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CERN:oundedini©s54: 12 Europea&S
“Sciencefor Peace” -

Hoday: 21 MemberStates ’

» e

CERN
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: /"/‘ | « Mandate:
ot x5 1

Push back the frontiers of knowledge

Member States: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland,
France, Germany, Greece, Hungary, Israel, Italy, Netherlands, Norway, Poland,
Portugal, Slovak Republic, Spain, Sweden, Switzerland and

United Kingdom

| W) Develop new technologies for
Associate Member States: Pakistan, Turkey
States in accession to Membership: Cyprus, Romania, Serbia accelerato rS and detecto rS

Applications for Membership or Associate Membership:

Brazil, Croatia, India, Lithuania, Russia, Slovenia, Ukraine ° E g the Web

Observers to Council: India, Japan, Russia, United States of America;
European Union, JINR and UNESCO

Distribution of All CERN Users by Nationality on 12 January 2016

Train scientists and engineers of
tomorrow

Unite people from different countries
and cultures




Large Hadron Collider

Circumference 26 659 m
Dipole operating temperature 1.9 K (-271.3°C)
Number of magnets 9593
Number of main dipoles 1232
Number of main quadrupoles 392
Number of RF cavities 8 per beam
Nominal energy, protons 7 TeV
Nominal energy, ions 2.76 TeV/u (*)
Peak magnetic dipole field 8337
Min. distance between bunches ~7m
Design luminosity 1034 cm=2 571
No. of bunches per proton beam 2808

No. of protons per bunch (at start) 1.1x 1011
Number of turns per second 11 245

Number of collisions per second 600 million Event rate tO tape 0(100) HZ

(*) Energy per nucleon

Quantity

(Online filtering)

10,000 magnets
» 1232 19-metre dipoles
Largest superconductive
installation in the world
» 8000 km super-
conducting cables
» 120t of liquid Helium

27-km circumference




ATLAS

ATLAS is one of the 4 main LHC experiments (together with ALICE, CMS and LHCDb).

It is a general-purpose detector designed to cover the widest possible range of physics at
the LHC, from the search for the Higgs boson to supersymmetry (SUSY) and extra
dimensions. The main feature of the ATLAS detector is its enormous doughnut-shaped
magnet system. This consists of eight 25-m long superconducting magnet coils, arranged to
form a cylinder around the beam pipe through the centre of the detector. ATLAS is the
largest-volume collider-detector ever constructed. The collaboration is the largest among the
LHC experiments and consists of more than 3000 physicists (~1000 students) from 171
institutes in 37 countries (May2013).

Detector: 46 m long, 25 m high and 25 m wide; 7000 t
http://atlas.ch/

Data rate (proton-proton): = 1GB/s

~ 100 million electronic channels
~ 3 000 km of cables

Part of the ATLAS collaboration


http://atlas.ch/

Historv of the Universe

Fundamental research

Higher energies

—
smaller scale

Higher temperature (energy)

<
Big Bang earlier points in time

Microscopic phenomena

—
Large-scale structure of the universe
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M.Krzewicki, E. Lancon et al., ECFA HL-LHC Computing Workshop, 2014
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'f Worldwide LHC Computing Grid
Make LHC computing possible

LHC expts \ ’
Computing/storage resources at CERN: ~ 20%; 80% across about 200 sites worldwide FTS

Worldwide infrastructure (collaboration) open to all LHC physicists

CERN Disk farms
Data Reconstruction
Goals: data quality and immediate access for analysis
Organised activity dominated by heavy processing and replication (each expt: 1-8 GByte/s)

Data Analysis
Goals: extract physics quantities (discovery)
Individual activities dominated by event selection and sharing (thousands of physicists) CERN Tape mfrastructure CERN BatCh (CPU)
. . Transfer Throughput
(Detector) simulation N 2016-06-20 2040 t0 2016-06-30 20:40 UTC -
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Worldwide LHC Computing Grid

Tier-2 sites

TI e r_o | _:’._{: labout 160)
data recording, " Tierd sites

~170 sites, 40 countries

reconstruction and - a
dlSthbUtIOﬂ L,' Fé’ f Fé ; "‘SOOk CPU cores
fé’ ‘E

_ & g 500 PB of storage
Tier-1: permanent & o &
storage, re- "B £ e

g : : tg.ﬁ»r ' = 2+ million jobs/day

processing, analysis f& " »

réf 3
. . . : Multiple 10-100 Gb links
Tier-2: Simulation,

user analysis

LCG:
Initial description: 2001
Tech. Design Report: 2005
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//meter.cern.ch/pu a/#/dashboardy/e

