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« How can we overcome geographical distances and allow anyone interested
in experimental particle physics to learn remotely?

ATLAS Collaboration
membgr ‘na;ioﬂnavlities

&
FATLAS

v ATLAS Collaboration launched a comprehensive educational platform to guide
university-level students and teachers on how to use the data and analysis tools

v Provide a straightforward interface to replicate the procedures used by high-energy-
physics researchers and enable users to experience the analysis of particle physics
data in educational environments 2


http://opendata.atlas.cern/
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* What is the aim of ATLAS Open Data?
= provide data and tools to high school, undergraduate and graduate students
= help education in physics analysis techniques used in experimental HEP

= ATLAS Open Data has been incorporated into curriculums of multiple universities
in Belgium, Canada, Colombia, Greece, Germany, Norway, Poland, Portugal, Spain,
Sweden, Switzerland, UK, USA, Venezuela and others

= featured in ATLAS blog and news

* ATLAS Data Access Policy:

= ATL-CB-PUB-2015-001: sets out the guidelines regarding open access to ATLAS
data by non-ATLAS members with a focus on education, training and outreach



https://atlas.cern/tags/open-data
https://cds.cern.ch/record/2002139?ln=en

Overview of the 13 TeV ATLAS Open Data H
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v releasing to the public 10 fb-! of pp collision
data (~ 270 million collision events)

33(\“63\)\"533(\“6 W€ AT T e B yn®

Month in Year

* Events are selected by applying several event-quality and trigger criteria,
and classified according to the type and multiplicity of reconstructed objects

v" subjected to a loose event preselection to reduce processing time

OATLAS
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Overview of the 13 TeV ATLAS Open Data

« 13 TeV ATLAS Open Data reconstructed objects contain:

= electrons, muons, photons, hadronically decaying tau-leptons, small-R jet and
large-R jet candidates (and MET) reconstructed with the ATLAS detector

Electron (e) ‘ Muon (u) ‘ Photon (y)
InDet & EMCAL rec. InDet & MS rec. InDet & EMCAL rec.
loose identification loose identification tight identification
loose isolation loose isolation loose isolation
pt > 1 GeV pt > 7 GeV ET > 25 GeV
In| < 2.47 In| < 2.5 |n| <2.37

Hadronically decaying r-leptons (1) \ Small-R jets Large-R jets
InDet & EMCAL rec. EMCAL & HCAL rec.n EMCAL & HCAL rec.
medium identification anti-k,, R=04 anti-k,,R=1.0
pt > 20 GeV pt > 20 GeV pt > 250 GeV
In| < 2.5 In| < 2.5 7] < 2.0
| or 3 associated tracks trimming: Ry = 0.2, four = 0.05




Overview of the 13 TeV ATLAS Open Data

» Selected events classified into separate final-state collections

* depending on the number of final state objects and their energy, and
triggers used (single-lepton, diphoton,..)

Final-state categories | Leading object pt (min) [GeV] | Collection name

Ny =1 25 llep

N¢ > 2 25 2lep

Ny =3 25 3lep

Ne > 4 25 4lep
MargeRjet = 1 & Np =1 250 (large-R jet), 25 (lepton) llargeRjetllep
Ne—phad =1 & Np = 1 20 (7p,), 25 (lepton) llepltau

N, >2 35 GamGam




Overview of the 13 TeV ATLAS Open Data

Also MC simulation samples describing several SM processes used to model the expected
distributions of different signal and background events (top quark pair, single top quark,
Z+jets, W+jets, WW/WZ/ZZ, SM Higgs and BSM signals)

Process

| Unique “channelNumber” ‘

Generator, hadronisation

Additional information

ttt-jets
single (anti)top t-channel
single (anti)top Wt-channel
single (anti)top s-channel

