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Intro. to NeuroBayes

Intro. to NeuroBayes

@ A neural netis a
computational tool based
on the structure of human
neurons.

@ NeuroBayes consists of
both a kernel and
interface. The kernel
contains all functions for
training and analysis, while
the interface contains the
functions needed by the
user to run NeuroBayes
from a C++ module.
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Intro. to NeuroBayes

Work Flow

@ Begin with N input variables with
likely discriminating potential.

@ 1) create a set of inputs containing
only MC backgrounds and signals.

@ 2) create another set of inputs
containing MC backgrounds, signals,

Input Hidden Output and data.

layer layer layer
) @ 3) Train NeuroBayes on 1). Creates

and N-dim space assigning each

point a value from a loss-function

Input #1

Input #2

Output (returns 0 for correct choice, up to co
Tagps 44 for wrong choice), which is to be
Input #4 minimized.

@ 4) Find minima of the N-dim space.
This identifies the signal region.

@ 5) NeuroBayes "Expert’ compares
trained NN to data events from 2),
which maps the N-dim space to a
1-dim space for the output.
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No Z Peak Region

NeuroBayes for H — WW Trileptons In Z Peak Region

No Z Peak Analysis: Variables Used

NJet

2nd lepton pr

Fr

Dilepton Inv. Mass of Opp. Sign Close (by ¢) Leptons
AR Opp. Sign Close

AR Opp. Sign Far

A¢ blw 2nd lepton and F+

Inv. Mass of 3rd lepton, F1, Jets
Hr: 3 leptons, Er, Jets

Mr: 3 leptons

Mr: 3rd lepton, Fr

Mr: 3 leptons, F1, Jets
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No Z Peak Region

NeuroBayes for H — WW Trileptons In Z Peak Region

No Z Peak Analysis: Count

Process | Count

wz 6.83

Y4 1.99

Z~ 22.7

Fakes (WW, W +Jets, Z+Jets) | 8.63
tt 0.34

WH 160 Signal 0.57
ZH160 Signal 0.18
Background Stack 40.1

Total Background + MC signal | 40.28

data(4.8 fb=1) | 34

6/37



NeuroBayes for H — WW Trileptons

No Z Peak Analysis: Result

CDF Run Il Preliminary [L:AB'b‘ CDF Run Il Preliminary [L:AB'b‘
10 [ VH (NozPeak): M, = 160 GeVic? Total 102 | VH (NoZPeak): M, = 160 GeVic’ Total
L Fakes E Fakes
L [ E [
mwz [ wz
8 ; 7z [ 7z
9 10 29
~VHx10 —VHx10

<Data

Tli“\
f e

=
=]

0-1 08 -06 04 -02 0 02 04 06 08 1 -1 . . . 04 06 08 1
NN Output NN Output
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No Z Peak Region

NeuroBayes for H — WW Trileptons TiZiPeak REgion

In Z Peak Analysis: Variables Used

Er

NJet

2nd lepton pr

Dilepton Inv. Mass of Opp. Sign Close (by R) Leptons
AR Opp. Sign Far

A¢ biw 2nd lepton and Ft

A¢ biw Sum of the 3 leptons and Fr

A¢ Opp. Sign Close

A¢ b/w Sum of Opp. Sign leptons on Z-peak and 3rd lepton
Inv. Mass of 3 leptons

Inv. Mass of 3rd lepton, F1, Jets

Hr: 3 leptons, Er, Jets

Mr: 3 leptons, Er, Jets
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No Z Peak Region

NeuroBayes for H — WW Trileptons TiZiPeak REgion

In Z Peak Analysis: Count

Process | Count
wz 36.4
Y4 7.23
Zy 9.12
Fakes (WW, W +Jets, Z+Jets) | 13.8
tt 0.06
WH 160 Signal 0.07
ZH160 Signal 0.58
Background Stack 66.5
Total Background + MC signal | 67.2

data(4.8 fb=1) | 72
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eak Region

3 ) " ) <
NeuroBayes for H WW Trileptons TiZiPeak REgion

In Z Peak Analysis: Result

CDF Run Il Preliminary [L:AB'b‘ CDF Run Il Preliminary [L:AB'b‘
I VH (InZPeak): M, = 160 GeVic’ Total 102 . VH (InZPeak): M, = 160 Gevic? Total
Fakes E Fakes
mi £ mi
10 mwz = mwz
7z B 7z
29 29

g

1 -08 -06 -04 . ‘ 0” . 0.4‘ 0.6 .
NN Output

ol
08 -06 -04 1

NN Output

10/37



Pres:
No Z

Backup Inz

Preselection

Fr < 20.0 GeV

Basic Lepton ID (for two or three leptons)
Good Run (accesses a list of good runs)
Triggered Lepton (trigger bits passed for data)
Max A z_0 within limits

Trilepton identified for event, but not same-sign analysis
trileptons.
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Preselection
No Z Peak Dists.
Backup In Z Peak Di

No Z Peak: NJet

CDF Run 1l Preliminary

COF Run 1t Pretiminary
€ £
2 &
A e g
Noet Noet
COF Run 1t Pretiminary COF Run 1l Prefiminary g

#Events

E
=

k4
NJet

NJet
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Preselection
No Z Peak Dists.

