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Why we need truth-level analyses £

Detector-level simulation is not always available or
feasible to be used

— A truth-level analysis allows to implement an analysis
also without the knowledge of the detector.
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Truth code snippets available in HEPData

ATLAS SUSY searches release a C++
pseudocode for each analysis
within HEPData since a while.
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Search for direct production of
electroweakinos in final states with one lepton,
missing transverse momentum and a Higgs
boson decaying into two b-jets in pp collisions
at /s = 13 TeV with the ATLAS detector

The ATLAS collaboration
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[https://www.hepdata.net/record/ins1755298]

Version 3 modifications: Removing directory structure in the likelihood tarball for consistency with other ATLAS SUSY analyses. No change in actual

information stored, neither in likelihoods nor in other materials.
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Tabulated data from the publication's auxiliary material Figure 3

Signal efficiency in SR-HM for simplified models with X; X3 — Whi. X, W — Iz, h — bb production.
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File Edit View Projects Bookmarks Sessions Tools Settings Help

EwkOneLeptonTwoBjets2018.cxx

1 Pinclude "SimpleAnalysis/AnalysisClass.h”
2 #include "si r|p‘-= ,sls.l\tupler‘a—ce‘ .
3 #include "SimpleAnalysis/PDFReweight.h"
4 #include ~LFAFDFfLr|A’EF b=

#include "TMath.h

[¥ Documents

Defmennalys1s(EkaneLeptunmos]etszum
> met analysis (Ru

10 void EwkOneleptonTwoBjets2018::Init()

12w
1 / Define signa
14 addRegions({"SR_h_|
addRegions({"SR h_Low In:l"
addRegions ({"SR_h_Low_binl",
1 addRegions{({"5R_h Med binl’,
18 addRegions({"SR_h_High bin
1 addRegions({"CR_tt Low",
2 addRegions ({"WCR", "ST(R })
21 addRegions({"VR_off Low", "VR off Med", "VR off High"});
22 addRegions({"VR_on_Low", "VR_on_Med", "VR_ on High"});

¥

R_h ng "} );
Med Incl", R h High_Incl "} )

SR_h_Low bin3"}

bin2' }
bin2", "SR_h_High bin3"});
Rt Hmh 1

void EwkOneleptonTwoBjets2018::ProcessEvent (AnalysisEvent *event)
i

Objects

3 UTo  SOTL ELEC = event SQeTELeCTrons (7,2 17, ELoGSeBLLA | EZ0smm)

31 auto Soft Muon = event->getHuons(6,2.70, Mubedium| MuNotCosmic | ‘MuGood | Muzesmm);
auto Soft Jets = event->getJets(20.,4.5);

auto met Vect = event->getMET();

float met = met_Vect.Pt();

/ Base objects

auto Base Jets overlapRemoval (Soft_Jets, Soft Muon, ©.2);
auto Base_Muon = overlapRemoval (Soft_Muon,Base_Jets, radiusCalcLep);

4 auto Signal Elec - filterObjects(Base Elec,7.,2.47,ETightLH | ED8Signa5 | EZ65mm | EIsoGradientLoese);

4 auto Signal Muon = filterObjects(Base Muon,6.,2.7,MuMedium | MuDBSigma3 | Muzesmm |MuIsoGradientLoose);
auto Signal Jets = filterObjects(Base Jets,30.,2.80,IVT58Jet);

1 auto Signal Blet = filterObjects(Signal Jets,30.,2.8,BTag77MV2c10);

38 // Reject event h bad
: auto radiusCalc §] (mnst AnalysisObject& lep,const Analyslsﬂh]ect&) {return (6.04 + 18/lep.Pt()} > 0.4 7 0.4 : 6.04 + 10/lep.Pt();};
auto Base Elec - overlapRemoval (Soft_Elec,Soft_Elec,d
Base_Elec = nverlapﬂemuval{suﬂ Elec Suﬂ 'Muon,0.01};
auto Base Jets emoy s 51':: a'mr‘\‘zzla‘.
/ Base Elec Remoya E Lep);
Base Elec nverlapRemoval(Base Elec, Saft Jets radluscachep),

/ r of signal obj s
unsigned int N Signal Elec = Signal Elec.size();
unsigned int N_Signal Muon = Signal Muon.size();
8 unsigned int N Signal Lept = N 5ignal Elec + N Signal Muon;
unsigned int N _Signal Jets = Signal Jets.size();
unsigned int N Signal Blet = Signal Blet,size();

1 float mt=0, m_CT=0, mbb=0, b2jetpt=8, mlbl=g;
6 if (Signal l Lep size()= & Signal Blet.size()==2 ) {
mt - calcMT(Signal Lep[0], met Vect);

n CT = calcMcT(signal BJet[0],Signal Blet(1]);

mbb= (Signal BJet[0]+Signal | Blet[1]) M();

mlbl= (Signal Blet[0]+Signal Lep[0]).M();
b2jetpt = Signal Blet[1].Pt();

//Define p s for Hamish
71 int SR h_Low(0), SR h Mediﬂl, SR_h_High{o);
7 int SR h 1w Tarl(al SR h Med TnrT(A) SR h Hinh Tnelin).

