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Problem from last time

Problems

Cut efficiencies and optimal cut value
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TMVA Problems Solved

@ Modified root5 TMVA plotting macro to be used in root6 TMVA

@ Spotted a small bug that caused the flat significance line.

@ the original code does’t check the sanity of significance before the fill,
which is totally fine for positive weighted events. but our sample has
significant amount of negetive weighted events, which could cause some
of the significance value to be NaN, which in return makes the draw of
histogram into a flat line

@ So | added the sanity check before the fill and problem solved.

@ Lorenzo in ROOT forum replied to my solution and guess the fix would
be integrated in future ROOT TMVA

, moneta
Hi,
The fixes makes sense to me. | will fix also in the ROOT repository

Thank you and best regards

Lorenzo
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EventSelection

@ MET fillters
@ HLT requirements

e HLT_PFHT450_SixJet40_BTagCSV_p056==1,
HLT_PFHT400_SixJet30_DoubleBTagCSV_p056==

@ loose preselection
o tausl.size()>0, jets.size()>3, bjetsL.size()>1

@ Subchannel requirements
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MC reweighting

@ genWeight
@ prefireWeight
@ PileUp reweighting
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Event Yield

Event Yield
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Event Yield

1Tau3L
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Event Yield

PAETRS
Raw entries:
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Event Yield

Event Yield
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MVA Stragdy

@ put all 20 most discriminate variables into BDT, see the
performance

@ remove the correlation > 80 variables, then see the performance
@ add some variables

Huiling Hua (IHEP) IHEP Group Meeting IHEP 2020 11/38



1tauOl

TCut mycuts = "tausT_number==1 leptonsMVAT_number==0
jets_number>=8 bjetsM_num>=2" 1tau0l
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TMVA Setup

@ Signal: TTTT_TuneCP5;
Background: all bg excerpt H and HH and minor ones
70% goes to training and 30% goes to testing

o
o
@ Global weight and event weight same in event yield calculation
@ have added more interesting variables:

o spherility, aplanality

e added some nonijets variables
Dealing with negetive weight events

use the 20 most powerful variables as input for BDT( not including
the angular variables)
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Variables Separation Power Ranking

Variable

jets_bScore
jets_4largestBscoreSum
bjetsL_3pt
bjetsL_num

: bjetsM 3pt
bjetsM_num
bjetsL_dpt

: bjetsL_invariantMass
bjetsM_invariantMass
bjetsM 3phi
bjetsL_HT

: bjetsM 3eta
bjetsL_transMass
bjetsL_ 4pn\

~_transMass

BSomvounrwnr

q r_invariantMass
M_transMass
bjetsL_2pt
jets_8pt
: jets_transMass
bjetsT_invariantMass
jets_number
jets_9pt
bjetsT_num
jets_HT
jets_5pt
: bjetsM_2pt
bjetsT_HT
jets_dpt
: bjetsL 3phi
: bjetslL_3eta

Separation

i o1
.662e-01

: bjetsT 3pt : 1.609e-01

toptagger_2pt
bjetsT_transMass
t

: bjetsT

bje
Met_pt
bjetsL_1pt

: jets 9eta

J9f§ 9phi

j 1pt
tuptaggc _minDeltaR vi
bjetsl_dpt

toptagger
jets_16pt

: nonbjetsM_num

toptagger_num
bjetsT_1pt

: bjetsT 2pt

jets_16phi
jets_16eta

8 toptdggar >ph\
[EREy

b]etsL minDeltaR
jets_invariantMass
bjetsL_tausF_minDeltaR
nonbjetsT_num

: jets 1pt

jets_2pt
bjetsM minDeltaR

: tausL_HT

taul_feta
bjetsT 2phi

: tausF_HT

@ how to take correlation into consideratin when do the ranking

mentioned in the SS of TTTT AN)
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Input Varible Distribution
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Input variable: bjetsL_3pt
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Input Varible Distribution

Input variable: bjetsL_dpt
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Input Varible Distribution

Input variable: toptagaer HT Input variable: jets_7pt bietsM_HT
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Input Varible Distribution

Input variable: bjetsL_2pt Input variable: jets_Bpt
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1TauOL step 1

Correlation

Correlation Matrix (signal)

Linear correlation coefficients in %
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1TauOL step 1

Correlation

Correlation Matrix (background)

Linear correlation coefficients in %
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1TauOL step 1

OverTrainining

TMVA overtraining check for clas: MVA overtraining check for classifier: BDT
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OverTrainining

