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• Fixed some bugs while performing sanity check


• Re-trained ABCDNet:


• Same learning rate, etc. as sanity check


• Larger NN (4 hidden layers, 128 nodes per layer)


• Normalize inputs as follows:


• pT → log(pT)


• Mass → (mass - min)/(max - min)


• Loose presel: Xbb > 0.3 && XWqq > 0.2 && XWqq > 0.2

Overview
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ABCDNet: λ = 100 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+100 × dCorr2

y=0( fSD(X1, X2), X0)

5 sig (13.7 bkg)

4 sig (10.8 bkg)

3 sig (5.9 bkg)

2 sig (2.0 bkg)

1 sig (0.0 bkg)

Epoch = 100 | LR = 0.001 (constant) | λ = 100

5 sig (297.2 bkg)

4 sig (205.3 bkg)

3 sig (124.2 bkg)

2 sig (56.7 bkg)

1 sig (26.4 bkg)
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ABCDNet: λ = 100 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+100 × dCorr2

y=0( fSD(X1, X2), X0)

5 sig (13.7 bkg)

4 sig (10.8 bkg)

3 sig (5.9 bkg)

2 sig (2.0 bkg)

1 sig (0.0 bkg)

Epoch = 1000 | LR = 0.001 (constant) | λ = 100

5 sig (69.4 bkg)

4 sig (44.0 bkg)

3 sig (28.4 bkg)

2 sig (16.6 bkg)

1 sig (6.8 bkg)
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ABCDNet: λ = 100 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+100 × dCorr2

y=0( fSD(X1, X2), X0)

5 sig (13.7 bkg)

4 sig (10.8 bkg)

3 sig (5.9 bkg)

2 sig (2.0 bkg)

1 sig (0.0 bkg)

Epoch = 1000 | LR = 0.01 (constant) | λ = 100

5 sig (17.6 bkg)

4 sig (13.7 bkg)

3 sig (4.9 bkg)

2 sig (2.9 bkg)

1 sig (1.0 bkg)
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ABCDNet: λ = 100 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+100 × dCorr2

y=0( fSD(X1, X2), X0)

5 sig (13.7 bkg)

4 sig (10.8 bkg)

3 sig (5.9 bkg)

2 sig (2.0 bkg)

1 sig (0.0 bkg)

Epoch = 2500 | LR = 0.01 (constant) | λ = 100
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ABCDNet: λ = 200 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+200 × dCorr2

y=0( fSD(X1, X2), X0)

5 sig (64.5 bkg)

4 sig (35.2 bkg)

3 sig (21.5 bkg)

2 sig (9.8 bkg)

1 sig (2.9 bkg)

Epoch = 1000 | LR = 0.01 (constant) | λ = 100
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ABCDNet: λ = 200 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+200 × dCorr2

y=0( fSD(X1, X2), X0)

5 sig (83.1 bkg)

4 sig (49.9 bkg)

3 sig (31.3 bkg)

2 sig (14.7 bkg)

1 sig (3.9 bkg)

Epoch = 2500 | LR = 0.01 (constant) | λ = 100
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ABCDNet: λ = 100 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+100 × dCorr2( fSD(X1, X2), X0)

5 sig (69.4 bkg)

4 sig (44.0 bkg)

3 sig (28.4 bkg)

2 sig (16.6 bkg)

1 sig (6.8 bkg)

Still no overfitting?

Epoch = 1000 | LR = 0.001 (constant) | λ = 100
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ABCDNet: λ = 100 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+100 × dCorr2( fSD(X1, X2), X0)

5 sig (13.7 bkg)

4 sig (10.8 bkg)

3 sig (5.9 bkg)

2 sig (2.0 bkg)

1 sig (0.0 bkg)

Still no overfitting?

Epoch = 2500 | LR = 0.01 (constant) | λ = 100
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ABCDNet: λ = 200 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+200 × dCorr2( fSD(X1, X2), X0)

5 sig (83.1 bkg)

4 sig (49.9 bkg)

3 sig (31.3 bkg)

2 sig (14.7 bkg)

1 sig (3.9 bkg)

Epoch = 2500 | LR = 0.01 (constant) | λ = 200
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ABCDNet: λ = 100 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+100 × dCorr2( fSD(X1, X2), X0)

Epoch = 2500 | LR = 0.01 (constant) | λ = 200
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ABCDNet: λ = 100 DisCo: ABCD
ℒ = ℒBCE( fSD(X1, X2), y)+100 × dCorr2( fSD(X1, X2), X0)

