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INTRO

Discussion points

1. The importance of Open Data
2. Educational motivations for LHC Open Data
3. Educational examples with LHC Open Data

4. Future challenges
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IMPORTANCE OF OPEN DATA

Open Data: a crucial part of science

Informs
policy

Increases trust
in research

Advancement
of research
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Economic
benefits

Promotes
citizen science

Increases
innovation

go.nature.com/opendata

>

Enables public understanding
Promotes citizen science
Economic growth

Easier access to research

Increases trust in scientists




EDUCATIONAL MOTIVATIONS FOR LHC OPEN DATA

Reaching a broad audience

Advanced high school

~ hours ~ days ~ weeks ~ semesters

Minimal setup & supervision Hands-on setup & supervision

1_19 Browser based Downloads required
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EDUCATIONAL MOTIVATIONS FOR LHC OPEN DATA

The start of LHC Open Data: International Masterclasses and beyond
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» How can students go beyond in terms of time, difficulty,

llS physics, data, research...?
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EDUCATIONAL MOTIVATIONS FOR LHC OPEN DATA

CERN Open Data portal

Ell CERN Open Data Portal X +

& C | ® Not Secure | opendata.cern.ch ) ® B @ :

Explore more than two petabytes
of open data from particle physics! /

Start typing...

search examples: collision datasets, keywords:education, energy:7TeV

N
N\
Explore Focus on
118 » opendata.cern.ch - the place to go to get started!
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http://opendata.cern.ch/

TARGET: MASTERCLASSES

DO lifetime in LHCh
— , |
S R——
- e |
o ow

lls > |hcb-public.web.cern.ch/en/LHCb-outreach
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- » Analyse event

displays

» Fitto DO
lifetime

> VM image

> Help on
getting
started with
LHCb Open
Data



http://opendata.cern.ch/record/400
http://opendata.cern.ch/record/401
http://opendata.cern.ch/record/402
http://opendata.cern.ch/docs/lhcb-getting-started
https://lhcb-public.web.cern.ch/en/LHCb-outreach/masterclasses/en/index.html

TARGET: MASTERCLASSES

Looking for strange particles in ALICE

ALICE MasterClass - Strangeness

> Aimed at high
school

Viewer 1 Multiview | Histograms | Instructions |

» Could be used as
exercise for UG

—Event Navigation
Previous Current Next

Q| 1118 > |

pp @ sqrt{s}=2.76TeV

Event analysed! |
Event Navigation 1§k :

~{ » Software + data
.| packaged together

-400 -

— Display
Tracks |

VOs | Cascades

Geometry Axes
Background

— Encyclopaedia Calculator |
ALICE —Particles

| > Can be used as
P I — o' tool by teachers

o

0.0005 GeV/c* () [ 0.0000 | 0.0000 | 0.0000 | 0.0000 Choice |select particle type =

§;§9§ §§2§ | Clear Selection | Submit Undo last operation| ~Clear Histograms | ( S u p p O r‘t frO m
physicists even
better!)

©AH

°
F"ma

| Y

l_lg > alice-masterclass.web.cern.ch
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https://alice-masterclass.web.cern.ch/

TARGET: EARLY UNIVERSITY

ATLAS Histogram Analyser

ts

Channcl : ;ccom;uficd Dilepton Mass [GeV] Zumbc: of Jets - > A W e b_ b a S e d t O OI f O r
| fast, cut-based analysis
of data

mmmmmmmmmmmmmmmmmmmmmmmmm
M(ll) [GeV] N(Jets)

Even

EEEEEEIES
c B EEEEEREE

BseRESRERREREE
N U NN NN G e o TR T T |
7 O

> Visualise data using
online histograms

Total Lepton Transverse Momentum [GeV]) Missing Transverse Momentum (MET) [GeV]
g m 2

£
-
e

| | » Search for the Higgs
S mesememrn RLSSSekEs with only your mouse!

L
-
B
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Opening Angle Between MET and Leptons [phi) Opening Angle Between Leptons [phi) Expected Number of Events for 10/fb
“ 260 = = 140
> ATLAS Open Dat
<R @ Il ~ WW (29) Significance: 0.978 n dtd
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http://opendata.atlas.cern/release/2020/documentation/visualization/the_display_histograms_13TeV.html

TARGET: EARLY UNIVERSITY

CMS Open Data education

: Jupyter Hunting-the-Higgs-4leptons (unsaved changes) F Visitrepo = Copy Binder link

> Open-source
File Edit View Insert Cell Kernel Widgets Help Not Trusted | Python3 O

(3 [@] ][4 | [ [M]C [ |[varomn 5 exercises in
plt.show() N~ 1
eol ol =

Vs=7TeV,L=23fb"};vs=8TeV,L=116fb"!

