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Welcome to Nikhef the Dutch
National Institute for Sub-atomic Physicss '
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We probe our world, made of particles and fields, T BN | e
« with collider physics, primarily at CERN AT AV (W WV e

« astroparticle physics:

particles, radiation, and ripples coming from the universe Discovery of Gravitational Waves
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The Nikhef Partnership > —

In itself a collaborative ecosystem

* university partners co-lead
(most) research programmes

« aligned with a joint national strategy

Permanent Staff 96
PhD candidates 125
Postdocs 43
Technical/engineer 88
Support 33
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Nikhef Scientific Programmes
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Technical Engineering and technology transfer

"The research at Nikhef relies on the development of innovative technologies.
The knowledge and technology transfer to third parties, i.e., industry, civil
society and general public, is an integral part of Nikhef’s mission.’
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pictures from Nikhef's ‘Dimensions’ magazine and Computing Office Hours; https://www.nikhef.nl/en/nikhef-mission/
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Infrastructure-intensive science

4

Slide materials from: Stan Bentvelsen, 2016, ATLAS collaboration, CERN; LHCbh VELO and RF box at Nikhef and ET Pathfinder visualisation: Marco Kraan, Nikhef
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Atlas: up to 40 Tbyte/day of fresh raw data
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And decelerate for ultra-high-precision measurements
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https://www.eedm.nl/ Nikhef and Rijksuniversiteit Groningen, images: Steven Hoekstra
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Imagery: Stan Beptvelsen, 2016




hifted, inverted)

Einstein Telescope projected in
the Euregio Maas Rijn,
images: Marco Kraan;

ET Pathfinder at UM, Maastricht, NL

GW150914 event:
gw-astronomy collaborations, LIGO o
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The astro-particle physics programmes Nikhef
A PlerreAuger--ELmI w
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Gravitational Waves
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Little white
bases and.e

Neutrinojacht
op de bodem
van de zee

Image sources:

Nikhef, NIOZ,
KM3NET collaboration,
NRC Handelsblad
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Enabling Research Programmes — next gen infrastructure

Theoretical
Physics

Detector R&D

Physics Data Processing



LHC Computing — a global infrastructure &

WwWLECG
Warldwide LHC Computing Grid

> 2 million cpu cores
> 2000 Petabyte
disk + archival
170+ data centres
42+ countries
13 ‘Tier-1 sites’
NL-T1 jointly by
SURF & Nikhef

built on many ‘generic’

e-Infrastructures

EGI, GEANT, EuroHPC
OpenScienceGrid

NSF ACCESS-CI, ESnet,
KEK, CalculCanada, ...

16 Nikhef, its Science Programme, and the Dutch National e-Infrastructure Niklhef



@ LHC run 2 data
N\ ~350 PB ‘raw’
& LOFAR | Google searches
Long Term Archive Google JECTET:]
~ 60 PB ~
e Library of COI‘IQI‘ESS
i S5 PB

PRSI Facebook uploads

JS Census uploads >180 PB

4pp @ cosis

quantities are guesstimates,
as actual data volume
keeps growing as we speak ...

ﬂasaq
e s LHC Run 3

>2021

>1000 PB
HL-LHC

>2028
multiple EB

SKA Phase 1
>~ 2027
~600 PB

approximate volumes for LoC, Google searches and FB uploads from ~ 2018. Source: WLCG publicity presentations
Imagery: SKA mid (South Africa) courtesy SKAO. Silicon tracker composite photo Nikhef, KM3NeT DOM deployment module: Nikhef and NIOZ

Nikhef, its Science Programme, and the Dutch National e-Infrastructure

Data in the Dutch National e-Infrastructure ,f\% FUuSE

Nik|[hef Fundamental
Sciences
ASTRON  E-infrastructure

Netherlands Institute for Radio Astronomy
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Data Processing infrastructure — the Dutch SURF example

Cumulative cores per community

Multi-domain e-Infrastructure

ENMR: structural biochemistry
Project MinE: ALS (health)
Xenon: direct DM searches
TROPOMI: earth observation
DUNE:

* long baseline neutrinos
LIGO-Virgo:

« Gravitational waves

Alice, ATLAS, LHCb

* LHC (NL) experiments

#CPU cores in GINA facility (5.5k)

- < 10 - = - day (arbitrary 2 weeks)

