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training and test sample

signal : e, mu, tau(e), tau(mu), tau(1-prong), tau(3-prong)
training and test samples: tth->212nbbbb

background: mu, tau(e), tau(mu), tau(1-prong), tau(3-prong), b jet, If jet
training and test samples: ttZ for light flavor jet
: tth—>212nbbbb for the other background

* PFOs which can be traced to MC information are used to make samples.

BDTs: Backgrounds

e mu tau(e) | tau(mu) | tau tau bjet | If jet
1-prong | 3-prong

e - X X X X X X X
n
© mu - X X X X X X
oD
A tau(e) - X X X X X
tau(mu) - X X X X
tau(1-prong) - X X X

tau(3-prong) - X X



ut variables

Input variables are choseP from the following parameters
hadOvEM: EhcaI/EecaI

calEOVE: (Encart+Eecal)/Epfo (*1) conel: cos8>0.99
coneE2woSeed: E.oner» Without seed Epgo cone?: cos>0.98
isoCutOld: 6(Epro-15)> — (coneE2woSeed)? cone3: cos6>0.93
pfoRO : sqrt(trkDO%*+trkz0?)

coneE10vConeE2: Econe1/Econe2 (*2)cluster shape variables

coneMass1: reconstructed mass with PFOs in conel | - choose the highest energy cluster
coneMass3: reconstructed mass with PFOs in cone3 | - electron shower shaped is used to fit
clusterShape0O: x2 of fit

clusterShapel: maximum deposited energy (GeV)
clusterShape2: shower Max (mm)

clusterShape3: transverse absorption length(mm)
clusterShape5: shower Max/ Expected shower Max
clusterShapel6: xI120 (mm)

yokuE: deposited energy in the yoku

pfoe: PFO energy

(*3) transverse absorption length :
distance btw shower center

and location where cluster energy
goes down to 1/e

(*4) x120:length to the positon where
the deposited energy reaches 80 % of
total energy on shower axis

pt: Pt of PFO
conelE (*4) 80%
maxTrkEInConel3: Maximum energy of a PFO with track deposited ‘

between conel and cone2 energy
nNeutralConel: Number of PFOs with no track in conel
eNeutralConel: Energy sum of PFOs with no track in conel

shower axis (mm)



BDT Output, signal: electron

pre-cut : PFO energy > 2 GeV, PFO with track

additional pre-cut for electron or muon: PFO energy > 5 GeV

background: muon

TMVA overtraining check for classifier: BDT
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BDT Output, sighal: muon

pre-cut : PFO energy > 2 GeV, PFO with track

additional pre-cut for electron or muon: PFO energy > 10 GeV

background: muon

background: tau(h)
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BDT Output, signal: tau(e)

pre-cut : PFO energy > 2 GeV, PFO with track

background: muon

background: tau(h)

TMVA overtraining check for classifier: BDT
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BDT Output, signal: tau(m)

pre-cut : PFO energy > 2 GeV, PFO with track

background: muon background: tau(e) background: tau (u)

background: tau(h) background: b jet background: If jet

TMVA overtraining check for classifier: BDT
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BDT Output, signal:
tau 1-prong (top), tau 3-prong (bottom)

pre-cut : PFO energy > 2 GeV, PFO with track
background: b jet

TMVA overtraining check for classifier: BDT
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tth 212n

* Lepton ID efficiency with TMVA BDT (cut base) lepton selection

*in this table,

partldes 0 means less than 0.01%

(%) elec muon  taue taum tauhl tauh3 bjet ljet

elec 92 0 43.42 0 0.42 0 0 N/A
(85.08) (0) (28.82) (0) (0.31) (0.06) (0)

muon 0 95.11 0 40.36 0.03 0 0 N/A
S (0) (92.14) (0) (18.19) (0.01) (0) (0)

43 taue 0.94 0 29.32 0 0.33 0 0.04 N/A
Q (2.24) (0) (18.76) (0) (042 (0) (0.02)

Q

A 0 1.34 0 34.22 0.11 0 0.04

e © (266) (0 (3507) (009) (0 (003 /A
0.28 0.06 0.71 0.04 55.64 0 0.04

tauhl  356)  (053) (15.4) (12.46) (4621)  ©) (006) VA
0 0 0.04 0 0 49.29 0.01

e (0 (001) (008) (0.04) _ (0) (3874) (0.04) /A

[nonle 6.76 3.47 2649 2537 4344 50.7 99.84 N/A]
P (9.09) (465 (36.91) (3422) (52.92) (61.18) (99.83)




ttZ

* Lepton ID efficiency with TMVA BDT (cut base) lepton selection

*in this table,

partldes 0 means less than 0.01%
(%) elec muon taue taum tauhl tauh3 bjet ljet
. 90.92 0.01 443 0 0.5 0 0.01 0.01
(84.62) (0.01) (28.27) (0) (0.11) (0.11) (0.02) (0.02)
uon 0 9493 0 39.98 0 011 001 O
S (0) (92.23) (0) (18.28) (0) (0) (0) (0.01)
T taye 1.16 0 28.08 0 034 0 002 O
Q (1.96) (0.01) (20.01) (0) (0.23) (0) (0.02) (0)
B N— 0 1.59 0 3342 0.15 0 002 O
0) (2.93) (0) (36.28) (0.07) (0) (0.03) (0)
N 031 0.05 056 0 54.97 0 0.01 0.38
(3.14) (0.49) (15.08) (10.98) (45.37) (0) (0.02) (0.4)
N 0.09 0 0 0 0 48.14 0 0.18
(0.05) (0) _ (0.08) (0) (0) (37.99) (0.02) (0.2)
[nonlep 75 339 27.03 2659 4436 51.73 99.89 99.4 ]
(10.2) (4.29) (36.62) (34.44) (54.19) (61.88) (99.86) (99.34)




BDT input variables table 1

e-m e-taue e-taum e-tauh e-bjet e-Ifjet m-taue m-taum m-tauh m-bjet m-Ifjet
hadOVvEM v v v v v
calEovE v v v v v
coneE2woSeed
isoCutOld
pfoRO
coneE10OvConeE2
coneMassl
coneMass3
clusterShapeO
clusterShapel
clusterShape2
clusterShape3
clusterShape5
clusterShapel6
yokuE
pfoe
pt
conelE
nTrkinConel
maxTrkEInConel3
nNeutralConel
eNeutralConel

v
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taue- taue- taue- taue- taum- taum- taum- tauhl- tauhl- tauh3- tauh3-

taum tauh bjet Ifjet tauh bjet Ifjet bjet Ifjet bjet [fjet
hadOvEM v v v v v
calEovE v
coneE2woSeed
isoCutOld v
pfoRO
coneE10vConeE2 vV
coneMassl
coneMass3
clusterShape0 v
clusterShapel
clusterShape2
clusterShape3 v
clusterShape5 v
clusterShapele vV
yokuE
pfoe
pt
conelE
nTrkinConel
maxTrkEInConel3
nNeutralConel
eNeutralConel

v

SN NS

v

v v
v

v
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Input variables
and
Linear correlation matrix

* inputvariables are chosen to maximize area of ROC curve



Correlation plots
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BDT input variables e-mu 1

Input variakie: pfo_for_lep.hadOvEM
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BDT input variables e-mu 2

nput varlable: ple_for_lep.clusterShape2
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Correlation

electron

Correlation Matrix (signal)
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Plo_gRfo fo
-@n

18

,.ogfo

Linear correlation coefficients in %

100

-A7
-51 1 16
-28 15
87 170 5 3

-15 . 10 1

nfo 1Dl g Rlo (Rlo 4 Blo (R0

50! u%unf"“ref,fﬁg G‘;
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BDT input variables e-taue 1

Input varlable: pfa_for_lep.cone1E

o 04 EETSIGRET T
D035 7] Background
0.03
0.025
0.02
0.015
.01
0.005

{1/N) dNJ 2.84

WD -flosy (5,8 (0.0, DUET% J 0.0, DS

o 100 120 140 160

pfo_for_lep.conelE

Input varlable: pfa_for_lep.nTrkinConed

m _I LI | TTTT | TTTT | T T1TT1TT | TTr1rT | I_
2 | ]
= ]
T ef 3
£ ]
: ﬁ I~ _-
4 B g
sl 4
o ||I.........L....J....._I._

1 2 3 4 5 [
pfo_for_lep.nTrkinCone1

WD -flow (5, 8] (0.0, f087% J0.2, DLET%

Input variable: pfo_for_lep. jetConeE2woSeed

FTTT [T AT IR [ AT T I T[T A I [T TIT[RIT [ TI T [Tl

04 F
0.35 f
03 g
025 f
02 g
015 §
01 f
.05

10l

{1/} dN/ 1.63

D Mo (5, B (0.0, 9U81% 5 (0.0, D81

nﬂ' 10 20 30 40 50 &0 TO B0 B0

pfo_for_lep.jetConsE2woSead

Input variable: plo_for_lep.lsoCutdld

0,005

0.004

{1/N) dN/ 103

0.003

.00z

0.001

-2000
pfo_for_lep.isoCutOid

-i00d o

OB (5, B (0.3, BU2T% 5000, B0T%

Input varlable: pfo_for_lep.coneMassd

QFFETTIIITI [T [TI T[T T[T T T[T T T TT11

0.6

0.5 [

{1/N) dN/ 0657

040

0.3 5

0.2

0.1

D Mo (5, B (0.0, 9U81% 5 (0.0, D81

L]

