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Overview

 ABCD shown to L3s (right) had limited statistics in Region B al

Xbb > 0.6 and XWqq > 0.75|0.7 (Id|tr)

C A

* This resulted in a systematic uncertainty of ~50%

* Trying two more strategies: B

 ABCDNet vs. VBS BDT

0.96 ABCDNet

 ABCDNet vs. VBS DNN

* Then we compare: is there a clear best strategy?
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Comparison

Xbb > 0.6 and XWqq > 0.75|0.7 (Id|tr) Xbb > 0.8 and XWqq > 0.6[0.4 (Id]tr) Xbb > 0.5 and XWqq > 0.5/0.4 (Id|tr)
|An;j| VBS BDT VBS DNN
0 C A 1o C A
C A | |
4 B B
B
0.96 ABCDNet 0.9 ABCDNet 0.85 ABCDNet
ABCDNet vs. |An;j| ABCDNet vs. VBS BDT ABCDNet vs. VBS DNN
Signal 3.73 3.80 6.88
Predicted Bkg. 0.93 1.09 0.78
ABCD Stat. Unc. 50.4% 18.9% 18.9%
ABCD Syst. Unc. 29.5% 62.9% 32.9%
Data/MC OK OK Some issue from D—C
Closure in data Good Good, but I|m|.ted_by signal Good
contamination
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Summary

Xbb > 0.6 and XWqq > 0.750.7 (Id|tr) Xbb > 0.8 and XWqq > 0.6/0.4 (Id|tr) Xbb > 0.5 and XWqq > 0.5/|0.4 (Id|tr)
|An;il VBS BDT C A VBS DNN C A
C A 0.9 0.9
4
B B
0.96 ABCDNet 0.9 ABCDNet 0.85 ABCDNet

* No one “best” method
e Systematic uncertainty may need rethinking (seems unfair?)
 VBS BDT method is nice, but sig. contamination limits data closure tests

 VBS DNN method is tempting... but do we believe it?
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ABCD: ABCDNet vs. |Anj| (orig.)
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ABCD Configuration & MC Closure

|An;j Xbb > 0.60 and XWqq > 0.75|0.70 (Id|tr)
Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
C A Anjj| > 4 and ABCDNet > 0.96 A 1.46 0.54 3.73 0.05 — —
4 Anjj| < 4 and ABCDNet > 0.96 B 5.12 1.06 0.48 0.02 4 2.00
An;j| > 4 and ABCDNet < 0.96 C 292.88 25.89 2.80 0.05 280 16.73
B Anjj| < 4 and ABCDNet < 0.96 D 1012.41 41.07 0.63 0.02 1201 34.66

Amvc = BmcXCmc/Dmve = 1.48 +0.34
Apred = BdataXCdata/Ddata = 0.93 + 0.47

0.96 ABCDNet

Error propagation: Final Result
o = <‘1’%>2+ (%)2 _ 20.5% Expected sig. 3.73 + 0.05
AR Predicted bkg. 0.93 + 0.47 + 0.28
Frat = \/Bdata Clata " D ja14 = S0.4% stat. SySt.

Predicted significance (S//B) is passable and the method closes in MC
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Closure In Sidebands

Xbb > 0.60 and Xqu > 0_75|0_7O (|d|tr) Region Bkg Bkgerr Sig Sig err Data Data err
A 146 054 3.73 0.05 — — 3 C 1.48 + 0.34 (I\/IC)
B 512 1.06 0.48 0.02 4 2.00 Apre —Bx— =
C 292.88 2589 280 0.05 280 16.73 D 093 +047 (Data)
D 1012.4 41.07 0.63 0.02 1201 34.66 v

Region Bkg Bkgerr Sig Sig err Data Data err
CZ C1 A A 146 054 373 005 —  —

B 512 106 048 002 4 200 APred_pg. ﬁ — 1.08 + 0.30 (MC)
Ci 1747 246 229 004 —  — D 2+?  (Data)

D+ 81.2 925 047 0.02 70 8.37

C1 is signal polluted
= can’t unblind

0.5 0.96
ABCDNet

ABCD works well with data in sidebands = method is valid!
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Closure In Sidebands

