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$ whoami

Cristian Schuszter
Staff Software Engineer @ CERN
Solution Architect

Been around for ~ 8 years
« computer security
« SSO team
* now working on “business computing”

Previously:

« various U.S. startups
« working on data engineering topics

CERN guide in my spare time

* do pass by!
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Putting things in scale

0.49% of cc32ed47.exe Completed
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Saving:
cc from ftp.netscape.com
SENNNRERNRRENRNERRNEND

E stimated time left: 39 years 8,89 MB of 180 MB copied)
Download to: D:AOther stuff\Downloads\cc32e47 exe
Transfer rate: 4 61 KB/Sec

I~ Close this dislog box when download completes

Open Open Folder Cancel |
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Putting things in scale
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT '

Run/Event: 194108 / 564224000




CMS Experiment at the LHC, CERN
Data recorded: 2024-Nov-06 10:55:06.459264 GMT
Run/Event/ LS: 387854 / 23097014 / 33

ALICE
&
Run 3 Pb-Pb
"'4 \/S_\x = 5.36 T(‘\'
. 6th Nov 2024 LECD Experiment at CERN
13:16:46 CET ( /) Run / Event: 310067 / 3591585364
(1(((“) Data recorded: 2024-11-06 12:08:15 GMT
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CERN storage and computing power
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CERN storage and computing power
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Event reconstruction

Interaction rate
~1 GHz CALO MUON TRACKING

Bunch crossin T
rate 40 MHz o
LEVEL 1 momones
TRIGGER
< 75 kHz

Derandomizers

Regions of Interest | I Readout drivers

(RODs)

LEVEL 2
TRIGGER

o) ki

Readout buffers
(ROBs)

<'{]]|—{|]]<0-|]:I]]-

Event builder [

¢

Data recording

EVENT FILTER Full-event buffers
and
~ 200 Hz processor sub-farms

LHCb portable data centre ~ 2 MWh
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Physics data

at global scale

Running jobs: 365644
Active CPU cores: 807139
Transfer rate: 21.54 GiB/sec




Almost at the Exabyte mark

Home > Dashboards > CERN Tape Namespace ¢ %
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A constantly changing machine

Selected dates: 09-04-2018 and 21-09-2025 LHC Ring Validity: 24-11-2003 - Endless
— Machine v — Classes
‘ LHC ‘ BIBLM & BI BPM COLD & Bl BPM MEASURING POINTS € Bl BPM WARM COLD MASSES LQ & COLLIMATORS & CORRECTORS & DFBX & LQ @

MAD HCORRECTOR € MAD VCORRECTOR & MULTIPOLES & QUADRUPOLES & SOLENOIDS & VACUUM BEAM SCREENS & VACUUM CHAMBERS VACUUM FLANGES &
@  Expert name on hover @ Assetname

VACUUM GAUGES & VACUUM INSTRUMENTED PUMPING ST € VACUUM MODULES & VACUUM PUMPS & VACUUM SECTOR VALVES VACUUM SUBASSEMBLIES AND PARTS &
@  Optic dimensions @ Region colors
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@@ pefault height All classes
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‘ -1 ‘ ‘ 50 Update
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@ Align Zoom/Position Zoom/pan with a mouse Common scroll Switch to Side View (© single layout view
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—“ — —_— —— .z - aman W -n oena w1 icans 3w
4 >
o - - - — e - - : . : e
09-04-2018 . . S — | ——
L | S

YETS 2015-2016 EYETS 2016-2017 YETS 2017-2018 Ls2 YETS 2021-2022 YETS 2022-2023 EYETS 2023-2024 EYETS 2024-2025 TODAY YETS 2025-2026 LS31.7 Ls31s8 Ls31.e Ls3 LS4




A constantly changing machine

CERN |H
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White Rabbit, a CERN-born

technology, sets a new global
standard

The Institute of Electrical and Electronics Engineers has incorporated the White Rabbit
technology into its industry standard, maximising its adoption by industry and other
partners in their pursuit to build innovative solutions for world challenges

26 JUNE, 2020 | By Marzena Lapka

C\E/RW https://www.white-rabbit.tech https://standards.ieee.org/ieee/1588/6825/ 16
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How did we get here?



CERN'’s first computer - 1958
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Innovation through need

?E/RW https://videos.cern.ch/record/1043890 20



https://videos.cern.ch/record/1043890

Collaboration is not optional

CERN is a wonderful organisation. It involves several thousand i ot ook b ki ol

people, many of them very creative, all working toward common with implications that go far beyoud programming.”
. . : . . — Guey Kawasaki

goals. Although they are nominally organised into a hierarchical :

management structure,this does not constrain the way people will

communicate, and share information, equipment and software across THE c ATH ED R A
groups.

The actual observed working structure of the organisation is a & THE BAZ A AR
multiply connected “web” whose interconnections evolve with time.