5 i 15 20 25
pfo_for_lep.coneMass3

nput variable: plo_for_lep.eaNeutralCone

o 35

ﬂ.E:|.|||||||||||||||||||||||||||||||||||.|.
0.5 g

04

{1/N} dNJ 1.25

03g

0.2 5

OB (5, B (0.0, BU0T% (0.1, D0

0.1 I
n 1

L Il Il Ll gy
3 40 S50 &0 TO
pfo_for_lep.eNeutralCone

o 10 20
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BDT input variables e-taue 2

nput varlable: pfo_for_lep.clustarShaped

{1/N) dN/ 0.385

0.2
.18
016
14
012

0.1
.08
.06
.04
0.0z

|:|||||||||||||||||||||||||||||||||||||||||

D Mo 5, B 0.0, 0BT 0.1, BT

a0 50
pfo_for_lep.clusterShapel

nput varlable: pfo_for_lep.clustarShape3

{1/N) dNJ D316

25}

1.5 f

0.5 i

3

2 4 & 8 10 12 14 16 18
pfo_for_lep.clusterShaped

D Mo (5, B 0.0, 0LET% I [0.1, 03T%

Input varlable: plo_tor_lep.calEavE

{1/N} dNJ 00169

10

IIIIIIIIIIIIIIIIIIIIII
D Mo (5,8 0.2, CL17% 0.0, B8T%

0.6 0.8 1 1.2 1.4
pfo_for_lep.calEavE

Input varlable: pfe_foer_lep.pfof0

{1/N) dN/ 0.585

1.6
1.4
1.2

1
0.8
0.6
0.4
0.2

n-_ 1 Ml P e [N
5

0 15 20 25 30 35
pfo_for_lep.pfoR0O

D Mo (5, B 0.0, 0LET% I (0.1, 1%

Input wvariable: pfo_for_lep.maxTrkElnCone 13

{1/} N/ 0.953

n.ﬂ__llllllIII|IIII|IIII|IIII|II

0.7
0.6
0.5
0.4
0.3
0.2

01

B

rETRAIRATA RTRRA INRTHRTENI RRTH1 INRTARTENIN

) i el e L

10

20 30 40 50
pfo_for_lep.maxTrkEInCone13

WD flowy (5,802 0.0, QU801 0.3, I.37%
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Correlation

electron

Correlation Matrix (signal)

Linear correlation coefficients in % 100
for_lep.pfoe
¥_lep.yokuE
sterShape16
usterShape3
usterShape2
usterShape1 =16 100

usterShape0 6 | 100 116

=18 100 . 6

v.coneMass3 |
wp.isoCutOld | | 6 100 18 -2 17
_lep.calEovE | | WILE o 5

ep.hadOvEM EOLE | 5 13 -3

Pl {fa ’Or @p nfo foffo foefo "fa
0 °ﬂw us,
ﬂf "E fO!q "rs Dea Deab""ﬂefe

o g ,go @p @?,,ﬁ”*%e%

tau(m)

Correlation Matrix (background)

Linear correlation coefficients in %

100

for_lep.pfoe [0

y_lep.yokuE

sterShape16

usterShape3

usterShape2

usterShape

usterShape0 -20

r.coneMass3 40

yp.isoCutOld .60

_lep.calEovE

ep.hadOVEM -:EO

Pl 4 Pfo fw_ #’fo foffo foffo Pfo "fo "fo

g e &ﬁﬂ"ﬁn"*@ %""% @%ﬁp{:
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BDT input variables e-taum 1

Input variable: pfa_far_lep.hedOvEM

{1/M) dNJ 0.323

4ilﬂlgllnallllllll TTT[TTT[TTTI[TTTI]T
4.5 B Background
3
2.5

2

"nzaaamuumm

pfo_for_lep.hadOvEM

Input variable: pfo_for_lep.conaMassd

{1/M) dN/ 0.65T

0.7
0.6
0.5
0.4
0.3
0.2

0.1

U -fho (5, B | 0.0, D37 J 0.0, BUEr

(1]

5 1 15

pfo_for lep.coneMassl

U -fhoe (5, B (0.0, §U87% J|0.0, 5%

Input varlabla: ple_fer_lep.calEavE

{1/N} dMJ 0.0263

10

TTT [T T T[T T T [TTT[TTT[TTT[Trrrrog

W -fhow (5,8 0.0, DU87% J|0.0, D8

0.2 04 06 0.8 1 1.2

pfo_for_lep.calEavE

nput variable: plo_for_lep.clusterShaped

{1/} dNJ 0381

0.8
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

10 20 ET1] 4 50
pfo_for_lep.clusterShapel

U -flow (5,8 0.0, Ul 0.2, DU

Input varlakle: pfo_far_lep.kaCutOid

0.005

0.004

{1/} dNJ 102

0.003

0.00z

0.001

L]

50040 -4000 -3000 -2000

1008 @
pfo_for_lep.iscCutOld

nput varlakle: ple_for_lep.clustarShaped

3

25

2

(1/N) dN/ 0282

1.5

0.5

U -fhoe (5, B | 0.0, D037 J 0.0, S

0 32 14 16
pfo_for_lep.clusterShape1
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BDT input variables e-taum 2

nput varlable: pfo_for_lep.clusterShape2 nput varlable: pfo_for_lep.clusterShape3

TTTT TTTT TTTT TTTT TTTT TTTT T TTTT TTTT TTTT TTTT TTTT TTTT TTTT TT nnz“ H
E aoie E T T T T T T E E F T T T T T T T ] E i 3
"] ] . 14 § — = H E
= 0016 f- = = . 5 0.0z 3
= 0014 —g 5 12f —_E_‘ T 0018 § 3
£ opizf 1= 1} 1= £ ::ﬁ E
0.01 f 35 T eaf 3 0.012 | 3
0.008 - EE oe - EE 0.014 3
o008 B = 5 ] 5 0.008 § =
i —;
0.002 sk 0 ek 0.002 " 3
o d g o N g o .ﬂ/ﬁff‘--. =
500 1000 1500 2000 2500 3000 5 10 15 20 25 30 35 200 600 800 100012001400 16001800
pfo_for_lep.clusterShape2 pfo_for_lep.clusterShaped pfo_for_lep.clusterShape16
Input wariable: pfo_for_lep.yokuE Input varlable: plo_for_lep.pfos
E a__lllllllllllllIIIIIIIIIII|IIII|IIII|IIII_E ﬁl 0.01 II|III|III|III|III|III|III|L;
= T = o p.03s 3
3 g = E §
3 sf 4= Z oo3 3=
g s E Ry 3s
4 3 § 0.02 3 §
af 4= 0.015 E77F 4=
2 4= 0.01 B 4a
= v &
1§ 4 0.005 | =L
1 O . 2RO | o L
1] i 2 3 4 5 & T 20 60 80 100 130 140

pfo_for_lep.yokuE pfo_for_lep.pfoe
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electron

Correlation Matrix (signal)

Correlation

tau(h)

Correlation Matrix (background)

Linear correlation coefficients in %

rkEInCone13 3 3 68 8
ar_lep.pfoR0O 1 4 1 2
17 -70 =18 =31

6 2 100

.22 1008 2

sp.isoCutOld 7
usterShape0 10 -
leutralCone1 25
».coneMass3 5 l 9

leutralCone1

-3 -2 .100 -13 -16

7:20 100. 22 9:25 10

4 5100020 2 22 M 7

usterShape1
'_lep.cone1E
s.coneMass1
ep.hadOvEM | -
for_lep.pfoe
sterShape16 FOLE |18 wl: i)

5 1005 5 4 5

7 -8 -10

”fo,grfo,g’fo,grfo,grfo,grfo,grfo,gfo,g’fogrfo,grfo,grfo o

ek

el gy

2 13 100
=131 100
=2 (100 =13 =13

31 2 s
6 1007122 6 -
4 122 22 413 100 s. 2 -

13 4

11 1005 .4 ae.-z4 2 3 3.

100

tKkEInCone13 65 4

ar_lep.pfoR0 5 1
rp.isoCutOld - 2 -52 1-29 535

-2 .
usterShape0 2 1

-2 "66 829 100

1 leutralCone1

12
4
-

11| 100 824
100 £ 11 166

2 7 -1 200 100 1 -2
4 15-100 20 2
4 2 5 100. 4

y.coneMass3 20 1
leutralCone1
usterShape1
"_lep.cone1E

s.coneMass1

sterShape16 FOLE 4 4 2 -2 2 -5

for_lep.pfoe | 5 G[i[i]

& %ﬁ; s

1 100

ep.hadOvEM -100 5 15 7 -3 1 -5 A7 7

Linear correlation coefficients in %

100
1 100

=1 100: 1

-1 -10

e Bt e B e 1, 0 5, B

100
%%ﬁw%i% -
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BDT input variables e-tauh 1

Imput variable: pfo_for_lep.clusterShapei1s

l_'r.DﬂinsI-gh-l.l-,...,
I~ Background

0.025

b.02

{1/N} AN/ 28.5

0015

.01

0.005

600 800 1000 1200 1400
pfo_for_lep.clusterShape16

Input varlable: pfo_for_lep.conaMassi

AR NS NEENESTENE NN NN ENREE |

“ llllllll||||||||||||||||||||||||||||J_
™ L ]
s °f E
z -
b 4l -
£ .
Tt _3 L _:

2t 3

1 g

n Il L 1 |_|.||||||||;

1 2 3 4 5

[]

T

pfo_for_lep.conaMassi

WD -Flos (5,80 0.0, U8 0.0, DA%

WD -flow (5,8 (0.0, L8110, L%

Input varlabla: ple_fer_lep.pfos

(1/N) dNF 238

0.08 |
0.07 §
0.06 F

.05
.04
0.03
.02
0.0

.:3;
]
#

L

'RTH IERTH IRTH INTTA INTR1 IR TRIRTIRINTRTI NN,

a0 60 80

100 120 140

pfo_for_lep.pfoe

Input varlable: plo_for_lep.conelE

B4

{1/N) dNJ 2

=
=1
]
w

.02

0.015

0.0

0.005

100 120
pfo_for_lep.conelE

140 160

U0 -Floe (5,80 0.0, D87 J 0.0, D8

WD -flkos (5,8 10,0, LU81% 10.0, 8%

Input varlabla: ple_far_lep. hadOvEM

{1/N) dNJ 2

0.5
04
0.3
0z R

o1 R

o B ' ' '

L
1] ] 100
pfo_for_lep.hadOvEM

WO <Pl (5, B | 0.0, QU8 J (0.0, D875

nput varlable: pla_for_lep.clustarShaped

{1/} dNJ 0269

25+

21

EETIITERE RN NN AN FNERE AR R

WD -Phow (5, B (0.0, Q087 1000, dET%

TR T
pfo_for_lep.clusterShapei
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BDT input variables e-tauh 2

nput varlable: ple_for_lep.eNeutralCone

0.45 EL"'I""I""I""I'"'I""I""I""I""I
0.4 g
0.35
0.3 g
.25 §-
0.2 g
015 g
01
.05

{1/} N/ 1.59

INTAITRTIIRTIRTITA ITRTIIRTTI RTIRICTRTI PR ITI =

ﬂ'n 10 20 30 40 50 &0 70 80 B0

pfo_for_lep.eMeutralCone

nput varlakle: ple_for_lep.clusterShaped

0.5

0.4

{1/N} dNJ D.8TT

0.3 g

0.2 f-

0.1

1 } P |
o 10 0 30 40 50

pfo_for_lep.clusterShapel

U0 -fhow (5,80 0.0, D87 0.0, D8

WD -flow (5,80 0.0, D8 J|0.2, DA%

Input varlable: pfe_for_lep.coneMassad

0.6

{1/N) dNF 0647

] i 15 20 25 30 35

pfo_for_lep.coneMassl

Input warlakle: plo_for_lep.RoCutOld

N LI BRLELJLINL I LI L LML I I L R L

35

0.002s
=

0.002

(1N d

0.0015

.00

0.0005

WD -fhow (5,80 0.1, U37% J 10,0, D8

%mm-mmmm-im [1]
pfo_for_lep.isoCutQid

U -fhow (5,80 0.0, DU87% J 10,0, D87

nput varlakle: ple_fer_lep.nHeutralCone

1.8
1.6
1.4
1.2

1
0.8 g
0.6 g
04 g
0.z g

ﬂﬂl 2 4 ] ] 10 12

pfo_for_lep.nNeutralConel

Input warlakle: ple_for_lep.pfofR0

FITT T[T T[T I T[T T T[T T T TITT[TTTT[TTTTH

{1/N} AN/ D219

1
NN NENE AEN1 FRRE ANT1 FRRE ANT1 AR ANY

U0 -floe (5,80 0.0, DU87% 0.0, D8

0.7
0.6 §
05§

{1/N) dMF1.35

04 B
0.3 g
0.z g
URN:S

0 .

D -fhow (5,80 0.0, 8% J 0.0, DAY

-

pfo_for_lep.pfoR0
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BDT input variables e-tauh 3

{1/N) AN/ 0.974
=
(=13

T T 1

: ]

: 32
EH
s
i &
ﬂ.E _:E'
n.1 42
o B 'E

o s | | el L T
1] 10 0 30 di 50
pfo_for_lep.maxTrkEInConai3
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Correlation

electron

Correlation Matrix (signal)

usterShape2
usterShape1
nTrkinCone1
£10vConeE2
v.coneMass3
ar_lep.pfoR0
"_lep.conelE
s.coneMass1

ep.hadOvEM

Linear correlation coefficients in %

100

11
o -
5 80 11

pro. nro,w

=2 42 100 §=51 6

|-

1 4

fo,-fo,-fo,-fo,-forfo,-forfor
‘%D‘%D ’qo’qo
"'511'0.,E %esnca%r,,s
Vcaneez

b jet

Correlation Matrix (background)

usterShape2
usterShape1
nTrkinCone1
210vConeE2
y.coneMass3
_lep.pfoR0
"_lep.cone1E
s.coneMass1

ep.hadOvEM

for_lep.pfoe

Linear correlation coefficients in %

100

Plo g lo_p. Pl p Plo . Plo g Plo 10P%o
~for ,~for “Or ~fop -J‘or -J'o,- Jo,- 2
g lep plep, ’qn ’qn ’ﬂp
Phoo 20, Eonelye0n o’ IoRG Oy, %%“'?g nc%r:%
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BDT input variables e-bjet 1

Input varlable: pfe_for_lep.pfoe

Signal ' [ T

Background

(1N} dNS2.38

ITANTTANTR1 ITRI PR T1 AT NTTH T2 FIMATRANATIL:

100 120 140
pfo_for_lep.pfoe

Input varlable: pfo_for_lep.cone1E

.02
0.018
0.016
0.014
0.012

0.0
i0.008
i0.006
0.004
.00z

TIIT T [IT T[T T T[T T T[T T [TTT[TTIT[TT1[14

{1/} dNJ 3.13

e 20 40 &0 80 100 120 140 160 180

pfo_for_lep.coneiE

W0 -fho (5, B (0.0, DU J (0.0, fU8TH

WDi-fhow (5, 8] (0.0, D80 J|0.0, fU8r

Input varlable: pfo_for_lep. hadOvEM

0.8
0.7
0.6
0.5

(1N} NS 1.37

0.4
0.3
0.2
0.1

“nmmanmsnmmm

pfo_for_lep.hadOvEM

Input variable: pfo_for_lep.plafd

0.35

sl b by b s beaa g by oo H

Wi -flow (5,8]): (0.0, D% J 0.0, 8T

0.3

.25

{1/} dNJ 3.05

0.2

20 40 &0 8O

100 120 140 160 184
pfo_for_lep.pfoR0

W0 -fhow (5, B8] (0.0, U J 0.0, D27

Input varlable: pfo_for_lep.coneMassi

3:|.||||||||||||||||||||||||||||||

250

20

{1/} N/ 0.274

1.5 g

s

0%—‘ AN I P

2 4 & 8 10 12 14 16
pfo_for_lep.coneMassi

Input varlable: pfo_for_lep.coneMassd

0.5

W0 -fho (5, B (0.0, DU J (0.0, fU8TH

o4

{1/N} dNS 0.825

LN

0.2

.1

WDi-fhow (5, 8] (0.0, D80 J|0.0, fU8r

15 20 25 30 35 40 45
pfo_for_lep.coneMassd
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BDT input variables e-bjet 2

Input varlakle: plo_for_lep.nTrkinConed

Imput variable: pfo_for_lep.coneE10vConeE2

{1/N) AN/ 0.0159

[ ELELL I L LN LR NN LN R

102 0.3 04 0.5 06 0.7 08 08 1

U0 Moy (5,8 ) 0.0, ©080% 1000, D8

e ]

pfo_for_lep.coneE10vConeE2

nput varlable: plo_for_lep.clusterShape2

{1/} dNJ 59.9

0.016
.01
0.012
.01
0.008
0.006
.00
.00z
i

AN AENANRTI RARE ANN1 FRTI RERE AR b
WD Ml (5,8} 0.0, W% §]0.0, D

500 1000 1500 2000 2500 3000 3500
pfo_for_lep.clusterShape

{1/N} dN/ 0.288

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'r

U0 flow (5,8 (0.0, QU800 1 (000, D8

[
‘

. M -

2 4 &6 8 10 12 14 16 18
pfo_for_lep.nTrkinCone

nput varlakle: ple_for_lap.clusterShape1

{1/N} AN/ 0.205

P
[ ] 1[1]

ER

pfo_for_lep.clusterShape1
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electron

Correlation Matrix (signal)

Linear correlation coefficients in %
spisocutold [ PRI P TOTERERINE T BRY ETE TR

ar_lep.pfoR0 [ 5 R
usterShape0 | =5 [cf 8 [ R R
NN 5 2 15 -3 -3 14 868 -1 15 -1
leutralCone1
=10vConeE2

212
-3 2
-33

.|

12 231 7 6-31-17-42 2-41
lep.calEovE | £ [f ciooE R
usterShape3 1 8 21 -4 22 5100-6 1
usterShape2 4 811100 5 3 2
16E2woSeed 23 6.24 13_23 710044 -10-4183
sterShape16 | ||~ b i d | 100-7 8:22 2 -8
v.coneMass3 | < 9 .221[)[)
leutralCone1 | - 25 2810022-10 -4 41317139
nTrkinCone1 -31

usterShaped | < = (Il 713 421 5 613
XY s6 720100881125 9 724 25 722
s.coneMass1 [ RN VRN ¢ 0T 33122
ep.hadOvEM | Sllilis s i 5 2 6 1 814 -2 4
for_lep.pfoe (I < 86- 5 3 21123 1 1