410000
(410012) 410011
(410014) 410013
(410026) 410025

Top-quark production
PowHEG-BoX v2 [68] + PYTHIA 8 [69]
PowHeG-Box v1 + PyTuia 6 [70]
POWHEG-BOX v2 + PYTHIA 6
PowHEG-Box v2 4+ PyTHIA 6

only 1£ and 2¢ decays of ti-system

Z — ee, ppr, TT
W — ev, pv, T
W — ev, pv, v + jets

361106 — 361108
361100 — 361105
364156 — 364197

"[Z (+ jets) production

PownEG-Box v2 + PyTHIA 8
PowHEG-Box v2 + PyTHIA 8
SHERPA 2.2 [71]

LO accuracy up to Ny =1

LO accuracy up to Ny, =1

LO accuracy up to 3-jets final states

Z — ee, pp, 7T + jets 364100 — 364141 SHERPA 2.2 LO accuracy up to 3-jets final states
Diboson production

wWWw 363359, 363360 SHERPA 2.2 qq’Eu final states

ww 363492 SHERPA 2.2 fv'y’ final states

zZZ 363356 SHERPA 2.2 qq' €7 ¢ final states

rr

zz 363490 SHERPA 2.2 £ € Te T final states
Wz 363358 SHERPA 2.2 quE+E_ final states
Wz 363489 SHERPA 2.2 Elqul final states

Wz 363491 SHERPA 2.2 {6t 4 final states
WZz 363493 SHERPA 2.2 fvvy’ final states

SM Higgs production (my = 125 GeV)

geF, H - WW 345324 PowHEG-BOX v2 + PYTHIA 8 fvf'v" final states
VBF, H - WW 345323 PoWHEG-BOX v2 + PYTHIA 8 fut'v' final states
roor
eeF, H = 27 345060 PowHEG-BoX v2 + PyTHIA 8 ¢T¢ ¢ ¢ T final states
P
VBF, H — ZZ 344235 POWHEG-BOX v2 + PYTHIA 8 €767 ¢ T T final states
ZH, H — ZZ 341947 PyTHIA 8 £707¢ T final states
p
WH,H = ZZ 341964 PyTHIA 8 £5076 7€ final states
geF, H — ~vvy 343981 PowHEG-BOX v2 + PYTHIA 8
VBF, H — vy 345041 PownEG-Box v2 + PyTHIA 8
WH(ZH), H — v 345318, 345319 PowHEG-Box v2 + PyTHIA 8
ttH, H = vy 341081 aMC@NLO [72] + PyTHIA 8
BSM production
A 301325 PyTHia 8 m =1 TeV
) '
i oele Y 302085 aMC@NLO + PyTHIA 8

m; = 600 GeV, m_p = 300 GeV
x1




Overview of the 13 TeV ATLAS Open Data

* both data and MC provided in a simplified data format reducing the information
content of the original data analysis format used within ATLAS

* ROOT tuple with more than 80 branches, optimised to reduce the complexities

encountered in a full-scale analysis (~150 GB of storage)

Tuple branch name C++ type | Variable description Tuple branch name C++ type ‘ Variable description

runNumber int number uniquely identifying ATLAS data-taking run photon_n nt number of pre-selected photons

eventNumber int event number and run number combined uniquely identifies event photon_truthMatched vector<bool> | boolean indicating whether the photon is matched to a simulated photon

Chﬂa??lirumber Hi"" ““‘_‘"Eer |;niq‘pe]y1 ideé“if')"i“g ATLAS simulated dataset photon_trigMatched vector<bool> | boolean indicating whether the photon is the one triggering the event

meWeight oat weight of a simulated event . . . photon_pt vector<float> | transverse momentum of the photon

XSection float total cross-section, including filter efficiency and higher-order correction factor ’ °

