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BDT Overall Stradegy

Correlation based optimazation stradegy

Start with 50 leading input variables, choose the one with least
number of input variables yet good performance( 60% training)

Remove bjetsL and bjetsT related variables

Find the largest correlation pair and remove one variable with
smaller separation power in the pair

Repeat the last step until there is only one variable left
Plot the AUC as a function of number of input variables
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TMVA Setup

@ ROOT version

Switched to ROOT6.12/07, TMVA version 4.3.0
New TMVA version comes with new feature

@ Training setup

Signal: TTTT_TuneCP5;
Background: all bg excerpt H and HH and minor ones
60% goes to training and 40% goes to testing
Global weight and event weight same in event yield calculation
have added more interesting variables:
@ sphericity, aplanarity
@ added some nonjets variables
Dealing with negetive weight events :InverseBoostNegWeights(Boost With inverse
boostweight), Boost With inverse boostweight(Pair events with negative and positive
weights in traning sample and *annihilate* them )
4 boosting algorithm: BDT(A), BDTG, BDTB, BDTD ( all use the default
InverseBoostNegWeights)

@ Hyperparameters

Using the default
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Huiling Hua (IHEP)

1tautl

1: jets_dlargestBscoreSum  0.2611

2: bjetsM_3pt 02363
3:jets_7pt 0.1804
4:jets_6pt 0.1461
5: jets_8pt 0.1405

6: toptagger_invariantMass  0.1357
7: toptagger_minDeltaR_vi  0.1195

8: jets_rationHT_dtoRest  0.1109

9: bjetsM_dpt 0.09661

10: jets_9pt 0.08548

11: nonbjetsM_dpt 0.07253
12: bjetsM_2pt 0.07138
13: bjetsM_minDeltaR 0.07062
14: jets_3pt 0.06277

15: toptagger_3pt 0.05575
16: toptagger_MHT 0.05152
17: bjetsM_1pt 0.04679
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1: bjetsM_3pt 02363

2: jets_6pt 0.1461

3: toptagger_minDeltaR_vi  0.1195

4: jets_rationHT_dtoRest  0.1109

5: bjetsM_dpt 0.09661

6: jets_pt 0.08548

7: nonbjetsM_dpt 0.07253

8: bjetsM_minDeltaR 0.07062

9: jets_3pt 0.06277

10: toptagger_3pt 0.05575

11: toptagger_MHT 0.05152

12: bjetsM_1pt 0.04679
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AUC results

AUC vs No. of Variables (BDT) AUC vs No. of Variables (BDTG)
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@ variable list 15 is going to be our final input variables for BDT
@ BDTG and BDT has very similar performance
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17 input variables set

Correlation Matrix (signal)
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17 input variables set

TMVA overtraining check for classifier: BDT(17 inputs) TMVA overtraining check for classifier: BDTG(17 inputs)
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@ number in the parenthese after the title indicates the number of
input variables

@ so this is the overtraining check plot for 17 input variables
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1Tau20S

Input variables
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AUC results

AUC vs No. of Variables (BDT) AUC vs No. of Variables (BDTG)
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@ variable list 15 is going to be our final input variables for BDT

@ not sure why BDT_G plot is not smooth? | am guessing BDTG is
very sensitive to statistic compared to BDT
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15 input variables set

Correlation Matrix (signal)

(15 input variables)
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1Tau20S

15 input variables set

TMVA overtraining check for classifier: BDT(15 inputs) TMVA overtraining check for classifier: BDTG(15 inputs)
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AUC results

AUC vs No. of Variables (BDT) AUC vs No. of Variables (BDTG)
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@ not sure if the fluctuation is due to low statisitic or overtraining
@ it seems BDTG is performing poorly for lower statistics
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17 input variables

TMVA overtraining check for classifier: BDTG(17 inputs)

TMVA overtraining check for classifier: BDT(17 inputs)
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Next Step

@ Add more variables

@ add various correction

@ Hyperparameter optimazation (SS AN)

@ maybe loosen baseline selection for higher statistics
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]
Backup

back up
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EventSelection

o MET fillters
@ HLT requirements

e HLT_PFHT450_SixJet40_BTagCSV_p056==1,
HLT_PFHT400_SixJet30_DoubleBTagCSV_p056==
e HLT_PFJet450

