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HEP data analyses
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CERN Open Data portal

Not Secure — opendata.cern.ch

Explore more than 1 petabyte
of open data from particle physics!
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Sortby: Best match asc.
Display: detailed 20 results

Found 320 results.

Learning to discover: the Higgs boson machine learning challenge -
Documentation

A documentation for the Challenge is provided, with just the sufficient level of
explanation for people without any background in physics or machine learning.
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Software examples for the ATLAS Higgs Learning Challenge 2014

This software package contains several helper scripts that demonstrate event
filtering and AMS score evaluation techniques on the ATLAS Higgs Challenge
dataset as well as one script that allows to rep.
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Dataset from the ATLAS Higgs Boson Machine Learning Challenge
2014

The dataset has been built from official ATLAS full-detector simulation, with
"Higgs to tautau" events mixed with different backgrounds. The simulator has
two parts. In the first, random proton-proto.
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iSpy WebGL DoubleMu.ig:Events/Run_167674/Event_255544818 [3 of 25]
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Detector CMS Experiment at the LHC, CERN
% 1 Data recorded: 2011-Jun-25 00:15:00.683123 GMT
e

Pixel Barrel Run / Event /LS: 167674/ 255544818 / 209
Pixel Endcap (+)

Pixel Endcap (-)
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Controls:

Click on the "LogX" and "LogY" buttons to tra the axes by log10

Enter a bin width and click *Set" to change the bin width of the histogram (the default s 0.1)

Click on't \d move to select a region along the x axis. Click "Undo selection(s)" to return to the original range.
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ACT: The Standard Model violates parity, but
invisible to Large Hadron Collider (LHC) experiments (i
state polarisation or spin-sensitivity in the detectors). N
could potentially violate parity in ways which are detects
If those sources of new physics oceur only at LHC enere}
searches. We probe the feasibility of such measurements
data which was recorded in 2012 by the CMS collabor

CMS Open Data initiative. In particular, we test an inclusi
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is primarily sewsitive to now-standard parity violating effd
Within our measurements, no significant deviation from,
1o obvious experimental limitations have been found. We
for non-standard parity violation could be performed, nof
to very different sorts of models to those which our measu
our initial studies provide a valuable starting point for rig
full LHC datasets at 13 TeV with a careful and less consef
uncertainties.
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We study dinmon events in 21111 of 7 Te pp collis
narow ditmion resonance with moderate mass (14-66 GoV) and substantial transverse momentum|
Applying dinon pr cuts of 25 GeV and 60 GeV, we explore two overlapping samples: one with s
muons, and one with prompt mons without an isolation requirement

information abont detector effects and QCD backgrounds, which we obtain directly from the CMS

Data. We prese

and effciencies.

by factors of as much as nine, Our

‘models in which a new particle is produced mainly in the decay of something heavier, as conld ocel

example,
with the current 13 Te

magnitude.
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model-independent limits on the product of cross section, branchin

in decays of the Higgs boson or of a TeV-scale top partner.
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isa property of
how energy is shared betseen patons. Despite i

the splitting function cannot be measurce dirce
ently, b a new

aevmptotes 0 the splitiing

o o sofientl bgh fo

s wbiquitons sppearance i many QCD calenlations,
iy snc i lvaysappears il by o ol
et substructure obses s 4 which
energies. This provides & way o expase.

the splitting function through jet substructure measuzeaets at the Large Hadron Collider. In his

letter, we use public 3

data released by the CMS ex;

periment to study the 2 prons substrictue of

s and s th 1 -2 spiting function of QCD. To our knowldge, thi i the fst ver physes

amalysis based on the CMS Open Dat

Quantum diromodyuais (QCD),
conpled

small mngle it
in QCD,

like any weakly
theory, exhibits universal behavior in the
When two partons becomo colinear

the cross section for a 2 tering pro-
factorizes into a 2 — n — 1 scattering cross section
waltiplied by & wniversal 1 - 2 splitting probability

