal mini-workshop 
•Rare B decays, axions, lepton flavour violation, …  

INTERACTION THEORY-EXPERIMENT @ NIKHEF

[R.F., Marcel Merk (LHCb), Olya Igonkina (ATLAS)]

Utilise the Structure of Nikhef:



Theory Landscape in the Netherlands - rECFA Meeting, Amsterdam, 19 October 2018!14

★ Theory meets Experiment:

INTERACTION THEORY-EXPERIMENT @ NIKHEF

Marcel Merk (LHCb) discussing  
with Wolfgang Altmannshofer  
about rare B decay anomalies … 
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• Important element of our scientific life: 
•Rohini Godbole (Bangalor) 
•Chris Quigg (Fermilab) 
•Lorenzo Magnea (Torino) 
•Herbert Dreiner (Bonn) 
•Yoshimasa Kurihara (KEK) 
•Ya-jin Zhou (Shandong) 
•Asmita Mukherjee (Mumbai) 
•Robert Harlander (Aachen) 
•  + … 

• Interactions also with postdocs and 
students, give colloquia, seminars, 
lectures, sometimes joint papers.

NIKHEF THEORY AMSTERDAM: VISITORS
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•The Nikhef theory group is actively 
involved in the organisations of 
workshops in Amsterdam 

•Recent examples: 
•Jos Fest (2015) 
•SM@LHC2017 
•SCET 2018 
•Tau 2018 
•NNPDF Collaboration Meetings

WORKSHOPS AND CONFERENCES
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• Nikhef Open Day:    
• “Ask a Big Bang Theorist” [R.F.+…] 

• On television:  
• Melissa van Beekveld 

• Lectures for general audiences:  
• At schools and for elderly [v. Holten, Mulders] 

• Higgs outreach: 
• Eric Laenen, Piet Mulders 

• Involvement in HiSPARC

OUTREACH @ NIKHEF THEORY
Various activities, just some highlights:

http://www.hisparc.nl
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• Individual grants: 
• FOM projectruimte grants 
• Veni, Vidi grants 
• ERC grants 

• (FOM) NWO programme: 
• Running: Higgs as a Probe and Portal 
• Consortium plays essential role!

FUNDING @ NIKHEF THEORY AMSTERDAM

Key funding for our postdocs + PhD students



Theory Landscape in the Netherlands - rECFA Meeting, Amsterdam, 19 October 2018!19

•Continuous funding efforts:  

•O(125) grant applications since 
2007 with remarkable success:  
• 3 ERC advanced grants 
• 2 ERC starting grants 
• 3 Vidi grants 
• 7 Veni and Marie Curie grants 
• + …

FUNDING @ NIKHEF THEORY AMSTERDAM

Snapshots … 

[Since 2011]
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• Various activities, many people 
• Focus on staff members (about 45) 
• Sketch of the main research topics

DUTCH THEORY LANDSCAPE / OTHER GROUPS
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• Piet Mulders:  

•Gluon PDF including transverse momentum 
dependence, linearly polarised gluons  

•Links to EIC developments in the US 
•New initiative “Emergence of Symmetries in the SM”           

• Juan Rojo (+2015):  
• Precision QCD for neutrino telescopes 
• Evidence for BFKL dynamics in HERA data 
• Model-independent fragmentation functions

VRIJE UNIVERSITEIT AMSTERDAM

Essentially @ Nikhef
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VRIJE UNIVERSITEIT AMSTERDAM

Selection of Research Highlights: 
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Positivity bounds on gluon TMDs for hadrons of

spin ≤ 1

Sabrina Cotogno, Tom van Daal and Piet J. Mulders

Department of Physics and Astronomy, VU University Amsterdam,
De Boelelaan 1081, NL-1081 HV Amsterdam, The Netherlands

Nikhef,
Science Park 105, NL-1098 XG Amsterdam, The Netherlands

E-mail: scotogno@nikhef.nl, tvdaal@nikhef.nl, mulders@few.vu.nl

Abstract: We consider the transverse momentum dependent gluon distribution functions

(called gluon TMDs) by studying the light-front gluon-gluon correlator, extending the re-

sults for unpolarized and vector polarized targets to also include tensor polarized targets

— the latter type of polarization is relevant for targets of spin ≥ 1. The light-front corre-

lator includes process-dependent gauge links to guarantee color gauge invariance. As from

the experimental side the gluon TMDs are largely unknown, we present positivity bounds

for combinations of leading-twist gluon distributions that may be used to estimate their

maximal contribution to observables. Since the gluonic content of hadrons is particularly

relevant in the small-x kinematic region, we also study these bounds in the small-x limit

for the dipole-type gauge link structure using matrix elements of a single Wilson loop.

