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Outline

 INFN and research lines

* The role of computing in Physics research
o INEN - CNAF

p structure
» aclivities
 Personal Experience
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INFN

- GNAF

What is INFN?

Istituto Nazionale di Fisica Nucleare

Founded in 1951
with Enrico Fermi and his school
| Ragazzi di Via Panisperna

Alessandro Pascolini INEN and scientific computing



INFN
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Research activities
are divided In
5 main lines
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INF

CNAF

INEN Research lines
CSN1 - Subnuclear Physics

Research of new particles and rare events
CERN  Gollision of High Energetic Particles
* Production of Secondary particles

40x108 Collisions per second
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INEN Research lines
CSN2 - Astroparticle Physics

Study of messages coming from space
e (Cosmic rays

* Neutrinos P i _
* Gravitational waves YR - e o
e (Gamma rays |

ever recorded

Particulatematters  Focal points Safety catch

What effects are Why Japan needs to How immune gene
microplastics having rethink its science adaptations help bats
on human health? funding priorities Lo tolerate viruses
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INEN Research lines
CSN3 - Nuclear Physics

Study of the internal structure of nuclel
and molecules

 Heavy lons collisions

o Study of nuclei internal decays
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INEN Research lines
CSN4 - Theoretical Physics

Development of new models and theories
e validate experimental results

e propose new physics scenarios

o research on nature of dark matter

o study on gravitational theory

Higgs' boson decay

Standard model
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INFN Research lines
CSN5 - Technological Research

Research and development of new | e LY | .y ,
technologies to improve INFN operations | I e -

INEN CNAF - Datacentres
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Computing in Physics

An example...

Lets think about which are the steps of a "simple” experiment
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Computing in Physics

An example...

t

Lets think about which are the steps of a "simple” experiment I\
1. design . M’é’/ h
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Computing in Physics

An example...

t

Lets think about which are the steps of a "simple” experiment I\
1. design . M@"/ h
2. build ’
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Computing in Physics

An example...

t

Lets think about which are the steps of a "simple” experiment I\
1. design . M@"/ h
2. build ’

3. data taking
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Computing in Physics

An example...

Lets think about which are the steps of a "simple” experiment b

1. design - h
2. build

3. data taklﬂg Parallel force (N)

4. data analysis
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omputing in Physics

An example...

Lets think about which are the steps of a

1. design

build

data taking Angle (deg) Parallel force (N) -
data analysis T - - e

. report '

simple” experiment ;A\

\documentclass{article}

1

2

3 % Language setting -

4 % Replace “english' with e.g.
“spanish' to change the \

document language

5 \usepackage[english]{babel}

Your Paper

% Set page size and margins You

0 N o O»

% Replace ‘letterpaper' with

“a4paper' for UK/EU standard May 12, 2025

size
9 \usepackage[letterpaper,top=2cm Abstract
,bottom=2cm,left=3cm, right=3cm, Your abstract.
marginparwidth=1.75cm]
> {geometry} N 1 Introduction

10 Your introduction goes here! Simply start writing your document and use the Recompile button to
11 % Useful packages view the updated PDF preview. Examples of commonly used commands and features are listed below,
to help you get started.

Once you're familiar with the editor, you can find various project settings in the Overleaf menu,

12 \usepackage{amsmath}

13 \usepackage{graphicx} accessed via the button in the very top left of the editor.
14 \usepackage[colorlinks=true,

allcolors=blue]{hyperref} 2 Some examples to get started
15

16 \title{Your Paper} 2.1 How to create Sections and Subsections

17  \author{You} Simply use the section and subsection commands, as in this example document! With Overleaf, all

the formatting and numbering is handled automatically according to the template you've chosen. If

18 you're using Rich Text mode, you can also create new section and subsections via the buttons in the
19+ \begin{document} editor toolbar.

20 \maketitle . X

o 2.2 How to include Figures

First you have to upload the image file from your computer using the upload link in the file-tree menu.
Then use the includegraphics command to include it in your document. Use the figure environment
and the caption command to add a number and a caption to your figure. See the code for Figure 1 in
this section for an example.

Note that your figure will automatically be placed in the most appropriate place for it, given the

dina tovt and tolzinge intao t othor fouroc or tahlac that max ha cloce hy

22 v \begin{abstract}
23 Your abstract.
24 \end{abstract}
25
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omputing in Physics

An example...