with corrections suppressed by the
ity. Collinear universality i a fundamental property of
QCD and appears in many applications, most famously
in deriving the DGLAP cvolution equations [L3] (see
3]), and it i at the heart of the factorization
theorem in hadron-hadron collisious [11, 15]. I addi.
tion, parton shower
applying | — 2 splittings [16- 18], fixed-order subraction
schemes utilize the | —2 splitting function [19-21]
the ke chusering metric
“ollinear wniversality can be extended to
mult-prton splitings at fro lovl and beyond (25 411
however its allorders validity [42, 43] is spoiled in the
presence of Glauber modes [14-47]. More recently, jet
substructure techuiques [18-52] have been introduced to
distinguish 1 > 1 decays of heavy particles from 1 - 1
splitings in QUD in order o enhanco the seare
physics at the Large Hadron Collider (LHC) 3350
Despite its ubiquity, however, the 1 — 2 spliiting

degree of collinenr-

also [4-1;

nerators are based on recursively

4

perturbative fragmentation functions. Specifically, when

tons are scparated by an angle 0, the 1 — 2 split-
ting probability takes the form
o, %)

A= e Ptz U}
where the P, are the Altarelli-Parisi QCD splitting
functions [3] which depend on the momentuun fraction =
and the parton flavors i, j, and k. Crucially, this expres-
sion has a real cmission singulariy in the 0 — 0 limit,
as required to cancel coresponding virtual singularitics
from loop d

grams. In this sense, there is mo way to

direetly measure the splitting function P,
thongh there i of conrse overwlela

cesses of QUD i deseribing highenerey seattering (see
e [57-67).

In this letter, we present a semi-direct method o test
the 1 — 2 splitting function in QCD by studying the

rong substructure of jets. Our method s based on
soft drop declustering [68] (see also (52, 69, 70)), which
soft. radiation from a jot until hard
2 prong substructure is found. When applied to ordinary
quark- and gluon-initiated jets with no intrinsic substruc-
ture, soft drop exposes the collinear core of the jet. As

shown in ref.(71], the momentum sha
two prongs (demoted z,) is closely related to the momen-
tum fraction » appearing in eq. (1), and the cross section
for =, asympotes to the QD splittin

Digheenergy limit. While variants of =, have appeared in
many jt ot

ranlumnn hins ever beer, presented wsing
ta, though there are preliminary , re-
Sl o CVIS (13, STAR (71, and ALICE (75 Hee,
we present the first analysis of 2, usin
advantag

CMS experiment [76]

‘The CMS Open Data i derived from 7 TeV center-of-
mass proton-proton collisions recorded in 2010 and re-
Leased to the public on the CERN Open Data Portal in
November 2014 [77]. The data is provided in AOD (Analk-
ysis Object CMS-specific data.
seheme based on the ROOT framework (78] Crucially
for the purpases of studying jet substructure, the AOD
fornat contins ll o the paticefow cudidates (PFC)

0] used for jet finding within CMS [81], and we
‘..,‘.n et s oo dectly o the PR

C data, taking

for thefirt time of e dat relensed by the

Data) format, which is a

. T AOD s horo an st conitions:

neaat i incide jet energy correction (JE
s and recommended jet quality cuts, though no specific
calibration tools for jet substructure studies. The main




Tracking data provenance

opendata cern.ch

How were these data selected?
These data were processed in several steps:

Step SIM

Release: CMSSW_5_3_22_patch1

Global tag: START53_LV4:All

Configuration file for SIM step HIG-Summer11Leg-00235_1_cfg.py

Output dataset: /TTbarH_HToZZTo4L_M-130_7TeV-pythia6/Summer11Leg-START53_LV4-

v1/GEN-SIM

Step HLT RECO

Release: CMSSW_5_3_23_patch1

Global tag: START53_LV6::All

Configuration file for HLT step HIG-Summer11LegDR-00204_1_cfg.py
Configuration file for RECO step HIG-Summer11LegDR-00204_2_cfg.py
Output dataset: /TTbarH_HToZZTo4L_M-130_7TeV-pythia6/Summer11LegDR-

PU_S13_START53_LV6-v2/AODSIM

To make these simulated data comparable with the collision data, pile-up events are
added to the simulated event in this step.