Keywords: QCD Phenomenology

ArXiv ePrint: 1709.07827

Open Access, c⃝ The Authors.

Article funded by SCOAP3.
https://doi.org/10.1007/JHEP11(2017)185
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Directed flow from C-odd gluon correlations at small x

Daniël Boer,a Tom van Daal,b,c Piet J. Muldersb,c and Elena Petreskab,c

aVan Swinderen Institute for Particle Physics and Gravity, University of Groningen,
Nijenborgh 4, NL-9747 AG Groningen, The Netherlands

bDepartment of Physics and Astronomy, VU University Amsterdam,
De Boelelaan 1081, NL-1081 HV Amsterdam, The Netherlands

cNikhef,
Science Park 105, NL-1098 XG Amsterdam, The Netherlands

E-mail: d.boer@rug.nl, tvdaal@nikhef.nl, mulders@few.vu.nl,

petreska@nikhef.nl

Abstract: It is shown that odd harmonic azimuthal correlations, including the directed

flow v1, in forward two-particle production in peripheral proton-nucleus (pA) collisions can

arise simply from the radial nuclear profile of a large nucleus. This requires consideration

of the C-odd part of the gluonic generalized transverse momentum dependent (GTMD)

correlator of nucleons in the nucleus. The gluonic GTMD correlator is the Fourier trans-

form of an off-forward hadronic matrix element containing gluonic field strength tensors

that are connected by gauge links. It is parametrized in terms of various gluon GTMD

distribution functions (GTMDs). We show (in a gauge invariant way) that for the relevant

dipole-type gauge link structure in the small-x limit the GTMD correlator reduces to a

generalized Wilson loop correlator. The Wilson loop correlator is parametrized in terms

of a single function, implying that in the region of small x there is only one independent

dipole-type GTMD, which can have a C-odd part. We show that the odderon Wigner dis-

tribution, which is related to this C-odd dipole GTMD by a Fourier transform, generates

odd harmonics in the two-particle azimuthal correlations in peripheral pA collisions. We

calculate the first odd harmonic v1 for forward production within the color glass condensate

framework in the limit of a large number of colors. We find that nonzero odd harmonics

are present without breaking the rotational symmetry of the nucleus, arising just from its

inhomogeneity in the radial direction. Using a CGC model with a cubic action, we illus-

trate that percent level v1 can arise from this C-odd mechanism. In contrast, we show that

only even harmonics arise in diffractive dijet production in ultra-peripheral pA collisions

where this gluon dipole GTMD also appears.

Keywords: Phenomenological Models, QCD Phenomenology

ArXiv ePrint: 1805.05219

Open Access, c⃝ The Authors.

Article funded by SCOAP3.
https://doi.org/10.1007/JHEP07(2018)140

Eur. Phys. J. C (2018) 78:321
https://doi.org/10.1140/epjc/s10052-018-5774-4

Regular Article - Theoretical Physics

Parton distributions with small-x resummation: evidence for
BFKL dynamics in HERA data
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Abstract We present a determination of the parton distri-
bution functions of the proton in which NLO and NNLO
fixed-order calculations are supplemented by NLLx small-
x resummation. Deep-inelastic structure functions are com-
puted consistently at NLO+NLLx or NNLO+NLLx , while
for hadronic processes small-x resummation is included only
in the PDF evolution, with kinematic cuts introduced to
ensure the fitted data lie in a region where the fixed-order
calculation of the hard cross-sections is reliable. In all other
respects, the fits use the same methodology and are based on
the same global dataset as the recent NNPDF3.1 analysis. We
demonstrate that the inclusion of small-x resummation leads
to a quantitative improvement in the perturbative description
of the HERA inclusive and charm-production reduced cross-
sections in the small x region. The impact of the resummation
in our fits is greater at NNLO than at NLO, because fixed-
order calculations have a perturbative instability at small x
due to large logarithms that can be cured by resummation. We
explore the phenomenological implications of PDF sets with
small-x resummation for the longitudinal structure function
FL at HERA, for parton luminosities and LHC benchmark
cross-sections, for ultra-high-energy neutrino–nucleus cross-
sections, and for future high-energy lepton–proton colliders
such as the LHeC.
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Gluon and Wilson loop TMDs for hadrons of spin ≤ 1
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Abstract: In this paper we consider the parametrizations of gluon transverse momentum

dependent (TMD) correlators in terms of TMD parton distribution functions (PDFs).