~ull Overview: Data Centre

MEYRIN DATA CENTRE

Number

Number

Number

Number

Number

Number

Total Disk Space in Meyrin (TB)

last_value
of Cores in Meyrin
of Drives in Meyrin
of 10G NIC in Meyrin
of 1G NIC in Meyrin
of Processors in Meyrin

of Servers in Meyrin

Total Memory Capacity in Meyrin (TB) 593

BATCH JOBS (#)

OTHER

ATLAS @ CMS @ ALICE LHCB per 30m | (720 hits)

WIGNER DATA CENTRE Wz

last_value
Number of Cores in Wigner 56,000
Number of Drives in Wigner 29,694
Number of 10G NIC in Wigner 2,981
Numer of 1G NIC in Wigner 6.579
Number of Processors in Wigner 7,002
Number of Servers in Wigner 3.504
Total Disk Space in Wigner (TB) 97.315
Total Memory Capacity in Wigner (TB) 221

EOS ACTIVE DATA TRANSFERS (#)

PUBLIC ATLAS @ CMS @ ALICE LHCB per30m | (5541 hits)

NETWORK AND STORAGE

@ Tape Drives

@ Tape Cartridges

@ Data Volume on Tape (TB)
@ Free Space on Tape (TB)
@ Routers (GPN)

@ Routers (TN)

@ Routers (Others)

FILE TRANSFER THROUGHPUT (GBI S)

ATLAS @ CMS ALICE
6GB

LHCB per30m | (864 hits)

last_value
104

20,517

150,321

00:00
06-20

04:00 08:00 2:00 6:00 20:00
08-29 06-29 06-29 08-29 06-29

DATABASE TRANSACTIONS PER SECOND

ORACLE per 30m | (24 hits
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VIRTUAL MACHINES CREATED (#)

VMs per30m | (288 hits
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WIGNER NETWORK LINKS (GBIT/S)

QUT (GEANT) QUT (T-Systems) IN (GEANT)
96 GB
64 GB
32GB
0B
00:00 04:00 08:00
06-29 06-29 06-29

2:00
08-29

6:00
08-29

20:00
06-29

IN (T-Systems) per 30m | (384 hits)
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6:00
06-29

20:00
06-29



Physics Data in CASTOR
155 FiB

133FiB

111 FiB

29 PiB 1

&7 FiB j

44 PiB 1S1 2014-05§22 02:00:00

= sizeOnTgpe: 81.8 PiB
22 PiB

2010-7 20111 2011-7 20121 2012-7 20131 20137 20141 2014-7 20151 20157 20161
=nt: 1 E == sizeOnTape Current 133.6 FiB

N.B. Last month LHC
Recorded 10 PB (in a month!)

7 July 7, 2016 QUESTNet 2016 14



EOS




APP
CLIENT

MD
SERVER

DATA
SERVER

EOS: Large disk farms for physics and beyond

= Developed at CERN

= LHC: PBs for 100s/1000s independent scientists
= 200 PB JBOD installed (CERN installations)

Strategic points

Distill 20+ years of experience data management
Ultra-fast name space

Arbitrary level of data durability: cross-node file
replication or RAIN on commodity hardware

Optimised protocols




7
qomPuter centre

_ ——
CERN Wigne

Autonomic,
Locality,

Dlsaster recovery/
business continuity

DANTEY
100 GhE

MGM =
M = NameSpace/Metadata
FST = Disk servers

CELI) o
RN, 3"
lrool.\lbulsue
« sn PING 905\5!065191511. h (188,18 ) bytes of dats
64 bytes fron 905153 . . J50): l:lp_nq-l
64 bytes from plsls]“slﬂsn.cu .ch . . . _seqe2 ttle58 tines22.1 ®8
64 bytes from p.S\SlMSIQlSH.nm.ch (188.185.2 =58 tines22.1 m8
64 bytes from p!SlSJ“MMSH.um.(h uu.ns.na.sn 1=58 tine=22.1 mS

