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RootCore Basics

N
> What is RootCore
» Overview of the RootCore
» EventLoop
> What is EventLoop

> How to set up

> How to run it



What is RootCore

1 RootCore is a package manager EventlLoop
- SampleHandler
O It knows about analysis release
SUSYTools
| WQm@ mcm<~ ._.O_o xAODAnaHelpers
O | knows how to compile packages xAODJetReclustering

O It knows where to find packages SuickAna

from SVYN

XAODRootAccess

RootCore




Overview of RootCore

SampleHandler




EventLoop

0 A package helps user to run his own loop algorithm

_H_ mm._. EL::StatusCode MyAlgorithm :: initialize ()
r
up Header ¢

m_event = wk()->xaodEvent();

O T_QQO_Q_. XAOD: : TEvent *m_event; // eturn EL: : StatusCode: : SUCCESS;
};
0 msm._.mQ_mNQAv EL::StatusCode MyAlgorithm :: execute ()
{
XAOD: : JetContainer* jets(nullptr);
1f(Im_event->retrieve(jets, "AntiKt4EMTopoJets”).isSuccess()){
u mxmnc._.mﬁv std: :cout << uld t ret e AntiKt4EMTopoJet ( )

To et " << std::endl;
eturn EL::StatusCode: :FAILURE;

0 How to run it
1t << "Analyzin /€ << std::endl;

For autod jet: xjets){
u n+l_l MACro std: :cout << "\tJ¢ << jet->pt()/

.e3 << Ge << std::endl;

It can also be set up using python



Derivation Framework
N

> Helps user get specific data locally (tier3)

> Data reduction operations
» Skimming
> Thinning
> Slimming



The data we need
—

Topic of this talk: the “heavy lifting” to get from PB
sized to TB sized datasets. Output remains in xAOD
format but reduced by skimming, slimming, thinning

“CP" = calibrations and common object selections
These need to be applied to xAOD objects

Derivation
framework
(Athena) , Athena-based analysis
{CP]
D £ ,
The talks in the later part
& v of this session will cover
ROOT-based analysis the analysis part...
Athena-based analysis ~GB
CP
N
ROOT-based analysis
MB-GB
Reconstruction | This route, whilst possible, is not e m Full output of o
(Athena) recommended due to large volumes of data W ﬁnw:vma.m_nn“c:_ blndii
and lack of calibrations/fixes s
. 3
W Intermediate
analysis format 100 formats
e W ~TB size
v W Final n-tuple
v m ' MB.Gp o ~1000 formats
3

* These formats tend to be specific to a single analysis or group of analyses



Data reduction operations

Skimming removal of whole
RSN
I I pre-set criteria

.
s ol -
.
i o
.

Thinning:
Thinning removal of whole
e objects within
events based on
pre-set criteria
<VAR1>
Slimming:
<VAR4> - .
i Slimming . - ﬂm30<m_ _ua .
e > . variables within
<VART> <VART7> objects uniformly
<VRRB> LR across events
<VAR9>
<VAR10>

Events (slimming):
® count (Muons.pt > 25.0*%GeV && Muons.eta < 2.5) >= 4
Objects (thinning):

® InDetTrackParticles.pt > 5.0%GeV



Analysis Framework
N

» Avaible Frameworks
> CxAOD, HWW PxAOD, AnalysisSUSY, QuickAna...

> QuickAna
> Design Goals
> ANA_CHECK macro

> xAODAnaHelpers
> Design Goals



QuickAna — Tool Scheduler

]
0 Runs all combined performance tools (CP tools)

01 Highlight the code that makes the physics decisions
O Written in simple and straightforward C++
O Following closely the actual physics logic

O Understandable without looking at infrastructure code

0 Use xAOD obijects, stores all information in
StoreGate /TStore

0 Works in both RootCore and Athena
0 Used by SUSY, Top and several groups in Higgs



ANA CHECK macro

* new in this iteration of the tutorial: ANA CHECK() macro
» it works like CHECK(),ATH_CHECK(), etc.
» however:ANA CHECK works with any status code
(and some other types as well)
* you can call

ANA_CHECK (someFunction(x,y,z));

and it will abort the current function if the call fails
* and you can set the return type as well,
by putting this at the beginning of your function:

ANA_CHECK_SET_TYPE (EL::StatusCode);

* you also put it in non-member functions, if you add

using namespace asg::msglserCode;

(you can also define your own message categories)



xAODAnNnaHelpers

11 Designed to be the minimal needed to use the CP
tools properly to calibrate, select, and correct the
physics objects used for most physics analyses

11 Python based

xAH handles object level selection, overlap removal, and systematics. Event-Level
selections are left as an exercise for the user in their own custom algorithms.

