Uso de datos publicos
del CERN en el aula

Una invitacion y una microguia



Motivacion:

lmaginemos una clase de
pintura para nuestros
alumnos que consistiera
sobre todo en esto:



Josh James / Flickr CC BY 2.0
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http://creativecommons.org/licenses/by-nc-sa/3.0/

Hay alternativas...



Adam Jones / Flickr CC BY-SA 2.0 J



Station, NYC
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Wholtone / Creative Commons Attribution 3.0 Unported



https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/licenses/by/3.0/deed.en

Diana Gonzalez Yuste
The October Press, Alicante
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ACMS ZZ* event with both Z's
decayingtc muons.

Thisis a "candidate” for Hrggs
decay atlowmass.
Muon 3, pt: 584 GeV

Muon 1, pt 5.4 GeV

uon 0, pt: 5.7 GeV 2 3
1Muon 0,9t 57 G CMS Preiminary {s=7TeV.L=5.05fb" ys=8TeV.L=56.26b"

Muon 2, pt 34.6 GeV
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Donde encontrar material
apropiado y como usarlo



opendata.cern.ch

<;1pcr‘1data ABOUT SEARCH EDUCATION RESEARCH

Education Research

Vicualise averts, check Get the genuine werking
reccnscructed d':ll‘ci, run tools or ernvironmernts, virtuzgl machines
build your own! and datasets to start your research



http://opendata.cern.ch

Education

ALICE

Tha CMS (Corpact Maon Solenold) experiment Is ore of two lerge
general-ourpose detecters ouilt cn tha Large Hedron Zolider (LHC). Its
goal is o investigate 2 widz2 range of physics sLch as the chzractaristcs

of the Higgs boson, extra dinrensions o~ dark matter
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your own agplications similar Zo thase shown here




cpendata ABOUT SEARCH EDUCATION RESEARCK

) V- S

The CMS (Compact Muon Solenoid) experimant is one of two large general-

purpose particle physics detectors bullz on the Large Hadron Collicer [LHC)

al CFRN in Switzerland anc France. The goal of CMS < 10 irvest igate a wide

range cf physics, including prooerties o the recently discovered Higgs boson

as well as searches for extra dimensions and particles that could make up

dark matter.
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Thic ccllect on includes caka tha: have been derivec ' This collection incluces tools with whch the CMS cpen Tnis collection ircludes learning resources that use
| from thc CMS primary datascts § data can be accessed and used CMS pubiic data

Yoars: 2010, 2011 Vears: 2010, 2011

Total records:

6

Total records:

17

Total recards:

59




OpEer data ABOUT SEARCH EDUCATION RESEARCH

CMS Derwed | Datasets

This collection includes data that have been derived from the CMS primary datasets. The data may be recuced in the sense that (2) only part

of the information is <ept or (D) only part o” the events are selacted. Dazasets nclude thosa wh ch may be accessad using the VM image of

the CMS environment or those which are adapted for cther tools and applicetions. The tools end ns:ructions to access and Lse these cata
are linked to each recorc.

Muons and electrons in PAT candidate format derived from /Mu/Run-2010B-Apr21ReReco-v1/AOD primary dataset
Preprocessed ddle or he two-lzoon/four-lep.on anelysis exa nple

Collacion CMS-Cerived-Datasets | |DCI 10.7183/CFENDATA.CMS.RJW2.Q>44 | |Author R

Farenr Daraser /MURUN-2010B-Apr? 1ReRecn-VI1/AND

Muons and electrons in PAT candidate format derived from /Electron/Run-2010B-Apr21ReReco-v1/A0D primary dataset
Data preprocessed tor “he two-leptonffoLr-lepton analysis example

Collecion CM5-Cerived-Datasets | |DCI 10.7483/CFENDATA.CMS.HHTKSF52 | |Author F

Parent Dataset /Electron/Run-2010E-Aor21ReReco-v1/AOD

MC: single top sample from the CMS HEP Tutorial

MC: single tap sample generaled wilh 2owheg, riggered oo simulated iscla ed Moons wilh pT > 24 Gav
corresponding o aninlegral e lominesity of S0 -1

Cnlertion TNS-Derived-Darase™s | |AUChO”