tel=58 tines22.0 m

Google earth



Linking the CERN Data Centres

Total Traffic to/from Wigner
zo0 s
100 &
m
o
b o
£
Total Traffic to/from Wigner
-100 & 100 &
-Z00 & "
Jun Jul Aug Eep oot Mo Dec Jan rek Mar ApPT May 0
Traffic from WIGNER to CEEN m
En)
Avg Max Last Peak e
B GEANT 27.536 65,166 Z0.5BG 4
B T-5YSTEMS 24,056 B2.2EG 1%.306 oo e
# TCTARL El.620G 14B. 66T 3P.BEG 1R1.%4G
Traffic from CERN toc WIGHNER
Avg Max Last Peak -20D & N
O GSE&NT 30,166 65,045 22,545 - wWeek 20 week 21 week 22 wWeek 23 .
- = BEG [ -] 5 2 1T
U r-svsTEms ZE.LEm PE.slE b.sim Traffic from WIGNER tc CERN
# TOTAL EB.EBEG 135.5503 43,835 Z01.05G A Max Last Peak
Last uvpdate: Sun Jun 12 2016 10:36:30 ~ d o
B GEANT 29.56G 46,5595 32.326
B T-SYSTEMS ZE.1DG 45.5%1G 25.40G
# TOTAL ET.EBEG B2.500G 61.726 111.3BG
Traffic from CEREN toc WIGHMER

Avg Max Last Paak

O GEANT
O T-5YSTEMS
# TOTAL

47.57G
6.0EG
§3.650G

Last update:

54.03G
EZ.EEG
106.71G

Eun Jum 12 2016 10:37:40




ALICE NETWORK USAGE (B/S) I -

® Eosout EOQSIn per Sm | (247784 hits)
48 GB

32GB

16 GB

0B
16:00 0000 08:00 16:00 0000 08:00
06-28 06-29 06-29 06-29 06-30 06-30

PUBLIC NETWORK USAGE (B/S) @ o

® =0s0ut @ EOSIn per 5m | (153298 hits)
32 GB

24 GB

16 GB

Data Rates during Run2

ATLAS NETWORK USAGE (B/S)

® E0s0Out @ E0SIn per 5m | (419480 hits)
3268

N wMW\M
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CMS NETWORK USAGE (B/S)

® 05 0ut @ EOSIh per 5m | (397534 hits)
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CERNBoOXx




@ Rationale behind cloud storage

Existing professional usage of

public cloud storage (Dropbox) at

CERN
. CERN(IT)

Harmonically extend our

service portfolio
. Today users expect:

«  Cross-platform, easy
install and setup (BYOD)

« Modern web interfaces

« Mobile access

Selected ownCloud as starting point
Open software

Data on premise OLUhUOUCI
General public use and

deployments in edu/research

Scale up in size: interesting
challenge (leverage on EOS)

Extend in the use-case phase
space: innovation




Access Methods: Sync

A 10 Sparen s

& Connected to hiton.//cembox et/ cembun/dEnles o suts

share | mobile

Namespace

010110

Physical Storage [



]
Access Methods: Sharin
. g
o~ )
Y A fes @ Presentations2015 TNC2015 New 1,
Shared with y < rdingPass (2)
Shared with o B4 rotel reservation (Pending) - TNC15
Shared by link
] moscicki-h




Access Methods: Moblle & Web




Access Methods: WebDAV

eno E) home

<> ? [BEo -~ (s-)(e-]? 2 (8-][= »

FAVORITES ‘Name B Oute Mo Sizy

D ~ cernbox-sample.txt - S48

? i ¥ [ CERNBOX-STRATECY - s

& AN My Fles [ CERNBOX-EOS-WEBDAV - -

@ AirDrop “ CERNBOX20-ROADMAP.txt - 108

A Applicati... client-migration-to-eos. txt - 1k8

DSS-strategy-meeting. Ixt - 2x8

8 Destaop EOS-admin-commands txt = 500 bytes

E0OS ot -_ 2x8

Ext - 448

" eos-pps-benchmarks. txt - 40K8
EOS-Prototype. txt - SKk8

[l EOS-RD-WORKSHOP -
. EOS-URLDa - SKE
(<]

] cernbox.cern.ch

n xroot sync | share | mobile | web

010110
110011

Physical Storage [ty



Access Methods: FUSE

[imascett@ixplus201S ~]¢

[inmascettluplusZ2Ols ~}@ df <M <t fuse

Filesystam Sire Used Avail UseS Mounted on
eosuser 5067 TOT A3TT 14N Jeos/user
eosating WP iTE I8P A% Jeos/atins
eosalice 200 11 .50 5N Jeon/alice
eoscms 28P 14p 15F 49% Jeos/cms

eoslhch 13 7.6F 4.6F 6N

eospublic ir 5.0 1P
[lsascett@lxplua281s «~)»

