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LOTH 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST

= Sensitivity to rare phenomena

Physics — O Physics (f Edt) Beams with small cross sections
depends on the luminosity
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Particles have various signatures in
different parts of the detector
by combining the various signatures,
> canreconstruct how particle
moved through the detector
Short-lived particles (Z, Higgs, top)
reconstructed through their decay
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Reconstructed physics objects
and kinematical variables

Electron (e) Muon (1) Photon ()

InDet & EMCAL rec. InDet & MS rec. InDet & EMCAL rec.

pr > T GeV pr > T GeV Eyp = 25 GeV (>10)
lnll < 2.47 In|| < 2.5 7| < 2.37
T-leptons Small-R jets Large-R jets
InDet & EMCAL rec.  EMCAL & HCAL rec. EMCAL & HCAL rec.
pr = 20 GeVv anti-kt, R = 0.4 anti-kt, R = 1.0
ol < 2.5 pr = 20 GeV pr > 250 GeV
n|| <25 (<4.5) Il < 2.0

b-tagging (DL1dv01)  trimming: Fep = 0.2, fop = 0.05
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Datasets available for
Open Data for Education

« Several final-state collections
specifically tailored towards physics
analysis example notebooks
Non-specific final state samples are
also available

7
L X4

Selection

At least one lepton with at least 7 GeV of pr and 30 GeV of missing transverse momentum (i.e. a leptonically-
decaying W-boson enhanced selection)

Two to four leptons with at least 7 GeV of pr each
At least two muons with at least 10 GeV of py (i.e. a leptonically-decaying Z-boson enhanced selection)
At least three jets with at least 20 GeV of pr, at least one lepton passing tight identification requirements with
at least 7 GeV of pr, and 30 GeV of missing transverse momentum (i.e. a semi-leptonic top-quark enhanced

selection)

At least two photons with at least 25 GeV of py each (i.e. a Higgs boson decaying to two photons enhanced
selection)

At least two jets with at least 20 GeV of pp, at least two leptons passing tight identification requirements with
at least 7 GeV of pr, and 30 GeV of missing transverse momentum (i.e. a di-leptonic top-quark enhanced

selection)

At least two jets with at least 20 GeV of pr identified as containing at least one heavy flavor hadron using the
70% working point (i.e. a Higgs boson decaying to b-quarks enhanced selection)

At least three leptons with at least 7 GeV of pr each
Exactly three leptons with at least 7 GeV of pr (i.e. a leptonically-decaying W+Z boson enhanced selection)
At least four leptons with at least 7 GeV of py each

Exactly four leptons with at least 7 GeV of pr (i.e. a leptonically-decaying ZZ boson or Higgs to four leptons
enhanced selection)
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Collection
Name

ILMET30

2todlep

2muons

3JILMET30

GamGam

2J2LMET30

2bjets

3lep

exactly3lep

4lep

exactlydlep



ATLAS Open Magic / ul

How to access ATLAS Open Data

R/

% atlasopenmagic

> a Python package to simplify working with ATLAS
Open Data _
> providing utilities to manage metadata and URLs for Quick start
streaming the data import atlasopenmagic as atom
m Data and Metadataretrieval functions - available releases
. atom.available_releases()
m Streaming URLs to CERN Open Data Portal vere” ,
. o set_release('2024r-pp')
u Notebooks and anaIyS|s utilities - which datasets to retrieve and use the 'Dataset ID'?
Pythia8EvtGen_...:
all_metadata = atom.get_metadata('301204")
- a specific variable?
xsec = atom.get_metadata('301204', 'cross_section')
Installation - URLs to stream the files for that MC dataset?
all_mc = atom.get_urls('301204")
pip install atlasopenmagic - some data instead? check the available options:
- 1 Al;:ematively’h b 1 hed 1 1 atom.available_data()
it ttps: it . t -out -data-t t ic.git
gz ailgzgpenmzzié/gl ub.com/atlas-outreach-data-tools/atlasopenmagic.gi i URLS for the one that's to be used?