Nikhef, its Science Programme, and the Dutch National e-Infrastructure Nik|[hef




Coordinated e-Infrastructure: the SURF cooperative  em,

DDDDD L] i sbsw

SURF nationally aligns and supports computing for
members (RPOs and education) and research council

* networking (the physical ones) with global links
« HPC and HTC facilities, data storage
 federation services: trust, identity, and security

New Yoda website launched - and collaboration
with SURF

Coordinates joint infrastructure, initiatives, and projects
« nationally with members and the LSRIs

* in Europe with GEANT, EGI, EUDAT, EuroHPC and ESFRIs,
» globally with collaborations like WLCG, SKA, IGWN, Internet2
« ‘digital competences’: FAIR data ... and beyond

« technology innovation, digital autonomy, policy, and ‘futuring’

Nikhef, its Science Programme, and the Dutch National e-Infrastructure Nik|[hef




Scalable HPC: from local “Tier-2” to European “Tier-0”

e & EuroHPC
Neosc

Nikhef “Stoomboot”
Analysis Facility

You need local expertise
to enable exploitation

of European and

global resources

foundation as well as stepping stone

Nikhef, its Science Programme, and the Dutch National e-Infrastructure Nik|[hef




Sharing more than resources:
data, software, research pipelines, expertise

Thematic Digital Competence Centres -
beyond data stewards and ‘dead’ data for open science

Thematic (domain-specific) DCCs

Supporting local needs within constraints of
local infrastructure, budgets & policy
Institutional & domain data stewards, data science centres

\ Local DCC / \ Local DCC
A »

Roadmaps from the three thematic DCCs - Digital
(ompetence Centres

stated, T0CCs.

Downloads

=) Roadmap TOCCSSH
=] ror 1 s

=\ Roadmap TOCCLSH
= o 1

FED Roadmap TDCC Nstursl and Engineering Sciences (NES)
(2] e

LT

Integrale aanpak voor digitalisering
in de wetenschap

Uitvoeringsplan investeringen
digitale onderzoeksinfrastructuur /7 o‘
‘ ®)

NYYOX
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Sharing expertise: thematic digital competence centres
an example from the Natural and Engineering Sciences domain

Case study: Einstein Telescope seismic studies in EUregio Meuse-Rhine in the E-TEST project
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Data collected here is also useful for many other domains outside of the ET planning ...

ET impression: Marco Kraan (Nikhef) from “Terziet drilling campaign” https://www.nikhef.nl/wp-co

ntent/uploads/2019/10/Terziet-Drilling-Campaign-Final-NoC.pdf
Seismic data: S Koley (VU and Nikhef) Sensor networks to measure environmental noise at gravitational wave detector sites, ISBN 978-94028-2054-6; map image: etest-emr.eu project site

Nikhef, its Science Programme, and the Dutch National e-Infrastructure
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https://www.nikhef.nl/wp-content/uploads/2019/10/Terziet-Drilling-Campaign-Final-NoC.pdf

Looking at ICT as a research instrument, like our detectors

‘ICT infrastructure for research — distinct from the office and enterprise service’

« research data today is ‘born digital’ and has joint challenges, hence: shared e-Infrastructure!

S

But our ‘open data’ increasingly stresses capacity wo X

« data volume and bandwidth keeps growing: 2003
there is no sustainable funding model yet

* same for research software:
continued maintenance eats into innovation

" i
— {
. .' S ,\. s
oo BM ) FUSE
the dutch e-science grid .

2007 2015 2021+

=,

But project-based mechanisms are not solution for the sustainability issues like data & compute:
a better programmatic approach needed, including long-term financial stability in the ecosystem

Nikhef, its Science Programme, and the Dutch National e-Infrastructure
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Riding the infrastructure innovation chain together

Computing Operational Research
Sciences (near-term, NextGen storage,
Research 800G+ network, QC & simulators)

From Quark to Quantum ... with LHCb

Jacco de Vries: Maastricht University/Nikhef jdevries@nikhef.nl
Daniel Campora: Maastricht University/CERN dcampora@cern.ch
Kareljan Schoutens: UvA/QuSoft ¢ .m schoutens@uva.nl