Xbb > 0.60 and XWqq > 0.75|0.70 (Id|tr)

0.5

0.96
ABCDNet

Region Bkg Bkgerr Sig Sig err Data Data err

A 146 054 3.73 0.05 — —

B 512 1.06 0.48 0.02 4 2.00
C 29288 2589 280 0.05 280 16.73
D 10124 41.07 0.63 0.02 1201 34.66

Region Bkg Bkgerr Sig Sig err Data Data err

B+ 290 0.81 0.20 0.01 2 1.41

B> 222 0.68 0.28 0.01 2 1.41
D+ 33.28 3.80 0.20 0.01 37 6.08
D2 47.87 8.44 0.27 0.01 33 5.74

Region Bkg Bkgerr Sig Sig err Data Data err

D+ 33.28 3.80 0.20 0.01 37 6.08
D2 47.87 8.44 0.27 0.01 33 5.74
Ds 441.29 28.47 0.0/ 0.01 540 23.24
Ds 48996 28.12 0.10 0.01 5891 24.31

Region Bkg Bkgerr Sig Sig err Data Data err

C1 1717 246 229 004 — —

D+ 33.28 3.80 0.20 0.01 37 6.08
C. 27571 2578 0.51 0.02 264 16.25
Ds 441.29 28.47 0.0/ 0.01 540 23.24

Apred — B x

c | 1.48+0.34 (MC)

0.93 + 0.47 (Data)

D
B?red =By X D—1 = 2.24 + 1.67 (Data) v
2
D
pPred = b, D—3 = 30.15 + 5.55 (Data) v
4
chred _ o 2 _ C1 is signal polluted
— 1 o y -
1 D3 = can’t unblind

ABCD works well with data in sidebands = method is valid!
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Closure In Sidebands

Xbb > 0.60 and XWqq > 0.75|0.70 (Id|tr)

0.96
ABCDNet

Region Bkg Bkg err

Sig Sig err Data Data err

A 146 0.54

B 512 1.06
C 292.88 25.89
D 1012.4 41.07

Region Bkg Bkg err

3.73 0.05 — —

0.48 0.02 4 2.00
280 0.05 280 16.73
0.63 0.02 1201 34.66

Sig Sig err Data Data err

B+ 290 0.81
B> 222 0.68
D+ 27.26 3.48
D2 37.87 8.14

Region Bkg Bkg err

0.20 0.01 2 1.41
0.28 0.01 2 1.41
0.18 0.01 30 5.48
0.24 0.01 26 5.10

Sig Sig err Data Data err

D+ 27.26 3.48
D2 37.87 8.14
Ds 447.31 28.51
Ds 499.96 28.21

Region Bkg Bkg err

0.18 0.01 30 5.48
0.24 0.01 26 5.10
0.09 0.01 547 23.39
0.12 0.01 598 24.45

Sig Sig err Data Data err

oF 1491 2.33
D+ 27.26 3.48
Co 277.97 25.79
Ds 447.31 28.51

215 0.04 — —

0.18 0.01 30 5.48
0.64 0.02 269 16.40
0.09 0.01 547 23.39

APred _ g x

Bpred _
3

Dpred _
3

1

D2X

Cpred _ D1 v
D

1.48 + 0.34 (MC)
0.93 = 0.47 (Data)

By X Dn = 2.31 £1.75 (Data) v

—= = 23.78 + 4.87 (Data) v

_ C1 is signal polluted
= can’t unblind

ABCD works well with data in sidebands = method is valid!
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ABCD: ABCDNet vs. VBS BDT
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2 ABCD Configuration & MC Closure

vBS BDT C A Xbb > 0.8 and XWqq > 0.6|0.4 (Id|tr)
0.9 Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet > 0.9 A 0.72 0.28 3.80 0.05 — —
VBS BDT < 0.9 and ABCDNet > 0.9 B 40.56 3.52 2.71 0.05 44 6.63
VBS BDT > 0.9 and ABCDNet < 0.9 C 48.72 7.89 1.38 0.03 80 8.94
B VBS BDT < 0.9 and ABCDNet < 0.9 D 3025.85 79.24 1.30 0.03 3243 56.95

Amc = BmcXCmc/Dvc = 0.65 +0.12
Apred = BdataXCdata/Ddata = 1.09 + 0.20

0.9 ABCDNet

Error propagation: Final Result
€orst = ﬁ <;’%>2+ (%)2 = 62.9% Expected sig. 3.80 £ 0.05
AR Predicted bkg. 1.09 + 0.20 + 0.68
Frat = \/Bdata Clata " D ja14 = 18.9% stat. SySt.

