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A brief overview of MADANALYSIS 5 and its expert mode

Getting started: ATLAS SUSY-2018-32

Creating a blank analysis

Signal region, cut and histogram declarations

The analysis implementation: objects

The analysis implementation: cuts and histograms

Summary
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4What is MADANALYSIS 5?

A framework for phenomenological analyses

< Any level of sophistication: partonic, hadronic, detector, reconstructed

% Several input format: STDHEP, HEPMC, LHE, LHCO, ROOT (from DELPHES)
*User-friendly, flexible and fast .
*Interfaced to other HEP packages (detector simulation, jet clustering, ...) :

---------------------------------------------------------------------------------------------------------------
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[ Conte, BF, Serret (CPC ’13); Conte, Dumont, BF, Wymant (EP)C ’14); Conte & BF (IJMPA"18) ]

---------------------------------------------------------------------------------------------------------------

4What is MADANALYSIS 5?

A framework for phenomenological analyses

< Any level of sophistication: partonic, hadronic, detector, reconstructed
% Several input format: STDHEP, HEPMC, LHE, LHCO, ROOT (from DELPHES)
*User-friendly, flexible and fast

*Interfaced to other HEP packages (detector simulation, jet clustering, ...) ;
. 4 Normal pythonic mode ‘l
¢ Intuitive commands typed in a interface

< Analysis performed behind the scenes (a C++ black box)
* Human readable output: HTML and IATRX

----------------------------------------------------------------------------------------------------------------
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---------------------------------------------------------------------------------------------------------------

4What is MADANALYSIS 5?

A framework for phenomenological analyses

< Any level of sophistication: partonic, hadronic, detector, reconstructed
% Several input format: STDHEP, HEPMC, LHE, LHCO, ROOT (from DELPHES)
*User-friendly, flexible and fast

*Interfaced to other HEP packages (detector simulation, jet clustering, ...) ;
. 4 Normal pythonic mode :
: ¢ Intuitive commands typed in a interface ;
: * Analysis performed behind the scenes (a C++ black box)
.  **Human readable output: HTML and IXTEX ;

4 Expert mode
% C++ programming within the SAMPLEANALYZER framework (the MAS core)

----------------------------------------------------------------------------------------------------------------
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[ Conte, BF, Serret (CPC ’13); Conte, Dumont, BF, Wymant (EP)C ’14); Conte & BF (IJMPA"18) ]

User inputs

Script and/or Event Back-end
commands samples e R
Job
1 Libraries
S v SAMPLEANALYZER
S FASTJET *
B C E . <--->
@ 0 xecution
o“‘fv;ﬁ\ DELPHES 3 *%
o
S ¢ To be installed from the
LOading_ th PYTHON interface
............... e 5
resulte SAF files

* [ Cacciari, Salam (PLB ’06) ]
%% [ de Favareau et al (JHEP’14) ]

Libraries
RooT / MATPLOTLIB

Y Reports - output

4 User requirements
HTML RTEX

’

% Implementing an analysis in a pythonic way

- - mmomomomom g,
---mm m o mmm o=

% Providing events
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User inputs

---------------------------------------------------------------------------------------------------

4 User requirements

* Providing events

'--------

[ Conte, BF, Serret (CPC ’13); Conte, Dumont, BF, Wymant (EPJC ’14); Conte & BF (IJMPA"18) ]

Event
samples e

>

¢ Implementing a C++ analysis: a skeleton can be automatically generated

Code skeleton to be generated
from the PYTHON interface

Job
Libraries
¢ SAMPLEANALYZER
FASTJET #

Execution < -->»
DELPHES 3 %%

¢ To be installed from the

PYTHON interface
SAF files

* [ Cacciari, Salam (PLB ’06) ]
%% [ de Favareau et al (JHEP’14) ]

L L L hd
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" 4 MADANALYSIS 5 without its PYTHON interface
% More freedom in the observables (only some can be called from the PYTHON console)
< Complicated cuts can be implemented
< More suitable for large numbers of events (using several cores)

--------------------------------------------------------------------------------------------------------------------------

‘-------.
N EEOEOEOEOEOEOEOm o
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The expert mode of MADANALYSIS 5

[ Conte, BF, Serret (CPC ’13); Conte, Dumont, BF, Wymant (EP)C ’14); Conte & BF (IJMPA"18) ]

---------------------------------------------------------------------------------------------------------------------------

4 MADANALYSIS 5 without its PYTHON interface
% More freedom in the observables (only some can be called from the PYTHON console)
< Complicated cuts can be implemented
< More suitable for large numbers of events (using several cores)

---------------------------------------------------------------------------------------------------------------------------

o m E E EEEEEEE==-,
e EEEE O OEmmE o=

---------------------------------------------------------------------------------------------------------------------------

The analysis is a
C++ class

The Services
SAMPLEANALYZER
internal data format % Physics observables
(transverse variables,

% Readers for LHE, STDHEP, object identification,

HEPMC, LHCO and isolation)

DELPHES % Streamers
% Many classes and % Exceptions

methods for particle and
object properties

% Specific methods for
histograms and cuts

P L L L I R N L LS
N o om E M M M M M M R M M M M M M M M R M M M M M N M M M M M M M M M m momomomomom?
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"4 Main features (recast of most cut-based LHC analyses)

% Support for multiple sub-analyses (signal and control regions)
< New ready-to-use observables (Mt2, Mmaw, etc.)

‘-------.
M EmEE EOEOEOEOEEEEmom.

< New optimised handling of cuts and histograms

------------------------------------------------------------------------------------------------------------

MADANALYSIS 5 for experts Benjamin Fuks - 14.02.2020 - 7



[ Conte, Dumont, BF, Wymant (EPJC’14) ]

4 Main features (recast of most cut-based LHC analyses)
< Support for multiple sub-analyses (signal and control regions)
< New ready-to-use observables (Mt2, Mmaw, etc.)

sm E E EEEEEEEE ===

< New optimised handling of cuts and histograms

---------------------------------------------------------------------------------------

. 4 Handling cuts and histograms

i ** Naive approach not efficient (see cut #4 for instance)

E region A count the event in region D

: condition 4 if (condition 3)

. - : {

; condition 3 region B count event in region C
: 5 5 / Cif (condition 4) D

' 5 5 : ‘ {

. \ count the event in region A
: : 5 \ region C }

: condition 1 condition 2 }

" @conditionD

: region D {

. count the event in region B
; }

E | — ————————— —

. % A more efficient algorithm has been implemented

: * Each cut condition is only evaluated once

: * It is applied to all surviving regions simultaneously

. < Similar treatment for histograms

---------------------

---------------------
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Getting started:
understanding a paper
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4 Goal of the lecture
. < Detailing step-by-step the implementation of a search in MADANALYSIS 5 .
. %From coding to validation :

------------------------------------------------------------------------------------------------------------
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] 1
: *Goal of the lecture :
1 1
i < Detailing step-by-step the implementation of a search in MADANALYSIS 5 E
1 1
! L] L] L] 1
. *#From coding to validation :
L4

N o e o e e e e e e e e e e e R e M e e e e e e P
' ---------------------------------------------------------------------------------------------------------- ~\
1
: 4 Example: ATLAS SUSY-2018-32 :
: EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN) 1
. . 1
. *%*Searching for sleptons and electroweakinos :
1 1
1 1
1 ° ° ° - [ ]
i <*Luminosity: |39 fb-! of 13 TeV LHC data ATLAS >\
1 Submitted to: Eur. Phys. J. C CERN-EP-2019-106 1
1 ’} S o . d o I I o o 13th November 2019 :
: ignature: dilepton plus missing energy :
1 1
1 . . . 1
! * C h d rgl no Pal - P I’Od uction an d d eC&)’ Search for electroweak production of charginos and "
. sleptons decaying into final states with two leptons .
. . ° 1
. ( ”f;y and missing transverse momentum in Vs = 13 TeV :
. p w v pp collisions using the ATLAS detector :
: X 1. \u X1 1
1 1 1
( ~( 1 1
: - : % 3 - <~ %1 The ATLAS Collaboration :
: P " v (/v .
! / I//{ A search for the electroweak production of charginos and sleptons decaying into final states :
: with two electrons or muons is presented. The analysis is based on 139 fb~! of proton—proton 1

llisions ded by the ATLAS d at the Large Hadron Collider at /s = 13 TeV. Th

: JE— —— ;ip:rli(i;:srclzgr\e/ingys[c:narios wh:;zcll}(:; ‘:;g[hfes: I;lg:utr:l;r(l): isothle ‘lei;:lesl supers;mmetl;eiz :
. . article ¢ sidered: the production of chargino pairs with decays via either W bosons !
; * Slepton pal r—productlon and decay leptons, and the direet poduction ofsepton pirs. The analyss 1 optimiscd for he frt of -
" these scenarios, but the results are also interpreted in the others. No significant deviations from :
: the Standard Model expectations are observed and limits at 95% confidence level are set on the 1
1 masses of relevant supersymmetric particles in each of the scenarios. For a massless lightest 1
1 /4 neutralino, masses up to 420 GeV are excluded for the production of the lightest-chargino pairs 1
1 assuming W-boson-mediated decays and up to 1 TeV for slepton-mediated decays, whereas for 1
1 p slepton-pair production, masses up to 700 GeV are excluded assuming three generations of !
1 ‘ \tll mass-degenerate sleptons. :
: -7 1
1 S S — T L]
1 ~ [ ]
1 1
1 1
1 [ ]
1 1
1 1
1 [ ]
¥ 1
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4 Object clustering (into a smaller number of objects)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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4 Object clustering (into a smaller number of objects)

40193130

‘% Hard scattering / parton showers
* No real need for clustering
~ However possible

MADANALYSIS 5 for experts Benjamin Fuks - 14.02.2020 - 10



------------------------------------------------------------------------------------------------------------------

4 Object clustering (into a smaller number of objects)

e = _ —
// g \
! c .