10 3 6100 -13

5 580 11 -310028385 1

12:24

100 2
24 4222213 838 6 883 2 1-13 2100
100-2-33 -3 213§

-42 668 6 1-18

814 5 1:37

5 a-a-

Correlation

If jet

Correlation Matrix (background)

Linear correlation coefficients in %

100

p.isoCutOld
ar_lep.pfoR0O
usterShape0
rkEInCone13
leutralCone1
=10vConeE2
6 _lep.calEovE

-4 -1

-1 1
15 5/13-90
-1 7-2 6

304-58-74 45 MEET 08 - 05
2-51751-4-25-2-3
7 3 9
10 4 817 -3 -5 -7{8 2 2
5 1865 2 116512 -1 62
24 927444 8191921 4 5
924 2 613 21 111 3

usterShape3 -1 -1 -1

usterShape2 -1 1 100
1eE2woSeed | /KL _ =3100

sterShape16
y.coneMass3
leutralCone1 |
nTrkinCone1 | -

usterShape1 =

10013
2100 -2
-13
212-70

19 26 19100 -2
) 112610019 -2
-2 66 -110026 26 -1
9 2131004 -1 3
*_lep.conelE 10: 711001 19 2 85
s.coneMass1 | kDo 170 1
ephadovem | (BT f [ ECEDRCE

ool 9..-3 1 121

-2
8 2 2:-31

-3-16 4 17
310 1 7
15 7 10-43
213 4

245213
S >

-4112100
112810042
21002841

11002 1

1001

3 562 2

1.2112]84
-1 1965 -7
219115

6344 65.17

2 2748 -8

3

126 1 2 31221003 14114429

2-113 8 2 3 3

2100
100 2
3 100

23
2-52
2 4
12

=3-88
2 3
5-27
-2-40
-4-45
-1
574
17-58

124 914 75 4

924 5-10

-2 3

100
80
60
40
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BDT input variables e-Ifjet 1

Input varlable: pfo_for_lep.pfos

0.2 [ Sighal "7’
048 £ Background
016 B
014 B
nazft
AN S
.08
.06
.04

0.0z

{1/} AN/ 2.38

DRl (5, B (0.0, QU807 1000, D8

1]

2 40 60 80 100 120 140

pfo_for_lep.pfoe
Input varlable: ple_for_lep.cone1E

0.0z p
o018 |
0.016 |
0014
0.012

0.01
0.008
0.008
0.004
0.002

{1/N) dN/ 3.92

20 40 &0 80 100 120140160 180200 22024
pfo_for_lep.coneiE

= U -flow (5, 8] (0.0, QU800 1| 0.0, f8r

Input varlable: ple_for_lep. hadOvEM

{1/M) AN/ 1.66

0 10 20 30 40 S0 o0 TO 80 W0

pfo_for_lep.hadOvEM

nput varlable: pfo_for_lep.clusterShaped

35

3
2.5

{1/N) N/ 0.232

2

p b Loy b by bawa s biaa o I

P R "
1] 2 F] [3 [] 0 12
pfo_for_lep.clusterShapei

D Mo (5,8l (0.0, BU87% § 0.0, 03

D Mo (5, B) (0.0, DU50% /0.0, 08T

Input varlable: ple_for_lep.coneMassi

AR

{1/M) dNJ0.233

WD -floer (5, B (0.0, DU8T% 1000, D8

PR
12 14
pfo_for_lep.coneMass1

Input varlabla: pfo_for_lep.aTrkinConed

3.5 b

3l
251

{1/} NS 0.254

2B
1.5
11

05 B

sl b b b b by b o

U0 -fhow (58] (0.0, DU 1 0.0, {8

o 2 4 L] 8 10 12 14 16

pfo_for_lep.nTrkinCone1
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BDT input variables e-Ifjet 2

nput varlable: plo_for_lep.nieutralCona

{1/N) dN/ 0,322

WO Pl (5,8 1000, QU2 11000, DS

o 2z 4

6 & 10 12 14 16 18
pfo_for_lep.nMeutralCone1

Input wvariable: pfo_for_lep. jetConeEdwoSeed

0.2 TT[TTT[TT T[T [TT [T [ AT T IT[IT T[T TT[TTT]

.18
0.16
014
012

0.1
0.08
0.06
0.04
0.0z

{1/} dNJ 3.82

TR ETRE (AT RATRINRTA IRRINNT IRR1NTRE s

ﬂn 20 40 &0 80 100120 140 160 180200 220
pfo_for_lep.jetConaE2woSead

WOy (5,80 (000, DU 0.0, D80

Input warlable: pfe_for_lep.conaMassd

{1/N) dN/0.TE3

WO Pl (5,8 1000, QU2 11000, DS

15 20 25 30 35 40 45
pfo_for_lep.coneMass3d

5 10

nput varlakble: ple_for_lep.clustarShape2
wy 0.035

TT [T T T[T T T[T T T [TTT[TT T [TTT[TTH

0.03

0.025

{1/} dNJ 26

0.02
0.015
001

0.005

WOy (5,80 (000, DU 0.0, D80

L]

200 400 1000 1200 1400

G0 800
pfo_for_lep.clusterShape2

Input variable: pfo_for_lep.clusterS3hape 18

{1/N) dN/ 33
=
(=1
[~

pliobia b b bbb biabis Bena bias |
RO Ml (5,8 ) (0.0, DB 1000, DN

“ﬂl 200 400 600 800 1000120014001 6001 00
pfo_for_lep.clusterShape1é

nput warlable: ple_for_lep.clusterShape3

E n.nn? il ||| LELBLIL ||| |||| LB |||| ||| |||| LELBLIL ||| |||| |||_:
Z o006 =
o - =]
Z ooosf =
~ oo0s 3 g
0.003 § 1=
o.002 - Ja
1%
o.001 i =F
. 18

ol obinlon bl b b
10:040 2000 3000 4000 5000 6000 7000 S000
pfo_for_lep.clusterShaped
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BDT input variables e-Ifjet 3

Input varlable: pfa_for_lep.calEavE

{1/N) AN/ 0.0434

B o b W & W o 2o

WD Al (5,8 1000, QU80% 0.0, ful

1.5 2 25
pfo_for_lep.calEovE

L 1

Input variable: pfo_for_lep.maxTrkEinCone1d

{1/N) dN/ 1.09

.7
0.6
0.5
0.4
0.3
0.2
0.1

[}

1] 10

oERRINNERE RRRERRNTARRERINRERA RRRRAE:

1 1 1, o lyasaal
20 30 40 50 60
pfo_for_lep.maxTrkElInConall

WD-flow (5, B (0.0, DU 1 0.2, D21

Input variable: pfo_for_lep.coneE10vConeE2

{1/N) dNJ 0.0163

L]

0.2 0.3 04 05 06 0.7 08 0.8 1
pfo_for_lep.conaE10vConeE2

0.1

nput varlable: pfe_for_lap.clusterShaped

{1/N) dNJ 1.63

0.35
0.3
0.25

WO fkoey (5, B (0.0, DU 100, 1%

10 20 30 40 50 60 TO 80 90
pfo_for_lep.clusterShapel

D -floey (5,80 (0.0, DU8T% 10,0, e

nput varlable: plo_for_lep.eMNeutralCone

{1/N) dNJ 2

:I T IIIIIIIIIIIIIIIIIIIII:
0.35 E
oafl —§
02s ff =
ozl —g
(XEY R 44

ia

01 38
0.05 =
n%-'— L T |

o 20 40 60 80 100 120

pfo_for_lep.eNautralCone

Input varlable: pfe_for_lep.pfoRd

{1/N} dN/ 3.32

0.3

0.25

0.2

0.15

o1

0.05

o

FTTT [T T T[T T T[T T[T IT[TITI[TTT[ITI[TIT[T1T

1
ETRINNININNENI RN TRINRT R RREN1 N
WO fkowy (5,80 (0.0, DU 1000, DuETs

100 120 140 160 180
pfo_for_lep.pfoR0

20 a0 60 80

33



BDT input variables elfjet- 4

Input varlable: plo_for_lep.laeCutOld

0.002
= p.0018
 0.0018
Z 0.0014
=g.0012

0.001
0.0008
0.0006
0.0004
0.0002

MNI343

-1 GOCTH0E OS2 OCID00E0 086000 0082000 O
pfo_for_lep.isoCutOld

WD -flow (5,8 (0.0, L8 1000, D
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Correlation

muon

Correlation Matrix (signal)

Linear correlation coefficients in %

fo_for_lep.pt | 0 cfom it e R -1 4 78 100 R
for_lep.pfoe |0 er. . 12 3 2 1 8 4 4 4 100 78
sterShape16 2 1 4 1 9 a 100 4
usterShapes =11 -19 82 100

usterShape2 =11 =21 (100 82{ 4

usterShape1 . 100 52918 9

usterShape0 100 . -1 -1

y.coneMass3 1 -24 43 . 100 -20
2.coneMass1 2 -53 5321100 .