David Groep: Nikhef davidg@nikhef nl

Avriana Torres: SURF ariana.torres@surf.nl

slicesri

current status of

partnership
L] Quan & . L Spmch <3N
- nine] % N JP -
= Sign] Blok opslag apparatuur (SATA/SAS)
e » o
- Future Computer Systems and Networking Research in the applif .
= Netherlands: A Manifesto implioims
— simuj
1 ICT Research Platform Netherlands, SIG Future Computer and Network Systems and " "
Editors: Alexandru losup (VU, A losup@wu.nl) and Fernando Kuipers (TU Deift, F A Kuipers@tudefft nl) . .
- espe| .
— Exacutive suinma Are 3+ Bk opsleg sppeatunr (SATASA
is 4 direc| *
— Society’s engine for a responsible and sustainable future? Computer Systems! Our modern futurd
= soclety and competitive economy depend on a strong digital foundation and, in turn, on sustained comy] -
X computer systems research and innovation. Computer systems, ranging from small, embedded h
+ devices to large data centers and the networks that connect them, are a remarkable technology area NEW.
with an outstanding Impact on soclety. This manifesto focuses on the Netherlands, where data centers %
and related ICT infrastructure enable over 3.3 million jobs and over 60% of the GDP, and novel
services and products, and where every €1 invested in such systems generates €15 in added value.
Sustained in capable have made the home to one
of the largest data hubs in the world. Cloud adoption exceeds 90% for economic organizations, and
65% for government and public education organizations. Our overarching goal with this document is
to highlight the grand societal, and scientific and challenges in future

computer systems and networking (the CompSys area), and to outline how to maintain the leading
position the Nethertands has in this area.

Nikhef, its Science Programme, and the Dutch National e-Infrastructure

Future-proof digitalization requires ICT research and development (R&D), now. The Dutch H H H
Government and societal stakeholders have identified an urgent need to expand economic and social I nVO VI n g n O n - reS e arc O m al n S
actiyities by leveraging and inteorating ICT in their knowledge processes eypertice and

Operational innovation
(procurement, systems
vendor co-engineering)

Vertraging

1.00w

Download
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SURF Experimental Technologies Platform

ure Supercomputer

sistent Identifiers (PIDs)

Intel GPU Max 1100

Researchers

v Experimental Technologies Platform
SURF—ETP * Available technologies
Open and collaborative > Stories

environment to foster the
assessment of cutting-
edge technologies and
methodologies.

Engineers Network

Engineers

Leverage their technical
skills and motivation to

surf the state-of-the-art.

Cornelis Omni-Path Express Nokia 7750 SR-1x-48D

Storage

Nik|hef




It's all about networking — of all kinds, and globally

LHCONE L3VPN: A global infrastructure for High Energy Physics data analysis (LHC, Belle I, Pierre Auger Obser J]t;!ﬁl
= —
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And since speed does matter

Nikhef empowers subatomic
physics research with AMD EPYC™
CPUs and Radeon Instinct™ GPUs
Deepening our understanding of the universe

with AMD EPYC CPU-powered and Radeon
Instinct GPU-accelerated servers.

AMDDU
EPYC

ol === === ) FUNGIBLE

00 B e e Test with superfast 800 Gbit
g [ Teremre internet between Amsterdam and
= [ P e CERN successful

Tl s R NIKHEF, SURF AND FUNGIBLE SET NEW

o RO T BENCHMARK FOR THE WORLD'S FASTES
Ay e oottt QS e O it e o
.

accelerated machine big universal box o buikding. B et more data you buikd a more . ~ - Nokia and SURF have successfully tested an 800 Gbit/s data connection between

e ot b VBT T o oo o ) o STO QAG E p E Q FU FQ M A N C E Nikhef in Amsterdam and CERN in Geneva. Such a connection is needed to transmit

AN TECHNOLOGY AT A GLANCE e o o= Inabout fveyearsthe LHC il i e data from the upcoming high-luminosity LHC accelerator.

o Th e " numberof colisonsdetected by about
A Y TS RO W T e processors and Radeon et GPUs W (0, oy Ao, Tis sttt

AMOEPYC 77029 proces:
AMD Radeon Instinct MiS0 GPUS m,.m.gwm.mmmmuwu szt ot hrot The test used existing fiber-optic connections through Belgium and France toward
with theirbudget. -

[ el L Companies Double Current Performance Record, Set  Genevain Switzerland over a total distance of 1,648 kilometers. An 800 Gbit/s

o a factor
experiments, but alof them requie a ;n:.‘&maw(m.mammn t he N ew Ba r at 6 5 5 M i | | iO n Read |O PS connection is about a thousand times faster than the Internet connection in an average
Lenovo Eriedpiion ik o Lol Aot N household
explains Aai. Msv ff usually work on AMD EPYC mm«mnﬂmrm \rrnlﬂmm

Nokia’s latest photonic technology, the sixth-generation super-coherent Photonic
Service Engine (SPE-6s), was deployed in the tests, along with 16QUM-shaped
modulation. The results of the tests will be announced in more detail next week at a
AMD + NIKHEF CASE STUDY b= Nokia expert conference in Athens.

the
hunger for growing am processing abilty.