40193130

*Hadron level

* Hundreds hadrons ~ small number of jets

* Reconstruction yields few objects:
< Electrons, muons, photons

| < Hadronic taus, jets

ERE—— Missing transverse energy

WErS

‘% Hard scattering / parton sho
* No real need for clustering
~ However possible

X/
L X4
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}4 < Detector level
% [00s of hits/tracks
* Reconstruction yields: |

< Electrons, muons, y’s |

< Hadronic taus, jets
< Missing energy

40193130

|

*Hadron level

* Hundreds hadrons ~ small number of jets

* Reconstruction yields few objects:
< Electrons, muons, photons

| < Hadronic taus, jets

ERE—— Missing transverse energy

WErS

[
|

- %*Hard scattering / parton sho
* No real need for clustering
~ However possible

X/
L X4
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} < Detector level
% [00s of hits/tracks
* Reconstruction yields:
< Electrons, muons, y’s
< Hadronic taus, jets

d0.190313d

|

*Hadron level

* Hundreds hadrons ~ small number of jets

* Reconstruction yields few objects:
< Electrons, muons, photons
< Hadronic taus, jets
< Missing transverse energy

— -

- %*Hard scattering / parton showers
| % No real need for clustering
~ However possible

* “Stable” tops, gluinos, etc.
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-------------------------------------------------------------------------------------------------

. 4 Directly observable objects
. % Truely stable: electrons, y’s

¢ Stable on detector scales: muons

. 4 Other unstable particles
. < Observable through decays

¢ SM and BSM

-------------------------------------------------------------------------------------------------
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-------------------------------------------------------------------------------------------------

. 4 Directly observable objects
. % Truely stable: electrons, y’s

¢ Stable on detector scales: muons

. 4 Other unstable particles
. < Observable through decays

¢ SM and BSM

-------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------

4 Jets

< Charged and neutral hadrons
< Matched with an initial parton

------------------------------------------------------------------------------------------------

MADANALYSIS 5 for experts Benjamin Fuks - 14.02.2020 - ||



-------------------------------------------------------------------------------------------------

. 4 Directly observable objects
. % Truely stable: electrons, y’s

¢ Stable on detector scales: muons

. 4 Other unstable particles
. < Observable through decays

¢ SM and BSM

-------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------

4 Jets

< Charged and neutral hadrons
< Matched with an initial parton

4 Theinvisible

< Energy-momentum conservation
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4 Dedicated section in the experimental paper

4

< i '
Quality of the objects 5 Object identification

M M Leptons selected for analysis are categorised as baseline or signal leptons according to various quality and
’x‘ P ro P e rtl e s Of th e O b] e Cts kinematic selection criteria. Baseline objects are used in the galculation of missing transverse momentum,

to resolve ambiguities between the analysis objects in the event and in the fake/non-prompt (FNP) lepton

‘x‘ R f background estimation described in Section 7. Leptons used for the final event selection must satisfy more
e e re n C e S stringent signal requirements.

Baseline electron candidates are reconstructed using clusters of energy deposits in the electromagnetic
calorimeter that are matched to an ID track. They are required to satisfy a Loose likelihood-based
identification requirement [39], and to have pr > 10 GeV and |p| < 2.47. They are also required to be
within |z sin 6| = 0.5 mm of the primary vertex,> where z is the longitudinal impact parameter relative to
the primary vertex. Signal electrons are required to satisfy a Tight identification requirement [39] and
the track associated with the signal electron is required to have |dy|/o(dp) < 5, where d| is the transverse
impact parameter relative to the reconstructed primary vertex and o (dp) is its error.

Baseline muon candidates are reconstructed in the pseudorapidity range || < 2.7 from MS tracks matching
ID tracks. They are required to have pr > 10 GeV, to be within |z sin 6] = 0.5 mm of the primary vertex
and to satisfy the Medium identification requirements defined in Ref. [40]. The Medium identification
criterion defines requirements on the number of hits in the different ID and MS subsystems, and on the
significance of the charge-to-momentum ratio ¢/p. Finally, the track associated with the signal muon must
have |dy|/o(dp) < 3.

Isolation criteria are applied to signal electrons and muons. The scalar sum of the pr of tracks inside a
variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.
The track isolation cone size for electrons (muons) AR = +/(An)? + (A¢)? is given by the minimum of
AR = 10 GeV/pr and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from
the lepton itself) must be less than 20% (30%) of the lepton pr. For electrons with pr > 200 GeV these
isolation requirements are not applied, and instead an upper limit of max(0.015 X p, 3.5 GeV) is placed
on the transverse energy of the calorimeter energy clusters in a cone of AR = 0.2 around the electron.

Jets are reconstructed from topological clusters of energy in the calorimeter [86] using the anti-k, jet
clustering algorithm [87] as implemented in the FastJet package [88], with a radius parameter R = 0.4. The

e — m—

- W W M W M M M W M M M M M M W M M M W M W MW MW MM W MW OE W Em W
-------------------------'

‘

Vo mmmm o om EmEE o EmE E E o E M M M M M M M M M M M R M M M M M M R M M R M B M B RN M RN B R M B M M M M M M R M M M M M M B A M M M M M M M M M M M M M M M M M M MM MmN EEEEEEEEES==?
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4 Dedicated section in the experimental paper

4

< i ‘
Q u al It)’ Of th eo b] ects 5 Object identification

M M Leptons selected for analysis are categorised as baseline or signal leptons according to various quality and
'x‘ P ro P e rtl e s Of th e O b] e Cts kinematic selection criteria. Baseline objects are used in the galculation of missing transverse momentum,

to resolve ambiguities between the analysis objects in the event and in the fake/non-prompt (FNP) lepton
‘x‘ R f background estimation described in Section 7. Leptons used for the final event selection must satisfy more
e e re n C es stringent signal requirements.
. Baseline electron candidates are reconstructed using clusters of energy deposits in the electromagnetic
IWO C I asses Of O b ects calorimeter that are matched to an ID track. They are required to satisfy a Loose likelihood-based
identification requirement [39], and to have pr > 10 GeV and |p| < 2.47. They are also required to be
within |z sin 6| = 0.5 mm of the primary vertex,> where z is the longitudinal impact parameter relative to
. the primary vertex. Signal electrons are required to satisfy a Tight identification requirement [39] and
% Leptons: electrons, muons prmary vertex. Sg 4 ya i 4

the track associated with the signal electron is required to have |dy|/o(dp) < 5, where d| is the transverse
impact parameter relative to the reconstructed primary vertex and o (dp) is its error.

.
* Two catego rl e S: Baseline muon candidates are reconstructed in the pseudorapidity range |n| < 2.7 from MS tracks matching

ID tracks. They are required to have pr > 10 GeV, to be within |z sin 6] = 0.5 mm of the primary vertex

~ base I i n e (l Oose) |epton s and to satisfy the Medium identification requirements defined in Ref. [40]. The Medium identification

criterion defines requirements on the number of hits in the different ID and MS subsystems, and on the

1 1 significance of the charge-to-momentum ratio ¢/p. Finally, the track associated with the signal muon must
~ signal (tighter) leptons sgnificancs of e
* I SO I ati O n req u i re m e nts Isolation criteria are applied to signal electrons and muons. The scalar sum of the pt of tracks inside a

variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.

The track isolation cone size for electrons (muons) AR = +/(An)? + (A¢)? is given by the minimum of

.x. AR = 10 GeV/pr and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
J ets of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from

the lepton itself) must be less than 20% (30%) of the lepton pr. For electrons with pr > 200 GeV these

* anti _kT R: O 4 isolation requirements are not applied, and instead an upper limit of max(0.015 X p, 3.5 GeV) is placed
’ )

on the transverse energy of the calorimeter energy clusters in a cone of AR = 0.2 around the electron.

* Q ual ity: Ce nt ral ity, h ard n ess Jets are reconstructed from topological clusters of energy in the calorimeter [86] using the anti-k, jet

clustering algorithm [87] as implemented in the FastJet package [88], with a radius parameter R = 0.4. The

* b-tagging (MV2C 10) — S

Vo mmmm o om EmEE o EmE E E o E M M M M M M M M M M M R M M M M M M R M M R M B M B RN M RN B R M B M M M M M M R M M M M M M B A M M M M M M M M M M M M M M M M M M MM MmN EEEEEEEEES==?
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4 Dedicated section in the experimental paper

4

< i '
Q u al It)’ Of th eo b] ects 5 Object identification

M M Leptons selected for analysis are categorised as baseline or signal leptons according to various quality and
'x‘ P ro P e rtl e S Of th e O b] e Cts kinematic selection criteria. Baseline objects are used in the zalculation of missingclransverse momentum,

to resolve ambiguities between the analysis objects in the event and in the fake/non-prompt (FNP) lepton
‘x‘ R f background estimation described in Section 7. Leptons used for the final event selection must satisfy more
e e re n C es stringent signal requirements.
. Baseline electron candidates are reconstructed using clusters of energy deposits in the electromagnetic
IWO C I asses Of O b ects calorimeter that are matched to an ID track. They are required to satisfy a Loose likelihood-based
identification requirement [39], and to have pr > 10 GeV and |p| < 2.47. They are also required to be
within |z sin 6| = 0.5 mm of the primary vertex,> where z is the longitudinal impact parameter relative to
. the primary vertex. Signal electrons are required to satisfy a Tight identification requirement [39] and
% Leptons: electrons, muons prmary vertex. Sg 4 ya i 4

the track associated with the signal electron is required to have |dy|/o(dp) < 5, where d| is the transverse
impact parameter relative to the reconstructed primary vertex and o (dp) is its error.

.
* Two catego rl e S: Baseline muon candidates are reconstructed in the pseudorapidity range |n| < 2.7 from MS tracks matching

ID tracks. They are required to have pr > 10 GeV, to be within |z sin 6] = 0.5 mm of the primary vertex

~ base I i n e (l Oose) |epton s and to satisfy the Medium identification requirements defined in Ref. [40]. The Medium identification

criterion defines requirements on the number of hits in the different ID and MS subsystems, and on the

1 1 significance of the charge-to-momentum ratio ¢/p. Finally, the track associated with the signal muon must
~ signal (tighter) leptons sgnificancs of e
* I SO I ati O n req u i re m e nts Isolation criteria are applied to signal electrons and muons. The scalar sum of the pt of tracks inside a

variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.

The track isolation cone size for electrons (muons) AR = +/(An)? + (A¢)? is given by the minimum of

.x. AR = 10 GeV/pr and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
J ets of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from

the lepton itself) must be less than 20% (30%) of the lepton pr. For electrons with pr > 200 GeV these

* anti _kT R: O 4 isolation requirements are not applied, and instead an upper limit of max(0.015 X p, 3.5 GeV) is placed
’ )

on the transverse energy of the calorimeter energy clusters in a cone of AR = 0.2 around the electron.

* Q ual ity: Ce nt ral ity, h ard n ess Jets are reconstructed from topological clusters of energy in the calorimeter [86] using the anti-k, jet

clustering algorithm [87] as implemented in the FastJet package [88], with a radius parameter R = 0.4. The

* b-tagging (MV2C|0) e —_—
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" 4 Extra features

< Overlap removal
* jets-electrons
* jets-muons
* electrons-muons

- E mE EOEmOEOEOEOEOEOEEEEEE M
L

¢ Missing energy ~ inclusively reconstructed from the visible sector

M B W O O O S S S S W S I B N B BN BN B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN AN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN AN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN AN BN BN BN BN BN BN BN BN B BN B B B B B B O O O W
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‘
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4 Dedicated section in the experimental paper
* PreseleCti on 6 Search strategy

.x. -I— . h I Events are required to have exactly two oppositely charged signal leptons ¢; and ¢», both with pt > 25 GeV.
WO O P PO S Ite-C d I"ge c PtO ns To remove contributions from low-mass resonances and to ensure good modelling of the SM background

in all relevant regions, the invariant mass of the two leptons must be m¢, ¢, > 100 GeV. Events are further

* H ard Ie Pto ns (PT > 25 G eV) required to have no reconstructed b-jets, to suppress contributions from processes with top quarks. Selected

events must also satisfy E}“iss > 110 GeV and E}“‘SS significance > 10.