. pip install . all_mc = atom.get_urls('data’)
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Open Data for Education

% ROOT is a C++ toolkit for data processing, widely used in High-
Energy Physics
> provides file format (ROOT files) and a full suite of analysis,
statistical and visualisation tools
% PyROOT is a set of Python bindings to ROOT, giving direct Python
access to ROOT's C++ features and libraries
** Uprootis anindependent, pure Python library for reading and
writing ROOT files
> does not require C++ ROOT,
> focusing on fast /O and seamless compatibility with the
wider Python data science ecosystem
*%* Jupyter Notebooks

>  Exampl vailabl runonBin
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Uproot

Higgs i I m

This Aotebook uisd the 2035 releass of The ATLAS Open DEts to dhow you the S84 16 redmcowr the Mggs
boton yourkeH | You wil discover 1he Higgs boson decaying inte & pair of T bosens, which ane in turn
decaying into a leplon-antileplon pair sach

= B

Higge Ao yy analywis m

This matebook uses the 2025 release of ATLAS Open Dala, with 36.11b~ 1, 10 show you the s1eps o
redigraver the Higgs Doson poursell You will discower the Higys boses decaying imo twe phatons

Find the Z boson [T

This nateltsook guides you 1hrough finding the I boson in events with twa muons. 1§ gives you & vasiety of
possible exiensions fo explone these events, understand more about ihe 2 boson, mdenbdy of her Standard
Model particles, or search for rew partiches

Higge Boron to Muon-Anfimassn Fjlrm

Using che 3035 rolease o ATLAS Open Dars, chit notebook walks pou thicugs the grocets o edideaviing

Higgi-Boion production vil ith dechy M0 B mucn-eYisusn pair

Sesrching lor top-antibep quark p.-...-\m

This ratetook uses 2025 refeass of the ATLAS Open Dala to guide you Ehigugh the sleps readed te
rediscoves the production of bop-sniitop quark pais

W1Itothree leptons m

This moteboek USe he 2035 release of ATLAS Onem Dala, with 3511571, 10 shew you the s1aps i find
el whans 8 W- and & Z-boson hirvs been produced smd Seciysd ine Hplon-neulrisg and leplen-
BALMPAGR pairs, PERpSctivl! You will e BB 08 PeCSadIruet Ehe maid of Bath the W- and the 2-Bassn
i Both aldcirddi and mModad


https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel

Jupyter Notebooks with Uproot - further details

¥ Discover the Higgs boson in its decays to ZZ and yy

Higgs to ZZ HZZAnaIysis in Binder HZZAnalysis.ipyn in Colab

This notebook uses the 2025 release of the ATLAS Open Data to show you the steps to rediscover the Higgs
boson yourself! The Higgs boson decays into a pair of Z bosons, which are in turn decayinginto alepton-

antilepton pair each.

Higgs to yy analysis HyyAnaIysis in Binder HyyAnalysis.ipynb in Colab

This notebook uses the 2025 release of ATLAS Open Data, with 36.1 fb-1, to show you the steps to rediscover
the Higgs boson yourself! The Higgs boson decays into two photons.
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https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/master/13-TeV-examples/uproot_python/HZZAnalysis.ipynb
https://mybinder.org/v2/gh/atlas-outreach-data-tools/notebooks-collection-opendata/master?labpath=13-TeV-examples/uproot_python/HZZAnalysis.ipynb
https://colab.research.google.com/github/atlas-outreach-data-tools/notebooks-collection-opendata/blob/master/13-TeV-examples/uproot_python/Find_the_Z.ipynb
https://github.com/atlas-outreach-data-tools/notebooks-collection-opendata/blob/master/13-TeV-examples/uproot_python/HyyAnalysis.ipynb
https://mybinder.org/v2/gh/atlas-outreach-data-tools/notebooks-collection-opendata/master?labpath=13-TeV-examples%2Fuproot_python%2FHyyAnalysis.ipynb
https://colab.research.google.com/github/atlas-outreach-data-tools/notebooks-collection-opendata/blob/master/13-TeV-examples/uproot_python/HyyAnalysis.ipynb