@ loose preselection

o tausl.size()>0, jets.size()>2( fixed here), bjetsL.size()>1
e HT>400

@ Subchannel requirements
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MC reweighting

@ genWeight
@ prefireWeight
@ PileUp reweighting

Huiling Hua (IHEP) Four Tops Meeting
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Event Yield
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Event Yield
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Event Yield
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ults of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(10 input variables) (10 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(10 inputs)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(11 inputs)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(12 inputs)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(13 inputs)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(14 inputs)

TMVA overtraining check for classifier:

BDT(14 inputs)

I Sigﬂal [traiﬁing san\ple}

« Background {iraining sample) |

-E i élgnal (lest salﬂple) T Ts Sighal (lrafning sﬁmple)‘ J ; islgnal hesl salﬁpla) T
= g H.7~"/] Background (test sample) « Background (training sample) | = 10 [ 227 Background (test sample)
T 3
5 n -Smirnov test: signal ility = 0( 0) % = [ i
= o = r
oA T gL
F F -
F s -
3 =) 6
F < C
C £ L
F 5
2 s a
F g r
1 2—
0 0

-08 -06 04 -02 0 02 04 06 08 1
BDTG response

Huiling Hua (IHEP) Four Tops Meeting

ity = 0.102 (0.001)

02 025 03
BDT response

IHEP 2020

39/171



Correlation Matrix (signal)

(15 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(15 inputs) TMVA overtraining check for classifier: BDT(15 inputs)
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Correlation Matrix (signal) Correlation Matrix (background)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(16 inputs) TMVA overtraining check for classifier: BDT(16 inputs)

-E 7 i élgnal (‘est salﬂple) T . Sighal (lraining sﬁmple) T 7: ; 10 i élgnal (Jesl sam\ala) T I Signél [trainling salﬁple} ™
= [7~"] Background (test sample) « Background (training sample) ] = [[777] Background (test sample) + Background (training sample) |
T 3
= 6L -Smirnov test: signal ility = 0.005( 0) 4 = i t: signal ility = 0.101 ( 0) g
&2 E % ER H —
z £ A i 4
Sl ]
E £ eL i ]
a— b - -
E <
F £ r |
3f 2 all A
E + 2 r b
2L [ ]
E 2 o

UrO-flow (5,B):

e
02 025 03
BDTG response BDT response

0.8

Huiling Hua (IHEP) Four Tops Meeting IHEP 2020 43/171



Correlation Matrix (signal)

(17 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(17 inputs) TMVA overtraining check for classifier: BDT(17 inputs)
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all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(18 input variables) (18 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(18 inputs) TMVA overtraining check for classifier: BDT(18 inputs)
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Correlation Matrix (signal)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(19 inputs) TMVA overtraining check for classifier: BDT(19 inputs)
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Results of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(1 input variables) (1 input variables)
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sults of all training 1tau2os

TMVA overtraining check for classifier: BDTG(1 inputs) TMVA overtraining check for classifier: BDT(1 inputs)
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ults of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(20 input variables) (20 input variables)

100

212 3l | o gl z PO . = | a0 6 450 2 6 40
-6 36 28 29 14 -19 -4 32 - 10 jetL_minDeltaR -4 3136 34 17 28 25 2 21 4 4 4
= > Wi < s o 80
it [ e HiE
ots_3pt Bz o4 s almen 60
B ] o : o s oo, [FH PR R g
S ] _vansass LT AT o 40
ol sl o B o Y P T BT - -
01 o i oospr 1t [ PP P B E

=)

2 W 2« e PO o .l o
3 42210012 2 915 E - Jets_aplanarity 7202 10 3 1 1 100 16 2 47 46 4
6 o I I o0 PR P = I BN
i ; v [0 B DD

opocger 1 B oz 3o s Py PO . 55 o0 6 ool a7 e
e— ., . ; e meoonss |1 TR e

[ ) . ) oo sansas o sl ol 2 1w

jets_rationHT_4toRest 79 71500 B = 2 Jots_rationHT_4toRest % 732 6 o
in o o B : [P WS < 5 o ol 2 Ml o 1 L

ow 2l p et 3t T2 s 2l "
ot tgosgaeoesm [} Ll

BB8 o~ 502

-100

toptagger_tpt

Jets_aplanarity
ots_average deliaR

[m] = = =
Four Tops Meeting IHEP 2020 52 /171




Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(20 inputs)
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Correlation Matrix (signal)