* H eavy SySte m (m Il > I 00 G eV) The stransverse mass mr, [96, 97] is a kinematic variable used to bound the masses of a pair of particles
’x‘ that are assumed to have each decayed into one visible and one invisible particle. It is defined as
b-veto

< Missing energy requirements
where mt indicates the transverse mass,® pr | and pr ; are the transverse-momentum vectors of the two
* M ET > I OO G eV leptons, and qr,; and qr 2 are vectors with p"‘m = Q.1 + qr,2. The minimisation is performed over all the

possible decompositions of pm‘“ For 1t or WW decays, assuming an ideal detector with perfect momentum

) = min _ {max[ mr(pr,1, qr.1). mr(pr2. qr.2) 1},
qr,1+qT2=p7""

mr2(PT,1, PT.2: P1

* M ET S ign |ﬁ cance > I O resolution, mt2(PT.¢;s PT.655 p%“ss) has a kinematic endpoint at the mass of the W boson [97]. Signal models
~+ =0
. with significant mass splittings between the X and the X feature mr> distributions that extend beyond the
-~ aPPrOXI mated b)’ M ET/ 1rH T kinematic endpoint expected from the dominant SM backgrounds. Therefore, events are required to have
e — E—
M e e e e R T —— R
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"4 Dedicated section in the experimental paper
* PreseleCti on 6 Search strategy

.x. . Events are required to have exactly two oppositely charged signal leptons ¢; and ¢», both with pt > 25 GeV.
TWO O P PO S Ite-C h d I"ge I c PtO ns To remove contributions from low-mass resonances and to ensure good modelling of the SM background
in all relevant regions, the invariant mass of the two leptons must be m¢, ¢, > 100 GeV. Events are further

* H ard Ie Pto ns (PT > 25 G eV) required to have no reconstructed b-jets, to suppress contributions from processes with top quarks. Selected

events must also satisfy E}‘“SS > 110 GeV and E%‘“SS significance > 10.

* H eavy SyStem (m Il > I 00 G eV) The stransverse mass mr, [96, 97] is a kinematic variable used to bound the masses of a pair of particles
’x‘ that are assumed to have each decayed into one visible and one invisible particle. It is defined as
b-veto

< Missing energy requirements

mra(pr,, P2 Pr ) = min  {max[ mr(pr1, qr.1). mr(pr.2 q12) 1}

qr,1+qT, ’-P"“

where mt indicates the transverse mass,® pr | and pr ; are the transverse-momentum vectors of the two

* M ET > I OO G eV leptons, and qr,; and qr 2 are vectors with pm‘“ = Q.1 + qr,2. The minimisation is performed over all the
. . possible decompositions of pm'“ For 1t or WW decays, assuming an ideal detector with perfect momentum
* M ET S |gn |ﬁ cance > I O resolution, mt2(PT.¢;s PT.655 p%‘i“) has a kinematic endpoint at the mass of the W boson [97]. Signal models
~+ =0
. with significant mass splittings between the X and the X feature mr> distributions that extend beyond the
-~ aPPrOXI mated b)’ M ET/ 1rH T kinematic endpoint expected from the dominant SM backgrounds. Therefore, events are required to have
| — P
‘ 24
N B B B B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN SN BN BN BN BN BN BN BN BN BN BN SN BN BN BN BN BN BN BN BN BN SN BN BN BN BN BN BN BN BN BN BN BN BN BN SN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN L 4

* S|gna| reg|ons Signal region (SR) | SR-DF-0J  SR-DF-1J  SR-SF-0J  SR-SF-1J

. Mnon-bagged jets =0 =1 =0 =1 :
i < Two classes of regions g oo =
* DF: different lepton flavours (ep) i 2o 5
* SF: same lepton flavour (ee or pu) o,
: ~ off-Z requirements (reducing SM backgrounds) . o 5
. %0or | light jet Eggiggg :
. *Binning in Mr; e
5 * 9 exclusive bins (tracking of specific endpoints) — o0 :
% 2 inclusive bins e {EB?O)O:Z:(O?;
' * 2 regions tracking lower M1, endpoints — — |
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Creating a blank analysis
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4 Assumption |: MADANALYSIS 5 v1.8 installed gz

- -y

MAS: - Python
- GNU GCC g++

% See https://launchpad.net/madanalysis5 © - GNU Make

: Checking optional packages devoted to data processing:
- Z1ib

4 Assumption 2: recasting tools installed L et

- Delphes

.x. Insta” ROOT exter’na”y - Delphes-MAStune

: Checking the MadAnalysis 5 core library:
=> MadAnalysis libraries found.

0:0 DELPH ES 3 and the PAD: => MadAnalysis test program works.

: Reading user settings ...

. : Checking optional packages devoted to reinterpretation:
maS>install PAD ma5>install delphes : - ISMC\BPV [OK]

- PADForMA5tune

- PADForSFS
- pyhf

Sm W E E EEEEEEEEEEEEEEEEEEEEEE.
A EE W BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B B W

---------------------------------------------------------------------------------------------------------
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---------------------------------------------------------------------------------------------------------

4 Assumption |: MADANALYSIS 5 v1.8 installe  Checking mandatory packages

- Python
- GNU GCC g++

% See https://launchpad.net/madanalysis5 © W Make

: Checking optional packages devoted to data processing:
- Z1ib

4 Assumption 2: recasting tools installed L et

- Delphes

’x‘ Insta” ROOT exter’na”y - Delphes-MAStune

: Checking the MadAnalysis 5 core library:
=> MadAnalysis libraries found.

.z. DELPH ES 3 and the PAD: => MadAnalysis test program works.

: Reading user settings ...

. : Check1ng optional packages devoted to reinterpretation:
ma5>install PAD ma5>install delphes : ~SciPy OK]

- PADForMA5tune
- PADForSFS

- pyhf

‘---------------.
A EE W BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B B W

---------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------

4 The newAnalyzer.py script ~ analysis skeleton generation
*Located in tools/PAD/Build/SampleAnalyzer
%* Adds an empty analysis in tools/PAD/Build/SampleAnalyzer/User/Analyzer/
“*Links the new analysis into the main executable (tools/PAD/Build/Main/main.cpp)

fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5%] cd tools/PAD/Build/SampleAnalyzer/

fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5/tools/PAD/Build/SampleAnalyzer$] ./newAnalyzer.py atlas_susy_2018_32 atlas_susy_2018_32
A new class called 'atlas_susy_2018_32' will be created.
Done !

fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5/tools/PAD/Build/SampleAnalyzer$]

_-------------.
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P R N N L R LS

~

[[fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5/tools/PAD/Build/SampleAnalyzer$] cd User/Analyzer/
[[fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5/tools/PAD/Build/SampleAnalyzer/User/Analyzer$] 1ls

analysisList.bak
analysisList.h
atlas_conf_2016_086.cpp
atlas_conf_2016_086.h
atlas_conf_2016_086.1info
atlas_conf_2016_086.0
atlas_conf_2019_040.cpp
atlas_conf_2019_040.h
atlas_conf_2019_040.info
atlas_conf_2019_040.0
atlas_exot_2014_06.cpp
atlas_exot_2014_06.h
atlas_exot_2014_06.info
atlas_exot_2014_06.0
atlas_exot_2015_03.cpp
atlas_exot_2015_03.h
atlas_exot_2015_03.info

atlas_exot_2015_03.0
atlas_exot_2016_25.cpp
atlas_exot_2016_25.h
atlas_exot_2016_25.info
atlas_exot_2016_25.0
atlas_exot_2016_27.cpp
atlas_exot_2016_27.h
atlas_exot_2016_27.info
atlas_exot_2016_27.0
atlas_exot_2016_32.cpp
atlas_exot_2016_32.h
atlas_exot_2016_32.info
atlas_exot_2016_32.0
atlas_susy_2015_06.cpp
atlas_susy_2015_06.h
atlas_susy_2015_06.info
atlas_susy_2015_06.0

atlas_susy_2016_07.cpp
atlas_susy_2016_07.h
atlas_susy_2016_07.info
atlas_susy_2016_07.0
atlas_susy_2018_031.cpp
atlas_susy_2018_031.h
atlas_susy_2018_031.info
atlas_susy_2018_031.0
atlas_susy_2018_031_SRA. json
atlas_susy_2018_031_SRB. json
atlas_susy_2018_031_SRC. json
atlas_susy_2018_32.cpp
atlas_susy_2018_32.h
cms_b2g_12_012.cpp
cms_b2g_12_012.h
cms_b2g_12_012.info
cms_b2g_12_012.0

cms_b2g_12_022.
cms_b2g_12_022.
cms_b2g_12_022.
cms_b2g_12_022.
cms_b2g_14_004.
cms_b2g_14_004.
cms_b2g_14_004.
cms_b2g_14_004.
cms_exo_12_047.
cms_exo_12_047.
cms_exo_12_047.
cms_exo_12_047.
cms_exo_12_048.
cms_exo_12_048.
cms_exo_12_048.

cms_exo_12_048.0

cms_exo_16_010.

[fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5/tools/PAD/Build/SampleAnalyzer/User/Analyzer$]

** The info file to be created later
“* The source file to be implemented

MADANALYSIS 5 for experts

cpp

cms_exo_16_010.
cms_exo_16_010.
cms_exo_16_010.
cms_exo_16_012.
cms_exo_16_012.
cms_exo_16_012.
cms_exo_16_012
cms_exo_16_022.
cms_exo_16_022.
cms_exo_16_022.
cms_exo_16_022
cms_sus_16_033
cms_sus_16_033.
cms_sus_16_033.
cms_sus_16_033.
cms_sus_16_039.
cms_sus_16_039.

4 Modifications in tools/PAD/Build/SampleAnalyzer/User/Analyzer

h
info
o
Cpp
h
info

.0

cpp
h
info

.0
-Cpp

h
info
o

cpp
h

cms_sus_16_039.
cms_sus_16_039.
cms_sus_16_052.
cms_sus_16_052.
cms_sus_16_052.
M)
cms_sus_17_001.
cms_sus_17_001.
cms_sus_17_001.
cms_sus_17_001.
cms_top_17_009.
cms_top_17_009.
cms_top_17_009.
cms_top_17_009.

cms_sus_16_052

Benjamin Fuks - 14.02.2020 - 16

info
o
Cpp
h
info

cpp
h
info
o
cpp
h
info
o

4
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4 Modifications in tools/PAD/Build/SampleAnalyzer/User/Analyzer

[[fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5/tools/PAD/Build/SampleAnalyzer$] cd User/Analyzer/

