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Context: LHC & CMS

« Large Hadron Collider (LHC) at CERN Is a
global phenomena and CMS experiment at LHC
has a large community (3500 users)

* Geographical spread (5 continents), Distributed
computing resources, (200 institutes, 50
countries)

* Multiple time zones, Logistics and financial
constraints

 Complex software and analysis tools

* Engage users in the development of physics,

upgrade, education of new comers and career
[ OT Younag people
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Analysis School Format

[Pre-school exercises month prior to school }

[1-week hands on physics analysis exercises

/Lectu res\/Short EXxercises \/Long EXxercises
(0.5 days) | (2 days) Objects | (2.5 days)
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Al (All exercsies use CMS collision data)
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(students physics analysis results) A
Examples of Short and Long EXxercises

Electrons (Short Exercise)
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JeffBerrthll Paolo Mﬂdiani uaqsmm Dan HQM

Rootstats (Short Exercise)

Descriptlon Detecting Sléctrons in CMS data from low energies to the electroweak scale and (Floﬁda) (Bari)

Gena Kukartsev  Lucalista  Mario Pelliccioni  Michele de Gruttola David Lopez Pegna
beyond. Electron selection, separation from the background from QCD fakes or electrons from

Brown Napoli (Torino) (Florida) (Princeton)
Description: We offer a series of exercises on the most often
physics analyses: limits, significance estimates, trials factor, h
attempt to keep to a rigorous theoretioal treatment of the stati

their own electron selection and estimating its performanoe on data

CMS preliminary 2011 =7 TeV
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to continue to develop a nurturing and sustainable collaboration where

Investing In th

CMS will likely remain a major productive scientific collaboration for
at least two decades and given this longevity, it is especially important

all can reach their full potential. CMS aspires to be a harmonious

family.

The future of the collaboration depends on Its youngest members,

critical that CMS provide effective collaboration-scale opportunities to

aid the development of young physicists in all aspects of experimental
physics: training In data analysis, software and hardware, and to
provide career development paths.

A PRIME EXAMPLE OF COLLABORATION SCALE EDUCATION
IS THE CMS DATAANALYSIS SCHOOL (CI\/ISDAS)
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analysis of collision data

Chia Ming Kuo Purdue  Yurd M't Alexey p@mm Nicola de Filippis Sara Bolognes..

(Johns Hopkins) andre Gritsan Martiin Mulderst Seu(k'aRBD;um
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=

(Johns Hopking)  (CERN)
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CMS/LHC
physics, how to
do analysis, CMS
software, analysis
tools, big picture

of HEP etc.
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5 day school, 10% Iectures 90% hands on

'+ >500 students have participated
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Pre-requisite Exercises

Four sets of exercises learn basics of
- CMS Software, account access,
access to code & data, run grid jobs,
PAT basics, python, ROOT,
histogram fitting, CVS code

repository, Answer submission via

eb-forms
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- Long EXxercises
'New physics with jets, Exotica

with displaced vertices, Top-

# quark pair cross section,

higgs low mass, higgs high

imass, SUSY hadronic, SUSY
 leptonic,Wprime, Zprime

Higgs Long Exercise: Low-to-High Mass nggs decaying to 4-leptons

( Hamburg)

variables, how to check them, and see step by step how the W and Z signals emerge from the The importance of this channel is due to the very small background and very good mass resolution. So, as first

step, we will review the analysis flow to understand how we can select a clean signal. We will analyze the
background. At the end of the exercise, the successful student will be comfortable with arriving at 2 o0 of e skl nd The el Backaround (2] end we il 6 59 lepton effic s

. resolution. We will study the features of the reducible background (Z+jets) and we will use control region in data to |the largest decay branching ratio (~60% at 1125 GeV). In this exercise we will start with an overview of the
CMS s i e K cross-ched<ﬂ1eexpected number of Z+jets events in the signal reglon As second step wewnll applystahst:oel

\(Short Exercises

Roostats, Generators
Tracking & vertexing,
Electrons, Muons,

Photons, Jets, b-tagging,
particle flow, pile-up,
event visualisation

Higgs Long Exercise: Low Mass Higgs decaying to b-jets

Pegana Higgs Boson Andrea Rizzi,  Plerluigi Bortignor

(Pmoem)

(CMS)

Pisa (EYHZurich)

\

conversion. We will use an inclusive sample of triggered electrons and describe the selection Description: The 4 leptons final state has been one of the main channel in the discovery of the boson at 125 Gey | Description: "The observation of a Higgs-boson like at ICHEP 2012 with a mass of 125 GeV has been an

extraordinary event for CMS and for particle physics. The next goal of the experiment is now to characterize the
properties of this new boson, and confirm/exclude that is behaving as the Standard Model (SM) Higgs. One
fundamental property to study is the new boson coupling to fermions. We will focus on a H->bb search which has

diﬂ'erencea between signal and bed(ground processes and corresponding discriminating variabtes in the channel.

Depending on time, wevdlltry2drlferentmalysnseoenams(massshape iy e
cmsssect:on(orobserveanexoeesoom ible with the SM Hig

Feedback on the school (provided couple of months after the school))

Usefulness of Pre-exercises

South America

Europe Eikina 1-2 yrs 1-2 yrs

South Ame : .
ou mericd Asia 210 3 yrs 2t03yrs

Australia
Australia >3 vrs >3 yrs

> 50% have 0-2 years of experience

Asia

Most students are regional

INFh Fisd National Taiwan University, Taipei LG, Eeomiian 2013 DESY, Hamburg 2013

Bachelor student

North America North America U
ndergrad
. ¥ Master student

South America South America -
g Graduate Student

Ph.D. student
Europe
[ Europe Postdoc Postd
ostdoc
Asia .

Asia Senior Scientist

Australia Faculty

Australia Faculty Member

Mast students are grads/undergrads

Senior Scientist

80-90% Participants provide |.ec,rermitab2013 84 16 .
Feed b ac k DESY, Hamburg 2013 56 26 18
LPC, Fermilab 2012 79 2 19
INFN, Pisa 2012 85 4 11
INFN, Pisa 2012 DESY, Hamburg 2013
LPC, Fermilab DESY, Hamburg
No exp No exp
North America
North America Oto1yrs Oto1lyrs

Response to Quality (%)
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Short (Physics Object/Tools) Exercises

Participation

LPC, Fermllab 2012

Roostais 18%

10%

19%,

19%,

10%

149

INFN, Pisa 2013
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Long (Physics Analysis) Exercises
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LPC, Fermilab 2013 DESY, Hamburg 2013

m Highly successful training program, engaging users to quickly contribute to physics, 6 schools In last 3 years, trained about 500 students




