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Nikhef – accelerator experiments
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Haarlemse Chemische Kring

protons

ATLAS
ALICE

LHCb

ATLAS
•Higgs physics
•Beyond the standard model

LHCb
• rare decays
•matter vs anti-matter

Alice
•quark-gluon plasma
•matter phase transitions
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Event

Nikhef – (astro)particle physics
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Pierre Auger - cosmic rays Xenon1T - Dark Matter

Gravitational Waves

KM3NeT - neutrino detection

KM3NET
•neutrino telescope

Virgo/LIGO/ET
•gravitational waves

Auger
•ultra-high energy 

cosmic rays

Xenon
•search for dark matter
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Nikhef collaboration – underpinning programmes

Detector R&D

Theoretical 
Physics

Physics Data Processing

4



PDP ‘Physics Data Processing’ activities and action lines

Research Infrastructure 

& Future Technologies

• NDPF processing facility

• National e-Infrastructure

coordinated by SURF

• experimental next-gen 

systems engineering

• cross-tier global networks

• stressing & public/private 

collaborative design

Infrastructure for 

Secure Collaboration

• authentication and 

authorization protocols

• multi-domain federation

• global trust and identity

• access provisioning

• operational security

Scalable Computing 

& Algorithms

• algorithms for high-

performance software

• data organisation

• accelerator throughput

• rethinking code: at small 

scale and on large scales

Nikhef PDP - an overview5



Event
Display of a proton-proton collision event recorded by ATLAS on 3 June 2015, with the first LHC stable beams at a collision energy of 13 TeV

~ 10 seconds to a compute a single event at ATLAS (as an example) for ‘jets’ containing ~30 colllisions

Event processing time: v19.0.1.1 as per Jovan Mitrevski and 2015  J. Phys.: Conf. Ser. 664 072034 (CHEP2015)

Computing on data: 40 million per second
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7 Nikhef PDP - an overview
source: Andrea Sciaba et al. for the WLCG Resource Evolution WG, CHEP2019



8 Nikhef PDP - an overview

Algorithms: beyond data organisation and throughput

2007 Core 2 efficiency: Sverre Jarp, CHEP2007 (!)

Gerhard Raven et al, 2015 for LHCb

plofkip.nikhef.nl



9 Nikhef PDP - an overview Prototype AMD MI50 GPU in the Nikhef Speeltuin last year
Image: Tristan Suerink



Nikhef PDP - an overview

Nikhef Data Processing Facility – multi-community service
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LHC ATLAS

LHCb

LHC AliceLIGO-Virgo

Dark matter search

Life Sciences, MinE, WeNMRServices in the DNI
• compute in many 

operational sites 
(SURFsara, Nikhef, 
RUG-CIT)

• high-throughput 
storage at 
SURFsara and 
Nikhef,

• long-term storage 
at SURFsara, 

• interconnected by 
SURFnet, and 
authentication by 
SURFcertificaten
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‘Hot’ data tier at ~ 5 PiB, ‘warm’ tier of ~ 1.6PiB, interconnect to nearline

11 Nikhef PDP - an overview

FEEDING DATA – TIERED STORAGE

https://wiki.nikhef.nl/grid/100g_Storage_Box

hooikanon-01..04.nikhef.nl
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12 MiB/s/TiB - about 4 PiB configured (both DNI/NL-T1 and Stoomboot)

‘hooikanon’: 240 (4x60) spindles, 12 TByte disks, 4x100Gbps network

4x IBM SL922 Power9 PPC servers, 8x NetApp E5700 controllers, 4 trays



Event

Data Distribution: LHCOPN/LHCone

12source: https://monit-grafana.cern.ch/d/000000420/fts-transfers-30-day on September 27,  2018

2.6M

https://monit-grafana.cern.ch/d/000000420/fts-transfers-30-day
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Globally distributed in EGI & WLCG