[[fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5/tools/PAD/Build/SampleAnalyzer/User/Analyzer$] 1s

analysisList.bak atlas_exot_2015_03.0 atlas_susy_2016_07.cpp cms_b2g_12_022. cms_exo0_16_010.h cms_sus_16_039.info
analysisList.h atlas_exot_2016_25.cpp atlas_susy_2016_07.h cms_b2g_12_022. cms_exo_16_010.1info cms_sus_16_039.0
atlas_conf_2016_086.cpp atlas_exot_2016_25.h atlas_susy_2016_07.info cms_b2g_12_022.1 cms_exo_16_010.0 cms_sus_16_052. cpp
atlas_conf_2016_086.h atlas_exot_2016_25.info atlas_susy_2016_07.0 cms_b2g_12_022. cms_exo_16_012. cpp cms_sus_16_052.h
atlas_conf_2016_086.1info atlas_exot_2016_25.0 atlas_susy_2018_031.cpp cms_b2g_14_004. cms_exo0_16_012.h cms_sus_16_052.info
atlas_conf_2016_086.0 atlas_exot_2016_27.cpp atlas_susy_2018_031.h cms_b2g_14_004. cms_exo0_16_012.info cms_sus_16_052.0
atlas_conf_2019_040.cpp atlas_exot_2016_27.h atlas_susy_2018_031.info cms_b2g_14_004 .1 cms_exo_16_012.0 cms_sus_17_001.cpp
atlas_conf_2019_040.h atlas_exot_2016_27.info atlas_susy_2018_031.0 cms_b2g_14_004. cms_exo_16_022.cpp cms_sus_17_001.h
atlas_conf_2019_040.1info atlas_exot_2016_27.0 atlas_susy_2018_031_SRA.json cms_exo_12_047. cms_exo_16_022.h cms_sus_17_001.1info
atlas_conf_2019_040.0 atlas_exot_2016_32.cpp atlas_susy_2018_031_SRB.json cms_exo_12_047. cms_exo0_16_022.info cms_sus_17_001.0
atlas_exot_2014_06.cpp atlas_exot_2016_32.h atlas_susy_2018 031 _SRC.json cms_exo_12_047.1i cms_exo_16_022.0 cms_top_17_009. cpp
atlas_exot_2014_06.h atlas_exot_2016_32.info atlas_susy_2018_32.cpp cms_exo_12_047. cms_sus_16_033.cpp cms_top_17_009.h
atlas_exot_2014_06.info atlas_exot_2016_32.0 atlas_susy_2018_32.h cms_exo_12_048. cms_sus_16_033.h cms_top_17_009.1info
atlas_exot_2014_06.0 atlas_susy_2015_06.cpp cms_b2g_12_012.cpp cms_exo_12_048. cms_sus_16_033.1info cms_top_17_009.0
atlas_exot_2015_03.cpp atlas_susy_2015_06.h cms_b2g_12_012.h cms_exo_12_048.1 cms_sus_16_033.0

atlas_exot_2015_03.h atlas_susy_2015_06.info cms_b2g_12_012.info cms_exo_12_048.0 cms_sus_16_039.cpp

atlas_exot_2015_03.info atlas_susy_2015_06.0 cms_b2g_12_012.0 cms_exo_16_010.cpp cms_sus_16_039.h

[fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5/tools/PAD/Build/SampleAnalyzer/User/Analyzer$]

4

** The info file to be created later
o

~ 4

oM M e EEEEEEEEEEEEEE R e ... ...
N mom m EEm E E O E OE W N N N N N N O N NN NN NN NN NN EEEE

o TE T M M Em oE MWW W MWW MW MM W M MM N M M M S M M M M M M M M M M M M M M M M M M MM M M M M M M M WM M M M MM W M M N M N W N N MW E N W E E W EEE O Emommomom

4 Re- compiling the PAD with the new analysis

[[fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5/tools/PAD/Build/SampleAnalyzer/User/Analyzer$] cd ../../../ ‘%’
| [fuks@Benjamins-MacBook-Pro-8 ~/madanalysis5/tools/PAD/Build$] source setup.sh COanU rlng the SyStem
~ source setup.sh

________________________________________________________ o
. |lunlding WodAnalysisJob ~ make

________________________________________________________ < Crucial to verify the code
~ to be done many times

------------
.------------'

A Y
~

A\ J
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V3 .

4 Editing the atlas_susy 2018-32.cpp file

*»Removal of all comments FREEaaTa

using namespace std;

¢ Three main methods

bool atlas_susy_2018_32::Initialize(const MA5::Configuration& cfg, const std::map<std::string,std::string>& parameters)
{

return true;

}

void atlas_susy_2018_32::Finalize(const SampleFormat& summary, const std::vector<SampleFormat>& files)
{
}

bool atlas_susy_2018_32::Execute(SampleFormat& sample, const EventFormat& event)
{

return true;

}

o O BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN M B W W Ny
M BN BN BN N BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B BN B B m om P
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---------------------------------------------------------------------------------------------------------------

V3 .

4 Editing the atlas_susy_2018-32.cpp file

*»Removal of all comments iR

using namespace std;

¢ Three main methods

% Initialize: declarations
. . bool atlas_susy_2018_32::Initialize(const MA5::Configuration& cfg, const std::map<std::string,std::string>& parameters)
~ signal regions {
~ cuts }
~ histograms

return true;

void atlas_susy_2018_32::Finalize(const SampleFormat& summary, const std::vector<SampleFormat>& files)
{
}

bool atlas_susy_2018_32::Execute(SampleFormat& sample, const EventFormat& event)
{

return true;

}

o O BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN M B W W Ny
M BN BN BN N BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B BN B B m om P
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---------------------------------------------------------------------------------------------------------------

4 Editing the atlas_susy_2018-32.cpp file

*»Removal of all comments iR

using namespace std;

¢ Three main methods

% Initialize: declarations
. . bool atlas_susy_2018_32::Initialize(const MA5::Configuration& cfg, const std::map<std::string,std::string>& parameters)
~ signal regions {
~ cuts }
~ histograms

return true;

void atlas_susy_2018_32::Finalize(const SampleFormat& summary, const std::vector<SampleFormat>& files)

* Execute: the analysis itself E

}

bool atlas_susy_2018_32::Execute(SampleFormat& sample, const EventFormat& event)
{

return true;
1

’-------------------.
M BN BN BN N BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B BN B B m om P
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---------------------------------------------------------------------------------------------------------------

4 Editing the atlas_susy_2018-32.cpp file

*»Removal of all comments iR

using namespace std;

¢ Three main methods

% Initialize: declarations
. . bool atlas_susy_2018_32::Initialize(const MA5::Configuration& cfg, const std::map<std::string,std::string>& parameters)
~ signal regions {
~ cuts }
~ histograms

return true;

void atlas_susy_2018_32::Finalize(const SampleFormat& summary, const std::vector<SampleFormat>& files)

* Execute: the analysis itself g

}

% Finalize: if needed

bool atlas_susy_2018_32::Execute(SampleFormat& sample, const EventFormat& event)
{

return true;

}

’-------------------.
M BN BN BN N BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B BN B B m om P
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Declarations:

Cuts, histograms and
sighal regions
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4

4 Implementation of the Initialize method

E . . . INFO << << end ; E
i % Adding an electronic signature  FEP << endusg 'R
' INFO << << endmsg; i
! INFO << << endmsg;i
. * NOt mandatory INFO << << zndng; ,
: * Useful: contact info, papers, etc.  Efti8 <o B

INFO << << endmsg;

---------------------------------------------------------------------------------------------------------
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+ Implementation of the Initialize method

< Adding an electronic signature
* Not mandatory
* Useful: contact info, papers, etc.

s A Y
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 ° . ° ° 1
' % DeCIaratlon Of the 52 ana|)'S|S Slgnal reglons Signal region (SR) | SR-DF-0) SR-DF-1J SR-SF-0J SR-SF-1J '
1 Mnon-b-tagged jets =0 =1 =0 =1 !
' . . me,¢, [GeV] >100 >121.2 !
:  *®*Declaration of the O(20) analysis cuts EF 1G] 110 :
: E™ significance >10 :
I I h-tagged jets =0

. *®*Declaration of 4 histograms Bhuncd S5 :
1 1
! . . . €[100.105) "
- * M3 distributions (fig. 6 of the ATLAS paper <[105.110) :
. €[110,120) 1
, * . mrz [GeV] €[120,140) !
: 3 signal curves to reproduce {140,160 :
1 €[160,180) 1
' €[180,220) :
: s 10° g €[220,260) '
1 [ ATLAS ¢ Data —SM BEww €[260,00) 1
: (OD 10° \s=13 TeV, 139 fb ' @wz mzz mt Inclusive SRs :
' N SR-SF-0J [Osingle Top EFNP leptons [ Others €[100,00) 1
: P m{l" 7)=(400,200) GeV mr [GeV] €[160,00) .
. s m(ij??):(SOO.SO) GeV €[100,120) 1
: T B mGZ,]"%,)=(600,300,1) GeV €[120,160) .
: : S — B :
. L .
1 1
1 1 1
: .
1 = E !
1 (2 2F :
1 o E 1
! E 1: 1
' ()] C 1 Lo 1 : 1 1 M- '
: 100 120 140 160 180 200 220 240 260 280 '
! m,, [GeV] :
1

: R — U ':
A )

MADANALYSIS 5 for experts Benjamin Fuks - 14.02.2020 - 19



MADANALYSIS 5 for experts Benjamin Fuks - 14.02.2020 - 20



--------------------------------------------------------------------------------------------------------- ~

4 Regions, cuts and histogram declarations via the Manager :

4 Signal regions: AddRegionSelection

<*One mandatory argument
* User-defined name (user-friendliness!)

*To be done 52 times

Manager()->AddRegionSelection("SR-DF
Manager()->AddRegionSelection("SR-L
Manager()->AddRegionSelection("SR-DF
Manager()->AddRegionSelection("SR-L
Manager()->AddRegionSelection("SR-DF
Manager()->AddRegionSelection("SR-L
Manager()->AddRegionSelection("SR-DF
Manager()->AddRegionSelection(" SR

S BN BN BN B BN BN B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN AN BN BN BN BN BN BN BN BN BN BN B B B M M W W g,

Signal region (SR) | SR-DF-0J SR-DF-1J SR-SF-0] SR-SF-1J Manager()->AddRegionSelection("SR E,
Mnon-b-tagged jets =0 =1 =0 =1 . . .
;m,[caﬁ 700 13 Manager()—>AddReg}onSe1ect}on( ,7i
EPS [GeV] >110 Manager()->AddRegionSelection("SR-DF
Ep™ significance >10 Manager()->AddRegionSelection("SR-L
Np-tagged jets =0 _ . . 'cD N[
B SR Manager()->AddRegionSelection("SR-L
€[100,105)
€[105,110) Manager()->AddRegionSelection("SR-DF
mps [GeV] €[110,120) Manager()->AddRegionSelection("SR-L
€[120,140) . . -
€[140.160) Manager()->AddRegionSelection("SR-DF
€[160.180) Manager()->AddRegionSelection("SR-L
€1150.220) Manager()->AddRegionSelection("SR-DF
iﬁ&fﬁ) Manager()->AddRegionSelection("SR-L
Inclusive SRs Manager()->AddRegionSelection("SR-DF
€[100,00) Manager()->AddRegionSelection("SR-L
12 [GeV] Eigfﬁ& Manager()->AddRegionSelection("SR-DF
€[120,160) Manager()->AddRegionSelection("SR-L
Manager()->AddRegionSelection("SR-DF

MADANALYSIS 5 for experts

Manager()->AddRegionSelection("SK

Manager()->AddRegionSelection("SR-DF

Benjamin Fuks - 14.02.2020 - 20



MADANALYSIS 5 for experts Benjamin Fuks - 14.02.2020 - 21



--------------------------------------------------------------------------------------------------------- ~

