Phi-T

NeuroBayes.D Teacher

Error Error Testsample
0 T - T T T T T T
1 T RRIT] I STRIS! FRRPR SRR [
L 1 O A S PO L S
S0 2 e e e B
| 0.2
o | 2t
c c L
= = =
g | g [
g |
%-3__ """"""""""""""""""""""""""""""""""""""""" 1 3 - N NN S SN RS
SO e e e e _0_4__ .......................................................................
-05_ """" " """ M— el prtTTTTITTTTTTATTITTTTY """" 9 '05_ ''''''' R R R prrTTTaTeTeITA F AR L
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII| _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

10 20 30 40 50 60 70 80 90 100
Training iteration

10 20 30 40 50 60 70 80 90 100
Training iteration

regularisation param. * weights

0.003

.0025 I

0.

o

rb. units

).0005

021

).0815

0001

..............................

10 20 30 40 50 60 70 80 90 100

Training iteration

Err-Weight Learnsample

10 20 30 40 50 60 70 80 90 100
Training iteration




events

purity

Phi-T

Neu roBa\yesD Teacher

3 Output Node 1 (n = 1e+06 s = 177101 b = 822899 p_ =0.1771)

X
=
o

400

350

300

250

200

150

100

50

||||;|J|||||||J||-|,J_|,_,—-r-|_

2 0 0.2 0.4 0.6 0.8 1
Network output

-0.4 -0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

L1 1 L1 1
2 0 0.
Network output

| |
-1 -0.8 -0.6 -0.4 -0 2 0.4 0.6 0.8 1



signal purity

signal efficiency

Phi-T

Neu roBa\yesD Teacher

e
0.9 f \:::::::::::::::—~______ """ """"""" """""""
S O O S S S e e S S O
O 500 T U WO OO OO FOUOE M == N
% 15 U T O O A -
0 N B e
P SO S NS O WO -
0 s
EN A A R O A
9 S0 N O O I B s

= el T P I ST I P P

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
signal efficiency

Gini index final/preboost = 76.4%/ 75.0% max possible = 82.3%

0.1EL - .............. ............... .............. .............. .. .............. ........... —first round

—final

0 IIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIII

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
efficiency



First Round Diag Fit | Phi-T

Neu roBa\yesD Teacher

Output Node 2




OCO~NOOUITE, WN -

Phi-T

NeuroBayesD Teacher

correlation matrix of input variables

1. A

— ANM <O OMN~00 @O —ANM ITLOOMN~0O O
A N

-1

i
| i (Q\

0.8 -0.6 -0.4 -0.2 0 0.2 04 0.6 08 1



OO ~NOUIR WNE-

10

Phi-T

Neu roBa\yesD Teacher

correlation matrix of input variables

—IAM ﬂLOLOI\OOGO =N OO0 O 1AM N0 O —ANM <FLOWON000YO —ONM <
1 e e e e == N AN AN O OO M OO OIS TSI <

-1

-0.8

-0.6

-0.4

- 0.

2

0.

2

0. 4

0.6 0.8 1



Phi-T

Neu roBa\yesD Teacher

20000
18000 £
16000 E
14000 B
12000
10000 =
8000
6000
4000
2000

events

purity

background
Underflow 0
Overflow 6157
signal
""""""""""""""""""""""""""""" Underflow 0
Overflow 4432

final n%tinput

signal purity

0 0.1 0.2 0.3 0.4 0.5 0. 0.7 0.8 0.9 1
signal efficiency



Phi-T

Neu roBa\yesD Teacher

4761111

48211.72
135597
29246.45
25132.38
{22171.72
19876.8
18057.2
116551.6
15289.1
14182.81
13223.45
|12383.83
11632.97
10949.91
{10340.98
9787.09
|9272.064
8800.06
8357.84
7948.32
7566.79
7207.195
16873.505
6560.615
{6271.01
5994.775
|5731.63
5486.59
5251.295

{..i..{5026.87

4815.645
4613.345
14417.31
4227.675
14044.595
3867.75
|3695.46
3530.5
3369.685
3211.785
3056.23
2902.98
12750.095
2598.74
{2448.555
2294.395
|2131.01
1955.78
1739.235

S]U9AS

100

5

o

T

g

ST

bin #

6

_____________ 11 ______ _____:

_____
. ) O N 0
c Mo N o < o
o o o

background

O o owl.
N~ <
L0)| NI
< ANf .