Nikhef PDP - an overview
13

>170 institutes in >42 countries 
and economic regions

 Computing ~ 1,000,000 cores

 On-line disks > 310 PB

 Archival > 390 PB



Event

‘LHC Open Network Environment’



Event

Direct peering infra for ‘big data’



16 Nikhef PDP - an overview ballenbak.nikhef.nl

Image: Tristan Suerink



17 Nikhef PDP - an overview

E-INFRASTRUCTURES: EGI, EUDAT, GEANT, PRACE, …

imagery: EGI.eu



18 Nikhef PDP - an overview

LOCAL USERS, REMOTE USERS, …

Login with Nikhef 

SSO and our brand-

new OIDC provider 

… under test …



19 Nikhef PDP - an overview

INTEROPERABLE GLOBAL TRUST FEDERATION IGTF

WWW.IGTF.NET
3 regional chapters: EMEA, Americas, AP

~ 90 Identity Providers (some leveraging a R&E federation)

~ 10 international major relying parties

~ 60 countries / economic areas / extra-territorial orgs

> 1000 relying service provider collaborations



FuSE, the Fundamental Sciences E-infrastructure
20

Challenges 2020-2025:

1. Bring ICT infrastructure 

to a next level

2. Optimize complex 

algorithms

Prepare now for even

bigger challenges >2026 

DATA DELUGE - AND WITH DATA COMES PROCESSING
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National e-Infrastructure

Nikhef PDP - an overview



Event

David Groep
davidg@nikhef.nl

https://www.nikhef.nl/~davidg/presentations/
https://orcid.org/0000-0003-1026-6606
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NIKHEF PDP - AN OVERVIEW



Fun, but not the solution to single-core performance 

…

COLLABORATION OF INTEL™ AND NIKHEF PDP & MT (KRISTA DE ROO) “CO2 INSIDE” 
Image: Tristan Suerink



24 Small is beautiful ... or is it ? www.amd.com – homepage visited Dec 4th 2019



But long-distance fat networks work fine for ‘big files’

• bandwidth x delay hampers remote random access 

• which is why ESCAPE develops data lake caching

Some data is inherently ‘small’ and packetized

• ‘telemetry’ data

• remote distributed event processing

but sending many packets is far more challenging 

on network ASIC design – so let’s test it!

25 Nikhef PDP - an overview

SMALL PACKETS – BIG TROUBLE? 1.2 BPPS SYSTEM

Graphic Data Lake, Simone Campana, ESCAPE WP2 DIOS

Image 1Bpps machine by Tristan 



14-06-2019: 1 billion pps i.e. 1 Gpps (and 522Gbps)

26 Nikhef PDP - an overview

OUR WORLD RECORD: 1 BILLION PACKETS PER SEC

https://wiki.nikhef.nl/grid/1Bpps_Machine

Image: Tristan Suerink



Event

Our science data looks akin to a DDoS

evaluating resilience to cyberattack – in a cooperative way
27



OpenID Connect Federation:

multilateral trust beyond GAFA

28 Nikhef PDP - an overview

OIDC FED – TRUST IS TECHNOLOGY AGNOSTIC

Infra 1 (FedOp)
e.g. EGI

Infra 2 (FedOp)
e.g. XSEDE

IGTF FedOp

Organisation

Clients

Organisation

dynamic registration or 
scripted import into client library

Organisation

sign and embed 
meta-data

Clients Clients

Infra 3 (FedOp)
e.g. WLCG

Roland Hedberg, et al., with Mischa Sallé

see: openid.net → Specs & Dev info



29 Nikhef PDP - an overview

AARC BPA – COHERENCY BY PROXYING

https://aarc-community.org/architecture/



GEANT Trusted Certificate Service

30 Nikhef PDP - an overview

BRIDGES AND TOKEN TRANSLATION SERVICES

DigiCert acts as a SAML Service provider to eduGAIN

and eligible authenticated users can obtain their 

own certificate for access and delegation to services