Una posibilidad sencilla: usar una
muestra limpia de dimuones para

redescubrir la particula J/W o el
bosén Z

The events in this derived dataset were selected because of the
presence of precisely two muons with invariant mass between
2-110 GeV, one of which is a high-quality "global" muon.



http://opendata.cern.ch/record/700#
http://opendata.cern.ch/record/700#

opendata

dimucr

o

MS Cerived Datasets (5)
CNVG Primary Datasets (=)

CMS TODIS (4)

CMS Validat on Utilities (2)

ABOUT SEARCH ECUCATION RESEARCH

Dimuon event information derived from the Run2010B public Mu dataset

Co lection CMS-Derivec-Datasets | |Author M

DCI 1C.7483/OPENDATA.CME.CBEHL.MITA  Parent Cataset /Mu/Run-2010B-Apr21ReReco-v1/AOD

Dimuon events with invariant mass range 2-5 GeV for public education and outreach

Colectinon CMS-Derivec-Datasets | |Althor M

DCI 1C.74A83/OPENDATA.CMS.SWS6.PFX3

Dimuon events for use in outreach and education

Co lection CMS-Derivec-Datasets | |Author M

DCI 1C.7483/OPENDATA.CMZ.4M97.35Q5

Event files for CMS masterclass exercise 2014

Co lection CMS Derivec Datasets | |Author M




Herramientas necesarias:

1. Entendimiento basico del
funcionamiento de un detector

2. Ley de conservacion de la energia
y el momento (E, p)

3. Expresion relativista de la energia
de una particula:

E? = (pc)2 — (mcz)2



Aqui estan los detalles:

https://fbarradass.wordpress.com/2011/05/13/%C2%BFcomo-saber-si-se-ha-descubierto-una-particula-1/

Cuando chocan un electron y un positron a altas energias hay mu-

chas posibilidades distintas; en primer lugar podrian “rebotar” sin

mas (colision elastica), pero mas comunmente se aniquilan y como
resultado final aparecen nuevas particulas como

¢ parejas particula / antiparticula (e*/e”, u*/ u"...)
¢ hadrones (particulas compuestas por quarks)...


https://fbarradass.wordpress.com/2011/05/13/%C2%BFcomo-saber-si-se-ha-descubierto-una-particula-1/




* UN ELECTRON LIBRE NO €5 ONA
BOLITA CARGADA  ES MAS BieN
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MinutePhysics / Henry Reich
Theory of Everything: What is Matter?

https://youtu.be/Fxeb3Pc4PA4



XA+ B

Px = Ps+ 25

Ex = Es+ Ep

CAMPO MAGNE NICO

My % [(EA + Eg) - (g, -I-ﬁs)z] '



://opendata.cern.ch/search?cc=CMS-Derived-Datasets&ln=en&jrec=51
Example CSV output file for SUSYBSMAnNalysis-RazorFilter

Collection CMS-Derived-Datasets | |DOI 10.7483/OPENDATA.CMS.GACK.GEJA | |Author

Parent Dataset /Multijet/Run2010B-Apr21ReReco-v1/AQD

t Dimuon event information derived from the Run2010B public Mu dataset 1

Collection CMS-Derived-Datasets | |Author |

DOI 10.7483/OPENDATA.CMS.CB8H.MFFA | |Parent Dataset /Mu/Run-2010B-Apr21ReReco-v1/AOD

Muons .,.i Dimuon events for use in outreach and education eco-v1/AOD primary ...

.

Collection CMS-Derived-Datasets | |Author M

DOI 10.7483/OPENDATA.CMS.4M97.35Q9

ff//awéﬁdéfé;EéFa.ch/record/3@3

Dimuones: parejas de muones (aqui de cargas
opuestas) u*p- “de buena calidad”



http://opendata.cern.ch/search?cc=CMS-Derived-Datasets&ln=en&jrec=51
http://opendata.cern.ch/record/303
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20

v Detector

Pixel Barrel

Pixel Endcap (+)

Pixel Endcap (-)

Tracker Inner Barrel
Tracker Outer Barrel
Tracker Inner Detector (+)
Tracker Inner Detector (-)
Tracker Endcap (+)
Tracker Endcap ()

ECAL Barrel

ECAL Endcap (+)
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Libcrancn Eans =