Predicted significance (S//B) is passable and the method closes in MC
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Closure In Sidebands

Xbb > 0.8 and XWqq > 0.6|0.4 (Id|tr)

0.9
ABCDNet

Region Bkg Bkgerr Sig Sig err Data Data err

A 0.72 028 3.80 0.05 — —
pred
B 4056 3.52 271 0.05 44  6.63 A
C 48.72 7.89 138 0.03 80 894
D 3025.8 7924 1.30 0.03 3243 56.95

Region Bkg Bkgerr Sig Sig err Data Data err

A 072 028 380 005 —  —

B 4056 352 271 005 44 663 APred _
Ci+ 263 095 101 003 —  —

D+ 199.4 1327 0.84 003 183 13.53

Region Bkg Bkgerr Sig Sig err Data Data err

C+ 263 095 101 003 —  —

Di  199.43 1327 084 003 183 1353 (Pred _
C. 4609 7.83 037 002 76 872 1

D> 2826.42 78.12 0.46 0.02 3060 55.32

C

Bx—

C1_

Dy

D-IX

Co
D3

0.65 £ 0.12 (MC)

1.09 + 0.20 (Data) v

0.54 + 0.20 (MC)

?7+7?  (Data)

4.55 = 0.63 (Data) ?

ABCD works well with data in sidebands = method is valid!
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0.5

Closure In Sidebands

Xbb > 0.8 and XWqq > 0.6|0.4 (Id|tr)

0.9
ABCDNet

Region Bkg Bkgerr Sig Sig err Data Data err

A
B
C
D

0.72 028 3.80 0.05 — —

40.56 3.52 2.71
48.72 7.89 1.38
3025.85 79.24 1.30

0.05 44 6.63
0.03 80 8.94
0.03 3243 56.95

Region Bkg Bkgerr Sig Sig err Data Data err

B+
B>
D1
D2

494 1.06 1.92
35.62 3.36 0.79
18.94 293 0.56
180.48 12.95 0.28

0.04 — —

0.02 39 6.24
0.02 21 4.58
0.01 162 12.73

Region Bkg Bkgerr Sig Sig err Data Data err

D1
D2
D3
D4

18.94 293 0.56
180.48 12.95 0.28
279.77 20.77 0.24
2546.65 75.31 0.21

0.02 21 4.58
0.01 162 12.73
0.01 320 17.89
0.01 2740 52.35

Region Bkg Bkgerr Sig Sig err Data Data err

C1
D1
Co
D3

263 095 1.01
18.94 293 0.56
46.09 7.83 0.37
279.77 20.77 0.24

0.08 — —

0.02 21 4.58
0.02 76 8.72
0.01 320 17.89

APred _ g x

Bpred _
3

Dpred _
3

Cpred .
1 —

D2X

D4 X — =
17D

0.65 + 0.12 (MC)
1.09 = 0.20 (Data)

Bo X Dn 5.06 = 1.42 (Data) ?

— = 18.92 = 1.86 (Data) v

4.99 = 1.26 (Data) ?

ABCD works well with data in sidebands = method is valid!
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0.5

Closure In Sidebands

Xbb > 0.8 and XWqq > 0.6|0.4 (Id|tr)