[Isascett@luplus201s «I2 s <lc /eos/

total 6644

d v ilsascett Dec cen
drwx - Lnascett Jan dedug

@ rux : Laascett Dec g downloed
dres — -" Imascett Oct s paf

drwx . Imascett Dec t personal
drwx lnascett ' pictures

sync | share | mobile | web

Physical Storage



Optimised access

Fs v

Embedded ROOT viewer
in CERNBoOX browser

010110
1

Physical Storage "



EOSUSER/CERNBox Numbers

EOS offers “virtually unlimited” cloud-storage for our end-users

Users 5612
# files 83 Million
#dirs 11 Million
Quota 1TB/user
Used Space| 173 TB
hete? | 13

8200 oo O
Ry o0% .60% 20%

NB: all batch is Linux

CERNBox users

25K

2015-7 2015-10 2018-1 2016-4

== Registered users

Engineers

Services &
Administration

@ Last 1 year

150

100

50

0

Weekly increase

Physicists



EOS/CERNBox HTTP Operations

Weekly Cycles
Some Peak CERN

Requests Weekends end-of-the-year
at 1.1kHz closure

PUT and GET Requests = Distinct IPs
7000
6000
5000
4000
3000
2000

j | d 1000
BB EEEEEN NI B B B EEEEN

Apr-15 May-15 Jun-15 Jul-15 Aug-15 Sep-15 Oct-15 Wow-15 Des-15 Apr-15 May-15 Jun-15 Jul15 Aug-15 Sep-15 Oct-13 Now-15 Dec-15




Dec 2015: Geolocation Active Users
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Background © OpenStreetMap & contributors; image available under CC-BY-SA




Collaborations




ERN data at your fingertips

% CERNBox

© 4 @ @

Account Activity General MNetwaork

a ! conrd Select a remote destination folder Accounts

v % CERNBox
Create Folder
Currently the| v B oos

H z:llz Refresh
™ ems
9 Iheb
|17 project
17 public
™ scratch
[ user

"7 home

v
=

Evvvvvvvv

b

Add F

Cancel Go Back




AARNET
collaboration

D. Jericho (AARNET),L. Mascetti (CERN),
Asa Hsu (ASGC Taipei)

More EOS deployments: “Exploring the 300 ms region”...

Pacific

Ocean

oty

[root@p@515111383734¢ I
drwxrwsr— 1 root root 1 Nov 85 12:13 asia

drwxr-xr-x 1 raat root 2 Sep 88 15:43 australia =
drwxrwsr— 1 daeman  root 3 Sep 28 18:11 dualcopy

drwxrwsr— 1 daemon  root 2 Sep 25 13:52 europe

drwxrwsr— 1 root root 1 Oct 82 13:59 triplecopy
[root@p@5151113837349 ~]# eos s -1 /feos/australia

drwxr-xr—+ 1 daemon  root 1 Sep 25 13:52 melbourne \‘
drwxr-xr-x 1 raat root 3 Sep @8 15:43 proc
[root@p@5151113837349 ~]# eos 1ls -1 /eos/eurape

drwxrwsr— 1 daemon  roet @ Sep 25 13:52 budapest

drwxrwsr— 1 daemen = root @ Sep 25 13:52 geneva W o wavian o
[root@p@5151113837349 ~]# eas 1s -1 /eos/asia %

drwxrwsr— 1 daeman root @ Nov 85 12:13 taiwan T
AARNET=

[root@p@5151113837349 ~]#




R&D - EOS World-Wide Deployment

Streaming performance: OK
Possible problems in case of packet drops (tcp window)

- TCP settings could be optimised
Latency in read hidden by the read-only NS

- Latency in write to contact the read-write NS



JRC collaboration

« JRC is the science service
of the European Commission

« JRC provides independent scientific
support to EU policy making

environments (C/C++, Python, Matlab, Java)

+ Wide usage of = . ab
Earth Observation [EO] data Bl //5-5._' ) L
as basis for research and " « Main focus on satellite image data
policy support — ._'J g B - .
= o « Shall support existing processing workflows and

+ Provide different processing levels:
* Low-level batch processing
e High-level interactive processing

* Project timeline:
e Prototype development: end 2015 - mid 2017
e Scaling-up in 2017/18: y .
JRC Data Centre vs a public cloud solution = . >

+ The EU Copernicus Programme with the
Sentinel fleet of satellites acts as a game
changer by bringing EO in the Big Data era:

* expected 10TB/day of free and open data
e Requires new approaches for data management
and processing

+ Pilot project launched in January 2015

» Major goal: set up a central infrastructure
for storing and processing of Earth
Observation and Social Sensing data at JRC __

- European I
Commission

\‘\_/K

A. Burger and P.Soille (presented at the CS3 conference in Zurich - Jan 2016: cs3.ethz.ch)
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A need of a global Flood Early Warning System I

Flocding = the most common and widesprusd hazard woddwide

RSN _ Runing hydrological simulations at CERN

Wih the support of CERN's IT-Department. the operational use of the modeling chain has
beon tesded using CERN grd computing lacibtios

1. Aservice CERN account have boen create

2. Codes and Input data hirve Dewn o

3. First testng simulation of the fon deling chain with the use of IT-Dep Gnd

e
¥ SupOOring Nussanienan scters dunng flood e
e gercy with Gata and analyss ——4

F
.

¥ guide satelte mage ACQUSBon overcome delays s
Oue 10 Ihe Miggenng process of satelile imagery . t

un

» Enable non-experts to easily use CERN Storage resourcés
» Powerful integration with the batch system

» Simple to share result with collaborators _ _ _
Thanks to Mauro Arcorace, members of UNITAR/UNOSAT and CIMA foundation for the material provided
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CERNopenlab
« Streamline EOS

. More platforms
. More “generic” installations

- Remove CERN dependencies
. More documentation

- Collaboration with Comtrade

. 24-month project (started in July 2015)
. http://storage.comtrade.com
. Company based in Serbia
. Technology interest
. Support opportunity for EOS
- N.B. EOS is open software

;= EOS and COMTRADE

Search this site... | oK'}

Expertise Services Technology Solutions About Us

<> COMTRADE

Internationalization assessment of a
leading storage management solution,
providing guidelines, effort estimations
and remediation schedule plans

Q0000000

Experise Overview Downloads
Services The ComTrade Storage Competence Center is recognized as one of the world's top storage &z NDMP Server
management software R&D labs providing services to leading storage vendors. Our =
Technology operations are supported by: f2 File System Filer Diver
@ « Athorough understanding of the problem space
Solutions .
« Wide-ranging and proven knowlede in all key areas of storage data management
About Us « Expertise in multi-vendor platiorms, technologies and tools >NEW
« Dedication to delivery excellence Data Management Suite
« Apool ofimmense software engineering talent for Sharepoint
Contact Us

Phone: +386 81 605 200
E-mail: storage@comtrade.com

w@



http://storage.comtrade.com/

Interconnected Private Clouds for Universities and Researchers

m OPENCLOUDMESH

CERN

DESY Deutsches Elektronen-Synchrotron
ERCIS - Center for ion Systems
ETH Zlrich

Garching Computing Centre of the Max-Ptanci k-Society
GEANT Association

Sciebo, the 500,000 user Campuscloud

SURF, Netherlands




CS3 Workshops

Cloud Services for Synchronisation and Sharing

CS3in ETH Zurich (Jan 2016):
90 participants 50 g™ January
40 institutions iy}
33 contributions
16 countries

See you at the 39 CS3 in Amsterdam!
https://cs3.surfsara.nl




Novel applications?




Notebook analysis
SWAN project

with CERN Physics Department

0 [T T L L T T

=
[} " "
ATLAS Prelimina
S gob oo reimnan - Data
e F owtnieTe +utu , mzz
E gopls=7Tew: Jidi = 4.8 b WZsjets
— . Tt B
i} Fris=8Tev: flat=s58m’ 11 3
40 F @ Syst.Unc.J
30
20 b 3
Python for
Data Analysis

CE?W
\

N7 ROOT is the CERN data analysis framework: http://root.cern.ch



NCIOH

Data Analysis Framework

Uum 8
0002520
0.5441
05712

?é» adfile.ohp?file=glbox. rootadir=362F demo%2FROCTanalys
@h31;1
D Streamertnfo

Traditional data analysis 2> Web-based analysis

-




Massimo Lamanna x'-.;' + glbox.root - ownCloud X.; + Notebook Mano (#10902 X rootbinder/HiggsFitipynk X . I

« [« W £ GitHub, Inc. [US] | https://github.com,/cernphsft/rootbinder/blob/master/notebooks/HiggsFit.ipynb