* Regions, cuts and histogram declarations via the Manager ;
‘4 Cuts: AddCut 5
5 < One mandatory argument Manager()->AddCatC 5
: * User-defined name (user-friendliness!) Manager()->AddCut( :
1 ] Manager()->AddCut( !
: % One optional argument Manager()->AddCut( :
1 . . . Manager()->AddCut( '
: * Linking cuts to regions :
. % Selection and preselection cuts similar :
: * Preselection cuts linked to all regions :
5 * Selection cuts linked to some regions E
E Signal region (SR) | SR-DF-0J SR-DF-1J  SR-SF-0J  SR-SF-1J std::rstrr'iinQVZer'oJet[] E
! EI [GeV] >110 .
1 ET™ significance >10 :
: Np-tagged jets =0 '
1 anedSRs :
: €[100,105) '
1 €[105,110) :
1 €[110,120 1
" mrz [GeV] 6[120-140; std::string Onelet[] :
: €[140,160) R-DF -1 2_11 !
' €[160,180) 1
' €[180,220) :
: €[220,260) 1
1 €[260,00) 1
: Inclusive SRs :
' €[100,00) :
: mt2 [GeV] €[160,00) 1
: €[100,120) R-SF-1]- _ R-SF-1J- :
. €[120.160) Manager()->AddCut("Nj=0", Zerolet); :
' —— Manager()->AddCut("Nj=1", Onelet); '
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--------------------------------------------------------------------------------------------------------- ~

4 Regions, cuts and histogram declarations via the Manager

4 Histograms: AddHisto

* Four mandatory argument
* User-defined name (user-friendliness!)
* Number of bins, minimum, maximum

< One optional argument (as for cuts)
* Linking histograms to regions

3

10° 3
3 ATLAS T Ybaa | —sM  m@ww 3§ B A’ " iData  —sM @ww
2 ot =13Tev, 130 ' @WZ @2 [ L \s=13TeV, 139 f6'@Wz ~ WZZ @
~ SR-SF-0J [single Top I:]FNP leptons [JJOthers § « SR-SF-1J [Osingle Top [OJFNP leptons [ Others
I m{i”“7)=(400.200) GeV 1 @ i3
£ 10° . 5 €
5 3§ o
> 3 >
w ] o

100 120 140 160 180 200 220 240 260 280
M, [GeV]

(c) m, distribution in SR-DF-0J

--------------------------------
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= E = E
o 2k o185 |
E i ¥ N R - Y
e b g, : |
100 120 140 160 180 200 220 240 260 280 1 00 120 140 1 60 1 80 200 220 240 260 280
m,, [GeV] m., [GeV]
(a) my distribution in SR-SF-0J (b) mr, distribution in SR-SF-1J
10° T T T T T T T T 5 10° T T T T T T T T =
E ATLAS + Data —SM |Eww 3 E ATLAS ¢ Data —SM BEw 3
o 10t b =13 TeV, 139 o' @wWz mzz (1 2 otk =1 TeV, 139 fo'@wWz mzz T 4
« SR-DF-0J [JSingle Top EIFNP leptons [@Others 3§ & SR-DF-1J [OsSingle Top [JFNP leptons [JOthers 3
> B e i ,)44oozoo)cev B i 7
€ 10 = € =
[} 3 () 3
frr 4 @ E
10° = E
10 E
1 E
s o =
2 1.5E 2
s 1 s
805 So.
00 120 140 1 60 1 80 200 220 240 260 280

my, [GeV]
(d) m, distribution in SR-DF-1J

::string SFQI[]

::string SF1J[]

::string DFQJ[]
::string DF1J[]

Manager()->AddHisto(
Manager()->AddHisto(
Manager()->AddHisto(
Manager()->AddHisto(
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The Execute method:

objects
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--------------------------------------------------------------------------------------------------------

§ Event weight initialisation mandatory

I

< Correct cutflow management
* The cutflow table of each region is incremented after each cut
* |nitialisation as an ‘event passing all cuts so far’ required

< Correct weights added when filling histograms
< First thing to be done in Execute (before anything else)

double myWeight;

if(Configuration().IsNoEventWeight()) myWeight=1.;

else if(event.mc()->weight()!=0.) myWeight=event.mc()->weight();
else { return ; }

Manager()->InitializeForNewEvent(myWeight);

To be included in
any single analysis

if (event.rec()==0) return

- E E E E OE W W N W W W W W N W NN EEEEEEEEEEEEEEENESNSS®S®
.---------------------'

----------------------------------------------------------------------------------------------------------
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§ Event weight initialisation mandatory

I

< Correct cutflow management
* The cutflow table of each region is incremented after each cut
* |nitialisation as an ‘event passing all cuts so far’ required

< Correct weights added when filling histograms
< First thing to be done in Execute (before anything else)

double myWeight;

if(Configuration().IsNoEventWeight()) myWeight=1.;

else if(event.mc()->weight()!=0.) myWeight=event.mc()->weight();
else { return ; }

Manager()->InitializeForNewEvent(myWeight);

if (event.rec()==0) return

---------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------

"4 Implementation details

< Weights read from the Monte Carlo information (if available)
* If not,w = |

< In case of w = 0: moving to the next event

* Initialisation: resetting the single event cutflows
* The initial number of events (prior to any cut) in each region is

'------------

To be included in
any single analysis

-------------------

.---------------------'

-------------------

incremented

W o W O O O O W N N W NN NN N NN NN
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4 Object definitions from event.rec()

< Separate collection for each class of reconstructed objects
* Electrons, muons, jets, photons, taus, etc.
* All objects of a given class are included

L **Detector level
| * |00s of hits/tracks

»| % Reconstruction yields:
‘ < Electrons, muons, ¥’s

| Hadronic taus, jets |
< Missing energy ‘;

40123130

L L L L LR NN
N m m m m m o o E E E E E E E E o e mmommomomeomomomomm?
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4 Object definitions from event.rec()

< Separate collection for each class of reconstructed objects
* Electrons, muons, jets, photons, taus, etc.
* All objects of a given class are included

; **Detector level
* |00s of hits/tracks

—»| * Reconstruction yields:
‘ < Electrons, muons, ¥’s

< Hadronic taus, jets |
< Missing energy ‘;

40123130

|

-----------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------

. 4 Extra requirements to be implemented ~ analysis-relevant objects :
b1, 7, ...
< MADANALYSIS 5 treatment for electrons/jets: overlap removal E

----------------------------------------------------------------------------------------------------------
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% Signal
* H

*Two classes of electrons
< Baseline (loose) electrons: not needed

Data efficiency
¢ o
©
s nia

>§'

(tighter) leptons:
ard and central: pr > 10 GeV, |5|<2.47

A—t

ATLAS ]
Vs=13TeV, 81 fb" -

Electrons

Baseline electron candidates are reconstructed using clusters of energy deposits in the electromagnetic
calorimeter that are matched to an ID track. They are required to satisfy a Loose likelihood-based
identification requirement [39], and to have pr > 10 GeV and || < 2.47. They are also required to be
within |zg sin 6| = 0.5 mm of the primary vertex,> where z is the longitudinal impact parameter relative to
the primary vertex. Signal electrons are required to satisfy a 7ight identification requirement [39] and
the track associated with the signal electron is required to have |dy|/o(dy) < 5, where d is the transverse

* Displacement ignored P
* Tight reconstruction (DELPHES card) e e e

Data efficiency

Data / MC

09F e e I
-

0.8 = . rad—A— —A—tan H ——
0.7F

L vt
0.6~ ATLAS o oo
r um
F Vs=13TeV, 81" —— Tigh:

E Electrons, E_> 4.5 GeV
050, |ET ! 1 1

1.1

1 —

0.9 " e

1 1 1 1 1 1 1 1 1
25 2 -15 -1 -05 0 05 1 15 2 25
n

impact parameter relative to the reconstructed primary vertex and o (dp) is its error.

m—
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4 Two classes of electrons P e I 1)
. Rt I R e et

< Baseline (loose) electrons: not needed i Y e e

% Signal (tighter) leptons: 1% S

* Hard and central: pr > 10 GeV, |#|<2.47 . st T

* Displacement ignored B | B e
*Tight reconstruction (DELPHES Card) - 20 40 60 80 100 1éoET[1(;'1:V; -2: s o5 0 o8 1 is 2 %.5

Baseline electron candidates are reconstructed using clusters of energy deposits in the electromagnetic
calorimeter that are matched to an ID track. They are required to satisfy a Loose likelihood-based
identification requirement [39], and to have pr > 10 GeV and || < 2.47. They are also required to be
within |zg sin @] = 0.5 mm of the primary vertex,*> where z( is the longitudinal impact parameter relative to
the primary vertex. Signal electrons are required to satisfy a 7ight identification requirement [39] and
the track associated with the signal electron is required to have |dy|/o(dy) < 5, where d is the transverse
impact parameter relative to the reconstructed primary vertex and o (dp) is its error.

— T ——

4 Implementation:

std::vector<const RecLeptonFormat*> SignalElectrons;
for(Cunsigned int i=0; i<event.rec()->electrons().size(); i++)

{

const RecLeptonFormat *Lep = &(event.rec()->electrons()[i]);

double eta = Lep->abseta();
double pt = Lep->pt();

if(eta<? && pt>10.) { SignalElectrons.push_back(Lep);}
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Isolation criteria are applied to signal electrons and muons. The scalar sum of the pr of tracks inside a

The track isolation cone size for electrons (muons) AR = \/(An)2 + (A¢)? is given by the minimum of
AR = 10 GeV/pr and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from
the lepton itself) must be less than 20% (30%) of the lepton pr. For electrons with pr > 200 GeV these
isolation requirements are not applied, and instead an upper limit of max(0.015 X pr, 3.5 GeV) is placed
on the transverse energy of the calorimeter energy clusters in a cone of AR = (.2 around the electron.

14
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1
1
1
1
1
1
|}

variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.
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[solation criteria are applied to signal electrons and muons. The scalar sum of the pr of tracks inside a
variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.
The track isolation cone size for electrons (muons) AR = \/(AI])2 + (A¢)? is given by the minimum of
AR = 10 GeV/prt and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from
the lepton itself) must be less than 20% (30%) of the lepton pt. For electrons with pr > 200 GeV these
isolation requirements are not applied, and instead an upper limit of max(0.015 X pr, 3.5 GeV) is placed
on the transverse energy of the calorimeter energy clusters in a cone of AR = 0.2 around the electron.

R

4 Use of built-in dedicated methods

std: :vector<const RecLeptonFormat*> SignalElectrons;
for(Cunsigned int i=0; i<event.rec()->electrons().size(); i++)

{

const ReclLeptonFormat *Lep = &(event.rec()->electrons()[i]);

double eta Lep->abseta();
double pt = Lep->pt(Q);

double iso_dR = std::min(10./pt,0.2);

double iso_tracks = PHYSICS->Isol->eflow->rellsolation(Lep,
event.rec(), iso_dR, 0., IsolationEFlow: :TRACK_COMPONENT);

double iso_all = PHYSICS->Isol->eflow->rellsolation(Lep,
event.rec(), 0.2, 0., IsolationEFlow: :ALL_COMPONENTS);

bool iso = (iso_tracks<0.15 && iso_all<0.20);

if(pt>200.) { iso = (iso_all<std::max(0.015, 3.5/pt)); }

if(eta<2.47 && pt>10. && iso) { SignalElectrons.push_back(Lep);}

Ll R R i R R R R il R L
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[solation criteria are applied to signal electrons and muons. The scalar sum of the pr of tracks inside a
variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.
The track isolation cone size for electrons (muons) AR = \/(AI])2 + (A¢)? is given by the minimum of
AR = 10 GeV/pr and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from
the lepton itself) must be less than 20% (30%) of the lepton pt. For electrons with pr > 200 GeV these
isolation requirements are not applied, and instead an upper limit of max(0.015 X pr, 3.5 GeV) is placed
on the transverse energy of the calorimeter energy clusters in a cone of AR = 0.2 around the electron.