. " photon_eta vector<float> | pseudo-rapidity of the photon

SumWeights float generated sum of weights for MC process X ‘

- y R P photon_phi vector<float> azimuthal angle of the photon

scaleFactor_PILEUP float scale-factor for pileup reweighting ’

scaleFactor_ELE float scale-factor for electron efficiency photon_E vector<float> | energy of the photon

scaleFactor MUON foat scale-factor for muon efficiency photon_isTightID vector<bool> boolean indicating whether photon satisfies tight identification reconstruction criteria

scaleFactor PHOTON float scale-factor for photon efficiency photon_pteone30 vector<float> | scalar sum of track pr in a cone of R=0.3 around photon

scaleFactor_TAU float scale-factor for tau efficiency photon_etcone20 vector<float> | scalar sum of track Ep in a cone of R=0.2 around photon

scaleFactor_BTAG float scale-factor for b-tagging algorithm @70% efficiency photon_convType vector<int> information whether and where the photon was converted

scaleFactor_LepTRIGGER float scale-factor for lepton triggers largeRjet_n int number of pre-selected large-R jets

scaleFactor Photon TRIGGER float scale-factor for photon triggers . largeRjet_pt vector<float> | transverse momentum of the large-R jet

trigh bool boolean whether event passes a single-clectron trigger JargeRjet ota vector<floats | pseudo.rapidity of the large- R jet

tright bool boolean whether event passes a single-muon trigger largeRjet_phi vector<float> | azimuthal angle of the large-I? jet

trigP bool boolean whether event passes a diphoton trigger ) ’ '

lep-n int number of pre-selected leptans largeRjet_E vector<float> energy of the large-R jet

lep_truthMatched vector<bool> | boolean indicating whether the lepton is matched to a simulated lepton largeRjet_m vector<float> | invariant mass of the large-R jet ) )

lep_trigMatched vector<bool> boolean indicating whether the lepton is the one triggering the event largeR].et_truthMalched vector<int> Jnfgrmatlon whether the large—R’_]et is matched ‘(D a simulated large-R jet

lep_pt vector<float> | transverse momentum of the lepton largeRqetD? vector<float> weight from algorithm [57] for W /Z-boson tagging

lep_eta. vector<float> | pseudo-rapidity, 7, of the lepton largeRjet_tau32 vector<float> | weight from algorithm [57] for top-quark tagging

lep_phi vector<float> | azimuthal angle, ¢, of the lepton tau_n int number of pre-selected hadronically decaying 7-lepton

lep_E vector<float> | energy of the lepton tau_pt vector<float> transverse momentum of the hadronically decaying 7-lepton

lep_z0 vector< fHoat> z-coordinate of the track associated to the lepton wrt. primary vertex tau_eta vector<float™> pseudo-rapidity of the hadronically decaying T-lepton

lep_charge vector<int> charge Df.lhf 1§P¢°ﬂ tau_phi vector<float> | azimuthal angle of the hadronically decaying 7-lepton

lep_type vector<int> | number signifying the lepton type (e or ) tau_E vector<float>> | energy of the hadronically decaying T-lepton

lep_isTight1D vector<bool> | boolean indicating whether lepton satisfies tight 1D reconstruction criteria tau_chargo voctorcints | chargs of the hadronically decaying -lopton

lep_ptcone30 vector<float> | scalar sum of track pr in a cone of R=0.3 around lepton, used for tracking isolation = ) ) neals ving . . )

I . . . . tau-isTightID vector<bool > boolean indicating whether hadronically decaying 7-lepton satisfies tight ID reconstruction

ep_etcone20 veetor<float> | scalar sum of track Ey in a cone of R=0.2 around lepton, used for calorimeter isolation D e Pt Lo K e e Y o e e oy oo et

lep_trackdOpvunbiased vector<float> | dg of track associated to lepton at point of closest approach (p.c.a.) au_truthMatche vector<bool> oolean indicating whether the hadronically decaying 7-lepton is matched to a simulated 1

lep_tracksigdOpvunbiased vector<float> | dg significance of the track associated to lepton at the p.c.a. tau_trigMatched vector<hool> | boolean signifying whether the r-lepton is the one triggering the event

i ot tranevorse enoriy of the missing momentum vector tau_nTracks vector<int> | mumber of tracks in the hadronically decaying r-lepton decay

met_phi float azimuthal angle of the missing momentum vector tau_BDTid vector<float> output of the multivariate algorithm [24] discriminating hadronically decaying 7-leptons fr

jet_n int number of pre-selected jets ditau_m float di-r invariant mass using the missing-mass calculator [54]

jet_pt vector< Hoat > transverse momentum of the jet lep_pt_syst vector<float> single component syst. uncert. (lepton momentum scale and resclution [36,15]) affecting I«