How were these data validated?

The generation and simulation of simulated Monte Carlo data has been validated through
general CMS validation procedures.

How can you use these data?

You can access these data through the CMS Virtual Machine. See the instructions for
setting up the Virtual Machine and getting started in

How to install the CMS Virtual Machine

Not Secure — opendata.cern.ch

CIN—

Software to preprocess the CMS 2011 DoubleMu
and DoubleElectron datasets for the two-
lepton/four-lepton analysis example of CMS open
data.

Rodriguez Marrero, Ana; Lassila-Perini, Kati;
Cite as: Rodriguez Marrero, Ana; Lassila-Perini, Kati; (2016). Software to preprocess the
CMS 2011 DoubleMu and DoubleElectron datasets for the two-lepton/four-lepton analysis

example of CMS open data.. CERN Open Data Portal.
DOI:10.7483/OPENDATA.CMS.ETJK.JKMB

Description

Software to produce the intermediate data files, derived from the primary datasets, for a
simple analysis on Z decays to two leptons and ZZ decays to four leptons, of CMS open
data.

Use with

Use this with the following datasets:
/DoubleElectron/Run2011A-120c¢t2013-v1/AOD

/DoubleMu/Run2011A-120ct2013-v1/AOD




eproducibility crisis

HAVE YOU FAILED TO REPRODUCE
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engineering
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Other
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HAVE YOU EVER TRIED TO PUBLISH
A REPRODUCTION ATTEMPT?

Although only a small proportion of respondents tried to publish
replication attempts, many had their papers accepted.
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researchers
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® Published @ Failed to publish
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How FAIR are we?

Findable v Accessible
Interoperable ¥ Reusable  ?

where is the data”
where is the code?
what is the environment?
what is the workflow?




Reproducible analyses

reana

Reproducible research data analysis platform

Flexible

Run many computational
workflow engines.
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Home Examples Get Started

reana

Scalable

Support for remote compute
clouds.

kubernetes
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elsewhere. Cloud-native.
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Reproducible and reusable research data analysis platform
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Conclusions

e successful open data and reproducible research
example in particle physics

e beyond repositories: actionable data via runnable
examples

e FAIR # open, FAIR should start early

e “top-down” approach: funding agencies, best practices

e “bottom-up” activities: building useful tools for
scientists
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Open is not enough Before reproducibility must come Checklists work to improve science

preproducibility Nature authors say a reproducibity checklistis
Instead of arguing about whether results hold astep in the right direction, but more needs to
up, let’s push to provide enough information for  be done.
other 6 repeat th experiments, says Philp

ok

‘The solutions adopted by the high-energy
physics community to foster reproducible
research are examples of best practices that
could be embraced more widely. This first
experience suggests that reproducibility
requires going beyond openness.

Philip B. Stark
Xiaoli Chen, Sinje Dallmefer-Tiessen [...] &
Sebastian Neubert

Nature News | Editorial

Nature | World View Nature News | Comment
2 Reality check on reproducibility

Asurvey of Nature readers revealed a high level
of concern .xhom the pruhlm\ of irreproducible
results. Re nd journals need
to work mguhu o make ressarch more
reliable.

Give every paper a read for

Along journey to reproducible

reproducibility results
1'was hired to ferret out errors and establish Replicating our work took four years and

routi promote rigorous research, says 100,000 worms but brought surprising
Catherine Winchester. discoveries, explain Gordon J. Lithgow, Monica

PR—— Driscoll and Patrick Phillps.