<

c

=y

1]
3 2
o3 |0z
= 0ol =2
C = c=
[T [T
- o (oo
c > c >
D0 |20

..........................................

final n%tinput

32

O 0O 0O 0O OO0 90 o0 9o o

O OO0 O © O o6 O o

O OO0 O O 0O 0O 9O O

O OO0 O OO O o o

0N~ O WIS OMmAN A
SlU9AN9

: : 0
: P
: ol
: i
: I
........ PR RS SO | I
o
iy
g
........ Sttt | HE S
!
b
I:
I
____

0.9

08

- o o <

o

o

o

L
N
o

Aund reubis

signal efficiency



o

Phi-T

NeuroBayes Teacher

640132.4 S SR S S O : ™

2103.071 m m m : J 1 < 23 |73

11585.096 _ : : : : 1 & 3| g

1332.373 1 31 9

1172.081 s : : : : 1 of < | o

{1058.25 SRS AR SRR RN SRS 1= 3l |e

972.9748 : : : : : b > 5

902.6734 . S »

1844.4238 S|z | |z o

7948426 F i 0 |4 28 |23

PP S S S R R I

|679.207 H e I

647.7721 B

619.1111 : : : : : E

1592.465 SR e P PO HO

567.8736 ; “ “ “ “ g

544.6879 : T

1522.6379 m.

502.0475 : : : : : H

482.413 O AP AP AU IO Ho

463.7344 “ “ “ “ : 1 © -

445.8613 m. =

1428.8955 ] =

412.5958 ] =

1396.8934  f.iihibe. Ho o0

381.8381 e c

|367.084 ] o

352.6316 ] |

338.8792 ] =

325.4128 lo _

312.3537 N T

299.4772 ] Do

1286.7781 ‘] Do —

274.3393 ! S 1

{261.9785 o Do

249.5929 m.oo .

237.5558 m I

1225.4092 /] P

213.2084 ] -

200.9559 lo P

188.6966 N Do

175.9676 1 e —oN

1163.137 7 P

149.9567 1 Do

{136.1571 lo Do

121.9108 1= Do

|106.9171 1 P

91.52515 : : : ! P oor . . . .

75.04423 i i i i i o ii 0 i i i i i

3.553189 L1 _ Ll _ L1 _ L1 _ w_________________________________________________3 L] _ 1T _ L1 _ L1 ___ TREPS
O o o o o o — 0 © < ~ o 0000000000000 < o O <« o O
8 8 8 8 8 c S o o JRRZIIggroeT c o o o
m o O < N

S1U9Ad Aund reubis

SIEYE) Aind

signal efficiency



o

Phi-

NeuroBayes Teacher

gp)

9.998211
4.84409
4162213
3.686949
3.277902
2.925564
2.621466
2.361512
2.148881
1.973645
1.829781
1.715328
1.625048
1.550508
1.488949
1.437053
1.392179
1.352109
1.317065
1.285088
1.255482
1.228506 : : : : : : :
1.203092 A
1.178846 A
1.156159 A
11.134359 L. LI L . . . L ]O
1.113583 N A
1.093581 : : : : : : :
1.074159
: : : : : 1.055009
B2 REREE SRR [REEEEEEEEEEE SEEE H1.036459
: : : : : 1.018219 : : : : : : : : : : : : :
1.000214 : : : : : : : : : : : : .
0.9823734 S A T N R T —
0.964844¢€ : : H H H . e
10.9469731
0.929244: : : : : : : : : : : : : :
0.9111406 A R
0.893140z : . . H H H H : : : : : :