In this environment, a new person arriving, or someone taking on a MUSINGS ON LINUX AND OPEN SOURCE
new task, is normally given a few hints as to who would be useful BY AN ACCIDENTAL REVOLUTIONARY

people to talk to. Information about what facilities exist and how to 3
e “

find out about them travels in the corridor gossip and occasional
newsletters, and the details about what is required to be done spread
in a similar way. All things considered, the result is remarkably
successful, despite occasional misunderstandings and duplicated
effort.

A problem, however, is the high turnover of people. When two years
is a typical length of stay, information is constantly being lost. The
introduction of the new people demands a fair amount of their time

and that of others before they have any idea of what goes on. The h e /. ,
technical details of past projects are sometimes lost forever, or only ERIC s R AYMOND
recovered after a detective investigation in an emergency. Often, the .

information has been recorded, it just cannot be found. WITH A FOREWORD BY BOB YOUNG, CHAIRMAN & CEO OF RED HAT, INC.

https://cds.cern.ch/record/369245/files/dd-89-001.pdf
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CERN <3 open source / data

HOME FEATURES GETTING STARTED BLOG RESOURCES ROADMAP

‘ 2 O O | The effortless open-source tool for event

Data Analysis Framework organisation, archival and collaboration

TRY THE DEMO

Explore more than five petabytes
of open data from particle physics!

reana

Reproducible research data analysis platform

search examples:

Explore Focus on

C\E?W https://opendata.cern.ch/
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Innovation through stability

202 202 202 2024 202 202 202 202 202
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2039 2040 2041

Shutdown/Technical stop
Protons physics

EYETS Ions

Commissioning with beam
Hardware commissioning

Last update: November 24
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}?‘{ Material Request - Netscape

File Edit Yiew Go Communicator Help

w2 AN vl 8 § Z

v 'J'Bookmarks \& Netsite:Ihttps:ﬁedh.cern.che’Document/MAG zl

i : BE, B, @0, v + B = 9
% Material Request Clone Pr.View, Catalog’;' Delay?_/.-' Lines Save Send Help

Fields with asterisks (*) are obligatory and must be filled in.

General Description: |Experimental Equipment ?

Requestor *: [Derek MATHIESON (AS-1DS) ?

Delivery Location ™

Requested Delivery Date

Delivery Comments: ?

Budget Code *: |16152 ? Total: SFr. 398.00

PosQty ? UnitSCEM ? Comments Subtotal

1 1 pc [59.70.20.410.0 | 214.00
X delete, ARGON P +GIFT REGUL.300bar/16l
Z Item in stock, you will be served within 1 working day.

2 1 pc [59.70.50.220.9 @ | 184.00
X delete, ST.OXYGEN REGULATOR 300/20 bar
& Item in stock, you will be served within 1 working day.

3 | | |

4 | | |

Total: SFr. 398.00

g == \Document: Done

CE?W
\



@ 11261052 - Material RequeSt M Save X Cancel | @ Attach Document options ~

Created by loan Cristian SCHUSZTER (FAP-BC-ENG) Tel: 66240 on 21.09.2025 17:12 (Last modified on 21.09.2025 17:12)

General Information Delivery Details

General Description: | HP ELITE 800 G9 TOWER K SRS U e

Delivery Location *: 58-R-002 Bl
Requestor *: | loan Cristian SCHUSZTER (FAP-BC-ENG) K S o
Budget Code * T P2 equested Delivery Date 23.09.2025 (2]

Delivery Comments: | ‘ (7]

Total: CHF 635.00

Stores - Terms and conditions

Order items from:

& Farnell RS BUSSARD ZEiii cmmmm ‘recs, (f ( ﬁm

Proven Produclivity

CERN FARNELL RADIOSPARES BOSSARD SFS DISTRELEC LYRECO ART COMPUTER  SFS FASTENERS DIGI-KEY
Stores Electronic Components Electronic Fasteners Tooling IT accessories  Office Supplies  Apple Products Fasteners Electronic
Components Components
; +) PROLIANS J " wAcGo
i ) sonepar - : MIiB"
ui I € P mabéo a 'ectra DanofficelT S
MowseR MARKIT
MOUSER SONEPAR PROLIANS MABEO MANUTAN ALLECTRA WAGO DANOFFICE MIB MARKIT
Electronic Industrial Supplies Industrial Supplies Industrial Tooling Vacuum connecting Electrical PC Products IT infrastructure PC Products
Components Supplies components components
Order Lines
Pos. Quantity Unit SCEM Comment Value
1 |1 =100  PC 80.01.01.026.5 | | 63500 X

HP ELITE 800 G9 TOWER

CE/RW
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EchangeVIEH 2| v|107 Date d'échange VlUB!US,‘ZUUZ [z Dépét v [MEYRIN 2
Expéditeur _Traitements / Destinataire
CERN 2l |CERN HASL3? 2| |CHARLES HASLER AG

HEYVRIN 5 [t211 GEMEVE 23 N T Filiale Noe Lausanne
AEYRIN yd = oL . 1NNN T.3TISANNE 20
3 Paramétre ASSSXEBS - Microsoft Internet Explorer proy = |EI ILI