Epoch = 2500 | LR = 0.01 (constant) | λ = 100

Selection Region Bkg Bkg err Sig Sig err Data Data err
|Δηjj| > 4 and ABCDNet ≤ 0.99 C 81.18 13.32 1.18 0.03 63 7.94
|Δηjj| ≤ 4 and ABCDNet ≤ 0.99 D 35.96 4.61 0.06 0.01 27 5.20
|Δηjj| ≤ 4 and ABCDNet > 0.99 B 2.46 0.82 0.06 0.01 6 2.45
|Δηjj| > 4 and ABCDNet > 0.99 A 3.97 0.81 4.96 0.06 — —

ABCDNet

|Δηjj|

AC

BD
AMC = BMC⨉CMC/DMC = 5.56

Xbb > 0.6 and XWqq > 0.6|0.65 (ld|tr) 
and ST > 1300 and Mjj > 600 GeV and Hbb fatjet PNet mass < 150 GeV  
and Vqq fatjet mass < 120|120 GeV (ld|tr)

Borrowed from  
BDT study

NOT an optimal SR, but ABCD closure is better than before
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ABCDNet: λ = 100 DisCo: ABCD
ℒ = ℒBCE( fSD(X1, X2), y)+100 × dCorr2( fSD(X1, X2), X0)

Epoch = 2500 | LR = 0.01 (constant) | λ = 100

Selection Region Bkg Bkg err Sig Sig err Data Data err
|Δηjj| > 3.5 and ABCDNet ≤ 0.99 C 229.14 25.70 1.44 0.03 216 14.70
|Δηjj| ≤ 3.5 and ABCDNet ≤ 0.99 D 531.40 33.12 0.68 0.02 544 23.32
|Δηjj| ≤ 3.5 and ABCDNet > 0.99 B 0.09 0.05 0.17 0.01 — —
|Δηjj| > 3.5 and ABCDNet > 0.99 A 1.46 0.34 4.49 0.06 — —

ABCDNet

|Δηjj|

AC

BD
AMC = BMC⨉CMC/DMC = 0.04

Xbb > 0.3 and XWqq > 0.5|0.5 (ld|tr)

Optimal SR, but ABCD closure is very bad
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• Still can’t get model to overfit (is this not an issue?)


• Performant models still do not seem to be giving good ABCD closure

Summary



Backup
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• Goal: repeat the first example in the PRL 
paper (3D gaussian variables)


• (1) and (2) define the 3D gaussians


• (3) and (4) give the rest:


• Input: X1, X2 (DisCo target: X3)


• NN architecture: 3 hidden layers; 128 
nodes per layer; ReLU between layers; 
sigmoid output


• λ = 1000, Adam optimizer


• 2M sig, 2M bkg

Sanity Check

1

2

3

4
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• Goal: repeat the first example in the PRL 
paper (3D gaussian variables)


• (1) and (2) define the 3D gaussians


• (3) and (4) give the rest:


• Input: X1, X2 (DisCo target: X3)


• NN architecture: 3 hidden layers; 128 
nodes per layer; ReLU between layers; 
sigmoid output


• λ = 1000, Adam optimizer


• 2M sig, 2M bkg

Sanity Check

1

2

3

4

Target: recreate this ROC curve!

TPR

1/FPR

TPR = TP/P = (true positives)/(positives) 
FPR = FP/N = (false positives)/(negatives)

Single Disco
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Sanity Check: No DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+0 × dCorr2

y=0( fSD(X1, X2), X0)

PRL result (traced)
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Sanity Check: PRL DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+1000 × dCorr2

y=0( fSD(X1, X2), X0)

PRL result (traced)
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Sanity Check: No DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+0 × dCorr2( fSD(X1, X2), X0)
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Sanity Check: PRL DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+1000 × dCorr2( fSD(X1, X2), X0)



23

ABCDNet: No DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+0 × dCorr2( fSD(X1, X2), X0)
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ABCDNet: λ = 1 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+1 × dCorr2( fSD(X1, X2), X0)
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ABCDNet: λ = 2 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+2 × dCorr2( fSD(X1, X2), X0)
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ABCDNet: λ = 5 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+5 × dCorr2( fSD(X1, X2), X0)
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ABCDNet: λ = 10 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+10 × dCorr2( fSD(X1, X2), X0)
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ABCDNet: λ = 50 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+50 × dCorr2( fSD(X1, X2), X0)