Discover Higgs: H—-ZZ— 4-leptons

>‘."‘."\.-‘.:-‘o'u\-'\;'d 5

HZZAnalysis in Binder

AN

e

-
e
AN T

— m,-x}-hmw:'_'::." Fuo
| -
_._p[*‘_,r\__\‘,-‘_.f\_,ﬁ.\_.-:_\‘ o

4

S

P

Farid Ould-Saada

ATLAS Open Data - Discover the Higgs Boson

Background Z, i, if + V, VWV

Signal (my = 125 GeV)

+» <« Higgs produced in proton-proton collisions ,
* 99>p P P _ % TryHto ZZ* — 4-lepton analysis
> Higgs can decay to 2 Z-bosons (signal) — > available to run on Binder
> Other SM processes mimic Higgs signal — > Invariant mass of 4 leptons =
Higgs signal?
H = ZZ° = ¢8¢d I |
. Z ATLAS Open Data L
Iy - % for education N Background ZZ°
o N " Ew VE=13 TeV,[Ldt = 36.6 b1 =
He= ZZ° = af ¢ Data
whEE Stat, Unc,
I

deleplan invarkant mass my [Gev]

my = \/Etz,c,t — Ptot * Ptot



https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
https://mybinder.org/v2/gh/atlas-outreach-data-tools/notebooks-collection-opendata/master?labpath=13-TeV-examples/uproot_python/HZZAnalysis.ipynb
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Events/5 GeV

150 187 ToV: /Lot w 4.8 10"
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| - = | - . ! 0
i o A 2 100 150 200 250
SN USOTAN my (GoV]
;W- = ? -------------------------- : -- S -
- g ATLAS Open Data BN EBackground Z, tf, it + WV, VY |
P % foreducation | mm EBackground 227 |
. _ ) Vs=13TeV.[Ldt = 36.6 fo~" e Signal (my = 125 GeV)
% Clear signal observedin Open Data — H=2Z" al 4 Data :
> Compatible with what ATLAS has published — o 7 stat Une.
L]
N Results:
S = s N_sig = 28.73
Nbg N_bg=10.30
Significance S = 4.426 .
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d-lepton invariant mass my [Gev)



H — ZZ* — I*I*l- analysis steps in Jupyter Notebook

% Readingthe data

>
>
>

>

>

R

>

>

>
>

% Define important variables and cuts

lumi=36.2 fb* — data size of the full release
fraction = 1.0 — reduce this is if you want the code to run quicker
skim = "exactlyslep” — Select the skim to use for the analysis, exactly 4 leptons (electrons or muons) in the final state

Access datal5_periodD - a small fraction of the data released (36.1 fb-1)

m data refers to the event information collected from real experiment,

m  Background & Signal keys refer to Monte-Carlo (MC) simulations of experiment.
Both real data and MC data will then be analysed and compared together to discover the Higgs!

-----------------------------------

Fusnig I 7 5§ Galf
— =
o o™

-
L)

Variables['lep_pt,'lep_eta','lep_phi','lep_e','lep_charge','lep_type','trigE','trigM",'|
ep_isTrigMatched','lep_isLooselD','lep_isMediumID','lep_isLooselso','lep_type'l 1
Identify 2 lepton-pairs of same flavour & opposite charge: e*e'e*e’, u*pete”, pry
Ty'y