(21 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(21 inputs)
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esults of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(22 input variables) (22 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(22 inputs)
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esults of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(23 input variables) (23 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(23 inputs)
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esults

Correlation Matrix (signal)

(24 input variables)
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Correlation Matrix (background)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(24 inputs)
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sults of all trainin 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(25 input variables) (25 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(25 inputs)
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sults of all training 1tau2os

Correlation Matrix (signal)

(26 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(26 inputs)
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Results of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(27 input variables) (27 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(27 inputs)
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Results of all training

Correlation Matrix (signal)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(28 inputs) TMVA overtraining check for classifier: BDT(28 inputs)
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Results of all training

Correlation Matrix (signal)

(29 input variables)
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Correlation Matrix (background)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(29 inputs)

TMVA overtraining check for classifier: BDT(29 inputs)
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ilts of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(2 input variables)

(2 input variables)
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sults of all training 1tau2os

TMVA overtraining check for classifier: BDTG(2 inputs) TMVA overtraining check for classifier: BDT(2 inputs)
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Results of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(30 input variables) (30 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(30 inputs)
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Results of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(31 input variables) (31 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(31 inputs) TMVA overtraining check for classifier: BDT(31 inputs)
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Results of all training 1tau2os

Correlation Matrix (signal)

(32 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(32 inputs)

TMVA overtraining check for classifier: BDT(32 inputs)
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Results of all training 1tau2os

Correlation Matrix (signal)

(33 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(33 inputs) TMVA overtraining check for classifier: BDT(33 inputs)

-E 9 i élgnal (lest salﬂple) T . Sighal (lrafning sﬁmple) T = ; i Slgnal (|e§l samﬂla) T 3 Signél [train\ng salﬁple} T =
= H77] Background (test sample) « Background (training sample) 7 = 10 227 Background (test sample) ‘ « Background (training sample)_|
;- 8 -Smirnov test: signal ity = 0.001( 0) E ; S test: signal ility = 0.046 ( 0) 7
€ 7 = 1

., 0.0)% (0.0, 0.0)%
M|

@
T I,
H“%L | LN R Y]

S

08 -06 -04 02 0 02 04 0 0.8 1

UrO-flow (5,B):

015 02 025 03
BDTG response BDT response

Huiling Hua (IHEP) Four Tops Meeting IHEP 2020 81 /171



Results of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(34 input variables) (34 input variables)
jets_average_detaR 100 ot _sverage_cetar. ECTEETEIR S S e e e 100
e rom 12 o it i3 ity
i SRR R R e worpooss 23l (1] 80

s
jes tausF minDetaR 24
i <y 60 60
e vanaiiass z
i i 4
et tpt [T mu-u-mu 101- a0 W 4w waiSLY 1988 713 1iion 4 noo 4 88 ol 40
optagaer ot 22210030 2 -:.:151.445.514|.|.|456.42 S500% 5 3 1 sas
topager 2pt [LHEIE op 42 0 2rolanaso 67 001 e non M-e0015.010 v
b AT 25 2 aasi T 2 20 o fmshiosesois ot it a7a s hit oo o 4 4 4 1 4 ot 20
toptagger_minDeltaR_v1 TEEEE 113206451 12 -2-4118 01 R Vi Shs7 5872 S0 5 H800 9-95 18 711615 89 mlm
Jets_aplanarity [TEEEIE 14 422 001514122 2 B Jets_2 ap\;namy 10143167 “A | mw!w 211 4163144 429 29
jets_7pt 103863 511588200 - 4808 11 1282 1 17182 0 J 1510 7 82794 0082513 |n4—¢4.47ﬁl4 0
[eraviel 1512 718 S48 s Moy 4 4l 2 el 1 3% 515 31 Py
bits_ivarianiass et invananirs [+ -au.u.amn 2t ‘.\n ﬂ Si3tea g tia i
optagger MHT Togtagger MHT [ G s 4 ks
S H —20 o HT i 25 Moo 2ozt —20
toptagger num optacg o520 (872217111 9 S10.05016 %
et mnDelaR it bR m-umsm Bozieemicash ki ety
toptagger IvaraniMass iarani g 3.8 :