4 Use of built-in dedicated methods
std: :vector<const RecLeptonFormat*> SignalElectrons; . . .
for(Cunsigned int i=0; i<event.rec()->electrons().size(); i++) ’x‘TraCklng |SOIa—t|0n
{ * Variable cone size

const ReclLeptonFormat *Lep = &(event.rec()->electrons()[i]);

double eta Lep->abseta();
double pt = Lep->pt(Q);

double iso_dR = std::min(10./pt,0.2);

aoupLe LSO_TracCKsS = PATSIUS->150L->eTLow->rellsolation(Lep,
event.rec(), iso_dR, 0., IsolationEFlow: :TRACK_COMPONENT);

double iso_all = PHYSICS->Isol->eflow->rellsolation(Lep,
event.rec(), 0.2, 0., IsolationEFlow: :ALL_COMPONENTS);

bool iso = (iso_tracks<0.15 && iso_all<0.20);

if(pt>200.) { iso = (iso_all<std::max(0.015, 3.5/pt)); }

if(eta<2.47 && pt>10. && iso) { SignalElectrons.push_back(Lep);}
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[solation criteria are applied to signal electrons and muons. The scalar sum of the pr of tracks inside a
variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.
The track isolation cone size for electrons (muons) AR = \/(AI])2 + (A¢)? is given by the minimum of
AR = 10 GeV/prt and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from
the lepton itself) must be less than 20% (30%) of the lepton pt. For electrons with pr > 200 GeV these
isolation requirements are not applied, and instead an upper limit of max(0.015 X pr, 3.5 GeV) is placed
on the transverse energy of the calorimeter energy clusters in a cone of AR = 0.2 around the electron.

4 Use of built-in dedicated methods
std: :vector<const RecLeptonFormat*> SignalElectrons; . . .
for(Cunsigned int i=0; i<event.rec()->electrons().size(); i++) ’x‘TraCklng |SOIa—t|0n
{ * Variable cone size

const ReclLeptonFormat *Lep = &(event.rec()->electrons()[i]);

* Low activity around the electron

double eta Lep->abseta();
double pt = Lep->pt(Q);

double iso_dR = std::min(10./pt,0.2);

double iso_tracks = PHYSICS->Isol->eflow->rellsolation(Lep,
event.rec(), iso_dR, 0., IsolationEFlow: :TRACK_COMPONENT);

double 1so_all = PHYSICS->Isol->eflow->rellsolation(Lep,
event.rec(). 90.2. 0.. IsolationEFlow: :ALL_COMPONENTS);

bool iso = (iso_tracks<0.15 & iso_all<0.20);

if(pt>200.) { 1so = (1so_all<std::max(0.015, 3.5/pt)); }

if(eta<2.47 && pt>10. && iso) { SignalElectrons.push_back(Lep);}
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[solation criteria are applied to signal electrons and muons. The scalar sum of the pr of tracks inside a
variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.
The track isolation cone size for electrons (muons) AR = \/(AI])2 + (Ag)? is given by the minimum of
AR = 10 GeV/pt and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from
the lepton itself) must be less than 20% (30%) of the lepton pt. For electrons with pr > 200 GeV these
isolation requirements are not applied, and instead an upper limit of max(0.015 X pr, 3.5 GeV) is placed
on the transverse energy of the calorimeter energy clusters in a cone of AR = 0.2 around the electron.

4 Use of built-in dedicated methods

std: :vector<const ReclLeptonFormat*> SignalElectrons;

for(unsigned int i=0; i<event.rec()->electrons().size(); i++) ’x‘TraCking iSOIa—tion
{ . .
const ReclLeptonFormat *Lep = &(event.rec()->electrons()[i]); *Va”able. C.one SIZE
* Low activity around the electron

double eta Lep->abseta();
double pt = Lep->pt(Q);

¢* Calorimetric isolation

double iso_dR = std::min(10./pt,0.2);

double iso_tracks = PHYSICS->Isol->eflow->rellsolation(Lep,
event.rec(), iso_dR, 0., IsolationEFlow: :TRACK_COMPONENT);

double 1so_all = PHYSICS->Isol->eflow->rellsolation(Lep,
event.rec(), 0.2, 0., IsolationEFlow: :ALL_COMPONENTS);

bool 1s0 = (i1so_tracks<¥.1l5 && 1so_all<®.Z0):

if(pt>200.) { iso = (iso_all<std::max(¥.v15, 3.5/pt)); }

if(eta<2.47 && pt>10. && iso) { SignalElectrons.push_back(Lep);}
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[solation criteria are applied to signal electrons and muons. The scalar sum of the pr of tracks inside a
variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.
The track isolation cone size for electrons (muons) AR = \/(AI])2 + (Ag)? is given by the minimum of
AR = 10 GeV/prt and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from
the lepton itself) must be less than 20% (30%) of the lepton pt. For electrons with pr > 200 GeV these
isolation requirements are not applied, and instead an upper limit of max(0.015 X pr, 3.5 GeV) is placed
on the transverse energy of the calorimeter energy clusters in a cone of AR = 0.2 around the electron.

4 Use of built-in dedicated methods

std: :vector<const ReclLeptonFormat*> SignalElectrons;

for(unsigned int i=0; i<event.rec()->electrons().size(); i++) ’x‘TraCking iSOIa—tion
{ . .
const ReclLeptonFormat *Lep = &(event.rec()->electrons()[i]); *Va”able. C.one SIZE
* Low activity around the electron

double eta Lep->abseta();
double pt = Lep->pt(Q);

¢* Calorimetric isolation

double iso_dR = std::min(10./pt,0.2); : . :
double iso_tracks = PHYSICS->Isol->eflow->relIsolation(Lep, 'x‘ver)’ ha’rd Ob]eCtS' SPeCIaI

event.rec(), iso_dR, 0., IsolationEFlow: :TRACK_COMPONENT);
double iso_all = PHYSICS->Isol->eflow->rellsolation(Lep,
event.rec(), 0.2, 0., IsolationEFlow: :ALL_COMPONENTS);
bool iso = (iso_tracks<0.15 && iso_all<0.20);
if(pt>200.) { iso = (iso_all<std::max(0.015, 3.5/pt)); }

if(eta<2.47 && pt>10. && iso) { SignalElectrons.push_back(Lep);}
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[solation criteria are applied to signal electrons and muons. The scalar sum of the pr of tracks inside a
variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.
The track isolation cone size for electrons (muons) AR = \/(AI])2 + (A¢)? is given by the minimum of
AR = 10 GeV/prt and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from
the lepton itself) must be less than 20% (30%) of the lepton pt. For electrons with pr > 200 GeV these
isolation requirements are not applied, and instead an upper limit of max(0.015 X pr, 3.5 GeV) is placed
on the transverse energy of the calorimeter energy clusters in a cone of AR = 0.2 around the electron.

4 Use of built-in dedicated methods
std: :vector<const RecLeptonFormat*> SignalElectrons; . . .
for(Cunsigned int i=0; i<event.rec()->electrons().size(); i++) ’x‘TraCklng |SOIa—t|0n
{ * Variable cone size

const ReclLeptonFormat *Lep = &(event.rec()->electrons()[i]);

* Low activity around the electron

double eta Lep->abseta();
double pt Lep->pt();

¢* Calorimetric isolation

double iso_dR = std::min(10./pt,0.2); : . :
double iso_tracks = PHYSICS->Isol->eflow->rellsolation(Lep, 'x‘ver)’ ha’rd Ob]eCtS' SPeCIaI

event.rec(), iso_dR, 0., IsolationEFlow: :TRACK_COMPONENT);
double iso_all = PHYSICS->Isol->eflow->rellsolation(Lep, .

event.rec(), 0.2, 0., IsolationEFLow: :ALL_COMPONENTS); 'Z‘S|gna| electrons are saved
bool iso = (iso_tracks<0.15 && iso_all<0.20);
if(pt>200.) { iso = (iso_all<std::max(0.015, 3.5/pt)); }

if(eta<2.47 && pt>10. && iso) { SignalElectrons.push_back(Lep);]}
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4

Baseline muon candidates are reconstructed in the pseudorapidity range || < 2.7 from MS tracks matching
ID tracks. They are required to have pr > 10 GeV, to be within |zp sin 8] = 0.5 mm of the primary vertex
and to satisfy the Medium identification requirements defined in Ref. [40]. The Medium identification
criterion defines requirements on the number of hits in the different ID and MS subsystems, and on the
significance of the charge-to-momentum ratio ¢/p. Finally, the track associated with the signal muon must
have |dy|/o(dy) < 3.

Isolation criteria are applied to signal electrons and muons. The scalar sum of the pt of tracks inside a
variable-size cone around the lepton (excluding its own track), must be less than 15% of the lepton pr.
The track isolation cone size for electrons (muons) AR = v/(An)? + (A¢)? is given by the minimum of
AR = 10 GeV/pr and AR = 0.2(0.3). In addition, for electrons (muons) the sum of the transverse energy
of the calorimeter energy clusters in a cone of AR = 0.2 around the lepton (excluding the energy from
the lepton itself) must be less than 20% (30%) of the lepton pt. For electrons with pr > 200 GeV these
isolation requirements are not applied, and instead an upper limit of max(0.015 X pr, 3.5 GeV) is placed
on the transverse energy of the calorimeter energy clusters in a cone of AR = 0.2 around the electron.

S

std: :vector<const RecLeptonFormat*> SignalMuons;
for(Cunsigned int i=0; i<event.rec()->muons().size(); i++)

{ 4 Muon definitions
const RecLeptonFormat *Lep = &(event.rec()->muons()[i]); .
“pr and n requirements

double eta = Lep->abseta(); ¢ Isolation

double pt = Lep->pt();
% Displacement ignored

double iso_dR = std::min(10./pt,0.3);

double iso_tracks = PHYSICS->Isol->eflow->rellsolation(Lep,
event.rec(), iso_dR, 0., IsolationEFlow::TRACK_COMPONENT);

double iso_all = PHYSICS->Isol->eflow->rellsolation(Lep,
event.rec(), 0.2, 0., IsolationEFlow: :ALL_COMPONENTS);

bool iso = (iso_tracks<0.15 && iso_all<0.30);

if(eta<2.7 && pt>10. && iso) { SignalMuons.push_back(Lep);}

O MmN EEEEEEEEEEEEEEEEEEEEEEE®E®E®EEEEEEEEEEEEEEEE®EEEEEEEEEEEEEEEEEE SR ==
h-------------------------------------'
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*Jets are reconstructed at the DELPHES level

Jets are reconstructed from topological clusters of energy in the calorimeter [86] using the anti-k, jet
clustering algorithm [87] as implemented in the FastJet package [88], with a radius parameter R = 0.4. The
reconstructed jets are then calibrated by the application of a jet energy scale derived from 13 TeV data and
simulation [89]. Only jet candidates with pt > 20 GeV and |n| < 2.4 are considered,* although jets with
|p| < 4.9 are included in the missing transverse momentum calculation and are considered when applying
the procedure to remove reconstruction ambiguities, which is described later in this Section.