Lets think about which are the steps of a

1. design
build

data takl "g Angle (deg) Parallel force (N) . ™
G Menu A Report A Review &rfShare O History @ Layout v B Chat
data analysis

XD visual Editor JRSEES Recompile ~ v B3 +  88%~
re 0 rt M888 12 piarrs
n

simple” experiment ;A\

\documentclass{article}

1

2

3 % Language setting -

4 % Replace “english' with e.g.
“spanish' to change the \

document language

\usepackage[english]{babel}

2
3
4
0

Your Paper

% Set page size and margins You

0 N o O»

% Replace ‘letterpaper' with

“a4paper' for UK/EU standard May 12, 2025

size
9 \usepackage[letterpaper,top=2cm Abstract
,bottom=2cm,left=3cm, right=3cm, Your abstract.

MEMORY 1

'3 /
¥

marginparwidth=1.75cm]
> {geometry} N 1 Introduction

10 Your introduction goes here! Simply start writing your document and use the Recompile button to

MR M_ M+ 11 % Useful packages view the updated PDF preview. Examples of commonly used commands and features are listed below,
to help you get started.

Once you're familiar with the editor, you can find various project settings in the Overleaf menu,

o S E ) 13 \usepackage{graphicx} accessed via the button in the very top left of the editor.
e /4 ,8 14 \usepackage[colorlinks=true,

allcolors=blue]{hyperref} 2 Some examples to get started

[j e , _ 15 . .
45 ES} : 6 16 \title{Your Paper} 2.1 How to create Sections and Subsections

17  \author{You} Simply use the section and subsection commands, as in this example document! With Overleaf, all

12 \usepackage{amsmath}

; N : the formatting and numbering is handled automatically according to the template you've chosen. If
g k [ .Ij [2] 3 18 you're using Rich Text mode, you can also create new section and subsections via the buttons in the
AC . y 19+ \begin{document} editor toolbar.

20 \maketitle

21

22 v \begin{abstract}
23 Your abstract.
24 \end{abstract}
25

@/f@ 0 0 f .J 2.2 How to include Figures

: ' ’L‘,_ First you have to upload the image file from your computer using the upload link in the file-tree menu.
Then use the includegraphics command to include it in your document. Use the figure environment
and the caption command to add a number and a caption to your figure. See the code for Figure 1 in
this section for an example.

Note that your figure will automatically be placed in the most appropriate place for it, given the

dina tovt and talzinga intao. t othor fouroc or tahlac that max ha cloce hy
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omputing in Physics

An example...

Lets think about which are the steps of a

1. design
build

data takl "g Angle (deg) Parallel force (N) : f
G Menu [, ] Report A Review &rfShare O History @ Layout v B Chat
data analysis

CETTD visual Editor MRS Recompile ~ v B3 +  88%~
re 0 rt M888 12 iaits
n

simple” experiment ;A\

\documentclass{article}

1

2

3 % Language setting -

4 % Replace “english' with e.g.
“spanish' to change the \

document language

2
3
4
0

5 \usepackage[english]{babel}
. packagelens . Your Paper
7 % Set page size and margins You
8 % Replace ‘letterpaper' with
“a4paper' for UK/EU standard May 12, 2025
size
9 \usepackage[letterpaper,top=2cm Abstract
MEMORYI ,bottom=2cm,left=3cm, right=3cm, Your abstract.
- - ‘ marginparwidth=1.75cm]
5 5 {geometry} X 1 Introduction
10

Your introduction goes here! Simply start writing your document and use the Recompile button to
M+ 11 % Useful packages view the updated PDF preview. Examples of commonly used commands and features are listed below,
to help you get started.

12 usepackage{amsmath
\ P gel } Once you're familiar with the editor, you can find various project settings in the Overleaf menu,

Computing is (almost) everywhere H

13 \usepackage{graphicx} accessed via the button in the very top left of the editor.
14 \usepackage[colorlinks=true,

allcolors=blue]{hyperref} 2 Some examples to get started
15

16 \title{Your Paper} 2.1 How to create Sections and Subsections

17  \author{You} Simply use the section and subsection commands, as in this example document! With Overleaf, all

& D 4 : the formatting and numbering is handled automatically according to the template you've chosen. If
g k [ ﬂ [2] i 3 18 you're using Rich Text mode, you can also create new section and subsections via the buttons in the
AC 4 y 19+ \begin{document} editor toolbar.

20 \maketitle

21

22 v \begin{abstract}
23 Your abstract.
24 \end{abstract}
25

@EJ@ 0 00 o 2.2 How to include Figures
First you have to upload the image file from your computer using the upload link in the file-tree menu.
Then use the includegraphics command to include it in your document. Use the figure environment
and the caption command to add a number and a caption to your figure. See the code for Figure 1 in
this section for an example.
Note that your figure will automatically be placed in the most appropriate place for it, given the

dina tovt and tolzinge intao t othor fouroc or tahlac that max ha cloce hy
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Computing in Physics IN !:NMN

State of art

Computing has become one of the founding elements of Physics research
e prototiping

o store experiment data

o data analysis

* long-term data preservation

o provide software and services

Experiments and collaborations have grown bigger
> computing has grown as well
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Computing in Physics

Kind of resources

Computing power
e CPUs
e (PUs

Storage Supports
* Disk - fast access

o [ape - long-term data preservation

Alessandro Pascolini
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N

WLCG

World-wide LHC Gomputing Grid

Running jobs: 365118
Active CPU cores: 795836
Transfer rate: 18.35 GiB/sec
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WLCG

What is LHG?