5@ OE

Yaleur Intitulé Etat

Fax

E-mail

Gestionnaire 76606 2| Ut 2| UFI |

Interlocuteur Pas d'assurance

N i
0 Assurance a
T Traite 1

Pays d'origine 2|
Incoterms vlcF =2l . _@ E) e
Expédition/réception | g Etape v|i |[::reati|:|n 06/05/2002

Informations générales Mat. danger IN_j'jJ Colisage

Fragile 0 x|2 Assurance [0 x| 2 Montant [177.65 Nombre de colis Volume (m3)  |0.00
Emballage O_lej Propriété C_j 2 |Prop.CERN Poids net l1"“— @ Poids brut 2.00
l Info. complémentaires | Distribution interne  |C jg]
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GXEBS Gestion des échanges de biens et services

Gestion des liens Gestion du colisage Ges. intervenants Ges. docs échange Histo. étps échanges
Gestion des échanges de biens et services
Echange [EM Mnémonique = Date d'échange 06/05/2002 ®
Echange *EM 1071461 Mnémonique Date d'échange * 06/05/2002 M Dépot * IMEYRIN Reception MEYRIN

Expéditeur Destinataire
CERN : CERN EDH-99 HEWLETT-PACKARD-REPA

MEYRIN = CERN Site de Meyrin 9703 - Silostrasse 1
CERN - CH-1211-GENEVE 23 HEWLETT-PACKARD-REPAIR-CENTRE - CH-5606-DINTIKON
Fax Fax 0566167122 Téléphone 0800 55 53 53
E-mail E-mail
Gestionnaire Gestionnaire

Interlocuteur Interlocuteur

3714
Actif

Incoterms Inactif Mode de transport Poste CH

Pays d'origine Pays provenance SUISSE

Destination Supprimé Etape Prod.docs 03/05/2002 @

Expédition/réception
Fragile 0 Assurance T Montant 350000 8 Matiéres dangereuses Tracabilité
Emballage N Propriété Prop. CERN Dishibution interme

Informations complémentaires

Colisage Nombre de colis Poids net 2508 Poids brut 3308 Volume(m3) 0,02 &

Traitements

Mode saisie Ligne:9/19 Personnalisé
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Where to next?



2022 2023 2024 2025 2026 2027 2028 2029

HI I HC a1 fa2 a3 ja4 (a1 ja2ia3ia4 a1 ia2ia3tas|a1i{a2ia3fas|a1ia2ia3ias|a1ia2ia3{a4|a1ia2ia3ias|a1iazia3ia4
|

LHC

coming soon "

YETS 22/23  YETS 23/24  EYETS 24/25 LS3 (shifted by 1 year and extended

to 3 years)

CIVIL ENGINEERING “CRAB” CAVITIES
2 new 300-metre service 16 superconducting “crab” cavities for
tunnels and 2 shafts near the ATLAS and CMS experiments to

ATLAS and CMS. tilt the beams before collisions.

ONNEY

A o

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for the ATLAS and CMS experiments,

designed to provide the final focusing
of the beams before collisions.

SUPERCONDUCTING LINKS COLLIMATORS CRYSTAL COLLIMATORS
Electrical transmission lines based on a high- 15 to 20 additional collimators and New crystal collimators in the
temperature superconductor to carry the very replacement of 60 collimators with IR7 cleaning insertion to improve

high DC currents to the magnets from the improved performance to reinforce cleaning efficiency during

operation with ion beams.
tunnels near ATLAS and CMS.

CERN March 2022

c M powering systems installed in the new service machine protection.



Tape Storage [EB]

6 Run 3 (w=55) Run 4 (1=88-140) Run 5 (u=165-200)

I | I IA | | I i. I .I I I 1 I | I I | I I I I I I I I | I | | ¢
ATLAS Preliminary 3
2022 Computing Model - Tape !

|llll

Plededs. 4
e
e Tier-1 Conservative R&D
v Tier-1 Aggressive R&D P
— Sustained budget model @338
(+10% +20% capacity/year) ,o"v,"v

III|IIII|IIII|IIII|IIIIIIIII—

—IlllllllllllllIlllllllll

| I | | | | | — I | | | I | | I I | I | | | I | I | I | I |
2020 2022 2024 2026 2028 2030 2032 2034 2036

Year

This cartridge contains 1 Terabyte of LHC data
600,000 proton-proton collision events at 8 TeV
30 minutes of data taking. Perhaps even a Higgs boson event!

Continue your journey at www.cern.ch/LHCtapes

&)

CERN & Society
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ABOUT ~  RESEARCH ~ COLLABORATION EDUCATION

CERN Quantum Technology Initiative
Accelerating Quantum Technology Research and Applications
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CERN in numbers

Around 12,000 researchers from ~ 70 countries

LHC operations produce around 13 petabytes raw data / month
40 Mhz data-rates at the detector levels

o HL-LHC upgrade issues - 10x increased data rates

o https://home.cern/press/2022/HL-LHC

Large scale storage and analysis of all the various data produced on site.
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