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3D Gaussian DisCo Trials
Attempts to reproduce the first DisCo example
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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: X0)


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


• λ = 1000, Adam optimizer


• 2M sig, 2M bkg (batch size = 40K)

Overview
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https://doi.org/10.1103/PhysRevD.103.035021
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Target: recreate their plots, e.g.

TPR

1/FPR

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

Single Disco

https://doi.org/10.1103/PhysRevD.103.035021
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3D Gaussians: λ = 1000 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+1000 × dCorr2

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

Two distinct clusters

Single DisCo is a perfect line

Single Disco
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3D Gaussians: λ = 1000 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+1000 × dCorr2

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

My plots do not match those in the PRL paper!

No distinct clusters

Single DisCo not a perfect line 
(more similar to Baseline avg.)

My ROC curve is different

PRL Single Disco (traced)

Baseline avg. opposite 
of that in the PRL paper
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3D Gaussians: λ = 1000 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+1000 × dCorr2

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

Σb = σ2
b (

1 0.8 0
0.8 1 0
0 0 1)= (

1 −0.8 0
−0.8 1 0

0 0 1)

Eq. 4.1

vs.

Fig. 3

Minor note: Baseline (if not also DisCo) seems to have 
been trained on bkg. with ρb = +0.8 (not -0.8) in the covariance matrix

Baseline does not match! Baseline matches ✓

Set ρb = +0.8
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3D Gaussians: λ = 1000 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+1000 × dCorr2

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

Eq. 3.1

vs.

Fig. 3

Major note: It seems that dCorr is used in the loss, not dCorr2

Does not match PRL Matches PRL ✓

dCorr2 → dCorr
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3D Gaussians: λ = 1000 DisCo
ℒ = ℒBCE( fSD(X1, X2), y)+1000 × dCorr1

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

My plots match those in the PRL paper for dCorr2 → dCorr

Two distinct clusters ✓

Single DisCo is a perfect line ✓

My ROC curve matches ✓

PRL Single Disco (traced)



9

• It seems that the DisCo term in the loss should be dCorr (not dCorr2)


• From the Gaussian and top-tagging code, it seems this was indeed what was done


• Is this a typo, or is it dCorr2 in the paper for another reason? 

• Also, there appears to be a minor typo: ρ = 0.8 (not -0.8) for the background Gaussian 
covariance matrix


• The example from the PRL paper is indeed exactly reproducible with the above 
corrections

Summary

https://github.com/bnachman/DisCo/blob/master/3DGaussianExample.ipynb
https://github.com/davidshih17/ABCDisCo
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3D Gaussians: Baseline
ℒ = ℒBCE( fSD(X1, X2), y)+0 × dCorr2

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

Baseline plots only match PRL plots for ρb = +0.8