: : : : : 0.8745174 A

B EEEED ARREEE R R SRERE H0.8552974 : : : : : : ' o

100
bin #

90
849
1.494e+04

background
signal

80
Underflow
Overflow
Underflow
Overflow

70

60

final n%tinput

—
L

0.8353462 B A [8Y : : : : : :
| 0.814303 S S S S S S (A I S IS NS SRR SR S N
0.79236 : : : : : : : : : : : : :

0.7687097 : : : : : : :
H0.742652¢ : : : : : : C]
0.713098¢ [ S R [ -
|0.678919¢ : : : : : : S : : : : : .

0.6356317 : : : : : : : : . . : :
0.5720304 ; ;

bbbt 0.1614077 LIl

_______________ x__________________________________3 _.______________

e

_____ _____
— o o o o o _ -
M e X o e S ®m o 1B & B ° ® © ¥ M ©

o ~
— o O O M N N A - o O O

10000
8000
6000
4000
2000

SHVEYC) Ayand Sjusne Aund reubis

signal efficiency



Phi-T

Neu roBa\yesD Teacher

2870
8535

(g0}

A
0.9

background
signal
IN:

Underflow
Overflow
i

-1 Underflow
Overflow

— 08

T 06

signal efficiency

final n%tinput
;
0.5

. __
P
. |
. .
. .
o s— —
—r—
i —

............................ muuuul
[m—
—T 21
o
=
N

17 % A R BT
Db b
___%_______________________.w

NP
w o1

L.Z:_.:._._._._._._._._.::_:._._

o = ©® © ¢ o O«
o O O o o

60000
50000
10000

And Slusns Aund reubis



Neu roBa\yesD Teacher

Phi-

-0.147
-1.848277 e A H
-2.125745 -
-2.348712 : : : : : : C
-2.552828 : : : : : : C
-2.739665 B AR A B B B oo .
-2.912483 : : : : : : .
-3.069798 : : : : : : C
-3.221587 : : : : : : S
: : : : : -3.372465 : : : : : : :
S R eeeens TP TP eenen 1-3.525687
: : : : : -3.67669
-3.825909
-3.974897
-4.123933
-4.277551
-4.437813
-4.603713
-4.774837
: : : : : -4.954942
s b 41-5,14047 S SR SR R N I
: : : : : -5.334439 A A A E
-5.537999 T S
-5.752786 : : : : : : o
-5.981476 . . . . . . .
-6.225874
-6.49171
-6.778945
-7.097407
-7.444258
-7.837615
-8.28521
-8.805447
-9.409374
-10.11319
-10.98823
-12.06638
-13.39813
-15.11784
-17.03363
-19.36868
-21.24836
-22.85342
-24.93841
-27.59764
-31.05035
-35.35545 : . . . . . . . . . . .
-40.92434 : : : : : : : : : : : : : 1
-49.20458 : : : : : : S : : : : : : : : : :
-60.51578 i ; ; ; ; ; ; : ; : : : : : : : : !
-99.97023 ____________________T____. ﬂ:___:___:___:___:___:___:_ ;____ ________ __r___
© N T w0 < N O o o o o 9o o o = ® © < o O

o 1 O U O
— o O O O ™ N N — o o o o

100
bin #

—
—1

90
2051
3.363e+04

s

background
signal

Underflow
Overflow
Underflow
Overflow

final n%tinput

10000
8000
6000
4000
2000

SHVEYC) Ayand Sjusne Aund reubis

signal efficiency



Phi-T

Neu roBa\yesD Teacher

0.999987¢
0.9056852
10.856028¢
0.805687:2
0.743337E
10.6718672
0.5982537
|0.527468¢
0.466175
0.4157504
0.373420¢
0.3364471
10.302026¢
0.268918¢
0.2375662
10.208788
0.181948¢€
10.1576
0.135697:2
0.116605¢
0.1002217
0.086
10.073859
0.0639
0.0565
410.0508
0.0450544
10.0379
0.0316
0.0265
0.022528¢€
0.0194
0.0169
0.0148
0.0131
0.0117
0.0106
0.00969
0.00888
oo |0.0081
cfeebedodd bl 1 0.00735
: o .. 10.00659
0.00584
0.0050914
0.00436
0.00363
0.00291
0.00218
0.00146
0.000745
le-05