Pseudocode

» Definition and selection of objects

e Precise cut sequence to define signal
regions (and possibly other regions).

i
if (N_Signal_Jets>3 H N Slgnal Jets < 2) return;
if (nt< 50.) return;

if (met< 220. ) returll,

iﬂ mbh>DD & mbbe=140 & m_CT>188){
)fEml) o088 mt<1o
a((eptl R.h.Low");
SR hL
if(m_ T 186 &6 m (T <= 230){
a((ept(“S Low binl");
1= T,

5 v Jelse mm T >
- Jelsel

accept("SR_h_Low bin3");
SR_h_Low bin3 = 1;

1 ' )

162 w else if (mt>160 && mt<240){

accept ("SR ied");
1 Ed

107 ¥ if(n s (T> 180 s&m(r <= 230){
Med_bin

1
else if(nt>240 & mlbl > 120){

aceept ("S8_h High');

SR_h High = 1;

if(n_CT > 180 & m_CT <= 230){
accept(SRh High binl");

h_High binl = 1;

Yelse if(m €T > 230 && m €T <= 280}{
a((ﬁpt( ) ngh me“)
SR,

Yelse{

accept("SR_h_High bin3");
ﬂ Boligh bin2 ol

—
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Zooming in on object definitions

I
p, of n of Working

: object point
e B object
/ A S0TT DDjects \
[)Effir1iti()r1 ()f éﬁtn baseEle = event-=getElectrons(7,2.47, ELodseBLLH);

auto baseMuon = event-=getMuons(6,2.70, MuMedium | MuNotCosmic | MuZ@5mm | MuQoPSignificance);

baSiC ObjeCtS: -< auto baselets = event-=getlets(20.,4.5);

auto met Vect = event-=getMET();
eIeCtronS7 float met = met_Vect.Pt();
muons’ Jets’.“ auto weights = event->getMCWeights();
\
// Baseline objects
r
f’ auto radiusCalclep = [] (const AnalysisObject& lep,const AnalysisObject&) {
return (8.04 + 10/1lep.Pt()) > 8.4 7 8.4 : 0.04 + 10/lep.Pt(};
}:
Precise sequence
baseEle = overlapRemoval{baseEle, baseMuon, 0.01);
of overlap < e
rEarT]()\/Eal baselets = overlapRemoval(baselets, baseEle, ©.2);
baseEle = overlapRemovali{baseEle, baseJets, radiusCalclLep);
between
baseline Objects baseJets = overlapRemoval(baseJets, baseMuon, 8.2, LessThan3Tracks);
baseMuon = overlapRemoval(baseMuon, baselets, radiusCalcLep);

17.02.21 J. Lorenz, ATLAS SimpleAnalysis



Zooming in on object definitions q

Second stage of
object selection -
tighter quality
criteria, used for
the search regions

< 200 GeV and

=lectrons with FCloose for FecHighPtCalaOnly for pT = 200

(=
.
i5

/l Get
(' f/ filterObjects() only allows lower pT cut, so work around that
auto signalEle = filterObjects(baseEle,7., 2.47, ETightLH | ED®Sigma5 | EZ@5mm | EIsoFCLoose);
AnalysisObjects signalEleLowPt;
for (const auto& ele : signalEle) {
if ((ele.Pti() < 200.)) signalEleLowPt.push_back(ele);

}

T
o+
It

‘< auto signalEleHighPt = filterObjects{baseEle,200., 2.47, ETightLH | EDOSigma5 | EZ@smm | EIsoFCHighPtCaloOnly)

signalEle = signalElelowPt + signalEleHighPt;

auto signalMuon = filterObjects(baseMuon,6., 2.7, MuDOSigma3 | MuZ85mm | MulsoFCLoose};
auto signallept signalEle + signalMuon;

auto signallets = filterObjects({baselets, 30., 2.80, JVTl20Jet);
\\ auto signalBlets = filterObjects(signallets, 38., 2.8, BTag77MV2cle);

17.02.21
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Zooming in on selection criteria

I
- _

Preselection <

~\ 7

Search regions
(signal, control, <

Al L LU R WL ) OGS LY R ST IR f

/f Preselection

if(N_baselept != 1) return;

if(N_signallept != 1)} return;
if(N_signallets=3 || N_signallets = 2} return;
if(N _signalBlets != 2) return;

if(mt< 50.) return;

if(mete 220.) return;