Backup

No Z Peak: FE+

CDF Run 1l Preliminary

CDE Run il Ereliminary
=
- 16
= 14
= 12 "
0.5 =1 5
= 10 3
0.af 2 ° &
o0.af 2 o
0.2 ”
2
Ho 166 150 A0 160 T80 200 & S e TRt 1At 1h6 186 200
T T
CDE Run il Ereliminary COE Run il Ereliminary g

10

#Events

102

10

Lo N
66 ~80 100 120 140 160 186 200

107656720
ET
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Preselection
No Z Peak Dists.

Backup In Z Peak Di

No Z Peak: 2nd Lepton pr

CDF Run 1l Preliminary

CDF Run Il Preliminary

E
=

. Ly L
367766 B0 100 1206 140 166 180 20O
lep2PT

CDF Run 1l Preliminary

CDF Run Il Preliminary

# Events (Norm.to 1.0)

lep2PT
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Backup

Preselection
No Z Peak Dists.

InZ P

ak Dis

No Z Peak: Dilepton Inv. Mass of Opp. Sign Close (by

R) Leptons

CDF Run Il Preliminary

0.14

o0.12

o.1f

o.o8

o.0e

# Events (Norm.to 1.0)

o.04

o.02

56 100 120 140 160 180 200
DIMASSoppSignCloseByR

o

263666

CDF Run Il Preliminary

Jo 1 CReaion: Z ek Removed

10

10°

Lo I 1
56 100 120 140 160 180 200

1075 56736760
DIMASSoppSignCloseByR

CDF Run 1l Preliminary

B0 100 120 140 160 180 20O
DIMASSoppSignCloseByR

CDF Run 1l Preliminary

DIMASSoppSignCloseByR
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Pr ection
No Z Peak Dists.
Backup In Z Peak D

No Z Peak: AR Opp. Sign Close

ZS
DELTARoppSignClose

CDF Run Il Preliminary

107

I PR T
o ToETITTIE T E Es S T ss 4 as

DELTARoppSignClose

2.5 EX .
DELTARoppSignClose

5
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Preselection
No Z Peak Dists.
Backup In Z Peak Di

No Z Peak: AR Opp. Sign Far

CDF Run 1l Preliminary

CDF Run Il Preliminary

# Events (Norm.to 1.0)

£

o8 ET 1T aAs TETE S
DELTARGppSignFar

CDF Run 1l Preliminary

CDF Run Il Preliminary

10"

107* £
=
20 &
107, s
Sos 1 A sl R
SELTARGPRSIgn Far

DELTARoppSignFar
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Preselection
No Z Peak Dists.
Backup ' < Dis

No Z Peak: A¢ b/w 2nd lepton and E+

CSDF Run 1l Preliminary CSDFE Run Il Preliminary
o.af
o.08[ g
E 5
o.06f 2
o.0al- a2
o.0zf=
C L L L L L L
S 5's T s 5 S o5 T Ewe
DELTAPHIlep2met
CSDFE Run 1l Preliminary CSDFE Run Il Preliminary
10 Ercgion: z-rear remaved
107 =
E E
E =
107 a2
. . \ . \ . ,
1075 0.5 T 15 3 N N 3
DELTAPHIlep2met DELTAPHIlep2zmet
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Preselection
No Z Peak Dists.