0.8
0.6
0.4

0.2

SIEYE) Aind

ol & |-

80 100
bin #

60

40

o O ool .
o
o
=] _
o ©
= c
o) (=2
1S ®
S|z | |z
o3 |0z
= 0ol =2
C = c=
[T [T
- o (oo
c > c >
D0 |20

(g0}

final n%tinput

ST

A e e e e e e e

AL v

O 000000 9o o

HDOWmOmO WD

S ST MO N A A
SlUaNo

0.1

—

|
©
o

|
o0
o

i
5N o ©
o o

Aund reubis

signal efficiency



o

Phi-

NeuroBayes Teacher

(g0}

136.6593
69.71254
54.66709
44.69555
37.12592
31.1903
26.34551
22.40923
19.3177
16.92365
15.08096
13.65008
12.51175
11.58372
10.79588
10.11141
9.528944
9.006996
8.548316
8.123975
7.733328
7.37535
7.040777
6.729704
6.438249
16.161408
5.89436
5.645419
5.403781
: : : : : 5.173048
R PR s D EERPRE :----144.949755
4734474
4524261
4.317234
4.116746
13.922118
3.729378
3.538977
3.347783
3.158254
2.970414
2.781906 : : : : : : : : : : :
2.591282 Nk SR SRR S S S ]
12.396228 : : : : : : : : : : :
2.195055 : : : : : : : : : : : T
11.986087 : : : : : : : : : : :
1.762005 : : : : : : : : : : :
1.520002 : : : : : o] : : : : : 1
l11.24178 : : : : : D : : : : :
0.893955¢
0.0111

100
bin #

o O oo

90

background
signal

0
Underflow
Overflow
Underflow
Overflow

70

0

6

final n%tinput

40

1 g gt S OO AU SRRSO R Jo A AR FP .
N

0.2

0.1

____________3

x10°

____
o — © < o O

i
: ! 5N o ©
o o o o o

O

_ __________ ____
o o o o o ' -
@ » S w & b’ ° e
(@) IS SR (@)

0 R S
O I
4000 P vvveeeeeeeer e
2000

10000 Fmecemmesmmmesioen

SHVEYC) Ayand Sjusne Aund reubis

signal efficiency



Neu roBa\yesD Teacher

Phi-T

™ - - - - - —

100
bin #

4999.866
4685.556
4371.654
4068.099
3774.93
3498.896
3247.789
3023.93
2818.376
L 2605.661
... 02412.478
o 2228.521
2072.62
1914.025
1779.847
1640.634
1521.825
1401.821
1294.289
1191.656
-1098.563
1006.217
927.3369
853.7502
784.5898
721.1693
662.6108
612.7305
557.1824
513.6903
465.7511
425.4499
385.4122
350.6268
316.9952
1284.3881
256.0258
230.0891
206.64
184.6214
162.5869
141.0603
121.7517
104.1174
88.33533
72.07407
57.56174
43.00935
29.21454
13.64504
0.0167804

1.079e+04
1.693e+04

0.9

background
signal

Underflow
Overflow

80
Underflow
Overflow

i
final n%tinput

G9

6
o
[To]
—

=
N~

250 | O [{ %
200

x____________________________________________3 [N _ L1 _ L1 _ L1 ___._ |1
OO0 O oo o O o o —