Al

A B
T.n le Fvent F1 px1
GT 140124 1007912007 13.7061

Gl 140124 1007257044 9.08052
GG 140124 1008CC0431 6.81754

GT 140124 1008C32300 31.8853
GI1 140174 10080 759RR 1R K527

4.88649 -2.5086 12.5569 §£.49280C6044
-2.16135 -2.896392 -8.31686 3.66B2/€823/
5.76035 3.23987 -167015 6.6089628339

-5.85709 2.78331 -31.2188 6.48477585
1 1REQA -2 AKORAE 132024 7 RATRE /476

1.564708153
-1.55/13/7C10/
-0.2500945607

-2.2753268895
-2 R1R7 715021

-0.4742899747
-2,2008651123
0.5123463578

2.687978B2463
-1.1047411075

F?
3.67389
3.80945
19.7486

4.26886
1 436207

px?2

-0.68
C.78/
128
-15
1 1€

iSpy WebGL

dimuon-Jpsi_3.ig:Everts/Run_140124/Event_1027160502 [10 of 100]
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v Detector o
Pixel Barrel

Pixel Endcap (+)
Pixel Endcap (-

Tracker Inner Barrel
Tracker QOuter Barrel
Tracker Inner Detector (+)
Tracker Inner Detector (-)
Tracker Endcap (+)
Tracker Endcap (-)

ECAL Barrel

ECAL Endcap (+)

ECAL Endcap (-)

HCAL Earrel [

CMS Experiment at the LHC, CERN
Data recorded: 2010-Jul-14 02:01:35.633975 GMT
Run / Event /LS: 140124 /1027160502 / 1158

Click on a name under "Provenance", “Tracking', "ECAL", "HCAL", "Mucn®, and "Physics" to view contents in table



Spy WebGL

Iracker Inner for (#)
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Tracker Endcap [~

ECAL Barrel

ECAL Endecap (+)

FCAI Fndeap (<)

Aqui podemos
elegir qué colecciones
de eventos visualizar

Open File s

Open file(s) from the Web

Open local file(s):
No files selected.

| ovneven

Files

2011A/

20108/

Education/

Open Event

Select 4lepton.ig

diphoton.ig
dimuon-Jpsi_0.ig

dielectron-Jpsi_0.ig
dimuon_0.ig
dielectron_0.ig

dielectron-Upsilon_0.ig

7Zee 0.ia




Run Event El px1 pyl pzl ptl

140124 1007912007 13.70610 4.88649000 -2.5086000 12.556900 5.492801
140124 1007957044 9.09052 -2.16135000 -2.9639200 -8.316860 3.668277
140124 1008000431 6.81754 5.76035000 3.2398700 -1.670150 6.608963

Q1 E2 px2 py2 pz2 pt2

1 3.67389 -0.6832500 0.529614000 3.56917 0.8644776
-1 3.80945 0.7874280 -0.775826000 -3.64400 1.1054179
1 19.14860 12.8875000 12.388700000 -6.86217 17.8764522

En los archivos .csv con los datos la ultima columna contiene ya las
masas invariables calculadas, pero puede ser una buena idea que las
calculemos nosotros mismos a partir de las energias y momentos.

1 o N 1
MX — Z (E1+E2)2—C2(p1+p2)2 .



Y ahora...
manos a la obra

Herramientas:
Por el momento sélo histogramas de M

* Hoja de calculo: Excel si, LibreOffice Calc no :-_(
* Algo mas potente, como R



Histogram of x
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Para una muestra mayor y mejor :
g © _
elaborada, ver: & o
https://indico.cern.ch/event/577111/contributions/2659823/ = 7]
attachments/1498147/2337588/R-histogramas-para- = o
CMS_public_dimuons_2010_2-110GeV.htm| S =
= .
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log10(mydata$mids)



https://indico.cern.ch/event/577111/contributions/2659823/attachments/1498147/2337588/R-histogramas-para-CMS_public_dimuons_2010_2-110GeV.html
https://indico.cern.ch/event/577111/contributions/2659823/attachments/1498147/2337588/R-histogramas-para-CMS_public_dimuons_2010_2-110GeV.html
https://indico.cern.ch/event/577111/contributions/2659823/attachments/1498147/2337588/R-histogramas-para-CMS_public_dimuons_2010_2-110GeV.html