$10vConeE2 9 . 100 328 -43 40
sp.isoCutOld 18 100 - -53 {24 1 1 -60
_lep.calEovE - 10018 9 2 1 9 6 6 -7 -80

ep.hadOvEM 100. 4 1 5 10 -3 4 )
Bl 0 B0 2, B 10 0 850 B 1y
0,2000./0, /2,100,519, 7%

R ek g et

tau(e)

Correlation Matrix (background)

fo_for_lep.pt
for_lep.pfoe
sterShape16
usterShape5
usterShape2
usterShape
usterShape0
r.coneMass3
».coneMass1
£10vConeE2
sp.isoCutOld
_lep.calEovE

ep.hadOvEM

100

Linear correlation coefficients in %
24 11 s Q14 3 1 78 100
4 5 7 64 3 -5 9 100 78
1 1 1 12 7 11 <10 100 9 A1
2 1 14 -42 100 10 -5 -3
2 3 1 6 100 11 3 -14
611 2 229100 6 42 1 7 34-
-3 6 100 =21 14 12

-28 -49.100 6 1

1 -56 =30 100. 7 3 1

-3.100 30 49 3 6 2 2
2 1DD--56 28 2 13 2
1 1007 2 131 41

1 14 2 2 2 8

100
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BDT input variables mu-taue 1

Input varlable: ple_for_lep.hadOvEM

g ey Signal’

Background

1.4
1.2

1
0.8 f-
0.6 -
04 B
0.2 §

{1/N} dNJ 0735

o 1

Lty [AEEE ETEEI NEEEE FW
20 25 30 35 40
pfo_for_lep.hadOvEM

Input variable: pio_for_lep.coneE10OvConeE2

L] 5 10 15

{1/N) dN/ 00083

0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.0 0.85 1
pfo_for_lep.coneE10vConeE2

D Mo (5, B 0.0, QLB 0.2, BB

D P 5, B): 0.3, 027% /0.0, 0ET%

Input varlable: pfe_for_lep.calBovE

- ;
o 14 =
= ]
— 10 3
= 3
= i 3
6 3

4 =

2 =

o . 1 ]

0.2 04 06 OB 1 1.2 14

pfo_for_lep.calEovE

Input varlable: pfe_for_lep.conaMassi

m fllllllllllllI|IIII|IIII|IIII|II|:
= 1R =
(=] ]
Z 6l 3
= E
z sf 3
T 1_ _E

af =

2 f =

1§ 3

1 2 3 4 5
pfo_for_lep.coneMass1

&

WD -floer (5,800 0.0, QU301 |0.0, f8r

WD Pl (5, B 0.0, DU37% J (0.2, 17

Input varlable: pfe_for_lep.laeCutOild

0.005 TIITT T[T TIT[IT T[T TIT[IT T T[T [ITTT[TQ

0.004

{1/} dN/ 68.2

0.003

0.002

0.001

WD -floer (5,80 0.4, QU5 10,0, f8r

-3004-2500 -2000-1500 -1000 -500 0 500
pfo_for_lep.isoCutCld

Input varlable: plo_for_lep.consMassd

FTTr [T T[T T IT [T TIT[TTIT[TTIT [T T IT[TTIT

0.6 f

0.5

0.4 B

{1/N} dN/ 0.667

03B

0.2

01

WD Pl (5, B 0.0, QU3 J (0.0, D87

20 25 30 35 40
pfo_for_lep.coneMassl

i 10 15
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BDT input variables mu-taue 2

nput varlabie: pfo_for_lep.clusterShaped

1.8
1.6
1.4
1.2

1
0.8
L]
o4
0.2

L]

TITT T[T T[T AT IT T[T [TIT[TTI[IT [T Irrro

{1/} AN/ 0.361

WC-floe 5, B): (0.0, D00 5 0.1, 1-21%

10 12 14 16 18 20

2 4 & 8
pfo_for_lep.clusterShapal

nput varlabla: pfo_for_lep.clustarShapes

007
.06
.05

{1/N) dN/ B.45

.04
.03
.02
.01

o b b bvas b beaaa linia 1y

AD-fhore 5, 8] |00, D00 § 0.3, D07

Il | IS T T N 1
200 300 400 500
pfo_for_lep.clusterShapas

1040

nput varlabie: plo_for_lep.clusterShaped

T TT[TT IT [T T T[T T[T I T[T IT [ TTT [ TIT [ IITT

10 g

-+

aH

{1/N)} AN/ 0.0759

T T ey

.}%ﬂ——‘ |

05 1 15 2 25 3 35 4 45
pfo_for_lep.clusterShape1

Input wariable: pio_for_lep.cluster8hapet18

w“.D1.‘—IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Lr)

i

5 001z i
k=
g oo
= o.008

0.006 -

0.004
.00z

WDl (5,8 0.0, 8% 1 (0.2, DU

1]

o 500 1000 1500 2000 2500 3000

pfo_for_lep.clusterShape16

WWD-floe (5, B 0.0, D87 7 (0.0, fu8%

nput varlable: pfo_for_lep.clustarShaped

[TTT T[T T T [IT [T AT [ TI T [T AT [T I T [T [ TI T [ITT

.04 -
0.035 -
0.03 &
0.025 -
0.02 f-
0.015
.01
i0.005

{1/} AN/ 18.4

o 104 204 300 400 500 600 700 S04 S0

pfo_for_lep.clusterShape2

Input varlable: pfo_for_lap.pfos

0.05

-TTi

0.04 F

{1/N) dN/ 2.06

.03

0.02 |

WWD-flowr (5,8 0.0, 8% 1 (0.0, DU

100 120
pfo_for_lep.pfoe

&0 80

WWD-floe (5, B 0.0, D8 § (0.0, f %
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BDT input variables mu-taue 3

Input varlabla: pfo_for_lep.pt
II|III|III|III

95T (NP (ML)
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Correlation

muon

Correlation Matrix (signal)

Linear correlation coefficients in %

100

usterShape3

r.coneMass3

w_lep.yokuE

1eE2woSeed _20

or_lep.pfoR0

for_lep.pfoe

Pty %%\ %nfo\ an%“ ’qc%“ %*’fo\fo”%
e e
Ceq

-100

tau(m)

Correlation Matrix (background)

Linear correlation coefficients in %

100

usterShape3

y.coneMass3

wr_lep.yokuE

1eE2woSeed _20

ar_lep.pfoR0

for_lep.pfoe

-100

Pro_ lq..%“ ;,,:fﬂ %m"c.‘~ :q:f"* ]qnnfo\,o”%
=R, =R, ==l =R, Yoy, R, =Ry,
Plog Plogg kfco,,es ug 2555 usge,
Seay
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BDT input variables mu-taum 1

Input variakle: pla_for_lep.plos

) Sighal

0.05 ] Background

.04

{1/N) AN/ 2.06

.03

0.0z

.01

L]

20 40

(1] 0] 100 120

pfo_for_lep.pioe

Input wariable: pfo_for_lep.yokuE

0.8
0.7
0.6
0.5
0.4
0.3
0.2
.1

{1/N} dNJ 0.241

==
L TIRTAIRTTA FRTRI RTRTI AYRTH IRITH [RTH1 RTRT1 BT}

1] 2 4 [] ] 0 12
pfo_for_lep.yokuE

D Pl £5,B): (0.0, DLET% § (0.0, 08T

D P (5, B): (0.0, QLT 0.2, D11

Input variable: ple_fer_lep.pfaRil

FETT T[T [ TIT [T AT [RT T[T T T [TIT T TIIT[TIIT[

{1/N} AN/ D.0154

E 8 &8 8 B

° 01 0.2 0.3 04 05 06 0.7 0.5 08

pfo_for_lep.pfoR0
Input varlable: plo_for_lep.coneMassd

ﬂ_?_|||||||||||||||||||||||||||||||||||||
0.6 -
05 B

04 B

{1/N} AN/ 0663

0.3 B

0.2

0.1

WD -fhow (5, B (000, QU80% J 0.0, D8

L]

0 35 4

M 25
pfo_for_lep.coneMassl

] 10 15

U -fhoe (5, B 0.0, QU80% 10.0, f.37%

Input wariable: pfo_for_lep jetConeEdwoSeed

L =l :IIIIIIIIIIIIIIIIIII|IIIllllllt
2 esf E
Z B 3
£ o7 55
z 06f o=
=~ sk =
04 f _§
03 4=
02 EF,
q1®

(R 4%
ﬂL' 1 el ;E

of

k P
[1] 10 20 30 i) 50
pfo_for_lep.jetConeEdwoSead

nput varlakle: plo_fer_lep.clusterShaped

{1/} i 1.32

NEREEEEEESEENE ERENE EENEE NEE
LDl (5, B)c {000, QU3 0.1, D

3 40 50 &0 TO
pfo_for_lep.clusterShaped
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Correlation

muon

Correlation Matrix (signal)

Linear correlation coefficients in %

100

leutralCone1
sterShape16
leutralCone1
for_lep.pfoe
fo_for_lep.pt
».coneMass3 -20
p.isoCutOld

sr_lep.yokuE

_lep.calEovE
-100
Dfo_‘rw_b% Df:} Dfo“ D% Fo’_ﬂ];% D];% D];% ﬂ% Fo"lqp
TR P hor Pigon PCon PptT  Ppfe TR.epns “R.op "R,
Lo, g O%kug 'SOC, %4,%3 Plog %"””C?;::‘;sbtf;

tau(h)

Correlation Matrix (background)