Region Bkg Bkgerr Sig Sig err Data Data err

A
B
C
D

0.72
40.56 3.52 2.71
48.72 7.89 1.38

3025.85 79.24 1.30

0.28 3.80 0.05 — —

0.05 44 6.63
0.03 80 8.94
0.03 3243 56.95

Region Bkg Bkgerr Sig Sig err Data Data err

B+
B>
D1
D2

494 1.06 1.92
35.62 3.36 0.79
12.46 2.24 0.50

130.54 12.00 0.24

0.04 — —

0.02 39 6.24
0.02 15 3.87
0.01 120 10.95

Region Bkg Bkgerr Sig Sig err Data Data err

D1
D2
D3
D4

1246 2.24 0.50
130.54 12.00 0.24
286.26 20.86 0.30

2596.59 75.47 0.25

0.02 15 3.87
0.01 120 10.95
0.02 326 18.06

0.01 2782 52.74

Region Bkg Bkgerr Sig Sig err Data Data err

C1

D+

0.6 0.9 .
ABCDNet 0

209 0.88 0.91
1246 2.24 0.50
46.63 7.84 0.47

286.26 20.86 0.30

0.08 — —

0.02 15 3.87
0.02 77 8.77
0.02 326 18.06

ored_ . C _ 0.65 + 0.12 (MC)
1.09 = 0.20 (Data)
gPred _ g Dy 0
] = B9 XD— = 4.88 = 1.55 (Data) *
2
D
pPred = p, x D—j = 14.06 + 1.52 (Data) v’
C
cPred = p, x D—g = 3.54+1.02 (Data) ?

ABCD works well with data in sidebands = method is valid!
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2 Closure in Xbb Sideband

VBS BDT C A Xbb < 0.80 and XWqq > 0.60|0.40 (Id|tr)
0.9 Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet > 0.9 A 1.18 0.64 0.29 0.01 — —
VBS BDT < 0.9 and ABCDNet > 0.9 B 39.35 3.99 0.25 0.01 49 7.0
VBS BDT > 0.9 and ABCDNet < 0.9 C 49.98 10.74 0.27 0.01 58 7.6
B VBS BDT < 0.9 and ABCDNet < 0.9 D 2552.26 73.17 0.24 0.01 2746 52.4

Amc = BmecXCmce/Dve = 0.77 £0.18
Apred = BaataXCdata/Ddata = 1.03 = 0.20

0.9 ABCDNet

Error propagation: Final Result
corm [ (22) (22 - 6113 Expected sig. 0.29 = 0.01
AR Predicted bkg. 1.03 +0.20 + 0.63
Frat = \/Bdata Clata " D ja14 = 19:5% stat. SySt.

Method closes for data in ParticleNet sideband

UC San Diego
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> Closure in ParticleNet Sideband

VBS BDT C A Xbb < 0.80 or XWqq < 0.60|0.40 (Id|tr)
0.9 Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet > 0.9 A 4.02 1.19 0.75 0.02 — —
VBS BDT < 0.9 and ABCDNet > 0.9 B 155.80 7.75 0.59 0.02 155 12.4
VBS BDT > 0.9 and ABCDNet < 0.9 C 237.20 24.86 0.55 0.02 211 14.5
B VBS BDT < 0.9 and ABCDNet < 0.9 D 10832.14 162.63 0.64 0.02 10609 103.0

Amc = BmcXCwmc/Dme = 3.41 +£0.40
Apred = BdataXCdata/Ddata = 3.08 £ 0.33

0.9 ABCDNet

Error propagation: Final Result
€orst = % <%>2+ (2%’)2 = 8.6% Expected sig.0.75 £ 0.02
AR Predicted bkg. 3.08 + 0.33 + 0.26
€star = \/ B, C, + D, = 10.6% stat. syst.

Method closes for data in ParticleNet sideband
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Closure In ParticleNet Sideband