LHC - Large Hadron Gollider

 located at CERN
 (Collider of High-energy protons

» Biggest Physics experiment in the world
21 km ci

worlc

cum

.

¢

WIC

€ GO

d

"ENCE

noration

* 4 main experiments

OMS
HCD

ALIGE
ATLAS
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WLCG

WLCG collaboration

Worldwide collaboration
o more than 1/0 computing centres in 40 countries
o Storage and computing resources to distribute and analyze LHC data
~200 PB each year (maybe even more)
 Computing centres are classified according to their role
» Tier O - only CERN
» Tier 1-11in total (including CNAF)
» Tier 2 - several in each country
» Tier 3 - usually local to single universities W!ﬁﬁ%

Informatique laboratoire
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WLCG

Tier 0 - CERN

The Tier 0 is the main centre of the whole WLCG collaboration

o Stores a copy of each event from LHC experiments

* Provides computing resources to CERN users and LHC researchers
» GPUs
» Disk storage
» [ape storage

Q_SEARGH#®|*EN>

The CERN Data Centre is the heart of CERN’s entire scientific, administrative, and computing infrastructure. All services, including email, scientific data management and
videoconferencing use equipment based here.

The 450 000 processor cores and 10 000 servers run 24/7. Over 90% of the resources for computing in the Data Centre are provided through a private cloud based on

OpenStack, an open-source project to deliver a massively scalable cloud operating system.
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WLCG

Tier 1 |
LHCOP N

The Tier 1 are the main sites of each WLCG country = 5

o [ata from LHC experiments are preserved in at least one
TierT

o All Tier 1are connected via a dedicated network to the Tier0

 Provides computing resources to CERN users and LHC
researchers =
» Computing power
» Disk storage

» [ape storage

AS 137-2038
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INEN - CNAF

Centro Nazionale Analisi Fotogrammi
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INFN - GNAF

History

Started with track analysis done by hancd

Alessandro Pascolini INEN and scientific computing 30



INFN - GNAF

Too much data, everithing is digital

,,,,,,,
TS A T &

L™ [

€MS Expérimerit at the LHE, CERN "

.. “Baia recorded: ZCfT'G—N_ov—QQ 1.0:22:07:82~8203 GMT(11:22:02 C
. * - ‘_'

RunfEvent 150431 /541462 ™ =

'

i

http:ffiguana.cern.chfispy
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Facilities

_____

Currently we have 2 active facilities

 (ld datacentre - Berti-Pichat

* New datacentre - Tecnopolo
» inauguration on last year | IR %
» lots of activity to allow a live-migration o g 10th May 2024
» still in progress but almost done Rt 53 : < I,
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Activities

We provide several resources and services for scientific communities
e Tier-1
since 2003 provides compunting resources for WLCG communities
o SD-DS
R&D department to find new solutions for efficient operations and computing
 [echnological Transfer
hanales outreach of our solutions to other communities
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HEPScore usage Requested CPUs Architecture (

Tier-1 - Farming

2k machines with high performance [ w —_
CPUs and GPUs - =
» 60k cores managed via a Batch ; o

e clasi2vo 408K

e cta 16.5 K
SyS el | I sl == bHelle 15.2 K
100K HS G

» Cloud on-demand services

. . Name Last * Mean

} Certlﬁed Slte for Hea‘th data running - multi_core 282K HS 315K HS
== running - single_core 626K HS 599K HS

== jdle - multi_core 656K HS 697K HS

== idle - single_core 150K HS 142K HS

pledge 851KHS 851K HS

available 887K HS 912K HS
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Tier-1 - Storage

» 210PB of tape

v Data traffic

etwork traffic in (writing)

also services to access the storage
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Tier-1 - Network

This department handles both inside and outside
connectivity

e |nside

all machines are connected with each other via optic fibers
o (utside

> |LHCOPN - with CERN, 400Gbps upscalable to 1.6Thps

> LHCONE - with Tier-2s, 200Ghps
> (eneral Internet - 4x10Gbps

== Geneva g
== CERNDC \E

Milan PoP

Full optic fiber, one of the most performing in Europe
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Kernel: Linux 5.14.0

| / 1IN 7\

N I R R (R I W B
N S R I N PSS |

\_\_|

Welcome to ui-tierl.cr.cnaf.infn.it - AlmaLinux 9.5
This node is under the control of Puppet 7.34.0