Cut on p_t, m_Il, m_4l ... require matched triggers,

Plot m_4l

=

%o "me T w0 160 180 Z00 220 240
d-lepton invariant mass my [Gev]
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> T T
H — ZZ* — I*I'*l- analysis 2 e} e
2 14}
% Look at some period (D) of real data g .,
> Plotinvariant mass distribution distribution = mi !
my) = \/Etzm = Pt * Prot a:.
o
< Reading Monte-Carlo simulation data T H H } }
> SMrandomised simulations to r }} h h H%_M + H
compare to ATLAS data 95 = 150 Lkl ]
% Needto apply event Weight ta king 4-lepton invariant mass my [GeV]
into account real detector
inefficiencies, resolutions, ... < Weights which are important to our analysis:
> Attribute appropriate weightto each > scaleFactor_PILEUP - scale factor for pileup reweighting
data point, thus affecting how it > scaleFactor_ELE - scale factor for electron efficiency
contributes to histogram count for its > scaleFactor_MUON- scale factor for muon efficiency
bin > scaleFactor_LepTRIGGER - scale factor for lepton triggers

Farid Ould-Saada ATLAS Open Data - Discover the Higgs Boson 12




H — ZZ* — I*I'*l- analysis
 JLdtonkw

% Add a cross-section (ok) weight xsec_weight Weo

associated with each MC file. Ei Wi
> normalise the entire Monte-Carlo distribution based

on # events in data

Integrated luminosity: [ Ldt

Sum of all weights: 2, w;

Generator filter efficiency: n

mmm Background Z, tt, tt + V, VW
Stat. Unc.

R

Events / 2.5 GeV
w
v

YV VY

Correction factor to account for higher-order effectsin ~ #°

theoretical calculations of cross section: K 20
)

% For data_D period, integrated luminosity is 0.105 fb-1 15

% Plot invariant mass distribution for weighted MC

background  , _ \/1_-23:,l ~ Pt * Prot

100 120 140 160 180 200 220 240

4-lepton invariant mass my [GeV]
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Discover the Higgs boson at the LHC

H— yy

% Higgs produced in proton-proton collisions —
> Higgs can decay to 2 photons (signal) —

> Other SM processes mimic Higgs signal —

ATLAS Open Data

P e B0 .
VEm1d Tew, fLdt = 361 Y
Heyy

Ewvents [ 1 Gev

g §

— el PR (M= 125 GEVH

Brem D-Brem

mmﬁﬁ

% TryH to yyanalysis

(&)

7
W A

H ue w
:"‘h‘fi;_-; Ciia
T

> available to run on Binder

> Invariant mass of 2 the photons = Higgs signal?

% Clearsignal observedin Open Data —

> Compatible with what ATLAS has published —
> Measurements of Higgs boson properties in the
diphoton decay channel (Section 5)
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HyyAnalysis in Binder



https://opendata.atlas.cern/docs/13TeV25Doc/StandardModel
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.052005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.052005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.052005
https://mybinder.org/v2/gh/atlas-outreach-data-tools/notebooks-collection-opendata/master?labpath=13-TeV-examples%2Fuproot_python%2FHyyAnalysis.ipynb

	Slide 1:  ATLAS Open Data Tutorial  Discover the Higgs Boson
	Slide 2: Proton - proton collisions at LHC 
	Slide 3: Particle detection in the ATLAS detector
	Slide 4: Reconstructed physics objects and kinematical variables   
	Slide 5: Datasets available for Open Data for Education
	Slide 6: How to access ATLAS Open Data
	Slide 7: Open Data for Education
	Slide 8: Jupyter Notebooks with Uproot - further details 
	Slide 9: Discover Higgs: H→ZZ→ 4-leptons
	Slide 10: H→ZZ→ 4-leptons
	Slide 11: H → ZZ* → l+l-l+l- analysis steps in Jupyter Notebook
	Slide 12: H → ZZ* → l+l-l+l- analysis 
	Slide 13: H → ZZ* → l+l-l+l- analysis 
	Slide 14: Discover the Higgs boson at the LHC H→ γγ