VBS BDT C’ A Xbb < 0.80 or XWqq < 0.60|0.40 (Id|tr)
0.9 Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet > 0.9 A 4.02 1.19 0.75 0.02 — —
VBS BDT < 0.9 and ABCDNet > 0.9 B’ 155.80 7.75 0.59 0.02 155 12.4
, VBS BDT > 0.9 and ABCDNet < 0.9 C’ 237.20 24.86 0.55 0.02 211 14.5
B VBS BDT < 0.9 and ABCDNet < 0.9 D’ 10832.14 162.63 0.64 0.02 10609 103.0
0.9 ABCDNet
VBsS BDT C A Xbb > 0.8 and XWqq > 0.6|0.4 (Id|tr)
0.9 Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet > 0.9 A 0.72 0.28 3.80 0.05 — —
VBS BDT < 0.9 and ABCDNet > 0.9 B 40.56 3.52 2.71 0.05 44 6.63
VBS BDT > 0.9 and ABCDNet < 0.9 C 48.72 7.89 1.38 0.03 80 8.94
B VBS BDT < 0.9 and ABCDNet < 0.9 D 3025.85 79.24 1.30 0.03 3243 56.95
Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
0.9 ABCDNet VBS BDT > 0.9 and ABCDNet>0.9 | A/A 5.54 2.72 5.08 0.18 — —
VBS BDT < 0.9 and ABCDNet>0.9 | B'/B 3.84 0.38 4.58 0.18 3.5 0.60
VBS BDT > 0.9 and ABCDNet<0.9 | C’/C 4.87 0.94 2.51 0.11 2.6 0.35
VBS BDT < 0.9 and ABCDNet<0.9 | D’/D 3.58 0.11 2.03 0.09 0.07

UC San Diego
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s Closure In PNet + ABCDNet Sideband

VBS BDT Xbb < 0.80 or XWqq < 0.60[0.40 (Id|tr)
0.9 Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet > 0.9 A 2.05 0.92 0.16 0.01 1 1.00
VBS BDT < 0.9 and ABCDNet > 0.9 B 83.00 5.84 0.16 0.01 79 8.9
VBS BDT > 0.9 and ABCDNet < 0.9 C 237.20 24.86 0.55 0.02 211 14.5
VBS BDT < 0.9 and ABCDNet < 0.9 D 10832.14 162.63 0.64 0.02 10609 103.0

Amvc = BmecXCmce/Dvc = 1.82 +£0.23

0.9 0.95 ABCDNe
| Apred = BdataXCdata/Ddata = 1.57 £ 0.21
Error propagation: Final Result
o= <%>+ (%) _ 243% Expected sig. 0.16 + 0.01
1 1 1 Predicted bkg. 1.57 £+ 0.21 + 0.38
€star = \/ B, C, + D, =13.2% stat. syst.

Method closes for data in ParticleNet sideband

UC San Diego
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Events

101F

10°

—L
<

data/MC

O
N ——

N

A
]

Rewelghted vS. Single-point

CMS Prellm/nary

138fb 13 TeV

l I
tt + W[O1events] - :
tf +H [0.1 events] A |

tt +12[0.5 events] 0

Single t [2.8 events]I
B Bosons [3.2 events] [l
it + jets [4.8 events] [
QCD [30.0 events]
1 Total background [4' 3 events]
MC unc. [staf] i
4 Data[44events] g
# Pred. MC [0.7 events
ed. data [1.1 evenls]

0.8 | 1.0
VBS BDT score

CMS Prel/m/nary

138 fo~" (13 TeV)

I I

tt+ H [3.8 events] -

tt + W [9.9 events] " C :

tt + 12 [58.8 events] 0 |

Single t [66.9 events] [
B Bosons [100.2 events] I

it + jets [471.9 events] [

QCD [2363.2 events]
(1 Total background [3071! 6 events]

MC unc. [stat] i
4 Data[3323 events]

No obvious systematic issues in data/MC

0.8 1.0
VBS BDT score
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ABCD: ABCDNet vs. VBS DNN
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CMS - -
= ABCD Configuration & MC Closure
VBS DNN C A Xbb > 0.5 and XWqq > 0.5/|0.4 (Id|tr)
0.9 Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS DNN > 0.9 and ABCDNet > 0.9 A 0.95 0.37 6.88 0.07 — —
VBS DNN < 0.9 and ABCDNet > 0.9 B 189.89 8.37 0.92 0.03 185 13.60
VBS DNN > 0.9 and ABCDNet < 0.9 C 56.11 2.29 2.35 0.04 33 5.74
B VBS DNN < 0.9 and ABCDNet < 0.9 D 7271.69 125.39 0.54 0.02 7817  88.41

Amc = BmecXCmce/Dvme = 1.47 +0.09
Apred = BdataXCdata/Ddata = 0.78 +0.15

0.85 ABCDNet

Error propagation: Final Result
1 0.37 . 0.09 : o =
o = <E> + <m> _ 32.9% Exp_ected sig. 6.88 + 0.07
1 1 1 Predicted bkg.0.78 +0.15+ 0.26
Frat = \/Bdata Clata " D ja14 = 18.9% stat. SySt.