/4 Signal
if(met>240 && mbb>100 && mbb<=140 &k m CT>180) {
if(mt=100 && mt<l60) {
accept("SR_h_Low");
if(m CT > 180 & m CT <= 230) {
accept{"SR h Low binl")};
telse if(m CT > 230 && m CT <= 280) {
accept("SR_h_Low bin2"};

reqgions

telse{

validation accept("SR_h_Low bin3"); accept(region)
regions) } } \ indicates that
else if(mt=160 && mt<240) { we ﬁ” In thlS
accept("SR_h Med"); event for the
if(m CT > 180 && m CT <= 230) { H
\ accept{"SR h Med binl"}; named reglon
17.02.21 J. Lorenz, ATLAS SimpleAnalysis 7



I
// Reject events with bad jets

Pseudocode

auto radiusCalcLep = [] (const AnalysisObject& lep,const AnalysisObject&) {return (0.04 + 10/lep.Pt()) > 6.4 ? 0.4 : D.84 + 10/lep.Pt();};

auto Base Elec = overlapRemoval (Soft_Elec,Soft_Elec,0.081);
] Base Elec = overlapRemoval(Soft_Elec,Soft_Muon,0.81)
42 // auto Base Jets = gverlapRemoval(Soft Jets,Base Elec,®.2, NOT(BTag/iMv2cl@));
43 // Base Elec = gverlapRemoval (Base Elec,Base Jets,radiusCalclep);
44 Base_Elec overlapRemoval (Base_Elec,Soft_Jets,radiusCalclep);

45 auto Base Jets = overlapRemoval (Soft_Jets, Soft_Muon, ©.2);

46 auto Base Muon = overlapRemoval (Soft_Muon,Base_Jets,radiusCalclep);

47

48 auto Signal Elec = filterObjects{Base Elec,7. 2 4? ETightLH | ED@85igma5 | EZ@5mm | EIsoGradientlLoose);
49 auto Signal_Muon = filterObjects(Base_Muon, E. MuHedlum | MuDBSigma3 | MuZ@5mm |MuIsoGradientlLoose);

8 auto Signal Jets
1 auto Signal Blet

filterObjects(Base Jets,30. ,¢ 80 JVT50Jet) ;

I

auto Signal_Lep= Signal_Elec + Signal_Muon;

//Count the number of signal objects

unsigned int N Signal Elec = Signal Elec.size();

unsigned int N_Signal_Muon = Signal_Muon.size();

unsigned int M _Signal Lept = N_Signal Elec + N Slgnal Muon;
unsigned int N _Signal Jets = Signal Jets.size(

unsigned int N _Signal Blet = Signal Blet. slzeH

float mt=0, m CT=0, mbb=0_ bZjetpt=0, mlbl=0;

7, ]
I

filterObjects(Signal_Jets,30.,2.8, BTag?TMUchB};

1gnal_Lep. gnal_Blet.size(]==! ] {
mt = calcMT(Signal Lep[®], met Vect);

m CT = calcMCT{Signal BJet[@],signal | BJet[ 1

mbb= (Signal Blet[8]+Signal_ Bleti1])? M();

mlbl= (Signal_BJlet[@]+Signal_Lepl0l).M();

b2jetpt = Signal Blet[1]1.Pt();

| — So far helper functions not public

— Release of SimpleAnalysis!

f/Define ntupleVar variables for Hamish
int SR_h_Low(®), SR_h_Med(@), SR_h_High(®);
77 int SR h Ilnw TnrlfAY SR h Mad Tnrl(RY SR h Hinh TnreliAdY-.

17.02.21
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SimpleAnalysis @

EXPERIMENT

B
We are now releasing the code base that is used for truth-level SUSY studies within ATLAS.

...in multiple stages

Benefits:

» The full code is available, including the helper functions - not only the analysis implementation.
— Visible how the different pieces connect.

e The code can actually be run.

e We provide a central location for all analyses implemented in SimpleAnalysis
(~most of the Run 2 SUSY program).

Caveats:

» So far only works with the ATLAS-internal truth format, or with flat ROOT n-tuples containing 4-
vectors of leptons, jets, ...

e ATLAS-internal also smearing functions are used to correct the truth-level to the detector response.

— We do not release these functions.

17.02.21 J. Lorenz, ATLAS SimpleAnalysis o)



Structure @

SimpleAnalysis — LICENSE Analy5|s codes gnd
I— README . md requwed data files

I.,_._
F— CMakeLists. txt (MVAS, etC.)