]ELE::. "vecmr<gmt> psf’“dai]mlpld“f{’ ™ Dfrthhe jet met_et_syst float single component syst. uncert. (B scale and resolution [30]) affecting met_pt

!E:’E i ‘F“:”rzﬂ‘mg azimut 4 e, @, of the jet jet_pt_syst vector<float> | single component syst. uncert. (jet energy scale [37]) affecting jet_pt

Jet-t . "vgc or< joa .enerfgy of Lhe Je I . photon_pt_syst vector<float> single component syst. uncert. (photon energy scale and resolution [16]) affecting photon_

jet_jvt vector<float> | jet vertex tagger discriminant [21] of the jet - ! ; ) . X

jet_trueflav vector<int> Aavour of the simulated jet largeRjet_pt_syst vector<float> s?ngle component syst. uncert. (large-R jet energy re_solutlon [37]) affecting la,rgeRJe_t,pt
vector<bool> boolean indicating whether the jet is matched to a simulated jet tau-_pt_syst vector<float> single component syst. uncert. (7-lepton reconstruction and energy scale [24]) affecting ta

jet_truthMatched
jet_MV2e10

vector<float>

output from the multivariate b-tagging algorithm [22] of the jet




13 TeV ATLAS Open Data physics analysis examples

» 12 examples of physics analysis using 13 TeV ATLAS Open Data

= inspired and following as closely as possible the procedures and selections taken
in already published ATLAS Collaboration results




13 TeV ATLAS Open Data physics analysis examples

Physics processes

4 high statistics W-lv, Z—(ee/up), 11 high event yields to study the
top-quark-pair SM processes in detail

c10%g 10" c x10° c 10)(103
S F ATLAS Preliminary Open Data  + Data S ATLAS Preliminary Open Data + Data S [ ATLAS Preliminary Open Data Data S 9 ATLAS Preliminary Open Data  + Data
210 E E=13Tev, 10" | Wijets 210 G iarev. 10" W Zon £ 10 so13Tev, 10m? B Zou 2 E=13Tev, 10" u ft
210" u Z+jets 2 o u leosoll 2 - Bz -eepu < g [ | V4jets
w E Wy ] Diboson o 10821 B Tt w [ Z-o1r, “ w tt— Ivb ggb .

10° l it I Single top 8— B Weets 7 n Slngle top

o E [ Single top W Wijets L u Other 6 B Diboson

10°e “+ Stat. unc. 77 Stat. unc. - 7z Stat. unc. 7 Stat. unc.

7L 6
10 g L 5
10° L 4
E P

10° r 3

10E oL 2

10°E L 1
B s B s B 15 B s
£ 1 eoose S £ 1 a-s- £ i = == £ Teemesese - -eeene.
O O S 08 e TR —— ++ .......... O
8 ‘310 60 80 100 120 140 160 180 8 0 70 75 80 85 90 95 100 105 110 8 0 60 80 100 120 140 160 180 200 It 'PUU 120 140 160 180 200 220 240

MY % [GeV] m, [GeV] miYMC [GeV] m " [GeV]

Using ATLAS Open Data, you can re-create the major particle
discoveries of the late 20" century: the Z-boson, W-boson and top quark
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13 TeV ATLAS Open Data physics analysis examples

Physics processes

3 low statistics Single-top-quark, illustrate the statistical limitations of
WZ and ZZ diboson the released dataset
%20007 £ 400 £
= [ ATLAS Preliminary Open Data Data = E ATLAS Preliminary Open Data Data S 45/ ATLAS Preliminary Open Data 4 Data
218001 - 13Tov, 108" R | £ 350 - 13Tov, 10" u wz 2 gof B-13Tev 10m” ] 7z
16001t - vb W fwiib I m zzww 2 T
W b B Wets * 30007 B Vijets Woas T B wwwz
1400 B ZVWiets osob B Oter 30 B oter
12001~ 7 Stat. unc. F 7 Stat. unc. 7 Stat. unc.
1000 + 200" 25
F E 20
800 - 150
00— c 15,
F 100F
400F- E 10 +—
50F 5
LN g 15F B 1S | 4T |
T e S o8 R e o e o — 1
S %0 60 70 80 90 100 110 120 130 140 150 50 & % 20 40 60 80 100 120 140 160 180 200