Predicted significance (S/{B) is very good and the method roughly closes in MC
iy UC San Diego




Closure In Sidebands

Xbb > 0.5 and XWqq > 0.5/0.4 (Id|tr)

Region Bkg Bkgerr Sig Sig err Data Data err

A

B
C
D

095 037 6.88
189.89 8.37 0.92
56.11 2.29 2.35

7271.7 125.39 0.54

0.07
0.03
0.04
0.02

Region Bkg Bkgerr Sig Sig err Data Data err

B

A

C1

B Ds

095 037 6.88
189.89 8.37 0.92
3.18 0.48 1.52

570.3 24.36 0.27

0.07
0.03
0.03

0.01

Region Bkg Bkgerr Sig Sig err Data Data err

C1

D+

0.5 0.9 .
ABCDNet ©-

3.18 0.48 1.52

570.27 24.36 0.27

52.94 223 0.83

6701.42 123.00 0.27

0.03
0.01
0.02
0.01

185 13.60 Apred — B % E —
33  5.74

7817 88.41

185 1360 APred _ gy 21 C1
—_ 1 = D-|
552 23.49

s52 2349 cPred _ p 1 x == C2
31 557 1 D4

7265 85.23

1.47 + 0.09 (MC)
0.78 + 0.15 (Data)

1.06 + 0.17 (MC)

?7+7?  (Data)

2.36 = 0.44 (Data) ?

ABCD works well with data in sidebands = method is valid!
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0.2

0.5

Closure In Sidebands

Xbb > 0.5 and XWqq > 0.5/0.4 (Id|tr)

0.9
ABCDNet

Region Bkg Bkgerr Sig Sig err Data Data err

A 095 037 6.88 0.07 -— —

B 189.89 837 092 0.03 185 13.60
C 56.11 229 235 0.04 33 5.74
D 7271.69 125.39 0.54 0.02 7817 88.41

Region Bkg Bkgerr Sig Sig err Data Data err

B+ 11.22 1.33 0.87 0.03 7 2.65
B 17866 826 0.05 0.01 1/8 13.34
D+ 4261 3.12 0.26 0.01 29 5.39
D 527.67 24.15 0.01 0.00 523 22.87

Region Bkg Bkgerr Sig Sig err Data Data err

D+ 42.61 3.12 0.26 0.01 29 5.39
D> 527.67 24.15 0.01 0.00 523 22.87
Ds 51484 1430 0.25 0.01 380 19.49
Ds 6186.57 122.16 0.02 0.00 6885 82.98

Region Bkg Bkgerr Sig Sig err Data Data err

C1 3.18 048 1.52 0.03 -— —

D+ 42.61 3.12 0.26 0.01 29 5.39
C2 5294 223 0.83 0.02 31 5.57
Ds 51484 1430 0.25 0.01 380 19.49

Apred — B x

Bpred _
3

Dpred _
3

Cpred .
1 —

c | 1.47£0.09 (MC)

0.78 £ 0.15 (Data)

D

Bs X D—; = 9.87 = 2.02 (Data) v
D3

Do X D_4 = 28.87 £ 1.98 (Data) v
Co

D4 X Do = 2.37 £ 0.62 (Data) ?

3

ABCD works well with data in sidebands = method is valid!
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0.2

0.6

Closure In Sidebands

Xbb > 0.5 and XWqq > 0.5/0.4 (Id|tr)

0.9
ABCDNet

Region Bkg Bkgerr Sig Sig err Data Data err

A 095 037 6.88 0.07 -— —

B 189.89 837 092 0.03 185 13.60
C 56.11 229 235 0.04 33 5.74
D 7271.69 125.39 0.54 0.02 7817 88.41

Region Bkg Bkgerr Sig Sig err Data Data err

B+ 11.22 1.33 0.87 0.03 7 2.65
B 17866 826 0.05 0.01 1/8 13.34
D+ 28.31 245 0.21 0.01 19 4.36
D 333.99 14.65 0.01 0.00 355 18.84