These functions, referred to as TMDs, are defined as the Fourier transforms of hadronic

matrix elements of nonlocal combinations of gluon fields. The nonlocality is bridged by

gauge links, which have characteristic paths (future or past pointing), giving rise to a

process dependence that breaks universality. For gluons, the specific correlator with one

future and one past pointing gauge link is, in the limit of small x, related to a correlator of

a single Wilson loop. We present the parametrization of Wilson loop correlators in terms of

Wilson loop TMDs and discuss the relation between these functions and the small-x ‘dipole’

gluon TMDs. This analysis shows which gluon TMDs are leading or suppressed in the small-

x limit. We discuss hadronic targets that are unpolarized, vector polarized (relevant for

spin-1/2 and spin-1 hadrons), and tensor polarized (relevant for spin-1 hadrons). The latter

are of interest for studies with a future Electron-Ion Collider with polarized deuterons.

Keywords: QCD Phenomenology

ArXiv ePrint: 1607.01654

Open Access, c⃝ The Authors.

Article funded by SCOAP3.
doi:10.1007/JHEP10(2016)013
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RADBOUD UNIVERSITEIT NIJMEGEN

• Ronald Kleiss:  

• Collider Physics 
• Renormalization 
• Monte Carlo

• Wim Beenakker:  
• Resummation 
• Supersymmetry  
• Dark Matter

Phenomenology

• Sascha Caron (ATLAS):  
• Supersymmetry  
• Dark Matter 
• Machine Learning

• Tom Rijken (retired): 
• Nuclear Physics 
• Neutron Stars  
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RADBOUD UNIVERSITEIT NIJMEGEN

Shell graduation prize 2016: 
Melissa van Beekveld (PhD)

Phenomenology: selection of research highlights
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RADBOUD UNIVERSITEIT NIJMEGEN

• Renate Loll:  
•Constructing space time bottom up 
•Microscopic constituents of space time 
•Numerical simulations  

• Frank Saueressig: 
• Towards quantum theory of gravity 
• Renormalisation group analyses 

• Timothy Budd (+2018): 
• Mathematical tools, numerical methods 
• Structure of spacetime at smallest scales

(FOM) Programme: Search 
for quantum space time

• Jan Ambjørn (affiliate NBI): 
• Quantum gravity 
• String theory

Quantum Gravity: first principles…
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RADBOUD UNIVERSITEIT NIJMEGEN
Quantum Gravity: selection of research highlights
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RIJKSUNIVERSITEIT GRONINGEN

Van Swinderen Institute 
has joined Nikhef (2016)

★ Experiment and theory… 
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• Daniel Boer:  
•QCD, collider physics, BSM 

• Elisabetta Pallante:  
•SM and beyond, flavour physics, 
lattice QCD, conformal field theory 

• Rob Timmermans:  
•EDMs, Lorentz violation 

• Anupam Mazumdar (+2016):  
•Cosmology, BSM, quantum gravity

RIJKSUNIVERSITEIT GRONINGEN
Particle Phenomenology

• Steven Hoekstra:  
•Electron EDM experiment 

• Hans Wilschut (LHCb, retired):  
•Tests of Lorentz and CPT  
symmetries
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RIJKSUNIVERSITEIT GRONINGEN
Particle Phenomenology: selection of research highlights



Theory Landscape in the Netherlands - rECFA Meeting, Amsterdam, 19 October 2018!30