‘experiments Nikhef s involved in.

Data hub

Image: Minister of Economic Affairs M. Adriaansens launched the Innovation Hub with Nikhef, SURF, Nokia and NL-ix, January 2023. Composite image from https://www.surf.nl/nieuws/minister-adriaansens-lanceert-testomgeving-voor-supersnelle-netwerktechnologie
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Our science data flows are somebody else’s DDoS attack

Betastingsdienst

9 Belastingdienst

# Home

Home » Aanslagen > Ikheb een DDoS aanslag ontvangen - wat nu?
# Home = Menu Zoeken

Ik heb een DDoS aanslag op mijn netwerk ontvangen -

Home > Actueel > ICTeninformatievoorziening > De systemen testen dankzij een unieke samenwerking

wat nu?
Lees voor
v . . Opde U ontvangt een DDoS aanslag op uw netwerk, bijvoorbeeld omdat u vergeten bent werkende
De syStemen testen dankZIj een l.II'IIEke samenwerklng Een god tegenmaatregelen te nemen. Er staat dan een geschat aantal pakketten per seconde op uw
Dinsdag 14 maart 2023 | Het laatste nieuws het eerst op NU.nl Examer]| monitoring,
Het begon in 2018. Een bijzondere Wat getheoroeerore o
samenwerking tussen overheden v ditartikel?
g y ragen over dit artikel Bandbreedte Pakke(jes
internetproviders- en exchanges, Terug naar boven 4

academische instanties, non-
profitorganisaties en banken. Nadat

s s —
duidelijk wiGtfrrorcrT o rfoc OC OOV OT OISOV O T O W OT O

NU+ : - i leD . .
- simpele DB ot ‘red team’ is verantwoordelijk voor de

Forse ddos-aanvallen en nerdgrapjes tijde}\s n platgelegd, |
nachtelijke oefening overheid vapenen tegen| @aanvallen, het ‘blue team’ voor de

alitie. Onlangs|

verdediging. Een van de partijen die aan de

Door Rutger Otto

avond meedoet is Nikhef #1. Tristan, IT

12 feb 2023 om 05:02 © 202 reacties
Update: d geled - S -
pdate: een maand geleden architert hii Mikhef geaft aan “dat zii dit

Image sources: belastingdienst.nl, rws.nl, nu.nl, werkentegennederland.nl

Nikhef, its Science Programme, and the Dutch National e-Infrastructure Nik|[hef



A collaborating ‘ecosystem’
.. for science and innovation

*

see 4 How did we get here?

Nikhef, its Science Programme, and the Dutch National e-Infrastructure Nik|hef



Once upon a tlme . @ green flelds approach’P

| dr

Watergraafsmeer and volkstumencomplex Frankendael, 1974, starting the construction of the WCW. Image: Beeldbank Amsterdam, gemeente Amsterdam
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The Nikhef data centre — at the end of the 1980s

Gould, Sun, and DEC systems,
taking several racks each

* 500 m2 floor area

* Raised floor: +60cm

walls are ‘movable’
to accommodate expansion

Nikhef room H1.37 — terminal stations on the raised data floor of the computer room (H1.40, behind the glass-panel walls)

34”



Collaborative Research Infrastructures: all about networking!