Tier-1- User Access and Support  [F e

@,Vv_‘__.t__ir 1 ~
$ condor_q

OWNER BATCH_NAME SUBMITTED DONE  RUN

Users access all our resources via
command line
may seem difficult but is not :)

Total for query: 0 jobs; 0 completed, 0 remo
Total for apascolinitl: 0 jobs; 0 completed,
Total for all users: 26986 jobs; 16180 compl

@,V,L__.ij _'_i 1 ~
$ cd htc _test/local/
@ui-tierl ~/htc_test/local

$ condor_submit submit.sub

Submitting job(s)

50000 job(s) submitted to cluster 5430818.
@ui-tierl ~/htc_test/local

$ condor_q

All procedures are documented in our  EE SR TCT R S

apascolinitl Stress-Test 5/14 01:00 |
user-guide Total for querys e Jobas e comleted. o !
Total for all users: 27994 jobs; 16195 compl

@ui-tierl ~/htc_test/local

$ 1

Support team always available to our
mailing list user-support@lists.cnaf.infn.it

Alessandro Pascolini INEN and scientific computing

2 Analytics

INFN-CNAF Tier-1 user guide

o 1- CNAF

o 2 -

Tier-1

e 3 - How to request a CNAF account

e 4 - Bastion & user interfaces
e 5 - Farming

e 6 - Storage

e 7 - The HPC cluster

UNAK

__ Schedd: sn@1-htc.cr.cnaf.infn.it : <131.1 INFN-CNAF Tier-1 User Guide (February 2025 - V21)

38
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INFN-CNAF Tier-1 User Guide (Febi

-

HEPScore usage Requested CPUs Architecture ©

1M HS Running aarCh64

800K Hs =T R e T e
ey PN
800K HS \/W V\—l

~ Running jobs: 365118 700K HSW HEPScore usage © Submission ©
Active CPU cores: 795836

Transfer rate: 18.35 GiB/sec SOOI

Ihcb
500K HS \ == atlas

INFN-CNAF Tier-1 user guide

HEPScore

== alice

e 1- CNAF 400K HS 2 — oms
2 - Tier-1 \ — e
300K HS == clas12vo
3 - How to request a CNAF account -
4 - Bastion & user interfaces 200KCHS = belle

5 - Farming 100K HS Job Status  ®

6 - Storage
7 - The HPC cluster 03:00 06:00 09:00 12:00 15:00 18:00  21:00  00:00

Name Last * Mean

Running
running - multi_core 282K HS 315K HS

== running - single_core 626K HS 599K HS Removed ‘
== jdle - multi_core 656K HS 697K HS

[ |
== idle - single_core 150K HS 142K HS Completed _
= pledge 851K HS 851K HS
available 887KHS 912K HS Held l
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Working at INFN-CNAF INEN

Coming from a Physics background l've always been motivated to do my
best to support users

» understanding of how a researcher works/thinks

» gase new Physics discoveries

CNAF environment allows good progress in knowledge and competences
» 1year @CNAF ~ 3/4 years in some IT company

» always facing new challenges

Working in an international collaboration is really stimulating
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Working at INFN-GNAF

Working in an international collaboration is really stimulating

United
Kingdom

Nikhelf
HTCondor Workshop 20... Berlin ©

o london

HBeIgium

IJCLab - Bat 100
HT/Condor; Workshop,20...

Germany

o Prague

Czechia

Vienna ©
Austria

University'ofiParma.-
Depgﬁt\m/é‘ntSf Engineeri<.
Workshop ECOSISTER 2. ‘&

Loano 2 Village
Workshop CCR 2023

g |

e Marseille
e Barcelona

5 /Algiers
il da.
sl 1N ﬂi

Alessandro Pascolini

O,
O,

Bertinoro
ESC22

Perugia
S0SC22

©

Istituto Nazionale di

Fisica Nucleare - Labor...
Corso neoassunti, ot:..

Tyrrhenian Sea

x Tunis
(uilgd

iv.'-' L ii-

Belarus
Poland

o' Warsaw

\ /%

RN

&
A

\

Slovakia

East China Sea
Hungary
ZHEJIANG

JIANGXI %

(
Serbia S -

< Academia Sinica
ISGC 2024

FUJIAN

TN
)

GUANGDONG .
Taiwan

anzhen

S o-
dllTh
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Working at INFN-GNAF

We are more than happy to have you working with us!
 Bachelor or Master Thesis

e T[rainership
e Post-Graduate roles

alessandro.pascolini@cnaf.infn.it
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