• Eric Bergshoeff:  
•String theory 
•Quantum gravity 

• Kyriakos Papadodimas (left 2018): 
•Black holes and quantum mechanics 

•Diederik Roest:  
•String cosmology 
•Inflation 
•Supersymmetry

RIJKSUNIVERSITEIT GRONINGEN

String Theory and Cosmology

(FOM) Programme:  
A String Theoretic 
Approach to 
Cosmology and 
Quantum Matter
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RIJKSUNIVERSITEIT GRONINGEN

Strings & Cosmology: selection of research highlights
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• Stefan Vandoren: 
•String theory, SUSY, black holes 

• Tomislav Prokopec: 
•Cosmic inflation, matter-antimatter 
asymmetry, dark energy 

• Thomas Grimm:  
•String theory and phenomenology 

• Enrico Pajer (left 2018): 
•Theoretical cosmology

UNIVERSITEIT UTRECHT
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UNIVERSITEIT UTRECHT
Selection of Research Highlights:
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• Gerard ’t Hooft: 
• Nobel Laureate 
• Inspiring, especially to students 
• Joint Nikhef-UvA seminar (2018):

UNIVERSITEIT UTRECHT

https://indico.nikhef.nl/event/1011/
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• Ana Achúcarro: 
•Cosmology, inflation, string theory 

• Alessandra Silvestri: 
•Cosmology, gravity, dark energy 

• Koenraad Schalm:  
•String theory and connections to particle 
physics and cosmology, black holes 

• Alexey Boyarsky: 
•Neutrino Minimal SM, dark matter, SHiP

UNIVERSITEIT LEIDEN

+ AdS-CFT relations quantum matter: Jan Zaanen
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UNIVERSITEIT LEIDEN
Selection of Research Highlights:
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 (FOM) Programme: 

 “Observing the Big Bang” 

         cosmology.nl

UNIVERSITEIT LEIDEN

Focus on Cosmology:

+ Links to (String)-Cosmology in Utrecht, Groningen and Amsterdam

http://cosmology.nl
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• Jan de Boer: 
• String theory 

• Daniel Baumann: 
• Strings, cosmology 

• Alejandra Castro:  
• String theory 

• Miranda Cheng: 
•Mathematical physics 

• Ben Freivogel: 
•Strings, cosmology

UNIVERSITEIT VAN AMSTERDAM
Institute for Theoretical Physics Amsterdam (ITFA)

• Diego Hofman: 
• String theory 

• Jan Pieter van der Schaar: 
• Cosmology 

• Erik Verlinde:  
• String theory, emergent gravity 

• Eric Laenen: 
• Collider physics, Higgs, QCD 

• Wouter Waalewijn: 
• QCD, SCET
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UNIVERSITEIT VAN AMSTERDAM

ITFA: some research highlights



Theory Landscape in the Netherlands - rECFA Meeting, Amsterdam, 19 October 2018!40

• Gianfranco Bertone: 
• Dark matter 

• Shin’ichiro Ando: 
• Strings, cosmology 

• Samaya Nissanke (+2018): 
• Gravitational waves 

• Christoph Weniger: 
• Dark matter, GAMBIT

UNIVERSITEIT VAN AMSTERDAM
Gravitation AstroParticle Physics Amsterdam

• Sera Markoff: 
• Accretion around black holes 

• Selma de Mink: 
• Evolution of stars, binary systems 

• Jacco Vink: 
• High energy astrophysics 

+ Daniel Baumann, Ben Freivogel 
+ Experiment: Patrick Decowski 

[Astrophysicists]
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UNIVERSITEIT VAN AMSTERDAM
GRAPPA: selection of research highlights
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Dutch Research School Theoretical Physics: 
•Long tradition: established in 1993  
•Two themes: 

•Particle physics, cosmology, quantum gravity, strings 
•Quantum matter + information, condensed matter, biophysics 

•PhD students are members of the DRSTP: 
•Graduate schools: obligatory to attend two editions 
•PhD day organised by the students 

•National Seminar Theoretical High Energy Physics 
•Biennial symposium: TRENDS in THEORY 

EDUCATION IN THEORETICAL PHYSICS
PhD scheduled for 4 years, dedicated PhD positions

https://web.science.uu.nl/drstp/

https://web.science.uu.nl/drstp/
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IMPRESSIONS TRENDS IN THEORY 2017

http://web.science.uu.nl/DRSTP/Conferences/Trends/2017/info.html
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• Phenomenology meetings @ Nikhef:  
• Once per month in an informal setting with presentations 