Getters: HLT Jet

Calibrators: Electron, Jet, Muon, Photon

Correctors: b-jet, Electron, Muon

Selectors: Event, Electron, Jet, Muon, Photon, Track, Tau, Truth, Overlap Bemoval*
= Various Ultilities: Debugger, PID Manager, Object Retriever, and so on...

Outputs

» Histograms, ntuples, mini-xAODs



Athena
B

> Where you can use Athena
» Package structure
» Eventloop -> Athena

» CP Tools development for Athena

> ASG Tools
> Abstract & Concrete Classes



Where you can use Athena
—

| Monte _ Generation Simulation [
Carlo: |—>| EVNT |—>| HITS _.m
ario: - m
: U_m:_mm:o:/ Derivation 2
Reconstruction framework <3
ESD, NTUP 1] UNWOU M
Data: . \ o
e\ 2
= Q) | Uise Steps done in Athena £
._ (byte-stream) p =

e many ATLAS activities done exclusively in Athena

o detector and object reconstruction (detector activities, CP groups, fancy physics
search requiring detector information)

o MC simulation, digitization, and reconstruction
ov’
ow Y
o Ko ?@Eﬁ@

.B.aﬁﬁ&

o derivation framework

* other steps are optional:

o final physics analysis code



Structure

Header folder (optional): Put .h files here that you would want to include from other
packages (only that relevant for installed or dual_use). Folder added to INCLUDEPATH

MyPackage

cmt: Where the requirements file lives (also Makefile.RootCore). When you “cmt co”
a package, also contains version.cmt, which has version in it

|-- MyPackage
--cmt

python (optional): modules here that you want to belong to MyPackage python
package (from MyPackage import MyModule)

src (optional): .cxx/.h files here you don’t want RootCore or other packages to see

Package
_
|-- python
|

\
--SIc

| -- components

src/components: Only exists for libraries with Configurables. Contains two files:
MyPackage entries.cxx, MyPackage load.cxx

share (optional): put useful joboptions here (can be used with ‘include’ function in
athena joboption), as well as any configuration files

-- genConf —

Root (optional): .cxx/.h files you want RootCore+cmt to see (but not other packages)

-- X86_64-slcb-gccad7-opt

doc (optional): where doxygen files go genConf (auto-generated):

where python wrappers

(classes) for Configurables are
created by cmt

Build folder (auto-generated): where .so files are

created. Folder name determined by SCMTCONFIG



EventLoop versus Athena
N

Steering Macro EL::Algorithm
e define and configure a job e create and configure tools
(inputs/outputs/evts) e initialize()
e configure algs for job execute()
finalize()
EventLoop
Athena AthAlgorithm

e create and configure tools
e initialize()
execiuite()

finalize()

Job options
e create and configure algs for job
e configure tools

e configure services




CP tools development -- ASG
N

7 A class with a collection of functions
0 Configurable through properties

0 Dual-use, can be run in Athena and ROOT

cmt/ - where the compilation
configurationis for both Athena and

setupATLAS
RootCore lsetup asetup
. _ . . asetup 2.3.45,AthAnalysisBase,here
MyPackage/ - contains the public header |5 o pho MyPackage
files cd MyPackage
. nnan.w% cmt new-asgtool MyTool
* Root/ - contains C++ code cmt find_packages

cmt compile

src/ - contains code that is exclusively for
Athena only



Abstract and Concrete Classes
B

- IMyTool.h - this is what's known as a abstract class
+ Also known as an interface

+ |t defines what functions are publically provided for a user to use, so internally-
used private functions should not be listed here

 This cannot be changed without potentially breaking downstream code (code that
uses your tool), as it changes how the tool ‘looks’

« MyTool.h - this is the header for the concreteclass

« This is a normal header file that contains all the functions you create (both private
and public) in your tool as well as the data members

« MyTool inherits from I[MyTool
» |t also must contain all functions that are in the abstract class