I

I

| [— StopOnelLepton2@16_BDT-tN_diag_high.weights1.xml
| — StopOnelLepton2@16_BDT-tN_diag_high.weights2.xml
| F— StopOnelLepton2@16_BDT-tN_diag_low.weights1.xml
| [— StopOnelLepton2@16_BDT-tN_diag_low.weights2.xml
I
I
I
I

SimpleAnalysisCodes

[— StopOnelLepton2@16_BDT-tN_diag_med.weights1.xml
L— StopOneLepton2@16_BDT-tN_diag_med.weights2.xml

L— ANA-SUSY-2@16-16.cxx
e
[— CMakeLists.txt
F— LICENSE
|— README.md
[14 entries exceeds filelimit, not opening dir]

I— execBase.h SimpleAnalysis
[— simpleAnalysis.cxx

L— slimMaker.cxx core COde

I
I
I
I
| c [33 entries exceeds filelimit, not opening dir]
I
I
I
I

e

[— mkdocs. yml
[— requirements.txt

Link! =

17.02.21 J. Lorenz, ATLAS SimpleAnalysis 10


https://gitlab.cern.ch/atlas-sa/simple-analysis

How does it work? @

Because of the dependency of the ATLAS-internal file format at the moment (although flat n-
tuples can be used instead), use of a docker image is necessary:

docker pull gitlab-registry.cern.ch/atlas-sa/simple—-analysis
docker run —-it —--rm gitlab-registry.cern.ch/atlas-sa/simple—-analysis

(docker) source /release_setup.sh
Running an analysis is simply done by naming the analysis and the input file:
(docker) simpleAnalysis —a <analysisOfChoice> <inputFile>

A tutorial is available at https://simpleanalysis.docs.cern.ch/

17.02.21 J. Lorenz, ATLAS SimpleAnalysis 11



How to find an analysis

& https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPHRS/ Bl | s o ¥ |CL|SL.:-1en

L} Meistbesucht ™ Deutscher Alpenverei...

M AtlasPublic Web + [l Physics Groups + [l Other Groups v

Analysis
B identifier

Search for long-lived charginos based on a disappearing-track signature in pp collisions at \/E =13

C++ ANA-SUSY-2016-06.cxx

C++ ANA-SUSY-2016-09.cxx

C++ ANA-SUSY-2016-10.cxx

C++ ANA-SUSY-2016-11.cxx

detector

JHEP 06 (2018) 022

6 December 2017

Contact: ATLAS SUSY conveners

Analysis name
within
SimpleAnalysis file

I
[ ANA-SUSY-2016-06.cxx [ 6.73Ks

e-print arXiv:1712.02118

Inspire record

Data points

Figures Tables Auxiliary Material

#include
#include
#include
#include
#include

"SimpleAnalyfisFramework/AnalysisClass.h"
<TRandom. h>
<TFile.h>
<TH2.h>
<TF1l.h>

b

DefineAnalysis(DisappearingTrack2016)

17.02.21 J. Lorenz, ATLAS SimpleAnalysis
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© Analysis List - SimpleAnalysis X +

SimpleAnalysis
Home

ATLAS Internal
Analysis List

Tutorial

17.02.21

C & simpleanalysis.docs.cern.ch/analyses/

&7  SimpleAnalysis

List of available analyses

Analysis List

Analysis Name
EwkCompressed2016
TauStrong2016
Shottom2016
DisappearingTrack2016
StrongDilepton2016
EwkWhDiphoton2016
toph2016
StopTwolepton2016_4body
SameSignThreeLepton2016
Diphoton2016
EwkTwoleptonRJ2016
MultiJets2016

Foud antononde

ATLAS Public Result page

ANA-SUSY-2016-25

ANA-5USY-2016-30

ANA-5USY-2016-28

ANA-5USY-2016-06

ANA-5USY-2016-33

ANA-SUSY-2017-01

ANA-SUSY-2016-20

ANA-SUSY-2016-17

ANA-SUSY-2016-14

ANA-SUSY-2016-27

ANA-SUSY-2017-03

ANA-SUSY-2016-13

ARA_CHICY ON14 0]

J. Lorenz, ATLAS SimpleAnalysis
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Webpage
available to link
analysis
identifiers to
analysis names:
Link
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https://simpleanalysis.docs.cern.ch/analyses/

Summary and plans £

o Code snippets for ATLAS SUSY searches available in HEPData since a while.

 Now we also release the framework behind this code, to give the context and explain
the helper functions

— Analysis workflow now fully transparent.

e On the longer term, we plan to allow for additional file formats as input to
SimpleAnalysis.

o This is also the first time ATLAS releases code to be actually used by others, so we are
happy to hear feedback.

Please address comments and questions to:
atlas-phys-susy-conveners@cern.ch

17.02.21 J. Lorenz, ATLAS SimpleAnalysis 14
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