ANSNET/NSFNET T3 Topology as of 11/18/91
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be it human or computer networks ...
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Stockholm

CERN —

[Too ] [Aou ]
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See https://personalpages.manchester.ac.uk/staff/m.dodge/cybergeography/atlas/historical.html for more historic maps ; right-hand image: SURFnet2, 1990
first email to MCVAX at CWI from https://www.cwi.nl/en/news/cwi-celebrates-25-years-of-open-internet-in-europe-in-november/ (Piet Beertema, CWI, 1988)
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‘IBR-LAN’ at Nikhef — connecting local and global networks

International Backbone Router Local Area Network “IBR-LAN” at Nikhef, room H1.40 as seen in 1996. Right: H1.39 with nikhefh.nikhef.nl racks and early DAS-2 system
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What happens if you welcome two networks onto your floor

Nik[hef



————————————————————————————————————— | 10 1

NIKHEF

Haarlem

2
Amsterdam & |31

4
1 9
37

Schiphol 6 8

12

10G-ER Reserved I'.‘.‘-a.:‘k Fibre 10G-ER E

Bits per second
L
i=]
~

Fri25-Oct  Sst26-Oct  Sun27-Oct  Mon28-Oct  Tue 29-Oct  Wed 30-Oct Thu31-Oct  Fri0l-Nov
M Input W Output

Peak In ! 13.534 Th/s Peak Out : 13.636 Th/s
Average In : 9.169 Th/s Average Out : 9.236 Th/s
Current In : 9.826 Th/s Current Out : 9.895 Th/s

Global Switch 1 | 1 jred: 02-Nov-2024 1026:32 +0100] Copyright © 2024 AMS-IX B.V.

.........................................

swb

— Link = = = Backup link

AMS-IX topology, 2002 AMS-IX traffic Nov 2, 2024; https://stats.ams-ix.net/ https://www.ams-ix.net/ams/colocations
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Connect each other ... and scientific data and instruments
E‘i {1 {1 11

Nik|hef



What happens inside a data centre ...

‘Connectivity’ housing and
‘hosting’ are different things:

« NikhefHousing (H140) has
connectivity parties only, and
does not host any content

* what you see on the 15t floor tour
is network equipment:
shipping data, but not keeping
anything

2" floor has our science data centre

And no single connectivity data centre is a single point of failure:
Internet protocols are engineered to re-route traffic



Today’s data centre at Nikhef

‘NikhefHousing’ data centre

« from the first 2 racks in a corner

e “to now > ~400 racks

* many different connectivity parties
« 376 networks present in PeeringDB
« connectivity-focus, not hosting

lehef science’ data centre H234b

* 47 racks and ~350 kW

. hosts Nikhef, CERN, gravitational
waves, and SURF research data

* strengthens connectivity at,

- and uses NikhefHousing



Data centre installation management, ever growing

« active/free cooling chillers
installed on the roof in 2009

e data floor: ~400 racks

* evolving hot-isle/cold-isle
configuration

» electricity generator sets
2003, 2009, 2021

» aquifer thermal energy storage
(ATES) system installed 2010

Image: Floris Bieshaar, Nikhef

43”



Power in ... and power out ...

Three generators

« A-Feed 1250 kVA (pictured under load while testing)
« B-Feed 1700 kVA

* C-Feed 1250 KVA added with the current expansion

Separate redundant UPS for each

Heat re-use:
aquifer thermal energy storage
re-use heat to warm our building (pretty warm)

AND feed more heat to student housing opposite
nominal ‘PUE’ ~ 1.21

Generator image source: Floris Bieshaar. MacGillevrylaan sketch: Science Park Amsterdam
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Because, even if we can

LCO2 cooling ofan AMD R adripper: 3970X [SM%WOC‘?SSW ,
simultaneousl| 1 FLCO2 test bench system (https://hwbot. org/subm|33|on/4539 41) :




. it is not always the most scalable solutlon'
J Y g,

CO, 2PACL with PLC s Insulated test box

m
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Thanks, and enjoy Nikhef and
the Amsterdam Science Park

M

David Groep

<q Maastricht University N l k h ef ®



Tours

1. Data Centre: assemble here on Nikhef ground-floor

2. KM3NeT BOL Assembly: Ronald Bruijn, from the NikhefHousing entrance

Return here for the
Introduction to the local ecosystem of the Amsterdam Science Park



OUR LAB WAS TRYING TO [ | BUT IT TURNS 50 NOW WERE TRYING T0 RECREATE
RECREATE THE CONDITIONS | | OUT THEY WERE [ | THE CONDITIONS THAT OCLURRED ON

THAT OCCURRED SECONDS | | EX7REMELY HOT | | THIS TROPICAL BEACH IN EARLY 2014,
AFTER THE BIG BANG. AND UNPLEASANT. HONESTLY DON'T KnoU

WHY WE WERE DOING
THAT OTHER THING.
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