_40 optagger

toptagger_ranshass opaggor ranahiass

2
et e

313 sz "‘ 83 10 71 915 | u\.7|ns1-|.b| 0
* - e RS " S Pk ,.m.,“ -4

r Apmﬁsrm 1 2103 . Jmﬁsu uuuu 15. 222 27038

jots oo Sionast [TH11 RE ." (10:1151“::11 rEEELE jos rabonkT_Siohast [T i iz

Jels pt g A -60 els_opt [T (310316 3 -60

jots bt nnn 42 s Do as o e 161 a1 soia

o 2
it o
bjetsM_

toptagger HT 7% 1‘52 uul. 2 - l‘
e < [ 80 ...qsmmmm o 80
M rum nlsme FEEvE T m R s
o ssecredin 245
ts_bScore. [T

—-100 -100

1 N
£ T
3 2
{ L

Four Tops Meeting IHEP 2020 82/171



Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(34 inputs)

TMVA overtraining check for classifier: BDT(34 inputs)
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Results of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(35 input variables) (35 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(35 inputs)

TMVA overtraining check for classifier: BDT(35 inputs)
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esults of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(3 input variables) (3 input variables)
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sults of all training 1tau2os

TMVA overtraining check for classifier: BDTG(3 inputs) TMVA overtraining check for classifier: BDT(3 inputs)
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all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(4 input variables)

(4 input variables)
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sults of all training 1tau2os

TMVA overtraining check for classifier: BDTG(4 inputs) TMVA overtraining check for classifier: BDT(4 inputs)
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ilts of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(50 input variables) (50 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(50 inputs) TMVA overtraining check for classifier: BDT(50 inputs)
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all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(5 input variables)

(5 input variables)

Jets average deliaR ets_average_deliaR

Ponbiets_num nonbjetsM_num

taul_tpt taut_1pt

Jets 3pt ets_3pt

toptagger_Tpt toptagger_Tpt

: :o5 g B

H 3 ] H H 3 3

H g ? H H g
o« = ® E

Four Tops Meeting IHEP 2020 92 /171



Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(5 inputs)
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all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(6 input variables) (6 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(6 inputs) TMVA overtraining check for classifier: BDT(6 inputs)
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ults of all training 1tau2os

Correlation Matrix (signal) Correlation Matrix (background)

(7 input variables) (7 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(7 inputs)

(1/N) dN / dx

TMVA overtraining check for classifier: BDT(7 inputs)
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ults of all training

Correlation Matrix (signal)

(8 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(8 inputs)
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Correlation Matrix (signal)

(9 input variables)
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Results of all training 1tau2os

TMVA overtraining check for classifier: BDTG(9 inputs)
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ults of all training

Correlation Matrix (background)

(10 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(10 inputs)

TMVA overtraining check for classifier: BDTG(10 inputs)
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training

Correlation Matrix (background)

(11 input variables)
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Results of all trai 2tautl

TMVA overtraining check for classifier: BDT(11 inputs) TMVA overtraining check for classifier: BDTG(11 inputs)
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Correlation Matrix (background)

(12 input variables)
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Correlation Matrix (signal)

(12 input variables)
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sults of all traini 2tautl

TMVA overtraining check for classifier: BDT(12 inputs) TMVA overtraining check for classifier: BDTG(12 inputs)
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training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(13 input variables)

(13 input variables)
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sults of all traini 2tautl

TMVA overtraining check for classifier: BDT(13 inputs) TMVA overtraining check for classifier: BDTG(13 inputs)
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Correlation Matrix (background)

(14 input variables)
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Correlation Matrix (signal)

(14 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(14 inputs) TMVA overtraining check for classifier: BDTG(14 inputs)
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Correlation Matrix (signal)

(15 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(15 inputs) TMVA overtraining check for classifier: BDTG(15 inputs)
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Correlation Matrix (background)

(16 input variables)
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Correlation Matrix (signal)

(16 input variables)
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sults of all traini 2tautl

TMVA overtraining check for classifier: BDT(16 inputs)

TMVA overtraining check for classifier: BDTG(16 inputs)
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all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(17 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(17 inputs) TMVA overtraining check for classifier: BDTG(17 inputs)
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Correlation Matrix (background)

(18 input variables)
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Correlation Matrix (signal)

(18 input variables)
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sults of all traini 2tautl

TMVA overtraining check for classifier: BDT(18 inputs)
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ults of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(19 input variables) (19 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(19 inputs)

TMVA overtraining check for classifier: BDTG(19 inputs)
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Results of all training 2tautl

Correlation Matrix (background)