Linear correlation coefficients in %

100

leutralCone1
sterShape16
leutralCone1
for_lep.pfoe
fo_for_lep.pt
).coneMass3 -20
1p.isoCutOld

w_lep.yokuE

_lep.calEovE
-100
nro\ fw_ﬂ% hfo\ hfo\ D‘?‘% Df:} Df:} Df:} D% Fo"lqo
TR g Pyor Pugan PCor PpT  Ppfy TR.epns TR.op "R,
c"“’&‘oye"kus Sogy, %wma Plog %uh’cf‘?;?;s::;
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BDT input variables mu-tauh 1

Input varlable: plo_for_lep.calEovE

{1/N} AN/ 0.0353

sl Hiﬁl’lil”'”"l 'I"'I"'I"'I"'IE
16 Background _E
14 | 3
12 | =
10} =
8 =
6 f =
a =
2 5 -
o Wt e :
0.2 04 06 0B 1 1.2 14 16 18 2

pfo_for_lep.calEovE

Input variable: plo_for_lep.conaMassd

{1/} AN/ 0658

TTT[T T T T [TTIT[TTTT[TTTT[TTIT[TTTIT[TTTH

0.6

U -flhow (5,8 1000, LU80% 10.0, f87%

20 25
pfo_for_lep.coneMassld

10 15

U0 -fhow (5,80 0.0, DU87% J10.0, L8

Input variable: pfo_for_lep.yokuE

{1/} dN/ 0278

3.5
3
2.5

WD -fhow (5,80 0.0, 87% 10.2, DA%

2 4 & 8

it 12 14 16
pfo_for_lep.yokuE

Input variabla: ple_far_lep.pt

{1/N) AN/ 257

0.03

0.025

.02

0.015

0.0

0.005

T[T T T T [TTTT[TTTT[TTTr]

2 40 &0 B0

pon b bevaabiva by laaaadl

U0 -flow (5, 8] (0.0, ©U81% 10.0, D8

b e L
1200 1448

104
pfo_for_lep.pt

Input varlable: plo_fer_lep. lsoCutQld

0.003

0.0025

{1/N) dN/ 107

0.002

0.0015

0.0m

0.0005

L]

= -4000 -3000 -2000 -1000 O
pfo_for_lep.isoCutOld

Input variable: pla_for_lep.plos

{1/N} dN/ 2.06

U0 -flow (5, 8] (0.0, ©U81% 10.0, D8

100 120
pfo_for_lep.pioe
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BDT input variables mu-tauh 2

nput varlable: pfo_for_lep.eMeutralCone nput varlable: pfo_for_lep.nNeutralCone

r- :I LI II LELBLEL II LI II LI} III LELBLEL II LI II LI} II: 1 n.nn" LI I rrTT I rrri I LELELIL | LI | LI [‘1 :I T T I T T I T LI | LI | LI | T f
= bAR = = - e "3 3
gy o 3 3 00035 gi = 3
= il S 5 i = i 3
S 15 T o003 § z 35 3
z osff i = a-’, W o= 3l E
£ o 1= En.nnza 7 by = 3
i _§ onz [ g Rl | E
0.4l ] ﬁ ! 2 3
g3k _E :; 0.0015 i% ; 15l _;
oz f 3 E' 0.001 %-Fi E‘ 15 3
ol _§ 0.0005 /"/;2’ E 0.5 =
E B 3
m I 1 1 g -r_ﬁ' .ﬁﬁ"r.l--.-. i

011 10 20 30 40 50 60 011 500 1000 1500 2000 2500 3000 “o 2 4 [ & 10
pfo_for_lep.eMeutralCone1 pfo_for_lep.clusterShapei6 pfo_for_lep.nMeutralConel
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Correlation Matrix (signal)

usterShape3

fo_for_lep.pt

leutralCone1

for_lep.pfoe

v.coneMass3

ar_lep.pfoR0

+p.isoCutOld

_lep.calEovE

"o to, 0 toy.
~len. Ca!s;ap

muon

Linear correlation

fOr]qD ’Or

insocu ‘% oﬂw %G

Correlation

coefficients in %

100

b jet

Correlation Matrix (background)

Linear correlation coefficients in %

100
usterShape3

fo_for_lep.pt
leutralCone1
for_lep.pfoe
v.coneMass3
or_lep.pfoR0
1p.isoCutOld

_lep.calEovE

o .
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BDT input variables mu-bjet 1

Input variable: plo_for_lep.calEavE
'|ﬁ T TTTTTTTTTIT]TITT
0] Sighar™™

Uz I Background
14

12
10

{1/N) dN/0.0383

'Eu1 ETR1 PR EERURTR1 RATA AR ARR R AT
UMD ko (5, Bl | 000, DUB0% 1 (0.0, DS

2 Ok B oo 8

02040608 1 12141618 2 22
pfo_for_lep.calEovE

Input variakle: plo_fer_lep.coneMass3

{1/N} AN/ 0.803

vl by vy s by vaa bea s by
WD ko (5,8 {000, U8 T (0.0, DS

5 10 15

2 25 30 35 40 45
pfo_for_lep.coneMass3

Input varlable: plo_for_lep.lseCutOld

g 0.002 [TTT T T T T r T rT T TTrrT T rrTTT
= 0.0018
To.0016
En.nnu
o001z
0.001
0.0008
0.0006
0.0004
0.0002

‘-'umwmmmmm G000 -4000 -2000 ©

pfo_for_lep.isoCutDld

Input varlable: plo_for_lap.plos

1 2% [ -7 == L L I L L L L L L B B
ﬂ.1-l
0.12
0.1 L
0.08

{1/N} dN/ 2.06

0.06
0.04 |
0.02 |

TEIERINIRINRENINRIRTNA IRTHARN AN

N 40 60 BO

100 120
pfo_for_lep.pfoe

U0 -flow (5, B (0.0, QU1 5 |0.0, DU

D -flow (5,8 0.0, QU8 1 |0.0, DU

Input varlable: plo_ftor_lep.pfoRd

ﬂ.E_||||||||||||||||||||||||

04

(1) NS 2.19

0.3

0.z g

LR S

0 it

P PR B
80 10 120
pfo_for_lep.pfoRO
nput varlabde: plo_for_lep.eMeutralCone

PRI I
0 40 (1]

FTTIT[TT T[T T[T AT T [TIT T[T T[T [IrIr[rITyY

0.6 -

0.5

(1/N) AN 1.5

04 -

0.3

0.z g

01

0!]' 10 20 30 40 50 60 T0 80

pfo_for_lep.eMeutralCone1
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BDT input variables mu-bjet 2

Input varlabla: plo_for_lep.pt nput varlable: pfo_for_lep.clusterShape3
II|II I|III II I IIII | I | |_ _I T I LELEL I LI I LELEL I LELEL I LI
] ULES E S 0.005 .
K N = 5 ]
= E i
T 0B E g 15 3 gl 15
Z 0018 5% 1 33 = 1=
= 0.014 r'/ . 4% = 0.003 1=
| ! 3 . L 3
0.012 7 . E § ] g
o.o1 i'id =N 1=
0.008 ] 3= 0.002 - 3=
0.008 f 13 1=
0.004 / E : p.001 1 1
0.002 [ / E .
] JAJ/A/AA(/" L o T T T T T -
20 2000 4000 6000 8000 10000 12000
pfo_for_lep.pt pfo_for_lep.clusterGhapel
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Correlation

muon If jet
Linear correlation coefficients in % Linear correlation coefficients in %

usterShape0 1 3590 1 54 88 1 00 100 usterShaped 2 3 04100 [
usterShape1 7-19 2 -21100. usterShape1 1 -4 -1 8:28 -1 91000 4
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usterShape5 4 4 -1 100{ 1 82:-19 -1 usterShape5 | [
fo_for_lep.pt 10 5 78 80 16 5 -1 100/ 7 3 R Y42 60 1 19 25 83 IS0 7 100
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BDT input variables mu-lfjet 1

Input varlable: plo_for_lep.calEavE

iailsiﬁﬁh"“l“lll T[T T[T T [TIT[TT1[ 1]
- Background

{1/N) dN/ 0.0349

0.2 04 0.6 0.8 1 1.2 1.4 16 1.8 2
pfo_for_lep.calEavE

Input varlable: plo_for_lep.coneMassad

: :lllIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII_-
M osf 3
E ]
= ]
T naf 5
£ ]
= aaf 3

oz -

5 10 15 20 25 30 35 40

pfo_for_lep.coneMassd

D P 5, B (0.0, 08T 1 0.0, D81%

D Mo (5, B 0.0, 8T 0.0, B8

Input varlable: ple_for_lep.lsoCutiid

= 0.0025
=

L)

T p.ooz

N}

~0.0015
0.004

0.0005

FT[ T[T I [T T[T T [TTT[TTT[TIT[TTTI[ 1]

-16004d 40042004 000800060004 000-2000 O
pfo_for_lep.isoCutOid

Input varlable: pfe_fer_lep.ples

014
012
0.1

{1/N} dN/ 2.06

.08
0.06
.04
.02

20 41 1] 80 100 120
pfo_for_lep.pfoe

WD -flowy (5,80 0.0, DU17% 1 0.0, L85

Ui -floer (58] 0.0, Q080 10,0, 8

Input variable: pfo_for_lep.yokulE

3.5

IE
257

{1/N} dN/ 0.275

s
1.5
1 =

0.5

ARARTETIRTARIRRRRENEERINN N1 FRRNA N
D -l (5,8 (0.0, D20 § 0.2, A%

&8 10 12 14 16
pfo_for_lep.yokuE

Input varlable: plo_for_lep.coneiE

[ e R R RN LR RRRN AL LN RRR RELE R
0018
0016
0014
012

.o
.008
0.006
0.004
.00z

L]

O

{1/N} dN/ 3.62
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIT

Ui -floer (58] 0.0, Q080 10,0, 8

20 40 &0 80 100 120 140 160 180 200 220

pfo_for_lep.cone1E
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BDT input variables mu-lfjet 2

Input varlable: pfe_for_lep.conaMassi

isf
ik
a5

{1/} N/ 0.222

2R
1.5

0.5 f

2 4 [] ] 10 12
pfo_for_lep.coneMass1

Input varlable: ple_for_lep.pt

TT[TT T[T T[T TI[TIT[ITT[TIT[ITI[TIT[ITITH

{1/} dN/ 3.