80 85 90 95 100 105
m,, [GeV] m, [GeV] P; , [GeV]

Educational test-bed for new data-analysis techniques, e.g. kinematic fitting,

multivariate discrimination and machine learning tasks
11



13 TeV ATLAS Open Data physics analysis examples

Physics processes

2 BSM physics SUSY, searching for new physics using
heavy boson different physics objects
10°E E
§ E ATLAS Preliminary Open Data + Data §2000i ATLAS Preliminary Open Data  + Data
£ qotf 5= 13 Tev, 101" W Ziets L F E-1aTev, 10" i
5 100 "= ' B Diboson S1800— *°~ ' | Vijets
Il F 21+0jets, SR tight u f 516003_2'—»ﬁ(b00513d) M Single top
10°E I Single top F B Diboson
g B Wijets 14001 7 Stat. unc.
- < Stat. unc. = H - m,=1 TeV
102% rrrrrrrrr milx)=(600,300) GeV 1200; “
1000—

MR RR e oo oo ob S hube SR e e

e =
0 50 100 150 200 250 300 350 400 400 600 800 1000 1200 1400 1600
MTZ [GEV] mTup—Iagged Large-R jet, Small-R jet, Lepton [G GV]

Data / Pred
=]
o

Data / Pred
=]
o

Evaluation of the impact of different sources of systematic uncertainties
Is one of the new tasks that is available with the 13 TeV datasets
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13 TeV ATLAS Open Data physics analysis examples

Physics processes

3 Higgs boson H—-WW, H—-»ZZ “re-discover” the production of
H—yy the SM Higgs boson

3
c F c 351 - 8510
& 900" ATLAS Preliminary Open Data + Data & | ATLAS Preliminary Open Data 4 Data S £ ATLAS Preliminary Open Data
2 ool 5. 4 | Higgs e .F ., : 3 e '
§ BCIOE (s=13TeV, 10 b B Diboson § 30— (s=13TeV, 101b . Higgs § B ls=13TeV, 10 b + Data
w FHaWW Ssevpy, N <1 Vet w - H=ZZ' =4l i} FEHoyy
700 s : - 25 : 2z e — Background
6001 I Single top F > 500 —  Signal + bkg
E 7/ Stat. unc. 20— 7 = ‘
500¢ E aE Signal
400 15 =
= [ 3?
300 1oE B
200F B 2=
100 = s
E Lo | 1
I S —+ g | 44 1T, 2 5y J_VH'N\LL
[ =<8 == DabinalT g [ f TIT = u"l' I AR X T YO
T OB e R PR L i SR + + ........... ++ ...... + @ E Tt e ’+ A A4
& %760 B0 100 120 140 160 180 200 S B0 90 100 110 120 130 140 150 160 170 8770 120 130 140 150 160
my; [GeV] m,, [GeV] m,, [GeV]

‘Re-discover” the SM Higgs boson in different final-state scenarios!
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13 TeV ATLAS Open Data software i

e But how?

v The 13 TeV ATLAS Open Data is hosted on the CERN Open Data online
portal and ATLAS Open Data online portal

v Is accompanied by a set of analysis frameworks, written in C++ and interfaced
with ROOT, Python uproot and pandas/numpy, pyROOT and RDataFrame,
publicly available in a GitHub repository.

v The frameworks implement the protocols needed for reading the datasets, making
an analysis selection, writing out histograms and plotting the results.

v During this workshop, you will get familiar with all the frameworks, both
written in C++, PyRoot and RootDataFrame
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http://opendata.cern.ch/
http://opendata.atlas.cern/
https://github.com/atlas-outreach-data-tools