(1 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(1 inputs) TMVA overtraining check for classifier: BDTG(1 inputs)
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Correlation Matrix (background)
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Correlation Matrix (signal)
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Results of all trai

TMVA overtraining check for classifier: BDT(20 inputs)

2tautl

TMVA overtraining check for classifier: BDTG(20 inputs)
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ults of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(21 input variables) (21 input variables)
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Results of all training

TMVA overtraining check for classifier: BDT(21 inputs)

2tautl

TMVA overtraining check for classifier: BDTG(21 inputs)
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esults of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(22 input variables) (22 input variables)
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Results of all training

TMVA overtraining check for classifier: BDT(22 inputs)

2tautl

TMVA overtraining check for classifier: BDTG(22 inputs)
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esults of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(23 input variables) (23 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(23 inputs)
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Correlation Matrix (background)

(24 input variables)
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Correlation Matrix (signal)

(24 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(24 inputs) TMVA overtraining check for classifier: BDTG(24 inputs)
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all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(25 input variables) (25 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(25 inputs)

(1/N) dN / dx

TMVA overtraining check for classifier: BDTG(25 inputs)
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Results of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(26 input variables)

(26 input variables)

100

1ausF_invarianitass 50577558 18 2 1 | B 3 58 1 4 510 3 1 3 i o
P % 7 21550 6 8 2 Saoofl el 2 TS 21O Gy
s 2 811 700848, jos_avrge soor, [T Aty 80
247182292 9 e0i2n LR esill7o 261736 2 313 8 5 216 18
01 4 24 1088 19 3 -1

810 5 516151214 718 16 1 2 F 08 oo 12 11
23:30.26:35-06 82 191 5.12 91006 o 86 2
00000000
6232654017 41013 66 4 711 5100921
o 10760 4 dsome sua
B
71z

%8 9262616 1 72100854288 2 60
7 Mi7s 4dmhoozseREar
9% S 1 4dd o o6 ik ot 1 4 s v ks NPT
5 14 42m2fees §sweea31
pHaTess in s
g M 54 513 8826 20
a2musen 13100 1414 18 15 5 1110 o o s
i1 7 A0S ATM a2 1 A7 800048 18 70 = 1o 7 bjesM_invariamMass [ 0 L T 933 o
B8 1 5155 8800088 6502100805046 10 2 511. toptagger_minDeltaR vi
2128 338 53 00217 1210

S 78 oo s o5 s
7 4 55 do . s 8 oo oo MR S O 5 2 5 Ml s % +
toy /ariantMass 63 6 B ool 78 8475 1 711492 52516 3410 4 5 40

100 70 5053 428 18 4
68 600 o 14 s
4079 493 oo a2 a0

t0ro0 o5 1 HEE 4018220 SNB 2 11
55.50 48 481000 1834 8 18 1344 4645 4 mgmag 21

um“: = 75 6 60

3 :
" ot it ~ o - R
# £ir oMl S :uu14‘|s|l oy iy

— e A - san o il 80
ottt o trgosipenretum [N s L A 2 v

[t iite toMAdra e ‘ e HTDidocByVat 100
ETERGED P PP 53
$4h288220 | §v;§ﬁ§§§xé"3~ 3551
g%33 g H §8358585343 38143
82 -4 g 32 £ 828 kA 88
$iEiTgE0s g LRI EE R
1 i : I Pl
£ i g g N
F i3 H 3 i3 g i

jets_dlarg

Hu Four Tops Meeting IHEP 2020 136 /171

Huilin




Results of all training 2tautl

TMVA overtraining check for classifier: BDT(26 inputs) TMVA overtraining check for classifier: BDTG(26 inputs)
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Results of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(27 input variables) (2

put variables)
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Results of all training

TMVA overtraining check for classifier: BDT(27 inputs)

2tautl

TMVA overtraining check for classifier: BDTG(27 inputs)
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2tautl

Results of all training

Correlation Matrix (background)

(28 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(28 inputs) TMVA overtraining check for classifier: BDTG(28 inputs)
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Results of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(29 input variables) (29 input variables)
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sults of all traini 2tautl

TMVA overtraining check for classifier: BDT(29 inputs) TMVA overtraining check for classifier: BDTG(29 inputs)
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ilts of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(2 input variables) (2 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(2 inputs) TMVA overtraining check for classifier: BDTG(2 inputs)
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Results of all training