TMVA overtr
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Significance

Cut efficiencies and optimal cut value Cut eff al cut value
— ——— Signal purity ——— Signal puri
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Step 2

@ Background: TTTo2L2Nu, TTToHadronic, TTToSemiLeptonic,
TTX(HG, TTW, TTZ, TTH), QCD700tolInf

@ Here we contains only major background, because some low
seletion efficiency and big cross sectin bg can cause training to
behave not as what we want
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Variables Separation Power Ranking

Variable

jets_bScore
jets_4largestBscoreSum
bjetsM_3pt
bjetsM_num

bjetsM 3eta

bjetsM 3phi.
bjetsL_num
bjetsL_apt
bjetsL_3pt
bjetsM_invariantMass
bjetsL_invariantMass
toptagger HT
toptagger_transMass
bjetsL_HT
bjetsL_deta
bjetsL_4phi.
bjetsT_num

jets_7pt

jets_spt

bjetsT 3pt
bjetsl_transMass
bjetsT 3phi.

bjetsT 3eta
bjetsM HT
toptagger_invariantMass
jets_opt
toptagger_num

bjetsM_apt
bjetsL_2pt
bjetsM_4phi

Separation

1.627e-01
1.587e-01
1.581e-01

: 1.534e-01

1.499e-01

: 1.455e-01

1.448e-01

: 1.426e-01

1.306e-01
1.296e-01
1.286e-01
1.212e-01
1.207e-01
1.202e-01

bjetsM_deta 1.202e-01
toptagger_3pt

bjetsM_transMass

toptagger_2pt

jets_geta
bjetsT_transMass

jets_ophi
Jets_1ept
nonbjetsM_num
jets_transMass
jets_10eta
Jets_10phi
bjetsl_3eta
bjetsL_3phi
Jets_HT

Met_pt_
toptagger_minDeltaR_vi
bjetsT_2pt
jets_MHT
Jets_apt
bjetsT_minDeltak
bjetsL_minDeltak
bjetsT_1pt
bjetsl_1pt
nonbjetsT_num
bjetsM_1pt
bjetsM_minDeltaR
jets_11pt
Jets_3pt

@ how to take correlation into consideratin when do the ranking

mentioned in the SS of TTTT AN)
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Input Varible Distribution
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Input Varible Distribution
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Input Varible Distribution
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1TauOL step 2

Input Varible Distribution

1 1 L n T T T
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1TauOL step 2

Correlation

Correlation Matrix (signal)

Linear correlation coefficients in %

jets_gpt 1914 9 71185 DEBE) [
nvariantMass H i 85 H 0
bjetsM_HT Em 0 80
sL_transM 84 99 00 9|
bietsT 3pt UL LE o —60
jets_8pt 81100
jets_7pt 008 —40
bjetsT_num m 00 _log
bjetsL_HT 00
er_transMass 971 00!
loptagger_HT 009 : =0
i 00
! . T,
bjetsL_3pt 00 q|
bjetsL_4pt 00 —40
bjetsL_num 00 78]
bjetsM_num [EERETON] 1 60
bjetsM_3pt 00 80 ;
stBscoreSum = lifi E —-80
jets_bScore il )
- . , : -100
sty 2 )
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1TauOL step 2

Correlation

Correlation Matrix (background)

Linear correlation coefficients in %
100
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1TauOL step 2

OverTrainining
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ROC

Background rejection versus Signal efficiency
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Significance
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Questions and Next Step

questions

@ why correlation matter for BDT input varibles?

@ how does per event weight and global event weight impact each
MVA method?

@ why keep small set of input variables?

e Theoretically, with more variables, we have more information about
the event and the BDT should gain greater separating power.
However, in practice we want to reduce the number of variables
used to train the BDT while retaining its performance as much as
possible. This is mainly due to the fact that we use Monte Carlo
simulated data to train these Classification BDTs. As Monte Carlo
simulations are not always perfectly reliable for all variables, each
variable used in the training needs to be checked for validity and
bias towards different Monte Carlo generators. With less variables
used, less human effort is needed on these checks and systematic
error can be potentially reduced

e Minimising the number of training variables also has the potential

benefit of removing information redundancy and reducing training

ime _Maraagver hv Innkina at which variahlee are ranked ac tha
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Questions and Next Step

Questions

@ in the training of BDT, for each node, what is the number of signal
an bg events? raw entries or weighted(per event weight and
global weight)? §/ is sensitive to this, right?
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