Backup

No Z Peak: Inv. Mass of 3rd lepton, E1, Jets

CDF Run Il Preliminary CDF Run 1l Preliminary

K

o.16

o.14

.12

0.1

o.o8

# Events (Norm.to 1.0)

o.06
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TRIMASS3rdLepMetJets

CDF Run 1l Preliminary
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107 &
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1
TRIMASS3rdLepMetJets

TRIMASS3rdLepMetJets
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Preselection
No Z Peak Dists.
Backup In Z Peak D

No Z Peak: Ht: 3 leptons, E+r, Jets

CDF Run It Preliminary CDF Run Il Preliminary.
0.16Fragion: z-raak remaved Ereegion
E a
o.14af
E _ s.sf
o.azf g E
E = 3
o 5 2.5F g
E s E =
o.o8 = 2F E
o.06f = 1sE
o.0af - L1
o.0zf o.sE
o 50 100 150 200 250 300 350 400 o 300 350 400
HTlepMetiets HTlepMetaets

CDF Run Il Preliminary CDF Run 1l Preliminary

P
107 =
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oo ibE aEs 56 280 “gbo - dso'"a0o

HTlepMetJets HTlepMetJets
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Pr ection
No Z Peak Dists.
Backup In Z Peak D

No Z Peak: Mt: 3 leptons

CDF Run 1l Preliminary
o.ag m =
o.3F
o.25F
o.2f
o.asfE
o.af
o.05F
S | | ; -
67750 406 156 200 250 300 350 400 256 300 350 400
MTtrimass MTtrimass
CDF Run 1l Preliminary CDF Run Il Preliminary
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107, l
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Backup

Preselection
No Z Peak Dists.
InZ Peak Dis

No Z Peak: M+: 3rd lepton, Ft

CDF Run Il Preliminary

107,

CDF Run Il Preliminary

# Events (Norm.to 1.0)

256 3006 350 400
MT3rdLepMet

il
i

# Events (Norm.to 1.0)

256 306 350 400
MT3rdLepMet

CDF Run 1l Preliminary

0amoog

#Events

- L L L L
156 206 250 306 356 400
MT3rdLepMet

H

CDF Run 1l Preliminary

DDQIDDDD
H

250 3
MT3rdLepMet
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Pr ection
No Z Peak Dists.
Backup In Z Peak D

No Z Peak: M+: 3 leptons, 1, Jets

CDF Run 1l Preliminary CDF Run Il Preliminary
©.18 Frcgion: = ronk memoved o
oc.aef
o.1af
o.azf
o.af
o.osf
o.06F-
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Backup In Z Peak Dists.

In Z Peak: E+

COF Run Il Pretiminary COF Run 1l Preliminary
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Preselection
N Peak Di:
Backup In Z Peak Dists.

In Z Peak: NJet

CDF Run 1l Preliminary CDF Run Il Preliminary =]
f 1 ey — B acocao
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Backup

Z Peak: 2nd Lepton p+

CDF Run Il Preliminary

86 100 120 146 160 1806 200
lep2PT

CDF Run Il Preliminary

1075 367736760

86106 126 120 160 186 200
lep2PT

Preselection
Peak Dis
In Z Peak Dists.

CDF Run 1l Preliminary

18 resion: Zreax LI

#Events

CDF Run 1l Preliminary
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10

10

#Events

102

10

10
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Backup

Preselection
)\ Peak D
In Z Peak Dists.

In Z Peak: Dilepton Inv. Mass of Opp. Sign Close (by
R) Leptons

CDF Run Il Preliminary

E
=

CDF Run Il Preliminary

i s L
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107,
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Preselection
N Peak D
Backup In Z Peak Dists.

In Z Peak: AR Opp. Sign Far

COF Run 1t Pretiminary COF Run 1l Prefiminary g
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Peak Di
Backup In Z Peak Dists.

In Z Peak: A¢ b/w 2nd lepton and F+

CDF Run Il Preliminary

CDF Run 1l Preliminary
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Preselection
N Peak D
Backup In Z Peak Dists.

In Z Peak: A¢ b/w Sum of the 3 leptons and E+

CDF Run 1l Preliminary
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Backup In Z Peak Dists.

In Z Peak: A¢ Opp. Sign Close

CDF Run Il Preliminary CDF Run 1l Preliminary
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No Z
Backup In Z Peal

A¢ b/w Sum of Opp. Sign leptons on Z-peak and 3rd
lepton

# Events (Norm. to 1
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Preselection
No Z Peak Di
Backup In Z Peak Dists.

Inv. Mass of 3 leptons

CDF Run Il Preliminary CDF Run 1l Preliminary
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Backup In Z Peak Dists.

In Z Peak: Inv. Mass of 3rd lepton,

CDF Run Il Preliminary

CDF Run 1l Preliminary

# Events (Norm.to 1.0)
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Preselection
No Z Peak Dists
Backup In Z Peak Dists.

In Z Peak: Ht: 3 leptons, F+,

CDF Run Il Preliminary
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Preselection
No Z Peak D
Backup In Z Peak Dists.

Z Peak: M+: 3 leptons, Ft, Jets

CDF Run 1l Preliminary

CDF Run Il Preliminary

# Events (Norm.to 1.0)
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