40 &0 80 100 120 140 160 180 200
pfo_for_lep.pt

WD -floey (5,80 0.0, QU801 0.0, D87

WD-Rloey (5,8 0.0, QU3 T 0.0, L8

nput varlable: ple_for_lep.nNeutralCone

25

1.3

{1/} N/ 0.322

nﬂldﬁﬂ-milldiﬁlﬂ-

pfo_for_lep.nMeutralCone1

nput varlable: ple_for_lep.clusterShapes

TIT[TIT T[T ITT [TT I II T T[T I T [TTT T[T IIT 1T 1]

.06

.05

.04

{1/} AN/ 7.41

0.03

.02

.01

WD-Rloey (5, B 0.0, QU3 T (0.4, L8

50 100

150 200 250 300 350 400
pfo_for_lep.clusterShapes

WD -floey (5,8 0.0, QU801 0.0, D87

Input variable: pfo_for_lep.maxTrkElnCone 13
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06 -
05

{1/M) dNJ 0.991

o4 f
0.3 f

0.2
0.1

WD -floer (5,80 0.0, Q080 10,3, D37

o J ] TIPS
] 10 i 30 40 5

pfo_for_lep.maxTrkElInCone13

nput varlable: pfe_for_lep.clusterShaped:

0.007 |-
0.006 -

{(1/M) dNJ 144

0.005 B
.004 -
0.003 §-
0.002 B
o001 B

Dbt L L L L Lo L g
& 10040 2000 3000 4000 5000 6000 70040 8000

pfo_for_lep.clusterShapel
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BDT input variables mu-Ifjet 3

nput variable: pfo_for_lep.clusterShape?

{1/N} dN/ 15.3

TTOTII [T [T T[T [T I IT T[T T I TTT T

WD Ploe (58]0 0.0, Q0807% 5|00, D17

100 200 300 400 500 600 70O 500 D040
pfo_for_lep.clusterShape

nput varlable: plo_for_lep.clusterShaped
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{1/} dNJ 0.11

&

ki W & gn

nput varlable: ple_for_lep.clusterShaped
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3 4 5
pfo_for_lep.clusterShape1
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I [ N |

> 10 12 0 25 30 ]
pfo_for_lep.clusterShapel
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Correlation

tau(e)

Correlation Matrix (signal)

sterShape16

usterShape5

usterShape3

usterShape0

=10vConeE2

tp.isoCutOld

ep.hadOvEM

Linear correlation coefficients in %

100

tau(m)

Correlation Matrix (background)

Linear correlation coefficients in %

100

sterShape16
usterShapes
usterShape3
usterShape0
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ep.hadOvEM
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BDT input variables taue-taum 1

Input warlable: pfo_for_lep. hadOwvEM

o 15 Bliglﬁir TTTTT TTTTTTTTTTTTT .':
E -
= Background ]
x E
ﬂ -
£ s -
1 ]

0.5 —:

“ 1 | I R I T T T A [ T M A 1 I:

1] 5 10 15 20 25 30

pfo_for lep.hadOvEM

nput variable: plo_for_lep.clustarShaped

{1/N) AN/ 0.524
o

'WINETI ERTERETE RTN A RTRA RTNE AN

| Il [ T e

3 10 13 20 25 3
pfo_for_lep.clusterShapel

U0 -flow (5,8 (0.0, D03t 0.0, DA

U -flow (5,8 (0.0, DU3 7 ]0.2, d87%

Input warlabie: plo_for_lep.eoCutOld

0.005

0.004

{(1/N) AN/ 75.T

003

.00z

0.001

WD-flow (5,8 (0.4, DU3 0.0, D80

o -3500-3000-25002000:1 5001000 -500 © 500

pfo_for_lep.isoCutCid

nput variable: pfo_for_lep.clusterShaped

0.2
0.1
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?:f os i 3
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10 20

3M 40 S50 60 TO
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Input variable: pfo_for_lep.coneE1CwCaoneE2
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s 5
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0 2

0.2 0.3 04 05 06 0.7 08 08 1
pfo_for_lep.coneE10vConeE2

nput variable: plo_for_lep.clusterShapes
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BDT input variables taue-taum 2

500 1000 1500 2000 22500
pfo_for_lep.clusterShape16
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tau(e)

Linear correlation coefficients in %
3216

usterShape3 | | | -2 2.7

Correlation

tau(h)
Correlation Matrix (background)

100

6100 usterShape3 -1

Linear correlation coefficients in %

19-64 10388 19/22}8832'30 1 76 6

6 7-28 9 4

7 0
748 4
20 4100
23 11004 4 10
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3 s

62 16
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usterShape5 1 32 -3 1 2 100 = usterShape5 -3 =) 1 -8 2
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21111 7
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BDT input variables taue-tauh 1

Input wariable: pfo_for_lep.cluster8hapei8

nl:Izils|gl|“|dll|||||||||||||||||||||||||
oﬁmmﬂackgrnund

0.016
0.014
ooz

.01
0.008
0.006
0004
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{1/} dNJ 33
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nl.'ll 200 400 000 800 10001200140016001800

pfo_for_lep.clusterShape16

Input varlabla: pfo_for_lep.calEavE
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__'='_' E 3
= 6 =
= 3 E
— 5_ ]
£ 3 E
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Ik 3
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. 1.5 2 2.5

pfo_for_lep.calEovE

WD oy (5,8 (0.0, D080 0.0, 2%

WD -flow (5, B |00, D80 1000, DUl

Input varlable: pfo_for_lep.hadOvEM

04
.35
0.3 3
025 f-
0.2 f
015 g
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0.05 §-

{1/N) dN/ 2.58

O -floe 5, B (0.0, BU80% (0.0, B11%

0!110-11}50““]0110110

pfo_for_lep.hadOvEM

Input varlakle: pfo_for_lep.conaMass
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a8 - 3
EI 5 -
= ]
5= f 7
£ i E
st 3
2f 3
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]

1 2 3 4 5 [
pfo_for_lep.coneMass1
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Input varlabla: pfo_for_lep. lsoCutOid

En.nnqs
5 0.004
T n.o03s
E 0.003
0.0025
0.002
0.0015
0.001
0.0005

%mmmmmmim []

pfo_for_lep.isoCutOld

Input varlakle: pfo_for_lep.conaMassd

io.a

0.7
0.6
0.5
0.4
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0.3
0.2
0.1
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o

5 10 15 20 25 30
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BDT input variables taue-tauh 2

nput varlable: plo_for_lep.clusterShaped

‘ 5 III|IIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|I
=

.

=

s 4

k-l

z

€ 3

T
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Il ) PR AN AT

i 2 3 4 5 & T 8
pfo_for_lep.clusterShapei

Input variable: pio_for_lep.coneE10vConeE2

3 [
E =
= ‘m'_
= X g
s g
2 wf g
20 o
- &
10 s
X 2
n'..l [l 1 [l 1 g

01 0.2 0.3 0.4 05 0.6 0.7 0.8 0.8 4
pfo_for_lep.coneE10vConeE2

Input varlable: ple_for_lap.pfos

(1N} AN/ 1.7

{1/N} AN/ 1,37

.07
.06
.05
.04
.03
.02
.01

60 1]
pfo_for_lep.pfoe

nput varlable: pfo_tor_lep.clustarShaped

100

0.4
.35
0.3
.25
0.2
015
0.1
.05

10 20

MM 40 50 &0 TO 80
pfo_for_lep.clusterShapel

D floe (5, B (0.0, DU 0.0, D8

WD Rl (5, B (0.0, DU 1000, 1%

Input varlable: plo_for_lep.aTrkinConed

{1/N} AN/ 0148

L

5

ATTT[ITT T[T I T [TT T[T I [TT AT TIT[IT TI[TIT

L4

1
TR INETE INETE RINNINNT A FREEl
RO flosr [5,B): (0.0, (U2 1000, D8

i 2 3 4 § & T & 9
pfo_for_lep.nTrkinCone1

Input variable: pfo_for_lep jetConeE2woSeed

{1/} AN/ 234

:I LI I LI I LI I LELIL I LI I LI | rra

03 f 3
025 4 _E §
0zt 4=
i | EL
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15
0.05 B _E g
o 5

[1] 2 40 &0 BO 100 120 140
pfo_for_lep.jetConeEdwoSead
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BDT input variables taue-tauh 3