Correlation Matrix (background)

(30 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(30 inputs) TMVA overtraining check for classifier: BDTG(30 inputs)

& [T 'signal testsampie) | | + Sighal (irainihg samplk) 3 5 22 [T Signal (fest'sample) | | + Signal (training sample) |
% 77 (test sample) * Background (training sample)—| % 20 7] (test sample) + Background (training sample)—|
- ; lity = 0.052 (0.001) E s 18 il -Smirnov test: signal ility =0.001 ( 0) =
= °F E T 16 e

5F 14 F #

E E 3

4 12 5

£ 10 ;:

3b o £

2 6 %

£ &

C 4 i’

= F ) :

= o

o S P N NI RIS PR - |
.4 -1 -0.5 0 05 1
BDT response BDTG response

Huiling Hua (IHEP) Four Tops Meeting IHEP 2020 147 /171



Results of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(31 input variables) (31 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(31 inputs) TMVA overtraining check for classifier: BDTG(31 inputs)
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Results of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(32 input variables) (32 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(32 inputs) TMVA overtraining check for classifier: BDTG(32 inputs)
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Results of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(33 input variables) (33 input variables)
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Results of all training

TMVA overtraining check for classifier: BDT(33 inputs)
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s of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(3 input variables) (3 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(3 inputs)
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all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(4 input variables) (4 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(4 inputs) TMVA overtraining check for classifier: BDTG(4 inputs)

& 18 i signaltest sarhple) ||| | | Signal (training sampid) | 5 4 Bignal (est'sample) ' | | | * 'Sighal (training shmple) |
% 16 ﬂ (test sample) + Background (training sample)j % 35 (test sample) * Background (training sample)—|
= test: signal ility = 0.03 (0.002) B = -Smirnov test: signal ility=" 0( 0) 3
= 14 - =

AN =

2
5
3
g
£
£
g
s

0,

U/O-flow (8,

Ll
02 025
BDT response BDTG response

-0.8 -06 -04 -0.2 . . 1

Huiling Hua (IHEP) Four Tops Meeting IHEP 2020 157 /171



Results of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(50 input variables) (50 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(50 inputs) TMVA overtraining check for classifier: BDTG(50 inputs)
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all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(5 input variables) (5 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(S inputs) TMVA overtraining check for classifier: BDTG(5 inputs)
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ults of all training 2tautl

Correlation Matrix (background) Correlation Matrix (signal)

(6 input variables) (6 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(6 inputs) TMVA overtraining check for classifier: BDTG(6 inputs)
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ults of all training

Correlation Matrix (background)

(7 input variables)
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Results of all training

TMVA overtraining check for classifier: BDT(7 inputs)

2tautl

TMVA overtraining check for classifier: BDTG(7 inputs)
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ults of all training 2tautl

Correlation Matrix (background)

(8 input variables)
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Results of all training 2tautl

TMVA overtraining check for classifier: BDT(8 inputs) TMVA overtraining check for classifier: BDTG(8 inputs)
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ults of all training

Correlation Matrix (background)

(9 input variables)

100

tausF_invariantiass
ts_average_dsliaR
bietsM_4pt
Jets wanshass.
JoL_minDetaRt
s tausF_minDokaR
toptagger_ipt ||

ts 7ot

Jets HTDHvidedByMel

—-100

ots_wansMass.
bjtsh

s _average_dsltaR

tausF_invariantass

§
H
Ew
H
F

Four Tops Meeting

2tautl

Correlation Matrix (signal)

(9 input variables)

taus_invariantitass
ets_average_deltaR
bjetsM_4pt

Jets vansass
jeL_minDetaR

jots tausF_minDeliaR
toptagger_Tpt

Jts 7ot

Jets HTDvidedByMet

-100

Jts_7t

toptagger_ipt

ots_vansMass
bjtsh

jol_minDetaR

1ausF_minDeliaR

E
)
2
g
Fl

jos_average_dotaR

taus_invariantiass

ots

o = = = =

IHEP 2020 168 /171



Results of all training 2tautl

TMVA overtraining check for classifier: BDT(9 inputs) TMVA overtraining check for classifier: BDTG(9 inputs)
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sults of all traini 2tautl

TMVA overtraining check for classifier: BDT(12 inputs) TMVA overtraining check for classifier: BDTG(12 inputs)
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training

Correlation Matrix (signal)

(12 input variables)
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