0 Abstract class, defines an interface for subsequent classes to override.
0 Cant create objects of an abstract class

1 Classes inherit from an abstract class can



Abstract class — code example
N

Typically interfaces begin with |
and will inherit from |AsgTool

class IMyTool : public virtual asg::IAsgTool { Functions in
public: :
ASG_TOOL_INTERFACE( IMyTool ) the interface
Necessary virtual bool 1isSelected(const xAOD::IParticle& must be
particle, bool someAdditionalArgument = false) const = @; iob .
macro 1; virtual’ and be

MyPackage/IMyTool . h setto=0

Overrides the

: S— function that
Mwmwmn&u..._.oof public asg::AsgTool, public virtual IMyTool { wasdeclared
ASG_TOOL_CLASS( MyTool , IMyTool ) in the
MyTool( const std::string& name ); :
Zmnmmmm_\w. virtual StatusCode 1initialize() override; interface
macro virtual bool isSelected(const xAOD::IParticle& particle,
bool someAdditionalArgument) const override;
double m_nProperty;

Inherits from interface and AsgTool

Declares 1; double to store

constructor
MyPackage/MyTool.h "
and initialize() property




Event Displays

-1
> Atlantis (2D)
> Generate an XML
> Event Viewing GUI

> Virtual Point (3D)

> Get event numbers and run numbers

> Lookup lumiblock information

> Find RAW files
> Produce ESD files
> Running VP1



Atlantis
B

* Step 1: Generate an XML file with interesting events

* “JiveXML” in Athena, typically run on the grid
* RAW, ESD, AOD, or xAOD

* Step 2: Open the XML in Atlantis event viewer
* Java application, runs locally
* Format event displays as desired
* Save output images

Canvas Control Panel

Tab Settings:
Chamae projections, euts, calors, turm off

detector drawing, .




Step 1: Generating XML

* Example grid submission generating XML from data:

ssh -Y lxplus.cern.ch Use "RAWY,
setupATLAS _ “ESD”, or “AOD”

asetup 17.2.4.10,slc5,here
lsetup panda

File with the run numbers and event _
get files JiveXML jobOptions PhysicsRAW.py numbers that you want to save, e.g.

213754 232636371

pathena \ | . 205112 37740915
w JiveXML jobOptions PhysicsRAW.py \ .

--eventPickEventList rrr.txt \ 4
—--eventPickDataType RAW \

—-—outDS user.NICKNAME.JiveXMLTest \
——extOutFile “JiveXML*.xml” \ - Change to your stream, e.g.
-—eventPickStreamName physics JetTauEtMiss 44— _ “physics_egamma”

“physics_Bphysics”

* Download grid job output with "dg2-get” or “rucio get”

* NOTE: If pathena returns a warning that the data needs to be copied from tape to disk, then walt for
an automated email and rerun with the extra command -—eventPickStagedDS=LinkFromEmail

where LinkFromEmail looks something like user .NICKNAME. 67efrrr-28sik-9d-£f11/



Step 2: Event Viewing GUI

* Several ways to launch the GUI...

* Start it locally by downloading Java WebStart, right click = open
* You may need to modify your security settings

* Start it locally using zip/tgz archives
* You’ll need to install Java JDK if you don’t have it already
* Check by typing “java -version”, want version > 1.6.0
* Unpack archive and cd into the top folder

* run “java -jar atlantis.jar”

* Start it from athena environment, e.g. from Ixplus
(with X11 forwarding)

* “1lsetup atlantis” followed by “runAtlantis”

*  GUI will open with tutorial MC events, default color config



Virtual Point (3D)

A little bit complex

0 Virtual Point (3D)

0 Get event numbers and run numbers
O]

[

[

O]

Lookup lumiblock information

ano % Virtual Point 1 [run# 281074, event# 608612341, triggerType: Ox008C, time: 2015-10-05 18:10:47]

QuickLaunch Configuration Style File  Help

Find RAW files T o ki —

General | Geo | Tracks | Celis = Analyi™) (ic

Browser

Produce ESD files e

AntiK2PVOTrackJlets

IR =300

AntiKI3PVoTracklets
" AntiIKMEMPFlowdJets
M AntiKMEMTopoJets
Running VP1 et
AntiKI4PVOTrackJets
Camkii2L CTapodets
HLT_xAQD__JetConta.
HLT_xAOD__JetConta.
HLT_xAOD__JetConta.
HLT_xAOD__JetConta.
HLT_xAOD__JetConta..
HLT_xAGD__JetConta

HLT xAOD__JsiConta —
4 alr

Event [run# 281074, svent® 608612341]

Slaali3) 2]




The end