Gordon . Lithzow Monica Drizcall & Patrick Phillioe
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Open is not enough

Xiaoli Chen'?, Siinje Dallmeier-Tiessen'™, Robin Dasler'", Sebastian Feger'3, Pamfilos Fokianos',
Jose Benito Gonzalez', Harri Hirvonsalo*%2, Dinos Kousidis', Artemis Lavasa', Salvatore Mele’,
Diego RodriguezRodriguez', Tibor Simko™, Tim Smith’, Ana Trisovic**, Anna Trzcinska,
loannis T idis!, Markus Zii 'mann’, Kyle Ci , Lukas Heinrich®, Gordon Watts’,
MichaelHildreth?, LaraLloret Iglesias®, KatiLassila-Perini* and Sebastian Neubert™®

The solutions adopted by the high-energy physics community to foster reproducible research are examples of best practices
that could b ‘widely. This first suggests that requires going beyond openness.

pen science and reproducible research have become per-
O vasive goals across research communities, political circles
and funding bodies'". The understanding i that open and
reproducible research practices enable scientific reuse, and reuse in HEP
future projects and discoveries in any discipline. In the struggle to  To set the stage for the rest of this piece, we first construct a more
take concrete steps in pursuit of these aims there has been much  nuanced spectrum in which to place the various challenges facing
discussion and awareness-raising, often accompanied by a push to  HEP, allowing us to better frame our ambitions and solutions. We
make research products and scientific results open quickly. choose to build on the descriptions introduced by Carole Goble’
Although these are laudable and necessary first steps, they and Lorena A. Barba’ shown in Table 1.
are not sufficient to bring about the transformation that would These concepts assume a research environment in which mul-
allow us to reap the benefits of open and reproducible research. tiple labs have the equipment necessary to duplicate an experiment,
It is time to move beyond the rhetoric and the trust in quick fixes ~ which essentially makes the experiments portable. In the particle
and start designing and implementing tools to power a more  physics context, however, the immense cost and complexity of the
profound change. experimental set-up essentially make the independent and com-
Our own experience from opening up vast volumes of data is  plete replication of HEP experiments unfeasible and unhelpful.
that openness cannot simply be tacked on as an afterthought at the  HEP experiments are set up with unique capabilities, often being
end of the scientific endeavour. In addition, openness alone does the only facility or instrument of their kind in the world; they are
not guarantee reproducibility or reusability; so it should not be pur- also constantly being upgraded to satisfy requirements for higher
sued as a goal in itself. Focusing on data is also not enough: it needs ~ energy, precision and level of accuracy. The experiments at the Large
to be accompanied by software, workflows and explanations, all of  Hadron Collider (LHC) are prominent examples. It is this unique-
which need to be captured throughout the usual iterative and closed  ness that makes the experimental data valuable for preservation so
research lifecycle, ready for a timely open release with the results. that it can be later reused with other measurements for comparison,
Thus, we argue that having the reuse of research results asa goal  confirmation or inspiration.
requires the adoption of new research practices during the data  Our considerations here really begin after gathering the data.
analysis process. Such practices need to be tailored to the needs  This means that we are more concerned with repeating or verifying
of each given discipline with its particular research environment, the computational analysis performed over a given dataset rather
culture and idiosyncrasies. Services and tools should be developed  than with data collection. Therefore, in Table 2 we present a varia-
with the idea of meshing seamlessly with existing research proce- tion of these definitions that takes into account a research environ-
dures, encouraging the pursuit of reusability as a natural part of ment in which ‘experimental set-up’ refers to the implementation
researchers’ daily work (Fig. 1). In this way, the generated research  of a computational analysis of a defined dataset, and a ‘lab’ can be
products are more likely to be useful when shared openly. thought of as an experimental collaboration or an analysis group.
In tackling the challenge of enabling reusable research, we  In the case of computational processes, physics analyses them-
keep these ideas as our guiding light when putting changes into ~ selves are intrinsically complex due to the large data volume and
practice in our community—high-energy physics (HEP). Here, we  algorithms involved". In addition, the analysts typically study more
illustrate our approach, particularly through our work at CERN,  than one physics process and consider data collected under dif-
and present our community’s requirements and rationale. We ferent running conditions. Although comprehensive documenta-
hope that the explanation of our challenges and solutions will ~ tion on the analysis methods is maintained, the complexity of the
stimulate discussions around the practical implementation of work-  software implementations often hides minute but crucial details,

flows for reproducible and reusable research more widely in other
scientific disciplines.
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