Sooooo oo®° ® © ¥ !
87654321 000

Q
o O O
m_5

AN
o

300

SHVEYC) Ayand Sjusne Aund reubis

signal efficiency



o

Phi-T

NeuroBayes Teacher

™ - - - - —

100
bin #

sereedeegee e 1109.5913
oLy 125.82512
|21.90583
19.78796
18.32291
117.18821
16.25529
15.45205
114.74717
14.11645
13.53034
12.99611
|12.49118
12.02246
11.57761
111.15601
10.75038
|10.36056
9.984793 : : : : : :
9.622936 : : : : S S
9.27066 S R T fbido
8.932839 S S A A
8.598227 : : : : : b
18.277614 : : : : : :
7.96071 : : : : P
17.647358 ; : : : : :
7.339261
7.039006
16.74131
6.447216
6.155368
5.864188
5.579211
15.29388
5.00841
14.724622
4.442978
14.163127
3.878079
3.59429
3.307627
3.018411
2.722541
12.424553
2.113461
11.79206
1.458078
1.095304
10.7122297
0.3019131
2.49e-09

1.303e+04
1.203e+04

..
0.9

background
signal

Underflow
Overflow
Underflow

' Overflow
0.8

final n%tinput

x10°

______:__._:_::._: e

L
N
o

40
20
0E

® © <
c o o

200
180
160
140
120
100

80

60

SHVEYC) Ayand Sjusne Aund reubis

signal efficiency



events

purity

events

signal purity

Phi-T

Neu roBa\yesD Teacher

140
120
100

80

60 F
40
20

: %Eﬁfﬁﬁffff] fﬁfﬁfﬁfﬁfff;foffﬁffffff-

140

120
100

© o o o
o N M O 0@

background

Underflow
Overflow

signal

Underflow
Overflow

06
signal efficiency

04 05



Neu roBa\yesD Teacher

Phi-T

135.9098
59.00324
46.29546
38.54218
33.55824
30.20749
27.82092
26.05428
24.62403
23.46241
22.48544
21.62177
20.84282
20.14034
19.49163
18.90382
18.34456
17.8124

17.31355
16.84094
16.38598
15.94982
15.52619
15.11889
14.71638
14.31882
13.93135
13.55119
13.1715

12.79753
12.4267

12.0575

11.68625
11.31955
10.9423

10.56072
10.17514
9.784077
9.379972
8.966528

--48.532764

8.08536

7.605847
7.103639
6.565772
5.968971
5.30542

4.550443
3.658011
2.478181
0.00025

o
O H#* : Al : : Co -
— ol [o]: : : i ]
= HE K SR ]
o 3| g ST ]
o) ol . ___
o] | | : : ]
= | A R R S SR | Rttt P
© o m “__ {©
D) o) |
& S b .
MW I EEEERRRE EEER RS EEREE R N m_ 1
mw mw ___ ]
o o= I o= N S A S RN PRPRS { RRPRNS TOPRIR FRRIRRE N EEREE 49
= 29|22 ! He
54| |56 I |
__m 1
o
N~
............. I S SRR S I
o
© 4+
>
Q
c
o 2
o On
<
c
=
o 5 e A A
F
......................................... \
o 4
(92
o .
N
......................................... 2
0 4
—
® : : : : : il : : :
a
X _____________________________3 _______________

© n
o o o

N R

R RN PR . RN

AL

o

___________ __________.
—

o
o 0 o n o Lo
™ i —

O o O O o o

N N

If
< o 9 <
c o o o

Aund reubis

signal efficiency



events

purity

events

signal purity

140
120
100
80
60

40
20

0.8
0.6
0.4
0.2

0.2

Neu roBa\yesD Teacher

Phi-T

= i o - i """ A .. i

PN WA U ON® O R R R R R R R R R P NNNNDNDNDNDNDNDN W
O P N W M U O N ® O O P N ®W A OO N ©O© O

class n
3

x10 background

= Underflow 0

e o T Overflow 3818

= signal

e Underflow 0

= Overflow 6916

06
signal efficiency

04 05



events

purity

events

signal purity

450
400
350
300
250
200
150
100

50

0.25

0.2

0.15

0.1

0.05

Phi-T

Neu roBa\yesD Teacher

" " " " " " " 1 " " " 1 " " " 1
OO000000DO00DO00DO00000000000000O0OORRRRRREPRRERRRERRERRERRERRERRRERRE

..................................................................................................................................................