P SR RRAE AR LS LR BN L
.35 &
03
.25 &
0.2
015§
RN 3
005§

1 L saag Ll
¢ 20 40 60

{1/N) dN/ 2.53

TTIETETE FTRTHINAT] INTRI SRTRINTRRI RTRTA N}

0Bl 5, B)c (0.0, DUBT% § 0.1, D41

| VI I I N R W Y

100 120 140

pfo_for_lep.pfoR0
Input varlable: pfo_for_lep.conelE

0.03

0.025

{1/N) N/ 2.36

.02
0.015
.01

0.005

0P 5, B) 0.0, DU8T% § (0.0, D07%

80 100 120 140
pfo_for_lep.cone1E

nput varlabla: pfo_for_lep.clusterShapes

o.07
0.06
0.05
0.04
0.03
0.02
.01

{1/N} dNJ 6.02

50 100 150 200 250 300 350
pfo_for_lep.clusterShape5

nput varlabla: pfo_for_lep.clusterShape3

E 0.004
= 0.0035
-
£ 0.003
“0.0025
0.002
0.0015
0.001
0.0005

[}

| IR T I T U N T T T T IO T M T W MY
2000 4000 6000 8000 100001200014000
pfo_for_lep.clusterShaped

WD flos (5, B 0.0, D80 1 (0.0, DU

WD-flow (5, B 0.0, 87 1 (0.0, DU37%

Input variable: pfo_for_lep.marTrkEInCone13

{1/N) dNJ 1

:I TTT | TTTT | TTTT | TTT T | TTT T | TT II-
07 g =
iz
(Y] 43
o5 ff 4=
o4l —§
naf eI
1a
R
0.1 43
n 1 1 M I ,_g
1] 10 0 EL 4 50 [}

pfo_for_lep.maxTrkEInCona13
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Correlation

tau(e)

Correlation Matrix (signal)

usterShape2
ar_lep.pfoR0
tkEInCone13
usterShape1
sterShape16
usterShape0
nTrkinCone1
for_lep.pfoe
r.coneMass3
_lep.calEovE
ep.hadOvEM

1p.isoCutOld

Linear correlation coefficients in %
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15 =2 100
=2 =12 6 100 -2
11 100 6

4100 391 =12
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b jet

Correlation Matrix (background)

Linear correlation coefficients in %
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80
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BDT input variables taue-bjet 1

Input varlable: pfa_for_lep.lseCutOid

E ilsibhlillIIIIIIIIIIIIIIIIIIIIIIII
% 0.003 Background g
=.0025
£ . =
= gaooz | g
0.0015 F- =
0.001 &
F F
0.0005 3 -
; 5

-?mmmmmm [1]
pfo_for_lep.isaCutOid

Input warlakle: pfo_for_lep.conaMasgad

w n.E _I|IIII|||IIII|IIIIII|III||||||||||II|I|I|II|III_
= ]
(=] -
—- 0.5 -
3 15
z 04 -
03 ft =
0.2 L
Ja
1%
0.4 =
1
o 15

5 10 15 20 25 30 35 40 45
pfo_for_lep.coneMass3

Input variable: pfo_for_lep.hadOvEM

oA g

{1/N) dNJ 1.1

06 -

04 B

0.2 &

U -fhoew (5, B | 0.0, DU § (0.0, DUEF

[} | PRI I T I |

1] 10 20 3 40 50 &0
pfo_for_lep.hadOvEM

Input warlakle: pfo_for_lep.ploa

0.3

0.25

{1/M) dN/ 0931

0.2

WD -flowy (5,B): | 0.0, U8 7|24, d8T%

10 20 30 40 50
pfo_for_lep.pfoe

Input variable: pfa_for_lep.calEavE

E IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:
s 7 E
= 3
= 3
= 5 =
£ 3
=) 4 =
3 =

2 3

1 3

] N T

= 2 25 3 3.5

pfo_for_lep.calEovE

Input warlakle: pfo_for_lep.nTrkinConed

IR

25

{1/M) dNJ 0.288

20

1k

0.5 §

[ETEERININNININENER IRENIRANEN AN -

WD -fhowy (5,8 |00, U8 7000, f8T%

2 4 & B 10 12 14 16 18
pfo_for_lep.nTrkinCone1
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BDT input variables taue-bjet 2

nput varlable: plo_for_lep.clusterShaped

0.5

{1/N) dNJ 1.04

30 il 50
pfo_for_lep.clusterShapel

Input variable: pio_for_lep.masTrkElnCone 13

2

3 3
z -
= 04 E
it :
T aa 3

0.2 E

0.1 3

ﬂﬂ' 10 20 30 40 50 60 7O 80

pfo_for_lep.maxTrkEInConaid

W0 -flow (5,8 (0.0, 087% 1 |0.0, 3%

W0 -flow (5,8 0.0, 087 1 |0.0, L17%

Input variable: pio_for_lep.clusterShapeid

0.014
0.012
0.01

{1/N) dNJ 47 6

0.008
0,006
0.004
0.002

W0 -flow (5,8 (0.0, 08T J|0.0, 8%

500 1000 1500 22000 2500

pfo_for_lep.clusterShape16

Input varlabla: pla_for_lep.pfoR0

.25

{1/} N/ 3.7

W0 -flow (5,8 0.0, 08T (0.1, 4%

20 40 &0 80 100 120 140 160 180 200 220
pfo_for_lep.pfoR0

nput variable: plo_for_lep.clustarShaped

FTTTT [TTTT [T T IT[TITT [T [T T[T TITT[TH

10§

afl

{1/N} dN/ 0.0624

o 0.5 1 15 2 25 3 35

pfo_for_lep.clusterShapei

nput varlable: plo_for_lep.clusterShape?

FTTT[TI T [TT AT [TA T[T AT [TITI[TTTTI[ITTIT[ITTT[TH

0012

0.01 g-
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0.008 -

0.006

0.004

.00z -

o 500 10001 S002000.2 50030003 50040004 500

pfo_for_lep.clusterShape
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Correlation

tau(e)

Correlation Matrix (signal)

Linear correlation coefficients in %

usterShape3 6 -3 2 -6 Ll
tkEInCone13 -34 -2

"_lep.conelE -3 9 65 100
usterShape1 | |5 5 11 100 {65
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BDT input variables taue-lfjet 1

Input warlable: plo_fer_lep. oCutOld
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BDT input variables taue-lfjet 2

Input variable: pfo_for_lep.coneE1CwCaneE2

Input varlable: pfo_for_lep.nTrkinConed
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BDT input variables taue-lfjet 3
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Correlation Matrix (signal)
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BDT input variables taum-tauh 1

Input warlable: plo_for_lep.calEavE
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BDT input variables taum-tauh 2

Input varlable: pfe_for_lep.pfos
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Correlation Matrix (signal)
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BDT input variables taum-bjet 1

Input variable: ple_far_lep.lsaCutOld
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Correlation plots
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BDT input variables taum-Ifjet 1

Input wvariable: pfo_for_lep.yokuE
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Input varlable: pfo_ftor_lep.pfos
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Correlation
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BDT input variables tauh1-bjet 1

Input varlable: pfo_for_lep.conalE
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BDT input variables tauh1-bjet 2

nput varlable: pfo_for_lep.aMeutralCone
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BDT input variables tauh1-bjet 3
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BDT input variables tauh1-lfjet 1

Input variable: ple_for_lap.plos
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BDT input variables tauh1- 2

Input varlable: plo_tor_lep.pt
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Correlation
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BDT input variables tauh3-bjet 1

Input varlable: plo_for_lep.coneMassi

1.6

Imput variable: pfo_for_lep.coneE10vConeE2
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BDT input variables tauh3-bjet 2

nput varlakle: plo_for_lep.eNeutralCone

Input wariable: pfo_for_lep.yokuE

{1/} N/ 0.0812

12

10 -

[TTTT[TIPT [ AT T[T R T[T AI[ T TR T[T T[T AT [TIT T[T

=

i
1

o | | 1
15 2 25 3 35 4 45
pfo_for_lep.yokuE

-
=
=
=
-
b
=
£
=
T

QT IT T IT T [T I [T I [T IT T[T I [T

Lot gt |

0.5

15 2 25 3 35 4
pfo_for_lep.clusterShapet

D P (5, B): (0.0, QLT 0.2, D11

WD R 5, B 0.0, 0E7% § {0.E, QL1

Imput wariable: pfo_for_lep.maxTrkEInConeid

{1/N} dMF1.47

0.5

0.4

0.3

0.2

0.1

L]

L]

10 20 30 40 50 &0 TO 80
pfo_for_lep.maxTrkElnCone13

Input variable: plo_for_lep.seCutOld
I

{1/N} dMF 241

0.a
0.8
0.7
0.6
0.5
0.4
0.3
0.2
.1

i

-12000-10000-8000 -6000 -4000 -2000 O
pfo_for_lep.isoCutOild

WD -fhow (5, B 0.0, Q080 J 0.0, 17

U <o (5, B 0.0, Q7% 1000, S8

0.35
0.3
0.25

{1/N) dMF 1,57

0.2
015
0.1
0.05
1]

1]

FETTT[TT T[N II AT [ TR T[T TR [T T[T T [ITITT]

WD -Fhow (5, B (0.0, QU807 J 0.0, D8F

10 20 30 40 50 60 TO 80 90

pfo_for_lep.eMeutralCone
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BDT input variables tauh3-bjet 3

Input wariable: pfo_for_lep.jetConeEdwoSeed

Input varlabla: pfo_for_lep.pt
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Correlation Matrix (signal)
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BDT input variables tauh3-lfjet 1

Input wariable: pio_for_lep.coneE1CwConeE2

Input varlable: pfo_for_lep.coneMassd
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BDT input variables tauh3-Ifjet 2
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