] 0 J
Visualisation of the Result M@W/ @jnJV/IJ r@n m@nt‘: .Ij"(f))'_fJ
In [8]: auto plot = x->frame(); h \ ‘J'.l ~, ~ pe Ah ‘J
e physICS researcn:
model->plotOn(plot, RooFit::Components(“bmodel"),RooFit: :LineStyle(kDashed));
model->plotOn(plot, RooFit::Components(”smodel™),RooFit::LineColor(kRed));

model->paramOn({plot);

TCanvas c;

Full ecosystem with s Enabled b j y cloud

A RooPlot of "x"

tool (/:Elt?Nt gm—_ : : -ZZ:Z::;:; S ralgj@ (( NJ ' @X/))
Oll?(: :rll:[;?é\loes % 600 nm:::k:r;i::)‘l i;gj:? +196

nsignal = 273 + 91
width = 1.48 +0.47

[,
=]
=

o;l\Illl\\I‘\I\\l\\ll‘lll\‘l\\l

(collaborative
meeting), Zenodo
(publication) and 300
OpenData (public 200
acces to scientific o0

data)

.
=
S

TR . YU T P P P
115 120 125 130 135 140 145 150 155 160
X

f

[#1] INFO:NumericIntegration -- RooRealIntegral::init(bmodel Int[x]) using numeric integre
rlD to calculate Int(x)

[#1] IMFO:Plotting -- RooAbsPdf::plotOn(model) directly selected PDF components: (bmodel)
[#1] INFO:Plotting -- RooAbsPdf::plotOn(model) indirectly selected PDF components: (z)
[#1] INFO:NumericIntegration -- RooReallntegral::init(bmodel_Int[x]) using numeric integr:
riD to calculate Int(x)

[#1] INFO:Plotting -- RooAbsPdf::plotOn{model) directly selected PDF components: (smodel)
[#1] INFO:Plotting -- RooAbsPdf::plotOn(model) indirectly selected PDF components: ()

[#1] IMFO:NumericIntegration -- RooRealIntegral::init(bmodel_Int[x]) using numeric integr.
riD to calculate Tnt(x)

e.g. http://nbviewer.jupyter.org/github/dpiparo/swanExamples/blob/master/notebooks/CMSDimuon_py.ipynb




Massimo Lamanna + glbox.root - ownCloud x

&

In [25]:

In [26]:

out[26]:

» Notebook_Mano (#1090

rootbinder/HiggsFitipynt X '

2310902349)

import math
PI_Y.append(math.pi) #0n defini La valeur de Pi pour
PI_Y.append(math.pi) #Et pour L'axe y

‘axe y

cl.cd().SetLogx()

gr = TGraph{ n, x, y )

gr.SetlineCalor( 1 ) #0n choisi La couleur de La Ligne
gr.SetLineWidth( 1 ) #Son epaisseur

gr.SetMarkerColor( 4 ) #la couleur des points

gr.SetMarkerStyle( 18 ) #Ft Le style de point

gr.SetTitle( 'Methode de Monte Carlo’ ) #On choisi le nom du graphique
pr.GetXaxis().SetTitle( 'Nombre de Points' ) #Et le nom des axes x et y
gr.GetYaxis().SetTitle( 'Valeurs estimee de Pi" )

gr.Draw( "' )
gr2=TGraph(2, PI_X, PI_Y)
gr2.SetLineColor( 2 )
gr2.SetLineWidth( 1 )
gr2.Draw("Same")
cl.Draw()
TCanvas::Constructor:@: RuntimeWarning: Deleting canvas with same name: cl

Methode de Monte Carlo
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On sauvegarde la liste 1 comme ca on peut renouveler l'experience et comparer les resultats.

1list2 = list[:]

list2

[[1e, 3.6, ©.4538407346418207],
[2e, 3.8, -8.14159265358979312],
-0.A7492598R923126241.

[1n. 3.0RRARRAARRARARAT .
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Higgs decay to two photons

The Standard Model predicted the decay of the Higgs bosons into photons. THe process is depicted by the diagrams below:

w

y our research...

v
At the Large Hadron Collider, this process has been measured. This figure shows how an Higgs boson decay looks in the CMS
detector:

This ROOTbook illustrates a simplified fitting procedure aiming to identify the peak due to the Higgs boson decay over the
exponentially falling background.

Importing input data into a ROOT file
First of all we import the input data. here simplistically stored into a text file, into a ROOT file.

TTree tree(“"HiggsTree","The tree cont");
auto nevt = tree.ReadFile("Hgg.txt","x");

if (nevt <= @) {
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