5 LY -
tt
20 mm ZlY 4+ X So Iof. d
g > Simplitie
1 my =125 GeV

+ Dt data formats

15 1

Events / 3 GeV

» See Higgs
80 100 120m4l v 140 e 180 pea k b U i I d

@ [ J
I This sample seems quite small, and by numerical length it is, but it still gives us an enlightening look at how research is done. There aren't very many | W I t h I n

minutes of
» github.com/cms-opendata-education opening a

l_lg webpage!
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https://mybinder.org/v2/gh/cms-opendata-education/cms-jupyter-materials-english/master%3Ffilepath=Exercises-with-open-data/Advanced/Hunting-the-Higgs-4leptons.ipynb
https://github.com/cms-opendata-education

TARGET: EARLY UNIVERSITY

Matter-antimatter differences

0@ () opendata-project/LHCb_Open X

> Analyse B-

&« > C & github.com/Ihcb/opendata-project/blob/master/LHCb_Open_Data_Project.ipynb QA W) ® D,"a =5 @ (4]

gleasuring Matter Antimatter Asymmetries at the Large Hadron ' meson deca YS
ollider 9|

> Jupyter
notebook
provides
guided
analysis of
LHCb data

> Could be
> github.com/lhcb/opendata-project used in 3"

118 year lab
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https://github.com/lhcb/opendata-project
https://github.com/lhcb/opendata-project

TARGET: LATE UNIVERSITY

Higgs-to-four-lepton analysis example

\s=7TeV,L=231b", 1s=8TeV,L =116 > Use up to half of Run 1 data
>
$ 30— CMS Open Data ¢ Data ,
O %
@ P @2y + X » A well-documented analysis
§ 25 mzz>4 | example accessible and
N available at different levels of
= complexity

_—y
(@)

lllIllll|llll|llll|llll|llllII

> Very complete overview of

o analysis procedure

®
¢

» Higgs “discovery”!

R 2
+ u+#ﬁfi}}rﬁ .
ST T | > Documentation
100 120 140 160 180
l.B m, (GeV)
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http://opendata.cern.ch/record/5500

TARGET: LATE UNIVERSITY

Bachelors/Masters theses
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M“aking ATLAS Data from Perspectives and Reconstruction of
CERN Accessible to the Evaluation of Dark Matter the invariant masses
General Public (2017) production (2017) of bosons (2017)

Number of b-Jets Invariant Mass of the Z Candidate

7}
ATLAS Open Data [JDrellYan <
for education only [ 10° A TLAS Open Data
for education only
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UNIVERSITY Enabling Open Science with the A Contribution to ATLAS
OF SUSSEX ATLAS Open Data project (2018) Open Data (2019)
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https://cds.cern.ch/record/2281684
https://cds.cern.ch/record/2291838
https://cds.cern.ch/record/2293251
https://cds.cern.ch/record/2630961
https://cds.cern.ch/record/2704159

TARGET: TEACHERS

Open Data to train teachers

> Key is to
respect teacher
constraints
(time, skills,
tools)

> Ensure skills
acquired in
working with
particle physics

data are
> Photo from an Open Data tutorial for CERN'’s  applicable to
l_lS International Teacher Programme other topics
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https://ep-news.web.cern.ch/content/cms-open-data-use

FUTURE CHALLENGES

Thoughts for the future

» How to ensure our tools and resources are accessible without
guidance from physicists?

» How to incorporate our tools and resources into more university
(and pre-university!) courses?

» Can we spread our tools and resources into wider use? e.g.
on platforms that teach data science, Kaggle...

» How can we teach more than just physics -
computing, data science, machine learning...?
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SUMMARY

Take home messages

» Open Data are a crucial part of science

» especially science education & outreach
» LHC Open Data are for a range of students

* from advanced high school to PhD

» opendata.cern.ch to get started
> We have many challenges to address going forward

» Where can you use Open Data in your teaching?
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http://opendata.cern.ch

Thanks! I
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éxploring LHC Open Daa

*to everybody making LHC data open - o everyhody
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THANKS!

Want to chat?

Q > Join my Zoom room after this session!

. meirin.oan.evans@cern.ch

3y » @meirinoanevans

l@l » @meirinoanevans

m > meirin-oan-evans

> Or just look for me at CERN
e (thisis what | look like) =
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https://cern.zoom.us/j/94577615168
http://cern.ch
https://twitter.com/meirinoanevans
https://www.instagram.com/meirinoanevans/
https://www.linkedin.com/in/meirin-oan-evans-606a9b123/

ATLAS

EXPERIMENT

H L I C E Despina

alice-masterclass-dev@cern.ch atlas.outreach.data.tools@cern.ch

Contact us

Concezio

Edgar

opendata-support@cern.ch *plus everybody In the respective teams



http://cern.ch
http://cern.ch
http://cern.ch
http://cern.ch
http://cern.ch
http://cern.ch
http://cern.ch
http://cern.ch