Region Bkg Bkgerr Sig Sig err Data Data err

D+ 2831 245 0.21 0.01 19 4.36
D 333.99 14.65 0.01 0.00 355 18.84
Ds 529.14 14.43 0.30 0.02 390 19.75
Ds 6380.25 123.66 0.02 0.00 7053 83.98

Region Bkg Bkgerr Sig Sig err Data Data err

C1 242 043 129 0.03 -— —
D+ 2831 245 021 001 19 4.36
C2 53.69 224 1.05 0.03 31 5.57

Ds 529.14 1443 0.30 0.02 390 19.75

Apred — B x

Bpred _
3

Dpred _
3

Cpred .
1 —

c | 1.47£0.09 (MC)

0.78 £ 0.15 (Data)

D
Bo X D—; = 9.53 = 2.35 (Data) v
D
Dy X D—j = 19.63 + 1.46 (Data) v
C
D+ ><D—2 = 1.51 £ 0.45 (Data) ?
3

ABCD works well with data in sidebands = method is valid!
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2 ABCD Configuration & MC Closure

VES DNN C A Xbb > 0.5 and XWqq < 0.5|0.4 (Id|tr)
0.9 Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet > 0.9 A 0.71 0.27 0.53 0.02 — —
VBS BDT < 0.9 and ABCDNet > 0.9 B 177.14 10.12 0.09 0.01 168 13.0
VBS BDT > 0.9 and ABCDNet < 0.9 C 30.90 1.54 0.30 0.02 15 3.9
B VBS BDT < 0.9 and ABCDNet < 0.9 D 6617.60 132.59 0.10 0.01 6125 78.3

Amvc = BmcXCmce/Dmc = 0.83 +0.06
Apred = BdataXCdata/Ddata = 0.41 +0.11

0.85 ABCDNet

Error propagation: Final Result
o = = <%>2+ (%)2 _ 49.9% Expected sig. 0.53 + 0.02
1 1 1 Predicted bkg.0.41 £0.11 + 0.21
Frat = \/Bdata T Clata " D ja14 = er0% stat. SySt.

Predicted significance (S//B) is passable and the method closes in MC

y UC San Diego




VBS BDT

0.9

VBS BDT

0.9

Closure in ParticleNet Sideband

C! A!

B!

0.85 ABCDNet

C A

0.85 ABCDNet

Xbb > 0.5 and XWqq < 0.5|0.4 (Id|tr)
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Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet > 0.9 A 0.71 0.27 0.53 0.02 — —
VBS BDT < 0.9 and ABCDNet > 0.9 B’ 177.14 10.12 0.09 0.01 168 13.0
VBS BDT > 0.9 and ABCDNet < 0.9 C’ 30.90 1.54 0.30 0.02 15 3.9
VBS BDT < 0.9 and ABCDNet < 0.9 D’ 6617.60 132.59 0.10 0.01 6125 78.3

Xbb > 0.5 and XWqq > 0.5/0.4 (Id|tr)

Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet > 0.9 A 0.95 0.37 6.88 0.07 — —
VBS BDT < 0.9 and ABCDNet > 0.9 B 189.89 8.37 0.92 0.03 185 13.6
VBS BDT > 0.9 and ABCDNet < 0.9 C 56.11 2.29 2.35 0.04 33 5.7
VBS BDT < 0.9 and ABCDNet < 0.9 D 7271.69 125.39 0.54 0.02 7817 88.4

Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet>0.9 | A/A 0.74 0.40 12.97 0.51 — —
VBS BDT < 0.9 and ABCDNet>0.9 | B'/B 0.93 0.07 10.01 0.96 0.9 0.10
VBS BDT > 0.9 and ABCDNet<0.9 | C’/C 0.55 0.04 7.71 0.41 0.5 0.14
VBS BDT < 0.9 and ABCDNet<0.9 | D'/D 0.91 0.02 5.59 0.55 0.01

San Diego




= ABCD Configuration & MC Closure

VBS DNN Xbb > 0.5 and XWqq < 0.5]0.4 (Id[tr)
0.9 Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS BDT > 0.9 and ABCDNet > 0.9 A 0.43 0.16 0.18 0.01 1 1.0
VBS BDT < 0.9 and ABCDNet > 0.9 B 125.47 9.36 0.04 0.01 133 11.53
VBS BDT > 0.9 and ABCDNet < 0.9 C 30.90 1.54 0.30 0.02 15 3.87
VBS BDT < 0.9 and ABCDNet < 0.9 D 6617.60 132.59 0.10 0.01 6125 78.26