• Cosmology meetings and network centred @ Leiden: 
• cosmology.nl 

• Quantum Universe @ Groningen University: 
• Initiative with Symposium once a year 

• IMAPP @ Radboud University Nijmegen: 
• Institute for Mathematics, Astrophysics and Particle Physics 

• GRAPPA @ University of Amsterdam: 
• Centre of excellence for Gravitation and Astroparticle Physics

THEORY INITIATIVES
Bringing people together:

http://cosmology.nl
https://www.ru.nl/imapp/
http://grappa.amsterdam
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• Long-standing, semi-formal network of all (about 45) Hth permanent staff members in 
the Netherlands, connecting Phenomenology, Cosmology and String Theory. 

• We have two meetings per year to discuss common issues, such as DRSTP schools 
and funding initiatives, and to provide information exchange. 

• Supported by (FOM) NWO: an official is always present and helpful! 

• Now a formal advisory body for the NWO Physics Table via 3 members [Achúcarro, Bergshoeff, 
Laenen] in Particle and Astroparticle  Physics (PAPP) Advisory Committee [+ 7 exp. members]: 

• The task of the PAPP is to advise the Physis Table and the ENW-domain board, monitoring 
the progress in the various research programmes. 

• This is all quite new, and we have to see how it will work out…

HIGH-ENERGY THEORY NETWORK
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• “Sectorplan” funding:  [2010] 
•Astroparticle physics highlight: GRAPPA 

• NWO “Zwaartekracht” grant: [2012-22] 
•Delta ITP Institute: 18.3 M€  

•FOM Programmes: up to about 2.5 M€ 
•Particle Physics Phenomenology 
•Theoretical Cosmology 
•String Theory; Quantum Gravity 
•Dark Matter (experiment + theory) 

• Individual grants: (0.5-2.5) M€ 
•“Projectruimte”; NWO Veni, Vidi, Vici; ERC, …

THEORETICAL PARTICLE PHYSICS FUNDING

Key funding for 
postdocs and 
PhD students
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• Delta ITP:  [18.3 M€ for 10 years] 

• 6 tenure track positions 
• Special postdoc and PhD positions 
• Visitor programme 
• Seminars and meetings 
• Lecture programmes  
• +…

DELTA INSTITUTE FOR THEORETICAL PHYSICS

Very successful initiative!

Virtual Institute from UvA, UL, UU:

http://www.d-itp.nl/about/about.html
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• New “Sectorplan” is under construction:  
• Seven topics, including theoretical physics 

• Dutch National Research Agenda: 25 Routes 

•Einstein Telescope 
•Dutch Institute for Emergent Phenomena (DIEP) 

• NWO funding instruments: competition (?) 
•KLEIN [FOM Projectruimtes], GROOT [FOM Programmes] 

• ERC + vacancies opening up 

FUNDING OPPORTUNITIES

Route 2: Building blocks of matter and 
fundaments of space and time

https://wetenschapsagenda.nl/routes/?lang=en
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• Theory Group @ Nikhef:  
• Further expand role as national phenomenology centre 
• Maintain strong links with the experimental groups 
• Explore synergies with UvA/GRAPPA in astroparticle physics 
• Further exploit opportunities from gravitational waves 
• Secure the future of FORM 

• Dutch theory community: 
• Maintain excellence in research 
• Continue to attract talent and bring it quickly to the forefront of research  
• Maintain success in funding (how will the new NWO instruments work?) 
• Keep fruitful links with the CERN theory group

OUTLOOK
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• Constraints for funding sometimes challenging for theory:  
• Practical applications (“valorisation”). 
• Requirements to have an involvement of industry. 

• Grant proposals: 
• It takes a lot of time to write proposals and use new funding instruments. 
• It takes a lot of time to review/referee proposals. 
• Competition with other fields: how to compare excellence?

CONCERNS
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• I have moved to Nikhef about 9 years ago from CERN Theory. 
• I’m still very impressed by the diversity of the theoretical physics 
landscape and Nikhef as the National Centre for Particle Physics. 

• Lots of interactions among people. 
• Excellent access to students through Universities.

FINAL PERSONAL COMMENTS

Looking forward to the years ahead!

[R. Lichtenstein, Sunrise (1965)]