THEORISTS

Open Data workshop for theorists

*REMOTE* CMS Open Datafor X =+

(2

@ indico.cern.ch/event/882586/ Q &%) ® £ =J 0

< A = B O~ 9 L (CNTA (O America/Chicago ~

" *REMOTE* CMS Open Data for
Theorists workshop at the LPC

lE 30 September 2020 to 2 October 2020 Search... jo,

America/Chicago timezone
UNIVERSITY
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https://cern.zoom.us/j/94577615168
http://cern.ch
https://twitter.com/meirinoanevans
https://www.instagram.com/meirinoanevans/
https://www.linkedin.com/in/meirin-oan-evans-606a9b123/

TARGET: MASTERCLASSES

DY lifetime in LHCb

Sl e e . » Analyse event
o e displays
o A LAY .
@ > Fitto DO
— ifetime
=r—. > Virtual
N Machine
i m— image (being
| e replaced by
e o web app)
s » Help on
S getting started
= || with LHCb
" Open Data
lls > |hcb-public.web.cern.ch/en/LHCb-outreach
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http://opendata.cern.ch/record/400
http://opendata.cern.ch/record/401
http://opendata.cern.ch/record/402
http://opendata.cern.ch/docs/lhcb-getting-started
https://lhcb-public.web.cern.ch/en/LHCb-outreach/masterclasses/en/index.html

TARGET: MASTERCLASSES

Looking for strange particles in ALICE

00 @ ALICE MasterClass - Strangeness

Browser Eve > Aimed at high
Navigation | Viewer 1 Multiview | Histograms | Instructions |
R O S ey |8(1m|400 SCh OOI

Lo ) O T T O DO O DD TR
-800
- 400
- 200

h ’ 1 » Could be used as
I 0 exercise for UG
Ealkidn 1 » Software + data
ey || ' packaged together
— Display — | R _ " 20: _
N «1 » VM and executable

©

Background -800 -400 0 400 800 .
......................................................................................... .
enoyciopacdia —— | T 1111t aaas o = Ve r S I O n
ALICE —Particles —Operations
Decay patterns px Py pE AL Instructions |
0.0000 | 0.0000 | 0.0000 | 0.0000

_Particle Info (+) | 0.0000 | 0.0000 | 0.0000 | 0.0000 B 0 > C b d t I

e, e 0.0005 GeV/c (b) | 0.0000 | 0.0000 | 0.0000 | 0.0000 SU | Select particle type [~ a n e use as 0 o

T, T 0.1396 GeV/& g

Kd 0.4976 GeV/& Clear Selection | Submit Undo last operation| Clear Histograms | b t h

G e | y teachers

| Y

(support from
Bhysicists even

l_lg > alice-masterclass.web.cern.ch etter!)
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https://alice-masterclass.web.cern.ch/

TARGET: EARLY UNIVERSITY

CMS Open Data education

: Jupyter Hunting-the-Higgs-4leptons (unsaved changes) @ Vstrepo | CopyBinderink P> O p en-source
File Edit View Insert Cell Kernel Widgets Help Not Trusted | Python3 O exe rC i S e S i n
+ < @A B 4 ¥ MRun B C » Markdown : many
plt.show() Ian ua es
Vs=7TeV,L=23fb"';vs=8TeV,L=116fb"! bl S Z E EE
25 N :
tt
20 - mm ZlY + X

— AN > Slmpllfled data
o formats in
Jupyter

notebooks +

Binder/Colab

Events / 3 GeV

80 100 120 140 160 180
my; (GeV)

» See a Higgs
I e ‘ pea k b ui
within a minute
: : of opening a
» github.com/cms-opendata-education webpage!
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https://jupyter.org/
https://mybinder.org/
https://colab.research.google.com/notebooks/welcome.ipynb
https://mybinder.org/v2/gh/cms-opendata-education/cms-jupyter-materials-english/master%3Ffilepath=notebooks/Exercises-with-open-data/Advanced/Hunting-the-Higgs-4leptons.ipynb
https://github.com/cms-opendata-education

TARGET: EARLY UNIVERSITY

Matter-antimatter differences

® © ® (O opendata-project/LHCb_Open X  + ‘ > )

& - C ( & github.com/lhcb/opendata-project/blob/master/LHCb_Open_Data_Project.ipynb Qa %) ® o"’g = @ o An a Iyse B m eso n
Measuring Matter Antimatter Asymmetries at the Large Hadron I d ecays to 3
Collider 1 charged hadrons

> ~9 million 7 TeV
data events (1GB)

> Jupyter notebook
provides guided
analysis of LHCb
data

» Could be used in a

» github.com/lhcb/opendata-project 3 year lab course,
l.lS for example
UNIVERSITY
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http://opendata.cern.ch/record/4900
https://github.com/lhcb/opendata-project
https://github.com/lhcb/opendata-project