Amvc = BmecXCmce/Dvc = 0.59 £ 0.05

0.850.95 ABCDNe
| Apred = BdataXCdata/Ddata = 0.33 = 0.09
Error propagation: Final Result
o= <g>+ (%) _ 73.8% Expected sig. 0.18 + 0.01
— 1 Predicted bkg. 0.33 £ 0.09 £ 0.24
€star = \/ 5 to + Do = 27.3% stat. syst.

Predicted significance (S/{B) is passable and the method closes in MC

UC San Diego

27




@)
<
A

N /

=
L

Rewelghted vS. Single-point

CMS Preliminary

138 fb

(13 TeV

CMS Preliminary

138 fb

(13 TeV)

e e T T .
_,(Q | tt + H [0. 1Ievents] _.(L) C | tt+ H (6.0 tlvents] i
GC) 1 02 5 tt:+W [0.3 events] A—: G.C) : D tt:+W [18.5 events] C :
> C tt+12[2.0 events] . > tt +12[101.0 events]
Lu r Single t [8.9 events] ] |_|J 1 03 E_ Single t [109.7 events] —E
: B Bosons [12.3 events] r B Bosons [214.6 events]
tt+jets[150eventsl gy | B it + jets [864.6 events]
QCD [152.1 events] . —— QCD [6013.5 events]
1 Total background [190.8 events] 1 O of 1 Total background [7327.8 events]
1 MC unc. [stat] — P MC unc. [stat] —
10 C 4 Data [185 events] . = - — 4 Data [7850 events] ]
- V22 # Pred. MC [1.5 events] C W 2
L 4 Pred. data [0.8 events) C e o heoiern 7774 B . [
R L = T T
A R — * o . 10 E =
------------------------------ ‘ :
1 OO :_ 4 ¢ —l 1 = ————
C 7 [ b L
- = 1 OO E_ — —E
1 0—1 | | I | | | I | I | | 1 0—1 | | | | | | I | | | I | | | I | |
S | | | | ; ¢y 191 — T | | |
= N T e - +— s | T+
3 4| 77 5 8 1o +_+
recrer. corepge L L T2 T LA 270 L T T L 2 A 2 A /777 —_— f, ez L L L s v vy
r= 11 7007 Y ) e 1.0
T | 4{.— — © I | ‘ ‘ +
i | | | | | | | | | | | | | | ; i O i | | | |—l—< | ] _l_ »—L
8.0 0.2 0.4 0.6 0.8 1.0 8.0 0.2 O. 1.0

VBS DNN score VBS DNN score

Seems to be a systematic issue in data/MC going from D to C

UC San Diego
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= ABCD Configuration & MC Closure

VES DNN C A Xbb > 0.5 and XWqq > 0.3]0.3 (Id|tr)
0.95 Selection Region Bkg Bkg err Sig Sigerr Data Dataerr
VBS DNN > 0.9 and ABCDNet > 0.9 A 1.00 0.28 7.23 0.08 — —
VBS DNN < 0.9 and ABCDNet > 0.9 B 532.17 15.82 1.86 0.04 510 22.58
VBS DNN > 0.9 and ABCDNet < 0.9 C 52.21 1.96 1.83 0.04 23 4.80
B VBS DNN < 0.9 and ABCDNet < 0.9 D 13759.61 182.28 0.79 0.02 13811 117.52

Amvc = BmcXCmce/Dmec = 2.02 +0.10
Apred = BdataXCdata/Ddata = 0.85+0.18

0.79 ABCDNet

Error propagation: Final Result
o = <%>2+ (%)2 — 10.0% Expected sig. 7.23 + 0.08
AR Predicted bkg. 0.85+0.18 +0.16
Frat = \/Bdata T Clata " D ja14 = 21.9% stat. SySt.

Predicted significance (S/{B) is very good and the method roughly closes in MC
. UC San Diego