0 0.1 0.2 0.3 0.4 0.5 0. 0.7 0.8 0.9 1

background
Underflow
Overflow
signal

Underflow 0
Overflow 0

o O

....................................................

...................................................

signal efficiency



events

purity

events

signal purity

700
600
500
400
300
200
100

0.35
0.3
0.25
0.2
0.15
0.1
0.05

Phi-T

Neu roBa\yesD Teacher

i

N U N E || S

OO0OO0OO0OO0OO0OO0O0OORRRRRRRRPRRRRRPRRPRRPRPRRPRPRRPREPRPRREPRPRPRPRPRPRRPRPRRPRPRPRPRPRPRREPRPREREPR

.......................................................................

.................................................................................................................................................

x10 background

Underflow 0
IR & R A Overflow 0

signal

Underflow
Overflow

[

0.1 0.2 0.3 0.4 0.5 0. 0.7 0.8 0.9 1
signal efficiency



events

purity
OO0 0000 _ OO0

events

signal purity

500
400
300
200
100

cooolPrikrkrrPNN
ONEOORLNAOONN X

500

400

300

200

100

Phi-T

Neu roBa\yesD Teacher

H . . . i . . . i . . . i . . . . . . i
O000000DO00DO00DO00O000000000000O00OOORRRRRERRRERRRERRERRERRRERRERRERRERERE

..................................................................................................................................................

.....................................

...............................................

background
— . . : : Underflow 0
- : : : n: Overflow 0

signal

Underflow 0
Overflow 0

..............

w

0 0.1 0.2 0.3 0.4 0.5 0. 0.7 0.8 0.9 1

signal efficiency



events

purity

events

signal purity

Phi-T

Neu roBa\yesD Teacher

800 E
700 E
600
500 E
400
300E
200
100

ORRRPRRRPRRRRRRRPRRPRPRRPRPRRPRPRPRPRPRRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRPRRPRPRPRRPRRER

0.6 F—

0.5 E—
0.4
0.3

0.2 _.: ..............................................................................................................................................
0.1

background

"""""""""" e 1 IR At bt M @117\ 4 (o1 2.561e+04

..........................................

................................................................................

................................................................................

Underflow 0

signal

Underflow 0
Overflow 3.183e+04

800 E—
700 E—
600 =
500 E—
400 =
300 E—
200 =
100 -
05

P S S T T
0.4 0.5 0.

signal efficiency



events

purity

events

signal purity

Phi-T

Neu roBa\yesD Teacher

600 F— R e o o
BOO Frreeeeseseeeessseneeeeoos s s | R T
DTS) - IR —— e ——— R — e ——
B0 oo o oo S | R oo
P e T e oo S IR oo s
(1010 A e e e oo e

OO0O0O00000000O0O0O0O0OO0ORRRRRRPRRPRRPRRPRRPRREPRREPRPRPRPRRPRPRRPREPRPRPRPRPRREPRRERER

0.35 E= i T T Lo o T

N B A -
025 i
]
155
R N
05

0 background

Y010 ) == _________________________ ________________________ A Underflow 8

- M : : Overflow
— . . : : signal
500 f=—-----eremeneeens SRR ERETERETEPERRETE SRREED S e Underflow 0
— : : : : Overflow 0
T S — s e
| I TSNS SO | SRS SO SR e
200 Emrr S | S, S| N T
| S SO 1SS SRS SN I S A
a i i . i
-2 -1 1 2 3

0.1 0.2 0.3 0.4 0.5 0. 0.7 0.8 0.9 1
signal efficiency



Phi-T

Neu roBa\yesD Teacher

10000

o
o
o
[o0]

o o
o <

S]U9AS

2000

146.9141
14.80965
7.58995

14.42405

2.5781

11.37535

0.5573
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1-11.72425

-12.5434
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-22.5458

1-23.6524

-24.8391
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-4.7117
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