To reduce the effects of pile-up, for jets with || < 2.5 and pr < 120GeV a significant fraction of the
tracks associated with each jet are required to have an origin compatible with the primary vertex, as defined
by the jet vertex tagger [90]. This requirement reduces jets from pile-up to 1%, with an efficiency for pure
hard-scatter jets of about 90%. For jets with || > 2.5 and pt < 60 GeV, pile-up suppression is achieved
through the forward jet vertex tagger [91], which exploits topological correlations between jet pairs. Finally,
events containing a jet that does not satisfy the jet-quality requirements [92, 93] are rejected to remove
events impacted by detector noise and non-collision backgrounds.
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*Jets are reconstructed at the DELPHES level

Jets are reconstructed from topological clusters of energy in the calorimeter [86] using the anti-k, jet
clustering algorithm [87] as implemented in the FastJet package [88], with a radius parameter R = 0.4. The
reconstructed jets are then calibrated by the application of a jet energy scale derived from 13 TeV data and
simulation [89]. Only jet candidates with pr > 20 GeV and |5| < 2.4 are considered,* although jets with
|7| < 4.9 are included in the missing transverse momentum calculation and are considered when applying
the procedure to remove reconstruction ambiguities, which is described later in this Section.

To reduce the effects of pile-up, for jets with || < 2.5 and pr < 120GeV a significant fraction of the
tracks associated with each jet are required to have an origin compatible with the primary vertex, as defined
by the jet vertex tagger [90]. This requirement reduces jets from pile-up to 1%, with an efficiency for pure
hard-scatter jets of about 90%. For jets with || > 2.5 and pt < 60 GeV, pile-up suppression is achieved
through the forward jet vertex tagger [91], which exploits topological correlations between jet pairs. Finally,
events containing a jet that does not satisfy the jet-quality requirements [92, 93] are rejected to remove
events impacted by detector noise and non-collision backgrounds.
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---------------------------------------------------------------------------------------------------------

Qjets candidates
*pr and 7 requirements
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*Jets are reconstructed at the DELPHES level

Jets are reconstructed from topological clusters of energy in the calorimeter [86] using the anti-k, jet
clustering algorithm [87] as implemented in the FastJet package [88], with a radius parameter R = 0.4. The
reconstructed jets are then calibrated by the application of a jet energy scale derived from 13 TeV data and
simulation [89]. Only jet candidates with pt > 20 GeV and |n| < 2.4 are considered,* although jets with
|7| < 4.9 are included in the missing transverse momentum calculation and are considered when applying
the procedure to remove reconstruction ambiguities, which is described later in this Section.

To reduce the effects of pile-up, for jets with || < 2.5 and pr < 120GeV a significant fraction of the
tracks associated with each jet are required to have an origin compatible with the primary vertex, as defined
by the jet vertex tagger [90]. This requirement reduces jets from pile-up to 1%, with an efficiency for pure
hard-scatter jets of about 90%. For jets with || > 2.5 and py < 60 GeV, pile-up suppression is achieved
through the forward jet vertex tagger [91], which exploits topological correlations between jet pairs. Finally,
events containing a jet that does not satisfy the jet-quality requirements [92, 93] are rejected to remove
events impacted by detector noise and non-collision backgrounds.
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---------------------------------------------------------------------------------------------------------

I

+ Missing energy and pile-up
* MET automatically handled with DELPHES
. *%*Pile-up ignored (removed from the DELPHES card)

---------------------------------------------------------------------------------------------------------
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QStralghtforward as for electrons and muons

Jets are reconstructed from topological clusters of energy in the calorimeter [86] using the anti-k, jet
clustering algorithm [87] as implemented in the FastJet package [88], with a radius parameter R = 0.4. The
reconstructed jets are then calibrated by the application of a jet energy scale derived from 13 TeV data and
simulation [89]. Only jet candidates with pt > 20 GeV and |n| < 2.4 are considered,* although jets with
In| < 4.9 are included in the missing transverse momentum calculation and are considered when applying
the procedure to remove reconstruction ambiguities, which is described later in this Section.

e — e ———

std: :vector <const RecletFormat*> Jets;
for(Cunsigned int i=0; i<event.rec()->jets().size(); i++)

{

const RecletFormat *Jet = &(event.rec()->jets(O[i]);

double eta = Jet->abseta();
double pt = Jet->pt(Q);
if(pt> && eta< ) { Jets.push_back(Jet); }
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4 In MADANALYSIS 5 electrons are also part of the jet collection
** The double-counting should be removed ~ reorganisation of the code

1. Electron candidates ~ into the SignalElectrons collection
2. Muon candidates ~ into the SignalMuons collection

3. Jet candidates ~ into the Jets collection
4. Overlap removal (dedicated JetCleaning method)

Jets = PHYSICS->Isol->JetCleaning(Jets, SignalElectrons, );

Benjamin Fuks - 14.02.2020 - 31
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4 The ATLAS analysis includes an overlap removal procedure

To avoid the double counting of analysis baseline objects, a procedure to remove reconstruction ambiguities
is applied as follows:

* jet candidates within AR’ = \/Ay? + A¢? = 0.2 of an electron candidate are removed;
* jets with fewer than three tracks that lie within AR” = 0.4 of a muon candidate are removed;

* electrons and muons within AR” = 0.4 of the remaining jets are discarded, to reject leptons from the
decay of b- or c-hadrons;

* electron candidates are rejected if they are found to share an ID track with a muon.
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" 4 The ATLAS analysis includes an overlap removal procedure

To avoid the double counting of analysis baseline objects, a procedure to remove reconstruction ambiguities
is applied as follows:

* jets with fewer than three tracks that lie within AR” = 0.4 of a muon candidate are removed;

* electrons and muons within AR” = 0.4 of the remaining jets are discarded, to reject leptons from the
decay of b- or c-hadrons;

* electron candidates are rejected if they are found to share an ID track with a muon.
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% Jet-electron removal: already done (inherent to MADANALYSIS 5)
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§The ATLAS analysis includes an overlap removal procedure

To avoid the double counting of analysis baseline objects, a procedure to remove reconstruction ambiguities
is applied as follows:

* jet candidates within AR’ = \/Ay? + A¢? = 0.2 of an electron candidate are removed;

* jets with fewer than three tracks that lie within AR” = 0.4 of a muon candidate are removed;

* electrons and muons within AR” = 0.4 of the remaining jets are discarded, to reject leptons from the
decay of b- or c-hadrons;

* electron candidates are rejected if they are found to share an ID track with a muon.

% Jet-electron removal: already done (inherent to MADANALYSIS 5)

% Jet-muon removal to be implemented
Jets = PHYSICS->Isol->JetCleaning(Jets, SignalMuons, );
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To avoid the double counting of analysis baseline objects, a procedure to remove reconstruction ambiguities
is applied as follows:

* jet candidates within AR’ = \/Ay? + A¢? = 0.2 of an electron candidate are removed;

* jets with fewer than three tracks that lie within AR” = 0.4 of a muon candidate are removed;

% Jet-electron removal: already done (inherent to MADANALYSIS 5)

% Jet-muon removal to be implemented
Jets = PHYSICS->Isol->JetCleaning(Jets, SignalMuons, );

** Electron/muon removal (if within a jet) ~ dedicated method (to be coded)

SignalElectrons Removal(SignalElectrons, Jets, K

I
[ ]
:
1
:
1
:
1
:
1
:
1
:
1
:
1
. * electron candidates are rejected if they are found to share an ID track with a muon.
:
1
:
1
:
1
:
1
:
1
:
1
:
1
: SignalMuons Removal(SignalMuons, Jets, );
A Y
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To avoid the double counting of analysis baseline objects, a procedure to remove reconstruction ambiguities
is applied as follows:

* jet candidates within AR’ = /Ay? + A¢? = 0.2 of an electron candidate are removed;

* jets with fewer than three tracks that lie within AR” = 0.4 of a muon candidate are removed;

* electrons and muons within AR” = 0.4 of the remaining jets are discarded, to reject leptons from the
decay of b- or c-hadrons;

* electron candidates are rejected if they are found to share an ID track with a muon.

% Jet-electron removal: already done (inherent to MADANALYSIS 5)

% Jet-muon removal to be implemented
Jets = PHYSICS->Isol->JetCleaning(Jets, SignalMuons, );

** Electron/muon removal (if within a jet) ~ dedicated method (to be coded)

SignalElectrons Removal(SignalElectrons, Jets, K
SignalMuons Removal(SignalMuons, Jets, );

% Electron-muon removal to be implemented

SignalElectrons = Removal(SignalElectrons, SignalMuons, );
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"4 The ATLAS analysis includes an overlap removal procedure

template<typename T1l, typename T2> std::vector<const T1*>
Removal(std: :vector<const T1*> &vl, std::vector<const T2*> &v2, const MAdouble64 &drmin)

{

std: :vector<bool> mask(vl.size(),false);
for (MAuint32 j=0;j<vl.size();j++)
for (MAuint32 i=0;i<v2.size();i++)
if (v2[i]->dr(v1[j]) < drmin)
{
mask[j]=true;
break;

}

std: :vector<const T1*> cleaned_vl;
for (MAuint32 i=0;i<vl.size();i++)
if (!mask[i]) cleaned_vl.push_back(vli[i]);

return cleaned_vi;

------------------------------------------~
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----------------------------------------------------------------------------------------------------------

"4 The ATLAS analysis includes an overlap removal procedure

template<typename T1l, typename T2> std::vector<const T1*>
Removal(std: :vector<const T1*> &vl, std::vector<const T2*> &v2, const MAdouble64 &drmin)

{

std: :vector<bool> mask(vl.size(),false);
for (MAuint32 j=0;j<vl.size();j++)
for (MAuint32 i=0;i<v2.size():i++)
1f (v2[i]->dr(vli[j]) < drmin)
{
mask[j]=true;
break;

}

std: :vector<const T1*> cleaned_vl;
for (MAuint32 i=0;i<vl.size();i++)
if (!mask[i]) cleaned_vl.push_back(vli[i]);

return cleaned_vi;

<If a v/ element is too close to a v; element, the v; element is discarded
% To be implemented if necessary (no general method shipped with MAS)

---------------------------------------------------------------------------------------------------------

—-------------------------.
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The MV2CI10 boosted decision tree algorithm [41] identifies jets containing b-hadrons (*b-jets’) by using
quantities such as the impact parameters of associated tracks, and well-reconstructed secondary vertices. A
selection that provides 85% efficiency for tagging b-jets in simulated ¢7 events is used. The corresponding
rejection factors against jets originating from c-quarks, from 7-leptons, and from light quarks and gluons
in the same sample at this working point are 2.7, 6.1 and 25, respectively.

e ————

< Only the number of b-jets is needed (cf. b-veto)

---------------------------------------------------------------------------------------------------------
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*b -tagging efficiencies/mistagging rates at the DELPHES level

The MV2CI10 boosted decision tree algorithm [41] identifies jets containing b-hadrons (*b-jets’) by using
quantities such as the impact parameters of associated tracks, and well-reconstructed secondary vertices. A
selection that provides 85% efficiency for tagging b-jets in simulated 77 events is used. The corresponding
rejection factors against jets originating from c-quarks, from 7-leptons, and from light quarks and gluons
in the same sample at this working point are 2.7, 6.1 and 25, respectively.
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< Only the number of b-jets is needed (cf. b-veto)
. 4 Hadronic activity
. «»Sum of the pr of all remaining jets ;
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§b -tagging efficiencies/mistagging rates at the DELPHES level

The MV2CI10 boosted decision tree algorithm [41] identifies jets containing b-hadrons (*b-jets’) by using
quantities such as the impact parameters of associated tracks, and well-reconstructed secondary vertices. A
selection that provides 85% efficiency for tagging b-jets in simulated 77 events is used. The corresponding
rejection factors against jets originating from c-quarks, from 7-leptons, and from light quarks and gluons
in the same sample at this working point are 2.7, 6.1 and 25, respectively.
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< Only the number of b-jets is needed (cf. b-veto)

---------------------------------------------------------------------------------------------------------

. 4 Hadronic activity
. *+Sum of the pr of all remaining jets 3

"4 Implemented after the overlap removal

unsigned int nb = 0;
double HT= ;
for (unsigned int i=0; i<Jets.size(); i++)

{

if(Jets[i]->btag()) { nb++; }
HT += Jets[i]->pt();
}

_---------
--— e EE O EE O EEEEEmo=
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§b -tagging efficiencies/mistagging rates at the DELPHES level

The MV2CI10 boosted decision tree algorithm [41] identifies jets containing b-hadrons (‘b-jets’) by using
quantities such as the impact parameters of associated tracks, and well-reconstructed secondary vertices. A
selection that provides 85% efficiency for tagging b-jets in simulated 77 events is used. The corresponding
rejection factors against jets originating from c-quarks, from 7-leptons, and from light quarks and gluons
in the same sample at this working point are 2.7, 6.1 and 25, respectively.
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< Only the number of b-jets is needed (cf. b-veto)

---------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------

" 4 Hadronic activity
% Sum of the pr of all remaining jets

---.

--------------------------------------------------------------------------------------------------------

"4 Implemented after the overlap removal

unsigned int nb = 0; :
double HT= 0.; :
for (unsigned int i=0; i<Jets.size(); i++) :

{

if(Jets[i]->btag()) { nb++; }
HT += Jets[i]->pt();
}

_---------

" 4 Missing transverse energy
double MET = event.rec()->MET().pt(); -!oevent.rec()->MET() is a four-momentum

---.
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----------------------------------------------------------------------------------------------------------

4 Starting from the event.rec() collections
*Selection of electron, muon and jet candidates
% Overlap removal (mandatory + analysis dependent)

-----------------------------------------------------------------------------------------------------------
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----------------------------------------------------------------------------------------------------------

4 Starting from the event.rec() collections
*Selection of electron, muon and jet candidates

sE E EEEEE .
N ammmmemmmm==?

% Overlap removal (mandatory + analysis dependent)

----------------------------------------------------------------------------------------------------------

4 Creation of the signal lepton collection
<*Merging electrons and muons
% Ordering in pr
std: :vector<const RecLeptonFormat*> SignallLeptons;

for(Cunsigned int i=0; i<SignalMuons.size(); i++)
{ SignallLeptons.push_back(SignalMuons[i]); }

¢

for(Cunsigned int i=0; i<SignalElectrons.size(); i++)
{ SignallLeptons.push_back(SignalElectrons[i]); }
SORTER->sort(SignallLeptons, PTordering);
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The Execute method:

cuts and histograms
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----------------------------------------------------------------------------------------------------------

¢ [N

4 Cuts implemented in a the same way as for their declaration

®* Ensures the correct treatment of the cutflows

% Ensures an efficient running of the code (the return statement)
* The code stops if the event is failing all cuts applied so far (for all regions)

if ('Manager () ->ApplyCut(cutl_cond,"2_leptons")) return true;

¢ T I B B B B M BN BN B BN BN BN BN BN BN BN BN BN BN BN M B N M M B M M M W O
- OE O B O S O W S O W W O O N N O N O NN NN W E NN Emm s

/ T——
Cut Declared
condition cut name
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----------------------------------------------------------------------------------------------------------

¢ [N

4 Cuts implemented in a the same way as for their declaration

®* Ensures the correct treatment of the cutflows

% Ensures an efficient running of the code (the return statement)
* The code stops if the event is failing all cuts applied so far (for all regions)

if ('Manager () ->ApplyCut(cutl_cond,"2_leptons")) return true;

¢ T I B B B B M BN BN B BN BN BN BN BN BN BN BN BN BN BN M B N M M B M M M W O

I S ——
y
Cut Declared
condition cut name
4 Filling a declared histograms is straightforward i
 Linking a value to the histogram name 5
Manager()->FillHisto("histogram name", value);
Histogram Observable
name value :

----------------------------------------------------------------------------------------------------------
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* Reminder: 5 Pl"ese|eCti0n cuts Signal region (SR) | SR-DF-0J SR-DF-1J SR-SF-0J SR-SF-1J
" Nnon-b-tagged jets =0 =1 =0 =1 :
: 2 OS Ieptons — [Gevf >100 >121.2 :
: EMSS [GeV] >110 :
' .:.M” > IOO Gev EE‘“SS significance >10 :
. #MET> 110 GeV - :
. SMETHWHr> 10 4 GeV :
" . Manager()->AddCut( "
. ’X‘b']et veto Manager()->AddCut( "
" Manager()->AddCut( "
" Manager()->AddCut( "
: Manager()->AddCut( :
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--------------------------------------------------------------------------------------------------------- ~

* Reminder: 5 PreSG|eCtl0n cuts Signal region (SR) | SR-DF-0J SR-DF-1J SR-SF-0J SR-SF-1J
" Nnon-b-tagged jets =0 =1 =0 =1 :
; “2OS Ieptons me, ¢, [GeV]J >100 >121.2 :
' E™ss [GeV] >110 .
' .:.M” > 100 GeV Ei‘“"" significance >10 .
. #MET > 10 GeV =0 :
. SMETWHr > 10 ¥ GeV :
" . Manager()->AddCut("0S dilepton"); .
" ’:‘b-]et veto Manager()->AddCut("M11 > 10t "
: Manager()->AddCut("MET > :
. Manager()->AddCut("MET sign .
: Manager()->AddCut("b veto"); .
4 Straightforward implementation E
Bl bool 0S = false; :
Ml if(Signalleptons.size()>=2) .z. The Orderlng MUST '
, = (SignallLeptons[@]->charge()!=SignallLeptons[1]->charge()); '
sl if(!Manager()->ApplyCut(SignalLeptons.size()==2 && 0S,"0S dilepton™)) return true; fO”OW tl:]e cut :
: | | declaration one :
l double mll = (SignallLeptons[@]->momentum() + SignallLeptons[1]->momentum()).M(); i
J if(!Manager()->ApplyCut(mll>100.,"M1l1 > 100 GeV")) return true; - Ordered cut ﬂOWS ,
. if(!Manager()->ApplyCut(MET>110.,"MET > 110 GeV")) return true; E
E if(!Manager()->ApplyCut(MET/sqrt(HT)>10.,"MET sign. > 10")) return true; E
E if(!Manager()->ApplyCut(nb==0,"b veto")) return true; E
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--------------------------------------------------------------------------------------------------------- ~

4 Many useful methods are implemented (no need for reinventing the wheel)
* Please check the appendix of the |JMPA paper (or the reference cards)

€[100,105)

€[105,110)

. . 0,120)

Signal region (SR) | SR-DF-0J SR-DF-1J SR-SF-0J] SR-SF-1J mr2 [GeV) i“io :40)

Nnon-b-tagged jets =0 =1 =0 =1 €[140,160)

) €[160,180)

nuM}[GéV] >100 >121.2 €[180.220)

ETlpLss [GCV] >110 €[220,260)

E™MS sjgnificance >10 €[260.c0)
T = Inclusive SRs

Np-tagged jets = €[100.00)

mr2 [GeV] €[160,00)

€[100,120)

€[120.160)

unsigned int nj = Jets.size();
if(!Manager()->ApplyCut(nj==0,"Nj=0")) return true;
if(!Manager()->ApplyCut(nj==1,"Nj=1")) return true;

bool SF = (Signalleptons[@]->isMuon()==SignallLeptons[1]->isMuon());
if(!Manager()->ApplyCut(!SF,"DF di i')) return true;
if(!Manager()->ApplyCut( SF,"SF dilepton")) return true;
if(!Manager()->ApplyCut(mll>121.2,"M11 > 121.2 V")) return true;

double mt2 = PHYSICS->Transverse- >MT2(SlgnalLeptons[ ], SlgnalLeptons[ 1,event. rec() >MET(),0.);
if(!Manager()->ApplyCut(mt2>100. && mt2<105.,"MT2 i [wmu 105] return true
if(!Manager()->ApplyCut(mt2>105. && mt2<110.,"MT2 1in ] return true;
if(!Manager()->ApplyCut(mt2>110. && mt2<120 return true;
if(!Manager()->ApplyCut(mt2>120. && mt2<140 return true;
if(!Manager()->ApplyCut(mt2>140. && 1 return true;
if(!Manager()->ApplyCut(mt2>160. && return true;
if(!Manager()->ApplyCut(mt2>180. && return true;
if(!Manager()->ApplyCut(mt2>220. && return true;
if(!Manager()->ApplyCut(mt2>260. return true;
if(!Manager()->ApplyCut(mt2>100. return true;
if(!Manager()->ApplyCut(mt2>160. return true;
if(!Manager()->ApplyCut(mt2>100. return true;
if(!Manager()->ApplyCut(mt2>120. return true;
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L4

4 Many useful methods are implemented (no need for reinventing the wheel)
®*Please check the appendix of the |JMPA paper (or the reference cards)

% Histograms must be filled prior to the region specific cuts

double mt2 = PHYSICS->Transverse->MT2(SignallLeptons[@],SignalLeptons[1],event.rec()->MET(),

Manager()->FillHisto( ,mt2);
Manager()->FillHisto( ,mt2);
Manager()->FillHisto( ,mt2);
Manager()->FillHisto( ,mt2);
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Summary
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| 4 MADANALYSIS 5:

i < A framework for collider phenomenology (parton, hadron & reco level)
% User-friendly by means of its PYTHON interface
% Flexible thanks to its C++ kernel

http://launchpad.net/madanalysis5

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

. 4 Two modes of the code

. < PYTHONIC: intuitive commands typed in a PYTHON interface
* Analyses performed behind the scenes
* Human readable reports as output

& C++:programming in the SAMPLEANALYZER framework (the MADANALYSIS 5 core)

----------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------

4 The LHC legacy http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase

% Crucial to be able to reinterpret the LHC results in any theoretical context
% This talk presents how to implement a new analysis in the PAD from A to Z
. % Do not hesitate to compile your code to verify it is bug-free
4 Next steps

< Detector simulation and validation (for this analyses, see HEPDATA)
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